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PREFACE 

I feel that the 1982 Federal Acquisition Research Symposium effectively 
focused the attention of the Federal acquisition community on the need for 
thorough procurement research efforts. 

Procurement research is both a means by which new theories are conceived 
and a risk reducing venture. You are all aware of the many efforts 
currently underway to improve the procurement process, not the least of 
which are those directed by Executive Order 12352 which mandates Federal 
Procurement Reform. It is particularly important that changes be thoroughly 
researched prior to implementation. Unnecessary problems must be avoided 
to the maximum extent possible if we are to achieve the ultimata goal of 
insuring that public funds are used most wisely, prudently, and efficiently 
Procurement research programs are a key factor in achieving this goal. I 
fully endorse continuation of a strong procurement research program and look 
forward to its development of innovative solutions to ooth present and 
future procurement problems. 

WILLIAM A. LONG 
Deputy Under Secretary of Defense 
for Research and Engineering 
(Acquisition Management) 

# 

I have for many years been a strong proponent of procurement research as a 
means to improve the system and make it more effective. Therefore, I am 
especially pleased to endorse the results of the 1982 Federal Acquisition 
Research Symposium. I strongly encourage continued procurement research to 
help analyze and resolve our common procurement problems and assist in 
implementing the procurement reforms called for in the Uniform Federal 
Procurement System proposal and Executive Order 12352 on Federal Procurement 
Reforms. The Office of Federal Procurement Policy, through the Federal 
Acquisition Institute, will continue to promote and coordinate research in 
procurement concepts, techniques, systems, policies, regulations, standards, 
procedures, forms and the so called "unknown unknowns." 

Correspondence relating to procurement and acquisition research should be 
addressed to Mr. William Hunter, Director, Federal Acquisition Institute 
725 Jackson Place, N.W., Washington, O.C. 20503. The FAI will monitor 
follow-up actions and render all assistance possible to assurp maximum 
effective results from the coordinated actions of all concerned 

DONA^tr E. SOWLE 
Adnnnistrator for Federal 
Procurement Policy 
Office of Management and Budget 
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RISK ANO UNCERTAINTY: STATE-OF-THE-ART IN APPLICATION 

Dr. Waldon R. Kerns, USAFR 

Air Force Business Research Management Center 
Wright-Patterson AFB, Ohio 45433 

ABSTRACT 

This paper provides a review of the state-of- 
the-art in application of risk and uncertainty 
analysis within the acquisition process and 
provides an evaluation of selected obstacles 
to its use. Two distinct but closely related 
aspects of the risk and uncertainty issue are 
discussed. One aspect is technical analysis. 
The other is acceptance of the analysis and 
implementation of the results. Subjective 
assessments of input data receive major 
emphasis because they place a primary con- 
straint on acceptance and implementation of 
risk and uncertainty analysis. 

INTRODUCTION 

Most individuals involved in program manage- 
ment for acquisition of major weapons systems 
are curiously aware of the recent emphasis on 
risk and uncertainty analysis. Only a limited 
number, however, have been adequately involved 
in development and application of risk and 
uncertainty analysis. The intent of this 
paoer is to review the state-of-the-art in 
application of risk and uncertainty analysis 
and to discuss some obstacles to its use in 
the acquisition process. 

Two clearly distinct but closely related as- 
pects of the risk and uncertainty issue exist. 
One is technical analysis. The other is 
acceptance of the analysis and implementation 
of the results. Technical aspects are dis- 
cussed in this paper, but primary emphasis is 
placed on the discussion of the acceptance and 
implementation issues. 

EMPHASIS ON RISK ANO UNCERTAINTY 

The Secretary of Defense in the early 1970s 
recognized the need: 1) to identify areas of 
high technology risk; 2) to accomplish formal 
risk and uncertainty analysis; and 3) to ex- 
pand program management oractices to include 
explicit consideration of risk and uncertainty 
assessment, risk reduction, and risk avoid- 
ance.  In response to this recognized need, a 
USAF Academy Study Team undertook in 1971 an 
evaluation of risk and uncertainty analysis. 

The Academy study team determined that, in its 
state of evolution at that time, risk analysis 
was not yet a science and consequently did not 

readily lend itself to application. (1) 
Furthermore, in the systems acquisition 
process risk analysis was so nebulous and 
ill-defined that identifying basic concepts, 
developing meaningful guidelines, and 
describing effective methodologies were 
difficulties of the first magnitude. The 
study team concluded that formal attention to 
the matters of risk and uncertainty was a 
vital, missing element in the conduct of an 
effective and efficient systems acquisition 
process.  In the area of quantitative assess- 
ment, the study team determined that mechan- 
ical aggregation techniques (such as network 
and decision analysis) were far more advanced 
than techniques for obtaining the data to be 
used in these techniques. For instance, 
techniques for obtaining subjective proba- 
bility of certain events occurring at a given 
time are only now being developed. 

In April 1976, Office of Management and 
Budget (OHB) Circular No. A-109 on major 
systems acquisitions clearly placed emphasis 
on ensuring that appropriate trade-offs among 
investment costs, ownership costs, schedules, 
and performance characteristics were made. 
It also emphasized the need for acquisition 
strategy to include methods for analyzing and 
evaluating contractor and government risks. 
(2) 

000 further emphasized the intent of 0MB 
Circular No. A-109 with DOD Directive Number 
5000.1, dated January 18, 1977. This direc- 
tive requires program managers to "ensure 
that contract types are consistent with 
program characteristics including the risks 
to be shared by the contractor and the 
government, and that the investment of 
resources to accomplish successive program 
objectives is based on demonstrated achieve- 
ment and acceptable risk." (3, pg. 6) The 
directive states that schedules and funding 
plans shall be prepared to accommodate areas 
of program uncertainty and risk, and that 
productivity considerations shall be included 
in the evaluation of alternative design 
concepts to determine production risks and 
the actions necessary to eliminate risks. In 
response to these directives, it is necessary 
that all person involved in the acquisition 
process understand pertinent concepts and be 
able to use available methodologies to solve 
risk and uncertainty problems. 
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RISK, UNCERTAINTY AND PROBABILITIES 

As a generalized definition, risk is charac- 
terized by a distribution of events occurring 
according to reasonably well-known probabili- 
ties, even though their sequence and time of 
occurrence cannot be determined. Predictable 
risks are based on past experience and 
predictable or foreseeable trends. Uncer- 
tainty on the other hand is characterized by 
the absence of any known probability distri- 
bution of events. It is a situation where the 
probabilities of the possible outcomes are 
completely unknown—a reasonably well-known 
probability does not exist. Some authors look 
at uncertainty as being concerned with risky 
choice—the problem that prevails when a 
decision maker must choose between alterna- 
tives, some or all of which have consequences 
that are not certain. In a strict theoretical 
sense, the concept of risk is differentiated 
from that of uncertainty. But for purposes of 
the present discussion we will treat the two 
concepts as synonymous. 

An understanding of probability theory is 
basic to the application of risk and uncer- 
tainty analysis for estimation of the chances 
of meeting a goal or having a successful 
program. Probability theory has been used to 
estimate randomness of events occurring in 
such activities as cost, performance, and 
schedule. Probability theory permits develop- 
ment of a distribution of the likelihood of 
different events occurring. For example, a 
distribution of cost for any activity will 
give a minimum and a maximum cost. Also, cost 
can be bounded or given a range over which the 
true cost will most likely occur. 

CURRENT STATUS 

A review of relevant literature which has been 
published since the 1971 USAF Academy report 
indicates that a great deal of effort has been 
devoted to development and understanding of 
the technical aspects of risk and uncertainty 
analysis. From an academic perspective, these 
technical aspects have become a reasonably 
well-defined process as is demonstrated by the 
recently published body of knowledge. (4 and 
5) Numerous examples exist of the application 
of risk and uncertainty analysis to problems 
of specific nature and generally within a 
narrow area of interest. The following 
discussion is not all inclusive but is indi- 
cative of current applications. 

The first category of models is the sto- 
chastic/orooabilistic aroup which includes 
PERT, VERT and a Risk Analysis Model. (5, pg. 
53) The Program Evaluation and Review Tech- 
nique (PERT) model examines uncertainties 
involved in answering questions (such as, how 
time delays in certain elements influence 
completion) and provides a basis for evalu- 

ation of alternatives. The technique has 
been primarily used on large, complex systems 
where the high cost of operating ^he analysis 
is of minor concern. 

The Venture Evaluation and Review Technique 
(VERT) has been used to determine best balance 
between cost, schedule and performance. 
Probability or decision rules are based on 
specific relationships. This technique 
employs a Monte Carlo simulation to develop a 
trial solution to the problem. The program 
generates frequency distributions, scatter 
.diagrams, and probabilities of exceeding 
given values. The Risk Analysis Models 
provide statistical and probability distri- 
butions for schedule, cost and performance 
variables and represents the risk factor as a 
utility or preference functions. As an 
example of this category. Worm provides an 
excellent discussion of a specific pricing 
model developed for performing a risk analy- 
sis on Air Force Systems Command contracts. 
(6) 

The second category is general models. 
Within this category, parametric cost esti- 
mating has been the primary costing methodo- 
logy for DOD. Cost estimates are based on 
historical data of previous or similar 
systems and the analysis utilizes statistical 
relationships between cost and performance 
parameters developed ^rom these previous or 
similar systems. Although this method has 
many advantages, collection of data is time 
consuming as well as subjective. Also, 
keeping the cost data-base relevant is a 
major problem. 

dynamic modeling is a third category and is 
based on a complex system of mathematical 
models and works well for comolex, continuous 
systems. All decision variables are included 
in a continuous information-feedback system 
and all variables must be quantified.  It is 
a complex, costly technique that needs 
considerable data and knowledgeable people to 
employ it. 

Dig fourth category is the causal integrative 
model (CIM) which is used to determine hnw a 
change in economic uncertainty affects the 
level of environmental uncertainty which, in 
turn, affects mission, scope, and funding. 
Economic and environmental conditions affect 
changes in three identified activities within 
which risk and uncertainty occurs—organiza- 
tional slack, technological uncertainty, and 
customer urgency. 

These above modeling methodologies are fairly 
well-developed and provide a good framework 
for future work. Each of these methodologies 
have been aopli-ed in a limited sense with' 
respect to technical risk, cost risk, and 
schedule risk. 
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A primary conclusion of a group of speakers at 
a recent workshop on management of risk and 
uncertainty was that, even though technical 
aspects have been well-developed, a primary 
need still exists to develop an awareness and 
a better understanding of risk and uncertainty 
in order to enhance its application in the 
acquisition process. (5) Practical applica- 
tion has been hindered by a general lack of an 
adequate framework to allow effective consi- 
deration of all factors which are important to 
this decision process. 

In a logical analysis of decisions under risk 
and uncertainty, emphasis must be placed not 
only on a correct formulation of the problem 
and correct use of statistical analysis, but 
also on the development of methods by which 
the persons who are responsible for a program 
can most effectively provide input for the 
analysis. Certain inputs can only be supplied 
on a subjective basis by a select group of 
individuals. 

In analyzing the decision process, Strauch 
demonstrates that technical methodology and 
judgment must aid and support each other 
rather than compete as so often has happened 
in the past. (7) Consequently, we need to 
develop better tools for the use of intuition 
and subjective judgment. This intuition and 
subjective judgment most often must come from 
professional assessment and expert opinions of 
those working close to the activity. In 
acquisition, this group generally includes 
engineers, budgeting, pricing and cost esti- 
mators, buyers or contract personnel, and 
various levels of program management. 

In the final analysis, many decisions depend 
on management's own preferences for the 
possible consequences of the various courses 
of action. We must, therefore, learn how to 
incorporate management's judgments concerning 
the chances of those consequences into the 
analysis. Consequently, the major constraint 
to application of risk and uncertainty analy- 
sis is how to deal with expert opinion and 
subjective judgment. 

THE APPROACH 

Three general types of subjective factors are 
important for analysis of decisions under 
uncertainty. (8) The first is the structure 
of the decision itself. The second deals with 
subjective probability assessment. The third 
deals with evaluation of outcomes. 

Structure of the Decision 

Much of risk and uncertainty analysis has been 
discussed in the literature as an integral 
part of the very broad topic called decision 
analysis. Decision analysis has emerged as a 
highly valuable technique for allowing deci- 

sion makers to formulate important problems 
in a logical framework which incorporates 
factual as well as judgmental information to 
arrive at a consistent, realistic solution. 
(9) 
Successful decision analysis which includes 
prior probabilities, consequences, choice 
criteria and strategy factors is not a single 
event but a complex, prolonged sequence of 
behavior. Several approaches, some more 
detailed than others, have been proposed for 
structuring of the decision situation. 
Aspects of these approaches are presented 
here as a logical approach which emphasizes 
the subjective factors: 

(a) Statement of the problem to be 
solved. The objective or multi-objective 
must be delineated and specified. Critical 
decisions must be identified. A broad set of 
ground rules for gathering information which 
includes consideration of decision-makers' 
preferences must be established. 

(b) Evaluation of measures to be used. 
A level of priority for each goal and each 
objective must be established. Relationship 
between project risk and individual profes- 
sional risk must be clearly specified. 
Measures of effectiveness in achieving 
objectives must be established. Quantitative 
tools must be reviewed and needed estimates 
by specialists identified. 

(c) Correct formulation of interac- 
tions. Analysis and judgments must be based 
on economic and political as well as tech- 
nical aspects. Analysis must include inter- 
actions among all sources of uncertainty- 
logistics, pricing, budgeting, scheduling, 
etc. 

(d) Select viable and achievable 
alternatives. Appropriate sub-elements of 
each alternative must be identified and 
defined. A range of eventualities and future 
possibilities must be determined. Experi- 
enced judgment must be used to determine what 
is likely or highly unlikely to occur. 

(e) Obtain and understand objective and 
subjective inputs. The influence of decision 
makers' preferences or choice among alter- 
natives must be determined. Key variables 
must be isolated and defined. The analysis 
should utilize multi-attribute utility 
assessment. 

(f) Apply risk and uncertainly analy- 
sis. Use of exoectations and likelihood 
concepts must be understood. Appropriate 
utility and preference models must be selec- 
ted. The degree of risk must be judged and 
evaluated. Uncertainty must be translated 
into trade-off options. Evaluation of 
alternatives should be displayed. 
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Many individuals and groups are involved in 
the analysis and decision process. Certainly 
the decision analyst is a key figure. While 
the actual decision makers are not decision 
analysts, they nevertheless need to learn 
basic decision analytic concepts and feel 
comfortable providing the inputs required for 
analysis. They need to learn more about 
interpreting the output of the analysis 
before they will use it on a routine basis. 

Subjective Probability Assessment 

Statistical probabilities are limits of 
relative frequencies of events and occur- 
rences. They are used routinely in decision 
analysis. But, in many cases, available 
probabilities are not relevant to a current 
acquisition decision process because the data 
base is outdated or the current system does 
not have a close counterpart upon which to 
base estimates. Subjective probability then 
becomes the valid concept where probabilities 
must be formulated from the opinion and 
experience of experts and specialists. 

In almost all cases in the weapons systems 
acquisition process, the opinions of experts 
and specialists have been critical to the 
measurement of risk and uncertainty. These 
opinions have been usech to develop the sub- 
jective probability that an event will occur 
and have allowed analysts to attach a specific 
probability to those events. Even in the 
narrowest concept of the acquisition process 
where risk factors in schedule, cost, and 
performance activities are treated, estimation 
has been largely a matter of polling profes- 
sional judgment. 

In order to use grouo opinion, analysts find 
themselves faced with the problem of aggre- 
gating probability assessments of group 
opinion. Recent research has clearly demon- 
strated that groups have repeatedly outper- 
formed individuals at these estimation and 
assessment tasks. Consequently, methodology 
must be refined for using group opinions as 
entering estimates in risk and uncertainty 
analysis. A concerted effort is needed to win 
the acceptance of professional judgment as a 
valued assessment of risk and uncertainty 
analysis. (4, pg. 7) 

The most comprehensive effort to evaluate 
behavior aspects of risk and uncertainty 
decision analysis within the DOD acquisition 
process was published by Sweeney and Rippey in 
1980. (10) They concluded that subjective 
judgments are used in almost all cases 
throughout the acouisition organization. 
However, documentation on evaluation of the 
application of group decisions and use of 
consensus building techniques to develop 
subjective judgments is almost nonexistent in 
the acquisition organization. Very little 

information exists anywhere that directly 
addresses group behavior in certain decision 
environments such ^s the acquisition process. 

Information is available, however, on several 
behavioral interaction techniques. Sut the 
majur concern in using these techniques to 
arrive at a decision is to eliminate undue 
influence of persuasion, previous expressed 
opinion, majority opinion, and higher level 
arm twisting. 

Much of the work on group decisions and 
consensus building techniques has been 
academic exercises designed to demonstrate 
that group decisions are better than indivi- 
dual decisions when subjective judgments are 
used. Most of the demonstrations have used 
the application of statistical averaging 
techniques to show the benefit of statistical 
averaging. Another technique, scoring rules, 
has been used to motivate honest assessments 
and to evaluate quality of assessments in 
such activities as point spreads for ball 
games, weather forecasting, stock market 
projections, and purchase of new automobiles. 

The most well known consensus building 
technique is the delphi method. It is a 
method of elicitation of opinions with the 
object of obtaining a group response. The 
delphi method has been applied since the 
early 1960s to a large number of acquisition 
related problems such as industrial target 
systems, number of A-bombs required, forecast 
of business conditions, and forecast of 
economic indices. The technique relies on 
successive iterations in which judges make 
anonymous assessments and are then given 
anonymous statistical feedback about the 
assessments of other judges to arrive at a 
final assessment. Some variations of the 
delphi method allow for group interaction 
rather than statistical feedback. The 
technique has been expanded from its original 
objective of providing judgments on tech- 
nological forecasting to include judgments 
about values, goals and alternatives. The 
delphi technique has not been scientifically 
tested. (11) 

The other major consensus building technique 
is classed under the heading of social 
judgment analysis. In this analysis the 
integration of information to form a judgment 
includes:  (a) placing a particular degree of 
importance (weight) on each piece of infor- 
mation; (b) developing a specific functional 
relation between each piece of information 
and final judgment; and (c) using a selected 
technique for integrating all dimensions of 
the problem. Sut the combining of individual 
judgments into a group consensus is a formi- 
dable task.  Individuals often disagree in 
judgment because of the importance that each 
assigns to the available information and 
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because of the manner in which each relates 
the data to his final judgment. 

While social judgment analysis nay be an 
effective means of reducing disagreement in 
group decision making, the problem of struc- 
turing the group process in order to improve 
actual group performance remains an open 
issue. (11) Many group methods are subject 
to the serious drawback that the consensus 
may be more a reflection of the relative 
strengths of the personalities of the group 
members. With this method one very forceful 
individual may be able to impose his point of 
view on the group. Some group methods involve 
a tradeoff between calibration and extremeness 
of responses. Interaction among group members 
reduces differences, reduces calibration of 
judgments but increases the extremeness of 
judgments. (12) 

Martin, et al., describes a successful use of 
subjective assessment. For several years the 
Boeing Vertol Company has used a subjective 
assessment of probability distributions for 
application to program elements considered to 
have moderate risk. (5, pg. 228) Estimates 
and associated probabilities are used to 
construct a "probability curve". Interpreta- 
tion of the probability curves is, of course, 
subjective evaluation based on personal 
experience. Probability curves are used to 
help determine the final cost estimate for a 
contract. 

Fischer found gene 
tive probability d 
tially improved by 
a group of experts 
single expert. (8) 
point, he contends 
to suggest that th 
these opinions wil 
on the quality of 
probability distri 

ral agreement that subjec- 
istributions can be substan- 
aggregating the ooinions of 
rather than relying on a 
From a practical stand- 

that there is no evidence 
e method used to aggregate 
1 have a substantial effect 
the resulting subjective 
bution. 

Sweeney and Rippy found that much disagreement 
exists concerning optimization of group 
performance in weapon systems acquisition. (5, 
pg. 76) Researchers such as Sweeney and 
Rippy, and users of these techniques such as 
pricing personnel, cost estimators, contrac- 
ting-buying personnel and program managers all 
agree that in order to improve group consensus 
the training of experts, specialists, decision- 
makers, and managers at all levels in probabi- 
listic thinking and consensus building 
could lead to significant improvement in the 
use of the techniques and the application of 
risk and uncertainty analysis. (13) 

The study of individual and group judgment has 
become the focal point for analysis of subjec- 
tive values and tradeoffs in finding solutions 
to many complex acquisition problems. Kaplan 
has identified the components of any "judg- 

ment" as the person forming the judgment, 
information about the judgment, information 
about the judged object, and situational 
requirements associated with the judgment. 
(14) The process of aggregation of individual 
judgments into group decisions remains a 
problem. In this aggregation process one must 
be concerned with verifying the assumptions 
made, which value functions or utility func- 
tions to use, and who assesses and weighs 
relevant factors. 

A primary assumption in aggregation of 
individual judgments is that people make 
probability judgments in much the same way 
they make estimates of other quantities (such 
as distance) by using certain perceptual 
clues. For instance, Anderson believes any 
rational person will strive to achieve 
consistency in his whole network of degree of 
belief. (15) Furthermore, assumptions about 
expertise in a given subject area may not be 
the important factor in performance of a 
probabilistic task. Maybe the ability to 
deal with probabilistic thought is what 
produces good probabilistic assessments. (12) 

Many mathematical and behavioral techniques 
have been used to combine indiviaual judg- 
ments into a single group estimate when 
several individuals have been able to influ- 
ence a decision. But scientific testing of 
the value of these techniques has been 
inconclusive. The future success of group 
decision technology must lie in its ability 
to focus attention to individual value-rele- 
vant factors. Thus, group value functions in 
risk and uncertainty thinking must be based 
on individual beliefs and preferences. A 
most formioable task is to find procedures 
which permit the combining of utility ^unc- 
tions of the group members before proceeding 
to an analysis of a decision using group 
beliefs and preferences. (15) In the selec- 
tion of techniques one must be aware that 
more complicated assessment procedures may 
not provide better overall success. (15) 

At the present level of development, the 
final decision maker often must combine the 
expert's distributions into a group type 
consensus. Most often this is done separ- 
ately from the group efforts. The lack of 
more active involvement of the decision maker 
has been defended by arguments of his inac- 
cessibility or unidentifiability, his unwil- 
lingness or inability to reveal his prefer- 
ences, and his lack of clarity about his own 
preferences and the subsequent problems this 
implies for assessment procedures. But in 
those instances where the decision maker is 
relatively ignorant of issues under consi- 
deration, he may not be well equipped to 
evaluate the opinions expressed by the 
experts. 
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A missing link in subjective assessment and 
probabilistic analysis is the unavailability 
of utility theory to reflect uncertainties, 
values, and preferences relevant to risk and 
uncertainty decision. (17) Since determi- 
nation of an objective function is neces- 
sarily closely tied to measure of conse- 
quences, one must be concerned with criterion 
of maximizing expected utility which in fact 
reflects preferences. But utility is some- 
thing unique to the individual that cannot be 
measured on an absolute scale. Individual 
differences are expressed through differences 
in information evaluation, differences in use 
of additional characteristics, differences in 
integrating information, and differences in 
pre-existing response dispositions. (14) Only 
if the group becomes well integrated with a 
strong coimion interest can it be expected to 
form a group utility function. 

Evaluation of Outcomes 

It is generally agreed that risk and uncer- 
tainty analysts must deal with preferences and 
judgments of experts and specialists as well 
as persons responsible for decisions. In 
turn, decision makers must obtain a basic 
understanding of risk and uncertainty and the 
meaning of a solution because as they choose 
between probability distributions of conse- 
quences they are trying to balance a number of 
possible consequences simultaneously. (5, pg. 
258) This implies the use of the concept of 
expected utility (which is simply a concept of 
expressed preferences). The utility function 
is simply a device for assigning numerical 
utility values to consequences in such a way 
that a decision maker should act to maximize 
subjective expected utility. For instance, in 
economic terms, only when we can assume 
something about preferences can we identify 
decisions that are efficient. 

We must recognize that decisions will always 
depend on the decision makers' own preferences 
for the possible consequences of the various 
courses of action and, therefore, must depend 
on his own judgments concerning the chances of 
those consequences. But, the important point 
is that he must be educated in the handling of 
those preferences and judgments. 

SUMMARY 

In the acquisition process, the program 
managers' most difficult task will be to cope 
with the scarce and incomplete information 
which is available about those factors which 
have uncertain aspects. Even though a great 
deal of concern exists relative to the ac- 

its current state of evolution is that it 
shows the relative impact of uncertainties 
associated with selected factors. It also 
reveals where we ought to spend more time 
refining the data. 
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ABSTRACT 

The probability densicy function which 
is used to define the variability in the cost 
of an acquisition also defines the risk 
involved in the contractual action. This 
paper describes how continuous, variable 
sharing arrangements can be developed 
through the use of aachemacical transforms of 
the probability density function representing 
coat. Two procedures are presented. The 
first procedure is practical when the ne- 
gotiations use a total cost or price basis 
for settlements. The second method should be 
used when learning curves are used as the 
settlement  basis. 

INTRODUCTION 

The    purpose    of    this    paper    is    to    intro- 
duce  a  new  theoretical   approach   for  quantify- 
ing   contractual    risk   and    determining    cost/ 
savings    sharing    arrangements   which    is   cur- 
rently   under   consideration   for   use   in   the 
Deputy  for  Propulsion's  Technology >toderniza- 
tion   Progran.      It   begins   by   focusing   on   the 
problem   of   defining   risk   and   uncertainty   in 
aa   acquisition   environment.       Probability 
density   functions,   cumulative   probability 
functions,   and   cmulant   functions   are   intro- 
duced   as   methods   of   quantifying   risk   and 
uncertainty   within   the   acquisition   environ- 
ment.       From   this   discussion   on   risk   and 
uncertainty,   the  paper  provides  two   practical 
methods   of   measuring    risk   and    uncertainty. 
One   method    is   based   upon   PREDICT   2000,    the 
other    is    based    upon   Underlying   Learning 
Curves.     These  methods   provide   a  means   of 
quantifying    risk   and    uncertainty.       With 
these   tools   in   hand,    it   is   then   possible   to 
address   some   innovative methods  of   incentivi- 
zation    giving    consideration    to    both    the 
management   responsibilities   of   the   seller   and 
che    risk    and    uncertainties    surrounding    the 
business    deal.        Use    of    these    techniques 
should    enhance    the    negotiation    process    and 
help  attain  its  goal  of a  fair  and  reasonable 
price. 

ACQUISITION RISK AND  UNCERTAINTY 

While the cost of a specific product or 
service is usually treated as a constant, 
most people recognize intuitively that the 
cost is variable and is dependent upon many 
different factors. The variability of coat 
can be described using either a proba- 
bility density function as shown in Figure 1 
or a cuaulative probability function as shown 
in Figure 2. The cumulative probability 
function is the integral of che probability 
density function. While the probability 
density function relates directly to huaan 
perceptions of cost, che cumulative probabil- 
ity function serves as a basis for analytical 
applicationa. 

User  Specified  Ranges 
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FIGURE   1.     PROBABILITY   DENSITY   FUNCTION 

SHOWING  COST   IN  THOUSANDS  OF   DOLLARS 
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The typical acquisition anviromnanc has two 
parties - a buyer and a seUar. Within that 
environment, the variability of the cost 
relates to the seller's rislc associated 
with producing the product or service at a 
specific price. This risk can best be 
described using a cmulant function which is 
shown in Figure 3. The cunulant function is 
derived by subtracting the cuaulative 
probability function from one. Aa shown in 
the cunulant function, the seller's risk is 
highest at the lowest possible cost and 
lowest at the highest possible cost. The 
seller's determination of what is fair and 
reasonable relates to this risk and a deter- 
mination of what the market will bear. If 
the market will bear a cost which is near but 
below the highest cost, the seller will 
normally settle the negotiation at a point 
which will at least create a break-even 
situation at the highest cost. The buyer's 
perception of a fair and reasonable cost is 
usually based upon Che lowest possible cose 
with some consideration for Che seller's 
risk and che uncertainty surrounding the 
production of che product or service. Since 
IC is usually ch,e buyer's purpose co acquire 
che product or service at as low a price as 
is feasible, and che seller usually desires 
to settle at as high a price as is feasible, 
che negotiation process can become quite 
lengthy. While a negotiated settlement 
provides  a  practical  definition  of  a  fair  and 

reasonable price, a study of statistics 
suggests chat Che mean or average value of 
Che coat probability density function 
provides che best value upon which to base 
che contract price. Using the exanple shown 
in Figures 1, 2, and 3, the average cost 
is 3116,360. However, if a 13.5Z profit 
under a firm-fixed price non-competitive 
contractual environment is assummed, the 
seller would probably not settle under 
3185,022. This value is obtained by dividing 
3210,000 (the highest value) by 1.135 (the 
factor for cost * profit). The 3135.022 has 
a cumulative probability of 97? and a ctmu- 
lant value of 3Z, while che mean value has a 
cuaulative probability of 55S and a cumulant 
value of 45*. The difference of 368,162 
between che aean value and the probable FT? 
settlement represents a 53J opportunity 
loss. 

A-12 



It is the thesis of this paper that the 
negotiation process can be enhanced and the 
dialogue improved by quantifying the cost 
realistically as a variable using statistical 
techniques. However, traditional statistical 
tools possess two problems which must be 
overcome for a statistical tool to be prac- 
tical   for  use   in negotiations: 

(1) a substantial amount of relevant 
history  is  required   to  quantify  the variable, 

(2) simplifying assumptions oust be made 
concerning the basic mathematical shape of 
the  function. 

This paper presents two approaches which 
solve those problems allowing the development 
of sharing arrangements based upon the 
probability density function. The first 
technique which is presented uses PREDICT 
2000, a software package developed by the 
author that generates probability density 
functions from sparse data. The second 
method is based upon using the error function 
of the Underlying Learning Curve. The 
Underlying Learning Curve concept provides 
the methodology to make past data relevant to 
new programs. Both techniques quantify the 
risk and provide a basis for sharing arrange- 
ments  based  upon  the  risk. 

a basis for determining the shape of the 
probability density function. In sumnary, 
PREDICT 2000 requires eight pieces of data to 
provide  an output: 

(1) The variable's name which is used to 
identify  the  output. 

(2) The variable's dimension which is 
used to label the output. ?or this applica- 
tion,   the dimension   is dollars. 

(3) The user defined percentile range. 
This percentile range is symbolized by R and 
lies between points Rj and R2. These 
points will be identified by the user. The 
value of R is used to define the area below 
Rj and above R2. H has a value of 
((l-R)/2)   X  100Z. 

(4) The    lowest    possible   value   (cost). 

R 
(5)      The   value   (cost)   associated   with 

This   is   the   value   above   which   HI   of 
the  function  is   found. 

(6) The most likely value (cost), this 
is the mode of the probability density 
function. 

(7)      The   value   (cost)   associated   with 
This   is   the   value   below   which   St   of R2 

the  function   is   found. 

MAKING   RISK   ASSESSMENT   PRACTICAL   IN 
NEGOTIATIONS   -   PREDICT   2000   AND 

UNDERLYING LEAilNING  CURVES 

PREDICT 2000 solves a major operations 
research problem which concerns how one 
generates an appropriately shaped probability 
density function when only sparce data is 
available. PREDICT 2000 can generate cu- 
mulative probability distributions based upon 
the thirty-seven different generic shapes 
shown in Figure 4 from experiential data. 
Although each of the twenty-five group II 
shapes is shown unskewed (that is, 50Z of the 
function is on each side of the mode) , each 
shape    can    assume    any   level   of   skewness. 

The PREDICT 2000 computer software interacts 
with user through a mini-computer. It uses 
one measure of central tendancy (the mode) 
and two measures of dispension (a lOOJ 
percentile range and another range specified 
by the user) to provide its output. The mode 
was chosen as the PREDICT 2000 measure of 
central tendancy both because people can 
estimate the mode more accurately than the 
mean and because the mode has analytical 
importance in determining the probability 
density function's shape. The ranges are 
also   easy   for   people   to   estimate   and   provide 

(8)       The   highest   possible   value   (cost). 

These eight data points, which are defined 
through the negotiation process, generate the 
emulative probability function for the cost 
of the product. PREDICT 2000 also calculates 
the mean or average cost. It is the mean 
cost which is identified as the negotiated 
target cost. 

The underlying learning curve technique 
provides a method of defining the cost of an 
acquisition based upon the cost of previous 
similar programs. The technique eliminates 
the impact of any costs due to "work expand- 
ing to fill the time alloted" (Parkinson's 
Law). This is accomplished using the fol- 
lowing  procedure: 

The first step of underlying learning curve 
analysis is to review the contractor's work 
measurement system. This is done at the 
contractor's plant. It is important that 
each industrial engineer setting time stand- 
ards via time study be required to demon- 
strate rating proficiency within a known 
accuracy  at   least   annually. 
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The second seep in che analysis is Co gather 
Che data required for che underlying learning 
curve analysis. This requires an under- 
standing of che contraccor's cost accounting 
system as well as an understanding of che 
work neasurement   system. 

The third step is to perform che underlying 
learning curve analysis. This consists of 
four   different    learning   curve   calculations: 

(a) The   earned   hours   learning   curve. 

(b) The writer learning curve. 

<c)       The   underlying    learning   curve. 

(d)      The   standard   learning  curve   (actual 
hours) . 

The   learning   curve   technique   is   used   for 
earned  hours  because   the   industrial  engineers 
use  a classic   Pareco  analysis   in  iapleaenting 
methods   improvements.     The   learning   curve 
technique   is   used   for  worker  learning because 
a   tremendous   number   of   studies   suggest   chat 
che   power   form  of   che   learning   curve  des- 
cribes   worker   learning.     The   analysis  of  che 
worker    learning   is   based   upon   a   regression 
analysis   of   che   reciprocal   of  che   ratings   in 
che   cime   studies.      This   provides   a   reliable 
method   of measuring   che   accual   worker   learn- 
ing   during    a   produccion    program,    providing 
Che    industrial    engineers   maintain    cheir 
capabilities   Co   accurately   race   che   worker's 
efficiency   chrough   proficiency   exaninacions. 
However,    che    wrker   efficiency   measured   by 
che   cost   accounting   system-  is   an   unreliable 
measure   of  worker  efficiency   since   it   may 
concain   nonproduccive   cime  due   Co   Parkinson. 
Law (Parkinson's  cime).     Parkinson's  cime can 
be   eliminated   by   changing   the   target   hours. 
The    legitimate   non-productive    time    chat    is 
charged   Co  nonproduccive cost  account 
codes  can  not  be  eliminated   so  easily   it  can 
only   be    reduced    chrough    aggressive   aanage- 
»enc. Parkinson's    cime    exiscs    because 
management believes chat che workers perform 
at a Lower level of efficiency than che level 
experienced as an average efficiency in che 
Cime scudies. These expectations concerning 
worker efficiency exist because any analysis 
using standard learning curves also contained 
Parkinson's     time. Underlying     learning 
curves provide management with a cool which 
can be used co establish realistic targets 
for (1) methods improvement, (2) worker 
etficiency,   and   (3)   cocal  manhours. 

This cool is made more valuable because of 
che scatistical nature of che regression 
analysis. The error functions for che 

1) earned hours (2) worker efficiencv and 
13) cotal hours can be used co eseablish 
tolerance   bands    for   management   by   exception 

using  cradieional   statistical  quality coocrol 
mechods. 

The use of nonlinear regression analysis 
provides an added benefic when che regression 
analysis is Co eseablish Carget hours. For 
the purpose of this discussion, che error 
funccion will be assummed co be normally 
distributed. The actual distribution does 
not effect che overall resulcs of chis 
discussion, however it is easier to provide a 
graphic illustration of the process if the 
normality aasunption is made. Usually the 
error function is attributed with che prop- 
erty of showing the relative likelihood of 
achieving che average cost and costs around 
the average cost. However, if che average 
cost which is the cost identified by the 
learning curve is called che carget cost, 
then the error function can also be thought 
of as demonstrating the relative difficulty 
in achieving a value which differs from che 
cargec. Thus, che error function can serve 
as a basis of either an award fee which 
varies   proportionally   to   chat   difficulty. 

INCENTIVE   SHARING AND  AWARD  FEE 
ARRANGEMENTS 

The   object   of   either   an   award    fee   or   an 
incentive   sharing   arrangement   is   to   provide 
che   contractor   with   an   incentive   Co   manage 
che  program  so  chat   the  accual  hours expended 
co  produce each  syseem  are  reduced   Co  a  level 
below che  Carget hours.     Hie determination  of 
whether   the   basis   is   an   award   fee   or   in- 
centive   is   dependent   upon   whether   che   accion 
will    be    subjecc    Co    che   dispuces   clause. 
Eicher  PREDICT 2000  or  an  underlying  learning 
curve   error    funccion   will    provide   a   cu- 
mulacive     probabilicy     funccion    which     is 
related   to   the   program   risk  and   uncertainty. 
Given   the   cumulative   probability   funccion 
(Figure   5),   it   is   only   a   two   step   procedure 
to   transform   it   into   either   an   award   for   or 
incentive    sharing    arrangements.        The    firsc 
step   is   to   divide   the   values   between   zero 
probability   (corresponding   to    che   lowesc 
value)   and   che  probability of the mean by  che 
probabilicy of che mean.     This  provides  a  new 

function  that   is  zero  at   the mean minus  three 
standard deviations  and  one  at   che mean.     For 
the   values   between   the  mean   and   one   (cor- 
responding  to  che highest  value)   subtract   che 
probability  of   the   mean   from   each   value   and 
divide   by   one   minus   che   probabilicy   of   che 
mean   co   form   che  new  funccion.     This   seep   is 
shown    by    Figure    6.        JJexc,    subcracc    che 
first   function  derived   in   che   second   step 
from   one.     Multiply  che  values   from   che  mean 
Co   che   highest   value   by  a   negative   L.      This 
step   is   shown  by   Figure   7.      This   provides 
functions   wich   a  value   of  one   ac   che  mean 
plus   or   minus   three   scandard   deviations   and 
zero   at   che  mean;   chese   functions  corresoond 
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to   Che   inherent   difficulty   in   achieving   a 
value  lower  Chan  Che mean. 

When   this   Cechnique   is   used   as   an   award   fee 
wich   underlying   learning   curves,    Che   avail- 
able   award   fee   for   che   program   is  divided 
among   che   number   of   unics   being   produced. 
The   award   fee   for  each  unit   is  multiplied  by 
the    function    value   corresponding    to    the 
actual   cost   to  obtain  the   incentive  for  each 
unit.       The   incentive   is   positive   below   che 
mean    and    negative    above    che   mean.       The 
negative   incentive   should   equal   the   positive 
incentive   so   that   the   contractor   will   be 
rewarded    for    sustained    improved   management 
and   the   associated   reduced   program   costs. 
Figure   8   shows   how   this   incentive   works. 
Assume   that   the  contractor  delivers  che   first 
two   units,   as   shown   in   Figure   8.      The   first 
unit    takes    14   hours   less   than   predicted   by 
the   underlying   learning   curve   and   che   second 
unit   takes   7   hours   more.      Assume   a   fee   per 
unit  of 310,000.     The contractor  would have  a 
positive   37400   reflected   for   che   first   unit 
and   a   negative   35000   dollars   for   che   second 
unic   for   a  nee   award   fee  of  32400   at   the   end 
of   two   unics.     The   resulcing   positive   and 
negative   awards   for   successive   units   are 
summed   until   the   end   of   che  contract.     At 
that    time    final   disposition   is   made   of   che 
award   fee. 

An incentive sharing arrangement is based 
upon che philosophy chat che organization 
responsible for manufacCuring che produce 
should share in che savings or costs in 
dir.ect. ProPOftion to che difficulCy in 
achieving che accual cost. The target cost 
is che baseline from which che amount co be 
shared is measured. This method recognizes 
that both the lowest possible cost and 
highest possible cost are equally unlikely if 
management is attempting co achieve an accual 
cost which is at or below che target cost. 
This difficulty of achieving any cost is 
shown by che Probabilicy densicy funccion for 
che cost. Thus, it follows chat a transform 
of che probabilicy densicy function could be 
used co proide a fair and reasonable measure- 
ment of che difficulty in achieving an 
actual cost which is different from the 
target cose. The transform should provide 
the seller 100Z of che savings at che lowest 
possible cost and require that the seller pay 
in 100Z of the added cost at che highest 
possible cost. The sellers share should be 
0Z at che target cost. The buyers share of 
che savings should be 100Z at che target cost 
and 0Z at both che highese and lowese pos- 
sible coses. if che coeal cose is equal co 
che cose plus a profit plus che incencive, 
and che sharing arrangeoene shown in Figure 9 
is used (based upon che example shown in 
Figures   1,   2,   and   3),   che   profit   versus  cost 

21 35 
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FIGURE 3.  EXAMPLE OF USING 
THE NEW SHARE FUNCTION 

( IsC Example) 
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curve   for   a   13.5Z   fee   is   shown   in  Figure   10. 
Note   how   chis   compares   to   the   Firm   Fixed 
Price    contractual     arrangement    discussed 
earlier   and   to   a   typical   Fixed   Price   In- 
centive    Finn    Contractual    Arrangement    where 
the   ceiling   is   125S  of   the   point   of   total 
assumption.      It   is   important   Co   note   that 
while   the   average   cose   of   this   new  arrange- 
ment   is   lower.      For   the   buyer,   the   profit 
potential    for   the   seller   is   greater.       Note 
that    the   new   arrangement    is   bounded   by   two 
Firm   Fixed   Price   Lines.     A price  versus  cost 
curve    shows    chis   more   clearly   (Figure    U) . 
The   mean    for   the   FFP   contract   is   3210,000," 
the   mean   for   the   FPIF   contract   is   3160,780,* 
and    the   mean    for    the   new   arrangement    is 
3135,920.     This   new  arrangement   gives   the 
seller   the   incentive   to   lower   coses   so   that 
higher   profits   can   be   achieved.      For   the 
buyer,    it   provides   a  method   of   reducing   the 
average   price   and   reducing   the   range   of   the 
price   given   a   wide   range   in   cost.       It   also 
provides    an    analytical    basis    for   deter- 
mining  a  fair  and  reasonable basis   for  a  firm 
fixed    price   contract.       When   the   cost   of 
contract     administration     for    an    FPIF    or 
sharing   arrangement   contract   is   greater   Chan 
the   range   in   price,    chen   a   firm   fixed   price 
contract   which   is   based   upon   the   upoer  bound 
of  the  price  range  should  be  used. 

SDMMAKY 

Probability functions and their Cransforms 
can be used to quantify risk in the acquisi- 
tion process. Defining the risk quanti- 
tatively also results in the opoortunity 
to define an incentive plan which is related 
maehemaeically to the risk. This relation- 
ship is defined through Cransforms and che 
choice of the values required for the trans- 
forms is related to the cuaulative probabil- 
ity of the mean. 

The use of the probability density function 
for denning acquisition risk through the use 
of transformations provides a continuous 
sharing arrangement. This technique can 
result ia sharing arrangements which vary 
continuously between two firm-fixed price 
lines when viewed on a profit versus coat 
curve. An analysis of a price versus cost 
curve shows chat che Cechniaue can help in 
both budgeting and determining when an 
acquisition should be handled as a firm-fixed 
price  contract. 
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ABSTRACT 

With the growth in acquisition time, 
cost, and technological complexity 
of new weapon systems, concurrency 
has been proposed as a specific 
method for shortening the acquisi- 
tion cycle and reducing the problem 
of cost growth as well.  This paper 
describes the problem of concurrency, 
attempts to define the term opera- 
tionally, and reports on some new 
research in the area. 

In evaluating concurrency as a 
method for reducing acquisition 
time, the Program Manager (PM) has, 
in the past, been constrained by 
not having a formalized approach 
for evaluating the short- and long- 
term program impacts of his deci- 
sions.  Frequently circumstances 
arise which force concurrent sche- 
duling of activities late in the 
program, when activity dependence 
is the greatest. 

PURPOSE 

Management Consulting & Research, 
Inc. (MCR) under contract to the 
Office of Naval Research (ONR), 
is developing an approach to as- 
sist the PM in making trade-off 
decisions concerning concurrent 
scheduling of program activities, 
specifically addressing the as- 
sociated cost and schedule risks. 
This paper presents the prelimin- 
ary findings of this research. 
The following topics will be ad- 
dressed . 

• a background discussion of 
the problem, 

• the various interpretations 
of concurrency, 

• risk analysis. 

concurrency considerations, 
the needs of the Program Man- 
ager in relation to concur- 
rency, 
a brief overview of the de- 
scriptive model, and 
a summary of conclusions. 

BACKGROUND 

The first major weapon system pro- 
curement in the U.S. occurred on 
March 27, 1794 when Congress autho- 
rized the building of six large 
frigates by the U.S. War Depart- 
ment.  Some seventeen months later, 
six keels were laid.  Due to sche- 
dule slippage  and cost overruns, 
the program was cut back to three 
frigates.— Now, almost two hun- 
dred years later, the problem of 
schedule and cost is being redis- 
covered as a "new" problem.  The 
difference now is that the concept 
of "concurrency" is being suggest- 
ed as a potential solution. 

General Bernard Schriever is cred- 
ited with coining the term "concur- 
rency" in early 1958 while describ- 
ing the Air Force Ballistic Missile 
(AFBM) program.  A 1958 report- 
described this program and the Navy's 
Polaris program as successful exam- 
ples of the "concept of concurrency." 
Throughout the 60's several programs 
including several which were cancel- 
led such as MBT-79, F-111B, Condor, 
and Cheyenne, allowed production ef- 
forts to begin prior to completion 
of full-scale development.  However, 
enough problems had occured that were 
attributed to concurrent scheduling 
that by the Spring of 1969, then 
Deputy Secretary of Defense David 
Packard promulgated the philosophy 
of "fly-before-buy."  Several stud- 
ies also echoed similar concerns 

Acknowledgement:  This work is being supported by the Navy Acquisition Research Pro- 
gram under Office of Naval Research contract #N00014-81-C-0764.  The views, opinions, 
and findings contained in this paper are those of the authors and should not be con- 
strued as an official Department of the Navy position, policy, or decision unless 
so designated by other official documentation. 
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and advocated producing only after 
the systertu-deveiopment had been 
completed.—' The formal guidance 
came in the 1971 version of DoD 
Directive 5000.1 which noted that 
one should not propose "...  un- 
necessary overlapping or concur- 
rency. "— 

By 1977, however, the concept of 
concurrency was beginning to be re- 
established.  Dr. Richard DeLauer, 
then of TRW, Inc. and currently 
Under Secretary of Defense for 
Research and Engineering, chaired 
a Defense Science Board (DSB) 
Summer Study to examine the prob- 
lem of.the lengthening acquistion 
cycle.—'  The report noted that 
it often takes 12-13 years to com- 
plete the acquisition cycle from 
Program Initiation through Deploy- 
ment .  In fact the average time 
to DSARC II grew from two years 
in 1950 to five years as of 1977 
according to the report.  Of more 
importance was the report's obser- 
vation that programs are not can- 
celled for reasons of concurrency, 
but rather for reasons of a tech- 
nical or political nature, or 
changes in requirements. 

Two recent articles describe the 
advantages of concurrency.— In 
addition, DoD Instruction 5000.2 
now notes that: 

. . . consideration (should be given) 
to minimizing acquisition cycle 
time by planned concurrency. 
This may include increasing 
funding, overlapping, combin- 
ing or omitting the phases of 
the acquisition process, or 
overlapping or combining de- 
velopmental T i E with opera- 
tional T i E.  The amount or 
degree of such concurrency 
should be based on the extant 
of the potential savings in 
acquisition time balanced 
against technical, cost and 
supportability risks and na- 
tional urgency in each acqui- 
sition program.— 

This paper describes preliminary 
concepts and considerations neces- 
sary in the development of a theory 
of concurrency.  More importantly 
it establishes the framework for 
development of tools which can spe- 
cifically assist a Program Manager 

in evaluating the opportunities 
for concurrently scheduling pro- 
gram activities and the associated 
risks. 

INTERPRETATIOMS OF CONCURRENCY 

The 1977 DSB study restricted its 
definition of concurrency to: 

The conduct of the steps lead- 
ing to production for inventory 
before the end of the full-scale 
development time span. 

In examining the literature, how- 
ever, one finds the most frequent 
interpretations of the term concur- 
rency to includes 

• parallel (back-up) technolo- 
gical development, 

• concurrent, but independent 
subsystem development and 
testing, 

• co-production, and 
• overlap of dependent, normal- 

ly sequential activities. 

In addition, in examining alterna- 
tives to reduce the acquisition 
cycle time, it is clearly not suf- 
ficient to concentrate solely on 
the development/production overlap. 

Thus MCR's initial research conclud- 
ed the following: 

• There is no universally ac- 
cepted definition of concur- 
rency; 

• Few studies have been conduct- 
ed which specifically address 
the effects of concurrency 
on program acquisition; 

. •  People have historically per- 
ceived concurrency to be a con- 
tributor to serious acquisition 
deficiencies; 

• Virtually no formal direction 
is provided to the Program 
Manager concerning techniques 
for developing or evaluating 
alternative program schedules. 

Concurrency should be examined in 
light of two alternative planning con- 
cepts : 

• schedule protection: recog- 
nizes that the need to ex- 
tensively revise the program 
schedule may occur in the 
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future.  The PM can attempt 
to avoid a crisis later on 
by identifying concurrency 
options and potential alter- 
natives before a crisis oc- 
curs . 

•  schedule compression: fre- 
quently, despite the best 
planning, a schedule must 
be revised due to condi- 
tions such as earlier sche- 
dule slippage resulting in 
less time available for the 
remaining activities; the 
moving earlier in time of a 
deadline; the avoidance of 
cost increases due to a 
longer acquisition cycle, 
etc.  Any or all of these 
occurances can result in the 
need to limit an already 
existing or imminent crisis. 

RISK ANALYSIS 

In considering the use of concur- 
rency as a scheduling option, it 
is important to analyze the po- 
tential risks associated with the 
decision.  A body of knowledge al- 
ready exists to allow analysis of 
some of the risks associated with 
concurrently scheduling program 
activities.  Typically "risk anal- 
ysis" is used to assess the degree 
to which a proposed system is like- 
ly to achieve its predicted perfor- 
mance within cost and schedule goals. 
In conducting a risk analysis it 
is essential to consider these three 
aspects:—' 

• Risk Assessment;  the iden- 
tification of the degree of 
risk with respect to the 
realism, soundness, and cre- 
dibility of the programs 
cost and schedule, and the 
system's performance. 

• Risk Management;  The devel- 
opment of a plan for manag- 
ing ail types of risk (risk 
minimization plan) as a func- 
tion of time (i.e.. Acquisi- 
tion Milestone I, II, and 
III).  Methods for minimizing 
risk, such as quality assur- 
ance, and other hedges against 
new technology failure are 
considered here. 

• Risk Demonstration:  The for- 
mulation of a test and eval- 
uation demonstration plan 
will allow early identifica- 
tion of risks.  Specifically, 
the steps required to reduce 
high risk program elements 
to acceptable levels as well 
as the cost of doing so are 
demonstrated. 

A risk assessment includes not only 
an evaluation of the likelihood of 
success, but also must include as- 
sessment of the consequences of 
failure in measureable terms, usu- 
ally dollars.  Hence the concept 
of a "cost-risk analysis" becomes 
of interest.  The analysis of con- 
currency, as part of the overall 
development of acquisition strate- 
gies, is part of the risk assess- 
ment process.  It does not obviate 
the need for continued risk manage- 
ment or risk demonstration.  Sev- 
eral models are currently avail- 
able to assist in the analysis of 
acquistion activities.  These are 
typically network analysis or cri- 
tical path techniques.  Some of 
the best known include: 

• Gantt Charting 
• Critical Path Method (CPM) 
• Program Evaluation and Re- 

view Technique (PERT) 
• Program Evaluation and Re- 

view Technique/Cost (PERT/- 
COST) 

• Graphical Evaluatibn and Re- 
view Technique (GERT) 

• Venture Evaluation and Re- 
view Technique (VERT) 

• Simplified Network Analysis 
Portrayal for Planning and 
Control (SNAP) 

• Risk Information for Sche- 
dule and Cost Analysis (RISCA) 

Many more techniques are currently 
in use. The Services have not at- 
tempted to standardize or institu- 
tionalize one specific technique 
for a Program Manager's use.  Al- 
though there has been a move to 
advocate the use of the Total Risk 
Assessing Cost Estimate (TRACE) 
methodology, or a similar method, 
by all services, this model only 
looks at cost uncertainty, not 
schedule uncertainty. 
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Conceptually the cost/schedule 
risk problem can be described as 
shown in Figure I.  A baseline 
program schedule (presumably "op- 
timal" in some sense) has a peri- 
od of performance and level of 
funding associated with it.  It 
also has implicitly (at a point 
in time) a chance of requiring 
additional time or cost.  If a 
PM is willing to accept a non- 
zero chance of exceeding his 
funding level or time estimate, 
then he can begin to trade-off 
cost/schedule/risk.  For example, 
suppose a 50 month program, fund- 
ed at $52 million has a 10% chance 
of exceeding those values.  Then 
the schedule can be shortened by 
additional funding, while main- 
taining that same 10% risk level. 
Alternatively, the funding level 
can be maintained or even reduced 
as the schedule is compressed 
simply by accepting an increased 
risk of exceeding those values. 
This is the risk assessment pro- 
cess.  By using a proper risk 
management plan, however, the ini- 
tially higher risk level can be 
monitored and minimized over time. 
Risk demonstration through well 
designed test procedures can po- 
tentially result in a program 
lower in cost and shorter in time 
than the initial "optimal" base- 
line schedule. 

CONCURRENCY CONSIDERATIONS 

In attempting to understand what 
concurrency involves, specific 
factors and criteria must be de- 
veloped for considering program 
activities and decisions required 
of the Project Manager.  The basic 
components in creating program 
schedules must be identified. 
Then program activities and events 
can be considered in light of the 
components. 

Specifically, it is necessary to 
consider: 

MC 
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Risk Levels 

Phases:  acquisition phases 
such as Concept Exploration, 
Demonstration and Validation, 
Full Scale Development, and 
Production. 
Functions: major categories 
of work performed in, or un- 
der the direction of, the 

Figure I.  Cost/Schedule Risk 
Problem 
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Program Management Office 
such as Technical Management, 
Logistics Management, Busi- 
ness Management, etc. 

• Task Areas:  subtasks of func- 
tional work such as hardware 
design, software design, test 
and evaluation, etc. under 
Technical Management. 

• Events:  end points such as 
document delivery, design 
review meetings, milestones, 
and initiation of develop- 
ment of documents. 

• Activities:  efforts involved 
in preparing for a particular 
event, or following a start- 
ing event (e.g. preparation 
of a baseline, review of a 
procurement plan). 

• System Type:  generic type 
of weapon system related to 
the program schedule (i.e., 
ship, aircraft, missile). 

• Subsystems:  level 3 work 
breakdown structure elements 
of hardware which may be on 
different developmental sche- 
dules, but which collective- 
ly constitute a viable weapon 
system. 

Figure II illustrates representa- 
tive acquisition activities. 

In examining the degree of desir- 
able concurrency for a particular 

program many factors must be con- 
sidered. The following consider- 
ations are briefly summarized here: 

• factors influencing the ap- 
plicability of concurrency, 

• acquisition cycle-related 
problems, 

• previously suggested alter- 
natives , 

• pros and cons of increased 
concurrency, and 

• factors for changing pro- 
gram concurrency. 

It is not clear that concurrency 
is applicable to all system acqui- 
sitions.  Development factors such 
as design status/familiarity of 
technology, environmental charac- 
teristics, program personnel ex- 
perience, contractor availability/ 
experience, etc., and production 
factors such as production resource 
availability/manufacturing capabil- 
ity, sources, and level of previous 
program involvement are all impor- 
tant.  But so, too, is the discip- 
line required (risk management) of 
scheduling far in advance of actual 
requirement (i.e., consider produc- 
tion and logistics problems very 
early in the cycle).  Risks of tech- 
nological advancement or lack of 
maturity of design balanced against 
high development cost or high cost 

Figure II.  Acquisitions Activities (.Ships) 

A-25 



uncertainty can doom a program and 
require higher costs of maintaining 
low risk alternatives.  There is a 
complex hierarchy of responsibility 
and review that also contributes to 
the problem rather than to the solu- 
tion. 

Various prior studies have suggest- 
ed alternative ways to shorten the 
acquisition cycle.  These include: 

• reduction of in-service review, 
• reorganization of the DSARC 

process and reassignment of 
hierarchical responsibilities, 

• explicit emphasis on develop- 
ing techniques for shorten- 
ing the acquisition cycle, 

• increased emphasis on front- 
end analysis and development 
of design philosophies, 

• committment to freezing de- 
signs, development of sche- 
duled Top Level Requirements/ 
Top Level Specifications 
(TLR/TLS), and the applica- 
tion of Pra-Planned Product 

Improvement (P I), 
• increased coordination of 

DSARC and PPBS, and 
• development of techniques 

for quantitatively analyz- 
ing impacts/risks of prograun 
schedule changes. 

Many of these alternatives have 
been specifically addressed by the 
DoD Acquisition Improvement Pro- 
gram promulgated by Deputy Secre- 
tary of Defense Carlucci. 

The basic arguments for and against 
use of concurrency can be summar- 
ized as follows: 

• Potential Advantages:  con- 
currency potentially allows 
the attainment of an earlier 
IOC, increased likelihood of 
meeting intermediate goals 
and thresholds, lower over- 
head costs, work force con- 
tinuity, and increased work- 
er motivation. 

• Potential Disadvantages: 
concurrency may lead to pre- 
mature committment to high 
cost program elements, ex- 
cessive and higher cost 
changes in design after pro- 
duction has commenced, unre- 
liable equipment in service, 

and degradation of training 
because of multiple config- 
urations and faulty systems. 

The problem with any discussion of 
concurrency, however, is that of 
over-generalization.  A given pro- 
gram can easily be affected by 
threat induced changes in IOC, ini- 
tial overly ambitious schedules, 
redefinition of the need and chang- 
ing technologies to meet that need 
resulting in prograun restructuring, 
as well as the need to compensate 
for other program delays.  One of 
the overriding conclusions of 
MCR's initial research, however 
is that continuous risk analysis 
is required, as well as careful 
planning of funding support and 
program stability.  The Carlucci 
initiatives collectively solve 
many of the problems previously 
preceived as overriding disadvan- 
tages. 

PROGRAM MANAGER MEEDS 

Based on the conclusions noted 
above, we believe the Program Man- 
ager has four specific needs.  He 
must: 

• Define the amount or degree 
of concurrency deemed desire- 
able for his particular pro- 
gram: 

• Determine the set of program 
activities which can be con- 
yurrently scheduled consider- 
ing: 

the amount of dependence 
on activities in the pre- 
vious phase, 

- whether there are high 
costs associated with the 
particular activity, 

- whether failure to meet the 
schedule/cost objectives of 
the activity will produce 
long-term increases in the 
program costs, and 

- whether failure to meet the 
schedule/coat objectives of 
the activity will produce 
long-terra increases in the 
program schedule; 

• Evaluate the cost-risk impact 
on program goals, thresholds 
and requirements; and 

• Justify these decisions to the 
Service hierarchy and OSD. 
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In addition to these needs the pro- 
gram schedule must also be analyzed 
in terms of its sensitivity to ex- 
ternal forces such as political/ 
budgetary decisions. 

DESCRIPTIVE MODEL 

Figure III shows the descriptive 
model MCR is developing.  This model 
is composed of seven basic steps 
to be performed by, or under the 
direction of, the Program Manager. 
The first step involves the devel- 
opment of the initial program sche- 
dule which forms the basis for con- 
currency and cost/schedule risk 
analyses.  It also includes the 
formulation of the rules and cri- 
teria for performing the analyses, 
and the identification of an ini- 
tial set of concurrency options. 

Figure III.  Descriptive Model 

Having set up the problem, the 
second step concerns the consider- 
ations of the constraints that 
the PM must respond to in the sche- 
dule.  These constraints may be 
pre-existing or newly imposed, en- 
dogenous or exogenous to the pro- 
gram.  This step is closely related 
to step three, determining the rea- 
son for considering concurrency. 
In evaluating the constraints the 
PM must determine the desirable 

scope of the concurrenc 
the phases, functions, 
and activities affected 
implementation of concu 
recognizing the motivat 
is also considering the 
purpose to be achieved 
concurrency as a schedu 
anism, as well as the c 
driving the decision, i 
schedule slippage, prot 
the remaining schedule 
tion of changing direc 

y, i.e., 
task areas, 
by the 
rrency.  In 
ion, the PM 
ultimate 

by using 
ling raech- 
ircumstances 
.e., earlier 
ection of 
incorpora- 

ion, etc. 

In the fourth step the PM deter- 
mines the magnitude of acceptable 
risk to be considered in develop- 
ing and selecting alternatives. 
This narrows down the set of pos- 
sible alternative schedules which 
could fulfill the requirements. 
It is at this point that decisions 
are made about acceptable degrees 
of concurrency.  Based on the anal- 
ysis performed in the previous 
steps it is possible that there 
may be more than one set of con- 
current activities in an alterna- 
tive, each of which will have to 
be decided upon. 

The fifth step involves the devel- 
opment of alternative schedules 
which are within the scope of the 
precaeding constraints and risks. 
A variety of alternatives addres- 
sing one or more of the previous 
selected sets of concurrency oo— 
tions may be developed. 

The companion to this step is the 
analysis of the risks associated 
with each alternative, performed 
in the sixth step.  The evaluation 
of the alternatives is performed 
using checklists tailored to the 
particular characteristics of the 
system type, the stage in the devel- 
opment of the system, and the par- 
ticular task areas and activities 
involved.  Development of these 
structured checklists is begun 
with the selection of the concur- 
rency options in step one and is 
continued through each step, in- 
corporating the refined direction 
that is being developed in this 
process.  They are tailored to re- 
spond to the PM's information needs 
necessary to make an actual deci- 
sion. 
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Having evaluated and scored the 
alternative scheduling options, 
the final step is the selection 
of the alternative which most 
adequately satisfies the require- 
ments at the time of the decision. 
Using the basic criteria developed 
in the first step, and refined for 
the actual decision, the PM trades- 
off the options presented in the 
alternatives among cost, schedule, 
risk and the program environment. 
The ultimate selection is the re- 
vised schedule.  Although a single 
alternative may be selected in 
this process, it is often the case 
that other potentially viable al- 
ternatives have been developed 
and should be monitored in the 
process of subsequent schedule 
reviews. 

Initially several assumptions are 
made: 

• the Program Manager is as- 
sumed to have a Baseline 
Schedule, 

• funding and schedule con- 
straints can be defined, 

• resource estimates (time 
cost) can be made for each 
schedule component, 

• analysis will be made for 
alternative schedules 
representing relatively 
fixed performance, and 

• concurrency can be meaning- 
fully considered in terms of 
potential savings in time ver- 
sus cost-risk. 

The Top Level Hypothesis (TLH) 
are simply that: 

• program schedules can be 
quantitatively and qualita- 
tively evaluated, 

• quantitative or qualitative 
risk analysis measures can 
be developed and applied to 
evaluate degrees of program 
concurrency, 

• the Program Manager can him- 
self make meaningful deci- 
sions regarding shortening 
the program acquisition cycle 
using a structured checklist 
methodology. 

Given the TLH, the PM must be able 
to intelligently apply available 
analytical techniques to his pro- 
gram in order to make concurrency 
decisions.  Some of the alterna- 
tives he needs to consider are: 

• funding of parallel activi- 
ties, in order to increase 
the probability that one of 
the alternatives will suc- 
cessfully meet the goals of 
the program; 

• funding repetition of activi- 
ties, when a critical activity 
has not been previously success- 
ful; 

• scheduling activity "slack 
time," to allow for the un- 
foreseen extension of the 
duration of an activity; 
and 

• lowering performance objec- 
tives of a high-risk activi- 
ty and compensating by in- 
creasing the performance 
requirement for a lower risk 
activity. 

COttCLUSIOttS 

Several major conclusions result 
from the research conducted on 
concurency to date: 

• To be effective, concurrency 
must be specifically planned 
for in the program. 

• Techniques such as network 
analysis models and cost 
risk analysis models, use- 
ful in assessing impacts of 
concurrency are already 
available, but have not been 
coordinated in a consistent 
methodology useful to a Pro- 
gram Manager. 

• In order to evaluate concur- 
rency, the relationship be- 
tween program events and ac- 
tivities must be defined and 
specific "checklists" devel- 
oped so that techniques al- 
ready available can be tai- 
lored to specific PM needs. 

The Program Manager's Dilemma is 
that he must (1) determine the 
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magnitude of acceptable risk, and 
(2) apply a methodology to quanti- 
fy risk in order to effectively 
make cost/schedule/risk trade-offs. 

FOOTNOTES 

1/ Decision-Making for Defense, 
Charles J. Hitch, 1965, TUni- 
versity of California Press, 

2/   Los Angeles, CA) 
—' "The United State Guided Mis- 

sile Program" prepared by the 
Legislative Reference Service 
of the Library of Congress for 
the Senate Armed Services Com- 
mittee, referenced in the Con- 
gressional Record, January 27, 

3/   1959- 
—' Examples are the, RAND Report, 

"System Acquisition Strategies, ' 
by Robert Perry in June 1971 
and the Blue Ribbon Defense 

4, Panel Report of July 1970. 
-' DoDD 5000.1, "Acquisition of 

Major Defense Systems," 13 
5, July 1971. 
-  "Acquisition Cycle Task Force 

Report," DSB Summer Study, 
March 15, 1978. 

"Concurrency, " Robert Gibson, 
Defense Systems Management Re- 
view, Autumn 1979; "Concurrency 
Today in Management," Thomas 
Harvey, Defense Systems Manage- 
ment Review, winter 
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DoDI 5000.2, "Major Systems 
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March 1980 (currently being 
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remain in the draft). 

"Cost-Risk Procedures for 
Weapon System Risk Analysis," 
Gerald McNichols, Proceedings 
Annual Reliability & Maint- 
ainability Symposium, Jan- 
uary 1981. 
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INTRODUCTION 

There have been numerous instances where 
acquisitions in both irilitary and civilian 
projects have had costs exceed the original 
estimates. With increasing levels of system 
complexities, limited resources, concurrent 
development and production, constant changes 
in scope, continuous advance in technology 
and uraency in achieving operational status, 
the probability of cost growth is a critical 
aspect of the acquisition process. 

ArouiSITION UNCERTAINTY 

Uncertainty or variability are recognized as 
inherent aspects of the acquisition process. 
Because "as contracted costs," are, in 
effect, single point estimates, they do not 
represent a meaningful basis for controlling 
cost. The objective of this paper is to 
describe an approach for predicting cost 
uncertainty, which recognizes that 
variability cannot be eliminated but rather 
that there are trade-offs that are available 
to decision makers. These tradeoffs are 
based on cause and effect models which can be 
used to imorove the acquisition process. 
Inherent in the aoproach presented here is 
the dynamics, interdependencies, variability, 
and uncertainty in the acquisition process, 
'hese include: concurrency, learning, curve 
effects, design changes, technological 
advances and program management, which 
contribute to the cost effects observed. 

THE ACHUISITION PROCESS 

Any description of the acquisition process 
is, at best, only a static representation of 
an extremely complex set of interdependent 
activities. For our purpose, we will use two 
"lasic diagrams to aid in understanding the 
process. The first, shown in Figure 1 
describes the kinds of uncertainty associated 
with acquisitions (28). 

The matrix shown in Figure 1 is used as a 
basis for understanding causality. Thus, 
internal control assumes all things are known 
and controllable with estimates based on oast 
data, procedures, designs, etc. The other 
'hree cateno'-ies, ' however, represent the 
reality in major acquisition.  It is this 

uncertainty that has significant impact on 
cost and is the principal emphasis of this 
paper. 

An approach which will be used to describe 
the acquisition process and the inherent cost 
overruns is represented in Figure 2. 
Illustrated are the factors, the 
interdependencies, and the processes involved 
in acquisition management. Because the 
acquisition process is as extremely complex 
network of activities a static model is 
unsatisfactory. A computer simulation model 
is proppsed which can be used to predict cost 
overruns. 
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Although Figure Z does not reflect the 
dvnamics and interactions that occur in an 
on-going organization, it does illustrate a 
number of key concepts that will be 
develooed. The linkages between the four 
basic uncertainty variables and acquisition 
managenient help to define the processes, 
activities or variables that contribute to 
the uncertainty of acquisition management. 
The four basic uncertainty variables are: 

1. Organizational Slack:    A 
measure of the organiza- 
tion's ability to perform 
the task requirements. 

Customer 'Jrnencv:    The time 
compression,  concurrency, 
or degree of overlap betwen 
nhase of development,and 
changes  in scope. 

4. 

Technological Uncertainty: 
A measure of the state-of- 
the-art and the degree of 
interdeoendency among 
system components. 

Environmental Uncertainty 
The factors that cause 
disruption, delays, short- 
ages, 'failures, etc., that 
are not under the control 
of management in the 
acquisition process. 

The exterior linkages identify secondary 
effects and relate the four uncertainty 
variables. The variables and linkages define 
a network of interdependencies which ulti- 
mately contribute to the uncertainty and the 
consequent cost problems in the acquisition 
process. 

A CAUSAL BASIS FOR DEFINING UNCERTAINTY 
Although uncertainty is defined as lack of 
knowledge about specific effects, it can be 
examined in terms of the factors that con- 
tribute to disruption and in turn attempt to 
understand the causal relations that lead to 
cost increase. The premise is that control 
of the variables contributing to uncertainty 
is an effective means for controlling cost. 
This is analogous to queuing theorv where a 
knowledge of queue behavior and sequencing 
rules permits servicing the maximum demand 
with available resources. Delays are not 
eliminated; rather, they are reduced by 
adding capacity or are modified by changing 
prioritv rules. Disruption in the acquisi- 
tion process can be considered similar to 

queuing delays in limited capacitv servers. 
By understanding which factors cause disrup- 
tion, management can alter the expected cost 
growth by controlling those factors. Typical 
factors leading to disruption are shown in 
Table 1. 

1. Delay: gaps in earring out 
a program 

2. Interruption: short term 
delay 

3. Stretch-out: slow down of 
program 

4. Interference: delay by 
other projects 

5. Redesign: change in scope 
or rework 

5.  Work stoppage:  interrup- 
tion of work 

7. Interdependencies: in- 
direct delays caused by 
external factors 

3.  Shortages or errors: 
delays due to lack of 
material or components 

9. Concurrency: interference 
and delay resulting from 
overlap 

10. Redirection of effort: 
disruptive effect of 
reorganization 

TABLE 1 FACTORS IN DISRUPTION 

Two key factors that contribute to disruption 
in the acquisition process are concurrency 
and technological uncertainty. Concurrency 
is most often a result of customer urgency in 
attempting to meet tight deadlines. Delivery 
urgency enforced by competitive conditions 
exerts strong pressure on suppliers to commit 
to delivery dates which are inherently 
optimistic or based on the assumption that no 
serious problems will develop. The plan 
becomes critical when combined with tech- 
nological uncertainty. 

TECHNOLOGICAL UNCERTAINTY 

As used here, technological uncertainty 
refers to two conditions. One is the highly 
abstruse demands at the very forefront of 
scientific knowledge or state-of-the-art. It 
also refers to a major gap between an organi- 
zation's area of expertise and what is 
required to perform effectively. Raoid 
technological change can have a major finan- 
cial impact on an organization which can be 
catastrophic and can be termed a "technical 
disruption." 
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Uncertainty occurs where conditions of rapid 
technological change exist. Managers must 
rely on the recomendations of technical 
personnel and yet, they must be able to 
detect errors and inconsistencies based on 
incomolete knowledge. 

In order to examine technological advance, 
factors are needed to determine the state-of- 
the-art. Ones shown in Table 2 provide a 
starting point: 

1. Size - number of inter- 
related components, phys- 
ical volume 

2. Comolexity - difficulty in 
meeting performance re- 
quirement 

3. Experimental nature of 
technology - has it been 
oroven. 

4. Degree of newness - percent 
of components of oroven 
technology 

5. Company's experience in the 
field - work on similar 
programs 

5.  Interdeoendency of sub- 
systems - number of link- 
ages 

7   Degree of precision - 
quality requirements 

3. Uniaue resources - testing, 
or tooling requirements 

9. Definitive specifications - 
clarity in meeting require- 
ments 

10. Design flexibility - 
tolerance level, substi- 
tutes available 

11. Required theoretical 
analvsis - need to supoort 
orooosed design 

12. Degree difference from 
existing technology - life 
cvcle of technology 

13. Infra-structure support 
required - degree of depen- 
dency on vendors 

TABLE 2 FACTORS WHICH CAN BE USED 
TO DETERMINE THE STATE-OF-THE-ART 

The factors shown in Table 2 include the 
newness as well as the design requirements 
for determining the state-of-the-art. Thus, 
state-of-the-art for a aiven organization can 
be construed as the "ability" to o>-oduce a 
given design, in addition to the newness of 
the technology involved. 

An approach to determining technological 
advance was developed at the RAND Corporation 
(25) is shown in Figure 3. The range is from 
0 to 20, where the newness of the design 
determines the advance in state-of-the-art. 
Examples of a number of military and cornner- 
cial aircraft, as well as a number of dif- 
ferent missiles are shown on the chart. 

Uncertainty often arises from the overlap or 
"concurrence" of development and production. 
The perceived necessity to initiate the 
ponderous and involved processes of produc- 
tion before there is certainty as to the 
stability of the product design, places 
programs at the mercy of changes which occur 
in the design. Such delays or changes are 
more likely to occur as the decree of concur- 
rency increases. 

Concurrency can be costly because of the 
effort and cost needed to establish produc- 
tion momentum. It might seem obvious that 
the solution is to avoid concurrency, how- 
ever, alternative courses of action offer 
options which can avoid real failure. Rapid 
technological change produces pressure to 
implement new ideas. However, doing so 
entails greater risk than under conditions of 
technological stability. Technological 
disruption can be characterized as follows: 

--Programs are oromised in an 
unreasonable or unrealistic time 
period. 

—The product is not fully design- 
ed, but is considered within the 
current state-of-the-art. 

—Unanticipated technological 
problems arise which require 
extensive time to resolve and 
result in substantial changes to 
the original product and to 
production. 

— The changes increase costs 
substantially. 

— Intensive effort is required to 
minimize deviation from the 
original delivery schedule and 
oroduct soecifications. 

Much interaction occurs among the various 
stages and events of each situation, and the 
end result is often a cost overrun of signi- 
ficant proportion . 

A-3.1 



mm TKHMOLoar naouMao 

TO M«IT nnPOKMAMCS 
J»ICiriCATtQN« • MMAHC     •SMAflK       •#-ttxrtvTOk'KUrriRt 

• p-tlt •OMCOVflRfU 
• *nx     • *-~m o • '"•• * • OIMIMI 
•MMM .ua-™,,.,,.,,^ #,_i(ii 

• THO', «    K-ioa VVUIXAM 1UKJ 
• KISTML   VTOl, .   CM * m-aj 

CIOHTIH ••-« •*«UAM«I •VICTOflfUK) 
• TTTAM I 

• MM it - a • c 
«   HUNTIH (UK) « WinAOl 'V • MH*T I (UKI 

*r uiArr OM« «iuuo« «T*nw 
IUMCMT Mf QUMIS MAJOM 
IMVftOVIIMNT 

MVCNAA. MAJOR mriM CUIMVM 
•«aui«i  IMPMOVIMCMT ANO 
WIQRATKWI 

AT  L.«A«T OMI MAJOR STSTtM 
CL<M«WT RtauiRU (MmOVIMawT 
(IHOIMC. AVIOfWC^  ITCJ 

• tftoa<M • JAVf im (UKJ 
• CAMaanitA i 

t>fi-'**r                          oov-ta            araRSMMOi 
•    P-IOB 

• aCMNTAAr«7)                      •■WCCAMIR IUU 

•   '-aae     ar-Mc • rrTAN lll-C                             SMlRAOa O-A    aVACIAMTIUKl 

•   MARRiaR VTOC 
«'<J*)T1R 

•  ORAKBM 

a MM II -. Ad*                        • UOMTftlPMl M« Id 1UK1 
•   ACMNA Q « C-t33 

•    WOM (MUOMU 
• A-TO       aA.ra       a c - (3a           aMRamwo IA 

• MIRAOa  III 

a MIRAOI v 

a  SJU»AiL.N»« 

aj«T*rAR (WKTTOTYPa) 

FIGURE 3    TECHNOLOGICAL ADVANCE    RATINGS 
(SOURCE:  RAND R-733/PR/ARPA JUNE 1971) 

A-34 



INTERDEPEflDENCY 

If the degree of state-of-the-art is a driver 
of technological uncertainty, then interre- 
latendness is a major multiplier on cost of 
development and production. Interrelatedness 
of design relates a change in one comoonent 
or suhsystem to many others. Interrelated- 
ness can also affect production and vendor 
activities, since a change in production 
methods or delivery cycle in one area or 
component may affect production of other 
components or work in other areas. A product 
in an advanced area of technology will be 
subject to higher levels of interrelatedness. 
Interrelatedness can be described in a matrix 
form as shown in Figure 4. 

Line* ♦ebflLj Han a XM I   :x xlx 
Hulieousurs XI i   ix^ XlXIXi IXI XI 
Ipeaa xn IXI  u X Ix 
fbwering XI XI  1X1 IX xl 
AnvQDrn^OsiQO xlx j      [ XIX X i     iX3i X X XIX 

Mae/iy. XIX IXI X XJ. x XIXIXIX xx 
SfflUMt XlXI          :X XI X ^XiXiX xl 
fuM XIXI     XX X X xlx X|X 
Ajam ■ I •1X1 XIX 

Carao^andlmq i ; i ix XIX X x:x 
loKMianiiMai l*j      ! d    x XI 
taM^AMfei M   1  it    xix,x;x 1   i   i 

FIGURE 4 SHIP DESIGN INTERRELATEDNESS 

ORGANIZATIONAL SLACK 

Two additional factors compound the disrup- 
tive effect of concurrency. First, the level 
of resources available to the project, and 
second, the degree of external control over 
events. The level of resources comprises all 
tvpes of resources technical, managerial, 
facilities, financial, etc. Adequacy of 
resources is measured by the variable 
"organizational slack". 

This factor is based on the organization's 
experience using the basic technology invol- 
ved. It provides a fund of knowledge on how 
to handle the inevitable unexpected problems 
which arise. A second problem is the degree 
to which the frame of the project, which may 
Teave inadeauate reserves for use on unex- 
oected pi-oblems. This inadequacy can be a 
critical flaw, given the intense time com- 
pression inherent in concurrent design and 
production. 

Organizational slack, thus, defines the level 
or degree of unknowns that are internal to 
the system rather than the external exigen- 
cies. Factors related to internal uncert- 
ainty could be measured using dimensions such 
as: 

1. The organization's ability 
to respond to new or 
unforeseen requirements. 

2. The slack or flexibility 
that has been built into 
the organization. 

3. Prior experience with the 
given technology. 

4. Number of linkages of 
subsystem dependencies or 
interaction with other 
projects. 

5. Percent of the project's 
subsystems being developed 
that are at the state-of- 
the-art of the technology. 

6. The amount of time compres- 
sion or tightness of 
schedules (concurrency). 

7. Availability of, or access 
to, resources. 

3.  Maturity in the planning 
and control of operations, 
including computer systems 
and organization structure. 

9. Amount of overlap of 
development, design, and 
implementation. 

10. Number of contractors or 
organizations involved in 
the project. 

These factors contribute to management's 
ability to cope with uncertainty. In turn, 
the delay, disruption, or slippage that can 
be anticipated would be measured by the 
relationship of this capacity to customer 
demand as shown in Figure 5. 

Of&awno. 

FIGURE 5  IMPACT OF CONCURRENCY ON 0IRUPTI0N 
ON DIRUPTION AND RESPONSE CAPACITY 
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Exoected disruption is an exponentially 
increasing function which is dependent on the 
o-oanizational response capacity, which in 
turn depends on the level of concurrency. 
Thus, when the level of concurrency ap- 
proaches the response capacity, the delay 
increases. This formulation does not deal 
with uncertainty per-se, but whether the 
organization is able to cope with problems as 
thev arise, or is able to anticipate pro- 
blems. In turn, the amount of slack or 
flexibility in the organization determines 
the ability to respond to uncertain require- 
ments. If management is operating with 
minimum slack, then any disruption can cause 
a large delay. 

Another perspective of management practices 
is shown in Table 3 for four government 
agencies based on a RANO (27) study of RiO 
management. An examination of the findings 
reveals the considerable latitude given 
program managers in dealing with creative 
individuals needed in RiO programs. Given 
this kind of organizational environment, the 
accuracy of estimates is highly questionable. 
At best, the estimate is a target that 
permits a level of effort to be applied in 
attempting to achieve what are often elusive 
objectives or requirements. 

Perry, in a study of acquisition strategies, 
recommended that acquisition management use 
an incremental approach (75). This support 
was based on an ana'ysis of 36 major DoO 
programs which revealed that high cost growth 
was due to: 

1. Willingness  to pay the 
price for having high 
technology with compressed 
schedules. 
Over-optimism regarding the 
cost of coping with long 
term technology. 
Little evidence that the 
programs had extreme 
urgency. 
Little improvement  in cost 
based on: 

a) 
b) 

c) 
d) 

contractual  approaches 
complex management 
reforms 
improved estimating 
early identification 
and correction of cost 
growth. 

Despite these fpur factors, a number of 
programs had surprisingly good outcomes and 
were able to predict cost performance and 
schedule.     Using their findings,  the authors 
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suggested that an incremental strategy and 
control in the early phases of development 
would have the most effect on avoiding cost 
growth. 3 

The incremental strategy recommended 
the following steos: 

1. Resolve uncertainty earlv 
in the program. 

2. Avoid concurrency of 
development and production. 

3. Separate performance from 
reliability and maintain- 
ability. 

4. Require periodic reassess- 
ment, redefinition, and 
readjustment regarding 
proposed changes. 

5. Conduct tradeoff studies to 
resolve restructuring. 

The benefits from an incremental approach to 
management would lie in greater predict- 
ability based on prototype demonstration and 
in uncovering difficulties earlv in program 
life. It •.vould also encourage competition 
and transfer of technology as the need 
required. 

Another consideration relating to organi- 
_zational slack is presented in the study by 
.•-oeller (23) of the OSARC manaaement review 
orncess to determine its effect on the lenath 
i<.u,JT n.v.stem 5C<:Iui5itions. He found that 

although OSARC demands considerable time and 
generates a sizeable workload for the program 
^VV thers  was no 3)<cessive delay in 11 of 
the 13 programs examined.  His conclusion, 
therefore, was that regardless of how cumber- 
some the review process might be, it had no 
significant effect on the length of the 
acquisition cycle because the review was 
concurrent with the production activities 
Rather, the primary contributer to lengthen- 
ing the development process was lack of 
adequate funding or instability which caused 
stretchouts.  Another significant factor in 
lengthening the cycle was the lack of agree- 
ment on configuration and performance par- 
ameters.  This lead to indecision or incon- 
sistency in meeting technical requirements. 
There were a number of delays resulting from 
testing -equirements.   Two significant 
recomendations were the judicious use of 
concurrency, such as for logistics and more 
flexibility in the approach to acquisition. 

ORGAHIZATIONAL PERFORMANCF 

Another aspect of organizational slack 
relates to expected performance. Cochran (8) 

has identified key factors which contribute 
to disruption and which management can rayiew 
in order to achieve more effective control: 

1.  CONTRIBUTORS TO TASK 
VARIABILITY 

a) Inadequate definition 
of product specifica- 
tion. 

b) Underestimating the 
"state-of-the-art" 
(SOA). 

c) Poor cost engineering 
or organization plan- 
ning. 

d) No allowance for 
uncertainty in meeting 
p 1 an s . 

e) No "backup" activities 
in the event that the 
design approach fails. 

2.  MEANS FOR DETERMINING 
DISRUPTION 

a) Review the degree of 
rigidity in the de- 
livery date. 

b) Analysis of the SOA 
tradeoffs. 

c) Examine areas where 
tasks could not be 
anticipated. 

if)    Define the degree of 
SOA advancement re- 
quired, and the cost 
involved by area. 

e) Determine the risk 
elements involved and 
their effects. 

f) Define specific cost 
increase relationships. 

g) Develop modeling 
techniques to conduct 
appropriate analysis. 

Considering that industry is often confronted 
with untenable contractual procedures 
including perpetual specification change and 
rigid contracting requirements, as well as 
unanticipated orice changes, inflation' 
changes in the number of systems, and the 
impact of new technology, it is small wonder 
that acquisition managers do not have affec- 
tive means for handling uncertainty. 

Cochran (3) also described the S-Curve 
oattems of labor hou-s as a cause of disrup- 
tion leading to substantial cost overruns 
when develooment of a naior new design is 
concurrent with oroduction and under sever* 
delivery pressure.  Labor cost reflects the 
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impact o< design delays, growth, and changes 
in the production function. The disruption 
caused by the S-Curve effect generally 
continues well beyond the first units pro- 
duced because of M» way in which production 
operates. The procedures, tools, and methods 
established    during    the    start-up    period 

n^rJ!6^ rCir:y forward to subsequent 
periods. Costs follow accordingly and 
managers   generally   acknowledge   that    it    is 

B££r«J0«£IVl!* ■ engrai "«! organization 
practices than it is to start from scratch. 
Further, design growth and changes cause 
revisions to production methods and sequenc- 
ing, and m facilities usage. If a change is 
introduced after production has been estab- 
lished, considerable time is required to 
fully implement the program. If design 

h^9KL,0CCUr
1
af.!i!r the aff«:t:ed components 

«w5n.W*^i vth1s ^Wlrw rework and 
reinstallation, which involves extra cost 
The cost of such work is dependent on the 
degree to which it is different frcm the 
position or sequence normally assigned to the 
original    task.       Such   work   also   creates 

^c£!S1VV?terference w'ith other on-going 
tasks, which can involve correspondingly 
greater cost penalties. 

Another cause of disruption carryover is the 
queuing effect". For example, work still in 

process must be held up because of design 
delays, design changes, or the need to per- 
IZ1 V1"13'8 ^ount of rework. Inventory 
control demands frequent rearrangi nq to 
locate items currently required from the 
shop, and other double handling affects units 
in process. In turn, the clogging up of 
valuable staging areas and even workspace may 
cause direct interference with follow-on 
units. 

The repeated delays imposed on the production 
organization in the early stages of a new 
product cause deceleration of previous 
activities   and   rework   with   their  many  cost 

n«H Vn"; ,-But b,eyond that' the relentless need to deliver "on-time" causes a corres- 
ponding acceleration later, with its own cost 
penalties. The repeated cycles of decelera- 
tionacceleration generate a pulsation which 
sweeps across every phase of production 
gaining momentum and leaving confusion and 
wasted effort in its wake. The effects on 
production procedures, facilities utilization 
and personnel deplojment and morale are 
profound,    and   account   for  much   of   the   cost 

?n7rondL:tainodn.SChedUle   SlippageS  countered 

DETERMINING A PATTFRN QF DISRUPTION 

The ability to  define causal   relations  anong 
variables   in disruption  and  uncertainty is  a 
first step in predicting cost overruns and  in 
determining  which   actions   a  program  manager 
should   take   to   avoid   cost   growth.      For 
example.   Augustine   (3)   proposed   using  addi- 
tional  planning funds  based  on an assessment 
of   risk.      He   contends   that   even   the  most 
capable   program   manager   is   not   able   to 
forecast   all    the   problems   that   will   be 
encountered  in a development progran spanning 
anywhere   up   to   ten   years.      However,   it   is 
quite possible to  forecast  the "probability" 
that  additional   funds  will   be  required.     He 
reconriended    the    use   of   TRACE    (Total    Risk 
Assessing   Cost   Estimate)   as   the   basis   for 
justifying the additional funding. 

One   of   the   early   attempts   to   deal   with 
uncertainty was  proposed  by Marshak,  Glennon 
and  Summers   (13).     They indicated  that where 
component"   interrelatedness   is  defined,   one 

can  predict   the  effects   that  are   likely to 
occur.     Under conditions  of uncertainty,   low 
slack heightens  interrelatedness  and substan- 
tially    increases    the   risk   of   redesign. 
Furthermore,   the   risk  of   redesign   is   sensi- 
tive to the degree that design reaches beyond 
past    state-of-the-art    and   where    there    are 
requirements to use existing components which 
can  strain the designer and  lead  to  subopti- 
mization.    Based on three conditions describ- 
ing  component   interrelatedness,   one   is   in  a 
position    to    predict    potential    disruption. 
When there  is a high degree of close coupling 
cr interrelatedness,  the likelihood of design 
change  is  substantial.     Where  there   is  loose 
coupling   and   engineering   slack,    when    com- 
ponents are redesigned the deviation does not 
influence  the other  components,   and  there   is 
less   propensity  to   redesign.      It   is   argued 
tnat the tightness of component  interrelated- 
ness   can   be  traded  off   against   uncertainty, 
and thus achieve more effective control. 

Another measure of uncertainty is system 
complexity which contributes to determining 
the entropy in a system. Table 4 illustrates 
the impact of complexity on maintainability 
and availability. Complexity is indicative 
of the uncertainty related to potential 
disorder and resultant cost overruns. 
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Mean Flight 
Degree Not Hours Maintenanc 

of mission between man-hours 
Comolexitv caoable failure oer sortie 

Air Force 

A-10 low 32.6% 1.2 18.4 
A-70 medium 38.5 0.9 23.3 
F-4E medium 34.1 0.4 38.0 
F-15 high 44.3 0.5 33.5 
F-111F high 36.9 0.3 74.7 
F-U10 high 55.5 0.2 98.4 

Navv/Marine Cores 

27.7? 0.7 A-4M low 28.5 
AV-gA low 39.7 0.4 43.5 
A-7E medium 36.7 0.4 53.0 
F-4J medium 34.2 0.3 82.7 
A-6E high 39.3 0.3 71.3 
F-14A high 47.1 0.3 97.3 

TABLE 4  COMPLEXITY, MISSION CAPABILITY, AND MAINTAINABILITY OF VARIOUS 
WEAPON SYSTEMS. 

(Source: Armed Forces Journal International, May 1930) 

RISK MODELS 

Many causal relations currently applied 
utilize risk, rather than uncertainty to 
predict possible outcomes. Figure 6 shows 
the relationship between risk and uncertainty 
as related to causality. Models of known 
phenomena provide a more certain basis for 
prediction than randan events whicti are used 
for estimating probabilities. Uncertainty, 
on the other hand, covers those areas that 
are ill defined or where there is a lack of 
knowledge of effects. 

CAUSAUTY 

RANDOM 

IPWOBAaiLITY 

OF ERROBSI 

INfLU6NC6S ON CAUSAUTY 

FIGURE 6    TAXONOMY OF CAUSALITY AND 
UNCERTAINTY 

UNKNOWN 

IILL-OeflNEDI 

STAT1 0# 
TMf AAT 

HIGH COf»aj»«MCY 

MOOMAft  COMCUKItMCr 

.Cm CONOJAMNCY 

few 
LOW mvAcn 

FIGURE 7 RELATION OF STATE-OF-THE-ART 
TO CONCURRENCY 
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Figure 7 attempts to relate state-of-the-art 
to interdependency and level of concurrency. 
The likelihood of disruption is shown as a 
function of varying levels of concurrency. 
The more complex the program, and the higher 
the inter dependencies the greater the like- 
lihood of disruption. Thus, the likelihood 
of disruption increases with increasing 
concurrency. 

In regard to technological uncertainty, 
Ouvivier (9) reconmends the use of tech- 
nological forecasting to assess the risk in 
meeting the demand for increas ingly advanced 
technology. He postulates that advances are 
extrapolations of current knowledge and that 
breakthroughs are rare. Even when occur, 
such as the laser, it takes 8 to 12 years to 
incorporate thera in new systems. He shows 
examples of engine weight, lift and fuel 
consunption all following smooth curves. 
Thus, the cost and benefit of new tech- 
nologies can be based on an extrapolation of 
technology growth curves. 

Because technological uncertainty impacts 
projects with advanced state-of-the-art, 
reduction in development time is possible by 
maintaining a strong research and developneit 
(RiD) posture. New technologies can be 
tested and evaluated prior to incorporation 
in major systems and thus "avoid* some of the 
uncertainty. Considering that new technology 
is limited to a small percent of components, 
advanced or anticipatory developnent can 
contribute significantly to the reduction of 
technological uncertainty, reduced need for 
concurrency and ultimately reduced disrup- 
tion. Thus, "demonstrated" technical cap- 
ability could supplement 'fly before buy" as 
an approach to the management of risk and 
uncertainty in major acquisitions. 

This latter position is consistent with 000 
5000.3, dated April 1973 which states, "Test 
and evaluation shall be comnenced as early as 
possible and con ducted throughout the system 
acquisition process as necessary to assess 
and reduce the acquisition risk". It also 
concurs with 0MB circular A-109 which states, 
"When risks can be accommodated and progress 
indicates that a proof of concept demon- 
stration is in order, the alternative system 
design concepts selected for consideration 
for competitive demonstration are to be 
sutmitted to the agency head for approval, 
along with other alternatives which were 
identified and evaluated." Although early 
prototyping offers a nunber of advantages, 
the maintenance of a basic technological 
capability consistent with emerging needs can 
effectively collapse the time span taken for 
major  developments.     In  the commercial   field 

IBM and Bell Labs are examples of maintaining 
continuous, high technology, R&D capability 
which has payoff in terms of capability in 
developing new technology. 

CURRENT APPROACHES TO ACQUISITION MODELING 

This portion of the paper will examine 
representative models that are currently 
being applied to the acquisition of major 
systems. For our purposes the types of 
models will be grouped into two major cate- 
gories - probabilistic/stochastic models and 
general models. Within this framework 
several aspects of each of the models will be 
explored - namely, the basic approach of the 
model, how it is used, results of its use 
(postmortem analysis will be included where 
available), the requirements for its use, 
and, the problems or limitations. The 
selection of the models chosen for analysis 
is not intended to be exhaustive, but rather 
indicative of the type of models currently 
being used or proposed for use in the acqui- 
sition process. 

The extension of the two groups of models 
leads to a proposed approach - the Causal- 
Integrative Model (CIM) - which is suggested 
as a means to deal with factors beyond those 
used by many of the current models. 

Stochastic/Probabilistic Models 

Within this category, two models will be 
discussed. These are - VERT, and a Risk 
Analysis Model presented by Achiiral Freeman 
at the 1979 Symposium on Risk and Uncer- 
tainty. 

VERT - Venture Evaluation and Review 
Technique 
VERT was developed in 1973 by Gerald Moeller 
(5) and has been used almost exclusively by 
U.S. Army program managers to determine the 
"best" balance among the three program 
parameters: cost, schedule, and performance. 
The model evolved from earlier methodological 
approaches such as GERT (Graphical Evaluation 
and Review technique), CPM (Critical Path 
Method), PERT (Program Evaluation and Review 
Technique), MATHNET (Mathematical Network 
Analyzer), and RISCA (Risk Information System 
and Cost Analysis). The short comings of 
these earlier models when compared with VERT 
was their failure to include the performance 
variables along with the cost and schedule 
variables in th total risk-analysis method- 
ology.    The VERT model   corrects this  problem. 
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The VERT approach is a general networking 
method that determines program risk analysis 
through two basic steps: construction of the 
graphically representative network and 
analysis of the network using the VERT 
software. The first step entails development 
of the ordered series of activities or 
subtasks that lead to a specific task. This 
network includes all aspects including 
decision points - required to complete the 
event. If the problem is quite large and 
complex, lower level networks or subnetworks 
of the major subsystems  are developed. 

Once the network (or networks) is developed, 
the program is converted into the VERT 
software compatible terminology. The soft- 
ware allows for a variety of input capabili- 
ties that make it possible for decision 
events and activities occurring within the 
netvork to be described. Nunerical values 
for a task's time, cost, and performance are 
assigned along with probabilities or decision 
rules based on a specified relationship. The 
process involves a Monte Carlo simulation in 
which the design of the network flow across 
the entire netvork or subnetworks from the 
start to an appropriate decision point leads 
to a trial solution of the problem being 
■nodeled. 

The process is iterated as many times as the 
need warrants in order to create a large 
sample of possible outcomes concerning: slack 
time, completion time, cost, and performance. 
Frequency distributions, scatter diagrams, 
and probabilities of exceeding given values 
are also generated. Finally, pictorial 
histograms are generated for desired events, 
giving the program manager an integrated risk 
analysis for a particular point of interest 
in the program. Mann (17) reported in 
Defense Management Journal that "some minor 
problems have arisen with VERT, but none are 
considered major obstacles to its effective 
use." The problems center about the prob- 
ability distributions. Most data sets in 
VERT are triangular indicating pessimistic, 
optimistic, and most likely values. This 
factor reduces the flexibility of the model 
and the accuracy of the simulations. Another 
problem,   according to Mann,   is  the inability 

to obtain expert estimates of the time and 
cost requirements. The experience is that 
most of the values obtained have been overly 
optimistic - which affects the usefulness of 
this approach. 

Risk Analysis Model 

RADM Freeman's risk analysis model allows 
various alternatives or systems to be objec- 
tively compared through aggregate risk 
analysis. The process begins with a segnei- 
tation of the various program functions into 
categories reflecting the schedule, cost, and 
performance variables. Risk distributions, 
represented by utility functions, are used to 
determine utility values versus a change in 
one of the variables. For example, the 
question of "how much additional risk is 
presented by a change in performance variable 
A ?" is answered. The next step consists of 
developing a Risk Matrix where the options 
(or alternative systems) are presented versus 
the criteria for choice. The sunmary risk or 
probability for each system/al ternative can 
then be compared on a quantitative basis. 
The term risk factor is presented in the form 
of an equation: 

V i - pa(i - cf) 
Where:    Rj* Risk Factor 

Pa= Probability of Success 

Cf= Consequences of Failure 

With:      0 < Ps< 1 

0 < Cf<l 

If Cf, the consequence of failure, is inter- 
preted to represent a utility function, then 
the risk factor curve will be defined as a 
utility function. The shape of this function 
will be in the form of a negative Pareto 
curve. If the system criteria and associated 
risks developed from the Risk Matrix earlier 
in the sequence were plotted in rank-ordered 
fashion, it too would be representative of a 
negative Pareto function. 

<M1 



General Models 

Within this category, two types of models 
will be discussed - parametric cost estima- 
tion and dynamic modeling. 

Parametric Cost Estimation 

Parametric Cost Estimation is the primary 
costing methodology for OoO weapon system 
acquisition. This approach evolved from 
research by RANO Corporation in the late 
1950"s. The basic idea was to make accurate 
estimates of weapon systan costs at the early 
stages of system design. This approach uses 
performance variables such as speed, weight, 
range, power, etc. to predict costs since 
estimates of these parameters are usually 
known early in the design phase. 

These estimates are based on historical data 
of previous or similar systems and utilize 
statistical relationships between cost and 
the performance parameters of these past or 
similar systems. These statistical relation- 
ships, called cost estimating relationships 
(CER), take the form of an equation using 
cost as a function the performance variables 
and constant coefficients. McNichols (20) 
describes the relations in simplified format 
by: 

C - f (X) • f (X.. X,.      XJ 
I      4 n 

where X-| denotes, a performance parameter. 
The total cost would then depend on each of 
the values of X-\ based on data from histori- 
cal or similar systems. McNichols criteria 
for selection of the variables  is given by: 

t    The logical  or theoretical 
relation of a variable to 
cost  (thus implying that a 
real  dependence between cost 
and the value of the parti- 
cular variable or set of 
variables exists, subject to 
some random disturbance or 
uncertainty.) 

•   The statistical  significance 
of the variable's contribu- 
tion to the explanation of 
cost  (tttis  implying that 
relevant cost experience 
exists to test  and calibrate 
the postulated cost depen- 
dence - subject to measure- 
ment uncertainty.) 

•    The dependence pattern of the 
contribution made by a 
variable to the explanation 
of cost  (thus the analyst 
must have sufficient con- 
fidence in the relationship 
that he is willing to extend 
it to estimate a new item - 
and different analysts will 
have different degrees of 
confidence). 

There are several adavantages to the para- 
metric cost estimation approach. First, 
since the method consists of a series of 
CER's and requires aggregation, it is easly 
adapted to a computer. Output and turnaround 
far new estimates can be obtained quickly 
when compared with the detailed engineering 
approach. Second, sensitivity analysis is 
easily performed using this method. For any 
change in a given parameter, the correspond- 
ing change in cost is easily deter mined. 
Third, cost/benefit analysis or trade-offs 
are also easy to perform. Fourth, each time 
a later generation system is estimated, the 
historical data base already developed can be 
updated and used. 

The   approach   is   not   without   its   disadvant- 
ages.     First,  the cost  of computer  resources 
could be significant.    Collection of the data 
is    time-consuiiing   as    well    as    subjective. 
Second,   keeping   the   database   relevant   is   a 
major   problem.      Haese   (14)   states   that   the 
tremendous   technological    advances   of   weapon 
system  state-of-the-art  have   tended   to   out- 
date   cost   data  even   before   it   is   reported. 
Thus,    cost    data   collected    on    the    latest 
weapon    systan   may   not   represent   the   cost 
of   current      technology.    With   changes   from 
discrete   components   to   integrated   circuits, 
from  compound  metals  to  composite materials, 
etc.,   what,   if  any,   historical   technology is 
similar enough  to  any proposed  weapon system 
to    allow    valid    design    and    credible    cost 
comparisons?      Third,    the   relevance   of   the 
cost    data    base    is    equally    influenced    by 
differences     in    weapon    system    acquisition 
management     philosophies,     contractual     ap- 
proaches,    contract   types,    and   resources 
available.     Fourth,   the comparability of the 
cost    data   among   contractor   generated   cost 
reports  produces serious problems.    Often,   it 
is difficult to understand what the collected 
cost data represents. 
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Dynamic Modeling 

Computer-based dynamic modeling was proposed 
by J.W. Forrester in the IQSO's as an 
approach to help solve problems of complex, 
continous systems. Forrester states that a 
dynamic model of a system should have the 
following characteristics: 

• A statement of cause-effect 
relationship. 

t   Simple mathematical   relation- 
ships. 

• Be extendable to large 
nunbers of variables without 
exeeding the computer limita- 
tions. 

• Be able to handle "continous" 
interactions  in the sense 
that any artificial   discon- 
tinuities introduced by 
solution-time intervals will 
not affect the results.     It 
should,  hov«ver, be able to 
generate discontinous changes 
in decisions when these are 
needed. 

A dynamic model is based on four factors that 
have improved understanding of complex 
systems: 

• The theory of information- 
feeJback systems. 

• A knowledge of decision- 
making processes. 

• The experimental  approach  to 
analysis of complex systems. 

• The digital  computer as a 
means to simulate realistic 
mathematical models. 

Dynamic models should be based on the follow- 
ing premises: 

• Managenent decisions can be 
shown as information-feedback 
systems. 

• Model  experimentation can 
show the way system com- 
ponents  interact to produce 
unexpected over-all  system 
effects. 

t    Systems are internally 

constructed in a way that 
creates many of the effects 
that are attributed  to 
external  causes. 

• Policy and structure changes 
can be made that will  produce 
substantial   change in system 
performance. 

Dynamic system models contain four essential 
features: 

t Levels within the systems; 
e.g. - number of employees, 
work in process. 

• Flows rates that represent 
changes in contents from one 
level   to another. 

• Decision functions that are 
used  to control  the rates of 
flow between  levels. 

t    Information channels that 
connect the decision function 
to the levels. 

Expansion of the concepts presented by 
Forrester into an acquisition model could 
contribute to a better understanding of the 
likelihood of cost overrun and disruptions. 
The main advantage of dynamic simulation is 
that it forces managers to clearly define 
their decisionmaking. This approach leads to 
greater insights into the acquisition pro- 
cess. 

However,  dynamic modeling is not without 
disadvantages. Anong these are: 

• In simulation,  all   relevant 
variables and phenomena must 
be quantified.    The reduction 
of all  descriptive knowledge 
to quantitative measures  is 
not always valid. 

• Dynamic simulation  is found 
to be most useful  in price- 
quantity problems,  less 
useful  in organizational 
design,  and least-useful  in 
external  product-market 
strategy. 

• Dynamic simulation  is  not 
easy to apply.     It  is  a 
complex technique that needs 
considerable  data and know- 
ledgeable people. 
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•   There are problems  in accept- 
ance of the approach because 
it   is often considered a 
research tool. 

Causal   Inteqrative Model     (CIM) 

An extension of the dynamic modeling approach 
is described as a causal integrative model. 
The modle shown in Figure 3 describes the 
processes, flows, variables, feedback loops, 
delays, exogenous variables and key decisions 
as they are related to the four basic vari- 
ables in the acquisition process shown in 
Figure 2. As noted earlier, acquisition 
models currently being used do not address 
all of these variables, thus, each of there 
models lacks some degree of completeness. 

Referring to Figure 8, the Causal-Integrative 
Model can be used, for example, to determined 
►2W ? ch,an9e in economic uncertainty affects 
the level of environmental uncertainty which, 
in turn, affects mission, scope, and funding! 
These changes perturbate the system to effect 
changes in organizational slack, techno- 
logical uncertainty, and customer urgency. 
Thus, a change in one variable can be shown 
to cause changes in the others through the 
pervasive network of i nterdependencies. 
These changes in a key variable impact the 
acquisition cycle in ways that are not 
intuitively obvious without the aid of a 
dynamic model to point out the causal rela- 
tionships. 

Representative Module of the CIH 

A modular approach was used to develoo the 
Causal-Integrative Model. This method 
entails developing one module at a time in a 
dynamic mode and interfacing it with the rest 
of the model being kept in a static mode. 
After the first module is developed and the 
interfaces are valid, a second module is then 
developed and integrated into the total 
model. The interfaces of the two modules are 
then tested for proper operation with the 
same approach used for the single module, 
inis process is repeated until all the 
modules are completely integrated into one 
model with many submodels on modules. Oata 
from projects can then be used to test the 
model for variaticns in actual versus pre- 
dicted values. 

J& ^regate variable Organization Slack 
(05) will be used to briefly demonstrate this 
modular process for the single module. From 
Figure 3, the subvariables for Organizational 
Slack   are  those  shown   in Table 5.     Added   to 

this   Table   are   some   criteria  measures   that 
can be used to quantify these subvariables. 

Organizational  Capacity (ORCA)  - 
people,  experience levels 

Organizational  Demand  (OROE)  - 
hours required for task 

Subcontract Slippages (SUSL)  - 
percent delay,   time 

Change in Scope (CHSC) - varia- 
tion from contract,  percent 
change 

Level of Resources Allocated 
(REAL) - people, budget levels 

Learning Curve (LECU) - rate of 
learning effects 

Key Personnel  Turnover (KPTO) - 
percent change 

<ey Equipment Delays  (DEKE)  - 
percent time 

Subcontractor/GFE Delays  (OESE) 
- percent time 

Changes in Technological  Un- 
certainty (CHTU) -  state-of-the- 
art advances,  complexity,  f of 
components 

Changes  in Rate/Quantity (CHRQ)' 
- production required concur- 
rency 

Level  of Competition (LECO) - 
price levels in real  percentages 

TABLE 5    SUBVARIABLES FOR ORGANICATIONAL 
SLACK 

As an initial step, the develocment of the OS 
Module would start with a system dynamics 
representation of the events and processes 
that make up this aggregate variable. Once 
this step, and the programming effort is 
canpleted, test data for the subvariables can 
then be used to check the module operation 
Data inputs from outside of the module can be 
of either table "look-up" type or of func- 
tional relationships (curves). Thus, when 
the module "needs" external values, they are 
developed from computations utilizing the 
functional relationships or from a'data 
matrix. 
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With proqranimatic test data in the module and 
empirical data used in the rest of the CIM, 
the output variables can then be observed as 
functions of changes in the Org?nizational 
Slack module. For example, output curves of 
Cost Performance can be generated by varying 
the Level of Resource Allocated (REAL). 
Sensitivity studies could be made regarding 
Cost Performance and the impact of variation 
of the Organizational Slack subvariables on 
this output peformance mesure. 

I£LJt!ZfCI'l0B.Jn acquisition management 
prompted by this approach requires the 
following: 

• developnent of a complete 
computer-based model, 

• testing of the model  with a 
completed program, 

• validation of the model  using 
current programs, 

• implementing the model  for 
policy level decisions in 
acquisition management. 

CONCLUSION 

The material presented here has attempted to 
highlight important advances that have been 
made in improving the acquisition process. 
Secause of the pervasiveness of the subject 
of necessity, not all relevent research or 
applications could be included. Rather, what 
has been presented here can be considered as 
indicative of the current state-of-the-art in 
acquisition management and a baseline ap- 
proach for future developmeits. 

At the outset, the report emphasized the need 
for a causal basis for under standing the 
factors that affect cost overruns. A nunber 
of illustrations were presented that clearly 
identify that cost growth is a phenomena that 
is related to the acquisition of complex 
projects, both civilian and military. 
Further more, that four primary variables 
contribute to cost growth. These include 
environmental uncertainty, technological 
uncertainty, customer urgency and organiza- 
tional   slack.      The   discussion   pointed   out 

that program control as currently practiced 
is not appropriate to avoid cost overruns A 
nunber of research reports were cited which 
showed reasons for cost overruns. Among the 
key contributors to incurring higher than 
budgeted costs are the four primary variables 
in the acquisition process described. 

Having established a basis for understanding 
why cost overruns occur, the next considera- 
tion was to examine risk and uncertainty 
aspects of the problem. This material 
provided a foundation for the section on a 
causal basis for defining uncertainty. A 
nunber of studies were presented to help 
understand what causes uncertainty and how to 
approach it in the acquisition process. 

For example, it was pointed out that un- 
certainty and disruption cannot be elimi- 
nated, but rather can be controlled if there 
are causal models such as relating cost to 
advance in state-of-the-art. 

Given the foundation presented to this point 
a set of causal relations among variables in 
disruption and uncertainty were exanined in 
order to establish a "pattern of disruption". 
This was followed by the section on current 
approaches to acquisition modeling, includinq 
ones used for risk  analysis. 

The final section presented a "Causal-Inte- 
grative Model", which illustrates the complex 
relationships that exist among the variables 
that affect the acquisition process. Al- 
though this is a preliminary model it 
provides a basis for integrating the ap- 
proaches to date to managing the acquisition 
process. It includes many causal sub-models, 
such as concurrency, learning curve, dis 
ruption, etc. It also covers the dynamic 
interdependencies that exist and the treat- 
ment of risk and uncertainty as integral 
parts of the model. 

Acquisition managers who use more sophisti- 
cated tools can improve the potential of cost 
control. Obviously, no set of tools or 
techniques is a substitute for the management 
process; however, the well informed program 
manager can increase the likelihood of 
decisions in "managing" cost. The causal 
integrative model approach described offers 
the potential  for achieving this  goal. 
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DETERMINING COST UNCERTAINTY IN BOTTOMS-UP ESTIMATING 

J.J. Wilder and R.L. Black 

GRUMMAN AEROSPACE CORPORATION 

Bechpage, Sew York 11714 

ABSTRACT 

This study addresses the problem of deter-- 
mining the uncertainty associated with a conven- 
tional Work Breakdown Structure (WBS) estimate. 
It treats both the independent and completely 
dependent relationships among WBS elements to 
establish a probability region of cost risk. 

Approximation methodologies are shown chat 
are adequate for many (if not most) applica- 
tions, and may be performed on a hand held 
calculator. 

INTRODUCTION 

This paper describes procedures for esti- 
mating the total cost uncertainty in a Bottoms- 
Up estimate by using the uncertainties in the 
individual task estimates. As long as the tasks 
may be considered independent a straight forward 
analytic procedure may be employed.  However, 
dependency usually exists; for example, if some 
part of a project runs into trouble, other parts 
are almost always affected.  Then a more complex 
approach must be employed. 

Traditionally, attempts to improve a 
Boctoms-Up (Grass Roots) cost estimate have 
concentrated on improving the accuracy of the 
point estimate.  Lately there has been growing 
interest in determining the amount of uncer- 
tainty in the estimate itself.  This information 
can be used to identify estimating errors or can 
be considered a measure of the risk associated 
with the particular task. 

The latter purpose was recognized in 
Revision 2 of DoD 5000.2 which stated chat 
"Although there is considerable uncertainty 
early in the acquisition process, every effort 
must be made to use the best .available data and 
techniques in developing estimates.  Bands of 
uncertainty shall be identified for point 
estimates." This position has been spelled out 
in more detail in Che recent DoD recommendation 
on New Management Initiatives (ASD RSD memo 
April 30, 1981) which has ordered che services 
to develop procedures to calculate this risk 
estimate and include it as an integral part of 
the budgetary process. 

A Grass Root estimate consists in dividing 
che compleced projecc into identifiable activi- 
ties which taken cogecher include all required 

tasks—a Work Breakdown Structure (WBS).  The 
cost to complete each activity is separately 
estimated, usually based on a mixture of exper- 
ience and analogy with previously compleced 
similar tasks.  These WBS element estimates are 
then added to become a total cost estimate. 
Usually man-hours are estimated and dollars are 
found by applying the rates applicable to each 
skill code. Also various additional factors are 
also included, such as indirect allocations, GiA 
and fee.  These factors add some computing 
complication but do not change che basic ap- 
proach, so they will be ignored here. 

An uncertainty analysis covers the same 
ground.  It uses the same WBS.  However, che 
cost estimates of the individual WBS elements 
are expressed as probability distributions 
rather than point estimates.  Then it adds che 
distributions to obtain a total probability 
function.  This resulitng function expresses the 
range of possible costs in terms of their 
probabilities of being achieved. 

INPUT DENSITY FUNCTIONS 

Since we have stated that our estimates are 
to be expressed as probability distributions 
rather than point estimates, it is necessary to 
decermine whac form our input probability 
density function should Cake.  If we assume chat 
the project is technically feasible, then for 
each element: 

•   There is a greatest lower bound for 
the resources required for the task to 
be accomplished with a probability of 

There is a least upper bound for the 
resources required for the cask co be 
accomplished wich a probability of 
one. 

The actual shape of the density function 
is, in reality, unknown, and probably unknow- 
able.  We can, however, assign characteristics 
to it chac would be logical. 

posicive upper It should have fixed, 
and lower bounds 

It should not be necessarily symentric 
It should be unimodal 

It should be computationally simple. 
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Many density functions meet all or most of 
these criteria.  Perhaps the most widely used is 
the Beta distribution suggested by the oioneer- 
Ing work of Dieneman (3), and used by Klein (5, 
6) and many others. McNichols (8) uses a Weibul 
distribution, which does not require the strict 
feasibility assumption since it is open ended at 
the top.  In this paper, we will use the trian- 
gular distribution.  It is completely character- 
ized by three points, low (1) with an associated 
probability of zero, mode (m) the most likely, 
or modal value, and high (h) with an associated 
probability of one.  He usually assign the modal 
value to the nominal or point estimate.  This 
distribution meets the criteria mentioned above, 
and a very useful characteristic is that its 
inverse transform is closed form and quite 
simple, making it very convenient for Monte 
Carlo or other simulations. 

The requirement, then, is for three esti- 
mates for each element, 1, m, and h.  In some 
cases the analyst may feel uncomfortable with 
trying to estimate the zero and one probability 
points.  In this case, we ask for a low estimate 
(1') and an associated probability of underrun 
(s), the mode (m) and a high estimate (h') and a 
probability of overrun (p).  The 1 and h values 
are calculated easily as shown in Appendix A-I. 

In some instances it may only be possible 
to assign bounds to the estimate.  In that case, 
we use the uniform distribution.  The character- 
istics of the triangular and uniform distribu- 
tions are described in detail in references (9) 
and (10). 

these four moments (reference (1)) and assume 
that it represents the output density function. 
He have developed a library of fortran sub- 
routines to determine these for triangular and 
uniform distributions and for the Beta fit. 

A main program is written to input the 
data, call out the required subroutines, and 
supply required formatting.  These programs are 
also written in BASIC for the HP 9830, and are 
being translated into BASIC for the HP 9845. 

Use of the four additive moments enables us 
to shape the output density function, since a 

A_ defines the kurtosis, or function of A, and 
peakedness, and a function at A. and A defines 
the skewness.  The output Cumulative Distribu- 
tion Function (CDF) is easily found by a simple 
numerical integration, and the output probabil- 
ity statements obtained from this. 

By examining the element results, useful 
insights may be obtained into the risk elements 
of the project.  The risk drivers are those 
elements with the greatest variance, while the 
cost drivers are those with the greatest means. 
They are not necessarily the same. 

DEPENDENT ELEMENTS 

He have used three approaches to perform a 
cost risk analysis where the independence 
assumption cannot be made.  (it is our intuitive 
opinion that the independence assumption is 
usually invalid) 

INDEPENDENT ELEMENTS 

If it can be assumed that these estimates, 
or HBS elements are independent, then our normal 
approach is to use the method of moments.  This 
approach follows the general approach of 
McNichols (7) and is described in detail in 
references (9), (10), and (11).  For this 
reason, only a brief summary is included. 

If X is a random variable with mean n 
(first origin moment) and using the nomencla- 
ture Ml  to signify its iCn central moment. 
then its additive moments Ai are as follows: 

1 - ii 

A2 , M(2) 

A3 - M(3) 

A4 - M(4) - 3 (M(2))2 

The useful property of these A moments is 
chat for all independent R , the A moments of 
che sum of the x 's is the^um of Che A moments 
of the individual x 's. 

i 

To perform Che analysis, we determine che 
four A moments of the input distribution and add 
them to determine che output distribution's A 
moments.  He Chen fit a Seta distribution to 

1. Simulation 

2. Moment Function 

3. "Quick" and Dirty" Triangle 

1.   Simulation 

For the simulation of dependent elements, 
the "slice" technique was used.  This techniaue 
is described in detail in reference (2). 
Briefly, the same input is made to the inverse 
transform during a single pass through the 
elements as used by Haise (4), except that we do 
not use a random input.  By using this "slice" 
technique, good results are obtainable in as low 
as 100 iterations, although we prefer a ouch 
larger number.  In the example that follows, 
"TEST PROGEAM" used 10,000 iterations.  This was 
done on a HP 9845 and took about 40 minutes 
running time. 

2.   Moment Function 

For the moment function approach we use che 
fact that for the sum of dependent random 
variables (i.e. correlation coefficient « 1 for 
each pair) the standard deviation of che sum is 
che sum of che standard deviations as shown in 
Apprndix A-2.  The mean of che sum is the sum of 
che means for any set of random varibales 
(independent or not).  For each of our elements. 
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we calculate mean and standard deviation, and 
sum to characterize the resulting output mean 
and standard deviation.  It must be recognized 
that the skewness and peakedness characteristics 
of the output cannot be defined since we use 
only two moments.  Strictly speaking, the most 
conservative approach would be to use two moment 
Tchebycheff-Markoff inequalities to define the 
probability bounds, but for convenience, and 
supported by much emperical deta, we charac- 
terize the output density function as normal, 
with mean and standard deviation as described 
above.  With these caveats in mind, we feel that 
the moment function approach is suitable for 
many, if not most circumstances. 

3.  "Quick and Dirty Triangle" 

The "Quick and Dirty Triangle" (QD) is not 
on as firm an analytical foundation, but seems 
to be a good approximation, as we will show in 
our example, and supported by emperical data. 
We sum lows, modes, and highs and say that for 
the dependent case, the output density function 
may be approximated by a triangular distribution 
whose low, mode, and high values are the sums of 
the element lows, modes, and highs.  Note that 
we maintain a skewness function.  Generally, the 
QD triangle will be more peaked than the results 
obtained by simulation (which we assume are 
close to the real result), and the modal value 
is open to some question. 

With the output density function thus 
characterized, the CDF and other probability 
statements are found, as shown in Appendix A-3 

CALCULATIONS 

To facilitate calculations and to provide a 
tool that an analyst can use without resort to a 
computer, the moments function approach for the 
dependent case, method of moments (first two 
only) for the independence case, and the QD 
triangle have been programmed for use on a hand 
held TI 59 calculator.  The calculations in the 
worksheets for the two examples which follow 
were prepared using the TI 59.  Frankly, at the 
beginning of this study, we had no idea of 
simplifying the procedures to the extent that a 
simple hand held calculator could perform the 
required computations.  It seemed to develop 
itself as we progressed.  We feel that it is one 
of the most valuable results of our efforts. 

Documentation and a users manual are not 
complete at this time. 

EXAMPLE 1 "TEST PROGRAM" 

As shown on the INPUT DATA section of the 
Risk Analysis Worksheet (Figure 1), this analy- 
sis consists of four triangular and two uniform 
inputs. The low, mode, and high for each input 

TITLE. TEST PROGRAM ANAIYST        J-WILDER DATE 3-30-82 

INPUT DATA ELEMENT RESULTS 
ELEMENT LOW MODE JHIGH MEAN STDDEV 

1 TRIANGLE 1 3 4 9 5.33 1.31 
2 TRIANGLE 2 5 3 15 9.33 2.09 
3 TRIANGLES 6 3 13 9.00 1.47 
4 TRIANGLE 4 5 9 13 9.00 1.63 
5 UNIFORM 1 4 - 10 7.00 1.73 
6 UNIFORM 2 3 - 16 12.00 2.31 

2 31 48 76 51.67 10.55 

Zai 19.28 
NOMINAL            *i                  PVPPrT :D       ^ 1.B7 

CUM PROBABILITY POINT 

% IND{0)iOEP(1) QD 

95 58.89 69.03 68.08 
90 57.30 65.20 64.73 
80 55.36 60.55 60.13 

601 52.78 54.34 5355 
50 51.67 51.67 52.42 
40 5056 49.00 48.50 
20 47.97 42.78 43.37 
10| 46.04 38.14 39.75 

05 44.44 34.31 37.18 

ZVALUES 

% 2 

95-05 1.645 

90-10 1.282 

80-20 0.842 

60^0 0.253 

Figure 1   Risk Analysis Worksheet 
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are entered and the mean and standard deviation 
recorded on the worksheet.  The summaries, as 
indicated, are provided by the calculator 
program. 

As explained before, for the Independent 
and Dependent cases, we assume normality with 
oeansas. indicated and standard deviations 
of l/jai2 and 2<»i respectively.  To calculate 
our Cumulative Percentage Points (CPP), (i.e. 
for any arbitrary value at cost, the CPP is the 
probability that the cost will be the arbitrary 
value or less) we use the appropriate z value 
from a table of standard normal deviates. The 
worksheet lists some values of z  for this 
purpose. 

Examination of the worksheet can point to 
mean and uncertainty drivers, and provides the 
required probability statements. 

We ran the independent case by our standard 
method of moments, and the dependent case by a 
10,000 iteration "slice" simulation. Me plotted 
the dependent density function derived from the 
"slice" simulation and the QD triangle (Figure 
2).  As expected, due to the two rather powerful 
uniform inputs, the simulation density function 
is fatter than the QD triangle and has a lower 
modal value. An all triangular example would 
show closer correspondence. 

QO TRIRNSLC 

i .a. 

SIMULHTI ON 

Figure 2 Test Program Density Functions 
(Dependent Casel 

Figure 3 shows the CDFs for the independent 
case determined analytically by the method of 
moments, and for the dependent case determined 
by the simulation.  Points calculated with the 
TI-59 calculator for dependent, independent, and 
QD triangle are shown.  The correspondence 
between the various methods is remarkably close 
when it is considered that uniform distributions 
were part of the input. 

2S  3B  3S  HB  MS  JB  SS  SB  SS' 7B' 7£ 
UNITS 

Figure 3 Test Program Cumulative Distribution Functions 

EXAMPLE 2 PROJECT "M" 

This example was done at level 4 of a 
project WBS.  This level consists of 53 ele- 
ments, as shown on the worksheet (Figure 4).  As 
mentioned before, mean and variance drivers are 
easily identified and may be singled out for 
management attention.  The reason for choosing 
this example was to show that in spite of rather 
large spread in most of the inputs, the leveling 
effect of the independence assumption gives the 
impression, as seen in Figure 5, that the 
project has a very low level of uncertainty, 
when, in fact, it was felt to be quite risicy. 

It is also interesting to note that using the 
independent assumption, the probability of 
achieving the nominal estimate (sum of the 
modes) was substantially zero, while the QD 
triangle approach calculates a probabilitv of 
.27 (the r value). 

In Figure 5, the curve of independent case 
was determined by the standard method of mo- 
ments, and Beta fit technique.  The hand calcu- 
lator results for dependent and independent 
assumptions are shown.  The dependent CDF was 
generated by the "QD". 

CONCLUSIONS 

Calculating the probability distributions 
for a WBS based cost risk analysis using both 
the independence assumption and the completely 
dependent assumption provides bounds for the 
analysis.  The specific location between these 
bounds will depend upon the estimated degree of 
dependency. 

Useful approximations to these bounds, 
which should be adequate for most analyses aay 
be made with the use of a simple hand held 
calculator such as the TI-59. 
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TITLE PROJECT M ANALYST      J-WILDER PATF       3-18-82 

CUM PROBABILITY POINT 

% INDIOI DEP(I) QD 
95 106551 115152 116266. 

90 105819 112514 113582 

80 104919 109316 109787 

60 103714 105036 104420 

50 103197 103197 102437 

40 102680 101358 100301 

20 100S75 97078 96726 

10 100S75 93880 94440 

05 99833 91242 92824 

Z VALUES 

% Z 

9&OS 1.646 

90-10 1.282 

80-20 0.842 

6040 0.253 

NOMINAL 

Figure 4 Risk Analysis Workiheet 

3   3 
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Figure 5 Project "M" Cumulative Distribution Functions 
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characteristics when low and high estimates 
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2. Second Moments for Dependent Case 

3. "Quick and Dirty" Cost Risk Analysis 
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APPENDIX 1 

Determination of 1, m, h when estimates of 

1 and h are not at probability 0 and 1.* 

Given X,A  (1*, m*. h*) 

and h'* is the high estimate with p, the 

probability of overrun 

1'* is the low estimate and 1-s is the 

probability of overrun. 

Without loss of generality, we subtract m* 

from each of these quantities, and show the 

density function as follows: 

t    Q       ,+ 4' -A 

Since this is a density function, area • 1 

hence    a(h-l) 

®       1 - 1'  - s/a -    \/sZ/aZ -  (2  l's)/a 

Substituting 2 and 3  into  1  and multiplying 

through by a 

f(a)     ■  (h'-l')a +  (p+s+2)   ♦ \/2h'pa+p2 + 

^Z - 21'sa . 0   

f'(a)  -  (h'-l')     ♦ h'p/  ^h'pa * p2 -  l's/ 

s2 -  2  1'sa \P 

Using the Newton Raphson solution 

Vl  - an " f(V/f'   (an) 

Using ao - l.S/Ch'-l') a converges very 

rapidly. 

and h and 1 are found by using this value 

of 

a in(2)and@ 

Q (h-l) -2/a - 0 

Consider the 4 a, o, h 

a'/a - (h-h')/h. a' - (h-h^/h 

p - (h-h') a,/2 - a (h-h,)2/2h 

Solving for h 

Example: 

© h - h' + p/a +  ^ h'p)/a ♦ p2/a2 

In the same way using  A a, o, 1 

♦Unpublished memo R. Dowd to J. Wilder March 1982 

L',.Xx- 10 0.1 

MODE > 18 

H'^XX- 25  0.05 

LOW » 4.196744201 

MODE = 18 

HIGH =■ 28.5951748 
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APPENDIX 2 

Second Moments for Dependent Case if   P- 1, then 

Let Z - X + Y 

then a 2 - E (Z2) - E (Z)' 

- E ((X + T)2) - E (X) + E (Y))2 

E (XY) - E (X) E (Y) - VV (X) V (Y) 

"x "y 

Substituting "in0 

© 

expanding and talcing expectations, we have 

E (X") - E (Xr * E (Y^) - E (Y)2 + 

2 (E(XY) - E (X) E (Y)) 

"z   '   "x2 +   "Y2 + 2 (E (XY) " E (X) 
E(Y)) 

'z " ax * 2 'x •'Y * "Y 

Z2 ■ ( ax * aT)
2 

"z " 'x + 'Y 

By induction it can be shown that 

Correlation coefficient 0   is defined 

P-  (E  (XY)  - E  (X)  E (Y))/ /V  (X)  V(Y) 

if Z -     2X1 

az '   rffXi,  if    p- 1  for all X    pairs 
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APPENDIX 3 

"QUICK AND DIRTY" COST RISK ANALYSIS 

This approximates Che dependent case for a 4.  For P > r, p - 1-p 

sum of triangular distributions (a few uniform CPP - H -  p(H-L) (H-M) 

distributions won't make too much difference. For P  <r p = P 

USem"(h+1)/2)- CPP-L. 'pOW.) (M-L) 

I. 
Example: 

EBtimate lovdj .  moiaim^,  high(h ) 

for each element i Let L - 10, M - 17, H - 30 

2. Calculate L - 21^ M - Jm^ H - rhi        r - (17-I0)/(30-10) - .35 

3. Calculate r - (M-L)/(H-L) 90Z CPP P - .90 > .35, p - 1-P - .1 

CPP (90Z) - 30 - .1 (30-10) (30-17) - 
Let P(.xx) be the Cumulative Percentage            24.90 

Point (CPP), i.e.. for any arbitrary value, P is        30X CPP P - .30 <.35 p • ? - .30 

the probability that the cost will be that value        CPP (30Z) - 10 * .3 (30-10) (17-10) - 
or less. 

16.48 
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APPLIED RISK ANALYSIS WITH 
DEPENDENCE AMONG COST COMPONENTS 

Dr. George H. Worm 

AF Business Research Management Center 
31dg 125, Area S 

Wright-Patterson AFB, OH 45433 

ABSTRACT 

The assessment of uncertainties in 
component costs, a method of combining 
these uncertainties for determining the 
total cost uncertainty, and a method of 
presentation for risk analysis results are 
discussed in this paper. An extension of 
the method of statistical risk analysis 
which uses the Weibul distribution and the 
method of moments is developed for incor- 
porating covariance between component 
costs. 

I. INTRODUCTION 

When estimates and objectives are 
being established for contract negotia- 
tions, numerous sources of information are 
available and must be sensitized by the 
persons responsible for preparing a pre- 
negotiation briefing. Within ASD these 
persons are assigned to the Directorate 
of Pricing and are referred to as price 
analysts. The price analyst has the 
responsibility of determining and nego- 
tiating a fair and reasonable price for 
a contract. 

The information available to the price 
analyst is generally point estimates of 
components which directly affect the total 
cost (e.g., material cost, overheads, 
labor hours, etc.). These point estimates 
for components are generally derived by 
engineering, cost, or price analysis. By 
combining these point estimates for 
components, one can derive a point esti- 
mate for the total cost of the contract. 

Seldom are the component costs known 
with certainty unless there are firm 
purchase orders, negotiated overhead 
rates, fixed wage rates, etc. The com- 
ponents which are not fixed at the time of 
negotiations are the components for which 
a point estimate is not sufficient unless 
one has a crystal ball. The components 
not fixed will be referred to as uncertain 
components.1 Risk analysis is a procedure 
for taking information about the uncertain 

technically many authors differentiate between 
terms will be used Interchangeably in this paper. 

components and reflecting how much uncer- 
tainty exists in the total cost. An 
uncertain component such as the manufac- 
turing labor hours is often referred to as 
random. This is not to say that manage- 
ment cannot control labor hours, but 
simply implies that under good management 
the specific amount of manufacturing labor 
hours required cannot be determined 
specifically; therefore, there is still 
some uncertainty or randomness. 

Risk analysis is basically a three- 
phased procedure. First, the contract 
must be analyzed to determine where 
uncertainties exist and to determine the 
magnitude of the uncertainty for each 
component. Second, the component uncer- 
tainties must be combined to reflect the 
uncertainty in the total cost. Third, the 
resulting total cost uncertainty must be 
used and presented in a way that aids in 
the decision-making and understanding of 
the contract under consideration. 

The second phase of the risk analysis 
is the link between component uncertainty 
and total cost uncertainty. This phase is 
often considered to be the risk analysis- 
however, the first and third phases are 
the most important in implementation. The 
second phase has been approached many dif- 
ferent ways making different assumptions 
and using different methodologies [1, 2, 
3. 5, 7, 10].  Section II contains'the 
assumptions made, the information con- 
cerning  components  required,  and  the 
results provided by the second phase of 
the risk analysis.  Section III contains 
an explanation of how the resulting total 
cost uncertainty can be used and how it 
can be presented in order to provide the 
decision-maker with valuable information. 
Section IV contains a description of how 
the price analyst can assess the uncer- 
tainty in the components. Section V pro- 
vides an example of the use of a computer 
program designed to perform the calcula- 
tions to combine the component uncertain- 
ties into the total cost uncertainty.  In 
Section VI, several recomtiendations are 
made concerning improving the usefulness 
of risk analysis. 

risk and uncertainty, but the two 
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11. STATISTICAL RISK ANALYSIS 

In order to discuss the component 
uncertainty and total cost uncertainty, we 
use probability distributions. The area 
under a probability distribution repre- 
sents a probability of an uncertain quan- 
tity having a value between two points. 
For instance, in Figure 1, the probability 
(p(c)) of the uncertain component cost 
being between $1,000 and $2,000 is given 
by the amount of area shaded. 

j;ooo   $2500 

Figure 1 

In order to describe component uncertainty 
and total cost uncertainty, the Weibul 
distribution has been chosen. The term 
"Weibul distribution" is used to describe 
characteristics of the probability 
distributions. For instance, the Weibul 
distribution can have many different 
shapes. (See Figure 2). There is a lower 
limit on component costs but no upper 
limit. By no upper limit we mean that the 
curve is asymptotic to the axis. The pro- 
bability of extremely large over-runs is, 
however, approximately zero. The skewness 
of the Weibul distribution is a desirable 
characteristic for describing cost. 

>  ^ 

Figure 2 

The price analyst must supply the 
information necessary to choose the appro- 
priate Weibul distribution. The infor- 
mation required is three estimates of the 
component.  First, the price analyst must 

estimate the component's most likely 
value. This is the value which has the 
highest probability of occurring. Second, 
the analyst must estimate for the com- 
ponent a value for which there is only a 
one percent chance of being less than that 
value. In other words, under the best 
circumstances, what would the component 
cost actually be? The third estimate is 
the high value for the component, one 
which has a one percent chance of being 
exceeded. In other words, under the worst 
circumstances what would the component 
cost actually be? The three points are 
denoted ML, L, and H respectively. The 
three points and a resulting Weibul 
distribution are shown in Figure 3. 

Figure 3 

Naturally, a different L, ML, and H would 
give a different shape to the distribution 
for the component cost. 

The components for which the analyst 
must supply the L, ML, and H are basically 
the same as those used in the 00 Form 533 
They are: 

Material Cost 
Material Overhead (not based on 
Material Cost) 

Material Overhead Rate 
Interdivisional Transfer Cost 
Engineering Hours 
Engineering Wage Rate 
Engineering Overhead (not based on 

Engineering Cost) 
Engineering Overhead Rate 
Manufacturing Hours 
Manufacturing Wage Rate 
Manufacturing Overhead (not based on 
Manufacturing Cost) 

Manufacturing Overhead Rate 
Other Cost 
General and Administrative (G&A) 

Expenses 
Other Cost with no GSA Expenses 

If a component is known with certainty, 
then L = ML = H. Section 4 contains 
information which should be useful to the 
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price analyst 1n determining the L, ML, 
and H for each component. 

By putting the three estimates for 
each component into the computer model 
described later, the distribution for the 
total cost uncertainty is determined. 
That is, the probability of exceeding dif- 
ferent values is printed. These proba- 
bility statements are made using a Weibul 
distribution for the total cost. The com- 
puter program takes the information 
supplied by the analyst for the components 
and determines the best Weibul distribu- 
tion for the total cost uncertainty. 

The preceding estimates are used when 
the analyst is asked to assess each com- 
ponent independently. But quite often 
when one assesses the uncertainty for dif- 
ferent components (e.g., the amount of 
material and the amount of manufacturing 
labor), there is a common underlying rea- 
son for this uncertainty. This is called 
a covariance between the components. The 
model being used allows the component 
uncertainty to be broken into two parts. 
The first part of the uncertainty for a 
component is independent of events which 
affect other components. The second part 
of the uncertainty in each component is 
dependent on a common set of events. For 
instance, part of the uncertainty con- 
cerning the amount of material and manu- 
facturing labor hours may be dependent on 
the amount of rework. Therefore, material 
cost and labor hours would not be 
independent. To provide this information 
to the model requires the price analyst to 
assess the portion of the uncertainty in 
each component between the Low and High 
which is attributable to the same 
influences. 

If one of the components is 
independent, then the portion of the 
uncertainty attributable to common factors 
should be zero. If the effects are in 
different directions (one positive and the 
other negative) this can be reflected by 
using a negative proportion. Again, 
assistance in assessing the amount of 
covariance is presented in Section IV. 

The price analyst is asked to assess 
the amount of dependence between the set 
of components listed below: 

Material Cost 
Material Overhead (not based on 

Material Cost) 
Interdivisional Transfer Cost 
Engineering Hours 
Engineering Overhead (not based on 

Engineering Cost) 
Manufacturing Hours 

Manufacturing Overhead (not based on 
Manufacturing Cost) 

Other Cost 
Other Cost with no G&A Expenses 

It should be observed that the 
covariance between the components is a 
function of one set of common factors or 
events. This single set of factors is 
assumed to cause the specific proportion 
of variation. 

In sumnary, the assumptions made in 
the statistical risk analysis are: 

1. Component uncertainty can be 
represented using a Weibul distribution. 
This assumption is based on what most 
analysts feel is a reasonable expression 
for the behavior of cost uncertainties. 

2. Total cost uncertainty can be 
represented using a Weibul distribution. 
This assumption is based on the same 
reasoning as above plus the fact that the 
Weibul chosen to represent the total cost 
will have the correct first three moments 
(i.e., mean, variance, and skewness). 

3. The dependence between components' 
uncertainties is related to a common set 
of influences or factors. 

Naturally, the results of the risk analy- 
sis are only as good as the information 
supplied by the analyst. It is the opin- 
ion of the author that these assumptions 
are intuitively reasonable and represent 
the current state of the art. 

III. RESULTS. USES. AND PRESENTATION 

As with any mathematical or statisti- 
cal technique, the purpose of risk analy- 
sis is to supply information to a decision 
maker. The forms of this information and 
the interpretation are critical in risk 
analysis. Its use must be considered as 
only one input into development of a nego- 
tiation objective. The overall business 
strategy considers many factors. The risk 
analysis should be performed in an impar- 
tial, objective manner without regard to 
gaming, political climate, etc. Analysts 
should prepare and/or present analyses 
based on their best judgment of the uncer- 
tainties Involved in the contract. 

Quite often the amount of uncertainty 
in the total cost is considered unaccep- 
table by a decision maker. This would 
indicate that more analysis is needed on 
some of the components. The specific com- 
ponent or components causing the large 
amount of uncertainty in the total cost 
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can be determined through sensitivity 
analysis. An unacceptable total cost 
uncertainty may be the result of viewing 
the results with a knowledge of the poli- 
tical climate. Care should be taken not 
to "fix" the risk analysis results. This 
is one piece of information for decision 
making and not the decision. 

When the information concerning the 
amount of uncertainty is presented, the 
primary drivers should identified. 
Effectively, one says how much uncertainty 
exists and why. Actions may be desired on 
the reasons for uncertainty. Mays of pre- 
senting the total cost uncertainty will 
now be discussed. 

At the time of negotiations the future 
actual cost, since unknown, must be 
estimated. Risk analysis does not esti- 
mate the cost but rather estimates its 
distribution. A distribution is a pic- 
torial representation of the probabilities 
of different final actual costs. The pro- 
bability density function. Figure 4, is 
one way of presenting the probabilities of 
different final actual costs. This figure 
relates area to probability. 

P« 

/ 
_/ 

-^x 
Figure 4 

An easier way of presenting this same 
information is to use the cumulative 
distribution shown In Figure 5. From this 
figure one can determine the probability 
of exceeding a given total cost by reading 
the Y axis. For example, from Figure 5 we 
can see that the probability of exceeding 
53,000 is .3. This would mean that there 
is a .7 probability of being less than 

Figure 5 

Usually from a risk analysis, two 
other pieces of information are available. 
These are the mean and the mode. The mean 
reflects the average total cost if the 
contract was executed many times.  Of 
course, the contract is executed only once 
and, therefore, the mean may not be the 
best point estimate.  The mode, on the 
other hand, is a good point estimate since 
it represents the most probable total 
cost.  Contrary to intuition, the most 
probable total cost is not the sum of the 
most probable component costs.  This can 
best be illustrated by using a simple 
example. Suppose we have two loaded dice, 
where the "one" is twice as likely to 
occur as the 2. 3, 4, 5, or 6. The anal- 
ogy Is that the dice represent the uncer- 
tain components, each having a most likely 
value of 1 since each is loaded.  Intui- 
tion may tell us that the most likely 
total of the two dice would be 2. This is 
not the case however.  The probability of 
a 2 with these two dice is 4/49, whereas, 
the probability of a 7 with these two dice 
is 3/49.  The total of 7 is twice as 
likely.  The same is true for the most 
likely total cost. That is, the resulting 
total cost by sumning the most likely 
values for each component is not the most 
likely total cost. 

The presentation of the risk analysis 
results to convey the .most information 
might best be accomplished using a display 
that gives the distribution of total cost, 
the important drivers, and the negotiation 
positions. 

The rest of this section is devoted to 
discussing the use of risk analysis in 
structuring contract types. These results 
should not be considered rules, but rather 
suggestions which may be helpful. If the 
total cost uncertainty2 is small (e.g., 4 
percent), then a Firm Fixed Price (FFP) 
type contract would be appropriate. The 
price would be the most likely total cost 
plus profit as determined by the Weighted 
Guidelines (WS), 

Although incentive contracts were 
designed to provide incentives to the 
contractor to keep the cost down, they can 
also be structured to distribute the risk 
in a contract. For instance, if the 
uncertainty in total costs is between 4 
and 153! and the share ratio is 60/40 
(government/contractor), then the contrac- 
tor is only accepting 40% of the risk or 
between 1.6 and 6.4% reduction in profit, 
or, given the share ratio remains the 
same, an increase In profit if there is a 
cost underrun. One might thus consider 

tJr^ ^r;^ s scsrr.s jjgr/sa vt."""" ™ — 
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structuring a Fixed Price Incentive Firm 
(FPIF) contract by using the following 
rules of thumb: 

Target Cost = Most Likely Total Cost 
Target Profit = WG (including risk) 

Ceiling Price • 
99 percentile Total Cost Plus 
WG (excluding risk) 

WG (including risk) - 
Share = WG (excluding risk) 

99 percentile - 
Most Likely Cost 

X 100 

See the example in Section V for struc- 
turing an incentive contract. 

Of course, these are only guidelines 
and may be totally unacceptable for a par- 
ticular contract. For instance, if the 
decision has been made to use a FFP type 
contract or specific share ratios or 
ceilings, then these guidelines need not 
be applied. If a contractor has the same 
uncertainties as the government (say 162), 
then the contractor will most likely not 
consider a FFP Contract with a price equal 
to the most likely cost plus WG profit. 
The contractor would naturally try to 
negotiate a price which would cover a 
majority of the risk. It is important to 
note that the uncertainty in total cost 
might be totally different from the 
contractor's point of view as opposed to 
the government's point of view. 

In summary, the total cost uncertainty 
is a result of the uncertainty assessed at 
the component level. The accurate repre- 
sentation of the total cost uncertainty 
and the reasons for this uncertainty 
constitute one input into the decision 
making. This information reflects the 
uncertainties involved in a contract and 
should be only one part of sound business 
decisions. Its use in decisions on 
contract type, again is only one of many 
factors to be considered. It can 
however, show the effect of different 
contract types when uncertainties exist. 

IV. ASSESSING UNCERTAINTY 

The assessment of uncertainty is by 
far the most difficult task in a risk 
analysis. It is important to have the 
proper perspective of the problem when one 
is attempting to develop the estimates for 
the low, most likely, high and the depen- 
dence for the components of the total 
cost. This perspective includes: 

1.   Estimates are for the actual 
future cost and not the cost which can be 

negotiated. Actual future cost should be 
estimated when determining a fair and 
reasonable price. 

i ..i2* Rlsk 1S associated with uncontrol- 
lable factors without regard to control- 
able factors such as gaming, aolitical 
climate, etc. 

3. Risk analysis is only one input 
into development of a negotiation 
objective. 

4. Results of the risk analysis will 
reflect the inputs; nothing more, nothing 
less. 3 

It is sometimes difficult for a deci- 
sion maker on one side of a contract to 
relate to a risk analysis which is useful 
for determining a fair and reasonable 
price (the one mentioned above).  There- 
fore, another analysis viewing the risk 
from the Air Force point of view might be 
useful.  This analysis would not attempt 
to estimate the future actual total cost 
but rather attempt to estimate the price 
which the contractor would accept.  The 
two analyses differ considerably because 
of the point of view.  There are really 
two questions. First, what is the distri- 
bution of actual total cost? Second, what 
is the distribution of the resulting nego- 
tiated cost at the end of negotiations' 
In the strictest sense, the second ques- 
tion is not generally addressed by a risk 
analysis, but can be answered by esti- 
mating for each component the cost accept- 
able to the contractor.  Even though the 
bottom line is the result of the negotia- 
tions, acceptable levels of each component 
can be estimated.  The discussion in this 
section will address the estimation of 
component costs when the distribution of 
actual total cost is desired. 

Table 1 contains a list of drivers for 
the uncertainty involved in a contract 
This list is presented here as a thought 
proyoker and is not meant to be all 
inclusive. 

The analyst must use all of the 
resources available in order to estimate 
the uncertainty in each component. These 
resources include: 

- historical records 
- experience 
- support groups (engineering, etc.) 
- contractor's track record 
- similar contracts 

The resulting estimates may be either 
subjective or a combination of subjective 
and standardized factors. 
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Subjective estimates are difficult to 
make and to evaluate; therefcre, there is 
often differing opinions of the correct 
values. When subjective estimates are used, 
try both a conservative and a liberal set of 
estimates. This requires running the model 
twice. Many times you will find that the 
results are approximately the same. A risk 
analysis model is very useful in assessing 
the "What If" questions. Don't be afraid 
to try different inputs to determine the 
effect on the total cost distribution. 

Table 1 

Cost Uncertainty Drivers 

Material Elements 

Extent of firm POs 
Extent of established vendors 
Projected inflation 
Reliability of estimated allowance 

factors 
Design maturity 
Critical items 

Labor Elements 

Design maturity/deficiencies 
Reliability of estimating methodology 

(L/C/rat ios/estimates/LOE) 
Impact of schedule slippages 
Relatable historical experience 
Employment population 
Production capacity 

Labor and Overhead Rates 

Status of union agreements 
Status of FPRA 
Projected inflation 
Period of performance 
Variance of direct cost elements 
Variance of plant volume 

Other Costs 

Reliability in estimating methodology 
Impact from direct cost variances 
Reliability of factors 

Assessing the dependence between com- 
ponent costs Involves listing the comnon 
cost drivers inherent to all cost elements, 
e.g., design maturity, manufacturing 
methods, etc.; then estimating the propor- 
tion of uncertainty between the low and high 
which 1s due to these cost drivers. For 
instance, if the low material = 3000 and the 
high material = 7000, and the comnon cost 
drivers cause a total fluctuation In 
materials of 1000, then the dependence for 
material is 25% (i.e., 1000/(7000-3000)). 
Each cost dependence Is assessed using the 

same set of drivers. See the list In 
Section II for the cost elements for which 
dependence is allowed. 

A preliminary set of standardized fac- 
tors have been developed at ASO Pricing. 
These factors are listed In Table 2. 

Table 2 

Draft of Standardized Factors for 
Risk Analysis 

1. Material: This cost element is broken 
into several distinct sub-elements due to 
their peculiar nature. 

L%       HX       Score 

a. Raw Material: 

-5 +7 1 - 90%  firm purchase orders 
(POs), established sources 

- 2%  or less critical 
material (titanium, 
chromium, etc.) 

-5 +9 2 - 305S firm POs; 5%  critical 
material 

-5 +12 3 - 70% firm POs; 10* critical 
material 

-a +20 4-50* firm POs; 15* or more 
critical material 

b. P 
ns):" 

urchased Parts (Suoolier desianed 
ita 

-5 +7 1 - 90* POs 
-5 +9 2 - 75* POs; 25* current quotes 
-b +12 3 - 50* POs; 25* current auotes. 

25* history 
-3  +20   4 - Less than 50* POs greater 

than 25* history 

c. Subcontracts (Prime designed items): 

-5   +7   1 - 90* POs and current quotes 
-5   +9   2 - 75* POs and quotes; 25* 

engineering estimates 
-5  +12   3 - Less than 75* POs and 

quotes; more than 25* engi- 
neering estimates 

-10 +25  4 - Inhouse engineering esti- 
mates + 50* 

d. Special Material Factors (Scrap, 
rework, freight, receiving Inspections. 
attribution) 

-5 +5 1 - Historical factors well 
supported. 

-b +9 2 - Design in minor state of 
flux 

-6 +12 3 - Design not set; factors not 
reliable 

-9 +18 4 - New program with little 
relevant history 
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Table 2 (continued) 

Score 

Engineering Labor: 

•5   1 - Firm design sustaining type 
effort 

-5   +9   2 - 50/50 mix of changes and 
sustaining effort 

-8  +15  3 - Design set but many changes; 
1st production phase 

-10 +25   4 - New program; design not 
determined; little histori- 
cal basis to estimates 

Manufacturing Labor: 3. 

-2 +4  1 - Firm standards, well docu- 
mented learning curves 

-5   +7   2 - 80« firm standards less 
reliable variance data due 
to limited history 

-5  +10   3 - 1st production limited stan- 
dards it  variance data 
extensive tooling effort 

-7  +15   4 - Model shop operation or 
RSEO. Tool design not yet 
determined. 

4. Labor and Overhead Rates: 

a. Status of Union Agreement: 

-2   +5   1 - Firm 2-3 yrs before renego- 
tiation 

-5   10   2 - No agreement through 1 yr 
before expiration 

b. Status of FPRA: 

-3   +7   1 - FPRA negotiated 
-2   +8   2 - Recommended rates within 5% 

of proposed 
-5   +5   3 - Recommended rates at more 

than 5S 

c. Projected Inflation: 

-2   +2   1 - Contract includes cPA clause 
-2  -15   2 - No EPA - inflation less 

than/equal to field rec. 
-2  +10   3 - No EPA - inflation more than 

field rec. 

d. Period of Performance: 

1-1 year 
2 - 2-3 years 
3 - 4-5 years 
4 - More than 5 years 

Considerations That Are Equally 

-5 +5 
-2 +10 
-0 +15 
-0 +20 
5. 
Inherent to All Cost Element? 

a. Design: 

•2   +5   1 - Firm design, mature program 
-5   +7   2 - 2nd/3rd production lot 

changes predictable 
-5  +10   3 - 1st production/pre- 

production 
-8  +15   4 - Design/development phase 

L* 

-2 

-5 

-5 

-8 

H« 
Table 2 (continued) 

Score 

b. Manufacturing Methods: 

+5   1 - Standard defined, hard 
tooling 

+7   2 - BOX  standards, production 
rate building 

+10   3 - First production hard 
tooling being developed 

+15   4 - Model shop, FSED 

This list is a first draft and should be 
modified and added to as needed. Once an 
acceptable set of factors Is developed, it 
will only be necessary for the analyst to 
supply point estimates and identify the 
characteristics of the contract as in Table 
2. The computer could then apply the 1%  and 
the H%  to the component estimates and per- 
form the risk analysis. The decision maker 
would then know specifically the drivers, 
the amount of uncertainty introduced by 
each, and the resulting distribution of 
total cost. 

The advantages of using standardized 
factors are: 

1. Uncertainty is based on objective 
characteristics of the contract. 

2. Uncertainty becomes less dependent 
on the analyst performing the analysis. 

3. The amount of uncertainty due to 
characteristics of the contract can incor- 
porate different view points of analysts and 
management, and 

4. Uncertainty assessment is consistent 
between contracts. 

An effort should be made to modify and 
revise the standardized factors to encompass 
additional reasons for uncertainty. 

The next section demonstrates the use of 
a computer program useful for determining 
the total cost distribution from three point 
estimates of the components' costs. 

V. EXAMPLE USE OF COMPUTER PROGRAM 

Before presenting an example of the 
usage of this program, several input pecu- 
liarities need to be explained. A brief 
explanation is given below. 

1. Overhead rates and deoendency are 
entered as whole numbers (e.g., 505! is 
entered as 50). 
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2. The distance between the low and the 
most likely value should be less than 65% of 
the distance between the low and high, 
(i.e.. (ML-L)/(H/L) < .65) 

3. If the computer responds with a 
question mark, additional input is needed. 

4. If labor is entered as cost rather 
than hours, the L. ML, and H for wage rate 
should be 1, 1, 1. 

5. Independence of component costs is 
given when Dt is 0. 

6. Conversion to 1,000 or 1,000,000 of 
dollars and hours may be desirable. 

7. When dependence is considered, OS 
for material must be other than zero. 

The user should always check the reasonable- 
ness of the results. If a problem is 
perceived, the inputs should be checked. 

The program is available through the COPPER 
IMPACT computer system. It is executed by 
typing RUN RISKAS. An input form has been 
completed for a specific contract and is 
shown in Form I. The program takes the cost 
component input data supplied by the analyst 
and provides probabilities of exceeding 
various total costs. 

The results of this analysis indicate 
that the most likely total cost is $19,708 
and that there is only a IX chance of the 
total cost exceeding J21,011. 

Contract # 
Date ~_ 
Analyst  

FORM I 

INPUTS FOR RISK ANALYSIS 

Elements Minimum Most Likely Maximum Dependence Comment 

Material Cost 8,400 8.900 10,000 0 

Independent O.H. __ m 

Rate for Mat. O.H. 5 5.2 6 XXX 

Interdivisional Transfer 1.700 1.850 2,200 0 

Engineering Labor Direct 35 45 65 0 

Wage rate 11.57 11.57 11.57 XXX 

Independent O.H. mm .. 

Rate for Enq. Lab. O.H. 102 102 102 XXX 

MFG Labor Direct 200 205 215 0 

Wage rate 11.04 11.5 12 XXX 

Independent O.H. „ 

Rate for MFG Lab. O.H. 150 150 150 XXX 

Other Cost with G&A 400 450 500 

GSA Rate applied to Subtotal 4.92 4.92 4.92 XXX 

Other Cost with no G&A .. „ imm .. 
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In this example the 99 percentile is 5% 
larger than the most likely total cost. 
This example would be a case in which either 
an FFP or an FPIF type contract might be 
used. The price would be the target cost 
plus the weighted guidelines profit for an 
FFP contract, where the target cost is set 
by analyzing the results of the risk 
analysis. There is no way to state a hard 
and fast rule for determining the target 
cost; however, the following list of possi- 
bilities should be considered. 

1. Target Cost » $19,708 
Target set at most likely total 
cost, 

2. Target Cost » $19,774 
Target set so- there Is a SOX 
chance of over and under run. 

3. Target Cost =■ $21,011 
Target set where the government 
absorbs 99%  of the cost risk. 

4. Target Cost » $18,900 
Target set where the contractor 
absorbs 99t of the cost risk. 

The setting of a specific target would 
consider factors not included in the risk 
analysis but can be evaluated by the total 
cost distribution. For instance, if a 
target cost of $20,000 is chosen, there is 
approximately a 22%  chance that the total 
cost will exceed $20,000. 

For an FPIF contract, the procedure 
given in Section III might be used. For 
example, suppose that the weighted guideline 
was (Including risk) 16S or (excluding risk) 
12%,  then the following would structure an 
incentive contract so that the most probable 
profit for the contractor would be 15* and 
there would be only a 1%  chance of his 
having less than 12%  profit. This is 
achieved by setting 

Target Cost = $19,708 
WG (excluding risk) = 19,708 • .12 ■ 

$2,365 
WG (including risk) = 19,708 • .16 = 

$3,153 
Point of total assumption = $21,011 
Target Profit = $3,153 
Ceiling Price = 21,011 + 2,365 = $23,376 

(119% of target) 
Share = (3,153 - 2.365)/(21,011 - 

19,708) = .50 or SOS 

Note that quite often this procedure will 
come up with unacceptable results. Always 
apply sound business judgment when analyzing 
the results of these calculations. 

VI. RECOMMENDATIONS 

Risk analysis can provide valuable 
information to decision makers if it is 
developed carefully and presented in a 
meaningful manner. Several suggestions are 
made here to facilitate its usefulness. 

1. Uncertainty information should be 
requested from engineering and other support 
groups. 

2. Several computer runs would be use- 
ful to answer the "what if" questions and to 
analyze the contract from different points 
of view. 

3. Continued development of standar- 
dized factors would help to make the risk 
analyses consistent and, therefore, more 
meaningful. 

4. Good business judgment should be 
used when using the results of the risk 
analysis. 
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ABSTRACT 

This paper explores how management of 
the systems acquisition process might 
be improved through the application of 
computer based Decision Support Systems 
(DSS) concepts.  This approach calls 
for a meshing of individual decision 
styles, processes, and customized 
information requirements with signifi- 
cant supportive, personal computing 
power at the disposal of a program 
manager. 

The combination of DSS and DDP concepts 
can result in an integrated decision'/ 
Information network linking personal 
micro-conputers and personal data bases 
with the central program data base and 
other program managers.  In the paper 
Dr. Gardiner defines the DSS conceptual 
framework; Colonel Williams, USMC," 
provides a case study from the Marine 
Corps acquisitions experience; and Dr. 
da  Balogh discusses the current state 
of DSS in acquisitions management and 
what needs to be done to develop such 
a capability. 

INTRODUCING THE DSS CONCEPT 

To start out I would like to set a 
continuum of Decision Support for the 
Acquisitions area which I'm not sure 
I believe in.  But, at least it will 
give you an idea of where we are 
focusing this paper.  If you can think 
of a computer-based information svstem 
that^grinds out big stacks of paper, 
that's on one end for decision making. 
On the other hand, think of the TV 
series Star Trek, and recall what Mr. 
Spock used to do when something unusual 
cama up.  He'd run over and talk to the 
computer and ask for it's advice. 
Well, the millenium is not here vet, 
so we're nowhere near the Star Trek' 
end but I think that decision supoort 
systems are designed to whittle awav 
towards that direction. 

The thrust of our paper is in the 
program management area.  There is sort 
of a new environment afoot with the 
Carlucci-Weinberger initiatives now in 
place.  You, the program manager, have 
more responsibility, authority, ac- 
countability and all that good stuff 
but still you are responsible for 
program cost, schedule and performance. 
The question is "How can Decision 
Support Systems Help?"  First, in 
defining DSS we can say that it is 
designed to help knowledge workers in 
using data and models improve  their 
performance by interactive computer 
based components to solve problems. 
What are these components?  They are 
systems of hardware and software which 
amplify a manager's judgement.  (See 
Figures 1-3)  They don't replace him. 
There is a technical thing called a 
DSS generator.  There are special 
languages involved.  It is interactive 
so you can actually sit down and "chat" 
with it.  It will adapt to changes in 
the program environment you can't 
anticipate when you originally built 
the thing.  It is user friendly so you 
don't have to be exposed to a lot of 
"computerese" to use it. The user sits 
down at a terminal and there is a ^ig 
thing in the back there called the D3S. 
It contains a data base which is 
managed and a model base with models 
"running around" waiting for use.  The 
user talks with the DSS via a software 
system that allows him to translate 
what he vants to do in something fairlv 
close to English or by choosing from a' 
menu.  Then the DSS goes to ''talk" with 
its data base management system and its 
model base tnanaganent svstem sc the user 
can get the help he desires.  There is 
an interface between the user, the 
models and the data. 

Conceptually, the DSS provides the 
support for semi-structured and non- 
structured decisionmaking.  What this 
means is that you can't cover all the 
contingencies.' Things are bound to 
come that you can't preprogram for. 
DSS helps integrate decisions across 
decisionmaking boundaries, across 
organizational lines, and within groups 
and among individuals.  It can help vou 
make decisions, help you ask questions, 
and it can do this in an independent, 
personalized way. 

This is quite different from most 
current M.inagement Information Svsterns 
(MIS) that you are familiar with'.  MIS 
in many places is focused on middle 
managers.  But, this is not necessarily 
true everywhere. MIS is primarily 
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oriented around structured information 
flows and quite often integrates EDP 
jobs by function such as personnel and 
finance reports.  There is a capability 
of inquiry and report generation, 
usually with a database. 

However, DSS is designed specifically 
to support decision making at any and 
all levels.  It crosses functional 
organizational boundries.  Whatever 
you need to make your decision is 
theoretically provided by DSS.  It is 
flexible, adaptable and quick.  It is 
user-initiated and controlled.  It does 
what you want to do when you want it 
to.  DSS supports varied personal 
decision styles.  This is very im- 
portant because if you foist something 
that is not reflective of a decision 
maker's style, it may not get used. 

Just a word about distributed data 
processing.  This concept is designed 
to decentralize computer power to the 
users, through a network which links 
users together.  When you put DSS and 
DDP together there is a very conceptual 
framework.  DSS helps program managers 
in decisionmaklng, in asking questions, 
or figuring out what questions to ask. 
DDP brings the power of the computer 
to the program manager.  You put them 
together and it begins to allow the 
program manager to link his key people, 
provide computing power to his staff 
and also allows him to amplify his own 
judgement and look at how" his program 
is progressing. 

DSS AND THE MARINE CORPS:  A CASE 
STUDY IN PROGRAM R£QUIREHEMTS~ANALYSIS 

THE USMC SYSTEM ACQUISITION PROCESS 

To begin with I would like to describe 
a very simple model that might orient 
all of us exactly with the'systems 
acquisition process.  (See Figure 4) 
Most of that capability you need is 
relative to the weapons system.  If 
the homework's been done,"that weapons 
system and the ensuing combat capa- 
bility is relative to the mission of 
the service.  In turn, that is rela- 
tive to who the enemy is and what his 
capabilities are. 

The thing that most of us tend to for- 
get when we start to lay out the first 
stages of the systems acquisition 
business is that it's just not a 
weapons system by itself.  But, it is a 
weapons systems composed of the way vou 
intend to use it, the organization that 
you use it in, 

the way you train with it and the way 
you support it.  And I would propose 
to you that this is an iterative 
process that lasts throughout the life 
of the weapon system not just in the 
beginning but always.  I liken it to a 
potter's wheel that has to be kept 
smooth throughout the life of the 
system because things always change. 
It is this change, I think that is best 
handled through a DSS in order to keep 
up with the dynamics of the system. 
So the system I have to talk about 
today, the mobile protected weapons 
system, I'd like to represent in a way 
with a view of the total process in 
mind and looking at the capability we 
try to acquire again in the terms of 
the iterative systems acquisition wheel 
that we try to look at.  (See Figure 5) 

DEVELOPING SYSTEM REQUIREMENTS FOR A 
MOBILE PROTECTED WEAPONS SYSTEM 

One of the key components of the 
acquisition process is the big "R" 
-REQUIREMENTS- which always gives a 
person big problems:  1) trying to 
figure out precisely what our require- 
ments are; 2) successfully communi- 
cating those requirements'both to these 
who have the resources and to industry 
so you can get back what you had in 
mind; 3) industry's reaction to those 
requirements through their response in 
the sense of a proposal; and 4) our 
evaluation of that response. 

In general terms, any requirements 
determination is certainly based on the 
analysis of the threat and it's capa- 
bility.  This calls for some antici- 
pation of future of the world and what 
our environment might be like.  There 
is the usual problem of making de- 
cisions in a realm of uncertainty.  The 
operational experience of those who 
might be using"the system and de- 
termining what qualities it should have 
must be incorporated. Accomodating 
technical reality in getting something 
that would really be there in the time 
frame that you wanted it and, an acqui- 
sitions strategy on how to get there" 
all play a role.  Mv case study is 
called "Mobile Protected Weapons 
Systems".  Mobile in the sense that it 
is on wheels or tracks.  It is a 
vehicular system.  Protected in the 
sense that it has some armor pro- 
tection.  And, a weapons system in the 
sense that it has some kind of cannon 
on it.  So, you are looking at this 
system as being a wheeled or tracked 
vehicle with a gun. 
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AN INTUITIVE MILITARY NEED 

In chis particular case, Che require- 
ments determination process had an 
intuitive need.  (See Figure 6)  The 
intuitive need goes back to the 1970's 
when several curious things were 
happening in both the Army and the 
Marine Corps.  Some of the convention- 
al weapons systems like the bazooka - 
the things that you typically shoot at 
bunkers and targets with - were elimi- 
nated from inventory in favor of more 
specialized weapons that were opti- 
mized for anti-tank roles.  The anti- 
tank guided missile like the Dragon 
is an example.  So, as the convention- 
al munitions left and the missiles 
arrived in the inventory, we lost the 
kind of thing that you want to shoot 
at bunkers with.  You don't shoot 
missiles at those kinds of things for 
practical reasons.  Consequently, we 
experienced an intuitive need for 
something that you would shoot with at 
conventional targets.  But, in view of 
our study of the Israeli war, it 
should have some degree of protection 
and some degree of mobility.  We 
asked ourselves, what kind of enemy 
are we coming against?  Are we going 
to be facing a T-64 or T-72 tank?  If 
so, should we have the kind of systems 
that will always have the capability 
of wiping it out?  Our interesting 
computerized analysis here indicated 
that whether we were fighting the 
Warsaw Pact or some other enemy some 
place in the world that the proba- 
bility of facing what type tank was 
not a certainty.  So, certainly one 
should keep in mind the true represen- 
tation of the threat that is there. 
Most often there is the tendency to 
over-speculate the need, to over 
optimize it, and thus drive up the 
cost of the weapons system. 
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The idea then was to take a system 
that we could field from an operation- 
al standpoint and evaluate it from 

the several kinds of tactical scenarios 
that we could imagine.  It looked like 
to us there were two ways to field 
such a system.  You could look at 
existing systems somewhere in the 
world.  Some vendor might sell it to 
you.  Or, something that existed that 
could be improved (we chose to call it 
a hybrid) could be used.  Or, you could 
design it from scratch (we called it a 
conception).  Each approach hinged on 
our being able to successfully convey 
to industry and to ourselves exactly 
what it was we really wanted.  So the 
next logical step is to send out a RFP 
or something by a similar name with a 
statement of work, or a systems de- 
scription.  But, in our case we used 
an unusual approach. 

The approach that we used in the Mobile 
Protected Weapons System case was un- 
precidented, and it harks back to the 
Decision Support System of the time 
and basic requirements.  What was so 
new about it was that we took the 
challenge to industry.  We didn't at- 
tempt to do anything ourselves.  We 
assumed that the people that made the 
machines like this would be the people 
best able to integrate it and so conse- 
quently when we articulated our re- 
quirements to industry there were only 
six absolutely necessary requirements 
in the systems which we called non- 
variables.  The point that applies 
here is that there were only six. 
Everything else was a variable.  That 
is, there was a tradeoff.  You could 
put various aspects of the system 
together in many different way's' and 
hopefully come up with a system that 
was operable.  We described our re- 
quirements again in terms of ef- 
fectiveness, cost and other consider- 
ations under three scenarios.  Each of 
those - under assault, under blocking 
and under subsequent ooerations - 
described the system in terms of the 
desired attributes.  And under each of 
these, firepower, mobility and so forth 
are broken down into comuonents.  At 
this point, in order to describe to the 
manufacturer what our real sense of 
importance was we adopted what we 
called utility curve processas. 

REQUIREMENTS DEFINED WITH UTILITY 
MODELS 

Now let me show you what a utility 
curve is.  (See Figure 8)  This is what 
we are looking for in case of a 
material target.  What it essentially 
says   in terms of the basic load, the 
amount of ammunition on board the 
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vehicle, and in terms of the utility- 
curve here, and some parameter of an 
attribute I have here.  I am very 
happy with us ins; it as Ions as it 
takes no more than 1%  to 3% of my 
basic load to knock out a target. 
But, if it takes more than that, I get 
unhappy in a hurry.  Certainly, if it 
takes more than 2 0% of my basic load 
I'm not interested in the system that 
would be proposed.  That is conveying 
to the manufacturer what I think of 
ny onerational exoerience.  If you 
look at Figure 9 (accuracy) against 
me being stationary and the target 
being moving, I say I have to have a 
probability of at least-T, I would 
like to have the probability of a hit 
of 1.  Further on the curve, I am 
about half satisfied of a probability 
of a hit of .8 and, Mr. Manufacturer, 
I'm much more interested in imnroving 
your Proposal in this area because the 
curve is steeper than back in the 
lower area.  That is what is being 
conveved by the curve.  Mow, take all 
the curves and put them across the 
various scenarios.  Take the at- 
tributes and put them in the same 
scenarios.  (See Figure 10)  Here, the 
specific numbers are important.  What 
it does convey to the manufacturer is 
that in those three scenarios, fire- 
power is more important in assault 
than it is in the other things.  In 
these scenarios, mobility is verv 
important in your attack.  But, 
mobility is even more important in the 
subsequent operations.  And, finally, 
we rnisrht say that helicopter trans- 
ferability is important in any kind of 
assault.  After all, I in my business 
have to aet on the beach, maybe in my 
helicopter.  It's doubly important if 
I have to put a helicopter in any sort 
of force that has a defensive mission. 
It is routinely important in routine 
operations.  Now, the manufacturer has 
evervthins that I think is important 
described in the best way I can 
describe it to him both through 
scenarios, utility curves and at- 
tributes.  That is exactly how the R^ 
was written when it went out to ten 
nanufacturers calling for a nine- 
nonth concept desisn period. 

CREATIVE INDUSTRY REACTION 

The manufacturers reacted in somewhat 
a typical way.  They put together 
appropriate management teams an^ 
evaluated our requirements on the 
basis of business and engineering 
considerations.  They sought to opti- 
mize efficiency and effectiveness and 

control costs all within the bounds of 
the systems requirements.  In doing 
this the manufacturers also took our 
utility curves and put them all into 
their computers.  They also determined 
those things that were most sensitive 
from their point of view.  Those 
attributes which would give them the 
most return on their design consider- 
ations .  '-Te found in talking with the 
manufacturers that this technique for 
communicating requirements was verv 
useful.  They knew exactly what the 
Marines wanted and they produced 
exactly what was desired,  "e have 
said any source selection process in- 
cludes cost and effectiveness.  It is 
a formal process as everybody knows. 
In the case here, I would just like to 
illustrate a couple of techniaues that 
we anticipate using in the future. 

DSS AND THE FUTURE 

Obviously it may not happen exactly 
this way.  Rut, within the DS? system 
that we put together, we can do some 
interesting things.  First of all, we 
go back to the same kind of hierarchy 
that we had before.  Except, in this 
case, we put weights on everything for 
storing procedures so that by assigning 
weights relative to our important 
criteria you can sum it all up and 
draw a conclusion.  So, having weighted 
the same decision you looked at before 
and bv loading it into the computer 
we're able to obtain a printout with 
all kinds of attributes to compare five 
manufacturers.  (See Figure 11) (A-F) 
The numbers on this printout give vou 
some idea of the relative value of 
these attributes and the whole order 
of things as compared to the lower 
numbers which obviously are of a lesser 
value to us.  Between the bottom rung 
of numbers and the top rung vou find 
a vast number in the middle.  All 
these are totaled to indicate the true 
character of the proposal. The last 
example relates to what we hope the 
the model will do and that is to ask: 
"How come R is better than A?"  (See 
Figure 12)  In this case, one of the 
rungs lets us compare two of the alter- 
natives, A to ?, on a variety of at- 
tributes.  Clearlv. F, has   higher 
scores than A in this example.  This 
model verifies that B is better than 
A in  the top attributes.  Hut, at the 
bottom vhere all the numbers turn nega- 
tive, it shows that A is superior to B. 
'■Tg found this to be a verv handv tool 
when trving to evaluate speci-ic dic- 
'rerences between manufacturers based 
upon varied scenarios.  The "-'arine 
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Corps were able Co use the DSS Aoproach 
in actually several different models 
with several different data bases. 
Hopefully, in the future these will be 
inteerated into a single interactive 
DSS which will have even greater 
utility. 

WHERE ARE WE 
HERE? 

AND WHERE DO WE GO FROM 

I would like to touch on two areas in 
Decision Supoort Systems:  1) how vou 
go about determining what you need; and 
2) what exists out there that vou 
could acquire or emulate.  Dr. Gardiner 
sot the conceotual DSS framework, Col. 
Williams has given us an illustration 
of the application of data and model- 
ling in a Decision Suonort environment. 
The capability we are trying to achieve 
on behalf of program managers, whether 
they are in the services or are con- 
tracters, consists of three maior com- 
ponents:  1) the program data base-. 2) 
a library models (to include personal 
decision modebO  that the project needs ; 
as well as, 3) a dialogue system for the 
decisionmaker.  (See Figure 13)  These 
must be integrated through a command 
language or set of menus.  The achieve- 
ment of this kind of balanced, inte- 
grated DSS is a rather difficult task. 

DETERMINING YOUR DSS REOUIREMFNTS 

Determining what your needs are in 
terms of DSS for your area is ap- 
oroached a little differently from 
standard data processing.  In other 
words, in most standard data processing 
applications , you do a lot of flow 
charting.  You go down to a very pre- 
cise level of detail,  when we talk 
about decision supoort needs we want to 
be able to aid a grouo of managers or a 
class of decisionmakers.  So, we're 
looking at a general needs for parti- 
cular modeling,statistics, granhics, 
database management, and other capa- 
bilities.  The requirements definition 
is hierarchic in nature.  We identify 
the general DSS capabilities we want' 
and then define them more preciselv in 
3 major areas - dialogue, data base, 
and modelling.  Then we come up with 
a list of soecific canabilities for 
each area. " (See Figures 14-15)  The 
acronym given to this approach is ROMC. 
vou identify the representations that 
your managers utilize such as the kinds 
of output forms that they're interested 
in: the input forms Chat thev are com- 
fortable with; the graphics that they 
^ay be looking for; report generation 

characteristics, and so forth.  In 
addition, you find out the kind of 
analytical modelling or operations 
that the program office wants to do. 
In terms of memory aids , we are 
talking about data files, database 
management. a "help" function for Che 
user, che abilicv Co score your own 
models, and a variecy of ocher chings. 
This has Co be incegrated and con- 
trolled interactively so vou have a 
user triendlv DSS support environment. 
Coming UP with a program DSS that does 
all this is something that hasn't been 
achieved in very many places. 

WAYS TO SATISFY YOUR DSS NEEDS 

In this connection I would like co 
address Che auescions of "T-Thac is out 
Chere?" and "Who's got DSS stuff?" 
Basicallv there are bits and pieces 
ouc chere in terms of Decision Support 
Systems. We really don't know of anv 
good systems in Che acquisicions area. 
We have plenty of vendors who wane Co 
sell us bics and pieces.  For inscance, 
if you wane co scare out in this area 
there are vendors like IBM with its 
PMS-4, SYSTOWETICS and its VISION 
system; you could probably lisc a 
dozen others that could offer you some- 
thing along those lines primarily in 
the cost, schedule and the performance 
areas.  But all of those svstems  have 
certain strengths and weaknesses.  ^ost 
of them are verv inflexible.  For 
example, adding the utility model that 
Colonel Williams talked about,' to a 
fancy svstem like VISION would be 
difficult.  IBM's system is even more 
inflexible.  We don't -ind anv bal- 
anced DSS out there at this sta^e.  vou 
can turn to companies such as TYMSHARE 
that specializes in building DSS to 
vour specifications.  This can be verv 
costly.  The bits and pieces that are 
out there now do not meet the con- 
ceptual DSS framework Chac we have 
described. 

Anocher approach is Co say, "OK, I'm 
going co buy all of Che basic DSS 
elemencs Chat I chink are necessarv 
for our oarcicular program and I'm 
going Co incegrace (link) them." This 
is a verv tough undercaking.  vou can 
acquire a dacabase managemenc svstem, 
graphics and scaciciscical software. 
eCc. individually and trv to construct 
a DSS.  Some aerospace firms have tried 
this with only limited success.  In our 
opinion, a great -ieal of research re- 
mains co be done with regard to the 
DSS concept in the acquisitions area. 
At the University of Southern Cali'r- 

5-7 



ornia, we've established a Decision 
Support Systems Laboratory.  We're 
looking into the adaptability of this 
concept not just in the acquisitions 
area but to other fields as well. 

By way of summary, let me leave you 
with a couple of thoughts.  We're all 
aware of the mushrooming of computer 
technology in our society.  I'm sure 
that in many of your offices you're 
finding the phenomenon of the "office 
of the future" coming in with word 
processing and so forth.  In many- 
instances you may find that your'secre- 
tary will have more personal computing 
power available to do her job than you 
do,  A number of you may have also 
bought your own personal computing 
systems which you have at home helping 
you out.  Again, it may very well be 
that what you possess as a orivate 
individual has a lot more power than 
what your company or service has pro- 
vided you personally to do your job. 
The ultimate is when you think about 
the fact that when you buy an Atari or 
whatever for your children for educa- 
tional and recreational purposes 
they're playing around with probably 
more computing power at their disposal 
than you have personally to do the 
serious job that you've got.  What all 
this says is that DSS is clearly needed 
if major improvements in acquisitions 
program management are to be realized. 
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FIGURE 3 
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FIGURE 7 

VARIABLE PERFORMANCE PARAMETERS OF MPWS 
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FIGURE 9 

ACCURACY (NATO STANDARD TARGET) 
StatJonary—Moving (S-M) 

ICO - f 
90 - / 
as - / 
70 m / 
SO - / 

UTIUTY SO 

40 

30 

20 

10 

0 
0 

Range 
.      2,000 M / 

/ 

| (       i 
.1    .2    .3    .4     J    J .7 .3 .3    1.0 

P(HI 

• MEASURE IS PR0EA8IUTY CF HIT, p(H) 
• ASSUMES NATO STANDARD TARGET, RANGE 20Cfl METERS 
• CROSSING SPEED OF 20 KM/HR 
• EVALUATES MAIN GUN, SIGHT. AND FIRE CONTROL 

FIGURE  10 
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FIGURE  11 
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FIGURE  12 
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NASA Procurement Management Technology Program (PMTP) 

H. N. Martin 

NASA/Goddard Space Flight Center (GSFC) 

Introduction 

This paper is designed to provide an overview and system objectives of the NASA PVTP  Tr !««! » 

fealibl Jr16"/11' f"^^ 0f a StUdy COndUCCed ^ Battle <*lJ^  Laboratories c^^rning the 
teasxbxlity and implementation strategy for NASA-wide automated procurement system? 

PMTP 

PMTP was  developed  at NASA Headquarters   (HQ)  under   the  direction  of  Dr.   Neil  F     Lamb       Irs   «««- 
is  to develop a standard automated  system to  be  implemented NASA-wide      This  ™ ^'n   ^f  T ^ 

the^effici^fh  ^V—"1   -*»«'  «»"  ^SA.   Ld  intSration^th  -o'rfaS^dTtf    oclssl^'for 
object^esr ' PrOCUremen,:  data-     ^  "y— "««"   be  designed   to  meet   the'foUow^ 

effort     0ne"Cime  CaPtUre ^ ^^ ^  iCS  S0UrCe-this  MOuld av°id unnecessary duplication of 

b.     the multiple utility of  computer equipment  and  computerized  data—this  would  increase 
management's  access  to  various  levels  of  information  from different  sources; 

decis^n crite'riaT10" ^  ^^  ^  ^  deCiSi0n ***•*"-***"  uniformity  from various 

d. the automation of  operational  reporting—increases  management  control; 

e. exception reporting; 

„.! J'     S* fdh0C inqUiry 0f Procurenlent data bases-increases the ability of procurement person- nel to randomly access information sources; and procurement person 

g.  efficient production of procurement documents. 

Problems Encountered in the Present System 

conta^dT": p^eTsylL"! ^ aUCOmati0n, ^ ^ ^ ^ eSSenEial ei—" "^^ «• 

^ iS!!^^00"1^0^! centraUzati°". P°Ucy decisions channeled through HQ would no 'onger 
be randomly implemented.  Changes in system requirements would be a one-time process. 

2  Summary Reporting-All summary reporting would be developed from one basic model allowi- for 
better analysis and more frequent use of summary data. blowing .or 

3.  Data Input—Data input should be less frequent and aore accurate. 

HIT*  ^"r f7  .the PMTP iS baSed 0n tW0 P^^lP1^-  One is the commonality of the procurement 
process system design and implementation.  Throughout NASA the procurement process is normarv uni- 
form based on the NASA Procurement Regulations and Federal Procurement Policy!      ^"aW um- 

o
r"d^"UaUty " Ch! SeCOnd key element in the P^ •T"-*.  Through NASA, different centers and 
^he^e include:3" CharaCteriZed ^ a *«*«? ^ ^°*  requirements and ^ganizational obaLtives. 

a. organizational management-centers tend to implement policies based on their own lnt«rnal 
organizational structures and needs; -nte.nai 

b. functional—scientific goals and objectives vary among centers; and 

^ted'systems^131-^0' ^"^ ^ ^ ^   ^^  0n fUndS ^"^ ^ligated for individual auto- 
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SCucture of ehe PMTP Studv 

ohL!MLP/aSCrdUC<:ed ^ Ba"le COlUmbUS ^b°""^es and is comprised of seven phases  Each 
Phase addressed a ley element in developing the program.  Below is' a brief sundry of s'ix phases. 

broken down into the dlfferfnt procurement areas ^d'thfr'16"8 thrOUShout ****'     Each center was 
developed to extract information on the operltion^f III    T        are*S'    A^uestionn"" «" then 
levels play in that svstem  Th^ H^-T^  ?  ^   *       procurement system and the role various 

automated procuremLt'sJs^m was feasibltbuf th^" r0m C^S P?rti0n 0f the Study Was that the 

would be difficult. feasible but chat organizational change to integrate the system 

The Integration Report provided the basic design and system conceots for the PMTP  It brok* MA^ 

in this sectio^!  Senerati0n-  FUes > u8ers. and relationships between modules were also defined 

The Hardware Report defined the hardware requirements for the system  Selectlnn „F Kh 
hardware and its configuration was based on three areas: Selection of the appropriate 

(1) organization objectives. (2) organizational behavior and structure, and (3) cost. 

processing by the different users. effective use of on-line interactive data 

Implementation Plan.  Implementation for the entire PMTP at al] MA^A —»»-. 

System Objectives of the PMTP 

Tracking and Forecasting (T&F) 
Document Generation 
Small Purchases 
NASA Procurement Regulation 
Source List 
NASA Headquarters Reporting 

TiF 

TSF will involve the collection, processing, updating, and disemination of data concerning the 
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Document Generation 

^Tp
eVe^Ping do=u,,lents 3uch as ^««Mt for Proposal (RFP). Invitation for Bid (IFB)  Grants  etc 

POTP will have the capability of automatically accessing data to develop a standard text L^H 
the requirements definition.  Once the standard text is identified  the user ^11 add "t^f 
taior-made material unique to a particular requirement.  Ihesf^ldncude charts   n r"t 
t    t.   tl' ^ documents would be developed using standard word processing techniques and 
would be integrated in an electronic mail system for possible distribution or Lvlew 

Small Purchases 

Small Purchases' orders are usually processed manually through a repetitive process of analvzinsr a 
user requirement, selecting possible sources, Initiating a Request for Quotation (RFO)  anH 
se ecting the lowest technically acceptable quotation. WVp data^U be c^ptu^d alectroni- 

" y prep^r^derT^T003"^117 ^"^ ^ 0™ ^"^ ^^^ u o"! i- 
tttLrll^, an°rd"- In ^ition to the generation of purchase documents, the svstem will have 
the capability of performing all contract administration functions, such as. recording delivervlnd 

PMT*P o^hJf ^ " g00dS; USerS 0r ^ -^-"^ P"-nnel would have t^eabiUy'to Access PMTP to check the status of any particular requirement. access 

NASA Procurement Regulation 

Revisions and additions to NASA Procurement Regulations are diseminated through the nomal internal 

,ndVy T . 'r ?m?  any revisio"s Co *• regulations would «. developed cent7alZ™\l£m 
and transmitted electronically to the various Centers.  Even though updates wiU be centrally  Q 

on o ^ thr0nSh
r
m'   -^vidual centers will still have the flexibiLty nec'ssaS in rde^ to 

contorra to unique Center requirements. """T m orce. co 

One major advantage related to automation is that any applicable regulatory change will automati- 

Source List Automation 

All information or data required for source list development, debarred bidders and past .er-'or- 
mance evaluation, -will be available from a centralized data iase. The syst^ -kll autoLt'c^llv 

ir^ide^tio" '^ USer ^—^ ^ ^. administrative ol  ^^f^S 

>iASA HO Requirements 

One of the key features of the NASA automated system will be its ability to collect and diseminate 

thrn  h^H^^ r0CUremenC related a"ivlti"-  The planned method Co accomplish this .ask S 

characteristic of the data transfer to HQs is the fact that Center recorL will be avaiUbL only 

iLi^r^n^rrp^tio^^ HQ's reporting requi~' ^ -^ ^ *n^^y 

III  nroHSy^ea'.0bJe^iVeS 0f Che ?rocureQent Management Technology Program are designed Co increase 
Che productivity, efficiency and professionalism of procurement personnel, as weU as demonstr^ 
government initiative in utilizing computer technology.  This afLrt =o! d serve as a"Jd" "or 

Another area for consideration is what effect -will automation have on che exiscW -rocureme-c -o-k 
ore.  If che work force is properly trained and che system designed wlth^elr^nout svs^ 
ncegracion can be enhanced.  Therefore, proper training and che Lvelo^nenc of a'ser 'r endl- 

syscem must be a prime consideration. -r.enal^ 
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PROGRAM MANAGER'S SUPPORT SYSTEM (PMSS) 

Harold J. Schutt and Ted Inealls 

DEFEMSE SYSTEMS MANAGEMENT COLLEGE 
Fort Belvoir, VA 22060 

ABSTRACT INTRODUCTION 

The focal point of  the Defense Systems 
Acquisition Process  is   the weapon  system pro- 
gram manager.    With the current climate 
toward achieving  increased decentralization 
of  decision-making  responsibility and authority, 
the demands on the program manager will  in- 
crease.     Not only will  the decisions  to be 
made by  the  program manager   increase  in num- 
ber   in this climate,  but also  these decisions 
will  involve  issues  that are more complex and 
more critical  to  the success of  the program. 
Increasingly,   the truly crucial decisions  in 
Che areas  of  strategic  planning,   budgeting, 
logistic   support and   the overall  acquisition 
strategy will  be made by  the program manager. 

The relative maturation of management 
information system  (MIS)   technology  in recent 
years  now enables   the program manager   to  gather 
and  analyze vast  quantities  of  decision-related 
data.    However,   these data are generally  in 
"functional" blocks.     Much  less  progress  has 
been made  in developing   tools  for   the  program 
manager   to   integrate and apply  these data 
areas and   to actually  support  him  to  make 
decisions.     This   is  particularly  true when  the 
decision  to  be made  is  non-routine,  unstruc- 
tured  and  requires   the application of  the 
decision-maker's  judgment,   experience and 
intuition.     A research project  has  been 
initiated  by  the Defense Systems Management 
College   (DSMC)   to  see  if  Decision Support 
Systems   (DSS)   can be applied   in  the defense 
program management arena   to  help  fill  this 
void.     The research underway concerns  the use- 
fulness  and  application of  DSS   in DOD-wide 
defense  systems  acquisition and will  have 
implications  for all  levels  of decision-making 
in  the DOD  from  the  Secretary of  Defense  to 
the  program or  functional manager. 

This paper addresses a Program Manager's 
Support System.    A PMSS  is  the application of 
Decision Support  System   (DSS)   principles, 
integrated with management  information systems 
(MISs)   techniques,   into   the defense weapons 
systems program management environment.     The 
evolutionary steps  that will be necessary to 
develop and   implement  this  application will 
be described  in  this  paper. 

The cartoon in Figure 1,  which appeared 
in the Washington Post newspaper in December 
1981,1  is very illustrative of a common 
situation  in which we often find ourselves, 
especially on a Monday morning. The PMSS   is 
intended  to address  this dilemma for program 
managers. 

The  effort described   in  this  paper   is 
underway at   the Defense  Systems  Management 
College  (DSMC),  Fort 3elvoir,  Vk.     The princi- 
pal   investigators  are Mr.  Harold  J.  Schutt 
and Mr.  Ted  Ingalls,  who are Professors of 
Acquisition/Program Management  in  the Depart- 
ment of  Research and  Information.     Their 
telephone numbers  are:   (703)   664-4793/5783 
or aucovon  numbers,   354—*795/5783 .  '' 

BACKGROUND 

The PMSS  project at  the DSMC was  started 
in  the Fall of  1981.    A number of discussions 
were  held  which revolved  around  problems   that 
program managers  have  relative  to   the amount 
of  data   that  is  available  to   them and  how 
they, as users of   chat data,  have to  handle 
it.     On December   22,   1931  a  brainstorming 
session to  consider  these problems was held 
with members  of   the DSMC  faculty and  staff. 
That  session was   the genesis  of   this  project. 
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Starting  in January 1982,  a series of 
visits were made to determine what DSS or 
PMSS-type  efforts  were on-going  in academia, 
industry and DOD acquisition management 
activities.     Through 12  February  1982,   two 
universities,   eight companies and four DOD 
activities  were visited. 

On 2 February 1982 another  session was 
held with the DSMC staff and faculty  in order 
to structure a program plan for  this effort 
at  the DSMC. 

On 12 February 1982  the program plan for 
this project was presented  to  the DSMC Executive 
Board.    The Executive Board  suggested  that 
one of  the first efforts should be to conduct 
a  survey of  current defense systems program 
managers' to determine what management  informa- 
tion and what management  information systems 
the program managers were currently using. 
This,   Chen,  would  serve as a baseline from 
which  to  evolve a  PMSS.     Further,   the Board 
requested   that an  "effective MIS" be defined 
from  the analysis  of  what MISs   the  program 
managers are  currently using. 

During  the period  15 February  to 7 April 
1982,   21  program managers from  the Army,  Savy 
and  Air  Force were  interviewed   to  collect  the 
data  needed   to  fulfill   the Executive Board's 
request. 

On 3 May 1982,  a report was made to  the 
DSMC  Executive Board  on  the results  of   the 
program manager's management   information 
systems analysis.    The overall program plan 
for  continuation of   the PMSS   project was also 
presented and approved at  that meeting. 

STRUCTURE OF PAPER 

The description of   the Program Managers 
Support System  is addressed  through answers 
to  seven questions  that have been divided 
into   two  groups.     The  first group  has   three 
questions  that relate  to DSMC's  involvement 
in this project.    The second group of  four 
questions  produces a description of   the PMSS 
project.     This  paper  will  be  structured 
around   these  questions.     At   the  end  of   the 
description portion of  this paper  is  Che 
first  status report  that has been published 
on  this  project. 

DSMC's  INVOLVEMENT 

The first  three questions relating  to 
the Program Managers's  Support  Syscan  project 
center  on DSMC's   involvement.     The  three 
questions  which will  be addressed   in  this 
section are: 

1. Why is DSMC   involved? 
2. How is  DSMC   involved? 
3. Who is   involved,  both within DSMC 

and external   to  DSMC? 

WHY IS DSMC INVOLVED? 

The answer   Co  this  question basically 
involves   three areas.     The areas  relate  Co 
(1)   decision-making  problems   in  the  program 
management environment,   (2)   DSMC's organiza- 
tional  position  in DOD,  and   (3)   DSMC  has  a 
proposed solution in this area  (granted,   it 
may be only one of many possible solutions.) 
This proposed solution is  the PMSS,  discussed 
in this paper. 

Decision-Making Problems 

It  is not  intended  to go  into a discussion 
of  the results of  problems  that exist in the 
decision making processes-either within the 
Defense Department or  external  to  it.     There 
are problems  in decision-making processes, 
both within  the DOD and  in industry.    Because 
of  these problems,  DOD and  industrial activi- 
ties have been seeking management  tools  to 
improve decision-making processes.     This 
paper  describes  a  new management  tool  for 
program managers. 

A factor  contributing  to   the difficulties 
in  the decision making process  is  the differ- 
ence that exists  between the perception and 
the reality of what  is occurring.     It  is a 
commonly  heard  statement  in  the DOD acquisition 
community  particularly during   the budget 
process,   that  "programs  that appear  to  have 
their act   together  do  not  lose".     The  point 
of  this  is  that very often the preceptlon is 
more  important   than  the actuality of   the 
situation.    One objective of   the Program 
Manager's  Support  System will  be  Co   provide a 
program manager  che capability  to better 
articulate and  defend  his  program  by, gener- 
ating alternatives and recommendations  that 
are  supported with hard  data  and  analyses. 
This,   in  turn,  will demonstrate  Co reviewers 
chat his program  is,   in fact,  under control. 

An issue of  growing concern  in recent 
years  to people  in DOD and  in industry  is  the 
amount of  data   that managers  must  deal with. 
Most people  feel   that   the more  prevalent 
problem  is   that   there  is   too much data   to 
deal with,  rather  than che opposlce of  too 
little data.    However, whether a  program 
manager  finds  himself  in a data  poor or a 
data  rich  situation.   It  creates  a  problem  for 
him.-     If   the  environment   is  data  poor and 
there is  insufficienC daca   to  supporc  the 
decision making   process,   Chen  two  alternatives 
exist,     "irst,   the  program manager  can make 
a  decision  today,   wichouc   che missing  daca, 
and   cake a  chance   chac  his  decision  is   che 
best one.     Second,   che  program manager  can 
delay  his  decision while he   is  gachering   che 
additional  data  required.     If   che  environment 
is data rich,  where there  is  too much data 
relative   Co   che decision  co  be made,   then 
che main oroblem   is   in  che  selection and  use 
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of  thac data  thac  is relevant  to  the decision 
to be made.    In either  environment - data 
rich or data  poor-there are  impacts   in  terms 
of  time and cost.    In a data  poor  environment, 
there are costs  associated  with gathering   the 
information  that   is  required.     In a  data  rich 
environment,   it  costs more  to  sort  and  sum- 
marize the data and  select  that which is 
pertinent.    In either  case,   the decision 
making  process  can be delayed.     Delays usually 
translate  into  additional  costs.  Further, 
delays   in decision-making  can,   in  turn,  delay 
deployment of  the defense system capability 
in the f ield . 

There   us  some amount of  data  that   is 
appropriate for  the decision at hand.    One of 
the objectives of  the Program Manager's 
Surpo-t System  is  to help  the program manager 
arrive at  the right amount of data  for  The 
decisions  that he has  to face. 

Another common problem  in the decision 
making  process   is   the  question of  what  "path" 
will be followed.    We are here today at  the 
present   time.    We are concerned  with  the 
future which,  depending on what our objectives 
may be,  could  be  three months ahead,   six 
months ahead,  or  three years,  six years,  or 
even ten years or more in the future.  The 
problem  is how does one get  from the present 
to  the future.    It certainly would be nice  to 
be able to  take a  straight line path in going 
from  the present  to  the future.    See Figure 
2.    Unfortunately,  that  is not always feasible. 
The  next  best  alternative would  be   to  proceed 
down a path headed  in the correct general 
direction,   recognizing   that  some  small  devia- 
tions  may be  necessary along   the way.       This 
approach  is much better   than wandering aim- 
lessly with no   idea  of   the correct  direction, 
but  this  is  still certainly not  the optimum. 
Contributing   to   this  problem of   planning  a 
course of  action  is   the  lack of  knowledge 
about   the  future  state.     See  Figure 3.   The 
following   statement,   heard  on one of   the 
survey visits,  clearly sums up  this dilemma - 
"If  you  don't  know where  you  are going,  any 

road will   take you  there."    A Program Manager's 
Support  System cannot   totally alleviate  the 
problems  associated  with  the future.     However, 
it  would  be helpful   to  a  program manager   to 

ALTERNATE PATHS 

have a capability  that would assist him  in 
generating alternatives.  By applying   the 
program manager's  judgment of   future  events 
to  these alternatives,  he would be aware of 
the possible consequences  of   the alternatives 
under  consideration.     The ability   to  generate 
alternatives,   and  document  their   impacts,   is 
one of  the objectives of  the Program Manager 
Support System. 

FUTURE STATE 

Present 

Figure 3 

DSMC's  Position  in DOD 

The  second area   that relates   to  why  DSMC 
is  involved  in  the development of  a Program 
Manager's  Support  System has   to  do with 
DSMC's organizational position in  the DOD. 

The  DSMC   Is  a  DOD  educational   institu- 
tion which  is  charged  with  the responsibility 
for  providing   instruction  to  DOD  program 
managers,   prospective  program managers  and 
personnel who will fill key positions  in 
program management offices   (PMOs).     The DSMC 
mission  is  shown  in  Figure 4.     The DSMC 
implements   its  overall mission by  providing 
education for acquisition  professionals  and 
conducting  research,   to  support and   improve 
defense  systems  acquisition program management. 

DSMC MISSION 

A Future 

Figure 2 

■ For national and international programs • 
• Conduct advanced courses of study 
• Conduct research into all activities related 

to ... defense systems acquisition 
management 

• Assemble and disseminate information 

■ Serve as the academy of systems acquisition 
management for the DOD and military 
departments 

flt*: DOD OlrSIM.SS (Drift) 

Figure 4 
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The DSMC  is organizationally positioned 
at  the  third level of  the Defense Department 
and  supports OSD ci-. ilian personnel and 
civilians and military personnel  from  the 
Array,  Mavy, Air Force and Marine Corps, at 
all management  levels  from middle management 
to general and  flag ranks.  In addition,   the 
student  body  has   included  personnel  from 
other government agencies,  such as  the Defense 
Logistics Agency,   the General Accounting 
office,   the Defense Communications Agency, 
the Department of Energy,  and  the Defense 
Intelligence Agency.     In order  to provide a 
balance in the courses,  the goal  is  to have 
about 80 to 90 percent of  the students coming 
from the above listed government activities 
and  the remaining students coming  from Indus- 
try.    Examples of  companies who have partici- 
pated  in courses at DSMC are IBM,  Goodyear 
Aerospace, Martin Marietta,  Rockwell Inter- 
national and  Lockheed. 

The DSMC provides  instruction in the 
defense  systems acquisition process  through 
lectures,  discussions,  case studies, decision 
exercises, and  the like.    The objective of 
the DSMC  effort  is  to  provide  program man- 
agers,  or  prospective  program managers,  with 
improved  skills.    The above are all  Important 
elements of  the  instructional environment and 
are ones  that one can get  their hands on. 
There  is another element,  however,   that  is 
equally  important and  a  role  that  DSMC and 
all  educational  institutions have.    That role 
can be described   in many ways,  but what  it 
boils down to  is  that an educational  institu- 
tion plays a part  in changing  the raind  set of 
its  students.    The educational  institute does 
this by bringing  the students up to date in 
modern technology and  provides  the vehicles 
so   these   technologies  can  be applied.     This 
changing of  the mind  set  is as equally  Important 
as   the   instruction  that   is  provided.     In any 
activity  involving  computer  systems,   the mind 
set of users  is very important.  People have 
been "burnt" with systems  that were going  to 
provide  everything.     Sow,   some re-education 
and rethinking for new,  practical applications 
is  required. 

HOW  IS   DSMC   INVOLVED? 

Systems  Acquisition Education and  groups  of 
students  from the PMC course working on 
research projects.    Within  the DSMC,   the 
Executive Board will be the sounding  board 
and approving  body  for   this  project.     Because 
the  Program Manager's  Support  System concerns 
all of  the services  it  is desirable to have 
representatives  from  the four  services as 
members of  the PMSS   team.     In addition,   it  is 
desired  to  identify representatives  from  the 
academic world and  industry who would  like  to 
work with DSMC  in the evolution of  this 
project.     It  is desired  to  establish a panel 
of  experts and  to set up an exchange program 
where  information may be exchanged between 
all  the participants  in the project.    Finally, 
contractors will be hired  to  support certain 
elements of  this effort and will be added  to 
the project  team as required.     Since PMSS  has 
a multiservice utility,  and will support 
other elements of  the DOD,  from  time-to-time 
presentations will be made to  the various  OSD 
and service organizations  to keep  them abreast 
of  the project's progress.    These presenta- 
tions will be provided  to all contributing 
participants. 

PMSS   PROJECT  DESCRIPTION 

The second  group of  questions relating 
to  the Program Manager's Support System 
project address  the subjects of:     1)  decision 
support  systems and   the  transition from 
decision support systems  to a  Program Manager's 
Support System,   2)   what a Program Manager's 
Support  System  is,  and  3)   the PMSS  project at 
DSMC.     Four   questions   that will  be answered 
are: 

1. tfhat are Decision Support Svsterns? 
2. What disciplines are  involved  in a 

Program Manager's  Support System? 
3. Are PMSS's  of  benefit   to  defense 

systems  acquisition and   to  program manage- 

DOD? 
How are PMSS's   to  be applied   in 

'••THAT ARE  DSS's? 

DSMC  is   involved   in  the Program Manager's 
Support System project  in all elements of an 
instructional organization.     It  is antici- 
pated  that DSMC will provide consulting 
services  relative  to  PMSS,   particularly 
during  the later stages of  this project while 
implementation  is  ongoing. 

WHO   IS   INVOLVED? 

The PMSS   project   team  is  just  beginning 
to  be assembled.     As   time goes  on,   new mem- 
bers will be added  to  the  team.  At DSMC  there 
will  be  representatives  from  the Departments 
of  Research and   Information,   the  School  of 

On  22  Dec   1981,   the  faculty and  staff  of 
DSMC held a  session  to brainstorm  the subject 
of  Decision Support  Systems.     At  that session, 
participants  were asked   "What  does  DSS mean 
to  you?"     The responses  received  are depicted 
in Figure  5.     There is a wide spectrum of 
what  people  think DSS  means and   there  is 
confusion between what MISs  are and  what  DSSs 
are.     The most  prevalent  concept of  what a 
DSS   is  - a  system  to  help answer   "what   if" 
questions  - was also volunteered during   the 
discussion. 
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WHAT DOES DSS 
MEAN TO YOU? 

Faster, more accurate decision making 
Getting rid of the dog work 
Support of decision making process with 

pertinent data 
Any aid to improved decision making 
Increased control on data management 
Timely provision of most and best data available 
Enhanced information for decision making 
Intelligence for decision making 
Support for management decision making 
Decisions, forecasting, Al, information, 

decision rules, actions 
Data filter (selection for usefulness) 
Aid for supportable decision 
Aid to long range planning 
Data plus decision making process 
"What if ?" 
Personality dependent 

Figure 5 

Initially, when this project was started, 
it  was  called   the DSS  project.    As   time 
progressed and  the project's goals were more 
clearly defined,   it became apparent  that 
DSMC's  role  should  be  to apply DSS   techniques, 
along with others,   to  the program management 
environment,  rather  than to just conduct 
research  in DSS   techniques.     Therefore,   the 
project's  title was changed  from the DSS 
project  to  the PMSS  project. 

At   the onset,   it was  necessary and 
important  to understand  the distinctions 
between management   information systems and 
decision  support  systems  before  trying   to 
develop a  Program Manager's  Support  System. 
One of   the first efforts of  this  project was 
to conduct a  literature search.    From  that 
search a  number  of  definitions of  DSS's and a 
number of approaches relative to  the transi- 
tion  from management   information  systems   to 
DSS's  was  uncovered.     A  few  examples will  be 
given  in  the  following  paragraphs. 

Mr.  Robert Vierck,  Director of  Informa- 
tion Services,  Dillingham Corporation,  con- 
siders  the evolution from management  informa- 
tion systems   to  DSS's   in  the context of 
information resource managanent.       Vierck 
says   that   information resource management  is 
the  process of  managing   information  in an 
organization  so as  to maximize  its  goals.     He 
goes  on  to  say  that  information resource 
management   is  a management  function,   that  it 
is  a   part  of   the organization  just as much as 
technical management  or  production management 
or any  other management  concepts are,  and 
that  to be successful,   information resource 
management  requires management attention at  a 
significant  level. 

When one considers   the  transition  that 
has  occurred  from  the  first management   infor- 
mation systems   to  some of   the  present  systems, 
one sees  a  number  of  changing  concepts.     In 
the  past,  management   information  systems  were 
fraught with  problems  such as   the following. 
Management  information  systems  could  provide 
anything  that was required;   huge data  files 
existed and any report  that was required 
could  be generated.     Unfortunately,  what 
normally  happened was   that  the managanent 
information systan reports,  designed by  the 
data processing departments,  consisted of 
reams and reams of paper  that served few. 
Another problem  that related  to  the old  style 
of management  information systems was  that 
the  systans   took a   long   time  to  be developed. 
If one had a requirement for a  new report, 
and was  lucky,  one could get  it  in a short 
time. More likely,  however,   it  took from six 
to nine months  to get  the report  implemented. 
This  was a   "bottoms up" approach  to  develop- 
ing management  information  systems. 

More recently,  managanent  information 
systems are being designed  "top down" and  the 
information requirements are being driven by 
the users.     This  is reducing  the amount of 
paper  being produced, making  the reports more 
relevant,  and resulting  in  their being  imple- 
mented  quicker. 

Vierck has  compared management   information 
systems with DSS's   (see Figure  6).     He  cate- 
gorizes management at  three  levels:   top 
management,  middle management,  and   super- 
visory  level.   He characterizes  systems  as 
structured  or  unstructured  and   that  the 
sources  of   the data   that   the  systems  rely 
upon are either  internal data or  external 
data.     Management   information systems  are 
viewed  as  primarily  being  structured,  as 
primarily resulting from  internal  informa- 
tion,  and  primarily  used  by  lower   levels  of 
the organization.    Top managanent levels 
depend more upon decision support  systems. 
DSSs are characterized  as  systems which 
depend more upon  external   information  than 
internal  information and are primarily 
unstructured. 

Dr.  Gerald Wagner,   President  of  EXZCUCOM, 
looks at  DSSs as  executive mind  supports.     He 
says   that a  decision  support  system  is   "a 
system  that an  executive would  utilize with 
such  intimate rapport  that  it seems  to 
become part  of  his  own mind"."1    Dr.  '-.'agner, 
states  that  there are four  principal attri- 
butes  of  a  decision  support  system. 

(1)     They  support   executives  at many 
levels   in dealing with  the  non-repetitive, 
111  structured  problems  of   the managerial 
world  rather   than  performing  routine chores 
which are  peripheral   to  genuine  executive 
functions . 
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MIS AND DSS 

Top 
management 

Middle 
management 

Supervisory 

RrtVlarck 

External 

nternal 

Structured Unstructured 
Figure 6 

(2) They are developed by an endless, 
adaptive learning process involving the 
executives themselves rather than being built 
by computer specialists to meet precise 
obj ectives . 

(3) They are used more or  less directly 
and   interactively  by  the  executives-perhaps 
through close subordinates-rather  than serving 
as distant,   independent resources. 

(4) They mesh with the  thought processes 
of  the executives  in such a way as  to extend 
and  ennance  the executives'  own understanding 
and  judgment rather  than providing the answers 
to  specified  questions. 

Or.  Uagner  considers   that   the fourth 
attribute   is   the most   important and   that  the 
first  three attributes  tend  to  support and 
feed   the  fourth attribute. 

Dr.  Wagner  has made  some other  pertinent 
comments.     Systems   tend   to   fall   into one of 
three  categories.     First,   they may  be ad  hoc, 
for  one  time use,   such as  when  studying a 
proposed  venture  to make a  one  time decision. 

Second,   they may be continuing  efforts  that 
are used  frequently,  such as cash flow analysis 
systems.     The  third  kind of  system  is only 
used  occasionally  over  long   time periods. 
Examples  are  strategic  planning   systems  and 
budgeting  systems.     Dr. '-Jagner warns us  that 
the capability of  DSS's are not justified  in 
terms of dollar  savings or  increased produc- 
tion,   but  should  be  justified  rather   in  terms 
of  increased managerial quality and  effective- 
ness.     Finally,   Dr.  Wagner  states   that  DSSs 
should be considered  to complement MISs, 
rather  than supplanting  them. 

Doctors  Peter  G.  W,   Keen and  Michael  S. 
Scott Morton,   from  the  Sloan  School  of  Manage- 
ment  at M.I.T.,   view  the  relationship  between 
management  information systems and decision 
support  systems  in a somewhat different 
light.     Their approach  is  represented  by 
their   framework for   information  systems 
shown   in  Figure  7.^ 

Keen and  Scott Morton use  the   terms 
"structured,   semistructured,  and  unstructured" 
to characterize the  type of decision to  be 

■?.ade or   the  task  to  be accomnlished.     At  the 
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A FRAMEWORK 
FOR INFORMATION SYSTEMS 

MANAGEMENT ACTIVITY 
Type of 
decision/ Operation Management Strategic Support 
task control control planning needed 

1 4 7 
Structured Inventory Linear Plant Clerical, 

reordering programming 
for manufac- 
turing 

location EDPor 
MS models 

2 5 8 
Semistruc- Bond Setting Capital DSS 

tured trading market 
budgets for 
consumer 
products 

acquisition 
analysis 

3 6 9 
Unstructured Selecting Hiring R&D Human 

a cover managers portfolio intuition 
for Time development 
magazine 

Figure 7 

two  extremes of  the continuum of decision 
types are:   1)   the  structured  decision which 
can  be defined  and  bounded   so  clearly   chat a 
manager  does  not  need   to  be  involved  and   the 
decision can  be given  to  clerics  or  to a 
computer  and   2)   the unstructured  decision 
where a manager's  or  executive's  personal 
judgment  forms   the basis   for  the decision. 
Between   these  extremes  falls   the area  of   the 
semistructured  decision where combining  the 
model and  data  with  the manager's  judgment 
provides a more  effective  solution  than 
either  one  by   itself. 

In   the context  of  a  Program Manager's 
Support  System  this  framework would   indicate 

that  the structured decisions are  those  types 
of decisions  that  the program manager might 
delegate to his  functional managers at  the 
appropriate level.     To  support  these decisions 
the data available from existing management 
information  systems   is  generally adecuate. 
In some cases,   especially at  the higher 
levels  of management,  modeling   is  beneficial. 
The  semistructured  decisions  are  those  re- 
quiring  support  from decision  support  svstems. 

The relationships between  the original 
automated  data  processing   (AD?)   svstems  — 
which were  frequently  referred   to  as  classic 
data  processing  systems or electronic data 
processing   (EOT)   systans — manaeenent 
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INFORMATION RESOURCE 
MANAGEMENT ACTIVITIES 

- CLASSICAL OP MIS 

Supports: Working levels Middle management 

Functions: Clerical tasks Business operations 

Features: Data oriented 

Transaction driven On-line input 

Inquiry capability 

Processes data Provides information 

Structured, repetitive       Structured problems 
problems 

Process: Batch On-line/Batch 
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Positive control 

Least cost 

Availability of 
info in 
usable form 

Keyword: Efficiency Availability 

Examples: Accounting Historical/Trends 

Payroll Order entry 

Material req'ts 
planning 

Rgure 8 

OSS 

Executive levels 

Decision making 

information oriented 

Displays information 

Non-structured 
analyses 

Interactive 

Screen displays 

Mostly external 

Days 

Responsiveness to 
"What if" Inquiries 

Effectiveness 

Forecasting analysis 

Strategic planning 

Opportunity selection 

intormation systems and decision support 
systems are summarized  in Figure 8.    It can 
be  seen that,   in general as we move from EDP 
through  MIS   to  DSS   the  following  general 
statements  can be made. 

1) These  systems  normally  support a 
higher  level  in  the organization. 

2) They become information oriented 
rather  than data oriented. 

3) They  become more  interactive rather 
than using batch processing  techniques. 

4) Their utility  is measured   in  their 
responsiveness  to  "what  if"  inquiries rather 
than  their  high degree of  accuracy and   their 
cost. 

The  key word   relative  to   these  systems 
is   that  while  the  early data  processing 
systems  stressed   efficiency  of  operations  and 
management   information  systems  stressed 
availability  of  data,  decision  support 

systems  stress  effectiveness.    The marriage 
of  the man and  the machine to  exploit  the 
strengths of  both  is an objective of  the 
Program Manager's Support System. 

WHAT  DISCIPLINES   ARE  IOTOLVED? 

The development  of  a  Program Manager's 
Support System  involves  four different dis- 
ciplines:     Operations  Research   (OR),   Manage- 
ment  Science   (MS),   Computer  Science   (CS) ,  and 
Behavioral  Science.     See  Figure  9.     Some 
organizations  tend  to  group Operations  Research 
and Management  Science   together  and  would 
consider  that  there are only  three disci- 
plines   involved   in  this  effort. 

Of  particular   importance  from an  Opera- 
tions  Research view  point are   the modeling 
evolutions  and mathematical  analvsis  operations. 
In Management  Science an understanding  of  all 
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of   the activities  listed   is  important; 
however,   the most  important activities current- 
ly relate to strategic  planning    and decision 
science. A fairly new activity  that  is be- 
coming more and more  important  in  this area 
is multi-criteria decision making.     In  the 
world  of Computer Science  the most  Important 
recent   innovations are data base management 
systems  and   interactive graphics.     An  in- 
creasingly  important  function for future 
PMSSs  will  be   the addition of  artificial 
intelligence.     Behaviorial  scientists  have 
made  important  contributions  in  small and 
large group  interactions,  and   the man-machine 
relationships.     Their  newer   efforts  in human 
reactions,   heuristics  and  cognitive processes 
are  of   increasingly more  importance. 

The   initial work done   in  this area 
indicates  the name applied  to  this  effort can 
be very   important.     Humans   tend   to  react 
negatively   to   the  name  -  "Decision  Suuport 
Systems."    Most  people  in decision-making 
roles  are well  educated,   confident,   experi- 
enced  people who  feel  they are capable of 
making decisions on their own.    They reject 
the  idea of  systems making decisions  for 
them.     Again  here,   is   the matter  of  percep- 
tion.   The  systems do  not make decisions,   but 
rather,   the systems provide information'to 
help  program managers make decisions.  With 
the  title of decision support system,   the 
emphasis   is  on   the word   "decision" and  not on 
the word   "support".     Studies   in  this area 
indicate  it   is   important   to  refer   to   these 
systems  as  decision  tools.     It   is  preferable 
to  call   them  "support  systems",   such as: 
executive  support  systems,   personnel  support 
svstems,   ^roup  support  systems  or organiza- 
tional  support  systems.     In  this  way,   the 
concentration can be  placed  on  the aopropri- 
ately  active word   in  the  title -  that  being 
the word   support. 

It  has also  been  noted  from  the visits 
conducted  so  far   chat   there  is  one group 
wjthin  the academic  communitv  chat  refers   to 
the  svstems   as   "expert   svstems". 

ARE  PMSSs  OF BENEFIT? 

The  questions   chat must  be  investigated 
in  the course of   the research are whether 
PMSSs are of benefit 1)   to  the defense sys- 
tems acquisition management  process  and,'2) 
to  program management. 

Intuitively,  we project  that  they are 
and  in  the course of  our research we will 
determine the validity of  this  projection. 
Our  hypothesis   is   that  PMSSs  can  Improve  the 
effectiveness and  efficiency of  the program 
manager's  operation. 

HOW ARE  PMSSs   TO  BE APPLIED   IN  DOD? 

The  seventh and  final  question relative 
to  the description of  the PMSS  project will 
be divided  into  two  portions.     The first 
portion will address  the approach  to be used 
in the  implementation of   this project and  the 
second portion will    address  the milestone 
schedule  that  is  outlined   in  the  plan of 
action for  this project. 

The  implementation approach  to  be  taken 
in  the development  of   the  PMSS   is   shown   in 
Figure 10.     First,   it will be necessary  to 
define  Che  cotal   information requirements  of 
the program manager.   It   is  necessarv   to 

PMSS IMPLEMENTATION 
APPROACH 

External 
information 
requirements 

Inputs 
Outputs 

Gov't 
I in-house 

Industry 
j contract 
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-erine  the external  information recuirements 
chat are placed on  che program manager  from 
above—a   Cop-down  approach—along  with  che 
internal   information requirements  of   the' 
program manager   in order   for  htm   Co  manage 
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his program—Che bottoms-up approach.  Further 
it is important, as part of this process, to 
define the information requirements of the 
program management office (PMO) relative to 
1) Che management of other governmenc activities 
that are tasked Co support Che PMO, and 2) 
che induscriaX contractors who are developing 
or producing products for the PMO.  By thor- 
oughly defining both che Internal and che 
excernal informacion requirements it will be 
possible Co 1) develop the inputs chac are 
necessary for Program Manager's Supporc 
System to support both the program manager 
and che program management office and 2) 
determine what information must be generated 
by che program manager Co support che levels 
above him and also what he requires to monitor 
che accivicies of che levels below him. 

One of che first activities undertaken 
in this project was to analyze program managers' 
information systems in order to be able to 
define an effective Management Information 
System (MIS) for program managers.  This 
accion was directed by the DSMC Executive 
Board at the 12 February meeting.  The results 
of this analysis are described in the first 
status report at the end of this paper. This 
portion of the research found that we are 
fairly adept at creating historical MISs that 
address the past and answer che question 
'".-'hat was?" See Figure 11. A next step, 
beyond historical MISs, is to develop a 

What if 

MIS TO PMSS 

Future- /^Forward-looking 
impact V       MIS 

Real- 
time 

Past 
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slightly   improved  MIS   chat will  add  "flaggine' 
activities  to  identify  thresholds which are 
about   Co  be  breached,   or  have  just  been 
breached.     If   che  events   leading   Co   che 
breaches  can  be   idencified  on a  real   cirae 
basis,   che  currenc  sicuacion becomes  clear 
and  appropriace accion can  be   eaken.     This 
creates  a   "what   is" mode of  operacion.     The 

nexc MIS   evolucion,   Co  look ouC   into  the 
future,  will be  the developmenc of a  "forward- 
looking" MIS  chat can project  trends and 
predict  the  impact of  future events.    This 
evolution will begin to address  the "what  if" 
question and   is   the  bottoras-up approach  to 
MIS  development.       The  concept of  a  PMSS 
begins  to  evolve as  progress  is made from  che 
hiscorical MIS  Co  this  "forward-looking" 
MIS. 

Before che boctoms-up approach proceeds 
too  far,  however,   it  is mandatory to define 
the  information requirements placed on  the 
program manager  from above so  chac a  fullv 
incegrated  PMSS design will  be possible. 
Therefore,  another very  important portion of 
this project  is  to determine and define more 
clearly  che program manager's responsibilities, 
che decisions he muse make relacive  co  chese 
responsibilities,  and  the  information he must 
have  to make  these decisions.    When these  two 
activities—the definition of a  forward- 
looking MIS  and   the  top-down  information 
requirements  analysis—have been completed 
and  integrated,   the concept  for a  total, 
fully  integrated Program Manager's Support 
System can  be clearly defined.     It must  be 
remembered   that a  PMSS   is a  management   tool- 
it  is an adjunct   co aanagemenc—not a  replace- 
ment  for management. 

What,   then,   is   the  structure of   the 
Program  Manager's   Support  Svstem?   Referring 
co   Figure  12,   ic  will  be  noced   chac  ac   this 
cime  che  Program Manager's  Support  Svstem   is 
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visualized as  being   the   incegracion of  man 
and machines   into  a  system  that works   cooper- 
acivelv   in an   tnceraccive,   user-friendlv 
mode.     Hardware and  software are  required   to 
provide a   baseline  plan and  data   base   infor- 
mation.     A  planning   language,   an  inquirv 
Language and   some  cype of   selection  criteria 
are also  required.     Most   imporcantlv,   what 
makes   chis  a   PMSS,   racher   than a  pure MIS,   is 
parcicipacion  by  execucive managemenc.     The 
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executive can  interactively  input  to   the 
process  his  personal  experience,   his management 
judgment,  and  his   intuitive  feel.     The manager 
can also  bring   into  play  the  external   influ- 
ences  which affect   the decision  that  he  is 
working  through. When these elements can be 
integrated   in an  interactive  fashion a  Program 
Manager's  Support  System will  result.     This 
will  yield  more  effective and  efficient 
decisions. 

With this very broad overview of a PMSS 
in mind,   the next paragraphs look at a PMSS 
from a  software and  a  hardware viewpoint and 
will  briefly describe what   is   initially 
planned   to be produced as a result of  this 
project. 

Information Handling 

From an   information handling viewpoint, 
the  Program Manager's  Support  System  is 
viewed as a  new form of a data base system 
as   is  shown   in  Figure  13.     Typical data  base 
management  systems  have a data  base and  a 
data  base management  language.     Certainlv 
the PMSS will have to  include  them.       Data 
to  feed  the data base portion may come from 
many varieties  of  mainframe or minisystems, 
or  may  be  input  directly   into  the  system. 
Within  the PMSS,  however,   there will be a 
couple of  new features.    One feature will be 
a  model  base containing various models  for 
forecasting,   simulation,   prediction,  and 
other   types  of  operational  analysis.     Thus 
there will  have  to  be a model  base manage- 
ment  system.     To   tie  these  two  systems 
together  within  the PMSS   there will  have  to 
be an overall  PMSS  management  system.     Users 
will  communicate  through  terminals   to   the 
PMSS.   The PMSS  management   system will  communi- 
cate  to   Che model  base and   to   the data  base 
and   provide  the  program manager   the  informa- 
tion  necessary   to  help  him make his  decision. 

PMSS SOFTWARE CONCEPT 

Hardware Configuration 

From a hardware configuration  standpoint, 
a few systems have been observed  that have 
been assembled utilizing part of  the config- 
uration shown  in  Figure  14.     One system  that 
was  observed  used a minisystem  linked   to  a 
series  of management   information svstans 
that were on mainframes.    Within  the mini- 
system data was gathered,  assimilated,  and 
analyzed  to produce data used  for management 
decisions.     It  is  feasible  to add micro- 
processors   to   that  system.     The microprocessors 
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can be used  by   the  program manaaer,   or  his 
first level staff,   to directly access  the 
minisystem and  extract data   from   it.     Another 
hardware configuration  that   is  beginning   to 
appear  feasible   is   to   cake  these  same microsvstems 
and  connect   chem directly  to   the mainframe 
systems   through  some  type of  connectivitv 
switch.     See  Figure  15. 
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One of  the objectives of   the research 
effort at  DSMC on  the PMSS   project   is  to 
determine how much of a  PMSS operation can 
be   implemented  on a microsystem.     A micro- 
based  configuration  is beginning  to appear 
more and more feasible.    Cost effective 
hardware and  software systems are becoming 
available,  a microsystem can be purchased 
for S6 - 7,000.    User-friendly end products 
are now appearing on the market.    They are 
required  for a Program Manager's Support 
System,  because very few,   if anv,  program 
managers will want  to acquire programming 
skills.     There must  be English-like    user- 
friendly systems with which they can interact. 
Data base management systems are becoming 
available for microsystems.    Telecommunications 
and  network capabilities are available for 
microsystems  now.     The graphics  capability 
ot  microsystems, which  is very Important for 
PMSSs,   is   improving  rapidly.   The  last  remaining 
area of  concern is  the development of  protocols 
for  interfacing  between systems.    Protocols 
are being  developed. 

Therefore,   from a conceptual  standpoint 
a  Program Manager's Support Svstem can be 
assembled.   From a  hardware  standpoint,   with 
current  technology,   the evolution of a PMSS 
at  a  reasonable cost   is  becoming more and 
more realizable.    From  the standpoint of 
information  handling,  a  PMSS  will  be realizable 
when  the necessary  integrating  languages 
have  been developed. 

PMSS  Project Products 

What will DSMC produce during  the "MSS 
project?    At  this  time,  DSMC  plans  to  produce 
three major  products: 

1) a  Guidebook   (or Handbook) 
2) a  set of representative PMSS 

configurations and  specifications 
3) a  software package 

The Guidebook will address   the  DOD 
decision making  process.     It will describe a 
PMSS and   explain  how  to  use a  PMSS   in  the 
DOD  environment. 

The representative PMSS configurations 
and  specifications  will  be  suitable  for  use 
in   implementing  a  PMSS.     If  a  PMO  has an 
information system on-site,   the specifications 
will  help   the  PMO  transition from a  MIS 
operation   to a  PMSS operation.     If   the PMO 
does  not  have a  system   the  specifications 
will  facilitate obtaining  one. 

The software package will describe  the 
functional  modules  and   Che  integrating 
software  for  a  PMSS.     The module  incuts  will 
oe described  and  sample output  reoorts 
shown.     Integrating  software will'be  provided 
This may  be   in  generic   form or   in  soecific 
form   for  some  systems.   The  form of   this 

product has not been fully defined       It 
might be  in the form of diskettes or  tape. 

At  this  time,   it  is  not known exactlv 
what all  of   the  functional modules  will  be 
One of  the current efforts  is  to determine" 
the most effective configuration.    See 
Figure 16.     The different phases of  the 
defense systans acquisition life cvcle are 
being viewed as a continuum rather  than as 
discrete points.     This  is one axis of  the 
module analysis.   Information that  is  pertinent 
to  the various  laws,  policies,  or processes 
is being reviewed.     This   is  the other axis 
of  the module analysis.     Next a  determination 
will be made as  to whether  there are  intersections 
between elements of  these  two axes.     If 
there is an  intersection between  these  two 
axes,   then  it must be determined whether an 
effective module can be built for   the  element- 
pairs or not.     In  the surveys conducted  so 
far, a  number of modules  have been discovered 
that relate  to acquisition strategies     to 
statement of  work generators,   to  project 
control  systems,   to  forecasting,   to  risk 
analysis,   to decision processes ^   to financial 
management processes,   to contract monitoring 
to  cost  estimating and   in  several  other 
areas.   Information  is now being gathered  on 
these modules  to see how they will  fit  into 
the overall  project. 

The Program Manager's  Supoort  Svstan 
as  opposed   to  a  MIS,   will  contain modules' 
witn  intormation  chat can be used  bv  the 
modules  itself,  or  that mav be integrated 
mteractivelv.     One can plav  "What  if" 
analysis  between one module and another 
For  example,   if a  program manager  is  facing 
a   potential   budget  cut,   he  canooerate  on 
the  mrormation in  the cost module    the 
schedule module,   and   the  oerformance module 
and  determine  the  interactive  effects  of 
that  budget  cut  on  each of   those activities 
From  this  information he will be able  to 
generate a   set  of  alternatives   that  will 
better  prepare  him  for   subsequent  actions. 

Plan of  Action 

The  PMSS   project   is divided   into   five 
pnases as   follows: 

Survey of  current  State-of-the-Art 
PM  Information  Requirements  Analysis 
PMSS  Architecture  Develoonent 
Demonstration  - Validation 
PMSS   Implementation 

Figures  providing   the  next   level  of 
detail   for  each  of   these  phases   follow. 
Also a  milestone  schedule  for   the  pro-iect 
included . 
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PMSS MODULE DEFINITION 
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Figure 17 identifies the details of 
Phase I.  One of the products of the litera- 
ture search will be a bibliographv of books 
and articles on DSSs.  The survey of PM's 
MISs and the status of defining an effective 
HIS is the subject of the first status 
report for this project.  The "effective 
MIS" will be documented and will be renorted 
on in a subsequent status report.  When the 
survevs of academia, DOD activities and 
mdustrv are completed, and the functional 
module analvsls is finished, a draft PMSS 
concept will be generated.  The instructional 
strategy has been defined.  This material 
will be included in appropriate courses in 
DMSC . 

PMSS PHASE 1 

SURVEY OF CURRENT STATE-OF-THE-ART 
1.1    Problem definition 

Conduct literature search 
Survey academia 
Survey DOD activities 
Survey Industry 
Establish Informal working groups 
Survey PM MISs/define effective MIS 
Define instructional strategy 
Develop module requirements 

1.10 Develop PMSS demonstration 
1.11 Information briefing 
1.12 Publish papers 

1.13 Symposium-seminars 
Figure 17 

1.2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
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PMSS PHASE 2 

PM INFORMATION REQUIREMENTS ANALYSIS 
Identify DOD OM process 
(Above PM - if it impacts PM) 
Identify information requirements placed on the PM 
Define program management responsibilities 
Define program management decisions - 
alternative generation requirements 
Define program management information requirements 
Select high pay off areas 
instructional development 
Finalize PMSS concept 
information briefing 

2.10  Publish papers 

Figure 18 

21 

2.2 
Z2 
2.4 

2JS 
2.6 

2.7 

za 
za 

In Phase  2,  shown on Figure 18,  the 
information  requirements  on  the PM from 
above Hill  be defined  and   the PMSS  concept 
will  be  finalized. 

Phases 1 and  2 will be completed  in FY 
32  if  present plans prevail. A workshop  (or 
symposium)   will  be  held at  the  end  of  Phases 
1 and  2  to broadcast  information on this 
project and  exchange  information on PMSSs. 

Phase 3  efforts  in FY 83,  Figure 19, 
involve the collection of  information on* 
DSS-type modules  from  the Services,  DOD and 
other  government agencies,  and   industrv,  and 
Che  integration of  service unique requirements 
into  the PMSS concept.  This will be  followed 
by  an architectural development and a  demon- 
stration and   testing.     In  phase  3   it   is 
planned  to develop  the  initial drafts of  the 
Guidebook,   the Configurations and  Specifica- 
tions,  and   the  Software  package. 

PHASE 3 

ARCHITECTURE DEVELOPMENT 

3.1 Integrate Svcs - DOD - Ind activities 
3.2 Develop PMSS architecture 
3.3 Conduct demonstration and test 
3.4 Develop PMSS Guidebook (Handbook) 
3.5 Develop representative PMSS 

configurations and specifications 
3.6 Develop software package 
3.7 Instructional Implementation 
3.8 Information briefing 
3.9 Publish paper(s) 
3.10 Symposium/seminars 

Figure 19 

Phase 4, shown in Figure 20, will 
concern testing of a PMSS system.  One model 
will be tested in the academic environment 
at DSMC and another at a PMO. 

PHASE 4 

DEMONSTRATION  - VALIDATION 

4.1 Conclude software development 

4.2 PMSS prototype at DSMC 

4.3 PMSS prototype at PMO 

4.4 Information briefing 

4.5 Publish papers(s) 

4.6 Symposium/seminars 
Figure 20 

In Phase  5,  Figure 21,   the PMSS  products 
will  be revised and  updated,   based  on  test 
results, and promulgated.     Consultation will 
be provided   to  PMOs  to  assist   them   in  the 
Implementation of  PMSSs. 

PMSS PHASE 5 

PMSS IMPLEMENTATION 
5.1 Guidebook promulgation 

5.2 Configurations and Specifications 
promulgation 

5.3 PMSS software package promulgation 

5.4 Consulting for implementation PMOs 

5.5 Information briefing 

5.6 Publish Papers(s) 

5.7 Symposium/seminars 
Figure 21 

Figure  22,   depicts   the  current   ciine 
schedule. 
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PMSS PLANNED SCHEDULE 

1. Survey of current state-of-the-art 
Problem definition 
Survey PMSS activities 

Define concept 
Survey PM's MISs 

Define effective MIS 
Module req'ts/analysis/develop 

2. PM infor req'ts analysis 

Define info req'ts on PM 
Finalize PMSS concept 

3. Architecture development 

Integrate svcs-DOD-Ind activities 
Develop PMSS architecture 
Demonstration and test 
Guidebook draft 
Config & specs draft 
Software package 

4. Demonstration and validation 

Prototype at DSMC 
Prototype at PMO 

5. PMSS implementation 

Issue guidebook 
Issue configs and specs 
Issue software packages 
Consultation for implementation 

FY82 

12    3     4 

E. 

83 

2     3     4 

84 

2     3     4 

85 

2     3     4 
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FIRST PMSS STATUS REPORT 

5 Mav 1982 

Ted 
Defense Systems 

As part of the effort required to 
identify the total Information 
requirements of the Defense program manager, 

a study of the Management Information Systems 
(MISs) currently in use by program managers 
(PMs) was initiated in Mid February 1982. 
The specific objectives of this study were 
two-fold: 

1. To determine what management informa- 
tion and what management information systems 
program managers are using. 

2. To use the information collected to 
describe an "effective MIS" for DOD program 
managers. 

The research team wishes to express its 
sincere appreciation to the Program Managers, 
Deputy Program Managers and staff personnel 
from the program management offices who 
contributed to this effort. All participants 
generously contributed very valuable time and 
very willingly shared their experiences and 
knowledge in this area.  A genuine desire to 
improve the process was demonstrated bv the 
openness of the discussions.  Wihtout the 
complete cooperation received, this research 
effort could not have been accomplished in 
the time it was. 

APPROACH 

The approach  taken in this study was 
very straight-forward.     Inter-views were 
conducted  with  twenty-one program management 
offices   (PMOs)   using  a  relatively  simple 
questionnaire.     The  questionnaire contained 
five questions aimed at  identifying  the kinds 
of decisions  the PMs were making,  how they 
received  the  information necessary for making 
these decisions  and  what  "systems"   (automated 
or manual   - written or verbal)   provided   this 
information.    The questionnaire provided a 
loosely structured  format and  served  to start 
the discussions off  in the  intended direc- 
tion.     Generally,   it wasn't  found  necessarv 
to   follow  the  questionnaire  precisely because 
the answers   to   the  questions  evolved  naturally 
in   the  course  of   the discussions.     In all 
cases,   the  PMs   (and   their  staffs)   were  extremelv 
cooperative and  were very willing  to  share 
their   experiences  and   knowledge.     Although 
the   interviews  were originally  scheduled   for 
one  hour,  most of   the discussions  continued 
for  two or  three hours  because of  the interest 
in this  project. 

In all  cases,  an attempt  was  made  to 
conduct   the discussions  with  the  ?M himself 

Ingalls 
Management  College 

or  his  immediate Deputy since  this was  the 
level of decision-making being  investigated. 
This  proved possible for  17 of  the 21 PMOs  In 
the sample. 

Sample outputs from  the PM's  information 
systems were collected,  whenever  possible. 
These  samples,   plus  answers   to   the  questions 
and other comments received  in the  interviews 
provided  the basic data  for  this research 
effort.     This data was analyzed  from  two 
aspects.     First,   the  PM's  sources  of   information 
were identified.     Second,   the modules contained 
in  the various  PM's MISs were determined and 
described. 

The PMOs   that  formed   the  sample  for   this 
effort are  Indicated  in Figure 1.     The   'A' 
denotes an Army program;   the   'N',  a  >;avy 
program;  and   'AF',  an Air  Force program'.     To 
provide as valid a  sample as possible,  PMOs 
that  spanned   the  spectrum of  Service,'acquisition 
cycle  phase and  program  size were  selected. 
The seven PMOs  from each service are oosltioned 
horizontally  in  Figure  1   to  correspond   to 
their  phase  in  the acquisition life cvcle. 
As  can  be  seen,   most  of   the programs   included 
in this  investigation were  in engineering 
development or  production or were concurrenclv 
in  both  phases.     The  basket  PMOs  consisting 
of a collection of relatively small  proiects 
having similiar or related  products or 
missions)   had  projects  in all  phases of   the 
cycle.     The  PMOs  are  located  vertlcallv  to 
Indicate their relative size  in  terms of 
total  program dollar value.     The  programs 
varied  from small  projects   (total value of 
approximately  S2 M)   within  the  large  basket 
PMOs   to  a  vert  large  Navy  program  with a 
total  program value  exceeding  S40B. 

ANALYSIS   OF   THE  DATA 

PM's  Sources  of   Information 

As  previously   indicated,   the data  and 
samples gathered during  the  interviews were 
first analyzed   to   identifv   the  source of   the 
information  for   the  PM.     This  analvsis   iden- 
tified   four  primary   Techniques  that were 
being  emploved  by  PMs   to  gather   the   information 
thev  needed   for  decislon-makina .     These 
techniques  are described  as  follows: 

3-36 



PMO s CONTACTED 

t 
Increasing 

size 

Basket PMO' s - All Phases 
AF,AF,AF,N 

Figure 1 

1. Meetings and discussions -vith staff 
or contractors on an "as required" basis, 
i.e.  when problems arose and  problem-solving 
activity was  required.     This  activity could 
be described  as management  by reaction or 
by  exception.     This  source of   information 
is characterized as ad hoc meetings. 

2. Meetings or  briefings  that are 
scheduled  or  planned  but are  Issue oriented, 
i.e.,   they  have no  previously  set agenda. 
An example of  this  source would be  the 
commonly-used,  weekly staff meeting where 
the key members of  the staff discuss  the 
most  pressing problems of  that  particular 
week. 

3 .       Scheduled  meetings  or  briefings 
that are oriented  toward  reviewing  status 
or approving  plans   -   i.e.,  agendas  are 
established  and   the meetings  are relatively 
structured.     An  example would  be a  review by 
the PM of   the  program  plan   for  a  newlv accepted 
project  within  the  PMO. 

4.       Recurring  hard-copv material   (whether 
generated  manually or  bv machine) .     This  material 
could  end  up as   the  PM's  notebook,   his   fact 
book or  as  a  compilation of 
computer  print-outs. 

The  next  step  in   the  process was  to 
"score"  each of  the PMs with respect  to  these 
four  sources of  information.     The resulting 
"score-card"   is  shown as   Figure  2.     An   'X* 
indicates  that  particular  PM was  evaluated  as 
making  significant use   (all   PMs  made some use 
of  all  sources)   of   that   source of   informa- 
tion.     An   'O'   indicates   the  source  that  was 
Host  significant   to  each  PM.     Thus,   PM  number 
14  was   "scored" as  not making   significant  use 
ot  Ad Hoc  Meetings,  but reiving rather  heavi- 
ly on  the other   three sources of  information - 
i-e-'   Issue-Oriented Meetings.  Scheduled Meetings 

with a   Set  Agenda  and  Hard   Copy.     His most  
significant  source was considered   co  biThe 
Hard   Copy mareria 1. 

A  tabulation of   the  results  of   this 
scoring   is  shown  in  Figure  3.   More  PMs   (16   in 
each  case)   appeared   to  use  Ad  Hoc  Meetings 
and  Hard  Copy as  significant   sources  of 
information   chan   the other   two   sources.     Of 
the  16  PMs who made  significant  use  of   the 
Ad  Hoc  Meetings.   8  were  considered   to  use 
then as   their  most  significant  source. 
Similarly,   5  PMs  were  scored  as  making most 
significant  use of   both  Hard  Cot 
Meetings  with  Set  Agenda"! ' 

and   Scheduled 
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SIGNIFICANT SOURCES OF INFO FOR THE PM 
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SfGIMIFlCAIMT SOURCES OF INFO FOR THE PM 

No of 
PM's 
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Ad hoc 

Tnrrrva Most 
mSM significant 

Sched. mtg's        Sched. mtg's 
No agenda Set Agenda 

Sources of information 
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Hard 
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Figure 4 shows  this  same data arranged 
by   Che  Services.     In  each  source category 
the first column represents  the Army orograms 
the second,   the MaVy and  the third,   the Air 
.orce.    This Figure  indicates  that  the 
Services make about  equal use of  the different 
sources ot   information,  although  the Armv 
didn t  tend  to use  the Scheduled Meeting 
«ith a  Set Agenda and   the Air  Force used" 
Hard  Copy less  than the other Services 
When  the most significant  sources are con- 
sidered,   the differences between the Services 
become more distinct  - none of  the Navv PMs 
were scored as making most significant'use 
Ot  Scheduled  Meetings  with Nto  Agenda,   none 
of   the Army  PMs used  Scheduled  Meetings  tHrh 
a  Set Agenda as  their most significant " 
source and  none of   the Air  Force PMs  used 
Hard  CoPy material as  their most  significant 
source.   

MIS  Modules  Being  Used 

The data  gathered  from  the  21  PM's was 
also analyzed  to determine the functional 
elements,  or modules,  contained  in the PMs' 
MISs.     In  this case,   the focus was placed on 
the MIS as a  system  that produces  hard copy 
mtormation either manually or automatically. 

After reviewing  the data collected  in 
some detail and  having made a  number of 
tentative categorizations,   the list of 
functional  modules as   shown   in Figure  5 
evolved.     This   list  covers all  of   the  functional 
areas  observed   in  the data  collected and as 
such,  represents a   'complete'  MIS.     The sub- 
nopical areas appearing under each of  the 
twelve major modules  are not meant   to  be all 
inclusive,   but  rather are cited  as   examples 
of   the  kinds  of   topics   to  be  covered   in  the 
particular  area. 

^    After  establishing  this  list of modules 
a    scoring" of  the  individual PMs,  relative 
to  this  list,  was made.    This  score card   is 
shown as  Figure  6.     Using  PM Mumber  14  as an 
example again,   it  can be  seen  that  evidence 
was  found  that he had modules  in the areas 
of  Planning.   Scheduling.   In-House Tasking. 
Contracts and  Technical Management.     It   is 
of   interest   to  note  from  this  Figure  that: 
1)   looking at  the columns,  a number of  the 
PMs   (e.g.,  3,  4,  8,   9,   11,   12,  and  17)   had 
very  few of   the modules and   2)   looking at 
the  rows,   some of   the modules   (e.g..   Planning 
Deployment and  Operational  Status and-!^  
House Tasking)   were used  by only a   few PMs. 

The  next   two   figures   (Figure  7  and 
Figure  8)   depict   the modules used  by  the PMs 
categorixei   by Service.     For   each module, 
Che vertical  columns  represent   the  percentage 

of   the Army,   N'avy and  Air   Force programs   (in 
that order)   that used  that particular module. 
For  example,   there was  evidence of a Planning 
module being used  by 1 Army and  1 Air  Force 
program,  while 4 Navy programs had documentation 
from  their MISs  that was categorized as 
coming  from the Planning  functional area. 
These Figures show  the following  trends: 

(1) The Army PMs  tended  to  amohasize 
the technical aspects of  their programs 
(i.e..  Scheduling,  Contracts,  Technical 
Management.   Configuration Management and 
ILS  modules) 

(2) The Navy PMs placed more emphasis 
on planning  than the other Services 

(3) The Air Force PMs were more con- 
cerned with the financial  status of  their 
programs   (i.e..   Current  Pro-ject  Status. 
Budgeting    and POM Development and Financial 
Management modules). 

Figure 9  indicates  that as  each program 
proceeds  through  its  life cycle,   it  tends  to 
complete its MIS  by adding more of  the 
functional modules.     Program  in Full-Scale 
Development and  those  in Production concur- 
rently with Full-Scale Development had  11 of 
the 12 modules.    Programs  in Concept Explora- 
tion and Demonstration/Validation had a 
total of  5 and 8 modules  respectively. 

As mentioned   previously,   the data 
collection  phase of   this   invescigaciqn  into 
?M s MISs has just been completed.     \s a 
result,   the analysis of  chis data  is  still 
on-gomg.     It's  planned   chat  several  other 
factors  will  be  evaluated   to weigh  cheir 
inrluence on  che sources of  informacion for 
Che PM and  the make-up of   the "M's MIS 

These other  factors will  include  the size of 
the program,   the size of  the PM's  staff and 
the maturity of   the  program.     The results  of 
chese additional analyses  will  be  provided 
In a   future  status  report. 

OVERALL  PERCEPTIONS 

In   this  section   Che  research  team will 
report  on  some  initial   "oerceotions" 
Because  che data analysis  ha. not vet been 
completed,   these will  be  labeled  as   -erceo- 
cions  rather  than  ■'conclusions",     -hough  it 
is  acknowledged   that   it   is  normally   inaooro- 
onate  to  report  on perceotions  before  i-he 
comolete analysis  of   che  research  ha.   been done 
cl'ese  items  are  considered   3i2nificant 
enough  to  report  on  now. 

It  was  apparenc   from   che research   -hac 
most of   che PMs  gachered   :he  informacion 
used   for  decision-making  on an   "ad  hoc" 
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basis  or  when  the  need  arose.     This   is 
probably  not a  surprising  finding  to anyone 
familiar  with  the acquisition process.     In 
any case it  is clear  that  "ad  hoc"  informa- 
tion gathering  is a way of  life  in the DOD 
program management  environment. 

On  the one hand,  where  the  "ad hoc" 
basis was  the most significant source of 
information for some PMs,   it reflected a 
situation where  those PMs and  staff are 
having  to fight  "brush fires"  (solving 
today's most urgent problems)  and are forced 
into a mode of managing by reaction.    On  the 
other hand,   in some PMOs,   this use of  the 
"ad  hoc" meeting was an adjunct  to a well- 
planned,  well  documented  program  that also 
made  extensive use of  hard  copy   information. 
In  these cases,   the hard copy documented  the 
baseline plan for  the lower  level managers 
to  execute,  requiring  the PM to become 
involved  only when deviations  to  the plan 
were required or occurred.     The need for 
deviations,   of  course,  arose at random and 
they  were generally  resolved   in  informal, 
ad-hoc  meetings.     This   is management  bv 
exception. 

Regardless  of  which mode of  operation 
is driving   the  situation,   to most  effectively 
suoport a  program manager,  a  PMSS  development 
will  have  to   take  cognizance of   the need  for 
instantaneous   information and   support   that 
modus  operandi. 

As  reported  here,   the  research  so  far 
has  considered   two   factors  —  the Service 
and   the  phase  of   the  program.     It   is  planned 
to  evaluate other  factors  including program 
value,   PMO  staff  size and  program maturity. 
While all   these  factors  appear   to   influence 
the PM's  sources of   information and  the 
modules  contained   in  his MIS,   the research 
team  believes   that   there  is  yet another 
group  of   factors  -  such as management 
style,  PM experience and  external require- 
ments  - which also  play a major role.    These 
factors  are much more difficult  to describe 
and   their   influence on  the PM's  information 
sources  and  his MIS may not  be possible  to 
measure.     Nevertheless,  one must be aware 
that   these other   factors   exist and  recognize 
that   they do,   in  fact,   play a   significant 
role. 

Another  observation,   based  on  the 
analysis  of   the MISs,   is   that most MXSs  do 
not  provide a  capability  to  aid   the  program 
manager and his  staff  in  the planning and 
forecasting  function.     Even the most extensive 
MISs  reviewed  during   this  research activity 
were primarily  structured   to  provide  large 
amounts of historical data  in all of   the 
functional areas and  some data on the current 
status of  the project.    However,  in only a 
few cases,  was  there much information that 
would aid  the PM in planning  the next phases 
of  his  program or  in forecasting  potential 
problem areas.     In other words  - it seemed 
that  the existing MISs were designed  for, 
and  in some cases did an exceptionally good 
job of,  answering   the question     "What was?"  — 
and   in a  few  instances  answering   the question 
"What  is?"    But,  only    a  few have made any 
attempt  to  address   the question  "What  if?" 

Primarily for  this  reason,   the research 
team felt  that existing MISs were most 
useful  for management  levels   in  the  PMO 
below  the PM or  his  deputy.     At   the PM 
level,   the primary  focus  of  management 
efforts  should be on  the  "big  picture"  items 
and  the  general  direction  the program  should 
be following,     the  large amount of  data  and 
level of detail,  when coupled with  the 
primary focus on program history,  decrease 
the  immediate utility of  existing MISs  to 
the PM.     It  is  the opinion of  the research 
team   that  what would  be of  most  benefit   to 
the PM  is a MIS  that adds a  "forward  looking" 
capability - a MIS   that could provide 
assistance   to   the PM  in answering   the  ques- 
tion  -  "What   if?" 

WHAT'S >:EXT? 

The  next  portion of   the research  effort 
will  complete   the analysis  of   the data 
gathered  and  define an  "effective MIS"  for  a 
PMO.     It   is   expected   that   this  will   take 
approximately  two  months   to  complete. 
Another  status report will be published when 
that  effort   is   finished. 
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PM's SIGIMIRCANT SOURCES BY SERVICE 
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Figure 4 

EFFECTIVE MIS 
FUNCTIONAL MODULES 

General overview (non-product) 
General 10 • (mission) 
Organization 
Personnel 
Security • (security classification guide) 

Current project status (product) 
General • (operational mission, threat, issues) 
Project descriptions 
Project overviews 

Planning 
WBS 
Risk analysis 
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Transition to production plan - production 
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Configuration management 
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Training 

Figure 5 

3-41 



EXISTING MIS MODULES BY PROGRAM 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

General overview X X X X X X X 
Current projected status X X X X X X X X X X X X 
Planning X X X X X X 
Deployment & operational status X X 
Scheduling X X X X XX X X X X X X X X x X X X 
Budget/POM development X X X X X i X X X 
Financial management X X X X X X X X X XIX X X 
In-house tasking X X j X 
Contracts X X X X X X XXX X XI   ixlxx XIXIX 
Technical management X X XIX X XIX1XI     XI     XlXIXXl 
Configuration management X ixixlxl X! X xl  ixlxx 
ILS X X XIXI XiX XI         X     XIXI     x 

Figure 6 
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AN INFORMATION SYSTEM FOR NMC ACQUISITON PROGRAM MANAGEMENT 

J. Sharon 
Naval Material Command 

ABSTRACT 

Naval Material Connand (NAVMAT) is developing 
an acquisition information system. This 
system will not only make it easier for top 
management to be more currently 
well-informed, but could lead to a change in 
data being reviewed on a terminal display vs. 
reams of paper reports. The system, NMC 
Selected Acquisitions Tracking System 
(NSATS), gives quick and pertinent 
information for NAVMAT managers and 
appropriate Systems Command Managers. 

The paper looks at the development phases of 
NSATS: manual, automated prototype and 
real-time response. The theme is NSATS as an 
actual system with discussion of ideas and 
the impact on the acquisition decision-making 
process. 

The NSATS system merges the NAVMAT 
organization and the management of 
acquisition. This merger can be seen in the 
many functional areas covered by the tracking 
system. For effective information processing 
the automated system has many capabilities 
for users with no computer background. 
Examples include rapid return of information 
jnd trending patterns of particular areas, 
graphical interpretation of data, historical 
traceability of information, sorted listings 
of acquisition programs and data base 
Tianagement support. The report covers 
:iiechanics needed for operation (updating, 
query of the data base, reports and screen 
displays), a plan for the real-time system 
and an outlook including commonality with 
other data bases. 

INTRODUCTION 

The purpose of NSATS is to provide timely and 
pertinent information regarding the 
qualitative status of selected Navy 
acquisition programs and to assist in the 
early identification and solution of program 
problems. All major Navy Acquisition 
programs (Acquisition Categories I, IIS, and 
IIC) are reported via the NSATS report-the 
Acquisition Program Status Report, NAVMAT 
Form 5200/5 (Rev 2/82). Some examples of 
•najor programs are ACAT I - LAMPS MK-III, 
TRIDENT II SUB SYSTEM; ACAT IIS - S-3 Weapon 
System Improvement, A6/AWSACS; and ACAT IIC 
Mobile Sea Range, OTH Targeting, and SH-60 CV 
Variant. 

Short 
, Washington, D.C. 

Program managers complete the report. The 
reports are forwaraed to the Chief of Naval 
Material (CNM) via the Systems Commanders. 
Analysis and dissemination of this 
information is performed by the Naval 
Material Command (NAVMAT) Acquisition 
0 i v i s i on s. 

REPORT CONTENT AND DEFINITIONS 

The NSATS reports give some detail in seven 
assessment areas plus an overall program 
assessment. These areas are resources, 
financial, cost, performance, schedule, 
documentation, and logistics. 

Status of the assessment areas is indicated 
by: 

(G) green - essentially on plan 

(Y) yellow - potential deviation from 
plan 

(R) -ed   - significant deviation from 
plan 

It should oe noted that the status is a 
subjective measurement made by the program 
manager/acquisition manager. 

Plan is defined as the acquisition program 
plan given in the appropriate Navy 
authorizing document for the program, such as 
the Decision Coordinating Paper (DC?}, Navy 
Decision Coordinating Paper (NDCP), or 
related program plan. 

NSATS HISTORY 

In 1979 the concept of NSATS was implemented 
by a NAVMAT instruction. By 1930 management 
began reviewing the benefits of automating 
this tracking system. An NSATS working Group 
■vas established in November 1980 for the 
purpose of evaluating NSATS in terms of user 
requirements and recommending changes/ 
improvements to the CNM. The wor:<ing group 
conducted a survey to identify user 
requirements with regard to the Systems 
Commands (AIR, SEA, and ELEX) and NAVMAT. 
Experts in acquistion strategy, DOD and Navy 
oudgeting, weapon system supportaoi1ity, 
contracting, ana overall program management 
were contactec for comments on aata the grouo 
nad identifiea for top program management 
(macro managementj needs. 

As a result of this  effort the group 
presented three alternatives for NSATS to 
the Chief of Naval Material [CNM) in 
Feoruarv 1981. 
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These alternatives were as follows: 

1. Status quo, the system remains a 
detailed four page report. 

2. A few minor changes, system is 
basically same. 

3. Significant changes, a one page 
executive suimary with some policy revisions. 

The CNM approved the one page executive 
summary in lieu of the four page detailed 
report. After an unsuccessful interim period 
using the executive suimary report, NAVMAT 
management made the decision to return to a 
detailed report. 

MANUAL SYSTEM TO AUTOMATED PROTOTYPE 

NSATS has been a manual tracking system since 
its conception. This has been extremely 
limiting for rapidly summarizing the 
information, conducting analysis, and 
providing easy access to the data for all 
interested parties. 

During the Spring of 1981, a series of 
demonstrations were given to several 
executive managers and flag officers 
including the CNM, VCNM, and OCNM. The 
primary objective of this effort was that 
management could visually review the benefits 
offered by automation. 

Comnents from the demonstration were 
documented to oe considered during the 
development phase of automation. Some of 
these conments were as follows: 

track the NAVMAT action taKen on 
problem programs 

have capability for higher - level 
authority to query a limited number 
of data fields 

welcomed efficient query capabilities 
to more easily and rapidly retrieve 
data on a specific program or 
programs, e.g., finding a program 
manager's assessment on a specific 
program; determine all reporting 
programs for a particular quarter 
with cost (RED) and schedule (RED); 
search for all programs reporting the 
Plan as a "NDCP" and view the plan 
dates. 

Expressed the management requirement 
for linking to existing data bases 
(FYDP, CPR's etc.) 

Addressed linking the SYSCOMs to 
HQNAVMAT data base. 

;ne 

(It was felt this linking would be beneficial 
as a management tool for the SYSCOMs and the 
CNM/NAVMAT staff.) 

Overall the demonstrations accomplisned the 
objective of introducing visually some of the 
capabilities available by automating NSATS. 
This gave management an opportunity to 
identify the benefits automation can bring to 
the organization. 

Me have reviewed the Air Force and Army 
acquisition program management Information 
systems. The Air Force has developed a 
system, SMART (Summary Assessment Review 
Trends) which has been operational since 
1978. The information collected is somewhat 
similar to NSATS. The Army is in the early 
stages of an overall system. Their automated 
PERT charts for scheduling have proven to oe 
useful. "Lessons learned" nave impacted our 
decisions on automation of NSATS. 

The next phase of NSATS is the automatea 
prototype. NSATS had been considered to be 
included in the short-range plans for a 
NAVMAT Management Information System (MIS). 
Early this year this decision was changed and 
management decided to develop a NSATS 
prototype. 

The prototype timesnare system is a short 
term investment. A primary advantage is the 
opportunity to become more knowleageaole 
prior to determining the most effective 
direction for MSATS automation. It allows: 

Determination of data which must oe 
retained and kept alive cor corporate 
memory 

Elimination of manual effort now 
required to summarize data and 
produce simple lists 

Additional time availaole "or 
analysis of data 

Verification of easy access to oata 
for all interested parties 

Experimentation of analytical 2nd 
grapnic capabilities of system 

The prototype concept will give us a baseline 
in terms of desired hardware, easy-to-use 
software, ana overall system costs, tfltn the 
timeshare system, investment is lade only on 
system usuage with a non-commitment to 
hardware. Disaovantages were lot 
overlooKed. One main problem «I:T ; 
prototype system is not having j fully 
operational system for this time period. 

Software for the prototype will oe 
ay a data base management system. 

jooortec 
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Tnere are many system capabilities  available S16B  (   50% of Navy R.D TiE i, Procurement 
Z^irf-  thlS  software

c
and m computer for FY82.    The  involvement  of NAVA R^rSgram 

background  is  necessary      Engineers,  program managers  with a real-time system will 

e03 ^I^CVuse s^   ^ mana9ement ^ ^M^ impr0ve the  ^u^^^11 ' oe rne primary users. decision-making process  by providing data 

Password security will   enable the system  to ^InlVll'llT*  on-^-SpX 
allow specific users to update the data base, information supported 
while other users can only view all  or 
portions  of the data via screen disolays  or 
hardcopy reports.    A basic set of reports  and 
graphs  are to be developed for the users. 
Graphical   interpretations of the data base 
will  be attainable thru a plotter. 

REAL-TIME  IN PM's OFFICE 

An additional   effort  is underway at NAVMAT  in 
the area of acquisition program information. 
A pilot  system is  being developed which will 
involve five Naval Air Systems Cormand 
[NftVAIR)  program managers with the NSATS 
times hare system.    Data will  be available on 
a real-time basis for the progarm manager  via 
a Video Display Terminal   (VDT) with a 
printer.    Program  information  in addition  to 
NSATS  data,  can  be queried,  updated,  printed, 
and stored.    It  is anticipated that program 
baselines for cost  and schedule will  be 
included  in the data base to enhance the 
capability for identifying program problems 
early.    System development  is  planned to 
begin early June. 

This  real-time system will   impact the 
acquisition decision-making process.    Program 
managers  will   have  information  at  their 
fingertips for rapid review  and the system 
will   provide  an  easy tool   for maintaining 
current data.    This  will   decrease manual 
files  that must be retained. 

FUTURE  OUTLOOK 

In the future is  an  opportunity for other 
report data to  be automated,  decreasing time 
required for reports  to pass  thru the 
approval  chains.    Executive level managers 
could view  the reported  information on  a desk 
top terminal   (VDT).    Management decisions 
could  be based on more current  data from a 
central   access  point  instead of reams  of 
paper. 

There is  a need  to consider  in the future the 
Unking to other existing data bases. 
Benefits must be measured against costs  prior 
to  commitments. 

SUMMARY 

The  automated  prototype of NSATS provides   a 
means  for more affective  acquisition 
information exchange  and  processino-    A total 
of 110 NMC  programs  (ACAT  [,   IIS  and IIC)  ar = 
tracked  by NSATS.    This  total   encompasses 
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COST  PERFORMANCE   REPORTS 
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BUSINESS  MANAGEMENT  OFFICE   (AFWL/PRA) 
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ABSTRACT 

This   paper  presents   a practical  approach   to 
the analysis of  cost and schedule data 
(C/SCSC,   CPR,   C/SSR) .     The  Air  Force Weapons 
Laboratory   (AFWL)   has  developed  a  unique 
conrouter-based  approach   to  analyzing   contrac- 
tor generated Cost Performance Reports   (CPRs). 
The benefits  of  the program and  the components 
of   the  program are  explained  in  this  paoer. 
The  approach  presented  for analyzing  contrac- 
tor  cost and schedule data has   the potential 
for  application  to many  DOD  contracts. 

PURPOSE 

The purpose of this paper is to demonstrate 
that Che use of a computer-based approach to 
the analysis of cost performance reports pro- 
vides timely and cost-effective information 
chat forms the basis for program management 
decisions. 

THE NEED 

The Air Force Weapons Laboratory, like manv 
organizations, has experienced difficulty 
analyzing and tracking contractor cost and 
schedule performance.  There are many reasons 
for this difficulty, including more contracts 
and resultant reports than can be effectivelv 
analyzed manually; a limited number of trained 
oeople to analyze contractor generated cost 
performance reports; a lack of understanding 
and appreciation of Che analysis by project 
officers; less than satisfactory contractor 
reoorts; etc.  The objective of analysis is Co 
identify when contracted work will not be 
accomplished on schedule and within cost. 
Achieving this objective requires a compre- 
hensive analysis of contractor data, the iden- 
tification of problem areas, and assuring chat 
management is advised when action is required. 
To pay thousands of dollars for contractual 
data that has been specified on the DD Form 
1423, Contract Data Requirements List, and 

Chen not use the data to effectively manage a 
contract or program is irresponsible. There- 
tore, the need became evident and a computer- 
based cost/schedule analysis program was 
developed chat would meet management require- 
ments and overcome the shortcomings of the 
manual analysis of cost performance reports. 

OVERVIEW 

The cost/schedule analysis program provides 
the means for assessing contract cost and 
scheaule performance in terms of both dollars 
and percent accomplishment.  Problems and 
trends are identified and the cost co comole- 
tion for a contract is estimated.  Anyone can 
extract pertinent data from cost oerformance 
reports f CPRs I 'and input the data into che 
computer.  The cost/schedule analvsis prograo 
then ooeraces on che data, analyzes che con- 
tract cost and schedule situation, and Chen 
provides a numerical assessment and graphics 
package that reflect monthly status.  This 
information is provided co che program manaser 
and management.  The computer-based cost and 
schedule analvsis program is not used for all 
contracts.  It is most useful and cost effec- 
tive for those contracts, typically cose tvpe 
contracts, chat have some cype of cost oer- 
cormance reporting required.  Data Item 
DI-F-6000C, Cost Performance Report, or 
DI-F-6010, Cost/Schedule Status Report are 
examples of such reports.  The program has 
proven that cost overruns and schedule slip- 
pages can be identified eariv.  In addition, 
the extent of an anticipated cost and/cr 
schedule variance and che impacc of this 
variance can be escimatec.  There have been 
several projects in che Laboratorv where this 
technique nas accuracelv orediccec overruns 
and schedule sliocases. 
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THE PROGRAM 

Figure 1, Cose/Schedule Analysis Program 
(C/SAP) System Update, is used by the analyst 
as a source document for transcribing data' 
from a contractor's Cost Performance Report 
(CPR) and entering that data into the computer. 
Basic contract data is shown at the top of the 
form.  The Budgeted Cost of Work Scheduled 
(BCWS), Budgeted Cost of Work Performed (BCWP), 
Actual Cost of Work Performed (ACWP), Budget 
at Completion (BAG) and Latest Revised 
Estimate (LRE) are recorded monthly for each 
level of the work breakdown structure (WBS). 
The Management Reserve (MR) is only recorded 
at the total contract level which is level I of 
the WBS.  Figure 2 is a summary of the terms 
and formulae used in cost and schedule 
analvsis. 
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FIGURE  2.     TERMS  AND  FORMULAE 
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FIGURE 3. COST PERFORMANCE REVIEW ANALYSIS (SGOO) 

Figure 3, Cost Performance Review Analysis, 
depicts the first sheet of the analysis pack- 
age.  A hypothetical example is used for this 
paper.  The sheet is divided into several dis- 
crete sections.  Basic contract information 
such as target cost, contract start/end dates, 
contract type, as well as cumulative 3CWS, 
3CWP, ACWP and initial and remaining aanage- 
-nent reserve is shown at the top of Fig. 3. 
The middle part of the analysis cover sheet 
^hows how well, or how poorly, a contractor is 
doing in the cost and schedule area.  The 
lefthand side of the middle section has 
several calculations for cost data such as 
cost variance, cost performance indices (CPU, 
and the monthly ACWP rate.  Similarly, the 
righthand side of the middle section of the 
analysis cover sheet shows the same tvpe of 
information for schedule.  In addition, the 
schedule variance also indicates the weeks the 
contract is ahead or behind schedule (5.7 
veeks behind schedule in this case).  Also, 
schedule performance indices (SPI) are dis- 
olayed.  Notice that the current month SPI is 
1.1S but the cumulative SPI is 0.91.  This 
neans that the contractor is ahead of schedule 

for the current month but behind schedule 
since contract start date. 

The bottom portion of Fig. 3 provides several 
estimates at completion CEAC) for the con- 
tract, the budget at completion (3AC) and the 
management reserve (MR), as well as the dollar 
variance.  Thus, the contractor's latest 
revised estimate (LRE) is compared with 
several other estimates.  Among the better 
estimates are the trend weighted SPI and CPI. 
It should be noted that the computer program 
has about ^6 comments that are automaticallv 
printed, based upon their relevance, at the 
bottom of the page.  For example, this hypo- 
thetical contract is 5.7 weeks behind schedule 
and 3146,000 under planned cost.  Sased upon 
Level I analysis of this contract, the con- 
tract is condition coded blue.  Four condition 
color codes are used:  blue indicates under- 
runs or more than 3 percent; green neans an 
underrun or overrun of up to 3 oercent; an 
overrun of more than 3 percent but less than 
3 percent is coded yellow; and, condition rec 
means that there is a projected overrun sr 3 
percent or more.  The project officers have 
found the information presented in fig. 3 
particularlv useful. 
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THE GRAPHICS PACKAGE 

One of che most unique aspects of the Cost/ 
Schedule Analysis Program (C/SAP) is its 
graphics package.  Project officers are pro- 
vided five graphs with the analysis cover 
sheet (Fig. 3).  These graphs are raw data - 
cumulative; cost/schedule variance - cumulative; 
cost performance index - cumulative and three 
month moving average for the last 12 months; 
schedule performance index - cumulative and 
three month moving average for the last 12 
months; and, the estimate at completion. 

The first graph (Fig. 4) is a plot of the 
cumulative raw data for the last 12 months for 
SOTS, BCWP, and ACWP.  It is easy to see the 
dollar difference between BCWP and BCWS.  This 
difference represents the scheduled variance 
(SV) in dollars.  Since "S" is above "P", an 
unfavorable schedule variance exists with 
respect to the performance measurement base- 
line.  The cost variance (CV) in dollars is 

represented by che vertical distance between 
P and "A".  For this hypochetical contract, 
the CV is favorable because the actual cost of 
che work performed is costing less than the 
performance measurement baseline (budget). 
The analyst needs to be aware chat the vertical 
distance between "?" and "A" is decreasing and 
the potential exists for the CV to become un- 
favorable by ACWP exceeding BCWP.  As can be 
seen from the graph there was Se.iM of work 
scheduled in April, S5.6M of work was per- 
formed, but the actual cost was S5M.  There- 
fore, this contract was about 13 percent 
behind schedule and 12 percent under cost. 

RAW DRTH 
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The second of the five graphs (Fig. 5) shows 
the cumulative cost and schedule variance for 
the last 12 months in percent.  In this par- 
ticular case, the cost variance (upper portion 
of the chart) has been steadily decreasing 
trom an 18 percent positive variance (underrun) 
to about a 2 percent positive variance.  While 
the cost picture is still in good shape for 
this contract, the downward trend is reason 
for concern.  The analyst should look further 
and determine the reasons for the negative 
slope of the cost variance.  The schedule 
variance (lower portion of the chart) shows 
that the contractor has been behind schedule 
for the last 12 months as indicated by the 
negative schedule variance.  However, schedule 
performance has been improving for the last 8 
months.  This chart is particularly helpful in 
assessing the trends that are occurring in 
both the cost and schedule areas. 

The Cost Performance Chart (Fig. 6) graphi- 
cally depicts the cumulative cost performance 
index (CPI Cum) and the average cost performance 
index (CPI Avg).  The CPI Cumulative is 
determined by:  BCWP (Cum>. 

ACWP (Cum) 
This index indicates the value of work per- 
formed for each dollar spent since the contract 
began.  The CPI average is: 

Current mo. BCWP (Cum) - Previous '■*  mos ■ 3C.J7 (Cum) 
Current mo. ACWP (Cum) - Previous 4 mos. ACWP (Cum) 

This indice indicates the value of work per- 
rormed for each dollar spent since the last 
month.  Notice a value equal to or greater 
than 1.00 is considered good. 

The Schedule Performance Chart (Fig.7) is used 
to show trends in the Schedule Performance 
Index (Cum) and the Schedule Performance Index 
(Avg).  The SPI (Cum) is determined by: 

BCWP (Cum) 
3CWS (Cum) 

This indice indicates the value of work per- 
formed compared to the dollar value of work 
scheduled since the start of the contract. 
For example, in April the SPI (Cum) was about 
0.35.  This means that since the contract start 
date, the contractor has accomplished 30.35 
worth of work for every dollar of work that 
was scheduled.  Such performance is obviouslv 
inadequate and, if performance does not improve, 
there will be a cost overrun and probable need 
for a schedule extension.  The SPI (Avg) is 
similarly calculated to indicate the value of 
work performed in comparison with the dollar 
value of work scheduled.  The SPI (Avg) is 
determined by: 

Current mo. Cum BCWP - Previous 4 mos. Cum BCWP 
Current mo. Cum 3CWS - Previous 4 mos. Cum 3CWS 

For this example, the SPI (Avg) was 0.90 in 
December.  This means that for every 31.00 of 
work scheduled only 3.90 worth of work was per- 
formed.  This condition also indicates a 
possible contract cost overrun. 

COST/SCHEH VflRIflNCE 
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C - COST WW 
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FIGURE   5.     COST/SCHEDULE  VARIANCE  -   CUMULATIVE 
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FIGURE  6.     COST PERFORMANCE  INDICES   (CIWUUTIVE ANO AVERAGE) 
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The Executive Summary (Fig. 10) is designed to 
highlight to top management on one sheet of 
paper, the current status of a contract.  The 
Executive Summary is not as extensive as the 
graphics package and comments provided to Che 
project officer nor is it as extensive as the 
Program Management Summary   that is provided to 
middle management.  The Executive Summarv does 
give a quick picture of the status of a par- 
ticular contract.  It indicates Che problem 
areas chat may require management attention. 
For the hypothetical contract in this paper, 
Che contract condition is yellow, a $291,000 
overrun is projected, the contract is three 
weeks behind schedule and $522,800 over planned 
cost.  A unique aspect of the Executive 
Summary is the highlighting of the critical 
program drivers.  In this case, three critical 
areas are all over planned cost. 

THE PROGRAM 

The Air Force '.veapons Laboratorv has developed 
Che software for both the HP 1000 and CDC 6600 
computers.  It generally takes less than 30 
minutes per month per contract co load the data 
from the cost performance report and co com- 
plete Che analysis.  The daca is extracted from 
the contract cost reports and input into the 
computer.  About -0 contracts are currently 
included in the computer data base.  This 
represents about 300 Contract Work Sreakdown 
Structure (CWBS) lower level reporting ele- 
ments.  The primary cost for developing this 
system was the software.  The continuing 
monthly costs are relatively insignificant and 
consist primarily of computer time and paper; 
however, improvements to the software are made 
when needed. 

UECUTIVE SUMMMT lEXMms 
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FIGURE 10. EXECUTIVE SUMMARY 

CONCLUSION 

This paper has explained the cost schedule 
analysis program iC/SAP) developed by che Air 
Force Weapons Laboratory that is being used to 
manage contracts.  The program eliminates the 
need for the manual, time consuming, number 
crunching analyses of contractor generated cost 
performance reports.  Problem areas are quickly 
identified and cost and schedule trends are 
highlighted so that corrartive action can be 
taken.  The cost/schedule analvsis orogran 
permits che effective evaluation of'cost and 
schedule reports with a minimum number of 
people.  Excellent and timely information is 
provided to managers.  The cosc.schedule 
analysis program has increased oroductivicv 
and is providing critical information chac 
sen.-es as the basis of infor-ed managemenc 
decision making. 
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ABSTRACT 

Today, the leadership of the United 
States in productivity is being challenged 
seriously by the other industrialized countries 
of the free world. The current decline in 
the rate of productivity growth is impacting 
both defense systems production and the 
economic and social progress of the United 
States.  To combat the decline, the Depart- 
ment of Defense (DOD) Acquisition Improvement 
Program—launched in the spring of 1981 by 
the Office of the Secretary of Defense— 
includes productivity enhancement as one of 
its objectives. 

This paper describes how the definition 
of productivity has been changing over the 
past five decades. A comparison is made of 
the productivity growth in the United States 
with the productivity growth in other 
industrialized countries of the world.  The 
principal reasons for productivity growth 
and decline are identified and explained. 
Also, the key factors impacting productivity— 
the work force, capital investment, and 
technology—are discussed in some detail. 

I believe that the United States can 
ill afford to have the rate of productivity 
growth continue to decline.  Managers 
should be rewarded on the basis of how well 
they are able to integrate the work force, 
capital investment, and new technology to 
enhance productivity. 

I.  INTRODUCTION 

The United States has made great strides 
in science and engineering through its free 
enterprise system. However, the leadership 
of this country in productivity enhancement 
is being seriously challenged by the indus- 
trialized countries of the free world. 
Thirty years ago, 80 percent of all technolog- 
ical innovations were marketed by the United 
States.  Today, the U.S. is marketing less 
than 50 percent.  What are the DOD and the 
defense contractors doing to enhance produc- 
tivity during this period of inflation and 
recession? This paper will present the 
results of an investigation into this matter. 

Productivity enhancement is Important 
to both industry and DOD management.  In 
industry, productivity growth leads to lower 

costs, and provides an opportunity for lower 
priced products and/or higher profits.  It 
also makes possible increased compensatory 
benefits for employees. In the DOD, produc- 
tivity growth helps to ensure that defense 
system programs will meet cost and schedule 
targets, thus providing more resources for 
other defense needs. Recognizing the impor- 
tance of productivity enhancement, the 
Office of the Secretary of Defense (OSD) has 
established productivity enhancement as one 
of the goals to be met in the DOD Acquisition 
Improvement Program ... a program launched 
in the spring of 1981 by Frank C. Carlucci, 
Deputy Secretary of Defense. 

II.  DEFINITION OF PRODUCTIVITY 

The productivity of any industrial firm 
is a measure of how well the resources in 
that firm are brought together and used to 
accomplish a set of results. Productivity 
isn't just an increase in the volume out the 
backdoor, although this is one element. 
Traditionally, productivity has been defined 
as the acceptable output per labor hour. 
Using this definition, we would quickly 
discover that in a firm with many employees 
and little automation, productivity depends 
principally upon human achievement.  On 
the other hand, in a firm where automation 
predominates, the human contributions to 
productivity play a lesser role. 

Fred Steingraber has written a fine 
summary of how the definition of productivity 
has changed over the years. This is the way 
he sees it: 

... the definition of productivity has 
changed considerably over the past 
fifty years. Back in the 40s and 50s 
the measurement of productivity focused 
on output, or the production of as much 
as possible.  In the 60s and 70s, 
quantity was no longer as important as 
efficiency, or production at the lowest 
possible cost. Now in the 80s, given 
the constraints imposed by scarcities 
regulations, changes in job skill and 
cost mix, and greater international 
competition, the productivity emphasis 
is on effectiveness.  Corporations are 
increasingly liable for the quality of 
their products and the services they 
offer.  (Corporations) are considered 
social entities, not just economic 
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entities. And, as social entities, 
(they) are held accountable for attitudes 
toward issues ranging from the environment 
to the quality of life in the work 
place and ultimately to the quality of 
the product delivered. As a result, 
the definition of productivity as 
output over input is useless unless we 
realize that output now includes in 
addition to product such factors as 
quality, service, and safety, while the 
input is government, unions, people, 
money, technology, information, motiva- 
tion ...3 

Productivity is more than output over input. 
It is the relationship of the quantity and 
quality of products, goods, and services 
produced to the quantity of resources (person- 
nel, capital, facilities, machine tools and 
equipment, materials, and information) 
required to produce them.  In order to 
improve productivity in an industrial firm, 
both the output (performance achieved) and 
the input (resources consumed) must be 
capable of measurement. The ratio set forth 
below provides a measure of how well the 
expended resources are able to accomplish 
the established performance objectives, 
i.e., the ratio provides a measure of the 
value added. 

PRODUCTIVITY PERFORMANCE ACHIEVED 
RESOURCES CONSUMED 

George Kuper of  the National  Commission 
on Productivity and Work Quality has defined 
productivity  in a different way.4    He de- 
scribes productivity as a comparison of  the 
magnitude of  the results  (effectiveness) 
with the magnitude of  the resouces used 
(efficiency).     His formula, which appears 
equally acceptable to  the one above,  can be 
expressed  in this manner: 

PRODUCTIVITY EFFECTIVENESS 
EFFICIENCY 

Today, when the defense market is 
dynamic and changing, the key to productivity 
growth depends to a greater extent upon tech- 
nological innovation and the manufatturing 
technology employed than upon capital invest- 
ment or resourceful workers. At this point 
it is important to understand where the U.S. 
ranks in productivity growth among the 
industrialized nations of the free-rworld. 
Unfortunately, the U.S. is now last in the 
rankings. This provides us with a measure 
of the attention that we, as a nation, have 
been giving to this important subject.  Some 
of the details are discussed below. 

III.  TRENDS IN PRODUCTIVITY GROWTH 

Until the last two decades, most U.S. 
managers took little interest in either 
European or Japanese management practices or 
production systems.  This may be attributed 
principally to the fact that the U.S. has 
been the number one industrial nation.  In 
recent years, however, both the U.S. and 
Europe have been losing their dominance in 
many different industries to the Japanese. 
The results of recent studies of Japanese 
improvements in productivity, product quality, 
and management have become the bases for 
changes in industrial practices worldwide. 

During the 1950s and 1960s the U.S. 
maintained a relatively high productivity 
growth rate. During the 1970s the growth 
rate declined, but the U.S. is still ahead 
of the rest of the world.  The Bureau of 
Labor Statistics in the Department of Labor 
indicates that when comparing the real gross 
domestic production per employed person the 
national measure of productivity—the United 
Kingdom is 39.5 percent behind the U.S., 
Italy trails by 39.4 percent, Japan by 31.6 
percent. West Germany by 11.3 percent, 
France by 10.6 percent, and Canada and The 
Netherlands fay 8 percent.  The challenge to 
the U.S. from other countries is a real one. 
It will take commitment — commitment to more 
innovation and commitment to strong leader- 
ship.  See Figure 1. 

GROSS DOMESTIC PRODUCTION PER EMPLOYED 
PERSON BY NATION: 1960 - 1980 
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FIGURE 1. 

The international productivity rating re- 
lative to manufacturing of many industrial 
nations of the free world is depicted in 
Figure 2.  When viewing Figure 2, the obvious 
question that one might ask is:  Why does 
the productivity rating of the United States 
look so bad when compared with other 
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INTERNATIONAL PRODUCTIVITY RATING 
RELATIVE TO MANUFACTURING: 1960 • 1980 
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industrialized countries? Part of the 
answer is that productivity has two meanings. 
One concerns the work force - how hard 
people are working.  The U.S. looks good on 
this basis.  The other concerns the number 
of end products or the dollar value of the 
end products people are producing per hour. 
On this basis, the U.S. does not look as 
-good. Referring again to the figures of the 
Bureau of Labor Statistics, one finds that 
the gain in manufacturing productivity in 
the U.S. from 1970 to 1980 is less than 
increases in Japan and several European 
countries.  See Figure 3.° 

MANUFACTURING PRODUCTIVITY INCREASES: 1970 ■ 1980 

PERCENT INCREASE 

FIGURE 3. 

The  trend  is disturbing.     If  it contin- 
ues,   it will undermine:   the ability of  the 
U.S.   to compete  in the world markets,   the 
U.S.   standard of  living,  and  the ability of 
the DOD to acquire defense systems at afford- 
able prices. 

The productivity gains  in other countries 
didn't Just happen.    The gains came about as 
a  result  of   the application of  computer- 
integrated manufacturing   technology and a 
well-conceived management  philosophy and 
style.     It   involved  a  resolution by managers 
of   industrial  firms  to: 

Use the work force imag 
flexibly,  and recognize 
people  in the work fore 
increase productivity. 
Make workers  feel   they 
the  "team." 
Make workers  a  part of 
tion channel and  listen 
have to  say. 
Recognize  the dignity o 
and   the worker's right 

inatively and 
that  the 

e  know how to 

are  part  of 

the communica- 
te what they 

f each worker, 
to privacy. 

And there is a bright side to this 
story. Thomas J. Peters of McKinsey and 
Company and Stanford University found in a 
recent study that the best run and most 
successful U.S. industrial firms are outper- 
forming typical Japanese firms in the three 
areas where their managers also excel. 
These areas are: 

• Handling members of the work force 
with individualized concern and 
thoughtfulness. 

• Focusing on the quality of the 
product. 

• Paying extraordinary attention to the 
needs of the user. 

IV.  FACTORS THAT INFLUENCE PRODUCTIVITY 

Although it is clear that productivity 
in the U.S. has stagnated, the factors that 
influence productivity growth are known; 
however, because of their complex interre- 
lationships, it is difficult (if not impos- 
sible) to determine the specific effect of 
each one. The rest of this article will 
focus on the key factors:  the work force, 
capital investment, and technology. Now, 
let's consider each of these factors. 

V.     PEOPLE FACTOR 

The members of  the work force represent 
an integral part of  the productivity growth 
picture.    This is portrayed  in Figure A. 

PRODUCTTVITY RESULTS FROM EFFECTIVE 
INTERACTION OF THE PEOPLE, THE PROCESSES. 

AND THE PRODUCT 

FIGURE 4. 
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Referring  to  this figure,  you can see that 
each of  the three categories  -    people (work 
force),  processes,  and product — is composed 
of  subordinate elements,  any one of which can 
impact productivity growth.     Productivity 
growth occurs when the cumulative effect of 
the interdependent elements  is  Imposed. 

a.       Quality of  the Work Force 

The  quality of   the work force  effects 
productivity.     As  the quality  increases  or 
decreases,   the productivity  increases or 
decreases.    There has been a decline in the 
quality of  the work force in the U.S during 
the past few years.    This decline can be 
attributed  to a rise  in the proportion of 
young and  inexperienced workers  in the work 
force and  the decrease in the average work 
effort.    Also,   the lack of motivation of 
many young workers has had an adverse affect 
on productivity. 

One of  the actions  that needs to be 
taken  to  increase productivity in our  indus- 
trial firms  is  to  increase the annual supply 
of  engineering  graduates.     A critical  problem 
in our high technology  industries  is that of 
sustaining the growth potential inherent in 
the  industry with so few new engineering and 
scientific  graduates.     During  the past 
decade,   the number of  engineers working  in 
industry rose 62 percent  in Japan and  59 
percent  in West Germany;     however,  the 
number of  engineers  in the U.S.  dropped 13 
percent.    According to the American Electron- 
ics Association  (AEA),   in 1981 there were 
about 13,000 new engineering graduates  to 
fill  the 29,000 openings  for  electrical 
engineers and computer software engineers. 
In 1985  there will be only 15,000 engineering 
graduates  to  fill  the 51,000 openings  that 
will be available at  that  time.    One of  the 
contributors  to  this problem is the shortage 
of  engineering faculty members.    In 1980, 
for  example,  15 percent of  the engineering 
faculty positions were unfilled. 

Then,   there is a problem of turnover. 
The engineers who  have prime responsibility 
for  technological  innovation turn over about 
every 10 years.    Typically,  following gradua- 
tion,   engineers focus on developing and 
applying new technology.    Then,  after  ten 
years,   they join the ranks of management. 
This means  that  educators  influence 10 
percent of  the engineering work force annually 
through the new graduates to whom the technol- 
ogy has been transmitted.     It is  incumbent, 
then,   on the members of  engineering faculties 
to keep abreast of  the state-of-the-art  in 
their  specialty areas so  the latest knowledge 
can be  imparted  to  the students. 

b.      Quality of Management 
One of the keys  to productivity enhanc- 

ement within any organization is management. 

The attitudes,  actions,  and  personal  examples 
of management pervade the organization and 
affect directly  the attitudes, actions,  and 
motivation of  the work force.     It  is  from 
management  that  the workers generally  take 
their cues.    Accordingly, astute managers 
must convey clearly the  importance they 
place on productivity,  and  their desire  to 
enhance productivity throughout  the organiza- 
tion.    Unfortunately,  actions  that mangement 
takes  to  improve productivity  in one organiza- 
tion may not work out well  when applied  to 
another organization.     Therefore,   it  is 
important for managers  to assess  the situation 
within their organization before taking 
specific actions  to  enhance productivity. 

A manager concerned with improving 
productivity might begin by conducting a 
critical self-examination and  then taking 
action to overcome the deficiences found. 
Chart 1 provides a basis for  such an 

Chart 1. Managwmnt S«H-Ex«mln«tlon 

Do I try to discover employee needs and respond to them? 

Do I discuss job performance with each employee perloclloally, and 
encotxage hrn/hei- to improve pertormance, thereby enhancing 
productivity? 

Do I try to maintain or improve the productivity of my 
employees—who may have dltterent values, attitudes, and mofiva- 
tions than I have—throuflh trainino and education? 
Do I recognize and reward subordinates who continue to complete 
their assignmems in a satisfactory mannef? 

Do I ever remove incentives from employees who appear to be 
pertorming below a 'standard." forgetting they may be already per- 
forming to the best of their abilities and cannot do better? 

Do I hold forums on a planned basis to exchange ideas, to identify 
problems or potential problems within the organization, and to pro- 
mote cohesiveness within the organization? 

Do I encourage healthy competition between organizational units 
as a method for stimulating improvement In productivity? 

Do I conduct confrontation meetings in which representatives from 
each organizational unit mvolvBd in a specific disagreement meet to 
iron out differences? 

Do I delegate some of my management functions to eubordinafes 
who. by experience, training/education, and interest, have shown 
evidence of being ready and able to assume more responsible 
work? 

Do I set a good personal example for employees, and meet their 
expectations? 

Do I manage time effectively? Have I established priorities, 
dewetooed plans, and scheduled the worWoad to ensure the best 
investment of the time available to accomplish the tasks to be 
done? 

Do I provide suitable physical working conditions for my 
employees? 

Do I inspire employees to search for more productive and less 
costly ways to do things? 

Do I apply such techniques as work simplification and standardiza- 
tion? 

Do I encourage technological innovation and use of the advanced 
products of technology? 

Do i eliminate functions found to be redundant or unnecessary? 

Do I minimize disruptions to the work being performed? 

Do I minimize the amount of paperwork required to accomplish 
each assignment? 

Do I encourage effective communication within the organization 
and use the proper channels of communication myself? 

Do i provide for feedback on work in progress? 
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examination.  Any question that does not 
generate a strong "yes" response identifies 
an area where the manager must try to change 
his (her) performance. 

c. Cooperation Between Management and the 
Work Force 

Cooperation is another key to productivity 
and the quality of work in industry. The 
question is: How does one obtain cooperation 
between management and the work force? 

There are several steps that management 
can take, namely: 

• Open a line of conmunication by 
holding weekly "rap" sessions. 

• Organize groups with employees from 
various functional organizations. 
"Quality Circles" and "Productivity 
Circles" are examples of such 
groups.  The title is unimportant; 
what the groups do is important. 

• When the line of communication is 
open, listen with an open mind. 

• Investigate the merits of sugges- 
tions made by the "circles." 

• Implement changes based on the 
merits of suggestions received. 

• Announce the actions taken by 
management. 

When management takes the steps listed 
above, the workers will recognize that their 
cooperation is important. 

d. Pitfalls 

There are several pitfalls of a general 
nature that a manager  in industry or govern- 
ment may encounter when trying to enhance 
productivity,  namely: 

• The plan for  Improving productivity 
may not  be implemented properly. 

• Improvenent  in productivity  in one 
organizational unit might take 
place at  the expense of another unit. 

• If  improvement  in productivity is 
not sufficient,  employees might 
drift back to  "the same old way" of 
doing  things. 

• The pace in seeking productivity 
improvements must be maintained. 
If management enthusiasm is  too 
much or  too little,   efforts  to 
improve productivity might fail. 

t        Some short-term improvements might 
turn out  to be counter-productive 
over a longer period of  time. 

One of   the most  common  frustrations  for 
management  in attempting  to   increase  produc- 
tivity occurs when  there  is  a  short burst 
of worker  enthusiasm with a  corresponding 
improvement   in productivity,  only  to  be  follow- 
ed  by a  sudden decline  in  enthusiasm.     The 

chief reason for  such failures might be 
manager   tunnel-vision   ...   the  failure of 
the manager  to recognize that  there are 
many  interrelationships  that have to be 
developed. 

There are  several  approaches   to  produc- 
tivity  enhancement where manager  tunnel- 
vision can occur,  for example: 

• Productivity  problems  are  limited  to 
manufacturing.     Problems  appear   in 
manufacturing,  but  they are seldom 
the only causes of declining pro- 
ductivity. 

• Work  incentives.    Direct labor  is 
productive;  however,  production 
workers  sometimes "go  into business 
for  themselves" when they are placed 
on an incentive plan.     They play 
games   ...  games  that will  increase 
their own income  ...  often at  the 
expense of  productivity.     For 
example,   they hoard  tools, materials, 
and/or knowledge. 

• Special campaigns.    Managers  some- 
times believe that special campaigns 
or pep  talks will increase worker 
motivation and,   thereby,   improve 
productivity.    Too often managers 
concentrate on the symptoms of a 
problem and not on its causes.    When 
the campaigns are over,  and  the pep 
talks are forgotten,   the workers 
sometimes return to  their old 
habits. 

• Cost reduction across-the-board. 
Cost reduction plans have to be 
tuned  finely.    When costs are cut 
across-the-board,  say 8 or 10 per- 
cent,   they might only touch the sur- 
face of  inefficiency m one depart- 
ment and seriously weaken the ability 
of another department  to accomplish 
its role.     Caution has  to be exer- 
cised  in any cost-reduction program. 

• Self-improvement.    When higher-level 
management permits functional depart- 
ments  to set their own goals and  to 
meet  them in the way they deem to 
be most appropriate,   the opportunity 
to coordinate activities between 
departments  is diminished.     If a 
department overacts,   that depart- 
ment might actually reduce produc- 
tivity by creating a conflict with 
another department—a conflict  that 
did not exist previously. 

• Competition.    Managers  sometimes 
think that competition between 
workers  (or departments)  will bene- 
fit  the organization.    Unfortunately, 
the opposite might occur.  The cooper- 
ative attitude that existed between 
workers   (or  departments)  might 
become damaged  during   the competition. 
If  so,  a counter-productive environ- 
ment will  emerge. 
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Crackdown on absenteeism and tardi- 
ness.  Some managers are prone to 
think that the cause of absenteeism 
and tardiness originates in the 
work force, and that disciplinary 
action will solve the problem.  This 
might not be so.  The problem might 
be caused by poor working conditions, 
poor organization of the work to be 
accomplished, or weak management. 
Absenteeism and tardiness can be 
reduced by correcting conditions 
that brought them about in the first 
place. 
New hires. When seeking the best- 
qualified person to fill a vacancy, 
managers should avoid hiring a 
better-educated person than the 
position requires. Organizations 
cannot afford to have under-utilized 
talent on hand for extended periods 
because motivation will become a 
problem and productivity will fall 
off.7 

Each one of 
cited above can 
Enhancing produc 
ted, the approac 
problem, even if 
problem at hand, 
that many produc 
only by an attac 
once. 

the management approaches 
be taken with the objective of 
tivity.  However, as indica- 
h taken might create a new 
it successfully solves a 
Management should recognize 

tivity problems can be solved 
k on several fronts at 

A recent issue of the newsletter 
"Productivity," indicated that people—the 
work force—are the most essential ingredient 
in any productivity improvement program. 
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The publisher  of   the  newsletter,   Norman 
Bodek,   reporting  on  the results  of  his  survey, 
stated  that  the most  effective way  to 
bolster  productivity  is  through  employee 
participation programs   (Figure  5).     Better 
communications  ranks  second,   followed  by 
improved  labor-management  relations,   in- 
creased  training,   improved  quality,  increased 
automation,  and others.    More than half  of 
the companies  surveyed  have  some  kind of 
employee-participation program. 

Now,  let's turn to  the factors  that 
affect  investment  in technology. 

VI.     FACTORS AFFECTING  INVESTMENT  IN TECH- 
NOLOGY 

a.     The Situation at  the Start of  the 
1980s 

Capital 
necessary  if 
At the start 
The cumulativ 
requirement  f 
dollars.     Thi 
of  all  capita 
1900 and  1980 
dollars more 
last 20 years 

investment  is absolutely 
productivity  is  to be enhanced, 
of  1982  the picture is grim, 
e U.S.  capital  investment 
or  the 1980s  is about  5  trillion 
s  figure  exceeds   the  sum  total 
1   investments made between 

It will average 350 billion 
per year  than was  spent  in the 

According  to  the annual survey by 
McGraw-Hill,  capital  investment plans- 
after adjustment for  inflation—show no 
growth  in 1982.     Other  surveys   indicate 
there may be as much as a 2.5  to  3.5 percent 
decline.     This  is bad news.     In the 1960s 
capital  investment  increased an average six 
percent a year,  and  in the 1970s  it  increased 
an average of  four percent a year,  after 
adjustments were made for  inflation. 

b.       Reasons  for  Declining  Investment 

1.     Inflation 

During the 1970s, the average annual 
inflation rate was 7 percent.  In the 1980s, 
the average inflation rate may be 9 or 10 
percent.  This increase over the 1970s will 
add about 650 billion dollars to the capital 
required by the private sector.  Just at 
the time we need more capital than ever 
before in our history, industry is facing 
lower earnings, high interest rates, less 
equity financing, eroding profits, and 
lower bond ratings.  The portion of U.S. 
capital stock (technology equipment - 
and facilities) that is five years old or 
less has been declining steadily since 1969, 
and the share of our total investment iden- 
tified for building technological capital has 
been declining at an alarming rate. 

Inflation affects productivity negatively. 
Look at what has been happening.  The prime 
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rate changed twice between 1934 and 1948. 
It changed 16 times in the 1950s and again 
in the 1960s.  In the 1970s it changed 130 
times, and, in 1980, 39 times.  It might 
change more than 200 times in the 1980s.  It 
is very difficult for any business, including 
defense, to plan adequately with changes of 
this nature.  What does this do to produc- 
tivity? 

Productivity is influenced by the dollars 
industrial firms are able to set aside for 
investment in new technology, equipment, and 
plants.  The Japanese set aside about one- 
third of their economy annually for investment 
in new technology, equipment and plants over 
the 15 year period ending in ly79. During 
that period, the productivity in Japan grew 
about eight percent a year. For the 15 
years ending in 1979 the West Germans set 
aside about 25 percent of their economy 
annually for the same purpose and their pro- 
ductivity grew about five percent.  From 
1962 to 1979, our country set aside between 
10 and 12 percent of its economy for capital 
spending.  Our annual rate of productivity 
growth was about 2.5 percent annually from 
1962 to 1977 , and there was no increase at all 
in 1978.  In 1979, it was minus two percent. 
It seems apparent, then, if the U.S. is look- 
ing for a way to improve productivity it 
needs to stimulate capital spending. 

2. Short-Term Outlook 

Tom Wolfe,   contemporary author  and  social 
critic,  believes  that  the greatest  source of 
productivity loss  in the U.S.   in the 1970s 
was   in  the  short-term orientation of   indus- 
trial managers.     Managers who  occupy  their 
positions for  short periods of  time,  either 
because of job rotation or  turnover,  are not 
prone  to make long-term  investment  decisions 
...   substantial capital  investments.     Further, 
industrial firms have problems  in executing 
long-range and  consistent  company  strategies 
when management  changes   frequently.     Finally, 
there seems  to be a  trend away from the Chief 
Executive Officers   in  the defense  industry 
with engineering backgrounds  to  those with 
financial  backgrounds.     Perhaps  some of  our 
problems today are the result of  the. muted 
voices of  engineering and manufacturing 
executive when key policy decisions are 
made. 

Wolfe bemoans  the rise of  self-centered- 
ness   in our  social  fabric.     Unfortunately, 
the  lack of  commitment  he  has  observed   in 
our  social fabric has begun to appear  in 
our  industrial  fabric  too.     The stockholders 
in our  industrial  firms are demanding 
higher   short-term  earnings.     But   industrial 
growth calls  for  capital   investment  and   this 
reduces  short-term profits.    How,  then,  can 
we convince  the management  of   industrial 
firms   in  the U.S.   to  make  long-term  commitments 

to  research and  development,  automating   the 
factory,   and  corporate growth,   if  promotion 
policies  and  compensation  systems  continue 
to provide them with rewards for  their  short- 
term accomplishments? 

U.S.   industry must  continue  to  stimulate 
research and  development   (R&D)   and   encourage 
innovation.     Richard  L.   Terrell,   Vice Chair- 
man of  the Board,  General Motors Corporation, 
has  pointed  out   that   industrial  firms  should 
"...   break new ground."     There  is  always 
some risk in doing  the untested,  but  there 
are also great gains  to be realized when we 
experiment and when we succeed."    Mr.  Terrell's 
challenge  is  well  founded.     If  U.S.   industry 
had accepted  this challenge sooner,  the per- 
centage of  the gross national product  (GNP) 
in the U.S.  that goes  into  industrial R&D may 
not have dropped  so precipitously between 
1960 and  1980  (Figure 6). 

INDUSTRIAL SPENDING IN U.S. 
FOR RESEARCH AND DEVELOPMENT 

1970 im 
YEAR 

SOUMd    MATIOMI. KUNCf KlUMMTKM 

FIGURE  6. 

Symptoms  of   the Problem 

For  the past  several years  there has 
been a serious deterioration of  the U.S. 
defense  industrial base.^    Along with this 
deterioration,  productivity has  fallen off. 
Martin Baily believes  that a reasonable case 
can be made that  the slowdown in produc- 
tivity  can be associated with  the decline  in 
capital   investment and   the  quality of   the 
work force.     He  says   that  "...   some capital 
goods have become obsolete and capital spending 
has been used for purposes other  than 
raising productivity  ....  Much of  the capital 
stock (technology,  equipment,  and  facilities) 
is obsolete."12    On the other hand, much of 
the recent decline  m productivity can be 
attributed  to  slack in our  factories. 

A  special  panel  of  the House of  Armed 
Services  Committee,  which studied   the  status 
of  our  defense  industrial  base  in  some 
detail,   reported   the  following  findings  at 
the  end  of   1980: 
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• A continuing deterioration and con- 
traction of the defense industrial 
base. 

• Lack of a plan for defense indus- 
trial base preparedness. 

• Turbulence in defense system (wea- 
pons) programs. 

t        A  shortage of  critical materials 
and a growing dependence on un- 
certain foreign sources for  these 
materials. 

• Restrictive procurement policies 
and procedures. 

• Tax and profit policies  that dis- 
courage capital  investment. 

• Diffused responsibility for  the 
condition of  the industrial base.^ 

If  the deterioration of  the defense industrial 
base continues,  the U.S. will not be able to 
regain the rate of productivity growth it 
once enjoyed,  and  the cost of defense systems 
will continue to rise. 

d.       Solutions  to  the Problem 

1. Centers for Industrial Technology 

Public Law 96-480 addressed  the problem 
of outdated plants and  equipment by encourag- 
ing  U.S.   industrial  firms  to  renovate or 
replace those that are outdated with techno- 
logically superior  plants and  equipment. 
This law provided $285 million over five 
years  to create centers for  industrial 
technology at universities and non-profit 
institutions.     It had been hoped  that  this 
would  encourage the coordination of  the 
research resources of  the universities,   the 
private sector,  and  the government.    Unfor- 
tunately,   the provisions of  the law have not 
been fully funded. 

2. Taxes and Depreciation 

The tax policy changes contained in the 
Economic Recovery Act of 1981 have not 
revived the economy. Some economists think 
it will take two or three years before the 
impact of the changes will be felt. 

One of the reasons that defense contrac- 
tors have been reluctant to make any capital 
investments at this time is because of the 
restrictions contained in Cost Accounting 
Standard (CAS) 409, "Depreciation of Tangible 
Assets." This standard prohibits rapid 
depreciation of capital equipment and fails 
to recognize replacement depreciation costs. 
The CAS 409 cannot be changed without the 
approval of a CAS Board. Such a board no 
longer exists. The Joint Logistics Commanders, 
recognizing the need for a change to CAS 
409, sent a letter to the Deputy Secretary 
of Defense (DEPSECDEF) on 9 October 1981, 
urging that some action be taken.  In 

response, the DUSDRE (acquisition management) 
is supporting the establishment of a CAS 
function within the Office of Management and 
Budget.  If such a function is organized, a 
board could then be formed to take the 
necessary corrective action on CAS 409, or 
any other Cost Accounting Standard requiring 
a change. 

3.  Contract Financing and Profit 
Policy 

The Deputy Secretary of Defense has 
requested that (1) contracts be structured 
to permit defense contractors to share in 
cost reductions that result from productivity 
enhancement, and (2) profit levels commen- 
surate with risk and contractor investment 
be negotiated. 

In support of this request, a DOD Task 
Force for Improving Industrial Responsiveness 
has prepared a draft guide, "Improving 
Productivity," which provides instructions 
for contracting officers. The instructions 
explain how to tailor the current contract- 
incentive clauses—within the authority 
provided in the appropriate section of the 
defense acquisition regulation (DAB.)—to 
motivate contractors to make capital invest- 
ments that will enhance productivity. 

The DUSDRE (acquisition management) in 
a June 1981 memorandum requested that the 
services and the Defense Logistics Agency 
(DIA) instruct field elements to select the 
contract type most appropriate to the risks 
involved.  Implementation of this action 
should help to ensure adequate profit motiva- 
tion for defense contractors and encourage 
produc t iv ity improvement. 

Relative to profits, the DEPSECDEF has 
requested that the services grant equitable 
economic price adjustment (EPA) clauses in 
appropriate procurements. To carry out this 
request, the DAR Council is considering 
revisions to the current EPA coverage that 
will recognize the Impact of inflation on 
profits. The revision under consideration 
should provide greater assurance to both 
contractors and subcontractors that they 
will not be penalized by unpredictable cost 
fluctuations. 

The DOD Authorization Act of 1982, 
signed 1 December 1981, repealed the profit 
limitations on aircraft and ship procurements 
contained in the Vinson-Trammell Act of 
1934. The new act authorizes the President, 
upon declaration of war or national emer- 
gency, to prescribe regulations that l.e may 
deem necessary to control excessive profits 
on defense contracts. A revision to the DAR 
will be issued by July 1982 to reflect the 
elimination of the excess profit provisions. 
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We have considered  the factors  that 
affect   investment   in  technology.     Now,   let's 
consider what  technology can do  to  spur 
productivity growth. 

VII.     WHAT  TECHNOLOGY   CAN DO  FOR PRODUCTIVITY 

a. Need  for Application of  Technology 

"Economic growth, technological innovation 
... these are the components of progress. 
These are the engines that drive our country 
forward," says Herbert E. Meyer, an editor 
of Fortune.   The enhancement of productivity 
is not only affected by the results of 
research and development, but by application 
and acceptance of new technology. According 
to Frank Batten, president of the New York 
Stock Exchange, "... productivity growth 
(results from) the application of new techno- 
logy to the production of goods and services." 
Mr. Batten believes that more than half of 
the net productivity growth from 1948 to 
1977 can be  attributed to technological 
advances.^^ This is somewhat higher than 
Bodek found in his survey. 

b. Automated Factory 

There are far-reaching implications 
associated with the introduction of the 
automated factory into the U.S. industrial 
environment. The advent of factory automa- 
tion is an exciting and challenging field 
... one which government and industry believe 
will reduce operating costs and increase 
productivity. However, the approach that 
management takes to introduce automation may 
be of equal importance to the new field 
itself. 

A well-managed industrial firm is one 
in which there is an effective integration 
of the work force and advanced technology. 
The genesis of such an organization is an 
implementation plan that includes education 
of the work force for factory automation; 
early identification of new manufacturing 
processes that will lend themselves to 
automation; manpower/ workload forecasting 
that takes into account factory automation; 
and a mechanism for worker feedback-. The 
concept of a computer-integrated factory of 
the future is shown in Figure 7. 

A comprehensive strategy is necessary 
to improve the quality and reliability of 
products manufactured. With insufficient or 
poor planning, an atmosphere could be created 
within an industrial firm in which the 
work force rebels against management. When 
the work force is educated, and a well- 
conceived plan for factory automation is 
implemented, the transition to the automated 
factory will proceed smoothly, and productivity 
enhancement will follow. 

COMPUTER-INTEGRATED FACTORY OF THE FUTURE 

FIGURE 7. 

c.  Robotics 

A robot is a programmable, multifunctional 
manipulator designed to move material, 
parts, components and end items, tools, and 
specialized devices through variable program- 
med motions for the performance of a variety 
of tasks. When George Devol patented the 
first robot 35 years ago, he saw a bright 
future for this technology. He recognized, 
even then, that robots could provide one of 
the least expensive approaches to productivity 
enhancement. Today robots are being used 
for the following tasks: machine loading/ 
unloading, spraying, palletizing/depallet- 
izing, grinding/deburring/ polishing, tool 
carrying, forging, welding, and assembling. 

It is imperative that U.S. industry and 
the government foster more widespread use of 
industrial robots. The application of 
robots was one of the keys to the remarkably 
high levels of productivity achieved by the 
Japanese in the 1970s. If the U.S. does not 
make a stronger commitment to robotics and 
other innovative technologies in the near 
future, its economy will continue to decline 
and our industries will lose more ground to 
competition from abroad. The accelerated 
depreciation provided in the recent changes 
to the tax law, along with additional tax 
credits for installation of innovative 
technologies such as robots, should give 
rise to increased productivity in the U.S. 

The Robot Institute of America (RIA) 
suggests that U.S. industry assign high 
priority to the installation of robots, 
especially in dangerous, dirty, and dull 
jobs, "recognizing that robots are one of 
the quickest and cheapest ways to increase 
productivity." Also, industry must accept 
the responsibility for retraining workers 
who are displaced by robots.  Industry 
managers will have to communicate with the 
work force and help the workers to understand 
the advantages of using robots. Further, 
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industrial managers will have to develop 
plans so workers will share in the benefits 
of increased productivity. 

Currently, there are about 5,000 robots 
in use in the U.S.  This is less than half 
the number in use in Japan.  But the U.S. 
robotic boom is just beginning (see Figure 
8).  In 1980, robot sales in the U.S. totaled 
$90 million ... SAO million more than 1979 
sales. The 1979/1980 sales represent a 
quantum jump from the $1.5 million in 1969 
sales. Recently, knowledgeable observers of 
the robotics market have been predicting 
that U.S. robot sales will reach $500 million 
annually by 1985, and $2 billion by 1990. 

PROJECTED USE OF INDUSTRIAL ROBOTS 
IN THE UNITED STATES 

111 THIS nOURE MAY REACH OOJXC BY 1M0 

FIGURE 8. 

d.       Advanced  Computerized Manufacturing 

Someone has  said  that  "if robots are 
becoming  the tireless arms and eyes of 
production,   then computers are their minds." 
The versatility of  the computer has made it 
one of  the principal elements leading to  the 
automation of  the  factory.     According  to   the 
Center  for Productivity of  the National 
Science Foundation,  computer-aided design 
(CAD),  computer-aided manufacturing  (CAM), 
and  computer-aided  test  (CAT)   have more 
potential  to radically increase productivity 
than any development since electricity. 

The question is: What role will advanc- 
ed  computerized manufacturing system play in 
the currently emerging Third  Industrial 
Revolution?     Advanced  computerized manufac- 
turing  systems will assist people in all of 
the processes necessary to  translate the 
specific  requirements  of  a  product  into   its 
final physical configuration.    These systems 
will  play a major  role  in such areas  as 
design,   analysis,   detailing,   documentation, 
numerical  control   (N/C)   programming,   tooling, 
fabrication,  assembly,  quality assurance, 
and   testing.   The application of  CAD/CAM at 
Westinghouse,   for  example,has  resulted   in a 
25  percent  reduction  in manufacturing  lead 

time,   and  as much as a  400  percent  increase 
in productivity. 

Advanced computerized manufacturing 
systems originated  at  the Massachusetts 
Institute of   Technology   (MIT)   with  the 
development  of  numerical-controlled machine 
(N/C)   tools.     Then,   in  the  1960s,  APT 
(Automatic  Programming  for  Tools)   was  develop- 
ed as  the language for N/C programming.  This 
effort was  followed   in  1963  by  Ivan  Sutherland's 
MIT doctoral  thesis,  "Sketchpad," which 
provided one of  the first basic  implementa- 
tions of an interactive computer graphics 
system for computer-aided drafting.     The 
General Motors DAC-1  (Design Augmented by 
Computer)   and  the Lockheed CADAM (Computer- 
Graphics Augmented Design and Manufacturing) 
in the mid-1960s followed. 

Today, with the availability of  low- 
cost minicomputers,  a design engineer can 
sit  in front of a large CRT screen and 
graphically construct  the three-dimensional 
geometric model of a part.    When he is 
finished, a manufacturing engineer can use 
the part's  geometric data  base.     Through 
interaction with a  graphics  CRT,   N/C machin- 
ing tapes can be derived and  toolpaths 
verified.     Process plans can be created and 
bills of material can be generated  for  the 
manufacturing process. 

The declining cost of  computer power  — 
about 50 percent every 30 months  — will 

enable defense contractors  to  increase  their 
use and  thus greatly increase productivity. 
Through  the use of  these advanced  systems, 
the productivity of design engineers,  drafts- 
men,  and manufacturing engineers has  increased 
by a  factor of  from 2  to  1  to more than 20 
to 1  in situations where there  is a  large 
amount of repetition or engineering change 
activity.    The General  Electric Company,  for 
example,   has  indicated  that the time for 
tool design has been reduced  25 percent by 
installation of a  Computervision CAD/CAM 
system.     In high technology  industries,   such 
as computers,  electronic  instruments,  and 
telecommunications,  productivity  is now 
increasing at an annual rate of over 6 
percent.  This compares favorably with 2 
percent or below for other industrial sectors. 

The new flexible manufacturing  systems 
in which several numerically controlled 
production machines are grouped, along with 
a  transport system,  under  the control of a 
main computer,  are impacting productivitv 
substantially.    Using  this  type of manufactur- 
ing  system,  machine-tool utilization has 
increased as much as 45 percent  in some 
companies. 

e.       Manufacturing  Technology Program 
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The DOD Manufacturing Technology Program 
(MANTECH) was initiated a few years ago to 
improve the producitivty and responsiveness 
of the defense industrial base.  In this 
program, the government shares with industry 
the risks and costs of establishing and 
applying new and/or improved manufacturing 
technologies.  Today, the MANTECH program is 
one of the largest single sources of indus- 
trial productivity enhancement information 
in the U.S. 

f.  Technology Modernization Program 

Capital investment and manufactring 
technology innovations are key factors in 
productivity enhancement.  The program for 
determining the advanced manufacturing tech- 
nology needed, and the capital investment 
required to apply advanced technology, is 
referred to as the Technology Modernization 
(TECHMOD) Program.  This program, initiated 
by the Air Force, involves the coupling of 
need and advanced manufacturing technology 
by providing defense contractors, as well as 
subcontractors, with incentives for capitali- 
zation. 

g- Service Technology Programs 

As a part of the DOD Acquisition Improve- 
ment Program initiated on 30 April 1981, the 
military services have accomplished the 
following relative to increasing productivity 
in contracts for defense systems: 

• The Army implemented an Industrial 
Productivity Improvement (IPI) Pro- 
gram after receiving approval of its 
plans from the Secretary of the 
Army.  An IPI Program is being 
used at the Rockwell HELLFIRE 
missile plant, the Martin Marietta 
Pershing II missile plant, the 
General Dynamics M-l tank plant, 
and others.  The Army is requesting 
a low of 86.9 million dollars in 
FY 83 and a high of 269.9 million 
dollars in FY 87 for the IPI 
Program. 

• The Navy has invested $77 million 
in MANTECH during the pa^t five 
years.  It has budgeted S8 million 
for FY 82 and up to $70 million 
per year in the out years. During 
the next five years the Navy's 
MANTECH Program will emphasize four 
areas, namely: aircraft and air 
combat systems, shipbuilding tech- 
nology, ship combat systems, and 
electronics. 

• The Air Force has a TECHMOD Pro- 
gram.  When applied to the F-16 
aircraft program, TECHMOD provided 
the first successful demonstration 
that government costs could be 

reduced during acquisition.  The 
initial success of the F-16 TECHMOD 
Program prompted the Air Force to 
consider application of the con- 
cept to other systems that will 
have long production runs. 

The new MANTECH Program Initiative is 
now underway.  It will provide productivity 
and production efficiency improvements for the 
B-1B industrial base.  Initial assessments 
indicate that a 5 to 1 payoff is possible 16 

VIII.  SUMMARY AND FINAL THOUGHTS 

The rate of productivity growth in the 
U.S. has been declining for many years. 
This decline cannot be attributed to a single 
cause, and a single action will not readily 
change the way it has been going.  It will 
take a combination of actions. 

The increased use of new technologies 
such as industrial robots, CAD/CAM/CAT, and 
new flexible manufacturing systems, will 
enhance productivity. At the same time, it 
will challenge both industrial managers and 
leaders of our educational institutions 
to meet the need to train (or retrain) 
the work force on a scale never before 
attempted. About 45 million jobs will be 
affected by the automation of U.S. factories 
and offices. Fortunately, the changeover will 
take place over many years.  The management of 
our firms can ease the shock of transition by: 
giving the work force ample notice of impend- 
ing changes; bringing the work force in on 
decisions involving automation; and explain- 
ing to the work force the advantage of the 
changeovers.  The leaders of our educational 
institutions will have to find ways to satis- 
fy the need to train new members of the indus- 
trial work force and to retrain the old 
members so all can be qualified to assume 
new assignments. 

Productivity enhancement is especially 
Important in the defense systems acquisi- 
tion business.  It is only through enhanced 
productivity that we can continue to afford 
defense (weapon) systems in sufficient 
quantities to deter or counter any foreign 
threat to our way of life.  In the U.S. we 
have reached the point at which it has 
become difficult to sustain the rate of 
productivity growth we attained in the past. 
Continuing technological innovation and 
increased capital investment will help, but 
they cannot enhance productivity without a 
work force in tune with the need.  The 
ability, attitude, and action of the 
people in the work force will have a pro- 
nounced affect on the future growth of 
productivity in this country. 

Tomorrow we will grade our managers on 
how well they were able to use the advanced 
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technology, capital, and human resources 
they were given today to enhance productivity. 
We will hold our managers less accountable 
for short-term performance than for long- 
term performance and their contributions to 
productivity enhancement. Peter F. Drucker 
noted authority on management, summed it up 
very well when he said, "Productivity is 
the first test of managements' competence." 

8. Based on data from the "Productivity" 
newsletter as reported in Mechanical 
Engineering. September 1981. 

9. William Van Dusen Wishard, "Productivity 
and American World Competitiveness," an 
address delivered at the Meidinger, Inc. 
annual luncheon in Louisville, KY, December 
1, 1981. 
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"UNREADY FOR CRISIS" 

In a recent survey, the Lou Harris Poll posed 
this question: "How serious is the problem of 
declining productivity in the United States?" 
The answer varied, based on the perspective of 
the group sampled. On one end, only 425; of 
labor union leaders felt that it is a serious 
problem. Among their management counterparts 
however, 92%  felt that it is indeed a serious 
problem. The U.S. Congress concurred in this 
dim view, with 89% of its members agreeing that 
the productivity problem has reached crisis 
proportions.(1) 

The results of this poll support a December 
1980 report published by the Defense 
Industrial Base Panel of the House Armed 
Services Committee. Entitled "The Ailing 
Defense Industrial Base: Unready for Crisis", 
the report concluded that the "defense indus- 
trial base is deteriorating", and supported 
that conclusion with these findings:U) 

- The defense industrial base is un- 
balanced; while excess production 
capacity generally exists at the prime 
contractor level, there are serious 
deficiencies at the subcontractor level. 

- Leadtimes for military equipment have 
increased significantly during the 
past three years. 

- Skilled manpower shortages exist now 
and are projected to continue through 
the decade. 

- The U.S. is becoming increasingly 
dependent on foreign sources for 
critical raw materials as well as for 
some specialized components needed in 
military equipment. 

- Productivity growth rates for the 
manufacturing sector of the U.S. 
economy are the lowest among all free 
world industrialized nations; the 
productivity growth rate of the defense 
sector is lower than the overall 
manufacturing sector. 

- The means for capital investment in 
new technology, facilities and 
machinery have been constrained by 
inflation, unfavorable tax policies. 

and management priorities. 

Almost all of these conclusions are based on 
factors that are components of productivity: 
process, product and people factors. But what 
is the cause of our problem? In the United 
States, there is ample motivation, and an 
abundance of capable individuals, tools, and 
other resources necessary to improve produc- 
tivity. Further, in terms of technology, the 
U.S. maintains a substantial lead over other 
nations of the world. According to a report 
issued in 1980 by the Japanese Ministry of 
International Trade, out of 71 industrial 
sectors rated, we are equal to or better than 
Japan or West Germany in all but two. By this 
measure, we have a sound foundation of tech- 
nological resources on which to build.(3) 

The need to find appropriate methods to exploit 
our superior technologies is a key factor in 
our effort to seek answers to the productivity 
problem. This necessity is gaining acceptance 
in academic as well as industry and Government 
management circles. Professor Wickham Skinner 
of the Harvard Business School clearly 
articulates this need when he states: 

"The availability of equipment and 
mechanisms has far outrun the ability of the 
modern factory system to absorb these new 
technologies. Somehow management in the 
manufacturing world has apparently been 
unable to fully assimilate the new tech- 
nologies which engineers and scientists 
have made available. We have the ironic 
situation of industry loaded with unused 
technology yet in trouble in terms of 
competition and costs." 

Professor Skinner goes on to note that the 
"factory of the future" will always remain in 
the future unless a critical change is made in 
our approach to manufacturing management. 

Along the same lines. Professor W. A. Reynolds, 
Chairman of Industrial Engineering, University 
of Hong Kong, writes that standing alone, 
knowledge contributes nothing to the welfare 
of mankind.(4) It must pass through the 
barriers of research and development, possi- 
bility, cost justification, and market 
reception. At each level, these barriers hold 
back a burgeoning reservoir of processes and 
techniques, allowing a mere trickle of 
innovations to find their way to the production 
floor. Traditional manufacturing technology 
(MANTECH) activities lift the barriers between 
basic scientific knowledge and technologically 
possible techniques by establishing achievable 
and economical methods of manufacture. MANTECH 
projects create the initial opening in the ec- 
onomic and human factors floodgates by demon- 
strating and achieving factory floor applica- 
bility (Fig. 1). The next step is to lift the 
barriers even further - to facilitate wide- 
spread implementation and assimilation into 
the regular production process. 
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WHAT IS TECHNOLOGY MODERNIZATION? 

Technology Moderni2ation - better known as 
Tech Mod - is a partnership between a contrac- 
tor and the Air Force. It is directed at 
systematically bringing new and existing manu- 
facturing technologies, and the capital invest- 
ments needed to implement them, onto the pro- 
duction floor of the contractor's facility. 
Tech Mod is a cooperative venture, in which the 
Air Force may provide "seed money" for.the 
evaluation of factory needs and the development 
of applicable manufacturing technologies. As 
his part of the bargain, the contractor pro- 
vides the necessary investment in capital 
equipment to ensure that the technologies and 
other productivity enhancing initiatives are 
placed on the factory floor and integrated into 
the manufacturing process. A Tech Mod is 
generally accomplished in a three phase effort 
{see Tech Mod Phasing, Fig 2): 

- Phase I is a "top down factory analysis" 
which both evaluates the needs of the overall 
facility and identifies candidate manufacturing 
technologies which are applicable to the types 
of systems produced in the facility. At the 
culmination of Phase I is a negotiated "busi- 
ness deal" between the Air Force and the con- 
tractor. The business deal establishes a 
contractual relationship geared to the uplift- 
ing of factory wide productivity for the mutual 
benefit of both parties. The heart of the 
business deal is a willingness by both sides to 
engage in a "win-win" relationship. In this 
context, the contractor agrees to reduce system 
costs (based on the resulting productivity in- 
crease), while the Air Force agrees to allow 
increased return to the contractor (based on 
the level of productivity enhancement and cost 
reduction). Considerations include incentives, 
benefit sharing arrangements, and return on in- 
vestment hurdles. The business deal establish- 
es the groundrules for Phases II and III 

- Phase II is the development of the tech- 
nologies and design of the factory modernization 
enhancements. Phase II also identifies im- 
plementation plans, specifies hardware/ 
software operational requirements and validates 
specific applications through method demon- 
strations. 

- Phase III is implementation of the Tech 
Mod, including purchase and installation of 
capital equipment to implement those Phase II 
candidates that demonstrate highest potential 
payback. 

The Air Force experienced initial success with 
its Tech Mod on the F-16 program. Since that 
time it has greatly expanded the effort, en- 
compassing virtually all aspects of the 
aerospace industrial base, including aircraft, 
propulsion, missiles and electronics. Tech 
Mod has been extended beyond the prime con- 
tractor level and is gaining increasing 
momentum with the key subcontractors and 
vendors which constitute the aerospace 
industry's foundation. Tech Mod is a major 
element in the Air Force productivity 
enhancement strategy. 

WHY TECH HOD? 

Tech Mod offers two very strong selling points. 
First, it forges a direct link between the 
manufacturing technologies developed by the 
Air Force Wright Aeronautical Laboratories 
(AFWAL) and the factory floor. Second, it 
offers an alternative to the piecemeal 
approach to capital investment which has be- 
come characteristic of American industry. 

For years the AFWAL Manufacturing Technology 
(MANTECH) Division has pioneered the develop- 
ment of innovative production methods, tech- 
niques and processes. Numerical control of 
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AFWAL efforts which have helped to revolution- 
ize manufacturing throughout the world. De- 
spite this success in developing new manu- 
facturing techniques, it became apparent that 
there was a need for a stronger link between 
those technologies and their widespread ap- 
plication on Air Force production programs. 
Tech Mod provides that link. The objective 
of a MANTECH project is to establish and 
demonstrate the practicality and economic 
viability of new technology. MANTECH 
provides first case factory floor appli- 
cation of the technology. There is no 
explicit requirement however, for the 
technology to achieve broad based im- 
plementation. Tech Mod, with its emphasis 
on business and contractual considera- 
tions, ensures that selected technologies 
achieve large scale assimilation into the 
regular production process. 

MANTECH and Tech Mod complement one another. 
The demonstrated practicality of MANTECH 
projects can be translated into wide- 
spread production floor application 
through the link to Tech Mod. The 
MANTECH projects of today can become the 
Tech Mod candidates of tomorrow, with 
Tech Mod serving as the vehicle for 
attainment of additional applications. 
Some examples of MANTECH projects which 
have made the transition from the labor- 
atory to the factory floor through Tech 
Mod are depicted in Fig. 3.(5) 

In addition to forging the link to MANTECH, 

Tech Mod helps to overcome the piecemeal 
approach to capital investment. By concen- 
trating on the total factory, and seeking to 
group technologies and equipment into work 
cells and work centers, Tech Mod offers a 
strategic approach to productivity enhance- 
ment. This approach is defined in the tools 
developed as part of the Integrated Computer 
Aided Manufacturing (ICAM) Program. Through 
ICAM, a system of factory architecture and 
hierarchies has been devised to help in the 
strategic "top down factory analysis" process. 
A primary tool is "ICAM definition" (IDEF) 
which provides the roadmap for evaluating 
factory needs and developing an overall 
approach to the most effective grouping of 
manufacturing technologies with new and 
existing capital equipment. The result is a 
plan for the total factory which leads to 
improvements at every level of the production 
process.(6) 

The merging of forces for increased produc- 
tivity through Tech Mod is illustrated by an 
on-going effort with a major producer of jet 
engines. Since 1980, the company has planned 
to expand its capability, and as a result of 
these activities, decided to construct a new 
plant. The original concept was to build a 
facility for the manufacture of nickel-alloy 
turbine disks and titanium-alloy compressor 
disks, and ship them to another location to 
undergo final machining on existing equipment. 
As a result of the introduction of the Tech 
Mod Program, the company has proposed to 
construct a facility that will not only 
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manufacture the disks, but bring them to their 
final form, using the ICAM concepts to achieve 
the most cost-effective manufacturing tech- 
niques. 

The disk manufacturing facility will incorpor- 
ate the latest state-of-the-art technologies 
in the metal working industry. More than 100 
computers of various kinds will control every 
phase of the manufacturing operation. 
Production scheduling, machining, and parts 
inspection will be done automatically. A 
major thrust will be automation of materials 
handling. Material will travel throughout 
by an automated system of unmanned vehicles, 
conveyors, and overhead monorails, following 
pre-set production schedules programmed within 
a central computer. About 50 robots will be 
used to transfer materials throughout the 
facility. Finished disks will be delivered 
for assembly into production engines. 

MANTECH 

TECHNOLOGY TRANSITIONED 
FROM MANTECH TO TECH MOD 

(EXAMPLES) 

HERMETIC CHIP 
CARRIERS 

ADVANCED COMPOSITES 

PRINTED WIRING BOARD 
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CONFORMAL COATINGS ON 
PWBs 

Figure 3. 
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To facilitate this, the company proposes to par- 
ticipate in each of the three Tech Mod phases. 
During the first phase, the company will per- 
form a factory analysis, including: evalu- 
ation of total factory needs based on current 
manufacturing methods, identification and 
screening of candidate manufacturing tech- 
nologies to be included in the total concept, 
formulation of these tasks into a totally 
integrated factory concept, generation of a 
business plan designed to share the savings 
between the company and the Air Force in a 
manner that provides both parties with an 
acceptable return on investment, and partici- 
pation of subcontractors. The second phase 
will develop and validate enabling tech- 
nologies necessary to implement the selected 
technology concepts identified in Phase I. 
Phase III will integrate production equipment 
and software to verify and validate the 

performance relative to the baselines establish- 
ed in Phase 11.(7) 

Some of the technologically possible techniques 
were economically feasible, and a portion of 
them would have been used in the original plan. 
But with the Air Force supported Tech Mod 
program, additional techniques will be explored 
and put into use. The net result is the 
production of compressor disks in their final 
form, using the most productive methods. The 
Air Force and the contractor will share in 
the economic benefits which accrue from this 
effort (see Fig 4). 

This is only one example of a company rethink- 
ing its approach to capital investment 
following its familiarization with the Tech 
Mod concept. Tech Mod is successfully 
opening the floodgates and providing much- 
needed direction.for the channeling of the 
technology reservoir to a thirsty industrial 
base. 

CONTRACTUAL CONSIDERATIONS 

The best laid technical and managerial plans 
are nothing more than sophisticated exercises 
until they are translated into practice through 
a contract. Opening the economic barriers 
between technologically possible techniques, 
and implemented techniques is accomplished 
through our contracting tools. Although there 
is no prescribed way to contract for Tech Mod, 
there are tools by which the Air Force and 
contractors can achieve a creative, satis- 
factory business arrangement. 

A major step toward the development of a 
successful Tech Mod contract is recognition of 
the ways in which it differs from a typical 
system contract. As stated earlier, Tech Mod 
is dependent on a "win-win" relationship 
between the Government and the contractor. 
This might require a change in some long held 
attitudes on both sides. An understanding of 
the fundamental differences between Tech Mod 
and other kinds of contracts is helpful in the 
reshaping of these attitudes. A critical 
difference is the end item. In a system 
acquisition, we contract for a piece of 
hardware which must meet certain cost, 
schedule and performance requirements. In a 
Tech Mod, the "deliverable" is a quantifiable 
improvement in productivity which can be 
translated into reduced hardware costs. A 
brief rundown of these differences is further 
outlined below and in Fig 5.(8) 

- Acquisition contracts are typically for 
deliverable hardware. The outputs of 
Technology Modernization efforts are 
more modern, efficient factories, 
benefiting the U.S. industrial base. 

- Weapon systems are acquired to satisfy 
Air Force operational requirements. 
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while Tech Mod objectives are across- 
the-board factory productivity improve- 
ments leading to significant cost 
reductions. Tech Mod initiatives also 
enhance a contractor's competitive 
posture, both in the U.S. and in 
international markets. 

- Weapon system design receives the major 
technical focus on system acquisition 
programs. Within Tech Mod, the tech- 
nical emphasis is on advancing manu- 
facturing and quality technologies and 
finding new applications for existing 
technologies to produce the weapon 
system more efficiently and less 
expensively. 

- When addressing production economics 
under system acquisition contracts, 
management emphasizes cost control, 
often with Design to Cost and Life 
Cycle Cost objectives. Tech Mods 
comprehensively attack high cost drivers 
throughout the factory to effect sig- 
nificant savings both through cost 
reductions and avoidance. 

'- System Acquisition funding is viewed 
simply as the cost to obtain weapon 
systems. Tech Mod funds are considered 
a joint contractor and Government in- 
vestment opportunity with attractive 
payoffs to both. 

- The business relationship in a Tech Mod 
program is quite unique in that, instead 
of the Government acting as customer 
with the contractor as the source of 
supply, we literally form a business 
partnership, sharing both the risks and 
rewards of advancing technology and 
modernizing industrial plants. 

Recognition of the differences between Tech 
Mod and a system acquisition is a major step 
toward development of a successful contracting 
approach. Contracting for a Tech Mod involves 
consideration of factors that are not common 
in a typical system acquisition, providing an 
excellent opportunity to exercise the widely 
discussed tenets of "contracting for 
productivity". 

THE PRESENT AND THE FUTURE 

At this writing, the Air Force Aeronautical 
Systems Division (ASD) has over a dozen 
different Tech Mods underway or in the works. 
These range from initial government/contractor 
productivity improvement plans to existing 
contracts resulting in hard cost savings. 
Tri-service cooperation to increase productiv- 
ity through Tech Mods is also gaining momentum. 
Picking up the Air Force lead, both the Army 
and Navy have expressed interest and provided 
support to various Tech Mod ventures. 
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Air Force Systems Command and Air Force 
Logistics Cormand recently developed an 
initial "Aerospace Industrial Base/Product- 
ivity Enhancement Strategy". The cornerstone 
of the strategy is the industrial base sector 
concept. In this concept, the strategy 
divides the aerospace industrial base into 
eight sectors and attacks those sectors both 
individually and collectively. Although not 
yet fully adopted, this approach recognizes 
that it is necessary to go beyond isolated 
successes on individual programs and expand 
the concept for the benefit of the entire 
industrial base. Preliminarily, eight sectors 
have been identified. They are: 

I Aircraft 
II Propulsion 
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III Electronics 
IV Missiles 
V Munitions 

VI Space 
VII Organic Repair 

VIII Basic Industries 

For each of these sectors, a series of goals 
and target areas can be established. The target 
areas can then be further divided to highlight 
problem areas such as high cost, lack of 
capacity, and labor intensity. The sectors 
need not be restricted to prime contractors 
within the aerospace base. The vital sub- 
contractor network, which the Congressional 
Defense Industrial Base Panel found to have 
"serious deficiencies" can be given special 
emphasis. In fact. Sector VIII, Basic 
Industries, is devoted entirely to those 
critical areas which form the foundation of 
the industrial base. Sector VIII currently 
contains such Tech Mod ventures as efforts 
seeking to improve the U.S. forging industry, 
and to improve the U.S. industrial base for 
traveling wave tubes. Sector VIII can be 
expanded to include more key industries in 
the future. In addition, major subcontractor 
Tech Mods are included as part of several 
other sectors. 

The sector approach provides a strong linkage 
to the "Manufacturing Technology Thrust Plan" 
prepared by the AFWAL MANTECH Division. By 

forging this link between the two elements of 
the strategy, opportunities for optimum 
incorporation of proven MANTECH projects into 
Tech Mods are possible. For example, a 
MANTECH project expected to be proven in 
1984-85, will be ripe for consideration as 
part of a Tech Mod beginning in the 1984 and 
beyond period. Conversely, MANTECH programs 
can be initiated in anticipation of solid 
implementation opportunities on Tech Mods 
scheduled to begin in the future. This close 
relationship will foster enhanced technology 
transfer and provide greater assurance than 
ever that basic scientific knowledge will pass 
RiD, engineering, economic and other filters 
to find its way to the factory floor. 

CONCLUSION 

We have dramatized the deterioration of our 
defense industrial base, and its solid 
connection with declining productivity. In 
examining the barriers to the knowledge flow, 
it is apparent that there is no lack of 
technology - the problem is with our ability 
to absorb it all. Technology Modernization is 
a vehicle that increases the utilized tech- 
nologies by providing a management structure 
which commits the Government and contractors 
to lift the barriers of technology flow. The 
systematic way of evaluating the total fac- 
tory, and applying the best new technologies 
are the technical co-ponents, and an innovative 
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contracting strategy are the moving forces of 
the Tech Mod thrust. 

Since DOD acquisition actions make a large 
impact on the U.S. economy, these actions can 
shape the productivity picture of this Country. 
This challenge is reflected in the thinking 
of Deputy Secretary of Defense Carlucci: 
"THE DOD HAS A VERY IMPORTANT ROLE ... TO 
PROVIDE A BUSINESS CLIMATE CONDUCIVE TO 
INDUSTRY NEEDS IN INVESTING IN NEW TECHNOLOGY 
AND EFFICIENT PRODUCTIVE CAPABILITY." 
Technology Modernization will take us a long 
way toward living up to this role. 

REFERENCES 

(1) Results of an Institute Survey, 
Industrial Engineering. Vol 13, No. 10, 
October 1981, p. 38. 

(2) The Ailing Defense Industrial Base: 
Unready for Crisis, U.S. Government 
Printing Office, Washington, 1980. 

(3) R.T. Kramer, "Productivity: An 
Engineering Perspective", Production 

, Engineering, November 1981, p. 22. 

(4) W.A. Reynolds, "The Engineer and His 
Work Today", AIIE News - Management, 
Vol. XIV, No. '3, Winter 1980. 

(5) Dr V.J. Russo, "Overview of the Air 
Force Manufacturing Technology and 
Technology Modernization Programs", 
Presentation at HQ AFSC, 1 Apr 1982. 

(6) B.A. Kosmal, "System Engineering Methods 
for Technology Modernization Programs", 
ICAM Industry Days, Jan 1982. 

(7) Based on the work of AFSC/ASD/Deputy for 
Propulsion, Directorate of Manufacturing/ 
Quality Assurance, A. Moore. 

(8) Based concepts developed by L. Fry, 
Deputy Director, Manufacturing/Quality 
Assurance and R.C. Kirchoff, Procuring 
Contracting Officer AFSC/ASD/Deputy for 
Airlift & Trainer Systems. 

C-21 



PANEL D 

EFFECTIVE ACQUISITION STRATEGIES 

PANEL CHAIRMAN 

RADM Joseph S. Sansone, Jr., USN 
Deputy Chief for Contracts and Business Management 
Naval Material Command 

PANEL MEMBERS 

MG Robert L. Herri ford, Sr., USA 
Director of Procurement and Production 
US Army Materiel Development and Readiness Command 

BG Bernard L. Weiss, USAF 
Deputy Chief of Staff for Contracting and Manufacturing 
Air Force Systems Command 

BG Charles F. Drenz, USA 
Deputy Director for Acquisition Management 
Defense Logistics Agency 

D-l 



REPORT  ON   THE   DEVELOPMENT  OF  A 
PROTOTYPE   COMPUTERIZED  MODEL  AND DATA 

BASE  FOR USE  IN  COMPARING ACQUISITION  STRATEGIES 

Larry  Cox 
Michai  Bohn 

THE  ANALYTIC  SCIENCES   CORPORATION 
1700 North Moore Street 

Arlington,   Virginia  22209 

ABSTRACT 

The authors have developed a prototype compu- 
terized -.nudel  for comparing acquisition strate- 
gies.  The model parameters and logical assump- 
tions are based upon a large and varied data 
base.  Use of the model involves an interactive 
menu selection process to obtain a general des- 
cription of the weapon system concept and pro- 
gram objectives.  The model and the user then 
interact to successively reduce the number of 
strategy alternatives to a small set containing 
the preferred alternatives for a particular 
situation.  Reasonable agreement with program 
experience has been demonstrated. 

INTRODUCTION 

The results discussed in this paper evolved 
from a study completed in January 1981.  This 
study investigated the feasibility of develop- 
ing an analytic model to aid in selecting an 
acquisition strategy for research, development, 
and production of major weapon systems.  The 
development of such a model was deemed feasible 
in a prior report which also described a pre- 
liminary modeling approach.* However, uncer- 
tainty still existed concerning implementation. 
Was it possible, in a real-world sense, to 
develop and implement such a model that would 
provide reasonable results?  To answer this 
question, it was decided to attempt to develop 
and demonstrate a prototype computerized model 
and data base (along the lines described in the 
feasibility assessment) for evaluating acquisi- 
tion strategy alternatives.  This paper dis- 
cusses the results of this effort. 

The scope of this initial development effort 
was intentionally limited to two categories of 
weapon systems:  tactical missiles and selected 
electronic subsystems.  These were selected 
because of their broad service base and their 

interdependencies (e.g., electronic subsystems 
are typically key components of tactical 
missiles).  Expansion of the model and support- 
ing data base to other weapon systems could be 
done. 

The first step in the model development was to 
define a usable concept of acquisition strategy. 
The Defense Systems Management College (DSMC) 
defines acquisition strategy as "the overall 
concept for planning and organizing resources 
to develop, procure, support and dispose of 
weapons systems designed to satisfy an approved 
mission need." 

Consistent with this definition, the acquisi- 
tion strategy concept is defined in a macro- 
perspective and considered to consist of 25 
strategy alternatives spanning four acquisition 
phases (Figure 1). 

The primary objective of Phase 0 is defined as 
the examination and selection of feasible solu- 
tions to a perceived operational need.  Given a 
feasible concept, the principal objective of 
Phase 1 is to demonstrate that the required 
technology is an engineering application rather 
than an experimental one.  After proving the 
maturity of necessary technology. Phase 2 pri- 
marily deals with analysis and refinement of the 
system design to ensure attainment of required 
thresholds. 

The model requires that one option from each of 
the four phases must be selected to define a 
complete acquisition strategy which will trans- 
form a weapons system concept into an operation- 
al system.  This hypothesis assumes that the 
nature of this process does not change signifi- 
cantly over time.  The same basic tasks are 
required to develop a weapon system today as 

* Cox, Larry W, and Hullander, Robert A., "Feasibility and Development Study for a System 
Acquisition Strategy Model — Final Report," The Analytic Sciences Corporation, Technical 
Report TR-1375, 12 January 1981. 



PHASE 0:  Concept Exploration 

• Directed  concept 
• 3y  non-industrial  firms 
• By   industrial  firms 
• Jointly 

PHASE   1:     Demonstration  and  Validation   (D&V) 

• Wa ive 
• Contract definition 

- by non-industrial  firm(s) 
- by single  industrial firm 
- by multiple  industrial  firms 

• Subsystem/component  development 
- by non-industrial firm(s) 
- by  single  industrial firm 
- by multiple  industrial firms 

• System  prototype 
- by non-industrial  firm(s) 
- by  single  industrial  firm 
- by multiple   industrial  firms 

PHASE 2:     Full-Scale  Development   (FSD) 

• Incremental  development 
- by  single  source 
- by multiple  sources 

• Partial   concurrency 
- by  single  source 
- by multiple  sources 

• Full   (extreme)   concurrency 
(Single  source) 

PHASE  3:     Production and   Deployment 

• Single  source,   no  options 
• Single source with options 
• Single source,  multi-year contract 
• Leader-follower 
• Licensing 
• Second  sourcing 

Figure 1 Acquisition Strategy Alternatives 

were required 20 or 30 years ago.  The order in 
which the tasks are performed mav differ, the 
nature of overlap among the tasks may vary, and 
the names associated with the activities mav 
change; however, the basic tasks remain rela- 
tively static.  (Histories of missile develop- 
ment programs support this hypothesis.) 

A basic assumption embodied in the model is 
that the results achieved in prior programs 
are indicative of results which can be expected 
from similar acquisition strategy choices in 
future programs.  Thus the lessons learned in 
prior programs can provide invaluable guidance 
in choosing the acquisition strategy consistent 
with the goals and objectives of a program 
today. 

The model has been structured to reflect a logi- 
cal process often used by a program manager in 
selecting an acquisition strategy.  This process 
consists of four basic steps: 

• Identify all feasible strategies 

• Reduce the set of feasible strategies 
to a smaller set with the highest 
probabilities of achieving the desired 
result 

• Further reduce the set of possible 
strategies by financial limitations 

• Perform detailed comparative analysis 
of those remaining to eliminate "second 
best" options. 

SUPPORTING DATA Am)  INTERNAL RELATIONSHIPS 

The development of the prototype model required 
a large and varied amount of data covering the 
four acquisition phases.  Two categories of 

data, program history and judgmental data, were 
required.  Internal relationships in the model 
have their foundation in these data.  Frequentlv 
data were sufficient only to identify trends and 
general relationships from which mathematical 
formulations were derived.  For the most part. 
the methodology is a heuristic, empirical one. 
which lends itself to validation and modifica- 
tion through rigorous data analysis.  Additional 
data can be used to accept, reject, or modify 
many of the postulated relationships. 

Program history data centered on the following 
specific program parameters: 

• Strategy used in the acquisition phase 

a Length of phase 

• Cost of phase 

• Risk levels 

• Interval between start of Phase 2 and IOC 

• Overlap between production and development 

• Second source start-up costs 

• Learning curve parameters 

• First unit cost 

• Production rate parameters. 

The data base developed consists of data on 37 
programs plus ancillary data.  This proved ade- 
quate for prototype demonstration, but the data 
cannot be considered complete.  A summarv of 
the amount of system historical data by phase 
is presented in Table 1. 

D-4 



TABLE 1 

SUMMARY OF SYSTEM DATA BY PHASE 

Acquisition phase 

Concept Exploration 

Demonstration and 
Validation 

Full Scale Development 

Production 

No. of Systems 
With Data 

16 

17 

26 

Results of the data analysis indicated a high 
correlation between the cost of pursuing a 
development phase alternative and the level of 
technical risk.  In other words, development 
cost is directly proportional to technical risk. 
Because of this, the cost of pursuing each 
development phase alternative is described in 
terms of a normal (Gaussian) probability dis- 
tribution with mean and standard deviation 
determined from the data analysis after remov- 
ing the influence of technical risk.  Technical 
risk factors thus become a key determinant of 
development cost. 

The time required to complete each phase alter- 
native is represented as a normal probability 
distribution with mean and standard deviation 
derived from the data analysis.  Little corre- 
lation between time and risk was evident in the 
data. 

The degree of concurrency between FSD and pro- 
duction affects the time required to achieve 
initial operational capability (IOC) as well 
as initial production options.  To estimate 
time to IOC, a normal probability distribution 
is assumed with the mean and standard deviation 
determined from data analysis.  For production 
options, the model assumes that it is not pos- 
sible to develop a second production source 
during the period of concurrency when FSD and 
early production activities overlap.  The 
higher the degree of concurrency, the longer 
the delay before a second production source 
can be established.  This is represented in 
the model by a normal probability distribution 
with mean and variance determined from the data 
analysis. 

The majority of the relationships incorporated 
into the production phase stem from prior 
research by the authors and their colleagues.* 
Data collected during this effort was combined 
with data previously analyzed to generate two 
generic sets of parameters, one suitable for 
tactical missiles and one suitable for elec- 
tronic subsystems. 

One additional aspect relating to production 
cost became evident during data analysis. 

Although the amount of supporting data is cur- 
rently small, there is clear evidence that com- 
petition during FSD suppresses (compared to 
single source FSD) subsequent production costs, 
at least for the first few years.  This is in- 
corporated in the model. 

Judgmental data included in the model dealt 
with measuring the ability of each alternative 
to reduce technical risks to a manageable level. 
A questionnaire was used to obtain subjective 
assessments from knowledgeable individuals. 
Since the required type of information limited 
the degree of simplification, the questionnaire 
proved difficult for respondents unless ver- 
bally administered, and response was limited. 
Additional data would allow a more rigorous 
approach. 

From the available data, the authors derived an 
estimate of the probability that each strategy 
alternative would reduce technical risk from 
each of several arbitrarily-defined pre-phase 
levels to lower end-phase levels.  This infor- 
mation formed the nucleus of risk reduction 
matrices which were generated for each strate- 
gy/phase alternative and for each risk category. 
These risk reduction matrices, when combined 
with input parameters and historical data, 
become key determinants of both estimated devel- 
opment costs and probabilities of achieving 
program objectives. 

With the relationships described, time, cost, 
risk reduction, and tradeoffs among these fac- 
tors constitute the principal determinants of 
the model.  Their interrelationships should 
become apparent in subsequent sections. 

MODEL OVERVIEW 

The prototype model consists of three segments 
displayed in Figure 2.  The objective of the 
first segment is to build a user-defined scen- 
ario through computer-generated questions and 
user responses.  The first series of questions 
cover the user's system category (new missile, 
missile mod, or electronic subsystem); the 
program's location in the acquisition cycle 
(prior to Phase 0, 1, or 2); options pursued 
in prior phases if the user is not starting at 
Phase 0; and elimination of any options the 
user considers infeasible in his or her par- 
ticular base. 

The next series of questions concern technical 
risk.  In this model, technical risk is defined 
in three categories as follows: 

• Level of technology advance - the concept 
embodied in this category is the magni- 
tude of the technology increase over the 
existing state of the art 

•Cox. Larry W. and Gansler, Jacques S., "Evaluating the Impact of Quantity, Rate and Competition," 
CONCEPTS, The Journal of Defense Systems Acquisition Management, Vol. 4, No. A, Autumn 1981. 
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• CATEGORY OF SYSTEM 
- TACTICAL IISSILE, NE« OR MOD 
- ELECTRONIC SUBSYSTEI* 
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• EXCLUDE INFEASIBLE ALTERNATIVES 
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'SUMMARY OF RESULTS' 
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• igure Model Overview 

• Degree of required svsten integration - 
a large weapon system with many complex 
internal and external interfaces is a 
high-technology risk program, not neces- 
sarily because it embodies advanced tech- 
nology, but because it is vulnerable to 
a large number of error sources 

• Level of software dependency and com- 
plexity - a weapon system using off-the- 
shelf components with few interfaces may 
still be dependent on a large and complex 
computer software development effort.  If 
the software is critical to the operation 
of the system, its development could pace 
the development of the entire system. 

For each category, the user expresses the levels 
of  risk on an arbitrary scale from one to nine. 
A one corresponds to virtually no risk, while a 
nine corresponds to maximum risk. 

In addition to estimating the risk in each cate- 
gory, the user is asked for his degree of con- 
fidence in that estimate.  Again, this is 
defined by an arbitrary scale from one to nine 
where one stands for total uncertainty and nine 
stands for total certainty. 

The user is next asked to estimate his inven- 
tory requirements and the number of years of 
production for a low, medium, and high quantity 
estimate.  The final input to the baseline 
scenario is an estimate of the system's relative 
production cost compared to all systems in that 
weapon system category.  An arbitrary scale 

from one to nine, one being low cost, nine 
high cost, is used.  As before, the user is 
asked for his degree of confidence in this 
estimate using the previously defined scale. 
This concludes the first segment of the model. 

The second segment of the model requires no 
user involvement.  Based upon the input pro- 
vided during the prior,phase, the model gener- 
ates a set of allowable acquisition strategies 
and computes several attributes for each:  the 
probability distribution of the time required 
to reach initial operational capability (IOC), 
the probability distribution of the develop- 
ment cost, the probability distribution of 
production cost for each estimate of inventory 

requirements, and the probability distributions 
or the technical risk remaining at the comple- 
tion of FSD. 

The objective of the final segment of the model 
is to reduce the set of feasible strategies 
generated in the second segment.  This is 

accomplished through a sequence of computer- 
generated questions and the corresoonding user 
responses. 

The first series of questions concerns urgency 
of need.  The user estimates the earliest 
desired and latest acceptable IOC from the 

beginning of his initial phase.  The model then 
calculates and displays the probability that 
each strategy will meet these criteria for 
three levels of pre-production design stability. 
These levels are as follows: 
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Level 1 - Virtually all technical risk 
has been eliminated.  The system is 
ready for mass production 

Level 2 - Minor technical problems per- 
sist, but minor system modifications 
during production should resolve them 

• Level 3 - Somewhat more significant 
technical problems remain.  Limited 
production only (perhaps in conjunc- 
tion with planned product improvement) 
is recommended. 

The user then selects the minimum acceptable 
probabilities for each level for both esti- 
mates of IOC.  The strategy alternatives are 
compared by each of these six criteria and the 
results are summarized in a table which shows 
the following: 

• The number of strategies that satisfy 
all six criteria 

• Additional strategies that satisfy 
five criteria and are within a 
probability of 0.10 on the sixth 

• Additional strategies that satisfy 
four criteria and are within a 
probability of 0.10 on the other two 

• Additional strategies that satisfy 
three criteria and are within a 
probability of 0.10 on the other 
three. 

The user selects the acceptable number of 
remaining strategies from this table for fur- 
ther analysis. 

The next series of questions permits the user 
to place cost constraints on the remaining 
strategies.  The computer displays the rela- 
tive development and total program costs of 
each alternative for each of the three inven- 
tory estimates.  The user can specify maximum 
relative cost levels for development cost and 
tor total program cost for each of the three 
quantity estimates.  The strategies are com- 
pared by these four criteria and the results 
are displayed in a table which shows the 
following: 

• The number of strategies that satisfy 
all four criteria 

• Additional strategies that satisfy 
three criteria and are within .10 
on the fourth 

• Additional strategies that satisfy 
two criteria and are within .10 on 
the other two. 

Again the user selects the acceptable number 
of remaining strategies from this list. 

The final portion of the evaluation segment 
requires no user involvement.  The remaining 

strategies are compared to each other to deter- 
mine any "second-best" choices.  Basically, 
one strategy is considered to dominate another 
if it is clearly superior to the other strategy 
in at least one (or more) attribute(s) and is 
at least as good on all others.  This compari- 
son is not performed in an absolute sense. 
Rather, two attributes are considered to be 
equivalent if they are reasonably close to 
each other.  Similarly, for one attribute to 
be considered superior to another, it must be 
better by more than a prespecified threshold. 

The results of the analysis consist of strate- 
gies not eliminated by one or more criteria. 
Typically, only a small number of strategies 
remain.  These are displayed, together with 
the following principal attributes: 

• Probability of success for the 
earliest desired IOC by level of 
design stability 

• Probability of success for the 
latest acceptable IOC by level of 
design stability 

• Relative development cost 

• Relative total program cost by 
low, moderate, and high inventory 
estimates. 

AN ILLUSTRATIVE EXAMPLE 

This hypothetical example concerns the develop- 
ment of a new tactical missile system.  The 
weapon system concept was directed (i.e., the 
concept exploration phase was skipped), and 
the analysis is to begin with Phase 1 - Demon- 
stration and Validation.  All strategy alter- 
natives included in the model are considered 
feasible.  Parameters defining the perception 
of technical risk are as follows: 

Confidence 
Risk Categorv Risk Level 

7 - Major 

Level 

Technology 7 - Reasonably 
Advance Certain 

Svstem 7 - Major 1 - Reasonably 
Integration Certain 

Software 7 - Major 9 - Absolutely 
Dependency and Certain 
Complexity 

Estimates of inventory requirements are as 
follows: 

•  Low estimate ,000 systems produced 
over two years 

• Moderate estimate - 20,000 systems 
produced over eight years 

• High estimate - 60,000 systems pro- 
duced over 15 vears. 
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Relative produccion costs were estimated as 
average (5) with a confidence level of 5 
(sounds reasonable). 

From this input, 264 possible acquisition 
strategies were generated. 

Earliest desired IOC and latest acceptable IOC 
estimates are 144 months (12 years) and 168 
months (14 years).  Probabilities of success 
generated are displayed in Figure 3.  The mini- 
mum acceptable probabilities selected are 
circled . 

The result was that 21 of the 30 strategies 
were eliminated as being "second-best" options. 
The output summary of results is displayed in 
Figure 4. 

The implications of these results are as 
follows: 

•  For the high-risk situation described, 
when urgency of need is not great, one 
should build a full system prototype 
during DiV and perform incremental 
FSD.  Tradeoffs exist between non- 

LEVEL 1 
LEVEL 2 
LEVEL 3 

TABLE 1 
EARLIEST DESIRED IOC 

Probability of success at least as great as: 

0.10 0.20 0.30 0.40 0.50 0.60 

LEVEL 1 186 168 108 90    no) 
LEVEL 2 228 186 168 108    go 
LEVEL 3 24 6 228 186 

LATEST 

168    108 

TABLE 2 
ACCEPTABLE IOC 

0.70 

0 
18 

Probability of success at least as great as: 

0.10 0.20 0.30 0.40 0.50 0.60 0.70 

186 168 
228 186 
246    228 

108 90 30 
168 108 90 
186 168 108 

Figure 3 Probabilities of Success 

0.80 

0 
0 

0.90 

0 
0 
0 

0.90 

0 
0 
0 

The results of applying these criteria were 
that 30 strategies satisfied all six criteria. 
The other "close" categories were all empty 
(i.e., contained zero strategies).  The sum- 
mary of these strategies by phase is as follows: 

FOR PHASE 1: Prototype Nonindustrial 

Prototype Single Industrial 
Prototype Multiple Industrial 

FOR PHASE 2: Incremental - Single Source 
Incremental - Multiple 

Sources 

FOR PHASE 3: Single Source - 

Single Source - 
Single Source - 
Licensing 
Leader/Follower 
Second Sourcing 

12 
6 

12 

12 

No Options 5 
Options 5 
MYC 5 

5 
5 
5 

industrial and industrial firms, as 
well as between single and dual 
source FSD. 

Production options are mainly 
dependent upon estimated inventory 
requirements: the high estimate 
justifies dual source production, 
the low estimate does not.  For 
the moderate estimate, there are 
other tradeoffs involved. 

The probability of a successful 
program is relatively high. 

Relative cost comparisons of these 30 strate- 
gies are provided in Tables 2 through 4.  It 
was decided not to eliminate any of the strate- 
gies at this point for cost considerations, 
primarily to discover how many strategies would 
be eliminated by the dominance analvsis. 
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1.0 

TOT) 

1.0 

1.0 

TABLE 2 

TOTAL PROGRAM COST LOW QUANTITY 

0. 9 1          | 1 
0.8 6 3 3 3 
0.7 1           ! 2 
0.5 1         1         1    € I 3 3 ■ 

0.5 
0.4 
0.3 i     i     ;     i 
0.2 i           1           I 
0.1 
0.0 i i 

(15) 
( 2) 
(13) 

0.0 0.1 
(12) 

.3  0. 
(6) 

0.5 
(6) 

.6 o.: 
(6) 

0. 0.9  1.0 

DEVELOPMENT COST 

TABLE 3 

TOTAL PROGRAM COST MED QUANTITY 

0.9 8 
0.8 4 2 i 2 1 
0.7 4 A   ! 
0.5 _      1     . ■ 

0.3          i i       1       ! 
0.- 1       l 
0.3 !       1    _ 1 
0.2 1 1 
0.1 I 
0.0 i L                  i 
(TOT) 

0.0 0.1  0.2 
(12) 

0.3 OJ 
(6) 

0. 
(6) 

0.6  0. 
(6) 

0. 

DEVELOPMENT COST 

TABLE A 

TOTAL PROGRAM COST HIGH QUANTITY 

(TOT) 
0.0 0.1  0.2 

(12) (6) 
0.3  0.4  0.5 

(12) 
(10) 
( 8) 

0.9  1.0 

0.9 613'          !     2    |     1    | 1 
0.8 | 
0.7 4.     2   :                 1,11 
0.6 i                2    12! 
0.5          ! I i       ;       ! I 
0.4 |          1          !          !          1 
0.3 iili 1 
0.2 j       i 1 
0.1 i       1 
0.0 Ill i 

(11) 
( ") 
( 3) 
( 4) 

(6)  (6) 
0.6 0.7  0.8 0.9  1.0 

DEVELOPMENT COST 
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There  are  9  strategies  remaining.     The  following  summarizes  the relative attributes  of   these 
strategies.     Complicated   trade-offs  exist  among  these  attributes.     Trade-off  analysis more 
detailed  and more   in-depth  than  is  possible here   is  recommended. 

I Prototype Non-industrial Incremental 
5 Prototvne Non-industrial Incremental 
3 Prototype N'on-industrial Incremental 
4 Prototype Non-industrial Incremental 
0 Prototvoe N'on-industrial Incremental 
6 Prototype Non-Indus trial Incremental 
7 Prototype Single Industrial Incremental 
8 Prototype Single Industrial Incremental 
9 Prototype Single Industrial Incremental 

Single  Source 
Single  Source 
Single  Source 
Multiple  Sources 
Multiple  Sources 
Multiple  Sources 
Single Source 
Single  Source 
Single Source 

Single  Source  -  MYC 
Leader/Follower 
Second  Sourcing 
Single  Source  -  MYC 
Leader/Follower 
Second  Sourcing 
Single  Source  -  MYC 
Leader/Foliowet 
Second  Sourcing 

J PROBABILITY OF SUCCESS RELATIVE COSTS 

EARLY IOC LATE IOC DEV TOTAL 

1 

LI L2    L3 LI L2 L3 1Q MO HQ 

0.60 0.68   0.76 0.64 0.73 0.82 0.38 0.66 0.91 0.94 
0 0.60 0.68  0.7 6 0.64 0.73 0.82 0.38 0.81 0.84 0.78 
3 0.60 0.68   0.76 0.64 0.73 0.82 0.38 0.81 0.84 0.78 
4 0.60 0.68  0.76 0.64 0.73 0.82 0.68 0.63 0.73 0.81 
5 0.60 0.68  0.76 0.64 0.73 0.82 0.68 0.84 0.76 0.69 
6 0.60 0.68   0.76 0.64 0.73 0.82 0.68 0.84 0.76 0.69 
7 0.52 0.71   0.79 0.64 0.74 0.82 0.39 0.66 0.91 0.94 
8 0.62 0.71   0.79 0.64 0.74 0.82 0.39 0.81 0.84 0.78 
9 0.62 0.71   0.79 0.64 0.74 0.82 0.39 0.81 0.84 0.78 

Please note — The use of multiyear  contracting assumes a relatively  stable design  for  initial 
production.     If  this  is not  the case,   single source with or without options would  be the 
alternatives. 

Figure  4     Summary of   Results 

A  REAL-WORLD   EXAMPLE 

The  AN'/SLO-32  Shipboard  Electronic  Warfare  Sys- 
tem  program  began   in  October   1971   with the 
objective of  developing  and  procuring a co- 
herent   series  of   electronic  warfare  systems 
for  near   fleet-wide   installation. 

The AK/SLQ-32   scenario  was  described   by  its 
program manager  as  follows: 

• System category — electronic  subsystem 

• Concept  was  directed  —  no  concept  ex- 
ploration was performed 

• Strategy analysis  began with Phase  1 

• Use  of  non-industrial  firms was  not 
feasible  during  the  D&V  Phase 

• All  alternatives during  FSD and  produc- 
tion  were  entered  as  possible,   although 
there  were  political  considerations 
which made  some difficult 

• Technical  risk 

- Technology Advance - moderate (5) 
with reasonable certainty (7) 

- System Integration - total ^9) with 
absolute certainty (9) 

- Software Dependency and Com- 
plexity - moderate (5) with 
absolute certainty (9) 

• Inventory requirements were for 300 
systems to be produced over four 
years with no uncertainty (i.e., low, 
moderate, and high estimates were 
identical) 

• Relative production costs would be 7 
(above average) with a confidence level 
of 7 (reasonably certain) . 

Given this scenario, 174 possible strategies 
were generated. 

Urgency of need was entered as 60 months (5 
years) as the time to the earliest desired IOC 
and 78 months <bU  years) as the time to the 
latest acceptable IOC.  These were based upon 
the actual five-year time span the program 
office used as a goal and the achieved time to 
IOC of slightly over six years.  Summaries of 
the probability of success are displayed in 
Figure 5.  The specified minimum acceptable 
probabilities are circled. 
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TABLE   1 

EAELI! £T DESIRID  IOC 

ProtabUlt y of   succtas a.   IftasL at grea: as; 

0.10 0.20 0.30 3.-0       0.5C 0.60     O.JO 0.60 3.90 

[£■•=: s 

90 
106 

(30) 

LATEET 

(Tfi       o 

TABLE  3 

ACCEPTABLE 10 

3             0 

0 

0 

0 

3 
3 
3 

Pt DbabUis v of  success at   ieas: as  grea;   as: 

■ -VE- 

0.10 

102 

0.30 0.40       0,50 0.60       0.70 

0             0 

O.BO 

0 

0.90 

168 114 
102 

0             0 
0 0 

Figure 5  Probabilities of Success 

The results of evaluating the 174 strategies 
against the specified criteria are as follows: 

• 0 strategies satisfy all six criteria 

• 18 additional strategies satisfy five 
criteria and are within a probability 
of 0.10 on the sixth 

• 12 additional strategies satisfy four 
criteria and are within a probability of 
0.10 on the other two 

• 0 additional strategies satisfy three cri- 
teria and are within a probability of 0.10 
on the other three. 

All 30 strategies accounted for were selected. 
The summary of these strategies by phase 
follows: 

FOR PHASE 1: CD Single Industrial 6 
CD Multiple Industrial 12 
Prototype Single Industrial 6 
Prototype Multiple Industrial 6 

FOR PHASE 2: Incremental - Single Source 
Incremental - Multiple Sources 
Full Concurrency - Single 

Source 

FOR PHASE 3: Single Source - 
Single Source - 
Single Source - 
Licensing 
Leader/Follower 
Second Sourcing 

No Options 
Options 
MYC 

6 

12 

Since the inventory estimates were identical, 
one table is sufficient to display relative 
cost comparisons (Table 5). 

TABLE 5 

RELATIVE COST COMPARISON 

2) 
12) 

14) 
21 

[j     0 

o.e 3 i    5   1   ■• ; 
;.; 
o = : , 
: 2 ' 
J.2 

j 8 
(TCP 

DE T 

0.5 
UOTHS: 

t6J   CI2] 

T   COST 

.8     J.S 

Since no alternatives were eliminated on the 
basis of cost, all 30 strategies were subject 
to the dominance analysis.  Four of the 30 
strategies were determined to be "best".  (See 
Figure 6.)  Note that if more stringent com- 
parison criteria are used, only two strategies 
remain, 2 and 3-* 

I l CD Multiple  Industrial 
! 2 CD Multiple  Industrial 
13 Prototype  Single  Industrial 
j It Prototype Multiple  Industrial 

Incrftocntal  - Multiple  Sources 
Increoencal  - Multiple Sources 
Full   Concurrency  -  Single  Source 
Full  Concurrency  - Single Source 

Single Source - Options 
Single  Source  - MYC 
Single Source  - MYC 
Single  Source - MYC 

s 

R 

2 

3 
<i 

PROBABILITY OF SUCCESS RELATIVE  COSTS 

EARLY  IOC 
LI          L:        L3 

LATE  IOC 
LI         L2         L3 

BET TOTAL 
LO        MQ         HO 

0.25    0.33       0.42 
0.25     0.33       0.A2 
0.21     0.27       0.33 
0.21     0.27       0.33 

0.30    0.40    0.51 
0.30    0.40    0.51 
0.37     0.45    0.60 
0.37     0.45    0.60 

0.76 
0.76 
0.60 
0.73 

3.69    0.69    0.69 
0.65    0.65    0.65 
0.78    0.78     0.78 
0.82    0.B2    0.82 

Please note  — the use of multi-year contracting assumes a  relatively stable design  for 
initial  production.     If  this  is not  the case,   single  source with or  without  options would 
be  the alternatives. 

Please note —  if  we apply a  somewhat more  stringent  companion criteria,   strategv(sj 
1-4  are dominated  by  the remaining. 

Figure 6 Summary of Results 

^The dominance analysis portion of the model incorporates the concept of "closeness."  One strategy 
is not allowed to dominate another if their respective attributes are relatively close.  This is 
accomplished by comparing attributes against a pre-specified threshold.  Three different thresholds 
are used; the smaller the threshold, the more stringent the comparison criteria.  A message is 
printed when the use of alternative thresholds varies the results. 
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• Multiple source contract definition 
followed by multiple source incre- 
mental FSD followed by a single 
source multi-year production contract 

• Single source prototype followed by 
single source FSD with full concur- 
rency followed by a single source 
multi-year production contract. 

The tradeoffs between the two options are as 
follows: 

• The first option has the larger proba- 
bility of success for the earliest 
desired IOC and the lower total pro- 
gram cost 

• The second option has the larger proba- 
bility of success for the later IOC 
and the lower development cost. 

The actual strategy pursued for the AN/SLO-32 
was the first of the two preferred (CD - Incre- 
mental + MYC) and IOC was slightly more than 
six years following program inception. 

The program management office for the AN/SLQ- 
32 manually performed a similar analysis at 
the start of the program: they itemized what 
they considered tc be the candidate alter- 
natives with the highest probability of satis- 
tying their goals and sequentially eliminated 
"second-best" alternates based upon a number 
of criteria. 

By relying principally on their experience and 
judgment, they spent approximately one month 
in the early days of the program accomplishing 
this analysis.  Key influencing factors were 
as follows; 

• Moderate technology advance combined 
with compressed schedule requirements 

• Small inventory requirements 

• No significant constraint on R&D money 

• Ceiling on production money. 

These factors were applied to the strategies 
identified as having potential, and rough 
estimates for both time and cost were gener- 
ated for each.  Their chosen strategy emerged 
from this analvsis. 

• Perception of technical risk 

• Urgency of need 

• Development cost 

• Production cost 

• Estimated inventory requirement. 

The concept that acquisition strategy encom- 
passes the entire acquisition process is 
emphasized.  A user not experienced in program 
management can experience first hand whv the 
selection of an acquisition alternative for 
one phase should not be made independently of 
other phase options.  Furthermore, insight 
into the importance of risk identification 
and risk management early in the program is 
provided. 

A computerized model will probably never dupli- 
cate the judgment and insight possessed bv an 
experienced and intelligent program manager. 
However, the degree of similarity in the 
results for the AN/SLQ-32 example gives cre- 
dence to the idea that a fully developed model, 
properly supported by data, might provide use- 
ful assistance.  For the AN,/SLQ-32 example, 
perhaps detailed management analyses could have 
been applied only to the two or three preferred 
strategies output by the model.  In other cases, 
strategy alternatives overlooked by the staff 
may offer potential.  In any case, supplemen- 
tary analysis which can be provided in a short 
time period (no more than a few hours including 
sensitivity analysis) appears justified. 

Finally, the data base and analytic structure 
provide an excellent first step toward the 
development of a unique and badly-needed 
acquisition research tool. 

Collectively, these findings provide a strong 
indication of the potential utility of the 
model and the data base in three separate 

A teachine aid to program management 
students 

A planning support tool to a program 
management office 

A research and analvsis vehicle for 
the acquisition research community. 

CONXLUSIOKS 

The examples provide evidence that the proto- 
type model provides results consistent with 
program experience.  Examples of sensitivity 
analyses (not included due to space limita- 
tions.! illustrate the insights the model is 
capable of providing regarding the interrela- 
tionships among acquisition strategy alter- 
natives and key influencing factors such as 
the following: 
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TEE DSARC PROCESS "THEORY VS. PRACTICE" 
RADM. L. S. Kollnorgen 

Chief of Naval Research/Naval Development: 

Abstract 

Acquirj.ng material for national security is 
a process as old as the nation itself.  As 
new technology, missions and responsibili- 
ties have emerged, new ways of acquiring the 
necessary material have been designed and 
implemented into the defense acquisition 
process.  Some of these changes have been at 
the initiative of the defense establishment. 
Others have been imposed by higher authority, 
including Congress. 

What we currently recognize as the 
acquisition process can be traced to the 
early I960's when Secretary of Defense 
McNamara began to centralize control over 
new weapon system developments through the 
Development Concept Paper (DCP) system. 
Since then, there have been numerous and 
significant attempts to improve (sometimes 
through ad hoc means) the process. 

Over the years important studies and panels 
were commissioned to review the process and 
recommend improvements.  A review of these 
reports and recommendations reveals a common 
intent/thread across all the reports, yet 
implementation has not produced the results 
desired. 

This paper identifies that intent, tracing it 
from one major study to the next, through 
intermediate directives and ending with the 
current "Carlucci initiatives."  A rationale 
for results not fulfilling the expectations 
of the reviewers is developed which suggests 
areas of emphasis for corrective action. 

Background 

Acquiring the implements of warfare is a 
process with a long history.  For a humorous, 
tongue-in-cheek account of the frustrations, 
cost increases and administrative burden 
associated with the fundamental function of 
providing for the common defense read the 
"Free Enterprise Patriot." (1) 

Before 1964 and after the formation of the 
Department of Defense in 1947 the acquisition 
process was controlled, managed, and defended 
by the individual Services and their hardware 
acquisition commands.  Beginning in 1964, 
Secretary of Defense McNamara began to assert 
a larger Office of the Secretary of Defense 
I'OSD) role in the acquisition process through 
the Development Concept Paper (DCP-* svstem 
and the issuance of DODD 3200.9; which 
stated. 

"no sizable weapon should be allowed to 
enter the development phase until the 
necessary technology is demonstrably 
available." (2) 

The commencement of development was the one 
major decision point for approving new 
program starts.  DODD 3200.9 further 
indicated that it was necessarv to praceed 
the development phase with a concept 
formulation phase where the Services were to: 

o clarify their requirements; 

o analyze alternative means of 
accomplishing these requirements; and 

o undertake exploratory and advanced 
development efforts to prove out the 
necessary technology. 

Only then could the Services commence 
competitive contract definition to detail the 
development effort.  Successful definition 
effort lead to the DCP, and if approved, 
incorporation into the Five Year Defense 
Program (FYDP). 

Creating the DSARC 

Evaluating the confusion and experiencing 
some of the problems associated with DODD 
3200.9 and anticipating the President's Blue 
Ribbon Defense Panel. Deputy Secretary 
Defense Packard, in May 196", issued a 
memorandum to the Service Secretaries 
establishing the Defense System Acquisition 
Review Council fDSARC). (3)  The aemorandum 
stated in part 

"... the prinarv responsibility 
for the accuisition and management 
of our major systems must rest 
with the individual Services. 
Within each Service, this 
responsibility is focused in the 
Project Manager.  Recognizing the 
Service responsibilitv, I am, at 

the same time, most anxious of 
insuring before we approve transi- 
tioning through the critical 
milestones of the acquisition of 
a major svstem, that all facts of 
the acquisition process are 
properly considered " (4) 

Included with the May 1Q69 aemorar.dum was 
the charter for the DSARC outlining the 
major questions to be answered at each 
milestone; 
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o  evaluation of where the Service 
stood in relation to mission need, 
plans, and proposed procurement 
methodology 

o analysis of risk (technical and 
cost); 

o feasibility of production, and 

o    appropriateness of concurrent 
development and production 

These are the same general questions asked 
by Secretary McNamara in his Directive 
3200.9 in July 1965. (5) 

Because of increased industry pressure and 
growing Congressional concern about the 
operation of the acquisition process within 
DoD two major studies were undertaken. 
Congress established "The Commission on 
Government Procurement"(6) in November 1969 
to report back in 1972 and President Nixon 
established the Blue Ribbon Defense Panel(7) 
in July 1969 to report out in July 1970. 

The Blue Ribbon Defense Panel Report 

The results of Secretary McNamara's 
initiatives as implemented by the DOD and 
Services were not viewed as successful bv 
the President's Blue Ribbon Panel.  The 
report listed several reasons why: 

process and is thus deserving of expanded 
discussion of the above points. 

First, the criticism that necessary support- 
ing technical work was not accomplished 
during or before concept formulation. 
Adequate front end funding was not made 
available in exploratory and advanced 
development programs to develop components 
independent of a final system use.  Major 
effort in the "front end" of the process 
continued to be expended on system concepts, 
i.e., paper studies, without extending the 
knowledge and technology base of components 
necessary to build the system.  The 
technology base was neglected with the 
result being a lack of solid technology 
developments useful to future and existing 
weapon svstems and thus increased 
developmental risks. 

Technical risk was inplicitly conceived to 
be accurately predictable prior to the 
development.  This misconception was based 
on two assumptions.  The first being that 
paper studies could identify all the 
inherent risks the government and possible 
contractors would encounter during 

development; and second that since the areas 
of risk were at least catalogued 
'identified) they could be priced, cherebv 
allowing the use of incentive and 
fixed-price contracts, with their associated 
detail. 

o the necessary supporting technical 
work was not accomplished during the 
concept phase: 

o the implicit assumption chat technical 
risks can be foreseen prior to the 
development and can be priced 
accurately; 

o the competitive process during 
contract definition lead to 
significant underprlcing, buy-in's 
and over emphasis on cost; 

o technical papers were developed 
covering detailed information 
concerning "how" it would work with 
little solid developmental hardware 
produced or tested; 

o the appropriateness of source 
selection and evaluation procedures; 
and, 

o the great inflexibility in the overall 
process because of the detail 
described in the contract of what was 
to be accomplished. 

The Blue Ribbon Defense Panel report was a 
major landmark in the evolution of the DSARC 

Cost estimating in a competitive environment 
based on the foregoing assumptions during 
contract definition led tc significant 
underprlcing in numerous svstem development 
programs.  This period of time was aljo 
marked by aanv contrsctors interested in 
doing defense work and with very few major 
development programs being started.  Thus, 
the competitive environment was intense.  Tn 
addition, the procedures used in contract 
definition tended to equalize the technical 
and management elements of contractors 
proposals with the result that price became 
the key decision element in awarding 
contracts. This increased the pressure to 
be over-optimistic in the pricing of 
competitive bids. 

Great mounds of technical paper were 
developed as part of the formal orocess 
during contract definition in lieu of solid 
technology development.  These "technical" 
papers included every detail of reliability, 
maintainability, logistics, crainire, 
personnel levels, etc. without grounding in 
actual scientific effort and little hardware 
produced or tested to •••erify and suoncrt 
concepts and informed -udgments. 

The techniques used in source selection and 
evaluation called for large volumfti of c'ata 
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to be submitted which in turn required large 
source selection teams to review and 
evaluate the proposals.  The work was of 
such a nature that no single group within 
the team understood all of any single 
proposal.  Therefore elaborate scoring 
procedures were developed to evaluate and 
rank the proposals.  The result being that 
many important technical areas and analvsis 

were obscured through the numerical scoring 
process thus again reinforcing bid price as 
the primary decision variable. 

Finally, the great Inflexibility in program 
execution as a result of the detail 
contained in the development contracts.  As 
a result of earlier efforts to reduce the 
use of cost-plus-fixed-fee contracts and 
nove to fixed price contracts the 
government's management effort was directed 
to holding the contracror to the terms of 
the contract, which as noted were in 
considerable detail.  Likewise the 
contractor was inclined to meet contract 
requirements in lieu of negotiating changes 
as technical difficulties or opportunities 
for improvement were encountered.  This 
impasse created a lose-lose situation 
between the Government and the contracror 
rather than a negotated win-win situation to 
everyone's advantage. 

Other problems were identified which 
reflected the increased demand placed on 
contractors for information, the increased 
level of risk the contractor was required to 
take concerning capitalization of the 
project and the increasing concern for 
?.dditional funds to cover underpriced 
contracts and technical difficulties. 

During this period (early 70'a)   there seemed 
to be no clear direction or policy as to how 
to improve the acquisition process.  The 
basic McNamara concept seemed sound: 
identify and define your requirements; look 
for alternative ways of meeting those 
requirements; conduct exploratory work to 
prove out the technology; and, then develop 
the systems.  The Blue Ribbon Report agreed. 
Those were the key considerations, but the 
methods and procedures employed did not 
produce results consistent with the intent. 

To correct the situation discribed above and 
other broader concerns the Blue Ribbon 
Defense Panel produced 113 recommendations 
addressing areas from basic DOD 
reorganization to conflict of interest 
considerations.  There were several having 
direct ircpact on the acauisition process and 
T.ost of these were in various stages of 
implementation within DOD prior to issuance 
of the fomal report. 

Specifically the Blue Ribbon panel 

recommended the following acquisition 
improvements: 

o Discontinue total package procurement 
and cancel Department of Defense 
Directive 320C.9. 

o Increase the use of competitive 
prototype?, reduce paper studies. 

o Reduce concurrent development and 
production. 

o Be flexible in contract selection. 

o Be flexible in applying requirements 
for formal contract definition. 

o Increase advanced planning for T&E 
with separate program funding 
category. 

o Increase Che professional development, 
authority and responsibility of 
Program Managers. 

o Increase the use 
techniques. 

:ost estimating 

Operational Test and Evaluation 

A major part of the Blue Ribbon Panel Report 
was the emphasis placed cr Operational Test 
and Evaluation (OT&E). (8)  This area was 
singled out as a result of pressure bv 
Congress and GAO reports which identified 
the failure of operational systems to seet 
performance characteristics. f9?  The Blue 
Ribbon Report identified several systems 
including the M-lfi combat rifle, the M551 
Sheridan/Shillelagh anti-tank missile, and 
the C-5 heavv cargo aircraft where full 
scale production was begun before 
operational testing was completed. 

However, there were counter examples of 
systems that were successful and had no more 
actual 0T4E than those systems considered to 
do poorly in operations, such as the 
Pershing medium range missile and the A-6 
attack aircraft.  However, in these cases 
(Pershing and A-6) highly competent project 
management teams, backed up with technical 
experience in the service, strong OSD and 
Sen-ice support at ail levels, stable 
funding, and early enzineering design 
testing were noted as contributing greatlv 
to their success. 

Somewhat indifferent to the successes and 
their project management attributes, the 
Blue Ribbon Panel concluded that OT&E was 
r.oc adequately structured to insure - veil 
tested operational system.  Thev 
recommended: 
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o The establishment of an operational 
testing and evaluation group at the 
Secretary of Defense level; and, 

o A substantial budget for OSD sponsored 
OT&E and a requirement for each 
service to budget separately for an 
074E program element. 

However, the most important aspect of the 
panel's conclusion was their recommendation 
that an OT&E group within the Services and 
OSD be established to represent both the 
user and developer (10) but be organization- 
ally independent of both. The panel also 
recommended that since TiE was a continuous 
process, it should be conducted throughout 
the acquisition process to assess and reduce 
risk and to estimate the operational 
effectiveness of the system being developed. 

DODD 5000.1 and The Commission on Government 
Procurement 

In July 1971, a year after the completion of 
the Blue Ribbon Panel Report Secretary 
Packard issued DODD 5000.1 "Acquisition of 
Major Defense Systems"; (11) thus establish- 
ing the current acquisition process. 

The Directive attempted to emphasize the 
principles suggested by the Blue Ribbon 
Panel and the earlier memorandum of Packard 
establishing the DSARC. 

The kev elements of the Directive included: 

o Establishing rational program 
priorities and clearly defined 
responsibilities. 

o Responsibility and authority for the 
acquisition of major defense 
systems to be decentralized to the 
maximum practicable extent. 

o Development and production shall be 
managed by a single individual 
•"program manager) who shall have a 
charter which provides sufficient 
authority to accomplish recognized 
program objectives. 

o The Development Concept Paper (DCP) 
and the Defense Systems Acquisition 
Review Council (DSARC) will support 
Secretary of Defense in decision- 
making . 

0 Meea tor a strong and usable 
technology base.  The base to be 
maintained by conducting research and 
advanced technology effort independent 
of specific defense systems develop- 
ment. 

o Program management considerations 
shall include: 

- Statements of need/performance 
requirements. 

- Cost parameters shall be 
established which consider cost of 
acquisition and ownership. 

- Logistic support considerations 
that have significant impact on 
system readiness, capability, or 
cost. 

- Programs structured and resources 
allocated to demonstrate actual 
achievement of program objectives 
as the pacing function. 

- Schedules and funding profiles 
structured to accommodate unfore- 
seen problems and permit task 
accomplishment without unnecessary 
overlapping or concurrency. 

- Technical uncertainty shall be 
continually assessed. 

- Test and evaluation shall commence 
as early as possible.  The 
results of operational testing 
will be evaluated and presented to 
the DSARC at the time of the 
production decision. 

- Contract tvpe shall be consistent 
with all program characteristics 
including risk. 

As Secretary Packard's new acquisition 
process was beginning to function, the 
Commission on Government Procurement Studv 
was published in November 1972.  The 
Commission report contained 149 
recommendations of which IZ  were directlv 
related EC Defense Systems Acquisition.  In 
general, Che report was critical of the lack 
of coordinated gcverr.menc wide effort for 
studying ways to improve the procurement 
process and in fact recornnended the creation 
of the Office of Federal Procurement Policy 
to formulate government wide acquisition 
policies and regulations and to monitor 
acquisition practices. 

The Commission report was most critical of 
the DSARC process in its implementation, 
stating: 

"The DSARC process which was 
intended to loosen up the 
acquisition system, has been 
administrated in an increasing 
inflexible manner, leading to 
program gaps, and increased costs 
due to ccministrative, not 
technical reasons." f!2) 
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The report suggested that flexibility was 
needed in several areas: 

o Contracting - make the contract fit 
the work to be done.  Do not 
institutionalize the contract and make 
the work fit the contract. 

o Management implementation - Do not 
adhere to the formally prescribed 
sequence of milestones for every 
program. 

o Acquisition strategy - degree of 
concurrency should be associated with 
risk. 

o Flexible testing philosophy - OTiE 
policy should provide for a testing 
process as appropriate to permit 
testing requirements to be tailored 
in such a way as to reduce development 
risk in light of the end product 
being developed. What is needed is 
joint testing but independent 
evaluation throughout the process. 

The recommendations of che commission on 
Government Procurement were carried out 
through congressional establishment of the 
Office of Federal Procurement Policy (OFPP) 
within the Office of Management and Budget 
(OMB).  Subsequently 0MB Issued circular 
A-109 which in the main established the DoD 
process, with a few changes, as the Federal 
Government acquisition process.  The 
circular also added these embellishments to 
the acquisition process: 

o Each agency that acquires major 
systems will designate an acquisition 
executive to integrate and unify the 
process. 

o Each agency establish clear lines of 
authority and responsibility for 
the management of its major systems. 

o Develop an integrated systematic 
approach to the acquisition process. 

o Top level agency management attention 
to identify and define mission 
need to be fulfilled, and Che relative 
priority assigned within the 
Agency. 

o Technical and program decisions 
normally will be made at the level of 
che agency component or operating 
activity. 

o Increased support for early research 
and development efforts to supnort 
mission needs. (13) 

In general the recommendations of both of 
these efforts directed Coward the DoD were 
consistent with the policies and direction 
initiated by Secretary Packard.  A major 
difference emanating from A-109 was greater 
emphasis on exploring alternate systems 
before committing to a preferred system. 
This was to be accomplished by including a 
new milestone into the DSARC process. 
Milestone 0, with its associated require- 
ments.  These associated requirements 
were formalized by DoD into a Mission 
Element Need Statement (MENS) that was to 
provide the additional information to 
evaluate alternative concepts for meeting 
the need in the most efficient manner. (14) 

Other Related Studies 

Two additional 
completed since 
the Initial ins 
establishing th 
Defense Science 
and the Defense 
(DRMS) of 1979. 
critical of che 
major criticisr. 
growing Inflexi 
of the acqulsit 
procedures: 

major studies have been 
Secretary Packard issued 

tructlons and directives 
e DSARC process. The 
Board (DSB) Study of 1977 
Resource Management Study 
(15, 16)  Both studies were 
acquisition process.  The 
of the DSB Study was che 

bility in the utilization 
ion policies, directives and 

o "The most prominent single thread chat 
was evident throughout all the 
data examined by che task force was 
the necessity for and the absence 
of a high degree of flexibilitv in 
every application of the policies 
and practices for acquisition 
management".... (17) 

o "A definite tendency was observed 
whereby pressures for strict adherence 
to the letter, as well as the intent 
of published policies and directives 
are not only strong, but increasing 
over the past several years. The 
practice tends to be to take a literal 
or even the most stringent possible 
interpretation of the policies and 
procedures rather than to encourage a 
judicious interpretation of che 
published requirement in a manner 
which is appropriate to each 
individual case".... (18) 

The inflexibilities noted by the DSH study 
were not the intent of pollcv, but che 

results of system implementation, and 
continued top-level pressures Co control che 
process. ihis s^.r.e sener; 
reflected in che Defense Resource 
Studv of 1979. 

~.eme is 
naserr.&r.c 

"There is in fact, no single, 
generally aDnlicabie accuisition 
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strategy that can be applied, 
unreservedly, to the broad range of 
requirements that confront the DoD. 
Flexible planning, option preserva- 
tion, and adaptive managenent are no 
less essential today than they were 
two decades ago".... (19) 

The DRHS report continues by describing a 
set of problems arising from the 
Institutional setting in which acquisition 
is managed i.e.: 

o that performance goals may have to be 
adjusted and that such actions by 
the program manager should not be 
construed as evidence of management 
failure. 

o chat program managers oust be given 
both the opportunity and the 
incentives to entertain and act on 
questions of program cancellation, 
slowdown or slippage as valid program 
alternatives; 

o that initial technical goals mav not 
be achievable at an acceptable 
cost; 

In March 1981, Deputy Secretary of Defense 
Carlucci issued his 31 initiatives 
(increased to 32 in July 1981) to improve 
the defense acquisition system and reduce 
system costs. (20)  These were based on an 
in-'nouse, in-depth look at the existing 
process. 

Interestingly, the initiatives have the same 
goals and recommendations endorsed bv 
previous Deputy Secretaries of Defense and 
Che several major studies noted above, 
although in Secretary Carlucci's initiatives 
the range and depth is greater, given that 
the process the new administration inherited 
vas now more complex and more 
institutionally encumbered.  The Carlucci 
initiatives directed: 

o Decentralize responsibility, 
authority, and accountability to the 
lowest levels of the organization at 
which the total view of the 
program exists. 

o Service Program Managers should have 
the responsibility, authority, 
resources and guidelines adequate to 
efficiently execute the program. 
This includes acquisition strategy for 
attainment of the required operational 
and readiness capability, and flexi- 
bility co tailor their strategy 
depending on priorities and risk. 

o Evaluate alcernatives which use a 

lower risk approach to technology. 

o Maintain program stability throughout 
the decision levels. 

e Provide realistic budgets for meeting 
economic production rates. 

o Adopt multi-year contracting. 

A recent article by the Chairman of the 
Defense Science Board, Mr. Norman Augustine, 
indicates that there is more yet to be 
done. (21)  He presents a particularly 
perceptive set of recommendations stressing 
the following: 

o Demand program stability and initiate 
only those programs which can be 
fully funded. 

o  Retain qualified personnel in program 
management. 

o Delegate authority and respcnsibllitv 
to a much larger degree. 

o Realistically budget for inflation. 

There were other recommendations . . . all 
valid, put forth bv Mr. Augustine.  He also 
pointed out that the A-109 concept of acqui- 
sition had already become ineffective as a 
result of encumbering and excessive imple- 
mentation procedures and directives. ''22) 

Findings 

Taking the several studies and directives 
and examining them side by side one is 
struck bv: 

o The short time interval between 
"major studies" of the acquisition 
process. 

o The fact that the same problems have 
existed since the mld-1960's. 

o The close correlation In Intent, 
critical findings, and recommenda- 
tions for improvement. 

A close examination of Table I, for example, 
clearly indicates the close correspondence 
of management intent for two Deputv 
Secretaries of Defense separated bv ever a 
decade. 
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TABLE I 
Coirapon Elenencs between 

Secretary Packard and Secretary Carlucci 

Packard (1969) Carlucci (1981) 

Long lists of corrective actions inpiemented 
through new and reissued directives are not 
the answer.  The numbers of acquisition 
directives enunciating policy have more than 
doubled since 1970 with obviouslv little 
effect. 

DOD components have 
primary responsibility 
for identifying need 
and defining, develop 
ing and producing 
systems to satisfy 
those needs. 

OSP to place minimum 
demands for formal 
reporting on the 
program manager. 

Conducting research 
and advanced 
technology effort 
independent of 
specific defense 
systems development. 

Responsibility, 
authority and 
accountability for 
programs should be 
at lowest levels of 
the organization at 
which a total view 
of the program 
rests. 

Reduce DSARC 
Briefing and Data 
Requirements. 

Budget funds for 
technological risk 
Preplanned Product 
Improvement. 

What is needed is a quantum step toward 
first principles.  The Carlucci initiatives 
provided the initial direction . . . the 
common concerns of Secretaries Packard, 
Carlucci and the other studies and 
commissions indicate where improvement 
effort should be concentrated: 

o First and foremost complete the 
decentralization of the process. 

o Second, but equally important, foster 
flexibility . 

o Third, insist on program stability. 

o Finally, establish acquisition 
policy consistent with the foregoing; 
hold the Services responsible and 
accountable for effective implementa- 
tion. 

Cost parameters shall 
be established which 
consider the cost of 
acquisition and 
ownership. 

Practical tradeoffs 
shall be made between 
svstem capability, 
cost and schedule. 

Test and evaluation 
shall commence as 
early as possible. 

Budget to most 
likelv costs. 

Funding flexibility. 

Front end funding 
for Test hardware. 

Achieving the Objective—Restoring 
Confidence and Credibility in the Process 

The fact that we are still examining the 
process and have done so with increasing 
frequency is indicative of general 
dissatisfaction with the results of the 
process.  The Carlucci initiatives have 
presented an unusual and historic 
opportunity for improving the process. 
This momentum must be sustained to ensure 
real reform takes place. 

Decentralization 

Contracting shall be 
consistent with 
program character- 
istics including risk. 

Assure appropriate 
contract type. 

Clearly, everyone agrees that credibility 
and confidence in the acquisition process 
must be restored. What then are the 
impediments to progress? Where does the 
process keep going wrong?  Or more precisely 
where does the administration of the process 
keep going wrong? 

There are so many symptoms that even keen 
observers result to lengthy lists of 
corrective action.  It is a situation 
analogous to the patient beset by such 
general physiological deterioration the 
doctors do not '<now where to begin.  The 
result . . . the patient dies in the 
anteroom while the experts try to devise a 
olan of treatment. 

Virtually all the studies and commissions 
recommend decentralization of the 
acquisition process.  The OSB report of 1977 
quoted earlier is particularly clear on that 
point. The DBMS report which followed 
reinforced that conclusion.  Secretary 
Packard certainly did not envision a 
centralized usurpation of Service Secretary 
responsibility when he created the DSARC. 
Recall that his original memorandum stated: 

"... The primary responsibility 
for the acquisition and 
management of our major systems 
must rest with the individual 
Services." '23) 

The micromanagement and administrative 
encumburances resulting from the formaticr. 
of the DSARC and providing r.c "value added" 
to the process were not envisioned by Mr. 
Packard.  Vet those are precisely the 
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findings of subsequent reviewers.  Given the 
propensities of Large institutions the 
inefficiencies and inflexibilities of over 
centralization will likely occur again.  (In 
fact, there is evidence of a return to such 
discredited practices. (24) 

Clearly, it is time to decentralize the 
process without equivocation, to forestall 
micromanagement and administrative 
encumbering with significant cost to 
acquisition programs with no discemable 
value added. 

It is not unusual for reviewers to qualify 
their recommendations for 
decentralization. (25)  Such qualifications 
represent a conservatism that is 
understandable in normal circumstances; 
however, with the considerable evidence that 
partial methods have been ineffective in 
impro'.'ing the acquisition process . . . such 
conservatism lacks the decisiveness reauired 
for real progress toward improvement in the 
acquisition process.  It is tine to adopt 
new procedures. 

Secretary Carlucci's initiative in this 
regard, now documented in DODD 5000.1, (26) 
supports decentralization but does so with 
an unfortunate string attached . . . 
"controlled decentralization." (27)  What is 
needed is decentralization without strings 
attached. There is a quite simple and 
oractical way to cut the strings. 

Effecting Decentralization 

The acquisition milestone concept, 
associated with Secretary Packard's DSARC 
process is fundamentally sound, well 
understood and institutionalized. 

Necessary and sufficient acquisition policy 
can be directed by the Secretary of Defense, 
monitored and enforced by the Defense 
Mecessary and sufficient acquisition policy 
Acquisition Executive through various audit 
procedures without a DSARC. 

This vestige of a centralized OSD staff 
management scheme has its roots in Secretary 
McNamara's DCP concept ... it and 
subsequent variations have been evaluated 
numerous times as failures.  It would be 
tragic to retain the DSARC.  It epitomizes 
lack of trust and confidence in the Services 
to carry out effectively SECDEF policy . . . 
and is thus demotivating. 

Furthermore, the Defense Resources 3card, 
established some three vears ago, has been 
given new membership and tunctions by 
Carlucci intiatives. (28)  The DRB has 
supplanted DSARC functions in two important 
ways . . . the addition of a long range 

planning scheme to look at DOD investments 
and a review of new program starts as part 
of the Program Planning and Budgeting Svstem 
(PPBS) process. 

Accordingly, to effect decentralization of 
the acquisition process and create 
positive motivation for the Services and 
acquisition program managers to accept 
responsibility and accountability for their 
programs . . . disestablish the DSARC.  L;se 
the Defense Acquisition Executive to monitor 
policy imple-mentation and the DRB to 
monitor execution. 

Flexibility a Fundamental Principle 

Again, it is the DSB study of 1977 which had 
important things to say about the inflexible 
implementation and administration of the 
milestone (or DSARC) acquisition process. 
And again it is the ORKS effort which 
reinforces the finding.  Furthermore, the 
earlier Commission on Government Procurement 
report decried the adherence to a formallv 
prescribed sequence cf milestones for every 
program. ("29)  One can apply the inflexibil- 
ity criticism to testing requirements, 
contract types, funding rules, etc.  Why this 
inflexibility? 

Inflexibility is the result of a no-risk 
mentality endemic in a process where 
unaccountable and unqualified staff 
entities have, without intent,offectivelv 
usurped line management authority.  Further, 
the well documented increased lenzth in the 
acquisition process stems directlv from this 
"institutional mentalitv" and is exacerbated 
by the several review layers. 

Picture a program manager who must suffer 
his program to an inordinate number of 
preliminary staff reviews before reaching 
the decision forum.  He is subiect to well 
meaning but often wrong advice and 
inappropriate, incompetent direction. 
Secretary Packard never envisioned such a 
procedure. (30)  Unfortunately DODD 3000.1 
can be Interpreted and used to continue such 
practices. (31)  The evidence cited earlier 
in this paper should convince even the most 
skeptical observer that there has been no 
value added through such proceedings . . . 
only exchange of information available 
elsewhere, through other means, if indeed 
needed at all. 

Such reviews, in this writers experience, 
result in the program manager ccr.forming to 
the collective wisdom which as indicated, 
is essentially no risk, single "acquisition 
model" oriented, and often lacks any 
practical experience applicabla to the 
program under consideration.  It usuallv 
takes high level intervention to undo 
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misdirection caused by inappropriate or 
inflexible interpretation of regulations, 
policy and instructions.  And there is an 
obvious limit to high level interventions. 

The reduction in the number of "major 
programs" subject to DSARC review lessens 
the potential for debilitating inflexibility 
in the acquisition process to flourish . . . 
but it is not eliminated.  There is nothing 
in DODD 5000.1 or the extant draft 
5000.2" (32) which strongly encourages 
flexi-bility, stimulates innovation in 
acquisition strategy, or creates a needed 
sense of urgency in the acquisition process. 

To ensure flexibility 00D acquisition policy 
must encourage it.  The Carlucci initiatives 
to reduce acquisition directives, data 
requirements and administrative procedures 
are essential and positive steps.  Imple- 
mentation, while encouraging, has neverthe- 
less been too conservative. 

Flexibility is essential to an effective and 
efficient accuisition process therefore 
. . . amend DODD 5000.1 to specifically and 
strongly establish flexibility as a 
fundg.mental acquisition principle. 

Progran Stability 

Program stability is a sine qua non for 
visible improvement in the acquisition of 
military weapons and supporting systems.  It 
is particularly important in a period of 
high inflation, long material lead times and 
general economic instability.  Analysts have 
determined that inflation coupled with 
planned or real program quantity or schedule 
changes account for 70%  or more of so called 
"program cost growth." 

It is unconscionable at a time when lead 
times for many components of weapon systems 
are two years or more . . . that long lead 
funding Is held hostage to certain test 
results and planned acquisition strategv is 
frequently adjusted to conform to "budgetarv 
rules".  The financial (cost) implications 
of these adjustments are often over shadowed 
in the name of "reducing risk." 

The McNamara experience, so emphatically 
denounced by the Blue Ribbon Defense Panel 
report, should be sufficient proof that risk 
is difficult to predict with accuracy. 
Weapon system acquisition is a riskv 
business.  But . . . risk reduction must not 
be allowed to supplant efficient and 
rational program progress. 

Achieving Program Stability 

There are two fundamental decision points in 
an acquisition/development program . . . 

first, that the development is going to be 
undertaken at all, and second, upon success- 
ful validation of the concept, that the 
system is going to be produced.  An 
affirmative answer at the second point must 
also incur commitment to carrying out the 
acauisition strategy as presented and 
approved. 

Barring total disaster or reversal of the 
original decision to proceed that commitment 
must be sustained. 

If cost growth in programs is to be contained 
that commitment must be sustained at all 
decision levels, including Congress.  Again, 
the Carlucci initiatives recognized this 
fundamental requirement with the initiation 
of the "Stable Program List." (33) 

Another essential ingredient necessarv to 
program stability and success is the 
provision of contingency funds.  There is 
ample evidence to indicate that despite the 
best laid plans ail eventualities cannot be 
foreseen . . . there must be adequate 
flexibility in reprogramming authority or 
budgeting funds (within agreed boundary 
conditions) to cover the unexpected, 
maintain program integrity and avoid the 
costly delays inherent in Che multiple laver 
reviews attendent in today's procedures. 

Program Managers today are more monitors 
than managers.  Their range of authoritv is 
severely proscribed by outdated reprogram- 
ming limits and regulations regarding 
appropriate use of funds.  Recently 
progress has been -ade as regards reorogran- 
ming and contingency funds are being 
budgeted in concepts similar to the Army's 
TRACE system originated by Norn 
Augustine. (34) 

However, more remains to be done inorder to 
permit Program Managers to truly manage the 
program.  The inhibiting rules associated 
with the necessity to finance a program 
through several appropriations should be 
modified to permit program managers 
latitude and incentive to manage.  After 
all ... it is the end product that's 
sought.  Or at least I so believe: rather 
than deligent, slavish adherence to 
fiduciary rules. Or is chat wrong? 

Under existing rules, lines of authority, 
and procedures, planned program funding can 
be altered for enumerable reasons.  None or 
these have anything to do with ensuring 
successful progress of the individual 
program.  Quite the contrary.  The incenti'"e 
for budget reviewers is Co reallocate funds 
made available Co ocher needed purposes. 
Often this is sound financial management, 
but just as frecuentl'- it creates 
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difficulties for the program manager from 
which he has a hard time recovering. 

Increasing the flexibility in the use of the 
various appropriations would aid program 
stability. 

Sufficient discretionary latitude and 
budgetary flexibility must be provided the 
managers of major acquisition programs if 
they are to manage effectively.  The costs 
of indecision and approval delays are 
sizable. 

The commitment to a program plan must be at 
all levels and sustained. 
Multi-year procurement and the Stable 
Program List are positive steps . . . but 
still more flexibility in the use of funds 
allocated to a program must be provided the 
program manager. 

Clearly the program manager must be held 
accountable . . . but he should not be 
hogtied by budgetary rules that have more to 
do with Congressional committee organization 
than sound financial management practices. 
The checks far outweigh the balances . . . 
and inefficiency, costly delays are the 
result. 

Acquisition Policy 

As noted earlier the milestone (DSARC) 
acquisition process is understood, logical 
and well institutionalized.  It needs 
limited embellishment in the way of 
additional instructions or directives. 
There are far too many embellishments 
alreadv . . . and they have accomplished 
little.  What is needed is sound application 
of basic principles and  common sense . . . 
and that comes from the program management 
team. 

The recent issue of DODD 5000.1 is an 
adequate document in and of itself.  Some 
changes in emphasis and deletions have been 
suggested above.  The force and effect of 
DODD 5000.1 can be enhanced if one 
additional suggestion is adopted. 

An essential requirement for successful 
policy that will stand the test of time 
is . . . KEEP IT SIMPLE .  The original 
Packard 5000.1 was six pages; the current 
issue is eleven.  Most of the addition has 
to do with internal 0SD staff responsibili- 
ties and unnecessarv embellishments.  The 
original directive is quite good ... it 
could he tightened to four pages without 
loss of clarity or force. 

The next issue of 5000.1 should succinclv 
establish principles for the Services to 
"ollow and implement . . . without further 

enunciation in additional clarifying 
directives.  The 0SD staff should ensure the 
Services carrv out the spirit and intent in 
their implementing directives and in the 
execution of the programs. 

The Defense Acquisition Executive has the 
requisite cognizance and authority to look 
out for the interests of the Secretarv of 
Defense as regards material acquisition 
matters. f35)  The Service Secretaries are 
the line authorities for executing his 
policies.  Ensure that acquisition polic 
recognizes this fundamental organizational 
relationship. 

In the last 20 years the world has changed 
significantly.  Procedures and concepts must 
be improved to react to new situations. 
Management must adjust to new concerns. 
Time honored schemes of centralized 
management with large staffs and time 
consuming coordination cannot function in a 
rapid changing world of today.  They must 
rely on information flow, exception 
management, and delegation of responsibilltv 
and authority. 

The centralized management trend started bv 
Secretary McN'amara has clearly not worked. 
The positive changes initiated by Secretarv 
Carlucci are refreshing.  Basic concepts of 
good management still apply.  Lets get on 
with their implementation. 

S umma rv 

This paper has focuses deliberatelv or the 
fundamental problems discovered by the 
several sources cited above.  UnfortunateIv 
our human tendency is to try and erac^le 
vjith all the svmptoms at once.  This has 
been the major flaw in the several 
"revisions" made in the acquisition process 
over the past two decades. 

What is really needed is a process with a 
fundamental characteristic that motivates 
people.  Responsibility, authority and 
challenge motivate people . . . the 
acquisition process should give it to them. 

Centralization is the fundamental 
characteristic of todays acquisition 
procedures.  The major flaw in centraliza- 
tion ... it demotlvates people.  Prceram 
managers and their staffs run the acquisi- 
tion process . . . they are people.  Th«v 
really want to do a good job . . . and 
they generally Jo.  But it is in snite of 
. . . not because of current acquisiticn 
and budgetary procedures.  The trend toward 
decentralization lias been started ... it 
should be completed. 

The other asoect ^r motivation is to orovide 
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flexibility in the process and procedures to 
allow for managers Co manage . . . and for 
innovators to innovate.  The results of such 
an enlightened approach will astound us. 
There are ample examples in the commercial 
world . . . why should we think the 
acquisition enterprise in government will 
respond differently?  Flexibility must be 
encouraged and tied to a sense of urgency in 
getting good usable weapons and systems 
fielded. 

If we overlook the "motivation factor" in 
reforms and improvements in the acquisition 
process progress will be small.  It is time 
to take a bolder course . . . the Carlucci 
Initiatives opened the door and paved the 
way.  Lets press on! 
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ABSTRACT 

This paper is a suinniary of a Masters Thesis 
undertaken by the author from June 1980 through 
September 1981 at the Air ?orce Institute of 
Technology, School of Systems and Logistics. 
The thesis, titled Pre-Planned Product Improve- 
ment (P I) was an effort to develop policy that 
might be used by the services as they formally 
implement p I.  To accomplish this objective 
the thesis research focused on three questions 
that are basic to an understanding of P I:  (1) 
What is the nature of the P I process in it- 
self?  (2)  What is the role of PI in actual 
program examples: and (3)  How can the inherent 
uncertainty that accompanies long range im- 
provement planning be successfully managed? 
Although the answers to these research ques- 
tions lead to conclusions and recommendations 
for P I policy, PI is still in its infancy and 
only by actual implementation can these poli- 
cies be verified. 

The concept of P'l could be applied to a broad 
range of system types since few systems remain 
unchanged throughout their useful life.  Most 
often modification and change are a necessity 
if a system is to respond and remain effective 
to changing user needs.  With such a broad 
range of potential applications, a limited 
study must narrow focus to a particular cate- 
gory gf P I.  This thesis focused on air-vehi- 
cle P I applications, choosing as examples the 
Soemg 727, the Air launch Cruise Missile 
(ALCM), and the Air Force F-16.  The rationale 
for choosing air-vehicles lies in the complex- 
ity of air-vehicle design.  Typically such 
systems have a very high degree of internal 
component interaction as well as rigid design 
constraints.  A change in one system component 
often has a ripple effect to force changes in 
neighboring components.  Pre-planning air- 
vehicle  .mprovements becomes a difficult task 
and a test of the effectiveness of PI in a 
vorst case environment. 

order.  Initial reviews and interviews focused 
to gain a broad understanding at  the PI oro- 
cess.  Key in this effort was a thorough review 
of the American Defense Preparedness Associa- 
tion (AD'A) P"X Seminar S Workshop Proceedings 
and extensive interviews with seminar atten- 
dees.  Program managers were alsg interviewed 
for their understanding of the ?JI orocess. 
Next the research focused on specific PI 
applications:  the Boeing 727, which is typical 
of the P I process on-going in the entire 
family of Boeing commercial airqraft; the ALCM, 
which presented an example of PI in a very 
constrained system; and the "-16, which intro- 
duced a ? I-type effort after the production 
go-ahead.  Data describing the role of PJI in 
these examples was obtained from program docu- 
mentation and interviews with program managers 
responsible for the PI effort, 
questions [1)   and (2) were 
was again reviewed to 
improvement planning might be su 
managed.  ?or reference, a complete description 
of documents and interviews used to cather data 
is presented in the thesis. 

FINDINGS - THE BATOBE DF P"1! 

i 

The ADPA PI Seminar S Workshop Proceedir.es 
defined ?JI in three carts. 

»3, . 
P - is a systematic and orderly acquisition 
strategy beginning at the systems concept 
phase to facilitate evolutionary cost 
effective upgrading of a system throughout 
the life cycle to enhance reading 
ability, and capability. 

:e researc- 
answered, the data 

ierstand how long range 
ressfullv 

"ess, ava.il- 

The modular baseline configuration design 
shall permit growth to meet the chancing 
threat and/or take advantage of signifies 
tecnnologicai and/or operational on-crtun 
ties through future modifications Dr pro- 
duct improvements at appropriate time 
intervals. 

RESEARCH METHODOLOGY 

The research was a data gathering activity 
through document reviews and interviews, struc- 
tured to answer the three research questions ir 

The baseline technological risk will be 
minimized and provide early availabilitv 
utilising well known and established tec: 
nology to the maximum extant feasible, 
limiting advanced technologv to the sue;- 



temCs) offering substantial operational or 
cost benefits. 

This definition was condensed by Deputy Secre- 
tary of Defense Carlucci in his 5 July 31 Memo- 
randum to the Service Secretaries titled, 
"Improving the Acquisition Process Through Pre- 
planned Product Improvements". 

P I is an acquisition concept which pro- 
grams resources to accomplish the orderly 
and cost effective phased growth or evolu- 
tion of a system's capability, utility, and 
operational readiness. 

Dr. Hylan B. Lyon, Chairman of the ADPA PI 
Seminar and Workshop described the concept of 
P I within the boundaries of implementation. 

In summary, the thesis of PI is that improve- 
ments can be incorporated acre quickly and 
efficiently when planned into an initial system 
design.  Further, the average level of technol- 
ogy will be higher throughout the system life- 
time if the system is first developed with off- 
the-shelf technology and then modified with an 
orderly schedule of planned improvements; 
rather than, as is now the case, developed with 
advanced technology and then modified to cor- 
rect system deficiencies as theyarise.  These 
definitions, descriptions, design features, and 
objectives provide an overview of the nature of 
the P I process.  This nature will become 
clearer by examining actual P I program 
examples. 

THE BOEING 727 

A threat-technical response - a basis for 
planning the evolution of system require- 
ments. 

System partitioning via structured program- 
ming - a basis for system design to mini- 
mize modification costs. 

A program manager's plan for improvements - 
to be supported by the acquisition system 
as a basis to direct p I. 

A funding basis for development and modifi- 
cation - a necessary prerequisite for 
weapon system improvement. 

ADPA, m its P I gummary Briefing to the DOD 
emphasized that p'l requires three fundamental 
design features. 

Modular Systems. 

Reserve Capacity. 

Tight Interface Control. 

Finally, the 5 July Carlucci Memo defined ob- 
jectives of P I. 

Shorten the acquisition and deployment 
time for a new system or an incremental 
capability. 

Reduce overall acquisition and operating 
and support costs. 

Extend useful life of equipment. 

Combat military obsolescence. 

Reduce technical, cost, and schedule risk. 

The motivation for using a ? I approach for 
aircraft design at Boeing began in the Boeing 
707 program.  To remain competitive Boeing 
found it necessary to continually improve air- 
craft capability and performance.  However, the 
cost of improvement quickly outpaced Boeing's 
profit margins, forcing sales of the improved 
versions at a loss.  Boeing realized that pro- 
fit margins could be increased to cover im- 
provement costs in the following ways. 

Making large capital investments for mod- 
ernizing production. 

Ordering materials and parts in optimum 
quantities. 

Improving productivity. 

Reducing improvement costs by pre-planning 
later improvements into their production 
line and aircraft. 

Pre-planning improvements permitted the pro- 
duction learning curve to continue downward 
even though the production line was changed to 
manufacture an improved model., when Boeing 
began to design the 727, the ?JI lessons from 
the 737 were incorporated into the 727 such 
that provisions for growth were an integral 
part of the Initial 727 design.  As a result of 
this front-end ? I effort, Boeing could manu- 
facture the 727 on a tailor-to-order basis and 
satisfy specific customer needs and remain com- 
petitive with newer aircraft models,  '.'sing the 
P I strategy, not only were ^21   improvement 
costs reduced, but customer demand continued 
strong in later out years of production because 
the aircraft remained competitive.  Thus, 
Boeing was able to extract a lengthened return 
on its initial 727 investment. 

Accomplish orderly growth from initial to 
mature system reliability. 

Reduce logistics and support problems en- 
tailed with new material introduction. 

DOLLAR 3I3r: TCOLIN'G - EXAMPLE 

The concept of dollar sign tooling is an 
example of ? I.  Dollar sign tooling requires 
a formal contract between engineering and r.anu- 
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facturing that guarantees that certain surfaces 
will be maintained for tooling while other 
specified surfaces will be available for the 
engineer to change.  This permits strength 
changes with essentially no manufacturing cost 
impact.  As an example, dollar sign tooling 
specifies that wing chords, webs, and spars can 
be changed on the manufacturing line without 
changing their interface with the upper inspar 
skin of the wing (Figure 1).  In other words, 
these structures can be redesigned and made 
stronger so that an aircraft can carry higher 
gross weights, with little change to the wing 
itself, thereby keeping increases in manufac- 
turing costs low when the wing is strengthened. 

Uop«f 'nsoar sum 

]  /—Uowr cnora 

Pambl* Grow* 

w«o- 
RMT Soar 

Figure 1 

Dollar Sign Tooling 

MANAGING IMPROVEMENT UNCERTAINTY 

The most significant factor reducing improve- 
ment uncertainty in Boeing aircraft programs is 
recognition that improvements must be pre- 
planned to ensure a long program life.  The two 
are mutually supportive:  pre-planned improve- 
ment leads to a long program life; a long pro- 
gram life provides the opportunity for contin- 
ued improvement.  However, without ore-planning 
in both the aircraft and production lines, 
improvement can be so costly that program can- 
cellation is warranted. 

Once it is recognized that improvements must be 
pre-planned, forecasts of sales, technology, 
and customer requirements give direction to 
pre-planning to select improvement candidates. 
There is naturally a degree of uncertainty in 
forecasting, but that uncertainty can be re- 
duced by continuously updating future fore- 
casts.  Boeing updates sales forecasts as a 
basis for production planning and remains 
aware of potential developments of competing 
aircraft manufacturers that could reduce their 
sales.  Boeing not only updates cechnology 
forecasts, but develops and applies technology 
in their labs.  Technical uncertainty is re- 
duced as Boeing labs work closely with design 
engineers to develop pre-planned improvements. 
Finally, uncertainty in customer requirements 

is reduced as Boeing works closely with a 
world-wide base of customers to evaluate their 
needs. 

The P I process must begin early in the concep- 
tual phase of an aircraft program, when these 
forecasts are evaluated to formulate an im- 
provement plan and select prerequisites to 
support that plan.  Prerequisites are incorpor- 
ated into the intial aircraft configuration and 
also the production line so that massive retro- 
fits are not required when older aircraft are 
improved or a new derivative is manufactured. 
Since prerequisites are based upon forecasts 
that are somewhat uncertain, prerequisites that 
allow for flexibility are emphasized to reduce 
improvement uncertainty.  The concept of dollar 
sign (S) tooling, for instance, allows for 
structural strength changes within a wing. 
Those changes are not restricted to one parti- 
cular strength, but a range of strengths so 
that a range of wing improvements can be made. 
As a similar example, the Boeing 747 was de- 
signed with the structural prerequisites to 
allow the aircraft to be stretched.  As it 
turned out, the 747 was shortened rather than 
stretched, but those same prerequisites pro- 
vided the flexibility to either stretch or 
shorten the aircraft with reduced cost.  Thus, 
prerequisites flexible to allow for a range of 
improvements reduce improvement uncertainty. 

If a prerequisite for improvement is incorpor- 
ated into an aircraft configuration or produc- 
tion line, there is still the small possibility 
that a particular prerequisite will never be 
used.  By considering the prerequisite reward/ 
cost comparison, one can further manage im- 
provement uncertainty.  For pre-planning with 
very high uncertainties, it would seem logical 
to select only those prerequisites with very 
high reward/cost comparisons.  Again using the 
concept of dollar sign ($) tooling as an exam- 
ple, there is basically little cost associated 
with holding the dollar sign surfaces constant. 
Yet there is potential for significant savings 
in strengthening the wing without changing the 
production line.  Thus, by selecting prerequi- 
sities with very high reward/cost comparisons 
there is potential for large improvement sav- 
ings with little extra cost, even when improve- 
ment is very uncertain.  Further, Boeing has 
found that in the long range the aggregate that 
a prerequisite will reduce improvement costs 
increases  significantly. 

Finally, improvement uncertainty can be reduced 
if the ? I process itself can be made more 
efficient, reducing the extra cost associated 
with pre-planning and thereby increasing the 
reward/cost ccmparison.  Boeing's ? I pcccess 
is made more efficient because:  (1)  PI re- 
ceives the support of  Boeing's development/ 
production system; (2)  PI is 
on-going process; and (3)  3oe 
uity of 25 years of aircraf 
Their current emphasis, CAD/CAM, 

an m-ciace ar 
no has a cent: 
_ experience. 
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Cial to markedly increase pre-planning effi- 
ciency by allowing improvement design and test- 
ing via computer before improvements are incor- 
porated in the aircraft. 

In summary, the Boeinq 727 program illustrates 
how Boeing used the PI strategy to manage long 
range improvement uncertainty.  By continuously 
updating future sales, technology, and customer 
requirement forecasts; by selecting prerequi- 
sites that offer wide flexibility and a high 
reward/cost oomcarison, and by achieving effi- 
ciency in the P I process, there is reduced 
chance that prerequisites for improvement will 
not contribute to a long program life and re- 
duce improvement costs. 

THE AIR LAONCH CRUISE MISSILE 

The ALCM was designed within a strict set of 
engineering and performance specifications. The 
missile presented a major challenge to inte- 
grate a variety of components i.e., the gui- 
dance system, engine, fuel, and ordnance, into 
a very compact body.  Provisions for growth, 
such as empty space, extra electronics, or 
extra fuel capacity was very limited.  These 
conditions appeared to make ALCM a poor PI 
candidate.  Further, if Boeing had overtly 
planned for growth in ALCM with extra hardware 
that did not directly contribute to ALCM's 
immediate mission, USAF would have rejected 
such hardware as "gold plating", diminishing 
Boeing's chance for contract award. 

Sven with such strict engineering and perform- 
mance constraints, Boeing wanted to design ALCM 
to increase its chances for a long program 
life, thereby giving Boeing a greater return 
on its ALCM investment.  Boeing reasoned if 
ALCM was designed to accommodate a variety of 
possible missions then U'SAF, other services, 
and perhaps even NATO countries might purchase 
ALCM and ALCM derivatives for many years to 
come.  API design was needed to give ALCM 
that mission flexibility. 

In the original ALCM proposal, USAf requested a 
missile with a 1000 nautical mile range.  ALCM 
managers at Boeing reasoned that if the missile 
was to be deployed for rough terrain following 
and evasive side maneuvers, the 1000 nautical 
mile range would need to be extended by at 
least 30%.  Also, another missile, the Toma- 
hawk, already had a longer range and if ALCM 
was to be used for other missions its range 
should be extended to compete with the Toma- 
hawk.  Finally, new aircraft have historicallv 
been improved by extending range, and Boeing 
believed that ALCM would  evolve similarly. 
Boeing reasoned that the only way to extend 
range (holding other mission parameters con- 
stant) would be to increase fuel capacity, 
which would require lengthening ALCM.  Boeinc: 
could not simply attach an additional six or 
eight feet to the back of the missile; the 
basic structure would require redeisgn with 

possibly different strengths, support, and a 
different internal configuration.  Using the 
? I strategy, Boeing designed the original ALCM 
as if it was to be later stretched into a 
longer version with increased fuel capacity for 
extended range.  Thus, when the go-ahead was 
given to manufacture ALCM in a stretched ver- 
sion, redesign would be minimized. 

Boeing correctly perceived the requirement to 
lengthen ALCM.  'JSAF changed its ALCM proposal 
to extend range, which resulted in a definite 
advantage for Boeing, who was able to minimize 
cost and schedule impact for the change in de- 
sign.  The ALCM contract was eventually awarded 
to Boeing. 

Another P I example concerns the ALCM nose 
cone.  If a missile is to have a good change to 
reach its target, it must avoid detection by 
enemy radar.  Sadar avoidance can be increased 
if the missile nose has a very low radar re- 
flectivity.  A traditional method to achieve 
low radar reflectivity is to design a soft nose 
that will absorb radar waves rather than re- 
flect them.  However, a soft nose is very ex- 
pensive to manufacture.  To keep costs down, 
Boeing wanted to put a hard nose on ALCM. 
Also, a hard nose is less vulnerable to any 
debris in the air, especially at very high 
speeds.  A hard nose could be used only if it 
could be shaped to minimize radar reflectivity; 
Boeing set out to shape such a hard nose. 
Boeing found that the shape of the nose dic- 
tated the circumference of the missile, which 
in turn constrained the internal configuration 
of the missile,  '.'sing the PI strategy, Boeing 
pre-planned the shape of the missile and its 
internal configuration to interface with the 
shape of a hard nose, confident that one day 
the hard nose would be fully develoced, tested, 
and attached to ALCM.  To win the contract 
award, Boeing placed a soft nose on ALCM in 
order to demonstrate that ALCM can be produced 
now, using a soft nose with low reflectivitv. 
Thus, by using the PI strategy, Boeing will 
not have to redesign ALCM's shape and internal 
configuration when the hard nose is attached. 

Another ? I example is illustrated by the small 
wings on ALCM, called elevens.  Current elevens 
are shaped to give ALCM specific flight charac- 
teristics at current mission speeds and alti- 
tudes.  If the ALCM mission changes, the 
elevens will likely be redesigned to fit each 
particular mission.  For example, an extended 
range and low speed mission would recuire 
larger elevens with mere lift, and a high sceed 
mission would require smaller, tapered elevens 
with less drag.  To give ALCM this flexibilitv 
in terms of elevens, Boeing fastened the 
elevens to ALCM using eight accessible bolts, 
rather than perrranently bonding the elevens so 
that they could never be changed.  This eleven 
design will help to minimize preducticn line 
change when manufacturing ALCM derivatives. 
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As another example of P I, Boeing considered 
that if ALCM was used in a mission requiring a 
higher speed, the air intake for the engine 
would require a lower throat raach number to 
prevent compressor stalls.  Historically, as 
other jet engines have improved and evolved, 
their speed has increased and their air intakes 
modified to allow for higher speeds.  Boeing 
designed the ALCM air intake with a low throat 
raach number, 30 that when ALCM is employed in 
higher speed missions, the air intake will not 
require modification. 

As a continued improvement effort, Boeing 
developed an engine replacement for ALCM which 
increases thrust 57% over the present engine. 
The new engine is designed to simply "drop in" 
the present ALCM engine compartment, with no 
other changes to the missile. 

Other P I examples include the fact that ALCM 
was required to be carried on the 3-52, but 
Boeing also designed ALCM to be carried on the 
3-1.  Finally, Boeing was able to reserve a 
small amount of free space for incorporation 
of future electronic countermeasure components. 

MANAGING IMPROVEMENT UNCERTAINTY 

Boeing's experience with ALCM, P I, and im- 
provement uncertainty is similar to the 727 
example, but there are differences.  As in the 
727, Boeing recognized that pre-planning in the 
initial ALCM design was required to give ALCM 
the potential for a long program life.  Yet 
Boeing had very little knowledge of DOD threat 
and mission forecasts to pre-plan improvements; 
instead, they relied upon historical aircraft 
trends and their best estimates of potential 
ALCM missions.  Boeing was well aware of tech- 
nology forecasts, and planned ALCM derivatives 
by developing and applying new technology, thus 
even with limited opportunity for P I, Boeing 
was still able to design ALCM with some flexi- 
bility and reduce improvement uncertainty. 

The risk of any improvement cancellation, as in 
other aircraft programs, is not significant 
when viewed in the long term and not justifi- 
cation to neglect pre-planning.  There is more 
risk of program failure if pre-planning is 
neglected.  The potential reward of reduced 
improvement cost and a long program life make 
P I a perceived necessity for Boeing's profit- 
ability.  The cost of ALCM pre-planning was 
low, in part, because pre-planning was limited. 
Thus, the reward/cost ratio  for improvement 
pre-planning is potentially very high, which 
further justifies pre-planning when there is 
great uncertainty.  Other factors, such as 
Boeing's development^production system, the in- 
place and on-go^ng PJI process, and Boeing's 
continuity of ?JI experience help to make ?"I 
more efficient and reduce the cost of pre-olan- 
ning, thereby increasing the potential reward/ 
cost comparison.  Finally, CAD was used to 
shape the nose of ALCM, which also contributed 

to design efficiency.  These findings, taken 
together, illustrate how Boeing used the PI 
strategy to manage long range uncertainty in a 
program with a very limited potential for PI 
and with a limited knowledge of future require- 
ments. 

THE AIR TORCE F-16 

The F-16 was originally developed as a simple, 
lightweight, fighter aircraft with air-to-air 
and air-to-surface weapon delivery capability 
for the Air Forces of the United States, Bel- 
gium, Denmark, The Netherlands, and Morway. The 
F-16 offers good performance, reliability, and 
maintainability at a cost that is less, com- 
pared with other USAF fighter aircraft.  Per- 
formance advantages are made possible, in part, 
because the aircraft is simple and lightweight. 
Extra provisions for aircraft growth to meet 
new mission requirements were not deemed com- 
patible with the initial F-16 concept. 

The F-16 was developed to play a major role in 
tactical warfare in a MATO-Harsaw Pact confron- 
tation.  As the Soviets continue to increase 
the sophistication of their weapons, the Warsaw 
Pact threat has become reason to upgrade the 
capabilities of the F-16.  In response, tacti- 
cal force planners have identified key mission 
needs as:  (1)  Day Precision Strike; (2) 
Night and In-Weather Attack; (3)  Low-Level In- 
Weather Penetration; and (4)  Beyond-Visual- 
Sange Air-to-Air Intercept. 

In response to these mission needs, TAC and 
MATO decided that avionics and other system 
improvements now in development might have a 
potential home in the F-16.  These improvements 
would not be fully developed and operational 
until the late 198Os and would be added to the 
aircraft as modifications.  These improvements 
are : 

Advanced Medium Range Air-to-Air Missile 
(AMRAAM) - a beyond visual range radar 
guided missile. 

Airborne Self Protection Jammer (ASPJ) - an 
active internal electronic cour.termeasures 
system. 

Global Positioning System (GPS) - a satel- 
lite based navigation system used to deter- 
mine vehicle position and velocity with 
extreme accuracy. 

Joint Tactical Information Distribution 
System (JTIDS) - a battlefield infomation 
display network. 

Low Altitude Navigation and largeti 
frared for Night (LANTIRM) System - 
weather laser-augmented navigation, 
acquisition, and weapons delivery 3 

SEEK TALK Radio System - a -am resi 

an al] 
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and secure OHP radio system. 

30MM Gun Pod - an anti-armor capability 
for TAC aircraft. 

It will be no simple task to integrate one or 
more of these improvements into the F-1S when 
they are finally developed. The cost of the 
after-the-fact modification is extremely high, 
and in fact prohibitive, because the aircraft 
would be dismantled and retrofitted to accom- 
modate each improvement. 

Early in the production program the F-16 Sys- 
tem Program Office (SPO) recognized the magni- 
tude of problems that would result if these 
F-16 improvements were managed according to 
standard USAF modification procedures; they 
would create an engineering and financial 
nightmare.  Therefore, the F-16 SPO broke with 
standard modification management procedures 
and directed a group of SPO officers to plan 
and provide for an orderly approach to accom- 
modate growth into the total weapon system. 
The SPO received USAF support in this effort, 
as the Vice Commanders of AFLC, AFSC, and TAC 
had urged the SPO to develop and implement a 
master modification plan.  The basis of the 
plan was to first incorporate improvement pre- 
requisites and later improvement subsystems 
into the aircraft on the production line so 
that the F-15 could accommodate final improve- 
ments without massive retrofit.  The plan was 
formulated as the F-16 Multinational Stated 
Improvement Plan (MSIP).  It was multinational, 
since it would accommodate major mission im- 
provements for all countries buying the air- 
craft.  It was staged to reflect efficient 
weapon system evolution and management of im- 
provement uncertainty.  To understand how MSIP 
proposed to accomplish these tasks, it is in- 
structive to review the three stages of MSIP. 

Stage I began in November 1981 adding early 
structure and wiring.  The decision to incor- 
porate early structure and wiring provisions 
for MSIP improvements was made with the great- 
est amount of uncertainty in Stage I, since 
this stage was furthest removed in time from 
incorporating the ultimate improvements.  MSIP 
managers attempted to solve this uncertainty 
in Stage I by pre-planning for flexibility. 
Prerequisites chosen to reduce the cost of 
modification had to be applicable to the widest 
range of possible improvements.  Also, since 
no extra funding was available, prerequisites 
had to have a very high reward/cost comparison 
to justify freeing dollars from other funds. 
Stage I prerequisites are very basic, addinc 
no extra performance capability to the air- 
craft, but making it possible to add improve- 
ments without massive retrofitting.  For exam- 
ple, to add AMRAAM without Stage I prerequi- 
sites, aircraft wings would need to be removed 
from the aircraft and completely retrofitted. 
Five to seven wing spars would be replaced, the 
slats and flaps removed, and the wing reskin- 

ned.  The cost of this retrofit for one wing is 
more than the cost of Stage I prerequisites for 
the entire aircraft, which is comparatively 
low, adding about S130,000 to each aircraft's 
pricetag for an increase of only 1.25% of total 
aircraft cost.  Stage I prerequisites are sum- 
marized as follows: 

Hing structure and wiring provisions for 
beyond visual range air-to-air missiles. 

Engine inlet structure and wiring provi- 
sions for various electro-opcical and tar- 
get acquisition pod systems. 

Cockpit structure and wiring provisions for 
a wide field of view raster head up dis- 
play, multifunction display set, data 
transfer unit and 'Jp Front Communications/ 
Navigation/Identification. 

Wiring provisions for an expanded capacitv 
fire control computer, advanced weapons 
central interface unit, radar altimeter. 

Early structure and wiring provisions for 
internal EC"! systems. 

Increased capacity environmental control 
system. 

Stage I is further defined by EC? 3425, which 
increases the size of the horizontal tail for 
increased maneuverability when pods or other 
armament are attached to the aircraft. 

Stage II builds upon Stage I by adding subsys- 
tems that support final MSIP improvements. 
Stage II begins in July 1984, but the prere- 
quisites of Stage I will continue to be added 
along with these subsystems.  Since Stage II is 
closer m time to the final improvements, there 
is more certainty of actual improvements. Also, 
these subsystems will contribute to incrove 
aircraft capability in themselves, ensuring 
changes necessary to maintain single pilot 
operability in high task/threat situations 
through up front controls and displays.  Stace 
II subsystem changes are as follows: 

Increased capacit 
CFCC) . 

ire Control Comouter 

Advanced Central Interface Unit   (ACIU) for 
multiple weapons handling and launch. 

Multifunction Sisplay set (MFD) and soft- 
ware programmable display generator to re- 
place the current stores control oanel and 
radar symbol generator. 

Programmable Signal Processor ;r3?' for im- 
proving the APG-66 radar. 

:ual Mode Transmitter (DMT) for improving 
the APG-65 radar. 
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Radar Altimeter (RA). 

Data Transfer Unit (CTU). 

Up Front Communications/Navigation/Identi- 
fication (UFCNI). 

Wide angle Heads Up Display (HUD) for 
LANTIRN. 

Improved Environmental Cooling System (ECS) 
turbine assembly to provide added cooling 
capabity. 

Many of these subsystems are prerequisites for 
more than one improvement. 

Like Stage I, Stage II will continue for the 
production life of the aircraft.  Aircraft 
delivered between November 1981 and July 1984, 
without Stage 11 subsystems, will need to be 
retrofitted for these subsystems.  However, the 
cost of retrofit will not be high since prere- 
qu;sites for these subsystems were included in 
Stage I. 

Stage III begins as actual growth system im- 
provements are incorporated on the production 
line to meet new mission requirements i.e., 
AMRAAM, GPS, LANTIRM, etc.  Operational air- 
craft can be improved usually with only a few 
changes in switches and plugs. 

MANftGIKG IMPROVEMENT UNCERTAINTY 

The SPO selected for Stage I those prerequi- 
sites that offered the most substantial savings 
for improvement, and were relatively inexpen- 
sive i.e., with a high reward/cost comparison. 
If the targeted improvements are never incor- 
porated,  little will be lost.  However, Stage 
I prerequisites offer tremendous flexibility 
because they are so basic to any future ?-16 
improvement; effort.  General Alton Slay briefed 
the ADPA PI Seminar s Workshops that after 10 
years of service the F-15 will likely have more 
derivatives than the F-4, which has 19.  Thus, 
there is little change that Stage I prerequi- 
sites will not contribute towards reducing MSIP 
improvement costs, even if some planned im- 
provements are cancelled, because there is a 
great chance that other improvements will use 
these same prerequisites.  In this respect, 
prerequisites that are very basic to future 
improvements have an inherent flexibility that 
allows for a range of improvement candidates, 
and reduces improvement uncertainty. 

Stage II subsystems will be incorporated nearer 
to the time when actual improvements are fully 
developed and funded for modification, there- 
fore, by MSIP design, there is a much higher 
degree of certainty that Stage II subsystems 
will be useful.  Also, since many subsystems 
support more than one improvement, there is 
little chance that a subsystem by itself will 
never be used. 

The F-15 Program Office emphasized that an 
important thought process occurred in formu- 
lating MSIP.  As improvements were conceptually 
added to the F-16 one-by-one. General Dynamics 
engineers and SPO managers had to continually 
question what aircraft interfaces were affect- 
ed.  Anticipating problems as each improvement 
was conceptually added was an on-going effort 
behind MSIP.  In this way, subsystem inter- 
action problems were recognized, and those 
prerequisites and subsystems fundamental to a 
variety of improvements identified.  Prerequi- 
site flexibility, as applicable to a variety 
of improvements, prerequisite reward/cost com- 
parison, and time phasing of prerequisites and 
subsystems in Stage I and II were the key tools 
used to manage improvement uncertainty. 

CONCLUSIONS ON THE MATURE OF ?3I 

P I has already been applied, in varying 
degrees, to commercial and military programs. 
These applications were not always integrated 
into a forma' plan but do carry many of the 
seeds of a ? I appraoch. 

Complex ? I applications require a structured 
program architecture. 

3 
The sum of all PI application to complex sys- 
tems is, de facto,.,evolving a discipline and 
structure to the PI process. 

CONCLUSIONS ON MANAGING 
IMPROVEMENT UNCERTAINTY 

Threat, technology, and mission requirements 
forecasts are the basic means to manage im- 
provement uncertainty. 

Appropriate use of PI prerequisites in initial 
design can actually serve to decrease imnrove- 
ment uncertainty. 

Long range improvement uncertainty is manage- 
able and not fatal to PI. 

GENERAL CONCLUSIONS 
3 

? I is a strategy which improves a contractors 
probability of making a profit.  It is not a 
necessary requirement that ? I be subsidized 
by the government. 

Even more important than government development 
and control of a sophisticated ?JI svstem is 
the requirement for government to not inhibit 
P I use by contractors.  Several government 
perspectives and policies currently inhibit PI. 

The potential pay-offs in PI for manufacturing, 
tooling, processing, and facilities savings ar= 
great and should not be ignored. 

RECOMMENDATIONS 

Link industry planning with CCD forecasts of 
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threat, technology, and mission requirements. 

Link government/industry labs with PI programs 
to develop planned improvements. 

Expand life cycle cost evaluations to include 
the savings from reduced improvement costs. 

Educate acquisition managers to the PI pro- 
cess. 

Conclusions and recommendations are discussed 
in detail in the thesis. A copy may be obtained 
from the Defense Technical Information Canter, 
reference #ADA 110971 or by writing the author. 
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ADTOMATION AMD IMPROVEMEMTS IM COHTHACTIIIG TECHHIQDES 

DANIEL R. JONES 
OO-ALC/PMC 

Directorate of Contracting 4 Mfg. 
Hill   AFB,    Ut      B4050 

Increasing Productivity and Pro- 
fessionalism in Government Contr- 
acting 

The Directorate of Contracting and 
Manufacturing at Hill AFB, Ut is 
an Air Logistics Center. We process 
over 48,000 contractual documents 
a year for both Central and Base 
Contracting. Central Contracting 
supports weapon systems such as 
the Minute Man and MX missiles, 
the F-4 Aircraft and the F-16 Aircraft 
among others. The Directorate employs 
approximately 500 people and processes 
purchases   of  $ 1.o   billion. 

Productivity increase, in the 

professional field of Government 
Contracting has, at times, oeen 
a slippery and elusive goal. Capi- 
tal investment in the white collar 
area has been negligible. In the 
recent past, however, new techniques 
have caused a dramatic increase 
in productivity in Contracting 
at Hill AFB. New Techniques, equip- 
ment or processes may be partially 
successful. They will be wholly 
successful only if they are designed 
from the functional user or Buyer/PCO 
viewpoint. Some of the successful 
steps taken in the Directorate 
of Contracting and Manufaoturina 
at   Hill   AFB,   Utah   are: 

AUTOMATED CONTRACT PREPARATION STSTEM   (ACPS) 

Before we talk about ACPS, I'd like 
to distinguish between a classic 
administrative word processing system 
and an ACPS: Word Processing is 
used, in the classic sense, to create 
office requirements such as reports, 
letters, regulations and other office 
correspondence. The ACPS produces 
contracts and contractually related 
products only. Although ACPS is 
capable of functioning as a word 
processor, it is much more stream- 
lined. The ACPS produces 40 to 
50 page contractual documents with 
less operator involvement than would 
be required for a short one-page 
letter. Some major documents can 
be produced with as little as ten 
key   stroKes. 

The ACPS is composed of two dist- 
inct and necessary concepts: First 
is the equipment and related soft- 
ware. The ACPS equipment is highly 
sophisticated and capable of modular 
expansion. The software, of course, 
is the main driving force and is 
at the latest state-of-theart. 
Our software maintenance contract 
requires the contractor to update 
the ACPS software quarterly. The 
second aspect of ACPS is the system. 
By System, I mean the forms, proce- 
dures   and    techniques    employed   to 

enhance the production of contracts. 
The equipment and software would 
work without the system as the 
system would work without the equip- 
ment and software. Together, they 
produce a sophisticated and stream- 
lined method of producing contracts, 
solicitations, and contractually 
related   documents. 

Until the ACPS was implemented, 
we expended a major portion of 
our efforts first in creating our 
documents. The Buyer/PCO had over 
200 pages of forms and rough drafts 
that had to be completed to obtain 
the many types of documents issued. 
These forms were for Firm-Fixed- 
Priced documents only. A cost 
reimbursement or time and material 
contract had to be constructed 
from scratch. The buyer individu- 
ally selected each clause. For 
example there are over 150 possible 
General Provisions which could 
be in a contractual FFP document. 
If the buyer had Data in a document, 
each of the 20 possible Data clauses 
had to be individually selected 
or rejected. The clerk that physi- 
cally prepared the document had 
to type a major portion of the 
document, use cut sheets wherever 
possible,    and    tape   and   paste   the 
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document together. A standard Request 
for Proposal (RFP) took a buyer 
sixty to ninety minutes to draft 
and involved three and a half to 
four hours to prepare. Ten to fifteen 
days   was   an   average   turnaround   time. 

As previously stated 
must be compatible, 
tation is numbered 
that   is   the   title   or 

the   software 
If   a   solioi- 

"82-R-9999", 
name   it   should 

have in machine storage. Or a clause 
numbered "H-l" on documents should 
be stored as B-1 in the machine 
as  well  as   in   the  documents. 

Some software on the market will 
not allow this flexibility. The 
software assigns predetermined alpha- 
/numerlo designations to anything 
created. This works well for letters 
and miscellaneous documents, but 
destroys flexibility and would cause 
a complex manual tracking system 
in   an   ACPS   operation. 

The system, again, was designed 
from the users viewpoint. The Buyer 
now has a one-page form which replaces 
the 200 plus forms previously used. 
The Buyers can obtain an IFB, RFP, 
Basic Ordering Agreement Order, 
Letter Contract, Bilateral Contract, 
Award, etc. all on this one-page 
form. Any type of pricing arran- 
gement from Firm-Fixed-Price to 
Cost-PlusAward-Fee can be obtained. 
The key to the form is that the 
Buyer is asked to describe his acqui- 
sition rather than select individual 
clauses. 

To accomplish this, clauses are 
arranged in logical decision groupings 
rather than strict DAH sequence. 
For example, all negotiated documents 
require certain clauses. If the 
Buyer is accomplishing a negotiated 
document, necessary clauses are 
given automatically. If the Buyer 
checks that work on a Government 
installation is required as part 
of the acquisition, all clauses 
required by that circumstance are 
included. 

The system includes a dictionary 
and math program. All documents 
are checked for spelling or typograph- 
ical errors before release. Also, 
the system accomplishes all math 
functions   for   the   buyer. 

All    data    on 
under   strict 
New   clauses 
or   Contractor 
and   the   Contr 
being   added 
effectively   a 
to   the   system 
It   also   stops 
creation    bee 
blems.      All   c 
to   their   ori 
DAR   Sup   2-501. 

the system is kept 
and orderly control, 
proposed    by   a   Buyer 
are reviewed by legal 

acts Committee before 
to the system. This 
dds   quality   assurance 
and   review   processes. 
duplicative document 

ause of clause pro- 
lauses are identified 
gin (e.g. "lAW AFLC 
3(a)"). 

The 
new 
"Buyer-Gram'' 

user is kept apprised of all 
or changed requirements. A 

is issued immediately 
after a change and the buyer receives 
a quarterly update to the Basic 
Clause Book (or Buyers Guide) showing 
all changes which have occurred 
during   the   quarter. 

Although the system is designed 
for ease of use by the buyer, who 
is the ultimate user; it also focuses 
on ease of use by the clerk who 
prepares the document. The clerks 
are trained in document require- 
ments and make minor administrative 
decisions. The clerks (or operators) 
become very expert at document 
construction. All documents are 
pre-reviewed for quality input 
before   being   put   on   the   system. 

The   ACPS   has   given   many   benefits, 
among   which   are: 

(1) Buyer Preparation time 
for contractual document has 
been reduced to an average 
of   ten   to   thirty   minutes. 

(2) Turnaround time for documents 
is   an   average   of   1.3   days 

(3) Document preparation person- 
nel have been reduced by six 
despite a ^0J increase in work- 
load. 

(^) Documents are more concise, 
professional and reliable than 
ever   before. 

(5) Only information or clauses 
which pertain are in the document 
(self-deletion   is   not   used;. 

(o) Spelling, typographical 
and math errors have almost 
been   eliminated. 
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(7) Reviewer's CPCO/Legal/- 
Contraats Committee) time neces- 
sary to review documents has 
been   reduced. 

( d ) We are more responsive 
to changes. We can guarantee 
the Buyers that the documents 
will be current and complete 
as of the time processed. This 
warranty can be made because 
the system is updated within 
one-half hour after receipt 
of  a  change. 

(9) The cost of each document 
has been dramatically out in 
postage, reproduction, storage 
and   other   areas. 

(10) New trainees are more 
productive more quickly as 
the system is easier to under- 
stand. 

It is estimated that the ACPS and 
associated techniques save from 
one and one-half to two million 
dollars per year at Ogden ALC and 
we are just in the infancy of what 
we   can   do. 

BASE   CONTHACTING   ON   ACPS 

Base Contracting was put on the 
ACPS in October 1930. Prior to 
being added, many documents were 
considered too complex, too specialized 
or   too   cumbersome   to   automate. 

However, resea 
indicated that 
in Base Contrao 
in much the 
Cent rac ting . 
truction doou 
three to four 
eight to ten 
Using logica 
it was disoov 
very few cho 
make concern 
the   oonstructio 

roh   of   the  Regulations 
any   document   created 

ting   could  be automated 
same   way   as    Central 
For   example,    a   cons- 
ment    took   the   Buyer 

hours    to   draft   and 
hours    to    prepare. 

1    decision   grouping 
ered   that   there   were 
ices   a   buyer   had    to 
ing    the   creation   of 
n   document. 

The Buyer now uses a 5" x 3" form 
for all construction documents. 
The document takes two to three 
minutes to complete and eight minutes 
to prepare and print. The same 
rationale also applies to other 
areas of Base Contracting (e.g. 
Mortuary Services, Packing 4 Crating, 
Food  Services,   etc). 

The same benefits attributable 
to the ACPS operation, above, have 
been realized by Base Contracting. 
Additionally, Base Contractual 
documents are now standardized 
and compatible with Central documents 
and do not require any special 
research   or   handling. 

MICROFICHE TECHNIQUE 

The Microfiche technique was instituted 
as a test to assess possible benefits. 
The benefits were to be derived 
with the least possible disruption 
to the contracting process and incon- 
venience to contractors and field 
activities. 

The benefits we were seeking, for 
the contractors and Government were 
lowered costs, reduced handling 
and review of documents, and an 
easily understood format. Additional- 
ly, we wanted to provide the full-text 
of Defense Acquisition Regulation 
(DAR) clauses which by regulation 
are incorporated in our documents 
by reference. Although many DOD 
contractors subscribe to the Regulation 
and    therefore   have    access    to    the 

text of these referenced clauses, 
many more do not. The microfiche 
technique was designed to give 
all contractors equal access to 
the   full-text   of   the   DAR. 

MICROFICHE PROCEDURE 

Documents utilizing 
technique incorpor 
a one or two 1ine r 
reference contains 
number (e.g. H-1); th 
any regulatory ref 
(e.g. 7-104.13) and t 
on which the fuii-tex 
can be found. This 
for those clauses 
are   set   forth   in  full 

the Microfiche 
ate clauses by 
eference.      The 
the   provision 

e clause title; 
erence number 
he frame number 

; of the clause 
system is used 

which normally 
;ext   in  contract- 
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ual documents and for those which 
normally   are   set   forth   by   reference. 

Provisions which require a completion 
or a "blank" fill-in by the Government 
are set forth as stated above with 
the following added language: "The 
(blanks or information) required 
by the above provision are as 
follows:" The fill-ins are identi- 
fied, if more than one, as to para- 
graph or other specific identifica- 
tion. 

Provisions which require contractor 
completion are also set forth as 
above and contractor required fill-ins 
are stated beneath the clause. 
For example, the small business 
certification   appears   as   follows: 

"K-1 SMALL BUSINESS 

HE IS ( ) HE IS NOT ( ) 
WILL ( ) HILL NOT C j 
(PRIME #558)" 

Any clauses which were specific 
to certain programs or contractors 
(e.g. controverted cost clauses) 
were not put on microfiche. Clauses 
of this nature are printed out in 
full-text   on   the   individual   document. 

Document preparation by the Automated 
Contract Preparation System (ACPS) 
was altered very little. All provis- 
ions and files used for document 
preparation in the "normal" or fuil- 
-text mode were left untouched. 
Each was duplicated and altered 
to the Microfiche technique. Each 
file or clause used for microfiche 
documents was named the same as 
the "normal" clause except an "F" 
(for fiche) was added to the name. 
This allowed minimal adjustment 
by the ACPS operators. Documents 
were created exactly as in normal 
mode with only the •F■ addition. 
For example, if provision H-l was 
needed in "normal" mode the operator 
typed "Hi." In fiche mode, the 
operator typed "FH1." Any updates 
were and are made to both sets of 
files, thus ensuring currency in 
each   mode   of   operation. 

MICROFILM   PROCEDURES 

The Microfiche Was prepared from 
actual pages of the Defense Acquisition 
Regulation,       AF    DAR    Supplement, 

and AFLC DAR Supplement. Other 
regulatory clauses, the AFLC Model 
Contract clauses, and selected 
local 
clauses (photographed from print- 
outs   from   the   ACPS). 

Because    the 
Section   (DAR 
graphic    cap 
creation   of 
contracted 
cost   was   $2 
"hard-copy" 
master.      Thi 
one   t iae   du 
due    to    the 
silver   maste 
by   the   contra 

Ogden ALC Microfilm 
M) does not have photo- 
abilities, the actual 
a "silver master" was 
to a local firm. The 
9.9** for 532 pages of 
to be put on the silver 
s process was repeated 
ring the test period 
loss of an original 

r. Average turn around 
otor  was   seven  days. 

After the silver master was received, 
it was turned over to DARM for 
copying. Because of the high volume, 
the copying process was used to 
fill any slack periods in the DARM 
workload. The fiche copies were 
created on all three shifts and 
mailed to contract distribution 
(PMDAD)   on   a  weekly   basis. 

The 532 pages or frames were first 
copied at a *8X reduction on three 
fiche. This size caused the most 
contractor complaints. Therefore, 
two months into the test, we doubled 
the size to 24X. Although this 
size increased the number of fiche 
to six and doubled 
$.09 per set to * 
effectively stopped 
as    to   readability 
The 24X size is large enough to 
be read by an aperture card reader. 
Once received in PMDAD, one set 
of fiche was attached to each copy 
of the RFP, IF3 and all contracts, 
including   letter   contracts. 

the costs from 
Id per set, it 
most   complaints 

and   legibility. 

UPDATING 

During the test period 
were changed, dele 
or added. The Micro 
changed. Updates 
were accomplished in 
If the change result 
update or change, t 
was incorporated d 
the DAR, oy re fere 
reference to the Mi 
the change resulted f 
source, the provisio 
in full-text in the ha 
actual   document. 

many provisions 
ted updated, 
fiche was not 
to documents 
two fashions: 

ed from a DAR 
he provision 
irectly from 
nee, without 
oroficne. If 
rom some other 
n was printed 
rd-oopy   contr- 
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Because of the grad 
full-text provision 
documents, the aver 
increased, but still 
cost effective range 
the average size of 
document at the beg 
test was 4o pages wit 
and 11 pages with M 
the end of the test 
figures had increase 
to   52  and   17   respeotiv 

ual "creep" of 
s into written 
age    size   also 
stayed in the 

For example, 
a solicitation 
inning of the 
hout Microfiche 
icrofiche.      At 
period, these 

d by six pages 
sly. 

All changes accomplished during 
the year were "instantaneous." That 
is, within one-half hour after a 
change was received by receipt of 
a DAC, AFAC or other means, the 
updated material was on ACPS and 
being incorporated in our documents. 
The buyers were notified of all 
changes within one day by use of 
a "BuyerGram." In this manner, our 
documents, whether utilizing Microfiche 
or a Basic Ordering Agreement (BOA) 
order, were and are always current 
as of the date and time the document 
Is processed through ACPS. This, 
again, is a guarantee that we make 
to   our   buyers. 

RESPONSES   TO   TEST 

All the documents issued using the 
Microfiche have a prominent notice 
in bold type explaining the test 
and asking for opinions on the test 
oe   forwarded   to   the  OPR   of   the   test. 

FIELD   ACTIVITIES 

Response from field activities were 
minimal and none in writing. We 
received three phone calls from 
three different DCASMAs. All three 
requested we stop sending a copy 
of the flche with each document. 
The consensus was that after an 
initial distribution was made, they 
had all the fiche necessary and 
additional copies were unnecessary. 
An ACO from DCASMA Los Angeles, 
stated that the fiche was very helpful 
to the small businesses whose contracts 
he   administered. 

CONTRACTOR   RESPONSES: 

Contractor's letters were varied. 
From the thousands of copies of 
documents issued we received 12b 
responses. Because of the small 
response,    we    sent   a   questionnaire 

seeking additional input. Me issued 
500 questionnaires at random and 
received 92 answers. The majority 
of contractor's letters received 
prior to the questionnaire were 
negative. The questionnaire, however, 
revealed opinions which were strongly 
positive. The results of each 
are   categorized   below: 

Letters 
No Fiche Readers-tl 
Disapprove of Teohniqu8-2b 
Strongly oppose technique-20 
Fiche ok but prefer "Master 
Solicitation"-!1* 

Approve of the Teohnique-15 
Strongly favor Technique-o 
Neutral (already subscribe 
to DAR)-4 

Questionnaires 
Microfiche was: 
Acceptable-jO 
Acceptable i usable-11 
Usable-2 
Acceptable   4   usable   but   not 
preferred-a 

Prefer   the  Master  Solioitation-2d 
Unacceptable-^ 
Other   aomments-4 

It should be noted that the technique 
was used in both Central and Base 
Contracting. Therefore it covered 
a broad spectrum, from very large 
to   very   small   concerns. 

From our sampling of the letters 
it appears that the large contr- 
actors already had the DAR and 
felt the technique was unneces- 
sary. The major complaint oy small 
contractors appeared to be the 
lack of a reader or the inconvenience 
of   using   one. 

We believe that the very small 
number of letters received from 
contractors using microfiche documents 
plus the majority of questionnaire 
respondents who found the technique 
acceptable and/or usable, proves 
that it can be used and causes 
few   problems   for  most   contractors. 

PROBLEMS ENCOUNTERED 

The problems which occurred during 
the test were minor in nature. 
We had no protests nor cases of 
contractors being found non-responsive 
as   a   result   of   the  Microficne   Test. 
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The other minor problems «e 
were: 

had 

(1) Four months into the test, 
a Miorofilm Operator inadvertently 
damaged one of the silver masters. 
He had to contract out for another 
set, but then ordered extra 
to   assure   we   had   backup. 

(2) Some contractors told us 
they could not function without 
the full-text of some of our 
local clauses. In those cases, 
because of the contractor's 
viewer problems, we sent a hard 
copy   of   local   clauses. 

(3J As previously stated, the 
test was started with a fiche 
reduction of 48x. It wasn't 
long before we discovered that 
this was too small for most 
viewers owned by contractors. 
Within two months, we doubled 
the   size   to   24X. 

BENEFITS 

We have found benefits over and 
above those anticipated when we 
started the test. The tangible 
cost avoidance we experienced was 
approximately $535,000. Reproduction 
represents $260,311 of the total 
and postage the remaining $274,075. 
Many benefits not easily reduced 
to   dollar   savings   were: 

(1) Documents utilizing the 
fiche technique process through 
ACPS machine preparation over 
50J   faster. 

(2) We can hold up to 1,000 
more documents "on-line" due 
to the smaller size. On-line, 
in this case, means we can hold 
documents in current magnetic 
storage   longer. 

(3) We can go up to 45 days 
longer before creating history 
tapes of our documents. The 
history tapes will hold approxi- 
mately 1200 documents, whereas 
with full-text documents 500 
to   oOO   documents   are   the   limit. 

(4) Buyers, Legal, the PCD 
and Contracts Committee review 
are shortened and more streamlined 
due to the compact size of the 
document. 

(5) We have found in talking 
to various contractors, that 
having the fiche is a definite 
advantage for those contractors 
who do not subscribe to the 
regulation. They can read 
all provisions of the contractual 
document. 

(6) Future problems or questions 
which arise may be more readily 
handled. For example, should 
a contractor submit a Value 
Engineering Change Proposal 
two or three years after a 
contract is issued, there is 
no necessity to search the 
old regulations for the full-text 
clause that applied to that 
contract. The clause that 
applied is attached to all 
copies of the contract on the 
Microfiche. 

REC0HMSNDATI0HS 

The test has been completed and 
the Microfiche Technique is being 
continued. A technique such as 
the Microfiche is essential to 
reduce costs and increase the pro- 
ductivity of our people. When the 
fiche is adopted commandwide, we 
have made the following recommenda- 
tions   to   Headquarters   AFLC: 

(1) Issue one set of fiche 
once per year. The updates 
do not cause such growth that 
they cannot be made in the 
hard-copy document. Also, 
tracking is better and the 
fiche can have the calendar 
or fiscal year to which they 
apply printed at the top of 
each   one. 

(2) After initial distribution 
of fiche to field activities, 
do not send more unless they 
are requested. Otherwise we 
add to the cost, and burden 
the field with more fiche than 
they   can   use. 

(3) The fiche should be no 
smaller than 24X. This appears 
to be the optimum size for 
readability   and   cost   savings. 



(4) State in the written document 
the exact identification of 
the   attached   fiche,   the  importance 

of the fiche 
as to how the 
provisions   are 

and explanation 
fiche and clause 
cross   referenced. 

COHTRACT   QtULITI   REVIEW 

The contracting process requires 
that contractual instruments issued 
by the Government be of the highest 
possible accuracy and quality. 
The Government cannot afford to 
issue inaccurate, sloppy, or ambiguous 
contracts. To do so would weaken 
the support of the weapon system, 
cause unnecessary litigation, and 
raise the cost of the contracting 
process. 

To assure that Air Force contracts 
are legal, clear, and concise and 
that fair and reasonable prices 
are obtained, the Contracts Committee 
at Ogden Air Logistics Center reviews 
all contractual documents over $500,000 
prior to award and samples documents 
under $500,000 on a post award basis. 
The contracts committee is composed 
of highly skilled and experienced 
people. They have a broad base 
of knowledge and expertise in the 
Contracting   4  Logistics   field. 

When Commit 
c ontrac tual d 
of their tim 
and preparin 
the buyer. In 
made by diff 
Commi 11ee on 
often differed 
based upon the 
Some oommen 
giving regula 
the buyer to 
simply recom 
an inordinat 
spent each mo 
the review co 
reporting   to   t 

tee members reviewed 
ocuments, a great deal 
e was spent recording 
g    their   comments    for 
addition, the comments 

erent members of the 
the   same   subject   matter 
in content and context 

ir various backgrounds, 
ts were made without 
tory references causing 
believe that they were 
mendations. Finally, 
e amount of time was 
nth manually compiling 
mments for statistical 
he   Directorate. 

To    solve    som 
concern,    the 
were    standar 
member    of    the 
same   aommen ts 
matter)    and    lo 
trative   Word   P 
(so    that    the 
their   review   in 
o ommen t    b y    a 
character) . 
members    creat 

e of these areas of 
repetitive comments 
dized (so that each 

Committee made the 
about the same subject 
aded into the Adminis- 
rocessing Center (WPC) 
analysts could phone 
and recall a specific 

single alpha/numeric 
One of the Committee 
ed    a    reference    book 

of standard repetitive comments 
covering all areas of contracting 
(e.g., clauses, levels of approval, 
determinations and findings, etc.) 
and giving the regulatory requirement 
of each comment. A one-page worksheet 
was developed for the analyst to 
"record" the comments. 
A great many benefits have been 
and are expected to be derived 
from   this   procedure: 

(1) All comments are standard- 
ized without "flavoring" by 
the   individual   analyst. 

(2) The analyst's and WPC 
operator's time is more effect- 
ively utilized because they 
are not writing out and typing 
repetitive comments over and 
over, but simply recalling 
them from machine memory by 
use   of   a   single   character. 

(3) Ail comments made by the 
Committee give a regulatory 
reference. 

Ct) The WPC equipment compiles 
on demand a statistical report 
which formerly tooK two to 
three   days   to   assemble. 

(5) Transferring the record- 
ing of comments from the Contracts 
Committee clerk to the WPC 
assures that there is always 
an operator available, whereas 
formerly, recording of comments 
could be delayed by the absence 
of   the   Committee   clerk. 

(6) Time formerly devoted 
to recording and compiling 
comments and reports can now 
be devoted to giving more in-depth 
analysis and identification 
of   trends. 

(7) The use of the procedure 
has allowed the development 
of coniract quality standards 
to measure the Directorate 
performance. 
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A0T0M1TED   ADMINISTBATI7E   COMMITMENT   DOCDMENTS      (ACDa): 

When buyers requested commitment 
of funds for a contract, they copied 
(by hand) the fund citations from 
the purchase request onto a draft 
AFLC Form »9. The form was then 
typed (or in some cases the hand-- 
written form was used) and forwarded 
to Accounting and Finance for Commit- 
ment. Besides being a time consuming 
task; many errors were encountered 
due   to   the   detail  of Fund  Citations. 

To counter this situation, the buyer 
has been offered two other ways 
to obtain an ACD, through the use 
of the ACPS or the Word Processing 
Center. In both oases, all fund 
citations were loaded in the systems 
and   verified   by   accounting. 

Using   the   ACP 
choices:    (1 
an    ACD    with 
he/she   can   o 
contract    or 
an   ACD   only, 
stances    the 
copy   all   ACD 
c on trac tual   d 
instance,    the 
the    necessar 
copy   of   the 
the   programmed 
ACD   is   created 

3, the buyer has three 
) He/she can obtain 
the solicitation; (2) 
btain an ACD with the 
(3)    he/she   can   obtain 

In the first two in- 
ACPS   is   programmed   to 

information from the 
ocument.      In   the   latter 

ACPS operator obtains 
y information from a 
Purchase   Request   and 

fund   cites.      If   an 
with   the   solicitation, 

the contract number, contractor 
and dollar amount are left blank 
for later fill-in by the buyer 
before forwarding. In the case 
of an ACD created with the contract 
or an ACD only, the ACPS verifies 
all mathematical computations auto- 
matically. The only action required 
by the buyer is to check that an 
ACD   is   required. 

Using the Word Processing Center, 
the buyer refers to a list of all 
of all possible fund citations 
segregated by type (e.g. FMS, Mis- 
siles, Aircraft, etc). To create 
an ACD, the buyer dictates one 
character alpha/numerio codes to 
a recording device in the WPC. This 
dictation will obtain complete 
ACD's including entire fund citations 
for   fund   commitment. 

Whether using the ACPS or the WPC 
to create the ACD, although the 
ACPS is the easier of the two, 
the buyer is relieved of tedious, 
time consuming and mundane effort. 
In return he or she receives an 
error free document which increases 
the productivity of the buyer, 
the clerk and the funds certifi- 
cation   officer. 

BOA   RETIEV   PROGRAM 

basic Ordering Agreement (BOAs) 
are documents used to facilitate 
the Government Contracting process. 
The BOA is an agreement on clauses, 
terms and conditions pre positioned 
with a contractor. Orders incorpor- 
ating such terms, conditions and 
clauses may then be issued without 
specific negotiations on matter 
covered   by   the   BOA. 

Unfortunately, the rapid changes 
in laws, regulations and executive 
orders soon rend a BOA out-ofdate. 
Therefore, each time an order is 
issued, the buyer is required to 
review the BOA and include in the 
order necessary updates, deletions, 
incorporations or additions required 
by Public Law, Executive Orders 
or by action of the 30A itself. 
This review process is heightened 
because the PCO, legal and cont- 
racts committee have review respon- 
sibility   in   addition   to   the   buyer. 

To counter this repetitive review 
process, the BOA review program 
was established. The BOA is reviewed 
one-time, by a member of the Contracts 
Committee. A one-page review sheet 
is issued to all buying sections 
and z o the BOA file. The review 
sheet contains all pertinent infor- 
mation on the BOA in capsule form. 
For example the sheet shows clauses 
which must be updated, deleted, 
incorporated or added and the circum- 
stances when such action must occur. 
It also relates basic information 
such as how long the contractor 
has to issue a priced modification 
to   an   unpriced   order. 

The Committee member creates the 
review sheet by dictating single 
character a 1pha/numeric codes to 
the Word Processing Center (WPC;. 
Part of the prepositioned information 
in WPC is an ACPS file designation 
(e.g.    L-6-A).       A    line    from    the 
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review sheet might be "L-6-A - 7-104. 
•33-- A. MIL-I- Inspection - Delete 
if MIL-I not required." The buyer 
would then designate "LbA on hla 
document request form. ACPS then 
automatically does the necessary 
deletion/updating/inoorporation/or 
addition)   to   the   order. 

It is estimated that this tech- 
nique alone (as one of many ACPS 
techniques) saves over $50,000 
per year. It eliminates repetitive 
reviews and frees contracting person- 
nel   for   other   matters. 

CONCLUSION 

AH of the above innovations and 
techniques have greatly increased 
the productivity of Contracting 
personnel as well as given tangible 
cost reduction in paper, reproduction, 
postage and other areas. They have 
increased   the  pride and  professionalism 

in work created and give people 
time to do the good job they want 
to do. Even with these improvements, 
we are just at the threshold of 
what we can do to increase product- 
ivity   in   the   Contracting   Field. 
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ABSTRACT 

AOTOHATION AND THE FEDERAL PROCUREMENT SYSTEM 

Ihe "Automation and the Federal Procuranent Sys- 
tem" topic is addressed through an evaluative 
dissertation of automated procurement support 
potentials with existing state-of-the-art can- 
puter technologies and applications. This pre- 
sentation is highlighted by case studies of the 
present users of SUPPLIERS (Sources of Uniform 
Procurement Planning, Library Evaluation / Re- 
trieval System), a program developed for and 
being implemented by the Acquisition institute 
(AI) of Washington, D.C. AI is a publicly sup- 
ported research and educational foundation 
specializing in the study and development of 
modern (automated) procurement decision support 
methodologies, procurement law and contracts, 
and curricuTjn training and education programs 
to support public administration, acquisition 
and current procurement discipline requirements. 

As a pilot program of the Federal Library Com- 
mittee (FIC), Library of Congress, FI£- 
SUPPLIERS is providing a new procurement data 
base as a service to Library users. FLC- 
SUPPLIERS is an automated procurement decision 
support system to index, file, evaluate and re- 
trieve information pertaining to private sector 
contractors to assure competition for the mate- 
rials, products and services to support the 
needs of government agencies. The FLC-SUPPLIERS 
data bank and programs are special tools that 
have been developed to meet procurement require- 
ments of executive agencies, which are cannon to 
federal, state and local levels of government. 

The in-put and maintenance of company informa- 
tion in FLC-SUPPLIERS is based on standard Fed- 
eral Government Procurement information gather- 
ing formats and Federal Coding systems, 
including: Standard Form 129 (Bidders Mailing 
List Application); Standard Form 254 (Architect- 
Engineer and Related Services Questionnaire); 
and encompasses the following coding formats: 
Standard Industrial Classification       of 
Establishments (SIC); Stai^ard Occupation Clas- 
sification (SOC); Federal Procurement Data Sys- 
tem (FTOS) product and service codes; and other 
code sources. The FLC-SUPPLIERS data base is 
very versatile in that it will support the full 
range of comnon procurement actions including; 
planning and resource identification, solicita- 
tion, procurement advertisement, contractor 
qualification and bid evaluation, award activi- 
ties, contract management functions, audit 
requieerments, contract tracing and scheduling, 
contractor performance and contract close-out. 
FIC-SUPPLIERS manages first the technical, then 
the qualitative, before it addresses the social- 
economic and set aside provisions contained in 
verious public laws which encourage; small busi- 
ness, veterans, women, minorities, and other 
groups deserving besiness opportunities with 
government. 

Extensive FIC-SUPPLIERS field testing by techni- 
cal and procurement managers have demonstrated 
that procurement schedules may be reduced 40% to 
60% an3 operating Costs bv 75%. More ell'tective 
Industry competition, the full ability to 
reconstruct docimentation and the reduction in 
facility requierments make this procurement 
method ideal for supporting mission supply and 
service needs. AI's Corporate and individual ex- 
periences with automated procurement systems in- 
cluding the: U.S. Postal Service; Department of 
Transportation, Federal Railroad Mmenistration, 
U.S. Coast Guard demonstrate the potential cost- 
efectiveness of FLC-SUPPLIERS. 

In March 1982 AI initiated an FLC-SUPPLIERS data 
management and maintenance training program for 
disabeled War Veterans. Qnploying Disabeled 
Veterans in meningful work while thty are 
hospital patients or confined to homes may help 
reduce the sixty percent (60%) unemployment rate 
imposed on our American war disabeled. 
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mm 
fhe Accuisition Institute (AI) has rade available to the Federal Librarv Concittee 
itlC) the "Sources for Oitfotw Procureirent Flanmna, Librarv EValuation/Betriwal 
Systan" (SCPFLIERS). FLC-SUPPLIEPS is an autorated data base arc cocanent support 
systein to index, file, evaluate, document and retrieve information pertaining to 
private sector canpames with the resources and capacity to insure con-petition'for 
the materials, products ana services reouired to meat the operating needs of 
Government. 

Users of FLC-SUPPLIERS are the managers, planners, tecnnologists, attorneys, 
librarians and those acquisition professionals, e.g.; procurement executives,' 
contracting officers, contract and grant administrators,"curchasing aaents and buyers 
employed  in or supporting unifora procurement. 

FLC-SbPPLIEK£ conforr.s to required Federal Procurement Regulations (FFH) and/or 
Defense Acquisition Regulations (CAP/ASPR) and may support any nunber of planning or 
procurement decisions, e.g.; Unifora procurement planning,"mission recuirement or 
development planning, sources for detsnranation of curchase costs, sources for 
support of make or buy decisions. Supply-side availability and lead tures or logistic 
considerations. In addition, the system supports government mandated rrograms 
designed  to generate business opportunities for:" 

» Small business participation  (including new business); 
• Socially/econcnucally disadvantaged  individuals/businesses; 
e Labor Surplus Area  (LSA)  company participation; 
• '/tomen-owned businesses, et al, and other" relevant puclic law and/or policy. 

Input and maintenance of information on FLC-SUPFLIEES is largely based on standard 
Feaerai procurement information gathering formats and Federal coding systans, e.g.; 
Standard Form 129, Eidders Msiling List Replication; Standard" Form '254^ 
Arctutect-Engineer and Related Services Questionnaire and encomcasses cccin- from- 
Stanoard Industrial Classification of Establishm.ents (SIC), Standard Cccucaticn 
Classification (SOC) and the Federal Frocursir.ent lata Svstem (FFDE) prccucc and 
service codes, et al. 

Cutput trom. FUI-SUPFLIEES provides contract and document oreparation, resourcs files, 
RFC/irii/RFF biccers list, mailing labels, SPC/IFE/RFP"acOT0wlecgen'ent3, nctica'ro 
snort xisted contractors, contract or purcr.ase award notice, few restonse evaluation, 
other standard or custom procurement support and management infotmation. 

Users may access FLC-SUFFLIERS data off-line as -.ell as on-line through the 
Government-wide Federal Library Committee. Off-line data access is ^ccorp1 i=.T=d bv 
completing and mailing the FLC-3UPFLIEKS Cuick Inquiry Frocrar (CIP) fonr, to the 
ieceral Library Committee, Library of Congress, WashiTOton, C.C. 2C540. Schedule 
five (5) working days for first class mail turnaround, or allow three (J) working 
days for CIP form telecommunication via TELB^.ITER to the Federal Librarv Coiraitcee 
at (202) 267-6000. Cn-lme FLC-SUPFLIERS data access is via International 
Telecoranumcation by local-dial-up from any computer terminal located at a user site 
or a user library facility. 

Users or user libraries may subscribe to the "SLPFLIEPS Ciaest" on Automation and -u= 
Federal Procurement System, edited by AI as a companion service. This -onthlv 
newsletter provides procurement professionals a ccntprehensive, terse overvis* :: 
relevant new laws, regulations, administrative decisions, fdvrnces in trccurarent 
automation and other news concerning Government and the Supply-side of r;rocurs!"ep.t. 

Ihe FIX has arranged for user training for the FLC-SUPFLIF?S scrvica at the 
facilities   of the Federal   Licrary Committee; Librarv of Congress , isshir.Ttcr, i.e. 
2u54G cr st a  user  library site.    For   information,  -ail;     (2^2)   2S7-6055. 

^age 2 of  15 
EXHIBIT A 
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THE ACQUISITION INSTITUTE'S "SUPPLIERS" DATA 
 BA5E JEWIgE  

I. RESEARCH AND DEVELOPMENT OF SUPPLIERS 

SUPPLIERS is a concept and system that has 
evolved since 1974, when the firm JGM Consul- 
tants and Engineers, Ltd. (JO!), designed for 
the U.S. Postal Service an early form of today's 
SUPPLIERS, creating a system which currently in- 
dexes 15,000-25,000 "supplier sources" active 
firms which have, within the last seven years, 
sought wjrk from the Postal Service. Following 
this experience, JGM created another iteration 
of SUPPLIERS (indexing 15,000-30,000 sources for 
the Federal Railroad Administration's Northeast 
Corridor Project) under a subcontract with the 
DeLeuw, Cather Company and the Ralph M. Parsons 
Company, a joint venture to manage the five-year 
$2.7-billion progran to rehabilitate the Amtrak 
passenger rail system between Washington, D.C. 
and Boston, MA. A "spinoff" of SUPPLIERS was 
subsequently developed for the construction of 
the Alaska Natural Gas Pipeline (10,000-15,000 
sources), and, most recently, JGM created a 
"freestanding" system for the Acquisitation In- 
stitute in support of the U.S. Coast Guard 
Headquaters (5,000-10,000), These seven years' 
experience with various versions of SUPPLIERS— 
in design, test, and operation—is reflected in 
the SUPPLIERS systan today marketed by the Ac- 
quisition Institute Foundation through the ex- 
panding 500 member Federal Library Caimittee, 
Library of Congress. This arrangement allows 
ultimate access to 3000 libraries 
internationally. 

II. THE FEDERAL LIBRARY CCMMnTEE (FLC1 
PLIERS CONCEPT 

SUP- 

FU:-SUPPLIERS is a procurement operations 
decision-support and data base management system 
created (and used effectively) to serve a spe- 
cific set of government needs. At the sane time, 
it is a technique for exposing new business op- 
portunities to the private sector. 

Essentially,  FLC-SUPPLIERS operates: 

• to stimulate and expand private-sector compe- 
tition in selling 
the goods and services purchased by 
government/s; 
• to support government efforts to comply with 
the complex policies, 
laws, and regulations (more than 1,600 of them) 
on the methods and procedures through which 
these goods and services must be purchased; 

• to provide, for the government-as-buyer, a 
more efficient buying system (cutting down pa- 
perwork and both direct and indirect labor 
costs) and an accounting trail that can 
withstand public scrutiny. 

More specifically, FLC-SUPPLIERS supports the 
full range of requirement, planning and procure- 
ment decisions that are generic and universal to 
federal, state, and local governments (counties 
or municipalities)   including: 

• mission technical requirements/development 
planning/scheduling 

• commercial market/cost research,  including 
- support of "make" or "buy" decisions 
- determinations of supply-side availability 
- logistic considerations 
- determinations lead times 

«   scoping the procuranent/contract 

• advertising the procurement 

• assuring compliance with government-mandated 
programs for generating business opportunities 
for, e.g.; 

- anall business or new business enterprise 
- Veteran / Vietnam-ERA Veteran 
- the socially / economically disadvantaged 
- labor surplus area (LSA)  companies 
- women-owned business enterprises 
- and other enterprises identified by public 

law as deserving special opportunities, i.e.; 
the handicapped, the blind, etc. 

In addition: 

• FDC-SUPPLIERS supports these government func- 
tions; 

- bid document production and control 
- contract production 
- bid-response evaluations 
- documentation/support of bidder selection 
- contract administration and tracking 
- contract ccmpliance and enforcement 
- contract evaluation and closeout 
- individual/personal information management 
- interpersonal communicating/teleconferencing 

FLC-SUPPLIERS works to automate, to the fullest 
practical extent, each of these decisions or 
procedures, with the aim of improving the 
government-as-buyer's cost efficiency 
neutrality, and objectivity in pertorming its 
purcnasing functions within prescribed legal 
parameters. 

At the same time, a government-as-buyer relies 
on the FLC-SUPPLIERS system to support one of 
its purchasing functions, the private-sector, 
benefits too — because its qualifying 
credentials, bid responses, and contract perfor- 
mance are surfaced and evaluated in a more ob- 
jective and timely fashion. 

CONTINUED 
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Thus, FLC-SUPPLIERS is designed and operated as 
an integrated technical/procurement/contracting 
operation to benefit government personnel by 
lending greater efficiency to procedural and 
clerical tasks; reducing political pressures on 
their buying decisions; freeing valuable time 
and talent for concentration on long-range plan- 
ning and the subjective complexities of bidding 
and of negotiated procurement; and providing a 
complete accounting and scheduling record of an 
individual transaction from budget authorization 
to contract closeout. In the process, FLC- 
SUPPLIERS benefits the supply side by autcmati- 
cally exposing a greater nunber of qualified 
business enterprises to a fuller range of busi- 
ness opportmitles than could be discovered 
through independent research; by assuring a more 
timely and objective evaluation of responses to 
these opportunities; and by depoliticizing, 
clarifying, and streamlining the reporting re- 
sponsibilities and contract-performance expecta- 
tions monitored by government management and 
procuranent executives. 

III. FEDERAL      LIBRARY      CCMMriTEE-SUPPLIEBS' 
POLITICAL POSITION 

The FLC-SUPPLIERS concept would be hard to fault 
(and, conversely, easy to endorse) from a 
political standpoint — such has long been the 
case. Today's     difference      is     that     the 
"sentiments" supporting this concept are now as- 
suming the force of the law and executive order, 
for example, President Reagan's Executive Order 
dated March 18, 1982 on "Federal Procurement 
Reforms." 

Efforts to ens-jre effective and efficient 
spending of public funds through fundamental 
procurement reforms are gaining rapid roomeretum, 
through legislative and administrative channels 
at all levels of government, to improve the 
methods used in acquiring goods and services 
from the ccromercial sector, with the objectives 
of insuring honesty, eliminating wasteful prac- 
tices, broadening the spectrum of goods and ser- 
vices purchased, stimulating and expanding op- 
portunities for effective competition, limiting 
nonconpetitive actions, with latitude for inno- 
vation, and improving efficiency in the 
purchasing process. These objectives are thor- 
o«ghly endorsed by the Acquisition Institute — 
they are, in fact, AI's raison d'etre — but the 
point to emphasize is: All the elements needed 
are now in place to accomplish these objectives 
and are now being codified. 
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At the Federal level, this initiative began in 
earnest with the passage of P.L. 93-400, (August 
1974) the Federal Procurement Policy Act. This 
act created, at the Office of Management and 
Budget, the new Office of Federal Procurement 
Policy (OFPP), headed by its own Administrator, 
nominated by the President and confirmed by the 
Senate. OFPP Policy Letter 30-5 (July 10, 1980) 
established the requirement for a single Federal 
Acquisition Regulation (FAR), which has to pass 
through its draft stages on the way to replacing 
the nearly 40-year-old Defense Acquisition Regu- 
lations (DARs) and the (civilian) Federal Pro- 
curement Regulations (FPRs). P.L. 96-83, the 
Office of Federal Procurement Policy Act flmend- 
raents of 1979, mandated OFPP's developnent of an 
innovative, comprehensive, and uniform procure- 
ment system for use by federal agencies. 

under its new Administrator, The Honorable 
Donald E. Sowle, the OFPP has published, (Octo- 
ber 29, 1981), a Draft-Proposal for a uniform 
Federal Procurement System (FPS). Public 
hearings were held on December 1, 1981, to re- 
ceive comments which have been incorporated and 
the docanents v«re delivered to Congress on Feb- 
ruary 26, 1982 completing OFPP's systems design 
mandate. Finally, on April 30, 1982, OFPP sent 
proposed legislative changes to existing pro- 
curement statutes. This action completes OFPP's 
key obligations under Public Law 96-83. OFPP is 
now implementing the FPS system proposal through 
Executive Order 12352 on procurement reforms. 

FIC-SUPPLIERS is completely on track with the 
development of the FPS/FAR. In fact, the cur- 
rent FLC-SUPPLIERS Data Base Management Service 
fulfills at the pilot operational level the two 
procurement computer support considerations sta- 
ted as paramount in the draft FPS, only now 
being articulated at the conceptual level: 

• FLC-SUPPLIERS Data Base Management Service is 
user oriented, facilitating day-to-day procure- 
ment operations that insure advance planning 
productivity and cost efficiency; and 

• FLC-SUPPLIERS is employed as a tool by pro- 
curement managers to accomplish decision sup- 
port, accountability, scheduling, and effective 
procurement competition. (See Proposal for a 
uniform Federal Procurement System, SECTION 3: A 
SIMPLIFIED SYSTEM; INCREASING THE USE OF AUTOMA- 
TION, and Appendix L: AUTOMATING THE PROCUREMEMT 
PROCESS.) 

In sun, FLC-SUPPLIERS operating specifications 
support the following: 

• public laws on acquisition / procurement 

• Federal Acquisition Regulations, subsuming 
- Defense Acquisition Regulations  (DARs) 
- Federal Procurement Regulations (FPRs) 

CONTINUED 
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• Executive Office of the President 
- Executive Orders 
- Executive policy letters 
- Office of Management and Budget, circulars 
- Office  of Federal Procurement Policy, 

directives 

FIX-SUPPLIERS adheres to the following Executive 
Office of Management and Budget guidelines for 
awarding contracts: 

• Hire contractors with the experience, finan- 
cial capability and demonstrated ability to de- 
liver the property or service needed. 

• Obtain property and / or services of quality 
and value. 

• Stimulate the econonics of labor Surplus Area 
(LSA) companies. 

IV.  THE FLC-SOPPLIERS    DATABASE:      GENERAL 
 DESCSTPTOFI  

•   Stimulate 
enterprise. 

the economics   of   Small    Business 

• Stijnulate and train the socially and / or 
economically disadvantaged. 

• Achieve effective competition with an absence 
of bias or favoritism in the solicitation for 
bids, evaluation, and for the contract award of 
public acquisition dollars. 

these trends are replicated at the state and 
local levels, where procurement systans are 
being overhauled and modernized in resconse to 
voter / taxpayer demands for improved economies, 
efficiency and accountability in government 
purchasing. The recently completed revision of 
Maryland's procurement regulations, (Maryland 
Register: Title 21), which are now virtually 
identical to the FARs, except for architectural 
/ engineering services procurement, and the 
adoption by a growing number of states of the 
American Bar Association's Model Procurement 
Code are examples of state and local aoverrment 
procurement reform. 

Because the basic internal modeling of FUZ- 
SUPPLIERS is universal to procurement, the fine 
tuning required to make the system responsive to 
any particular legal / regulatory requirements 
of individual federal agencies, states and 
municipalities is minimal — and can be easily 
effected at the FIX-SUPPLIERS operating level. 

The FLC-SUPPLIERS database contains computerized 
data on companies in the following professions, 
fields and / or industries (See Exhibit 3 Page 5) 

• Architect-Engineer  (A-E) 

• Construction contractors 

• Expert consultants 

• Vendors 

• Small administrative purchases 

Created to accomrodate a total of 2.4 million 
company records/units, the FDC-SUPPLIERS 
database expands primarily through the continu- 
ing addition of "shared resources," thus: Each 
time a Federal agency issues an interagency Pur- 
chase Order to the the Federal Library Comnittee 
(usually on an annual basis) for the use of FTiC- 
SUPPLIERS, that agency accepts, as the first 
transaction, the conversion / contribution of 
its existing active conpany-record files to the 
FIT-SUPPLIERS database. In general, the term 
"active" identifies companies which have sought 
wrk from that agency within the last three 
years. It is a given (understood by the new 
agency) that once these records are "up" on the 
FIX-SUPPLIERS, they become part of a dynamic 
database that other FIX-SUPPLIERS users may ac- 
cess. The advantage of this "tradeoff" is that 
the new contributor now automatically enjoys the 
similar benefit of an expanded pool of vendor / 
contractor information from which it can, (via 
FIC-SUPPLIERS, again), satisfy its mission 
needs. 

A govenment agency will derive several other ia- 
portant advantages using FIX-SUPPLIERS. Each new- 
agency joining the users of FIX-SUPPLIERS re- 
duces its need for hard-copy file cabinets, 
frees up floor space and euu utility require- 
ments. Direct and indirect labor demands are 
also reduced, and the data system makes it pos- 
sible to level peak workloads, thus lowering the 
probability of overtime and its corresponding 
premian pay. 

The other major beneficiary of this system is, 
of course, the private sector. Now a business 
may automatically receive, for example, an RFP, 
IFB, or RFQ in the mail, gaining an opportunity 
to bid with an agency with which it has never 
done business — all without having to expend 
any effort in searching out the opportunity or 
filing yet another form. All this is made oossi- 
ble because its business record was freely 
shared via FLC-SUPPLIERS distributed database by 
another agency / user. 

:CNTINUED 
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EXHIBITB 

THE SUPPLIERS DATABASE: 
SIX INTERACTIVE., SHARED-RESOURCES FILES 

ADMINISTRATIVE PURCHASES 

I 
_s 

S \. EXPERT 
ARCHITECT-ENGINEERS   / \     CONSULTANTS 

(A&E) "^   _ j CONTRACTOR       ^   -•- 
INFORMATION 
ADDED TO 
SUPPLIERS 

page 6 of is 

A^_-\ 
GENERAL AND   f    VENDOR 

TRADE CONSTRUCTION 
CONTRACTORS 
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The business records contributed by each canpany 
/ agency participating in the FIC-SOPPLIEBS Data 
Base are by distributed processing synchronized 
in the master file — these records becoming the 
input to the data base —are prinarily (1) based 
on standard Federal Government Procurement (FPR 
and DAR) information-gathering formats, e.g.. 
Standard Bonn 129, Bidders Mailing List Applica- 
tion, and Standard Btorm 254, Architect-Engineers 
and Related Services Questionnaire, and (2) en- 
compass federal coding systems such as Standard 
Industrial Classification of Establistaents 
(SIC), Standard Occnatlonal Classification 
(SOC), and the Federal Procurement Data Systan 
(FPDS) product and service codes. The cost for 
creating a con^any business record is quite in- 
expensive in the FIC-SUPPLIERS data base. FLC- 
SUPPLIERS currently creates the most cuifcersane 
and lengthy of these records — the 7-page SP 
254 — at a cost of $13; other company business 
record costs are as low as $2 / record. 

Most of these forms are to be updated periodi- 
cally by those businesses filing them. Because 
the filing date is a key record identifier, FtC- 
SUPPLIERS can be "searched" for a list of "Dated 
Hecords," with PIC-SUPPLIEHS using direct-mail 
contact and/or local-media advertising to inform 
businesses that i^dates are needed. AI's his- 
toric labor costs for maintaining FIC-SUPPLIEPS 
records is at the rate of 10,000 records per 
one-person-year; revisions are entered off-line 
from hard copy forms, as an economy measure, be- 
fore being synchronized by and entered on FTC- 
SUPPLIERS via distributed processing. 

V*jile the primary build of the FIC-SUPPLIEBS 
database canes from marketing successes (signing 
new purchase orders), AI also employs other 
techniques to expand the system. It will, for 
exanple, undertake the "creation" of a source 
list for an agency's special needs, on request, 
culling these sources from a variety of lists 
that are either connercially available or on 
public record. In this regard, it is important 
to appreciate the public right in accessing Fed- 
eral data through the Freedom of Information 
Act. 

Not yet fully tested within AI is the expansion 
of FU:-S^IPPLIEKS• through direct-mail canpaigns. 
The technique to be applied is / would be the 
mere solicitation of new records identified / 
worked through selected lists. Estimates of 
requisite capitalization for significant expan- 
sion under this methodology would inclixie not 
only traditional direct-mall costs, but also the 
costs of creating new records. 

V. USER ACCESS OF FLC-SUPPLIEBS; OOTPOT 

While FLC-SDPPLIEBS serves the information needs 
of a variety of managers, planners, designers, 
contractors, technologists, attorneys, anJ 
librarians, it is a system designed primarily to 
aid Acquisition professionals; procurement ex- 
ecutives, contracting officers, contract admin- 
istrators, purchasing agents and buyers. De- 
signed to respond to the broadest level-of pro- 
curement and contract operations, FIC-SDPPLIERS 
supports and assists contracting officers in 
achieving and reporting acquisition goals. Man- 
agement and technical contributions to contrac- 
tor selection, contract docunentation, and cler- 
ical activities are conbined by FIC-SDPPLIEHS in 
order to inprove technical packaging a«J con- 
tracts preparation, to docunent and track con- 
tract award schedules, and to reduce the cost of 
processing each contract or contract 
transaction.    . 

VI. FLC-SOPPLIESS OOTTOT TO AGENCY OSERS 

PIC-SUPPLIEBS output to a govemnent user falls 
into five basic generic categories, as displayed 
in Exhibit. 

Resource files indexing contractor information 
are drawn from five interactive, shared- 
resources databases: architectural / engineer- 
ing services, construction contractors and traie 
construction contractors, expert consultants, 
vendors, anall administrative purchases. 

A. RESCOHCE FILES: INDEX CONTRACTOR 
INPOBMATION; 

• eligible bidders (general qualifications) 

• qualified bidders (experience profiles) 

• bidders meeting special requirements, e.g., 
- small business 
- Veteran or Vietnam-ERA Veteran business 
- Disabled veterans 
- socially/economically disadvantaged busi- 

ness 
- Labor Surplus Area (LSA) companies 
- SBA 3a certified subcontractor 

B. PKnfflTE-SBCTDR COMMDNICATIONS 

• quarterly project announcements 

• public advertisements 

• RPQ/IFB/RFP mailing labels and packets 

• RPQ/IFB/RFP acknowledgements 

• aviard announcements 
- short lists 
- apparent low bids 
- final awards 

COMTINUED 
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C. BIDDER EVRLUATION SUPPORT 

• contractor response evaluation 

• apparent qualified low bid 

D. WttBGEMENT REPORTS 
(standard & semi-custom) 

• technical and procurement support 

• management information services 

• federal procurement data system information 

E. COCOMEHr AND CCNTRACT PREPARATION 
(See FLC-SOPPUERS-ADGMEMT manual) 

An agency-as-buyer may access FLC-SUPPLIEBS for 
its choice / need of any or all of the decision- 
support, tracking, communications, or accounting 
aids that are needed to facilitate any of the 
following procuranent transactions — whether 
they be negotiated procurements for 
architectural / engineering services or 
advertised bidding for materials or equipnent; 
each of which is subject to different formalized 
methods and procedures, as established by law. 

VII. COAST GUARD FIC-SOPPLIERS 
CASE STUDY 

FILE ACnVITIES 

the agency-as-buyer accesses 
system in one of two ways: 

the FIC-SUPPLIERS 

Off-line access is accomplished by completing 
and mailing a simple, one-page Quick Inquiry 
Program (QIP) form Exhibit , For this method, 
a user is advised to schedule five (5) days for 
first-class turnaround for receipt of hard-copy 
response.  (See Exhibit C page 9) 

Oi-llne access is accomplished via International 
Telecommunication by local telephone dial-i?) 
from any standard terminal located at a user 
site. The database search Is in this case 
prompted by the user's responses to a set of 
questions paralleling the hard-copy QIP 
checklist. 

Whether obtained on- or off-line, each unit of 
FLC-SUPPLIERS information delivered directly to, 
or dispatched on behalf of, a user is billed ac- 
cording to the estimating form. This schedule 
also details, in the "ITEM" colann, the specific 
pieces of information FIC-SUPPLIEBS can gener- 
ate, the specific searches or evaluations that 
can be performed through the system, and the 
formats in which FLC-SUPPLIERS information can 
be delivered. 

(See Exhibit D page 10) 

THE ARCHITECT-ENGINEER FILE (A-E) 

The Coast Guard currently communicates annually 
with over 3,000 A-E firms that have expressed 
interest in competing for goverrment contracts. 
These firms have been entered into the FLC- 
SUPPLIERS data bank as a result of general 
publicity and specific Connerce Business Daily 
announcements. 

Good agency practices require that each con- 
tracting office publish a quarterly announcement 
containing a general list of projects for Com- 
merce Business Daily (CBD) advertisements to be 
released over the next three months. This ac- 
tivity is routinely handled by FLC-SUPPLIERS to 
establish a CBD "Window" date for both large and 
spall firms to target marketing efforts. A-E 
firms use this time to develop a creative pro- 
ject interest and prepare qualification docu- 
ments. In practice, small A-E firms use this 
found lead time to establish joint venture or 
sii)-contract associations. 

An A-E firm expresses interest by submitting a 
completed SF 254, Architect-Engineer and Itelated 
Services Questionnaire to the agency. Vhen an 
SP 254 is received by FLC-SUPPLIERS, the data is 
coded and entered into the database. This is a 
continuing operation which will acconinodate new 
entries or update information already contained 
in the database. 

Tb initiate the contractor selection process, 
the user agency 's procurement and contract of- 
fice must receive an approved request for pro- 
curement, accompanied by a definitive work pack- 
age from the technical project developnent of- 
fice. Typically, this package contains the pro- 
ject design requirements, a government cost es- 
timate, a preliminary scope of work, a draft CBD 
announcement, and a FLC-SUPPLIERS QIP form and 
the Contractor Evaluation Board Qualification 
Criteria in draft form. 

A. Advance Project Notice to Individual 
Contactors 

The FLC-SUPPLIERS QIP form sets the criteria for 
a database search of SF 254's for potential A-E 
contractors that have indicated interest and ex- 
perience .in the type of work to be performed 
(Exhibit E) . Hie "found" contractors are saved 
in a project file and each is mailed an advance 
project notice in the form of the Cocnnerce Busi- 
ness Daily Announcanent and appropriate notes. 
Included in this package is a' blank SF 255, 
Architect-Engineer and Related Services Ques- 
tionnaire for Specific Project, which che found 
contractors may use in preparing their firm's 
qualifications sufcmittal. 

Page 8 of 16 
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FEDERAL LIBRARY COMMITTEE (FLO 

SOURCES FOR UNIFORM PROCUREMENT PLANNING. LIBRARY EVALUATION/RETRIEVAL SYSTEM (flgiBfllffllMB 

A9encv —. __,QUICK INQUIRY PROGRAM 

Office   , ,  Authorization No. Date 19 ^^^ 

Conta<:t   FTS No  

Ad*es, ■——■ ^City State Code  Zip  
PLEASE USE CHECKS  3/(Xl, DESCRIPTIVE WORDS OR APPROPRIATE CODES TO RETRIEVE COMPANY DATA 

CHECK APPROPRIATE STANDARD INDUSTRIAL CLASSIFICATION (SIC) DIVISIONS: 

{   ) A.   Ayiculture. Forenry/Fijning        (   ) D. Manufacturinfl (   ) H. Finance. Insurance/Heal Estate 
(   I B.   Mining (   ) E. Trampomtion,Public Utilitiei (   1 I. Services 
(   I C.   Construction (   ) f. Wholesale Trade 

□   OR USE SF-254 ARCHITECT-ENGINEER AND RELATED SERVICES FILES. 

D   OR ENTER FEDERAL PROCUREMENT DATA SYSTEM (FPDS)  CODE(S):  (   ) AND  

D   AND SiSPP^IIiSOFFERING (   i PRODUCT(S)  (   ) COMMODITIES (   ) EXPERIENCE PROFILE COOES 

CODE    CoDg 
, CODE  (    )  AND  CODE 
. CODE (   ) OR  CODE 

D   ANDSdiMiiS® OFFERING REQUIRED I   ) OCCUPATION(S) OR (   I DISCIPLINE(SI: 

, CODE    CODE 

. CODE   (   )  AND   CODE" 
• CODE  (   ) OR      CODE' 

D   ANDlSpraLOlSS LOCATED IN THE FOLLOWING  (   ) COUNTRY(S)  OR  (    I  STATE (S): 

-OR — OR OR. 

D  AND SSPJOSS LOCATED IN THE FOLLOWING ZIP CODE(S): 

 0R OR OR OR OR OR  

D AND RESTRICT TO:  I    ) REGULAR (    I WHOLESALE (    ) ACTIVE (    ) SURPLUS 
DEALER DISTRIBUTOR EXPORTER DEALER 

D   AND RESTRICT OWNERSHIP TO:    (   ) SMALL BUSINESS     (    ) VETERAN OR (    ) VIETNAM VETERAN (1954-75) 

(    I SOCIALLY/ECONOMICALLY       (   ) WOMAN/WOMEN     (    ) LABOR SURPLUS     I   ) SBA 8a CERTIFIED 
OISADVANTAGED AREA (LSA) SUBCONTRACTOR 

D   AND INCLUDE THE NAMES AND ADDRESSES OF APPROPRIATE INDUSTRY/TRADE ASSOCIATIONS, 

H   SUMMARIZE QUICK INQUIRY PROGRAM (QIP) REQUIREMENT: 
(   )ADDFILE(S)    I    ) RETRIEVE FILES    (    ) IFB LIST        (   ) RFQ LIST       (    ) RFP LIST       (   ) BID LIST 

I    ) MAILING LABELS            (   ) ACKNOWLEDGEMENT POSTCARDS             (    ) AWARD NOTICE 
(   I TO QIP AgCi)Fi?-!iiiE!S COMPANY FILE. ENTER TELEPHONE NO. ( ) 

(    ) TO QIP AN AGENCY FILE. ENTER PROJECT NO AND STATE REQUEST 
REQUESTS: 

D   DEFER RUN TO COMPUTER CENTER FOR SfglMBS PROCESSING AND/OR: 
1    ) HIGHSPEED PRINTING (    1 PHOTOCOMPOSITION (    ) MICROFILM (    ) MICROFICHE 

Copvngru 1981     ACQUISITION INSTITUTE 
PLC/SUPPLiERS QIP PORM 

EXHIBIT C 
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FEDERAL LIBRARY COMMITTEE (FLC) 

SOURCES FOR UNIFORM PROCUREMENT PLANNING. LIBRARY EVALUATION/RETRIEVAL SYSTEM (aggMBB) 

SCHEDULE 

ITEMS The FLC, gJEg^aSg Estimating Form (1) 

INDEX CONTRACTOR INFORMATION 

a. Standard Form 129, Bidder's Mailing List Application  
b. Standard Forms 254/255, Architect-Engineer And Related 

Services Questionnaire 
1.SF.254  

2. SF-25S _  .""7""""""™ 
c. FLCConstruction Industries Forms 

1. General Contractors/Operative Builders  
2. Special Trade Contractors  

d. FLC-Vendor Forms 
1. Manufacturer/Producer  
2. Regular Dealer (Type I) ..'" 
3. Regular Dealer (Type 2) ZZZ......... 
4. Service Establishment  

e. FLC-Business Supplement Forms 
I. Small Business Act. 1958  

t.  2. PL. 95-507, Socially/Economically Oisadvantaged  
3. PL. 95-39, Labor Surplus Area (LSA)  
4. Women-Owned Businesses.  
5. Active Exporter  
6. Surplus Dealer  

MARKET RESEARCH FOR UNIFORM PROCUREMENT 

a. Qualified Contractor Listing with specific experience.. 
b. Qualified Contractor Information. Multi-Criterion  
c. P.L. 95-89 LSA Contractors Listing  
d. IFB/RFQ/RFP Bidders Mailing Labels ........„.™Z 
e. Award Mailing Labels (Zip Coded)  
f. Small Business Contractors Listing.  
g. PL. 95-507 Contractors Listing  
h, Women-Owned Business Listing  
i.  Veteran Owned Business Listing  
j.  Vietnam Veteran (1964-751 Owned Business Listing .. 

INDUSTRY/TRADE ASSOCIATIONS:. 

IF8. RFQor RFP ACKNOWLEDGEMENT POSTCARDS.. 
• Individually addressed, unique message  

RFQ/RFP SELECTION CRITERION EVALUATION 

a. SF-129/FLC Forms, Bidder Criterion Summary  
b. SF.255 Architect-Engineer and Related Services Questionnaire 

for Specific Project, Qualifications Summary  

STANDARD REPORTS/SEMI-CUSTOM REPORTS 

a. Technical and Procurement Support.. 
b. Management Information Services  

FLC HAS ARRANGED FOR USER TRAINING FOR THE 
SUPPLIERS SERVICE  

TOTAL ESTIMATE 

(2) 
UNIT 

Ea 

Ea 
Ea 

Ea 
Ea 

Ea 
Ea 
Ea 
Ea 

Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

Ea 
Ea 
Ea 
ca 
Ea 
Ea 
Ea 
Ea 
Ea 
Ea 

Ea 

Ea 
Ea 

Ea 

Ea 

N/A 
N/A 

QUANTITY X 
(3) 

UNIT PRICE 

2.00 

25.00 
18.50 

12.00 
1Z00 

12.00 
12.00 
12.00 
1Z00 

1.00 
6.00 
1.00 
6.00 

12.00 
12.00 

2.455 
3.50 
1.26 
.231 
.231 

2.455 
2.455 
2455 
Z455 
2.455 

1.26 

1.26 
.35 

26.50 

32.00 

On Request (ll| 
On Request ID 

On Request (1 

NOTES. Ill For "Xorm.t.on .ooul SUPPLIERS ar ouagm Con Emm.,., 

121 £■ - Each Firm or Como»nv N«me     N/A * Not Apolicacim 
 U' UW. or.c. .r. tor Od-Un. *Wmm ,r,a memo. ,n. col, ot Out C.n,„ T.rm.n.l Oo.r.torv 

Coovngni 1981    ACQUISITION INSTITUTE ~ — 

AMOUNT 

KMni 1202) 287-6055   'TS 287-6055. 

-LC. SUPPLIERS FORM "JO. 0002 
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Advance project notices are the second benefit a 
contractor may derive from being included in 
FLC-SUPPLIEBS. These notices will call timely 
attention to the projects for which the firm has 
qualifications. Advance project notices are 
mailed to the found A-E firm with the CBD publi- 
cation mailing. The CBD is located in Chicago, 
EL. 

ADVANCE PROJECT NOTICES 

CBD AD AND SF 255 

\ 
v 

A-E CONTRACTOR  V, 

PROJECT FILE   / 

CBD 

t 
t 

■\ 

SUPPLIERS 

BASE  FILE 
(254) 

APPROVED REQUEST FOR PROCUREMENT 

AND SUPPLIERS QIP FORM 

EXHIBIT E 

For example, the U.S. Coast Guard policy is to 
identify on FLC-SUPPLIERS all A-E firms with the 
specific qualifications required to perform the 
work plus "socially and/or econonically 
disadvantaged" firms with the general capabili- 
ties and qualifications; these firms are sent 
advance project notices and the SF-255 form. 
Most likely, these advance notices will reach a 
firm officer 15-20 days before the announcement 
is published in the Coranerce Business Daily, be- 
cause the CBD advertisement copy is sent to 
Chicago for typesetting at the same time the ad- 
vance project notices are mailed to the found 
A-E firms. The date the ad appears in the CBD 
establishes the closing date for the SF254/255 
project qualification submittals—usually 15 
days after publication. 

B. Assistance for Special Firm Capabilities 
(Joint Ventures or Consultants' Associations) 

Using FIC-SOPPLIEBS, several agencies have, upon 
request, provided a contractor with a resource 
list to aid in forming complementary 
associations with other firms, thereby enhancing 
that joint venture or consulting association's 
total capabilities. A Quick Inquiry Progran 
(QIP) provides for this service by custcndzed 
sorting of the information maintained in FIC- 
SDPPLIEPS. It allows the user to sort by any 
combination: by disciplines; experience profile 
codes; geographic location, by states or ZIP 
code; by wsrk-experience ZIP code; small busi- 
ness; and/or firms qualifying for socially or 
economically disadvantaged status. 

C. Contractor Evaluation Board 

A week or two before the advertised closing date 
of a project, a uniquely constituted agency A-E 
Contractor Evaluation Board (CEB) meets to re- 
view the technical project information and adopt 
final contractor qualification and selection 
criteria, which are assigned score values. 

(See Exhibit F page 12) 

D. CJB Criteria todeling 

Osing the criteria adopted by the CEB, FlC- 
SDPPLIEBS enters an evaluation program creating 
a mathematical model of an "ideal" firm to ac- 
complish the A-E design. It may be noted that 
this step is typical of the planning inherent to 
FDC-SUPPLIERS, in that work is accomplished dur- 
ing a normal slack period and does not impact 
the critical work path. 

E. RPQ / Qualification Docunents 

After the closing date, contractor response will 
have come from two sources : 
• Those responding to FUT-SUPPLIESS advance 
project notice, or 
• Those responding to the published CBD 
announcement. 

(See Exhibit G cage 13) 

?age 11 of 16 
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AGENCY 

PROJECT FILE OF 

SF 254 & 255 

SCORES 

SUBMITTALS 

"^ 

/ 

CONTRACTOR 

QUALIFICATIONS 

SUMMARY  ; 
REPORT / 

A/E 
EVALUATION 

BOARD 

CEB CRITERIA 
/   GENERAL EXPERIENCE 

PROJECT-RELATED EXPERIENCE 

FIRM CAPABILITIES 

QUALIFICATIONS OF KEY PERSONNEL 

P.L.95-507 PARTICIPATION 
LSA CONTRACTORS 

GEOGRAPHIC LOCATION 

OTHER CRITERIA 

SUPPLIERS SCORE AND REPORT PROGRAMS: 
A/E BID-RESPONSE EVALUATION SUPPORT 

EXHIBIT F 

Page 12 of 16 
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f   A/E NEW A-E FIRMS 

1 SF 254 

I    & 
SF 255 

AGENCY 
PROJECT FILE 

■ COMBINE 254 & 255 25*1^ 

CLOSING DATE 

FOR SUBMITTALS. 

NEW SF 254 ADDED 

SUPPLIERS 

BID RESPONSES 

AND 

SUPPLIERS 
FILE EXPANSION AND UPDATE 

f 
NEW  REQUEST  FOR  PROCUREMENT 

EXHIBIT G 
Page  13 of 16 
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E. RPQ / Qualification Docanents 
(Continued) 

From these responses, the SF 254 data is entered 
on FIC-SUPPLIERS for those firms not on file or 
updated for those already in the system. Ihe SF 
255's for specific projects are forwarded to 
the A-E technical project group for subjective 
evaluation of the management plan, management 
experience and key personnel. The SF 255 sub- 
mittals are returned to FIC-SUPPUEKS, coded and 
entered into the project file. Joint-venture 
firms and/or consulting (sub-contract) firm re- 
cords are linked with prime contractors in the 
project file. 

F. By-Product Comnunications / Heports 

FIX-SUPPLIERS prepares computerized acknowledge- 
ment postcards addressed to each submitting con- 
tractor. Management reports are also prepared 
delineating categorical information about con- 
tractors responding to project notification. An 
alphabetical list of firms is prepared for the 
record. All files are updated and activity 
dates noted. 

G. Qualification Evaluation 

The technical project office's subjective evalu- 
ation of the A-E firm's key personnel, manage- 
ment plan and management experience is combined 
with the objective information sifcmitted by a 
contractor on the SF 254/255 and entered into 
FIC-SUPPLIERS. Prime contractor, joint-venture 
and consulting associations are established by 
the link program, and CEB report processing is 
ordered for off-peak computer operating hours . 

Overnight, all contractor submittals are evadu- 
ated against the model criteria and against all 
contractors and/or associated contractors. The 
results are stratified and printed out in the 
contractor Qualifications Sunnary Report for CEB 
review. This report, together with the SF 255 
documents and all pictorial submittals, are fur- 
nished to the CEB to aid and docunent the con- 
tractor selection and short-listing process. 

H. Short List Firms 

The Contracting Officer, upon the advice of the 
CEB, notifies FLC-SUPPLIERS of firms short- 
listed, and the data is posted. This trigger 
activates FLC-SUPPLIERS updating and notifies 
those firms selected for interview. 

I. Award Tracking 

Contractor activity is collected as a byproduct 
for each agency, for example, RPQ received, RFQ 
submitted, times short listed, contracts in ne- 
gotiation and the number of awards and contract 
dollar amount is logged for each firm and on 
each agency's files . 

(See Exhibit H page 15) 
Page 14 of 16 

J. Automated Information And Notification 

Congressional delegation award notices are pre- 
pared for all contracts over $1,000,000, or some 
other pre-agreed amount. 

Computerized award information is prepared for 
all appropriate agency departments or systems as 
follows: 

• Contract Information Management Systems 

• Program Management 

• logistics 

• Scheduling 

• Cost Control/Accounting 

Computerized award data may be prepared for the 
new Federal Procurement Data System (FPUS) as a 
by product of FLC-SUPPLIERS. 

Project Award labels are prepared for dissemina- 
tion to interested organizations; 

• CBO Publication 

• Legislative Offices 

• RPQ Contractors 

• Professional and Trade Associations 

Ko Cost Experiance 

FLC-SUPPLIERS operatting costs of .0015 to .002 
percent per 51,000,000.00 of contracts awarded 
may be used as a rule of thumb for all 
catigories of contracts. Negotiated Architect 
and / or Engineering contract decision support 
costs using this Library resource are estimated 
at 52,000 / million awarded. 

CONSTRUCTION CONraACTORS 

A separate FLC-SUPPLIERS database file has been 
created for construction contractors. General 
contractors and specialty trade contractors 
(subcontractors) are invited to submit their 
company qualifications on a FLC-SUPPLIERS ques- 
tionnaire. This questionnaire incorporates SF 
129 information and the Standard Industrial 
Classification       codes. Information       from 
contractor-completed forms is recorded into FLC- 
SUPPLIERS. Listed contractors will then receive 
quarterly project schedules and a pre-invitation 
notice for bid, each time their ccmpamies' spe- 
cific areas of interest are identified. A con- 
tract bid docunent request card is inclixied in 
the pre-IFB for contractors to return to che 
agency Contracting Officer. Contract bid docu- 
ment costs are included as well as information 
on plan-room locations. 
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AWARD TRACKING 

x 

A/E CONTRACTOR 
PROJECT FILE 

> 

/' 
J V 

SUPPLIERS 

LOG CONTRACT^ ■ 
INFORMATION 

/ CEB. 

CONTRACT AWARD 

DOLLARS 

I 
FEDERAL PROCUREMENT DATA CENTER (FPDC) 

EXHIBIT H 
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VEEORS 

Vendor and service companies are maintained in 
FLC-SUPPLIEFS. Data is entered fron a Standard 
Pom 129, bidders mailing list application. 
Vendors may be classified by Standard Industrial 
Classification Code nunbers (SIC Code)t Federal 
Data System Code nunbersf (FES Code)? Federal 
Supply and Oanuodity Code nunbers, (FSC Code); 
and Research and Oevelopoent Code nunbers, (R & 
D Code), 

Department of Defense data maybe entered from CD 
Form 1630, Research and Developnent Capabiity 
Indexing for Scientific and Technological Ven- 
dors, both by fields and areas of coa^any inter- 
est, anall business contractors and snail busi- 
ness concerns controlled by socially and econan- 
ically disadvantaged individuals (P.L0 95-507) 
are maintained within the PDO-SOPPLIEFS vendor 
file. 

Vendor and service company price data may be ac- 
cessed by use of the vendor telephone Quick In- 
quiry Prograns (Phone QIP). 

The price data format sets forth the date of 
quotation, the code, the model / item nunber, 
ordering unit and bid price. 

Bid award data is also available 
security access. 

with approved 

VIII. SPECIALIZED CAPABILITIES—'OFF-UNHT 

QUICK mQtrnaf PROOJAM (QIP) 

FTC-SUPPLIERS maintains a large amount of data 
about potential contractors and vendors inter- 
ested in government procurement programs. A 
Quick Inquiry Program (QIP) has been developed 
as a means of custom-sorting through all the 
data maintained in FLC-3UPPLIEPS. It allows the 
off-line user to access the system and sort by 
any data combination eg: disciplines; experience 
profile codes; geographic location by states or 
zip codes; work experience ZIP codes; labor sur- 
plus area (LSA) ZIP codes; snail business status 
or socially and/or economically disadvantaged 
business status; nunber and dollars of project 
awards. Agency award data may also be made 
available. 

The QIP program is used to provide contractors 
with resource lists- FLC-SUPPLIERS provides 
these lists to aid firms in making associations 
with other firms to conplement capabilties and 
improve competition. 

Page 16 of 16 

The off-line QIP is also the means of creating 
mailing lists and labels for quarterly advance 
notices for specific projects. 

It has also been used to answer congressional 
inquiries about private-sector participation 
within a congressional district. 

IX. A SlWMARy TO atPHASIZE WHY FLC-SOPPUERS IS 

The united States Congress, in response to pub- 
lic and business pressure (and findings by the 
Commission on Government Procurement, P.L. 
91-129 and the GBO), has recognized the neces- 
sity for establishing govemnent-wlde policies 
and procedures for the management of federal 
procurement. An effort was made to centralize 
and strengthen policy through the passage of the 
Office of Federal Procurement Policy Act (P.L. 
93-400, amended by P.L. 96-83), creating the Of- 
fice of Federal Procurement Policy (OFPP) at the 
Office of Management and Budget (OMB). 

The new administrator of OFPP is Donald E. 
Sowle, confirmed by the Senate as President 
Reagan's choice for this post. Mr. Sowle, a 
former procurement expert consultant, under- 
stands that the present system is laborious and 
needs to be improved. 

Today there are 131,000 General Service (GS) 
personal plus a like nunber of uniform and con- 
tractor personel employed in approximately 3,000 
Federal procurement offices laboring to conform 
to over 300 different sets of contracting- 
related regulations currently used by Executive 
agencies, departments and bureaus. The new Fed- 
eral Acquisition Regulation (FAR) system is 
being designed to consolidate, rewrite and re- 
place present Defense Acquisition Regulations 
(DARs), the Federal Procuranent Regulations 
(FPRs), and other regulatory instrunents. The 
FAR is being polished for ccmnent through De- 
cember 1982 and is scheduled for p-Jslication in 
the Code of Federal Regulations by July 1,1983 
under a new Title 48. The issuance of the FAR, 
in conjunction with the Uniform Federal Procure- 
ment System, will culminate a nine (9) year 
goverment-wide effort to establish standard 
procurement policies and procedures. 

FLC-SUPPLIERS has been developed ani success- 
fully pilot-tested over a seven-year period and 
accepted for operation by various elements of 
the goverrment; namely the U.S. Postal Service, 
Federal Railroad Administration, and the U.S. 
Coast Guard. Ttoday FLC-SUPPLIERS is available 
to all federal agencies through the Library of 
Congress, Federal Library Conroittee. 

END 
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3ASIC ORDERING AGREEMENTS: 
AN   INNOVATIVE ACQUISITION  TOOL 

LTC Garcia  E.  Morrow, U.S. Army 
Special  Assistant for Contractual  Programs 

Defense Systems Management College 
Ft.  Belvior, VA    22060 

and 

John S.W.  Fargher, Jr. 
Deputy, Light Armored Vehicle Directorate 

Marine Corps Development and Education Command 
Quantico, VA    22134 

ABSTRACT 

Within the research community there is a 
continuing need for research centers such as 
the Defense Systems Management College to 
conduct fact finding and analytical studies 
in an expeditious manner. Frequently, the 
scope of these studies requires resources 
and capabilities which are not resident in 
the research centers. Nevertheless, the 
urgency and time-sensitive need remain, as 
well as the need to maintain competition for 
as long as possible to obtain the benefits 
for the Government from competition. 

The DHSC has approached the problem of being 
responsive to this need by issuing multiple 
basic- ordering agreements (BOAs) to 
qualified firms through a competitive 
process. A BOA sets forth the contract 
clauses applicable to procurements entered 
into between the parties during the term of 
agreement. The formal contract for a 
specific task order is executed at a later 
date and incorporates the terms and 
conditions contained in the BOA. Task 
orders are competed among those firms 
qualified in the relevant research areas. 
The SOA has provided DSMC a powerful 
acquisition tool to expeditiously award task 
orders in a competitive environment. 

This paper will focus on the mechanics and 
use of the BOA, observations and conclusion 
pertaining to the BOA as an effective 
acquisition management research tool, and 
the lessons learned. The latter is based on 
the two years of experience by the DSMC in 
using the BOA for issuing task orders in its 
contractual research program. 

INTRODUCTION 

An important part of the Defense Systems 
Management College's directed mission is to 
conduct research or special studies in 
defense program management and defense 
systems acquisition management concepts and 
methods. 

The need for acquisition research is more 
apparent than ever. New basic policy 
direction, including legislation, and the 
constant search within the Department of 
Defense to improve management capability and 
credibility, mandates the need for a 
vigorous acquisition research program. 
Indeed, such a program is necessary to 
adequately assess the impact of current 000 
practices. 

Today's acquisition research program at the 
College has three major thrusts: 

o Correct and refine acquisition 
procedures on a continuing basis and 
cope with acquisition problems as they 
surface; 

o Design the optimum method of giving 
effect to new acquisition initiatives 
and policies and expose them to test 
and evaluation experiences; and 

o Achieve innovative improvements, 
develop training materials, and 
participate in research on a DOD-wide 
and government-wide basis. 

Acquisition continues to expand. It daily 
becomes more complex, resulting in efforts 
to resolve problems by a patchwork of laws, 
methods, regulations, procedures and 
administrative requirements. Old problems 
remain unresolved as new ones continue to 
arise. This severely impacts upon the 
acquisition cycle by lengthening the time 
required to procure weapons systems; 
simultaneously, the United States requires 
that the most modern weapons be available 
for the nation's defense. 

RESEARCH METHODOLOGY 

In the latter part of 1978 and early 1?7?, 
the DSMC found itself attempting to 
implement a contractual research pro'gram. 
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The College had had several research efforts 
accomplished by contractors. These were as 
a result of unsolicited proposals and adding 
effort to other research contracts. As the 
efforts were expanding a contractual 
instrument that allowed quick response was 
desired. The    College    anticipated    that 
$350,000 would be available to fund five 
projects over the next 12 months and this 
would expand  in  later years. 

The search for this contractual research 
vehicle considered such instruments as Task 
Order Agreements, Indefinite Quantities 
Contracts, and Basic Ordering Agreements. 
Each had its pros and cons and allowed for a 
quick response, but tied DSMC to one 
contractor for the length of the contract. 
This consideration was especially critical 
because it was felt that no one contractor 
had the full breadth and depth required to 
ful ly support the DSMC research effort nor 
did any one contractor stand above the rest 
in ability to structure research efforts. 
DSMC was having to "train" contractors in 
acquisition issues and research 
methodologies. 

The "research and studies" community is one 
of continually changing personnel and 
ideas. People, not companies, maintain the 
expertise. Companies staff up to accomplish 
what contracts they have been awarded, 
rather than maintain a work force based upon 
steady workload. Moreover, these "research 
and studies" companies are continually 
hiring and laying off personnel based upon 
what expertise is required for the next 
contractual      effort. Recognizing     this 
environment, DSMC and its contracting 
officers at the Defense Supply Service- 
Washington (DSS-W) worked on a new 
contractual instrument, contemplating the 
most effective means of meeting DSMC's 
needs. The challenge was to ensure that the 
College received quality products in an 
expeditious manner, while enhancing 
technical and cost competition to the 
maximum extent possible among potential 
offerors. The solution proposed was to 
Issue multiple basic ordering agreements. 

The "source sought" notice, published in the 
Aug. 14, 1979, edition of the Commerce 
Business Daily (see Figure 1) was the first 
step. It presented a detailed listing of 
the kind of support required by DSMC, to be 
obtained through award of task orders 
pursuant to a BOA. The specific areas of 
knowledge necessary to accomplish the 
research projects were delineated. The 
notice alerted potential respondents to the 
probable needs for a mul tidiscipl inary team 
approach to the        assigned        tasks. 
Qualification statements were solicited, to 
be     evaluated     in     the     following     areas: 

technical approach, problem perception, 
technical experience, personnel background, 
and organizational  management. 

The notice attracted small and large 
businesses from around the country. Within 
30 days, responses were received from 33 
firms. Qualification statements ranged from 
cover letter stapled to a contractor's 
standard, all-purpose brochure, to in-depth 
presentations geared to DSMC's specific 
areas of concern. All submissions were 
forwarded to DSMC for evaluation. DSMC 
technical review ranked the respondents by 
area of expertise as determined by the 
evaluation process. Eleven firms, including 
eight small business concerns, were rated 
superior and qualified for award of a BOA. 
Three to six contractors were designated in 
each of the five research areas, with seven 
qualifying in more than one area. Figure 2 
illustrates the evaluation matrix of the 
five evaluation areas and five research 
areas. Debriefings were conducted for five 
unsuccessful participants, all of whom 
seemed impressed with the fairness of the 
operation. On Feb. 29, 1980, DSS-W, after 7 
months, delivered the 11 BOAs. 

SPECIAL FEATURES OF THE MULTIPLE 
BASIC ORDERING AGREEMENTS 

Task orders issued under the BOA include 
those areas as listed in the Commerce 
Business Daily 'CBO) announcement. Figure 
1. The task orders are either in the form 
of Cost-Plus-Award-Fee (CPAF) or Cost-Plus- 
Fixed-Fee (CPFF) contracts. Full and 
complete criteria for the award fee portion 
of a CPAF contract are included as  follows: 

(1) Technical Accuracy 

(a) Development of the study data base, 
including source materials, interviews, 
surveys and maintenance of a current data 
base throughout the study effort. 

(b) Use of expert consultants, as 
appropriate, as research sources including, 
at no cost to the contract. Government 
personnel . 

(c) Logical development of Issues 
related to topic. 

(d) Completeness of analyses. 

(e) Timeliness of issues. 

(f) Credibility of study tools, 
procedures and techniques. 

(2) Technical   Innovation 

(a)   Develops all  alternatives with 
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FACT FINDING AND .ANALYTICAL STUDIES REUTING TO ACQUISITION MANAGEMENT 
INCLUDING FINANCIAL, MANPOWER .AND POLICY. Support as required by task 
orders issued pursuant to a basic ordering agreement to the Defense 
Systems Management College, to include:  (1) studies, analyses, reports, 
fact-finding and/or training programs on methods and procedures 
to (a) reduce costs and increase effectiveness of militaiy procurement 
and acquisition management, support activities to acquisition manage- 
ment process and relate areas, (b) appraise ability of Services to 
accomplish assigned acquisition management missions and the effects 
of Public Law, Presidential Orders, Federal regulations. DOD Directives 
and Circulars on this ability; (c) appraise ability of acquisition 
mamagement system to meet foreign policy, NATO and ABCA Interoperability 
and international conmitments; (2) development of mathematical models, 
ADP programs, etc. to evaluate system acquisiton management require- 
ments, policies and procedures; (3) development of case studies to 
utilize results of (1] and (2) above for teaching aids. It is 
expected that a multidusciplianry team approach will normally be 
required to acconplish assigned tasks. Teams should contain personnel 
knowledgeable and experienced in the Defense environment, especially 
the OSD/Service interfaces, Congressional overviews, CMB interface 
with OSD, and Presidential/Presidental Staff interfaces. Specific 
subject areas of knowledge required to accomplish research tasks include: 
(1) data and data rights in Government contracting, (2) acquisition 
strategy and modeling, (3) subcontractor management, [4) competition 
in Government contracting, (5) Personnel resource requirements in 
acquisition, (6) risk assessment, (7) DSARC process and (8) issues 
relating to GFE v. CFE, independent operational testing, proto- 
typing, second source effectiveness and effective front end manage- 
ment. Those firms wishing to be considered for qualification shall 
furnish information in accordance with Note 68 (first paragraph). 
Evaluation will focus on technical approach, problem perception, 
technical experience, personnel background and organization manage- 
ment. Five copies of the qualification statement are requested. 
Closing date for submission of qualification statement is 30 days 
from publication of this notice. Pefer to BCIA-9016. (222) 

Figure 1. Commerce Business Daily Announcement [14 Aug "9) 
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• Business/Financial Management - 
DAR.PPBS, Economic Analysis. 
Competition, Second Source, 
CSS etc. 

• Acquisition/Program Management 
Strategy, Resource allocation, 
Risk, Assessment Decision Making, 
Planning, Organizing, Control etc. 

• International Management - 
Multinational Programs, 
NATO/RSI, FMS, etc. 

• Technical Management - 
Design, Data, Analyses, DTC, 
Testing, Production, Research, etc. 

• Logistics/Support - 
Training, Manpower, Spares, 
Support Equipment, 065 Cost, 
LCC, Depot Management, etc. 

Technical Approach 

Problem Perception 

Technical Experience 

Personnel Background 

Organizational Management 

Total Scores in Each 
Research Area 

Figure 2. Matrix of Research Areas and Evaluation Criteria. 
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workable,  practical  recommendations  and 
implementation instructions. 

(b) Comments on the study illustrate the 
understanding of the task. 

(c) Shows new processes, procedures and 
methods for making constructive changes. 

(d) Credibility of the 
assumptions/conclusions. 

(3)  Management of the Study Effort 

(a) Cost performance on task (cost 
reductions, improvements, economics and 
eliminating nonessential work). 

(b) Timeliness of required reports and 
deliverables. 

(c) Assures sound schedules and assures 
schedules are followed. 

(d) Briefings and associated training 
aids are presented in a professional manner. 

(e) Capability/reputation of study 
team/team members. 

(f) Study makes a real contribution to 
the field. 

(g) The quality of the report (errors, 
typos, etc.). 

(h) Initiatives in accomplishing the 
tasks. 

(f) Coordination of the report with 
principals. 

(j) Adherence to overall staffing plan. 

The Fee Determination Offical (FDO) is the 
Commandant of the Defense Systems Management 
College. Fee determination on a CPAF task 
Is a unilateral determination of the FDO 
and is not subject to the Disputes Clause of 
the Contract. The fee determination is made 
quarterly. Upon reviewing contractor 
appeals, if any, the FDO makes a final 
determination of award fee to be allocated 
the contractor. The FDO decision of final 
determination of the amount of award fee 
earned by the contractor is binding on both 
parties. 

The task orders are issued for a completed 
effort as defined in the BOA, task order RFP 
and contractors response. A level of 
professional staff effort is designated on 
each task order for purposes of estimating 
costs and scoping the effort. Two types of 
orders may be issued, both priced and 
unpriced. 

Deliverables include: 

(1) User's handbooks, reports, point papers 
and summarization of research efforts in 
written form. 

(2) Computer tapes in the proper format for 
a specified automatic data processing 
system. 

(3) Training programs and presentations at 
DOD facilities to include films, written 
case studies, oral presentations and other 
training aids. 

(4) Briefings at DOD facilities to include 
films, viewgraphs, slides, other briefing 
aids and oral presentations by contractor 
personnel. 

DSMC has 30 days after delivery of the final 
deliverable product for inspection and 
acceptance. 

The BOA is written for a one- year term and 
is renewable, at the option of the 
Government for three additional years. 
Because of the business environment as 
discussed earlier, DSMC has chosen to 
recompete the BOAs after only two years to 
have a chance to look at new contractors as 
well as other contractors that may now 
possess the requisite skills. 

Any software delivered under the 
contract is subject to OAR 7-2003.76. The 
"Rights in Technical Data and Comouter 
Software" clause requires that the 
contractor inform the government concerning 
use or disclosure of computer software which 
was developed at private expense and is to 
be delivered under the contract. The 
offerer is required to identify In his 
proposal to the extent feasible any such 
computer software which was developed at 
private expense and upon the use of which he 
desires to negotiate restrictions, and to 
state the nature of the proposed 
restrictions. If no such computer software 
is identified, it will be assumed that all 
deliverable computer software will be 
subject to unlimited rights. 

Approval of key personnel assigned to the 
tasks issued under this Basic Ordering 
Agreement is reserved by the Contracting 
Officer's Technical Representative (COTR). 
The Contractor is required to notify the 
Contracting Officer prior to making any 
change in the personnel identified in the 
proposal as key individuals to be assigned 
for participation in the performance of the 
individual task order. The contractor must 
demonstrate that the qualifications of the 
prospective personnel are equal to or better 
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than the qualifications of the personnel 
being replaced. The Contracting Officer's 
Technical Representative (COTR) must also 
approve any consultant involved in any or an 
aggregrate of task orders involving payment 
of salary and expenses over $25,000 per 
annum. 

Dissemination or publication, except within 
and between the contractors, of information 
under the tasks or in the reports is barred 
without prior written approval of the COTR 
or Contracting Office. 

PROCEDURES FOR ESTABLISHING MULTIPLE BOA AND 
TASK ORDERS 

The procedures for establishing multiple 
BOAs are relatively simple yet time 
consuming. Approximately four months are 
required for establishment of multiple 
BOAs. The seven basic steps in establishing 
a basic ordering agreement are shown below: 

STEP 1 - User develops "sources sought" 
notice which describes supplies or services 
to be procured under the provision of DAR 3- 
410.2, and forwards it to contracting 
office. 

STEP 2 - Contracting office publishes 
"sources sought" notice in Commerce Business 
Daily soliciting qualification statements 
from potential respondents. 

STEP 3 - Potential respondents have 30 
days to submit qualification statements. 

STEP 4 - The user evaluates the 
qualification statements based on criteria 
established prior to solicitation. 

STEP 5 - User ranks respondents by 
expertise as determined by the evaluation 
process. The user as referred to here is 
the party desiring the supplies or services. 

STEP 6 - Contracting office notifies both 
qualified and non-qualified respondents of 
the results of the evaluations. 

STEP 7 - Contracting office issues basic 
ordering agreements(s) to qualified 
respondents. 

Upon completion of STEP 6 unsuccessful 
respondents may desire debriefings as to why 
they were considered not qualified. When 
this is the case, the debriefings should be 
coordinated among parties and the 
contracting office should require a formal 
written request for debriefing from the 
respondent. 

Once the basic ordering agreements are 
issued to the qualified respondents, task 

orders may be issued under the basic 
ordering agreement on DO Form 1155 or 
Standard Form 26. In the case of multiple 
basic ordering agreements, task orders are 
issued through a competitive process. 

The task orders are issued as Request 
for Quotation (RFQ). The task order 
contains the proposed length of the effort, 
scope of work, background, objectives of the 
research, a listing of applicable documents 
and the various tasks to be performed. In 
research, a literature survey is normally 
conducted initially to identify issues and 
previous work. Tasks may also include 
investigation, interviews, and other fact- 
finding techniques; documentation of the 
issues, findings and recommendations; 
investigation of related/affected areas and 
other aspects of the impact of recommended 
solutions; and integration of the 
documentation into a complete report. 
Review meetings, financial progress reports 
and a final deliverable report are called 
out. A schedule for conduct of the tasks is 
provided. 

The technical proposals submitted by 
the contractors are required to address the 
following areas with a 5- to 10-page 
limitation on the proposal: 

(a) Statement of personnel who will be 
assigned for direct participation in the 
project. Resumes that clearly present the 
qualifications relative to this particular 
work should be provided. Special mention 
should be made of the relevant experience of 
key personnel . 

(b) Statement and discussion of the 
requirements of the scope of work as 
understood by the offeror. This section 
should contain as a minimum: A detailed 
description of how each task will be carried 
out, to include a sequence of activities 
(steps) to be undertaken; a description of 
the type of data and information (including 
sources) which will be collected in each 
task and how these data or information will 
be used to provide input to other tasks; and 
anticipated results related to the 
objectives. 

(c) A detailed outline of the proposed 
technical approach for executing the 
requirements specified in the task order. 

(d) Statement and discussion of any 
anticipated major difficulties and problem 
areas, together with potential or 
recommended approaches for their resolution. 

(e) Statement of any interpretation, 
qualifications, or assumptions made by the 
offeror  concerning  the  project  to  be 
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performed. 

(f) Explanation of the study management 
plan and how the offeror's staff will be 
organized. Provide an overview of the 
measures to be taken to ensure a quality 
product, and the approach to be used to 
deliver the required product based on the 
schedule provided. 

(g) Schedule describing task 
accomplishments. 

(h) Table showing the number of man- 
hours to be spent on each task by each 
person to be assigned to the project. 

(i) A table of travel, including number 
of travelers, destination, and duration of 
each trip. 

The    standard    procedure   used    by    DSHC    for 
issuing task orders  is shown below: 

STEP 1 - OSMC forwards task order to DSS- 
W, accompanied by a commitment to fund the 
research effort. 

STEP 2 - DSS-W incorporates task order 
into a request for quotation (RFq) issued to 
those firms qualified in the relevant 
research area(s). The RFQ also contains a 
list of deliverables required, a delivery 
schedule, and the evaluation factors for 
award. 

STEP 3 - Contractors have 14 days to 
submit a technical  and cost proposal. 

STEP 4 - DSMC evaluates technical 
proposal. 

STEP 5 - OSS-W combines results of 
technical and cost evaluations and issues 
task order to the successful  contractor. 

The technical evaluation of the 
contractors proposal is based solely on his 
responses to the RFQ. Technical evaluation 
factors vary form one task to another 
tailored to the individual procurement but 
can be represented as shown below: 

(1)      Contractor's Technical  Approach 

(a)    Well-organized,        clear, concise 
proposal 

tb) Understanding of the problem, tasks, 
and study apporach 

(c) Responsiveness to scope, concept, 
conditions, and time for performance. 

(d) Study approach and methodology 

(2) Program Management Personnel 

(a) Availability 

(b) Educational  Background 

(c) Exerience in Program Management 

(3) Background and Experience 

(a) Experience in Financial, Technical, 
International and Logistics/Support related 
areas 

(b) Familiarity with Army/Navy/Air 
Force/Marine Corps organizations and 
missions 

(c) Acquisition Research Experience in 
related areas 

(1)      Past Performance and Cost Realism 

(aj Job understanding as reflected by 
allocation of time and resources 

(b)    Past Performance under the BOA 

Evaluation of technical proposals 
received from the RFQ's are in accordance 
with 10 U. S. C. 2304(a). Proposals are 
reviewed and evaluated by at least five DSMC 
personnel who are familiar with the task to 
be performed. Evaluation procedures are 
documented by the project officer in the 
form of evaluation criteria to assure that 
each evaluator is using the same ground 
rules. The evaluation criteria are grounded 
on the analysis of each proposal   based uoon: 

(1) Evidence of understanding of the 
scope and objectives of the proposed 
contract 

(2) Other evidence of knowledge and 
understanding of the job to be done, such as 
anticipation of problems which may be 
encountered  in performance; 

(3) Originality of thought and grasp of 
objectives as indicated by samples, 
technical approaches, or other ideas 
presented which indicate understanding of 
the problem; 

(4) Managerial ability indicated by 
work-flow charts, proposed organization for 
contract performance, statements of intended 
approach, or other data submitted. 

After each evaluator has completely 
analyzed all proposals in the manner 
described thus far, each orooosal is given a 
relative standing in the group. At this 
point, a proven method is to consolidate all 
ratings into a single rating for each 
offeror   by  averaging-out   the  ratings   of   the 
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various evaluators. After this has been 
done, the evaluators can usually agree on 
the elimination of those proposals which 
obviously do not merit further consideration 
because of their inadequacy, and, thus, 
recommend further evaluation only of those 
proposals which have been rated high enough 
to deserve further attention. These scores 
are forwarded to the contracting officer, 
who adds in the score for the cost 
proposals. Cost is normally weighted 
anywhere from one-third to one-half of the 
total score Proposed prices or costs are 
assigned numerical weights and added to the 
numerical weights assigned to the technical 
evaluation. The lowest proposed price or 
cost is assigned the maximum numerical 
weight. Award is made to that responsible 
and responsive offeror whose proposal is 
considered to be most advantageous to the 
Government, price and other factors 
considered. 

LIMITATIONS: DAR 3-410.2 

The user of multiple BOAs should be 
familiar with the limitations placed on the 
use of this method of procurement by the 
Defense Acquisition Regulation. Basic 
ordering agreements shall not obligate the 
Government to place future orders or 
contracts with qualified participants in the 
agreements, nor shall the agreements be used 
in any manner to restrict competition. 
Supplies or services may be ordered under 
BOAs under either of the following 
circumstances: 

(1) It is determined that it is 
impractical to obtain competition by 
fornal advertising or negotiation for 
such supplies or services: or 

(2) After a competitive solicitation of 
quotations on proposals from the maximum 
number of qualified sources, other than a 
solicitation accomplished by using SF33, it 
is determined that the successful responsive 
offeror holds a basic ordering agreement, 
the terms of which are identical to those of 
the solicitation or so similiar as to have 
no impact on price, quality or delivery, and 
if a determination is made that issuance of 
a task order against the basic ordering 
agreement would not be prejudical to the 
other offerers. However, the choice of 
firms to be solicited shall be made in 
accordance with normal procedures. Firms 
not holding a basic ordering agreement shall 
not fae precluded by the solicitation from 
submitting a proposal or quote. The 
existence of a basic ordering agreanent 
shall not be a consideration in source 
solution. 

The Government shall not make any final 

commitment nor authorize any work by the 
contractor pursuant to an order under the 
basic ordering agreement until prices have 
been established, unless the order 
establishes a monetary limitation on the 
obligation of the Government and either: 

(1) The order is subject to the pricing 
procedures contained in the basic ordering 
agreement, or 

(2) There is a compelling need of 
unusual urgency for the supplies or 
services, as when the Government would fae 
seriously injured, financially or otherwise, 
if the supplies or services were not 
furnished by a certain date, and delay for 
establishment of process would preclude the 
contractor from achieving the required 
delivery date. 

The basic ordering agreement shall cite 
the applicable negotiation authority and 
shall be subject to such reviews, approvals, 
determinations and findings, and other 
requirements, including synopses of the 
proposed procurement and contract awards, as 
specified in the DAR. Modification to the 
basic ordering agreement shall be by review 
and not by individual orders issued 
thereunder. 

In a recompetition of the BOAs conducted 
this fiscal year using the same "sources 
sought" procedure, 33 firms submitted 
qualification statements. A source 
selection panel evaluated all Qualification 
statements based on predetermined criteria 
in the following areas, technical approach, 
problem perception, technical experience, 
personnel background, and organization 
management. The results of this evaluation 
process were that 11 firms were selected as 
being qualified superior in the relevant 
acquisition management areas of 
business/financial management, international 
management, technical management, 
acquisition/program management, and 
logistics/support management. 
Interestingly, six of the eleven were firms 
that had not previously been qualified. 
Those BOAs previously awarded were 
terminated prior to the competition. Five 
firms requalified and were awarded new 
BOAs. This confirmed our perception of the 
migrating expertise in the "research and 
studies" business environment. The BOA 
source selection criteria remained unchanged 
from the previous 1979 competition. 

OBSERVATIONS 

As of Sept. 30, 1981, DSS-W had issued 
task orders encompassing all five research 
areas to five different firms, including 
four small business concerns.   At least 
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three offerers have been in the competitive 
range for each solicitation. The time 
elapsed from step one through step five for 
issuing a task order has averaged 84 days. 
This indicates that many delays inherent in 
the competitive process are still present 
with the multiple BOAs. However, the award 
of one competitive task order in 37 days 
encourages us regarding the benefits of this 
process. 

Based on two years of experience in using 
multiple basic ordering agreements the 
following are the observations and lessons 
learned by the DSMC: 

o By having the contractor propose a 
refinement of the statement of work and plan 
his technical approach under competition, 
DSMC no longer has to pay to get the 
contractor smart, and when the tasking 
contract is awarded, the contractor is ready 
and well prepared to start out on the 
issues. 

future taskings. In the event of 
consistently poor performance, their 
standing under the BOA would terminate at 
the annual review of the BOA. Based upon 
two years of experience on seven task 
orders, DSMC has experienced no cost 
overruns and has had quality products 
delivered in a timely manner. 
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o Contractor's qualifications do change 
as personnel with differing expertise and 
background move around in the research 
community. 

o Contractors qualified under the BOA 
are responsive and highly motivated due to 
the competitive environment and pride most 
firms have  in producing a quality product. 

o The use of the multiple BOAs involves 
a substantial investment in time on the part 
of government and contractor. However, the 
reduction in time to award a contract for a 
research effort more than offsets this 
investment. 

o The limitation of the size (5 to 10 
pages) of proposals submitted by contractors 
simplifies the source selection. 
Contractors    can't   generalize   but   must   be 
very specific  in their proposals. 

o Increasing the weight assigned 
technical cost aspects of proposal 
evaluation increases the quality of the 
product. 

o In evaluating proposals the background 
and experience of contractor personnel 
assigned to perform the task should be a 
weighted criteria. 

CONCLUSIONS 

The multiple BOAs established for the 
contracted research program at DSMC uses 
competition to the maximum extent. 
Contractors compete for the BOAs and task 
orders. They     are     aware      that      past 
performance   is   an   evaluation   criterion   for 
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ABSTRACT 

This paper outlines the need for better use of 
contractor intelligence and data on contractor 
motivation by government contracting personnel 
and program managers to increase the proba- 
bility of contractor performance to government 
objectives.  A blueprint for a decision support 
system is presented that includes relevant 
databases on specific contractors and industry 
outlooks, as well as analytical and simulation 
modules that provide users the ability to view 
contractor status and motivation from the 
contractor's perspective. 

THE PROBLEM 

In April 1981, Deputy Secretary of Defense 
Frank Carlucci highlighted 31 primary DoD 
acquisition goals.  Several of these objectives 
focused on the interdependence between the 
nation's defense needs and industry.  Among 
these are achievement of more economical rates 
of production, reduced costs, shorter delivery 
times, improved maintainability and supporta- 
bility of systems, increased private capital 
mvestnent, improved use of contractor incen- 
tives, and a stronger industrial base prepared, 
able and willing to support vital defense 
requirements. 

Since the government has only limited means of 
persuasion to ensure a contractor's performance 
toward these goals once a contract is awarded, 
it is to the government's advantage to expend 
adequate time and resources in the pre-award 
?erlod for Planning and designing contracts 
that increase the probability of contractor 
performance to government objectives. 

What is involved in this planning and design 
process?  In addition to the basic evaluation 
of acquisition factors from the government's 
viewpoint, it must include analysis of the 
whole range of acquisition factors from the 
contractor's perspective, identifying what" 
terms are likely to motivate successful per- 
rormance at the same time as meeting OoD acqui- 
sition objectives.  This must include analyses 
of current business conditions in the industry 
and future outlooks, the overall financial 
status of the contractor as well as segment-bv- 
segment analyses, the contractor's market 
position in the industry and future opportuni- 
ties, and the contractor's strategic business 
goals by segment.  This information can help 
government contracting personnel be sensitive 

to contractor needs in developing contract 
terms and incentives, and thereby motivate 
contractor performance. 

Two recent papers (Williams and Carr, 1981 and 
Blakely, Cohen, Lewin and Morey, 1982) develop 
exchange models of the contracting relation- 
ship that emphasize the behavioral interdepen- 
dence between the government and contractor. 
These models suggest that the actions taken by 
each party are determined by the prioritized 
objectives of each, but these actions are 
constrained by the internal and external en- 
vironments in which the parties operate.  For 
the Government, these factors include appropri- 
ations, regulations, and political requirements. 
For the contractor, they include information 
about the market, financial status of the cor- 
poration, technological breakthroughs, and 
corporate style.  Negotiations to achieve a 
positive-sum outcome for both sides dictates 
that it is in the best interests of the covern- 
ment and contractor to -understand the other's 
objectives and circumstances under which these 
goals will be pursued.  However, the authors 
point out that information about the contrac- 
tor's objectives and environmental constraints 
is often limited and uncertain.  Efforts toward 
improving government access to this information 
and increasing certainty about the contractor's 
motives will facilitate th stficient negotia- 
tion of contracts considered mutuallv benefi- 
cial. 

OBJECTIVES 

The objective of this paper is to recommend the 
olueprint of a decision support svstem for 
government contracting personnel and orooram 
managers that fills the information and analy- 
tical gaps concerning contractor motivation, 
constraints, and potential actions.  The results 
or such a system will help minimize informa- 
tion uncertainty for the government in pre- 
awarded planning and hopefully, yield mutually 
beneficial contract terms. 

3L-JEPRINT OF THE SYSTEM 

Management information svstems .MIS) are :ar- 
rently being used to automate and track various 
aspects of the procurement process.  rhev crc- 
duce documents automatically, monitor procure- 
ment activities, transmit information/maintlir. 
audit data, and retrieve OARs ••.•ar,°v and 
spagnola, 1980). Decision support systfflns 
generally go beyond these database and retrieval 
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operations to perform analytical and evaluative 
tasks as well.  These systems are often devel- 
oped to assist on complex problems that are 
semi-structured or where there is uncertainty. 
They usually include a model or algorithm that 
is based on evidence, expert methods, and judg- 
ment.  The output of decision support systems 
are often a narrowed set of feasible options, 
the impact of alternate decisions, or the pay- 
off of different courses of action.  The ulti- 
mate decision is still left to the human 
analyst. 

The decision support system proposed here com- 
bines several databases on company-specific 
and industry information relevant to the con- 
tracting environment, as well as several 
analytical models that assess the currant 
status and future opportunities and problems 
of particular contractors as they would ana- 
lyze them.  In addition, a simulation model ~ 
driven by contractor motivation factors — is 
recommended that would enable program managers 
to assess likely contractor responses to alter- 
native government incentive and contracting 
strategies.  Overall, the system is intended to 
enhance the capability of program managers to 
tailor contracts to the special needs of a 
contractor while maximizing DoD acquisition 
goals. 

DATABASES 

The following types of databases would provide 
government contracting personnel and program 
managers with basic contractor and industry 
profiles to understand corporate financial" 
status, business outlooks, and contractor 
motivation: 

.  Financial time series by contractor (for 
example, earnings, sales, share, ROD 

Corporate/segment business objectives and 
priorities 

.  Executive incentive programs and targets 
by contractor 

Previous DoD contract performance by 
contractor, including special contract 
terms, negotiation strategies used, cost 
overruns, delivery history, and quality 
performance 

.  Corporate characteristics by contractor, 
including number of employees, organiza- 
tion structure, product and customer di- 
versity, technological skills, capacity 
utilization, personnel turnover, RsD 
expenditures, capital investment, and 
balance sheet idiosyncracies 

■  Industry characteristics by segment, 
including competition, market size, growth 
potential, diversity, seasonality, price 
sensitivity, and technological change. 

These types of data are available through 
public sources and government contracting re- 
cords. 

ANALYTICAL MODULES 

The purpose of these modules is to provide pro- 
gram managers with a view of contractor moti- 
vation from the contractor's likely perspec- 
tive.  A sensitivity to contractor financial 
status, objectives, and targets can aid the 
government in designing an effective contract 
strategy that has a high probability of en- 
suring successful contractor performance, be- 
cause contractor needs are satisfied by the 
terms of the contract. 

1-  Portfolio Analysis.  A widely used techni- 
que for strategic business planning is port- 
folio analysis.  This approach assigns a 
strategic role for each product based on 
market growth rates and market share rela- 
tive to competition.  3y comparing the roles 
of different products offered by the same 
company, the entire "portfolio" of products 
can be analyzed in terms of where investment 
opportunities lie, where the cash for invest- 
ment is likely to arise, and which products 
should be eliminated.  Figure 1 oresents a 
typical portfolio matrix. 

How can this type of information be used by 
program managers? Many of the larger defense 
contractors today are conglomerates, producing 
multiple products that support the require- 
ments of different military services as well 
as commercial clients.  An Air Force program 
manager, for instance, might be dealing with a 
corporation to purchase aircraft engines, but 
that same firm might also have divisions that 
produce systems for Sav*l vessels and compo- 
nents for spacecraft.  A portfolio analysis 
could indicate that the firm has a dominant 
market share in aircraft engines, but the 
market is growing slowly [j "cash cow").  In 
comparison, the firm's Naval systems may have 
high market growth potential but low share 
("problem children"!.  Corporate planners are 
likely to analyze che long-term implications 
of this situation and reduce investments in 
engines and use available cash derived from 
that division to underwrite RSD, capital expen- 
ditures and marketing of the Maval systems." 

Under these circumstances, the Air Force pro- 
gram manager attempting to purchase er.cir.es may 
find it difficult to gain corporate commitments 
to invest in r.ew engine designs that mean high 
expenditures in SsD and facilities.  However, 
a Navy product manager might receive ;u3t the 
opposite reception.  By conducting a portfolio 
analysis during the pre-award phase and plan- 
ning contract strategy, the Air Force oro-ect 
manager might decide to emphasize multi-year 
funding options, foreign sales possibilities, 
and commercial product offshoots to indicate 
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future market growth in a previously sluggish 
industry segment. 

2-  Environmental Assessments.  This strategic 
planning technique evaluates the opportunities 
and problems of a firm's business segments re- 
lative to market factors, competition, financial 
and economic factors, technological factors, and 
socio-political factors.  The "attractiveness" 
of a market to the company can be quantified in 
a composite weighted index that takes into 
account a variety of environmental factors. 
This index is then contrasted with an index of 
business segment position relative to the 
competition. 

The results of the analysis for the corporate 
planner is an assessment of investment oppor- 
tunities and strategies. 

For the program manager, this analysis will 
assess the strengths, weaknesses, opportunities 
and constraints of each business segment in a 
company relative to the environment.  Where the 
environment is causing hardship for a particu- 
lar business segment, contract terms such as 
improved cash flow provisions and risk sharing 
to modernize the industrial base might improve 
contractor performance once a contract is 
underway. 

3-, Contractor Motivation Simulation Model. 
This proposed simulation tool would enable 
program managers to ask "what if" questions 
about the impact of various contract terms 
and incentives on likely contractor-soecific 
reactions, given the economic and industry 
environments and contractor motivation.  The 
purpose of this simulation is to provide oro- 
gram managers with a systematic device to" 
evaluate and select contract terms that are 
tailored to the situation and likely to be 
effective in maximizing DoD acquisition goals. 
Such a tool could be used appropriately by 
program managers in charge of major acauisi- 
tions to assess the likely acceptability of 
alternate contract terms and plan for contin- 
gencies, as well as by personnel who are in 
training to be program managers to provide tiiem 
with realistic scenarios and immediate feedback 
of results. 

In a recently completed study by this author 
for the Air Force Business Research Management 
Center (Speotor, 1981), data on contractor 
goals and motivation for 50 large defense cor- 
porations were collected and analyzed.  The 
intent^of the study was to determine how this 
type of information could be used by Air Force 
acquisition personnel to achieve its objec- 
tives through contracting, basically bv orovid- 
ing contracting personnel with additional 
leverage in tailoring contract terms and in- 
centives. 

Current data on contractor motivation were 
gathered on each company that included 

executive incentive programs (types of plans 
in force, rewards available, eligibility, and 
most importantly, award criteria and targets 
that must be achieved to obtain the rewards), 
corporate and divisional strategic business 
goals, and management climate.  These data were 
collected from public sources and through 
direct communication with the firms.  Several 
generalizations concerning contractor motiva- 
tion were developed from this exercise: 

.  A general hierarchy of industry goals can 
be postulated (see Figure 2). 

.  Corporations have several "basic" goals 
in common that are short-term, tactical 
and highly quantitative in nature.  Most 
common among these is growth in net earn- 
ings. 

. Corporations also have "second-order" 
goals that motivate longer-term strategic 
actions.  They tend to be more qualitative 
In nature and are open to negotiation and 
tradeoff. 

.  Corporations do not pursue only one goal 
at a time.  They often strive to achieve 
a mixture of basic and second-order objec- 
tives simultaneously, chereby making 
tradeoffs among goals almost inevitable. 
The growing emphasis in corporations on 
setting long-term objectives for managers 
has produced a phenomenon where even the 
"basic" short-term goals may be compro- 
mised to achieve more critical lono-term 
survival goals such as customer diversifi- 
cation and productivity. 

.  These corporate goals are translated into 
personal targecs for managers and execu- 
tives through internal corporate incen- 
cive programs.  Many bonus and stock 
option plans motivate managers to short- 
term financial goals.  Most companies also 
have long-term performance incentives that 
reward achievement of long csrm growth, 
diversification, and productivity goals. 

How can these detailed data and generalizations 
on contractor motivation be used by program 
managers to customize contract terms?  Figure 
3 conceptualizes a simple exchange model.' To 
achieve their objectives, each party designs 
and pursues specific strategies.  Contractors 
attempt to maximize their hierarchy of corpor- 
ate and personal goals and determine their 
willingness to take risks or make -raceoffs 
among these goals.  The government attempts co 
maximize its acquisition goals by designing 
and offering contract terms and incentives' 
that are likely to motivate and assure success- 
ful contractor performance on the iob.  The 
more information each party can amass of the 
other's priorities and goals, the less uncer- 
tainty and greater efficiency there will be in 
achieving a mutually beneficial outcome to 
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contract negotiations.  For example, a favor- 
able contractor response can be anticipated if: 

The governroer.t knows that . . . 
a company is committed to promoting the 
use of quality circles and employee parti- 
cipation in decisions 

and offers terms that ... 
allow for flexibility in production 
approaches, product quality, and relia- 
bility assurance. 

.  The government knows that ... 
a company seeks diversification and 
commercial product spinoffs 

and offers terms that ... 
enable product ownership. 

The government knows that ... 
a company requires modernization of its 
industrial base to improve productivity, 
lower costs, and remain competitive 

and offers terms that ... 
provide for risk sharing with the govern- 
ment. 

.  The government knows that ... 
a company has serious cash flow problems 

and offers terms that ... 
provide for advance or progress payments 
or identify program continuity. 

The proposed simulation tool would enable users 
to establish various contracting scenarios that 
include government acquisition targets, the 
contractor, the type of procurement, and the 
economic environment.  The system would simu- 
late the impact of various contract terms and 
incentives on probable contractor reactions 
and calculate the likely benefits and pavoffs 
to both parties of using specific terms.' The 
linkages and parameters of the underlyina model 
could be established by analyzing data on 
previous acquisition cases, evaluating surveys 
on contractor motivation, and eliciting proba- 
bilities and utilities from a sample of rele- 
vant contractor and government personnel. 

As with most simulations, the program manager 
would benefit from using such a system by test- 
ing various contract strategies before im- 
plementing them in the real world.  For example, 
one program manager could test the likely 
effectiveness of different combinations of con- 
tract terms, test innovative terms, identify 
potential tradeoffs that contractors miaht find 
acceptable, test the sensitivity of timing on 
negotiations, and observe the differences in 
contractor reaction under various scenarios. 

on how data on contractor motivation and 
contractor intelligence can be used to achieve 
DoD acquisition goals.  The use of decision 
support systems by government contracting 
personnel and program managers appears to be 
the most appropriate vehicle for planning 
contract strategies ir. the pre-award period, 
given the uncertainty of information on con- 
tractor motivation, the multiple factors that 
simultaneously impact on contractor motives 
and actions, the wide range of contracting 
scenarios that can exist, and the need to test 
a variety of contracting options under these 
scenarios. 
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FIGURE 2 
Hierarchy of Industry Goals 

Basic Goals 

la.  Growth in: 

Net earnings 
Earnings per share 
Return on equity, assets and capital 
Volume sales 
New contract bookings. 

lb.  Company Survival (at a minimum) 

Second-Order Goals 

2.       Financial Management Goals 

Tighten financial controls 
Strengthen cash flow 
Be low cost producer 
Utilize capacity. 

3. Investment Goals 

.  Pursue acquisitions and diversity 
Increase RSD and capital spending. 

4. Market Goals 

Diversify customer base 
Develop long-term relationships with 

current customers 
Develop dominant position in field 
Improve public image. 

5. Product Goals 

3e technical innovator 
Spinoff commercial products 
Develop company service and reliability 

reputation 
Develop capabilities and workforce. 

FIGURE 3 
Exchange Model 

DoD Goals 

Improve readiness/support 
More economic production rates 
Reduce costs 
Shorten delivery time 
Encourage capital investment. 

Strategies to Achieve Goals 

Design and offer contract terms and 
incentives. 

V Information 

/\ 

Bargaining 

:ontracror Goals 

Growrh/survival 
Financial management 
Investments 
Marker-related 
Product-related. 

Strategies to Achieve Goals 

Determine willingness to take 
risks, tradeoff goals, maintain 
firm positions. 

CONTRACT 
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NEW DEVELOPMENTS IN OMB CIRCULAR A-76 

The panel presented certain proposed changes to Office of Management and 

Budget (OMB) Circular A-76, which deals with the Government's policies on 

contracting out for its requirements. The proposed changes to the Circular, 

itself, and to its attendant Cost Comparison Handbook reflect an effort to 

streamline the cost comparison process and to make the contracting out 

program more workable and effective. The changes currently under considera- 

tion are scheduled to be released for a sixty-day public conment period in 

the near future. Upon receipt of comments and any resultant modifications 

to the changes originally proposed, the final version of the revised circular 

will become effective in October 1982. In a sense, the Federal Acquisition 

Research Symposium served as an early test of reactions from the acquisition 

community to the proposed changes. Panel attendees did raise numerous 

questions and issues concerning the revised circular, and there was a lively 

exchange of views between the panelists and the attendees. Of particular 

concern was the impact of the Government's contracting out policies on 

government-owned, contractor-operated armament plants. All in all, the 

panel's proceedings illustrated the controversial nature of the contracting 

out policies reflected in OMB Circular A-76. 
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Identifying Future Requirements and Potential Small Business 
Contractors With  Resultant Cost Savings Mechanisms 

Ray  Delias:     Defense   Logistics  Agency   (DLA-U),   Alexandria,   VA 
David  Rothenberg:      Inductive   Inference,   Inc.,   New  York,   NY 
Wallace  Weiss:     Defense   Logistics  Agency   (DLA-LOO),   Alexandria,   VA 
Will   Risden:     Dun   and   Bradstreet,   Inc.,   Rockville,   MD 
Joe  Sebasteanski:     University  Computing  Company,   New York,   NY 

This paper suggests that a method, cur- 
rently being used to develop subsistence demand 
forecasts at The Defense Logistics Agency, be 
used to evaluate the effects of small business 
participation in the government procurement 
process. We describe how this method can be 
used to analyze both the effects upon the costs 
of a variety of items purchased by selected 
federal buying centers and the effects upon small 
business growth and survival. The following 
results are produced: 

1. identification and characterization of those 
types of procurement items 

a. for which small business participation 
in the procurement process has been 
accompanied by cost reductions. 

b. for which small businesses have been 
awarded prime contracts. 

2. characterization of small businesses that 

a. have been awarded prime contracts. 

b. whose participation in the procure- 
ment process has been accompanied 
by cost reductions. 

3. Construction of a model that can be used 
to identify individual firms whose inclusion 
in the bidding process will likely be accom- 
panied by cost reductions. 

4. Evaluation of the effect of acquiring gov- 
ernment contracts upon the growth and 
survival of small businesses. 

DATA 

Such historical procurement data as is 
available from various government buying centers 
and other sources (e.g.- FPDC individual contract 
action reports) are combined to form a data base 
of individual procurements, to be called the 
procurement data base. The following informa- 
tion is. when available, included for each pro- 
curement within the most recent five vears. 

a. type of item; to be specified by 
Standard Industrial Code (SIC's). This 
is in 7 fields; the first is the 1-digit 
SIC code, the second is the 2-digit 
code, the third is the 3-digit SIC 
code, etc. Both the specific item and 
its more general classifications are 
thereby specified. 

b. cost per unit of the item (based on 
prior similar procurement). 

e. procurement quantity. 

d.       date;        e.    delivery lead time. 

f. solicitation complexity (e.g.- level of 
assembly). 

g. end use, e.g.- aircraft part, vehicle, 
ordinance, etc. 

h. The number of firms that participated 
in the bidding process. 

i. The number of firms (in g. above) that 
were small businesses. 

j. The size and location of the firm that 
was awarded the contract. 

k. The size and geographical distribu- 
tions of firms that participated in 
bidding. 

1. whether or not the procurement was a 
small business set-aside. 

This data is arranged in a sequence such 
that information on current and prior procure- 
ments of the same item type are sequential 
according to date and may be treated as a unit 
of information, to be called a data unit. A data 
unit, therefore corresponds to each type of item. 

Historical data descriptive of individual 
firms is available from commercial sources, such 
as Dun and Bradstreet. As much as five 
consecutive years of data of the following kind is 
available for a major portion of American firms: 
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d. 

income   and   balance   sheet   informa- 
tion. 

operating information (e.g.- sales, 
number of employees, etc.) 

financial ratios. 

norms   of   financial   ratios   for   the 
firm's industry, location, and size. 

This data base of firm-specific information 
will be referred to as the business data base. 

Other  historical data,   to  be called econ- 
ometric data, is available from government sour- 
ces (e.g.- Country Business Patterns, Department 
of Transportation and Census, etc.). For each 
industry (i.e.- Standard Industrial Code or SIC) 
and geographical location, this includes historical 
information such as: 

a. consumer price index 

b. gross national product by product type 
and sector. 

c. growth in industrial sector. 

d. number of businesses in sector. 

e. employment. 

f. inflation rate. 

g. consumption by product type. 

The business data base is expanded so that 
the local econometric data corresponding to each 
firm is appended to its financial and operating 
data. Also, by matching against the procurement 
data, the information for each firm is augmented 
by whether or not the firm received government 
contracts, on which products, when, and for what 
amounts. 

Both the procurement data bases and busi- 
ness data bases will be incomplete, contain 
random data errors and large amounts of missing 
information. This is accomodated by the pro- 
posed method. 

PREPARATIONS FOR ANALYSIS 

The procurement data base is examined to 
identify those items for which the inflation- 
adjusted cost has declined over successive pro- 
curements. These are separated from the re- 
mainder, from which data units where there is 
insufficient information to determine cost de- 
cline or increase are eliminated. Each of these 
two classes is partitioned into two classes of 
data units, (i.e.- types of items); those where 
small businesses at some time participated in the 
bidding process and those where such was not the 
case. 

The former class is subdivided into those 
data units where at some time a small business 
was awarded a contract, and those where no 
contract was awarded. The former of these 
collections is further subdivided into those data 
units where the procurement was a small business 
set-aside and those where it was not. Variables 
that specify membership in each of these classes 
are appended to the information in each data 
unit. 

all procurements 

inflation-adjusted 
cost declined 

> 

inflation-   insufficient 
cost did      information 

not                  to 
decline     determine 

^'   \       cost variation 
S^.      \       (eliminated) 

small business 
participation 
in bidding 

no small 
business participation 

in bidding 

contract contract not 
awarded to awarded to 
small business    small business 

small business    not small 
set-aside business 

set-aside 

All except small businesses are eliminated 
from the business data base. The remaining data 
is partitioned into two classes of firms; those 
that, in the recent past, were awarded govern- 
ment contracts, and those that were not. All 
firms in the latter class to which there corres- 
ponds no firm in the former class with the same 
(primary) SIC and same size category are elimi- 
nated from the latter class. That is. of those of 
the firms that were not awarded contracts, we 
retain only those that resemble some firm that 
was awarded a contract. The collection of all 
firms remaining in the combination of these two 
classes is first independently partitioned into the 
class of firms that have grown (in number of 
employees) and the class of those that have not. 
Then the collection is independently partitioned 
into the class of firms that have failed and the 
class of those that have not. That is, the 
following three independent partitions (shown one 
above the other) of the business data base, are 
performed: 
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all firms 

awarded 
govern- 

ment 
contracts 

not awarded 
government 
contracts & 
similar to 
some firm 
that was 

not awarded 
government 
contracts i 
not similar 
to any firm 
that was 

(eliminated) 

firms that 
have 

expanded 

firms that 
have not 
expanded 

firms that 
have 

failed 

firms that 
have not 

failed 

ANALYSIS METHOD 

Any method that, by means of data exami- 
nation, characterizes any of the classes we have 
constructed in terms of the data, must construct 
a model from among an enormous number of 
possibilities. That is, the number of charac- 
teristics (i.e.- variables) to be considered is very 
large, and their interactions and the ranges 
within which they occur is unknown. The number 
of possible models is very large relative to the 
available data. Furthermore, the variables are 
hardly independent. Stepwise discriminant ana- 
lysis techniques have often been applied in such 
cases but have produced dismally unreliable and 
misleading results (see Reference 1). 

Statistical methods are designed to test, by 
the examination of data, hypotheses formed prior 
to data examination, and are not validly used for 
model construction by means of data exami- 
nation. The inadequacy of stepwise methods is 
clearly revealed by the fact that stopping cri- 
teria fail to consider the number of candidate 
models (which is determined by the number of 
variables available for inclusion in the model). 
Most stopping criteria depend exclusively upon 
the reduction in variance due to the last variable 
included in the model. Stepwise cross-validation 
procedures and "leaving- one-out-methods" do not 
resolve these problems, (see Reference 2). 

The method here proposed is specifically 
designed for model construction by data exami- 
nation. A realized model is defined as a model 
together with a measure of how well it performs 
on (i.e.- fits or discriminates) the available data 
sample. All realized models are organized into 
an hierarchy of complexity classes, so that, 
assuming that a model has the highest perfor- 
mance measure of any in its complexity class, 
the likelihood that this measure is spurious (i.e.- 
favorably biased) increases as its complexity 
class becomes more inclusive. An unbiased 
measure of performance (and hence of proba- 
bility of error) is derived by logic resembling 
that customarily used for the construction of 
confidence intervals (prior probabilities are not 
required). This unbiased estimate governs model 
selection. Often the result of the search for a 
model is that no reliable model exists; that is, no 
unbiased performance estimate for any model 
significantly improves on random classification. 

The proprietary software realization of this 
technique (called ADAM, an acronym for Adap- 
tive Data Analysis Method) is being used to 
develop models for forecasting the demand for 
secondary items at the Defense Logistics Agency 
and has been applied, with remarkable success, to 
forecasting commercial loan evaluations (see 
Reference 3). The method is insensitive to 
random data errors and missing data values. 
Variables need not be independent of one another. 
Multivariate time-series data and both continuous 
and discrete variables that do not vary with time 
can be simultaneously modeled. 
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When    ADAM   is   used   for   discriminating 
classes, the following outputs are produced: 

1. A collection of patterns that corresponds to 
each of the classes. Each of these patterns 
is a combination of conditions that may or 
may not apply to a given data point. Each 
of these conditions states that the value of 
one of the candidate variables (i.e.- those 
available for inclusion in the model) lies 
within a given range (e.g.- ,3 « x £ .7). 
Typically, a pattern includes only a few 
such conditions, all of which must be 
satisfied in order for the pattern to apply 
to a data point (i.e.- a procurement data 
unit or the characteristics of a given firm 
and its environment). Typically, a data 
point satisfies several patterns, and to each 
such combination of patterns there corres- 
ponds a probability that the point lies in 
each of the classes of interest. A pattern is 
generally easily understood when its consti- 
tuent conditions are expressed in English. 

2. The patterns are arranged in an hierarchy 
of groups of patterns wherein patterns that 
are more likely to simultaneously apply to 
the same data points are grouped together 
and those that rarely apply to the same 
firm are in separate groups. The groups are 
progressively subdivided as one proceeds 
down the hierarchy. Each group charac- 
terizes a type of individual and the entire 
hierarchy constitutes a taxonomy of indivi- 
duals with respect to the factors that 
determine membership in the various clas- 
ses of interest. An examination of the 
hierarchy clearly reveals these factors and 
their interactions. 

3. Each data point presented to ADAM is 
assigned a probability of being a member of 
each of the classes of interest. The 
patterns that apply to that data point and 
the corresponding positions in the hierarchy 
are specified. 

ANALYTIC PROCEDURE 

ADAM is used to discriminate each of the 
following pairs of classes: 

1. procurement data units where inflation- 
adjusted cost declined from those where it 
did not. 

2. small businesses that were awarded govern- 
ment contracts from those that were not. 

3. Small businesses that have grown from 
those that have not. 

4. Small businesses that have failed from 
those that have not. 

These four analyses produce a set of pat- 
terns corresponding to each of the eight classes 
involved. Each set of patterns is organized into 
an hierarchy of groups of patterns where each 
group defines the characteristics of a significant 
sub-category of the class of interest. These 
characteristics are those that account for mem- 
bership in the class. In addition, each individual 
in the data samples is placed in the hierarchy. 
An examination of the individuals in each group 
in the hierarchy facilitates intuitive understand- 
ing of the significance of the patterns that 
define the group. 

An analytic technique is included within 
ADAM that specifies forms for arithmetic mod- 
els that may be used to estimate the value of a 
dependent continuous variable (e.g.- cost reduc- 
tion) rather than simply assign class membership 
(e.g.- declining costs or rising costs). Standard 
statistical methods may be used to determine the 
parameters of these models. This technique is 
here used to develop a model that can be used to 
forecast cost variations as a function of charac- 
teristics of items being processed and of firms 
included in the bidding process. More signifi- 
cantly, a model is constructed that can be used 
to identify individual firms whose inclusion in the 
bidding process will likely be accompanied by 
cost reductions. 

RESULTS 

Declines and increases in inflation-adjusted 
costs of procured items are characterized with 
respect to traits of the item and the procure- 
ment. Included among the latter, as candidates 
for inclusion in the model, are whether or not 
small businesses were currently or previously 
included in the bidding process, whether such 
procurements, if any, were small business set- 
asides, etc. The inclusion, if any, of these 
factors in the patterns generated by the analysis, 
define whether or not these factors are relevant, 
for which types of items, under which conditions, 
and the dimensions of such relevance. 

Similarly, small businesses that are awarded 
contracts are characterized in terms of traits of 
the business' finances, operations, the economic 
environment, procurement policy and items being 
procured. A classification of small business 
relative to their ability to successfully acquire 
government contracts is also provided and cor- 
related with corresponding cost savings, if such 
exist. The inclusion of various of the candidate 
variables in the patterns generated by the ana- 
lyses defines the nature, context, and extent of 
their relevance. A model (possibly unrelated to 
firm size) that can be used to identify firms 
whose inclusion in the bidding process will likely 
result in cost reductions is produced. Such a 
model can also provide guidance to firms inter- 
ested in participating in bidding. 



A similar characterization of the effect 
upon the growth and survival of small businesses 
in various locations, industries, and various sizes, 
of successful procurement is produced. This can 
serve as a guide for procurement policy and as a 
tool for business planning. 

It would be of great value to include the 
participation of small business in acquiring sub- 
contracts as well as prime contracts in such a 
study, but the acquisition of pertinent data 
seems, at present, excessively difficult and ex- 
pensive. The limited study described, however, 
should provide much valuable information that 
reveals the effects upon procurement costs of 
various procurement policies and the nature and 
extent of the effects of these policies upon small 
business growth and survival. 
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ABSTRACT 

This study was directed to a brief review of 
the experience of industry and the non-mili- 
tary governmental sector in the use of infor- 
mation on past performance in the source sel- 
ection and contractor monitoring processes. 
The study was conducted in two phases over a 
period of eleven months.  The first phase was 
primarily data gathering in the form of inter- 
views with selected decision-makers and an ex- 
amination of relevant documentation.  The sec- 
ond phase was concerned with the assessment 
and analysis of the information obtained. 

In general, it was found that there is consid- 
erable variety in the use of information on 
past performance across the non-military gov- 
ernmental sector, but the sharp distinctions 
are between the governmental and commercial 
(private) sector. A major distinction is in 
the presence of specific legal constraints in 
the governmental sector, and related indirect 
effects of those constraints.  However, the 
direct effect of the constraints is primarily 
with respect to the determination of "respon- 
sibility," which is of little significance in 
the overall source selection process.  In both 
the governmental and commercial sector, it ap- 
pears that the most effective use of past per- 
formance information is in its contribution to 
the reduction of uncertainty and risk with re- 
spect to the major factors considered to de- 
termine future performance; and, in this 
process, the commercial sector is generally 
more efficient and effective because of the 
absence of (perceived) constraints on its use. 

INTRODUCTION 

In commonsense usage, "past performance" (PP) 
refers, generally, to the behavior (or the im- 
mediate effects of behavior) of some specific 
person (or set of persons, including "organi- 
zations") as of some time prior to the time of 
observation and is distinguished from "future" 
(planned, predicted, expected, desired, pro- 
posed) performance.  Another broad use of PP, 
and the one of particular interest here, is 
its contribution to the prediction or estimate 
of the future performance of a specific per- 
son, etc.  The concept of PP, in government 
procurement, takes on some additional soecial- 
ized meanings, resulting in its use as a 
"term-of-art." This development, as will ap- 
pear later in this study, provides some de- 

sired specificity in formal reference, e.g., 
laws or regulations, but also introduces con- 
fusion and ambiguity when applied, without 
distinction, to situations where the broader 
context is relevant. 

The study upon which this paper is based was 
sponsored by the Air Force Business Research 
Management Center, Wright-Patterson AFB, OH 
45433, under contract No. F33615-8O-C-3107 
with International Applied Science and Tech- 
nology Associates, Inc. (IASTA), Evanston, IL 
60201.  The first phase of the study, of five 
months duration, consisted of a review of ex- 
isting laws and regulations, a review of com- 
mercial industry and non-military Government 
agency practices, interviews of selected de- 
cision-makers, and the preparation of a data/ 
information gathering and analysis report. 
The second phase, of six months duration, con- 
sisted of an assessment of the information 
gathered and preparation of a final report. 

The primary "existing laws and regulations" 
were the relevant provisions of the Federal 
Procurement Regulations (and the Defense Ac- 
quisition Regulations); this was supplemented 
by review of 117 Decisions of the Comptroller 
General obtained through FLITE, documents from 
six non-DOD government agencies (including 
handbooks, "regulations," sample RFP's and 
contracts, and other documents describing 
source selection practices), four commercial 
procedures manuals, over 100 documents and mi- 
crofiche obtained through a DLSIE search, and 
approximately 100 additional reports and ar- 
ticles obtained through search of libraries 
and personal collections. 

More than thirty interviews were conducted, 
almost equally divided between commercial and 
non-military federal agencies.  In most oases, 
the individuals were directly and actively en- 
gaged in the source selection process.  The 
commercial interviewees were drawn primarily 
from major manufacturing organizations, with 
emphasis on high technology, including elec- 
tronics, medical, engines, pharmaceutical, 
chemical, steel, and food.  These were com- 
plemented by a major airline, a utility, a 
trade association, and two local government 
agencies.  The non-military federal agencies 
interviewed include the Departments of Com- 
merce, Education, Energy, Housing and Urban 
Develooment, Interior, and Transportation, the 
National Aeronautics and Space Administration, 
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and che General Services Administration. 

In the present study, the background informa- 
tion and statement of objectives available at 
the beginning of the study provided the basis 
for an extensive list of questions (and, at 
least, in some oases, preliminary hypotheses) 
which provided the initial framework and the 
specific guides used in carrying out the study. 
The major analytical activity was a progres- 
sive reexamination of che extensive notes tak- 
en during interviews, a rereading of documents 
collected, particularly the voluminous col- 
lection of excerpts from Decisions of the 
Comptroller General, and cross-annotation of 
the notes which were developed In terms of 
questions ("issues") and working hypotheses 
("findings"). 

Because of space constraints this paper will 
be limited to a presentation of the major gen- 
eral findings of the study and the specific 
findings related to source selection.  In the 
full study, in addition to these findings, 
there appear other findings relaced to speci- 
fic areas, as well as a discussion of the is- 
sues which provided a basis for the findings. 
A complete listing of issues and findings ap- 
pears at che end of this paper. Also included 
in the full study, but not in this paper, are 
[nore detailed discussions of the study objec- 
tives, design, data gathering and analysis, 
applications, and 43 selected references. 

GENERAL FINDINGS 

WITH THE EXCEPTION OF ONE SPECIFIC CONTEXT, 
"PAST PERFORMANCE" IS DEFINED IN PRACTICAL 
TERMS 

The one exception, to be discussed below, is 
the use of "pasc performance" (as a separate 
factor) in making determinations of "responsi- 
bility" in the governmental sector. Other- 
wise, there appears to be no clear, explicit 
demarcation of what is to be considered in PP. 
Again, with the exception noted, neither indi- 
viduals interviewed nor documents consulted 
indicated that ?P was something specific and 
identifiable, with rules for use or defini- 
tion.  Beyond its commonsense limits, it ap- 
pears to have no special meaning. 

When placed in a practical context, e.g., "How 
do you get and use information on past per- 
formance?", the limits begin to appear.  With 
respect to time, current and recent perform- 
ance clearly are Included; there appears to be 
a consensus that performance some years ago is 
not useful (relevant), with the possible ex- 
oeotion of performance which has not changed 
(or is not exoected to change), e.g., an indi- 
vidual with a strong personality.  The rele- 
vance in terms of similarity of programs (and, 
sometimes, where the same individuals and or- 
ganizational elements are involved) does not 
appear to be as clear.  Where chere is some 

significant difference, most people appear to 
be uneasy, at least in admitting they will use 
the information; and, even where there is great 
similarity (or identity), there appears to be a 
range of positions.  Here, the range appears to 
be less in the commercial sector, reflecting a 
belief that past performance is a good indica- 
tor of future performance.  In the governmental 
sector, a common reaction is chat it is a "new 
ball-game," that conditions may have been dif- 
ferent before, we don't really know what hap- 
pened, that we might have trouble defending a 
decision based on use of PP. 

The general issue of "quality" of informacion 
is, again, treated very practically.  First- 
hand information, information which appears 
consistent and reasonable, and information 
which is consistent with ocher information re- 
ceived are given more weighc .  This is reflec- 
ced in che overwhelming preference in the com- 
mercial sector for site visits, usually called 
vendor surveys.  Purchasing personnel, with 
some minor exceptions, consider a visit to the 
supplier's plant for a first-hand look at what 
he is doing (which reflects what he has done) 
very important; and they supplement this with, 
in many cases, formal, detailed racings, and 
references Co ocher purchasers, general repu- 
tation, and so on.  Where it is a technical 
purchase, this is supplemented by visits of 
technical personnel, and a continuing inter- 
change. 

Whether PP includes "good" as well as "bad" 
performance depends upon the context, although 
it appears that the dominant reference Is to 
"bad" PP. Where the issue Is pre-screening 
(selecting prospective bidders in both sectors, 
and determining "responsibility" in the govern- 
ment sector), the overwhelming reference is to 
"bad" PP, and, in the governmental sector, ex- 
plicitly so.  Although it may be argued that 
"bad" PP is a measure of capability, and, thus, 
"good" PP is also a measure of capability, the 
practice appears co be uniform in both the 
governmental and commercial sectors to use che 
term "capability," or similar terms descriptive 
of the factor of interest, rather than to refer 
directly or separately to "good" PP.  Where the 
Issue is evaluation of competing prooosals, 
chere appear Co be sharp discinccions becween 
che commercial and governmental sectors.  In 
the commercial sector, the ore-screening 
process nearly always eliminates "unacceptable 
suppliers," so the emphasis is on the compar- 
ative evaluation of relative weak and strong 
points, drawing upon both "good" and "bad" ?P. 
At this point, PP becomes a predictor of how 
likely che supplier will oerform as required. 
In che governmental sector, "bad" PP mav ap- 
pear as a seoarately identifiable factor and, 
usually, a less important one (and creaced dif- 
ferencly); as such, Che discinction is between 
"bad" and "not bad" PP, without further dis- 
tinctions between "neucral" or "unknown" and 
"good".  In the governmencal sector, as in che 
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commercial sector, both "good" and "bad" PP 
may be used in evaluating other factors, e.g., 
technical competence, management capability, 
although, again, the term PP is usually iden- 
tified with "bad" PP only.  It appears likely 
that "good" PP is considered, and, perhaps, 
given more consideration than "bad" PP, par- 
ticularly if there is a separate factor for 
"bad" PP.  In contrast, however, to commercial 
practice, there appears to be much more un- 
certainty (and an unwillingness to admit) that 
"good" PP is specifically considered.  It is 
likely that "good" PP is an important contri- 
butor to the evaluation process, at least as 
important as "bad" PP; it appears that evalu- 
ators are "more comfortable" in generalizing 
from "good" PP, and it is easier to reconcile 
with assertions in the proposal.  In contrast, 
the uncertainty and hesitancy in acknowledging 
the use of "good" PP may lessen the effort to 
collect (including specifying its Importance 
in the RFP) and the weight given in the eval- 
uation process. An important corollary is 
that prospective (and current) suppliers be- 
lieve that they can be punished but not re- 
warded for PP; this is a point which appears 
in comments from industry and is described as 
one of the ways in which commercial practice 
is superior to governmental. 

EXCEPT IN THE PRE-SCREENING PROCESS, "PAST 
PERFORMANCE," AS A SEPARATE, IDENTIFIABLE FAC- 
TOR, IS OF LITTLE INTEREST IN THE COMMERCIAL 
SECTOR AND IS RELATIVELY UNIMPORTANT IN THE 
GOVERNMENTAL SECTOR 

It is important to make clear that information 
on PP is not, itself, unimportant in either 
sector.  The point here is that it is not im- 
portant when used as a separately identified 
input to a source selection decision, at least 
chose involving substantial technical uncer- 
tainty. 

Interviewees in the commercial sector general- 
ly directed their responses to factors, such 
as "capability," and described their PP prac- 
tices in terms of how PP contributed to the 
evaluation of these other factors.  It seems 
clear that PP is an important consideration, 
but primarily as an indicator in evaluating 
other, specific performance factors.  This 
near absence of any separate consideration of 
PP carries over in the several manuals obtain- 
ed and in general texts and articles on com- 
mercial purchasing.  In the governmental sec- 
tor, the reaction was similar, except for some 
concern for requirements to treat PP separate- 
ly.  The pre-screening requirement concerning 
"responsibility" was often Identified with PP, 
usually followed with comments to the effect 
that it was not very important, either because 
it was difficult to use (and defend) or be- 
cause the set of bidders (on significant tech- 
nical procurements) were all likely to meet or 
exceed minimum requirements. 

In the governmental sector it was not uncommon 
to include a separately identifiable factor 
(or factors) to assess "bad" PP, but the Im- 
portance of this to the overall evaluation var- 
ied.  Characteristically, the PP factor was 
listed not only separately but in a separate 
section, and evaluated differently, and, in 
some cases, reported separately.  In one agen- 
cy, where the interviewee considered PP an im- 
portant factor, the separate listing was the 
last of eight factors, and last in weight and 
importance (although the interviewee made clear 
that both "good" and "bad" PP were considered 
in evaluating other factors). Another inter- 
viewee said the question is really "can he do 
it," not what he did somewhere else, under 
other circumstances.  The only direct support 
for separate use was a suggestion that PP 
might serve as a "tie breaker," although this 
was advanced with some hesitation. 

While not within the scope of this study, some 
examination of the DOD practice, and, partic- 
ularly, the Air Force was made. Air Force and 
Air Force Systems Command regulations spell out 
the separate use of PP information, and there 
has apparently been considerable discussion 
(and examination) of this issue.  From various 
sources, including a 1979 memorandum of the 
Council of Defense and Space Industry Associ- 
ations (CODSIA), it appears that the issue has 
been posed in terms of whether PP should be 
considered a "major ranked factor" (i.e., sep- 
arately) or "as a general consideration" (i.e., 
as an indicator of or contributor to the eval- 
uation of other factors).  While there may be 
significant additional progress in the last 
two years, a further inquiry here was consid- 
ered beyond the scope of the study. 

It should be noted that PP, as a separate con- 
sideration, may have important uses, other 
than in pre-screening.  These may include de- 
cisions concerning disputes, approvals, award 
fees, and the like; however, none of these was 
considered within the scope of the studv. 

INFORMATION ON "PAST PERFORMANCE" CONTRIBUTES 
SIGNIFICANTLY TO THE EVALUATION OF OTHER FAC- 
TORS 

Central to the source selection process is the 
identification of characteristics (factors) 
which are considered to be important in the 
successful carrying out of the contract.  These 
factors generally include a combination of im- 
portant problems to be overcome and capabili- 
ties necessary in their solution, as perceived 
by the purchaser.  The bidder's understanding 
of the problems and his proposed approach, 
particularly in technical areas, are important 
indicators of his likelihood of success, but 
they may not, standing alone, assure that he 
has the capability to perform.  It is in as- 
sessing his capability to perform, including 
the technical areas, that PP information may 
contribute in several ways.  In the soecific 
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sense of the record of performance on previous 
contracts, his past failures (or successes) in 
solving technical problems, or controlling 
costs or schedules, or, in general, meeting 
past commitments may contribute to the evalua- 
tion of his present proposal. More generally, 
his present (and/or projected) capabilities are 
themselves evidence of past performance, e.g., 
his financial capacity is likely to be based 
upon an extended history of past performances, 
his technical capability a function of the past 
performance of his technical staff. 

The above comments reflect, it is believed, 
the general sense of the commercial (and 
governmental) sector, although not in that 
exact form. The great variation in specific 
factors and the kinds of information used to 
evaluate the supplier's capability with re- 
spect to them reflect the diversity in prod- 
ucts, suppliers, and purchasers, and their 
differential perceptions of the uncertainties 
faced in predicting the likelihood of success- 
ful future performance, particularly in com- 
plex, technical procurements.  If the proposal 
and a site visit provide sufficient information 
to make a confident evaluation, no additional 
inquiry into specific PP may be made, with the 
possible exception of some general, routine 
confirming checks.  Where the type of procure- 
ment is expected to be difficult, or where 
past experience indicates problem areas (with 
the particular supplier, or in general), addi- 
tional examination of specific PP may be war- 
ranted. Generally, present capability (as ev- 
idenced by the proposal and site visits) is the 
focus, with implicit recognition that past per- 
formance may contribute to its evaluation. 

The governmental sector appears to parallel 
the above, but not as clearly. For example, 
AFSCR 30-15 (31 Dec 1974) sets out, in para- 
graph 2-7, the concern with the bidder's "Un- 
derstanding (of) the Problem" and his "Sound- 
ness of Approach" and, separately, in para- 
graph 2-8, discusses measures of his capabil- 
ity, i.e., "Experience." This separating of 
the treatment of capability (and the further 
separating of the treatment of different types 
of capability, i.e., technical versus manage- 
ment versus cost and financial) apparently is 
at least partly responsible for the hesitation 
and ambiguity in the use of PP in the evalua- 
tion of other factors. One interviewee point- 
ed out that they always ask for the record of 
"experience" of key personnel, evaluate It 
separately, as required (although it apparent- 
ly doesn't contribute as such to the evalua- 
tion), and then use the information in evalu- 
ating the technical factors.  While the prac- 
tice varies, in agency after agency, it ap- 
pears to be the practice to not only ask for 
specific references to PP (e.g., biographies 
of key personnel, lists of relevant prior con- 
tracts, and names of cognizant purchasing and 
technical personnel) but to examine them (in- 
cluding telephone calls to references) and use 

the information in evaluating the main factors. 

If there is a systematic difference between 
commercial and governmental practice, it is in 
the sense of whether the use of PP for this 
purpose is "proper," and this may be a function 
of the constraints upon the separate use of PP 
in pre-screening, i.e., determination of "re- 
sponsibility." Government personnel (correct- 
ly) perceive that the use of PP information in 
the determination of "responsibility" is sub- 
ject to considerable controversy, and the 
likelihood of formal protests where both the 
process used and the determination made is ex- 
amined (and "often" disapproved).  This addi- 
tional exposure to unpleasantness is (correct- 
ly) considered to be more likely when PP is 
used as a separate factor in the evaluation, 
and is (incorrectly) considered to be more 
likely where PP is used as part of the evalu- 
ation of a major factor (particularly, a tech- 
nical one).  A similar perception is apparently 
shared by suppliers to the government, as noted 
in the previously referenced CODSLA report. A 
cursory review of a large number of Comptroller 
General's Decisions makes it apparently clear 
that his willingness (and ability) to review 
evaluations of major factors (whether includ- 
ing PP or not) is considerably circumscribed. 

WHERE THE CHARACTERISTICS OF THE PRODUCT OR 
PROCUREMENT PRESENT LITTLE UNCERTAINTY OR RISK, 
INFORMATION ON "PAST PERFORMANCE" IS LESS IM- 
PORTANT 

If the function of PP is to decrease the risk 
of unsatisfactory future performance, this 
finding is relatively obvious. Most of the 
examples concerned products outside the scope 
of this study:  commercial, off-the-shelf 
products, standard items, repeat buys.  In the 
commercial sector, this appears to be a com- 
monsense distinction, including cases where 
the governmental practice does not follow. 
For example, one interviewee in the commercial 
sector pointed out that he would never bother 
with PP if he is dealing with a supplier with 
an established reputation, and, in this con- 
text, this apparently extends to a more gener- 
al inquiry into capability.  It appears that, 
at least in competitive procurements, the 
governmental practice requires at least a pro 
forma evaluation of capability. 

A different aspect is presented by the use of 
alternative means to minimize risk.  In the 
commercial sector, use is made of performance 
bonds, samples, benchmarks, trial orders, war- 
ranties, and other techniques to minimize the 
risk of unsuccessful performance.  While these 
techniques are also available and used in the 
governmental sector, both ease in use and ef- 
fectiveness appear, except in some cases, to 
be limited by the additional formalities and 
complexities involved. 

WHERE THE PROCUREMENT PRESENTS SIGNIFICANT Kl- 
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CERTAINTIES AND RISKS, INFORMATION ON "PAST 
PERFORMANCE" IS USEFUL 

Particularly where the procurement concerns a 
complex, technical equipment or system, the 
uncertainties and risks are sufficiently large 
to force the purchaser to seek "all the help 
he can get."  In the commercial sector, at 
least those parts which were contacted, any 
information which would contribute to decreas- 
ing the uncertainty of future performance was 
sought out and used in the evaluation.  The 
size of the procurement, i.e., its dollar size 
as well as the amount of uncertainty and risk, 
appears to dictate the scale of effort; large 
programs justify a more extensive and elaborate 
(and expensive) inquiry and evaluation process; 
smaller projects warranted a more modest ef- 
fort.  Particularly, in decentralized organi- 
zations, the form followed was established by 
the immediate purchasing element, based upon 
past practice and the perceived uncertainty. 
Throughout the governmental sector, policies 
(and regulations) have formalized different 
scales of effort according to the size (and 
sometimes the nature) of the procurement; how- 
ever, it appears that the formalities are con- 
siderably less flexible for large programs, 
i.e., systems and subsystems of the size and 
visibility which come under OMB Circular A-1G9, 
than for smaller systems and equipments.  In 
the latter case, it appears that the scope of 
effort and the extent of obtaining and using 
?P varies according to the perception of how 
it will contribute to reducing risk or uncer- 
tainty. 

CHARACTERISTICS OF THE SUPPLIER HAVE MORE EF- 
FECT UPON THE USE OF "PAST PERFORMANCE" IN- 
FORMATION IN THE COMMERCIAL SECTOR 

As a general rule, the commercial sector uses 
PP information when it is perceived to con- 
tribute to the acquisition decision; there are 
few, if any, "requirements" to use PP, and 
there do not appear to be any restrictions. 
'.vhether the supplier is sole source or com- 
peting against others, PP will be used if it 
will help.  A previous supplier usually pre- 
sents much less uncertainty than a new sup- 
plier, resulting in a great difference in use. 
Where the supplier is much smaller (and has 
less economic power), PP is used as much as 
is required; where the supplier is much larger 
(and has more economic power), it may not be 
possible to insist on receiving detailed in- 
formation, whether needed or not. 

In the governmental sector there is, generally, 
less flexibility.  Whether sole source or com- 
petitive, the forms and procedures are to a 
degree standardized, although it appears that 
PP is less likely to be used, except pro forma, 
where it is not needed.  With previous suppli- 
ers (or, more narrowly, current suppliers on 
directly held contracts), little use of PP is 
apparently made, unless there is some soecific 

area of interest.  The treatment of new suppli- 
ers (or, more generally, suppliers who are 
"new" to the procuring organization) varies 
considerably.  In some cases, a nominal check 
is made, in other cases extensive use is made. 
As is true with the commercial sector, there 
is some preference for previous suppliers, but, 
when faced with the new, there is not the uni- 
form examination of past performance.  Finally, 
differences in size in suppliers does not seem 
to have a strong effect. 

THE SPECIAL CASE OF THE "NEW SUPPLIER" PRESENTS 
MORE PROBLEMS IN THE USE OF "PAST PERFORMANCE" 
INFORMATION IN THE GOVERNMENTAL SECTOR 

In the governmental sector, the assumption, if 
not also legal requirement, that all prospec- 
tive suppliers have a "right" to be considered 
presents some problems with the "new supplier," 
i.e., suppliers who are "new" to the procuring 
organization, beyond those which are faced in 
the commercial sector.  In prescreening, i.e., 
the determination of "responsibility," a pre- 
vious supplier, particularly a current suppli- 
er, will have a record of PP which may be both 
(or either) "bad" and "good"; while both "good" 
and "bad" are potentially relevant to questions 
of capability, the "bad" is specifically a fac- 
tor to be considered with respect to "past per- 
formance," under the laws and regulations.  For 
a "new" supplier, the absence of any PP, or, in 
most cases, an absence of clearly relevant and 
visible PP, will give him a "free ride" with 
respect to the latter requirement.  This pre- 
sents a comparable, but, perhaps, lesser, prob- 
lem in using PP as an indicator of other fac- 
tors; there may be little or no PP (or exper- 
ience), "good" or "bad," to consider.  The more 
extreme (and, perhaps, rare) problem occurs 
when the supplier is not only "new" to the 
purchasing organization but is also a "new" or- 
ganization; here, the supplier has no PPI  And 
this ^ay be compounded, again, perhaps, rarely, 
where the subject of the procurement is "novel" 
and there are no suppliers with PP (or exoeri- 
ence). 

To the extent this is a problem, there are a 
variety of practices to deal with it.  Even 
with previous suppliers, changes in personnel 
or the "novelty" of the procurement aav de- 
crease the value (or availability) of conven- 
tional PP of the supplier; if the PP is to as- 
sess some factor related to capability or 
"track record," the ?P of the individual, even 
if with a previous employer, may be relevant 
(especially with regard to technical comoe- 
tence), and PP of the supplier on other, dif- 
ferent programs may be relevant, at least with 
respect to underlying performance characteris- 
tics.  It appears, however, that there is a 
generally higher reluctance to draw upon these 
in the governmental than in the commercial 
sector. 

ONLY IN THE GOVERNMENTAL SECTOR ARE THERE 
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SIGNIFICANT FORMAL LEGAL CONSTRAINTS ON THE 
USE OF INFORMATION ON "PAST PERFORMANCE," AND 
THESE ARE PRIMARILY IN THE DETERMINATION OF 
"RESPONSIBILITY"; THERE ARE, HOWEVER, ADDI- 
TIONAL INDIRECT EFFECTS UPON MORE GENERAL USE 

In che governmental sector, the term "past 
performance" appears explicitly in laws and 
regulations, and appears to be even used as a 
"term-of-art." The major reference appears in 
the sections of the respective governmental 
regulations concerning determination of "re- 
sponsibility" of prospective contractors, gen- 
erally, as follows: Federal Procurement (Ac- 
quisition) Regulations (now FPR, proposed FAR) 
Subpart 1-1.12—Responsible Prospective Con- 
tractors; and Armed Services Procurement (De- 
fense Acquisition) Regulations (previously 
ASPR, now DAR) Part 9—Responsible Prospective 
Contractors. The general organization and 
content of the two parts parallel, and the 
brief discussion which follows will be taken 
from the DAR (ASPR text, as of 3/26/80). 

Regulations on "responsibility" apply to both 
advertised and negotiated procurement, and es- 
tablish, generally, a policy of awarding con- 
tracts only to "responsible prospective con- 
tractors." The regulations specify "minimum 
standards" in four categories, all of which 
relate to PP but only two of which explicitly 
identify it. The first category, "General 
Standards," includes "adequate financial re- 
sources, or the ability to obtain such re- 
sources.,.", ability "to comply with the re- 
quired or proposed delivery or performance 
schedule...", "a satisfactory record of integ- 
rity...", "otherwise qualified and eligible to 
receive an award under applicable laws and 
regulations," and Che explicit reference, as 
follows: 

"(iii) have a satisfactory record of 
performance (contractors who are serious- 
ly deficient in current contract per- 
formance, when the number of contracts 
and the extent of deficiency of each are 
considered, shall, in che absence of ev- 
idence to the contrary or circumstances 
properly beyond the concrol of the con- 
tractor, be presumed to be unable to 
meet this requirement).  Past unsatis- 
factory performance, due to failure to 
apply necessary tenacity or perseverance 
Co do an acceptable job, shall be suffi- 
cient to justify a finding of nonrespon- 
sibility..." 

The second category provides "Additional 
Standards" for procurements involving produc- 
tion, maincenance, construction, research and 
development, and others as appropriate which 
specify "necessary organization, experience, 
operational controls and technical skills, or 
che abilicy Co obcain them..." and "necessary 
... facilities"; but there is no axplicic ref- 
erence to PP. 

The chird category adds further "Special Stan- 
dards" to cover "particular procurements," and 
includes the following: 

"Such special standards may be partic- 
ularly desirable when a history of un- 
satisfactory performance has demonstrated 
the need for insuring the existence of 
unusual expertise or specialized facil- 
ities necessary for adequate contract 
performance." 

The fourth, and final, category covers "Ability 
to Meet Certain Minimum Standards" which deals 
with the form of assurances the prospective 
contractor will provide where he does not have 
the present resources. 

The regulations continue, covering the "Deter- 
minations of Responsibility and Nonresoonsi- 
bility," "Procedures for Determining Respon- 
sibility of Prospective Contractors," "Sub- 
contractor Responsibility," and "Disclosure of 
Pre-Award Data." Of these, the major relevant 
discussion concerns the second, and includes 
explicit instructions for assuring that the 
proper information is obtained, including ref- 
erence to "currently valid information," main- 
tenance of "useful records and experience 
data," advising about the existence of "un- 
favorable information," a list of sources of 
information, and the use of pre-award surveys. 

In addition to these two cencral, explicit 
provisions, there are other laws and regula- 
tions which affect the use of PP, ranging from 
specific provisions which provide that the 
Small Business Administration can certify the 
"responsibility" of a small business to the 
manifold interactions of other provisions 
bearing upon the overall acquisition process. 
In che interviews, and che search of the lit- 
erature, little specific reference to other 
laws and regulations appeared, exceot for the 
review of the Decisions of the Comptroller 
General.  While there may be some uncercainty 
concerning che legal scanding of these deci- 
sions, it is clear that the opinions expressed 
have a significant impact upon che acquisition 
process and its determination. A detailed 
analysis and tracing of all of the other ref- 
erenced or implied laws and regulations appear- 
ed to be not only an endless but also a rela- 
tively unrewarding task. 

In addition Co che "laws and regulacions" re- 
ferred Co above, wichin the governmental sector 
there are, cypically, addicional detailed reg- 
ulations and other internal documents, e.g., 
manuals, guides, procedures, which serve to 
"implement" the laws and regulations and which, 
at lease for subordinate elements, have a "law- 
like" effect.  It is not always clear what 
"constraining" affect these internal regula- 
cions have, parcicularly in view of che access, 
through appeal, to an administrative level with 
authority to granc exceotions and che analogous 
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specific review of Ctie detailed process.  It 
does appear that these internal regulations, 
manuals, etc., are intended primarily as 
guides, subject to modification by the appro- 
priate authority as circumstances warrant. A 
somewhat different question arises when their 
effect is brought into question in the legal 
process (or formal administrative appeals); 
when an unsuccessful bidder "protests," wheth- 
er against an unfavorable determination of his 
"responsibility," or some issue of "fairness" 
or "reasonableness" related to PP, he may ar- 
gue that the government procuring body did not 
follow its own procedures. Based upon a cur- 
sory examination of a number of protests, it 
appears that the substantive effect of the 
variation, i.e., did the process used accom- 
plish the underlying purpose in the "laws and 
regulations," is determinative rather than 
equivalence in form.  Some confirmation of the 
above comments may be found in the extreme 
variation in the form, completeness, and 
availability of these administrative regula- 
tions, manuals, etc. While major procurements 
tend to be surrounded by formal documentation, 
it appears characteristic of smaller procure- 
ments to follow locally developed forms and 
procedures, prepared as the need arises by 
drawing upon prior procurements and experi- 
ence.  In at least two agencies, knowledgeable 
personnel were "sure" there were regulations 
and directives but "apologized" that they were 
"old" or were "being revised," or "I'll try to 
dig up a copy." In no case did this uncer- 
tainty appear to present any substantive dis- 
advantage, either in carrying out a procure- 
ment or in legal consequences. 

It is likely that there are general laws, par- 
ticularly contract laws, which have some im- 
pact upon both governmental and commercial 
sectors with respect to the use of PP.  During 
the interviews, and through the literature 
search, no explicit, significant examples were 
found, however, suggesting that the impact may 
be indirect, through affecting other, related 
processes. For example, several commercial 
interviewees mentioned that patents, licenses, 
and similar constraints affected their choice 
of a supplier.  In the commercial sector use 
of the pre-screening process (which is where 
the major impact of PP appears in the govern- 
mental sector), the general absence of any 
basis for an unsuccessful supplier to protest, 
legally, against exclusion (e.g., by a finding 
of nonresponsibility) diminishes the likeli- 
hood that the law provides significant con- 
straints.  Similarly, internal administrative 
requirements of a commercial purchaser pro- 
vide a "constraint" in a far different sense. 

The major "impact" of "laws and regulations" 
in the governmental sector appears to be in 
the perception, in some cases justified, that 
the relatively stringent rules associated with 
determination of "responsibility" are aopli- 
cable where ?P information is obtained and 

used for other purposes, e.g., in comoetitive 
or sole source evaluation.  Generally, the ac- 
quisition process, including source selection, 
must be carried out under the laws and regula- 
tions which reflect not only specific mandates 
but also broad, policy standards of conduct. 
Various terms, in specific contexts, are used 
to describe how the process shall be conducted, 
e.g., "on a reasonable basis," "without arbi- 
trary abuse of discretion," "findings based on 
substantial evidence," "fairly evaluated," 
"fair and equitable," "matter of discretion," 
and the like. These terms, and others, reflect 
varying degrees of constraint in several di- 
mensions, including, for example, the aixmnt of 
information (in the record) which must be 
available (and used) to support a decision, the 
degree to which the decision is discretionary 
(not subject to examination or "second guess- 
ing"), or the degree to which the decision may 
be affected by collateral issues (bias). 

It seems clear that the use of PP in the de- 
termination of "responsibility" is subject to 
considerable constraint, as reflected in the 
explicit standard presented in the laws and 
regulations, and these may reflect the conse- 
quences of an adverse decision—the prospec- 
tive supplier is "out of the game" before he 
has a chance to make his case, i.e., submit a 
proposal or participate in negotiations.  In 
contrast, and, generally, decisions in the 
competitive source selection stage, particu- 
larly those which are based upon consideration 
of a wide range of information and in areas 
within the special competence of the evalua- 
tors, are under less constraint, i.e., granted 
more discretion and Less subject to review. 
This appears clearly so where the evaluation 
is concerned with major factors, whether or not 
they Include consideration of PP; it aopears 
less clearly where the evaluation has "segre- 
gated" factors which "look like" and are 
"treated like" those factors explicitly in- 
cluded within the laws and regulations on de- 
termination of responsibility.  In practice, 
these distinctions do not appear to be gener- 
ally understood, resulting in hesitancy and 
confusion in the use of PP. 

In addition to legal constraints, there appear 
to be other constraints (or characteristics) 
which distinguish the governmental from the 
commercial sector.  The relative freedom to 
acquire and use PP information in the commer- 
cial sector, in both small and large firms, re- 
sults in a relatively direct and effective use, 
although there is a perception that the process 
can be improved.  In the commercial sector, the 
purchasing element characteristically draws 
upon any source at any time, including vendor 
surveys (or site visits), queries to third 
parties, and direct dialogue with the orosoec- 
tlve supplier not only before and after (i.e., 
during negotiation) the evaluation oeriod but 
also during.  Conversely, there are few or no 
affirmative (formal) requirements to use soe- 



cific sources or to conduct the evaluation in 
any particular way.  In the governmental sec- 
tor, there are constraints, particularly in 
the determination of responsibility, with 
respect to all of the above processes.  It ap- 
pears not uncommon that members of an evalua- 
tion team do not have access to information 
they consider relevant, and are limited in ob- 
taining it. For example, site visits and di- 
rect (informal) communication with the pro- 
spective supplier are, generally, if not al- 
ways, precluded during the evaluation period. 
Generally, the governnuental sector is consid- 
erably more dependent upon the offering in the 
supplier's proposal, including with respect to 
PP. 

IN THE COMMERCIAL SECTOR, THE USE OF INFORMA- 
TION ON "PAST PERFORMANCE" IS INTEGRATED INTO 
THE OVERALL SOURCE SELECTION PROCESS, IMPROVING 
BOTH EFFICIENCY AND EFFECTIVENESS 

The "integration" (or use of a systematic ap- 
proach) is, generally, so complete in the com- 
mercial sector that interviewees had trouble 
distinguishing PP from other parts of the 
process.  Characteristically, the procuring 
element treats the source selection process as 
a part of the overall acquisition process, 
drawing upon information of whatever kind is 
considered relevant, and support from whatever 
personnel resources are needed, to select the 
supplier who is likely to be able to provide 
the materials or services required.  While 
there is a wide range of variation in specific 
practice, there does not appear to be any 
characteristic special treatment of PP. 

In the governmental sector, there is consider- 
ably more Isolation and segregation, again, 
with a range of variation.  The determination 
of responsibility is, characteristically, made 
with heavy emphasis on PP, and at a separate 
time, under a separate set of rules and regu- 
lations, with information obtained by a separ- 
ate set of people, and the decision made by 
contract personnel.  In the competitive source 
selection process, the evaluation requirements 
(RFP) may be prepared by personnel different 
from those who conduct the evaluation, at 
least in part, and may include requirements 
written at different times for different pur- 
poses, often overlapping or even inconsistent, 
e.g., specific sections as contrasted with 
"boiler plate" sections. There are often or- 
ganizational constraints on the identifying 
and availability of personnel with specific 
skills, e.g., technical specialties, "users." 
Finally, the complexity and uncertainty in how 
Co treat PP increases the difficulty, at least, 
and appears to diminish the effect of PP. 

IN THE COMMERCIAL SECTOR, THE EFFECT OF "PAST 
PERFORMANCE" ON THE CONTRACT MONITORING 
PROCESS, ALTHOUGH PRIMARILY INDIRECT, IS SUB- 
STANTIAL 

Specific PP information obtained during the 

source selection process is not identified as 
being of particular significance in the moni- 
toring of the contract which follows, and this 
is true in both the commercial and governmental 
sectors.  The reason for this is apparently the 
belief that current performance information is 
not only "better" but also sufficient.  In both 
sectors, interviewees acknowledged that the in- 
formation was or could be made available; how- 
ever, individuals concerned with monitoring be- 
lieved that a "new" supplier ought to be check- 
ed closely (whatever the source selection 
process indicated), and that observation of his 
current performance (both "new" and "old" sup- 
plier) provided not only the "best" (and nest 
easily available) information on the likeli- 
hood that he would be able to perform but also 
information which would directly help in iden- 
tifying the necessary corrective action. 

It is in the treating of PP as part of a sys- 
tematic, continuing relationship between the 
purchaser and supplier that the commercial 
sector is distinguishable from the governmental 
sector.  In the commercial sector it appears 
overwhelmingly clear that both the purchaser 
and the supplier consider the current contract 
as part of a (potentially) continuing relation. 
The supplier perceives that his current per- 
formance will affect future business; if It is 
"good," he is likely to get more business, if 
it is "bad," he will surely be out. This pro- 
vides a powerful incentive to meet both the 
spirit and the terms of the contract and to 
cooperate in the monitoring process. 

In the governmental sector, comparable rela- 
tions appear to exist, although not as clearly. 
Because of the formalities in disbarment and, 
more generally, the determination of (non) re- 
sponsibility, it appears that only the most 
unambiguously and extremely "bad" PP is per- 
ceived to have a substantial effect, and that 
may be Limited in time or with respect to spe- 
cific procurement offices.  In the other di- 
rection, "good" PP is, generally, not consid- 
ered to be particularly effective In assuring 
future business, i.e., the procuring activity 
"must compete" the next contract and may be 
either constrained or otherwise unable to give 
proper weight to "good" PP.  And this tends to 
be compounded where different procurement or- 
ganizations are involved. 

SOURCE SELECTION FINDINGS 

IN THE COMMERCIAL SECTOR, THE USE OF "PAST PER- 
FORMANCE" INFORMATION IN THE HUE-SCREENING 
PROCESS IS CONSIDERABLY MORE EFFECTIVE AND 
SIGNIFICANT 

With, essentially, unlimited freedom to choose 
whom to do business with, the commercial sector 
characteristically pre-screens out all orospec- 
tive suppliers except those which, in the gov- 
ernmental sector, would be considered "-.v-ithin 
the competitive range." Where the surnose is 
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Co obtain an "acceptable supplier" (or, per- 
haps, the "best" acceptable supplier), there 
appears little interest in wasting time eval- 
uating suppliers beyond that minimum number, 
sometimes one, considered necessary to obtain 
one acceptable supplier.  The advantage of PP 
information is that it is already "available," 
is considered strongly indicative of present 
or potential capability, and it minimizes the 
cost of collection (to both the purchaser and 
the supplier).  The relative freedom to use 
any source, and, particularly, the use of a 
site visit, combines with the significant (or 
nearly absolute) discretion in screening out 
to make the contribution of PP very powerful. 
It is, perhaps, worth pointing out that the 
pre-screening is not limited to the conven- 
tional PP factors but draws upon PP to pro- 
vide an indication of the "present or poten- 
tial capability" to perform in "major factor" 
areas, i.e., "technical factors." 

In Che governmental sector, determination of 
responsibility, whether accomplished prior to 
or concurrent with Che compecicive evaluacion 
of sources, is largely constrained by laws and 
regulations, and is, generally if not always, 
carried out separately from the rest of source 
selection.  It appears, particularly in highly 
complex and technical procurements where PP 
information is of the most value, chat the de- 
cerminacion of (non)responsibility is seldom 
made.  This may be for several reasons:  the 
informal "pre-screening" which is accomplished 
in the preparation of the bidders' list not 
only delays non-invited bidders in their de- 
cision Co requesc inclusion buc also "dis- 
courages" chem if che list includes a set of 
strongly competitive bidders.  Further, there 
does not appear to be a clear "right" to be 
added Co the bidders' list (especially if it 
includes "sufficient competition"), although, 
in practice, che likelihood of inclusion upon 
(a scrong) requesc appears Co vary widely.  In 
addicion Co chis process, which cends co ex- 
clude suppliers who mighc subsequendy be 
found "nonresponsible," chere appears Co be a 
scrong percepcion chat not only is it diffi- 
cult to "find" a supplier nonresponsive (and/ 
or avoid che addicional problem of defending 
againsc a procesc) buc ic is relacively easy 
Co sort out these (unacceptable) bidders dur- 
ing the evaluation process, particularly with 
che addicion of the discriminating power of 
major factors.  Ic should be noced chac chere 
is some evidence of "pressure" Co do more, i. 
e., gee rid of clearly "bad" suppliers early 
and Co cue down on Che cose of che evaluacion 
process. 

INFORMATION ON "PAST PERFORMANCE" HAS A  PER- 
VASIVE EFFECT ON THE SOURCE SELECTION PROCESS, 
AND MUCH MORE CLEARLY SO IN THE COMMERCIAL 
SECTOR 

The commercial seceor treats information on PP 
as an integral part of che source seleccion 

process.  In all, or nearly all, cases informa- 
Cion on PP is considered jusc one of many in- 
dicacors of presenc or poceneial capabilicy 
(and, somecimes, of che underscandlng of che 
problem and proposed approach) and is used 
eicher Co escablish che capabilicy, e.g., where 
a question of che avallabilicy of appropriace 
physical facilities or an in-being process, 
such as quality control, is relevant, or to 
contribute to the evaluation of some other 
factor, e.g., che likelihood chac his cechni- 
cal ceam will be able Co carry out che promi- 
ses in Che proposal. Generally, che evalua- 
cion process in Che commercial sector is more 
direct and informal and is not characterized 
by the explicit and detailed procedural docu- 
mentation found in the governmental sector. 
Because of the potential relevance of comments 
on the governmental sector, the information to 
follow will, generally, follow the broad steps 
in the governmental process. 

Early in the acquisition process personnel are 
identified who will follow the procurement ac 
lease up uncil Che cime of award; the com- 
pleteness and coneinuicy of che "team" may 
vary, parcicularly in Che governmencal seceor, 
wich a small "core" supplemenced, ac various 
seeps, wich oehers as needed or as required by 
incernal adminiseraeive procedures.  Generally, 
in Che governmencal as well as commercial sec- 
eor, an accempc is made Co recruie che spe- 
cialized calenc particularly required bv an 
ofeen exeensive evaluacion process, and some 
of chese are funccional specialises locaced 
permanently in the contracting and engineering 
organizations and others are obtained on a 
temporary basis as "consulcancs" or on a per- 
manenc basis in aneicipacion of che formaeion 
of a projecc managemene office.  In large pro- 
curemencs, che personnel may be divided up inCo 
several different groups, often hierarchically 
related and wich very diseinccly differenC 
roles in che evaluacion process.  These vari- 
acions in recruiCmenc and organizacion may 
have a considerable impace upon how PP infor- 
macion is used.  Individuals wich specialized 
cechnical skills whose experience is limieed 
Co research or scaff posicions and who have no 
direce "hands on" experience wich performance 
on a developmenc/produceion conerace may be 
well qualified eo assess a bidder's under- 
scandlng of a cechnical problem and his propos- 
ed approach buc may also noc only be unable Co 
assess his capabilicy Co perform buc also even 
unaware of Che related and supporting factors 
(ofcen among che capabilicy faccors which are 
revealed by PP) which may be absenc in che 
cechnical proposal, or buried in some ocher, 
"uninceresting" and unavailable, section of 
che proposal encicled "pasc oerforsance."  Sim- 
ilarly, as has ofcen been observed in labor- 
acory experiments on Che human decision staking 
process, individuals who are making an "ab- 
scracc" decision, i.e., one which they do noc 
expecc Co have Co "live with," aay be consid- 
erably differenc from chose who are making a 
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real-world decision, i.e., one which has real 
consequences for them; if, as is often true, 
the members of the evaluation team are not 
those personnel who will be responsible for the 
eventual contractor's performance, their as- 
sessment of PP may be significantly different. 

Closely allied, at least in time, with the 
previous step is that of generating the pro- 
curement documentation (RFP).  Because of its 
critical importance in telling the bidders 
what information (including that on PP) is re- 
quired, and in setting the stage for the use 
of that information in the evaluation, how this 
is accomplished, and by whom, has a strong ef- 
fect upon both the obtaining and use of PP. 
The basic issue is the identification of the 
several factors to be evaluated, and how 
clearly they are presented.  Characteristical- 
ly, in the governmental sector (and in the 
commercial sector), the establishment of the 
"major factors," i.e., those critical areas 
which are believed to represent the important 
problems and disciplines, is relatively 
straightforward.  It is in their interrelation 
with one another and with "other factors" and 
the other parts of the bid set that problems 
appear.  It appears that the difficulty exper- 
ienced arises out of two unfortunate percep- 
tions:  first, that there is some requirement 
to treat some "other factors," e.g., PP, as 
different in kind from the major (technical) 
factors; second, that there is some require- 
ment that the several factors be mutually in- 
clusive and exclusive, i.e., independent.  The 
first mis-conception is easily traceable to 
the formality associated with "responsibility"; 
the second appears to be traceable to academic 
(and/or "scientific") preoccupations with mod- 
els for aggregating subjective data, and par- 
ticularly quantitative models with stringent 
data requirements.  This problem, usually lim- 
ited to the set of specially created "evalua- 
tion factors," is further compounded with the 
common occurrence of other sections of the bid 
set, usually derived from previous, different 
bid sets, which include, out of an abundance 
of over-caution, instructions which (appear to) 
describe wanted information and/or additional 
"evaluation factors," which may overlap (or 
even be inconsistent with) those set out else- 
where. 

This appears to serve to aggravate, if not 
confuse, suppliers, and, in a large proposal, 
nay require the presentation of desired infor- 
mation in places, or forms, which are relative- 
ly less accessible to the evaluation team. 
And the process for reviewing the RFP, where 
required, may well exacerbate this by ensuring 
that each specialist area "beef up" its part. 

In the governmental process, the gathering of 
information (including that on PP) is centered 
in the RFP and the proposals in response.  Be- 
yond the previous comments, there anpear to be 
only a few observations to be made here.  One 

specific issue which recurs is limitations on 
the lengths of proposals.  Apparently the major 
reason for limits is to cut down the reading 
time for the evaluation team, with ancillary 
interests in "saving the bidder the costs of 
extensive proposals" and in "eliminating irrel- 
evant material." It appears, at least among 
bidders, that a considerably more important 
(and related) objection is to extensive re- 
quests for information which is perceived to be 
less relevant to the source selection decision, 
particularly information which would be expect- 
ed to be developed by the successful contrac- 
tor, and to requests which are ambiguous and 
unclear, requiring extensive preparation to 
"cover all bases." In a few cases, the problem 
of length has been successfully handled by 
carefully identifying those factors which will 
be critical in the evaluation process, tying 
all requests for information (and all related 
documentation) explicitly to those factors, and 
carefully spelling out not only what kind of 
information is desired but also for what pur- 
pose it will be used.  This appears, generally, 
to assure that the bidder can direct his at- 
tention and resources to preparing information 
which will affect his chances, and directs the 
attention of each member of the evaluation team 
to those parts of direct interest.  This in- 
tegrated approach also minimizes problems of 
weighting (aggregation), of missing or incom- 
plete information, and in using both "good" and 
"bad" PP. 

In the governmental sector, the actual process 
of evaluation is, characteristically, relative- 
ly formal, with a number of variations reflect- 
ing adaptations within the laws and regula- 
tions.  The organization of the evaluation team 
and the RFP determines, to a large extent, the 
ease in obtaining and using PP, with variations 
in the degree to which it is treated separately 
an apparently important characteristic.  While 
the evaluation process is important and inter- 
esting, the other area which appears particu- 
larly relevant to ?P is that part of the 
process which aggregates the evaluations across 
individual evaluators and across factors.  The 
most common form appears to be as follows:  in- 
dividual reading and evaluating of soecific 
factors, with rating primarily against "ob- 
jective" scales as distinguished from a 
straight comparison of one bidder against an- 
other; various intermediate processes are used 
to aggregate across evaluators, ranging from 
mechanical aggregation of numerical scores 
(usually used for "major factors") to various 
consensus producing processes; aggregation 
across factors is accomplished by mechanical 
means, for scores, but always accomnanied by 
either the factor scores or verbal ratings (and 
comments), or both.  In chose cases (and com- 
monly) where PP information is segregated in 
separately identified factors, the rating is, 
characteristically, made verbally ('as disting- 
uished from numerical scoring), and usually 
limited Co a nominal scale.  Incarestingly, 
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there appears to be a general recognition that 
weighted numerical scores, and various methods 
of mathematical aggregation, provide guidance 
rather than confident discrimination, with 
heavy reliance on a combination of individual 
factor (and sub-factor) scores and verbal des- 
cription, e.g., "excellent," and comments, 
e.g., "bidder A is deficient with respect to 
...".  The treatment of PP information as a 
separate factor in the evaluation represents 
one of three, rather than two, approaches; at 
one extreme, characteristics usually associated 
with PP are listed as a separate factor, often 
identified as such; at the other extreme (and 
rarely), PP is fully integrated into the set of 
"major factors"; between these two extremes, PP 
may (also) be associated with specific factors, 
usually factors concerned with "management," 
"cost," physical facilities, and personnel. 
In the (relatively few) cases where PP is ful- 
ly integrated, the evaluators appear to have no 
hesitancy in using any available "good" or 
"bad" PP in assessing the bidder's likely per- 
formance with respect to the factor, and this 
would appear to be the most efficient and ef- 
fective use. Where PP information is associ- 
ated with specific factors, a degree of hesi- 
tancy appears, perhaps also characteristically 
reflected in the generally lesser weight given 
to these factors.  Finally, where PP is sepa- 
rately evaluated, it does not appear that the 
result makes any significant (direct) contri- 
bution to the overall selection process. 

The scores (and verbal ratings) may go through 
several intermediate processes before presen- 
tation to the decision-maker, and it appears 
that this, if anything, diminishes the signif- 
icance of separately rated PP as part of the 
necessary summarizing process.  Interestingly, 
it appears chat PP information may make a 
critical contribution, particularly with re- 
spect to areas of identified potential defi- 
ciency, in the process of discussions with 
bidders in the "competitive range" and, later, 
during negotiations with the successful bidder. 

SUMMARY 

The first major implication of this study is 
that past performance Information is primarily 
useful as a contributor to the reduction of 
uncertainty with respect to those major factors 
considered to determine future performance. 
The amount and kind of uncertainty and risk in 
a program, rather than the size of the program 
or its categorization as a system, subsystem 
or equipment, should determine the use.  A 
second major implication is that the use of 
past performance information in the source 
selection process (as distinguished from the 
determination of "responsibility") should be 
integrated into the evaluation of "major fac- 
tors," i.e., those otherwise identified as 
significant determinants.  The third, and last, 
major implication is that experienced person- 
nel in both government and industry are gen- 

erally quite knowledgeable about how to identi- 
fy, obtain, and use past performance informa- 
tion and should be given an opportunity to as- 
sess the findings presented here, particularly 
with respect to the specific problems they are 
faced with in a particular procurement.  It 
does not appear necessary, and it may even be 
less effective, to translate these findings in- 
to specific, mandatory changes in the present 
guidelines.  To the extent the findings are 
credible and useful, knowledgeable personnel 
can be expected to develop improved procedures 
and, where necessary, request review and ap- 
proval. 
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TABLE 1 

ISSUES AND FINDINGS 

ISSUES 

General 

WHAT TYPES OR KINDS OF BEHAVIOR ARE IN- 
CLUDED WITHIN THE DEFINITION OF "PAST 
PERFORHANCE"? 

IS "PAST PERFORMANCE" A SEPARATE CHAR- 
ACTERISTIC (OR FACTOR) OR IS IT AN IN- 
DICATOR OF OTHER PERFORMANCE CHARACTER- 
ISTICS, OR BOTH? 

DO THE CHARACTERISTICS OF THE PROCURE- 
MENT AND/OR THE SUPPLIER AFFECT THE USE 
OF "PAST PERFORMANCE"? 

DO CHARACTERISTICS OF THE PURCHASER (IN- 
CLUDING SPECIAL LEGAL REQUIREMENTS IM- 
POSED UPON HIM) AFFECT USE OF "PAST 
PERFORMANCE"? 

DOES A SYSTEMATIC OR INTEGRATED APPROACH 
AFFECT THE USE OF "PAST PERFORMANCE"? 

FINDINGS 

WITH THE EXCEPTION OF ONE SPECIFIC CON- 
TEXT, "PAST PERFORMANCE" IS DEFINED IN 
PRACTICAL TERMS 

EXCEPT IN THE PRE-SGREENING PROCESS, 
"PAST PERFORMANCE", AS A SEPARATE, 
IDENTIFIABLE FACTOR, IS OF LITTLE IN- 
TEREST IN THE COMMERCIAL SECTOR AND 
IS RELATIVELY UNIMPORTANT IN THE GOV- 
ERNMENTAL SECTOR 

INFORMATION ON "PAST PERFORMANCE" CON- 
TRIBUTES SIGNIFICANTLY TO THE EVALUATION 
OF OTHER FACTORS 

WHERE THE CHARACTERISTICS OF THE PRODUCT 
OR PROCUREMENT PRESENT LITTLE UNCER- 
TAINTY OR RISK, INFORMATION ON "PAST 
PERFORMANCE" IS LESS IMPORTANT 

WHERE THE PROCUREMENT PRESENTS SIGNIFI- 
CANT UNCERTAINTIES AND RISKS, INFOR- 
MATION ON "PAST PERFORMANCE" IS USEFJL 

CHARACTERISTICS OF THE SUPPLIER HAVE 
MORE EFFECT UPON THE USE OF "PAST PER- 
FORMANCE" INFORMATION IN THE COMMERCIAL 
SECTOR 

THE SPECIAL CASE OF THE "NEW SUPPLIER" 
PRESENTS MORE PROBLEMS IN THE USE OF 
"PAST PERFORMANCE" INFORMATION IS THE 
GOVERNMENTAL SECTOR 

ONLY IN THE GOVERNMENTAL SECTOR ARE 
THERE SIGNIFICANT FORMAL LEGAL CON- 
STRAINTS ON THE USE OF INFORMATION ON 
"PAST PERFORMANCE", AND THESE ARE PRI- 
MARILY IN THE DETERMINATION OF "RE- 
SPONSIBILITY"; THERE ARE, HOWEVER, 
ADDITIONAL INDIRECT EFFECTS UPON MORE 
GENERAL USE 

IN THE COMMERCIAL SECTOR, THE USE OF 
INFORMATION ON "PAST PERFORMANCE" IS 
INTEGRATED INTO THE OVERALL SOURCE 
SELECTION PROCESS, IMPROVING BOTH EF- 
FICIENCY .AND EFFECTIVENESS 

IN THE COMMERCIAL SECTOR, THE EFFECT OF 
"PAST PERFORMANCE" ON THE CONTRACT MONI- 
TORING PROCESS, ALTHOUGH PRIMARILY IN- 
DIRECT, IS SUBSTANTIAL 
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ISSUES 

B.  Related to Kinds of PP Information (Factors) 

HOW DOES ONE IDENTIFY (OR CHOOSE) THE FAC- 
TORS TO CONSIDER WITH RESPECT TO "PAST 
PERFORMANCE"? 

WHAT KINDS OF FACTORS ARE USED WITH RE- 
SPECT TO "PAST PERFORMANCE"? 

C.  Related Co Source of (and Methods for 
Obcainlns) PP Information 

WHAT IS THE GENERAL AVAILABILITY OF IN- 
FORMATION ON "PAST PERFORMANCE"? 

SHOULD COLLECTION OF INFORMATION ON "PAST 
PERFORMANCE" BE AN ON-GOING PROCESS OR 
SHOULD IT BE DIRECTED IN SUPPORT OF A 
SPECIFIC PROCUREMENT? 

■.JHAT ARE THE KEY SOURCES? 

D.  Related to Use of PP in Source Selection 

HOW IS "PAST PERFORMANCE" USED OTHER THAN 
IN COMPETITIVE SOURCE SELECTION? 

HOW DOES "PAST PERFORMANCE" AFFECT THE 
SOURCE SELECTION PROCESS (FORMAL EVALUA- 
TION OF COMPETITIVE PROPOSALS)? 

E.  Related to Use of PP in Contract Monitoring 

HOW IS INFORMATION ON "PAST PERFORMANCE" 
USED IN THE CONTRACT MONITORING PROCESS? 

FINDINGS 

IDENTIFYING "PAST PERFORMANCE" (OR OTHER) 
FACTORS DOES NOT APPEAR TO PRESENT A 
SIGNIFICANT PROBLEM, AND THERE DO NOT 
APPEAR TO BE ANY THAT ARE PARTICULARLY 
NOVEL OR EFFECTIVE 

PRACTICALLY ANY FACTOR CAN BE USED WITH 
"PAST PERFORMANCE", ALTHOUGH THERE ARE 
DIFFERENTIAL USES, PARTICULARLY IN 
THE GOVERNMENTAL SECTOR 

INFORMATION ON "PAST PERFORMANCE" IS, 
GENERALLY, MORE AVAILABLE IN THE COM- 
MERCIAL SECTOR 

WHILE ON-GOING PROCESSES, PARTICULARLY 
THOSE ESTABLISHED FOR SOME INDEPENDENT 
PURPOSE, ARE USED AS A SOURCE FOR IN- 
FORMATION ON "PAST PERFORMANCE", THE 
MAJOR DEPENDENCE IS ON INFORMATION OB- 
TAINED DIRECTLY FOR THE SPECIFIC PRO- 
CUREMENT 

SOURCES OF INFORMATION ON "PAST PER- 
FORMANCE" ARE GENERALLY WELL KNOWN, 
WITH SOME DIFFERENCES IN USE BETWEEN 
THE SECTORS 

IN THE COMMERCIAL SECTOR, THE USE OF 
"PAST PERFORMANCE" INFORMATION IN THE 
PRE-3CREENING PROCESS IS CONSIDERABLY 
MORE EFFECTIVE AND SIGNIFICANT 

INFORMATION ON "PAST PERFORMANCE" HAS 
A PERVASIVE EFFECT ON THE SOURCE SELEC- 
TION PROCESS, AND MUCH MORE CLEARLY SO 
IN THE COMMERCIAL SECTOR 

INFORMATION ON "PAST PERFORMANCE" OB- 
TAINED DURING THE SOURCE SELECTION 
PROCESS HAS LITTLE SIGNIFICANT, CON- 
TINUING EFFECT UPON THE SUBSEQUENT CON- 
TRACT MONITORING PROCESS 
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STRATEGIC AND CRITICAL MATERIALS 
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ABSTRACT 

Accelerating defense programs will require 
significantly increased supplies of special 
property materials that have temperature-, 
corrosion-, and abrasion-resistant properties. 
Estimates of DOD requirements for such 
materials must be developed at the sub- 
contractor levels where they can be Quantita- 
tively and qualitatively identified. ' The need 
for specialized processing and fabricating 
facilities must also be identified. 

Accelerating defense programs will aenerate 
increased demands for such materials as 
chromium, cobalt, columbium, molybdenum, 
nickel, platinum, tantalum, and titanium. 
Materials resistant to high temperatures, 
corrosion, and erosion are necessary to impart 
high oerformance characteristics to many items 
of sophisticated military materiel. For 
example, the Pratt i  Whitney F-100 Turbofan 
engine for the F-15 and F-16 planes requires 
5,365 lb of titanium, 5,204 lb of nickel, 
1,656 lb of chromium, 910 lb of cobalt, 720 lb 
of aluminum, 171 lb of columbium, and 3 lb of 
tantalum. Only a limited number of materials 
possess high temperature resistance (Fig. 1) 
and the U.S. currently uses a substantial 
portion of world production thereof (Fig. 2), 
many of which come from distant and 
potentially unreliable sources (Fig. 3). The 
USSR has long been conscious of the require- 
ments for such materials (Fig. 4). 

Fig. 2 

U.S. 1981 USE AS A % OF WORLD MINE PRODUCTION 

Fig.  4 
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The problem now confronting DOD is how to get 
defensible estimates of future requirements 
when multifarious war plans are required to 
meet a broad spectrum of contingencies rang- 
ing from minor insurrections to global nuclear 
devastation, and future service roles and 
missions are not completely defined. When the 
material requirements probably first emerge 
at the 4th or 5th tier subcontractor, what is 
to be done? DOD should make no effort to 
calculate the requirements for all materials 
for all materiel programs - it can't be done. 
Indeed, in the case of most coranon materials 
such as steel, copper, and aluminum, DOD 
should attempt only to assess the materials 
and special processing needs (such as for 
forgings and castings) for the few programs 

that would use either large quantities or un- 
usual shapes or forms, for example: a World 
War II type ship-building program, a major 
tank program, or a massive military and 
defense industry site hardening program.  In 
the case of other materials, DOD efforts 
should be narrowly focused on high performance 
systems reaching down beyond the prime con- 
tractors to the 4th and 5th tier subcontract- 
ors to get at the specific quantitative and 
qualitative needs for such materials as 
columbium, tantalum, cobalt, titanium, 
platinum, beryllium, zirconium, and rhenium, 
that possess unique properties not required 
for normal civilian usage. Further, attention 
should be focused not just upon raw materials 
requirements but also upon the specialized 
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MINERALS AND 

METALS 

NET IMPORT RELIANCE   AS A PERCENT 

OF APPARENT CONSUMPTION 

OS         25%        5D%         75%        101 
I             I              I              1              I 

COLUMBIUM 100 E 
OIAMONO (indiuirial sumo) loo E" 
GRAPHITE (nioiral) IOO E 
MICA Ishitil loa EZ 
STaoNnuH 100 [~ 
MANGANESE 91 B 1! 

BAUXITE Si ALUMINA 94 C 1 1 
COBALT 31 B II 
TANTALUM 9i m  r i 
CHROMIUM 90 C (   i 
FLUORSPAR 35 C i     I 
PLATINUM—GROUP METALS nm l    l 
ASBESTOS so m „    ,, .,.„r  ,.._1 

TIN so m         i      i 
NICKEL 72 E:  i    —i 
POTASH 68 E i          i 
ZINC S7E '(          i 
CAOMIUM 63 E . ... .i 
TUNGSTEN 52 E i                i 
ANTIMONY 51 E i                 i 
SILVER 50 E m ■ 1 
SELENIUM 49 E 
BARIUM 43B i                 i 
TITANIUM |ilm<mnl 43E i                 i 
VANADIUM 42 E 
MERCURY 39 E ! 
GYPSUM 37 E ,  :     1 
IRON ORE 23 E 1 
IRON & STEEL 19 E ■ 1 

LEAD io E 1 
GOLD 7 E 
SULFUR 7 E 
COPPER 5E 

0% 
■—1  

25% 
1             1              ! 

50%         75%        100 

r MAJOR FOREIGN SOURCES 
(1977-1980) 

Q^ SUBSTAHTlAl aUAtmTIES ABE IMPOBTtD fOR BUTIIE. 

BHEDIUtt MO ZIBCON. 04T4WITBHEID TO 

AVOID OlSClOSIdO COMPAUT BBCPRIETABY DATA 
BHAZIU CANADA. THAILAND 

IREUNO, REP. OF SOUTH AFRICA. BELG.-LUX.. U.K. 

MEXICO. REP OF KOREA. MADAGASCAR. U.S.S.R. 

INDIA. BRAZIL. MADAGASCAR 

MEXICO 

REP. OF SOUTH AFRICA. GABON. FRANCE BRAZIL 

JAMAICA. AUSTRAUA. GUINEA. SURINAME 

ZAIRE. BELG.-LUX. ZAMBIA. FINUNO 

THAILAND. CANADA. MALAYSIA. BRAZIL 

REP  OF SOUTH AFRICA. PHILIPPINES. U.S.S.R.. FINLAND 

MEXICO. REP. OF SOUTH AFRICA. SPAIN. ITALY 

REP. OF SOUTH AFRICA. U.S.S.R.. U.K. 

CANADA. REP. OF SOUTH AFRICA 

MALAYSIA. THAILAND. BOLIVIA. INDONESIA 

CANADA. NORWAY. BOTSWANA AUSTRALIA 

CANADA ISRAEL 

CANADA MEXICO. SPAIN. AUSTRALIA 

CANADA. AUSTRALIA. MEXICO. BELG.-LUX. 

CANADA BOLIVIA. MAINLAND CHINA. THAILAND 

REP. OF SOUTH AFRICA. BOLIVIA. MAINLAND CHINA. MEXICO 

CANADA. MEXICO. PERU. U.K. 

CANADA. JAPAN. YUGOSLAVIA 

PERU. MAINLAND CHINA, IREUND. MOROCCO. CHILE 

AUSTRALIA. CANADA. REP OF SOUTH AFRICA 

REP. OF SOUTH AFRICA. CHILE. CANADA 

SPAIN. ALGERIA. JAPAN. ITALY 

CANADA. MEXICO, JAMAICA 

CANADA. VENEZUELA. BRAZIL LIBERIA 

JAPAN. EUROPE. CANADA 

CANADA. MEXICO. PERU 

CANADA. U.S.S.R.. SWITZERLAND 

CANADA. MEXICO 

CHILE. CANADA PERU. ZAMBIA 

H-4 



capacity for processing such raw materials 
through each stage to the finished product, 
including forging, welding, machining, etc. 
And as we become increasingly involved in 
international procurement, we must also con- 
sider the needs of our Allies, who are more 
dependent upon imports of many materials than 
is the United States. 

Several clear historical examples of 000 
success in assuring adequate supplies of 
special property materials for military pur- 
poses follow: 
Columbium-Tantalum: In the late 1940's DOD 
told the National Security Resources Board 
that columbium and tantalum - high temperature 
metals - were of particular importance to the 
emerging jet engine programs. Prior to the 
Korean War U.S. and Allied studies concluded 
that only 1 million lbs per year could be 
produced world-wide. Nevertheless, early in 
the Korean War a worldwide 100S bonus program 
under Title III of the Defense Production Act 
resulted in such an expansion of supply that 
in only 3 years the U.S. stockpile alone 
acquired 15 million lbs meeting specifications, 
while additional supplies were also available 
for military and industrial uses. 
Tungsten: At the start of the Korean War DOD 
made known its needs for large quantities of 
tungsten for high velocity armor-piercing 
projectiles. Domestic mine production was 
then only half of normal U.S. industrial needs 
and the other half came from imoorts, largelv 
from China. A DPAct domestic purchase 
program at S63 a short ton unit (about 4 times 
the previously prevailing price) quadrupled 
domestic mine production of tungsten in 
2 years, met the needs of the HVAP program, 
and more than filled stockpile goals to the 
point that the U.S. Government is still sell- 
ing surplus tungsten at prices more than 
double S63. 
Titanium-Zirconium: Recognizing that titan- 
ium metal although twice as heavy as aluminum 
was six times as strong, OOD advocated a 
titanium expansion program in the Korean War 
which in a few years created a viable 
domestic titanium metal industry through 
guaranteed contingent procurement contracts 
under Title III of the DPAct. Titanium metal 
was thus made available for military airplanes 
and ships, and for chemical industry appli- 
cations. Later, similar metallurgical 
processing technology was utilized to develop 
zirconium for nuclear reactors for military 
and civilian applications. 

Strategic stockpiles have played a major role 
in U.S. defense planning ever since World 
War II. The Strategic and Critical Materials 
Stock Piling Revision Act of 1979, PL 96-41, 
reaffirmed the need for stockpiling, conserva- 
tion, and development of domestic sources. It 
specified that ''the purpose of the stockpile 
is to serve the interest of national defense 

only and is not to be used for economic or 
budgetary purposes," and that "the quantities 
of the materials stockpiled should be 
sufficient to sustain the United States for 
a period of not less than three years in the 
event of a national emergency." The Act also 
reaffirmed the need to develop domestic re- 
sources. At current prices the overall stock- 
pile status as of early 1982 was about as 
follows: 

S20 billion - cost of all goals 
8  "   - on hand toward goals 
5  "   - excesses that could be sold 

Table 1 lists the 93 materials singled out 
by the U.S. Government as "basic stockpile 
materials," largely on the basis of imoort 
vulnerability. Several of the 93 materials 
have been recognized as stockpile candidates 
ever since World War I, while newer ones have 
been added to the list only after research 
and development have proved their utility, 
such as titanium. 80 of the stockpile 
materials are of mineral origin and 13 are 
of agricultural origin. However, it would 
be fallacious to conclude that only the 93 
are strategic. For example, neither steel, 
nor iron ore, nor coke, nor coking coal, nor 
limestone is on the stockpile list, yet steel 
is considered a highly strategic material in 
every modern economy. In 1980 the Congress 
declared that "energy" is a strategic and 
critical material, and petrolum is stockpiled 
by the Department of Energy, while helium 
is stockpiled by the Bureau of Mines. 
Despite the large domestic synthetic rubber 
industry developed in World War II, natural 
rubber, a major stockpile item, is still a 
preferred material for tires for aircraft 
and many off-the-road vehicles because it 
resists high temperatures and abrasion. 
Materials have been removed from the stockpile 
list because substitutes or alternates have 
been found. For example, hog bristles for 
paint brushes have been replaced by tapered 
nylon, and Egyptian extra long-stable cotten 
by domestic sea island cotton and/or 
synthetic fibers. The Federal Emergency 
Management Agency (FEMA) oversees stockpile 
management, while the General Services 
Administration (GSA) buys, sells, rotates, 
and stores stockpile materials. 

The Defense Production Act of 1950, as 
amended, currently in effect through 
September 30, 1982, provides the basis fo 
defense mobilization efforts. Title I cf 
DPAct provides specific authority for pri 
ties and allocations, and Title III provi 
broad authority for expanding suoolies of 
materials - making specific provisions fo 
exploration, development, and mining of 
strategic and critical minerals and metal 
and the development of substitutes for 
strategic and critical materials. The 
definition of "materials" in the DPAct is 
very broad, viz: "The word "materials" s 
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FEMA'S STOCKPILE GOALS, (DESIRED INVLNIORY MIX) 
AS Of SEPTEMBER JO, 1981 

AMU [NVENTORIES 

Aluminum lletal Group 
(Alumina) 
(Aluminum) 
(Bauxite, Metal Grade, Jamaica Type) 
(Bauxite, Metal Grade, Surinam Type) 

Aluminum Oxide, Abrasive Grain Group 
(Aluminum Oxide, Abrasive Grain) 
(Aluminum Oxide, Fused, Crude) 
(Bauxite, Abrasive Grade) 

Antimony 
Asbestos, Amosite 
Asbestos, Chrysotile 
Bauxite, Refractory 
Beryllium Metal Group 

(Beryl Ore 11% BeO) 
(Beryllium Copper Master Alloy) 
(Beryllium Metal) 

Bismuth 
Cadmium 
Castor Oil (Sebacic Acid) 
Chromium, Chemical S Metallunjical Group 

(Chromite, Chemical Grade Ore) 
(Chromite, Metallurgical Grade Ore) 
(Chromium, Ferro, High Carbon) 
(Chromium, Ferro, Low Carbon) 
(Chromium, Ferro, Silicon) 
(Chromium, Metal) 

Chromite. Refractory Grade Ore 
Cobalt 
Columbium Group 

(Columbium Carbide Powder) 
(Co Iumh i urn Concentrates) 
(Columbium, Ferro) 
(Columbium, Melal) 

Copper 
Cordage Fibers, Abaca 
Cordage Fibers, Sisal 
Oiamond, Industrial Group 

(Diamond Dies. Small) 
(l)iamnnd. Industrial, Crushing Bor I) 
(Diamond, Industrial, Stones) 

Feathers & Down 
Fluorspar, Acid Grade 
Fluorspar, Metallurgical Grade 
Graphite. Natural - Ceylon. Amorphous Lump 

Malagasy. Crystalline 
Other than Ceylon fi Malagasy 

Graphite. Natural 
Graphite. Natural 
Iodine 
Jewel Bearings 
lead 
Manganese Oioxidi -. Battery Grade Group 

(Manganese. Battery Grade, Natural One) 
(Manganese, Battery Grade, Synthetic Dioxide) 

Goal inventory 

7,150,000 ST Al 3,444,064 
0 0 

700,000 ST 1.733 
21,000,000 LDT 8.858,881 
6,100,000 LDT 5.299.596 

638,000 ST Abrasive 259,124 
0 ST    Grain 50,904 
0 ST 249,867 

1,000,000 ICT 0 
36,000 ST 40,730 
17,000 ST 42,534 
3,000 ST 9,968 

1,400.000 LCT 174,599 
1,220 ST Be Metal 1.061 

18,000 ST 17.987 
7,900 ST 7.387 
400 ST 229 

2,200,000 IB 2.081.298 
11,700,000 IB 6.328.809 
22.000.000 IB 12.624.243 
1,353.000 ST Cr Metal 1,324,921 
675.000 SDT 242,414 

3.200.000 SDT 2,488.043 
185.000 ST 402.696 
75,000 ST 318.892 
90,000 ST 58.355 
20,000 ST 3,763 

850,000 SUT 391,414 
85,400,000 LB Co 40,802,393 
4,850.000 LB Cb Metal 2,510.528 

100,000 LB Cb 21.372 
6,600,000 LB Cb 1.780.463 

0 1 B Cb 9)0.911 
0 LB Cb 44.861 

1,000.000 SI 29.048 
155.000.000 111 0 
60.000.000 IB 0 
29.700,000 KT 41.939.184 

60,000 PC 25.473 
22,000,000 KT 23.692.782 
7,700,000 KT 18,233.666 
1,500,000 IB 0 
1,400,000 SDT 895.983 
1,700,000 SDT 411.738 

6.300 ST 5.499 
20,000 ST 17.904 
2,800 ST 2.804 

6.800.000 IB 8.013,074 
120.000.000 PC 69.908.738 

1.100.000 ST 601.036 ' 
87.000 SOT 222,136 
62.000 SDT 219,125 ' 
26,000 SDT 3,011 

Goal 

Manganese, Chemical S Metallurgical Group 
(Manganese Ore, Chemical Grade) 
(Manganese Ore, Metallurgical Grade) 
(Manganese, Ferro, High Carbon) 
(Manganese, Ferro, Low Carbon) 
(Mairganese. Ferro. Medium Carbon) 
(Manganese, Ferro, Silicon) 
(Manganese, Metal, Electrolytic) 

Mercury 
Mica, Muscovite, Block, Stained ,'. Better 
Mica, Muscovite Film, 1st 8. 2nd Qualities 
Mica, Mirscovite Splittings 
Mica, Phlogopite Block 
Mica, Phlogopite Splittings 
Molybdenum Group 

(Molybdenum Oisulphlde) 
(Molybdenum, Ferro) 

Nickel 
Opium Group 

(Opium Gum) 
(Opium, Salt) 

Platinum Group Metals, Iridium 
Platimrm Group Metals, Palladium 
Platinum Group Metals, Platinum 
Pyrethrrjrn 
QirarU Crystals 
Quinidlne 
Quinine 
Rubber 
Rutile 
Sapphire I Ruby 
Silicon Carbide. Crude 
Silver (fine) 
Talc. Steatite Block S 
lantalirm Group 

(Tantalum Carbide Powder) 
(Tantalum Metal) 
(Tantalum Minerals) 

Tlroriirm Nitrate 
Tin 
Ti tanium Sponge 
Tungsten Group 

(Tungsterr Carbide Powder) 
(Turrgsten, Ferro) 
(Tungsten Metal Powder) 
(Tungsten Ores i  Concentrates) 

Vanadium Group 
(Vanadium. Ferro) 
(Vanadium Pentoxirte) 

Vegetable Tannin Extract. Chosnut 
Vegetable Tanrrln Extract, Quebracho 
Vegetable Tannin Extract, Wattle 
Zinc 

Source: 

Inventory 

Lump 

1,500,000 ST Mn Metal 1,970.715 
170,000 SDT 221.044 

2.700,000 SDT 3.370,085 
439,000 ST 599,978 

0 ST 0 
0 ST 28,920 
0 ST 23,574 
0 ST 14,172 

10,500 Flasks 191,391 
6,200,000 LB 5,212,444 

90,000 LB 1,274,489 
12,630,000 LB 19,035,147 

210,000 LB 130,745 
930,000 LB 1,704,097 

0 0 
0 0 
0 0 

200,000 ST Ni + Co 0 
130,000 AMA LB 71,303 

0 AMA LB 31,795 
130,000 AMA LB 39,508 
98,000 TrOz 16,991 

3.000.000 TrOz 1,255,003 
1,310.000 TrOz 452,640 
500.000 LB 0 
600,000 LB 2,128,149 

10,100,000 Av Oz 1,800,462 
4,500.000 Av Oz 3,246,164 
864.000 ML 120,508 
106.000 SU1 39,186 

0 KT 16,305,502 
29,000 ST 80,550 

0 TrOz 139,500,000 
28 ST 1,092 

7.160.000 LB Ta Metal 2.391,940 
i) 18 Ta 28,688 
0 LB Ta 201,133 

8.400,000 LB Ta 2,551,302 
600,000 LB 7,131,812 
42,700 MT 201,535 

195,000 ST 32,331 
50,666,000 LB M Metal 80,047,625 
2,000,000 IB W 2,032,942 

0 LB W 2,025,361 
1,600,000 tl) II 1,898,911 

65,450,000 LB W 87,062,763 
8,700 ST V Metal 541 
1,000 ST V 0 
7,700 ST V 541 
5.000 LT 16,393 
28.000 LT 140,810 
15.000 LT 16.399 

1,425.000 ST 376,310 
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include raw materials, articles, commodities, 
products, supplies, components, technical 
information, and processes." In 1980 S3 
billion was made available under the DPAct 
for synfuels, but funding for nonfuel 
minerals was not available as of this date. 
The creation or enlargement of domestic 
productive capacity, if it can be done at 
reasonable prices should in most case provide 
greater flexibility than stockpiles. In fact, 
one ton of domestic productive capacity is 
equal to three tons of stockpiled material 
under current stockpile planning. During the 
Korean War DPAct supply expansion programs 
totalled over $8 billion and in addition to 
examples cited earlier in a few years these 
programs doubled U.S. aluminum production, 
increased U.S. copper mine capacity by a 
quarter, initiated U.S. nickel mining, and 
expanded supplies of many other materials for 
production needs and stockpiles. 

The Korean War machine-tool program is an- 
other outstanding example of the use of 
Title III to strengthen the defense industrial 
mobilization base expeditiously. Before the 
war, DOD and Commerce had identified typical 
machine tools that would be needed in a 
mobilization. During the war, acting under 
authority granted by Title III, GSA avoided 
usual delays associated with securing defense 
appropriations and completing the contracting 
process by placing orders for these tools 
directly with the manufactures. If the tool 
builder was unable to furnish an order by 
the established completion date, GSA promised 
to pay 82.5%  of the list price anyway. Pro- 
duction of tools under this program was 
prompt; tools were ready when needed by 
defense subcontractors. The machine tool 
backlog dropped from 18 months in January 
1952 to 12 months by September 1952 and to 
7 months by July 1953. Orders placed under 
this arrangement covered more than 92,000 
machine tools and totalled more than SI.3 
billion. Program losses amounted to less 
than S3 million, or substantially less than 
1 percent. 

Also available under section 708 of the 
DPAct is authority to enter into voluntary 
agreements with manufacturers, which, though 
restricted to specific, limited objectives, 
are immune from antitrust laws and the Fed- 
eral Trade Commission Act. During the 
Korean War, the Attorney General approved 77 
such voluntary agreements. Several agree- 
ments involving Army integration committees, 
including those for ammunition loading, 
propellants and explosives, and small arms 
ammunition, are still in standby status. 
Properly utilized, these voluntary agree- 
ments can allow DOD to more efficiently 
allocate the limited resources of the defense 
industrial base. 

Pursuant to Executive Orders 10480 and 11490, 
under the DPAct, FEMA is in overall charge of 
emergency planning and program execution for 
strategic materials. FEMA utilizes the 
regular line departments and agencies to the 
maximum extent possible. The Department of 
the Interior is, in general, responsible for 
mines, concentrating plants, and refineries, 
and for the ores, concentrates, and other 
materials treated in such facilities. The 
Department of Agriculture is responsible for 
food resources, including vegetable and 
animal fats, oils, and fibers, and naval 
stores. The Department of Energy is responsi- 
ble for fuels and energy. The Department of 
Commerce is responsible for facilities and 
materials that are further along in the chain 
of processing and utilization, and it main- 
tains the Defense Materials System and the 
Defense Priorities System to channel 
materials to defense and defense-related 
production. Steel, copper, aluminum, and 
nickel alloys have long been designated as 
"controlled materials." In a supply dis- 
ruption, the first action would be to monitor 
exports, followed, if necessary, by export 
controls. The Export Administration Act of 
1979 authorizes the Department of Commerce to 
use export controls to restrict exports 
detrimental to U.S. national security, to 
further U.S. foreign policy, or to protect 
the domestic economy from the excessive drain 
of scarce materials and to reduce the serious 
inflationary impact of foreign demand. A 
worsening supply situation would require 
imposition of a system of priorities under 
Title I of the Defense Production Act, whereby 
rated orders would have to be filled first. 
If priorities proved to be inadequate, they 
would be followed by a system of allocations, 
also authorized by Title I. Interior, 
Agriculture, Energy, and Commerce would 
implement priorities and allocations in their 
respective areas of responsibility. At some 
point in a serious shortage situation re- 
course to the strategic stockoile might be 
required. The Stock Piling Act provides for 
release at any time the President determines 
such materials are required for purposes of 
the national defense. Export controls, 
priorities and allocations, and stockpile re- 
leases, however, are only temporary measures 
of limited effectiveness. In contrast supply 
expansion programs under Title III of the 
Defense Production Act would bring in addi- 
tional supplies from domestic and strategi- 
cally accessible sources. Interior, 
Agriculture, Energy, and Commerce, as appro- 
priate, would recommend needed expansion 
programs to FEMA, which would then authorize 
the appropriate agencies to implement them. 

EXTENSION OF THE DEFENSE PRODUCTION ACT, 
NOW SCHEDULED TO EXPIRE SEDTEMBER 30, 
IS AMONG OUR HIGHEST PRIORITIES. 
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SURGE  INITIATIVES:    A NEW  CONCEPT TO MEET CRISIS   IN  THE   FTr,HTTF9 

George T.  Nickolas 

Chief,  Policy,   Plans,  and  Control   Division 
Procurement  and  Production  Policy and   Plans  Office 

Headquarters,   US Army Armament Materiel   Readiness   Command 
Rock  Island,   Illinois  51299 

PURPOSE 

The  purpose of this  paper  is  to  provide  Depart- 
ment of Defense  (DOD)  personnel   with informa- 
tion on how contracts can  be  structured  to 
gather data  on the defense  industrial   tase 
capability to meet  anergencies.    It will   also 
provide  industry with an understanding of the 
need  for providing accurate  information on 
their  subcontractors.    This data  will   facili- 
tate realistic  planning and  enhance  the readi- 
ness of the armed  services.    This  paper 
further calls attention  to  the contract  pro- 
curement  leadtimes and allows  DOD to acceler- 
ate contractor production and deliveries   to 
meet  surge  situations  in a minimum period  of 
time. 

BACKGROUND 

In 1979 and  1980,  people  in the  Government were 
concerned  about  the ability of the US  indus- 
trial   base to rapidly increase  production 
rates  to meet crisis.    Many questions were 
raised  during  this  period  on  the ability of the 
US Army Armament Materiel   Readiness  Canmand 
(ARRCOM)   to meet  a  rapid acceleration of 
demands  to  support  the Army and  the  Department 
of Defense  (DOD)  as the Single Manager for  Con- 
ventTonal   Anmunitlon.     Could ARRCOM obtain a 
quick response  from  their contractors to  aro- 
duce more  in  a  short  period  of time?    The' 
acceleration of contractors  became  known as 
Surge."    The  key question was  under  what 

conditions would  this  situation  evolve'    Surge 
wuld  result  from a need  to  support exceptional 
or unusual  military requirements   short of  war- 
a  situation  where  there would   be a commitment' 
of the  Rapid  Deployment  Forces.     It would also 
nappen during the  '.earning period  prior  to  a 
declared  national   anergency or  to  fill   foreign 
military requirements under a support agree- 
ment.     It could  also conceivably happen  if^we 
needed  to aid  a friendly foreign  government 
with military equipnent and  other  logistical 
support,   but MHJld  not  require deployment  of 
US  Forces.    Regardless of the  particular char- 
acteristics of the  scenario,  the  situation 
would   require  the  providing of equipment  and 
ammumtion  in a  short  period of time,  attain- 
ing  sustained  high levels of production for 
extended  periods,  and  then  the  resupply efforts 
for  the duration of the crisis  or  anergency. 

In early 1980    the Chief of the  Procurement and 
Production  Pol icy and  Plans Office,  HO.  ARRCOM 
tasked the Chief of the  Policy,  Plans, and 
Control   Division  to develop and   implement a 

policy covering  "surge"  for  use  in ARRCOM con- 
tracts.    We vers to  publish a policy that would 
provide  standard contract language for use of 
contracting  personnel   of ARRCOM  in our con- 
tracts for  selected  items.    The concept would 
authorize the contracting officer to  "surge" a 
contractor's  production to  satisfy military 
consumption rate,   if in a  hot  war;  the 
requirements of deployed  forces;  or needs of a 
friendly fbreign government. 

IDENTIFICATION  OF THE  PROBLEMS 

The Chief of the  Policy Division  began to 
research how the Government  increased the rate 
of production of US  industrial   tase  in  World 
'War  II,  Korea,   Vietnam, and during other 
periods of anergency when a quick response was 
required  from defense contractors.    During the 
course of this research, a  basic difference 
became very evident.    The difference  is that 
during  periods of  national   emergency or 
declared  var,  different  powers and authority 
are available  to   DOD.    Those  powers and author- 
ity stem  from the  Defense  Production Act of 
1950.     During  such periods as Vietnam   (a non- 
declared  war  situation),  we do not  have the 
benefit of statutory powers  to  invoke the 
acceleration and  direction of the  industrial 
base  to  produce military items.    ARRCOM has 
identified  that difference  fay defining  "surge" 
as the  situation  which would  result  from a non- 
declared var.     In this  situation,  it would  be 
necessary to  have agreements  entered  into,   in 
advance of the event,  that requires American 
industry to  respond. 

When M examined  the results  of mobilization 
during World  War   II, we found  that  the  Govern- 
ment directed   industry to make  items for the 
armed  services.    The contractors were very 
optimistic about  their ability to meet  the 
demands of the armed  services.    But,  when the 
contractors  vere provided  the  funds that they 
had   indicated  vould  be needed  to expand  their 
facilities and acquire the  equipment to  produce 
the  cfjantities  that the  services  had  indicated 
■■•ere  needed,  the contractors ran  into  problems 
The money MS  provided  to  the contractors  in 
June of 1940.     Immediately,  shortages of 
skilled  personnel, machine  tooling, and  oro- 
duction  equipment were discovered.    The  ser- 
vices  ^re competing for the  limited  indus- 
trial   base that existed.    Armed with the 
results  of this mobilization crisis,  the  ser- 
vices decided  that  following World  War  II, that 
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better planning i«s needed to  preclude and 
eliminate  future  problems.    The  planning with 
industry and  the  participation of industry  in 
this program  is  based  upon the contractor's 
preparing and  executing  the  "DOD  Industrial 
Preparedness  Program  Production  Planning 
Schedule  (OD  1519) and  becoming a mobilization 
planned  producer. 

The shortfall  of this program  is that the 
DD 1519  is  not a  binding agreement.     It is a 
plan  that  is  based on  government established 
quantities which may require plant expansion, 
use of Production  Equipment Packages which are 
to  be  furnished  by the Government,  plus a  host 
of other options.    Many contingencies are 
included  in the delivery schedule that the 
contractor prepares.    But,   he  is only required 
to exert  his  best efforts  to achieve  the  level 
of production that he  indicates  in  his  plan 
after mobilization day.    The  production  sched- 
ule provides for accelerated deliveries,  taking 
into account  known constraints  such as short- 
ages, and  the construction of new or expansion 
of existing  buildings.    Many companies  have 
executed  these 00 1519's to  produce  items  for 
which the contractor  has  no current  production 
capability,   indicating only that  they will 
direct  the company's assets and   personnel 
toward  production of identified  items when 
mobilization occurs.    They have planned on 
paper  how they 'would achieve the  plan,  but 
only on mobilization day.    It remains  to   be 
seen  if they can obtain the necessary produc- 
tion  equipment, machine tools, and   skilled 
personnel   required  to meet  the Government's 
requirements.     If history is a teacher,  then 
the  planners must remember the lessons of 
World  War  II and  the results of the initial 
mobilization.    Our research revealed  problem 
areas  that  .had  to   be  identified  before we could 
adequately plan  for  surge.    Some of these  prob- 
lems could   be  identified  by careful   review of 
the 00 1519's  that  have  been  executed  by con- 
tractors,  tut other problems are not readily 
identifiable.    These unidentifiable  problems 
center around  the need  for contractors to 
acquire facilities and  people and  for those 
elements  to  be available during crisis.    Sub- 
contractor problems  that are  not  identified  in 
the 00 1519 can  have major impact upon exercise 
of the plan. 

After careful  evaluation of the  information 
that vas  uncovered during our research,  we 
narrowed  the  problems  to  several   basic  needs. 
We found  that these needs were: 

a. To  identify the capability of our  prime 
contractors  to  accelerate  their  production  with 
existing  facilities and  equipment to  the maxi- 
mum  rates on a one-shift,  one-shift  with over- 
time,  two-shift,  three-shift,  or other  basis. 

b. To have the contractors identify the 
long leadtime items, components, impediments 
and constraints which might reduce their abil- 

ity to achieve the maximum production rates 
attainable on existing equipment  in existing 
facilities.    This  would  be complemented  by an 
identification of commitments which might 
affect  the contractor's ability or willingness 
to accept additional  military requirements 
during a surge  situation. 

c. Similar  information  regarding critical 
and  pacing  items  from the  prime contractors' 
subcontractors and suppliers down to the low- 
est tier  subcontractor.    This   information was 
required to  insure that all   possible impedi- 
ments v*:re  identified.    This   information would 
require the contractor  to  identify dual   com- 
mitments that  he had to surge for other ser- 
vices which might affect the ability of the 
prime contractor to meet  surge cormitments to 
the Army, 

d. To  identify the  strategic and critical 
materials that could  impact,  because of lack of 
availability, the contractor's capability to 
surge.    To complement  this  information,  the 
Government  needed  to  know of any possible sub- 
stitute materials that could  be identified by 
the contractor which would   satisfy scheduled 
contractual   commitments. 

e. To know the geographic availability of 
skilled manpower that would  be available to  the 
contractor to expand  to multishift.     If the 
skills vere not available,  how does the con- 
tractor orooose to acauire or obtain the skills 
to meet the  surae  reauirement. 

f. To  have the contractor  identify  items 
of production or  test eouioment that, if 
acquired,  would  increase rates of production 
in a  surge situation. 

g. That the  Government  needed a way to 
reduce procurement administrative leadtimes 
in the acceleration of contractor production 
during a surge  situation. 

After M  had  identified the oroblems, we looked 
at various remedies  that would resolve those 
problems.    We needed  ways  to obtain  the  infor- 
mation from contractors and  then how to use 
that data.    It required the development of new 
and  better ways of doing  business. 

We knew,  from comments of American  industry, 
made  in  the American  Defense  Preparedness  asso- 
ciation's   (A0PA)  White  Paper:  "Defense  Readi- 
ness  - Force Sustainability and  Industrial 
Preparedness  Why We Are  Concerned," oublished 
m  final   form in  August,  1980, that many con- 
tractors do  not  spend much time in  the develop- 
ment or preparation of the  DD 1519 olanning 
documents. 

The reason for  this  lack of devotion to  good 
planning and development of the DD 1519's on 
the part of  industry is   because of the lack of 
financial   benefit  that the companies  have 
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experienced  because of their  involvement. 
Many,  after a  period of time,  drop out of the 
program or pay lip service to the effort.    The 
mobilization  planners of DOD need more reliable 
data  from the contractor so  they may develop 
high confidence level   mobilization  plans. 

The ADPA  indicated  that  if the  Government 
allowed  industry to tell   them what their capa- 
bilities are and offered  to pay them for this 
information and  the effort that vent  into 
developing  those plans,   the  Government would 
obtain  better  information.    As contracting 
personnel,  we recognize that there  has  been no 
"free lunch" and  that the Government  has always 
paid  for mobilization  planning.    Most planning 
is either included  in the contractor's overhead 
or as a direct charge against a Government 
cost-type contract. 

THE  INITIATIVES 

The ADPA suggested that a Data   Item  Description 
(DID)   should  be used  for mobilization planning. 
ARRCOM decided  that a DID  (copy attached as 
Appendix A)  would  be the  best way to obtain the 
information needed  by the command  to do  plan- 
ning  for a surge situation.    By using  the  DID, 
the command would  be able to  require the con- 
tractor to  identify his ability to  produce  for 
surge and  what the maximum rate of production 
was  that could  be expected at his  facility. 
This data  would  be  furnished and  revised,  as 
necessary,  during  the performance period  of the 
ongoing contract.    The command  vould also 
require the contractor to   identify any  impedi- 
ments that preclude the achievement of maximum 
production rates.    These  impediments might 
result from raw material   shortages,  subcontrac- 
tor limitations  in  supplying critical   or pacing 
items,  or  shortages  of critical   skills.    The 
contractor would  be required  to obtain on 
critical   and  pacing  items   information  from the 
lowest tier subcontractor that could  have an 
effect on the prime's ability to attain  his 
maximum  production rates. 

The  DID requires a contractor  to  develop a 
Production  Surge  Plan  to  identify his maximum 
sustained  rate of production  for one,  two, 
three, or other  shift capability that  he might 
possess.     It requires the  listing of both  sub- 
contracted and  nonsubcontracted  long leadtime 
critical   and/or pacing items  by part  numbers, 
nomenclature,  leadtime,  and  production  buildup. 
The  DID calls  for  the contractor  to   identify 
the personnel   requirement that  will   be needed 
to achieve  the  surge  production plan  including 
the method of recruitment,  training,  and 
assignment of those  people. 

In addition,  the  DID requires the contractor  to 
list other Army customers or other military 
services  contracts on  which  he  is currently 
performing that could  presumably be  surged 
simultaneously with the contract  from ARRCOM. 
Since we are dealing  in a nonmobil ization envi- 

ronment,  ARRCOM felt that  this added  informa- 
tion wuld  be  important to our overall   plan- 
ning.    ARRCOM also  wanted  to  know what 
cormiercial   contractual   obligations  the contrac- 
tor had   in-house.    We recognize that during 
buildup periods  these commercial   commitments 
would  have  some effect on  the ability or 
willingness of the contractor to accept addi- 
tional   requirements and thus affect our capa- 
bility to  surge. 

We also  needed a list of strategic and critical 
materials and any possible substitute materials 
that could  be considered.    By requesting  infor- 
mation on possible substitute materials  in 
advance of the surge situation, we would evalu- 
ate the value of these substitutes prior to an 
anergency situation and could  even  preposition 
vaivers  to  be  implemented  in  time of need. 

It VBS determined that the command 'would  bene- 
fit greatly  by obtaining a list of tooling or 
equipment,  down to the  lowest  tier  subcontract, 
that  if acquired,  would have the effect of 
increasing the contractor's  ability to  increase 
production rates  beyond the rate that  had  been 
identified  in  his plan.    The  identification of 
equipment  vas  to   include  the cost and  time 
required  to  acquire and  install   that equipment 
in existing contractor  facilities.    This data 
vould  help  Government  planners   in making deci- 
sions  to  enhance the base to offset projected 
shortages. 

The obtaining of a  Production  Surge Plan at the 
beginning of the contract 'would give the  Gov- 
ernment a  baseline from which to plan,  but  it 
was determined that  the  Government should  have 
the contractor maintain  that plan  in a current 
state throughout  the  performance of the con- 
tract.    The contractor must  provide updates to 
the Production Surge Plan as events change. 
The kind of changes contemplated  by these 
updates are  improvements  to  the contractor's 
ability to  increase his  production over  the 
initial   plan  that  he  had  submitted or a degra- 
dation of his ability to  produce.    This  situa- 
tion could  be  the result of modernization of 
his production capability or deterioration of 
his current capacity by accident,  wearout of 
equipment,  etc.    Loss  of subcontractor capabil- 
ity or change  in  the subcontractors'  capabili- 
ties must also be  included  to  insure the 
integrity of the total   plan.    Obtaining this 
type of  information on the contractor's ability 
to  increase  production rates at any given  point 
in time  is  of substantial   value to  the  Govern- 
ment  planners. 

To complement the data  provided  by the  Produc- 
tion Surge  Plan,  the  Government needed  a method 
of requiring the contractor  to  increase  his 
rates of  production to  the  submitted  plan.     It 
vas decided  there would  have to  be an agreement 
between  the contractor and  the Government that 
would  permit the  Government  to  increase  tne 
rate of production without delay or  prior 
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negotiation.    An option clause vas determined 
to  be the  best method to achieve this objec- 
tive.    We v«re not  talking of the usual   option 
clause for  increased  quantities which  is 
placed  into  production contracts,  but a 
clause that, as we envisioned  it,  would pro- 
vide for both  increased  gjantities and 
increased rates.    The normal   clauses that are 
used  provide for  increased  quantities at a 
rate of production exactly the same as that 
which is  being accomplished under the contract 
and to follow on after the completion of the 
contract production.    This would not meet the 
needs of the Government in a surge situation. 
At that time,  we would need an accelerated rate 
of production and delivery not contemplated  by 
the normal   option clauses.    The Government also 
needed a way not only to  increase the quantity 
being required  under the contract,   but also  to 
accelerate the rate of production on all   of the 
items on the contract.    The size of the option 
envisioned could  be as large as 1,000 times the 
requirements of the existing contract.    We 
developed a "surge option clause" that requires 
the contractor to accelerate  his rate of pro- 
duction of the contract  items to the level   that 
he had   indicated  in  his  Production Surge  Plan 
and  to  the number of shifts that the contract- 
ing officer might elect from that  plan.    That 
increase could  be to any level  above that of 
the current contract delivery schedule.    It 
was recognized that this could not  be done 
overnight,  but the contractor would have the 
time  phasing established  within  his  plan.    The 
option clause  served  another  purpose  in that 
it alerted  the contractor that we did not want 
"pie  in the sky" type planning on the Produc- 
tion Surge  Plan.    The contractor would run  the 
risk of the  Government exercising the option 
and  to a rate  indicated  in the contractor's 
plan.    This could  cause  embarrassment  to  the 
contractor. 

While developing the option clause  to  be used 
with the  Production Surge Plan,  'we also recog- 
nized that often we  purchase items  that are 
provided  to contractors  as  Government  Furnished 
Property  (GFP).    These GFP items could,  if not 
delivered, delay delivery of the end  item or 
could  preclude  production or assembly of the 
end  item.    These  items might normally be read- 
ily available and thus would not justify the 
required  investment  in a Production Surge Plan. 
ARRCCM developed a  surge option clause that 
committed  the contractor to a definitive deliv- 
ery schedule for the option  percentage listed 
in the clause.    This clause,  sometimes called 
the  "stand  alone  surge option  clause," obtained 
the  bottom line information  that  would  normally 
be  provided  in  the  Production Surge Plan,   but 
did not obtain  identification of impediments 
nor  how the contractor  planned  to   surge  his 
production  to meet  the requirements of the 
option  clause.     It was  felt that  the delivery 
schedule might  provide an  identification of a 
problem that would  have to   be  explored  in  the 
next procurement  by the  purchase of a  Produc- 

tion Surge  Plan  Data  Item.    That  is,   if the 
delivery schedule  provided  by the contractor 
created a problem for the end  item contractor 
or for the  Government. 

The next element that was reviewed was the 
problem of contracting with  producers who did 
not have current contracts for  items which we 
had  identified as  planned  items  for mobiliza- 
tion and/or  surge  situations.    These contrac- 
tors may have produced  the  item before or they 
may have  indicated  in a recent solicitation 
that they had  the capability and willingness to 
produce the required  item.    They are often 
referred to  by Government planners as  "cold 
base" producers.    The ADPA  in their  "White 
Paper" had  indicated that prepositioned let- 
ter contracts with cold  base producers would 
be a method of accomplishing  this  level  of 
readiness.    The problem with letter contracts 
are that  they require the  signature of the 
contracting officer and the acceptance of the 
contractor  before they become a binding agree- 
ment.    Even during the Vietnam conflict, many 
days of administrative  time were required to 
obtain the approvals necessary to  place a let- 
ter contract,  the  time required  to obtain the 
latest technical   data,  and  to  prepare the final 
award document.    A prepositioned letter con- 
tract may have to  be updated  because of changes 
in contract clauses  in effect on the date of 
intended award,  scope of work changes, drawing 
changes,  etc.    We determined  that the Basic 
Ordering Agreement  (BOA),  executed  by both 
parties with the right of the  Government to 
place unpriced task orders  for  identified items 
would  be a quicker procedure  for  handling the 
situation.    This  would  be complemented  by pro- 
viding a complete, current technical  data  pack- 
age with the  BOA contractor and  providing  him 
periodic changes and updates to that technical 
data   package.     If funds  became available to 
accomplish  surge planning,  a task order could 
be issued  for  the  preparation of a  Production 
Surge  Plan against the  BOA.    The  BOA would  be 
broadly bitten  so  that  it could  be used  by the 
Government to  place routine orders with the 
contractor.    One of the complaints  that has 
been registered  by Mobilization  Planned  Pro- 
ducers about the  00 1519 is that they seldom 
receive any value  from the fact that they are 
a planned  producer and the contractor  spends a 
considerable amount of time and effort prepar- 
ing the  form.    The use of the  BOA's  in the 
ARRCOM surge concept would  be that they could 
be used  'whenever  possible and thus demonstrate 
seme value to  the contractor.    The time saved 
by avoiding  the  preparation of the contract and 
obtaining the  supporting technical  data would 
amount to  the  saving of several   weeks.    This 
time could  be used  by the contractor in  nis 
production leadtime and facilitate earlier 
delivery to  the  Government  in a surge/ 
mobilization  situation. 

With the development of the  surge  provisions, 
we needed  to   identify the  items  for which 
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planning would  be required.    The ARRCOM  Policy 
Office decided  that there was a need  to develop 
a Surge  Items  List.     In order to utilize  exist- 
ing systems and data that ivere available, a 
decision nas made  that ARRCOM would  use the 
Industrial   Preparedness   Planning   List   (IPPL) 
as  the  basis of the list.    The  IPPL  is a  list 
of items and components  essential   to combat 
consumption and mobilization planning.    It vas 
recognized  that  the  IPPL  had  a quantitative 
restriction and  that many  items that were  being 
transitioned  from a development manager to a 
readiness manager would not have  been  included 
on the  IPPL,  but 'would  be used  in a surge  situ- 
ation.    The Surge  Items List was envisioned as 
a very flexible list of  items and  since the 
planning  was done in a  peacetime environment, 
we v«re not dealing with the  limitations 
required  by mobil ization.    The production man- 
agers were established as the people responsi- 
ble for development and maintenance of the 
Surge  Items  List.    They would coordinate the 
development with the  industrial   preparedness 
planners, material  management  personnel, and 
other people responsible for ordering  items. 

What  has  been  gained  from  the  implementation of 
the Surge  Initiatives  by ARRCOM?    ARRCOM  has 
been able to  gather  information  that will   be 
based  upon a contractor's  existing production 
equipment and  facilities and  what  specifically 
the contractor can do  now.    The data  that  is 
gathered  is more reliable  because  it  will   be 
current and not predicated upon the  purchase 
of production  equipment and  tooling during a 
period  when many contractors will   be  seeking 
additional   production  equipment.    It will 
identify shortfalls that the production  plan- 
ners can use to make decisions to  increase the 
size of the  production  base through direct  Gov- 
ernment  funding or when considering the need to 
expand  the mobilization  base of the  private 
sector. 

The  information  that can  be gathered  will   pro- 
vide  production and mobilization  planners with 
information on current capacity and  the  impedi- 
ments of utilization of that capacity.     Identi- 
fying  subcontractor  shortages  that would  impact 
the ability of prime contractors to achieve 
maximum rates   is very  important.    This  infor- 
mation  is  not readily available to the  Govern- 
ment  from other  sources.    The ARRCOM Surge 
Initiatives will   provide a better base of 
knowledge on  critical   material   and  possible 
substitutes ftr these materials that  has  been 
available from other sources. 

The  plans  submitted   by the contractor win   pro- 
vide a  list of tooling/equipment and  test 
equipment with costs and  leadtimes  which can  be 
used   by the production  planners  to   increase  the 
production  base  if funds  become available for 
that  use.    The  Government might  find  ways  that 
they could   increase the  production of critical 
items with a minimum amount of investment  in 
additional   equipment.    The  purchasing of the 

equipment  in advance of an anergency could  save 
precious veeks or months and dramatically 
change the course of events. 

INITIATIVES  WERE  TIMELY 

The ARRCOM Surge  Initiatives were  implemented 
in October,  1980 when a test of the concept was 
authorized  by Major General   William  Eicher,  who 
was  the  Commander of ARRCOM.    This test began 
before the completion of the  hearings or report 
of the  Ichord  Congressional   Panel  and  the 
testimony that was  presented.    The report of 
the Defense  Industrial  Base  Panel  of the 
Comiittee on Armed Services,   "The Ailing 
Defense  Industrial   Base:    Unready for Crisis," 
conmonly referred  to as the  Ichord  Report,  was 
published on 31   December 1981. 

A close review of the report of the  Ichord 
Comnittee validated  the need  for  the ARRCOM 
initiatives.    In fact,  in  presentations  before 
various  groups  of Government and contractor 
personnel   explaining the ARRCOM Surge  Initia- 
tives,  quotes  from the  Ichord  Report were used 
to validate the necessity for obtaining the 
data and  (repositioning ARRCOM's contract pro- 
visions and  the Surge SOA's. 

The only 'way to  compare what  benefits the 
ARRCOM Surge  Initiatives  provide is to compare 
them with  some of the major  findings of the 
comittee's  report.    Let's  examine how ARRCOM's 
initiatives resolve or enhance resolution of 
the findings: 

a.    The   Ichord  Committee found  that the 
Department of  Defense  has  neither an ongoing 
program  nor an adequate plan  to address the 
defense  industrial   base  production  issue; 
Department of Defense  inaction  in enhancing 
industrial   preparedness, coupled  with 
instability within  the  5-year defense program, 
capons  system  procurement  stretchouts, 
inadequate  budgeting and  inflation,   has con- 
tributed  to the deterioration of the US 
defense  industrial   base    and,  as a consequence, 
jeopardized the national   security.    The ARRCOM 
initiatives cannot correct problems  identified 
in the  findings of the committee,  but can 
obtain the necessary information  to  provide a 
basis for the development of solutions to the 
problems.    The  production  Surge Plan would 
identify the ability of the  base to respond to 
a crisis  situation.    It 'would  provide a  base 
of information which could  be used  to correct 
these problems  in advance of the crisis;  prob- 
lems  such as the need to  stockpile critical 
material  or to use a substitute;  the need to 
provide  incentives  to create new foundries  in 
this country to  expand  that  base which  has 
shrunk  because of Environmental  and  OSHA regu- 
lations.    This  is only one example of the 
problems  'which  would  be uncovered and vali- 
dated  from the  information contained  in the 
production  surge plans. 
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b.    The  Ichord  Coimittee found  that there 
was a shortage of critical  materials, combined 
with a resulting dependence on uncertain 
foreign  sources  for these materials,  which  is 
endangering the very foundation of our defense 
capabilities.    These shortages are a monumental 
challenge to  the Congress, the Department of 
Defense,  the defense  industry, and  the civilian 
economy.    The ARRCOM initiatives would  not cor- 
rect the findings of the committee,  but would 
obtain  information to  identify the  spectrum of 
the  problem.    The Production Surge Plan calls 
for the contractor to  identify critical mate- 
rial   shortages and to  recommend a viable sub- 
stitute.    This part of the plan would highlight 
the material   shortages by types and would also 
provide substitutes for consideration  by the 
Army technical   comunity in advance of emer- 
gency. 

c. The  Ichord Ccmmittee found that  the 
defense  industrial   base  is  unbalanced;  while 
excess  production capacity generally exists at 
the prime contractor level, there are serious 
deficiencies at the subcontractor level.    The 
ARRCOM Surge  Initiative calls  for contractors 
to develop a  Production Surge  Plan that  iden- 
tifies  the  shortages and  the  impediments  to  the 
prime achieving raximum  production.    The  early 
identification of these problems allows  DOD to 
collect planning  information to correct  the 
shortages and  impediments  permitting the 
prime contractor  to  achieve the  necessary pro- 
duction level.    Currently the DD 1519 data does 
not  provide  information  below the first  tier 
subcontractor level.    Testimony before the 
committee  indicates that the  planning  below 
that level   is very poor to nonexistent.    The 
ARRCOM Surge  Data   Item  provides   information on 
the conmitments of the  subcontractors  to more 
than one  service.    We are thus able  to  quantify 
the capacity of the  subcontractor.    This type 
of information,  if not  known at the time of 
surge or mobilization,  would  result   in  the 
placement of requirements on  a prime contractor 
that would tax or surpass the capacity of his 
subcontractors.    At that  point in  time  it would 
be  too  late for corrective action and  the con- 
sequences might  be disastrous  to our canbat 
forces and  to  the country.    Advance  information 
of industrial   base problems could  lead to  the 
establishment of alternate sources  for a given 
item or  finding alternate systems to  be used  in 
emergencies. 

d. The  Ichord  Committee  found that the 
industrial   base  is  not capable of surging pro- 
duction rates in a timely fashion to meet the 
increased demands  that  would develop during a 
national   emergency.    The data obtained  by the 
ARRCOM Surge   Initiatives  would  validate  the 
ability of the  industrial   base to  surge.    Based 
upon the data  that was received, the  production 
managers  could elect to  purchase more  items  for 
stockpile during  peacetime  that  'would  give them 
the cushion to meet a  surge  situation.    The 
stockpile could  ce  sized to allow industry time 

to  build  up to  the  surge consumption levels 
that would meet the most likely scenario.     It 
vould allow the managers an option of increas- 
ing the  base or finding additional  producers 
who wauld  like to   become part of the base and 
provide the  production capacity that would  be 
needed  in a  surge  situation. 

e. The  Ichord Committee found that the 
leadtimes  for military equipment have increased 
significantly during the past 3 years.    This  is 
a problem even  in a period of relatively low 
defense and  coimercial   production,  1978-1980. 
The  Production  Surge  Plan would provide infor- 
mation and data  to  identify by commodity the  US 
ability to surge  production and to  identify the 
impact of the subcontractor base as related to 
the capability of the prime.    It might encour- 
age the  industrial   base to  invest in foundries, 
machine shops,  electronic  production capacity, 
etc.    It would  highlight the need for addi- 
tional   Government  investments  in the  industrial 
base.    The plans  submitted  by the prime con- 
tractors would give a real   time, current 
assessment  by military items and  systans of 
the defense industrial   base.    The production 
planner could  initiate requests for  regulatory 
relief to  protect certain  industrial   base con- 
tractors or request statute changes to encour- 
age contractors to modernize their production 
equipment and  to   increase  the  subcontractor 
base of supply.    A host of options unfolds 
with the validity of this  information. 

f. The   Ichord  Committee found that there 
is a skilled manpower shortage that currently 
exists and the projection  is that it will  con- 
tinue through  the decade.    The ARRCOM Surge 
Initiatives will   identify the  extent of that 
shortage and the type of skill  mix that is 
needed  to  surge the contractors.    This  infor- 
mation should  provide a better data  base on 
what type of effort will   be  needed on  the part 
of our contractors to obtain trained  employees 
to meet  the  shortages.    It will   also  identify 
the need on the  part of the Government to 
develop  incentives for contractors that will 
insure that  they train or obtain the needed 
skills. 

g. The  Ichord  Committee found that the 
current  industrial   preparedness  planning tool, 
the DD Form  1519,  lacks realism.    The  Produc- 
tion  Surge  Plan developed  by ARRCOM calls  for 
identification of the current production capa- 
bility and  the limits  placed on achieving the 
maximum rates within that capability.     It does 
not direct the contractor to deliver quantities 
which require  planning based upon  the supposi- 
tion that money,  equipment,  and time would  oe 
readily available;  that  the  necessary skills 
to run  that equipment would  be available;  that 
raw material   Mould be available;  that adequate 
subcontractor  support would  be available;  etc. 
Production  Surge  Planning  is  based upon what  is 
available  now, what that capacity can produce 
now, and  what the limits are on that capacity 
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to surge to higher levels. The only variables 
are the expansions to raultishifts, 'which would 
require hiring and training of personnel. 

It vas  interesting  to  note that the  Ichord  Com- 
mittee  found  that  the var reserves are at a 
dangerously low level   and could only support 
the  shortest of "short var"  scenarios.    The 
Production Surge Plans 'would give a  high con- 
fidence level   assessment of production rates 
and  when  these rates would  be commensurate with 
anticipated consumption rates,   if ever,  and 
thus provide a  better  baseline from which to 
plan our war reserves. 

VALIDATION  OF THE SURGE   INITIATIVES 

DOD formed  the DOD Industrial  Base Task Force 
in response to the  Ichord  Report.    When  the 
000 Industrial   Base Task Force began to review 
the needs to  improve the US Industrial   Base, 
the  Chief of the  Policy,  Plans, and  Control 
Division,   P&P  Policy and  Plans Office of ARRCOM 
called  the comnittee and  suggested that they 
review the ARRCOM Surge  Initiatives.    The com- 
mittee requested a complete  briefing of the 
concept;  at the  briefing  held   in August, 1981, 
many of the  ideas   incorporated  in  the ARRCOM 
Surge Initiatives were considered  for  inclusion 
into the report of the Task Force.    The Task 
Force asked  if the Defense Acquisition Regula- 
tion  (DAR)  needed  to   be  revised  to  include 
these concepts;  the  initial   response 'was  no. 
What  had  been  envisioned and developed  in 
ARRCOM's  Surge  Initiatives did  not  require a 
DAR change.    The Task Force  suggested  that the 
concepts might  be  included  in  DAR for the  bene- 
fit of the contracting  people  of DOD.    The con- 
cepts would  be readily available for any DOD 
office to  review and  use as appropriate. 

Upon  return  to  the ARRCOM Headquarters and, 
after a second  request  from the committee,   it 
was agreed  that changes to  DAR Section 1,  Parts 
15 and 22, and  to  Section 7,  Parts 1  and  2 were 
appropriate.    The changes  were developed and 
submitted to  the  Industrial   Base Task  Force. 
The change to  1-1500  incorporated the Surge 
Option concept  and made  reference  to  the  sample 
clauses which were  included  in  DAR 7-104,  106, 
and  7-204.70.     In addition,  DAR Section  1, 
Part  22 was  revised  to  identify Surge  Planning 
as a concept and  to note the differences 
between  surge and mobilization. 

In addition,  changes to  DOD Directive 4005.1, 
DOD  Instruction 4005.3,  and  DOD Manual   4005.3M 
were  recommended.    These added  surge require- 
ments developed   by personnel   of ARRCOM made 
changes which  strengthened  the mobilization 
provisions of those documents and   incorporated 
surge requirements  for use  by the elements of 
000. 

The committee adopted the recomnended changes 
to the DAR and most of the changes to the DOD 
Directive,   Instruction, and Manual.    This 

acceptance validates the value of the  2 years 
of effort that  have  been expended  by ARRCOM to 
improve the ability of the Government to  surge 
their contractors during periods of emergency. 
The utilization of the Surge  Initiatives by 
all   DOD elements would  provide a ready data 
base to  preclude  problems  in  anergency plan- 
ning.    It allows corrective action to  be 
taken  before emergencies evolve.    In the 
end  it would  improve DOD readiness  to  respond 
to crisis. 
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Appendix A 

DATA ITBrf DESCRIPTION 

Production Surge  Plan 
3.    DESCRIPTION/PURPOSE 

3.1. The  Production  Surge  Plan delineates a contractor's 
capability to rapidly accelerate and  sustain production uti- 
lizing existing facilities and  equipment without a declared 
national   emergency, declaration of war,  or mobilization and 
use of emergency war powers. 

3.2. The  Production Surge Plan provides data on the maximum 
sustained production rate,  longlead, critical, and pacing 

(cont'd) 

IDENTIFICATION  NO(S). 

AGENCY 

Army 

NUMBER 

DI-P-1634 
4.     APPROVAL   DATE 

7.     APPLICATION/INTERREU ATIONSHIP ' 

7.1. This  Data   Item  Description should  be applied  in 
solicitations/contracts for which a production surge capabil 
ity for select critical   items  is required. 

7.2. The  Contract Data  Requirements  List  (DD Form 1423) 
should require that any production changes which impact the 
Production  Surge  Plan  be  submitted as revisions within  2 
weeks of their occurrence. 

7.3. This   Data   Item  Description may  be used  independently, 
with,   but  not  in lieu  of DI-P-7046. 

!.     OFFICE   OF   PRIMARY 
RESPONSiaiUlTY 

ARRCOM 

«.    DOC  REQUIRED 

«.     APPROVAL  LIMIT ATION 

»      REFERENCES ^Mandatory as  cited in 
b/ocJc 10) 

MCSL   NUMBERISI 

10.     PREPARATION   INSTRUCTIONS ——^ , 

10.1. General   - The  Production Surge  Plan shall   delineate the contractor's capability 
T:O rapidly accelerate production utilizing existing facilities and  equipments  in a 
peacetime  environment  (no  declared  national   emergency,  declaration of war,  or mobiliza- 
tion and  use of emergency mr  powers).    The  plan shall   be  predicated on utilization of 
peacetime  program  priorities  to obtain materials,  components, and other  industrial 
resources  necessary to  support  the accelerated  production  requirements. 

10.2. Format  - Unless otherwise  specified  on the  Contract  Data   Requirements  List 
(DD  Form 1423), the  Production Surge  Plan  shall   be  in  the contractor's  format. 

10.3. Content  - As a minimum,  the  Production Surge  Plan  shall   consist of the  following. 

(1-8- 
a.    The maximum  sustained rate of production utilizing a  single work  shift 

5), a single vork  shift  supplemented  by authorized  premium  pay  (overtime effort) 
a double MDrk shift   (2-8-5), and a triple work  shift   (3-8-5),  to   include a  production' 
buildup schedule  by the month until   the maximum at  each  level   is attained. 

b.    Two lists, one of subcontracted and one of nonsubcontracted  items,  by nomen- 
clature,  part number,  leadtime, and production  buildup of longleadtime, critical, or 
pacing  items which could adversely impact the production rates  identified  in  para 10 3a 
Suocontractors and vendors shall   be identified  by name and address for each  item.    This 
requirement shall   flow down to whichever subcontractor tier  (level)  is  necessary'to 
adequately identify the longleadtime, critical,  and packina  item(s). 

c.    Identification of all   personnel   requirements  including  how 
personnel   wil     be  recruited,  trained,  and assigned. 

DD.-SM„1664 

additional 
(cont'd 
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Appendix A - Continued 

Production Surge  Plan    DI-P-1534   (cont'd) 

3.    Description/Purpose   (cont'd) 

items,  personnel  requirements, other contracts with  surge  production  provisions,  and 
probable  surge  impact.    This  data  provides  for  surge  (accelerated  production)  planning 
of selected  items  that are  identified on the  surge  items list. 

10.    Preparation  Instructions   (cont'd) 

d. A list of contracts  being  performed at  the contractor's  facility that 
have a  production  surge  provision or could reasonably  be  presumed to  be  surged. 
The list  shall   identify the contract  number,  the  item(s), and  the  Defense Materials 
System and  Defense  Priorities  System  priorities assigned  to  each contract. 

e. What  impact  surging this contract Mould  have on  the  performance of any 
other  Government  contract  that might  be concurrently surged with this contract. 
What   impact  surging this  contract would  have on the contractor's commercial   business. 

f. List and  identify strategic and critical  materials  and  precious metals 
by type and  quantity required  to attain  each of the  production levels  identified 
in the  Production  Surge  Plan.    Additionally,  identify any substitute material   that 
could  be utilized  for  each of the above categories. 

g. List of tooling and/or equipment down to the lowest  tier subcontractor 
that could   be  acquired  that would  increase  production rates  and  renain  within the 
current  facilities limitations.    Estimate the cost   (including  installation costs) 
and  delivery leadtime for  the acquisition of the tooling and/or  equipment.    Data 
obtained  under  this  paragraph will   not  be used  in  the  preparation of the  basic  plan 
but may be used   by the  Government  for developing additional   surge capability if 
deemed  essential. 

Page 2 of 2 pages 
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POD CONTRACTING AND ACQUISITION: 
UNPREPAREb FQft A NATIONAL EMERGENCY 

Peter J. Perkowski, Major, USAFR 

AIR FORCE BUSINESS RESEARCH MGT CENTER 
Wright-Patterson AFB, Ohio 45433 

ABSTRACT 

This paper presents opinions and library- 
type research which strongly suggests that 
the Department of Defense (DOD) Contracting 
and Acquisition process Is not prepared for 
a national emergency (NE). The primary 
deficiencies include fragmented and little 
understood acquisition related NE laws, 
executive orders and directives. Inadequate 
Defense Acquisition Regulations, the under 
utilization of existing regulations to 
increase the industrial base, and a lack of 
planning, especially at the contracting 
office level. 

INTRODUCTION 

This paper was written to support the 
"Wartime Readiness" goals identified in the 
Hq AFSC "Corporate Guidance for Air Force 
Systems Conmand" document dated February 
1981. The document states the one of 
AFSC's "key weaknesses" is that "our war- 
time planning has not received the emphasis 
It requires." Hence, to address the 
problem, thirteen objectives are identified 
in the document under Goal 2. Wartime 
Readiness. Two of the thirteen objectives 
are applicable to contracting: 

- Develop and Implement streamlined 
contractual procedures which could be used 
for wartime acquisitions; and 

- Ensure a Quick Reaction Capability 
(QRC) posture for meeting wartime 
contingencies. 

During 1981 the AFBRMC was Informed by ODD 
acquisition managers, researchers, and the 
civilian sector that the DOD Contracting 
process may not be ready to meet the 
demands of a national emergency, 
mobilization, or a large scale conflict. 
Subsequent research strongly suggests that 
OOP's contracting and acquisition process 
1s unprepared and inadequate if a national 
emergency or mobilization were declared 
today. —— 

Study Methodology 

This study conducted in July 1981 consisted 
of library research and unstructured 
interviews. 

Eleven contracting, system program office, 
legal and program control personnel assigned 
to the AFBRMC, AFIT, ASD, Hq AFLC and AFALD 

were interviewed to obtain opinions as to 
"What Contract or Systems Acquisition 
Procedures Would Have to be Changed in a 
Protracted. Non Nuclear High Intensity Targe 
Scale Conflict Similar to World War II." 

The Interviewees were selected based on 
experience in their functional specialty to 
obtain broad generalized opinions on the 
topic. Since this initial inquiry dealt 
with "procedural" changes all the inter- 
viewees were selected because they are 
experienced managers at the Directorate 
level or lower. 

Each interviewee was then asked "What 
legal, financial, contract and weapon 
system acquisition procedures do you envi- 
sion in a protracted, non-nuclear high 
intensity large scale conflict similar to 
World War II?" 

Interview Results 

All the interviewees conditioned their 
responses by stating that any procedural 
changes would depend on the specific 
scenario, priorities established at the 
national and conmand levels, and the state 
of the acquisition process a weapon system 
was in at the time. The responses were 
based on the following scenarios: 

- Increased tension followed by various 
degrees of mobilization 

- A limited "Vietnam" type conflict 

- A pre-emptive nuclear strike 

- A protracted non-nuclear high intensity 
large scale conflict 

All agreed that any procedural changes would 
not be applicable in a pre-emptive nuclear 
attack. Most interviewees felt that with 
the exeption of certain contracting and 
system program organizations, it would be 
"business as usual" in a "Vietnam" type 
conflict. 

The following expedited contract procedures 
for those organizations directly involved 
in a "Vietnam" type conflict were 
envisioned: letter contracts, unpriced 
Purchase Orders, increased number of change 
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orders, increased sole-source acquisitions, 
increased use of DX ratings, and blanket 
deviation authorities - i.e., the BIG 
SAFARI Program. 

No significant System Program Office (SPO) 
procedural changes were envisioned during a 
"Vietnam" type conflict. 

In the event of an emergency the Air Force 
Acquisition Logistics Division (AFALD) has 
developed a Contingency Acquisition Support 
Kit (CASK) consisting of a sturdy brief case 
which contains items necessary to perform 
on-the-spot contract awards. However, 
funding procedures in support of CASK opera- 
tions may need to be studied because it 
appears there is no clear understanding of 
the funding process other than "contractors 
will be reimbursed." 

Kith the exception of the AFALD, none of the 
interviewees were aware of any contingency 
plan or implementation procedures at the 
contracting and SPO levels within AFSC and 
AFLC. Most assumed that some sort of war 
plan had been developed at the Hq AFSC, AFLC 
and ASD level but they were unaware of the 
details. It was subsequently learned from 
ASD/XR that such a classified plan exists. 

Most of the interviewees felt that the real 
constraints are not in the contracting or 
acquisition procedural process. They 
referred to the deficiencies identifed in 
the December 1981 Congressional report 
entitled "The Ailing Defense Industrial 
Base: Unready for Crisis." The deficien- 
cies identified by the interviewees include: 

- Lack of stockpiled, critical raw 
materials, components and spare parts 

- An ineffective allocation system 

- Antiquated contractor capital facili- 
ties 

- A limited industrial base, especially 
at the subcontractor level 

- Fluctuating production runs and frus- 
trating reprograrming exercises by SPO's 
because of inadequate funding 

In mentioning the above deficiencies most of 
the interviewees echoed the same theme. 
That is, "It's too late once a major war 
erupts. Something has to be done now so 
that the resources are available from the 
beginning." 

Most interviewees had a difficult time 
trying to envision what life would be like 
or what procedures would be different during 

a major, non-nuclear confrontation. Their 
difficulty seems to stem from not knowing 
what laws and executive orders would be 
issued at the national level and what 
priorities would be emphasized especially at 
the Hq AFSC, ASD and AFLC levels. However, 
the following composite scenario emerged: 

Most R&D projects with the exception of 
"Manhattan" type projects such as lasers and 
those that could be readily implementable, 
would be either cancelled or deferred. 
Emphasis would be placed on those weapon 
systems already in full scale production. 
The Defense Systems Acquisition Review 
Council (DSARC) process would either be 
abandoned or revised to concentrate on what 
could be done to expedite the production of 
existing systems. "Leader-Follower" and 
"Second Source" concepts would be used to 
increase production on less complex systems. 

Expedited contract procedures would be 
implemented, contractual restrictions would 
be lifted and delegations of authority would 
be increased down to the contracting officer 
level. To expedite the contracting process 
within AFSC and AFLC, the following would 
probably occur: 

- Formal advertising would be eliminated. 
Negotiated sole source contracts would be 
let via unpriced orders, pre-set Basic 
Ordering Agreements, letter contracts and 
directed contracts. 

- Competition would remain but not 
in terms of today's concept. Competitive 
awards will be based on two main criteria - 
schedule and the ability to perform. 

- Major purchases will revert to small 
purchase procedures. 

- The emphasis on the applicability of 
the different types of contracts (i.e., 
CPFF, FFP, etc.) will be downgraded. Most 
contracts will be cost reimbursement type 
with profits to be renegotiated later. The 
Renegotiation Act will probably be revised. 

- The existing funding process would 
have to be changed. Funding policies even 
more liberal than the current "multi-year" 
concept may be enacted-including disregard 
of the Anti-Deficiency Act and the use of 
credits to be settled later. 

- DCAS and AFPRO's will be delegated pro- 
curing activity functions. Engineering sur- 
veillance would decline while production and 
quality assurance surveillance would 
increase. 

- The contracting officer's authority 
will be Increased and in some instances he 
may become the SPO Director's Deputy. 
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The following are some of the internal man- 
agement controls that will most likely be 
changed: 

-- D&F's will be approved at lower levels 
or the D6F process may be eliminated 
altogether. 

-- Purchase requests will be simplified - 
statements of work will contain gross per- 
formance criteria and delivery schedules. 
Contract Data Requirements Lists (CDRL's) 
will be reduced to the bare minimum. 

— Requests for Proposals (RFP's) will be 
simplified and kept to a minimum. 

-- Procurement Plans will be simplified. 

— Solicitation Review Panels (I.e., 
Murder Boards) will be eliminated. 

-- The Source Selection Process will be 
simplified and the number of Source 
Selection Boards convened will be signi- 
ficantly reduced. 

~ There will be fewer contract reviews, 
legal reviews and manual approvals. 

All of the above were changes envisioned by 
the Interviewees. Not one interviewee could 
identify any document that addressed 
contract procedures to be implemented during 
a national emergency or surge environment. 
During subsequent research over three 
hundred bibliographies of national emergency 
related studies obtained from the Defense 
Logistics Information Exchange (DLSIE) were 
reviewed. Not one study addressed what 
Defense Acquisition Regulation (DAR) changes 
would be required, what contracting related 
laws would be enacted, and to what extent 
national emergency contracting and acquisi- 
tion planning is being performed. 

Post Survey Responses 

Copies of the preliminary survey were sent 
to Headquarters Aeronautical Systems 
Division contracting and acquisition organi- 
zations for cormnent. Nine organizations 
responded. All concurred with the need for 
future research and the development of 
streamlined acquisition procedures. Their 
responses (which may be obtained from the 
AFBRMC) are included in the Chapter entitled 
"Recoirmendations for Further Research." 

Post Survey Research 

Further research was conducted to determine 
to what extent the national emergency 
changes envisioned by the interviews were 
adequately covered by the DAR. Twenty-two 
Contracting Officer functions yielding 53 

issues were identified as candidates for 
further analysis (Reference Appendix A). Of 
the 22 functions, 15 functions and 37 Issues 
were categorized as belonging to the 
Pre-Award phase. Seven functions and 16 
issues belong to the Post-Award phase. The 
issues requiring further investigation deal 
with: 

Percent 
Issue Number of Total 

Dollar Thresholds 4 7.5X 
Reorgan1zat1on/Cont1ngency 

Plans 7 13.2« 
Mechanization/Automation 4 7.5X 
Training 3 5.7X 
Contract Provision 

Revisions 29 54.7X 
Funding 2 3.8X 
Delegations of Authority 4 7.5X 

53 10W 

The interview resulted in two other signifi- 
cant points. They are the decline in our 
industrial base and the lack of national 
emergency contingency planning at the 
contracting office level. These topics are 
addressed in the chapters that follow. 

Exception 16 - An Awesome Authority 

In October 1978, the DOD conducted a major 
exercise called "Nifty Nugget." It was 
undertaken to assess our abilities to effec- 
tively mobilize in time of war. Industrial 
mobilization was only part of the overall 
mobilization exercise. However, the results 
of the exercise clearly established that the 
industrial base, in its present condition, 
could not support our military demands in a 
major European war. 

One of the reasons the U.S. doesn't have an 
adequate industrial base is because it isn't 
maintained by the Government. Because of a 
lack of DOD business, contractors have 
turned to more profitable ventures. This 
was confirmed by Jacques Gansler, Deputy 
Assistant Secretary of Defense for Material 
Acquisition in November 1976. (4:6-7) 

Some will argue that the DOD shouldn't be 
held accountable. In a free enterprise 
society, for the country's industrial base. 
The truth of the matter is that the DOD has 
taken on the responsibility for maintaining 
our Industrial capability through the 
Industrial Preparedness Planning (IPP) 
Program. However, Gansler feels the 
program isn't working because: 

— It rests on a gentlemen's agreement 
to increase production (which) 
implies the declaration of a national 
emergency and contains no contractual 
obligation for performance. . . 

H-21 



— Firms preoarino IPP foms have rou- 
tinelw assumed that critical inputs 
to production (labor, parts, capable 
eauionent, materials, etc.) will be 
available. 

-- It examines only the prime producers 
and does not look at the often more 
critical aspect of the effect 
increased production would have on 
subcontractor or lower tier 
producers. 

-- Planning is fragmented within the 
services and within DOD itself. 
(4:11-12) 

Innovative ways are being proposed to 
improve our industrial base and to prepare 
for mobilization. Areas currently under 
review include improved industrial prepared- 
ness planning, expanding and prestocking war 
material reserves and weapon systems, manu- 
facturing technology incentives, multi-year 
funding techniques, simplified contracts and 
specifications, a more liberal profit 
policy, and surge contracting. However, 
little if anything is being done to empha- 
size the ways the industrial base can be 
expanded and competition increased through 
existing contracting and acquisition regula- 
tions and laws. One such method which can 
be used is "Exception 16" (i.e., 10 USC 
2304(a)(16)) which was permitted under the 
Armed Forces Procurement Act of 1947. 
Under Exception 16 "purchases in the 
interest of national defense or industrial 
mobilization" can be made. The authority 
and flexibility of this exception is 
awesome—and it can be used now, before a 
national emergency to strengthen our 
industrial base. This exception currently 
authorizes contracting by negotiation when: 

"He (the Secretary) determines that (a) 
it is in the interest of national defense to 
have a plant, mine, or other facility or a 
producer, manufacturer, or other supplier 
available for furnishing property or ser- 
vices in case of a national emergency; or 
(b) the interest of industrial mobilization 
in case of such an emergency, or the 
interest of national defense in maintaining 
active engineering, research, and develop- 
ment would otherwise be subserved." (4:18) 

There appears to be a general lack of 
understanding as to how this authority can 
be used. Although it is used with 
discretion, it gives the Service Secretary 
what is tantamount to a blank check. The 
authority not only allows the Secretary to 
"negotiate" contracts, but he can also 
direct sole source procurements, exclude 
firms from competition, procure from 
multiple sources for the same item and just 
about expand or upgrade the industrial base 
anyway he sees fit! 

The OAR 3-216.2 identifies seven general 
situations, under which Exception 16 can be 
Invoked. 
This means that the Service Secretary has 
the authority to: 

~ Award a sole source contract to a 
business that otherwise might fail. 

— Equalize, split and continue produc- 
tion levels among suppliers. 

— Limit current competition or create 
multiple sources to enhance future 
competition. 

— Restrict foreign competition to main- 
tain domestic Industrial capabilities. 

~ Avoid breaks in production by one 
contractor while two or more other sources 
are gearing up. 

"Exception 16" is only used in about one- 
tenth of one percent of all Army procure- 
ments. As a percent of total negotiated 
Army dollars, it has declined from approxi- 
mately 26X in 1970 (i.e., during the Vietnam 
War) to approximately St during fiscal year 
1979. (4:28) 

Interestingly, the decline in "exception 16" 
acquisitions DOO-wide appears to closely 
precede and parallel the decline of our 
industrial base in 1972 as shown in the 
following chart (1:6-22 to 6-25). The chart 
which was developed from DOD data, also 
indicates that the use of "exception 16" 
increased during wartime as evidenced by the 
trend line beginning in FY 1965. 

10 U.S.C. 2304(A)(16) Awards As A Percent 
of Total DOD Negotiated Qpnars 
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It's interesting to note that the use of 
"Exception 16" during FY 1980 is at about 
the same percentage level as it was in FY 
1973-FY 1974. It was during this period, as 
a result of the Arab-Israel War, that the 
Chrysler Corporation could not increase Main 
Battle Tank production from 30 to 100 per 
month. This event more than any other In 
recent history spotlighted the decline of 
our industrial base. Even more interesting 
and perhaps shocking is that the Army 
Automotive and Tank Comnand, who was buying 
the Main Battle Tank, did not once use 
"Exception 16" during the period 1970-1979. 

The only reason found as to why "exception 
16" isn't used more frequently is that it 
requires a substantial investment to imple- 
ment and the initial per unit costs of items 
acquired are high. In light of DOD's cost 
consciousness during the post-Vietnam era, 
it is also understandable why it wasn't 
used. More frequently, savings were 
realized as a result of innovative schemes 
such as Value Engineering, Oeslgn-to-Cost, 
Life Cycle Cost and Should Cost. Yet the 
fact remains that the D00 hasn't increased 
competition or expanded the industrial base. 
Another reason why this authority hasn't 
been more frequently used is that the 
Service Secretaries, Congress and the 
President would probably be besieged with a 
host of political, legal and socio-economic 
protests. 

However, something has to be done. The use 
of "Exception 15" appears to be a step in 
the right direction. It created competition 
and expanded the industrial base in the 
acquisition of Army night vision goggles. 

In 1974 the Army awarded ITT's Electro 
Optics Division a low rate initial produc- 
tion contract for 120 goggles at a unit 
price of approximately $13,000. By 1978, 
after employing a strategy which included 
sole source, restricted competition and 
"educational buy" contracts, the per unit 
price was reduced to $5,066. By 1978 two 
other firms (Litton and Varo Inc.) were 
capable of producing the goggles. 

Now is the time to increase competition and 
to develop production capabilities by 
expanding the industrial base. During a 
future war: 

The U.S. industrial base would be hard 
pressed to respond with the volume of war 
material necessary to assure uninterrupted 
support in a NATO conventional conflict . 
after the inventories of war reserves have 
been exhausted. (4:15) 

It may be too late to become innovative 
after a national emergency or war is 

declared. "Exception 16" is an authority 
that is available to prepare for these 
eventualities. It should be given 
increased attention. 

Procurement Office Planning Needed 

With the exception of the Air Force 
Acquisition Logistics Division, there 
appears from the interviews and subsequent 
research that little or no national 
emergency/mobilization is being accomplished 
at the procuring office level within the Air 
Force. Subsequent research suggests that 
this may be true for the other Services as 
well. 

How and what to plan for during a national 
emergency within a procuring office requires 
further study Itself. USAF Major Ronald A. 
Dice developed a framework an Accounting and 
Finance Office (AFO) could use in planning 
for contingencies. (3:-) Some of his ideas 
appear applicable for contracting organiza- 
tions and have been revised or generalized 
accordingly. 

The Major Commands (MAJCOMS) should become 
Involved in the planning process. Their 
assistance is required because of the 
current shortage of experienced personnel at 
the contracting office level and the lack of 
guidance the contracting offices have on how 
to conduct business during a national 
emergency. After or concurrent with pro- 
viding detailed guidance on how to contract 
in a national emergency, the MAJCOMs should 
work with contracting offices in the devel- 
opment of contingency plans. It is unreal- 
istic to charge the contracting organiza- 
tions with the responsibility to develop 
detailed plans in the absence of informa- 
tion. As a minimum, the contracting offices 
will need to know the role they will assume 
within the MAJCOM and what laws, regula- 
tions, and procedures will be invoked during 
a national emergency. However, Directors of 
Contracting/Procurement can do much to get a 
plan developed. Some "How" and "What" 
suggestions follow: 

Development of Plans (How) 

— Assign key personnel the task of 
researching significant functions and pro- 
cedures performed by the organization. 

— Each assignee should write 
questions, note vague ideas, question feasi- 
bility and determine requirements as they go 
through regulations, directives, and 
procedures. The implications for each sec- 
tion or function within the organization 
should be identified. 
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— Supervisors should concern them- 
selves with how the actions affect the 
supervision of the Section. 

— After the initial review all the 
issues, problems, requirements and questions 
identified should be categorized and 
discussed by the Director and key personnel. 
Several sessions may be required. At the 
end of each session, specific milestones 
should be established for the remainder of 
the process. Questions should be resolved 
by the appropriate MAJCOM organization. 

— The final review should include a 
review of all developed items such as formal 
plans, checklists, instructions, briefing 
aids, etc. They should be reviewed for 
completeness, accuracy, and clarity. After 
the review, the finalized planning package 
should be coordinated within MAJCOM 
channels. 

-- The final plan should be explained 
to the lowest appropriate levels within the 
organization and periodically reviewed. 

Substance of the Plan (What) 

This section delineates what should be 
included in the plan. Each plan must be 
tailored to an organization's mission, 
requirements, and needs. Hence, only major 
points are highlighted below: 

a. The execution of any plan depends on 
the availability of people. Hence, each 
Director of Contracting will have to deter- 
mine the number and types of people that 
will be required in various situations 
(i.e., during general and limited war, 
mobilization). In performing such an analy- 
sis he must consider: 

now? 
(1) How many people are available 

(2) Of those available, how many are 
to be committed to other duties? 

(3) What can the available people do 
prior to reservists coming on board or the 
hiring of new employees? 

(4) What will be the experience 
level of the new people? 

b. What minimal information will be 
required to document purchases? What 
requirements will be waived, modified, 
streamlined? 

c. Consideration should be given to 
levels of support and service to be provided 
during pre-determined levels of alert. Will 
the Contracting Director know in advance who 

he is to support or be supported by? If so, 
this should be included in the plan. If 
not, or if there is any question, the 
answers will have to be obtained from the 
appropriate sources. If reserve or other 
units are to be supported, are the details 
spelled out in Host Tenant Support Agree- 
ments or other documents? If the documents 
are vague or nonexistent then further action 
is required. 

d. Consideration should be given to the 
need for and composition of pre-determined 
national emergency contracts, mobilization 
contracting kits, and mobilization 
contracting teams so that on-the-spot 
contract awards can be made. 

e. All existing reporting requirements 
should be reviewed. Agreement and approval 
should then be obtained for those deemed 
absolutely essential. During the coordi- 
nation cycle, the MAJCOM should identify any 
new reports that will be required and 
existing ones that will be revised or 
deleted. 

f. The contract accounting and funding 
process will need a thorough review. 

g. If the contracting activity is near 
a hostile area, a number of questions must 
be addressed, such as: 

(1) Are civilians to continue 
working or are they to be evacuated? 

(2) If the number of people is 
reduced, what will be the organizations's 
level of effectiveness? Will there be 
enough trained people to handle the job? 

(3) What documents must be 
protected? How are they to be disposed of 
in case of evacuation? 

h. To what extent will mechanized 
equipment make-up for personnel short-falls 
and the projected increased workload? 

The above framework will aid Procurement 
Directors in developing a plan which 
addresses some basic questions about the 
role of their organizations in a national 
emergency. However, in order to develop an 
adequate plan they must be given sufficient 
guidance on what to plan for and what laws 
and regulations will be in effect at that 
time. 

Findings 

The findings of this study suggest that the 
Department of Defense's contracting and 
acquisition process is unprepared and 
inadequate if a national emergency or nrabi- 
lization were declared today because: 
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- The laws relating to national emergency 
acquisition procedures are fragmented. As a 
result, there is a lack of understanding as 
to what legislation and executive orders 
exist, are required, and how they Impact 
specific contracting and acquisition pro- 
cedures at the working level. 

- Very little, if any planning and even 
thinking as to what should or needs to be 
done in a national emergency-surge environ- 
ment exists at the contracting or System 
Program level. The most signfleant reason 
for this appears to be a lack of wartime 
guidance from the service departments, 
acquisition connands, and Defense Acquisi- 
tion Regulation (DAR). 

- The DAR is so restrictive that twenty- 
two primary Contracting Officer functions 
and fifty-three limitations or more would 
have to be revised or deleted to accelerate 
the contracting process. Yet there is no 
known documentation available which 
describes what should be done. 

Recommendations for Further Research 

In addition to the suggestions in this 
paper, it is recommneded that research be 
performed to: 

- Identify and analyze contracting and 
acquisition related laws and executive order 
which would be enacted prior to and during a 
national emergency. Based on any findings 
which indicate deficiencies, prepare pro- 
posed laws, executive orders and ODD direc- 
tives which can be enacted prior to or upon 
the declaration of a national anergency 
or war. 

- Develop alternatives to restrictive DAR 
contracting procedures and those identified 
in the 31 December 1980 Congressional report 
of the Defense Industrial Base Panel. 

- Review and analyze the contracting 
life-cycle process of an appropriate number 
of organizations within the Air Force 
Systems and Logistics Commands to identify 
what procedures would have to be deleted, 
revised or added during a major, non-nuclear 
war. Then develop new procedures 
accordingly. 

- Review and analyze documentation such 
as AFSC Pamphlet 800-3 "Acquisition 
Management" to determine which functions and 
procedures should be changed prior to and 
during a major, non-nuclear war. 

- Examine contractors who are 
experiencing significant increases in DOD 
business to learn about similar growth 
problems to expect during a non-nuclear 
surge. This will also examine expected 
working relationships in this environment. 

- Develop practical "organization war 
game" contracting and system acquisition 
exercises and a curriculum for use by 000 
educational institutions based on the fin- 
dings and end products obtained from the 
above research efforts. 

Appendix A 

The following DAR provisions will most 
likely have to be revised to expedite the 
contracting process during a national 
emergency or major non-nuclear war. A more 
detailed sunmary is presented in "OAR 
Revisions Required In A Surge Environment" 
which may be obtained from AFBRMC/R0CB, 
Wright-Patterson AF8, OH 45433 

DAR Revisions Required 

The Pre-Contract Award Phase 

DAR CITE 

Pre-Award 
Surveys 

1-900; 
Appendix K 

Corporate 
and Divi- 
sion ACOs 

Section 20, 
Part 9 

Letter 
Contracts 
3-408; 
7-802 

Basic 
Ordering 
Agreements 
1-1003.1; 
3-410.2 

Deviation 
Requests 

1-109 

AREAS TO INVESTIGATE 

Performance data for con- 
tract awards over $100,000; 
Expansion and creation of 
pre-award survey offices; 
Need for mechanized 
systems. 

Contingency plans to iden- 
tify industry expansion 
and new DOD contractors; 
ACO training/placement. 

Pre-placement definitiza- 
tion provisions; Admend- 
ments; maximum Govern- 
ment liability; possible 
absence of appropriated 
funds; provisions relating 
to priority ratings, 
payments, management 
systems requirements and 
audit. 

Extending BOAs that other- 
wise would expire; imple- 
mentation of revised 
provisions; Delegation of 
D&Fs for priced and 
unpriced orders; need for 
synopsizing. 

Decentralization of devia- 
tion approvals; Revision of 
deviations consistent with 
national emergency laws, 
regulations and directives. 
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PAR CITE 

Accounting 
and Estimating 
System Reviews 

3-402 

AREAS TO INVESTIGATE 

Timing, streamlining and 
frequency of reviews; Pre- 
award waiver of system ade- 
quacy determination. 

PAR CITE AREAS TO INVESTIGATE 

Advanced IR&O 
and B&P 
Expense 
Agreements 

15-107; 
15-205 

Contractor 
Procurement 
System Reviews 
(CPSRs) and 
Consent to 
Subcontractors 

23-100; 
23-200 

Cost Account- 
ing Dis- 
closure 
Statements 

3-1203; 
3-1204 

Cost/Schedule 
Control 
Systems 
Criteria 
(C/SCSC) 
1-331; 
7-104.87; 
7-2003.43; 
16-815 

Hazardous & 
War Related 
Insurance, 
Compensation 
and Indemni- 
fication 
Provisions 

7-104.2; 
7-104.10; 
7-104.65; 
7-104.94; 
etc. 

Hazardous 
& War 
Related... 
(cont'd) 

10-403; 
10-405; 
10-404; 
10-406; 
etc. 

Authorizing ACOs to nego- 
tiate and definitize agree- 
ments; Increased 
Tri-Service Departmental 
negotiations; Agreements 
based on other than formal, 
detailed negotiations. 

Waiving/streamlining 
detailed reviews for new 
contractors; feasibility of 
a mass certification of 
contractors. 

Increasing the threshold; 
90 day post-award sub- 
mission requirement; Non- 
submittal authorization and 
reporting requirements. 

Overall requirement; Less 
sophisticated systems which 
emphasize schedules. 

Training on processing 
claims, group insurance and 
specialty casualty 
insurance rating plans. 

Waiving of EPA restrictions 
and "EPA List of Violating 
Facilities; Analysis of 
relaxation and waivers of 
environment and safety 
restrictions granted by 
various laws. 

EEO Pre-      Expedite vs temporarily 
Award       suspend or modify checks; 
Clearance     strengthening of on-going 
tirS?^ >, .  compliance programs to 
^iSo-2(a)(2)(b)avo1d "artime discriraina- 
•lz"808       tion and racial unrest. 

Certificates 
of Current 
Cost and Pricing 
Data (P.L. 97-86- 
FY82 DOD Author- 
izations Act) 

3-807.3 

Validity during a surge 
environment; Revision of 
defective pricing guide- 
lines for firms, new to DOD 
and those who relied on 
informal conraitments. 

Synopsizing 
Awards 

1-1004; 
1-1007 

Need for revised synopses 
and Congressional notifi- 
cation guidelines during a 
national emergency and war. 

The Post-Award Phase 

OAR CITE 

Post-Award 
Orientation 
Conferences 

1-1800 

Change Orders 
1-201.1 
7-103.2 
7-203.2 
7-304.1 
etc. 

Issuing 
Contracts 
4 Processing 
Requests for 
Relief Under 
P.L. 85-804 

DAR XVII 

Constructive 
Changes 

7-104.86 
26-802 

Funding 
l-2001(c) 
7-203.3 

AREAS TO BE INVESTIGATED 

Revised guidelines on when/ 
what for post-award orien- 
tation conferences. 

Increased issuance of 
Change Orders by "Written 
electrical transmission;" 
Increased delegation to 
ACOs to issue, negotiate 
and definitize Mechaniza- 
tion of documentation, 
accounting and reporting 
Wartime clause revision. 

Development of practical 
"Extraordinary Contractual 
Actions" training exercises 
for DOD. 

Increasing the Jl,000,000 
"Notification of Changes" 
clause threshold 
requirement; Authorization 
of certain changes by other 
than ACO/PCO; Dollar limi- 
tation covering work done 
under constructive changes. 

Increased mechanized proce- 
dures to allot and disburse 
funds quickly; Requiring 
contractor to begin or con- 
tinue work in the absence 
of Immediate funding. 
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PAR CITE       AREAS TO BE INVESTIGATED 

Advance       Revising advanced payments 
Payments     standards, contractor 

application procedures, 
approval required by the 
PCO, and lower delegations 
of authority; Increasing 
the $50,000 and $25,000,000 
limitations; Sixty day 
Congressional waiting 
period. 

Renegotiation 
1-319 

Expansion of Contracting 
activities to prepare and 
furnish Information 
required; Raising of 
$1,000,000 per fiscal year 
threshold. 
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AN EXAMINATION OF THE 
MINI SHOULD COST EVALUATION TECHNIQUE 

Robert J. Cunningham 

DIRECTORATE OF CONTRACTING AND MANUFACTURING 
Oklahoma City ALC 

Tinker Air Force Base, OK 73145 

ABSTRACT 

This paper presents a different managment 
approach to achieve an effective cost analysis 
for negotiations of a contractor's proposal. 
Using this simplified approach the in depth 
analysis of a Should Cost Study is obtained 
using fewer manpower resources and the speed 
of a normal field review. 

BACKGROUND 

The various D00 buying activities employ 
several evaluation techniques to identify un- 
economical and inefficient estimates proposed 
by contractor in a noncompetitive environment. 
These techniques range from grass roots, his- 
torical and parametric cost evaluations by 
field and buying center personnel to extensive 
Should Cost Team examination. The major weap- 
on system acquisitions normally have the 
management attention and resources to achieve 
an effective should cost evaluation. 

PROBLEM 

The lower dollar value system, sub-system and 
complex spare parts acquisitions require an 
evaluation which is more extensive than the 
major weapon system Should Cost Approach. 
These acquisitions often are large in dollar 
value, technically complex and present an 
extensive estimating problem to the contractor 
and evaluation problem to the DOD buying 
element. Many initial production buys require 
development cleanup or are concurrent, thus 
needing extensive review. To accomplish this 
task why not use a Full Should Cost? The pro- 
blem is obtaining the personnel and keeping 
them possibly thru negotiations. 

MINI SHOULD COST MANGEMENT TEAM 

To achieve an effective evaluation on these 
types of acquisitions a DOD buying activity 
needs the in depth insight of a Should Cost 
Analysis while only using the additional man- 
power resources of a field review. At Okla- 
homa City Air Logistics Center, the Mini 
Should Cost Management Team was developed to 
fill this evaluation need. Unlike the approach 
used by the negotiating teams of AFSC this 
technique employs fewer personnel while achiev- 
ing an in depth evaluation. This technique 
employs the systematic approach of a Should 
Cost Team on a major weapon system while using 
a different conceptual framework and manage- 
ment approach. 

THE ELEMENTS OF THE PROCESS 

The key elements of a Mini Should Cost Manage- 
ment team focus upon the team's management 
structure and the evaluation approach. This 
team is normally made up of the Contracting 
Officer, Price Analyst, Project Engineer, Pro- 
gram Manager, Field Auditor and Analyst. The 
objective is to develop a team where the field 
personnel understand the technical require- 
ments and the technical people understand how 
the company operates. The team members part- 
icipate from the beginning of the evaluation 
through conclusion of negotiations. Unlike 
the normal should cost approach, this team's 
goal is to jointly focus technical, accounting, 
production and business expertise as a team 
upon the same cost elements to surface hidden 
assumptions and making clear their logical 
implications. Thus, an integrated line and 
staff function analysis is accomplished on 
each cost element proposed e.g.; direct costs 
which should have been an indirect or unneeded 
costs. 
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The evaluation methodology implements the 
teams management structure. Evaluations are 
made using a work break down approach. Unlike 
the normal should cost approach the full team 
is used to evaluate W.B.S. Cost Elements with- 
in each category and across all W.B.S. cate- 
gories. Thus the inefficiencies and duplica- 
tions of effort are identified throughout the 
contractor's proposal. 

This technique requires fewer people to per- 
form the analysis over a shorter period of 
time. A recent acquisition using this 
approach resulted in a contractor's 1.3 
billion dollar proposal being reduced to 700 
million. 
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UNDERSTANDING ECONOMIC PRICE ADJUSTMENT BASED ON COST INDICES 

Joseph C. Groth and Leon A. Seem 

Hughes Aircraft Company 
Missile Systems Group 

Canoga Park, California 91304 

ABSTRACT 

Economic price adjustment based on cost Indices 
is one of the least understood aspects of the 
contracts profession. The Defense Department's 
proposed changes to Economic Price Adjustment 
clauses recently promulgated in DAR Case 81-144 
include a new 7-106.3 Economic Price Adjustment 
Clause (Cost Index Method).  It is therefore 
timely to review the essential elements of 
economic price adjustment based on cost indices 
so that they are more easily understood by mem- 
bers of the contracts profession who are either 
unfamiliar with them or who do not work, with 
them on a daily basis.  This paper reviews the 
theory and practical application of key elements 
involved in arriving at workable economic price 
adjustment provisions based on cost indices. 
The proposed DAR 7-106.3 EPA Clause (Cost Index 
Method) is included along with a sample Price 
Adjustment Table. 

ECONOMIC PRICE ADJUSTMENT 

For many years, economic forecasting was not a 
major area of concern in the pricing of Govern- 
ment defense contracts.  Generally speaking, 
the rate of inflation was modest and steady. 
Therefore, escalation was not a significant 
factor in the overall determination of price. 

More recently, because of high and fluctuating 
rates of inflation and interest, national 
dependency on limited energy sources, and the 
scarcity of certain materials, economic fore- 
casting has become a perilous uncertainty. 
Price escalation can have a major effect on 
contract costs, particularly during protracted 
periods of performance. 

The objective of an EPA clause is to protect 
both the Government and the Contractor from the 
effects of significant economic fluctuations in 
labor and material costs.  EPA provisions are 
designed to provide for the upward and downward 
revision of the stated contract price on the 
occurrence of certain contingencies which are 
specifically defined in the contract. Use of 
an EPA clause is appropriate when serious doubt 
exists as to the stability of market or labor 

conditions which will exist during an extended 
period of contract performance, and when contin- 
gencies which would otherwise be included in the 
contract price can be identified and covered by 
a price adjustment clause.  It is essential that 
the base period in the clause be the same as the 
period used to establish the base price, and 
that the clause provide for price changes con- 
sistent with the actual changes in the contract 
costs resulting from economic changes beyond the 
control of the Contractor. 

Defense Acquisition Regulation 3-404.3 specifies 
three broad types of EPA clauses. The first 
provides for adjustments based on established 
prices where basic commodities and comniercial 
items comprise a major portion of the contract 
work.  The second type provides for adjustments 
based on the Contractor's experienced labor or 
material costs and is commonly referred to as 
the actual cost method.  It is used when there 
is no major design engineering or development 
work involved. The third type is referred to as 
the cost index method.  It is used when there 
will be an extended period of performance and 
the amount subject to adjustment is substantial. 

Inclusion of a Cost Index Method EPA clause is 
appropriate when there is an extended period of 
contract performance (normally in excess of 2 ' 
years), the amount subject to adjustment is 
substantial, the adjustments based on labor and 
material costs are limited to contingencies 
beyond the control of the Contractor, and for 
the reasons cited above the economic variables 
for labor and material are too unstable to 
reflect a reasonable division of risk between 
the parties absent EPA provisions. 

SELECTING THE PROPER COST INDICES 

Inflation is measured most commonly over time 
by changes in wage and price indices.  Move- 
ments of price indices usually are expressed as 
percentages rather than index points.  Index 
point changes are affected by the level of the 
index in relation to its base period, while 
percent changes are not. A 1-point increase in 
the index yields varying percentage rates of 
inflation depending on what base the change 
is calculated. (1) 
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Before graphic or computacional analysis can be 
developed to project future expenditure levels, 
it is necessary to adjust historical costs to a 
common base. Actual experience by the Contrac- 
tor, area indices, or national price level 
indices may be used, depending on availability. 
The projections then must be escalated from the 
base year to the period covered.  Costs 
incurred in one period may be converted to 
equivalent costs in another period as follows: 

Costs Incurred 

Index for 
Period When 
Costs Were 
Incurred 

Index for 
Period to 
Which 
Converting 

Converted 
Costs 

The most extensive and accessible compilation 
of historical wage and price information is 
maintained by the Department of Labor, Bureau 
of Labor Statistics (BLS).  The BLS collects 
wage and price data from businesses and other 
sources on a wide variety of carefully defined 
products and services. 

Construction of indices is largely dependent on 
two general series published by the U. S. 
Department of Labor, Bureau of Labor Statistics 
(BLS). These are the Wage and Income Series of 
Standard Industrial Classification (SIC) for 
labor and the Industrial Commodities portion of 
the Producer Price Index for material. 

Normally, two indices are used in EPA clauses - 
one for labor (direct and indirect) and one for 
material (direct and indirect).  Each index 
should be structured to encompass a large 
sample of relevant items and yet bear a logical 
relationship to the type of contract costs 
being measured. The basis of the index should 
not be so large and diverse that it is signifi- 
cantly affected by fluctuations not relevant to 
the contract performance, yet it must be signi- 
ficantly broad so as to assure the minimal 
effect of any single contractor, including the 
anticipated contractor. 

BASIC PRICE/EPA DTOICES 
ESCALATION CORRELATION 

To ensure that inclusion of an EPA clause will 
not result in duplicate recovery of costs 
already contained in the basic price, it is 
important that there be a close correlation 
between escalation factors used in developing 
the basic prices and the escalation projections 
used in the EPA indices.  In addition, they 
must both start from the same base point. 

DEVELOPffiNT OF PHASED EXPENDITURE 
PROFILES FOR COSTS SUBJECT TO EPA 

In the expenditure profile, estimated costs are 
grouped into labor and material - the two 

logical categories to which inflation rates can 
be applied.  The labor profile should be devel- 
oped on an expenditure profile in accordance 
with the hardware delivery schedules. The 
material profile should be developed based on 
the estimated expenditure costs from suppliers. 

All prime material costs should be segregated 
and incorporated in the material profile. All 
other costs should be covered in the labor pro- 
file.  The prime material costs consist of the 
material profile per DAR 3-404.3(3)C.7 and covet 
all indirect and direct costs for the suppliers. 
An analysis should be performed of overhead 
pools to determine the percentage of material 
contained in indirect pools.  Inasmuch as mate- 
rial is usually an insignificant portion of 
overhead costs, all overhead costs are normally 
contained in the labor profile. 

BASIC PRICE/EPA LABOR 
ESCALATION CORRELATION 

The correlation between the labor escalation 
factors used in the basic pricing and those used 
in the EPA labor index is illustrated in the 
following example: 

Basic Pricing 
Labor Rate EPA Labor 

Change, Index Change, 
Year Percent Percent 

1982 6.6 8.80 
1983 7.8 6.90 
1984 5.7 5.53 
1985 7.1 6.75 

Average Change 6.8 5.99 

The same comparison can be made on an indices 
basis by designating December 1981 = 100 as the 
base point for both the basic pricing labor rate 
change and the EPA labor index change.  This is 
shown as follows: 

*Basic Pricing *SPA Labor 
Year Labor Index Index 

1982 1.0660 1.0880 
1983 1.1489 1.1631 
1984 1.2146 1.2274 
1985 1.3008 1.3102 

Average Change 1.1825 1.1971 
♦December 1981 100 

As indicated above, there should be a close 
correlation between the labor escalation factors 
used in the basic pricing and those used in the 
EPA labor index.  On a percentage basis, the 
difference in average annual change shown in 
this example is less than 0.2, i.e., the 
average annual change for the EPA labor index is 
6.99 percent, and the average annual change for 
the basic pricing labor rate change is 
6.8 percent. 
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BASIC PRICE/EPA MATERIAL 
ESCALATION CORRELATION 

There should be a one-for-one correlation in 
material escalation factors utilized in the 
basic pricing and those used in the EPA 
material index. 

LABOR RISK ASSESSMENT 

The labor index selected to measure inflation 
and apply it to the expenditure profiles in 
this example is SIC Code 372 (Employment and 
Earnings/Gross Average Hourly Earnings of Air- 
craft and Aircraft Parts Production Employees). 
The average annual rate of increase in SIC 372 
over the last 6 years was 9.4 percent.  If it 
were assumed that inflation does not decrease 
but rather continues increasing at the average 
of the last 6 years, then the impact of this 
continued high inflation rate can be seen below. 

Basic Pricing SIC Potential 
Projections, Code 372, EPA Delta, 

Year Percent Percent 

9.4 

Percent 

1981 9.40 0.00 
1982 8.80 9.4 0.60 
1983 6.90 9.4 2.50 
1984 5.53 9.4 3.87 
1985 6.75 9.4 2.65 
1986 6.00 9.4 3.40 

Data Resources, Inc. (DRI) is a widely used 
economic forecasting service which makes long 
term forecasts which are updated quarterly. 
The DRI forecasts use "Cyclelong" projections. 
These projections contain a mixture of shocks 
and imperfectly timed policy initiatives that 
are arbitrarily introduced to produce a cycli- 
cal environment similar to postware experience. 
Such a simulation naturally embodies a more 
pessimistic record of employment, inflation, 
and capital. 

The DRI forecasts for BLS SIC Code 372 prepared 
during the first and second quarters of 1981 
for the years 1982 through 1986 are shown below: 

First Quarter 
1981 Forecast, 

Year   Percent 

Second Quarter 
1981 Forecast, Delta, 

Percent    Percent 

1981 11.1 11.2 +0.1 
1982 11.8 11.1 -0.7 
1983 10.2 9.8 -0.4 
1984 9.2 9.6 +0.4 
1985 10.3 11.0 +0.7 
1986 9.8 10.1 +0.3 

The authors believe the DRI forecast does not 
incorporate the downward increase in SIC Code 
372 that should occur based on the proposed 
increases in the defense spending and employ- 
ment for the B-l bomber, MX missile, stealth 
bomber, the F/A-18 sales to Australia, and AWAC 

sales to Saudi Arabia, 
increase at Rockwell Int 
and McDonnell-Douglas as 
programs. Consequently, 
even if labor agreements 
wage increases for indiv 
average labor rates will 
opposite direction. 

Employment should 
ernational, Boeing, 
a result of these 
it is believed that, 
provide for general 
idual employees, the 
move in the 

An analysis has been made of actual Selected 
Producer Price Indexes and Standard Industrial 
Labor Classification Codes for 20 codes utili- 
zed frequently by the Army Armament Material 
Readiness Command and which most correctly 
represent the predominance of those items pro- 
cured by that command. (2)  This analysis 
covered the period January 1974 to January 
1980. The plotting of those actual indexes 
indicates a continuing picture of rising infla- 
tion throughout that period.  However, dis- 
counting minor fluctuations, these plotted data 
indicate an almost straight-line increase 
throughout the period.  This data supports the 
premise that BLS SIC Code 372 will continue to 
increase at an annual average rate of 9.4 per- 
cent thorugh 1986 just as it did from 1975 to 
1981. Again, it is believed there will be a 
downward increase for the reasons cited above. 

A graphic analysis of the basic pricing, DRI, 
and a straight line projection of the escala- 
tions projected for BLS SIC Code 372 is shown 
in Table 1. 

It is important to note that price adjustments 
would result only if the actual reported 
BLS SIC Code 372 labor rates vary from the 
BLS SIC Code 372 projections contained in the 
EPA clause.  In the final analysis, the Govern- 
ment would pay the same price regardless of 
which BLS SIC Code 3 72 projection is used 
because price adjustments would be made on the 
basis of the actual reported BLS SIC Code 372 
labor rates. 

DEFENSE DEPARTMENTS PROPOSED 
CHANGES TO EPA CLAUSES 

The DA& Council's EPA Ad Hoc Committee proposed 
the following revisions to current EPA coverage 
in a report dated 28 October 1981: 1) extends 
use to fixed-price incentive contracts; 2) pro- 
vides a less-restrictive clause for use in con- 
tracts based on established market or catalog 
prices; 3) provides revised EPA coverage on 
formally advertised procurements to permit 
more equitable bid evaluations; and 4) provides 
more definitive and uniform provisions for 
economic price adjustment methods.  Proposed 
DAR coverage is designed to provide greater 
assurance that contractors and subcontractors 
are not penalized by unpredictable 
cost fluctuations. 

Under DAR Case No. 81-144, the DAR Council 
released the Ad Hoc Committee's proposed DAR 
coverage for Industry and Service/Agency 
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TABLE   1.     COMPARISON OF SIC  CODE  372 PROJECTIONS 
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comments on 7 December 1981. Comments were due 
to be received by the DAR Council from Industry 
and Service/Agencies by March 1982. 

PROPOSED DAR 7-106.3 EPA CLAUSE 
(COST INDEX METHOD) 

Because the proposed DAR 7-106.3 EPA Clause 
(Cost Index Method) is scheduled to be imple- 
mented by July 1982, it Is included below in 
full text. A sample Price Adjustment Table 
based on use of the SIC Code 372 Index dis- 
cussed above is shown in Table 2. 

"Economic Price Adjustment - Cost Index 
Method.  (1982) 

(a) The Contractor warrants that the prices 
set forth in this contract include the 
Contractor's normal pricing factors 
to account for economic contingencies 
and fluctuations, but do not include 
allowances for any contingency to the 
extent covered by this clause. 

(b) Regardless of the actual changes in the 
cost factors during the performance of 
this contract, price adjustments shall 
be made only as provided herein.  How- 
ever, this clause neither prohibits 
changes in contract price(s) due to other 
provisions of the contract nor does it 

preclude revisions to the attached table 
when other contractual provisions affect 
the expenditure profile or cost factors. 

(c) The calculation required by the table 
(upward or downward) will be made by the 
Contractor in accordance with the com- 
putation periods shown in the attached 
table and will be submitted on a yearly 
basis to the Contracting Officer.  Any 
EPA adjustment will be incorporated in a 
supplemental agreement which shall include 
the calculations upon which they are made. 

(d) For the purpose of computing adjustments 
pursuant to this clause, cost factors 
subject to adjustment will be appor- 
tioned as shown in the projected expen- 
diture profile table. 

(e) Adjustments to the contract price on 
account of cost factor fluctuations in 
the economy shall be made as follows for 
each cost factor for each performance 
period shown in the cable based on the 
applicable final published index(ices). 

(1) The projected index is agreed to at 
the time of award for the appropriate 
periods involved and set forth in 
Column 2. 



TABLE 2.  PRICE ADJUSTMENT TABLE 

PRICE ADJUSTMENT TABLE 

COST FACTOR LABOR INDEX IDENTIFICATION SIC 372 - AIRCRAFT AND PARTS 

(1) (2) (3) (4) (5) (6) 17) (8) 

COMPUTATION 
PERIOD 

PLANNED 
EXPENDITURE 

PROFILE 
PROJECTED 

INDEX 

311.72 

TOLERANCE 
BAND 

LOWER/UPPER 

±1% 

ACTUAL 
INDEX 

311.78 

INDEX 
DIFFERENCE 

(SM31 

PERCENT 
DIFFERENCE 

(6W3) 
ADJUSTMENT 

(7)x(2) 

12-82 $10,000,000 S0.06 +0.5 NO 
ADJUSTMENT- 

WITHIN 
TOLERANCE 

BAND 

12-83 310,000,000 312.53 ±1% 313.53 31.00 +8.0 3800,000 

12-84 310,000,000 313.19 ±1% 312.93 (30.26) -2.0 (3200,000) 

INCORPORATED IN CONTRACT ACTUAL DATA 

(2) Uhen the actual index (Column 5) is 
within the tolerance band (Column 4), 
no adjustment will be made. 

(3) When the actual index is outside the 
tolerance band, the difference 
between the actual and projected 
index will be computed on a plus or 
minus figure and set forth in 
Column 6. 

(4) The difference, whether plus or 
minus, shall be divided by the esti- 
mated Index set forth in Column 3. 
This product is the percentage of 
change in the Index and set forth in 
Column 7. 

(5) The Planned Expenditure Profile set 
forth in Column 2 of the table is 
multiplied by the percentage change 
(plus or minus) in Column 7, and the 
resulting amount placed in Column 8. 

(f) No upward adjustment shall be made as a 
result of the failure of the Contractor 
to deliver supplies or perform services 
in accordance with the delivery schedule 
unless the Contractor's failure to 
deliver or perform results from causes 
beyond the control and without the fault 
or negligence of the Contractor within 
the meaning of the clause of this con- 
tract entitled "Default," in which case 
the contract shall be amended to make an 
equitable extension of the delivery or 
performance schedule. 

(g) The Contractor shall permit the Contract- 
ing Officer or authorized representative 

to examine and make copies of any 
documents, papers, or records relating 
to compliance with the provisions of 
this clause. 

(h) In the event any index cited is dis- 
counted or altered the parties shall 
mutually agree upon any appropriate 
substitute.  Until agreement is reached, 
an index selected by the Contracting 
Officer shall be used. 

(i) If for any reason during Che performance 
of this contract, there is evidence that 
there is or will be a material change 
to the expenditure profile outlined in 
the attached table, the Contractor shall 
promptly notify the Contracting Officer 
setting forth the reasons for the change 
and provide a new expenditure profile. 
There shall be no additional cost to the 
Government for any changes in the expen- 
diture profile unless the Contracting 
Officer determines that the changes were 
clearly beyond the Contractor's control 
or the changes are in the best interests 
of the Government. 

(j) The increased contract unit price shall 
not apply to quantities scheduled under 
the contract for delivery before the 
effective date of the increased contract 
unit price unless the Contractor's 
failure to deliver before such date 
results from causes beyond the control 
and without the fault of negligence 
of the Contractor, within the meaning of 
the "Default" claims of this contract. 
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TABLE  3 

INITIAL 
TOTAL 
COST 

330,000,000 

INITIAL 
PROFIT INITIAL 

RATE PROFIT 

10% 33,000,000 

INITIAL 
TOTAL 
PRICE 

^33,000,000 

EPA ADJUSTED 
TOTAL COST 

330,600,000 

FINAL 
PROFIT 

33,000,000 

FINAL 
TOTAL 
PRICE 

333,600,000 

FINAL 
PROFIT 
RATE 

9.8% 

(k) If this contract is terminated in whole, 
for any reason, a price adjustment will 
be applicable only to units completed 
prior to said termination.  If the con- 
tract is terminated in part affecting the 
completion of one or more contract line 
items subject to the provisions of this 
clause, adjustments to the table shall 
be made." 

INFLATION PROFIT IMPACT 

In its present version, the proposed EPA Clause 
(Cost Index Method) presented above does not 
provide for adjustment of profit. As shown in 
Table 3, the impact of inflation on profits 
can be demonstrated utilizing the information 
contained in the sample Price Adjustment Table 
shown in Table 2 and assuming a 10 percent 
profit rate. 

As can be seen in Table 3, the profit rate 
erroded from 10 percent to 9.8 percent as the 
result of inflation.  The proposed DAS coverage 
in 3-404.3(c)(3)(A) relative to price adjust- 
ments based on the cost index method states 
"the use of this clause reduces the Contrac- 
tor's risk and its use should be recognized in 
determining the contract profit objectives." 
Given that the Contrator's profit rate would 
be lower with an EPA cost index method clause 
than without one, it would appear to the 
authors chat having the profit rate further 
reduced by Inflation as illustrated above is 
double jeopardy and unwarranted. 

It is hoped that after the DAR Council has 
reviewed comments, the revised coverage imple- 
mented will provide for contract price adjust- 
ments which recognize the impact of inflation 
on profits. 

CONCLUSION 

In summary, the purpose of economic price 
adjustment clauses is to protect the Contractor 
and the Government from major economic fluctua- 
tions which can not be predicted with a 
reasonable degree of confidence.  Contractors 
are expected to anticipate reasonably predict- 
able economic fluctuations and other costs of 
Contractor performance, but they should not 
be expected to predict the unpredictable. 
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COST   VARIATION   STUDY OF REPARABLE   ITEMS 

Carol Hawks 

Directorate of Material Requirements and 
Financial Resource Management (LOR) 

Headquarters Air Force Logistics Command 
WRIGHT-PATTERSON AIR FORCE BASE 

ABSTRACT 

The purpose of this study was to develop a set 
of indices that reflect the changes in unit cost of 
recoverable items from 1960 to 1981 for use in price 
redetermination. 

The Air Force Logistics Command (AFLC) cur- 
rently uses Office of the Assistant Secretary of 
Defense (OASD) inflation indices to update unit 
costs for its replenishment spares budgets and Pro- 
gram Operating Memorandums (POMs). Indices are 
applied to the last purchase price for the needed 
items to project current purchase prices. This 
process, called price redetermination, only accounts 
for price changes due to inflation. The indices used 
do not reflect other changes such as those caused by 
finding new sources of supply or by outmoded tech- 
nology. 

The last two budget submissions provided infor- 
mation on how the unit cost of 150 items (30 from 
each Air Logistics Center) had changed in the 
previous year. These samples showed that price 
changes were higher than could be accounted for by 
inflation. However, the sample size was not large 
enough to quantify accurately the total price change 
nor did it address changes in any year other than the 
most recent. The budget and POM submission are 
built on prices dating back to 1960. Thus, what is 
needed is a set of annually updated indices that 
reflect all changes in cost from 1960 to any year 
based on a large data set. 

There are three sources of data used in this 
study. Two are from 30^1 procurement system 
history records. The master records contain 
detailed information on all purchases of Air Force 
managed items made in FY77 or later. The archive 
records contain less detailed information on each 
purchase and contain earlier purchases, but few 
before FY73. The recoverable item purchases could 
only be identified in the master records. Therefore, 
the only archive records used were for the same 
items identified in the master records. 

To gather information on purchases prior to 
FY73, a third data source, AFLC Forms 318, pro- 
curement history records manually maintained by 
item managers, was used. An item's 318 form 
contains information on all its procurements. Older 
items can have purchases recorded in the 60's and 
even earlier. The manual workload of gathering this 
information and preparing it for key punch limited 
the number of items for which 313 forms were used. 
Seventy items reviewed at each ALC by the Mate- 
riel Management Review Team in August 1981 were 
used for this effort. 

From each information source, the following 
was accumulated by National Stock Number (NSN): 
fiscal years of purchase; quantity purchased each 
fiscal year; and average purchase cost in those 
years. The information from the three sources was 
merged using the average cost and quantity from 
the source containing the largest purchase quantity 
for a NSN in any year. This prevented duplication 
of input from two or more sources. 

The last step in the data gathering was to pair 
purchase information if possible for each NSN. 
Each year, that a NSN had a purchase, was matched 
with the year prior to it that had the most recent 
earlier purchase. This paired data was used in the 
analysis routine and contains ALC, fiscal year of 
earlier purchase and average unit cost, and fiscal 
year of later purchase and average unit cost. 

The analysis routine takes each set of purchase 
data and calculates the change in purchase cost 
between the earlier fiscal year and in the later 
fiscal year. This information is accumulated by the 
fiscal years involved. For each purchase interval 
ending in FY81, compound interest formulas are 
used to determine the change between FY80 to 
FYS1. These changes are averaged to determine the 
rate of change between FYS0 and FYS1. The rate 
of change found is then considered correct and used 
to find the change remaining in those intervals 
including earlier intervals. The same process is then 
repeated on FY80 and the preceeding years in turn. 

The analysis found annual rates of change for 
each fiscal year between FY73 and FYS1 and the 
indices that would change a fiscal year cost for 
fiscal years 73 through 80 to a FY81 cost. The 
analysis was complicated by FY7T, the interim 
quarter between FY76 and FY77 when the start of 
the fiscal year was changed from 1 July to 1 
October. The compound interest formulas were 
modified to use a five-eighths of a year time 
interval between FY76 and FY7T and between FY7T 
and FY77 as that was the time lapse between the 
middle of FY76 and the middle of FY7T and bet- 
ween the middle of FY7T and the middle of FY77. 

The analysis did not directly compute annual 
rates of change for any time prior to FY73 because 
a sufficient amount of data was not collected for 
those years. However, regression analysis was per- 
formed on the actual changes for FY73 and FY31 
and the OASD allowed changes for these years. This 
provided a method to convert the OASD allowed 
changes for FY60 to FY73 to more realistic changes 
in unit cost for these years. 
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The resulting set of annual changes and indices 
was used to demonstrate the effect of unfunded cost 
increases on our budgets and the possible impact on 
weapon system support. 

PURPOSE 

The purpose of this study was to develop a set 
of indices to use in the price redetermination pro- 
cess while building budgets and Program Objective 
Memorandums (POMs) for reparable items. These 
indices would reflect price changes for all reasons 
and would be based on fiscal year 60-81 actual data. 
They would be updated annually to reflect the latest 
available data and address the years needed for the 
current budget and POM. 

YEAR  LAST VALUE   USING OSD 
PURCHASE UVST  COST nrorcss 

FY   60 230 3.263 

FY   61 15 3.236 

FY   62 514 3.135 

FY   63 31 3.135 

FIGURE 1 

PRICE EEDETESMINATIOS 

Oklahoma City FY33 3P15 Budget 

S THOUSANDS 

SXPSCTBO 
rosT 

915 

1633 

BACKGROUND 

The indices used in the price redetermination 
process, part of building reparable item budgets, are 
critical elements in obtaining accurate budgets. 
The price redetermination process and the Office of 
the Assistant Secretary of Defense (OASD) inflation 
indices currently used in price redetermination are 
described below to demonstrate their importance 
and the inadequacy of the indices. 

!• PRICE REDETERMINATION: The require- 
ments that are used to build a budget are stated in 
terms of the last available purchase cost. This cost 
of last purchase is the only one available to DO*!, 
the requirements system for reparable items. How- 
ever, it is not a good estimate of what to expect to 
pay for these items when they are next purchased. 
Although the cost of next purchasing one of these 
items may be much higher or lower than the old 
cost, building a budget on an aggregate of these 
items is more reliable. 

The price redetermination process takes the 
requirements that are displayed by apportionment 
year (AY), budget year (BY) and extended year (EY) 
and further breaks them down and displays them by 
fiscal year of last purchase. This groups the 
requirements so they can be multiplied by the OASD 
indices to bring them to the expected cost in the 
year(s) they will be purchased. Now they can be 
accumulated by AY, BY, and EY again to form the 
budget. The EY is then used as a basis of buildine 
the POM. 

Figure 1 shows an example of part of the price 
redetermination done by Oklahoma City for the 
budget year in the FY83 budget using the Sep SI 
D(W1 requirements computation as a basis. The 
expected cost shown for FY60-63 is combined with 
the expected costs for FY6f-31 to form the budget 
year requirement. The fiscal years used include 
FY7T, the transition quarter when the start of the 
fiscal year changed from 1 July to 1 October in 
1976. 

H. OASD INDICES; The OASD indices used in 
building reparable item budgets are mandated by 
AFR 173-2 for inflation and provided by HQ USAF 
Directorate of Cost and Management Analysis (HQ 
USAF/ACM). HQ USAF/ACM uses the raw indices 
and guidance provided by the Office of Management 
and Budget (OMB) through the Office of the Assis- 
tant Secretary of Defense (OASD) to calculate the 
appropriate weighted indices used by the budget 
programs. 

The OASD indices only address inflation where 
inflation is defined as the increase in amount of 
currency in circulation that results in an increase in 
general level of prices. Inflation is measured by 
pricing the same set of goods from one time period 
to another with the resulting change in price attri- 
buted to inflation. Pricing different groups of items 
may result in different indices. That is why so many 
sets of inflation indices exist and it is important to 
measure inflation using items similar to those you 
expect to buy. The Producer Price indices for 
intermediate materials, supplies and components is 
part of the Consumer Price family of indices and 
should be comparable to the OASD reparable item 
indices. However, it is generally higher than the 
OASD indices. The fiscal year changes in the OASD 
indices and the Producer Price indices are shown in 
Figure 2. 

The price redetermination process should not 
use a set of indices for only inflation as the repar- 
able items purchased are not a static unchanging 
market basket of goods. Instead a dynamic, always 
changing group of items is purchased whose prices 
change for reasons other than inflation. The pro- 
ducer of an item could go out of business before the 
item is next needed, or could already have a work- 
load scheduled at capacity and not want to make the 
item. Retooling is sometimes necessary if the item 
has not been purchased in a long time. Many of our 
weapon systems are being used past their original 
expected life span. Consequently, technological 
changes can make it impossible to even find a 
company that has the capability to make some items 
for such weapon systems. 
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This study was started because there were 
several indications that reparable items are expe- 
riencing a larger cost growth than would be pre- 
dicted by the OASD indices. A study* by Air Staff 
on the budget and POM process found OASD allowed 
changes were approximately one-half the actual 
changes that occured. This result is also found when 
the OASD fiscal year changes are compared to the 
annual changes computed by H052, the price varia- 
tion reporting system for Air Force consumable 
items. H052 uses actual changes in cost as found in 
JO^l, procurement history records. This contrast 
between H052 and OASD fiscal year changes is also 
shown in Figure 2. 

fy 
0SD» 

INFUkTION 
PRODOTFRM 

PRICE 
COHajflASLES 

OOS2) 

73-74 1.078 1.156 

74-75 1.107 1.262 

75-76 1.069 1.026 1.140 

75-7T 1.032 1.030 1.076 ♦ 

7T-77 1.033 1.054 1.060 « 

77-78 1.069 1.056 1.110 

78-79 1.087 1.109 1.122 

79-80 1.098 1.168 

80-81 1.080 1.169 

•INDICES FOB rr«3 BPIS SUOSET 
"•INDEX OF PRC0CCE8 PRICES,  INTERMEDIATE MATERIALS,   SJJFWJZS 

MO COMPONENTS 
•MODIFIED FROM HCB2 RATE COMPUTED FOR 12 MONTH CHAN6E 

FIGURE   2 

COMPARISON  OP    FISCAL  YEAR  CHAMGES 

The results of using inadequate indices are 
understated budgets and POMs and reduced weapon 
system support. This study is an effort to change 
the situation by building a set of indices for repar- 
able items that are calculated using reparable items 
already purchased by the Air Force, based on as 
large a sample as possible, and that capture price 
changes for all the typical reasons that will always 
affect some portion of our inventory. 

APPROACH 

The approach for this study was to examine the 
methodology used to capture the aggregate price 
changes for consumable items by H052. H052 was 
run with reparable items and major inadequacies for 
this use were found. These inadequacies are dis- 
cussed below along with the changes that were made 
to fit the needs of reparable items. The final 
computation method is then described and illus- 
trated. This is followed by a discussion of the one 
remaining problem, what can be done for those 
years in which we were not able to compute a fiscal 
year change. 

I.   ADAPT CONSUMABLE ITEM METHODOLOGY: 

A. Procurement History: H052 uses JO^l pro- 
curement history active files which contain infor- 
mation on procurements for all Air Force items for 
FY77 and later. This was more than adequate for 
consumable items as the only computation made was 
for the annual change in the last fiscal year. 

Reparable item fiscal year changes were 
needed for FY60-81, thus more data sources were 
needed. J041 archive files provided data as far back 
as FY73. There was an additional problem using this 
data source. The codes indicating if the item was 
consumable or reparable were not included. Thus, 
the reparable items were identified from the active 
files and additional purchases were used from the 
archive files if the stock numbers matched. 

An effort was made to obtain purchase data 
prior to FY73 by manually taking it from AFLC 
Forms 3IS, procurement history records manually 
maintained by item managers. The approximately 
350 items included in the August 19S1 Material 
Management Review were used for this effort but 
unfortunately the majority of them did not have 
procurement history prior to FY73. Thus, there was 
not enough data to compute FY changes for that 
time period. 

B. Purchases Considered: H052 considers all 
consumable item procurements. To use the item's 
information, the item must have a purchase less 
than one year old and another purchase one to two 
years older than the first. It will use the most 
recent purchase that is in each of these time periods 
to calculate the annual price change. An item's 
information must also meet other criteria which are 
outlined in Section I-G before it will be included in 
the final results. 

The reparable item method uses all purchases 
found in 30*1 procurement active and archive files, 
provided the item could be identified as reparable in 
the active files. In addition, all purchases found in 
the sample of reparable item Form 318 procurement 
records were used. These purchases were grouped 
by fiscal year and the average fiscal year purchase 
cost found. Since there were three sources of data, 
care was taken to insure that no purchase was used 
more than once. Items that were purchased in only 
one fiscal year could not be used in this study. 

C. Compounding of Rate of Change; H052 
compares two purchases for each item and the 
interval between the purchases is one to two years. 
Therefore, H052 uses monthly compounding of the 
change in purchase cost to find the one year change 
for each item. 

* Saber Provider Alpha conducted by L'SAF/SA 
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The reparable item study had to determine 
rates o£ change between several fiscal years. 
Monthly compounding was not used as there could be 
more than one purchase in a fiscal year. There can 
also be several years between purchases. Therefore, 
the change in purchase cost was compounded by 
fiscal year. Fiscal year 7T was treated by using the 
interval between 7T and the years before or after it 
as five-eighths of a year. This is the length of time 
between the midpoint of one of these years and the 
midpoint of the next year. 

D. Item Matching of Purchases; H052 only 
matched purchases when the entire National Stock 
Number (NSN) matched. When dealing with longer 
periods of time for reparable items, the first four 
positions of the NSN called the Federal Stock Class 
can change for an item. Thus, to find as many 
matches as possible, it was necessary to compare 
the next nine digits of the NSN called the National 
Item Identification Number (NIIN) which is item 
unique and only changes when the item changes. 

E- Validation of Data; Consumable item 
changes are validated by item managers if the 
changes are large. Input errors can occur in 3041 
procurement records and a manual review insures 
that any errors that will have a major effect on the 
results are corrected. 

Reparable item changes could not be validated 
because of the larger amount and age of the data 
used. In many cases, the records to validate these 
changes are no longer available. Therefore, the 
extreme changes were treated by eliminating the 
five percent of the changes with the largest annual 
increase or decrease. 

F- Weighting of Data; Consumable item 
changes are weignted by the purchase costs for 
these items. This allows H052 to calculate the 
effect of the cost change on the budget. 

Weighting of the data by purchase costs did not 
work very well for reparable items. There was a 
large range of purchase costs for these items as well 
as a large range of cost changes. Thus when the 
weighting method was used, the high cost items with 
large cost changes made the results inconsistent. 
The method used was to treat each item change 
with equal weight. 

C Data Eliminated: H052 eliminates items ii 
one of the purchases only has estimated prices, is a 
first purchase or is a foreign military sale or if 
quantity discounts decreased the price. For repar- 
able items, these purchases were not automatically 
excluded as the last price available could easily be 
affected by this type of situation. Also, exclusion 
of these purchases would limit the sample size. 
However, as mentioned above in Section I-E, some 
data were eliminated for large annual cost changes. 

H- San"lp.15„Size: For FY81, H052 found appro- 
ximateiy 130,000 items with purchases in the right 
time frames. After items were eliminated for the 
reasons stated in Sections A-G, there were 20,000 
items used to determine the annual price change. 
When the H052 method was tried directly on repar- 
able items, the sample size was much smaller. If it 
had been tried at ail ALCs, only about 2,000 items 
would have been selected for determining the FYS0- 
31 change. 

The reparable item method found 40,000 pur- 
chase changes in the FY73-81 time period which 
represented information from more than 80,000 pur- 
chases. This sample size was large enough to 
provide consistent results from year to year. Also, 
when the data were divided by ALC, there was a 
consistency between the ALC results for the same 
year. 

n.   EXAMPLE OF METHOD: 

A. Data preparation: Purchase data were 
prepared for the analysis routine by sorting pur- 
chases by National Item Identification Number 
(NIIN), and within NIIN, by fiscal year purchased. 
Next by NIIN, for each fiscal year having purchases, 
the average purchase cost in that year was found. 
Then, if the NIIN had more than one fiscal year with 
purchases, the ratio of change between each set of 
adjacent fiscal years with purchases was found. 
This ratio of change or change rate was the newer 
purchase cost divided by the older cost. The rate of 
change together with the fiscal years the change 
occurred over is the only information needed by the 
analysis routine. 

Figure 3 is an example of data preparation for 
two items, NIIN A and NIIN B. NIIN A had two 
purchases for FYS1 and the average cost of those 
six items was $288. FY79 had the next oldest 
purchase with a cost of $200 each. The rate of 
change, 1.44, was found by dividing $288 by $200. 
The 1.44 change for FY79-81 was passed to the 
analysis routine. Notice that data from NIIN A 
were not used with NIIN B in this data preparation. 

«m   rt   an     PUWUSE COST AVE PUROUSC   PUJCHME COST 

X SI 2 264 
288 

81 4 300 1 44 

23 ? ?00 2C5 
78 1 172 1.10 

78 2 190 182 

78 3 180 

3 80 1 390 390 

78       1 300 2X 
1.30 

FIGURE  3 

DATA PREPARATION 

1-14 



B. Accumulation of Changes; The first part 
of the analysis was to add changes of purchase cost 
by the fiscal years involved and to keep track of 
how many changes were added for each fiscal year 
interval. Figure « shows how this process works. 
The circled changes came from items A and B in 
Figure 3. Note that the changes for each FY 
interval within the same block of the figure are 
totaled. The number of data points added for each 
interval are also shown in parenthesis. 

81 

RECEKT YEAR 

80 79 

OLXR 30 
YEAR 

79 

78 

1.10 
1.16                 1 
2.26 ca 

O*                     1.12 
1.08 

rW<13                  2.20" C23 

1.52                         (1,30) 

4.68 C3J                 TWOi 

OB 
1.18 

2.a»c2: 

FIGURE  4 

DATA ACCUMULATION 

C. Analysis Method: The analysis method is 
illustrated by Figure 5 using the accumulated 
changes from Figure *. The first fiscal year change 
determined is FYSO-81. The data used, from all 
intervals  spanning  FY80-81, and the analysis  per- 

formed are in the upper left section of Figure 5. 
Each of the interval total rates is divided by the 
number of data points in that interval to find the 
average interval change. This is then converted to 
an average fiscal year change with compounding by 
fiscal year. This procedure for FY78-31 takes the 
total change 4.68 and divides by the three data 
points included in this total to get a 1.56 change per 
item. Since this interval covers three years, the 
cube root of 1.56, which is 1.16, is the average 
interval fiscal year change. The average annual 
change for FY80-81 is found by taking an average of 
the average interval fiscal year changes, weighting 
by the number of data points in the interval. Then 
each item will be contributing equally to the FY80- 
81 change. Thus, 1.13 is multiplied by two, 1.20 is 
multiplied by one and 1.16 is multiplied by three. 
Then the sum of these products, 6.9*, is divided by 
six, the total of the data points, to get 1.16, the 
average change for FYSO-81. 

The second change found in the analysis is for 
FY79-80. All of the intervals used for the FY80-81 
change were used again except FY 80-81 which does 
not include FY79-80. In addition, all the intervals 
ending in FY80 were used. The intervals used 
before had the FYS0-8I change of 1.16 removed 
before they were used in the FY79-80 analysis. For 
FY79-81, I.M is divided by 1.16 to leave 1.2* to be 
applied toward the FY79-30 change. Also, the 
FY78-81 change, *.6S, is divided by 1.16 to leave 
*.03 for the FY79-80 analysis with two years of 
change remaining. Although other intervals such as 
FY75-81 or FY73-81 are not shown, they were 
treated in a similar manner in the actual analysis. 
The remaining analysis for FY79-30 is done exactly 
the same as for FYSO-81. exceot there are more 
intervals to be used. In Figure 5, there are four 
intervals, two that were previously used and two 
new ones.    The resulting FY79-80 change shown is 

FY 
INTERVAL 

TOTAL 
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80-81 2.2S 

79-81 1.14 

78-81 4.68 
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The analysis continues with the FY78-79 inter- 
val. This iterative procedure continues until all 
fiscal year changes are found. FY7T modifies the 
process only slightly. Intervals spanning FY76-77 
use 1.25 years for the FY76-77 portion of the 
interval. Also, those intervals including FY76-7T or 
FY7T-77 use .625 for the FY76-7T or FY7T-77 
portion of the intervals. 

HI. MISSING FISCAL YEAR CHANGES: Data were 
availaDle for FY60-81 and ail of the intervals ending 
in FY74 or later were used to calculate fiscal year 
changes. However, there were not enough data 
available to compute reliable changes prior to FY73. 
The price redetermination process for the budget 
year of the last budget, FY83, needed indices for 
changing FY60-82 prices to FY23 prices. Using the 
annual changes directly available from the analysis, 
this was not possible. However, regression analysis 
can be used to find the relationship between OASD 
fiscal year changes and the actual fiscal year 
changes. Then the regression analysis relationship 
can be used to predict fiscal year changes for FY60- 
73 and FY81-83. Then the fiscal year changes can 
be multiplied to form the needed indices. 

RESULTS 

!■ Fiscal Year Changes: The Cost Variation fiscal 
year changes for rY73-8I are shown in Figure 6. 
Also shown are the OASD, Producer Price, and 
Consumable Item fiscal changes. The Cost Varia- 
tion changes are very similar to the actual changes 
for consumable items and are approximately twice 
the OASD indices. 

H- Regression Analysis: Regression analysis found 
that the best relationship was a straight line. The 
formula used to convert OASD changes to reparable 
item changes is: 

.67927   (OASD Reparable   Change   r   .30831 
Change). 

The regression R2 of .60 was the highest R2 found 
for any line tried. 

The final set of indices of Cost Variation with FY83 
base are shown in Figure 7 along with the com- 
parable OASD indices as they were used in Price 
Redetermination. 
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FIGURE 7 
Price Redetermination 

For OASD Indices and Cost Variation Indices 

IMPACT 

I. Budget: The impact of using Indices that reflect 
all changes in cost In price redetermination is 
illustrated for the budget year of the FYS3 
Oklahoma City ALC Budget jsing the Sep 81 comp 
in Figure 7. The OASD indices increased the 
requirement from $313,850 thousand to $382,223 
thousand. However, if the cost variation indices are 
used, the requirement is 15% higher or $441,235 
thousand. 

FIGURE 6 

COMPARISON OF FISCAL TZAR  CHANGES 
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H. Weapon System Capability: The impact of 15% 
understatement of our requirement is reduced wea- 
pon system support. This can be measured using the 
Logistics Management Institute (LM!) Aircraft Avai- 
lability Model. This model takes a range of expen- 
diture levels and finds the probability that a random 
aircraft will be missing at least one reparable item 
for each level of expenditure. 

Figure 8 shows the impact of 15% under- 
statement of the requirements in FY83 if the 
requirements were correct for FY81 and FY82. It is 
shown for three priority groupings of weapon sys- 
tems. Priority group A includes the B-52, 8-111, C- 
5, C-Ul, E-3, and E-*. Priority group B includes 
the C-135, C-137, C1W, F-4, F-1U, H-3, and H-53. 
Priority group C includes all other weapon systems. 
The shaded areas represent the reduced weapon 
system support. 

FYSl FY82 FY8J 

FIGURE   3 

IMPACT  OP  15%   UNDER FUNDING 

ON  WEAPON  SYSTEM AVAILABILITY 

FOR  THREE  PRIORITY  GROUPINGS 
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HOW MUCH WILL IT COST: 
SOCIAL AND TECHNICAL ASPECTS OF ESTIMATING ERRORS 
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Columbus, Ohio 43210 

INTRODUCTION 

Under the current recessionary climate, in 
which the amount of Federal dollars available 
for the acquisition of programs, projects and 
products fluctuates downward almost daily, the 
most crucial question to be asked when consid- 
ering any acquisition activity is, "How much 
will it cost?" Almost invariably, despite our 
best efforts, the hypothetical answer — i.e., 
the estimated cost -- is wrong. And the gap 
between the predicted cost of future programs 
and the actual costs of such programs upon 
completion is widening. 

Approaching solutions to estimating errors re- 
quires recognition of the social as well as 
technical aspects of the problem. It requires 
that we begin to acquire new perspectives, new 
ways of looking at estimating errors and the 
source(s) of such errors. For the past seven 
years, this has been a primary focus of re- 
search conducted in the Construction Engineer- 
ing and Management Program at The Ohio State 
University. This paper outlines some of these 
perspectives and reports some results of re- 
search conducted using acquisition data pro- 
vided by Federal agencies. 

The perspectives and approaches toward solving 
problems associated with estimating errors can 
be very useful to those who estimate (predict) 
future program costs, to those who set and 
enforce procurement policies, and to public 
and private "watchdogs" who are charged with 
the responsibility of making hindsight judg- 
ments of program estimating performances and 
procurement policies. 

This paper will first present some perspec- 
tives that may be useful to DOD personnel who 
are responsible for cost estimating. Tech- 
niques will then be presented that may prove 
to be of use, followed by a summary of some 
current and future studies. Finally, the 
author will address a basic question: "Is a 
change of thinking needed?" While this paper 
is primarily concerned with the social and 
technical aspects of estimating errors, the 
author also touches on other areas of concern 

since, in his experience, techniques, perspec- 
tives and results of studies in other areas 
are frequently transferable to the problem of 
improving cost estimates. 

USEFUL PERSPECTIVES 

A fundamental perspective, essential for under- 
standing and solving problems related to esti- 
mating errors, is that all future program cost 
predictions are wrong: some are more wrong 
than others. However, recognition of this 
fact can be conducive to solving the problem. 

We have found that perceived errors are great- 
er than actual errors (Liu, 11). The reason 
for this fact is that estimates are sometimes 
unusually low when project costs end up being 
unusually high while, on the other hand, cost 
estimates are sometimes unusually high on pro- 
jects whose costs are unusually low. Thus, 
if we examine the difference between cost es- 
timates and actual costs, the range of this 
difference is much greater than the actual 
difference between cost estimates and costs 
incurred. 

Given the fact that estimates are always in 
error, one must also recognize the fact that 
estimates must also be socially acceptable. 
The author has often speculated as to the 
mechanism by which estimators arrive at a soc- 
ially acceptable number (Morrison, 13). It 
may well be that the process is not as impor- 
tant as the objective. If we are totally 
honest, we must recognize that a basic objec- 
tive for government estimators is to avoid 
embarrassment. The greatest embarrassment 
would be to have to go to Congress to ask for 
additional funds. The second greatest embar- 
rassment would be to have money left over at 
the end of a project. As a practical matter, 
subconsciously if not consciously, estimators 
strive to find a number that avoids both 
types of embarrassment. 

The final perspective of use here is that 
management systems are usually inappropriate. 
This is especially true in the case of com- 
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puter-based systems that seem to be consistent- 
ly designed to intimidate and embarras the 
user.    Clearly, computer-based systems must 
be made user-friendly (Uwakwey,  18)   if we are 
to capture the major potential  benefits in 
computer-based systems. 

It should also be noted that the data base in 
hierarchical   reporting systems adopted for use 
by various contractors and agencies are usual- 
ly inappropriate most of the time, the reason 
being that the data available and/or needed, 
in the form of information summaries required, 
will change throughout the life of the project; 
but a single system is adopted and forced upon 
all  parties at all  times. 

o 
.a: 
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-200 

-S -400 

-600 

Computer-based esti- 
mating begins 

No change 
_ due to the use 

of computers 

1975 
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1975 

For example, early in the life of a project, 
a user may want the information organized 
according to UNIF0RMAT.    Later in the project, 
if one is buying materials, one may need in- 
formation organized into a CSI Code of Ac- 
counts.    Still  later in the project,  if impro- 
ving the productivity of the work force is 
intended, one needs an entirely different 
classification system.    Our needs change 
throughout the life cycle of the project. 
Thus, given fixed classification systems for 
our data and hierarchical  reports, we find 
that the system adopted for a project is  in- 
appropriate most of the time. 

USEFUL TECHNIQUES 

If we wish to improve our predictions of fu- 
ture costs, standardized estimating procedures 
are needed.    In studies conducted at Ohio 
State on data provided by the Navy (Veselenak, 
19), we found that the variance of the esti- 
mating error was immediately reduced upon the 
introduction of computer-based estimating 
procedures, as shown in Figure 1.     It was 
noted,  however,  that the mean of the estimat- 
ing error was not impacted by the introduction 
of computer-based techniques, as shown in 
Figure 2,  since in the District examined,  the 
data base was not changed when estimating 
procedures were computerized, 
a 

60,000 _ 

O u 
30,000 

a: ■- 

Figure 

Computer-basec 
estimatir 
begins flection is 

evidence of im- 
provement 

1975 TIME      1976 

Deviation Control  vs.  Time 
(Atlantic Division) 

Figure 2. Trend Control vs. Time (Atlantic 
Division) 

A recent study of the GSA problem of preparing 
pre-design estimates (Saenz, 16) addresses the 
problem of design decisions being made by 
estimators. This study suggests that design 
decisions should not be "consistent" since 
consistency in design decisions at the time of 
estimating leads to increased errors in pre- 
dicting future costs. 

When predicting costs, it is also quite impor- 
tant that historical data be tested for cyclic 
effects. An examination of the R.S. Means 
construction cost indices over a number of 
years reveals a 25 to 30-year economic cycle 
(Al-Shawi, 1). A four to six-year business 
cycle that has often been observed in data 
provided by contractors was also found in Navy 
data (Veselenak, 19). Significant seasonal 
effects have been noted en the contractor side 
(Wang, 20), as well as in the GSA data (Selim, 
17). These seasonal effects are not insigni- 
ficant. In the GSA data, for example, the 
variability in the market is approximately 40% 
over a six-month period. 

If we wish to significantly improve cost pre- 
dictions, we must begin to use better models 
and better techniques for estimating paramet- 
ers (Ludolph, 12). Estimators in government 
as well as in industry consistently use con- 
stant unit cost models that neglect the im- 
pacts of mobilization and demobilization, as 
well as learning effects. Thus, they commonly 
underestimate jobs that are smaller than nor- 
mal and overestimate jobs that are larger than 
normal. Estimators also commonly use averages 
of prior unit costs to predict future unit 
costs. While this may sound reasonable, aver- 
age prior unit costs give the worst possible 
estimates of future unit costs. Of the various 
reasonable methods of estimating costs given 
prior data, this approach gives maximum bias 
and maximum variance in the error of future 
estimates. 
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Another principle of importance in estimating 
is what the author has termed "The Heisenberg 
Uncertainty Principle" (Larew, 7). This is a 
transfer, to construction, of the Heisenberg 
principle in nuclear physics which states that 
one cannot simultaneously measure location, 
direction and speed of a particle in space. 
In construction, the invariable rule is that 
one cannot simultaneously achieve the re- 
quired scope of work, on time and in budget. 
The reason for this is that the three require- 
ments are often set by three entirely differ- 
ent parties and frankly, we are not skilled 
enough to predict with certainty the time and 
cost, given the scope. We thus come to the 
next technique, which is quite obvious: if 
we have a fixed budget and a required delivery 
time, we must vary the scope. As a practical 
matter, the successful project managers main- 
tain sufficiently vague definitions of scope 
to allow them to bring in projects on time and 
within budget. 

Another useful techni 
to improve their esti 
difference between th 
and actual future cos 
This random variable 
the bias of past pred 
prediction errors, an 
mating error cumulati 
(cdf). For a variety 
recommend that estima 
type distribution for 
ing errors (Larew, 5 

que for those who wish 
mating is to view the 
e predicted future costs 
ts as a random variable, 
can be used to measure 
ictions, the range of 
d the shape of the esti- 
ve distribution function 
of reasons, we strongly 

tors utilize a percentile 
approximating estimat- 

and 9). 

A horizontal shift of the cdf reflects a 
change in bias; a counter-clockwise rota- 
tion of the cdf reflects a reduction in range; 
and changes in parameter values reflect 
changes in the shape of the error distribu- 
tion. 

A final technique which the author recommends 
to those who want to improve their estimates 
is the use of lag functions to examine the im- 
pact of the/rate of issuance of change orders 
on costs. In a study of work progress on a 
nuclear power project (White, 21), job pro- 
gress at 6-month, 12-fflonth and 18-month per- 
iods following the issuance of change orders 
in a given time period were plotted. It was 
found that job progress fell dramatically 
when the rate of issuance of engineering 
change notices per time period increased above 
a level of approximately 80. If one wants to 
improve estimating, one must improve the un- 
derstanding of the impacts of changes on unit 
costs. One must also be able to predict the 
rate of issuance of changes and account for 
these changes when predicting future costs. 

CURRENT STUDIES 

In a wide variety of studies conducted at Ohio 
State from the viewpoint of the sellers of 
construction services  (Li,  10),  it was found 
that a variable pricing policy is essential   if 
one wishes  to maximize the profitability of a 
construction company.     In a study which  is 
currently in progress  (Selim,   17)  using GSA 
data, the results suggest that agencies might 
better achieve their objectives if they vary 
the contingency amount on a project-by-project 
basis.    Figure 3 suggests,  for example,  that 
we might examine the probability of rejection 
of bids to be received prior to the application 
of any contingency amount, and then establish 
an appropriate contingency level  to achieve a 
desired level  of rejection at a given percent- 
age above the adjusted engineer's estimate. 

.4^- To reject 5% of all   projects 
at 110% of the Engineer's esti- 
mate,  reduce contingencies about 
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LOW BIDS AS A PERCENT OF ENGI- 
NEER'S ESTIMATE 

Figure 3.    Reduce Continengies to  Increase 
Rejection Rate 

Another area of current interest is the appli- 
cation of cost indices  in construction esti- 
mating (Baswari,  2).    Most estimators fail  to 
index their costs to the index.    Most estima- 
tors do not know how to forecast index numbers 
into the future.    The Ohio State program is 
directing current studies  into the basic issues 
of selection of an appropriate index,  indexing 
to the index, and forecasting  index numbers 
into the future. 

Several years ago,  the author developed a rate 
of completion model   for work on hand (Larew,  7). 
This model  has been used to study effects of 
backlog of work within a construction company 
(Rhye,  15).     It has also been used to examine 
the rate of progress of a typical   project 
(Ramareddy,  14).    Within the past year, we 
have discovered that this rate of completion 
model   is a firs.t approximation of the hazard 
function.    From the contractor's side,  it turns 
out that an optimum pricing policy is achieved 
when the contractor's markup is equal  to the 
reciprocal  of the hazard function.    The author 
speculates at this  time that we may find that 
an optimum contingency will  be a  function of 
the hazard function. 
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A major problem in the use of historical  data 
in cost estimating is one which we call  "The 
Non-Existing Value Problem."    While this prob- 
lem is quite similar to the classical   "miss- 
ing value problem," it is not the same prob- 
lem.    There are no standard analysis programs 
for estimating parameters when one has non- 
existing values  (Ker, 4).    Thus, we can well 
understand why contractors do not really use 
their data to find,  for example,  the cost of 
various types of blocks on a masonry project. 
There is no generally recognized technique 
for doing so.    While we have developed pro- 
grams at Ohio State for six special cases of 
the non-existing value problem, much more 
work is needed in this area. 

A final  area of concern being addressed in 
current studies of construction estimating at 
Ohio State concerns the persistent use of the 
percentage error term in describing perform- 
ance of estimators.     In studies conducted 
from the viewpoint of the contractor, it has 
been shown that when estimates are unbiased, 
the profits earned by contractors are always 
less than the average markup applied at the 
time of bidding  (Fantozzi,  3). 

It has recently been found that when the dif- 
ference between bids received and the engi- 
neer's estimate is expressed as a percentage 
of the engineer's estimate,  the perceived 
difference is greater than the actual  dif- 
ference in dollars between the bid amount 
and the engineer's estimate.    This means that, 
for example, when the engineer's estimate is, 
on the average, exactly correct and the con- 
tractor is bidding, on the average, at the 
same level, when we express the difference 
between the bid received and the engineer's 
estimate as a percentage of the engineer's 
estimate,  it will  appear in the long run that 
the contractor is bidding,  say,  5 to 15% above 
the engineer's estimate. 

This suggests that a major driving force for 
including unexplainable contingencies on the 
order of 10% when preparing an engineer's es- 
timate may be a false perception due to the 
industry's practice of expressing the differ- 
ence between low bid and engineer's estimate 
as a percentage of the engineer's estimate. 
In our current studies, we are interested in 
finding an alternative statistic for describ- 
ing that difference. 

FUTURE STUDIES 

From the buyer's side perspective, we have 
developed some sophisticated computer-based 
systems for optimizing bids to be submitted 
to public agencies (Kow, 5). In establish- 
ing unit prices, we consider the time value 
of money, timing of work, retainage, delays 
in receipt of payment,  the probable distribu- 

tion of low bid 
tors, socially 
bounds of unit 
in quantities o 
uses a Fib'onacc 
between a linea 
prices, on the 
zation program 
on the project 

s to be submitted by competi- 
acceptable upper and lower 
prices, and perceived errors 
n the bid form.    The program 
i  search technique to iterate 
r program which allocates unit 
one hand,  and a profit maximi- 
that maximizefis expected profits 
as a whole, on the other. 

Several years ago, we did some studies on the 
problem of evaluation of bids received by a 
public agency (Morrison, 13).    It seems that 
the time has come to develop a computer-based 
system for evaluation of each individual  unit 
price and to examine, over the longer run, the 
pattern of bids being received by contractors 
to identify prospective cases of collusion or 
other illegal or unethical  practices. 

We also expect to be giving much greater atten- 
tion to the problem of measuring crew level 
performance (Larew, 8).    These studies are 
particularly important in order to resolve 
differences  in perceptions  in processing claims 
for added costs.    We know,  for example,  that 
on a given project with a given set of data, 
we may have significant economies of scale at 
crew level and significant diseconomies of 
scale at project level.    At this time, we 
do not know how to link these diverse and ap- 
parently contradictory perceptions.     If we 
can develop a linkage, then it would be poss- 
ible, when processing claims, to utilize the 
data available and then to transform the data 
as appropriate to address the claim in a more 
appropriate fashion. 

Finally, another area targeted for future 
studies is one the author calls the "Invisible 
Queue Problem."    This problem relates to 
achieving a better understanding of the mech- 
anisms by which project costs  rise to seeming- 
ly uncontrollable levels  in a very short time. 
It is a topic that, again, may be important 
in relation to the settlement of claims for 
added costs. 

When illustrating the invisible queue problem, 
an appropriate analogy is that of the grocery 
store, where we are all   familiar with the pro- 
cess by which the store manager calls clerks 
from the aisles to attend cash registers and 
get customers moving after the queues at a 
few of the registers have grown to unaccept- 
able lengths.    On construction projects, we 
have workers who are customers,  and managers 
and technical   personnel  who are the servers. 
Managers and technical  personnel  are respons- 
ible for providing information, materials, 
decisions,  tools and equipment in a timely 
manner.    If these resources are not provided, 
there is a queue of needed information,  tools, 
equipment, decisions and other resources 
without which, work will   not be done. 
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However, in construction work, it is not 
socially acceptable for all of the people 
who need things to stand in line, waiting for 
the things they need. Visibility will lead 
to lay-offs. Workers thus find ways of ap- 
pearing to be busy. Accordingly, in construc- 
tion, we never see the queue. It is invisible. 
In the author's opinion, we need to find ways 
of monitoring the existence of the invisible 
queue. This area of future study may also 
have a significant impact upon the handling 
of claims in the future. 

IS A CHANGE OF THINKING NEEDED? 

The perspectives and techniques presented in 
this paper come from a university program in 
which we are indeed striving to integrate 
theory and experience. This integration is 
essential if we are to reduce construction 
costs to an affordable level. 

An essential component of the progress we 
have made toward achieving this integration 
is the fact that, in the course of our grad- 
uate study program, students undergo what 
we call "a change of thinking," in which they 
acquire the ability to view both theory and 
experience from new perspectives. This 
"change of thinking" does not simply derive 
from newly-acquired skills or knowledge, since 
it is both intuitive and analytical in nature. 

At this time, we are not precisely certain how 
this change of thinking occurs. We do know 
that this change of thinking is essential 
prior to the undertaking of significant re- 
search. In our experience, the students must 
first be capable of perceiving the problem, 
from new or different perspectives, before 
they can begin to formulate a solution. 
While we do not presently understand the mech- 
anism, we can describe some of the elements 
in this program that lead to this change in 
thinking: 

* Coursework is extensive. The typical 
student studies both parametric and non- 
parametric statistics, operations re- 
search subjects such as linear regres- 
sion, linear programming and simulation; 
and at least a dozen particularized 
courses related to construction engineer- 
ing and management practices. 

* Case studies are employed using real 
data. A wide variety of case studies 
are presented to the students; these 
data sets come from the smallest to 
the largest firms in the country, from 
government agencies as well as the pri- 
vate sector, from buyers as well as 
sellers of construction services, and 
from locations on several continents. 

Computer-based diagnostic techniques 
are utilized. Standard packages that 
are readily available, such as SAS and 
BMDP are utilized; in addition, a num- 
ber of diagnostic programs developed by 
students and faculty are employed to 
better understand construction costs 
and operations. 

The period of study in our program is 
longer than the one year normally al- 
lowed for a Master's program; the 
typical student spends not less than 
18 months and the better students stay 
for a total of 24 months. 

While we cannot, at present, precisely define 
how we achieve the so-called "change of think- 
ing," we know that it typically comes near the 
end of the third.quarter or sometime into the 
fourth quarter of study. We know that this 
change of thinking is a prerequisite if one 
sincerely wishes to integrate theory and ex- 
perience. 

Given our experiences, the question must be 
raised: Is a change of thinking needed at 
the Department of Defense? If it is, then 
the question arises: What is the most cost- 
effective way of achieving the needed "change 
of thinking"? 

Finally, the author must note that in his work- 
ing experience that spans 40 years of work in 
the construction industry, there have been no 
significant changes in the ways in which we 
estimate projects. While it is fair to say 
that we are developing a new body of knowledge 
in our program at The Ohio State University, 
it is also fair to say that we have had little 
impact upon industry practice up to this point. 
We would hope that we will not go another 40 
years without significantly changing our meth- 
ods of estimating. For this reason, the 
author hopes that most participants in this 
Symposium will find better ways of integrating 
theory and experience in the Department of 
Defense. 
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ABSTRACT 

This paper introduces the underlying 
learning curve (ULC) technique this technique 
combines both engineering and parametric 
estimating approaches to provide a "should 
cost" estimate of direct labor. The key 
to ULC is a disciplined integration of the 
data found in the work measurement and cost 
accounting systems. This integration results 
in the ability to quantify the time asso- 
ciated with Parkinson's Law. 

INTRODUCTION 

The purpose of this paper is to provide a 
brief introduction to the underlying learning 
curve (ULC) method of analyzing direct labor. 
The paper begins by providing the technique's 
background. Next it briefly describes the 
procedure. Finally, it shows the results of 
using the technique at several Aeronautical 
Systems Division contractors. It is impor- 
tant to note that while this tool has been 
used successfully to reduce the cost of 
negotiated contracts at Aeronautical Systems 
Division, the procedure is equally useful as 
a management Cool for production control. 

BACKGROUND 

Two methods have traditionally been used 
for estimating direct labor. These two 
methods are the engineered estimate and the 
parametric estimate. The engineered estimate 
is also known as a bottom-up estimate. An 
engineered estimate is developed by speci- 
fying each element of work to be performed in 
manufacturing the product using time stan- 
dards. Consideration is then provided for 
all the effort not included in the time 
standards by multiplying the standards by a 
factor and using learning curves. The para- 
metric estimate is a top down estimate. The 
parametric estimate uses statistical tech- 
niques to analyze historical data. Often 
learning curves are used in parametric 
analysis. The parametric estimate differs 
from the engineered estimate in the way in 
which learning curves are used. The para- 
metric estimates uses the learning curve as 
a first step, while it is usually the final 
step in an engineered approach. 3oth tech- 
niques have their advocates and detractors. 

The underlying learning curve technique 
combines elements from both approaches. It 
also differs from both approaches. One 
difference is that the underlying learning 
curve technique does not assume that all of 
the work contained in cost history had to 
occur. It questions whether the historical 
relationships shown in the cost system must 
reoccur in future work by analyzing work 
measurement system's historical data. Since 
both systems measure the same elements of 
work, the two histories can be combined in a 
disciplined manner to determine whether some 
of the time measured by the cost accounting 
system was caused by Parkinson's Law. This 
Law was first defined by C. Northcoce Parkin- 
son (2). It states that work will expand 
to fill the time allotted to accomplish it. 
Thus, if the planning organization over- 
estimates the time to perform a task, the 
workers performing the task will take the 
amount of time planned rather than the amount 
of time required; i.e., planning can become 
a self-fulfilling prophesy. Another differ- 
ence is that the underlying learning curve 
technique always uses a unit learning curve. 

If only cumulative average or cumulative 
total data is available, then the Alge- 
braic Lot Midpoint Unit Regression Analysis 
(ALMURA) procedure is used to obtain a unit 
learning curve (1). The differences allow 
ULC analysis to quantify the time expansion 
in the cost history caused by Parkinson Law 
which will be referred to as "Parkinson's 
time." Parkinson's time is the difference 
between the underlying learning curve and 
standard learning curve. The standard 
learning curve is a unit curve which is based 
upon the actual cost history. 

The work measurement systan contains all 
of the data used to establish time standards. 
Time standards can be established using 
several different methods; however, the most 
common methods are time study and predeter- 
mined time systems. The standard time is the 
time required for a qualified employee who is 
working at a normal pace under capable super- 
vision and experiencing normal fatigue and 
delay to do a defined amount of work of 
specified quality when following a prescribed 
method. The definition is important because 
it provides the basis of integrating work 
measurement system data with cost accounting 
system data. 

1-25 



A discussion of Che principal elements of 
Chis definition provides a background for 
understanding the underlying learning curve 
technique.     These  elements  are: 

(1) Vorker   qualifications   and    pace. 

(2) Supervision. 

(3) Allowance for fatigue and delay. 

(4) Work definition. 

Worker Qualification and Pace:   The 
worker's qualifications are directly related 
to pace because if a worker is not fully 
qualified, then the worker will work at 
slower rate than a fully qualified worker. 
If a worker is experienced, then a faster 
than normal rate would be expected.  Con- 
vention has placed the rate for a normal pace 
at 1002.  Psychologists have performed many 
studies on learning.  This large body of 
literature shows that the power form of the 
learning curve best describes worker learn- 
ing.  However, most of the literature deals 
with workers who were initially unfamiliar 
with the tasks that they were asked to per- 
form.  Lieber (1) showed that worker learning 
did not exist in a production setting in 
which the workers were already skilled.  The 
majority  of  government  contractors  use 
journeyman, not appentice labor, to perform 
the production work.  Thus, it is important 
to determine how much worker learning should 
be projected for new work.   This can be 
accomplished by analyzing the rating data in 
the work measurement system.  Pace rating is 
a key element of both producing time studies 
and performing underlying learning curve 
analysis.  It is important to note that all 
predetermined time systems are based upon 
time studies  in which rating played an 
crucial role.  The rating is the factor used 
to equalize or normalize the actual time 
measured by the stop-watch.  Rating is per- 
formed by the industrial engineer who is 
performing the stop-watch time study.  While 
rating is a mixture of art and science, it 
is possible to statistically quantify the 
accuracy of the rating.  This is done through 
testing which is normally performed at least 
annually.  Most companies not only test, but 
also certify the results before allowing 
their industrial engineers to perform time 
studies.   Usually the rating abilities will 
range between plus or minus five to ten 
percent of the actual rating with between 90Z 
and 952 confidence.  3y using the rating, it 
is possible to define the extent to which 
worker learning should be addressed in esti- 
mating costs.  This is done by performing a 
regression analysis on the rating data in 
the work measurement system in which the 
rating is compared to che unit beir.g pro- 
duced.   If worker learning is an important 

element of the overall improvement curve in 
a contractor's plant, then the regression 
analysis will provide the learning curve 
slope, the value at the first unit, and a 
high correlation coefficient. However, if 
the correlation coefficient is low, then 
worker learning is not a factor in the plant. 
The average rating from such a study orovides 
the value which should be used in any work 
estimates. It is important to note that thus 
far ratings have not demonstrated the exis- 
tence of worker learning as a factor in the 
plants studied; however, it is too early to 
generalize the finding. The rating provides 
a useful and important tool because it is a 
direct observation and measurement of actual 
work which was performed. The results pro- 
vided by an analysis of rating does not con- 
tain any Parkinson's time because the indus- 
trial engineer notes any time which should 
not be included in the standard while oer- 
forming the study. This feature will be 
discussed in more detail later in this paper. 

Supervision: The supervisor's attitude 
is very important. Research results, which 
will be presented later in this paper, show 
that the attitudes of supervision play a 
pivitol role in determining the efficiency of 
the workforce. If the supervision does not 
believe that the standards are achievable, 
then the workforce will work at a pace which 
is below 100Z. An underlying learning curve 
analysis provides a good tool for demon- 
strating the extent to which standards are 
achievable. 

Allowance for Fatigue and Delay: While 
the industrial engineer will eliminate the 
time spent in delay or resting from fatigue 
when performing the time study, a factor for 
normal fatigue and delays will be added back 
into the standard to account for these ele- 
ments. Normal fatigue and delay is part of 
the standard. Abnormal delays are measured 
through vouchering the delay in the cost 
accounting system. Abnormal delays are 
measured by the industrial engineers and 
eliminated from the standard time in the same 
manner as they are directly measured by the 
cost accounting system as a separate factor. 
It is essential that all of the elements 
which are directly vouchered in the cost 
accounting system be measured and eliminated 
from the standard to assure that both systems 
are based upon the same basic definitions. 

Work Definition: The work must have both 
a defined method and a defined acceptable 
quality level. A change in either the method 
or the acceptable quality level results in 
a change to the standard. The changes will 
be made during a production program. The 
underlying curve technique quantifies this 
improvement activity through performing a 
regression analysis on standard or earned 
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hours. This analysis provides a learniag 
curve showing Che historical abilicy of a 
company Co reduce Che sCandard cime in a 
production program. 

A discussion of Che scandard aC Che first 
unic provides some perspective into why a 
learning curve represents how standards 
change over time. As shown in Figure 1 (5), 
standard hours for the first unit contain the 
basic work content, the work concent caused 
by defects in design or specification of 
the product, and the work content due to 
inefficient methods of manufacture or opera- 
tion. As the problems that constitute the 
additional work are eliminated, the standard 
becomes equal to the basic work content. 
Similarly, the ineffective time due to the 
shortcomings of management and within the 
control of the worker is reduced for each 
successive unit. The overall result is a 
learning curve which represents Chis problem- 
solving activity. This relationship was 
recognized by Sahal (3) who demonstrated that 
the Y ■ AXB formulation of the learning 
curve is isomorphic Co Che cumulacive densicy 
funccion of Che Pareto disCribution. The 
Pareto distribution is often used to model 
problem solving. This relationship becomes 
even more significant when one notes that 
industrial engineers usually use a classic 
Pareto analysis when allocating resources for 
methods improvement. 

The cost accounting system measures the 
actual time spenc manufaccuring che produce. 
Table 1 shows a comparison of cose accouncing 
and work measurement system data. Note that 
the data contained in the work measurement 
systan is all measured directly and the value 
of the standard feeds into the cost account- 
ing system. Overrun which is the cime 
remaining afcer Che scandard and che direccly 
vouchered labor has been subcracted from che 
Cotal cime, is an indirecc measuremenc. 
Parkinson's cime, if ic exiscs, will found 
in che overrun cose account code. However, 
overrun is usually considered co be Che 
cost account code which measures che time 
required because workers were learning che 
job. Thus, che key Co quancifying Parkinson's 
Cime is decermining Che excenc of worker 
learning. If worker efficiency is increasing 
as che number of unics increase, Chen one 
should be able Co quantify che improvement 
through analyzing the ratings in the time 
studies since che racings are quasi-random 
samples of worker efficiency as measured 
directly by the industrial engineers. More- 
over, there is a aachemacical relationship 
between the overrun and the rating defined 
below based upon che definicion of che 
racing: 

Rating " Actual Time 
SCandard (1) 

FIGURE I.  MAKEUP OF THE MANUFACTURING 
TIME FOR THE FIRST UNIT 

However, che actual time includes only che 
eiemencs of overrun and standard because the 
other elements are subtracted prior Co 
applicacion of che racing.  Thus: 

Racing ■ Overrun & Scandard 
Scandard        (2) 

The measured overrun in che work measuremenc 
syscem  is  given  by: 

Overrun   -   Racing   x  Standard  -  Scandard   (3) 

The analysis of che racing provides a 
basic mechod for quancifying Parkinson's 
Cime. The specific procedure is oudined 
below. 

THE  PROCEDURE 

The firsc seep of underlying learning 
curve analysis is Co review and underscand 
Che concraccor's work measuramenc and cose 
accouncing  syscems. 

The second seep is co perform che under- 
lying learning curve analysis. This con- 
siscs of four different unit learning curve 
regression  calculations: 

(a) The earned hours learning curve. 
Showing    che    improvemenC    in    scandard    hours. 
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TABLE 1.    COMPARISON OF THE DATA CONTAINED IN THE COST 

ACCOUNTING AND WORK MEASUREMENT SYSTEMS 

1 riHAL HUUHS 

2 SCHAP 

J SETUP 

•4 HEWORK 

'■> INSPLLTIUN 

h HE INSPEtriUN 

/ OVEK HUN 

H STANUAHD 

COST SYSTEM SOUHCE 

VOUCHEH 

VOUCHER 

VOUCHER 

VOUCHER 

VOUCHER 

VOUCHER 

TOTAL HOURS    (SCHAP   +   SET UP   + 

HEWOHK   +   INSPECIION   + 

HE INSPECTION STANUARUS) 

WORK MEASUREMENT SYSTEM 4 

PARIS COUNT 

TIME STUDY SOUHCE 

I.IOCKEII IIMl 

CLOCKtl) IIME 

CLOCKED TIME 

CLOCKlll TIME 

CLOCKtl) TIME 

CLOCKIO TIME 

HATINU 

(fOIAL CLOCKED TIME    (SCHAP 

+   HEWOHK   +   SETUP   f   INSPECTIO 

+■  RE INSPECTION))   x   RAIING 

(b) The worker learning curve. Showing 
Che   reduction   in   the   inverse   of   the   rating. 

(c) The underlying learning curve. 
Showing the improvement in total direct 
manufacturing labor. All of the vouchered 
elements of the realization factor are 
analyzed   in  this  step. 

(d) The standard learning curve. Show- 
ing the actual hours required for the pro- 
duction  program. 

The difference between the standard 
learning curve and the underlying learning 
curve is Parkinson's time. Figure 2 pro- 
vides a conceptual rendering of the standard 
learning curve, the underlying learning 
curve, the worker learning curve, and the 
earned  hours   learning  curve. 

RESULTS 

Underlying learning curves have been used 
at three contractors as a negotiation cool. 
Each contractor was different. Contractor 
A's work was performed in one location; Con- 
tractor 3 was in a similar position except 
that several plants in different geographical 
locations produced parts. Contractor C was 
similar to B, except that the work measure- 
ment and cost data was not completely trace- 
able.- In all three cases, Che underlying 
learning curve cechnique provided visibilicy 
which was unavailable from eicher Che cradi- 
tional parametric or traditional engineered 
approaches. 

Figure 3 shows Che underlying learning 
curve and standard learning curve for Con- 
tractor A. Parkinson's time was 222 of the 
total hours spent on the contracts for Con- 
craccor A. 
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FIGURE 2.  RELATIONSHIP 3ETWEEH STAiNDARD AND UNDERLYING LEARNING CURVES 
WHEN PARKINSON'S TIME IS PRESENT (SHOWN ON LOGARITHMIC GRID) 
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FIGURE 3.  UNDERLYING LEARNING CURVE AT CONTRACTOR A (SHOWN ON CARTESIAN GRID.' 
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Figure 4 provides data on Chree of Con- 
tractor B's plants. Figure 4 appeared in 
Smith (4) without the information concerning 
the efficiencies at Plants 1, 2, and 3 to 
show the average worker efficiencies achieved 
under daywork, measured daywork, and incen- 
tive conditions. 

^uwr i 3,6Z) PUNT 2 (22.20 Puw 3 ;i3D.5:i 
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CftCE (81 

I'ACE ,A 

\ 
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-IGURE 4,   ^lOTlBUTTGN CF '^fiKER ?STO!!«ANCE JNCB DIFFSRENT ENVIRCWETC 

Daywork conditions are defined as a 
situation in which the employees are paid 
straight hourly wages, work under routine 
supervision and work within average work 
conditions (environments). Under daywork 
conditions, Smith (4, pp 55-56) reports that 
workers perform at an average of 70S of 
standard performance. If a work measurement 
system is implemented with feedback control, 
Smith (4, pp 55-56) states that the average 
worker will work at the standard rate. 

Under a measured daywork system, each 
worker is provided with his or her measured 
efficiency and is exhorted by management to 
work at standard performance. With knowledge 
of actual performance (knowledge of results), 
each worker can and will modify his or her 
behavior so that standard performance is 
achieved. With the addition of an incentive 
system and a direct financial reward for 
working at rates above standard performance. 
Smith (4, pp 55-56) writes that an average 
rate of 130Z is achieved by workers. 

What was significant at Contractor 3 was 
that all of the plants used sophisticated and 
accurate predetermined time standards supple- 
mented by time study. Plant 1 and Plant 3 
were located within 10 miles of each other. 
The two plants shared Che same union, and 
there were bumping rights between Che plants. 
The principal difference between the two 
plants dealt with management perceptions con- 
cerning Che abilities of their workers Co 
achieve standards. Managers at Plant 3 
expected che workers Co achieve and beat che 
standard while che managers at Plant 1 
believed chat che standards could never 
be achieved. This difference in attitude 
was reflected in che planning, and a self- 
fulfilling prophesy was created. 

The underlying learning curve technique 
was used with Contractor C as a negotiation 
Cool. The government made some assumptions 
about the operations so chat the sparse 
useable data could be analyzed. In this 
case, as with Contractor 3, both parametric 
and engineered methods were used in con- 
junction with underlying learning curves. 
However, underlying learning curves provided 
the basic means of conveying che government 
position to the contractor. It was chosen 
because it is logical, traceable, and easy to 
comprehend. 

However, more important than the 
initial success at Aeronautical Systems 
Division is che use of che Cechnique for 
real-time management control. The bottom 
line of the initial experience is chat 
standards are achievable, but management must 
expect and plan for standards Co be achieved. 
The underlying learning curve technique pro- 
vides a framework for explicitely defining 
management goals by organizational responsi- 
bilities. For example, industrial engineering 
is responsible for achieving che earned hours 
learning curve. The first line supervision 
is responsible for achieving che realization 
factor. As an aid Co assist che first line 
supervisor, a real time cost accounting 
system can be programmed to constantly query 
operator efficiency and provide a signal to 
the  appropriate management  level  when: 

(1)  A worker's efficiency is above a 
specified level. 

(2) 
1002. 

A worker's efficiency irons below 

(3)  A worker's efficiency is below a 
specified level. 

In che first case, upper management would 
Cake che Cime to praise che worker for his 
achievement. In che second case, che first 
line supervisor could discover che problem 
causing poor performance. In che chird case, 
supervision above che first level would 
become involved to try to solve the problem 
causing che poor performance. This Cechnique 
provides boch positive and negacive feed- 
back Co che worker. It provides management 
a precise management by exception cool. 
Through using che statistical nature of che 
regression analysis Cechnique Co advantage, 
it is possible Co use che same Cool for 
program management. 

The underlying learning curve Cechnique 
has been used by Aeronautical Systems Divi- 
sion as a negotiation Cool. Ic is scheduled 
for use as a program nanagemenc Cool in the 
Technology Modernization Program.  Underlying 
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learning curves provides both a method of 
analyzing Che "productivity problem" and the 
information to solve it. 

SUMMARY 

The underlying learning curve technique 
provides a traceable and supportable method 
of analyzing historical cost data for use in 
projecting future program costs. It is based 
upon a disciplined integration of the work 
measurement and cost accounting systems which 
enables the analyst to quantify Parkinson's 
time. It can be used as a framework for a 
real-time management system. Also, it can 
be used as a program management tool. The 
underlying learning curve technique provides 
a method of quantifying and solving "the 
productivity problem" which currently exists 
in the United States. 
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I.  INTRODUCTION 

The question of profits in the defense industry 
has been the subject of much concern, a concern 
which is apt to increase with the projected 
rapid rise in defense expenditures.  Prior 
research has yielded conflicting results re- 
garding the impact of defense sales on firm 
profitability.  Agapos and Galloway1 examined 
aerospace profits during wartime and found no 
evidence of excessive profits.  The Comptroller 
General2 and Bohi3 reported little or no dif- 
ference between profit rates for defense firms 
and their non-defense counterparts. Weidenbaum* 
found that defense industry profits were un- 
usually high while a Logistics Management In- 
stitute study3 found that defense industry pro- 
fits were too high during the 19503 and too 
low during the 19603._ More recently, the 
Department of Defense' found that profits when 
measured against sales were lower for defense 
contractors but higher if measured against 
investment. 

This study is also concerned with the profit 
performance of the defense industry.  The 
specific issue addressed is whether a public 
aerospace firm can increase its profitability 
through a heavier concentration of its sales 
to the Air Force.  Thus the present study is 
distinguished from these prior profit studies 
in several respects. First, the unit of ana- 
lysis is the segment of the public corporation 
which is responsible for the product(s) pur- 
chased by the Air Force rather than the con- 
solidated corporation.  Second, profits are 
measured in two different ways:  as a ratio to 
sales and as a ratio to investment.  Third, 
a multivariate analysis of both measures of 
profitability is accomplished.  Fourth, the 
investigation is updated to cover the years 
1977 through 1979. 

This study is divided into four parts.  The 
first section presents an overview discussing 
the issues regarding the use of corporate 
segments, measures of profitability, and mul- 
tivariate analysis.  The second section is a 
description of the data employed in the empi- 
rical analysis.  Results from the multivariate 
analysis are presented in the third section. 
The fourth and final section provides a 
summary of the major findings and explores 
their implications for the defense acquisition 
process. 

II. OVERVIEW 

The logic for the use of the corporate seg- 
ment rather than the consolidated corporation 
as the unit of analysis is best demonstrated 
by example.  In 1978 General Dynamics, the 
consolidated corporation, sold 63 percent of 
its output to the government. Total sales and 
government sales were distributed between six 
operating divisions or segments as follows: 

(i)  Government Aerospace - 41 
percent of total sales with 
99 percent to the Air Force; 

(ii)  Submarines - 22 percent of 
total sales with 99 percent 
to the Navy; 

(iii)  Commercial Ships - 9 percent 
of total sales with all sales 
being non-government; 

(iv)  Telecommunications - 19 percent 
of total sales with almost all 
sales being non-government; 

(v)  Asbestos - 3 percent of total 
sales with all sales being 
non-government, and 

(vi)  Other Products - 6 percent 
of total sales with 3 percent 
to the government. 

Clearly, in assessing the impact of sales to 
the Air Force or to the government on the 
profitability of General Dynamics the results 
for the Commercial Ships, Telecommunications 
and Asbestos segments should be completely 
ignored.  Conclusions based on consolidated 
corporation data would have included these 
segments and obscured if not distorted the 
relationship between defense production and 
profitability.  Given the focus of the current 
study, sales to the Air Force and profitability, 
only the performance of the Government Aero- 
space segment is important. 

But how is profitability of a corporate seg- 
ment to be measured? One gauge is simply the 
dollar value of profits.  This level or volume 
assessment is usually considered as inappro- 
priate in that it fails to control for size 
differences between firms.  Consequently, 
profitability is usually expressed as a ratio. 
Two common ratio measures of profitability not 
used in the current study are the price- 
earnings ratio and return on equity.  These 
two measures were not utilized  because they 
may have little meaning at the corporate 
segment level.  This is the case either because 
the segment does not have a stock or equity 
position distinct from that of the consolidated 
corporation or because the segment's equity 
value or common stock price are unduly in- 
fluenced by the performance of the consolidated 
corporation. 

The two ratio measures of profitability em- 
ployed in the multivariate analysis are the 
profit margin ratio (defined as the ratio of 
operating profits to net sales) and return on 
investment (defined as the ratio of operating 
profits to identifiable assets).  The former 
ratio (PMR) reflects return per dollar of sales 
while the latter ratio (ROI) reflects the 
effectiveness of the firm in the utilization 
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of Its assets.  It is felt that two ratios 
would be more appropriate than a single ratio 
for two major reasons.  First, the two ratios 
do provide very different perspectives on pro- 
fitability and, therefore, together, they pro- 
vide a better overall understanding between 
sales to the Air Force and its impact on the 
firm's "bottom line".  Second, the use of two 
ratios would facilitate a comparison with 
prior studies which have employed one or the 
other of these ratios. 

As a final point it might be noted that from a 
purely economic point of view, it is ROI which 
is more important measure of profitability. 
Whether resources or assets should stay In 
their present use or be put to some other use 
depends on their effectiveness in generating 
profits.  Thus, if a corporate segment which 
concentrates exclusively on Air Force sales 
earns a below average ROI then this is taken 
as evidence that either performance must be 
improved or the consolidated corporation should 
change the Air Force sales concentration of 
the segment. 

Having calculated the PMR and ROI of the va- 
rious aerospace corporate segments, there is 
the problem of meaningful comparison.  For 
example, suppose that the ROI of a corporate 
segment which sells 50 percent of its output 
to the Air Force is .1 while the ROI of a 
corporate segment which sells none of its out- 
put to the Air Force is .08.  Two questions 
immediately arise.  Is this difference 
important?  Is it due to the fact that the two 
segments sell such different portions of their 
output to the Air Force or because of some 
other difference between the firms? Prior 
studies have concentrated on the first question 
but the second question is equally important. 
Multivariate analysis-regression analysis- 
allows for a simultaneous resolution of both 
questions.  Besides this advantage multiva- 
riate analysis is also useful because it does 
not require any arbitrary assumptions regard- 
ing the level of Air Force sales which may 
constitute a distinction between involvement 
and non-involvement.  Reworded, the multiple 
regression analysis allows the researcher to 
input the degree of involvement with the Air 
Force as a continuous variable (percent of 
corporate segment net sales accounted for by 
sales to the Air Force). 

More specifically, the multiple regression 
equation cakes the form: 

HP. - a + a, (DSL.) + a-, (COGS.) + a, (COR.) + 

au(NSALE.) + ae(ASSET.) + a,(WAD.) + e. 

where: 

MP. measure of profits (either PMR; or 
ROI.) for the ith segment; 

DSL. 

COGS. 

COR. 

NSALE,  - 
i 

ASSET,  - 

WAD. 

percent of the ith segment's total 
sales accounted for by sales to the 
Air Force; 

cost of goods sold for ith segment 
(this variable changes to cost of 
goods sold divided by net sales 
when ROI is the dependent variable); 

capital-output ratio for the ith 
segment; 

net sales of the ith segment; 

identifiable assets for the ith 
segment; 

a binary variable with WAD ■ 1 for 
a segment identified by the World 
Aviation Director;/ as a manufactu- 
rer and WAD ■ 0 otherwise; 

a stochastic error term. 

The key variable in the regression analysis is 
DSL.  If this variable is statistically signi- 
ficant and positive, then increasing concen- 
tration of segment sales to the Air Force leads 
to greater levels of profitability.  That is, 
it "pays" to be involved in defense activity. 
If this variable is statistically significant 
and negative then defense activity is unprofit- 
able and greater returns could be obtained by 
shifting sales from Air Force to commercial 
markets.  If DSL is statistically insignificant 
the defense sales neither help nor hurt firm 
profitability. 

The other explanatory variables are not to be 
considered as factors whose importance has been 
derived theoretically; rather, they are deter- 
mined by data considerations.  Thus, appro- 
priate interpretation of the regression ana- 
lysis is the determination of the impact of DSL 
on profitability while controlling for other 
differences between firms. With this inter- 
pretation, the emphasis is not on the overall 
explanatory power of the regression equation 
as_ measured by the coefficient of determination 
(8?) but in the sign and significance of DSL. 
The coefficient of determination is expected 
to be low given the cross sectional nature of 
the data, the ratio form of the profit mea- 
sures, and the limited number and scope of the 
explanatory variables. 

With this in mind the explanatory variables can 
be grouped:  COGS and COR might be classified 
as measures of firm efficiency.  One would 
expect an inverse relationship between COGS and 
profitability while a positive relationship 
between COR and profitability would exist if 
capital were seen as a substitute for expensive 
labor inputs.  NSALE and ASSET are measures of 
rirm size and if economies of scale are present, 
increases in these two variables would be 
associated with greater profitability. 
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Ill.  DATA 

Given the thrust of the analysis (profitability 
of corporate segments) the first task is to 
identify the segment in aerospace industry 
corporations.  This is accomplished by the 
use of the 1980 World Aviation Directory (WAD)J 
In order to compile the WAD, possible aerospace 
firms are contacted and asked to complete a 
aeries of questionnaires regarding their pro- 
duction.  Response to the questionnaire is vol- 
untary.  However, because the WAD is the most 
comprehensive directory covering aerospace 
firms, there is a strong incentive for firmfl to 
complete and return the questionnaires.  The 
WAD offers several different classifications of 
aerospace firms. The one which is moat inclu- 
sive and most relevent for present purposes is 
the list of "manufacturers"and "subcontractors." 
As defined by the WAD, manufacturers are iden- 
tifiable consolidated corporations and segnents 
of consolidated corporations which produce com- 
pleted aerospace and/or missile systems for 
foreign or domestic, civilian or military 
markets.  Firms like Boeing and General Dynamics 
obviously fall into this category.  Subcon- 
tractors represent those firms which produce 
"products," "components" and "subassemblies." 
Clearly, the WAD distinction between manufac- 
turers and subcontractors rests solely with the 
type of output produced by the firm and not in 
terms of some other criterion such as size of 
the firm, level of technology associated with 
the output, or the contractual relationship 
between the firm and the economic units which 
purchase its output. 

It is important to realize that the Air Force 
also buys output from firms not listed in the 
WAD.  These firms are identified by other 
sources and included in the analysis.  The num- 
ber of such firms, however, is limited.  With 
the exception Just noted the aerospace industry 
base is defined as the sum of all subcontractors 
and manufacturers as specified by the WAD. But 
the WAD itself does not provide any of the 
financial information or data necessary for the 
analysis. As a consequence three other data 
sources are employed:  the COMPHSTAT Business 
Information File; the Disclosure, Inc. SEC Form 
10K File; and the Department of Defense Form 
DD 350.  These-sources provide the following 
data items: net sales, operating income, de- 
preciation, capital expenditures', identifiable 
assets, percent of consolidated company revenues 
accounted for by segment, the dollar value of 
segment sales to the government (if any), and 
the dollar value of segment sales to the Air 
Force (if any).  The COMPUSTAT Business Inform- 
ation File and the Disclosure Inc. SEC Form 10K 
only provide data for public firms. As a con- 
sequence private firms identified as part of 
the aerospace industry by the WAD and/or as 
Air Force suppliers by the Form DD 350 are 
excluded from the analysis. 

Figure I is an attempt to show schematically 
the industry framework for this study.  The 
first distinction between the U.S. industrial 
base and the U.S. aerospace industrial base is 
determined by the WAD.  The second distinction 
between U.S. aerospace industrial base and that 
portion which consist of public firms is de- 
termined by the COMPUSTAT Business Information 
File and the Disclosure, Inc. SEC Form 10K File. 
The final distinction involves a determination 
made on the basis of those public firms with 
Air Force sales, a determination made on the 
basis of the Form DD 350. The analysis of 
private firms, many of whom appear to be small 
business, would require sdll other data sources 
and was considered beyond the scope of present 
research.  Aa it stands the analysis includes 
some 942 corporate segments for 1977, 1187 cor- 
porate segments for 1978, and 1202 corporate 
segments for 1979. 

As a concluding comment on the data, it is im- 
portant to emphasize that a major distinction 
of the current study is its reliance on public 
data sources.  This provides several advantages 

FIGURE 1 

U.S. Aerospace Industrial Base 

U.S. Industrial Base 
Public and Private Firms 

U.S. Aerospace Industrial Base 
Public and Private Firms 

U.S. Aerospace Industrial 
Base Only: Public Firms 

U.S. Aerospace 
Industrial Base: 
Public Firms 

Only: 
Defense Suppliers 

(i)  If public data sources are 
employed, then the number 
of firms—both Air Force 
suppliers and those that do 
not deal with the Air Force— 
can be maximized.  Increasing 
sample size in this way in- 
creases confidence in the 
results generated by the 
regression analysis; 
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(11) The use of public data sources 
ensures an Independent Inter- 
pretation and evaluation of 
elementary data Items. As a 
consequence, the possibility 
of bias In the construction 
of the data set Is reduced; 

(111)  Public sources will be con- 
cerned with standardization 
in definitions and presenta- 
tions. Given this standardi- 
zation, there should be com- 
parability in data items 
between units at a point in 
time as well as for the same 
unit over time; 

(iv) The use of public data sources 
will allow for the periodic 
updating of the analysis.  Such 
updating may be necessary as 
changes in the acquisition 
environment occur, and this 
will be the case whether the 
change arises because of new 
acquisition policies or 
because of changes in the 
structure and performance of 
the economy; 

(v) Perhaps most important is the 
fact that the use of public 
data sources facilitates 
replication.  In a scientific 
context replication is para- 
mount because results must 
be reproduceable by others 
before they can be fully 
accepted.  The notion of 
replication extends, however, 
beyond mere duplication and 
involves improvements in the 
analysis.  Here researchers 
can build upon prior work and 
concentrate their energies 
not on data collection, but 
on the use of more advanced 
theoretical and empirical 
constructs. 

IV.  THE EMPIRICAL RESULTS 

Table 1 presents the regression results for 
the complete sample of firms as indicated 
previously.  The explanatory variables include 
the percent of Che segment's total sales 
accounted for by Air Force sales (DSL), the 
capital-output ratio (COR), net sales (NSALE), 
identifiable assets (ASSET), and the WAD manu- 
facturer-subcontractors distinction (WAD). 
These variables are employed in both the PMR 
and ROI regressions.  There is one additional 
variable which changes between regressions. 
In the PMR regression the cost of goods sold 
ratio (cost of goods sold divided by net sales) 

cannot be used as explanatory variable for 
statistical reasons. So in place of the cost of 
goods sold - a level or dollar value rather 
than a ratio - is used.  To repeat, in the PMR 
regressions the cost of goods sold (COGS) is 
used as the second efficiency variable while 
in the ROI regressions the cost of goods sold 
ratio (COS) is used as the second efficiency 
variable. 

In these regressions the critical independent 
variable is DSL.  It is the size, sign, and 
significance9 of this variable which forms the 
basis for inferences regarding the impact of 
Air Force sales upon profitability. As a final 
technical point it should be noted that DSL 
represents a continuous variable ranging from 
.00 to .99 (reflecting zero percent Air Force 
sales to 99 percent Air Force sales). 

Turning to the DSL-PMR relationship, the re- 
sults in Table 1 indicate an inconsistent sign 
for DSL.  It is positive in 1977 and negative 
in 1978 and 1979. As for the statistical sig- 
nificance of this effect, the probability 
values support the hypothesis that increasing 
proportions of Air Force sales do not lead to 
higher or lower profit margin ratios. 

With respect to the other variables in the DSL- 
PMR regressions, the first efficiency variable 
(COGS) is, as expected, consistently negative 
and statistically significant.  The other 
efficiency variable (COR) is negative and sig- 
nificant in 1977 and 1979 but positive and 
significant in 1978.  The first of the size 
variables (NSALE) is consistent, positive and 
significant in all three years.  Thus, it 
appears that firms with larger sales volumes 
have larger profit margin ratios.  The second 
size variable (ASSET) is both positive and 
negative but is  insignificant in each of the 
three years.  The WAD variable is significant 
only in 1979 and here manufacturers have a 
higher PMR than subcontractors.  The coeffi- 
cients of determination (R2) in the DSL-PMR 
regression are fairly low especially in 1977. 

As for the ROI set of regressions in Table 1, 
they indicate that there is a positive rela- 
tionship in each of the three years between 
DSL and ROI.  But the impact which DSL has on 
ROI is statistically insignificant in each of 
the three years, almost becoming significant In 
1979. 

The DSL-ROI results presented in Table 1 also 
reveal a consistently negative and significant 
effect for the first efficiency variable (COS). 
This is to be expected.  There are negative 
and significant effects for the second effi- 
ciency variable (COR), in 1977 and 1978.  But 
COR returns a positive and significant effect 
in 1979.  The two size variables return oppo- 
site signs in each regression and both are 
statistically significant in 1978 and 1979. 
The WAD variable returns mixed signs and is 
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statistically insignificant in each regression. 
The coefficients of determination in the DSL- 
ROI regression are much higher than in the DSL- 
PMR regression; the range is now .08 to .45. 

In order to focus the industry analysis more 
closely on those industries that might be con- 
sidered as more concerned with the production 
and fabrication of aerospace and defense items 
rather than industries such as agricultural 
producers from whom the Air Force also buys 
products, it was decided that an additional 
series of regressions would be executed.  The 
nature of the refinement was to reduce the 
number of firms being considered and included 
only those public aerospace firms which are 
classified within the Standard Industrial 
Classification (SIC) 3000-3999 range. These 
regressions are presented in Table 2. The 
arrangement of the regressions in Table 2 is 
identical to the arrangement of the regressiom 
in Table 1:  the same dependent variables (PMR 
and ROI), the same explanatory variables (DSL, 
COGS or COS, COR, NSALE, ASSET and WAD) and 
the same special interest in the size, sign and 
significance of the DSL variable.  To repeat, 
the basic difference is in the type of firms: 
before all firms were included from whom data 
were available while the present refinement 
deals only with such firms as were also in the 
SIC 3000-3999 classification. 

Fijnires from Table 2 Indicate there is TO  change 

in the conclusion regarding the impact of DSL 
on PMR when the more narrow industrial focus 
is taken:  DSL is consistently insignificant. 
With the exception of an increased R2 for 1977, 
decreased R's for 1978 and 1979, and the sta- 
tistical significance of WAD in two years as 
opposed to one year,  the DSL-PMR results re- 
ported in Table 2 are generally the same as 
those reported in Table 1. 

However, the DSL-ROI results in Table 2 are 
different from those in Table 1 in three im- 
portant respects.  First, the new R2 values are 
substantially higher; they now range from .57 
to .87 as opposed to the old range of .08 to 
.45.  Second, DSL is now positive and signi- 
ficant in two of the three years suggesting 
that firms with greater proportions of Air 
Force sales have higher rates of return on 
investment.  Third, the WAD variable is nega- 
tive and significant in two of the three re- 
gressions implying that WAD defined manufac- 
turers have lower rates of return on invesoiEnt 
than WAD defined subcontractors. 

As for an overall assessment of the results 
presented in Table 2 the emphasis Is on the 
impact of industrial structure on the conclu- 
sions regarding the effects of DSL on PMR and 
ROI.  Here the new regression results are con- 
sistent with Che old results with one exception: 
when the SIC 3000-3999 grouping is employed 
DSL has a positive and generally significant 
impact on ROI. 

V.  SDMMARY AND CONCLUSIONS 

The multiple regression analysis for the full 
sample of firms (the results represented in 
Table 1) support the conclusion that DSL has 
no statistically significant impact on the 
profitability of corporate segments in the 
aerospace industry.  Thus acquisition policies 
have neither unduly rewarded or unduly harmed 
those firms who have supplied the Air Force 
with products.  Going one step further, the 
lack of significant profit effects for Air 
Force purchases implies that resources are 
being efficiently allocated between Air Force 
and commercial markets. 

However these conclusions in part are sensitive 
to the way in which the aerospace industry is 
defined. When the aerospace industry is re- 
stricted to industrial concerns (to firms in 
the SIC 3000-3999 classifications - the results 
presented in Table 2), DSL is found to have a 
positive and significant impact upon ROI in two 
of the three years under investigation. The 
DSL-ROI relationship for this group of firms 
has a number of possible and widely different 
interpretations.  One interpretation is that in 
the implementation of acquisition policies de- 
liberate preference has been given to industrial 
firms allowing them to earn extra profits. Such 
a policy might be justified in an effort to 
prevent the erosion or to secure the buildup 
of the military sector of the aerospace in- 
dustry. Another interpretation is that indus- 
trial acquisition is so complex that acquisi- 
tion officers have been unable to function 
affectively and Air Force suppliers have been 
able "to work the system" for extra profits. 
A third interpretation is chat higher ROI for 
Air Force suppliers results from the fact that 
these firms are reluctant to invest in defense 
production facilities.  Simply the industrial 
concerns supplying Che Air Force, perhaps 
because of Che one year contracting character- 
istic of defense acquisition, have invested 
less in capital equipment.  Thus, the higher 
ROI nay be indicative of a defense industrial 
base which is short of production facilities. 
The results presented in this study do not 
provide a basis for selecting between these 
alternative interpretations.  That is a topic 
for future research. 
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In the early nineteen sixties, the Department 
of Defense (DoD) began to reduce its reliance 
upon a mix of Cost Plus Fixed Fee (CPFF) and 
Firm Fixed Price (FFP) contracts for procure- 
ment of "/eapons systems and began to increase 
its use of Cost Plus Incentive Fee (CPIF) and 
Fixed Price Incentive Fee (FPIF) contracts. 
The motivation for this change was made clear 
to all participants; the then-prevailing 
contract forms and practices were not perceived 
to be providing sufficient incentive for con- 
tractors to control their costs. Later 
modifications of the DoD procurement process, 
such as Total Package Procurement, were 
designed to deal with the same general problem. 
Currently, there exists a great amount of 
interest in making further changes in the DoD 
procurement process, [1] 'or example, the 
initiation of the use of multiyear contracts. 
Again, the reason is that the problems which 
DoD has experienced in controlling the out- 
comes of contractual arrangements have not 
abated. 

Paralleling these changes in institutional 
practices was an increase in OoO, "think-tank" 
and academic studies on the problems and 
advantages of various contract types. This 
analytical research, [2] while originally 
focused on the more general problem, has 
gradually narrowed its concerns to those prob- 
lems posed by risk and the consequent issue of 
optimal risk sharing. While this literature 
has led to a greater understanding of the role 
of risk and uncertainty in a contractual 
arrangement, it has also neglected some other 
equally important aspects of contractual 
behavior and outcomes.  For example, this 
research literature has, in general, treated 
the contract between the purchaser and the 
supplier as a one-period, one-time relation- 
ship. This is an interesting question but 
does not consider that most major acquisitions 
are contractual arrangements with contractors 
having a long history of government work. 

The approach suggested in this paper treats 
as primary determinants two aspects of the 
contractual arrangement which have not yet 
been developed in the usual analysis of con- 
tracting. The first and more fundamental 
aspect is, as mentioned, that production con- 
tracts for major weapons systems (that area 
where most cost growth has been experienced) 
are usually ongoing relationships rather than 
a one-time relationship. The second, and 

related, aspect is that there exist links 
between these ongoing contractual relationships 
and the Federal budgeting process. This is a 
recognition that budget appropriations are 
conditioned by budget requests which, in turn, 
are conditioned by prior contract experience. 
[3] 

The recognition of these two aspects of the 
contractual relationship underlies the alleged 
"buy-in" phenomenon. The claim that con- 
tractors "buy-in" is a claim about, first, the 
relevant time horizon used by contractors in 
making a decision on a proposed contract. 
That is, contractors are claimed to have a 
decision horizon which encompasses more than a 
single contract. Second, the "buy-in" claim 
implicitly recognizes differences among pro- 
posed costs, actual costs and true (or minimum 
or competitive) costs for a given contract. 
This latter aspect includes the process by 
which the alleged excessive proposed costs are 
validated within the entire acquisition process. 

This paper reports the results of the integra- 
tion of these two aspects into a model of the 
government-supplier contractual setting. The 
results indicate that current institutional 
arrangements, such as values for cost and 
profit sharing ratios, create an incentive for 
government and contractor management to allow 
excess costs which result in cost growth. 
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AN ANALYTICAL MODEL OF THE PROCESS 

There are three major elements in modelling 
the government-supplier relationship. These 
are the contract, which codifies the relation- 
ship between the contractor and the government 
and includes the responsibilities and the 
rights of each; the contractor or supplier and 
its behavior; and the government and its 
behavior. Additionally, the links among on- 
going contracts and the links between the con- 
tracting process and the budgeting process are 
important aspects of the full model. 
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The Contract 

The contract is assumed to be a general incen- 
tive-type contract which provides for produc- 
tion of the desired system. Each contract, 
upon delivery of the required quantity of the 
product, requires that revenues be paid to the 
contractor. These revenues are determined by 
the actual costs incurred in production of the 
item, the proposed costs of production and 
several incentive features. The incentive 
features of interest here are those of the cost 
sharing ratio and the incentive or profit fee  
ratio. The cost sharinjjratTo"determines how 
the. contractor ^dtKe^q^rnment^sharean^ost 
overruns or jjndemins. The Incentive jfee ratii 
determines,the amount j)f contract revenues which 
is specifically set aside for profits to accrue 
to the contractor. Each contract will produce 
revenues for the firm of 

R. = c: 

where 

*$-<l ^ 01 

Rt = revenues accruing to the firm in year t, 

Ct = actual cost incurred against the contract 
in year t, 

C? = proposed cost written into the contract 
in year t, 

a = cost incentive share fraction (0=  a •1), 
and 

Y =  contract profit fee fraction (0= y Si). 

This formulation of contract revenue is the 
typical analytical one [4] that simultaneously 
represents the following contract types- FFP 
(a=l), CPFF (a=0), CPIF (0< a <1) and FPIF 
(0< -x  <1 with a price ceiling added).  [5] 

The Contractor 

The contractor's business objective is assumed 
to be that of profit maximization over several 
time periods into the future. This implies 
that the contractor evaluates alternatives on 
the basis of the discounted present value of 
the long-run profit streams resulting from a 
particular decision. Although there have been 
criticisms of this profit-maximization decision 
criterion, recent work [6] indicates that sev- 
eral alternative criteria are nearly equivalent 
to long-run profit maximization. 

The long run profit of a firm is computed by 
first calculating the profit for a contract in 
a given year, say year t. The profit in year 
t is the revenue given by equation (1) less 
the actual costs, Cj, experienced in year t. 
Thus, profit In yea? t, n , is given by 

•t? - cy 

In order to simplify the exposition, assume 
that the contractor produces only one product 
and this product is produced for the govern- 
ment.  [7] Then equation (2) gives the com- 
plete profit picture for the firm in year t. 
To obtain the present value of the firm's pro- 
fit in year t, equation (2) is multiplied by 
the discount factor, (l+p)"*, to yield 

m .(C» - c!) aC E] (3) 

where p is the internal discount rate for the 
contractor. Note that this is a real 
(inflation-adjusted), pre-tax rate of return. 

The Government 

The government is treated as an amalgam of 
various bodies, agencies and departments. 
Therefore, no single objective is attributed to 
it and only its procedures and behavior are 
considered. These procedures and behavior are 
considered as open, to the extent that, once 
decisions have been made, the decisions become 
public knowledge. This last aspect is impor- 
tant in the linkages discussed below. 

A primary characteristic of the government's 
behavior concerns the manner in which purchases 
are budgeted. The budget appropriation for a 
particular item in a given year is determined 
by both the desired quantity of that item for 
that year and historical unit costs of the 
item. The appropriation of funds is required 
each year; however, the desired total quantity 
to be purchased is considered fixed due to 
prior, external {to the model) decisions. The 
effect of having the budget appropriated yearly 
and a fixed total buy means that the yearly 
buys can vary in quantity.  In order to facili- 
tate the discussion, the yearly quantity pur- 
chased is also assumed to be determined by 
decisions outside the model. Additionally, the 
yearly buys are assumed to be equal in quantity. 
Historical unit costs are defined to be the 
previous year's actual expenditures for this 
product on a per-unit basis and, thus, have a 
major effect on appropriations. 

The Present Value of the Contract Sequence 
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Recall that this is a real, before-tax calcu- 
lation. The firm desires to experience a se- 
quence of contract outcomes that maximizes 
equation (4). 

The Structure of Costs 

It is hypothesized that there exists some min- 
imum attainable cost level for the production 
of the desired product. This minimum attain- 
able cost may be taken as that cost which 
would obtain if the market for these products 
were organized in a perfectly competitive 
fashion. Consequently, this minimum cost will 
be referred to as the competitive cost level. 

Observed costs of programs have not usually 
adhered to this competitive level. Due to 
various factors such as a bureaucratic environ- 
ment or managerial slack, costs have risen 
above this competitive level. The difference 
between competitive costs and observed costs 
will be called convenience costs. These con- 
venience costs are a result of both the con- 
tractor and the government not enforcing strict 
cost control. The relationship between the 
contractor and the government is not of the 
classic "arms-length" variety, but is more like 
that of a bilateral monopoly. Therefore, 
government behavior can strongly influence the 
occurrence of convenience costs. 

Actual costs, convenience costs and competitive 
costs are illustrated in Figure One. 

FIGURE ONE 
Actual Costs Versus Competitive Costs 
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One possible reason for the observance of con- 
venience costs is that there exists an emphasis 
on the technical and scientific aspects of the 
product to the apparent reduction of interest 
in the cost aspects. When this occurs, cost 
implications of alternative solutions to tech- 
nical problems tend to be considered last, if 
at all. Pressure for these purely scientific 
or technical solutions instead of more cost- 
effective solutions exists on both sides of the 
contract. 

For example, consider the set of alternatives 
summarized in Table One. The data portray 

TABLE ONE 
Alternative Technical Solutions 

Option A 3 C 

Engineering/ 
Professional 
Interest 

_Lndex 0.5 0.7 0.9 

Probability 
of Success 
Within Schedule 0.9 0.7 0.5 

Cost 
Index 1.0 1.1 1.2 

qt    qt  q 

Actual costs, C. , and competitive costs, C*. 
are, of course, dependent upon the particular 

three alternative approaches 
modification problem. In su 
out active and effective man 
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option A is clearly the cost 
Without an aggressive effort 
and contractor management to 
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(direct engineering and prod 
finally, higher unit costs. 

Methods for measuring the magnitude of conven- 
ience costs currently exist. These methods 
generally center around the use of should-cost 
studies. Such studies have usually shown that 
there is a nontrivial amount of expenditures 
which cannot reasonably be considered competi- 
tive costs.  [8] The difference between 
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contractor proposed costs and should-costs has 
here been  termed convenience costs. 
The result of these considerations is that the 
actual costs experienced on a contract are 
higher than need be experienced. Realized 
costs are above competitive costs as shown in 
Figure One. Analytically, the actual cost 
experience must track a path bounded from 
below as 

Ca = C (.5) 

The proposed-and-accepted cost figure becomes 
the target cost of the contract. An acceptable 
proposal is one such that 

Bf i  (1 + Y)CP (8) 

Since the budgeted amount is conditioned by 
the prior actual cost experience C| , and the 
budget parameter 3, combining equations (6) and 
(8) yields 

The Links between Budgets and Contracts 

The amount budgeted for a contract in year t, 
B^, is based on the supporting documentation, 
testimony, perceived need, and desirability 
from the points of view of the acquiring 
agency, the President and the Congress. The 
budget request is based on the data of prior 
relevant contract experience and various ana- 
lytical manipulations of such data.  [9] His- 
torical cost experience is extrapolated or 
projected into the anticipated costs of the 
contract of year t by means of econometric or 
engineering cost analyses. The end result is 
that an amount of dollars is finally appro- 
priated. The outcome of this process can be 
written as 

3C t-1 = C t t-1.2 T. (9) 

5(1 't-1 t=l,2. T-1 

where y  is the profit fee fraction written 
into the contract and g (0= 3 Si) is the param- 
eter representing the proportion of the 
initiating agency's budget request which, is 
actually budgeted. The parameter J will be 
referred to as the budget parameter. 

The value of g ex post the budgeting process 
depends upon how strongly the government as a 
whole needs or desires the product. This is a 
combination of agency desires. Presidential 
interest. Congressional interest and even the 
overall political climate surrounding the 
defense budget. However, the ex ante value of 
3 must be approximately unity. Viable con- 
tracting requires an implicit understanding 
between the two parties to the contract that 
allowable costs [10] will, if they are 
recurring, be covered in subsequent contracts. 
Thus, 3, both ex ante and ex post, repre- 
sents the transformation of current cost exper- 
ience into subsequent contract appropriations. 
Alternative values of 3 ex post will be dis- 
cussed below. 

The Joining of a Contract 

The "price" of a contract Is the sum of the 
proposed-and-accepted costs plus a profit 
based on the proposed costs or 

(1 + Y)Cg • (7) 

Hence, the prior cost experience and the budget 
parameter combine to form an upper bound for an 
acceptable contract proposal. 

The contractor seeks a contract that fully 
utilizes the available funds 8^ because the 
higher C|, the higher the base profit fee yd. 
Further, the higher the financial flowthrough 
Cf, the easier is internal management of this 
project.  For example, higher manning levels 
permitted by a higher cost allow management to 
inventory staff and avoid hard personnel deci- 
sions as long as the C? that exhausts the 
budget (Bt = (1 + Y)C?) is greater than the 
competitive cost of performing the contract 
task. 

The formulation of a proposal that exhausts the 
budget is seldom difficult.  If the program is 
ongoing, the contractor knows CS.i.  If the 
program is new, the contractor either has pro- 
vided some of the research and development work 
leading to this production contract, or has pro- 
vided the relevant cost data base.  [11] The 
ongoing two-way traffic of information between 
the government and contractors, their mutual 
dependence, contractors' access to and partici- 
pation (by testimony, lobbying, etc.) in the 
Congressional budget process, and Congressional 
district interest in successfully bid and nego- 
tiated contracts all combine to ensure that 
contractors have an accurate perception of the 
funds available. 

Consequently, both the profit and managerial- 
discretion incentives motivate firms to bid to 
the funds available and the funds available are 
typically known with considerable accuracy. 
This leads to the joining of a contract such 
that 

3Ca  « Cp ^t-l  L t' ,2, T. (10) 

For the purposes of simplicity of exoosition, 
it will be assumed that equality holds in (10). 

THE FULL MODEL AND ITS RESULTS 

Given the above characterizations of the behav- 
ior of the contractor, the behavior of the 
government and their mutual dependence through 
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the linkages of first, budgets that are based 
on prior cost experience and, second, contracts 
that exhaust budgets, the formal profit perspec- 
tive of equation (4) can be rewritten into its 
operational form. Substituting equation (10), 
with equality holding, into equation (.4) yields 
the operational profit perspective  112] 

-4 
t=l N 

h) 
tr 

(ct )BC t-1 - <] • (11) 

0, where C0 is taken Note that if t=l, q.-i = C^ 
to be the past cost base on which the first 
contract year's funds are established. Then 
equation (11) may be rewritten as 

8(a+T) 
l+p t- 

:I+P) 
Tvt 

%(+■ up/ [^ " ^ 
(12) 

The crucial role of basing future (current) 
budgets on current (past) cost experience can 
now be examined. The important point is that 
for all t=l,2, .... T-1 the actual cost 
experience C| has the coefficient 

l+p (13) 

There are two interpretations of equation (13). 

The first interpretation examines each of the 
terms of equation (13). Whether or not the 
actual cost is above or below the target cost, 
so long as it is within the price ceiling 
range or any other limit placed on cost incen- 
tive payments, for every additional dollar of 
convenience cost experienced in year t, the 
contractor's profit in year t decreases by a 
dollars. But the additional dollar of cost in 
year t leads to B additional dollars occurring 
in the next year's funding via the budgeting 
process which is absorbed by the subsequent 
(optimal) contract cost proposal. These 3 
additional dollars then provide iy  additional 
dollars of profit fee in the next year and a 
potential incentive payment of 3a dollars by 
removal of the convenience cost. The present 
value of these profits in year t are 
3(a + Y)/(.1 + P). SO equation (13) is the pre- 
sent value of the potential net profit from an 
additional dollar of convenience cost exper- 
ienced in year t.  [13] 

The second interpretation of equation (13) 
revolves around its sign. If it is positive, 
then the net effect of experiencing cost growth 
via convenience costs in period t is to 
increase the present value of the prospective 
profit stream accruing to the contractor.  If 

it is negative, then the present value of the 
prospective profit stream falls as convenience 
costs grow. 

Alternative Values of the Budget Parameter 

Viewing the coefficient in equation (13) 
arithmetically then, allows a critical value of 
3 to be defined relative to a,  y and p. That 
is. 

3(a+T) 
l+p = 0 < 

if and only if 

, > a(l>p) 
< a+y 

The critical val 
the value for wh 
If the actual va 
critical value. 

(14) 
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To show that the critical value of 3 could 
easily be exceeded in actual circumstances, a 
few sample values of the critical value are 
given in Table Two for alternative values of 

TABLE TWO 
Critical Values of the Budget Parameter 

Critical 
 i „ v ° 3 

.15 .08 .15 .75 

.15 .08 .25 .31 

.15 .15 .15 .58 

.15 .15 .25 .63 

.25 .08 .15 .37 

.25 .08 .25 .95 

.25 .15 .15 .72 

.25 .15 .25 .78 

a, v and o. These sample values are reasonable 
from an empirical perspective [14] and result in 
a critical value of 3 well below unity for the 
cases shown. The table suggests that the trans- 
formation of current costs into future budgets 
does not have to be at all generous in order to 
swamp the "cost incentive" provisions and, 
therefore, provide a net incentive to exoerience 
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cost growth through convenience costs. 

Alternative Values of the Cost Incentive 
Parameter 

Specification of a value for 3 will, through 
its relationships with the other parameters in 
equation (13), permit a determination of alter- 
native values of the cost incentive parameter 
a. If the hypothesis is accepted that the ex 
ante value of 3 has to be approximately one in 
order for an anticipated contract to be viable, 
then equation (13) can be used to determine 
the minimum value of the share fraction a 
necessary to ensure that the contractor has a 
net incentive to incur no convenience costs. 
The minimum or critical value of a, given 3, y 
and p, is provided by 

3(a+-r) 

(.15) 

Table Three provides a list of values of 3, y 
and p and the corresponding critical value of 
a. If the contract sequence forseen by the 
contractor has a cost sharing fraction less 
than the critical value, then the contractor 
has a positive profit incentive to experience 
convenience costs. 

TABLE THREE 
Critical Values of the Cost Sharing Parameter 

1+p < 

if and on y If 

l+p-3  < 
i 

Critical 
3 Y p 3 

1.00 .08 .15 .53 

1.00 .08 .25 .32 

1.00 .15 .15 1.00 

1.00 .15 .25 .50 

.80 .08 .25 .18 

.80 .08 .25 .14 

.80 .15 .15 .34 

.80 .15 .25 .27 

Combinations of Cost and Profit Incentive 
Parameters 

The cost-sharing ratio, a, and the profit fee 
ratio, y. ai-e the only two parameters which 
can be directly manipulated during the con- 
tracting process. Consequently, it is useful 
to specify values for the budget parameter, 3, 
and the contractor's internal rate of return, 
p, in order to determine which combinations of 

a  and y yield net incentives to incur conven- 
ience costs. 

First, the contracting and budgeting process 
may be viewed in an ex ante or planning aspect. 
In this case, the contractor seeks to determine 
his interest in participating in a sequence of 
contracts as given above. Therefore, the con- 
tractor focuses upon the ex ante value of the 
budget parameter, 3, which is one.  Figure Two 
 FIGURE TUO 

-    ....   Combinations of a and v for 
3 = 1.0 and Given Values of p 

p =■  AS 
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.4  . 

.3  . 

.2 

.1   .2   .3 Y 

shows combinations of a and Y which result 
from 3 ' 1.0 and, alternatively, o • .15, .20 
and .25. Mote that all combinations of x and 
Y which occur to the right of one of the lines 
results in a net incentive to the contractor to 
incur convenience costs. Such combinations 
are relatively more abundant than combinations 
which do not result in these perverse incen- 
tives. 

Second, this entire process may be viewed in an 
ex post or realized budget aspect. The con- 
tractor now seeks to determine his interest in 
undertaking a specific contract, given a par- 
ticular budget which has evolved from the 
government decision-making process. Conse- 
quently, the process must be evaluated using 
the ex post value of the budget parameter. 

Figure Three shows alternative combinations of 
the cost-sharing fraction and the profit fee 
fraction given that the budget parameter has a 
value of .30 and the same values of the firm's 
internal discount rate as were used in Figure 
Two. Again, all combinations which occur to 
the right of the lines result 1n perverse incen- 
tives to the contractor. 

Information from Figure Two and Three may be 
compared to current practices. Usual observed 
values from the cost sharing ratio fall between 
15 and 40 percent. Observed values for the 
incentive fee ratio usually fall between 8 and 
15 percent. Locating these ranges on the 
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figures indicates that there is a high proba- 
bility that a particular contract will result 
in incentives for convenience costs despite the 
presence of a cost incentive feature in that 
contract or that sequence of contracts. 

FIGURE THREE 
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Combinations of a and y for 
3 ■ .80 and Given Values of p 

CONCLUSIONS 

The model described in this paper has indicated 
that, by linking the contracting and budgeting 
processes with a model of the government- 
contractor relationship, some combinations of 
the cost-sharing fraction and the incentive fee 
fraction can create incentives for cost growth. 
Additionally, these perverse incentives can 
occur at easily observable values for the con- 
tractor's internal discount rate and the budget 
transformation parameter. This work indicates 
that, at currently utilized values for the 
incentive fee ratio, the cost-sharing ratio 
should be greatly increased to avoid incentives 
for the contractor to incur convenience costs. 
Although a similar recommendation has been made 
earlier in the incentive contracting literature, 
the present model offers a quantitative evalu- 
ation of just how much the cost sharing ratio 
should be increased. 

Necessary extensions of the model should be 
obvious to the reader. To obtain a more real- 
istic model of the entire process, the model 
should be expanded to include changing lot 
sizes over the production period, examination 
of the affects of a probabilistic interpreta- 
tion of the budget parameter and the competi- 
tive cost level, and the ramifications of pro- 
gress payments for the model predictions. 
Additionally, the authors are currently at- 
tempting to obtain data in order to empirically 
test this simple version of the model. 

NOTES 

[1] See reference [20] and [21] for a series 
of initiatives for improving the 

acquisition process. 

[2] For example, see [1], [2], [5], [6], 
[10], [15], [16], [17] and [18] as a par- 
tial sample of a lengthy list of refer- 
ences that could be cited. 

[3] For a qualitative evaluation of one of 
the links in this process, see Sryan and 
Clark [4]. 

[4]     For a formulation of the entire problem 
addressed in this paper which also 
includes performance incentives, see 
reference  [3]. 

[5]    Price ceilings will   be dealt with impli- 
citly below.    Although most contracts are 
written with a different sharing ratio 
for cost savings versus cost overruns 
("above" versus  "below" the line), the 
analysis  below holds  for either case. 

[5]    See  [11]  and the references therein,  for 
example. 

[7]    This enables the model   to avoid dealing 
with cross-subsidization between  govern- 
ment and private sector contracts.    A 
multiple-product technology for the firm 
is necessary for analysis of cross- 
subsidization. 

[8]    See  Fox  [81,  pp.  333-347 and, esoecially. 
Table XVII-1,  p.  335. 

[9]    These are called "end costs"  in the ter- 
minology of Bryan and Clark  [4], p.  112. 

[10]    That is, those costs which are not 
challenged and shown to  be unreasonably 
high,  i.e., those that pass an audit 
screen. 

[11]    See Peck and Scherer  [13],  p.  241   or  Fox 
[8],  p.   101   for confirmations of this 
process. 

[12]    A proof of convexity of the objective 
function as well   as an exposition of the 
(necessary and sufficient)  Kuhn-Tucker 
conditions  for an optimum are contained 
in reference  [3]. 

[13]    Because of the assumption of a  fixed, 
equal   quantity being purchased each year, 
the contractor will   not realize any of 
these profits  accruing from convenience 
costs until   the last year of the contract 
sequence.    This  behavior is  forced upon 
the contractor because of the manner in 
which budgets are determined. 

[14]    A reasonable range  for the  firm's  inter- 
nal   discount rate is  15-25 percent,  for 
the_cost sharing  fraction  is 15-40 percent 
and for the  incentive  fee  is 3-15  percent. 
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These are ranges which one would expect to 
encounter 1n practice. 
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SIMULATION MODELING: BRIDGING THE GAP BETWEEN 
ACQUISITION RESEARCH AND EXPERIENCE 

DONALD L. 8RECHTEL 
Department of Contracting Management 
Air Force Institute of Technology 

ABSTRACT 

This paper addresses simulation studies in the 
area of "Government-Industry Interaction." The 
primary focus of this paper centers around the 
recent dissertation completed by the author at 
The Florida State University entitled Design 
and Analysis of a Simulation Model of the 
Resource-Acquisition Process for Government 
Contractors (3). In addition, this paper 
includes a brief sumnary of some follow-on 
acquisition-related research being conducted by 
faculty and graduate students in the School of 
Systems and Logistics, Air Force Institute of 
Technology (AFIT), emphasizing the utility of 
simulation modeling (i.e.. System Dynamics) as 
a sound research methodology for use in real- 
world acquisition environments. 

BACKGROUND 

Present growth trends for the United States 
aerospace industry in terms of total sales, 
military aircraft, missiles, space, and commer- 
cial transports support a very steep growth 
forecast for aerospace sales for the next three 
years (13). A long range strategy of many 
United States business firms has been one of 
seeking government contracts to help attain 
corporate growth objectives. 

Uncertainty permeates the entire government 
weapons acquisition process. Government 
contractors must often simultaneously contend 
with varying degrees of uncertainty among dif- 
ferent major programs. In the uncertain pro- 
curement environment, government contractors 
must make timely resource acquisition decisions 
to establish and maintain sufficient production 
capacity and professional capability to opti- 
mize the firm's long range growth objectives. 

RELEVANT ACQUISITION RESEARCH 

To develop the strategic policy structure for a 
government contractor, several research studies 
conducted at the Air Force Institute of 
Technology (AFIT) were utilized to establish 
the initial policy structure for the system 
under study. Elder and Nixon (8) addressed the 
research and development activity of a govern- 
ment buying activity (i.e., the Aeronautical 
Systems Division of the United States Air Force 
Systems Conmand). Lawson and Osterhus (17) 
developed a conceptual model of the Department 
of Defense (DOD) acquisition process for major 
weapon systems. Kaffenberger and Martin (16) 

converted Lawson and Osterhus' conceptual model 
into a System Dynamics model representation of 
the overall DOD acquisition system. In addi- 
tion to these three major Air Force studies, 
the government-industry relationship has been 
analyzed from several different perspectives 
(1;12;18;25). The author's research con- 
centrated not only on- tiie-overall governments- 
industry relationship but also on the internal 
strategic policy structure of a single govern- 
ment aerospace contractor in satisfying the 
needs of the government marketplace. 

Several computer simulation models were used in 
the author's research to obtain a preliminary 
theoretical framework for a model of the stra- 
tegic policy structure of a government 
contractor. This simulation approach to 
studying complex organizational problems has 
been proven effective by several authors 
(4;7;14;19;20). Two major contributors to the 
field of knowledge related to modeling business 
firms include Cyert and March (6) and Bonini 
(2). These early pioneering studies in busi- 
ness simulation led to many follow-on modeling 
studies that capture the strategic policy 
structures of firms in a model framework. 

The System Dynamics methodology has been used 
successfully by several researchers to study 
various organization-related problems. The 
pioneer in developing System Dynamics as a 
methodology for studying organizations is Jay 
Forrester (9). Forrester led the way for the 
subsequent increase in application of the 
System Dynamics methodology to many different 
types of problems experienced by all kinds of 
organizations. Pugh-Roberts Associates, Inc. 
(5) is a consulting firm that develops System 
Dynamics models for strategic policy analysis 
of organizations. Hall (15) studied the system 
pathology of one organization using the System 
Dynamics approach. Goodman (11), in his Study 
Notes in System Dynamics, presents several 
examples of the application of System Dynamics 
to some complex structures. Two examples of 
special importance to this paper are Meadows' 
analysis of the commodity production cycle and 
Patni's analysis of a market growth model (11). 

Another major System Dynamics modeling work was 
conducted by Nord (22), in which the author 
related capacity-acquisition policies of a 
firm to the growth of a product in its 
marketplace. The two major System Dynamics 
studies that provided much of the preliminary 
model structure baseline for the research 
described in this paper were Roberts' (24) 
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study on research and development and Packer's 
(23) model of the resource-acquisition process 
for manufacturing firms. 

Packer's Resource Acquisition In Corporate 
Growth. Packer (23) indicated that two 
resources—production capacity and professional 
effort—are integral to all manufacturing 
firms. At the macro-level. Packer examined the 
interactions between the firm and the market 
(Figure 1). The firm generates two factors 
that affect the market—professional activities 
and product availability. Professional activi- 
ties create potential customers for the firm, 
and product availability impacts potential 
customers through a delay in delivery. As 
delivery delay increases, more potential buyers 
tend to turn to alternative sources of supply. 
So, the order flow to the firm depends on both 
the firm's professional activities and the 
availability of products. 
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Fig. 1. Market/firm interactions 

Packer's Resource Acquisition In Corporate 
Srowth model (23) was utilized as the primary 
baseline for the development of the contractor 
model of resource acquisition in support of the 
government market for major weapon system 
programs. Packer's model addresses the 
interactions between a hypothetical manufac- 
turing firm and its market and describes two 
key policy decision areas (i.e., production 
capacity and professional effort). 

Roberts' Dynamics of Research and Development. 
Packer's model (23) omits a critical sector of 
activity that is essential for aerospace 
contractors to succeed in the government 
marketplace. Specifically, Packer's model 
fails to address the research and development— 
sector of activity that characterizes a major 
portion of government aerospace contractors' 
operations. 

Roberts (24) provides a general theory of 
research and development utilizing a System 
Dynamics approach. Roberts emphasizes research 
and development for military and space pur- 
poses, but Roberts also concludes that the 
approach should be universally applicable to 
all research and development endeavors. 
Roberts developed a mathematical model that 
captured the essence of research and develop- 
ment project life cycles. Roberts utilized the 
System Dynamics approach to calculate research 
and development project time histories for 
stated input conditions. The model equations 
were developed to describe the relationships 
that control a typical research and-development 
project. Roberts' (24) study was not focused 
on any one company. The major emphasis was on 
broad policy implications for company and 
government research and development strategic 
policy structures. —   

SYSTEM DYNAMICS 

One proven analytical methodology for assessing 
the effects of alternative strategic policies 
in both hypothetical and real-world organiza- 
tions is System Dynamics. System Dynamics is 
an experimental approach to understanding 
system behavior (9). The most important foun- 
dation for System Dynamics is servo-mechanisms 
(or information-feedback systems). Information- 
feedback systems underlie the structure for 
integrating the different facets or sectors of 
management activity. Forrester (9) defines an 
information-feedback system as follows: 

An information-feedback system exists when- 
ever the environment leads to a decision 
that results in action which affects the 
environment and thereby influences future 
decisions. 

System Dynamics focuses on policy structures 
and how policy determines behavior. Forrester 
(10) describes System Dynamics as "a practical 
profession that starts with important problems, 
comes to understand the structures that produce 
undesirable symptoms, and moves on to finding 
changes in structure and policy that will make 
a system better behaved." The System Dynamics 
methodology permits dynamic analysis in eval- 
uating the effects of alternative strategic 
policies before implementing the policies 
within an organization. 

J-20 



PURPOSE OF RESEARCH 

The government procurement environment is 
fraught with much uncertainty and a general 
scarcity of resources that often hamper the 
planning and operations of government contrac- 
tors. A System Dynamics study of the govern- 
ment procurement process was conducted to 
extend theory about strategic policy analysis 
by government aerospace contractors. The out- 
wh^h T fhe.resfarch «as a framework from 
which strategic planning guidelines may be 
derived for use by government aerospace 
contractors to help attain growth objectives 
™^Vr! con9r"ent wi1* the goals of govern- 
ment buying activities. Government buying 

tatinn If%h
Sh0K1d .a1S0 W*  from ^en- 

.^ ?^?(-*he foad sidelines, because the 
availability of sources of supply for govern- 
ment products should be more firmly established 
and improved. In addition, the System DynS 
modeling approach could enable both government 
contractors and buying activities to evaluate 
^♦fTlS* of increases or decreases in pro- 
s stUs  "" quant1ties for maJor weapon 

Specifically, the following questions provided 
effort?   d1rection *"■ the author's research 

1. What is the strategic policy structure that 
captures and reflects the behavior of the 
resource acquisition decision-making process by 
government aerospace contractors? * 

2. What are the key effects (or impacts) on 
the system from the strategic policy alter- 
natives fn the resource acquisition decision- 

Sr^rT" 0f a g0Vernment aer0Space 

GENERAL RESEARCH PLAN 

ISrrfif3,' research P13" concentrated on those 
macro-level issues that government contractors 
must contend with in the resource-acquisition 
process in support of government contracts. 
Strategic planning and decision making were 
researrh ,nn theK

author,s study. The overall 
research approach consisted of a macro-level of 
"»l**lf that utilized the System Dyn^m cs 
methodology to address aerospace contractors' 
resource acquisition policy-making activities. 

The general research plan for this study was 
imp emented in two phases (See Figure 2): 
field study research phase (Phase I) and 
modeling and experimentation phase (Phase II) 
S^Se^l0ntd ^ research ^tions were formulated to serve as the overall guide for 
channeling the author's research project  In 
response to the two research questions the 

ut^in^hl9? ^f the Study was structured utilizing the following seven steps to ascer- 
tain the strategic policy structure of govern- 
ment aerospace contractors, to produce a policy 
model of a government contractor's resource- 
acquisition process, and to evaluate key 
effects from strategic policy alternatives- 

!■ ftaU ttatr 

rig.  2. The Research Flow Process 
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1. Describe the general system under study by 
determining boundaries and basic interrelation- 
ships between the major system sectors; 

2. Develop casual loop diagrams for each 
system sector in order to show the interaction 
of system variables; 

3. Convert the causal loop diagrams into 
detailed flow diagrams to show how money, 
material, and information move throughout the 
system and decisions are made to regulate the 
flows; 

4. Develop and verify mathematical equations 
which represent the flow diagram concepts using 
the DYNAMO simulation language; 

5. Validate the model concept to ensure 
reasonable and logical representation of the 
real-world systan structure; 

6. Analyze the system to identify areas sen- 
sitive to change and possible system 
deficiencies; and 

7. Recommend changes to the system to improve 
the structure of information flow and identify 
areas requiring further study. 

In phase I of the author's research, the exten- 
sive field study was conducted to gain a better 
overall understanding of productive systems 
(i.e., aerospace contractors) that operate 
within the government procurement environment. 
The corporate strategic planning process in 
major manufacturing firms in the aerospace 
industry was analyzed to determine key policy 
variables and decisions required for resource 
acquisition to support government programs. 
One major aerospace contractor was selected to 
represent the aerospace industry in the 
author's research. In the field study, fifty 
key contractor personnel were interviewed to 
gain a better understanding of the strategic 
policy structure of the system under study. 
The results from the field study research phase 
were utilized as a foundation for the modeling 
and experimentation phase. 

The modeling and experimentation phase of the 
research was based on the strategic policy 
structure that became the output of the field 
study. The modeling and experimentation phase 
(Phase II) was used to gain greater 
understanding of the strategic policy structure 
of the system under study and to develop a 
model in which the effects of alternative 
resource-acquisition policies could be 
evaluated. Packer's model (23) and Roberts' 
model (24) served as the initial foundation for 
representing the strategic policy structure of 
a government aerospace contractor with respect 
to the resource acquisition decision-making 
process. An iterative process of model 
building was used to obtain an acceptable 

representation of the system under study. 
Because of the complex and dynamic nature of 
the government marketplace, simulation was 
selected as the appropriate analytical approach 
for the research. The System Dynamics approach 
addresses complex structures in a systematic 
manner using a computer-based simulation 
language (DYNAMO). In addition, the System 
Dynamics approach permitted experimental deter- 
mination of ideas for policy improvements and 
experimental testing of proposed policy changes 
within the corporate strategic planning process. 

Mode (21) states that System Dynamics provides 
the manager with a tool that can be used for 
planning and analysis to gain insight into the 
cause-and-effect factors that exist within a 
firm and between a firm and its external 
environment. 

CONTRACTOR MODEL STRUCTURE 

The overall model structure for representing 
the system under study was developed in Phase 
II (modeling and experimentation phase) of the 
author's research. The macro structure of the 
contractor model (See Figure 3) depicts the key 
sectors of activity included in the model, the 
nine intersector feedback loops that connect 
the model sectors, the origins and destinations 
of critical information that support the firm's 
decision-making process, and the management 
response mechanism that reacts to pressures for 
expanding or contracting operations within the 
firm. The primary roles and functional opera- 
tions of each sector within the contractor 
model are suimarized in the following 
paragraphs. 

The market sector generates R&D and production 
orders to the firm based on the negative market 
effects created by delays of the firm and posi- 
tive market effects caused by the firm's pro- 
fessional capability. 

The financial sector makes a comparison between 
the funding available and the funding required 
(i.e., as determined by the estimated work 
effort for the next period) for both R&D and 
production and provides information to the 
pressure-for-expansion sector when funding 
levels are too low or too high. 

The design (engineering) sector produces the 
engineering designs that influence the start of 
work for both the production (manufacturing) 
sector and the material sector. Without 
completed engineering designs, hardware cannot 
be produced internally by the firm or exter- 
nally by second-tier suppliers of material, 
parts, and components. Information related to 
the R&D backlog, engineering design comple- 
tions, and engineering design changes flows to 
the pressure-for-expansion sector for 
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appropriate management decisions to expand or 
contract operations as required. 

The production (manufacturing) sector manufac- 
tures and assembles the end products that are 
delivered by the firm to the marketplace. The 
market relationship between the production 
(manufacturing) sector and the material sector 
for material, parts, and components is similar 
to that market relationship between the govern- 
ment buying activity and the system under study 
for the final end products. Orders are placed 
from the production (manufacturing) sector to 
the material sector for material, parts, and 
components. The ordered material, parts, and 

components are shipped from the suppliers 
within the material sector to the production 
(manufacturing) sector for incorporation within 
the final end products. Information related to 
the production backlog, production finishes, 
and work-in-process inventory of material, 
parts, and components maintained within the 
government aerospace contractor to support the 
final assembly line influences management's 
decisions to expand or contract the firm's 
operations when necessary. 

The material sector represents the suppliers 
that produce material, parts, and components 
in response to orders from the production 
(manufacturing) sector as described above. 
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Fig. 3. Macro-level diagram of contractor model—final 
model version (all nine feedback loops) 
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The information that influences management's 
decisions to expand or contract operation 
levels within the firm includes the backlog of 
unfilled purchase orders and material produc- 
tion finishes. 

The professional sector controls the acquisi- 
tion ofprofissTonaTTTor the firm and the 
departure of professionals from the firm. 
Capacity status information flows from the 
design (engineering) sector, production 
(manufacturing) sector, and material sector to 
the professional sector for ascertaining the 
desired level of professional effort within the 
firm. Within the professional sector, 
management's desired ratios of professionals to 
the three different capacities within the 
system under study—design (engineering) 
capacity, production capacity, and material 
production capacity—determine the level of 
professionals within the firm. Professional 
capability represents the levelof professional 
effort that is available within the firm to 
influence the marketplace and to affect future 
RiD and production orders to the firm. 

"[he pressure-for-expansion sector receives 
Information that influences the firm's manage- 
ment decision-making process from the other 
model sectors. The pressure-for-expansion sec- 
tor serves as the management response mechanism 
that generates pressures for expanding or 
contracting the levels of key resources within 

the firm—professional effort, design 
(engineering) capacity, production capacity, 
material production capacity, and R&D and pro- 
duction funding levels—based on the infor- 
mation received from other sectors within the 
model. 

Comparison With Actual Past 
System Performance 

In the author's research project, the specific 
system under study was a government products 
division of a major corporation specialized in 
the development and production of major weapon 
systems in satisfying the needs of the govern- 
ment marketplace. The strategic policy struc- 
ture of the government contractor, as captured 
in the System Dynamics model, was not the 
result of a momentary situation, but, instead, 
reflected a long-term perspective of the 
firm's strategic policy structure established 
over a period of some twenty to thirty years. 

The government contractor model, in its present 
form, re-creates this historical perspective of 
the firm's strategic policy structure. This 
re-creation of the firm (i.e., the system   
under study) is demonstrated by comparing the 
actual past system performance with the simu- 
lated model output over time. The system under 
study has historically been a project-oriented 
(or single product-oriented) firm. Figure 4 
depicts the single-product orientation of the 

Number 
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Fig. 4. Total Employment Profile For System Under Study 
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government contractor in terms of the total 
number of employees in the firm as associated 
with three different major weapon system 
programs—Programs A, B, and C. The manpower 
levels in the firm were associated with the 
workload requirements for the respective 
programs. For example, the peak work require- 
ment (e.g., number of units ordered per period) 
for Program B occurred during year 14 (Figure 
4). To support the peak work requirement 
(i.e., the higher order rate), the employment 
within the system was increased to support 
period of maximum workload. After year 14, the 
employment level in the firm was reduced 
because of a reduced order rate to the firm. 
These same system relationships between 
employment level and workload were captured in 
the strategic policy structure of the govern- 
ment contractor model. 

The simulated model output does illustrate the 
above system relationships between employment 
level and workload. In general, the model 
structure adequately captures the strategic 
policy structure of the firm over the period 
from years 1 to 24 as shown in Figure 4. The 
simulated model output generally reflects the 
shapes of Programs A, S, and C. Programs A and 
B are completed, and Program C is still in its 
infancy stage as compared to the projected life 

of that particular major weapon system program. 
Therefore, as noted previously, model structure 
was based mainly on experience from Programs A 
and B rather than C. During the field study, 
the fifty respondents continually referred to 
"what happened" in Programs A and B when 
describing the present strategic policy struc- 
ture of the firm. 

The particular variable in the government con- 
tractor model that was selected to represent the 
program-oriented manpower level in the firm was 
production capacity. Production capacity is an 
aggregate measure of the internal productive 
capability of the firm of which a key component 
is the direct factory labor associated with 
manufacturing deliverable end items to the 
government marketplace. To represent the 
system's strategic policy structure, the pro- 
duction capacity should re-create the general 
shape of the historical employment level curve 
within the firm over time. Figure 5 is the 
actual simulation run plot for production capa- 
city (C) obtained from the System Dynamics 
model. As shown in Figure 5, the general shape 
of the production capacity curve corresponds 
with the employment level curve depicted in 
Figure 4. So, on the surface, the contractor 
model appears to represent system performance 
characteristics over time. 
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Fig. 5. Employment versus workload-simulated model 
output for production capacity (C) 
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The weapons acquisition process may be viewed 
as a workload measure over time for a single 
program with design (engineering) effort pre- 
ceding the receipt of production orders by a 
government contractor from the government 
buying activity. As a result, the amployment 
level to support these two categories of work 
effort—design (engineering) and production 
(manufacturing)—should correspond to the 
timing of the different varieties of work. 
To make an assessment of the proper timing of 
workload characteristics for a government 
contractor, the design (engineering) capacity 
(0) was compared with the production capacity 
(C) in the firm. The design (engineering) 
capacity is measured by the number of design 

engineers within the firm. If the model is a 
reasonable representation of system charac- 
teristics, one would expect a program-oriented 
design (engineering) capacity level to precede 
the program-related production capacity 
measure of work effort. This relationship 
between design (engineering) capacity (0) and 
production capacity (C) in the contractor 
model is depicted in Figure 6. In this graph, 
the design (engineering) capacity precedes the 
production capacity within the firm for each 
of the three programs—Programs A, 3, and C. 
This explainable model relationship between 
design (engineering) capacity and production 
capacity lends further credence to the repre- 
sentativeness of the model. 

.,. 

Months 

Fig. 5. Workload phasing for design (engineering) capacity (0) and production capacity (C) 

STRATEGIC POLICY ANALYSIS 

The contractor model developed in this study 
utilizes a systems approach to the strategic 
planning and policy formulation activity of 
government aerospace contractors. The System 
Dynamics model was developed to capture the 
essence of the strategic policy structure of 
a government aerospace contractor and provide 
a policy-formulation model in which alter- 
native strategic policies of the firm can be 
evaluated for the effects on the overall 
objectives of the firm (e.g., growth and 
stability). Preliminary strategic policy 
analysis using the contractor model indicated 
that an aggressive expansion policy allows 
higher growth at the expense of increased 
Instability. On the other hand, a conser- 
vative expansion policy provides a lower 
growth rate with more stability. 

CURRENT AFIT RESEARCH 

The use of the System Dynamics technique for 
analyzing the complex problems related to the 

government procurement process has been rela- 
tively limited to date. As demonstrated in 
the author's research, the strategic planning 
and policy formulation process for the 
acquisition of key resources by government 
contractors is just one area in which the 
System Dynamics technique has proven its 
utility. Much is yet to be learned about the 
strategic planning and policy formulation 
process of government contractors and the 
utility of the System Dynamics approach for 
analyzing the complex goverrment procurement 
process in general. With the recent Increase 
in government funding for major weapon system 
programs, the opportunities for additional 
meaningful research on the strategic planning 
process of government contractors will be 
enhanced. 

Faculty Research 

In the author's study, preliminary model veri- 
fication was conducted with the government 
aerospace contractor model to establish con- 
fidence in the model structure. To increase 
the utility of the model for further usage by 
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management, the author is conducting addi- 
tional research work with the original 
aerospace contractor to validate the model 
concept to ensure a reasonable and logical 
representation of the real-world system 
structure. A fully-validated model will 
increase the "predictive'' ability of the 
government aerospace contractor model, which 
was not specifically addressed in the author's 
earlier research. 

The alternative strategic policies investi- 
gated in the author's original study con- 
centrated on the effects {or impacts) of 
parameter changes in the original system on 
overall system performance. Future research 
studies will address revised strategic poli- 
cies in applying revised model structures to 
future major weapon system programs. To pro- 
vide the government contractor with decision 
rules capable of creating stable growth expan- 
sion at the highest rate feasible, growth rate 
and stability are being used as criteria to 
evaluate improvements in the system. 

Graduate Student Research 

Several graduate students, as part of their 
master's thesis effort at the Air Force 
Institute of Technology, are using the Systan 
Dynamics modeling approach to address 
acquisition-related topics. 

One thesis team is presently developing a 
strategic policy model of the overall DOD 
acquisition system. The primary objective of 
this thesis effort is to provide a macro 
policy model of the DOD acquisition system 
that can be used by D00 acquisition managers 
and analysts to evaluate the effects of policy 
changes on the overall DOD system. The 
researchers are dividing the macro-level 
system into four primary sectors: Research 
and Development (RiD), Production, Financial, 
and Capability. 

A second thesis team is conducting an analysis 
of the predicted benefits of multi-year 
procurement. There is an absence of empirical 
data on contractor and cost performance under 
multi-year contracts. The research project 
includes the construction of a System Dynamics 
model of an aerospace contractor to evaluate 
the anticipated benefits of multi-year pro- 
curement. The researchers plan to use their 
System Dynamics model to demonstrate the impact 
of multi-year procurement on a contractor's 
industrial plant modernization, advanced 

Economic Order Quantity (EOQ) buys, production 
costs, work force stability, and surge 
capability. 

IMPLICATIONS AND CHALLENGES 

After conducting research on the strategic 
policy structure of major government aerospace 
contractors, the author concludes that the 
research design employed in this study of stra- 
tegic planning has merit for three primary 
reasons. First, the research design facili- 
tated the tackling of a difficult area of 
research (i.e., strategic policy structures 
of organizations) within a very complex orga- 
nizational setting (i.e., a major government 
aerospace contractor). Second, the two-phase 
nature of the research design allowed a struc- 
tured approach for collecting empirical data in 
the field study (Phase I) that served as the 
foundation for Phase II of the research design 
(modeling and experimentation). In addition, 
the iterative nature of model building provided 
feedback from system participants on the repre- 
sentativeness of the model structure. Finally, 
the two-phase research design produced a 
contractor model that will meet the iimedlate 
strategic planning needs of one major govern- 
ment aerospace contractor and serve as a basis 
for future research. In the author's study, 
the two-phase research design facilitated the 
overall accomplishment of stated research 
objectives. 

While much has been written on the need for 
government contractors to strategically plan 
for the successful development and production 
of major weapon systems to prevent schedule 
delinquencies, technical problems, and cost 
overruns, very little research is found in the 
area of long-range strategic planning and 
policy fommlation for these government 
contractors. Much of the research is near- 
term oriented (i.e., the contractor's perfor- 
mance for the next fiscal year). A more 
systematized strategic planning and policy for- 
mulation approach by government contractors 
will benefit government contractors iimediately 
and, in the long run, benefit the United States 
taxpayers who pay for the procurement of the 
major weapon systems. Since there are areas 
needing additional investigation, it is hoped 
that this study will serve as a catalyst for 
further examinations of the strategic planning 
and policy formulation process of government 
contractors. 
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US Army Procurement Research Office 

Fort Lee, Virginia 23801 

INTRODUCTION 

In the private sector, the manufacturer, 
wholesaler, retailer, and other "middlemen" 
make up a marketing channel intended to get a 
product to a consumer. This is obviously a 
coordinated interdependent effort, but 
experience has shown that each party has its 
own objectives, and there may be considerable 
conflict among the parties (including the 
consumer) in the operation of the channel. 
This conflict is caused by fact that each 
party in acting to satisfy its own objectives 
tends to thwart the accomplishment of the 
objectives of another party. For example, a 
wholesaler may be in a dominant position over 
a manufacturer because there are so many 
similar products from competing manufacturers 
and demand a sharp discount in price from the 
manufacturer. This action will help the 
wholesaler meet his (or her) profit objective, 
but jeopardize the manufacturer's profit 
picture and may lay the groundwork for some 
future retaliation. 

Because of this "natural" behavior in our 
entrepeneurial culture, each party may tend 
to try to gain control over some part of or 
the whole channels to ensure its objectives 
are accomplished. A manufacturer may 
differentiate his or her product favorably 
above others; the wholesaler may offer unique 
services; the retailer may gain access to a 
large number of consumers. In effect, each 
party will try to gain some kind of power, the 
primary basis for control, for longer term 
assurance of dominance in the channel. 

This goal-seeking-conflict-control-power- 
seeking behavioral phenomenon is common in 
industry and is well-discussed in marketing 
literature (See Stern and El-Ansary, 1977). 
This behavior is similar to that seen in the 
Department of Defense (DOD) - defense con- 
tractor relationship. This paper will 
examine this DOD - contractor relationship 
and concepts of conflict and control in that 
relationship. The paper will emphasize the 
purchase of a weapon system (system acquisi- 
tion) where the phenomenon is most pro- 
nounced, although the same kind of behavior 
is present in varying degrees in all pur- 
chases. 

Leadership in the DOD-Industry Relationship 

DOD has its own marketing channels. Typically 

the channel is simple and direct - from the 
firm to the particular service (Figure 1). 
There are variations however. A broker or 
other intermediate may be involved. 

PRODUCT 

Figure 1 DOD-Industry Channel 

DOD may buy parts from a number of firms for 
assembly into a finished product by itself (an 
arsenal) or another firm. To make the points 
of the paper only the simple channel will be 
pursued. 

DOD as a sole consumer (in economic terms, a 
monopsony) must obtain its good and services 
from a private firm or firms. In these 
channels again both parties are trying to get 
the product to the DOD consumer, but both have 
their own objectives. When both sets of 
objectives are accomplished, the relationship 
is likely to have no problems. When the 
objectives of one or both parties are thwarted, 
the result is often conflict, the so-called 
adversarial relationship. 

The reaction to non-accomolishment of objec- 
tives and to conflict in this relationshio is 
the same as in the private sector - the quest 
for control. A DOD example is elaborate 
systems to monitor costs and performance. A 
contractor example is the attempt to become a 
sole source or to manage part of a rieveloo- 
ment program (e.g., configuration manager). 

Obviously a high degree of conflict in any 
channel is inefficient and can threaten oer- 
formance. To avoid such dysfunctional be- 
havior channel leadership may be necessary. 
That is, one of the organizations may have to 
act to maintain the channel. 

The public is Generally imoartial (ceteris 
parabis) as to which party in the orivate 
sector gains control in a given channel. In 
our capitalist society hooefully the most 
efficient firms will succeed in the market- 
place. In the 000 channels, however, other 
things being equal, the public should not be 
indifferent. It is in the public's interest 
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that DOD achieves its national defense 
assurance objectives in order to defend the 
society. That is, DOD should not allow 
continued dominance of a channel by con- 
tractors. 

It should be stressed that this mutual attempt 
for control is the rational behavior of organ- 
izations whose intention is not damage to 
another organization, although this may be a 
result. On the contrary, DOD contract con- 
trol, if it can be attained, must not be ex- 
ploitative or the mission will be jeopardized 
not because of a dominant defense contractor 
but a weakened one. 

The DOD buyer, i.e., the contractina officer, 
unlike the industrial buyer, has the heavy 
responsibility of attempting to ensure that 
both sets of objectives are accomplished. 
However, the importance of DOD's dominant 
mission accomplishment must be understood 
by all at the onset of a relationship, as well 
as DOD's interest in each firm's well-being. 

DOD as a contract leader has the following 
responsibilities in the contract relationship: 

1. The roles and duties of both parties 
must be spelled out completely in the contract 
and any pre and post-award meetings. 

2. Activities during the contract must be 
coordinated. 

3. The firm may have to be controlled to 
perform through satisfaction of needs and use 
of power. 

4. Conflict must be avoided or minimized. 
This can be done by understanding each other's 
role and objectives, avoiding poor perception 
and dealing with non-performance. Congruence 
in objectives would, of course, be ideal but 
difficult to achieve. When one or both of the 
parties cannot perform to satisfy the other's 
objectives, the contracting office must react 
to minimize conflict (e.g., the firm is be- 
hind schedule or DOD wants to unilaterally 
increase the scope of the contract). Many 
conflict maintenance strategies have been 
aeveloped. Bargaining on concessions may help 
Diplomacy is important. Mutual society 
membership (e.g.. National Contract Management 
Assn.) and exchange-of-persons programs are a 
way to exchange views. Conciliations, media- 
tion, and arbritration support from others 
could be useful. To bring goals more into 
line, DOD should attempt to make both parties 
see themselves as part of the same program 
(e.g., NASA). 

5. Communication must be encouraged. 
Communication is the best way to bring per- 
ceptions and expectations in line and give 
early warning of non-satisfaction of obiec- 
tives. 

This concept of contract leadership does not 
necessarily mean tight control. A contract 
may describe a complete "hands-off" develoo- 
ment by a firm. DOD must only ensure everyone 
has realistic expectations, that appropriate 
activities are coordinated, and that perfor- 
mance progress is somehow known. 

Further, DOD contract leadership need not be 
arbitrary.  Existina machinery (e.g., the 
disputes process) allows opportunity for 
industry redress. 

Systems Acquisition and Implications for 
Leadership '  

To better understand contract leadership and 
control in systems acquisition, the charac- 
teristics of that process should be explored. 
One way to explain these characteristics is to 
contrast them with those of the private in- 
dustry buying process. 

First, what are we buying? In industry par- 
lance, in systems acquisition DOD is buying 
new products.  Industry typically makes its 
own new products. DOD makes very little 
(there are some exceptions) in-house and must 
go to industry. Moreover these new products 
involve complex technology and consequently 
lengthy development. Systems acquisition is 
unusual if not unique and has no industrial 
analogy. The requirements for the new weapons 
are often urgent. The requirements are not 
stable. Many outside influences (e.q.. Con- 
gress) lead to the instability. Many fairly 
autonomous and widely seoarated government 
organizations (e.g., project manager, buying 
organization, headquarters) must coordinate 
their efforts. The process is heavily con- 
strained by regulations and procedure for 
getting money from Conoress through DOD to the 
individual firm. 

This process obviously requires obtaining firms 
that are both capable and motivated. DOD has 
gone through considerable expense to attempt 
to build a capable defense industry base. The 
Defense Contract Administration Service (DCAS) 
and buying organizations themselves investi- 
gate firms to find whether they are responsible, 
i.e., technologically, financially and mana- 
gerially capable of performing on nno contracts. 
Buying organizations also have elaborate 
source selections on individual contracts to 
ensure capable firms (sources) are chosen 
(selected). Source selection involves the 
detailed (and lengthy) analysis of contractor 
proposals to make a product by a team of 
specialists on technical, cost, and managerial 
issues and the selection of the "best" con- 
tractor. 

The guestion of motivation is another story. 
In the system acquisition process many forces 
tend to put contract control in the contractor's 
hands and lessen contractor motivation, i.e.. 
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the inclination to satisfy POP's objectives. 

Because investment is high and specialized 
expertise rare, the later development and the 
production of a weapon system usually involves 
one source. Since OOP must have the item, 
cannot normally terminate a major contractor 
(Knittle and Carr, 1980), and has no alterna- 
tive to make the system in-house, this sole 
source has little to fear for lack of progress 
Historically OOP has had difficulty in using 
past contract performance in the award of 
future contracts to further weaken POP's 
position (Zabel, 1982). The complexity of 
the acquisition necessitates the use of a 
cost reimbursable contract (or another non- 
firm fixed price contract) which heightens the 
contractor's independence. In view of the 
factors outlined above, POO contractors are 
aware that cost growth in their contract will 
be usually met with payment (albeit be- 
grudging) and often a reduction in quantity 
The complaint often heard from OOP managers is 
that the only threat they have over a firm is 
the possibility that higher headquarters or 
Congress will "kill" their program. 

This poor DOD position can often be degraded 
further by lack of professional respect a 
firm may have for government technical or 
buying personnel, the demotivating bureau- 
cratic response of government personnel to a 
firm's problems, or the perception that the 
OOP return on investment is too low. Since 
the firm is perceived as having high paid 
personnel with a perceived higher level of 
expertise than its government "opposite 
numbers", the firm will have a very real 
expert power over OOP (French and Raven, 1959), 
and the government may defer to the firm's 
judgment. Contractor motivation can be re- 
duced by the many requirements for paperwork, 
socio-economic compliance in their organiza-' 
tion, and the slow and formal solution process 
for problems. Because POO contracts are not as 
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Contract Form 
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Award 
Contract Admin 
Non-Contract 

Piscussion 
Performance 

Announcement 
Policy Input 

Role and 
Puty Specs 

Coordination 
of Activities 

orofitable in terms of sales and investment 
(Logistics Management Institute, 1977) a firm 
may be motivated to not work as efficiently on 
POD contracts, or defer working on them in 
favor of more profitable commercial work. 

This discussion is not intended to put the 
blame of today's program difficulties on in- 
dustry or to show that individual firms are 
necessarily poorly motivated. The point here 
is that it is the defense firm who tends to 
have contract leadership, not POP, and that 
this relationship is not in the best interest 
of systems acquisition. 

Leadership in the Individual Contract 

One can see now the difficulties for leader- 
ship by OOP in systems acquisition.  None-the- 
less the activities that are required for nnn 
to attain contract leadership have also been 
suggested. 

One basis for deciding leadership strategy is 
the set of leadership responsibilities spelled 
out earlier: role and duty specification, 
coordination of activity, contractor control, 
conflict avoidance and minimization, and 
communications. These responsibilities must 
be carried out over the life cycle of a con- 
tract (and beyond). Consequently a con- 
tracting officer as contract leader could plan 
his (or her) activities along the lines of 
figure 2. For example, the POP buyer plans 
for the two parties' roles and duties, speci- 
fies them in the contract, and continues to 
define them throughout the life cycle. Be- 
cause systems acquisition is a lengthy and 
incremental process, this planning will 
actually be for a series of contracts and a 
shifting of roles (such as the movement of 
configuration management from the firm to the 
government). But this larger area of program 
leadership is beyond the scooe of this paper 
(although perhaps derivative from it). As in 

Contracto 
Control 

Confl ict 
Management 

, Party 
Commurii cation 

Figure 2 Contract Leader Activity Framework 
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the role and duty area, the activities to 
support the other responsibilities can be 
derived from figure 2. 

The emphasis of this paper, however, is on the 
control of the contract, the column called 
"contract control" in the figure. Con- 
sequently the remainder of the paper will con- 
cern the generation of control. Potential con- 
trol over a contractor is often called leverage. 
The term leverage analysis will therefore be 
used to mean the analysis of the factors 
leading to contractor control and the imple- 
mentation of the proper activities to 
optimize control on a given contract. 

Leverage Analysis 

Leverage analysis can best be described in 
terms of the life cycle steps of figure 2. 

1.  Planning: 

The system acquisition process can 
tend, as shown earlier, to give leadership to 
the firm, so planning for leverage is extremely 
important.  It is hard to add leverage into 
the contract and actually into the program. 
To gain program leadership leverage planning 
must start before the first contract.  It 
must be thoughtfully planned out and imple- 
mented. Planning for leverage involves what 
the government is trying to do, what the 
conditions of the acquisition are, and what 
leverage tools are available. It cannot be 
emphasized enough that planning is the most 
important step in leverage analysis. 

a. Government Objectives 

In order to move firms toward the 
proper performance, DOD must decide what 
performance it wants, what priority or trade- 
off in objectives may be necessary and whether 
and what kind of incentives will be needed on 
objectives. Figure 3 lists common contractual 
objectives. 

The buying organization must of course 
decide which of these objectives are to be 
pursued on a given contract and the magnitude 
of each target. Because contracts in systems 
acquisition are so difficult (see earlier 
discussion), contractors often cannot simul- 
taneously meet all objectives and the buying 
organization will have to ascertain what 
performance requirement may have to be 
relaxed in order to complete the contract; 
typically the cost and/or schedule require- 
ment is relaxed to meet the performance re- 
quirement. Some objectives are particularly 
important to DOD or are difficult to achieve. 
The contracting officer must plan to put more' 
resources on them. DOD often tries to motivate 
the firm to give attention to these objectives 
by rewarding the firm with an incentive or 
award fee. 

Cost Objectives 

R&D 

Production 

Life Cycle 

Performance Objectives 

Overall 

Selected 

Schedule 

Initial Operating Capability 

Delivery 

Selected Events 

Other, e.g., Mobilization 
Base 

Figure 3. Typical Contract Objectives 

b. Contract Conditions 

In order to achieve the objectives 
for the given contract: what are both parties 
trying to do, what are they like, and what 
external factors will affect them.  Figure 4 
lists these conditions. 

(i)   Government Objectives 

In addition to the con- 
siderations in the previous discussion, the 
contracting officer must determine the criti- 
cal ity of the buy. If we must have the item 
and cannot terminate the contract, regardless 
of performance, we are vulnerable to losing 
contract control. 

(II) DOD Internal Environment 

These are the signals avail- 
able to the DOD organization about what is 
expected of them (Lorsch and Morse, 1974). 
These include: the characteristics of the 
organization (e.o., structure, policy), the 
management, (e.g., attitude toward contractors), 
the working personnel (ability and motivation), 
characteristics of the system (e.g., inherent 
complexity, condition of technical data package) 
system requirements (e.g., threat, quantity), 
and money (budget and type of money). 

(III) DOD External Environment 

This environment consists of 
information about market, technological, 
economic, political, and scientific factors 
relevant to the organizations success (Lorsch 
and Morse, 1974). That is, a DOD's activities 
(including leverage generation) are affected by 
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Congress, market place (firms and industry 
association), other government agencies (e.g., 
OSHA, EPA, GAO), and academic organizations, 
among others. 

(iv)  Contractor Objectives 

The fact that these are not 
the same as the DOD objectives is the problem 
behind the conflict in the contract, but then 
this difference is fundamental to our capital- 
ist society. None-the-less DOD must know the 
contractor's objectives in order to be able 
to consider motivation and leverage. Short 
term profit is the first thing that occurs to 
the average buyer, but this is not the only 
contractor need (Bilkey, 1972; Hunt, 1971; 
Fox, 1974; Shetty, 1979; Williams and Carr, 
1981). Contractors often act toward long term 
profit (e.g., expanding markets, developing 
new skills) at the sacrifice of short term 
profit on a given contract. 

(v) Contractor Internal En- 
vironment 

environment.  It will be very difficult to 
ascertain, except for the "track record" of 
the firm's behavior and Securities Exchange 
Commission 10K and similar reports. 

(vi)  Contractor External En- 
vironment 

Again this environmental 
list is similar to DOD, except that it includes 
a firm's competition, other customers and its 
vendors. 

One should observe in 
figure 4 that these factors affect both the 
firm and DOD. As mentioned earlier either 
organization could be the contract leader and 
in fact inherent system acquisition charac- 
teristics favor the firm. Additionally, the 
party that best "reads" these conditions will 
more likely lead the other. A buyer is 
reminded of this when he (or she) awaits a 
critical proposal from a firm and a critical 
deadline for the buyer (known to the firm) 
approaches. 

This is nearly the same set 
of analagous variables as in the DOD internal 

CONTRACTOR PERFORMANCE- 

• CONTRACTUAL 
(e.g., MEET SCHEDULE) 

»     EXTRA-CONTRACTUAL 
(e.g., BRING POLITICAL 

PRESSURE) 

GOVERNMENT 
OBJECTIVES 
(e.g., TECHNICAL 
REQUIREMENTS 

GOVT INT 
ENVIRONMENT 
(e.g., FUNDING 
PROFILE) 

GOVT EXT 
ENVIRONMENT 
(e.g., CHANGED 
THREAT) 

GOVERNMENT PERFORMANCE 

• CONTRACTUAL 
(e.g., MAKE PAYMENT) 

• EXTRA-CONTRACTUAL 
(e.g., PROCUREMENT SYSTEM 
APPROVAL) 

Figure 4. Conditions for Planning Leverage Analysis 
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c. Leverage Tools 

The buying activity has two basic 
kinds of leverage tools: (1) power, in this 
paper the tools that do not consider the firm'; 
needs and (2) motivation, the tools that do. 

C')   Power 

French and Raven in their 
1959 study listed five bases of power, each 
of which is a potential tool for gaining 
contract leadership. 

(a) Rewards. This is the 
most obvious power a buyer has over a seller. 
If the firm performs well, the buyer will re- 
ward it with money or some other valued con- 
sideration. 

(b) Coercion. The 
opposite side of the coin.  If the firm does 
not perform well, DOD will withhold payment or 
exact some sort of sanction. 

(c) Expertness. If the 
buyer TS perceived to have expert knowledge, 
the firm may defer to his (or her) judgment 
As mentioned earlier this power is often in 
the defense firm's hands.  DOD must strive to 
have its best trained people deal with in- 
dustry. 

(d) Identification. When 
any organization is attracted to another *or 
some reason (e.g., prestige), the attractive 
organization has some power over the other 
Consequently a firm may grant a DOD buying' 
organization concessions in order to be a 
defense contractor (or more specifically a 
.tVyLet^   contractoi")- A buying organization 
should of course strive to have a reputation 
worthy of such respect. 

f.  , 1  ^     (e) Legitimacy. When a 
nrm teels the buying organization "has a 
right to be the leader, the buying organiza- 
tion has legitimate power over the firm. The 
wording of tne contract confers some legitimate 
power (e.g., the government will review the 
firm s subcontracting plan). The DOD organi- 
zation must act aggressively and authorita- 
tively to be seen as leader. 

11 Motivation 

These tools are intended to 
move contractor behavior toward DOD objectives 
by satisfying the firm's objectives  The 
most direct approach is to find the needs of 
the firm and then apply the appropriate tools 
(as discussed in a later section). One 
important concept is a firm's expectations 
For example, a firm may expect a certain re- 
turn on its investment based on its company 
policy or its commercial or other return  If 
a firm's expectations about its objectives are 
not met, motivation to perform may suffer 

Consequently, the buying office must 
to (1) meet the expectations if pos 
(2) bring expectations in line with 
Frank communication is obviously the 
motivation. Getting the firm's true 
tions is challenging. Communicating 
straints on the government's ability 
these expectations (e.g., money limi 
is probably more difficult. 

2. Contract Formation 

attempt 
sible and 
reality, 
key to 
expecta- 
the con- 
to meet 

tations) 

After planning for leverage by 
selecting the right tools to achieve objec- 
tives under given conditions, many of these 
tools must be put into the solicitation and 
contract. 

3. Proposal Evaluation and Award 

Those factors that enhance DOD leader- 
ship should be weighted heavily in prooosal 
evaluation and contract award. 

4. Contract Administration 

The buying orqanization should ensure 
that all other government organizations 
dealing with a firm under contract (e.g., 
OCAS, Project Management personnel, con- 
tracting officer technical representative) 
do nothing to jeopardize contract leadership. 

5. Non-contract discussion, performance 
announcement, policy input. 

There are also many non-contractual 
opportunities for enhancing the DOD position 
in terms of both power and motivation. 
Figure 5 depicts the many actions an office 
might take within and beyond the contract. 

Developing Leverage 

How does a contracting officer consider the 
many factors discussed to gain leadership on 
his (or her) contracts with a set of actions 
such as figure 5? 

1. General Guidance 

a. Assess Leverage Situation - If the 
DOD office has power over a firm and has 
effective incentives, then the office should 
continue the same activity. If, however, the 
firm has power and DOD cannot incentivize the 
firm, the office must develop more leverage. 

b. Gain Power - The five bases of 
power discussed are available to each buyinq 
office, but will be gained only with effort 
and planning. Overreliance on rewards and 
penalties must be resisted. Coercion is 
typically dysfunctional in the long term. 

c. Do Not Give Power Away - The same 
opportunities for power are available to the 
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GOVERNMENT INTERACTION WITH CONTRACTOR 

PUBLIC DISCUSSION OF PERFORMANCE 

PROCUREMENT PLANNING 

SOLICITING/DRAFT SOLICITING 

DRAFTING OF PROCUREMENT INSTRUMENTS 

CONTRACT TYPE/CONSIDERATIONS/CONTIN- 
GENCIES 

CONTRACT PROVISIONS 

SPECIFICATIONS AND SCHEDULE 

PROPOSAL EVALUATION/BID EVALUATION 

NEGOTIATION/DISCUSSIONS 

SOURCE SELECTION/AWARD 

CONTRACT ADMINISTRATION 

DEBRIEF 

POST-AWARD DISCUSSIONS 

CORRESPONDENCE 

PENALTY/REWARD 

NON-CONTRACTUAL DISCUSSIONS/CONFERENCES 

POLICY DEVELOPMENT 

EXAMPLES OF POSSIBLE LEVERAGE ACTIONS 

ANNOUNCE GOOD PERFORMANCE BY DOD CONTRACTORS. 

DEFINE GOVT OBJECTIVES AND PLANNING FOR MATCHING 
WITH CONTRACTOR OBJECTIVES. GENERATE COMPFTI- 
TION. ASSESS POTENTIAL INCENTIVES. 

GENERATE POSITIVE FEELINGS ABOUT DOD PROGRAM. 
GATHER INFORMATION OF FIRM'S OBJECTIVES IDEAS 
OR PROGRAMS, ETC. 

0P™^E„AM0UNT 0F PAYMENT, SCHEDULING OF PAYMENT, 
CONTINGENCY FOR PAYMENTS "'ncrei, 

E.G.. LIQUIDATED DAMAGES, PERFORMANCE BOND, CAPI- 
TAL INVESTMENT INCENTIVES 

AS
SCHED5EE

QUATE
 
SPECIFICATI0NS m  F"R. EQUITABLE 

FAIR, EQUITABLE EVALUATION: CONSIDERATION OF All 
WORK CONTRACTORS HAVE (AND. IF POSSIBLE; WRE^ 
nnVt ) 

FIND CONTRACTOR OBJECTIVES AND TAILOR INCENTIVF-; 
TO NEEDS; MINIMIZE ADVERSARIAL ATTITUDES 

USE PAST PERFORMANCE. CONTINUITY IN PROGRAM 
(MULTI-YEAR, OPTIONS, LARGE QUANTITY)  FAIR 
EQUITABLE SELECTION. ' 

IN^nrD«2
SI!lnrFInMS ARE STILL WTIVATED TOWARD ARMY 

PROGRAM, ARE CONVINCED PROPER AWARD WAS MADE. 

ASSURE CONTRACTOR OF FAIRNESS, EQUITY OF DEAL 
INSURE CONTRACTOR UNDERSTANDS PROGRAM 
ESTABLISH GOOD WORKING RELATIONSHIP "ESTARIT<;H 
DCAS, DCAA, ETC. AGREEMENTS.       "TABLISH 

QUUMnM ISNSIVE REPLIES T0 CONTRACTOR NEEDS" 
"NON-BUREAUCRATIC" RESOLUTIONS. 

^l  BTS^OSANI?^110' C0MMENSURATE «TH GOOD 
GENERATE POSITIVE FEELING ABOUT ARMY PROGRAMS 

GATHER INFORMATION ON CONTRACTOR NEEDS AND " 
EFFECTIVENESS OF INCENTIVES 

WRurrnc0l;MnYr^AT ACKNOWLEDGES CONTRACTOR OBJECTIVES 
NEEDS AND INCENTIVES APPEALING TO THEM  BASE 
POLICY ON PERFORMANCE FEEDBACK 

Figure 5. Contract Leverage Actions 
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firm.  If the buying office decides a more 
passive role is appropriate, then at least it 
should recognize the potential power the firm 
may gain. Above all, avoid the classic systems 
acquisition syndrome: the sole source con- 
tractor in a cost-environment (and often with 
a perceived low return) where the government 
must have the item, cannot terminate, has no 
prospective alternative, cannot force per- 
formance, cannot use performance as threat, 
and consequently must pay increased cost at 
the expense of quantity and must endure 
schedule slippage at the expense of missed 
critical dates. 

d. Motivate - Find the firm's needs 
and, if possible, satisfy them. But direct 
the activity toward the contract objectives, 
particularly the valued and more difficult 
ones. Recall that money is only one objective, 
and has more than one dimension; that is in 
addition to the magnitude of payment, a firm 
is interested in wnen it will be paid, and on 
what basis. Further, a firm will often forego 
short term profit in the hopes of gaining 
longer term rewards. The varied interest is 
seen In the response of a recent sample of 
defense contractors (Williams and Carr, 1981) 
wno listed the most effective government in- 
centives as: fair and equitable contract, 
guarantee of future business, program con- 
tinuity, appropriate contract type, high pro- 
fit, and improved cash flow. 

e. Do Not Demotivate - The government 
is often seen as a bad buyer (Sales and 
Marketing Management, 1979). Although the 
"system" generates a great deal of irritants 
in its paperwork and regulatory requirements, 
the individual buying organization should 
attempt to assist and explain as many re- 
quirements as possible. Further, the buyer 
should not become part of the problem by 
being bureaucratic, formal and distant in 
response to industry need. 

2. Specific Guidance 

Generalizing about firms is risky. 
Many elude categorization. Firms can change 
quickly over time. Since firms reflect the 
abilities and attitudes of their management 
(primarily), their characteristics change 
with personnel turn-over. None-the-less 
intuitively one knows that firms differ in the 
way they react to various leverage approaches 
and that an organization (i.e., DOD) should 
vary leverage approaches to affect the per- 
formance of its contractual partner. 

One study (Williams and Carr, 1981) did attempt 
to find the relative effectiveness of con- 
tractual incentives over different types of 
firms by surveying Army defense firms and 
Army buying personnel.  Figures 6, 7, and 8 
summarize many of these findings 

Figure 6 lists likely objectives different 
kinds of firms might have. For example, small 
firms are likelier to be concerned with 
company survival than large firms. Labor 
intensive firms expressed significantly more 
interest in making a good product and develop- 
ing new skills than did capital intensive 
firms. A buying office can use Figure fi as 
the basis for finding the needs of its own 
firms. It could get better results by making 
its own contractor survey. 

Figure 7 lists effective incentives for 
different kinds of firms. For example, small 
firms are likelier to respond to program con- 
tinuity and the use of past performance and 
award decisions that are large businesses. 
Labor intensive firms react more to award and 
incentive fees than do capital intensive firms. 
Figure 8 goes further by showing incentives 
likely to be effective for firms having 
certain objectives. Once more an office's 
own survey would give better information 
about its firms. 

Ultimately one must generate this leverage 
by tailoring the tool to the firm. This will 
take time and effort, and such analysis will 
not always be worthwhile. If the effort is 
not done, however, the buying office should 
realize that leveraqe and leadership may be 
lost to the contractor. 

Final Thoughts 

In order to bring on desired DOD objectives, 
DOD must lead the contract relationship.  In 
order to become the leader, DOD must employ 
leverage analysis. That is, on a given con- 
tract, the contracting officer must analyze 
the factors leading to contract leverage and 
implement the proper tools to generate that 
leverage. 

These tools are (1) power, the ability to 
influence the contractors behavior without 
considering his needs and (2) motivation, 
the ability to influence the contractors 
behavior by considering his needs. These 
tools must be planned for early on and employed 
before, during, and after the contract award 
to maintain leadership. 

The reality of systems acquisition today is 
that leadership tends to be in the contractor's 
hands (DOD must have the system, has no 
alternative, cannot terminate, etc). Con- 
sequently, leverage will have to be strived for 
and attained against considerable odds. 

Another reality is that contract leadership is 
only one part of the solution to cost growth 
and other undesirable outcomes. Technological 
complexity and environmental uncertainty (e g 
Congress, threat) will continue to lead to 
problems regardless of how hard we and the 
best-intentioned contractor work as partners 
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Figure 8. Most Effective Incentives for 
Various Firm Objectives 

Nonetheless contract leadership is a necessary 
condition for DOD in order to retain control 
of a contract and a program. Without it, 
complexity and uncertainty become unmanage- 
able. 
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IDENTIFYING AND DEVELOPING CIVILIAN ACQUISITION 
MANAGERS IN THE NAVAL MATERIAL COMMAND 

Gerry S. Buck 

In 1974, the Secretary of Defense mandated that 
each service component institute a weapon sys- 
tem acquisition management development program 
for its military and civilian personnel. The 
purpose of this directive was to improve, 
through better selections and training, the 
overall quality of the personnel responsible 
for procuring DOD's increasingly conplex and 
expensive weapon systems. 

In Navy, the military established the Weapon 

System Acquisition Management Career Management 
Program, WSAM for short. The WSAM program 
identified military billets within the organi- 
zation considered to be critical to the acquisi- 
tion process. The program also defined the 
type of education and/or experience an officer 
would need to perform satisfactorily in the 
identified positions. These program require- 
ments, were, and still are, used by Navy de- 

tail ers to make assignments into acquisition- 
oriented positions. Using this approach, the 
Navy military WSAM program has been quite 
successful in identifying, developing and uti- 
lizing qualified military personnel in Navy's 
acquisition management structure. 

During the 76-77 timeframe, efforts were made 
to incorporate civilians into a program similar 
to the military one. This attempt failed pri- 
marily because management did not properly 
recognize or address the differences in the 
roles of civilian and military personnel in 
the Navy organization. 

The civilian version of WSAM attempted to 
categorize the acquisition work force into 
three groups, WW, WP, and WT.  Simply, the WW 
job was the primary-decision maker, responsible 
for managing a major acquisition effort and 

served as the coordinator for several smaller 
acquisition projects. Jobs identified as WW 
had to be filled with an employee with WW or 
WP experience. 

The WP job represented the next echelon down in 
the decision-making process and was responsible 

for managing smaller acquisition programs. 
Jobs identified as WP had to be filled with 

someone with a WP or WT background. The WT job 
provided support to a WP job and covered a wide- 
range of acquisition and functional elements. 
Incumbents of WSAM positions received experience 
which could be used in qualifying for other 
WSAM positions. 

Under this program each activity was permitted 
to identify its own civilian WSAM designated 
positions using these broad definitions. 
Initially there was much confusion about how 
broad the WSAM coverage could be.  In some 
instances, clerk-typist positions were iden- 

tified at WT simply because they were located 
in an acquisition office.  After the dust 
settled, there appeared to be a high correla- 
tion between those positions identified as 
WSAM and those positions in the organization's 
management structure identified as supervisor, 
manager, and executive. 

Navy's problem was, and still is, how to imple- 
ment a WSAM program for civilians.  The mili- 
tary WSAM program works well and the tempta- 
tion is to transfer the successful elements 
from that program to the civilian side.  Ex- 
perience indicates that this approach will not 
work.  I disagree.  Admittedly, the past 
attempt did not succeed, but t maintain that 
this was due to the lack of understanding of 
the roles of the military and civilian work 
force. 

The civilian personnel system relies upon the 
classification standards to define the type 
and value of a certain position or set of 
duties.  These standards reward technical 
excellence by granting more credit and thus 
higher grades.  The length of experience in 
that series also has a positive influence on 
the grade.  To move outside the individual's 
designated series could lead to delayed pro- 
motions and loss of productivity.  Thus, 
civilians are encouraged to specialize in one 
series and/or discipline.  This situation is 
excerbated in a military organization.  The 
military officer is perceived as being the 
management official.  This system tends to 
reinforce the perception that civilians need 
to be technical experts. 

The civilian WSAM program elements, designed 
in this environmental context, gave rise to 
the belief that what was needed was a multi- 
discipline technical expert.  This was to be 
accomplished through increased job rotations 
at the lower grade levels and new performance 
rating tools.  Identification of the skills, 
knowledge and abilities needed for this multi- 
disciplinary technical expert would be gen- 
erated through the performance rating system 
as the program went along. 

It was in this interpretation on how best to 
implement the WSAM program that the civilian 
WSAM program erred.  Acquisition management, 
for military and civilian alike, is a manage- 
ment function, not an accumulation of differ- 
ent technical skills.  For this reason, I am 
proposing that future efforts to develop a 
civilian WSAM program be established as a 
subset of a broader executive/management 
development effort.  This viewpoint is sup- 
ported by the correlation of civilian WSAM 
positions with the existing management struc- 
ture found in the past efforts to identify 
WSAM positions. 

This awareness can be used to greatly simplify 
the WSAM program and procedures.  If we agree 



that WSAM positions are a special category of 
management positions then it is possible to 
use the supervisory, managerial, or executive 
experience as a selection tool for filling a 
given acquisition job. A specific skills mix, 
identified by line management, can be used to 
refine a list of qualified candidates and de- 
velop a certificate of highly qualified appli- 
cants.  This skills mix would be determined by 
the phase of the project and the organizational 
environment. 

This approach is also useful and economical in 
developing employees for future acquisition 
positions. Activities are required Co have 
some form of XD/MD program.  If the civilian 
WSAM program is made a part of this effort 
Chen it can share management training re- 
sources.  It also helps redirect the develop- 
ment of WSAM participants toward broadening 
their perspectives and teaching integration 
skills rather Chan layering discipline upon 
discipline. 

In realicy this approach will bring the civil- 
ian WSAM closer to Che miliCary program by 
redefining the program audience.  The miliCary 
officer in the SYSCOMs is a member of the 
management scrucCure.  This is a given. The 
miliCary WSAM program was builc upon Chat 
assumpcion. The civilians on Che other hand, 
have no such ready grouping.  By re focus sing 
on the management population of the organiza- 
tion, it is possible to identify a similar 
civilian population. Once done, the program 
development should be able to readily borrow 
elements from the military program and be im- 
plemented in a cost-effective fashion. 

In conclusion, if the proposition to view the 
development of civilian acquisition management 
personnel as part of the broader executive/ 
management development effort is accepted, I 
feel that the results will be better identi- 
fication, development, and utilization of the 
personnel involved.  This will lead to a 
better match of personnel to jobs, improved 
productivicy, and ulcimacely provide becter 
conCrol of Che CoCal acquisicion process. 
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Acquisition Workforce Research 

Bill Burnette 
Willie Roberts 

OC/ALC PMWC 
Tinker AFB, OK T31U5 

ABSTRACT 

The present Acquisition Workforce at 
Oklahoma City Air Logistics Center is 
composed of men and women with varied 
education levels, grades and training. 
Through Acquisition Workforce Research, 
we can better determine education re- 
quirements, grade structure and the 
type of training required.  This will 
enable management to meet our work- 
force objective of a highly trained 
and educated group of personnel. 
Through Acquisition Workforce Research, 
tomorrows workforce can be developed 
today. 

PURPOSE 

paper presents a view of todays 
isition work force at Oklahoma City 
Logistics Center.  The paper 
cts problems as we see the them and 
lems as management sees them.  We 
also present our concept of 

rrows work force and what we antic- 
e will have to happen to arrive at 
proper mix of education, training 
grade structure. 

TODAYS WORKFORCE 

Education 

The Directorate of Contracting and 
Manufacturing at Oklahoma City Air 
Logistics Center is composed of 
approximately 526 persons with education 
equal to or greater than the following 
percentages: 

This 
acqu 
Air 
(lepi 
prob 
will 
to mo 
ipat 
the 
and 

Doctorate Level If. 
Masters Degree 6% 
Bachelors Degree 21% 
High School 4 Some 
College 65? 
Less than High 
School IS 

•More than 50%   of those in this category 
have some college. 

Emphasis is placed on education at 00/ 
ALC.  To provide employees with educat- 
ional opportunities, several colleges 
and universities offer bachelor degree 
programs and advanced programs on base. 
Several of these same schools are within 
commuting distance and offer a wide 
variety of education programs. 

The Oklahoma City Air Logistics Center 
in cooperation with Oscar Rose Junior 
College has developed a Purchasing and 
Contracting Associate Degree Program. 
Oscar Rose is a Junior College located 
within three miles of the ALC. 

The curriculum consists of sixty-two 
college hours.  There are 23 hours of 
General Education Requirements, 30 
hours of Program Speciality courses and 
9 hours of Program Support/Related 
courses. 

This type of education program not only 
improves the Acquisition Workforce on 
board but it provides the local commun- 
ity a means of becoming educated to 
qualify for Acquisition positions both 
with the Federal and Local Governments. 

Training 

Training 
initial   a 
of   Contra 
training 
out   an   in 
vance   in 
of  provid 
personnel 
at   variou 
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here   at   t 
and  on-th 
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e-Job   on 
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s in st 
s caree 
There a 
ning fo 
are, fo 
ng base 
ded by 
corresp 
e   on  on 

s be 
e Di 
actu 
ages 
r as 
re f 
r Ac 
rmal 
3 .  C 
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onde 
e tr 

gins upon 
rectorate 
ring.  The 
through 
they ad- 

our methods 
quisition 
schools 

las s —room 
same school?; 
nee courses 
aining. 

Some problems encountered are lack of 
training positions at schools, shortages 
of training funds, and unexpected 
vacancies.  Projections can be made to 
a certain degree of accuracy concerning 
retirements; however, personnel who 
quit or change Jobs that takes them out 
of the Acquisition Career Field cannot 
1)6 projected with much degree of accuracy. 

With reduced budgets, training funds are 
expected to become harder to obtain. 
This will in turn reduce the training 
capability of the ALC Acquisition Work- 
force . 
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Grade Structure 

The Acquisition workforce at OC/ALC is 
composed of 526 persons in grades GS-2 
through GS-15.  The average grade is 
7.k9   and the average salary is $20,327. 
There are 1*5.1? of the Acquisition 
Workforce in grades 9 through 15 and 
5^.9%   of the workforce in grades 2 
through 7. 

There is a more rapid turn over of 
those persons in grades GS-2 through 
GS-7.  This is related to acceptance 
of other positions, lack of promotion 
potential, transfers, pay and promotions. 
Fewer persons retire at the GS-2 through 
GS-7 grades than they do at the GS-9 
through 15 grades. 

It is possible to enter at the GS-2 
level and advance to the GS-15 le-vel 
within the Directorate of Contracting 
and Manufacturing.  Advancement is 
through training, experience and 
education.  The entrance into the 
professional acquisition series is at 
the GS-5 level.  One may enter through 
the PACE or equivalent evaluation 
criteria or the upward mobility program. 

Automation 

Automation is rapidly changing the way 
we do business at the Oklahoma City 
ALC.  The word processing systems and 
other computerized storage and track- 
ing systems are taking away the routine 
clerical duties of the contracting 
person.  We are rapidly approaching 
what appears to be "super clerks" 
highly trained in computer and word 
processing systems. 
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Computerized word processing systems 
are programed with routine repetitive 
form letters, forms, contracting 
documents and various reports .  The 
only effort of acquisition personnel 
that is required is for them to fill 
in the blanks.  This allows the buyer 
more free time for more technical work. 

TOMORROWS WORKFORCE 

Education 

"The education levels will have to be 
increased at all levels of the work- 
force.  We conceive managers with 
degrees at the doctorate level, all 
those in grades GS-5 through GS-9 with 
bachelors degrees.  Clerical Grades 
GS-2 through GS-5 will have to have 
special training or at least Associate 
degrees. 

Incentives for improving one's educa- 
tion at this ALC are: 

A. Advancement to the Copper Cap 
program or Management Intern. 

B. Entrance into the Acquisition 
career field through the PACE or 
Equivalent Evaluation Criteria. 

C. The Upward Mobility Program. 

D. Promotions and higher pay. 
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Training 

Present formal training programs will 
have to be compressed into a tighter 
schedule due to more advanced training 
being required by the workforce. 
Training will have to begin at all 
grade levels immediately after entering 
the acquisition career field.  Those 
persons administering training will be 
required to do more with less resources. 

If local, colleges and universities 
continue to adapt programs to the 
acquisition career field, less emphasis 
can be placed on formal training pro- 
grams.  Those individuals possessing 
associate degrees or degress in acqui- 
sition will have more of the general 
acquisition knowledge  that has to be 
presently taught in government provided 
training schools. 
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Grade Structure 

We do n 
fast oh 
structu 
private 
educate 
and gra 
structu 
In some 
positio 
with sk 
personn 

ot ant 
anges 
re.  H 
indus 

d and 
des wi 
red. 
geogr 

ns are 
illed 
el. 

icipate any 
to the prese 
owever, to c 
try and recr 
skilled indi 
11 have to b 
Problems air 
aphical area 
currently h 

and highly e 

large and 
nt grade 
ompete with 
uit the best 
viduals, pay 
e appropriately 
eady exist 
s where 
arj to fill 
ducated 

Automation 

Management 
force to b 
affairs. 
couraged t 
organizati 
Management 
Associatio 
iation at 
other on b 
should be 
Civic Club 
merce, Lio 

Automation will continue to absorb 
more of the repetitive routine trans- 
actions of acquisition personnel.  We 
do not anticipate a slowdown in 
Automation advancement in the near 
future.  Emphasis is highly placed on 
automation at the Oklahoma City, ALC. 
Changes and improvements in our systems- 
are a continous operation. 

Social Expectations 

should encourage the work- 
ecome involved in community 
Employees should be en- 
o participate in professional 
ons such as National Contract 
Association, Air Force 

n. Tinker Management Assoc- 
Tinker Air Force Base and 
ase organizations.  Emplojees 
encouraged to belong to 
s such as Chamber of Con- 
ns Club, Kiwannis Club, etc. 

With active participation in on and 
off site organizations, the citizens 
outside of the Government acquisition 
community will have a better under- 
standing of government officials. 
In addition the employee gains valuable 
insight about leadership, local 
problems and attitudes, and inter- 
change of ideas. 

RESEARCH PROPOSAL 

Extensive exit interviews should be 
conducted to find out why acquisition 
personnel quit or transfer from the 
Contracting and Manufacturing career 
field.  This would provide management 
with statistics for planning, re- 
cruiting and motivational tactics. 
For all practicable purposes, the 
only question now asked one upon de- 
parture is a statement as to why they 
were leaving. 

Periodic interviews should be made by 
personnel either through the placement 
specialist or the local personnel 
specialist.  Selected non-supervisory 
acquisition personnel could also be 
used to fill an extra duty assignment 
as retention counselors.  Unsigned 
questionaires could be used to gather 
data.  Things to be considered in 
interviews could be, but not limited 
to are: 

a. Job satisfaction 

b. Morale 

c . Pay 

d. Promotion Opportunities. 

e. Reasons for Quitting or Trans- 
ferring. 

f. The amount of training expended. 

g. The amount of the individuals 
education. 

The individuals that quit or transfer 
are either clerical GS-2-5 personnel or 
GS-5-9 trainees.  Whenever we lose 
the GS-5-9 trainee, we are of the 
opinion that the reasons are; better 
conditions, more pay or lack of Job 
satisfaction.  The GS 5-9 trainee is 
most likely to have entered through 
the off base PACE and is an individual 
with at least a Bachelors degree.  On 
base PACE or equivalent evaluation 
entrants usually have a degree, how- 
ever they are normally more career 
oriented employees.  The upward 
mobility entrants have some college and 
are working toward a higher level of 
education. 

CONCLUSION 

If we are going to develop an Acquisit- 
ion Workforce to meet tomorrows needs; 
Acquisition Workforce Research must 
continue at a more rapid level.  Our 
workforce must be better educated, 
trained and provided with incentives "• 
that they will have a strong desire to 
improve their own capabilities. 
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MANPOWER PLANNING FOR THE ACQUISITION PROCESS: 
Current Status, Issues and Constraints, Challenges 

Bruce P. Coleman 

Graduate School of Business Administration 
Michigan State University 
East Lansing, MI  48824 

Manpower planning is an activity of critical 
importance for an organization which is con- 
strained by such factors as manpower avail- 
ability, funds, and objectives relating to 
efficiency, effectiveness, and cost. The 
Department of Defense and the services manage 
multiple programs in the acquisition process 
and function in an environment in which numer- 
ous constraints operate which demand that man- 
power planning and resource allocation be per- 
formed as effectively as possible. A similar 
situation exists for product divisions and 
program offices, although Che dimensions differ. 

Commanders at all levels express the need for 
decision tools to help them allocate scarce 
resources effectively among competing programs, 
in addition to planning (budgeting) for future 
time periods.  Program managers and manpower 
analysts continually seek effective ways to 
plan manpower requirements for the programs. 
Functional and staff managers need cools co 
assisc them in planning cheir manpower re- 
quirements and allocating chose resources in 
support of multiple activities, especially 
acquisition programs. 

This paper presents Che resulcs of a research 
scudy of che scacus of manpower planning for 
che acquisicion process, idencifies problems 
associaced wich ic, and suggescs needs, chal- 
lenges, and research direccions for effeccive 
manpower planning. 

MANPOWER PLANNING DEFINED 

Definicions of manpower planning are varied. 
Some refer only co managerial manpower; ochers 
exclude forecascing as pare of the planning 
process; still others include programming as 
pare of che planning process.  In che Air 
Force, manpower refers Co manning spaces, and 
personnel deals wich people. The definition 
used for this study was all-encompassing but 
did not include programming. 

Manpower planning Is the process of determining 
manpower requirements for carrying out che in- 
cegraced plans of an organization Co accom- 
plish cercain specific objeccives.  It in- 
cludes decermining cypes and numbers of skills 
and knowledge and che ciming of cheir assign- 
menc Co che organizacion (Human resources 
planning and personnel requiremencs planning 
are names for che same acCivicy.)  Manpower 
programming consists of determining che accion 
plans for achieving che manpower plan objeccives. 

COMPLEXITIES OF ACQUISITION MANAGEMENT 

Manpower planning wichin che acquisicion pro- 
cess is a highly unstructured, decentralized, 
complex task affected by mulciple levels 
of auchoricy, responsibilicy, and 
action; by multiple sources of authoritv and 
responsibilicy (program, functional and staff); 
and by variations in program organization, 
size, and management.  It operates wichin an 
environment of structural constraints which 
include relationships between program and 
functional managers in matrix organizations; 
the origin and interface of funding for pro- 
grams and manpower; the separation of finan- 
cial, manpower, and personnel systems; and che 
nature and integration of data and information 
retrieval systems. 

The program manager is responsible for staffing 
the program office over its life,  'under the 
matrix system, however, functional and scaff 
units are responsible for providing manpower to 
the program office in support of specific ac- 
tivities.  In addition, the environment, size, 
and structure of program offices vary.  The 
major variables affecting che program office 
and ics manpower requiremencs include: dollar 
value, size, type of concract, length, degree 
of engagement, amount of government furnished 
equipment (GFE), foreign military sales (FMS), 
acquisition strategy, complexity, oraanization 
structure, priority, national importance, 
scope, and management philosophy. 

THE RESEARCH PROJECT 

Objective 

The purpose of che research was co idencify con- 
cepes, mechodologies, and techniques applicable 
co manpower, planning in che acquisicion process 
and, based upon chat definition of a "state of 
Che art," to identify possible research direc- 
tions for the application or develooment of 
concepts for manpower planning, human resource 
allocation, and produccivicy scudies.  Specif- 
ically, actention focused on manpower decisions 
at four levels: 1) command and 2) product divi- 
sion for manpower planning and resource alloca- 
cion, 3) program office for manpower planning 
for all relevant phases of the acquisition pro- 
cess over the life of the program, and 4) func- 
tional unics and sCaffs for manpower planning 
tor inpucs inco program operacion under che 
macrix and funccional scructures. 
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Methodology 

An extensive search of defense-related, busi- 
ness, and other literature was conducted. 
Sources searched included the following: 

1. Defense Logistics Studies Information Ex- 
change (DLSIE). 

2. Defense Technical Information Service 
(DTIS) and Defense Documentation Center 
(DDC). 

3. National Technical Information Service 
(NTIS). 

4. ABI/INFORM (index of business publications). 

5. Hospital administration bibliographies. 

6. Regulations, instructions, studies, and 
other information from the Air Force 
Systems Command (AFSC), Aeronautical Sys- 
tems Division (ASD), and Air Force Busi- 
ness Research Management Center (AFBRMC). 

7. Michigan State University libraries and 
personal knowledge of the researcher. 

The sources searched generated over 4000 
cities, of which approximately 450 appeared 
relevant.  Microfiche or hard copies were 
obtained and analyzed for cheir contribution 
Co Che research objective. 

Mo preconceived or predefined limitations were 
imposed regarding origin or application of 
studies, £.£.., a M-wy study of shore manning 
requirements or a study of scientists in the 
pharmaceutical industry.  As Che research 
progressed, cwo major cypes of studies became 
repetitious and consequently were deleted 
from further consideration because their 
approach and application had been clearly de- 
fined.  These were macro-manpower studies at 
Che Department of Defense (DoD) and service 
levels and personnel requirements studies for 
manning and maintaining advanced systems by 
operating units. 

Several studies, especially within Che Air 
Force Institute of Technology (AFIT), dealt 
with organizational factors in the systems 
program environment. Those studies focus on 
the effects of such variables as organization 
size, organizational climate, role stress, 
tenure and level of bureaucracy on the job of 
Che program manager.  While such faccors 
influence Che managing of Che program office 
and indirectly affect issues of manpower 
planning, Chey were noc included in chis 
study directly. 

Obviously,not all liceracure has been searched. 
Time limications mandated a reasonable stop- 
ping place.  Other countries, particularly 
Britain, have been researching manpower 

planning.  While some British and NATO data 
were included in this study, the search was not 
exhaustive.  Furthermore, new studies are con- 
tinually coming Co fruition. 

Results 

The literature sources were classified by scope 
of coverage, function, and methodology.  The 
specific classifications were: macro-aggregate 
models, micro-organizational and functional 
models, acquisition-oriented models, general 
conceptual models, and other techniques. 
There was overlap among classifications and, 
consequently, there was double coverage of 
some studies. 

A description of contributions within classi- 
fications follows.  In most instances, only 
reference is made to the source and the topic 
it covered; in a few instances, a more de- 
tailed description of Che study is provided 
when it is considered particularly relevant. 

Maovo-Aggregate Mode Is 

The vast majority of manpower models are those 
which attempt Co analyze personnel require- 
mencs from a supply viewpoint with the objec- 
tive of determining adequacy of resources for 
policy making.  In general, they are quite 
broad in scope, yield gross, or aggregate, 
manpower figures and do not contribute Co Che 
manpower planning decisions investigated in 
this project.  Illustrative of these regres- 
sion models are a long-range active and re- 
serve Army planning model (16), a civilian 
manpower model (31), and university and gen- 
eral military planning models (15). 

Hi ovo-Orqanizati 2nd Punotional .'lode is 

Another group of models, which also deal with 
supply, have a less broad scope and focus on 
organizations and specific cypes of manpower 
skills.  These, coo, provide litcla contribu- 
tion because of their macro orientation.  The 
Air Force Project PIEMAN uses a regression 
technique Co forecast manpower for material 
management, maintenance, procurement and 
production, and distribution functions within 
the Air Force Logistics Command using aircraft 
inventory or flying hours as Che causal vari- 
able (8).  Other studies deal with production 
in a Navy Rework Facility (5), maintenance in 
the Navy (23) and Air Force (3), a Naval main- 
tenance division (27), and a Naval medical 
center (9).  The Navy corrective maintenance 
study (23) uses PERT and task analysis.  The 
Air Force study of maintenance manpower re- 
quirements for aircraft units uses a cime- 
orienced, events-recording data system and 
proports Co permic allocation of manpower co a 
parcicular shop or work center (3). 

Aoquisition-Ovientsd Mode Is 

Franke and Morris (14) conducced a study of 
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manufacturing personnel for a major fighter 
program office in ASD.  Using a multiple re- 
gression technique, they analyzed factors in 
all stages of the acquisition cycle up to IOC 
(initial operating capability) under the ma- 
trix system.  They found a high degree of 
validity in their model and suggest that it is 
applicable to forecasting requirements for 
similar fighter aircraft programs. 

The distinctive features of their study are 
the variables analyzed and the analysis of the 
stages of the acquisition process from concep- 
tual through production. The variables in- 
clude four functions common to all major pro- 
grams (manufacturing engineering, manufacturing 
management, special reviews, and government 
furnished equipment [GFE] management); four 
internal factors (technical manufacturing risk, 
co-production, subsystem integration, and pro- 
gram director's philosophy); and four external 
variables (urgency of need, contractor capa- 
bility, contract administrative services [CAS] 
manning/support, and foreign military sales 
[FMS]). 

Several studies (30, 22, 2) within the Air 
Force Contract Management Division (AFCMD) for 
Air Force Plan Representative Offices (AFPRO) 
provided useful inputs for this study.  The 
Turner and McQuire report (30) contains: 1) a 
framework for demand forecasting for the man- 
ning of the total of each AFPRO in AFCMD giv- 
ing total AFPRO standards, and 2) functional 
manpower guides tor AFPRO managers including 
the use of judgment, to aid the AFCMD com- 
mander in allocating manpower to AFPROs. 
Management Engineering Team (MET) 25 developed 
manpower standards (manning aquations) for the 
AFPROs (22), which functioned as macro models 
for the AFCMD.  The equation factors include 
a logarithm of total contractor manning, and 
the total number of separate contractors busi- 
ness segments. The Barney, ^t al. study (2) 
focuses on the quality assurance (QA) function 
within the AFPRO with the aim of improving the 
ME standards for AFPRO QA functional manpower 
models by analyzing contractor QA manning. 

Management Engineering (ME) constructs mathe- 
matical equations for organizational units 
using workload elements (drivers) to calculate 
man years needed to accomplish a unit's tasks. 
These standards include micro elements for 
individual categories of functional effort 
directly related Co mission accomplishment 
(plus overhead factors).  The value of the ME 
standards for manpower planning lies not in 
the standards themselves as accurate predic- 
tors but in the process and information ob- 
tained in formulating the standards.  The pro- 
cess identifies factors which determine 
(drive), or correlate closely to, manpower re- 
quirements and may be the most useful basis 
tor manpower planning.  A second value is that 
a valid historical standard may be useful for 
initial forecasting for similar programs. 

The Air Force Systems Command (AFSC) has a 
Systems Acquisition Manpower (SAM) model for 
the product division within the command (21). 
The SAM model identifies 17 complexity factors 
(drivers) within five major categories (engi- 
neering/technical, management/finance, pro- 
curement, production, and test/development) 
which influence the manpower requirements of a 
program as it progresses through the acquisi- 
tion life cycle.  For each driver, there are 
five incremental definitions of workload com- 
plexity.  Each factor is ranked in complexity 
and, within each category, its relative in- 
fluence on manpower requirements is determined. 
Two models exist—one for single product SPOs 
and one for basket SPOs.  In 1981, the SAM 
model was undergoing revision to increase its 
validity and applicability, including in- 
creasing drivers (from 17 to about 40), ob- 
taining a more precise definition of programs, 
and tailoring the model to unique characteris- 
tics of product divisions. 

Other studies contributed concepts which may 
be useful to portions of the manpower planning 
process for the acquisition process.  Malone, 
et al. (20) identifies concepts appropriate to 
stages of the acquisition process for deriving 
personnel requirements.  Norden (26) presents 
a conceptual work on relating the life-cycle 
method to manpower and schedule estimates. 
Coleman describes manpower planning for R i D 
personnel in pharmaceutical firms (12) and 
aerospace firms (10).  Most other business- 
oriented studies are of two types:  1) simple 
correlation models relating manpower require- 
ments to activity levels, i-^-,   sales personnel 
to sales levels, etc., and 2) managerial man- 
power models. 

Jeneral  Consswuai 

General conceptual approaches and models for 
manpower planning come primarily from academi- 
cians.  Surack and Walker (7) is a comprehen- 
sive but general approach, including discussion 
of forecasting, manpower models, and informa- 
tion systems.  Burack (6) contains a general 
framework for manpower planning (pp. 9-14) and 
some emphasis on computer-based personnel in- 
formation systems.  Two other references con- 
tain general, but useful approaches (13, 11). 
The value of these sources is in their broad 
conceptual analysis of corporate manpower 
planning, much of which can provide valuable 
background for manpower planning in the acqui- 
sition process. 

Teohn-Caues 

Techniques applied to manpower planning prob- 
lems are varied.  Sources identified here 
describe different techniques and models, 
evaluate them, and apply them in particular 
situations. 

Mitchell, et^ al. (25) describes various tech- 
niques of forecasting (including qualitative 
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ones), and some of the techniques are applic- 
able to manpower.  Grinold and Marshall (15) 
describes and discusses a variety of techniques 
and models for manpower planning.  Hutchins, 
et al. (17) describes computer models with 
emphasis on Navy macro manpower planning.  All 
of these reports are quite comprehensive. 

The Aerospace Corporation study (1), although 
dated, does an excellent analysis of the 
validity of manpower prediction techniques at 
various stages of weapons development in the 
acquisition process.  It is applicable for 
systems, but not for acquisition management or 
for performing the program.  The most recent 
analytical review of personnel models is in 
the Rand study (18).  It discusses types of 
models as well as methodological approaches, 
and several of its conclusions are worth high- 
lighting. 

1. Non-optimization models are useful for 
Incorporating different sets of assump- 
tions and simulating the effects of 
alternative policies, then enabling the 
user to exercise Judgment (p. 27). 

2. Optimization models are of little use as 
yet, but have potential (pp. 27-28). 

3. Manpower models have not yet contributed 
to efficient manpower management (p. 28). 

The following are additional sources using 
methodologies not described elsewhere or con- 
sisting of specific applications of relevance 
to this study. The Norden (26) and Malone 
(20) studies have already been cited. 
Milkovich, et_ al. (24) employes the Delphi 
procedure in predicting professional manpower 
(sales) requirements; their study concludes 
that Delphi works better than regression 
analysis equations for that type of manpower 
skill.  Sauer and Askren (28) utilize an ex- 
pert estimate technique for predicting man- 
power, maintenance, and training requirements 
for proposed Air Force systems and found the 
method to be valid. Johnson (19) describes 
a method based on the probability of uncertain 
events to determine manpower requirements for 
an Army R&D organization and includes trade- 
offs and least-cost analyses. 

Resourae Alloaation 

The allocation of resources among competing 
programs is of major interest at command and 
product division level, but was not a part of 
this study unless a specific manpower-oriented 
source was located.  None was.  Two studies by 
the Institute for Defense Analysis, however, 
are cited here for their possible value to 
those wishing to pursue that direction. 
Trozzo (29) describes and critiques quantita- 
tive methods for the allocation of DoD explora- 
tory development resources, and Berinati, 
et al. (4) focuses on the allocation of funds 

to individual project tasks using "military 
value" as the principle criterion.  The latter 
study summarizes methods for resource alloca- 
tion (pp. 57-59). 

Conclusions 

In view of the objectives of the research study 
and the environment of the acquisition process, 
the following conclusions were made. 

1. There is no single framework applicable to 
all stages of the acquisition process nor to 
command decisions for resource allocation 
among competing programs.  There are, however, 
concepts, techniques, and tools appropriate 
for portions of the problems. 

No model deals with the qualitative aspects 
of manpower planning nor are the qualitative 
aspects well delineated in the literature. 
While no quantitative model can deal with the 
qualitative manpower planning considerations 
in managing a program office, these factors 
must be documented and researched. 

2. At command and product division level, 
macro manning models can be constructed, but 
in ray judgment would be of little practical 
use for decision purposes related to planning 
of activity levels or resource allocation. 
Such a macro inventory of skills could repre- 
sent a measure of acquisition program capa- 
bility on a broad scale, and that knowledge 
might be useful for personnel planning pur- 
poses (e.g_., training, recruiting, etc.). 

It would be possible, at significant cost, 
to construct a model using simulation tech- 
niques based perhaps on Delphi technique in- 
puts for evaluating alternative resource 
allocation decisions under various scenarios 
in order to project probable outcomes. A 
technique of this nature would serve as an 
analytical aid to commanders.  Whether the 
cost-benefit ratio would be sufficient to 
justify such a technique is debatable because 
of the many variables operating in each pro- 
gram and among programs and because of the 
risks of misuse (for example, over simplifying 
assumptions upon which the models are based or 
placing improper weight upon the assumptions 
when decisions are made). 

3. There is no concept or technique applicable 
to program offices in general because of the 
variability among programs which was discussed 
earlier.  Several models could be constructed 
to serve as decision guides for classifications 
of programs.  The classifications might be 
based on size and scope, for example, with 
modifications for degree of foreign military 
scales (FMS).  Thus, a model could be designed 
for very large, complex, high-priority pro- 
grams, another for medium-sized, less complex 
programs; and another for small programs or 
for program offices responsible for several 
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small programs.  Models of this type would 
likely be general in nature and largely con- 
ceptual. 

4. Many models have been developed and applied 
to different types of manpower planning.  The 
following appear to hold the most promise for 
manpower planning in the acquisition process: 

a. Delphi forecasting and expert estimate 
techniques for professional/scientific 
manpower. 

b. Simulation techniques for manpower alloca- 
tion analysis and manpower loading analysis 
for all program manpower. 

c. Regression models for functional (produc- 
tion-type) and some staff activities. 

5. Mathematical models appear to have had 
limited use in the manpower-planning decision 
process; the judgment of managers has pre- 
vailed.  Nonoptimization models have served as 
computational and educational tools helping the 
manager in analysis prior to exercising judg- 
ment.  Optimization models have not been 
developed to the point of providing the manager 
with a sufficiently high confidence level to 
rely upon them.  It does seem apparent that the 
models do have great potential to be a valuable 
aid to decision making. 

6. There are useful concepts and techniques 
for specific functional areas that are produc- 
tion oriented.  Linear regression models have 
aided manpower planning and show promise for 
more sophisticated development and application. 
Despite their tendency to be macro approaches, 
they do serve to aid decision making. 

7. The work of Management Engineering in 
developing multivariate statistical models for 
application to program office manpower require- 
ments has provided useful knowledge and should 
be continued for greater refinement.  Inclusion 
of qualitative criteria would undoubtedly en- 
hance Che usefulness of Che models. 

RESEARCH DIRECTIONS AND CHALLENGES 

Because of the relatively undeveloped state of 
manpower planning concepts and techniques for 
the management of the acquisition process, 
there are many opportunities for research 
which can help commanders, program managers, 
and functional and staff managers make opera- 
tional decisions. These research directions in- 
clude modification and refinement of existing 
techniques, application of existing techniques 
to acquisition-process manpower planning, and 
new directions.  Some suggested approaches 
follow. 

1.  Build conceptual decision models for clas- 
sifications or types of program offices. 
Models could be constructed for variations in 

program office size, complexity, and scope 
(single program office or "basket" program 
office). 

2. Develop decision models and refine man- 
power planning tools for each stage of the 
acquisition process for specific types of 
skills. 

3. Refine and apply regression and other types 
of models for production-type manpower skills, 
±.a., staff units and units utilizing specific 
disciplines of skills. 

4. Develop and test allocation and simulation 
models for command and product division deci- 
sion making employing different sets of 
assumptions of cost, time, and priority. 

5. Study past and current program office man- 
power planning and allocation to document the 
experience of program managers in order to 
identify relevant variables in the decision 
processes with special attention to qualitative 
factors. The identification and effect of 
those variables may also provide useful insight 
into major factors which influence manpower 
utilization in program offices. 

6. Study procurement productivity through re- 
source allocation and use compared to an 
efficiency/effectiveness measure on programs. 
Investigate such questions as:  What manning 
levels were used and what levels of "success" 
were achieved? What other factors contributed 
to "success?" What factors constrained 
"success?" 

In addition to the need for further research, 
there are a number of other challenges and 
opportunities for coping with Che constraints 
operating on manpower planning decisions at all 
levels and for improving the efficiency and 
effectiveness of the total system.  Several are 
highlighted here. 

1. The division of authority and responsi- 
bility between program and functional/staff 
managers for manpower planning and staffing of 
the program office.  This may hinder effective 
and efficient utilization of program manpower 
and program management. 

2. The origins of funding for programs and 
manpower are separate.  Funding cycles differ. 
The interface of the systems in all likelihood 
does not enhance optimal manpower decision 
making. 

3. Financial, manpower, and personnel systems 
are separate.  Further, the nature of the data 
in each differs and each is incompatible with 
Che others for effective manpower planning and 
allocation. And finally, because of this in- 
compatability, che data in each are not inte- 
grated and cannot be retrieved for manpower 
planning and assignment purposes. 
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CONCLUDING COMMENTS 

The state of the art of conceptual approaches 
and models for manpower planning for the acqui- 
sition process in the DoD and services can be 
characterized as being in its infancy and highly 
fragmented.  The acquisition process and its 
management are complex and influenced by 
formidable constraints.  Despite this, there 
are a great many opportunities for developing 
more useful models for manpower decision making 
for acquisition-oriented activities and for 
coping with the constraints operating on the 
systems. 

This paper has been an attempt to document the 
state of the art as it exists in the literature 
and to evaluate concepts, models, and tech- 
niques in their contribution to manpower plan- 
ning decisions.  In addition, research direc- 
tions and challenges have been suggested for 
developing a stronger manpower planning 
capability. 
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Between 1975 and 1980 PoP's procurement work- 
load increased significantly in both size and 
complexity.  Individual procurement actions 
were larger and more complex, requiring more 
effort as well as higher degrees of skill and 
judgment from procurement personnel.  At the 
same time, the total number of people in the 
procurement workforce increased.  However, the 
increase in personnel was uneven and did not 
keep up with the increase in workload at all 
procurement activities.  There were excessive 
personnel losses, especially at activities that 
were already understaffed, and these losses 
lowered the skill levels of the workforce. 

WORKLOAD 

The total number of procurement actions com- 
pleted by the four major PoP components (Army, 
Mavy, Air Force, and Pefense Logistics Agency) 
during FY 1980 was 13% greater than that com- 
pleted during FY 1975 (11.4 million versus 
10.1 million).  Total dollars, adjusted for 
inflation, increased by 24% over the same 
period.  An upward trend in the dollar value of 
individual actions had a significant effect on 
workload during this time.  Simplified purchase 
procedures followed in transactions of less 
Chan S10,000 could not be used in buys over 
$10,000.  Once that $10,000 threshold was 
breached, additional requirements became appli- 
cable.  The number of actions of $10,000 or 
more in FY 1980 was 41% greater than in FY 
1975.  The increase in the small purchase 
threshold to $25,000 will grant some measure of 
relief.  However, the number of actions of 
$25,000 or more in FY 1980 was 56Z greater than 
in FY 1975.  Still other requirements, adding 
both time and complexity, apply to procurements 
of $100,000 or more, and the number of those 
actions increased by 63Z  from FY 1975 to FY 
1980. 

COMPLEXITY 

Many requirements that add to the complexity of 
procurements result from legislative and 
administrative requirements introduced or 
emphasized in the past 10 years and the tech- 
nical, fiscal, and economic factors which, 
together, have brought the acquisition process 
to its current state of complexitv, 

1.  Renewed emphasis on contracting out 

2. 

3. 

4. 
5. 
6. 
7. 

8. 
9. 

10. 
II. 

12. 
13. 
14. 
15. 

Preference for small and disadvantaged 
businesses 
Increased concern for cost and readiness 
of systems 
Cost accounting standards 
Commercial products 
Cost of capital 
International cooperation and foreign 
military sales 
Source selection 
Increasing production lead times 
Increasing technical sophistication 
Peclining size of the defense industrial 
base 
Inflation 
Aging weapons 
Modifications to the Buy American policy 
Large number of dollar thresholds in PAR 

Renewed emphasis on contracting out 

It has been and continues to be the general 
policy of the Government to rely on competitive 
private enterprise to supply the products and 
services it needs.  This policy was stated as 
early as 1955 and later prescribed in Circular 
A-76, issued in 1966 and revised and reissued 
in March 1979. 

The revised circular reaffirmed the general 
policy of reliance on che private sector for 
goods and services, while recognizing that 
certain functions were essentially governmental 
in nature and must be performed by Government 
personnel.  It also reaffirmed that relative 
cost must be considered in decisions between 
in-house performance and reliance on private 
commercial sources. 

A decision for in-house performance based on 
economy must be supported by a comparative cost 
analysis.  This in-house cost estimate is com- 
pared with a contract cost figure based on a 
binding firm bid or proposal.  While the pro- 
cedures and che participants vary among organi- 
zations, buyers and the procurement office 
usually are deeply involved in the analysis. 
One irony is that a decision to contract out a 
function previously done in-house often leads 
to an across-che-board reduction in personnel 
authorizations including che procurement 
office which gains, rather than loses, work- 
load from contracting out. 
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Preference for small and dlsadvantaged busi- 
nesses 

The amendments to the Small Business Act legis- 
lated by P.L. 95-507 have had a twofold effect 
on the procurement process.  One major provi- 
sion of the legislation is that, with some 
exceptions, all purchases of $10,000 or less 
which are subject to small purchase procedures 
are small business-small purchase set-asides. 
In FY 1980, more than 10.8 million DoD trans- 
actions met the dollar limits of the small 
business-small purchase set-aside criteria. 

Most procurements suited to automation are for 
$10,000 or less and, therefore, subject to 
these set-asides.  DoD activities have had to 
screen all computer programs to ensure removal 
of large businesses from bid lists, basic 
ordering agreements, and indefinite quantity- 
type contracts which are now reserved for small 
businesses. 

These amendments have had several results: 

1. Many no-bids or rejections of orders have 
been encountered.  Purchasing activities 
have found that many small concerns which 
had requested inclusion on bidders' mailing 
lists are not able to supply the particular 
product. 

2. By restricting sources to small businesses, 
purchasing offices frequently must deal 
with distributors rather than manufac- 
turers.  These distributors often may be 
unable to deliver on time, their prices are 
higher, and they may not pass on warranties 
offered by the manufacturer. 

3. There are varying degrees of understanding 
as to what documentation is needed to 
support a contracting officer's determina- 
tion that there is no reasonable expecta- 
tion of receiving competitive quotations. 

4. When no quotes or no competitive quotes are 
received, the resolicitation on a non- 
restrictive basis is duplicate work and 
takes extra time. 

The second major provision of P.L. 95-507 
requires the successful offeror to submit a 
separate plan for subcontracting with small 
business concerns and with small disadvantaged 
business concerns whenever the proposed con- 
tract is expected to exceed $500,000 ($1 mil- 
lion for construction contracts).  The contract 
specialist must determine the adequacy of the 
subcontracting plan before 'the contract can be 
awarded.  It requires extra effort to obtain, 
evaluate, and negotiate these subcontracting 
plans and adversely affects procurement work- 
load and administrative leadtime.  In FY 1980 
DoD awarded 14,821 contracts in excess of 
$500,000. 

The Federal preference for small and small 
disadvantaged businesses includes a program to 
foster business ownership by socially and 
economically disadvantaged individuals.  The 
program is authorized by Section 8(a) of the 
Small Business Act.  Under the program, the 
Small Business Administration (SBA) may select 
firms to perform DoD contracts as subcon- 
tractors to the SBA. Any costs that the 
proposed subcontractor may anticipate in 
excess of the current fair market price are 
identified as business development expenses 
and must be borne by the SBA.  The contracting 
officer must make arrangements with the SBA to 
reimburse DoD for such expenses before the 
procurement can be awarded.  In addition to 
these unusual arrangements, the proposed 
subcontractor usually is not familiar with DoD 
contracting procedures and requires extensive 
explanations and advice.  Each DoD procurement 
activity has goals, established by negotiation 
between DoD and the SBA, for specific dollar 
amounts to be awarded annually under this 
program. 

Increased concern for cost and readiness of 
systems 

In the past 10 to 15 years, DoD has started 
several different programs to contain the cost 
of developing and operating weapon systems. 
The programs include direct attempts at pre- 
dicting and Influencing costs such as life 
cycle costing, design to cost, reliability 
improvement warranties, and value engineering. 
There also have been programs that seek to 
control and reduce overall costs by reducing 
the frequency of failures and the time it 
takes to get a failed item back in use, as 
well as by improving the front end logistics 
planning. 

All of these efforts are implemented as con- 
tract requirements and, as such, require extra 
effort in the planning, negotiation, and 
performance stages.  Any such program new to 
either contracting officials or contractors, 
or both, requires extra effort.  Even after 
both parties are familiar with a program, the 
process is complicated by added variables and 
work required over and above that necessary 
for any variation of the straight "you per- 
form, we pay" contract. 

Cost accounting standards 

The Cost Accounting Standards Board (CASE) was 
created by Congress in 1970 to promulgate cost 
accounting standards designed to achieve uni- 
formity and consistence in the cost accounting 
principles followed by defense contractors and 
subcontractors under Federal contracts. The 
standards are used by all relevant Federal 
agencies and by defense contractors and sub- 
contractors in estimating, accumulating, and 
reporting costs in connection with Che 
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pricing, administration, and settlement of 
negotiated national defense prime contracts and 
subcontracts in excess of 3100,000.  Excepted 
are contracts and subcontracts where the price 
negotiated is based on (1) established catalog 
or market prices of commercial items sold in 
substantial quantities to the general public, 
or (2) prices set by law or regulation. 

The CASE developed and issued, in the period 
1.972-1980, 19 cost accounting standards as well 
as regulations dealing with Che disclosure of 
cost accounting practices and the application 
of standards in the procurement process. 

The principal burden of compliance with the 
standards, rules, and regulations of the CASB 
is borne by the companies who hold defense 
contracts and subcontracts and who meet the 
dollar thresholds.  Although a CAS clause is 
included in most negotiated defense contracts 
and subcontracts exceeding $100,000, the CASB 
eased the burden somewhat by establishing (in 
1974) a $500,000 threshold to activate the 
provisions and (in 1977) a $10 million ceiling 
for a modified contract coverage. 

of the sales history of the offerer's product, 
adding to the overall procurement workload. 

Cost of capital 

The introduction of Cost Accounting Standard 
(CAS) 414 in 1976 led to revised DAR weighted 
guidelines for determining profit objectives 
on negotiated procurements and added a new 
complication to the contract specialist's 
work — the recognition of return on facil- 
ities capital as part cost and part profit. 

Weighted guidelines are used by contracting 
officers to determine a profit objective on 
negotiated contracts over $100,000.  If a 
contractor claims cost of facilities capital 
under CAS 414, the contracting officer must 
reduce that portion of the profit objective 
based on contractor effort by applying an 
offset factor of 0.7.  On the other hand, to 
determine that portion of the profit objective 
based on a contractor's use of facilities 
capital, the contracting officer applies a 
rate of 16 to 20 percent to the estimated 
facilities capital- allocated to the contract. 

Within DoD, the principal burden for adminis- 
tration of CAS requirements is carried by the 
contract administration activities of DLA and 
the military services and the auditors of the 
Defense Contract Audit Agency.  For the most 
part, contract specialists in procurement 
activities have the lightest burden.  In almost 
all cases, their involvement begins with inser- 
tion of appropriate provisions in solicitations 
and ends with negotiation of the appropriate 
clause or clauses for the contract. 

Commercial products 

DoD Directive 5000.37, issued in September 
1978, renewed emphasis on use of commercial, 
off-the-shelf products and commercial distri- 
bution channels in supplying commercial prod- 
ucts to users. 

While these practices can clearly benefit the 
Government, they nonetheless create additional 
workload for the procurement activity.  The 
contract specialist becomes involved at two 
points in the acquisition of commercial prod- 
ucts.  The first involvement may be peripheral, 
in selecting or developing the commercial 
specification to replace the MILSPEC.  The 
second is in determining whether the tendered 
product will meet Che user's requirements.  The 
contract specialist no longer can rely on the 
MILSPEC to provide Chis assurance.  In Che 
absence of a Government specification for a 
product, many suppliers can offer different 
products, all of which may, or may be claimed 
co, meet Che Government's requirements. 
Assurance that a commercial product will meet 
Che need is accomplished by Che requirement 
chat it have a commercial market acceptability. 
This procedure requires a review and analysis 

International cooperation and foreign 
military sales 

New and complex factors are introduced when 
contracting pursuant to international coop- 
erative arrangements.  The controlling mech- 
anism in such arrangements usually is a memo- 
randum of understanding (MOU).  This document 
delineates areas of agreement on assignment of 
authority and matters relating Co icems such 
as finance, security, intellectual property 
rights, quality control, management structure, 
trade agreements, taxes, duties, sales, and 
transfer.  Many, if not all, affect the con- 
tracting process to some degree. 

Foreign firms often are involved either in 
development and production of discrete parts 
of programs or are linked in joint ventures 
with domestic firms for the whole program. 
Complexities, resulting from differences in 
language, laws, monetary systems, accounting 
practices, and ownership of special tools and 
facilities, must be dealt with. 

Many of the factors present in dealings in- 
volving international cooperative agreements 
also may be present in contracts for military 
equipment to be sold Co foreign governments. - 
In addition. Issues may be introduced because 
Che foreign purchaser is bearing Che ulcimace 
cost and hence has a strong proprietary feel- 
ing about matters in the contracting process. 
If Che foreign purchaser lacks clear under- 
scanding of U.S. procuremenc laws, regula- 
cions, and practices, enormous complications 
may be introduced and often slow the entire 
process. 
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Source selection 

DoD has adopted a formal four-step source 
selection procedure for competitively negoti- 
ated research and development acquisitions, and 
the procedure may be used for any other acqui- 
sition.  The four steps are submission and 
evaluation of technical proposals, submission 
and evaluation of cost proposals, establishment 
of the competitive range and selection of the 
apparent successful offeror, and negotiation of 
a definitive contract. 

This formal procedure differs from the proce- 
dure it replaced largely in the provision for 
sequential, rather than simultaneous, submis- 
sion and evaluation of technical and cost 
proposals.  Written or oral discussion with all 
offerers in the competitive range, required by 
law, are constant features of procurement by 
negotiation.  Source selection, if judged by 
the outline in the Defense Acquisition Regula- 
tions, is a logical means for making the ulti- 
mate selection from among competing offerors. 
However, the implementation of the DAR re- 
quirement in major program competitions typi- 
cally uses a source selection official, a board 
that makes recommendations to the selection 
official, and separate teams of experts that 
evaluate the technical and cost details of all 
proposals and report their findings to the 
board.  The complete process requires large 
amounts of time and human resources to help 
reach a decision as to which proposal is most 
advantageous to the DoD. 

Increasing production lead times 

The span between authorization to begin work on 
a product and the time of delivery is increas— 
ing for several reasons.  Limitations on pro- 
ductive capability, shortages of critical 
materials, contractors' preferences for com- 
mercial work, and the increasing technical 
sophistication of DoD's programs contribute to 
this condition. 

The practical effect of longer lead time on 
contracting shows in two ways.  In some cases, 
the challenge is to price the contract at a 
realistic level.  Increased lead time makes 
forecasting contract costs and reaching agree- 
ment on contract price and other terms and 
conditions more difficult.  This can result in 
the greater use of fixed-price incentive con- 
tracts or fixed-price contracts with provision 
for economic price adjustment, either of which 
adds work over and above that required for a 
firm fixed-price contract. 

In other cases, notably in airframe, aircraft 
engine, and missile procurements, contractors 
must be authorized to begin work on planned 
programs years before the final congressional 
approval of the programs is received.  Under 
special conditions, contractors are authorized 
to place orders for specified long lead time 

items and reimbursement provisions are estab- 
lished.  These arrangements give contractors 
somewhat of a "blank check," which contract 
specialists limit by constructing safeguards 
on a contract-by-contract basis.  The problem 
grows more acute as the lead times increase. 
Currently, some airframe and engine parts have 
as much as a 50-month production lead time. 

Increasing technical sophistication 

With continuing rapid advances in many tech- 
nologies, the promise of greatly increased 
capabilities can lead planners to specify more 
complex defense weapons.  It is more difficult 
to specify the contract requirements for such 
weapons and consequently to estimate the costs 
of contract performance.  It frequently takes 
more time and greater skill to establish 
contract procedures for measuring weapon 
system performance and to negotiate reasonable 
contract pricing arrangements.  These condi- 
tions have resulted in development and use of 
should cost studies, performance and delivery 
incentives, life cycle cost estimates, design 
to cost goals and incentives, and reliability 
improvement warranties.  This, in turn, means 
extra work for many in all phases of the 
acquisition process because use of any of 
these devices must be tailored to the cir- 
cumstances of the particular acquisition. 

Declining size of the defense industrial 
base   

A combination of factors is causing a con- 
tinued shrinking of the number of companies 
available for contracting with DoD and making 
it more difficult to conclude mutually satis- 
factory agreements with those still in the 
base.  Findings cited in the Summer 1980 
Defense Science Board task force report in- 
clude: 

- Productivity in the defense sector has been 
lagging, in large part because of low levels 
of capital investment compared to U.S. 
manufacturing in general. 

- The larger defense firms are now part of 
multi-market corporations.  In the compe- 
tition for capital, the return on investment 
for defense markets is not favorable. 

- Cash flow problems, tax policies, high 
interest rates, and inflation have all 
tended to discourage needed Investment. 

- The instability of defense programs has made 
the business less attractive, and has led Co 
low investment in productivity. 

- Unrealistic inflation factors are being used 
in DoD planning and budgeting. 

- Lead times have increased markedly in Che 
last three years, leading Co higher costs. 
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- The subcontractor and supplier bases have 
decreased.  The factors for the loss in the 
lower tier base include small quantities, 
annual buys, DoD contracting requirements, 
high cash requirements, and returns not 
consistent with risks. 

- Prime contractors do not routinely "flow 
down" beneficial provisions of their con- 
tracts to subcontractors and suppliers. 

Cost accounting standard requirements have been 
cited as major factors causing companies in 
certain industries to reassess continued parti- 
cipation in defense business.  Large companies 
such as U.S. Steel and Alcoa, which, in rela- 
tive terms, sell little to DoD and its prime 
contractors, have viewed CAS requirements with 
ill-disguised antipathy. Oil companies, large 
and small, have expressed considerable opposi- 
tion to the application of CAS to their in- 
dustry, and CAS has been cited as one reason 
many specialty manufacturers, both prime con- 
tractors and subcontractors, have left the 
defense industrial base. 

A reduced base makes it necessary to spend more 
time finding suppliers and the new suppliers 
are unfamiliar with the rules governing DoD 
procurement.  If they must be dealt with on a 
noncompetitive basis, contract specialists will 
spend more time evaluating responses and nego- 
tiating agreements with them.  For larger buys 
these problems may be transferred to the prime' 
contractor lining up subsystem, component, and 
materials suppliers, and mav result in longer 
lead times.  The longer the time span, the more 
difncult it may be to come up with a realistic 
estimate of costs and a suitable contractual 
arrangement for shifting or reducing the risks 
of inflation. 

Inflation 

Inflation makes the procurement function more 
complex and time consuming.  The persistence of 
nigh inflation has increased the use of eco- 
nomic price adjustment (EPA) clauses and re- 
duced the acceptability of firm fixed-price 
contracts.  Use of an EPA clause means extra 
work for contract specialists.  Although the 
DAR contains model EPA clauses, each must be 
customized for a contract, so that movement in 
the index will approximate that expected of the 
contract cost elements to be covered. 

Further, inflation pushes a greater proportion 
of contracts over established dollar thresh- 
olds, thereby triggering additional reviews, 
clearances, and other requirements. 

Aging weapons 

The DoD operational inventorv, as well as the 
Inventories of nations which have bought or 
were given U.S.-made weapon systems, contain 
some old, out-of-production weapons.  Pro- 

curement support of these older svsterns is 
made difficult by a number of factors: 

1. technological obsolescence and small 
quantity purchases which individually or 
together effectively reduce the number of 
companies able or willing to do the work, 

2. lack of specifications and detailed draw- 
ings needed to manufacture certain com- 
ponents and subsystems, and 

3. relatively high unit cost of items procured 
in this kind of market. 

Older systems are not always phased out as new 
systems move through to full-scale development 
and then to production and into the operational 
inventory.  Frequently, the older svstems are 
modified or modernized to improve oerformance 
or adapt to new missions.  This can strain the 
resources of the system acquisition activity 
which must continue to staff and support old 
program offices, even as developing svstems 
create the need for a contracting capability in 
new program offices. 

Modifications to the Buy American policy 

The Buy American Act generally provides that 
only domestic end products shall be acauired 
for public use in the United States.  One of 
the exceptions to the Act apolies when the 
Secretary concerned determines that the cost of 
a domestic end product would be unreasonable. 

Historically the determination as to reason- 
ableness of cost of domestic end products was 
made by adjusting foreign offers bv stipulated 
amounts and evaluating the competing offers as 
adjusted.  As closer cooperation has developed 
between the U.S. and its allies, and as agree- 
ments have been implemented to relax trade 
barriers, numerous modifications have been 
introduced into the Buy American policy. 

There are "defense cooperation countries" for 
which the Buy American Act restrictions have 
been waived for certain items.  There are 
FMS/offset arrangement countries" for which 

waivers of Buy American Act restrictions are 
dealt with on a case-by-case basis.  There are 
participating countries" for which a blanket 

waiver or Buy American Act restrictions has 
been made.  Finally, there are "designated 
countries" under the Trade Agreements Act of 
1979 trom which certain designated non-defense 
end items In procurements of more than 3196 000 
(since adjusted to 3182,000) can be made with- 
out regard to the restrictions of the Buy 
-American Act.  DoD also has implemented its 
Balance of Payments program which essentiallv 
applies the same evaluation criteria to pro-' 
curement of goods and services for use outside 
the United States. 
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The net result is an extremely complex set of 
circumstances under which contracting officers 
must determine the status of the country of 
origin of the products offered, the status of 
the items being procured, and the appropriate 
factors to be applied in the evaluation pro- 
cess, in order Co structure the request for 
bids or proposals, and to establish the ac- 
ceptable low proposal. 

Large number of dollar thresholds in PAR 

Indications as to the relative complexity of a 
procurement also can be derived from analysis 
of regulatory requirements activated at speci- 
fic dollar levels.  As of 1 May 1981, there 
were 317 special requirements in the DAS.  ac- 
tivated at one of 49 dollar thresholds, as 
summarized in the following table.  (Provi- 
sions of the FY82 DoD Authorizations Act 
(P.L. 97-86) raised, but did not remove 
certain thresholds.) 

DAR DOLLAR THRESHOLDS REQUIRING OR PERMITTING SPECIFIC ACTIONS 
(AS OF 1 MAY 1981) 

Dollar Threshold 

$25 or less 

$50 or more 

$100 or less 

$150 or less 

More than $250 

$500 or less 

More than $500 

$1,000 or less 

$1,000 or more 

$2,000 or less 

More than $2,000 

$2,500 or less 

More Chan $2,500 

More than $5,000 

310,000 or less 

More than $10,000 

$25,000 or less 

More than $25,000 

$50,000 or less 

More than $50,000 

$100,000 or less 

More than $100,000 

More than $196,000 

More Chan $200,000 

$250,000 or less 

Number of 
Actions 

3 

1 

3 

1 

1 

2 

2 

7 

8 

1 

8 

8 

11 

39 

63 

8 

13 

9 

10 

13 

36 

1 

3 

1 

Dollar Threshold 

More than $250,000 

Sot less than $300,000 

$350,000 or less 

More than $350,000 

$500,000 or less 

More than $500,000 

$1 million and less 

More than $1 million 

$2 million or less 

More than $2 million 

S3 million or less 

More than $3 million 

$5 million or less 

More Chan $5 million 

$10 million or less 

More chan $10 million 

$15 million 

$20 million or less 

$25 million or less 

More than $25 million 

More than $35 million 

More chan $50 million 

More chan $100 million 

More chan $200 million 

Total actions 

Total thresholds   49 

Number of 
Actions 

3 

I 

1 

1 

3 

10 

2 

13 

2 

3 

2 

2 

2 

3 

1 

1 

1 

1 

1 

2 

1 

1 

1 

 1 

317 
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WORKFORCE 

The civilian procurement workforce, measured by 
Che Office of Personnel Management's contract 
and procurement occupational series, GS-1102, 
increased by 14.5X between FY 1975 and FY 1980, 
although the increases were not uniformly 
distributed among or within Che Do0 components. 

Skill levels, judged by length of service and 
separation rates decreased significantly.  The 
average length of service for GS-U02s dropped 
significantly in several purchasing activities 
in those six years.  The separation rates for 
GS-U02s were significantly higher than those 
for all DoD administrative personnel (which 
includes the GS-1102 series). 

Excessive backlogs, increased investments in 
inventories, and increased use of unpriced 
contractual instruments are evidence of im- 
balances, as are excessive personnel loss 
rates, extensive use of overtime, use of less 
experienced personnel in negotiating major 
procurements, and inability to recruit appli- 
cants (even for higher grade vacancies). 

Individual procurement activities compensated 
in various ways for Che shortage of personnel. 
Several increased productivity by use of com- 
puters and word processing equipment.  Many 
central procurement activities devised systems 
Co identify and expedite Che procurements that 
were most important to their customers.  Some 
activities used upward mobility and other 
training programs to provide more stability to 
Che available workforce. 

SUMMARY 

In summary, there is an imbalance between 
workload and staffing ac many DoD accivicies, 
and where such imbalance exists, there is, Co 
varying degrees, a degradacion in Che perform- 
ance of the procurement function.  This prob- 
lem will be magnified as Che DoD procuremenc 
budget increases.  The solution is neicher 
simple nor easy to attain. 

Some relief from the increased complexity of 
individual procurement actions will result 
from recent legislative action to raise the 
dollar thresholds at which certain require- 
ments apply.  Increased use of computers and 
word processors should increase the produc- 
civicy of che present workforce.  Beccer 
records of work in process and on hand at each 
procurement activity and major command should 
allow more equitable distribution of available 
personmel and serve as a necessary first step 
to ensuring adequate staffing.  DoD-wide use 
of work measurement and manpower utilization 
and projection systems should permit system- 
atic assessment of che adequacy of che pro- 
curement workforce and documenc che need for 
adjustments. 

These remedies are promising, but an increase 
in che number of people assigned is che only 
way co bring immediace help co procurement 
operations. 

This article is based on Report, Procuremenc 
Workload Versus Workforce — A Growing Im- 
balance (AD No. A099-922), Robert S. Yomig, R. 
P. White, Thomas M. O'Hern; May 1981; LMI, 
4701 Sangamore Rd., Washington, D.C. 20016. 
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FOREWORD 

This paper presents the results of acquisition 
research and analyses undertaken by the authors 
and their colleagues at The Analytic Sciences 
Corporation.  Recent research efforts have con- 
centrated on the development and refinement of 
a cost estimating model that incorporates con- 
sideration of production quantity, variations 
in production rate, and the impact of competi- 
tion.  This paper briefly describes the general 
model, presents empirical evidence of the im- 
pact of competition, discusses the implications 
of cost growth on the selection of an acquisi- 
tion strategy, and concludes with an illustra- 
tive example. 

1. INTRODUCTION 

The use of competition as a means of reducing 
weapon systems acquisition cost is an often 
studied, yet still controversial area.  Reasons 
for the contentious nature of the subject are 
numerous, and frequently involve one or more of 
the following: 

•' Differing data analysis procedures 

• Differing interpretations of results 
from prior competitive programs 

• Conflicting personal experiences 

• Vested interests 

• Political considerations. 

The authors have conducted research and analy- 
sis in this area for some time.  We have devel- 
oped an analytic methodology, based upon empi- 
rical evidence, that incorporates the interre- 
lationships of cost improvement curves, pro- 
duction rate variations, and competition on 
weapon systems' production costs.  This method- 
ology is explained in a paper recently pub- 
lished in CONCEPTS, the Journal of Defense Sys- 
tems Acquisition Management (Volume 4, Number 
4, Autumn 1981).  In this paper, we summarize 

the methodology and present highlights of our 
more recent analyses. 

First, the significance of production rate var- 
iations is discussed and our analytic (macro- 
level) methodology described.  Results from a 
recent micro-level analysis of the impact of 
production rate variations are presented and 
compared to the macro-level methodology.  Next, 
historical evidence is presented to demonstrate 
the positive impact on contractor cost behavior 
of competition during production.  Our analytic 
methodology which captures this behavior is ex- 
plained and documented.  Results from a prelim- 
inary examination of potential cost growth is 
presented, and its relation to alternative ac- 
quisition strategies is explored.  Finally, an 
example is presented which illustrates how 
these factors interact when applied to a hypo- 
thetical, yet realistic, tactical missile pro- 
gram. 

2.     THE RELATIONSHIP BETWEEN UNIT COST, 
PRODUCTION QUANTITY, AND PRODUCTION RATE 

Analyses of weapon system acquisition costs 
often employ the concept of a cost improvement 
or learning curve as a cost estimation tech- 
nique.  In its simplest form, the cost improve- 
ment curve presents the percent reduction in 
unit cost as production quantity doubles. 
Thus, an 80 percent cost improvement curve pre- 
sents a reduction in unit cost of 20 percent as 
production quantity is increased from Nth to 
the 2Nth unit. 

The major shortcoming of this approach is that 
there is no reference to the rate at which this 
quantity is produced.  The authors have devel- 
oped a methodology that considers both produc- 
tion quantity and rate in predicting unit cost 
trends.  The methodology involves a three-di- 
mensional surface represented graphically in 
Figure 2-1. 
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Z = AXByC. 

where 

Figure 2-1 Combined cost Improvement and 
Production Rate Effects 

This general form of the unit cost surface has 
been developed based on detailed analysis of 
historical cost data and as such is a macro- 
level methodology.  The methodology assumes a 
fixed production capacity and the existence of 
a most cost efficient or optimum production 
rate (denoted RQ in Figure 2-1).  The initial 
reduction in unit costs as production rate in- 
creases results primarily from amortization of 
fixed costs, both direct and indirect, over an 
increased number of production units.  The ten- 
dency of unit costs to increase after some opti- 
mal production rate is exceeded can be attrib- 
uted to production inefficiencies that may 
arise from tooling or plant capacity limita- 
tions, excessive overtime or multi-shift opera- 
tions, work flow bottlenecks or other disecon- 
omies of scale. 

The nature of these diseconomies will vary from 
program to program.  For the sake of simplici- 
ty, we have assumed that the trend in unit cost 
increases beyond the optimum rate is opposite 
in slope to the unit cost decreased which occur 
below the optimum rate.  This assumption, con- 
sistent with traditional economic theory, 
yields a uniform u-shaped curve expressing the 
relationship between unit cost and production 
rate. 

The true shape of the production rate curve is 
an area of great theoretical contention.  Sev- 
eral shapes of the curve beyond the optimum 
have been postulated.  In reality, the effect 
of production rate on unit cost may take sev- 
eral forms, depending on the pecularities of 
an individual production line.  However, with 
no justification to favor one formulation over 
the other, the symmetric curve chosen appears 
reasonable for the general case. 

The general cost improvement curve and produc- 
tion rate surface can be projected using a 
basic formula which predicts unit production 
cost as a function of the cumulative quantity 
produced and the current production rate. 
Mathematically, this is expressed as follows: 

2 - unit cost of the Xth  item produced 

A = constant referred to as "first unit 
cost" or surface initialization point 

X = cumulative quantity produced 

B = coefficient which describes the slope 
of the quantity/cost curve (In cost 
improvement rate/In 2) 

Y = (proxy) production rate in effect 
defined as 

o R if R S RQ 

o  2Ro - R is R0 < R £ 2R0 - 1 

where R is the production rate in 
effect for a given lot and RQ is the 
optimal production rate. 

C • coefficient which describes the 
slope of the rate/cost curve 
(similar to the cost improvement 
curve). 

Production rate and cost improvement rate para- 
meters for a particular weapon system are de- 
rived by detailed micro-level analysis of pro- 
gram specific cost estimating relationships. 
These relationships predict trends in specific 
categories of direct, indirect, fixed, and var- 
iable costs for a specific weapon system.  A 
computer-based production cost model has been 
developed which incorporates these cost esti- 
mating relationships.  The production cost 
model can be used to derive a series of lot 
cost/lot quantity projections from a number of 
hypothetical production schedules.  These cost/ 
quantity data sets are then analyzed using 
multi-variate regression techniques to derive 
production rate and learning rate parameters 
for the macro-level model which best character- 
ize the unit production cost trends for an in- 
dividual program.  This process is graphically 
displayed in Figure 2-2. 

This technique has been applied for a major 
missile program now entering production.  The 
production rate and learning rate parameters 
derived for this program were consistent with 
values which had been derived from historical 
production cost data for other tactical missile 
programs.  The consistency between the two ap- 
proaches demonstrates the validity of the macro- 
model.  The macro-model, based upon historical 
data, is supported by actual detailed contrac- 
tor cost relationships.  Thus, the macro-model 
is an accurate representation of contractor 
cost behavior. 
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TABLE 3-1 

RESULTS OF PRIOR STUDIES 

Numbt-r   of AveraRt 
Sponsor Year 5 stems Savings   ( 

IDA 1979 31 31 
APRO 1978 11 12 
AKIJiC 1976 13 4T 
IDA 1974 20 37 
L-.I 1971. 1 22 
mi 1973 NA 15-20 
JNT   ECO'.'  C0M.1 1973 20 52 
EC0.1 1972 17 50 
em 1969 20 32 
RAKD 1968 SA 25 
Mc.\am*ra 1965 NA 25 

Figure 2-2 Process for Deriving Produc- 
tion Rate and Cost Improve- 
ment Rate Parameters 

Furthermore, the micro-level analysis forms the 
foundation of a methodology that can be used in 
a predictive manner for an individual program. 
This predictive methodology is consistent with 
empirically demonstrated cost behavior. 

A representative sample of production rate and 
cost improvement rate parameters derived from 
historical data is presented in Table 2-1. 
Both producers' cost parameters are presented 
for prior competitive programs where adequate 
data was available to undertake detailed analy- 
sis. 

TABLE 2-1 

PRODUCTION RATE PARAMETERS 
EVIDENCED ON PRIOR PROGRAMS 

Producer         Imp 

RAHHEON 

Unit Cost 
rovneot  Rate 

.■34 

Uoit  Cost 
Production Rjte 

P«r«»«ter 

BASIC HAWK .969 

SPARROW AIH-7F RATTHEON .87 -985 

GENERAL DYNAniCS .W .923 

BULLPVP AGfl-12B HARTIN .82 1.0M 

TOW HUGHES 9b 1.007 

SIDEWIKDEF  Ain- 91 FORD .910 .7S4 

RAYTHEON .870 .851 

I  SIDEWIKSER Aln- 9B CD.XRA1. ELECTRIC .900 .819 

RMun CEMERAL DTOAMICS .8019 .9555 

MAVERICK HUGHES .857 .877 

REDEYE GEKERAL DTNA11CS ^925 .79C 

WEAK VAIITS  FOR THIS  SAMPLI .873 .903 

3. COMPETITION DURING PRODUCTION 

Numerous studies have attempted to estimate the 
impact of competition on weapon systems acqui- 
sition costs.  The results of some of these 
Drier studies are presented in Table 3-1. 

The results of these aggregated studies show a 
large range of average net savings, varying 
from over 50%  to 12%.  By their very nature, 
these prior studies are historical and not 
directly applicable to a specific weapon system 
acquisition.  They are relevant in that they 
empirically demonstrate that savings due to 
competition have been realized on prior pro- 
grams. 

A review of 45 individual programs using a com- 
mon analytic framework indicates that potential 
savings are unique for each particular program. 
The common framework used cost improvement 
curves to assess the impact of competition on 
contractor cost behavior.  The results, shown 
in Table 3-2, reflect calculation of percent 
savings based upon remaining production quanti- 
ties.  Percent savings represent the difference 
between projected single source costs and real- 
ized competitive costs.  Costs incurred prior 
to competition were considered as sunk costs. 

TABLE 3-2 

PRODUCTION COST SAVINGS FROM COMPETING 
PREVIOUSLY SOLE SOURCE CONTRACTS 

Savings 
Uatm {V Progrars 

AH/APH-123 67.7 USM-181   Telepnooe  Test  Se 
M.5 
63.1 AN/SCS  23  208A Transducer 

MIC-48 Torv*do - T.st Set 61.8 
fO:-48 Torpedo  -  EKplo4er 11.3 TD-660 Multiplexer 28,4 

60.1 BULLPUP   12B Missile 26.5 
Standard  FUssile.   HR  Rin 66A     59.2 
AM/ARA-63 Rsdio  Receiver 57,9 FAAR TADDS 
TD-352 Multiplexer 55.6 FAAR Radar 
«-6i02  Electric  Control 52.7 TOW Miasile 
KD-522  Hodul«tor-DtMdul«tor    51,9 Dragon Tracker III 
h*wh Motor Metal  Parti A9.9 UPM-98 Test  Set n.i 
»-A8 Torpedo  -  Warhead 48.6 AN/ASK-43 
MK-A8 Torpedo  - Electric SPA-25  Radar  Indicator 

Assevbly i7.0 SHILLELAGH 
CV-I54B Sunal   Converter 45.4 Dragon Round 2.8 

43.2 Sidewinder  AIM-9D/C 
TD-20A  Cable  Coabioer 42.0 PP-4763/CRC  Power 
AH/PRC-77  Radio 41.9 Asseably 
AN/CRC-106 41.8 SPA-66  Radar   Indicator •3.4 
TD-202 Radio Coabiner 40.2 Hockeye  bom: 
FGC-20 Teletype  Set 39.9 Sidewinder  AIM-9b 

39. S AH/ARC-131  Radio -16   1 

AVERAGE   PRODUCTION   COST   SAVINGS   FOR   45   PROGRAMS: 33. 
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The average savings of 33 percent, demonstrated 
by the 45 programs, is within the range of the 
prior studies.  The review demonstrates that 
there are potential cost benefits associated 
with competition and that these potential bene- 
fits are determined by program specific charac- 
teristics. 

Expressing savings as a percent of total pro- 
gram recurring costs for the same programs re- 
sults in an average savings of 16 percent. 
These results demonstrate the large discrepancy 
that may arise strictly from employing differ- 
ent techniques in estimating potential savings 
due to competition. 

Both estimating techniques were based upon 
changing cost behavior due to competition as 
evidenced by contractor cost improvement curves. 
Detailed unit cost analysis of prior competi- 
tive missile programs has demonstrated that 
competition results in: 

• An instantaneous reduction in the 
original producer's unit cost, evi- 
denced by a downward shift in the pro- 
ducer 's cost improvement curve 

• A steepening of the original producer's 
unit cost Improvement curve, evidenced 
by a rotation of the producer's cost 
improvement curve 

• A lower first unit cost for the second 
producer 

• A steeper initial cost improvement rate 
for the second producer. 

These impacts can be graphically presented as 
shown in Figure 3-1. 

TABLE 3-3 

THE IMPACT OF COMPETITION: 
SECOND SOURCE COST BEHAVIOR 

DifUmcc 
\ Fir«t 

Unit Cost 
Source 

S.cm 

muuov .r? .w J4 

KnXPOF .1 .10 M 

ran .»« .89 20 

sncvunx AU n .» .U 17 

SIKVUBO AIH »L .n .17 _i_ u 
mrw i.l 23 

In addition, similar behavior has been observed 
on other types of systans such as electronics 
and ships.  The empirical data suggests a rela- 
tionship between the cost and complexity of a 
system and the nature of the cost improvement 
curve of a second source.  For less costly and 
complex systems, a second source can be compe- 
titive from the outset.  As cost and complexity 
increase, more time is required for a second 
source to be competitive.  Furthermore, in all 
cases where there was sufficient data to permit 
analysis, the slope of the cost improvement 
curve of the second source was steeper than 
that of the original producer. 

This cost behavior by the second source applies 
competitive pressure to the original producer. 
His reaction to this pressure can be viewed as 
a shift and rotation of his cost improvement 
curve.  Figure 3-2 graphically portrays this 
behavior using a log-linear formation of the 
cost improvement curve.  The figure has been 
enlarged to dramatize the effects of competi- 
tion on the original producer's unit costs. 
Table 3-4 presents observed shifts and rota- 
tions on prior missile programs. 

Figure 3-1 The Impact of Competition 

Table 3-3 presents empirical evidence of sec- 
ond source behavior on prior tactical missile 
programs. 

,4 tomiBM 

LOG OF UNITS PRODUCES 

Figure 3-2    First  Source Reaction to 
Competitive Pressure 
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TABLE 3-4 

OBSERVED SHIFTS AND ROTATIONS 
ON PRIOR MISSILE PROGRAMS 

. .       Proir.. 

SPAUOV R-yrneor, 8 10 
tVUJVf Martin U 13 

SIBEVUiDER AIM  9B teacral  Electric 9 16 
TOW Huthai 15 32 

SIDEVIIIDEI! AIN  9L SaTtbcon 10 7 

The historical data demonstrate the impact of 
competition on the original producer's cost im- 
provement curve.  The data also reveal that the 
magnitude of the shifts and rotations vary sig- 
nificantly.  The concept of a "best competi- 
tive" cost improvement curve was developed to 
explain this variation, as shown in Figure 3-3. 

WIT 

COST 

PWJECTEC 
SINGLE   SOUKE 
CWVE 

UST / 
CW»tTITIVE 
CUKVE 

OJWTITY pmucni 

Figure 3-3 Best Competitive Curve 

This curve represents the continuous cost im- 
provement curve which begins with the historic- 
ally derived, non-competitive first unit cost 
and achieves'parity with the last competitive 
unit cost. It represents what "might" have 
happened had the original producer been under 
continuous competitive pressure from the outset. 

Comparing the slope of the hypothetical "best 
competitive" curve with the slope of the his- 
torical single source curve reveals a statis- 
tically significant relationship displayed in  ' 
Figure 3-4. 

1.0 

HISSIU  UCUSSIOf EQUTIOH: 

>• tmt ■  M -  .7!?   (U^J. torn. ^I,. 

Figure 3-4  Correlation Between "Best 
Competitive" and Single 
Source Curves 

The "best competitive" curve provides a consis- 
tent explanation of the observed cost behavior 
or the original producers. The observed shifts 
and rotations (of varying magnitudes) of the 
original producer's cost improvement curve can 
be characterized as "making up" for earlier 
cost improvements which were possible, but were 
unrealized in the absence of competition.  Fur- 
thermore, the slopes of the hypothetical "best 
competitive" curves correspond well with the 
slopes of the competitive second source curves. 
In other words, the second producer, who is at- 
tempting to be competitive from the outset, 
follows a (historically derived) cost improve- 
ment curve very similar to the "best competi- 
tive" cost improvement curve calculated for the 
original producer.  In addition, unit costs for 
the flatter portions of both curves are compar- 
able. 

Combining the empirically observed impact of 
production competition with the production cost 
surface results in a predictive methodology 
that incorporates consideration of competition, 
total quantity and production rate.  This me- 
thodology, graphically displayed in Figure 3-5, 
can be used to assess alternative acquisition 
approaches for future production programs. 

I laltiallMcun Pvlnt 

Figure 3-5 The Integrated Model 

4.        COST GROWTH AND COMPETITION 

Cost growth, as measured by actual costs com- 
pared to a baseline cost estimate, is a conti- 
nuous problem for most major weapon systems. 
Norman Augustine reported in a recent issue of 
Government Executive (Vol. 14, No. 2, February 
1982) that he has evidence that shows (after 
eliminating the effects of inflation and after 
adjustment for changes in procurement quantity): 

• The chances of a major program being 
completed within its initial cost esti- 
mate is about 97o 

• The chances of a major program being 
completed with no more than a 50% cost 
overrun is no more than about 70% 
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• The median overrun is about 32% 

• The average overrun is nearly 52%. 

The authors examined the subject of cost growth 
and how it varies for competitive versus non- 
competitive programs for programs which submit 
Selected Acquisition Reports (SARs).  Data for 
the analysis were obtained from the SAR Program 
Acquisition Cost Summaries spanning the period 
December 1975 through June 1981. 

Table 4-1 displays the growth in total program 
cost estimates during FSD for the programs in- 
cluded in the SAR data.  Table 4-2 displays the 
additional cost growth during production for 
the SAR programs. 

TABLE 4-1 

TOTAL PROGRAM COST GROWTH DURING FSD 

—BMB Bl 
COST COST 

"ocmi ■sr wioauji 
OKVTK 

M.I 
M.l 

■•1 
20.t K.s OIVAB Cm Ml 

loind 55.2 
21.7 

ItalUirt 
OI-47  Mod 12.5 
i-1 12.2 
F-U it.i 
l>4 52.0 tr-uu W.O 
AEGIS 27.8 
C*ptor 87.7 
Condor 
lUrpooe 12.8 
Trldmt t.S 
PW1 20.1 
r-i« iL2 
Avoroci M.2 

TABLE 4-2 

TOTAL PROGRAM COST GROWTH 
DURING PRODUCTION 

•cm amrm-nyt nomii-^f. 

ass** 
W-WA (Black H«*k) 
H-198 
F-16 
E-M 
C*pto; 
Harxton 
Tndnt 

COHPgTITlVE nopucr^oH 

22.5 
-16.0 
22.4 
5.5 

38.0 
25.2 
5.8 

SU 
12.7 

sisEvmct A-m-n 
SFAMOW AlM-7r 
sin-bit 
rTC-7 

Awarafu 

19.0 
9.4 

-3.6 
iU 

S   65 

Although the quantity of data in each category 
is too limited to obtain statistical confi- 
dence, the implications are clear. As shown, 
a significant portion of the growth in total 
program cost estimates occurs during FSD.  Fur- 
thermore, the presence of competitive pressure 
during Full-Scale Development greatly reduces 
cost growth compared to a non-competitive envi- 
ronment ■  Competition during production also 
appears to suppress cost growth, but not as 
dramatically as competition during FSD.  None 
of the programs in the data sample maintained 
competition during both FSD and production. 

Historical evidence indicates that competition 
is an effective means of suppressing cost 
growth.  Additional funds are required to main- 
tain competitive pressure, and the program of- 
fice must assume additional managerial respons- 
ibilities.  For many programs, these additional 
costs may be justified solely on the basis of 
suppressing future cost growth. "       " 

5. EXAMPLE CASE 

This example case is intended to provide illus- 
trative results for a hypothetical missile Full- 
Scale Development and Production program.  This 
hypothetical case is representative of recent 
research performed by the authors on several 
tactical missile programs.  Program specific 
model parameters are derived, recurring produc- 
tion costs are estimated, and sensitivity ana- 
lyses are conducted to identify key program 
cost factors. 

Recurring production cost estimates are assumed 
to be provided by the Program Office (see Table 
5-1). As such, these estimates represent a con- 
solidation of an independent government esti- 
mate and the contractor's bid estimate for a 
single source FSD and production program. 

TABLE 5-1 

PROGRAM OFFICE PROVIDED RECURRING 
COST ESTIMATES (80$) 

LOT NO. urr OUAKTITY 

1 836 
2 2224 
3 3000 
« 3000 
5 6000 

KECUSR 
COST 

«"n. 

.KG 

11 
AVC.   UNIT 
COST  (5) 

206 245,957 
361 162,316 
409 136,410 
377 123,650 
701 116,742 

Fitting the average unit costs by lot to the 
single source surface results in the program 
unique parameters shown in Figure 5-1. 

Mng iRtTULiUTW ratr 

LWJB 

Figure 5-1  Single Source Surface 
Parameters 
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Table 5-2 presents the error terms associated 
with these parameters in predicting recurring 
costs.  As shown, the model parameters, and 
thus the model surface, accurately reflect 
single source program costs. 

TABLE 5-2 

RECURRING COST BY LOT 
MIL. 80S 

LDT» 

1 

PROCEAM omci 
ESTWATI MODEL ESTWATI 

20S 

DUTFRrilCX 
(1) 

205 0.0 
2 361 362 -0.3 
3 609 409 0.0 
4 377 377 0.0 
5 7M 700 0.1 

The surface predicts single source recurring 
costs accurately.  Based on the observed empi- 
rical impact of competition, cost estimates for 
two alternative competitive approaches have 
been calculated. 

The first competitive approach involves the 
second producer in a competitive development 
effort during the first,half of FSD.  At the 
midpoint, a design is selected and the losing 
contractor becomes a follower of the system 
developer in a leader/follower arrangement. 
Competitive awards begin with lot three.  The 
second approach brings the second producer into 
the program in lot two through a technical data 
package transfer.  Competitive awards do not 
begin until lot four. 

Estimated recurring production costs for the 
various approaches are presented in Table 5-3. 
The associated non-recurring costs for each 
alternative approach are also shown.  Non-re- 
curring costs were estimated based upon hypo- 
thetical contractor and program office provided 
data. 

TABLE 5-3 

REPRESENTATIVE COST ESTIMATES FOR 
ALTERNATIVE STRATEGIES 

(MIL. 80$) 

The two competitive approaches demonstrate po- 
tential recurring cost savings of $272 million 
for the leader/follower approach and $205 mil- 
lion for the second source approach.  These re- 
present a return on investment of 3.2 to 1 and 
2.9 to 1, respectively.  Given the baseline 
program, there are significant cost benefits 
associated with competition.  The cost esti- 
mates shown in Table 5-3 do not include poten- 
tial cost growth.  Potential cost growth is con- 
sidered following some representative sensitiv- 
ity analyses. 

Variations in the baseline program parameters 
may have a significant impact on the estimated 
recurring costs.  Prior research has indicated 
that three key factors are major determinants 
of recurring costs: 

• Timing of competition 

• Second source cost Improvement rate 

• Production rate parameter. 

Variations in these key parameters are briefly 
investigated. 

Figure 5-2 presents the impact of delaying com- 
petition on recurring production costs. As 
shown, the earlier competition can be held, the 
greater the potential costs reductions.  Poten- 
tial savings are greater, the earlier competi- 
tion is held, because the original producer be- 
gins to move toward his best competitive curve 
sooner. 

nmunion TEM or imr.iL cwrmi* 

TOST ILEMDrr 
SINGLE 
SOURCE 

425 

COMP. FSD 
PRODUCTION 

SECOND 
SOURCE 

425 
FSD 455 

NON-RICUSHING 
PRODUCTION 90 145 165 

RECURRING 
PRODUCTION 2053 1781 1848 

TOTAL 
256B 2381 2418 

Figure 5-2 Timing of Competition 

Potential savings are also sensitive to the 
second producer's cost improvement rate. 
Figure 5-3 demonstrates this sensitivity in 
terms of recurring production costs. 
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Figure 5-3 Second Source Cost Improvement 
Rate 

The second source's cost improvement rate 
drives not only the second producer's cost but 
also the competitive pressure that results in 
the original producer's reaction.  Fortunately, 
this is a variable that the government can in- 
fluence.  By developing and implementing a good 
technology transter program the government can 
enhance the second producer's cost improvement 
rate, thus influencing his costs.  Recurring 
costs are also affected by the production rate 
parameter as shown in Figure 5-4. 

Figure 5-5 The Impact of Cost 
Growth 

Figure 5-4 Production Rate Parameter 

Variations in the production rate parameter 
results in exponential variations in recurring 
costs.  Clearly the parameter is a significant 
determinant of cost; however, since all alter- 
natives evidence the same impact, it is not a 
key factor in the dual source/single source 
decision. 

Another key factor that must be addressed is 
the relative ranking of the alternatives when 
considering potential cost growth.  Figure 5-5 
presents a range of toal program cost esti- 
mates for each alternative based upon a reason- 
able range of potential cost growth during dev- 
elopment . 

As discussed, the significant portion of growth 
in total estimated program costs on prior pro- 
grams occurred during the development phase. 
The high variance in cost growth between compe- 
titive and single source development results in 
the leader/follower approach being vastly pre- 
ferred over the other alternatives.  The dif- 
ference is highlighted by the numerical example 
shown in Figure 5-6. 

SlUCLE SO'JRCE 

3976 

LEADER.' 
FOLLOWM 

SECOND 
SOUSCE 

nXCBfT 
BirraanAi 

Figure 5-6 Cost Estimates Including Poten- 
tial Cost Growth (Mil. 80$) 

Clearly one of the greatest benefits of compe- 
tition is the control of cost growth.  Often, 
acquisition strategies are developed based upon 
suppressed baseline cost estimates.  When con- 
sideration of potential cost growth is incorpo- 
rated, the benefits of competition are clear. 
The additional initial funding is more than 
recovered. 

This example, although representative, is based 
on actual program experience.  The example has 
served to demonstrate: 

• The predictive capability of the analy- 
tic model 

• The potential cost benefits of competi- 
tion 

• The importance of early planning and 
the timing of competition 

• The criticality of technology transfer 
and the second source cost improvement 
rate 
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ECONOMIC ANALYSIS OF A PROPOSED USE OF SECOND SOUBCING 

James W. Dwyer and James F. Kerr 

Analytic Services Inc.  (ANSER) 

400 Army-Navy Drive 

Arlington, Virginia 22202 

ABSTRACT 

This paper discusses a predictive model 
designed to facilitate economic analysis of 
second sourcing. The model is based in part 
on previous second source experience in 

tactical missile procurement and was developed 
to evaluate second sourcing of the imaging 
infrared (IIR) Maverick missile CAGM-65D). 

First, a probable sole source progress 
curve was constructed using data from both 
the earlier TV Maverick and the current 
AGM-65D programs.  Then consideration was 
given to the probable nonrecurring start-up 
costs of qualifying and equipping a second 
source for production.  Finally, previous 
second sourcing experience in tactical 
missile procurement was reviewed to 
quantitatively measure the impact of 
competition on sole source progress curves 
and on the resulting second sourcing 

acquisition cost. After extending previous 
experience in similar systems to the systems 
at hand, the nonrecurring start-up costs 
were subtracted from the difference between 

sole source and second source acquisition 
costs to get a net savings (loss) . 

This predictive model differs from previous 
second source models by the construction of a 
composite progress curve for split-buy 
competition awards.  The composite curve 
predicts competitive cost without predicting 
how individual contractors would fare in a 
succession of competitions for part or all 
of the production. Still, the composite 
progress curve formulation permits sensitivity 
analysis for the purpose of determining how 
program savings change with changes in total 
quantity produced, the timing of initial 
competition, and the sole source and competi- 
tive progress curve parameters. 

This paper was prepared for presentation 
at the 198 2 Federal Acquisition Research 
Symposium, May 5-7, 1982, held in Washington, 
D.C.  The views expressed in this paper are 
the authors' own and are not necessarily 
shared by ANSER or its research sponsors. 
The paper is based on research performed 
in partial fulfillment of Contract F49620- 

82-C-0003. This subject is covered more 
fully in a briefing provided by the authors 
to the research sponsor [Ref. 1]. 

OVERVIEW 

Although competition is less common in the 
production phase of military systems acquisition 
than it is in the RSD phase, competition for 
production is generally considered to be 
beneficial for system performance, system 
availability, total program cost, or the health 
of the industrial base. In this context, we 
were tasked to determine whether financial 
savings might be realized if the Air Force 
was to establish a second production source 
for the imaging infrared (IIR) version of 
the Maverick air-to-surface missile. 

The purpose of this paper is to present 

our approach to the well-known problems 
[Ref. 2] associated with secondary sourcing 
analysis. Because certain quantitative 
aspects of this ongoing program are competition- 

sensitive, we fictionalized certain aspects of 
the analysis while faithfully demonstrating 
our procedures. 

Second sourcing can of course take many 
forms. A given for our analysis was that the 

second sourcing approach contemplated by the 
System Program Office (SPO) was via a 

technical data package (TOP). More specifi- 
cally, for the purpose of this analysis, second 
sourcing was defined to be a procurement 
strategy whereby the SPO 1) obtains and 
validates a technical data package, 2) selects 
a second source contractor, 3) manages a 
second source qualification program, and 
4) conducts subsequent competitions between 
two producers. 

Our basic approach tp determining probable 
savings or loss in second sourcing the missile 
is represented in the following relationship: 

:is 
where, 

NS 
RC 

=  RC. SJC. RC 
A/B 

Net Savings 

Probable recurring cost of the 
total AGM-5 5D buy from the developer 
(Contractor A) on a sole source 
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RC A/B 

basis, 
Probable nonrecurring cost to qualify 
and equip a second source   (Contrac- 
tor B)   for production, 
Probable recurring cost of the  total 
AGM-65D buy from Contractor A and 
Contractor B in competition. 

PROBABLE  SOLE  SOURCE COST 

The Maverick missile consists of two 
sections as shown in Figure 1,   the guidance 
and control section  (GCS)   and the oentar-aft 
section.    The center-aft section is common 
to all versions of the Maverick.    Since 
more  than 26,000 TV Mavericks were built, 
developing a cost estimate  for an additional 
60,000 copies of the CAS was a distinctly 
different problem than developing a cost 
estimate  for the same number of newly 
developed IIR GCSs. 

We elected to base our datarmination of 
the IIR Maverick sole source costs on cost 
experience with the TV Maverick,  making two 
assumptions: 

1) the sole source cost of the CAS of the 
IIR Maverick would be an extrapolation 
of  the  cost of  the CAS  of  the  TV 
Maverick,  with appropriate allowances 
for a production interruption in the 
1978-1981 period. 

2) QM sola source cost of tha GCS of 
the IIR Maverick would be a function 
of a system program office projection 
of the average unit cost of the IIR 
Maverick GCS  in the second year of 
production   (Segment II),  coupled with 
a progress curve slope  from the TV 
Maverick GCS  production. 

Accordingly,   it was necessary for us to review 
TV Maverick production cost data and compute 
the 

1) TV Maverick CAS progress curve slope 

2) TV Maverick CAS first unit cost 

3) TV Maverick  GCS progress  curve  slope. 

The  TV Maverick was  developed and produced 
originally under a total package procurement 
(TPP)   contract—reportedly the only weapon 
system successfully developed and fialdad with 
tha use of a TPP contract   [Raf.   3].    Production 
options ware exercised in quantities of 2,000, 
5,000 and 10,000  for a  total of 17,000 missiles 
produced under tha TPP contract between 1972 
and 1975.    These  three quantities are known as 
lots A,  B,  and C.    An additional 5,000 missiles 
were bought under a firm,   fixed-price contract; 
they are known as lot D and were produced in 
1975-76 at a monthly rate of lass  than half 
that achieved in the latter days of the TPP 
contract.    The data on the cost to  tha Air 
Force of these missiles have costs broken out 
by production lot for the GCS and CAS.    Both 
GCS  and CAS  unit costs  show  a downward  trend 
for the first three lots   (within the TPP Con- 
tract) ,  and a jump upwards for lot D on the 
follow-on contract.    In computing progress 
curve slopes  for the GCS and tha CAS,  and a 
first unit cost for the CAS  from this data,  we 
made a 10 percent reduction  to  the average unit 
cost for lot D to remove a presumed cost 
increasing affect of the lower production rate. 

For the purpose of this  demonstration of our 
approach,  wa substituted fictional numbers  for 
the numbers we found in our research of the 
TV Maverick cost history.    We represented tha 
CAS  slope and  first unit cost from the TV 
Maverick production as  90 percent and $40,000, 
respectively,   and represented the GCS progress 
curve  slope as  35  percent. 

FIGURE 1 
AGM-65D MAVERrCK  MISSILE 

Me then computed the  sole  source cost of 
the CAS  for the IIR Maverick,  having accounted 
for tha affect of previous production.    More 
than  26,000  TV Mavericks  were  produced  in  the 
1972-1978 period,  but production was inter- 
rupted  from 1978  to  1981.     Wa assumed  that 
there was a loss of learning due to  this 
interruption such that learning,   in effect, 
resumed in 1981 at quantity 3,000.     Tha 
currant production is  for foreign military 
sales  of  2,650 missiles.     Therefore,   CAS 
production prior to production for the IIR 
Maverick would be  effectively a cuantity of 
5,650. 

Table 1 is a fictional production profile 
— the 60,000 total is similar to a frequentlv 
quoted planned quantity  for  the  program. 

We now have  the data necessary to  define 
the CAS  progress  curve but insufficient 
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TABLE   1 
ASSUMED  MR  MAVERICK  PRODUCTION PROFILE 

PROOUCTIOH      FISCAl     SEGMENT    CUMUUTIVE 
SEGMENT YEAH      QUANTITY      QUANTITY 

1 1982 200 200 
II 1983 1,300 1,500 

III 1984 3.000 4,500 

IV 1985 4,500 9,000 

V 1986 6,000 15,000 
VI 1987 9,000 24,000 
VII 1988 12,000 36.000 

VIII 1989 12,000 48,000 

IX 1990 12,000 60,000 

data to define  the GCS curve.    Although 
a slope is known for the GCS progress curve, 
additional information is needed to "peg" 
this progress curve at some point,  so  that we 
can determine the theoretical  first unit 
cost and find the unit cost at additional 
points of interest.    We decided to "peg" our 
86 percent slope at lot segment II since this 
is  the  first production buy of substantial 
quantity.     The average unit cost for lot 
segment II,  which we used in our original 
analysis,  was provided by  the  3PO.     However, 
in our example we used a fictional figure of 
$50,000  for lot segment II average unit cost 
and projected back on the 36 percent slope 
to obtain a first unit cost. 

Next we  summed  the CAS  and GCS  costs  for 
each of the nine production segments and 
performed a least squares regression,  which 
yielded a missile progress curve with a slope 
of 38 percent. 

Figure   2  shows  the progress  curves  for  the 
CAS,   GCS,   and complete  missile. 

FIGURE 2 
DERIVED  AGM-6SD  PROGRESS CURVES 

CUMULATIVE QUANTITY OF MISSIIES 

PROBABLE  COST TO QUALIFY AND EQUIP A SECOND SOURCE 

Insight to  the probable cost to qualify and 
equip a second source production contractor 
(i.e.,   start-up costs)   came  from the following 
three  separate  sources: 

1) Costs  for TV Maverick implamentation, 
including vendors 

2) The nonrecurring costs incurred for 
second sourcing in earlier missile 
programs 

3) Current plans  for implementing the IIR 
Maverick developer for production. 

The start-up costs  included contracted produc- 
tion engineering,  special  tooling,   test equip- 
ment,  and qualification missiles,   and USAF 
in-house costs  to cover second source selec- 
tion and contract management,   TDP validation, 
and first-article inspection and test.    Since 
the SPO is about to conduct a competition among 
would-be second source contractors,  we  intro- 
duced another fictional number for our 
example.    We represented the cost of second 
source qualification and implementation as an 
obviously low $20M,   to be soent as  follows- 
$3M in FY82,   S6M in FYa3,   ?4M in FY84,   and 
S2M in FY35. 

A PROGRESS  CURVE   FOR COMPETITIVE  REPROCUHEMENT 

In doing an analysis relative  to a tactical 
misile,  we limited our historical look to what 
we called "tactical missiles and similar or 
related, equipment."    After finding 15 such 
systems   (Table  2)   we consulted  the more 
readily available  literature   [Rafs.   4-8]  with 
respect to  these procurements. 

Several of  these histories were not 
amenable  to our analysis,  but others 
yielded useful results.    As an example we 
will  describe   the SPARROW AIK-7F data as we 
found and interpreted it and show how we 
extracted a useful  indicator  from it.     The 
AIM-7F cost data  is   shown  in  Table   3. 

The data was divided into four sets,   sole 
source and competitive  for each of two con- 
tractors,   to examine  the apparent impact of 
competition on each contractor.    However,  at 
this  point the procedure we  used departs  some- 
what from previous  analysis  of this'kind.     We 
created an additional data set by combining 
the competitive procurements  for FY  77-30,   as 
shown  in Table  4. 

We   then used  the  Raytheon FY  72-75  sole 
source  data and the  FY  77-30  composite  com- 
petition data to construct a  two-part orogrsss 
curve  shown in Figure 3. 
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TABLE  2 
MISSILE SYSTEM COMPETITIVE  REPROCUREMENTS 

SYSTEMS 

BUIiPUP GSC 

DRAGON ROUND 

SHILLEUGH 

SHRIKE 

SIDEWINDER AIM-3B 

SIDEWINDER GSC, AIM-90/G 

SPARROW, AIM-7F 

STANDARD MISSILE 

TALOS 

TOW MISSILE 

WALLEYE 

DRAGON TRACKER 

MK-46 TORPEDO 

MK-48 TORPEDO 

TOW LAUNCHER 

CONTRACTORS 

MARTIN, MAXSON 

MCDONNELL DOUGLAS, RAYTHEON 

PHILCO-fORD, MARTIN 

TEXAS INSTRUMENTS, SPERRY RANO 

PHILCO-FORO, GENERAL ELECTRIC 

RAYTHEON, PHILCO-FORD 

RAYTHEON. GENERAL DYNAMICS 

GENERAL DYNAMICS, SOLE SOURCE AND COMPEIMON 

8ENOIX, SAE SOURCE AND COMPETITION 

HUGHES. CHRYSLER 

MARTIN, HUGHES 

MCDONNELL DOUGLAS. KOLLSMAN INSTRUMENT 

AEROJET, HONEYWELL 

DELCO, GOODYEAR AEROSPACE 

HUGHES, EMERSON ELECTRIC 

TABLE 3 
SPARROW AIM.7F COST DATA 

FY 
RAYTHEON I   GENERAL DYNAMICS    1 

OUAHTITY UNIT COST ouMTmr UNIT COST 

72 100 SS $291,339 

73 225 SS 162.065 

74 

75 600 SS 94.721 

76 880 SS 79.337 70 SS 

210 SS 
(187.970 

113.261 

77 1,110 SA 63.194 210 SA 90.598 

78 1.398 SA 55,369 750 SA 55.921 

79 900 SA 46,900 1,310 SA 44.586 

80 1,144 SA 40,814 300 SA 57,964 

SS - SOLE SOURCE; SA - COMPETITIVE, SPUT AWARD 

TABLE 4 
SPARROW AIM-7F  COMPOSITE  COST DATA 

PI 
RAYTHEON GENERAL DYNAMICS COMPOSITE 

OUAHTITY UNIT COST OUANTTTY UNIT COST OUANTTTY UNIT COST 

72 100 SS S291,339 

73 225 SS 162,065 

74 

75 500 SS 94,721 

76 880 SS 79,337 70 SS 

210 SS 
5187,970 

113,261 

77 1.110 SA 63,194 210 SA 90,598 1,320 S67,553 

78 1,398 SA 55,369 750 SA 65,921 2,148 59.053 
79 900 SA 48,900 1,310 SA 44,586 2,210 46.343 
SO 1,144 SA 40,814 300 SA 57,964 1,444 44,377 

SS - SOLE SOURCE; SA - COMPETITIVE, SPLIT AWARD 

Much in  the  manner  suggested by other 
researchers   [Refs.   9,  10],  we defined shift 
as  the percent change  from the sole source 
unit cost at the point competition is  initiated 
and rotation as  the change  in progress curve 
slope.    Both the shift and rotation occur 
on the log-linear unit progress curve at the 
cumulative quantity prior to  the initiation 
of competition, which includes  the  sole  source 
quantity of the original contractor plus any 
learning or directed buy quantity of the  second 
source.    Both rotation and shift can be either 
positive or negative. 

We attempted to operate on the data from 
a11 fifteen programs previously mentioned but 
were able  to use only five of the systems for 
our analysis.    The predominant reasons  for 
not including a previous program in  the analysis 
were  insufficient and conflicting data;   in one 
case there was only one competition conducted 
and in other cases  time simply did not allow 
ua  to dig deeper and resolve  some data ques- 
tions.     Table 5 lists  the  fifteen systems and 
brief remarks on each situation.     Table 6 
shows  the results  for the  five  systems  that 
did yield useful results. 

FIGURE 3 
SHIFT AND  ROTATION OF  THE  AIM-7F 
PROGRESS CURVE WITH COMPETITION 

SHIFT • *M 
ROTATION = -2S 

COMPOSITE 
COMPETITION 

11)2 103 
CUMUUTIVE OUANTTR OF MISSILES 

1 
10< 

Based on the results shown in Table 6, an 
average rotation of -10 percent and an averace 
shift of +5 percent, we constructed the 
projection shown in Figure 4 for the orobable 
118 Maverick progress curve in a comcetitive 
reprocurement. 

At this point it is useful to offer addi- 
tional conments on our reasons for adooting 
the composite competition progress curve. 
There are many benefits of using a shift and 
rotation of a sole source progress curve to 
depict an expected composite progress curve. 
We found that while the unit prices of sole 
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TABLE  5 
UTILITY  OF  HISTORICAL MISSILE PROCUREMENT INFORMATION 

SYSTEMS 

BULLPUP G&C 

DRAGON ROUND 

SHILLELAGH 

SHRIKE 

SIOEWINOER AIM-9B 

SIDEWINDER G&C. AIM-9D(G 

SPARROW, m-ir 

STANDARD MISSILE 

TALOS 

TOW MISSILE 

WALLEYE 

DRAGON TRACKER 

MK-46 TORPEDO 

MK-48 TORPEDO 

TOW LAUNCHER 

REMARKS 

INCLUDED 

CONFLICTING DATA 

INCLUDED 

DATA NOT SUITABLE 

CONFLICTING DATA 

INCLUDED 

INCLUDED 

CONFLICTING DATA 

ONLY ONE MULTIYEAR BUY 

INCLUDED 

INSUFFICIENT INFORMATION 

CONFLICTING DATA 

INSUFFICIENT INFORMATION 

INSUFFICIENT DATA 

CONFLICTING DATA 

FIGURE  4 
SHIFT AND  ROTATION  APPLIED  TO THE AGM-6SD 

SOLE SOURCE  PROGRESS CURVE 

UIIT 
COST 

IOOLURSI 
ias- 

IIH- 

SHIFT - +S% 

ROTATIO* - -tas 

SOLE SOURCE: 88% 

COMPETITIOIt 78% 

103 
-»—i—i   i   i i i | , r- 

CUMULATIVE aUADTITir OF MISSILES 

10* 

TABLE 6 
ROTATION  AND SHIFTS OF COST-IMPROVEMENT CURVES 

MISSILE 
PHOGRAM 

1" WiTIIACTOII 
ISS CURVE SIOPB 

2M comwcroii cnnrosiTi l«W" CURVE 

ROTATION SHIFT 

BULLPUP MARTIN 
181%! 

MAXSON 

mm 
-16% -11% 

SHIlliLAGH PHILCO-FORO 
i76SI 

MARTIN 
ILOST) 

- 7% •19% 

SIOEWINOER i      PHUCO-fORO 
■SC                  I93SI 

AIM-90/G   ; 

RAYTHEON 
IMH 

-16% •  7% 

SPARROW BAYTHEON 
ITMH 

GENERAL DYNAMICS 
ICO-PRODUCERI 

- 2% •  6% 

row 

AVERAGE 

HUGHES 

(flew 
CHRYSLER 

ILOST 
- 8% • 2% 

31% -10% •  5% 

source contractors followed a log-linaar unit 
progress curve, once competition began their 
unit costs tended to be more erratic. Ma 
speculate this was due to the inherent gaming 
of bids being conducted in each compatitiva 
bidding. The composite curve formulation 
tended to balance this gaming and  give a 
fairly smooth log-linear composite progress 
curve. 

A composite curve formulation also allows 
one to bypass the question of competition 
strategy in regards to split award alloca- 
tions to each contractor. Previous work 
[Refs. 9, 10] used shift and rotation of the 
progress curves of the individual contractors. 
This required an estimate of the projected 
split of the total buy between contractors, 
which is not known until after competition 
has been conducted. 

Projecting the shift and rotation based 
on the progress curves of the individual con- 
tractors also required an estimate of both 
the original source's and second source's 
sole source and competitive progress curves. 
We could not find enough information on which 
to project a competitive progress curve for 
the second source and felt uneasy projecting 
the second source's curve using data based 
mostly on the original contractors' shifts 
and rotations. 

PORTKAYAL OF SAVINGS 

Second sourcing means putting money at 
risk in the near term with expectation of 
a future payoff,  in our example, $20 
million is spent for start-up costs in FY 
32-85, and an additional $21 million is spent 
in FY 85-86 as a premium for the missiles 
produced by the second source. Over the 
last 5 years of the program, competition 
was conducted for 41,000 missiles (68 per- 
cent of the total buy) .  The annual savings 
(loss) is depicted in Figure 5.  By put- 
ting the same information on a cumulative 
basis we see from Figure 6 that, for the 
example wa developed, second sourcing did 
in fact realize savings.  Remembering that 
several of the inputs are fictitious rela- 
tive to the Maverick program, our example 
shows a net savings of $179 million.  The 
net savings are about 12 percent of the 
cost of the missiles procured competitively. 
When balanced against the amount and pat- 
tern of upfront costs for second sourcing, 
the amount and temporal pattern of savings 
in the latter part of the production period 
constituted an internal rate of return of 
about -10 percent. 
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FIGURE S 
SECOND SOUBCING  ANNUAL SAVINGS  (LOSS) FIGURE  7 

SENSITIVITY OF SAVINGS TO CHANGES IN SHIFT AND  ROTATION 

ANNUAL 

SAVINGS (LOSS) 

IMIUIONS OF OOILARS) 

8O-1 
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The composite curve formulation lends it- 
self well to sensitivity analysis.  As was 
shown in Table 6, the variance in shift and 
rotation is large, and therefore parametric 
analysis on this aspect would be desired. 
Also the estimated sole-source slope is a 
major parameter, which with small varia- 
tion, can result in large changes in over- 
all program cost and resulting net savings 
from second sourcing.  The timing of intro- 
ducing a second source can also affect the 
quantity of missiles competed and change the 
resulting savings.  Many other factors in- 
cluding changes in the first unit cost of 
the sole source progress curve and chances 
in the second sources start-up costs can 
affect second sourcing savings.  For this 
analysis we considered only the following 
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key parameters  and their effect on  second 
sourcing   savings: 

1) Shift and  rotation of  the  compo- 
site progress  curve 

2) Sole  source progress curve  slope 

3) Timing of  introducing  second 
sourcing. 

As   shown  earlier  in Table  6,   the  shift 
for previous competitions  varies  from -11 
percent  to  +19 percent and  the  rotation 
ranges   from -2  percent to  -16 percent. 
The  average  shift of  +5 percent and 
rotation of -10 percent are  therefore 
only  rough  approximations;   nevertheless 
they provide  a more  accurate estimate of 
second  sourcing  savings  than  a  specula- 
tion or estimate based on  even narrower 
experience.     It  is  therefore  important  to 
ascertain how other  shift and rotation 
values would  impact  the  savings  from 
second  sourcing.     For our  sample prob- 
lem we  show  in Figure  7  the  second 
sourcing net  savings  that  result from 
various  combinations of  shift and 
rotation. 

Figure 3 shows  the impact of changes in 
the sole source progress curve slope on 
second sourcing total and percent savings. 
Percent savings  is based on  savings  rela- 
tive  to  the cost of competed missiles,    if 
they were procured on a sole source basis. 
The  flatter the expected sole source 
progress  curve,   the more  savings  can be 
realized  through  second  sourcing.     However 
it should be kept in mind that the  flatter' 
the progress curve slope,   the more  the 
total  program cost will be.     As  a conse- 
quence,   the  percent savings  does  not rise 
nearly as  sharply as  net savings  the 
flatter the progress curve slope. 

The earlier competition can be introduced 
the  better,   as  long as  system design  is   fairly 
well stabilized.     In our example we have seen 
that a  net savings  of 12 percent or S179M 
results   from initiating competition  in 1986. 
If the qualification program could be com- 
pressed and the competition could be  initiated 
in 1985,   savings would nearly double due to 
the greater quantity of competed missiles. 
If competition were delayed a year until 1987, 
only  554M or 4 percent would be  saved.     In 
each case,  we assumed that the Air Force would 
procure  the same number of missiles  each year 
regardless of whether or not second sourcing 
is  introduced. 
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ABSTRACT 
This report concerns the iMans by which 

procurement managers carry out their responsi- 
bility to secure the benefits of competition. 
It begins by comparing four recent books 
dealing with industrial and govemcBnc procure- 
ment.  This part of the report is intended to 
set the stage for consideration of purchasing 
manager's criteria for selection of sources 
and their techniques of securing competition. 
It is followed by discussion of a sample 
survey conducted by the author During March, 
1982.  The survey sought information on source 
selection criteria, solictation techniques and 
planning activities of contracting officers 
and purchasing agents.  Preliminary analysis 
indicates the buying community, particularly 
in government, does inadequate long range 
planning, adversely affecting competition. 

LITERATURE REVIEW 

The purpose of this study is to suggest 
that the  adoption of practices that secure 
the benefits of competition is feasible for 
government provided there is recognition of 
the many forms by which those benefits may be 
achieved.  To date, government has so 
structured its systems that it has frequently 
denied to itself the advantages to be gained 
from a true competitive procurement process. 

This report begins with a discussion of 
four previously published works which address 
the issues of competition in procurement.  The 
objective is to compare government and indus- 
try perceptions of the competitive process and 
the mechanisms by which it may be effected. 
First to be discussed is the treatment by 
Corey of strategic planning for major procure- 
ment by large corporations.   Second will be 
a summary of sourcing models used by govern- 
ment as explained by Sherman.   Third will 
be a commentary on certain of the criticisms 
by Gansler of the approach to its industrial 
support ^ystem of the Department of 
Defense.   Fourth, we will review the 
approach to competition contained in the 
Federal procurement system proposal submitted 
to the Congress on February 26, 1982 by the 
Office of Federal Procurement Policy.* 
Finally, the results of a recent survey conduc- 
ted by the author concerning planning for 

competitive procurement will be summarized. 

That competition is beneficial to buyers 
and a stimulus to sellors is an article of 
faith in the procurement community.  It is 
also a foundation stone upon which our free 
enterprise system is based.  The validity of 
those perceptions is not challenged in this 
work.  Instead we shall challenge the practi- 
cal implementation of competitive concepts by 
the procurement manager.  Though limited in 
terms of his total economic influence as an 
individual decision maker, the buyer in an 
industrial or governmental setting can adopt 
practices that secure most of the benefits of 
competition, both for his employer and for the 
benefit of the economy's productivity. 

Perhaps the most recent public pronounce- 
ment on this subject is contained in President 
Reagan's Executive Order 12352 titled Federal 
Procurement Reforms, dated March 17,1982. 
The order directs executive agencies in (para- 
graph (d)) to: "Establish criteria for enhanc- 
ing effective competition and limiting noncom- 
petitive actions..." This statement strongly 
supports the concept of competitive orocure- 
ment and differs from past public issuances in 
being a part of the highest level legal policy 
of the executive branch.  Support of the con- 
cept of competition is consistently found in 
public documents, but presidential action 
directing agency heads to bring about effec- 
tive competition is new and important, since 
it conveys the message that judgment is 
required in this matter.  It is no longer to 
be assumed that adherence to a traditional 
policy and practice is equivalent to effective 
use of competition. 

Corey's research into the procurement 
management practices of six large industrial 
corporations  produced several new insights 
into the competitive practices of the private 
sector.  They clearly differ from those of Che 
federal government in terms of the methods 
used and probably differ in terms of results — 
the companies appear to achieve the substan- 
tive objectives of competition to a greater 
degree than does the government. 

Three strategy models are developed by 
Corey which he contends are illustrative of 
corporate strategies for securing procurement 
sources.  His common denominator for analysis 
is the approach to pricing, and he illustrates 
the variations in technique for setting prices 
associated with each model.  The cases he has 
developed amply demonstrate that price is 
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approached  after   Che   fundamental  qualification 
of  potential  sources   has  been  achieved.     Thus 
he   illustrates   the  cost-based  price  model,   the 
market-price-based  model,   and   the  competitive 
bidding  pricing model. 

While   the  cost-based  price  model   is   in 
many  respects   similar   to   that  used   in  govern- 
ment   procurement   for new  technological  prod- 
ucts,   it  differs   in   a  substantial  way because 
of  reduced   formality,  more   intensive examina- 
tion  of  alternative  sources  by  a  team of  the 
buyer's  key  personnel,   and  decison  as   to 
source   prior   to  detailed  negotiation  of  the 
purchase.     This   model   is   useful  when  unique  or 
specially designed  products  are  desired   for 
which   intensive   interaction  between  buyer  and 
sellor  is  essential. 

Corey's  market-price-based  model   is   dis- 
tinguished   from government   practice  because   it 
involves   allocation  of  quantities   (propor- 
tions)  of  annual  requirements   Co  supply 
sources   as   a  reward  or  recognition  of  the 
supplier's   performance   in   the   immediate  past 
and  of commitment  by  the   supplier   to   the  needs 
of  the  buyer.     This  model   is   applicable  when 
Che   supplier market   is  made  up of oligopolis- 
tic  basic  materials   producers.     In   this   situa- 
tion,   price   is  not  considered   to  be  directly 
negotiable   but  may be   influenced  by  actions 
that  encourage  or  discourage   the  supplier's 
behavior. 

Pricing by competitive  bidding,   when  prac- 
ticed  by  the   large  companies   studied  by Corey, 
was   based  on  competitive   price  bidding but 
only  after  selected  bidders   had  been  prequali- 
fiad   through  solicitation,   expression  of  their 
interest   in   the  buyer's  business,   review of 
their  service   record,   and  a  decision  as   to   the 
number  of  suppliers   to  be  brought  on  board.     A 
purchase  objective  of   insuring   that   suppliers 
are   given  enough  business   to  be  attracted   to 
the  buyer,   but  without  creating  a  sole   source 
is   practiced.     This   approach  results   in   the 
internal   decision  of  how many  suppliers   to 
invite.     This   type   of  judgment   is  not  ordi- 
narily  considered   in   government   procurement 
because   it  results   in   limitacion,   for 
individual  purchases,   through  exclusion  of 
potential  sources   at   time  of  solicitation. 

Sherman's   treatment  of  procurement  stra- 
tegy  differs   from Corey's   in  using,   as   its 
foundation,   the   source   selection  process 
rather   than  price  determination.     It  asserts 
that   Che  choice  of  sCraCegy depends   on   the 
type  of competition   the  world  presents  with 
respect   Co   the   particular  need   that  must  be 
fulfilled.     It   is   based  upon   techniques   devel- 
oped   in  government   procurement.     There  are 
four   types   of  strategy   in  Sherman's   treatise; 
price-directed,   classical- competitive,   limi- 
ted  source,   and   technological/conceptual. 

Price-directed  procurement   strategy  seeks 
Co  cause   the  market   to  determine   price  by 
tying  source   selection  directly  to  price—with 
Che   low bid  winning   the   award.     This   technique 
is   analogous   Co  Corey's  competitive  bidding 

model,   except   that  government   implementation 
of  it   is   so  highly structured   that  selection 
of an   appropriate  number of bidders   for  solici- 
tation   is   constrained,   and  prior  standing  of 
sources   as   suppliers   is  not  considered—each 
purchase  stands  on   its  own.     This   strategy  is 
normally associated  with   the   traditional 
formal  advertising  procedure  of government. 
It's  practicability   is   severely   limited   for 
today's   procurement  of  sophisticated   products 
and  services. 

Classical-competitive  sourcing  strategy 
is   rooted   in   the   government  concept  of negotia- 
ted  procurement.     It  seeks   proposals   that   are 
evaluated   in   light  of a number  of criteria   in 
addition  to  (but  including)  price.     This  stra- 
tegy  is   distinguished  because   it  presunKS   that 
an  adequate  definition  of  the   procurement 
objective  has   been  made,   in  advance  of solici- 
tation,   for  proposals   to  be   addressed   to   the 
specific   requirement  of  the  buyer.     This 
approach  could   involve  pricing  that   is  cost- 
based,   market-based,   or  competitively bid  as 
discussed by Corey,  but does  not  fit  the  pro- 
cedural  concepts   that  Corey  found   in   the   indus- 
trial setting.    Within  this  strategy,  a  life 
cycle  costing  basis   for  source  selection  may 
be   employed. 

Limited-source  strategy  is  embraced   in 
numerous  specific  situations.     It   implies   that 
only one  source will  be  considered   for   the  pur- 
chase.     Effort   ranging   in  complexity  from  pur- 
chase  of utility services   to  purchase  of 
advanced   technological  systems   can   fall  under 
this   strategy.     Cost-based  pricing   is   gener- 
ally  applicable   to   this  model,   since   Che 
normal  pressures   of  Che  competitive  market- 
place  are   perceived   Co  be   absent.     However, 
included  within   this  model   is   procurement 
based  upon  "unsolicited"  proposals,   the   funda- 
mencal  mechanism by  which   the  competition  of 
ideas   and   the   advancement  of   innovation  can  be 
marketed   to  government   and   to   industrial 
buyers.     This   model  also   falls   under   Che 
umbrella  of negociated  procurement   in   the 
governmenC. 

Sherman   refers   Co his   fourch  scrategy  as 
technological/conceptual.     This   model   is   a 
part  of negotiated   procurement   in   the  govern- 
ment  system,   but   it  differs   from  classical  com- 
petitive  strategy because   the   "system"   to be 
bought   is  not   fully defined  at   tire  of  issu- 
ance  of  the  original  solicitation.     The  stra- 
tegy  is   rooted   in   the  concept   that  a  series   of 
contracts  will  be   awarded   to  each  of several 
sources   (at   least  more   Chan  one),   wich   Che 
objective   that  each  source  will  define   a  speci- 
fic   system  chaC  will  meeC   Che  mission  need  of 
the  government.     Under   this   approach,   negotia- 
tion  of price   is   generally  based  upon  cost 
analysis.     It's   applicability   is   limited   Co 
major  undercakings   for  which  subsCancial   Cech- 
nological/conceptual  work   is   required   Co 
create   a  systems   "solution"   for   Che   mission 
need. 

Clearly   Che   Corey  and   Sherman   strategy 
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treatnient9 differ in form and in substsnce. 
Both aim at classifying the specific 
approaches to decision making in procurement. 
Corey addresses the large corporate environ- 
ment, Sherman the government environment.  The 
procurement objective in each case is identi- 
cal:  to obtain materials or work that meet 
standards acceptable to the buyer while encour- 
aging efficiency and economy and/or innovation 
through the competitive process.  Corey also 
reports expanded corporate attention to pro- 
curement over the decade of the 70s—particu- 
larly in the area of long-range planning. 
Planning is an area in which government pro- 
curement may be lacking at present. 

Gansler's criticism of the Department of 
Defense procurement process is a part of his 
overall criticism of the defense industry and 
its management (or lack of management) by the 
DOD.  He asserts that "the relationship 
between the government and the defense indus- 
try is not that of a normal free market..." 
He justifies his position with a table that 
lists over thirty areas where the "assump- 
tions" concerning the characteristics of a 
free market are not met by the defense indus- 
try/DOD relationship.   His solutions to 
this situation require a substantial increase 
in planning by the government for its use of 
the defense industries, the adoption of a 
"second best philosophy" respecting defense 
procurement, and the creation of competition 
by the government through its procurement prac- 
tices.  Gansler's approach is to maintain what 
competition exists, or to create competition 
where possible (perhaps through governmant 
action such ^s second sourcing).   His trea- 
tise is strongly stated but does not account 
adequately for existing systems and is unclear 
respecting specific steps that might be taken. 
Nevertheless, he advocates "structural" analy- 
sis, sector by sector planning, and coordina- 
ted macro level policy development. 

The fourth recent publication which 
addresses competition in procurement is OFPP's 
proposal for a uniform Federal Procurement 
System, dated February 26, 1982.   It con- 
tains a critique and proposed revision of the 
methods by which the federal government 
secures competition.  The proposal is speci- 
fic.  It addresses the current statutory struc- 
ture and suggests significant changes.  They 
are summarized below; 

1. Eliminates preference for formal adver- 
t is ing, 

2. Makes procurement method discretionary 
at the administrative level. 

3. Eliminates statutory justifications 
for negotiation. 

4. Seeks rules simplification and paper- 
work reduction. 

5. Promotes competition by moving away 
from use of government-mandated 
des igns. 

6. Introduces new limitations on use of 
noncompctitive procurement. 

7,  Gives recognition to the existence of 
more than one form of competition 
including innovative combinations of 
methods. 

The proposals by OFPP move in the direction of 
permitting the federal government to use 
industrial practices so that, to a greater 
measure, the benefits of competition may be 
secured for the taxpayer.  Of particular impor- 
tance, the proposed new system would mandate 
advanced planning for procurement by each of 
the government agencies.  It also stresses the 
involvement of procurement personnel in the 
overall coordination and planning processes. 
This would be complementary to the revised 
corporate practices reported by Corey.  It is 
impossible to state the extent to which these 
proposals will be adopted and, if adopted, how 
fully they would enhance the economy and effi- 
ciency of government procurement.  They would 
be likely, however, to significantly improve 
the quality of competition, if they are 
successful in gaining broader recognition that 
the reality of competition is not dependent on 
traditional government policy and practices. 

SURVEY 

Each of the foregoing publications has 
contributed to understanding of procurement 
competition.  However, there is another per- 
spective of the subject which needs understand- 
ing.  The search for sources and the criteria 
used by buyers tor selecting sources, once a 
group of competitors has been generated, is 
far more critical to the real level of competi- 
tion than the solicitation procedure.  Solici- 
tation is one step in the process of securing 
competition.  It is initiated after research 
of supplier industries and conduct of prequali- 
fication efforts during planning phases. 
Based on that effort, several techniques for 
generating an adequate number of competitors 
are effective.  In order to identify selection 
criteria and solicitation techniques in use, 
the author initiated a survey in March, 1982, 
to learn from purchasing agents and 
contracting officers what criteria and 
techniques they employ. 

To gather data on these matters, a survey 
instrument was designed for distribution to 
purchasing personnel (both government and 
industry) in the Washington D. C. area.  The 
survey was self-qualifying in that respondents 
were requested to complete the questionnaire 
only if they had experience in the source 
selection process.  Fifty-three responses were 
obtained, sixteen from government, thirty-two 
from industry, and four from associations. 
The responses were validated and summarired 
for the study and form the basis for the 
discussion which follows. 
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To   facilitate   response,   the  questionnaire 
presented  respondents  with  eight  suggested  cri- 
teria   for  selecting  sources   and  eight  sug- 
gested   techniques   for  generating  competition 
in  procurement.     In  addition,   the  question- 
naire   contained   space   for   fiU-in   responses   in 
each   of   these   categories.     The   criteria  and 
techniques   are   listed  below as   they  appeared 
in   the  questionnaire. 

Criteria   for  selecting  sources: 
1. Lowest  price 
2. Lowest  life cycle  cost 
3. Past  experience  with  supplier 
4. Reputation  of  supplier  organization 
5. Technical  content  of proposal 
6. Resume  of key personnel  in  proposal 
7. Management  proposal  of  supplier 
8. Depth  of  supplier  service  capability 
9. Other   (describe). 

Techniques of generating competition: 

1. Review of supplier literature followed 
by order 

2. Telephone solicitation of acre than 
one source 

3. Written solicitation, award without 
negotiation 

4. Written solicitation, negotiation with 
best offeror 

5. Written solicitation, negotiation with 
more than one source 

6. Allocation among existing suppliers 
based on evaluation of performance and 
commitment 

7. Public announcement of requirements, 
followed by proposal, negotiation 

3.  Negotiation based on mission or needs 
statement in lieu of definitive 
requirements statement 

9.  Other (describe). 
Respondents were asked to rate each of 

these items with respect to their level of use 
of the criteria or technique in sourcing.  The 
choices provided were: 

1. not   at   all 
2. occasionally 
3. frequently 
4. extensively 
5 .     exclus ively. 
Tables   1   and   2  sunmarize   the   frequencies 

of  responses   to   the  questions   identified 
above.     The  analysis   of  responses  was   accom- 
plished  using   the  Statistical  Package   for   the 
Social  Sciences.     Tables   1   and  2  are  complete 
including  missing  values   and  provide   9  times 
53  or  477  data  entries.     By observation,   cer- 
tain   patterns   generated  by  the   respondents  may 
be   perceived.     Ones   that   contribute   to   the 
purposes   of  this   study  include: 

1. Very  few  (9)  respondents   use  any 
source   selection  criteria  exclusively.     Of 
those   who   did,   only   two   made   exclusive   use   of 
price  as   their  source   selection  criterion. 

2. Of   the   individual   criteria,   past 
experience  with  the   supplier  was   used  most. 

3. The  opportunity  to   identify  additional 
source  selection  criteria  was   taken  only  eight 
times.     Analysis   of   the  eight  suggested  addi- 
tional  criteria  caused   the  author   to  conclude 
that  only  four were  actually different   from 
those   listed   in   the   survey   instrument. 

4. Key personnel  resumes   are   least  used 
of  the   listed  source  selection  criteria. 

5. The  opportunity  to   identify additional 
techniques   for  generating  competition  was 
taken  by only  five  respondents.     Analysis  of 
those   five   indicated   to   the  author   that  only 
three were actually different  from those 
listed   in   the  survey  instrument. 

5.     Public   announcement   is   the   least  used 
solicitation   technique. 

7.     Very  few  (5)   respondents  use  any  tech- 
nique   for  generating  competition  exclusively. 

The  data   in  Tables   1   and  2   lead   the 
author   to  several  conclusions.     One   is   that 
most  buyers   use  several  solicitation   tech- 
niques,   but  almost  none  use  all  of  the   tech- 
niques   listed   in   the   survey.     A second  and 
important  conclusion   is   that   the   techniques 
and  criteria  set   forth   in   the   survey cover 
most   sourcing  situations.     A third   is   that 
most   source   selections   are  based  on  multiple 
factors   and  no  single  criterion  suffices.     Of 
particular  note—price,   while  always   impor- 
tant,   is   seldom a  singular  decision  criterion. 
A  fourth  conclusion:     of  the   listed   factors, 
past  experience  with   the  vendor   is   dominant. 

In  addition   to  Tables   1   and  2,   the   survey 
generated  several  statistically  significant 
relationships  between  certain  subclassifica- 
tions   of  respondents   and  planning  activities 
reported.     Three  planning-orientad  questions 
appeared  on   the   questionnaire.     One  was,   "How 
often  have  you  prepared  a  projection  of criti- 
cal  materials   availability?"    Allowed  answers 
were:     Never,   Sometimes   and  Regularly.     The 
second  was,   "Are   you  directly  involved   in 
long-range  planning?"    Allowed  answers  were: 
Yes,   No.     The   third  was,   "Is  your organization 
regularly   involved   in   long-range   planning  con- 
cerning  sources   of supply?"    Allowed  answers 
were:     Yes,   No. 

Crosstabulation  was   used  between   these 
variables   and  certain   identifying   information 
used   to  group   the   respondents.     Crosstabula- 
tion  generates   a Chi  Square  statistic   with 
degrees   of  freedom and   level  of  significance. 
The   identifying  variables  with  which  signifi- 
cant  relationships  were   found  are:     (1) 
Employed  by:   a.   Government,   b.   Industry,   c. 
Association.     (2)   Experience   level:   a. 
Trainee,   b.   Journeyman,   c.   Supervisor,   d. 
Manager,   e.   Executive.     (3)   Years   experience: 
a.   <2,   b.   2-5,   c.   5-10,   d.   10-20,   a.   >20.      (4) 
Authority  Level:   a.   <10K,   b.   10-100K    c. 
100K-1.0M,   d.   >1.0M. 

Conclusions   drawn   from   these   crosstabula- 
tions   are  stated  below with,   in  each  case,   the 
level  of  significance  computed  for  the  particu- 
lar   relationship. 
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Table   1 

Criceria 

LP 
LCC 
Past   Exp. 
Reputation 
Tech.   Concent 
(Proposal) 
Key  Personnel 
Mgt.   Proposal 
Service 
Other 

Missin 

Criteria   for  Selecting  Sources 
(Frequency of  Use) 

i;       Never       Occasionally Frequently       Extensively       Exclusively 

1 
15 

3 
6 
7 

24 
15 

6 
42 

8 
14 

4 
9 

U 

14 
19 
4 
0 

19 
13 
22 
20 
11 

7 
12 
17 
4 

20 
9 

22 
15 
19 

5 
5 

22 
4 

20 119 83 125 121 

Techn ique 

Table   2 

Techniques   for  Generating  Competition 
(Frequency of Use) 

Missing       Never       Occasionally Frequently       Extensively       Exclusively 

Supplier   Lit. 
Tel.   Sol. 
Written,   No Meg. 
Written,   Neg. 

with  Best 
Written,   Neg.   >1 
Allocate   (Existing 
Sup.) 
Pub. Announce 
Mission Basis 
Other 

3 25 10 
3 12 10 
3 23 5 
3 16 6 

2 17 5 
2 26 7 

2 39 4 
2 35 3 
2 46 0 

12 
19 
20 
24 

23 
13 

S 
10 

3 

3 
7 
1 
4 

4 
5 

2 
3 
2 

0 
2 
1 
0 

2 
0 

o 
o 
0 

22 239 30 130 31 

3. 

6. 

Respondent   involvement   in   long-range 
planning   for materials   is   directly 
related   to   the   long-range  planning 
activity of  his   organization.   Sig. 
.0045. 
The  experience   level  of  a  respondent 
is   directly  related   to   the   Uklihood 
of   involvtnent   in   long-range   planning 
for  materials.   Sig.   .0258. 
The   length  of  a  respondent's  experi- 
ence   (in  years)   is   directly  related   to 
the   liklihood  of   involvement   in   long 
range   planning   for  materials.     Sia 
.0011. 
A  respondent's   level  of  authority  (in 
dollars)   is   directly  related   to   the 
liklihood  of   involvement   in   long-range 
planning.   Sig.   .0798. 
Government   employees   generally  do   not 
prepare   projections   of  critical 
materials   availability,   whereas   indus- 
try  respondents   do   prepare   them.   Sig. 
.0442. 
Experience   level   is   directly  related 
to   the   liklihood   the   respondent  will 

prepare   a  critical  materials 
availability  plan.   Sig.   .0152. 

7.     The   length  of  a  respondent's  experi- 
ence   (in   years)   is  directly  related   to 
involvement   in  projection  of a  plan 
for  availability of critical 
materials.   Sig.   .0066. 

In  addition   to   the   above,   several  conclu- 
sions   are   indicated by crosstabulation  of 
selection  criteria,   solicitation   technique, 
and   respondent   identification   information. 

1. Use  of  the   selection  criteria,   past 
experience  with   the  supplier,   is 
directly  related   to   the   level  of 
authority  of   the   respondent.   Sig. 
.0370. 

2. Use  of  the   selection  criteria,   reputa- 
tion  of  the   supplier  organization,   is 
directly  related   to   the   level  of 
authority of  the   respondent.   Sig. 
.0325. 

3. Use  of  the   selection  criteria,   low 
price,   is   directly  related   to 
the   respondent's  use  of   Che 
solicitation   technique,   written 
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so licit it ion   followed  by negotiation 
with   the  best  offeror.   Sig.   .0062. 

4.     Use  of  the   selection  criteria,   techni- 
cal  content  of  proposals,   is   directly 
related   to   the   respondent's  use  of  the 
solicitation   technique,   written   solici- 
tation   followed   by  negotiation  with   > 
one  source.  Sig.   .0001. 

The   foregoing   indicators   of  relationships 
are  viewed  by  the  author  as   preliminary  find- 
ings   based  on   initial  analysis   of  the   recent 
survey.     Much  more  data   is   needed   in   this   area 
to  draw   firm conclusions   regarding  planning 
and  sourcing   issues   and   the   techniques   by 
which  effective  competition  might  be  achieved. 

In  a  sense,   the   indication   from  the 
present  survey  that  government  organizations 
are  not  as   deeply  involved   in   procurement  plan- 
ning  as   their  private   sector  contemporaries 
may be   the  most   important  area   for   further 
study.     One   recent  study has   pinpointed   fail- 
ures   in   the   long  range  perspectives  of private 
sector  procuremant   personnel  as   their weakest 
characteristic. If government  procurement 
personnel  are  even  worse,   it   is   time   for 
renewed  emphasis   in   the  planning  area. 
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ON COMPETING THE PROnUCTION OF WEAPON SYSTEMS 

Charles H. Smith 

US ARMY MATERIEL SYSTEMS ANALYSIS ACTIVITY 
Army Procurement Research Office 

Fort Lee, Virginia 23801 

INTRODUCTION 

Determining whether to compete the production 
phase of a system acquisition can be a 
difficult, but significant and revealing, 
analysis. In recent years a number of studies 
have summarized the cost experiences of past 
competitive productions. Other studies have 
proposed methods for forecasting costs or 
savings attributable to this decision for a 
particular system. The purpose of this paper 
is to expand the point of view usually con- 
sidered in addressing this issue. The pro- 
duction competition decision needs to be seen 
as a full multi-objective decision analysis 
tailored to the specific circumstances of 
each system acquisition. 

Several issues bearing on the problem that 
have tended to be overlooked in previous 
research are discussed. These include, the 
appropriateness of several existing models; 
multiple approaches useful in estimating the 
key elements of recurring cost savings under 
competition; and recently acquired data 
pertaining to non-cost effects of the deci- 
sion. After reading this paper, the reader 
should have a greater appreciation of the 
major factors involved in analyzing the 
competition decision. 

Each full decision analysis includes four 
steps:  (1) problem modeling, (2) input 
selection, (3) output generation, and (4) 
preference assessment. Existing analytical 
models used to assist in the decision making 
process have not provided adequate scope. 
They generally accomplish only part of the 
necessary analysis (e.g., production cost) or 
in some cases fail to correctly interpret the 
data. They have not considered all three 
parts of the decision environment: (1) the 
various objectives to be achieved, (2) the 
potential strategies, and (3) the special 
conditions describing a specific system. A 
sound approach to this decision problem must 
realistically deal with both the complexities 
and the uncertainties present at the time a 
decision is to be made. 

PROBLEM ELEMENTS 

To better understand the complexities in- 
volved in the decision environment, the 
three principal parts are discussed below. 

a. Acquisition Objectives. 

The objectives of the acquisition com- 
prise the first major part of the environment. 
An example hierarchy of general objectives 
applicable to the production strategy decision 
is shown schematically in Figure 1. Each 
strategy will have different effects according 
to the objective it is measured against as the 
following examples show. Existing data has 
shown that recurring production costs tend to 
be reduced fay competitive strategies U, g, 71. 
The time at which the system is fielded can 
also fae affected. In some cases this timing 
impact may faest be measured as the date by 
which a "critical mass" of the system is 
fielded. Likewise, the strategy decision can 
affect the ultimate operational reliafaility of 
the system, for example, a second source may 
produce a less reliable product due to a 
deficiency in its manufacturing process below 
the level of detail specified fay the technical 
data package. Equally, in any given setting 
specific ofajectives may fae paramount. For 
example, it may fae critical that a multi- 
source mofailization capafaility exist. The 
objectives vary in importance from case to 
case. Cost, however, is almost always con- 
sidered important, and it is the objective 
that most fully needs and is suited to a 
comprehensive modeling effort. 

b- Acquisition Strategies. 

In Cox and Hullander [31, an acauisi- 
tion strategy was a vector quantity 
(TO. Ti, T2, T3) representing the selection of 
a particular strategy for each of the four 
major phases of a system acquisition: con- 
cept development, demonstration and validation, 
full-scale development, and production and 
deployment. Interdependencies faetween the 
Ti's may exist in the sense that a decision 
for an early phase may preclude the use of a 
particular strategy in a later phase. The set 
of production strateqies in [3] has been 
slightly expanded and is shown in Figure 2. 
The concept of a production strategy must be 
even further expanded. Production may be 
accomplished through a series of buys. 
Potential acquisition strateqies must fae 
soecified in sufficient detail to permit cost 
forecasting over a lengthy period of time.  It 
is insufficient to merely identify the strategy 
qenerically (leader-follower, for example) when 
several production contracts are to be awarded 
over several years and alternative allocation 
rules are possifale. Thus, a production strategy 
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National Welfare 

National Security 

System 
Performance 

System 
specific 
performance 
parameters 
(e.g., 
reliability) 

Delivery 
Schedule 

Date 
"critical 
mass" Is 
fielded 

ization 
Base     NATO 

Attainable 
percentage 
of mobili- 
zation 
capacity 
goal 

Cost 
Other (Com- 
petition, 
high unem- 
ployment 
areas, etc.) 

Other: Life 
Subjective Cycle 
evaluation Cost 
of compati- 
bility with 
broad 
national 
goals 

Figure I. Hierarchy of Acquisition Objectives 

Sole Source 

Single Source, no options 
Single Source, with options 
Single Source, multi-year contract 

Multiple Sources 

Leader-Follower 
Licensing 
TDP 
Form,  Fit, Function 
Teaming 

Figure 2. General Production Strateqies. 

itself can be regarded as a vector quantity. 
Additionally, at the level of the contracting 
officer, tactics must be chosen to support the 
strategic choice [H]. 

c. System Conditions. 

In addition to objectives and strategies, 
the third major defining topic is the con- 
ditions present for the system. A suggested 
list of conditions that affect the various 
outcome objectives is provided in Figure 3. 
Other authors [3, 10, 11, 14] have also 
suggested critical conditions in a system 
acquisition. 

COST MODELING 

The cost models that have been proposed for 
this problem differ significantly. A model 
appropriate for one system with a particular 

set of conditions may be inappropriate in 
another setting. A principal point of this 
paper is the need for a suitable model to be 
chosen from the available spectrum. The model 
may be deterministic or probabilistic. The 
model may treat the competitive environment as 
fixed or may permit a reassessment with each 
contract award. The guiding principle is to 
choose the simplest model that adequately deals 
with the dynamics of a qiven situation. 

Although different models have been proposed 
for explaining competitive cost behavior, some 
common precepts are present. All of the 
approaches focus on the trade-off between 
additional start-up costs and the recurring 
cost savings that are exoected through the 
production life of the system. The application 
of some form of the cost improvement or learning 
curve theory is also a universal feature of 
these models. Usually analysts have assumed a 
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1. Affecting Life Cycle Cost: 

Complexi ty 
Quantity 
Duration 
Non-recurring costs  to 

establish a source 
Extent of subcontracting 
Nature of Production Process 
Extent of FMS 
Technical data rights 

2. Affecting Performance; 

Complexity 
Extent of subcnn-tractlng 
Nature of production process 
Commodity Class 
Technical maturity at beg, 
of production 

Quality of TDP 

3. Affecting Delivery Schedule: 

Complexity 
Commodity class 
Technical maturity at bog, 

of production 

4. Affecting mobilization goal: 

Capacity 

5. Broad goals: 

NATO agreements 
State of industrial base 
State of general economy 

Funding 
Commodity Class 
Technical maturity at beg, of 

production 
Capacity 
Learning curve slopes 
Quality of TOP 
No, of qualified Krs 
Attitude of Prime 

No, of qualified Krs, 
Attitude of prime 
Cost to develop 2nd source 
Time to develop 2nd source 
Kr': past performance 
Conmonal ity 

Quality of TDP 
No. of qualified Krs. 
Attixude of prime 

Figure 3. Significant System Conditions 

power function cost improvement curve 
(y = axb). Such a curve results from the 
assumption that every doubling of cumulative 
production quantity results in a fixed per- 
centage reduction in unit cost. 

A model for the strategy selection decision 
should recognize several other key factors 
associated with the problem. One of these 
factors Is the effect of production rate on 
system cost. It has not achieved the same 
recognition as the cost improvement curve, 
but it can be important to include this fac- 
tor in comparing alternatives involving 
significantly different production rates. 
Several different approaches have been 
suggested for linking the rate effect with 
the learning effect [1, 2, 12]. While the 
proposed treatments have differed, actual 
cases have demonstrated that in the current 
defense environment production stretchouts 
with their lower annual quantities lead to 
higher costs. 

Another key factor in the problem is the form 
taken by the competitive buy. It is clear 

that greater competitive pressures exist in 
some contracting situations than In others. 
Further, the extent to which competitive 
prices are reduced below sole source levels 
ought to reflect the necessarily subjective 
degree of competitive pressure. 

Earlier cost models of the competitive versus 
sole source strategy problem have been too 
simplistic. In [4] and [71 regression models 
were proposed for use in predicting the cost 
of acquiring systems under competition. These 
models are unsatisfactory because they do not 
permit a reasonably accurate estimate of re- 
curring cost savings and do not recognize the 
wide variation in possible outcomes. The 
dependent variable in these regressions is 
inappropriate; typically it is the projected 
competitive price. The studies then show a 
regression curve using this dependent variable 
which has a deceptively good fit (R2). 
Seemingly accurate prediction of the competi- 
tive price is not nearly the same as pre- 
dicting the savinqs, however. The underlying 
data are simply too erratic to permit 
accurate projections of savings. 
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In [6] another approach is presented, but the 
model in [6] applies only to the case of 
sustained split awards among the two sources. 
Like the models above, it does not recognize 
the wide variations in competitive environ- 
ments. It indiscriminately uses the his- 
torical data base to predict savings in the 
split award environment. Thus this approach 
extends without modification the data base 
findings too far outside their legitimate 
domain. In fact, most of the historical cases 
reflected buy-out situations or a mixture of 
split award and buy-out results. The cost 
model described below improves on the approach 
in Lb] by reflecting the dynamic nature of the 
competitive environment. 

Several modifications to the basic unit 
learning curve are required in order to 
analyze the strategy problem. Consider a 
single delivery year which is embedded in an 
overall production effort. Since the parti- 

IflL^lTl year dea1s w1th only a Potion of the total buy, an appropriate discount 
rate a, should be applied to the recurrinq 
cost expression. This leads to year i cost 
Cj  given by 

q=qi-l + 1 
aq- (2) 

where qi represents the production experience 
of a producer at the end of year i. 

In addition to several years of production, 
several different production contracts may 
also be involved. Alterations to the compe- 
titive environment may lead to expected cost 
effects reflected by the random variables fi 
and ^ where typically the expected value 
TihtL\lZ  more comPetitive environments. 
I hen the contract cost is given by 

Ki - li E 
q=qi-i + 1 

aq :b-bT) 

lat^ilX  measures a competitive shift in the 
ItZ lfg^ur^  and bi measures a change in the 
rate of learning. U  this particular ex- 
pression, the previously mentioned discounting 
has been suppressed for purposes of simplicity. 

2rfZr,UeS 0f-li  and bi and the de9ree ^ Pro- duction experience qM are affected by the 
previous production awards for the system 

These complexities suggest that a strategy's 
cost can be modeled as a stochastic network 
like the example in Figure 4. The various 
branches represent potential outcomes of 
contract awards. The branches are labeled 
with estimates of the conditional probability 
of that particular outcome being generated 
The competitive environment is pa?h dependent 
and described by subjectively estimated 

TZl^JT^ fUnCtimS-    Somrelamnles are provided in Figure 5.  The total smt nf 
probabilistic inputs to the cost model in 

eludes the non-recurring costs, the recurrinq 
shifts and/or rotations, and the contractor 
win probabilities. The other major input is 
the detailed strategic schedule of quantities 
by year and type of award. For the more 
complex strategies the Venture Evaluation and 
Review Technique (VERT) can be used. To 
acquire in-depth familiarity with VERT the 
reader should see [91 and then acquire a VERT 
guide from the US Army Logistics Management 
Center, Fort Lee, VA. 

Comments need to be made about certain specific 
characteristics of the cost model. For 
example, the allocation of production quantity 
in split-buy situations affects future cost 
projections because it affects the production 
experience of the firms. Particular assess- 
ments of outcomes and their probabilities can 
be made judgmental!y for each case. The 
allocation history should not be ignored, 
however, for a contractor who gets little 
production experience will not likely remain 
a viable competitor. 

In some situations it will be necessary to 
model various dependencies. For example, 
one of the potential second sources may 
already be a system subcontractor and have 
available some of the necessary production 
equipment. This particular case may not be 
common, but it has occurred and every real 
case is likely to have some peculiarity.  Yet 
the modeling approach recommended here is 
general and ought to be able to acconrodate 
most of these unusual features. 

INPUT SELECTION 

Each individual case will require the direct 
tnT^AilT  off

uncertai'n outcomes in a settina 
ThoL   erS fr0m  an prior data base cases. 
1*1™ T^  n0 mathematical results such as 
Bayes Theorem that can reveal what the oro- 
bability distributions ought to be. It is 
necessarily a subjective process.  Yet the 
magnitude of the cost makes a formal, explicit 
judgment preferable. For examole, the 
estimated recurring cost Parameters are 
affected by variations in the competitive 
environment, by special contracting factors, 
and by system-specific oroduction characteris- 
it Li w  fter factor ,s very ^Portant; 
HJ  ? eS.featUres such as ^ree of prorfuc. 
tion automation, percentage of total cost 
represented by materials, and many others. 

In the area of input selection, the parameters 
measuring shifts and rotations in learning 
curves under competitive conditions are both 
the most influential input values and the most 
uncertain. The most significant characteristic 
Of the historical data base is the great 
dispersion of competitive savings about the 
median. The historical data base also suffers 
because it is a conglomerate of cases with 
different system and contractual characteristics 
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Figure 4.      Network for Example Competitive Strategy. 

CjrTCStitive Environrent 

First Split Award 

Second Sol it Award 
where second source won 
505 of first spl it 
award 

Second Split Award 
where developer won 
60S of first split 
award 
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Minirrum "\ixir\ir. 
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15 
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12 
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12 

Figure 5.       Some Example Probability Density Functions  for 
Percentage Recurring Cost Savings Relative to 
Sole Source. 
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For example, cases have not been distinguished 
according to the nature of the competitive 
environment. Some cases include both limited 
split-award competitions and more intensive 
buy-out competitions, but other cases contain 
only buy-out situations. Finally, it can be 
deduced from [5] that behavior may be differ- 
ent for different classes of systems. For ex- 
ample, the missile system findings in [6] are 
quite different than the data base average. What 
then does one do about systems for which no past 
data has existed (e.g., armor)? 

Although great uncertainty is found in the 
historical data, the value of the recurring 
savings parameters is very significant in the 
cost analysis. It seems that the best solu- 
tion is to use a multiple forecasting approach 
where possible. The general historical data 
may suggest one parameter value (or probability 
distribution). A very small set of savings 
data for related products may be an important 
additional piece of savings information. 
Further consideration of system peculiar 
characteristics and consultation with experts 
may further aid in refining the savings 
forecast. The difference in parameter 
estimates between two different competitive 
strategies can be as important as the sole 
source comparison. 

NON-COST ISSUES 

Earlier empirical research related to acquisi- 
tion strategy decision-making has focused on 
the cost dimension. Although non-cost issues 
can be decision drivers, little attention has 
been given to systematically gathering the 
pertinent data. Cases providing schedule and 
reliability information about second source 
production proved to be extremely limited. 
The cases for which data proved obtainable 
were projects with the Naval Material Command 
and the US Army Materiel Development and 
Readiness Command. While the findings are 
insufficient for rigorous statistical analysis, 
the charts and graphs recording the actual 
observations are presented in full in [13]. 
All the cases were second sourcing of the TOP 
(technical data package) type in which an 
exact copy was made by the second source. 
Portions of the available new data concerning 
second source reliability and schedule be- 
havior are presented here. 

The second source sometimes encountered 
reliability problems early in production. 
These were generally corrected with little or 
no degradation of operational reliability.  It 
must be noted that these cases reflect situa- 
tions where competition was actually under- 
taken. Therefore, some basic conditions must 
have been previously met.  For example, a 
determination would have been made that the 
source was technically qualified. Note too 
that the aspect of reliability bearing on the 
strategy decision is the operational 

reliability of the second source's product 
relative to the first source. Under some 
options it may be that the second source is 
producing a different product than the 
original developer. However, as mentioned 
above, all of the data presented here deals 
with identical TOP cooies. 

An important point is that deficiencies in the 
technical data packages were comnonly 
acknowledged by Government personnel. Con- 
tracting-oriented persons seemed frequently, 
however, to have a narrow and mistaken view 
that a quality technical data package and a 
well-prepared contract would resolve all the 
problems. It is apparent, though, that even 
a quality technical data package is not 
sufficient to insure the absence of production 
problems. At least two reasons have been 
offered to explain this. In the first place, 
continual corrections are made to the TOP in 
the early stages of production. Some of these 
corrections may fail to be fed to the second 
source. Secondly, the level of detail of a 
TOP is not sufficient to explain all production 
processes. 

Figure 6 documents the Army situations the 
data-gathering effort uncovered. The complete- 
ness of the available reliability information 
varied from informal generalities in personal 
interviews to extensive test results for 
thousands of missile firings. The tentative 
conclusion is that the weight of reliability 
considerations in the strategy decision 
should be typically very small. Most problems 
are uncovered in system acceptance testing 
and do not reach the field to affect caoability 
provided government monitoring is adequate. 

The date at which a "critical mass" of a sys- 
tem is fielded may be used to measure strategy 
differences in the schedule area. The defini- 
tion of a critical mass may vary with the 
system, but it typically might involve the 
fielding of many more product units than the 
initial operating capability (IOC) entails. 
IOC is a commonly used date for reporting 
progress on maior systems. 

There are two ways in which delivery time of 
the system can be affected by a second source 
strategy. First, an alternative production 
strategy may require a new fielding schedule. 
For example, additional time may be required 
for adequately establishing a second source. 
The other effect is on the risk of meeting 
planned delivery schedules. These two effects 
are illustrated in Figure 7. 

Cormonly, the second sources encountered an 
initial period of difficulty in meeting their 
production delivery schedule. The graphs in 
Figures 8 and 9 are examples of the data re- 
ported in [131 and serve to illustrate the 
typical problem. The graphs comoare the 
sources at equivalent times past their 
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RELIABILITY FIMDINr,'; 

SYSTEM 

I.    Army missile 

2. Amy missile subsystem 

3. Army missile 

4. Aray raissile subsystem 

5. Army nissile 

6. Aray laser range finder 

7. Army night vision.system 

8. Army night vision subsystem 

3. Amy night vision system 

SYNOPSIS OF mmss 

^"dJ°ur" in-t1'l,y had ^1 Ability problems due to 
production details {a specific solderinc reauiremnt ard 
installation of a oarticular spring). Seliatilft; soon 
I?™**'/"*  3^f™n^-acturer's difference was over he I.ed 
by other 'actors (e.g., weather, target speed, gunner sHll) 

D^r^cloratr";^™6""110" ^ ts" ^ ^«0f "^ 

re!iarbiTityS0UrCeS 1'nfo™a,ly ^PO^ed no differences  in 

Examination of results of several  thousand firings showed 
essentially no difference in reliability from the9 beg?nnTng 
of production by the two sources. u=ainning 

Government sources  informally reported no differ-nces (n 
rellabi1ity. 

Examination of statistics covering missile firino over 
several years showed no reliability diff-ronces  ' These 
firings included a stockpile reliability testing which 
permitted comparison by age. 

Government sources  informally reported no differences  in 
reliability. 

Government sources informally reported no differences  in 
reliability. 

Government sources informally reported no sionificant 
differences in reliability. 

Government sources  inforrally reported no diffarenas    toit 

ac^:dsto"atrrca only first artic,e teStin9 h^ ^ 

Figure 6. Reliability Findings - Army Systems 

Strategy I 

Strategy II 

+ 
Date "Critical Mass" Fielded 

A. PRODUCTION SCHEDULE CHANGE (SHIFT OF MEAN) 
b.  RISK CHANGE (INCREASED VARIANCE) 

Figure 7.  Example Schedule Effect. 
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original initial delivery date. The vertical 
axis measures the months from scheduled 
delivery to actual delivery of the required 
quantity. A positive value is measuring a 
late delivery, and a negative value reflects 
ahead of schedule performance. 

For the six systems graphed in [13] the second 
production sources were consistently more 
delinquent than the original source at com- 
parable points in their production experience. 
The results varied widely, but the difference 
between the sources in deliveries versus 
schedule was typically three to five months. 

The suggested conclusion from the data is 
that the technical data package does not solve 
all production-related issues. It is common 
for the second source to encounter production 
delays. Since the second source is usually 
initially assigned only small quantities, the 
total effect on system effectiveness may be 
slight. Review of Lovett and Norton [7] leads 
to the thought that another, albeit small, risk 
also exists that this study's limited data 
base also found. This risk is the risk of 
never getting deliveries from the second 
production source. 

It seems conceivable that the developer's 
reliability and schedule performance are 
enhanced by the mere presence of an alternate 
source. The second source's reliability, if 
deficient early in production, does seem to 
improve over time. In any case, the relative- 
ly small observed differences in reliability 
are most likely overwhelmed by the conditions 
of actual use, e.g., gunner accuracy. 

The available data are too sparse and the 
effect typically too small to make a complex 
approach to dealing with schedule and 
reliability worthwhile.  It is recommended 
that the analyst combine judicious use of the 
data reported with system-specific considera- 
tions to directly create an outcome probability 
density function. The ultimate goal is the 
same as for the cost objective—to project a 
measure of the difference in outcome to be 
expected if one follows a competitive or 
sole source strategy. The decision-maker will 
typically be able to evaluate directly the 
relative importance of schedule and reliability 
differences among strategies. If this is too 
difficult, then the more elaborate techniques 
of multi-attribute utility theory can be used. 

The final part of a decision analysis is the 
assessment of outputs. The organizational 
structure of the government interferes with 
the ability of the analyst to formally assess 
the trade-off preferences across the affected 
objectives.  For example, no one feels in a 
position to say how many dollars equate to a 
given enhancement of the mobilization response. 
Thus,studies have typically gone no further 
than predicting outcomes on the different 

objectives without formally assessing acceptable 
trade-offs. An exception for a related pro- 
blem is [5] in which group multi-attribute 
utility theory was applied. 

DISCUSSION AND SUMMARY 

The studies analyzing the cost behavior of 
systems acquired competitively have reoorted 
varying levels of competitive savings due to 
lower unit recurring costs. Despite the wide 
variation in the reported savings, the studies 
consistently agree that the potential savings 
are substantial. In this paper (and more 
fully in [13]) the state of the art in 
modeling problems of acquisition strategy 
choice was reported. Key conditions which 
affect the outcomes likely for a given system 
were described. Progress in dealing with such 
related problems as the effect of production 
rate on system cost was also described. 

This study marked the first empirical atten- 
tion to non-cost issues in strategy selection. 
In particular, findings concerning the re- 
liability and schedule effects of second 
sources were reported. A tentative conclusion 
was that the reliability objective should be 
given little weight in the strategy selection 
decision. Initial schedule delays involving 
second sources are common. The importance of 
this consideration depends on the volume of 
production affected and on the significance 
of a schedule delay for the given system. 

The approach advocated here tries to deal 
realistically with the important parameters 
of the problem.  It is important to have a 
certain structural integrity to the model 
even though it means admitting that some of 
the input data in an application is heavily 
judgmental.  If factors do importantly affect 
the outcome, it is preferable to make conscious 
efforts to evaluate their effects than to use 
a more simplistic model in which the influence 
of these important factors is suppressed. The 
structure of the problem and the limited num- 
ber and type of cases comprising the data base 
lead to the importance of a systematic 
application of iudgment. 

SELECTED REFERENCES 

1. Balut, S.J., "Redistributing Fixed Over- 
head Costs," Concepts: The Journal of 
Defense Systems Acquisition Management, 
4(2), 63-76 (1981).  

2. Bemis, J.C., "A Model for Examining the 
Cost Implications of Production Rate," 
Concepts: The Journal of Defense Systems 
Acquisition Management. 117].  M-OA /loai} 

3. Cox, L.W., and R.A. Hullander, Feasibility 
and Development Study for a System Acouisi- 
tlon Strategy Model. The Analytic Sciences 
Corporation, TR-1375, Arlington, VA, 1981. 

L-35 



4. Daly, G.G., H.P. Gates, and J.A. Schut- 
tinga. The Effect of Price Competition on 
Weapon System Acquisition Costs. Institute 
for Defense Analyses, P-1435, Arlington, VA 
1979. 

5. DeWispelare, A.R., and A.P. Sage, "On 
the Application of Multiple Criteria 
Decision Making to a Problem in Defense 
Systems Acquisition," Int. Jour. Systems 
Science. 11, 1213-1240 (1980). 

5. Drinnon, J.W., and J.R. Miller, Pre- 
dicting the Costs and Benefits of Competi- 
tive Production Sources. The Analytic 
Sciences Corporation, TR-1511, Arlington, 
VA, 1979. 

7. Lovett, E.T., and H.G. Norton, Deter- 
mining and Forecasting Savings from Com- 
peting Previously Sole Source/Noncompetitive 
Contracts, Army Procurement Research Office. 
APRO 709-2, Fort Lee, VA, 1978. 

8- MRS Second Source Rocket Acquisition 
Stud^, Plans, Analysis, and Evaluation 
Directorate, US Army Missile Command, Red- 
stone Arsenal, AL, 1980 (Approval required 
for release outside DOD). 

9. Moeller, G.L., and L.A. Oigman, "Opera- 
tions Planning with VERT," Operations Re- 
search, 29, 676-697 (1981 )._^  

10. Parry, D.S., Second Sourcing in the 
Acquisition of Major Weapon Systems. Master's 
ihesis. Naval Postgraduate School, Monterey, 
CA, 1979. 

11. Sellers, B.R., "A Model for Enhancing 
Second Sourcing and Production Competition 
in Major Weapon Systems Acquisition," 
National Contract Management Journal, 15 
27-40 (1981). — 

12. Smith, C.H., "Effect of Production Rate 
on Weapon System Cost," Concepts: The 
Journal of Defense Systems Acoui^itinn" 
Management, 4(2). 77-fn hgai)  

13. Smith, C.H. and CM. Lowe, Jr., Strategy 
Selection for the Prnriuction PhasP rtlj^n 
System Acquisition. Armv Prnn.ramont pe-— 
^arch Office, APRO 81-05, Fort Lee, VA, 
I 982. 

14. Williams, R.F., and D.D. Knittle, "A 
Contingency Approach to Acquisition Planning," 
Concepts: The Journal of Defense SvstPm.; 
Acquisition Managpmpnt, iCt)   T-TQ pfggTT" 

L-36 



PANEL H 

PROCUREMENT UNDER GRANTS 

PANEL CHAIRMAN 

Robert D. Wallick, Esquire 
Steptoe and Johnson 

PANEL MEMBERS 

Mr. Mathias Lasker 
Procurement and Assistance Policy Office 
US Department of Health and Human Services 

Mr. Harvey G. Pippen, Jr. 
Director, Grants Administration Division 
Environmental Protection Agency 

M-l 



PROCUREMENT UNDER GRANTS - 

This panel's proceedings were primarily addressed to civil agency attendees, 

as the Department of Defense rarely utilizes grants in its procurement 

mission. Panelists were drawn from both the legal community and various 

civil agencies directly involved with procurement under grants. Panel 

discussions encompassed a number of areas which are of current interest in 

the grants arena. The philosophy behind, major changes in and recent 

revisions to regulations governing procurement under grants were explored. 

Particular emphasis was given to the impact of such recent initiatives as 

prevention of fraud, waste and abuse; conversion to block grants; and 

adoption of the Model Procurement Code for state and local governments on 

Federal grants programs. The session concluded with a question and answer 

period in which attendees were afforded an opportunity to query panelists 

as to the impact which these recent developments might have on their 

individual missions. 
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0. S. HIESTAND 
MORGAN, LEWIS & BOCKIUS 

WASHINGTON. D.C. 

Prepared Renarks For FAI Prograra 

May 6, 1982 

A.   Background 

In 1974 the ABA initiated a project to develop a 

Model Procurement Code for State and Local Governnents.  The 

idea and need for improving state and local procurement sta- 

tutes and ordinances had been advanced and recognized for a 

number of years.  Those who were involved with both federal 

and state/local procurement knew the federal system, not- 

withstanding many shortcomings, had adapted to accommodate 

new market conditions and government needs.  Most analyses 

indicated, however, that little, if any, changes were taking 

place in state/local laws and ordinances. 

For example, most state statutes required all con- 

tracts to be awarded by competitive sealed bids.  Also, only a 

few states had any formal bid protest procedures, or permitted 

judicial review of state decisions on contract disputes. 

Until we studied how the states did their buying, and got to 

know many state puchasing agents, at least some of us with 

mostly federal backgrounds considered they were rather prim- 

eval and uneducated.  Now, I think, we learned a lot and 
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gained a healthy respect for the expertise of many state/ 

local purchasing agents. 

When we started discussing competitive negotia- 

tions as an alternate to formal advertising, they asked what 

is that? After some explanations, the usual question was 

what is wrong with having negotiations after formal adver- 

tising?  Really, that was a hard question to answer.  The 

states had long ago combined the two — get sealed bids, 

then negotiate if you didn't like the bid.  In addition, the 

states utilized judgmental factors in bid evaluations for 

commercial-type products, even though they were not spelled 

out in the solicitation.  For example, it was an accepted 

practice to obtain user ratings; e.g., compare hammers; 

sample the food. 

It was a cross-educational process to develop a 

consensus that sealed bidding should be restricted to price 

comparisons, and competitive proposals were appropriate when 

other evaluation factors were important. 

We exposed another very significant difference 

between federal and state procurement in things like equit- 

able adjustments for changes or differing site conditions. 

Many state/local contracts -- particularly construction — 

are financed through bond issues, and this means there are 

no additional resources to turn to for paying costs. 
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B.   Summary Of Code 

Notwithstanding these and other problems, we 

produced a Model Procurement Code that was adopted by both 

the Local Government Law Section and the Public Contract Law 

Section of the ABA and the ABA House of Delegates.  I 

believe it represents a better system for public procurement 

than currently exists in the federal government; and most 

state/local governments. /• 

The Model Procurement Code has 12 articles. 

Article 1 - General Provisions, states the pur- 

poses, application, and contains definitions. 

Article 2 Procurement Organization, establishes a 

Procurement Policy Office, a Chief Procurement Officer, and 

provides for the issuance of regulations to supplement the 

statutory provisions. 

Article 3 - Source Selection and Contract Formation, 

establishes the methods of source selection to be used — 

competitive sealed bidding, competitive sealed proposals, 

small purchases, sole source and emergency procurements.  It 

also sets requirements for cancellation of IFBs and RFPs, 

responsibility of bidders, use of cost or pricing data, 

types of contracts, and use of multi-term contracts. 

Article 4 - Specifications^, establishes respon- 

sibilities of the Policy Office and the Chief Procurement 
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Officer for specifications, and mandates they shall permit 

maximum practicable competition. 

Article 5 - Procurement of Construction, A/E and 

Land Survey Services, establishes broad requirements for 

construction contracts, and the use of changes, variation in 

quantity, suspension, and differing site condition clauses. 

The Model Code adopts the federal (Brooks Bill) method of 

selecting and contractingwfor A/E services. 

Article 6 - Modification and Termination of Con- 

tracts for Supplies and Services, authorizes the use of 

changes, suspension of work, and variation of quantities 

clauses. 

Article 7 - Cost Principles, mandates the issuance 

of cost principles for use in determining allowable costs. 

Article 8 - Supply Management, requires the issu- 

ance of regulations for the management of supplies, and 

disposal of surplus supplies. 

Article 9 - Legal Contractual Remedies, estab- 

lishes a bid protest system, requirements for debarment and 

suspension, and a right of judicial review of contract 

disputes. 

Article 10 - Intergovernmental Relations, author- 

izes cooperative buying. 
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Article 11 - Assistance to Snail and Disadvantaged 

Businesses; Federal Assistance or Contract Procurement 

Requirements, states a policy of assisting small and 

disadvantaged businesses, and mandates compliance with 

federal requirements when a procurement involves federal 

assistance or procurement funds. 

Article 12 - Ethics in Public Contracting, estab- 

lishes standards of conduct-for state employees; require- 

ments for financial disclosure; prohibits kickbacks and 

contingent fees; and establishes remedies for breach of 

ethical standards by employees and non-employees. 

C.   Implementation Status 

Last year a set of Model Regulation was issued to 

implement the Model Code. 

To date some 9 states have adopted new procurement 

laws based on the Model Code.  The most recent is the Com- 

monwealth of Virginia.  Projects are underway in another 7 

states.  In addition, a number of cities either have adopted 

or are considering ordinances based on the Model Code. 

In this regard, at the request of EPA, the ABA has 

undertaken to develop a Model Ordinance for use by smaller 

cities and other local governmental entities. While the 

principles are consistent with the Model Code the Model 
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Ordinance eliminates some of the organizational structure 

recommended for states, and accommodates the differences in 

the legal authorities of cities; i.e., disputes resolution. 

The March 1982 issue of School Business Affairs 

contains an article by Joe Macaluso, Director of Purchasing, 

Jefferson County (Kentucky) Board of Education, entitled 

"Model Procurement Code Allows Flexibility in Kentucky 

School Purchasing Operation-s." Kentucky was the first state 

to upgrade its procurement statues based on the ABA Model 

Code.  Mr. Macaluso describes what has occurred in his area, 

and states: 

With a combination of Model Procurement, 
well defined regulations and extensive 
inservice training, we have developed an 
efficient and effective purchasing 
procedure. 

We have not reached an Utopia in 
purchasing but we have developed a well 
defined systematical approach which allows 
the Purchasing Unit the flexibility to 
venture into new areas. We have also 
accomplished one other major achievement 
and that is the creation of vendor and 
public confidence in a system they can 
understand. 

D.   Significance to Federal Programs 

What does all of this have to do with federal 

programs? 

You may recall there is a document, Attachment 0 

to OMB Circular A-102, that establishes standards and guide- 

lines for procurement by grantees under federal assistance 
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programs.  In addition, it provides for federal review of 

grantee procurement systems, and for certification that they 

meet the standards set forth _or_ the provisions of the ABA 

Model Code.  If certified the grantee can be exempted from 

review of proposed contracts.  I anticipate that similar 

treatment will be accorded municipalities that adopt the 

Model Ordinance. 

Thus, certification will reduce paper work, and 

hopefully eliminate many of the irritations between grantor 

agencies and grantees. 

As the federal government turns to more block 

grant programs, there is a greater need to assure that those 

funds, when used for procurement, are expended in accordance 

with good public procurement rules. One way to help effect 

this is to improve the statutory framework for state/local 

procurement, whether or not federal funds are involved. 

Another, of course, is to improve the professional 

capability of state/local purchasing agents and buyers. 

And, since we all are taxpayers, it behooves us to 

help assure that our tax dollars are used economically and 

fairly. 

Conclusion 

The ABA Model Code and Model Ordinance are 

Models,  It is not expected that each enacting jurisdiction 

adopt them verbatim. They do represent a conscientious 
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effort to put on the table fundamental criteria for modem 

public procurement systems, including standards for 

accountability and resolution of disputes. 
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GRANTEE PROCUREMENTS UNDER BLOCK GRANTS 

THAT PORTION OF OUR DEPARTMENT'S REGULATIONS ON THE 

ADMINISTRATION OF GRANTS THAT DEALS WITH PROCUREMENT UNDER 

GRANTS MIRRORS TREATMENT OF THE SUBJECT IN OMB CIRCULAR 

A-in2.  ALTHOUGH THERE ARE SEVERAL STANDARDS THAT WE 

EXPECT OF STATE AND LOCAL GOVERNMENTS WHEN THEY PROCURE 

GOODS AND SERVICES USING FEDERAL GRANT FUNDS, THE MOST 

SIGNIFICANT ONE IS THAT THEY USE FREE AND OPEN COMPETITION. 

FRFE AND OPEN COMPETITION ON GRANTS DOES NOT MEAN THAT THE 

RULES AND PROCEDURES IN THE FPR ARE IMPOSED ON GRANTEES. 

INSTEAD WE WANT STATE AND LOCAL GOVERNMENTS TO CARRY OUT 

THEIR PROCUREMENT ACTIVITIES IN ACCORDANCE WITH SOME 

FUNDAMENTAL STANDARDS SOf THAT, FOR EXAMPLE, PROPOSALS ARE 

SOLICITED FROM QUALIFIED SOURCES AND ALL IFB'S AND RFP's ARE 

PUBLICIZED THROUGH NORMAL STATE MECHANISMS, THAT AWARDS 

SHOULD BE MADE TO RESPONSIBLE BIDDERS OR OFFERORS WHEN THE 

OFFER IS RESPONSIVE AND ADVANTAGEOUS TO THE STATE OR LOCAL 

GOVERNMENT.  IT ALSO MEANS THAT STATES ARE EXPECTED TO USE 

CLEAR AND DNRESTRICTIVE SPECIFICATIONS THAT DO NOT CONTAIN 

FEATURES WHICH WOULD UNDULY RESTRICT COMPETITION. 

For Delivery at Federal 
R&D Procurement Symposium 
Washington, D. C., May 6, 1982 
Matthias Lasker, Director 
Office of Procurement & Assistance 
PPolicy - Dept. of Health & 
Human Services 
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ASIDE FROM THE EMPHASIS IN OUR REGULATIONS ON THE USE OF 

COMPETITION, THERE ARE OTHER STANDARDS WE WANT STATE AND 

LOCAL GOVERNMENTS TO ABIDE BY IN CONDUCTING THEIR PROCUREMENT 

OPERATIONS.  FOR EXAMPLE, WE REQUIRE THEM TO HAVE ADEOUATE 

PROTECTIONS AGAINST CONFLICTS OF INTEREST ON THE PART OF 

THEIR EMPLOYEES AND TO AVOID PURCHASING UNNECESSARY OP 

DUPLICATIVE SERVICES OR GOODS.  THEY ARE EXPECTED TO PERFORM 

COST OR PRICE ANALYSES AND TO MAKE POSITIVE EFFORTS TO USE 

SMALL AND MINORITY OWNED BUSINESS FIRMS AS SOURCES OF SUPPLY. 

AND WE ALSO REQUIRE THAT THEY DOCUMENT THEIR PROCUREMENT 

ACTIONS TO REFLECT THE RATIONALE FOR DETERMINING THE METHODS 

OF PROCUREMENT, THE SELECTION OF CONTRACT TYPE, THE BASIS FOR 

THE COST OR PRICE ARRIVED AT, AND THE RATIONALE FOR SELECTION 

OR REJECTION OF BIDS OR OFFERS.  ALL OF THIS DOCUMENTATION IS, 

OF COURSE, SUBJECT TO FEDERAL REVIEW. 

MOST OF THE GRANT PROGRAMS OF THE DEPARTOENT OF HEALTH AND 

HUMAN SERVICES ARE HEAVILY LABOR INTENSIVE.  WE ARE PAYING 

FOR THE SERVICES OF SOCIA1 WORKERS, PHYSICIANS, BIOMEDICAL 

RESEARCHERS AND LOCAL GOVERNMENT ADMINISTRATIVE AND MANAGERIAL 

EMPLOYEES.  AS A RESULT THE AMOUNT OF PROCUREMENT OF GOODS 

OR SERVICES IS NOT A MAJOR FACTOR, USUALLY, ON MOST OF OUR 

GRANT PROGRAMS.  WE DO NOT NORMALLY EMPHASIZE FEDERAL 

OVERSIGHT OF STATE AND LOCAL PROCUREMENT ACTIVITIES EXCEPT THAT 

WE RESERVE THE RIGHT TO PRIOR APPROVAL OF STATE AND LOCAL 

SOLE SOURCE AWARDS. 
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ON A FEW OF OUR MULTI-BILLION DOLLAR GRANT PROGRAMS 

HOWEVER SUCH AS MEDICAID, PROCUREMENT IS A VERY 

SIGNIFICANT FEATURE OF STATE AND LOCAL GRANT ACTIVITY. 

IN THE MEDICAID PROGRAM FOR EXAMPLE, MOST STATE WELFARE 

DEPARTMENTS CONTRACT WITH DATA PROESSING FIRMS TO PROCESS 

THE BILLINGS FROM HEALTH CARE PROVIDERS SUCH AS PHYSICIANS, 

HOSPITALS AND MEDICAL LAORATOPIES.  IN A STATE WITH A 

LARGE MEDICAID POPULATION ONE OF THESE CONTRACTS BY THE 

STATE WELFARE DEPARTMENT MAY AMOUNT TO HUNDREDS OF MILLIONS 

OF DOLLARS.  WE DO CAREFULLY MONITOR THE STATE PROCUREMENT 

PRACTICES ON CONTRACTS OF THIS MAGNITUDE AND EXPECT TO 

CONTINUE TO DO SO.  WE ALSO PAY CLOSE ATTENTION, ON A 

MULTI-BILLION DOLLAR GRANT PROGRAM LIKE MEDICAID, TO STATE 

PROCUREMENTS OF ADP EQUIPMENT AND SOFT WARE.  HERE AGAIN 

WE ARE CONCERNED BECAUSE OF THE LARGE SUMS OF GRANT MONEY 

STATES EXPEND FOR ADA.  BUT THE TIMES ARE A-CHANGING, AS 

THE SONG GOES. 

AS YOU KNOW CANDIDATE REAGAN EXPRESSED THE STRONG VIEW 

THAT THE FEDERAL GOVERNMENT WAS OVERLY INTRUSIVE AND 

DEMANDING IN ITS RELATIONS WITH THE STATES AND, WHEN HE WAS 

ELECTED, PRESIDENT REAGAN REQUIRED THAT THE EXTENT OF THIS 

INTRUSION WOULD BE LIMITED.  TFE BLOCK GRANTS THAT WERE 
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ENACTED INTO LAW LAST YEAR ARE EVIDENCE OF THIS NEW 

APPROACH TO FEDERALISM.  I'D LIKE TO DISCUSS OUR APPROACH 

TO THE BLOCK GRANTS WIJH YOU NOW - AND THE IMPACT OF THAT 

APPROACH ON OUR OVERSIGHT OF STATE AND LOCAL PROCUREMENT 

ACTIVITY. 
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WHILE THERE HAS BEEN A STEADY INCREASE EVER SINCE THE 

DEPRESSION IN THE FEDERAL GOVERNMENT'S INFLUENCE AND 

AUTHORITY OVER THE ACTIONS OF STATE AND LOCAL GOVERNMENTS 

AND THEIR CITIZENS, THE CURRENT FEELING IS THAT THIS TREND 

SHOULD BE REVERSED. MORE SPECIFICALLY, MANY TAXPAYERS 

BELIEVE THAT THE FEDERAL GOVERNMENT'S PRIMARY RESPONSIILITIES 

SHOULD BE LIMITED TO THE AREAS WHICH UNAMBIGUOUSLY ARE IN 

THE INTEREST OF THE ENTIRE NATION SUCH AS DEFENSE AND 

FOREIGN AFFAIRS, AND THAT THE PRIMARY RESPONSIBILITY FOR 

THE DELIVERY OF DOMESTIC SERVICES SHOULD BE WITH STATE AND 

LOCAL GOVERNMENTS.  ACCORDINGLY THIS ADMINISTRATION FEELS 

STRONGLY THAT STATE AND LOCAL GOVERNMENTS SHOULD BE RESPONSIBLE 

FOR DETERMINING AND SHAPING THE SERVICES THAT ARE INTENDED TO 

MEET THE NEEDS OF THEIR CITIZENS RATHER THAN DEPENDING ON THE 

FEDERAL GOVERNMENT.  FURTHERMORE, THAT SHAPING AND DESIGNING 

SHOULD BE CARRIED OUT IN THE CONTEXT OF A FRAMEWORK THAT 

RECOGNIZES THAT LOCAL GOVERNMENTS ARE ENTITIES OF THE STATES, 

AND THAT THE INTERPLAY OF STATE AND LOCAL GOVERNMENTS, 

COMBINED WITH MINIMAL FEDERAL PRESENCE, WILL LEAD TO BETTER 

DECISIONS AFFECTING THE CITIZENRY AS A WHOLE. 
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THE REVENUE SHARING PROGRAM AND THE NEW BLOCK GRANTS ARE 

AMONG THE INITIAL STEPS TOWARD THIS ULTIMATE TRANSFER 

TO THE STATES OF THE AUTHORITY TO DETERMINE THEIR SOCIAL 

PROGRAMS AND GOALS AND THE REVENUE SOURCES TO FINANCE THEM. 

THE BLOCK GRANTS WERE PROPOSED THIS PAST YEAR IN A FISCAL 

ENVIRONMENT IN WHICH, FOR MANY SOCIAL SERVICES PROGRAMS, 

THE BUDGETS WERE GOING TO BE CUT.  MAXIMUM FLEXIBILITY WAS 

THEREFORE'NEEDED TO IMPROVE THE EFFICIENCY WITH WHICH THE 

PROGRAMS COULD BE OPERATED AND MINIMAL FEDERAL INTRUSION 

AND OVERSIGHT WERE TO BE ALLOWED.  IMMEDIATE RELIEF FROM 

FEDERALLY IMPOSED PAPERWORK AND REGULATORY PEOUIPEMENTS 

WAS SOUGHT TO CUT STATE COSTS AND HELP ASSURE THAT THE 

STATES WERE IN CONTROL. 

THE WHITE HOUSE AND CWB DETERMINED THAT EACH FEDERAL 

DEPAR1MENT SHOULD IMPLEMENT THE BLOCK GRANT PROGRAMS 

IN A MANNER THAT WAS FULLY CONSISTENT WITH THE CONGRESSIONAL 

INTENT TO ENLARGE THE STATES' ABILITIES TO CONTROL THEIR USE 

OF THE GRANT FUNDS INVOLVED.  ACCORDINGLY, TO THE EXTENT 

POSSIBLE IN DEVELOPING THE HHS BLOCK GRANT REGULATIONS, WE 

DECIDED NOT TO BURDEN THE STATES' ADMINISTRATION OF THE 

PROGRAMS WITH DEFINITIONS OF PERMISSIBLE AND PROHIBITED 
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ACTIVITIES, PROCEDURAL RULES, PAPERWORK AND PECORDKEEPING 

REQUIREMENTS, OR OTHER SIMILAR REGULATORY PROVISIONS. 

THE STATES ARE, FOR THE MOST PART, SUBJECT ONLY TO THE 

STATUTORY REQUIREMENTS INCLUDED IN THE OMNIBUS BUDGET 

RECONCILIATION ACT.  THE DEPARIMENT CARRIES OUT ITS 

FUNCTIONS WITH DUE REGARD FOR THE LIMITED NATURE OF THE 

ROLE THAT CONGRESS HAS ASSIGNED TO US.  BOTH THE DEPARIWENTS 

OF EDUCATION AND HOUSING AND URBAN DEVELOPMENT ADOPTED 

SIMILAR APPROACHES ON THEIR BLOCK GRANT PROGRAMS.  AS A 

CONSEQUENCE OF THIS DECISION TO PLACE AIWOST TOTAL RELIANCE 

ON STATE GOVERNMENT WE DECLINED TO ISSUE COMPREHENSIVE 

REGULATIONS OR VOLUNTARY "GUIDELINES," FOR THE BLOCK GRANTS 

SINCE THESE COULD EASILY BE MISINTERPRETED AS ESTABLISHING 

STANDARDS AGAINST WHICH STATE CONDUCT WOULD LATER BE JUDGED. 

THE BLOCK GRANTS THEREFORE ARE EXEMPT FROM THE USUAL 

DEPARTWENTAL GRANT ADMINISTRATION REQUIREMENTS FOUND IN 

4 5 CFR PART 74, THAT DEAL WITH SUCH ISSUES AS RECORDS 

RETENTION AND ACCESS THERETO, COST SHARING, PAYMENT METHODS, 

FINANCIAL MANAGEMENT STANDARDS, PROPERTY MANAGEMENT, 

ALLOWABILITY OF COSTS, AND PROCUREMENT STANDARDS.  BECAUSE 

A FEDERAL REQUIREMENT FOR USE OF THE PART 74 RULES WOULD BE 
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INAPPROPRIATE FOR BLOCK GRANTS, WE ESTABLISHED A FISCAL 

AND ADMINISTRATIVE STANDARD IN THE BLOCK GRANT REGULATIONS 

PROVIDING MAXIMUM DISCRETION TO THE STATES AND PLACING 

FULL RELIANCE ON STATE LAW AND PROCEDURES.  UNDER THIS 

STANDARD, INSTEAD OF LOOKING TO FEDERAL REGULATIONS FOR 

SUCH MATTERS AS PROPERTY MANAGEMENT OR PROCUREMENT STANDARDS, 

OR WHAT IS AN ALLOWABLE OR UNALLOWABLE COST, THE STATE'S 

LAWS AND PROCEDURES COVERING THE ADMINISTRATION AND 

EXPENDITURE OF ITS OWN REVENUES GOVERN.  ANY EXPENDITURES IN 

VIOLATION OF THE STATE'S OWN LAWS AND PROCEDURES WOULD BE 

UNAUTHORIZED AND SUBJECT TO DISALLOWANCE. 

SEVERAL SERVICE DELIVERY ORGANIZATIONS AND ASSOCIATIONS 

QUESTIONED THE LEGALITY OF "WAIVING" THE REQUIREMENTS 

OF 45 CFR PART 74.  THEY NOTED THAT THE OMNIBUS BUDGET 

RECONCILIATION ACT DID NOT SPECIFICALLY WAIVE THESE PROVISIONS, 

AND STATED THAT AMENDMENT OF OMB CIRCULARS A-102 AND A-87 

OR DIRECT APPLICATION TO OMB FOR AN EXEMPTION FROM THEM WAS REQUIRED, 

OUR DECISION NOT TO APPLY 45 CFR PART 74 TO THE BLOCK GRANTS 

WAS, HOWEVER, EXPLICITLY APPROVED BY OMB IN A LETTER FROM 

MR. STOCKMAN TO THE SECRETARY AND THEREFORE WAS FULLY 

AUTHORIZED. 
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THE OMNIBUS BUDGET RECONCILIATION ACT REQUIRES STATES 

TO COMPLY WITH THE ASSURANCES SUBMITTED WITH THEIR BLOCK 

GRANT APPLICATIONS AND THE STATUTORY PROVISIONS OF THE 

ACT.  THE BLOCK GRANT PROGRAMS ARE INTENDED TO CONFER GREAT 

DISCRETION ON THE STATES, WHICH BY STATUTE ARE THE PRIMARY 

AUDITORS OF THEIR OWN EXPENDITURES.  THE FUNDAMENTAL CHECK 

IN USE OF BLOCK GRANT FUNDS IS THE STATE'S ACCOUNTABILITY 

TO ITS CITIZENS, WHICH IS IMPLEMENTED BY PUBLIC DISCLOSURE 

WITHIN THE STATE OF INFORMATION GOVERNING USE OF THE GRANT 

FUNDS.  ACCORDINGLY, WHEN AN ISSUE RISES AS TO WHETHER A 

STATE HAS COMPLIED WITH ITS ASSURANCES AND THE STATUTORY, 

PROVISIONS, THE REGULATIONS PROVIDE THAT THE DEPARIWENT WILL 

ORDINARILY DEFER TO THE STATE'S INTERPRETATION OF ITS 

ASSURANCES AND THE STATUTORY PROVISIONS OF THE OMNIBUS 

BUDGET RECONCILIATION ACT. 

WHAT THE RESULTS OF THESE EXPERIMENTS WILL BE ON THE NATURE 

OF OUR FEDERAL SYSTEM, IT'S TOO SOON TO SAY.  THE 

ADMINISTRATION, THE CONGRESS, THE NATIONAL GOVERNORS' 

ASSOCIATION, THE GAO, AND THE PRIVATE SECTOR ARE ALL 

INTERESTED.  WHAT WILL BE THE EFFECT ON FEDERAL/STATE/AND 
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LOCAL GOVERNMENT RELATIONSHIPS?  WILL DELIVERY OF 

SOCIAL, HEALTH, AND EDUCATIONAL SERVICES TO THE NEEDY 

AND DEPRIVED SUFFER IRREPARABLE HARM?  WILL THE STRUCTURE 

OF THE CONGRESSIONAL COMMITTEE SYSTEM BE AFFECTED?  WHAT 

MIGHT THE IMPACTS BE ON FEDERAL TAXING POLICY?  ON STATE 

AND LOCAL TAXES? 

WE'RE EXPERIENCING A REVOLUTION IN THE CONCEPTS THAT HAVF 

UNDERPINNED OUR SYSTEM OF FEDERALISM SINCE THE EARLY DAYS 

OF THE FIRST ROOSEVELT ADMINISTRATION.  POWER HAS FLOWED 

INEXORABLY TO WASHINGTON FOR ALMOST 50 YEARS.  NOW THE TIDE 

IS BEGINNING TO TURN IN THE DIRECTION OF THE STATES.  ALL 

OF US WILL BE AFFECTED. 
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GOVERNMENT ACQUISITION RESEARCH PROGRAMS 

This panel's presentations were addressed primarily to defense agency 

attendees, as civil agencies do not currently employ dedicated acquisi- 

tion research organizations. The Defense Systems Management College's 

(DSMC) presentation included an overview of the DOD structure for 

acquisition research: functions of the Defense Acquisition Research 

Council and Elements, coordination procedures, cooperative efforts, 

and plans. Directors of acquisition research for DSMC, Army, Navy 

and Air Force presented their organizations' missions, staffs, research 

methods, current and planned research projects, and peculiar problems. 

Each gave a detailed account of major projects in progress and planned, 

with emphasis on desired objectives, data acquisition, analytical tech- 

niques, and resources employed. Topics of the research described 

include practically everything addressed at this symposium. The 

research directors' encouraged suggestions for research topics and 

gave instructions on how to obtain the results of their research. 

N-3 



PANEL 0 

MULTI-YEAR CONTRACTING: 

TERMS, CONDITIONS AND FUNDING ALTERNATIVES 

PANEL CHAIRMAN 

Mr. John H, Flaherty 
Assistant Deputy Chief for Contracts and 

Business Management 
Naval Material Command 

PANEL MEMBERS 

Mr. John Jury 
Chief, Procurement Policy and Analysis Division 
US Army Materiel Development and Readiness Command 

Mr. Charles P. Nemfakos 
Associate Director 
Office of Budget and Reports 
Office of the Navy Comptroller 

Mr. Edward J. Trusela 
Deputy for Acquisition 
Office of the Deputy Assistant Secretary of the Air Force 

for Acquisition Management 

0-1 





MOLTIYEAR CONTRACTING AS A SHIP REPAIR 
CAPITAL INVESTMENT INCENTIVE 

LCDR James S. Anderson, SC, USN 
LCDR Ronald A. Marchetti, SC, USN 

Contracts Directorate 
Naval Sea Systems Command 
Washington, D.C. 20362 

CAVEAT 

The opinions expressed herein are solely those 
of the authors and do not represent official 
positions of the Naval Sea Systems Command or 
the Department of the Navy. 

ABSTRACT 

As a result of the passage of the Fiscal Year 
1982 Defense Authorization Act, public Law 
97-86, many of the statutory barriers that 
previously limited the use of multi-year con- 
tracting as an acquisition strategy have been 
lifted, it is apparent that a new sense of 
Congress has been expressed, encouraging the 
exploration of innovative multiyear con- 
tracting techniques. In this vein, this paper 
explores the use of a multiyear contracting 
technique to stimulate and foster heavy 
capital investment for the repair and over- 
haul of Navy ships, with the relaxation of 
the cancellation ceiling approval threshold 
and the authorization of the use of single- 
year monies to finance multiyear contracts 
for supplies and services in the 48 contiguous 
Onited states contained within the new law, 
it is highly possible that multiyear con- 
tracting, if properly managed, could be 
utilized to alleviate an element of risk that 
has previously prohibited substantial private 
capital investment in this industry. 

Navy ship repair and overhaul is a unique 
commodity. The increasing complexity of 
installed electronics and weapon systems 
makes regular overhaul less susceptible to 
fixed price contract types. Additionally, 
the commodity also requires contractors to 
possess adequate and ample physical resources, 
e.g., piers, cranes, synchrolifts and 
drydocks, to perform a major overhaul. Many 
of the Navy's Master Ship Repair Contractors 
possess neither control over, nor access to, 
these facilities and current inflationary 
pressures, high interest rates and, above 
all, the uncertainty of guaranteed future 

work seem to mitigate against independent 
investments that may cost $10 to $80 million. 

This paper poses a strategy that exploits the 
expanded   multiyear   contracting  approach 

recently endorsed and recognizes the unique 
characteristics of ship repair. A five-year, 
multi-ship, multiyear cost-type contract is 
posited, including recommended procedures for 
source selection, incentive arrangements and 
special clauses, all of which attempt to 
integrate sound procurement practices with a 
procurement action designed to motivate 
capital investment for a less-than-stable 
commodity. Necessary Defense Acquisition 
Regulation deviations and a plan of action 
and milestones are also outlined. 

It is the opinion of the authors that, despite 
its dichotomy with the classical multiyear 
approach, the strategy will successfully 
incentivize substantial facility capital 
investment, minimize the risk shouldered by 
the Government and achieve the objectives and 
benefits expressed in Public Law 97-86. 

BACKGHODND-MOLTIYEAR CONTRACTING 

Multiyear contracting is defined as a method 
of contracting for goods and services in 
excess of current year (but no more than five 
years') Department of Defense requirements. 
In a multiyear scenario, monies are budgeted, 
appropriated by Congress and funded in annual 
increments. The contracting agency retains 
the unilateral right to cancel its require- 
ments for all unfunded program years after 
the first year. In the event of cancellation, 
the contractor is protected from loss of 
unamortized costs up to an amount stipulated 
in the contract, a cancellation ceiling. 

Multiyear contracting is a' strategy iritended 
to provide the Department of Defense the 
benefits of lower costs through increased 
contractor learning, the avoidance of 
repeated start up costs and the diminishment 
of administrative expenses in placement of 
contracts. Additionally, the long-term 
commitment for performance affords new sources 
an opportunity to compete and lessens the 
risk borne by new entrants to the marketplace. 
Finally, multiyear contracting provides 
contractors a capital investment incentive 
that may be unequaled by any other contracting 
arrangement. 
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A. gaat Concepts 

Multiyear contracting has long been recognized 
as a viable and valuable acquisition strategy. 
Prior to the passage of the Fiscal Year 1982 
Department of Defense Authorization Act, 
Public Law 97-86 of 1 December 1981, however, 
legislative and regulatory restrictions on 
the application of multiyear contracting for 
supplies or services significantly limited the 
use of this technique. 

1. Legislative Prohibitions 
Public Law 94-106, the Fiscal Year 1976 

Appropriation Authorization Act, placed a $S 
million ceiling on cancellation charges that 
could be approved by the Services. This pro- 
hibition required the services to seeic 
Congressional approval for cancellation 
arrangements in excess of this threshold. As 
a result, multiyear contracting, which had 
been authorized in Armed Services Procurement 
Requlaticns in 1963, became an acquisition 
strategy infrequently applied. 

Public Law 90-378, codified as 10 O.S.C. 
2306(g), authorized the Department of Defense 
to enter into multiyear contracts with 
single-year monies for supplies and services 
outside the 48 contiguous Onited States. As 
a result of this statute, the Comptroller 
General held consistently that, absent 
Congressional authorization to the contrary, 
multiyear contracting with one-year appropria- 
tions ' within the continental Onited States 
would violate the Anti-Deficiency Act, the 
Surplus-Fund-Certified Claims Act of 1949, 
and the Adequacy of Appropriations Act. 

2. Regulatory Standards 
Defense Acquisition Regulations (DAR), 

paragraph 1-322, provides regulatory imple- 
mentation of the legislative restrictions 
cited above and sets forth the policy in 
which multiyear contracting may be considered 
a viable alternative. 
Multiyear contracting may only be used when: 

i) The need for the requirements is firm 
and continuing; 

ii) The contract will realize significant 
benefits or cost savings by encour- 
aging effective competition or pro- 
moting economies in performance or 
operations; 

iii) The requirements are technically 
stable (no major design or specifica- 
tion changes are expected); 

iv) If noncompetitive, the item will be 
obtainable only from the sole source 
during the entire multiyear period; 

v)   Risk of cancellation is low; and 
vi) A high degree of confidence exists in 

the contractor's cost estimates and 
capabilities. 

Current regulations allow multiyear con- 
tracting in both competitive and non- 
competitive acquisitions, however the resul- 
tant contract must be either firm-fixed price 
or fixed price with economic price adjust- 
ment. Except for the escalation provisions 
in the latter, unit prices for each item in 
the multiyear requirement must be the same in 
all program years. Though cancellation 
charges of the contract need not be obligated 
in advance, they must be funded. Cancella- 
tion charges are limited to non-recurring 
costs. 

Public Law 94-106 is implemented within 
Defense Acquisition Requlations in paragraph 
l-322.i(a)„ The provisions of public Law 
90-378 are contained in paragraph 1-322.1 
(d) (1). 

B. Expanded Multiyear Contracting 

In late 1980, multiyear contracting became 
the focus of increasing attention and 
scrutiny as an underutilized acquisition 
strategy that offered significant cost-saving 
benefits. The Defense Industrial Base Panel 
of the House Armed Services Committee, the 
Ichord panel on the Defense Mobilization 
Base, and House Resolution 745 introduced by 
Congressman Dan Daniel with the strong 
endorsement of the Comptroller General all 
indicated that more flexible legislation and 
regulation should be applied to multiyear 
contracting, in order to expand its use and 
application. This groundswell of opinion 
continued through Fiscal Year 1982 Budget 
Hearings and culminated in very specific and 
more permissive language in Public Law 97-86 
of 1 December 1981. 

1. The New Legislation 
In the Fiscal Year 1982 Authorization Act, 

Congress has specifically endorsed multiyear 
contracts and sanctioned their use "for the 
purchase of property, including weapon systems 
and items and services associated with weapon 
systems (or the logistics support thereof)" 
as long as the following conditions are met: 

i) the national security of the United 
States will be promoted and total 
costs under the contract will be 
reduced; 

ii) the need for the property or services 
is expected to remain relatively 
unchanged over the term of the 
contract and rates of production and 
quantities procured will be stable; 

iii) the Department of Defense will 
annually request funding for the 
remaining program years; 

iv) a stable design exists for the 
program and technical risk associated 
with its production is low; and 
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v)   realistic coats savings and perfocat- 
ance cost estimates can be computed. 

Witbin the legislation, multiyear contracts 
utilizing any type of contract, other than 
cost-plus-percentage-of-coat, are sanctioned 
and the use of this strategy "to provide 
incentives to contractors to improve product- 

ivity through investment in capital 
facilities, equipment and advanced technology" 
is declared Congressional policy. Furthermore, 
the restriction on cancellation ceilings in 
excess of S5 million is lifted (replaced by a 
reporting requirement to the Armed Services 
and Appropriation Committees for any cancella- 
tion ceiling in excess of $100 million) and 
the language formerly interpreted to prohibit 
multiyear contracts for services in the con- 
tinental Dnited States is revoked. Finally, 
the inclusion of recurring costs within the 
cancellation charge is permitted. 

At the conclusion of this Congressional 
endorsement of multiyear contracting, the 
Secretary of Defense is instructed to issue 
implementing regulations promoting its use 
within 90 days of enactment. 

2. Implementing Regulations. 

Expedited departmental implementation of 
the statute was forwarded to Navy procurement 
commands, via the Chief of Haval Material, on 
1 March 1982. Preliminary changes reflect the 
revision made to cancellation ceiling thres- 
holds and the lifting of the prohibition for 
multiyear service contracts in the continental 
United States. Additionally, the use of 
multiyear contracting to provide capital 
facility investment incentives is formally 
recognized. It is expected that a completely 
rewritten version of DAR 1-322 will follow. 

The Chief of Naval Material's covering 
letter encourages innovative contracting 
terms and conditions to fully exploit, where 
appropriate, the expanded and permissive 
multiyear concept endorsed by Congress. Such 
innovations are suggested in cases: 

1) where there may be application to 
other than major programs, 

2) where the same unit price for all 
program years is not appropriate, 

3) where requiring both single year and 
multiyear offers serves no useful 
purpose, 

4) where facts justify the inclusion of 
recurring costs in the cancellation 
ce iling, 

5) where the prudent use of options 

would provide a contributory benefit 
to the applicable cancellation 
ceiling, and 

6) where advance procurement of economic 
order quantities of out-year parts, 
components and materials can be 
effected. 

It is therefore expected that, pending the 
issuance of new regulations, appropriate 
deviations from existing standards of DAR 
1-322 will be favorably considered. 

BACKGROOND-OVERHAOL AND SHIP REPAIR 

A. Introduction 

Overhaul and repair of surface ships encom- 
passes extensive maintenance actions 
performed by a public or private shipyard. 
The types of maintenance actions performed 
include major and minor repairs to all ship's 
systems, modernization of existing equipments 
through installation of major alterations and 
dry docking of the vessel. The Navy's 
current policy is to overhaul ships in or 
near the ship's homeport to minimize family 
disruption and improve crew morale. Other 
key factors considered in determining the 
industrial facility at which a ship will be 
overhauled include ship complexity (nuclear 
or non-nuclear propulsion and type of weapon 
systems), fleet operating schedule, material 
readiness requirements, shipyard workload and 
qualifications, shipyard capacity, capability 
and capacity in homeport areas and DAR 
a^lications to private sector competition 
requirements and small businesses. 

The ship repair and overhaul industry is 
different from all other industries with 
which the Navy associates, it cannot be 
classified as either a pure supply product or 
a service. Basically, ship repair and 
overhaul of a Navy surface ship involves 
delivering a large Navy vessel to a 
contractor's facility, and leaving it for 
major repairs for a period of 8-12 months. 
During this period of time the contractor 
will be required to repair, overhaul and 
modernize portions of nearly every major 
system installed in the ship. The most 
comnon areas where work is performed include 
electronics, combat weapons systems, 
propulsion systems, mechanical systems, 
auxiliary systems, electrical systems, the 
hull, the sonar dome and propeller repairs. 
The objective of the overhaul is repair of 
systems, replacement of sub-systems and 
parts, and installation of major moderniza- 
tion alterations. The integration of these 
efforts results in restoring the ship to a 
material condition that enables it to perform 
reliably during the subsequent operating 
cycle. 

Due to the inability of a contractor to verify 
the material condition of all systems prior 
to delivery of the ship to his yard, ship 
repair and overhaul entails several sets of 
work specifications requiring "open and 
inspect" in order to determine the precise 
status of various equipments and systems. 
Thus,   in   this   environment,   a  strict 
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categorization of either supply or service 
effort cannot be employed. 

B. Ship Repair and Overhaul in the Private 
Sector 

Navy shipyards overhaul the Navy's most 
complex ships, sutmarines, cruisers, aircraft 
carriers, guided missile destroyers and 
frigates, and a large investment in special- 
ized skills, facilities and equipment is 
required. Ships of lesser complexity 
(amphibious, auxiliary and support ships) 
have been overhauled in caoaercial ship- 
yards. Only one private shipyard is engaged 
in the overhaul of nuclear powered surface 
shipa or submarines. However, an increasing 
number of complex combatants will be over- 
hauled in the private sector over the next 
several years because of increasing complex 
ship workload in the public shipyards, in 
1981, seven combatants with complex weapons 
systems were overhauled in the private 
sector; by 1984, this number will increase to 
approxijnately 23. No short-tern changes in 
the number of shipyards, either public or 
private, are forseen. It is further indicated 
that nuclear-capable shipyards will be more 
heavily involved in nuclear ship work. Thus, 
there will be a shift of more non-nuclear 
complex ship overhauls to the private sector. 

As a consequence, private industry must 
strengthen its capability to overhaul the 
complex weapon and electronics systems found 
on these combatants. Current planning calls 
for the Navy to continue to accomplish a 
minimum of 30% of ship maintenance and 
modernization work in the private sector. 

C The Ship Repair Marketplace 

Master ship Repair (MSR) "contracts" are 
unique agreements the existence and 
legitimacy of which as a contracting form is 
upheld by the DAR. Essentially, an MSR agree- 
ment is a multi-source basic ordering agree- 
ment containing specifically approved clauses 
that are unique to the ship repair and 
overhaul industry. Contracts are awarded 
under the master MSR agreement via job 
orders. private concerns desiring an MSR 
agreement must apply to the Navy and, if 
granted one, become eligible to bid on Navy 
ship repair and overhaul work, private firms 
which do not hold an MSR agreement may not be 
restrained from bidding on Navy work provided 
they can obtain an MSR agreement prior to 
commencement of the work. MSR eligibility is 
established among other things by a pre-award 
survey to determine if the contractor 
possesses the necessary resources {e.g., 
management, technical, facilities and 
financial) to accomplish the Navy overhaul 
and repair work. 

The importance to the Navy of ensuring that 
only qualified contractors work on Navy 
vessels cannot be over-emphasized. The risks 
to the Navy and the national defense posture 
are too great not to have some mechanism for 
ensuring that only qualified sources work on 
Navy ships. The prominent role the Navy plays 
in national defense and foreign policy 
matters necessitates that ship repair and 
overhaul be performed competently and in a 
specific period of time. Readiness to meet 
sea-borne hostile threats and the requirement 
to be able to respond to national or inter- 
national emergencies make it imperative that 
Navy assets be materially ready on short 
notice, in order to accomplish these 
missions, the Navy establishes maintenance 
cycles for each class ship that permit 
adequate coverage of mission requirements 
while ensuring some ships receive both new 
equipments reflecting the latest techno- 
logical advances and the normal major 
maintenance due high investment capital 
assets, TO this end, the Navy attempts to 
protect its investment in surface ships by 
having only qualified ship repair and 
overhaul firms perform work on these ships. 

D. Techniques for Contracting For Ship Repair 

Job orders awarded under the MSR agreement 
are firm-fixed price in type, however not all 
ship repair and overhaul efforts are awarded 
in this manner. in response to strong 
encouragement from the General Accounting 
Office (GAG), Invitations for Bid (iFBs) have 
given way to Requests for Proposals (HFPs) 
and the Navy has awarded several cost-type 
contracts for ship overhaul and repair. 
These contracts contain standard cost-type 
(supply) provisions, not MSR clauses. All 
awards have been competitive in nature and 
°ni-y offerers who hold MSR agreements have 
submitted proposals. Thus, the validity of 
the Navy's view that only qualified ship 
repair and overhaul firms should bid on these 
efforts seems to be both recognized and 
upheld by industry, 

in solicitations for the accomplishment of 
complex, large dollar value overhauls over 
the past two years, the RFP has stated that a 
cost-type contract was contemplated and that 
formal source selection procedures would be 
used. A significant feature of the source 
selection process has been the identification 
of several ship repair firms which lack sub- 
stantial physical assets, skills and facil- 
ities to be competitive for contract award. 
In several instances the Navy has had to pro- 
vide key assets, e,g,, drydocking facilities, 
or else "split bid" the awards to ensure the 
drydocking portion of the overhaul is accom- 
plished by a qualified source. 
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The Navy's migration to utilizing RPps resul- 
ting in cost-type contracts has permitted 
grouping two or more ships into multi-ship 
lots. These ships have been of the same kind 
(DD, LST or FF) and of the same class. The 
work package, including specifications, has 
been referred to as "notional" due to the 
inability of the Navy to draft complete speci- 
fications for ships in the work package beyond 
the lead ship. Thus, all of the ships are 
bid to the lead ship's specifications with 
the understanding that optional follow-on 
individual ship's specifications will be 
furnished approximately 120 days before the 
commencement of the individual ship's over- 
haul date. This technique affords substantial 
flexibility to the Navy in accomplishing 
emergent work, installation of various ship's 
systems alterations and configuration control. 

Another improvement in contracting for ship 
repair and overhaul was the establishment, in 
July 1981, of a solicitation area policy. 
Such a policy, which limits the solicitation 
to the smallest of three geographical areas 
in which adequate competition is expected to 
be obtained, homeport area, extended 
solicitation area or coast-wide, is aimed at 
implementing the Chief of Naval Operations 
(CNO) objective of performing ship overhauls 
at or near the ship's homeport. 

Thus, three key changes have been made: a 
shift in emphasis from formal advertising to 
negotiation of cost-type contracts; soli- 
citation and award of multi-ship option 
packages; and the establishment of a uniform 
solicitation area policy. It has been 
expected that these changes would successfully 
recognize the entrance of more complex ship 
repair procurements into the private sector, 
better implement CNO overhaul in homeport 
policy and lead to an increase in private 
sector industrial capacity near major home- 
port areas. 

S. Facility Improvement in the Private Sector 

Though the Navy continues to emphasize the 
goal of high quality private sector overhauls, 
a strong commitment from industry will be 
necessary to ensure that Navy ships are 
completed within budget and schedule 
constraints. As more and more combatant 
ships are overhauled in the private sector, 
emphasis will be placed on applying new 
technology to improve the private sector's 
industrial work process, plant equipment and 
facilities. Such improvements should result 
in a reduction of overhaul costs and 
duration. However, the necessary improve- 
ments will not be forthcoming from the 
private sector without sufficient support and 
recognition for their efforts by the Navy. 
Industry has already provided these signals 
in  areas  of  heavy  fleet  concentration 

throughout the country. in response, the 
Navy can indicate its support to industry by 
providing encouragement in the form of 
significant contractual incentives that will 
motivate industry to build and develop a 
robust industrial base for ship repair and 
overhaul where shortfalls exist. 

ANALYSIS - MDLTIYEAK CONTRACTING 
FOR SHIP REPAIR 

To summarize the discussion thus far, main- 
tenance of afloat Navy assets is an 
increasingly complex task. A typical state- 
ment of work for a single ship begins to 
evolve eighteen to twenty-four months prior 
to the ship's availability. Though many of 
the elements of the work package are common 
among ships of the same class (a drydock 
period for hull work, "K" alterations as part 
of the Fleet Modernization Program, etc.), 
each ship will inevitably be different, owing 
to its deployment schedule, maintenance 
history and the talents of its individual 
crew. Coupled with the growing sophisti- 
cation of onboard weapons and electronics 
suites, these facts have given rise to 
significantly more use of negotiation, formal 
source selection (with technical and 
management expertise predominant among 
evaluation factors) and cost-type contracts. 

To respond to the Navy's overhaul in homeport 
policy, an acquisition strategy must be fash- 
ioned that both recognizes the procurement 
techniques required for many overhauls (nego- 
tiation, formal source selection and cost 
type contracts), while channeling sufficient 
contractual incentive to a geographic area 
lacking sufficient ship repair facility 
capacity. 

A. Alternative Incentives 

1. Profit 

In the authors' assessment, recent Navy ex- 
perience has indicated that profit, under 
current Weighted Guidelines, provides an 
incentive insufficient to alleviate the risk 
associated with a contractor's long-term 
construction of a ship repair capital 
facility. A recent interview by the authors 
with an executive of a West Coast ship repair 
company revealed that a drydock large enough 
to accommodate the majority of surface 
combatants would take a minimum of 2 1/2 
years to construct and represents approxi- 
mately a $40 million investment. A survey of 
defense contractors conducted by the National 
Security Industrial Association indicated 
that the minimum return on assets (ROA), 
after taxes, for capital acquisition is 15 
percent. In light of the necessary movement 
toward cost-type contracts, it is therefore 
considered infeasible that a profit or fee 
level  large  enough  to  provide  the over- 

0-7 



whelming minimum ROA considered necessary by 
industry could be authorized for an expendi- 
ture of this magnitude. 

2. Multi-Ship (Option) Contracts 
The Navy is currently packaging many multi- 

ship solicitations for contract award by 
utilizing the notional work package technique 
discussed previously to price follow-on 
option ships. Though multiship packages have 
been intended to provide an incentive for 
facility improvement, they have not been 
successful. The Navy's unilateral right to 
require performance of the follow-on over- 
hauls, though generally exercised, still 
requires a contractor to shoulder an 
unreasonable (in the eyes of the contractor) 
amount of risk in assuming that the future 
work in the option ships will provide an 
amortization base for a repair facility 
capital-improvement venture. Too many vari- 
ables and unknowns, schedule slippages caused 
by new work discovered in individual ships or 
operational commitments that delay the avail- 
ability of the follow ships, can void any 
guarantee of future work the contractor may 
entertain. 

3. Capital Investment Incentive Clauses 
DAR 3-815 posits a strategy whereby a con- 

tractor may be motivated to acquire capital 
facilities through a contractual guarantee 
that, should a program be terminated, the 
Government will fund the residual, undepre- 
ciated value of the asset. 

The technique has drawbacks when contem- 
plated as a solution to ship repair capital 
investment shortfalls. First, it presupposes 
that ownership of the asset, should the pro- 
gram be cancelled, would be useful to the 
Navy. Ship repair facilities, such as 
drydocks, cranes or machine shops, are not 
generally severable assets of which the Navy 
could make sufficient use to justify the 
cost. Capital facility investment clauses 
are generally utilized only for major systems 
acquisitions. Their use is prohibited by DAR 
for real property. Thus, this technique may 
be dismissed as a viable alternative. 

4. Multiyear Contracting 
In recognition of the permissive language 

of the 1982 Authorization Act, recent 
expedited implementation regulations, the 
encouragement of innovative applications and 
appropriate deviation requests, and the 
imminence of changed DAH Provisions expected 
to sanction expanded utilization, it is now 
possible to seriously explore multiyear 
contracting as a viable capital investment 
incentive for the ship repair industry. A 
recapitulation of the facts presented earlier 
illustrates that a cancellation ceiling 
approval threshold large enough to accommodate 

ship repair facilities is now within the 
domain of the Services and that single-year 
monies can be utilized to fund multiyear 
contractual arrangements. A multiyear, 
multi-ship package assembled for a specific 
geographical area with ship repair facility 
shortfalls poses the best available con- 
tracting alternative discovered by the authors 
to provide industry sufficient incentive to 
embark on a $40-50 million capital acquisi- 
tion venture. Such an arrangement, however, 
requires careful and detailed planning and 
execution with a continuing perspective on 
the conditions under which Congress has 
endorsed multiyear contracting. 

B. Impediments and Compatibility in the 
Multiyear Ship Repair Scheme 

A ship repair multiyear contract poses 
unusual, albeit not overwhelming, challenges. 
A growing recognition that cost-type 
contracts are more suitable for major ship 
repair availabilities forces one to explore a 
multiyear cost-type arrangement, with adequate 
protection against "buy-ins" and suitable coat 
control leverage. Though ship repair is gen- 
erally considered an effort of only moderate, 
at its extreme, technical risk, one can hardly 
characterize the specifications "stable." The 
unknowns inherent within an "open and inspect" 
effort, the unique material condition of in- 
dividual ships and the inability to defini- 
tize a work package for follow on ships at 
the outset of any multiyear arrangement 
requires the presumption of contract growth 
through new work. The use of the experi- 
mental notional work package technique would 
seem to mitigate against the classical multi- 
year technique. Cost accounting standards 
may prohibit full amortization of ship repair 
facilities within the maximum five-year 
boundaries of a multiyear scheme, therefore 
incentives additional to the risk-diminishing 
cancellation ceiling may be necessary to 
encourage capital acquisition progress. 
Finally, the use of single-year monies to 
finance out-year long-lead material acqui- 
sitions, a major source of multiyear savings, 
must be explored. 

Nonetheless, the authors believe that a 
multiyear arrangement for ship repair is 
viable and will both be beneficial for the 
Navy and meet the conditions set forth by 
Congress for expanded multiyear application. 
Reviewing the five conditions cited in Public 
Law 97-86, the authors believe that: 

(i) the national security of the United 
States and reduced total costs will 
be promoted by the exploitation of 
learning, both from a quality and an 
economic perspective, offered by a 
multiyear ship repair contract; 
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(ii) the need for major ship repair avail- 
abilities will remain stable and can 
be accurately forecast; 

(iii) the Department of the Navy will con- 
tinue to annually request funding for 
maintenance of its major capital 
assets; 

(iv) specifications provided at the outset 
of contract award, coupled with the 
presumption of new work growth, pose 
an acceptable pricing risk as long as 
the notional work package concept and 
additional cost control incentives 
can be employed; and 

v) realistic cost estimates can be 
computed within the notional work 
packages. 

PRDCtJHEMEOT METHODOLOGY 

This section of the research paper sets forth 
the basic requirements of a multiyear 
approach to ship repair, in consonance with 
sound procurement practices, that will serve 
to encourage facility investment. 

A. Determinations and Approvals Necessary and 
PAR Deviations Required 

Prior to planning the multiyear scenario that 
will be posited herein, existing DAR regula- 
tions require that the following written 
determinations be made by the procuring 
agency: 

(i) the need for the overhaul and repair 
services is firm and continuing (DAR 
l-322.1(c) (l)(i) and 1-322.1 (d) 
(3)(i)); 

(ii) a multiyear contract will serve the 
best interests of the Government 
through affective competition and 
cost savings will result (DAR 1-322.1 
(c)(1)(ii) and 1-322.1(d)(3)(iii)); 

(iii) a substantial initial capital invest- 
ment will be required of the awardee 
(DAR 1-322.1(d)(3)(ii)); and 

(iv) in order to minimize a first program 
year "buy-in", solicited prices 
should be submitted for the multiyear 
requirements only, since it would be 
impractical to recompete the out-year 
requirements (DAR 1-322.2(a)(3)). 

Additionally, since the proposed multiyear 
contract period will exceed 3 years, regula- 
tions require a determination signed by the 
Assistant Secretary of the Navy (Shipbuilding 
and Logistics) concurring in the determina- 
tions shown in (i), (ii) and (iii) above. 

Finally, as encouraged by the Chief of Naval 
Material, the following assumptions of the 
strategy require deviations from DAR in order 
to proceed: 

(i) a cost-type multiyear contract with 
non-level pricing among ships packaged 
together is necessary in recognition 
of individual ship material condi- 
tions ; 

(ii) a maximum award fee of 15% is 
believed necessary to properly encour- 
age quality, schedule and cost con- 
trol, and  facilitization efforts; 

(iii) multiyear contracts have generally 
not been considered for a commodity 
such as ship repair, an other-than- 
major systems acquisition program; 

(iv) advanced procurement with single-year 
monies will effect cost savings for 
long-lead material; and 

(v) performance periods for individual 
ships, which will be contracted for 
on a completion basis, will span 
fiscal years. 

Once these issues have been resolved, the 
multiyear acquisition can be initiated. 

B. RPP preparation 

Formulation of the RFP will require a clear 
statement of work that accomplishes both 
satisfactory repair and overhaul of the 
assigned vessels and investment in extensive 
facilities and equipment. The authors 
envision a draft RFP being forwarded to 
industry for comments and recommendations. 
It is anticipated that industry would require 
60 days to thoroughly review the RFP. After 
assessing industry's comments and recommen- 
dations, a firm solicitation would be 
forwarded to industry to commence the 
competition. It is anticipated that industry 
would have approximately 90 days to submit 
proposals. Approximately 30 days into the 
solicitation period, a bidder's conference 
wauld be held to facilitate a more compre- 
hensive understanding of the requirements of 
the RFP. Included in the RFP would be special 
clauses that would direct industry's responses 
to the following specific requirements: 

(i) establishment of a local, permanent 
facility in which the full range of 
ship repair and overhaul activities 
can be performed as one goal of this 
acquisition; 

(ii) the amount of the cancellation ceiling 
and the conditions under which spe- 
cific recurring and non-recurring 
costs, and the method by which these 
costs would be allocated as overhead, 
would be included; 

(iii) establishment of a precise cost ac- 
counting system that would permit seg- 
regation of costs for the work re- 
quired for each vessel in addition to 
the capital improvement investments; 

(iv) establishment of more precise defini- 
tions of "growth" and "new-work" so 
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that cost overruns and fee-bearing 
changes may be more properly assessed; 

(v) ability of the Navy to substitute 
like-ships in the event that 
unforseen operational commitments 
cause a ship listed in the RFP to be 
removed from the schedule. 

The authors envision that three separate pro- 
posals will be sufcmitted by each contractor. 
One proposal wauld be required for technical 
aspects of the repair and overhaul of the 
multi-ship package; one for facilities devel- 
opaent and costs thereof; and one for the 
costs of the multi-ship package, A key aspect 
of the evaluation of the above proposals 
would be the manner in which contractors 
successfully integrate their respective 
capital investment approach with the 
requirements of the multi-ship package. 

Since the objective of this procurement is to 
encourage significant private capital invest- 
ment in facilities concurrent with satisfac- 
torily overhauling several Navy ships, a 
careful structuring of the award fee provi- 
sions is necessary. Simultaneous emphasis 
would be placed on schedule, cost and 
performance of the current work in addition 
to the contractor's efforts in faciliti- 
zation. Presumably, this emphasis would be 
reflected in the award fee category weights 
and level of award fee funding provided. 

C. Source selection Criteria 

Due to the high degree of commitment by 
industry required for the proposed pro- 
curement, a formal source selection process 
that includes the Navy's most talented experts 
is warranted. These experts would be 
assembled from several commands around the 
country. Their selection would be based on 
strong, demonstrated professional performance 
in their fields of expertise. Selection 
criteria as listed in the Source Selection 
Plan vreuld be as follows (in descending order 
of importance): Management Approach; Resources 
(Facilities); Cost; Technical Approach; and 
Experience/Past Performance. 

Management Approach would consider the 
contractors' organizational structure and 
their organizational approach for accom- 
plishing both the multiship and facilitiza- 
tion efforts. The Resources category would 
examine current physical resources and man- 
power available to accomplish the stated 
overhauls. Further, contractors would have 
to integrate their investment in facilities 
approach with existing resources to demon- 
strate its feasibility. The Cost category 
would consider both cost realism in 
estimating the scope of the overhauls 
involved and lowest overall projected cost to 
the  Government.  Technical  Approach  would 

consider the various specific approaches 
utilized by contractors in performing work on 
combat systems, propulsion systems, quality 
control and extent and use of subcontractors 
in the overall effort. Experience and Past 
Performance would reflect each contractor's 
experience and cost and schedule performance 
with Navy repair and overhaul over the last 
five years. 

D- Additional Contract provision 

In addition to the special clauses discussed 
in paragraph B above, the Rpp would include a 
provision for the Navy to provide interim 
facilities for the first 2-3 ships in the 
multi-ship package while the contractor is 
acquiring or developing the facilities 
necessary to meet the capital improvement 
requirements of the solicitation. Alterna- 
tives available to the Navy are as follows; 

(i)  in-place local facilities,  i.e., a 
dry dock/graving dock; 

(ii)  a re-located facility (floating dry 
dock) ; or 

(iii) lease of a local commercial facility. 

E. Plan of Action and Milestones for Accom- 
plishment of Multiyear Contracting 
Technique 

The following schedule proposes a planning 
horizon timeline for development of the 
multiyear technique postulated and is predi- 
cated upon the number of calendar days 
required for each event prior to commencement 
of the lead ship availability. it is 
recognized by the authors that several of the 
events may be pursued in parallel and, thus, 
compress the timeline further. Based on the 
postulated timeline, approximately one year 
prior to the commencement of the lead ship's 
availability would be the required timeframe 
to accomplish the proposed procurement. 

EVENT 
1. Identify specific ships for the 

work package 
2. Prepare the work package, in- 

cluding notional specifications. 
3. Prepare the Source Selection Plan 

(including source selection criteria) 
and appoint the source selection 
officials 

4. Prepare a draft RFP 
5. Request necessary DAR deviations 
6. Release draft RFP to industry 

for information and comment 
7. Distribute firm RFP to industry 
8. Bidders' conference 
9. Evaluate proposals, hold dis- 

cussions, request best and final 
offers 

10. Award contract 

TIME 
LINE * 
Note 1 

Note 2 

A-360 

A-360 
Note 3 
A-330 

A-270 
A-240 
A-180 

A-90 
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LI. Ccnmence lead ship overhaul A-0 

♦The traditional method of reflecting mile- 
stones in ship repair and overhaul is to use 
the abbreviation "A-" preceding the number of 
days estimated for that event. For example, 
an A-90 notation would indicate completion of 
an event 90 days prior to the commencement of 
the ship's overhaul start date. 

Mote 1. Subsequent to the Head of the 
Procurement Agency's (HPA's) approval of the 

postulated multiyear technique, the appro- 
priate Fleet and Type Commander would be 
tasked to provide several candidates for the 
proposed work package. As a practical matter, 
the Fleet and Type Commanders would not be 
totally unfamiliar with the proposed pro- 
curement technique since the authors presume 
their general concurrence in the concept 
proposed prior to HPA approval. 

Note 2. Preparation of the work package is 
not considered a major obstacle in that the 
planning effort for the lead ship's overhaul 
is presumed to be in progress regardless of 
the specific ship designated to be first in 
the multi-ship package. The current work 
package preparation efforts utilized by the 
Navy would not have to be altered dramati- 
cally to accommodate the procurement unless 
the proposed concept was to be implemented 
prior to the normal availability of the work 
package specifications. 

Note 3. The necessary DAH deviations would, 
in any event, be required prior to forwarding 
the firm RFP to industry {A-270) . It is 
conceivable that certain final deviation 
authority may not be granted until a thorough 
review of the comments and recommendations 
from industry is completed. DAH deviations 
would not be pursued until the HPA indicated 
approved. for the postulated multiyear 
approach. 

RISK ASSESSMENT 

No analysis of an acquisition strategy would 
be complete without a review of the risks 
inherent in application of the strategy. 
Multiyear contracting for ship repair is not 
without risk; no new procurement technique is 
adopted with all unknowns identified. However, 
within the framework of the methodology des- 
cribed in this paper, an adequate risk assess- 
ment can be performed by weighing known bene- 
fits of the stategy against known detriments. 

A. Benefits 

One of the primary benefits of a multiyear 
ship repair arrangement is the early identi- 
fication of the planned overhaul site for all 
ships within the multiyear package. Such 
identification is in accordance with the goals 

of CNO policy to minimize the Fleet disruption 
caused by less than timely decisions on an 
overhaul site. Additionally, multiyear con- 
tracting makes possible a sufficient contrac- 
tual incentive, via a shift in risk away from 
the contractor, for substantial ship repair 
capital investment. By targeting the solici- 

tation and award to a specific geographical 
area, full compliance with CNO Policy, over- 
haul in homeport, may be realized. 

It is striking to recognize that there are 
alternative solutions to geographical ship 
repair facility shortfalls other than contract 
incentives. But, Military Construction pro- 
jects, reassignment of homeports or an abro- 
gation of CNO Policy, are simply not con- 
sidered viable due to high costs or political 
sensitivity. Therefore, the multiyear contract 
strategy seems both the best contracting 
solution and the best overall solution to 
ship repair facility shortfalls. 

Cost savings are expected to be realized in 
increased learning for identical follow on 
ship work items and by early economic lot 
purchases of long lead material. Addition- 
ally, some savings may be effected by the 
contractor's involvement in the planning 
process for follow ships. 

Finally, the exploitation of the expanded 
multiyear concepts to ship repair is con- 
sidered beneficial in its application of 
innovative techniques to a commodity that 
heretofore was not considered susceptible to 
multiyear contracting. 

B. Detriments 

One drawback to the strategy posed is the 
need for the Navy to provide interim facili- 
ties while those the contractor is acquiring 
are being constructed or developed. Another 
option would be to structure the multiship 
package with front end ships that would not 
require the use of the facilities (minor 
restricted availabilities requiring no dry- 
dock period). Though varying solutions can 
be postulated, an important portion of 
planning the acquisition will be resolving 
the issue of interim facilities. 

A major disadvantage to this strategy is the 
complexity of contract administration neces- 
sary for success. The contractor's progress 
on facility development will have to be con- 
tinually gauged, cost incurrence and control 
will need to be surveilled, new work, work 
deleted or cost overrun must constantly be 
negotiated and priced and schedule and 
quality emphasis will be constantly shifting. 
These facts necessitate a constant reapprai- 
sal of the award fee structure and relative 
position of the various evaluation factors. 
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Fortunately, the flexibility of this incentive 
approach acoonsaodates changing priorities. 
Unfortunately, adequate administration to 
secure success is both time-consuming and 
challenging. 

The final detriment to a multiyear cost-type 
contract is the inherent lessening of termi- 
nation flexibility as a solution to poor 
performance by a contractor. Except in the 
final year of a multiyear arrangement, termi- 
nation of the multiyear contract will invoke 
the provisions of the Cancellation Clause for 
the outyears. The expense associated with a 
terminaticn action is infinitely greater than 
that associated with failing to exercise an 
option under the current multi-ship con- 
tracting technique. 

C. Measuring Cost Savings 

Though it may be possible to demonstrate some 
measure of cost savings associated with 
advance procurement and learning on the 
multiyear contract described in this paper, 
the validation of actual overall coat savings 
accruing to the Navy from a multiyear arrange- 
ment in comparison with a series of single 
year (or single ship) contracts may not be 
possible. Given the inevitable differences 
between ship platform maintenance require- 
ments, the analysis required to determine the 
benefits of multiyear buys of weapon systems 
cannot be performed in a single year to 
multiyear ship repair comparison. One must 
also consider the "cost savings" associated 
with the improvements to the ship repair 
mobilization base that is the main objective 
of this recommended contract. How does the 
opportunity cost {more correctly, credit) of 
acquiring the long-term benefit of correcting 
a geographical ship repair facility shortfall 
enter the savings computation? It may b« 
that the inability to precisely forecast cost 
savings, despite concurrence that it will 
result, is both an advantage and a dis- 
advantage to the ship repair multiyear scheme. 

D. Summary 

A benefit to detriment "ratio" can only be 
computed in light of specific facts and 
circumstances. Against the general strategy 
presented in this paper, it is not possible 
to accurately determine that a multiyear con- 
tract for ship repair would pose an accept- 

able assumption of risk for the Navy in all 
cases. Clearly, unknown benefits and detri- 
ments would be identified as the acquisition 
planning progresses. The authors do believe, 
however, that many of the disadvantages 
identified in this paper can be minimized in 
impact with proper planning and execution and 
that, thus diminished, are significantly out- 
weighed by the opportunity to bolster the 
ship repair industrial capacity inherent 
within the expanded multiyear concept. 

CONCLOSION 

Multiyear contracting is by no means a panacea 
for nationwide economic ills and their impact 
upon mobilization base capabilities. Nor is 
this paper meant to serve a purpose other 
than to suggest a general framework in which 
this procurement technique can be applied to 
a commodity that heretofore would not have 
been considered a multiyear candidate. It 
is, however, the opinion of the authors that 
a multiyear contracting strategy to incenti- 
vize capital facility investment can success- 
fully be adapted to the acquisition of ship 
repair and overhaul. The planning, execution 
and administration of such an acquisition 
will be a challenging task and it should only 
be undertaken with a full realization that 
certain risks will have to be assumed by the 
Navy in its adoption. Additionally, the 
classical multiyear mindset must be overcome 
in order to obtain the regulatory relief 
necessary. Despite these obstacles, it is an 
experiment that will fully exploit the ex- 
panded multiyear approach sanctioned by 
Congress and it is further believed that such 
a strategy poses the only workable solution 
to correcting geographical shortfalls of ship 
repair facilities. 
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BACKGROUND 

Multi-year procurement was first adopted by 
the Department of Defense in 1952. In its 
original form, multi-year procurement simply 
amounted to a promise by the contracting 
service to award something akin to a series of 
single year contracts to a particular pro- 
ducer. While a single contractual instrument 
was employed, funds to support each program 
year of the multi-year period had to be 
authorized and appropriated separately. The 
primary linkage among program years arose from 
the fact that nonrecurring costs were amor- 
tized over all units to be delivered during 
the multi-year period. If future program 
years were not funded, the contract was con- 
sidered to be cancelled. The contracting 
service then assumed a liability to reimburse 
the contractor for that portion of nonrecurr- 
ing costs allocated to the cancelled program 
years. Originally, there was no limitation on 
the amount of unamortized nonrecurring cost 
for which the service would be liable in the 
event of cancellation. However, as a part of 
the 1976 Defense Authorization Act, Congress 
limited the Government's cancellation liabil- 
ity to $5 million. The establishment of this 
limitation completed the evolution of the form 
of multi-year procurement which was employed 
until passage of the Department of Defense 
Authorization Act of 1982.  It is particularly 
Important to note that only unamortized non- 
recurring costs were recognized as a legiti- 
mate cancellation liability. Any materials 
purchased, or other recurring cost incurred, 
to support a future program year which was 
never funded became a nonreimbursable expense 
for the contractor. 

As can be deduced from the preceding para- 
graph, multi-year procurement was character- 
ized by rather rigid and restrictive require- 
ments. The $5 million cancellation liability 
ceiling effectively limited multi-year 
contracts to nonmajor systems and replenish- 
ment items; and exclusion of recurring costs 
from cancellation settlements discouraged 
contractors from making advance purchases of 
materials to exploit economies of scale. Any 

attempt to provide Government funding for such 
advance purchases was frustrated by the full 
funding requirements of D00 Directive 7200.4. 
Thus, on the one hand the Government refused to 
finance advance purchases, and on the other 
hand refused to recognize contractor financed 
advance buys in the event of cancellation. The 
net effect was to preclude the advance pur- 
chases of economic order quantities. 

With the advent of the 1982 Defense Authoriza- 
tion Act (P.L. 97-85), much greater latitude 
is provided for multi-year procurement. Three 
provisions of the Act are particularly germane 
to this writing. First, the cancellation 
liability ceiling is raised from S5 million to 
$100 million1, thus greatly expanding the scope 
of multi-year contracting. Second, the in- 
clusion of both nonrecurring and recurring 
costs in cancellation ceilings and settlements 
is authorized. Finally, the Act clearly 
authorizes the advance purchase of components, 
parts and materials to achieve economic lot 
purchases and more efficient production rates. 

3y providing for inclusion 
in cancellation ceilings, 
that in certain circumstan 
finance advance purchases 
or debt capital.  If this 
unfunded liabilities would 
moneys to liquidate these 
have to be made available 
subsequent cancellation. 
P.L. 97-86 provides that c 
may be paid from: 

of recurring costs 
Congress has assumed 
ces a contractor will 
from its own working 
were the case, large 
be created, and 
liabilities would 
at the time of any 
In this regard, 
osts of cancellation 

(a) Appropriations originally available 
for the performance of the contract concerned; 

(b) Appropriations currently available for 
procurement of the type of property concerned. 

Even this limitation can be exceeded if 
Congress is notified thirty days in advance of 
entering into the contract and interposes no 
objection. 
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and not otherwise obligated; or 

(c) Funds appropriated for those payments. 

On the other hand, by explicitly authorizing 
advance purchases for the sake of economy, 
Congress has implicitly recognized an obliga- 
tion to fund such purchases when the situation 
demands. In this case, a funding "bow wave" 
could be created, as funds are obligated in 
advance of the benefiting program year. 
However, the magnitude of unfunded liabilities 
to be included in cancellation ceilings would 
be greatly decreased. 

Thus, the Government is faced with a difficult 
choice. It must either appropriate sufficient 
moneys to fund the advance purchase, or incur 
large unfunded liabilities if contractor 
financing is required. Beyond this, there are 
a number of available methods which could be 
employed to provide advance purchase funding. 
The remainder of this paper will be devoted to 
exploring the various advance purchase finan- 
cing techniques which might be adopted, 
together with analyzing the advantages and 
disadvantages of each approach. 

FUNDING OPTIONS 

There are four basic alternatives for funding 
advance material purchases. The following 
paragraphs discuss these options in the con- 
text of a hypothetical multi-year procurement. 

Figures 1 through 4 wi11 serve as the frame- 
work for this analysis. Each assumes a three- 
year contract, requiring delivery of 33 end 
items for each program year. Nonrecurring 
costs (NRC) in the amount of S35 million are 
amortized evenly across all three years. The 
advance purchase of materials is included at 
$100 million. A distinction is then made 
between the prime contractor's obligation and 
expenditure profiles. That is, it is assumed 
that subcontracts for advance materials will 
be awarded as follows: $60 million to be 
obligated in fiscal year one (FY 1); $40 
million in FY 2. However, actual vendor pay- 
ments will not be made until delivery takes 
place. The expenditure profile developed in 
this example assumes payment of $50 million in 
FY 1; $30 million in FY 2; and $20 million in 
FY 3. The effect of progress payments on this 
expenditure profile is also considered. 
Finally, other recurring costs (ORC) are 
established at $155 million, or $55 million in 
each program year. While highly simplified, 
the following examples of advance purchase 
alternatives illustrate many of the advantages 
and disadvantages of each option. 

Contractor Financing 

If the alternative portrayed in Figure 1 is 
applied, level funding of $100 million per 
year would be provided, and the financing of 

the advance purchase would come from the con- 
tractor's own working or debt capital. Under 
this concept, the contractor would incur a 
deficit in FY 1 of $16.57 million which would 
not be fully recouped until contract comple- 
tion. While some relief would be provided by 
progress payments, this would not be sufficient 
to cover purchases for all unfunded program 
years. Borrowing costs associated with a con- 
tractor financed advance purchase would either 
be absorbed in the form of reduced profit or 
reflected in inflated cost figures.2 in 
addition, the prospect of having to finance 
advance purchases might inhibit competition. 
Contractor financing has the advantage of 
eliminating the funding "bow wave" alluded to 
earlier. However, the Government may ultimate- 
ly be faced with having to cover a sizeable 
unfunded liability in the event of cancella- 
tion. In sum, while this alternative may be 
appealing on the surface, it carries distinct- 
disadvantages which could make it difficult to 
implement in many cases. 

Expenditure Funding 

Figure 2 illustrates the concept of expendi- 
ture funding for advance purchase costs. Under 
this concept, Government funds would be obli- 
gated at a level sufficient to cover the con- 
tractor's payments for delivered items in each 
program year. Thus, $50 million would be 
obligated to cover advance purchase deliveries 
in FY 1; $30 million in FY 2; and $20 million 
in FY 3. Comparison of the funding profile 
reflected in Figure 2 with that reflected in 
Figure 1 illustrates the skewing effect 
towards early program years--hence, the funding 
"bow wave." As will be seen in subsequent 
paragraphs, expenditure funding creates the 
least acute "bow wave" of any Government 
financing option. However, it would probably 
not eliminate contractor investment, as 
progress payments to vendors would generally 
be required for outyear fabrication. Funding 
shortfalls would most certainly occur if 
flexible progress payments were included in 
the contract. Nonetheless, contractor invest- 
ments would be greatly reduced. This, in 
turn, should reduce or eliminate the inhibi- 
tion to competition discussed above. The 
provision of expenditure funding would also 
reduce the Government's unfunded cancellation 
liability. However, a certain level of 
unfunded liability would accrue, as the prime 
contractor would be liable for costs associ- 
ated with terminating its advance purchase 
subcontracts in the event of cancellation.  In 
sum, the amount of recurring costs included in 
the unfunded cancellation ceiling would be 

2 
The latter course of action would place 

the contractor in a compromised position as 
Defense Acquisition Regulation (DAR) 15-713.7 
specifically designates interest and other 
financial costs as patently unallowable. 
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greatly reduced—but not entirely eliminated-- 
by moving from contractor financing to 
expenditure funding. 

Tennination liability Funding 

Under the concept of funding to termination 
liability (Figure 3), the Government would 
again provide advance purchase funds suffic- 
ient to cover payments for deliveries actually 
made by vendors during a given fiscal year. In 
addition, funds would be included to cover any 
termination costs for which the prime contrac- 
tor would be liable if future program years 
were cancelled. Referring to Figure 4, funds 
would be obligated on the prime contract in 
FY 1 for (1) actual payments of $50 million for 
items to be delivered to the prime contractor 
in FY 1, and (2) termination liability of 
S5 million associated with work in process for 
FY 2 deliverables. Such termination liability 
funding could be considered a progress payment 
reserve to cover costs incurred by vendors in 
FY 1 in support of deliveries to be made in 
FY 2.3 This would be a logical approach in 
that any resultant termination settlement 
would similarly include payments for completed 
items and work in process. The approach has 
certain merits. Constructive use would be made 
of funds reserved to cover termination liabil- 
ity by providing the prime and subcontractors 
with sufficient working capital. This would 
not represent an unearned benefit, as any 
progress payments would be based on costs 
actually incurred. In the event of cancella- 
tion, any outstanding progress payments could 
simply be credited against the negotiated 
termination settlement(s). A major disadvan- 
tage of termination liability funding appears 
to be administrative complexity. First, 
progress payments made during FY 1, for 
example, would have to be liquidated against 
delivery payments in FY 2. Second, as progress 
payments cover only a portion of costs actually 
incurred, exclusive of profit, a mechanism 
would have to be developed to credit any unused 
FY 1 termination liability funds to the FY 2 
account. By applying this technique to the 
example given, only $25 million would have to 
be obligated for FY 2 advance purchases, the 
remaining $5 million being provided by FY 1 
progress payment liquidations and other 
credits. A similar situation would occur in 
FY 3, in which only $15 million would have to 
be obligated. As is often the case with multi- 
year contracting, these factors would lend an 
additional element of complexity, but should 
not present an insurmountable barrier to the 
application of an otherwise sound technique. 
A second major disadvantage lies in the fact 
that termination liability results in an even 

greater "bow wave" in the early program years. 
On the positive side, it should be noted that 
no unfunded liability associated with advance 
purchases is created. Thus, there should be no 
need to include recurring costs in unfunded 
cancellation ceilings. 

Full Funding 

Figure 4 illustrates the full funding concept 
as it would apply to advance purchases in 
multi-year procurement. Under this approach, 
the Government would develop a funding profile 
which paralleled the contractor's obligation 
profile. That is, if the contractor intended 
to place subcontracts and purchase orders 
totalling $60 million in FY 1, that amount 
would be funded on the prime contract. Simi- 
larly, $40 million would be funded for advance 
purchases in FY 2. It should be emphasized 
that this approach is not tied to the contrac- 
tor's expenditure profile, and therein lies 
its major drawback. Aside from progress pay- 
ments, the prime contractor will incur no 
payment liability to its vendors until delivery 
is actually made. Reference to- the figure will 
show that actual expenditures (i.e., delivery 
payments) continue through FY 3. By comparing 
the funding levels with the expenditure profile 
reflected in the example, it can be seen that 
$10 million in FY 1 and a like sum in FY 2 
would lie dormant for payment purposes over 
extended periods, pending delivery of vendor 
items. While these balances would ultimately 
be utilized in succeeding years, the cash flow 
disadvantage to the Government should be clear. 
In sum, strict application of this concept 
would result in premature obligation of funds 
to the benefit of neither party. Full funding 
of advance purchases would also generate the 
most extreme "bow wave" effect of any option 
discussed herein. It is difficult to perceive 
any advantage in full funding of advance pur- 
chases which is not also offered by funding to 
termination liability. However, it would 
represent the least radical departure from th. 
current requirements of DOD Directive 7200.4, 
which might make it politically "saleable." 
It would also provide the security of knowing 
that all funds required to liquidate advance 
purchase obligations for a given year have 
been appropriated. Beyond this, fully funding 
advance purchases appears to be the least 
attractive alternative available. 

INCREMENTAL FUNDING 

A reserve of this sort would seem to be 
essential if the contractor investment goals 
for flexible progress payments are to be main- 
tained in multi-year procurement. 

Incremental funding envisions the appropria- 
tion and obligation of funds in an amount 
which is not sufficient to complete a total 
fiscal year's quantity of end items or services 
in a finished, military useable form. This 
type of funding is provided with the under- 
standing that future year appropriations will 
be required to complete the items or tasks. 
Incremental funding is currently a coirmon 
practice on research and development programs, 
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and could be adapted to certain multi-year 
procurements. 

Figure 5 illustrates the incremental funding 
concept as it would apply to the same contrac- 
tual situation portrayed in the preceding 
examples. In this case, level funding of S100 
million would be maintained throughout the 
multi-year period. The contractor would then 
be allowed total latitude in expending these 
funds without regard to the program year such 
expenditures support. Viewed in this light, 
an incrementally funded multi-year procurement 
approaches being a single, extended term con- 
tract which is funded in three separate allot- 
ments or increments. In the example presented, 
NRC is again amortized over the entire three 
year period. The contractor has next expended 
S50 million of advance purchase costs in order 
to exploit available economies of scale. This 
would leave only S38.33 million in other 
recurring costs (ORC) with which to begin 
fabricating end items. As approximately SI.67 
million ORC per unit is required for manufac- 
ture ($165 million ORC r 99 units), only 23 
end items could be produced with FY 81 funding. 
This quantity would be further reduced if 
progress payments for future year advance 
purchases were considered. However, by FY 2, 
348.33 million ORC would be available after 
NRC and advance purchase costs are expended. 
This would allow for the fabrication of 35 
units in FY 2, thus beginning to offset the 
shortfall experienced in FY 1. By FY 3, 
$58.33 million ORC would be available to manu- 
facture the remaining 41 units. 

The reader is again cautioned that this is a 
highly simplified example in that no material 
costs other than advance purchases are 
included; no consideration is given to learn- 
ing curve effects; and no indirect expenses 
are recognized. Nonetheless, it illustrates 
several points about incremental funding. 
First, incremental funding minimizes the 
Government's initial financial commitment 
(i.e., eliminates the "bow wave") while still 
providing the contractor with adequate working 
capital. Second, the latitude provided the 
contractor in expending available funds should 
maximize multi-year procurement's cost saving 
potential. Third, this funding strategy 
should not require a high cancellation ceiling 
due to the fact that advance purchase costs 
and ORC expended would be subject to a termina- 
tion for convenience type settlement, which 
could be largely paid from available funds. 
Only nonrecurring costs and possibly some 
incidental termination liability costs would 
be included in the cancellation ceiling. 
Finally, it should present no barrier to com- 
petition as contractor working capital require- 
ments should be minimal. 

On the other hand, a perceived disadvantage of 
incremental funding is the fact that early 
cancellation would result in delivery of less 

than a total program year's requirement. In 
this example, if the contract were cancelled 
after FY 1, the Government would receive only 
23 finished end items, plus a large inventory 
of materials and components. A similar, though 
less acute, situation would arise upon cancell- 
ation after FY 2. If this were to occur, the 
Government would either be forced to accept 
lesser deliveries or to  appropriate additional 
funds for completion of the uncancelled program 
year requirements. This additional CRC funding 
requirement should approximate the moneys that 
would have had to have been initially appro- 
priated under the termination liability funding 
approach outlined above. However, a supple- 
mental appropriation would be needed, and the 
required funds might not be provided. The 
specter of an unfavorable cancellation settle- 
ment makes the selection of stable programs of 
the essence for incrementally funded multi-year 
procurement. 

As a final note, it should also be recognized 
that incremental funding represents a radical 
departure from the current policy in 00D0 
7200.4. While this does not make the approach 
any more or less appropriate for a given 
acquisition, it may present a practical con- 
straint on wide usage. 

CONCLUSIONS 

With the passage of P.L. 97-86, Congress has 
provided the services with a great deal more 
flexibility for multi-year procurement than 
previously existed. In the area of advance 
material purchasing, Congress has provided the 
latitude to either provide early funding or to 
incur an unfunded cancellation liability.  It 
is felt that imolementing regulations and 
policies should take advantage of this flexi- 
bility by minimizing restrictions on the fund- 
ing option to be applied to a given multi-year 
procurement. 

In a Memorandum for Secretaries of the Military 
Departments, dated 5 October 1981, the Under 
Secretary of Defense endorses the concept of 
termination liability funding for the economic 
buying of outyear material. Of the advance 
purchase funding options discussed above, this 
alternative is likewise endorsed by the authors 
of this paper as being the appropriate tech- 
nique for most multi-year procurements. This 
is particularly true in the case of major 
weapon systems. Nonetheless, it is felt that 
other options should not be foreclosed. 

Full funding of advance purchases should be 
discouraged as a matter of policy, as its 
disadvantages far outweigh any perceived advan- 
tages. However, contractor financing, expendi- 
ture funding and termination liability funding 
should be recognized as viable options for 
advance purchases. Selection among tnese 
options should then be based on a thorough 
analysis of such factors as (1) the dollar 
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magnitude of the advance purchase; (2) the 
projected expenditure profile attendant to the 
purchase; (3) current borrowing cost advantages 
being enjoyed by either party; and (4) the 
anticipated level of competition for the award. 
While it is anticipated that termination 
liability funding will continue to be the 
preferred approach, it should not be the sole 
avenue available. 

With regard to incremental funding, it is felt 
that this technique offers the greatest cost 
savings potential for extremely stable pro- 
grams. However, it is recognized that this 
technique is largely untested in multi-year 
production contracting, and the ramifications 
of a possible cancellation are not yet com- 
pletely clear. Consequently, it is felt that 
incremental funding should be tested on a 
limited number of multi-year candidates before 
a firm decision is reached on its general 
application. If such test candidates are 
successful, incremental funding may wel1 prove 
to be the most sound business approach to 
multi-year procurement. 

In summary, the financing 
costs is an area of consi 
paper has attempted to ca 
options available and to 
advantages and disadvanta 
alternative. However, it 
that any analysis of this 
largely speculative unti1 
can be gathered on the eq 
The task ahead is to gath 

of advance purchase 
derable debate. This 
talogue the various 
analyze some of the 
ges attendant to eacn 
must be recognized 
issue must remain 
more empirical data 

uity of each approach, 
er such data, and to 

refine multi-year policies in accordance with 
the dictates of experience. 
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THE POTEOTIAL EFFECVS  OF MULTIYEAR PROCUraMEOT 
CN INVESTMENT IN THE DEFENSE INDCSTRIAL SECTOR 

A Research Study Sponsored by 
The Defense Systems Management College 

Captain Terry Raney U.S. Air Force Academy 

One of the most serious problems facing 
the defense industrial sector today is the 
lack of investment in modern, more productive 
capital assets. This problem has been the 
subject of numerous articles and many hours 
of Congressional testimony. As a result, the 
Department of Defense (DCD) has instituted 
several programs to improve the productivity 
and capital structure of the defense indus- 
trial sector. One of the policy positions 
taken by the DCO, and a key element in the 
Acquisiticn Improvement Program established 
by the Deputy Secretary of Defense on 30 
April 1981, is the use of imltiyear procure- 
ment to encourage capital investment and 
enhance defense industry productivity. 

The Defense Industrial Panel of the House 
Armed Services Committee concluded in its 
report on the 1980 defense industrial base 
hearings that the primary potential benefits 
of nultiyear procurement were the reduction 
of short term costs and the inprovement of 
the industrial base to avoid higher oosts in 
the future. In his testimony before this 
panel General Alton D. Slay, then the Com- 
mander of the Air Force Systems Ccrrand, 
maintained that the use of nultiyear procure- 
ment would increase capital investment, espe- 
cially long ^rm investment, and so improve 
productivity. Before the same hearings the 
Electronic Industries Association's written 
statement on nultiyear procuranent listed the 
encouragement of capital investment as a pri- 
mary advantage of nultiyear oontracting. v 

"Capability of U.S. Defense Indus- 
trial Base," Hearings Before the Cormittee 
on Armed Services and the Panel on Defense 
Industrial Base of the Ccranittee on Armed 
Services, House of Representatives, 
Ninety-Sixth Congress, Second Session, 
H.A.S.C. No 96-69. 

TDeput .aty Secretary of Defense Memoran- 
dum, Subject: Improving the Acquisition 
Process, 30 April 1981. 

Report of the Defense Industrial 
Base Panel of the Ccranittee on Armed Ser- 
vices, House of Representatives, Ninety- 
Sixth Congress, 31 December 1980, Ccranit- 
tee Print No. 29, Titled, "The Ailing De- 
fense Industrial Base: Unready for 
Crisis." 

4 
"Capability of U.S. Defense," The 

Ccranittee co Armed Services,  p.   620. 

'ibid, p. 986. 

Certainly there is no shortage of nul- 
tiyear procuranent advocates, including the 
United States Congress. Public Law 97-86, 
dated 1 December 1981 (the Fiscal Year 1982 
Defense Authorization Bill) specifically 
states that: 

The Congress finds that in order to 
ensure national defense prepared- 
ness, to conserve fiscal resources, 
and to enhance defense production 
capability, it is in the interest 
of the United States to acquire 
property and services for the 
Department of Defense in the nest 
timely, econcraic, and efficient 
manner. It is therefore the policy 
of the Congress that services and 
prqperty (including weapon systems 
and associated items) for the 
Department of Defense be acquired 
by any kind of contract, other than 
oost-plus-percentage-of-cost con- 
tracts, but including nultiyear 
contracts, that will prcnote the 
interests of the United States. 
Further, it is the policy of the 
Congress that such contracts, when 
practicable, provide for the pur- 
chase of property at times and in 
quantities that will result in 
reduced costs to the Government and 
provide incentives to oontractors 
to inprove productivity through 
investment in capital facilities, 
equipment, and advanced technology. 

It is also the policy of the 
Congress that contracts for 
advanced procurement of components, 
parts, and materials necessary for 
manufacture or for logistics sup- 
port of a weapon system should, if 
feasible and practicable, be 
entered into in a manner to achieve 
economic-lot purchases and more 
efficient production rates. 

Public Law 97-86 also removed the cancella- 
tion ceiling of five million dollars which 
had been the greatest impediment to the use 
of nultiyear procuranent by the military ser- 
vices. The current law only requires the DOD 
to notify the Congress of a nultiyear con- 
tract with a cancellation ceiling 'exceeding 
$100,000,000. Congress then has 30 days to 
either stop the contract or do nothing^ Of 
course the funding for cancellation ceilings 
less than 5100,000,000 would have been 
reviewed in the Congressional review of the 
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applicable DOD budget. In addition, Public 
Law 97-86 now allows both recurring and non- 
recurring costs in the cancellation ceiling 
amount. Public Law 97-86 also requires the 
DOD to furnish evidence of the cost avoidance 
associated with a particular nultiyear buy. 
Each of the services has either inplemented 
or is in the process of inplementing Public 
Law 97-86 through regulation and policy. 

As can be seen from the quotation, poli- 
cies, and testimonies noted above, multiyear 
procurement is viewed as a way to lower pro- 
duction costs, shorten delivery schedules, 
increase industrial productivity, ani revi- 
talize the aging defense industrial capital 
structure. The authorization to use nul- 
tiyear procurement is a long-needed change to 
Federal acquisition policy, but its potential 
effects en capital investment need to be 
placed in proper perspective to the econonic 
theories of investment. This paper does not 
attempt to repudiate any of the claimed or 
potential benefits of nultiyear procurement. 
On the contrary, its purpose is to show that 
there is a theoretical economic basis for the 
contention that nultiyear procurement will 
increase investment. It also demonstrates 
that through an understanding of investment 
theory and the many factors that influence 
investment decisions, a nultiyear program can 
be structured that will have positive effects 
on the level of capital investment in the 
defense industrial sector. 

The relationship between the certainty 
of increased and constant sales as a result 
of a nultiyear award and capital investment 
is the key element behind the contentions of 
the nultiyear procurement advocates. There 
is no question that seme degree of confidence 
concerning the future production of a system 
is essential before a firm will choose to 
invest in the productive capacity required 
for that system. Still, is that connection 
enough to assure the levels of investment 
required to enhance productivity and replace 
the aging capital of nuch of the defense 
industrial sector? When one considers the 
number and inportance of other investment 
factors, the answer to that question has to 
be ro. The decision by a defense contractor 
to invest in new productive capital assests 
will be based en an analysis of many factors, 
including the proposed or agreed-to structure 
of the financial and contractual agreements 
between the Government and the contractor. 

The remainder of this paper will demon- 
strate the potential effects of nultiyear 
procurement on capital investment, discuss 
the impact of the many factors that influence 
investment, and show the need to recognize 
these factors when structuring a nultiyear 
program. First, the three best :<nown 
economic investment theories are explained as 
are  the  more  important  determinants  of 

investment. Next, the effects of a nultiyear 
procurement on these determinants and the 
resultant most likely effect on investment 
decisions are examined. Finally, the concept 
that nultiyear procurement can be used to 
encourage capital investment is demonstrated 
in a discussion on hew a nultiyear program 
contract structure should reflect an assess- 
ment of certain company characteristics that 
are determinants of investment decisions. 

To conmence, an econcmic definition of 
investment is in order. Investment is the 
purchase of new productive physical assets 
which will in turn be used to produce other 
products. Investment is required at the com- 
modity level, the intermediate industry 
level, and the final product level (i.e., the 
level of final consumption by either house- 
holds, businesses, or government). At each 
industrial level, investment in physical 
assets is required in order to produce that 
industry's final product. Investment in an 
aggregate econoinic sense is not the purchase 
of existing facilities or financial assets 
since neither of these purchases adds to the 
total econenv's capital stock. But, once you 
move from the aggregate to a particular 
industrial sector, the purchase of a physical 
asset from another industrial sector would 
add to the physical stock of the purchasing 
sector and (ould in that sense be appropri- 
ately called investment for that industrial 
sector. Replacement investment is the pur- 
chase of physical assets to replace those 
assets used op in the production process. 
Net investment is gross investment minus 
replacement investment. Whenever net invest- 
ment is positive the capital stock of an 
industry is grcwing, and whenever it is nega- 
tive the capital stock is decreasing. Obvi- 
ously, the goal of the various government 
investment encouragement programs is to 
ensure that net investment is positive and 
increasing. 

Tliere are several econonic theories of 
investment, each the result of an analysis of 
a set of explanatory variables such as the 
interest rate, gross sales or capital stock. 
The three that are discussed below are the 
best-known and certainly suffice for this 
particular discussion. Perhaps the best- 
known economic theory of investment is the 
accelerator principle which relates increases 
in capital investment to changes in final 
sales. The accelerator principle states that 
as final sales increase there will be an even 
faster increase in investment, and when final 
sales fall there will be an even greater 
decrease in investment. The key relationship 
here is between a change in sales of a par- 
ticular industry's final product and the pur- 
chase of capital assets required to produce 
that final product. 

A  second  well-known  theory  relates 
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investment decisions to the level of capital 
stock. According to this theory, firms have 
levels of capital stock that they want to 
maintain and when the actual level drops 
below the desired one, the firms will start 
buying the physical assets to maintain their 
desired capital stock level. Of course the 
desired level of capital stock can change 
over time if there are changes in any of the 
determinants of investment discussed below. 

A third theory of investment relates 
investment expenditures to the cost of 
investment funds, generally meaning the 
interest rate. The basic idea here is that 
firms will invest to the point where the rate 
of return en an investment is equal to the 
cost of financing that investment. The cost 
of financing will vary among firms based on 
the finance ucnimnity^s assessment of their 
credit worthiness. 

Another way that a firm may look at 
financing oosts is in terms of using retained 
earnings or other financial assets to finance 
capital investment. This is known as equity 
financing and the cost in economic terms is 
an opportunity cost. If the internal funds 
could be earning income elsewhere, the cost 
of equity financing is the income given op 
when the funds are used for capital invest- 
ment purposes. 

These three theories, in fact all 
investment theories, operate based on the 
values of the determinants of investment. 
Investment determinants are the various busi- 
ness and economic factors that influence 
investment decisions and determine the loca- 
tion of any firm's demand curve for invest- 
ment funds. It is necessary to discuss each 
of these determinants briefly to anphasize 
the nyriad of factors that influence invest- 
ment decisions as well as their importance. 

Expected future returns is a key deter- 
minant when using the cost of investnent 
theory. As long as expected future returns 
on a product exceed the cost of borrowing to 
produce it, a firm will theoretically invest 
in whatever is necessary to produce that pro- 
duct. Another determinant of investment is 
the level of unfilled orders or sales back- 
log. In accordance with the accelerator 
principal, as the sales backlog increases 
firms will respond by increasing their 
investment in new plant and equipment. They 
will respond by decreasing investment when 
sales backlogs decline. 

The amount of retained earnings can 
influence the level of investment in two 
ways. First, just the absolute amount, avai- 
lability or nonavailability, may influence an 
investment decision. Second, the cost of 
equity financing, as measured by the interest 
income foregone if physical assets are pur- 

chased with retained earnings, will also be a 
factor. An individual conpany's stock price 
may also influence investment decisions. If 
a firm has a substantial amount of treasury 
stock and the current market price is signi- 
ficantly above the price at which the stock 
was purchased, a firm would be more inclined 
to invest using funds obtained frcm the sale 
of treasury stock. By the same token, if the 
current stock price, in the opinion of the 
corpany, is underpriced, a firm may feel its 
best "investment" is the purchase of its own 
stock and hence forego the purchase of new 
physical assets. Corporate dividend policy 
and historical dividend standards also have a 
significant effect on investment decisions. 
If a firm has historically paid a certain 
mininum dividend, then the firm may forego 
investment expenditures to fund dividend pay- 
ments. 

The speed of technological change or 
innovation also influences investment deci- 
sions. In some cases firms are forced to 
invest in new technology or beccme noncotn- 
petitive. In other cases, firms may delay 
investment decisions in anticipation of tech- 
nological breakthroughs. In either case, the 
firm is betting on what the future of its 
industry will be like, and that assessment 
may transcend all other investment factors. 
The first situation is demonstrated by the 
decision of the J.C. Penny Ccnpany to spend 
$325 million in 1982 to modernize obsolete 
facilities. According to a company spokes- 
man, these investments were required to 
remain competitive. Ironically, the spokes- 
man also pointed out that in a strong economv 
they might not have made the investment sioce 
cempetition would not have been so intense.0 

Another determinant of investment is the 
cost of the factors of production such as 
labor or energy, especially in canparison 
with other factors of production. For exam- 
ple, if labor costs decline in concarison to 
capital equipment costs, firms will tend not 
to invest in capital intensive manufacturing 
methods. Changes or anticipated changes 
(e.g., future union negotiations) in factor 
costs will also influence investment deci- 
sions, as will tax policies and expected 
changes in them. After-tax profitability is 
the bottom line for all conpanies, and tax 
incentive programs have been the cornerstone 
of many government economic recovery pro- 
grams, including the Reagan Administration's. 
Tax laws can also be very specific as to the 
type of industries affected and often have 
different influences on different industrial 
sectors. 

SS£ York Times, Sunday, January 31, 
1982, "Why Business Won't Invest," Section 
3, p. 1. 
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Capacity utilization is one of the most 
important investment determinants. Signifi- 
cant excess capacity will negate the 
accelerator principle since increases in 
sales can be acccnmodated through increased 
use of existing facilities and equipment in 
lieu of purchasing new productive assets. 
This of course assumes that the idle capacity 
is technologically current and applicable. 
Other determinants include the cost of lost 
management attention to existing projects, 
the effect of borro/ing for current invest- 
ment en future borrowing capability, and pre- 
vious danand stability experience. , The 
determinants described above are by no means 
a complete set, and each industry and oorpany 
may have many other unique factors. 

In their 1967 article on investment 
determinants published for the National 
Bureau of Economic Research, Dhrymes and Kurz 
proposed that a firm's investment decisions 
should be considered one of several simul- 
taneous decisions made by top corporate exe- 
cutives. Their point was that an investment 
decision is not an independent one based on 
an analysis of a certain factor such as pro- 
jected sales or existing capital, but is an 
interdependent decision influenced by such 
diverse concerns as dividend payments, types 
of borrowing arrangements and tax payments. 
Too often investment is considered to be a 
relatively sinple function of interest rates 
or projected sales. In fact, investment 
decisions are influenced by many determinants 
that will vary from industry to industry and 
frcm firm to firm. There are several dif- 
ferent industrial segments within the defense 
industrial sector, each with its own set of 
problems and characteristics, and the effect 
of a nultiyear procurement award will vary 
among them. 

The first investment theory discussed 
above was the accelerator principle. How 
does a nultiyear procurement fit in the 
operation of that theory? Theoretically the 
increase in sales should cause an increase in 
investment, but what happens if the company 
in question is not operating at some level 
ajproaching full capacity? As was pointed 
out above, excess capacity will negate the 
accelerator principle. The most recent capa- 
city utilization figures from the Federal 
Reserve show an overall aerospace industry 
utilization rate for the first quarter of 
1982 of 71.3%. The rate for the fourth quar- 
ter of 1981 was 75.1%. The capacity utiliza- 

tion figures for the electronics industry for 
the same time periods were 77.7% and 80.4% 
respectively. For all 0,8. manufacturing 
the figures were 71.5% and 74.8%. In light 
of these statistics, increased capital 
investment in the defense sector based solely 
on the accelerator principle is unlikely. 

In an Air Force Ccmnand and Staff Col- 
lege student research report. Major Orville 
Collins found a statistically significant 
relationship between order backlogs. and 
investment in the aerospace industry. No 
doubt the award of a nultiyear contract will 
create an order backlog. The question is 
whether this backlog, especially the yearly 
production rate of that backlog, will require 
more than the contractor's current capacity. 
If current capacity is not sufficient, the 
accelerator principle will probably hold. 

The second theory of investment dis- 
cussed concerned the desired versus actual 
levels of capital stock. The award of a nul- 
tiyear procurement would work through this 
particular theory if the award altered the 
desired amount of capital stock or if, in the 
performance of the contract, the actual level 
decreased. The first case is the applicable 
one for this discussion. The desired capital 
stock level is a function of many of the 
determinants of investment. The effect of a 
nultiyear award on each of these determinants 
is discussed below, but the effect of techno- 
logical change is particularly appropriate at 
this point. To some degree the stock of cap- 
ital also refers to the technological level 
of the capital. If the award of a nultiyear 
contract changes the required technological 
level of the capital stock, then this partic- 
ular theory of investment would apply. 

The third theory of investment related 
the cost of investment to the expected rate 
of return. A multiyear award can affect 
investment through this theory if the pro- 
jected rate of return on the nultiyear pro- 
gram exceeds to some degree the cost of funds 
required to invest in new physical assets. 
This assumes that the contractor could per- 
form the contract with current facilities, 
but new, more productive assets would 
increase program profitability and hence make 
it worthwhile for the contractor to attempt 
to equate the cost of additional investment 

P.J. Dhrymes and M. Kurz, "Invest- 
ment, Dividend, and External Finance 
Behavior of Firms," in Determinants of In- 
vestment Behavior, (New York: Columbus 
University Press for National Bureau of 
Economic Research, 1967), pp. 427-467. 

Federal Reserve Board Monthly Utili- 
zation Statistics, Federal Reserve Board 
Research Division, Washington, D.C. 

9 
Major Orville M. Collins, USAF, 

Research Report, "Can the Pentagon Use Its 
Purchasing Power to Improve Industrial 
Responsiveness in the U.S. Aircraft Indus- 
try?", Report Mo. 0545-81. 
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to the  projected rate of return. 

Before showing how an understanding of 
investment theory and the determinants of 
investment can be used to structure a nul- 
tiyear program that will encourage invest- 
ment, it is necessary to demonstrate the 
theoretical basis for the effect of a nul- 
tiyear award on investment spending. This 
theoretical basis can be shown by briefly 
describing the effects of a nultiyear award 
on seme of the investment determinants. For 
exanple, expected future returns would be 
favorably affected, assuming the award was 
seen as profitable by the firm. Although in 
all likelihood the firm would not have con- 
tracted for an unprofitable arrangement, it 
is conceivable in a competitive environment 
for a firm to be overly optimistic and sud- 
denly find future earnings adversely 
affected. 

The effect of a nultiyear contract on 
unfilled orders is obvious and has already 
been discussed. The amount of retained earn- 
ings vould not be affected in the near term, 
but it is possible that a conpany's stock 
price oould rise upon receipt of a major 
multiyear award. TO the degree that this 
increase in stock prices could generate more 
internal funds through the sale of treasury 
stock, the level of investment could be posi- 
tively influenced. 

The award of a nultiyear contract and 
technological change oould ocrobine to affect 
investment in two ways. First, the award 
v*3uld have a positive effect if the purchase 
of new technology can lower unit production 
costs and so increase the projected rate of 
return. The second connection applies in a 
competitive situation where the winner 
receives a nultiyear contract. If new tech- 
nology is the only way a firm can make a pro- 
fit as a result of a cenpetitive bid, then 
capital investment is likely regardless of 
current capacity utilization. A rather obvi- 
ous point should be made. At any point one 
investment determinant can becane more inpor- 
tant than all the other determinants con- 
bined, especially when that determinant is 
the overriding profit-determining factor. 

The effect of a nultiyear award on the 
costs of the factors of production is prob- 
ably limited to labor and borrowing costs. 
The acceptance of a nultiyear contract could 
increase union wage and benefit demands and 
hence alter the relative prices of labor and 
capital. The result would be a positive 
effect on capital investment since labor 
would then be relatively more expensive. To 
the degree that the receipt of a nultiyear 
award would make a contractor a better finan- 
cial risk and so lower borrowing costs, capi- 
tal investment would also be enhanced. 

There appears to be little connection 
between tax policies as an investment deter- 
minant and a nultiyear award, but a nultiyear 
award could have a significant effect on the 
future borrowing capability of a firm- As 
pointed out by Jacques Gansler in The Defense 
Industry, most defense contractors are per- 
ceived as jfjoor credit risks by the financial 
community. One of the primary reasons 
behind this belief is the volatile danand 
associated with defense business. Since a 
multiyear award would be viewed as a firm 
coranitment, both the absolute borrowing capa- 
bility and probably the cost of borrowing 
would be affected in favor of the firm. 

The fact that there is a theoretical 
economic basis for the effects of nultiyear 
procurement on capital investment has been 
demonstrated through the associations dis- 
cussed above. The next step is to show how 
capital investment can be encouraged if the 
contractual structure of the nultiyear pro- 
curement reflects the relationships between 
investment theory and multiyear procurement 
previously discussed. 

If encouraging capital investment is a 
program goal, the first step that a program 
manager or contracting officer should take is 
to identify the contractor characteristics 
that will be major investment determinants. 
Mext they must include in the contract, ele- 
ments that help to accormodate problems and 
to reenforce factors that favor' investment. 
For exanple, data should be gathered on the 
current capacity utilization of a firm, the 
age ^and technological obsolescence of the 
firm's equipnent, the firm's current order 
backlog, the borrowing capability of the 
firm, the amount of treasury stock, the 
amount of retained earnings, and the current 
market price of the firm's stock. Mext the 
potential effect of a nultiyear award on each 
of these conpany investment determinants 
should be assessed based on the investment 
theory previously discussed, and a determina- 
tion should be made as to the likely effects 
on the firm's capital investment decisions. 
If this assessment indicates that capital 
investment could realistically be enhanced, 
then the next step is to structure the nul- 
tiyear contractual arrangements to take 
advantage of those cempany characteristics 
that will have the greatest effect on conpany 
investment decisions. Included in this 
assessment should be an appraisal of the 
potential effects of the nultiyear award on 
investment at the subcontractor level of the 
program. 

Jacques 3. Gansler, The Defense In- 
dustry, Cambridge, MA, The .MIT Preis, 
1980, p. 62. 



The first ocqoany characteristic that 
should be addressed is the borrowing capabil- 
ity of the firm- The potential rate of 
return, both as a percentage of sales and as 
a return on investment, must be in a range 
close to the borrowing costs of the firm. If 
the firm's borrowing cost is significantly 
higher than the projected rate of return, 
then the firm will attenpt to produce the 
product using existing facilities ani equip- 
ment, no matter what their efficiency. This 
will result in both higher costs and 
increased overrun risks. The solution is not 
just a matter of raising the negotiated pro- 
fit but of structuring the program and con- 
tract to lower the borrowing costs of the 
firm. This will require a coordinated effort 
between the Government and the contractor to 
identify and allay the concerns of the finan- 
cial comnunity. If this can be done and bor- 
rcwing costs reduced, then investment in new 
plant and equipnent is certainly more likely. 

Capacity utilization and the technologi- 
cal level of a firm's capital assets nust 
also be addressed when the itultiyear contract 
is structured. If the firm has a significant 
amount of excess capacity, even if much of 
the capacity is obsolete, there will have to 
be ^>ecific incentives to encourage the con- 
tractor to invest in new, more productive 
assests. These measures oould take the form 
of incentive fees based on productivity 
inprovements, funded manufacturing technology 
programs, or cost incentives that could only 
be attained through significant productivity 
inprovenvents. The planned production rate of 
a program could also be used to encourage 
investment. A slow, inefficient production 
rate could actually discourage investnent 
because it could be acccnplished with current 
assets, while a faster, more efficient pro- 
duction rate should encourage investment in 
new facilities. 

The award of a nultiyear buy on a com- 
petitive basis could also be used to 
encourage investment, especially if both ccm- 
petitors have relatively old capital assets 
and the purchase of new technology is the 
only way for either or both to maintain a 
ccnpetitive posture. Of course the proposed 
multiyear program would have to contain other 
features that also encouraged investment to 
ensure that the winner followed through on 
his investment plans. 

The financing and payment provisions are 
other elements of a nultiyear contract struc- 
ture that can be used to enhance investment. 
Unusual progress payments, advance payments, 
or even loan guarantees can be used to lower 
the oost of investment by either reducing the 
negative cash flow early in a program or 
actually reducing borrowing costs. Other 
elements of a nultiyear contract structure 
that oould influence investment are specifi- 

cation tailoring to accommodate proposed new 
manufacturing technology studies, value 
engineering funding and ir.j'.ntive provisions, 
and even patent protectiou provlrions. The 
point is that there are numerous eienents of 
every contract that can be manipulated to 
encourage investment, but there nust be a 
conscious effort to reflect this goal 
throughout the contract or the contractor 
will not receive the incentives needed to 
take the investment risks. In addition, the 
contract structure must be based on an 
analysis of the individual contractor's 
investment determinants and an understanding 
of how investment theory applies in each 
situation. 

The award of a itultiyear buy to a prime 
contractor will also affect capital invest- 
ment in the subcontractor tier (those small 
and medium size firms that make up the second 
and third tier of the defense industrial sec- 
tor) . The relationship between the deter- 
minants of investment and the investment 
decisions of a subcontractor are the same as 
those of a prime contractor to a large 
degree, but there are two complicating fac- 
tors associated with the subcontractor tier. 
The first is that the savings from large-lot 
orders are one of the primary benefits of a 
multiyear procurement. If a prime contractor 
attempts to achieve those savings through a 
huge one-time order that may only run through 
one third of the period of a nultiyear con- 
tract, the subcontractor could attenpt to 
perform its contract with existing facilities 
and not invest in new capital equipment due 
to the short term nature of the program. The 
second factor is that a nultiyear buy could 
encourage the prime contractor to make, 
rather than buy, more caiponents. In effect, 
the prime contractor could use the extended 
ccranitraent of a nultiyear buy to develop his 
own capability. On an annual appropriation 
basis, the prime might not take the risk 
associated with developing a new manufactur- 
ing capability. This growth in vertical 
integration would be at the expense of an 
already declining subcontractor tier. 

Obviously, one of the goals of nultiyear 
procurement is not to discourage growth in 
the subcontractor tier. A crucial part of 
every nultiyear procurement plan nust be a 
thorough review of the prime contractor's 
make-or-buy plan and of the planned produc- 
tion rate of each of the critical subcontrac- 
tors. Otherwise the prime contractor may 
grow at the expense of certain subcontrac- 
tors, and other subcontractors will experi- 
ence very violent demand fluctuations " that 
will discourage capital investment. A mul- 
tiyear award provides an excellent opportun- 
ity for the DOD to expand the defense subcon- 
tractor tier through directed second-source 
and dual-source programs and through the 
inclusion of incentives in the prime contract 

n-?s 



that reward the prune for developing new 
sources and protecting existing ones. The 
effect of a irultiyear buy on defense subcon- 
tractors is just as important as the impact 
on the prime tier, and the planning of every 
raultiyear program should include elements to 
both expand and protect defense subcontrac- 
tors. 

This paper has shown that there is a 
strong theoretical economic basis behind the 
belief that nultiyear procurement can be used 
to influence investment, in the defense 
industrial sector, but that the relationship 
is nuch more ocnplex than is realized or at 
least shown by current evidence. Multiyear 
procurement can be used to influence invest- 
ment, but only if the structure of the nul- 
tiyear contract takes into account the many 
influencing factors other than the certainty 
of a long term camiitment. If the contractor 
has a significant amount of excess capacity, 
there nust be incentives in the contract to 
encourage him to purchase new, more produc- 
tive assets. If the contractor faces'expen- 
sive borrowing oosts, then program commit- 
ments and financing characteristics should be 
used to help lewer those oosts. Assessments 
must also be made of equity financing costs 
and the effect the multiyear award will have 
on them. The Government nust face the fact 
that investment decisions are based on 
numerous factors, many of which can offset 
the positive influences of the long-terra ccm- 
mitments of a nultiyear award. To at least 
increase the likelihood that capital invest- 
ment will occur, these other factors must be 
addressed in structuring the nultiyear con- 
tract. In fact, these factors should be 
addressed in the planning and conception of a 
multiyear program. 

One problem that may be very difficult 
to overcome concerns the program stage at 
which the Government may be willing to make a 
multiyear cannitment. The stated policies of 
both the DCD and Congress are that nultiyear 
procurement will coly be pursued when the 
production rate, procurement rate, required 
quantities, and configuration are all stable 
and the technical risks are not excessive. 
This may be some distance into the production 
of a program, and the benefits of investment 
could be minimized since the contractor would 
already have a production capability esta- 
blished. In fact, the contractor would prob- 
ably already be at rate production. If this 
is the case, the incentives to encourage con- 
tractor investment will have to be especially 
significant, and the payoffs for the specific 
program will be minimized. However, the long 
term benefits (i.e., beyond the current pro- 
gram) , would still be valid. 

The program office must also be prepared 
to accept the fact that in sane cases nul- 
tiyear procurement will not encourage invest- 

ment. That of course in no way implies that 
a nultiyear buy should not be used when 
investment growth is unlikely. The savings 
associated with economic order quantities, or 
even the more efficient use of existing 
facilities, may well make the multiyear oom- 
mitment wsrthwhile, and it certainly should 
be pursued on that basis. 

In conclusion, the substantial and com- 
plex theoretical basis for the affects of a 
multiyear procurement award on the investment 
decisions of a firm have been danonstrated. 
The implications and opportunities of this 
ccnplex relationship have been dealt with by 
showing how the contract structure of a nul- 
tiyear procurement can be used to encourage 
investment by taking advantage of those ccm- 
pany characteristics that are primary invest- 
ment determinants. Finally, the need to 
address the many investment determinants in 
program and contract planning is obvious. 
Unfortunately there is no "cookbook" solu- 
tion. Each program is different and the 
unique characteristics of each contractor 
must be reflected in the negotiated nultiyear 
contract structure. 
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PREVENTION OF FRAUD, WASTE AND ABUSE IN PROCUREMENT 

This panel was characterized by diverse views on the equity of the 

Administration's current initiatives to prevent fraud, waste and abuse 

throughout Government. Discussions were directed to the effect of such 

policies on the procurement missions of the services and agencies repre- 

sented at the Symposium. A wide range of views was obtained from represen- 

tatives of the legal community, the behavioral science discipline, the 

Office of Government Ethics, and the Office of Federal Procurement Policy. 

All participants supported the prevention of fraud, waste and abuse in 

principle. However, opinions varied greatly as to the magnitude of the 

current problem and the need for broader investigative and enforcement 

powers to address existent fraud, waste and abuse. Strong positions were 

taken both for and against devoting greater Governmental resources to 

preventing fraud, waste and abuse in procurement. The ambivalence reflected 

in the widely differing views of the panelists highlighted the need for 

additional research in this regard. 
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The papers in this section were not presented during panel 

sessions at the symposium. However, panel chairmen in the 

various subject areas selected these papers for publication 

in symposium proceedings. 
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THE ACQUISITION PROCESS AND NEW TECHKOLOGICAL DEVELOPMENTS: 
LESSONS FROM A CASE STUDY 

Dr. Robert F. Allen 
Professor of Economics 
Air Force Institute of 

ABSTRACT 

?echnology 

Capt Gregory M. Eckert 
U.S. Army Logistics Center 

This study sets out the parallels between the 
DOD acquisition process and the RiD process as 
the latter is envisioned in Che models of RiD 
recently proposed by Kelly et al (1975).  Spe- 
cial attention is focused on the role of in- 
house laboratories as a source of small or in- 
cremental technical advances and the extent to 
which the organizational conflict hypothesized 
by Kelly et_  al is present within the DOD acqui- 
sition process. 

The main findings of the study are that the key 
factors known to be associated with successful 
technical advances are present within the Army 
R&D labs which successfully developed the Dover 
Devil and STAFF, two important small weapons 
developments.  These in-house labs have been a 
fruitful source of incremental technical ad- 
vances and to that extent have proven to be an 
effective mechanism for supporting phase- 
dominant R&D activities within the project- 
dominant acquisition process.  The findings are 
more equivocal with respect to the effective 
transfer of lab developments into the DOD 
acquisition process.  The role of the user 
appears to be quite formal and significant 
here.  This should facilitate the process. How- 
ever, for the Dover Devil and STAFF, it appears 
that shifting user preferences has been a fac- 
tor preventing the movement of these weapons 
into the DOD acquisition process.  Until more 
is known about the determinants of user prefer- 
ences, it is impossible to say whether a more 
rapid development of these weapons would be a 
net gain to the Army. 

PURPOSE 

The purpose of this paper is threefold:  1) to 
briefly review the major research findings 
pertaining to successful technological develop- 
ment as these have been reported in numerous 
public documents;  2) to report the results of 
a case study of new product development within 
U.S. Army in-house laboratories;  and 3) to 
offer a tentative assessment of the relative 
success of the Army's in-house R&D program. 

SOME GENERAL RESEARCH RESULTS ON R&D 

A wide variety of models have been developed 
which provide a framework for the study of the 
R&D process.  Information flow models such as 
Myers and Marquis (1969) focus on the idea 
generation-development stage of the R&D pro- 
cess.  Studies based on these models report 
that recognized user need is the primary 

stimulus to successful R&D (Goldhar, 1976); 
that a successful innovation frequently origi- 
nates outside the developing firm (Utterback, 
1971);  that the successful development of 
innovations is identified with key individuals 
who provide a conduit through which new ideas 
enter the firm and who enthusiastically pro- 
mote the development of the idea within the 
organization (Utterback, 1974);  and that suc- 
cessful innovation requires a (primarily) 
middle-level management comfortable with risk- 
taking (Goldhar, 1976). 

Economists have divided the R&D process into 
discrete phases (the so-called process-phase 
model) and stuided project characteristics such 
as cost, elapsed time, and risk within and 
across these phases (Mansfield, 1971). A major 
finding of this literature is the preoccupation 
of organizations with incremental product im- 
provements rather than major new product devel- 
opments.  The result is a relatively high (80 
percent) probability of technical success. 
However, the probability of commercial success 
for these projects is a relatively low 30 per- 
cent.  Not surprisingly, a frequently cited 
explanation for the low rate of commercial suc- 
cess is inadequate attention to user require- 
ments. 

Organizational theorists (e.g., Hage and Aiken, 
1967 and Zaltman et^ al, 1973) have examined the 
way in which organizational characteristics 
impinge on the process of successful innovaticn- 
Characteristics identified as important to the 
innovation process are: 

1. Complexity - variety of occupational 
specialties within the organization. 

2. Formalization - organizational emphasis 
on following rules and procedures. 

3. Centralization - authority and decision- 
making in the organization. 

4. Ability to deal with conflict - the man- 
ner in which an organization effectively inte- 
grates various diverse units and activities. 

3.  Organizational slack - extent of un- 
committed resources available to the organiza- 
tion. 

High complexity, low centralization, and low 
formalization appear to encourage creativity 
while low complexity, high centralization, and 
high formalization are conducive to the effec- 
tive implementation of promising innovations. 
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Organizational  slack and  ability  to  deal with 
conflict  are  important  to  both  the creation of 
new products and  their effective  implementa- 
tion. 

Recently,   Kelley  e£ al   (1975)   hypothesized  that 
organized  R&D  activity  is  either  phase-  or 
project-dominated.     They  further  hypothesized 
that an organizational structure conducive to 
project dominance is  inhospitable to phase- 
dominant  technological  advance. 

A so-called  phase-dominant model of  R&D  is  il- 
lustrated  in Figure 1. 

As  shown in Figure 1,   innovations arise and 
are nurtured  within well defined  phases  of  pro- 
ject  development.     In each phase,   the organiza- 
tional needs  are  identified,   ideas  are genera- 
ted,  projects  selected,  and personnel assigned. 
Project results of one phase are reviewed by 
the organization and discontinued or passed 
forward   (backward)   to  the next  phase  for con- 
tinued  development.     Many  projects  will  tend 
to be single-phase efforts with relatively 
short   time horizons  and will require a  small 
number of  scientific disciplines.     And  the 
technical advances  will  tend   to be of  the  small 
or  incremental product  improvement  type.     The 
typical project   is  funded  on an annual basis 
through R&D  funding  and  generally receives 
only minor  attention  from  the corporate  level. 
A hierarchical organization characterized by 
low complexity,   high  formalization,   and  high 
centralization  is  thought  to  be best  suited 
for  this  type of  R&D  activity. 

The  project-dominant model  of  R&D 
trated   in Figure 2. 

Ls illus- 

Kelly et £l describe this model as follows: 

"Ideas are generated, projects are selec- 
ted, and resources are allocated... A 
project team is responsible for accom- 
plishing the activities necessary to 
complete the project and the activities 
most likely cut across all the R&D 
process phases.  As a whole, the project 

either progresses through the re- 
maining R&D phases or it is termi- 
nated.  Thus, resource allocation and 
scheduling decisions occur within the 
confines of the project, but across 
process phases." 

Major R&D projects will be multi-phase, multi- 
year efforts which require the work of many 
scientists and engineers in many scientific 
disciplines.  Additionally, these projects will 
require the commitment of large amounts of re- 
sources and will involve the active participa- 
tion of corporate management throughout their 
development.  This type of project necessitates 
the frequent crossing of organizational bound- 
aries and some type of project team is needed 
to integrate the diverse activities.  Kelly et 
al hypothesize that this type of R&D effort is 
best suited to an organization characterized 
by high complexity, low formalization, and low 
centralization.  Thus, a matrix organization is 
best suited to the project-dominant mode of R&D. 

Frequently, organizations with a research ori- 
entation will wish to pursue R&D activities 
which promise a major technological advance 
while at the same time embracing R&D which 
offers the promise of small or incremental im- 
provements to their product line.  However, if 
as hypothesized by Kelley et al,  these differ- 
ent kinds of technical advance call for quite 
different organizational structures, a single 
organization may find it difficult to effec- 
tively pursue R&D programs directed at both 
the incremental and major technological advance. 
The case study which follows offers a test of 
the extent of this hypothesized conflict with- 
in the context of the R&D programs of the 
Department of Defense. 

A CASE STUDY OF ARMY IN-HOUSE R&D 

Product innovations within the Department of 
Defense take place within the confines of the 
acquisition process.  This process is charac- 
terized by a series of complex, formal pro- 
cedures involving several levels of review 

Figure 1.  Phase-Dominant R&D Model 
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authority and various  types  of  formal  require- 
ments  documentation.     The  basic  acquisition 

model  is  illustrated  in Figure 3. 

Figure  2.       Project-Dominant  RiD Model 
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Figure 3.  Acquisition Model 
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Major new product (project) developments are 
under the direction of a designated management 
authority whose job is to tie together, manage, 
and direct development and production of the 
new product (project) in accordance with the 
formal documentation and review of his/her Ser- 
vice and the Secretary of Defense. 

The program manager frequently crosses over 
various organizational boundaries both in and 
out of his/her Service.  This is necessitated 
by the large number of organizations normally 
involved in the development effort and by the 
fact that various portions of the program are 
frequently not in the same development phases 
(e.g. the engine for a new tank may be in ad- 
vanced development, while the fire control 
system may be in engineering development). Such 
najor systems involve a broad technical scope 
and an associated broad number of technical 
approaches.  Many personnel, encompassing mul- 
tiple scientific discipines, are involved in 
the process. 

The development of major projects (programs) 
within DOD thus follows the general pattern of 

the Project-Dominant model of organized re- 
search and development. 

Within this organizational setting there is a 
provision for numerous in-house R&D laborator- 
ies.  The Army, for example, has 35 in-house 
research laboratories.  Their responsibilities 
include, among other things, the development of 
military technology not available in industry 
and/or the development of industrial interest 
in promising technological innovations of in- 
terest to the military (Gruen, 1977).  These 
labs are hierarchical in nature, are funded on 
an annual basis by department and funding cate- 
gory, and collectively account for less than 
20 percent of the research, development, test 
and evaluation monies expended by the Army in 
recent years (Eckert, 1931).  What new techni- 
cal advances originate in such a setting are of 
necessity of the small or incremental product- 
improvement type.  These technical advances and 
their organizational setting correspond to the 
Phase-Dominant model of ?.£iD.  Two recent tech- 
nical advances, the STAFF and Dover Devil, may 
be used to illustrate the R&D effectiveness of 
the in-house labs and their ability to move 
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products into the product-dominant DOD acquisi- 
tion program. 

THE STAFF AND DOVER DEVIL 

The STAFF round, developed primarily by the 
Army's Large Caliber Weapon System Laboratory 
(LCWSL) and the Dover Devil, developed by the 
Army's Fire Control and Small Caliber Weapon 
Systems Laboratory (FC&SCWSL) have important 
similarities.  First, each project was devel- 
oped almost exclusively in-house.  Second, 
each project was initiated and developed in the 
late 1970's time frame.  Third, each project is 
now at the end of the conceptualization phase 
of the acquisition process.  Fourth, each pro- 
ject received the 1979 Army R&D Achievement 
Award.  Thus, the STAFF round and the Dover 
Devil represent significant technological 
achievements. 

Briefly stated, the Dover Devil is: 

"...a gas-operated Cal .50 MG developed 
to replace the current M2HB and M85 
machine guns on surface vehicles, air- 
craft ships, and ground mounts.  The 
gun will weigh less than 50 lbs. 

This new weapon is built around a 
three-tube receiver for maximum 
strength and minimum weight, improved 
RAM, and reduced manufacturing cost. 
It is powered by a dual gas system 
to allow greater ammunition flexibil- 
ity within calibers, allowing the use 
of high- or normal-impulse ammunition. 
A quick-response, dual rotary feed 
capability allows instant change from 
anti-armor to anti-personnel ammunition. 
The basic Dover Devil is scalable from 
Cal .50 to 20mm x 102 by simply chang- 
ing barrels, feed box, and bolt 
carrier..."  (LCWSL, 1980). 

The early development of the Dover Devil and 
STAFF followed a pattern similar to that widely 
reported to accompany successful technological 
innovation.  As noted previously, recognized 
user need is the primary stimulus to success- 
ful innovation, the probability of technical 
success for incremental product improvements 
is a relatively high 60 percent, organization- 
al slack and low formalization are conducive 
to creativity, successful innovations are 
identified with key individuals who provide a 
conduit through which new ideas enter the 
organization and who enthusiastically promote 
the idea within the organization, and success- 
ful innovation requires a (primarily) middle- 
level management comfortable with risk taking. 

Each of these conditions appears to have been 
present in the case'of the STAFF and Dover 
Devil.  The developers had a clear potential 
application in mind.  In the case of the Dover 
Devil, there was a "perceived" need by FCaSCWSL 

and later, by the Armament Research and 
Development Command (ARRADCOM) that an improved 
heavy machine gun was needed by the Army.  In 
the case of STAFF, the concept had been dis- 
cussed by the Infantry School Combat Develop- 
ment Directorate as early as 1975. 

Key individuals were evident in the conception 
of both projects.  In the case of STAFF, the 
individual was Mr. Lew Cole (the STAFF project 
officer at LCWSL).  In the case of the Dover 
Devil, the individual was Mr. Curtis Johnson 
(the crew served weapon chief in FCiSCWSL small 
arms branch of the Armament Division). Through 
contact with colleagues and the monitoring of 
new technological developments, these two in- 
dividuals brought the initial concepts into 
their respective organizations. 

Both projects were enthusiastically promoted 
within their organizations, the user community, 
and various other Army and DOD agencies.  This 
served not only to generate user interest, but 
also to develop a strategic constituency in 
LCWSL and ARRADCOM. 

Management (primarily middle-level) played a 
key role in the development of both projects. 
The innovators were given a significant amount 
of freedom in how they directed and controlled 
their development efforts.  Additionally, the 
initial development effort for both projects 
was predicated on the willingness of labora- 
tory management to commit resources towards a 
potentially significant technical activity. 
This was made possible by the existence of 
organizational slack in the form of uncommitted 
funds at the laboratory level. 

Finally, good formal and informal communication 
flow patterns were developed and maintained 
throughout both development efforts. 

The Dover Devil and the STAFF are unquestioned 
technical successes.  The organizational con- 
flict posed by Kelley et al has not been a fac- 
tor in their history to date.  That is, the 
creation and technical development of these 
projects within the labs has not been impeded 
by the fact that the labs exist within a pro- 
ject-dominant organizational framework.  Thus 
the organization of R&D activities within the 
Army (or DOD) may well be conducive to both 
the incremental and major technical advance. 

Continued development of the Dover Devil and 
STAFF cannot occur until an approved user re- 
quirement document exists.  When and if such a 
document is generated and approved, these pro- 
jects will achieve project management status. 
That is, the projects will move from the phase- 
dominant mode into the project-dominant acqui- 
sition system of DOD. 

In the case of the Dover Devil, the transfer 
has not occurred due to an apparent difference 
of opinion between the developer and various 
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members of the user community concerning the 
ultimate cost effectiveness of the new weapon 
system. 

For STAFF, the issue is somewhat different. In 
the case of STAFF'S potential 120nmi tank ammu- 
nition application, there appears to be an 
impasse between the Armor Center and AREADCOM 
centering around how best to fund the future 
development effort.  In the case of the Dragon 
follow-on program, a delay has resulted while 
the Infantry School reexamines what is really 
needed in the new system. 

For both new weapon systems, the attitude of 
the user community toward them appears to be 
the single most important factor bearing on 
their effective transfer into the product- 
dominant acquisition system.  This is not sur- 
prising.  Less than one-half of all techni- 
cally successful product developments are 
reported to become a commercial success (Mans- 
field, 1971).  This low rate of commercial 
success is more often than not attributed to 
inadequate attention to user requirement.  In 
the case of the Dover Devil and STAFF, the 
problem is less a matter of attention to user 
requirements than a matter of shifting user 
preferences. 

While full development has not occurred for 
STAFF or the Dover Devil, there are some bene- 
fits which have accrued.  First, the user com- 
munity was given additional alternatives which 
might not have been known until a later date 
if reliance had been placed solely on the pri- 
vate sector of the user community to identify 
a need.  Second, the laboratories enhanced 
their abilities as "smart buyers" by pursuing 
projects which supported the Army's technology 
base program. 

Additionally, there are some inherent advan- 
tages in not immediately proceeding from demon- 
stration of technical feasibility to valida- 
tion.  For example, it may not be desirable to 
automatically proceed with the development of 
a technically successful in-house system.  It 
is conceivable that the results of one success- 
ful system may provide an impetus to industry 
to quickly develop a more cost-effective 
follow-on system.  Also, it may be desirable 
(or as appears to be the case with STAFF), 
necessary to allow the user community addi- 
tional time to reexamine what is really needed 
in the form of a requirement document. 

some knowledge which exists only in the minds 
of the developers as institutional memory.  As 
the system development time lengthens, this 
information may be forgotten or lost as individ- 
uals retire or relocate organizationally. 

CONCLUSIONS 

The case studies involving STAFF and the Dover 
Devil have served to highlight the fact that 
many factors which are recognized as critical 
to the success of technological innovations are 
present in the development of weapon systems in 
the Army's in-house laboratories. 

Additionally, this s 
has developed an org 
successfully support 
of R&D activity, tec 
house projects face 
lem when moving into 
This occurs at the c 
alization stage. At 
of responsibility is 
community as it is a 
resources to support 
ing of a new item of 

tudy shows that, while DOD 
anlzational framework which 
s two quite diverse types 
hnically successful in- 
a difficult transfer prob- 
the acquisition process, 

ompletion of the conceptu- 
this point, a large degree 
transferred to the user 

sked to commit significant 
the move toward the field- 
equipment . 

This study suggests that, given adequate user 
interest and reasonably stable user preferences, 
the organizational conflict hypothesized by 
Kelly et^ al  is probably a minor factor in the 
DOD acquisition process. 
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An Introduction to the Management and Operating Contractor Concept 
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Management Directorate 

Department of Energy 

"Government has become the indispensible part- 
ner of American business; the two entities do 
not exist at "arms length," they are in a state 
of symbiosis." 

-J. K. Galbraith, "American Capitalism" 

The wide spectrum of Government contracting 
necessitates a variety of Government-contrac- 
tor relationships ranging from the tradi- 
tional "buyer-seller" relationship of formally 
advertised procurement to the fair and 
reasonable ventures of research and develop- 
ment to the partnerships of cooperative agree- 
ments. But nowhere in the Federal procurement 
system does the relationship properly and 
necessarily move the parties closer together 
than in the Department of Energy's Management 
and Operating contracts. 

The key characteristics of a management and 
operating contract that distinguish it from 
other categories of contracts are the purpose 
of the contract and the special contractual 
relationship between the Government and the 
contractor. The purpose of these contracts is 
to operate and manage Government-owned or 
controlled facilities Incidental to the 
performance of work on behalf of the Govern- 
ment. The contractor, in operating the facil- 
ities, is serving an important Government 
purpose. The words "on behalf of" recognize 
a relationship that is apart from the usual 
contracting relationship but does not inter- 
fere with the contractor's fundamental status 
as an independent contractor.  In the 
operating contract, the contractor must react 
more closely to and be more integrated with 
the Government's policies and requirements. 
The advantage of an operating contract is that 
it best enables the contractor, as an indepen- 
dent entity, to apply industrial practices 
and management techniques to serve the needs 
of major Governmental missions. The Govern- 
ment, of course, must maintain overall program 
responsibility, oversight and control, in 
addition to retaining a variety of specific 
approval rights. The conduct of the work under 
a management and operating contract is wholly 
or substantially separate from the contrac- 
tor's other business. 

The Department of Energy particularly makes 
use of this type of contract to perform a 
significant part of its Congressionally as- 
signed mission, as have all of its Federal 
predecessors (i.e., Manhattan Engineer Dis- 
trict (MED); Atomic Energy Commission (AEC); 
Energy Research and Development Administration 
(ERDA). 

The DOE National Laboratories and other manage- 
ment and operating contractors employ large 
multidisciplinary facilities with broad capa- 
bilities in energy research, development and 
conservation, physical, chemical and nuclear 
engineering, nuclear materials production and 
waste management, biomedical and environmental 
research as well as an array of atomic energy 
defense programs. The operations are complex, 
difficult and uncommonly hazardous involving 
elaborate industrial facilities in which are 
emphasized technical excellence, safety, and 
security. 

The Atomic Energy Act of 1946 authorized the 
management contract for the operation of 
Government-owned atomic energy production fa- 
cilities which were, up to that time, con- 
trolled and operated under contractual arrange- 
ments with the War Department's Manhattan 
Engineer District (MED). The MED had employed 
a cost plus fixed fee construction contract 
which had been modified to recognize the unique 
nature of the undertaking - the race for the 
atomic bomb. The constantly advancing state- 
of-the-art, the novel alliance of industry, 
academia and government, the building of 
complex production facilities which preceded 
the successful completion of research and 
development activities and the overwhelming 
security aspects of the entire venture all 
necessitated a number of unique variations of 
the standard contract as well as recognition 
of the unique legal relationship among the 
parties. The Senate Report on the 1946 Atomic 
Energy Act said, in relation to Section 31 
which authorized and directed the operation by 
contract of research and development activi- 
ties and production facilities: 
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"Wherever possible, the committee endeavors 
to reconcile Government monopoly of the 
production of fissionable material with our 
traditional free enterprise system. Thus, the 
bill permits management contracts for the 
operation of Government-owned plants so as 
to gain the full advantage of the skill and 
experience of American industry."1 The Atomic 
Energy Commission endeavored to better define 
the MED's somewhat loose contractual relation- 
ship without losing the benefits of the 
•relationship which had grown among the indus- 
try-Government-academic group and which had 
been so successful for MED and for the country. 
"The Commission chose to continue the contract 
method of operation, and added unique features 
encouraging flexible decentralized operation." 

The Commission in a report to Congress 
stated that: 

"The firms operating large Government-owned 
production plants, carrying on extensive 
development projects, and undertaking urgent 
construction jobs, work in close day-by-day 
cooperation with the Commission and its staff. 
They have been selected for their competence 
and the Government is contracting with them 
not only for technical ability but for manag- 
erial ability as well. The working relation- 
ship between the Commission and its operating 
contractors resemble in some respects those 
between industrial companies and their branch 
offices. The contractor undertakes to carry 
on an extensive ooeration; the Commission 
establishes the objectives and makes the 
decisions required to fit the operation into 
the national program, and exercises the 
controls necessary to assure security, safety, 
desirable personnel administration and prudent 
use of the public funds."^ 

Prior to the Second World War, technological 
advancements predominently depended on non- 
governmental enterprises which were motivated 
by the commercial incentives of the market- 
place. Since that time the urgency and the 
magnitude of the national interests which are 
at stake no longer permit technology and 
science to be advanced by economic consid- 
erations alone. Indeed, the primary initia- 
tive and responsibility for the promotion and 
funding of research and development has 
shifted to the Federal government. However, 
while this overall reorientation of the pur- 
pose of RSD has been, in many areas from 
private to public, the overwhelming prepon- 
derance of the nation's scientific and engi- 
neering talent remains firmly in the private 
sector. 

In this combination of private enterprise and 
public interest there has been created an 
entity which conforms to a general theory of 
industrial organization. The senior executive 
decisions, those of deciding the ultimate ends 
to be pursued, are r^ade by the Government. 

The mid-level ex 
reducing general 
matic and techni 
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tive and operati 
sions refer to t 
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"The exact legal relationship under the manage- 
ment contract concept is difficult to define 
in traditional legal terminology. The AEC 
management contractor relationship is unique. 
It contains elements of the master servant, 
principal-agent and principal-independent 
contractor relationships. These ordinary legal 
classification, however, are inadequate to 
identify accurately the relationship existing 
under the long term arrangements^utilized for 
conducting AEC's operations "5 

It is this very "u 
has caused some le 
Second World War 
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In U. S. vs Boyd. 378 U. S. 39 (1964), which 
still stands, the Tennessee State Supreme court 
held that two management contractors were 
agents of the Government in procurement and 
hence immune from sales and use taxes, but 
were liable for privilege taxes imposed on 
use of "exempt" property. The U. S. Supreme 
Court agreed and held that the two management 
contractors were "independent" contractors 
in operating the Government facilities. With 
regard to treatment of a contractor as a 
Government agent, the U. S. Supreme Court 
affirmed, on March 24, 1982, the 10th Circuit 
Court of Appeals ruling in U. S. vs. New 
Mexico, 624 2nd 111 (1980), that a DOE contrac- 
tor operating a Government-owned facility does 
not share the Government's tax immunity and 
is subject to a state's gross receipts and 
compensating use taxes. While something of a 
monetary setback for the Federal Government 
(New Mexico will collect about S100 million in 
back taxes and can look forward to approxi- 
mately S20 million annually) this decision 
underscores the unique and complex nature of 
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the Government/Contractor relationship inherent 
in these contracts.    As has been the case 
since M'CuTlock V.  Maryland.  4 Wheat 315,419 
(1819), we can probably look forward to 
continuing controversy in what the High Court 
itself describes as,"  a 'much litigated 
and often confused field,1 United States- V 
City of Detroit, 355 U. S. 466, 473 (1958), one 
that has been marked from the beginning by 
inconsistent decisions and excessively delicate 
distinctions."5 

The issue of applicability of state and local 
regulations to management and operating 
contractors represents less of an area of con- 
tention. The Government ownership of the 
property, the statutory nature of the work 
involved, the fact that the contractor is not 
pursuing his own business but federal activi- 
ties has generally resulted in avoidance or 
resolution of any problems without major legal 
confrontations. 

The expenditure of such a large proportion of 
DOE's appropriations by management and oper- 
ating contractors (see Figure 1) has raised 
many questions as to who actually constitutes 
parties to these transactions, the appli- 
cability of Federal Procurement Regulations 
and the liability for federal labor statute 
violation. The U. S. Supreme Court, in Kern- 
Limerick Inc. vs. Scurlock, 347 U. S. 110 
(1954), has held that absent express statu- 
tory requirement, an agency's use of an agent 
for procurement matters is not subject to the 
federal procurement provisions which apply to 
agency's direct procurements. The Comptroller 
General agreed in Tennecomp Systems Inc..7 

stating that, "while a contract awarded by a 
cost-type prime contractor of the AEC (DOE) 
is considered an award made for a federal 
agency, propriety of award must be considered 
in light of relevant prime contract provisions, 
not statutory and regulatory requirements 
governing direct federal procurements." 

Figure 1 
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ihe labor field also provides excellent exam- 
ples of the uniqueness of the management and 
operating contract concept. The Walsh-Healey 
Act refers to contracts between the Govern- 
ment and a supplier and the Department of 
Labor regulations imply that the Act's cov- 
erage does not extend to subcontractors of a 
prime. However, the court of appeals upheld 
a lower court finding in U. S. vs. Davidson 
Fuel and Dock Company9, that the Act was 
applicable to subcontracts of the manaaement 
and operating contractors. Therefore,"to 
avoid problems with DOL, the Department of 
Energy requires inclusion of the Walsh-Healy 
Act contract provisions in our management 
and operating contractor's procurement actions 
as we do in our direct contracts. 

The Davis-8acon Act raised different problems 
for our management contractors. These 
contracts usually provide for both ooeration 
and maintenance of the DOE-owned facility, 
hence, the issue has been frequently raised 
as to whether some portion of the maintenance 
type work is, in fact "construction, alter- 
ationand repair of public buildings and 
public works" which is "covered" by Davis- 
Bacon. With the highly complex operations 
which are conducted in these facilities the 
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answer is not always clear. However, the' 
management and operating contracts are being 
held subject to Davis-Bacon when determined by 
the contracting officer to be subject to that' 
act.10 The Department's procurement regula- 
tions have detailed coverage which was 
developed by the AEC and DOL for determining 
the applicability of the Oavis-Sacon Act to 
work performed in DOE-owned facilities.'1 

As no other Government agency has such 
criteria, this is further indication of the 
unique relationships involved with manage- 
ment and operating contracts. 

However, it is this fluid relationship, which 
has made possible the accomplishment of the 
majority of the missions of the successor 
agencies over the past 35 years. "... the 
contract (is) not a piece of paper, but a nexus 
of understanding, imperfectly stated-and quite 
normally more tacit than implicit." 

The traditional relationships of the parties 
envisioned by standard contracts were not 
sufficiently flexible to achieve the program- 
matic objectives, utilize the personnel re- 
sources and expertise of private industry and 
the university community, and access the know- 
how and flexibility of the procurement struc- 
ture of the contractor's organization. 

"Its contractual relations with industry, 
therefore, must be considered as more than 
mere commercial arrangements, wherein the 
public interest is best served by favorable 
financial terms. Management contracts are 
instruments of social and economic policy."1^ 

The DOE has and continues to study the desir- 
ability of direct Government operation of its' 
facilities when new projects are proposed and 
undertaken, but the studies point to the 
continued overall success of the contractor 
method of facility operation. 

The AEC/ERDA/DOE management and operating con- 
tracts are, "a class of Government contracts 
in which the contract document is primarily 
intended to serve as a useful management tool 
in getting the job done by parties acting in 
good faith."14 

The cost plus type of contract has many simu- 
larities to the management contract, but the 
philosophy underlying the AEC/ERDA/DOE man- 
agement and operating contract concept is very 
different. The "AEC administrative contracts 
are not thought of as involving a seller and 
a buyer or as a method of arriving at a price 
for a thing sold or a service produced.... 
These contracts are drawn and administered 
in a manner designed to promote a close, 
cooperative relationship between contractor 
and AEC.",b 

The management contracts relate specifically 
to the statutory function of production or 
research in DOE-owned or controlled facili- 
ties, while many other agencies use contracts 
to require supplies and equipment which they 
use in their agency function which begin afte 
the contract. 

begin after 

The Statement of Work in the management con- 
tract describes in general terms the required 
work. The specific guidance required to 
perform the operations necessary under the 
contract is provided by DOE in annual work 
programs, project proposals, budget estimates, 
financial plans, program letters and authori- 
zations. 

The annual work program is developed by the 
contractor based on general assumptions and 
directions provided by DOE. The Department 
reviews and approves this plan prior to the 
period which is covered by it. The formal 
budget submissions of the contractor demon- 
strate the allocation of the funds requested. 
The Department then issues an approved finan- 
cial plan establishing the amount of funds 
available for the contract and showing the 
allocation of funds to the various programs 
and projects in the work program. Funding 
for the Management and Operating Contracts is 
accomplished as a function of the budget 
execution process. 

One of the important and unusual aspects of 
the management contractor's relationship with 
the Department is the integration of its 
accounts with the Department's accounting 
system. In general, funds provided to these 
contractors are placed in a "Special Bank 
Account," title to which funds remains in the 
Government. The contractor cannot co-mingle 
its funds with the Governments, and must main- 
tain a separate and distinct set of records 
which account for expenditures. Indeed, these 
"bank accounts" of the contractor must be 
maintained in accordance with the Treasury 
requirements of 12 USC 255 which are applicable 
only to accounts for Government funds. 

DOE, like its predecessors, is committed to 
ensuring the appropriateness of the work 
assigned to the National Laboratories and other 
Management and Operating contractors. Senior 
agency management has conducted periodic 
assessments of the proper role of these soecial 
facilities in accomplishing the agency's 
mission. The specialized nuclear and weapons 
research, development and production facili- 
ties have no parallel in the private sector. 
Hence, the roles of these Laboratories and 
contractors are more easily defined and more 
clearly focused. The DOE Multiprogram Labora- 
tories, such as Argonne, Brookhaven and Oak 
Ridge exist to perform R&D at the frontiers 
of knowledge in such diverse areas as nuclear 
weapons, nuclear energy-high energy physics, 
basic and life sciences, health and safety 
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and environmental studies related to energy 
supply and use. 

The Laboratories cooperate and interface with 
industry and academia in those areas where 
they are the proper focal point for seeking 
the technological solutions to the Nation's 
energy problems. Therefore, in order not to 
have these Government owned and controlled 
facilities in conflict with the capabilities 
of the private sector, the Department has 
developed guidelines and controls for the 
assignment of work to these contractors. They 
are continually perused, updated and fine- 
tuned to reflect the proper role of these 
unique National assets vis-a-vis industry and 
academia. Internal management controls range 
from clear generic role statements and mission 
area definitions to the high-level agency 
review and approval of any new or expanded 
work assignments proposed for the Management 
and Operating Contractors. 

The positive attributes of these quasi-govern- 
mental arrangements are not restricted to the 
Government's benefit; indeed, industry has 
long ago grasped the significant, "... busi- 
ness and technical advantages -- the opportu- 
nity to learn and develop a new art; the 
acquisition of invaluable technical and 
engineering information; the establishment of 
a reputation as a pioneer in an industrial 
field limitless in its horizons;..."15 So too 
with the academic institutions involved with 
OOE's management and operating contracts have 
the inducements outweighed the risks. 

There are relatively few people inside or out- 
side of Government who are sufficiently well 
versed in the intricacies of this novel form 
of Government contracting. The Office of 
Federal Procurement Policy (OFPP) and others 
have failed to grasp the very real differences 
which necessarily exist between these and 
other Government contracts. As a result, the 
Office of Federal Procurement Policy (OFPP) 
over the past few years has periodically 
attempted to foist upon Federal agencies a 
policy letter on Federally Funded Research 
and Development Centers. Lumped inappropri- 
ately between the Federal Contract Research 
Centers (FCRCs) of OCD and the observatories 
of the National Science Foundation (NSF) are 
DOE's management and operating contractors. 
While I have no objection to NSF's identi- 
fication, for their own annual report to 
Congress on Federal RJD funding, of DOE's 
facilities that perform R&D as FFRDCs, this 

identification does not have and was never 
intended to have any relationship to the 
placement of work or contracting procedures 
with these facilities. In 1972, the Commission 
on Government Procurement (COGP) recognized 
this inherent difference and concluded that 
problems associated with FFRDCs are different 
for each type and that each type must be 

treated separately (e.g., "The generally high 
quality of the work performed by FFRDCs of 
the operating laboratory type has never been 
questioned and the value of their work is 
universally acknowledged. Yet the criticism 
that has been leveled, rightly or wrongly, 
at the think-tank and systems management type 
has unfortunately rubbed off on the operating 
laboratories as well.")!? 

More recently, the Federal Acquisition Regu- 
lation Project Office (FARPO) appreciated the 
unique nature of DOE's management and operat- 
ing contracts in stating that, "... we agree 
that the unusual and highly specialized nature 
of the contracting method we are contemplating 
renders inpracticable either the general 
application of the FAR to it or the detailed 
prescription of uniform procedures for it." 
Working closely with the FARPO, this recog- 
nition of uniqueness is being formalized into 
a separate and distinct FAR subpart 17.6, 
entitled Management and Operating Contracts. 

"The technology leadership of this Nation has 
been significantly enhanced by the partnership 
of the Government and the private sector in 
the work performed at and managed by these 
laboratories." 

These Laboratories/Contractors are responsible 
for the first atomic and thermonuclear 
weapons as well as designing and developing 

. the Polaris, Minuteman III and Poseidan war- 
heads. They provide the vast majority of the 
United States nuclear weapons production, 
testing and safety programs. They are the 
sole producers in the U, S. of Plutonium-238, 
heavy water and tritium. They are world 
leaders in High Energy/Particle Physics, 
Lasers, Accelerators, fusion research, and 
nuclear submarine propulsion. They have 
pioneered neutron cancer therapy. They have 
developed the plasma atomic emission spectros- 
copy method. They have developed Tradi- 
scantia, a highly sensitive plant system to 
monitor and study low-level exposure effects 
of environmental agents. These are to name 
but a few of the many scientific and technical 
advances made possible by a relationship that 

takes full advantage of the combination of the 
skill, experience and managerial expertise of 
American industry and the leadership of the 
Federal Government. 
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Executive policies involving the conduct of 
public operations."19 

Indeed, for over three decades this relation- 
ship has been closely examined in various 
forums, but continues today due principally 
to the ability of its defenders (in Government, 
industry and academia) to rise to the chal- 
lenges and demonstrate the continuing wisdom 
and utility of the concept of management 
and operating contracts as well as the neces- 
sarily close relationship of the parties 
inherent in these contracts. 

19. 

"A Research and Development Management 
Approach", Report by the Federal 
Coordinating Council for Science, Engi- 
neering and Technology, (Oct. 31, 1979) 
Hi_estand, 0. S. and Florsheim, M. J., 
"The AEC Management Contract Concept," 
29 Fed Bar J. 57 (1969) 

Note: The views presented are those of the 
author and should not be construed as repre- 
senting the official position of any Government 
agency unless so stated. 

9. 
10. 

n. 
12. 

13. 

14. 

15. 
16. 

17. 

References 

Senate Report 1211, 79th Congress, 2nd 
Session (1946) 
Ramey and Smith, "Recent Efforts by the 
AEC to Improve the Procurement Process" 
(National Contract Management J 145/1970) 
Ninth Semiannual Report, U. S. AEC (1951) 
Drucker, Peter F., "The Age of Disconti- 
nuity". 1969, pp. 234   S 

Hiestand, 0. S. and Plorshetn, M. J. 
"The AEC Management Contract Concept" 29 
Fed Ear J. 5709691 
United States v. New Mexico. U. 3. Law 
Week, 3/23/82, Vol. 50, No. 35, pg. 4325 
Tennecomo System Inc.. B-l80907 
Optimum System 54 Comptroller General 
/57 (1975). B-183039 as well as in 
B-l52946; 8-159942; 8-170202 and 51 
Comptroller General 329 (1971); C-E Air 
Preheater Co. Inc.. B-l94119 (1979)— 
371 F 2nd 705 (4th Cir). 1967 
DOE-PR 9-50.1804, Labor Standards and FPR 
1.18..7 
00E-PR 9-9-18.7. Labor Standards for 
Contracts involving Construction 
Report of Advisory Board on AEC-Contrac- 
tor Relationship, May 28. 1948 
Newman and Miller, "The Control of Atomic 
Energy: A Study of its Social, Economic, 
and Political Implications" (1948) 
Ramey and Erlewine, "Introduction'to the 
Concept of Administrative Contract in 
Government Sponsored RSD" 17 Fed Ear J 
354 (1957) 
IBID 
Newman and Miller, "The Control of Atomic 
Energy: A Study of its Social, Economic, 
and Political Implications" (1948) 
Volume 1, Final Report of Study Group 
No. 11, Research and Development, 
Commission on Government Procurement 
(1972) 

n-i-a 



MANAGEMENT OF MULTINATIONAL PROGRAMS 
by 

John S. W. Fargher, Jr. 
Deputy, Light Armored Vehicle Directorate 

Development Center 
U.S. Marine Corps Development and Education Command 

ABSTRACT 

This paper presents the research results 
contained in the Joint Logistics Commanders' 
Guide for the Management of Multinational 
Programs developed by the author. Results are 
categorized from conception through follow-on 
support in the following areas: 

o Acquisition Planning Systems, 
o National Environment Differences, 
o Acquisition Strategy, 
o Organization for Multinational 

Program Management, 
o Contract Management, 
o Intellectual Property, 
o Engineering    Management    and    Technology 

Transfer, 
o Financial Management, 
o Foreign Weapons Evaluation, 
o Manufacturing and Production, 
o Logistics, 
o Disclosure of Military Information, and 
o Sources of Data 

■ Political, legal, economic and technical problems 
that have traditionally arisen during international 
programs are indentified and solutions that have 
proven successful in the past are included. The 
focus of the research results is on information 
that previous program managers felt would have 
been helpful had they had it at the time. The 
purpose of this research was to enable a program 
manager to avoid some of the pitfalls of the past, 
and increase the military effectiveness of NATO 
and other U.S. alliances by enabling armament 
collaboration efforts to succeed. The research 
stresses the importance of each new program 
having potential international application to be 
properly structured "up front" for going 
multinational. 

INTRODUCTION 

With the advent of the Rationalization, 
Standardization and Interoperability (RSI) 
initiatives within DOD to strengthen NATO, 
many issues involving the management of 
multinational programs have develooed. 
Effective management requires not only a 
comprehensive understanding of the needs and 
requirements of each nation involved, but also an 
understanding of the differences in logistics 
support, financial management, technology 
transfer, program management, acquisition 
strategy, organization, test and evaluation, 
security considerations, and codevelopment. In 
order to help the program manager deal with the 

multinational issues, the Deputy Undersecretary 
of Defense for Research and Engineering 
(Acquisition Policy) commissioned a research 
effort through the Defense Systems Management 
College to produce a guide for program managers 
to assist in dealing with RSI features of 
international programs by relating the PM's 
background in domestic programs to the special 
and even more complex nature of international 
programs. 

Initially an intense literature survey was 
conducted and a NATO RSI/Multinational 
Program Management repository created at 
DSMC to ascertain the state-of-the-art and to 
gather relevant information as input to the 
research effort. It was quite evident from the 
literature survey that information on 
multinational program management was 
fragmented and incomplete. Lessons learned on 
international programs, except for scattered end- 
of-tour reports and briefings, and an Army 
Procurement Research Office report on limited 
issues, were not being captured. The DSMC 
course participants in the Multinational Program 
Manager's Course typified the experiences of 
multinational program experts; each had limited 
experience on only one or serveral programs and 
were coming to DSMC to learn for the first time 
lessons of other programs. They had typically 
gathered their experience and expertise through 
the Foreign Military Sales route and were 
fighting NATO/RSI because it only created 
problems with no ready alternatives for 
solution. Pressures were being applied by OSD 
and Congress to achieve NATO/RSI, but no 
compensatory resources were provided to the 
program office charged with implementing the 
directives and direction into action. The DOD 
and Service policies on Multinational Programs 
were and still are being developed and no clear 
direction on many issues was evident. In 
addition, the State Department, Treasury 
Department, Office of Federal Procurement 
Policy, and other Federal agencies have an 
impact on international procurements. Their 
roles, responsibilities and impact on any specific 
procurement was not clear. Programs having 
potential international application were not being 
properly structured before going multinational, 
causing severe restructuring for or precluding 
international involvement. 

RESEARCH METHODOLOGY 

After an initial literature survey to scooe 
the problem, a topical outline of chaoters and 
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issues was developed. A research committee was 
formed of international experts that were friends 
of the College and interested in the research 
project. The research committee added to the 
topical outline and volunteered to write various 
sections of the guide in their areas of expertise. 
Each chapter and section became a separate 
research project to be tied together during the 
integration and review process. The research and 
writing of various sections of the guide was 
accomplished by use of these experts in the 
various fields and from interviews with 
management offices and industry with experience 
in multinational program management. 
Coordination of the sections and chapters of the 
guide was accomplished through the review of 
this ad hoc committee of experts, and by the 
multinational program management offices, 
service headquarters, and at OSD. Logisitics 
Management Institute wrote the chapter on 
logistics and edited the other chapters. The 
Joint Logistics Commanders reviewed and 
approved the publication of the guide. The guide 
represents DOD policy, Service procedures, and 
multinational program management 
experiences. It is planned that periodic updating 
will be accomplished by the Defense Systems 
Management College. 

ACQUISITION PLANNING SYSTEMS 

Because of similar procedures, the NATO 
Periodic Armaments Planning system (PAPS) and 
the DOD Defense System Acquisition Review 
Council (DSARC) process complement one 
another. Under DOD Directive 5000.1, a Service 
identifies needs and develops a draft 
Justification for Major System New Start 
(JMSNS) for each of those which may become 
major programs. The JMSNS is the first 
coordinated within the Service staffs resulting in 
a document which represents the Service's 
position with regard to the mission need and 
acquisition strategy. The JMSNS is submitted to 
the Office of Secretary of Defense (OSD) with 
the service Program Objectives Memorandum 
(POM). The Secretary of Defense tacitly 
approves the JMSNS when he approves the POM. 

If a particular need has potential NATO 
application and may represent a target for 
cooperation within the Alliance, the 
Undersecretary of Defense for Research and 
Engineering (USDRE) acting as the U.S. NATO 
Armaments Director (NAD), forwards the draft 
JMSNS to NATO as a Mission Need Document 
(MND) under PAPS. Specifically, the draft 
JMSNS (now in MND) would be sent to the 
Assistant Secretary General for Defense 
Support. The MND would be transmitted to other 
nations for review and a decision on their degree 
of initial participation. The DOD review of the 
JMSNS would proceed as usual, and in parallel a 
meeting would be called for a Main Group 
subgroup to take action on the MND. 

The results of a U.5. and a NATO review 
can then be reflected in the final aoproved 
JMSNS to provide a sound basis for collaborative 
R&D from the start. The JMSNS would have a 
NATO equivalent in an outline NATO Staff 
Target. If this process is conducted in parallel, 
time will not be lost; in fact, it may preclude 
delays in new starts due to concerns raised 
regarding NATO standardization goals in the 
JMSNS and specific plans for Concept 
Exploration. 

The process of approval of the System 
Concept Paper (SCP) and Decision Coordinating 
Paper (DCP)/Integrated Program Summary (IPS) 
for Milestones I and II, respectively, in the 
DSARC process parallels NAD reviews under 
PAPS. Activation of the PAPS process could 
form a part of the normal SCP and DCP/IPS 
coordination process prior to a DSARC, thus 
providing DSARC/PAPS compatibility from the 
draft JMSNS to the completion of full-scale 
development. A detailed chart describing the 
life cycle of major system acquisitions under the 
PAPS and DSARC process is shown at Figure 1. 

NATIONAL ENVIRONMENTAL 
DIFFERENCES 

Several factors are discussed in comparison 
of national and international military projects. 
Comparable    factors    include: 1)    military 
requirements based on the perceived threat, 
doctrine and tactics; 2) resources (capital, 
personnel and technology) and 3) industrial base 
to support the program. There are also 
important non-measurable enviromental 
differences such as culture, attitudes, human 
behavior, national priorities and other factors 
which represent differences among the countries 
involved. The goal to be emphasized for 
multinational management is measurement of 
organizational performance. A specification of 
critical elements for each participating nation 
and company is required to identify the 
differences in national and business objectives. 
These differences represent the environment of 
the international program manager. Program 
achievement is determined not only by how 
effectively and efficiently people ' work. 
Technical factors play an important role, 
sometimes overwhelmingly. The plant, product, 
product mix, plant and job layout, design of 
machines and equipment, degree of integration 
(batch vs. continuous) of production 
processes,raw materials, research and 
development management, and scientific and 
engineering management are all factors in the 
process technology transfer. User needs, 
maintenance requirements, and operator training 
are factors in product technology transfer! 
Technology transfer and modification of the 
formal organization to effect technology transfer 
are accomplished by training programs. The 
critical elements in achieving program objectives 
are diagrammed in Figure 2. 

0-16 



PROGRAM 
INITIATION 

REQUIREMCNT 
VALIDATION 
MILESTONC I 

PflOGRA* 
GO HEAO 

MILESTONE II 

EFFECTIVENESS ANO 
SUmjftTABILlTV 

DESCRIPTIVE 
SUMMARIES/ 

SARi 

ESTABLISH       __       __        CONCEPT OEUONSTRATION/   
CONSTRAINTS A EXPLORATION """ A ""^        VALIDATION  A  

jMSNSWITM MCDEF SEC DEF 
SERVICE POM DECISION DECISION 

FULL SCALE 
DEVELOPMENT • CEPLOVMENT 

SERVICE 
DECISION 

^EfEASmiLITV FEASiatLITV 

MISSION 
NEED 

DOCUMENT 

M-3 
OUTLINE 

NATO 
STAPP 

TARGET 

NATO 
STAFF 

TAMIT 

DESIGN ANO 
DEVELOPMENT 

NATO 
STAFP 

REQUIREMENT 

NATO 
DESJGN ANO 

DEVELOPMENT 
OBJECTIVi 

NATO 
PRODUCTION 
OBJECTIVE 

NATO 
IN-SERVICE 

GOALS 

NATO 

DISCNCAGEMENT 

INTENTIONS 

ANNUAL REPORT/ 
MILESTONE REPORT 

Figure 1. DSARC/PAPS Phases and Milestones 

Figure 2. Critical Elements of the 
International Program Management Process 

0-17 



On the personnel side, employee motivation 
and ability are also essential to program 
achievement. Employees here include executives 
and managers, the program manager and his 
staff, and white- and blue-collar workers of the 
participating countries' governments and 
businesses. Ability is derived from ability, 
education, experience, training and interests. 
Motivation results from a combination of various 
social forces such as the formal and informal 
organization, leadership and management, and 
labor unions. The individual's motivation is also 
affected by psychological, social, and egoistical 
needs. Recognizing that all of these factors 
differ by country, as much in Europe, as between 
Europe and the United States, detailed 'knowledge 
of a country is important in program 
management. 

Differences between Europe in the concept 
of competition, European defense industry 
practices, educational systems, taxation, labor 
stability and compensation practices were 
examined for the complexities and subtleties 
embedded in European history, culture, politics, 
economics, and industrial structure and 
development. 

Various international cooperative 
arrangements and areas addressed in 
memoranda    of    understanding    (MOUs)    were 
examined   to   provide   guidance   for   preparing 
sections of an MOU.    The types of MOUs and 
cooperative arrangements include: 

o General and Reciprocal Procurement MOUs, 
o Umbrella-Type   Research   and   Develooment 

MOUs, 
o P'ogram Specific MOUs, 
o Patent Interchange, 
o Funding Agreements, 
o Security Agreements, 
o Quality Assurance Agreements, 
o Data Exchange Agreements and 
o Standardizatin Agreements (STANAGs). 

ACQUISITION STRATEGY 

The acquisition strategy (AS) chapter 
includes a discussion of operations and 
alternative systems of NATO origin, strategy for 
acquisition and logistics support of the system, a 
technology release plan, organization of the 
management group, test and evaluation plan for 
foreign systems, and the extent of NATO 
involvement. The types of U.S. participation 
with NATO countries range from U.5.- 
produced/European-purchased via Foreign 
Military Sales, to joint U.S./European production 
with different assembly points, to limited 
European or U.S. licensing agreements for 
components, and to fully European-produced 
systems for purchase by the United States. 

A discussion of multination program 
management    structure    directly    related    to 

acquisition strategy is developed. A program can 
be wholly U.S. managed, joint-consortium 
managed, or NATO managed. The management 
organization necessary to facilitate the program 
usually consists of a part-time NATO program 
steering committee and a multinational full-time 
management group. The steering committee 
controls the program by providing guidance and 
direction to the management group. A high-level 
representative from each participating NATO 
country sits on the committee. Meeting as 
necessary to make decisions, the committee 
issues regular reports to the NATO CNAD about 
program status, and is responsible for liaison with 
the NATO military authorities for planning 
integration of the system into the participating 
country's inventories. Each representative to the 
steering committee provides his countries' 
representatives, specifies the form and structure 
of the management group responsible for detailed 
management, evaluation of alternatives and 
planning. The management group may consist of 
representatives from each participating nation. A 
policy group may be formed at the military 
Service level to provide coordinated U.5. policy 
and guidance to U.S. members. Position guidance 
is established through coordination with the 
Department of State, Office of the Secretary of 
Defense, and military Service staff agencies. 

The technical strategy is the approach for 
achieving the program's system performance, 
design and reliability goals. Unlike a domestic 
program, where technology to optimize system 
performance may be pursued, the program 
manager might have to attempt to integrate the 
technological capabilities of serveral different 
national economies. Programs should be tailored 
by partitioning the standards and systems 
specifications to suit that program's 
complexity. A key consideration in the technical 
strategy is the degree to which the participating 
nations will share in technology transfer. 

The technical strategy should include a 
listing of critical pacing technology advances 
required to satisfy the program thresholds. The 
initial RSI Acquisition Strategy after approval of 
the MND and formation of the NATO subgroup 
may only contain a few of the pacing technology 
advances required, because not all weapon 
system alternatives have yet been explored. 
However, as the Prefeasibility phase (PAPS 
Phase 02) proceeds, necessary advances become 
more defined through study of the oreferred 
alternatives. The kind of pacing technology 
advances required for each alternatives system 
determines the technology risk used in the 
analysis of the alternative concepts. Once the 
preferred system is chosen, and the Staff Target 
is approved, the technology advances required 
should be well-defined, and the risks for 
developing those technologies should be 
understood in terms of performance, costs, 
schedule, and supportability thresholds. The PM 
must then consider these risks in following his 
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program acquisition strategy by assigning and 
controlling critical resources (time, money, 
personnel) appropriately, with special attention 
to the critical pacing technologies. 

The technology release plan provides 
detailed planning actions required because 
certain technologies needed for production may 
not be releasable to NATO contractors, or they 
may pose problems in performing the cooperative 
effort. Such    technoiogies    fall    into    five 
categories: 
1) security 2) configuration control, 
3) critical critical/sensitive advanced 
technologies,  4) buyer considerations and 
5) unconstrained.     To  build  this  plan,  a work 
breakdown structure (WBS) is used to decompose 
the producible end item into its several hardware 
and    software    components,    which    are    then 
classified into one or more of the five categories 
listed above. For those items in categories 1, 3, 
and », purchase of specific and items from a U.S. 
vendor is required. 

A methodology was developed for review of 
contract flow-down provisions. Thus, prior to 
negotiating a contract with a L'Js. prime 
contractor requiring foreign subcontractors or 
directly with a foreign contractor, it is essential 
that the following be accomplished: 

o A review by DOD of mandatory flow-down 
provisions must be undertaken for the purpose 
of deleting or diluting those requirements 
which are unworkable or not applicable for 
foreign procurements. 

o Solicitation Preview Panels must review 
Request for Proposals or proposed contract 
provisions prior to instituting discussions with 
foreign suppliers or governments to determine 
the necessity/desirability for inclusion of 
each clause. Results of this review must be 
made available to the negotiating team, 
whether from DOD or industry. 

o Government/Industry teams should be tasked 
to document difficulties in imposing 
mandatory flow-<jown provisions on foreign 
suppliers. This documentation should be made 
available to DOD personnel for review with 
the goal of deleting or diluting those deemed 
to be unworkable or not applicable to foreign 
suppliers. 

Various contracting methodologies were 
to be considered during the different phases 
of the life cycle. These included co- 
development teaming, use of a technology 
transfer clause, leader-follower arrangement, 
second sourcing, breakout, and pre-planned 
product improvement. 

Another major component of the AS 
examined was the business/financial 
management strategy encompassing all the 
aspects of the program pertaining to funding 
and       budgeting,       investment       decisions, 

utilization of personnel and contractor 
resources, schedule management, evaluation 
of the business base, etc. It addresses such 
issues as the amount, timing and sources of 
funding; the weapons system developer and 
manufacturer organization and sources; the 
extent of competition to be infused into the 
program; the apportionment of 
development/production tasks and 
responsibilities among the various nations' 
industrial sectors: and potential use of leader- 
follower procurement or second sourcing. 

Logistics planning and programming 
strategy was developed by stressing planning 
from a life cycle cost perspective. The 
logistics strategy should involve achieving the 
minimum required level of readiness at the 
lowest possible life cycle cost. The 
anticipated problems are to be identified as 
critical technology advances when they are 
significant enough to affect performance 
thresholds for the system. In addition, 
industry capacity to produce critical 
components, long subcontractor leadtimes, 
use of commerical systems and components, 
and use of commercial logistics support are 
discussed. Centralizing the defense logistics 
functions via consolidating management of 
individual nonconsumable stock-numbered 
items of equipment and expeditiously 
transferring NATO consumable items to the 
NATO Maintenance and Supply Organization 
(NAMSO) or other appropriate organizations, 
and use of the Standard Integrated Support 
Management System (SISMS) should be 
considered for very early implementation in 
the initiation of the logistics program. By 
coupling the manpower and logistics 
functions, support of the weapons system 
should be emphasized in the acquisition 
process. 

Eight different observed modes for 
international weapons development and 
production were identified and examined as 
used in NATO programs. These included: 

o    Mode 1 - Licensed production in one European 
nation of a system developed in the U.S.; 

o    Mode 2 - Licensed production in Europe by a 
multinational     consortium     of     a     system 
developed in the U.S.; 

o    Mode   3   -  Codeveiopment and cooroduction 
among European nations; 

o    Mode k - Licensed production in the U.S. of a 
system developed in Eurooe; 

o    Mode 5 - Transatlantic joint development; 
o    Mode 6  - Bilateral  offset arrangements for 

the purchase of a foreign system; 
o    Mode  7  -  Transatlantic  joint  production  or 

systems     management     by     a     U.S.     led 
consortium; and 

o    Mode 8 - Package deals and the "Family of 
Weapons concept". 
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ORGANIZATION FOR MULTINATIONAL 
PROGRAM MANAGEMENT 

Organizational structures were examined in 
the multinational arena for providing the decision 
making and operational levels required to carry 
out the acquisition strategy and 
commumcations/liason functions. The PM for a 
foreign acquisition must communicate with a 
wide variety of organizations. Some are internal 
to his parent organization and others are external 
to the program. These contacts require the 
personal attention of the program manager 
during initial establishment of formal lines of 
communication, as well as subsequent foilowup 
to keep all program participants informed of 
progress, problems, and changes to established 
program thresholds, constraints, and plans. 

The organizational structure exists to 
provide a disciplined, stable, but flexible 
approach to dealing with the legal 
administrative, and technical requirements of the 
acquisition process. The organization established 
oy the assigned program manager to carry out 
program objectives must be adequate to get the 
job done. If the conventional organizational 
structure proves unsatisfactory, changes should 
oe made without delay. 

In    the    case    of    foreign    acquisitions, 
organization is complicated by the introduction 
of new .actors - laws, language, and customs, to 
name a few - which are often unfamiliar and 
may require special staffing.    In an environment 
where responsibilities often may overlao or not 
be    clearly    defined,    where    guidelines    are 
frequently   vague   or   in   the   process   of   being 
changed,    and    where    even    ordinarv    speech 
contacts may be difficult, the assigned program 
manager must seek to establish communciations 
along   three   general    lines:       (1)   with   those 
organizations  external  to control and direction 
but with influence over the program,    (2) with 
those organizations that are external to program 
control but responsive to its direction, and   (3) 
with those internal organizations over which the 
program mamager exerts direct control. 

Four       management      structures      were 

P^nT in the subse<^nt discussion.The 
Th MO,T 

orS^nization represents a program in 
-he MOU negotiation stage where discussion and 
negotiation are the objectives rather than 
program control. ROLAND represents transfer 
of a foreign weapons system to the UJS. with a 
separate U.S. ROLAND program manager tied to 
the European developer countries for 
configuration control. The NATO Airborne Early 
Earning and Control (AEWiC) program 
MATO

5
^

5
 
the ?rocurement of a major system by 

NATO that is owned by the 13 NATO countries 
participating in the program, with the US 
^A

sie™ ^ogram Office acting as the agent for 
NATO (France and Iceland are not particioants) 

The F-16 program represents coproduction of a 
U.5. developed system both in the U.S. and 
Europe by a consortium of contractors with 
strong U.S. management influence. 

The following depicts how some of the 
operational considerations and policy factors can 
impact or influence the way a multinational PM 
office is tailored. Operational considerations 
are: 

o Service Peculiar Organizational Traits. 
Traditionally, the Services organize PM 
offices differently. 

o Major Program Changes/Configuration 
Management. Major changes in program 
direction or design will, in all likelihood, 
necessitate organizational changes, something 
for which the PM must be constantly alert 

o Type/Nature/Extent of Cooperative Effort 
The degree and level of cooperation between 
nations must recieve consideration during the 
tailoring process, with high levels of 
participation requiring a correspondingly high 
level of representation. 

o Phase of the Program. For examole, early- 
on, the program office mav require more 
technical and engineering staff, while in a 
mature program, it would call for more 
Integrated Logistics Support (ILS) and 
production staff. 

Other operational considerations include: 

o The Technical Management Process and 
Controls. The approach to the technical 
management of the program could dictate the 
special skills required for staffing the PM 
office. 

o The Financial Management Process and 
Controls. The more nations involved, the 
greater the overall financial management 
problem will be - comoounded by varving 
exchange rates, balance of trade, and the'like 
-- hence, the greater the need for soecialized 
financial staff. 

o The Government/Industry Roles and 
Participation. The roles, relationshios and 
degrees of participation by both the 
government and industry could have 
significant influence on how the multinational 
PM office is structured. A orivate contractor 
with extensive contracts and experience in 
the international market oiacs will require 
less specialized attention on the oart of the 
PM than a contractor that has not had that - 
experience. 

o The Structure of Non-U.S. PMOs and Their 
Modus Operandi. The U.S. PM, when tailoring 
his office, must give careful consideration to 
how the participating allied nations have 
organized their effort to accomplish the 
program. 
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CONTRACT MANAGEMENT 

Public law restrictions, duties and customs, 
effect of the General Agreement on Tariffs and 
Trade, provisions of the waiver of the Buy 
American Act, the Defense Acqusition 
Regulations (DAR) on foreign acquistions, and 
cost accounting standards were examined. 

The GATT provides a framework for 
reducing tariffs and other trade barriers through 
a series of multinational negotiations that have 
been ongoing for over fifteen years. Fourteen 
specific agreements and codes have resulted 
from the Kennedy and Tokyo rounds of 
multinational trade negotiations. The GATT was 
implemented in the U.S. by Public Law 96-39, 
"Trade Agreement Act of 1979," which became 
effective on 1 January 1981. Of specific interest 
to DOD is the Agreement on Government 
Procurement. Nineteen (19) countries are 
covered as of 
I January 1981 with 26 lesser developed 
countries also eligible under the Agreement. The 
effect of the GATT is to open up an estimated 
annual $73 billion (based on 1979) market among 
designated countries        to        international 
competition. In the U.5., it is expected that the 
Agreement on Government Procurement will 
open up to foreign bidders about $18 billion of 
DOD purchases, which is about two-thirds of the 
estimated U.S.G. market of $27 billion/year 
(based on 1979). The DAR 6-1600 defines a 
designated country end product as that wholly 
produced, manufactured, or substantially 
transformed in the designated country. 

At the time the research was conducted, 
the requirements of the Buy American Act had 
been waived for all NATO countries (and other 
participating countries), allowing them the 
opportunity to compete on a fair and equal basis 
with U.S. industry for R&D and production 
contracts. The only major restrictions are those 
involved with 1) U.S. defense mobilization base 
requirements, 
2) specific U.S. laws and regulations (i.e., the 
annual DOD Appropriations Act), 3) the 
provisions of the National Disclosure Policy, and 
<*) U.S. Industrial Security Requirements. 

Defense Acquisition Circular (DAC) 76-25, 
dated 31 October 1980 completely revised 
Section IV so that it now incorporates the 
acquisition objectives and initiatives of the U.5. 
Government in the RSI arena. There are three 
types of international agreements which apply to 
foreign acquisitions: reciprocal agreements, 
FMS/offsets agreements, and 
treaty/international agreements. Reciprocal 
agreements encompass any NATO countrv which 
has an MOU or similar agreement with the U.S. 
These countries are identified as participating 
countries and are covered by a blanket Secretary 
of   Defense  Determination and Finding waiving 

Buy     American     Act     restrictions. Offset 
agreements are identified as any foreign country 
having an offset arrangement negotiated in 
conjunction with a Foreign Military Sale and 
which arrangement provides for obtaining a 
waiver of Buy American Act restrictions on a 
case-by-case basis. Lastly, treaty/international 
agreements cover those foreign countries having 
a defense cooperation agreement, such as Israel 
or Egypt, and for which a Determination and 
Finding has been made by the Secretary of 
Defense waiving Buy American Act restrictions 
for a list of mutually agreed items. These three 
types of agreements are extremely important 
relative to contracting policy since they define 
the population of what is now termed "qualified 
countries". 

It is DOD policy to obtain the issuance of 
duty-free entry certificates covering end items 
acquired through the foreign acquisition 
process. DAR 6-1302 requires that duty-free 
entry clauses as contained in DAR 7-104.31 be 
included in ail negotiated contracts in excess of 
$100,000, and all contracts involving the 
furnishing of supplies except for small purchases, 
and contracts for supplies exclusively for use 
outside the U.S. 

The cost accounting practices of foreign 
business firms vary substanially from country to 
country and from contractor to contractor. A 
review by the Cost Accounting Standards Board 
disclosed that as a result of these wide variations 
the application of certain accounting standards 
and rules could cause significant administrative 
problems. Thus, on 
14 November 1978, the Board exempted foreign 
firms from each cost accounting standard other 
than Standards 401,"Consistency in Estimating, 
Accumulating and Reporting Costs," and 402, 
"Consistency in Allocating Costs Incurred for the 
Same Purpose." Foreign concerns are still 
required to file a Disclosure Statement. 
Contracts and subcontracts awarded to foreign 
governments and their agencies are exempt from 
all standards and rules of the Board. 

INTELLECTUAL PROPERTY 

Research revealed that the laws of our 
European allies in NATO covering rights in 
Inventions, data, and software are substantially 
different from those of the United States. The 
European inventor maintains ownership of 
inventions with right to use the inventions. 
Intellectual property rights are usually owned by 
industry and the individual. However, provisions 
committing a contractor to enter license 
agreements are part of the Federal Republic of 
Germany's development contract regulations and 
the United Kingdom's regulations in the 
"International Collabaration Clause." The 
reasonableness of the licensing fee is addressed 
in the German regulations. 
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It is essential to realize that without the 
cooperation of the holder of the intellectual 
property rights (IPR), transfer of intellectual 
property (IP) cannot take place. Firm-to-firm 
exchanges without interference of third parties 
are essential to a successful IP transfer, 
particularly in the key role of know-how and 
technical assistance. The same problem exists in 
the transfer of manufacturing drawings in 
competitive procurements, because the firms 
that actually expect to follow the drawings, 
rather than convert the drawings to suit their 
own shop processes and practices, rarely possess 
the technology capabilities and the processing 
knowhow. 

ENGINEERING MANAGEMENT AND 
TECHNOLOGY TRANSFER 

The process of international cooperation 
has an integral element, the transfer of 
technology among the partners in a cooperative 
process. As such, there is a need for the program 
manager to understand, 1) the process by which 
technology flows from one partner to another, 2) 
some of the differences in the practices of 
engineering management between the U.S. and 
Europe, and 3) some of the problems which arise 
in the areas of engineering and technology. 
Research was organized along these lines. The 
end objective of the engineering process is a 
complete definition of the design of a system 
which will represent the most cost-effective set 
of physical, performance and logistics 
parameters required to meet the operational 
need and postulated threat. 

In some cases, foreign designs and end 
items, while exhibiting excellent performance 
and acquisition cost characteristics, display a 
variety of technical, software, safety and 
logistics deficiencies because of a different 
concept of design control. During the technology 
transfer and critical design review processes, 
continued emphases will be required to ensure 
the following: 

o Foreign designs and equipment have a 
baseline management and configuration 
control system in being. If they do not, one 
must be established at the start of the 
transfer process. 

o Foreign software programs have a baseline 
management and configuration control system 
instituted early-on. The languages used must 
be acceptable to the U.S. program manager 
and the software programs must be fully 
documented and meet standards for quality, 
terminology, and symbology. 

o Trade-off analyses are conducted as part of 
the assessment of the baseline system to 
assure producibility of the equipment, human 
factors engineering for operator interface and 
maintainability, reliability of critical 
components and logistics supportability. 

o    Interoperability/standardization is maintained 

at the level required. The discipline imposed 
by the Logistics Support Analysis Review 
(LSAR) is appropriate for structuring this 
assessment and providing a baseline 
management and configuration control 
system. 

FINANCIAL MANAGEMENT 

The purpose of research into multinational 
financial management was to document existing 
policies, agreements and procedures relating to 
financial management of DOD programs with 
international involvement and to provide 
alternatives for improvements in financial 
operations for multinational codevelopment 
and coproduction programs. These included: 

o Review of established recoupment, financial 
management and foreign currency agreements 
and regulations supporting present 
international programs, 

o Documentation of the collection and 
disbursement of foreign currencies and 
analysis of currency exchange operations, 

o Development and evaluation of alternatives 
for financial management and currency 
exchange, and 

o    Audit by Department of Defense. 

The complex financial management and 
currency exchange operations for 
multinational programs are to a large 
measure the product of the negotiations that 
place between the U.S. Government and 
foreign participating goverments prior the the 
signing of the Memorandum of Understanding 
(MOU) for a particular program. Competition 
with similar programs from other countries 
may be intense and may also be based on the 
economic concessions the competitors are 
willing to grant. Specific economic 
concessions have in the past included "not-to- 
exceed (NTE)" pricing and business offsets on 
the procurement value of the production, cost 
sharing relationships, waiver of R&D 
recoupments, a fixed rate of currency 
exchange, a commitment for the U.S. to buy a 
certain quantity and performance guarantees 
and goals. The program manager must 
continually exercise his management role of 
ensuring that the MOU commitments are 
met. This responsibility encompasses both a 
need to monitor and assess the performance 
of the prime contractor(s), and also to plan 
independently, where required, direct 
placement of coproduction work; manage cost 
sharing projects; manage to design-to- 
production-unit-cost (DTPUC), research and 
development costs, and operation and 
maintenance cost; and direct currencv 
requirements. These requirements exist both 
to ensure adequate contractor performance 
and to strive to meet program business 
objectives which the contractor may not 
share. 
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Initially, ground rules for the financial 
procedures for the codevelopment and 
coproduction effort must be established in the 
form of cost sharing arrangements and a 
payment schedule of the required 
currencies. This is normally prepared by the 
prime contractor(s) and agreed upon by the 
participating nations. Agreement must also 
be reached on interest on deposits by the 
participating governments and the sharing 
basis for interest earned. Normally, interest 
is shared on the same basis as the amount of 
each country's deposits. The financial 
consequences of missing a payment must be 
specified in the MOU as well as 
responsiblilities with managing foreign 
currency transactions and contractual 
provisions for economic price adjustments. 

FOREIGN WEAPONS EVALUATION 

The foreign weapons evaluation (FWE) 
program provides for the technical and/or 
operational evaluation of friendly foreign nations' 
weapon systems and technology to determine 
potential use within the Department of 
Defense. Candidates are selected for evaluation 
based upon potential satisfaction of an 
operational need or correction of deficiency. 
Evaluations are also run on components and 
technologies for which there are DOD systems 
which might benefit from technology unavailable 
in the United States. In addition, the FWE 
program provides potential for significant 
resource savings by avoiding unnecessary 
duplication in development. For most U.S. 
defense tactical equipment needs, alternative 
foreign systems must be evaluated and 
considered prior to initiation of U.5. 
development. Through      data      exchange 
agreements, information exchange groups, and 
exchange visits, increased interest has been 
generated within the U.5. military services and in 
friendly foreign nations in greater 
standardization through joint use of like 
weapons. The number of requests for evaluation 
of foreign weapons systems has increased greatly 
in the past year. 

MANUFACTURING AND PRODUCTION 

The ultimate success of a multinational 
program is often dependent upon the level of 
effectiveness attained in the manufacture of the 
system under development. Research was 
concerned with a description of the production 
environment within Europe that can serve as a 
baseline for an approach to the transfer of 
process technology between the participants, 
concepts of manufacture, and product assurance 
requirements. 

One of the most important characteristics 
of European defense industry is its division 
among three "tiers" of countries. The three most 
industrialized    countries   of    Western    Eurooe— 

Germany (GE), the United Kingdom (UK), and 
France (FR)—representing only about 5k percent 
of the population of NATO Europe, account for 
about SO percent of its arms industry output. 
The next three most industrialized and populous 
states—Italy, the Netherlands, and Belgium,— 
representing around 25 percent of NATO 
European population, account for another 12 
percent of its arms industry output. The other 
seven states of NATO Europe—Turkey, Greece, 
Portugal, Denmark, Norway, Luxembourg, and 
Iceland—represent about 22 percent of the 
population and less than S percent of the arms 
industry output of NATO Europe. 

There     are     two     basic      concepts     of 
manufacture for  transitioned material: build to 
performance requirement or build to print.   The 
program manager needs to specify carefully the 
approach which is to be taken on the program to 
be managed.    Figure  3 illustrates some of the 
fundamental differences in these two approaches: 
o    The build to performance concept is used if it 

is   determined   that   the   reciever   of    the 
technology  transfer,   the  follower,  is  to  be 
allowed     the    obtion    of     substitution    of 
functionally   equivalent   parts,   circuits   and 
subsystems. 

o    The build-to-print approach has two options. 
One is to allow for near equivalent parts and 
materials    and    the    second    is    to    utilize 
identical parts and materials as the original 
design.   The former approach is based on the 
assumption       that       total       multinational 
interchangeability  usually  is not feasible  at 
the repair part or material level. 

But this does not mean that 
standardization of parts and materials is to be 
ignored. On the contrary, it is commonality 
of parts, materials and processes that will 
ultimately determine the degree to which the 
systems are alike. The formulations of a 
strategy for parts selection should be of 
primary concern. 

In Figure 3 relative cost for the 
different approaches are given cost indices 
which reflect their cost as compared to this 
baseline. For example, the production and 
support cost for an exact copy build to print 
approach is estimated to involve a cost 1.3 
times as great as would be incurred for a near 
equivalent build to print approach for the 
same system. For other comparisons, such as 
national standardization and program risk, a 
particular case is shown in Figure 3 as 
representing the nominal case and the other 
approaches are measured relative to the 
baseline approach. 

The research identifies a structured, 
phased process technology transfer approach 
for transferring process know-how from the 
leader to the follower. The process is 
illustrated    in    Figure    *.       Shop   practice 
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differences are identified in broad 
categories. Product    assurance    testing 
procedures and publications for application to 
the basic contractual arrangements are also 
discussed. 

LOGISTICS 

With the advent of the rationalization, 
standardization, and interoperability (RSI) 
initiatives within DOD to strengthen NATO, 
many issues involving maintenance and support 
responsibilities and logistic management have 
developed. This research considers the tailoring 
of the integrated logistic support process and 
procedures to ensure operational readiness within 
the constraints imposed by foreign design. 
Differences in the NATO allies approach to 
maintenance and support responsibilities and the 
problems these create are identified. 

The framework required for an 
international integrated logistics support (I LS) 
plan are: 

o    Requirements harmonization 
o    Early   identification   and   quantification   of 

program requirements 
o    Support program planning and test equipment 
o    Configuration        control        and        support 

documentation 
o    Support     plan     for     coproduction/licensed 

production 
o    Personnel, training, and training equipment 
o    Provisioning and supply support 
o    Technical data including intellectual property 

rights issues 
o    Computer resources support 
o    Facilities 

There are differences between each 
NATO ally in practically every aspect of 
support. These      differences      include 
organization structure, levels of maintenance, 
and type of support available at each level, 
skills, training, test equipment, and 
facilities. The vital role in reconciling the 
I LS requirements within the support 
capabilities is discussed. 

2 
The use of an I LS planning conference 

and      in-country      supplier      surveys      are 
appropriate methods for determining support 
capabilities.       The   difficulty   of   achieving 
cooperation     increases     as     the     program 
matures.  The three tier logistics review team 
approach   is   examined   with   application   to 
TLS. 

DISCLOSURE OF MILITARY 
INFORMATION 

According to the National Disclosure 
Policy, classified military information is a 
national security asset which must be conserved 
and  protected,  and  which   may  be  shared with 

foreign governments and international 
organizations only where there is a clearly 
defined advantage to the U.S. Advance planning 
by a program manager to assure prompt 
compliance with the National Disclosure Policy 
will contribute to the success of cooperative 
international programs and the sharing of 
information with our allies. 

The purpose of the research on information 
security was to give the PM a good grounding in 
such policy to facilitate his conformance with 
it. The topics covered include the National 
Disclosure Policy as it affects release of 
classified information to foreign governments, 
visitation procedures, foreign attendance at 
meetings, and industrial security. The Services' 
information security procedures are documented 
as well as criteria that must be satisfied before 
deciding to disclose classified military 
information to a foreign government or 
international organization. 

To help keep track of disclosure decisions, 
the Foreign Disclosure Automated Data System 
(FORDAD) was established as a central 
repository for such decisions. A system, called 
the Foreign Disclosure and Technical Information 
System (FORDTIS) is being developed to replace 
FORDAD. Both FORDAD and FORDITS are 
discussed. FORDITS represents a tremendous 
improvement over FORDAD as it will provide an 
interactive, real time terminal at each disclosure 
office. This system is to also include decisions 
on Foreign Military Sales, Munitions cases and 
Commerce licenses. 

SOURCES OF DATA 

Finally, the guide returns to a more general 
feature of international programs, and that is the 
problem of communication given national 
differences in languages and in patterns of 
behavior. This      research      area      covers 
communications occurring in meetings, 
negotiation, translation and interpretation, and 
lessons learned in communcation experiences. In 
addition, because of the importance of 
information to the Program Manager is such 
communications, a section is included on sources 
of information about foreign weapon systems, 
economy, technology, and DOD arrangements for 
international communication. 

The success of a cooperative international 
program depends in a large measure on effective 
two-way communication and a sharing of 
information. Poor communication and a lack of 
relevant data have been blamed in the past for 
what was actually poor program management. 
Thus, the complications of differing languages 
and the variety of available data sources have 
been used as an excuse for such international 
program failures. Actually, there is an orderly, 
systematic manner to tailor reasonable program 
goals    and    objectives    and    to    develop    the 
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appropriate management organization and 
structure to meet these goals and objectives. 
The organization established to accomplish the 
program management tasks should also assure 
that effective communications is taking place. 
Interface/communications management becomes 
the task of the program manager as requirements 
are defined. 

CONCLUSION 

The   guide   also   contains   the   following 
appendices: 

o    Sections of an MOU, 
o    Life   Cycle   of   Major  Systems  Acquisitions 

Including NATO Considerations, 
o    Rationalization, Standardization, 

Interoperability (RSI) Plan Outline, 
o    Initial Militarily Critical Technologies List, 
o    Summary Assessment of Data Sources, 
o    Selected References, and 
o    Glossary of Abbreviations and Definitions. 
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Technology & Taxes 
(A conceptual sketch of reality) 

Dr. Franz A. P. Frisch 
Professor Ementus DSMC 

Abstract 
Technology is placed in the clusters of the industrial base and 
the clusters are defined. The clusters are blended with difierent 
sets of economic condition and the preservation of mrni-nv 
power established as the obieciive function for any investment. 
The link between the clusters, the environment and the objec- 
tive function is established through taxes and the tax impact on 
depreciation time and replacement value is analyzed. This an- 
alysis is used to discuss the decision process for industrial- 
technological investment. The observations made in the analy- 
sis are summarized and suggestions are made on how to re- 
spond to reahty. 
Objectives 
The first objective of this paper is to explain how a specific tax 
structure and PROFIT DEPiNmoN, can operate as incentive or dis- 
incentive toward investment in manufacturing technology. 
The second objective is to explain why the same tax structure 
and profit definition produces difierent impacts on difierent 
companies and under different economic condition<! 
Scope 
The scope of this paper is restricted to a few selectedTuDiMEN- 
TARY CONCEPTS, able to make or to break the potential success of 
innovations in manufacturing technology. All concepts are pre- 
sented in a rudely simplified and linearized form; the concepts 
are not tools for calculation, but models designed to enhance 
the understanding of reality. Accordingly, only conceptual re- 
sults are offered and no subjective value judgments are made. 
The entire presentation is made in a non-mathematical form. 

Approach 
The paper is subdivided into two parts (with five chaptersl 
and delineated as shown in fig. 1: 

PART I: FUNDAMENTALS PART Ih APPLICATION 

Fig. 1    ApDro*cn 

PART / deals with the fundamentals and tries to define and 
describe |i| the system, where the technology of manufactur- 
ing is embedded; jj) the environment (in economic terms! 
which influences the system and, finally, (31 the economic 
goal which must be the basis for any enterprise. 

Chapter 1 explains and defines the Industrial Base and shows 
that the base is not a uniform homogeneous entity, but a col- 
lection of diversified and pluralistic elements with a wide 
range of behaviour patterns. Each element can be considered 
in itself stable but difierent from all other elements. 
Chapter 2 describes the permanent changing environment, 
where each element is in constant flux and where the rela- 
tionship between the elements is constantly changing. This 
chapter will explain the conditional value of all business de- 
cisions and, in turn, why today's correct decision might well 
be the wrong one tomorrow. 

Chapter 3 searches for a neutral line between profit and loss 
in order to extract the two concepts |of profit and lossl from 
our belief system and to shift them into the analytical arena, 
by developing a ubiquitous criteria for these two concepts. 

PART n uses the results of PART I and attempts to develop a 
synthesis between the system and the environment by chan- 
neling both the system's elements and the environment's 
elements through a tax-filter toward the investment decision 
and the price formulation. The result of this synthesis will 
be the determination of the unavoidable investment behav- 
iour of the defense industry. 
Chapter 4 is dedicated to an analysis of the U.S. tax concept 
as it relates to depreciation time and replacement cost for 
capital investment. The impact of the profit cap (as fre- 
quently applied in defense contracts I is related to the return 
on investment and to the economic goal (Chapter 3). 

Chapter 5 finally relates the analyses of Chapter 4 to the 
managerial decision process regarding investment in tech- 
nology and the often observed decision behaviour connected 
to the causes for such behaviour. 
The paper closes with a section on General Observations and 
Suggestions. This section stands for what normally would be 
called findings and recommendations. However, the paper 
covers only a small part of a much wider picture and hence 
the term "recommendations" would be too presumptuous. 

ORIENTATION 
1. Communication 
The trend toward low investment for defense contracts has 
been widely recognized and some of the causes for this trend 
have been identified1. However, this identification has (to my 
knowledgel never proceeded beyond editorial statements bare 
of conceptualization and hence quantification in its entirety. 
Only a few selected causative aspects have been quantified2 and 
some hesitant steps have been made to conceptualize the prob- 
lem in part3. Hence the practitioners of acquisition— in indus- 
try and government—have considerable difficulties to commu- 
nicate with the lawmakers beyond the level of lobbying for the 
perceived needs of the industry. And as long as this communi- 
cation gap persists, the industry—and in turn the government 
connactors—will never get this particular legal environment 
which is the foundation for a flourishing industry, including a 
healthy defense industry. 

All of us in the acquisition business, in and outside of the gov- 
ernment, have failed to do our homework: We have never quan- 
tified to the lawmakers just how much the legal disincentives 
for investment (which, we pronounce, existl really cost us on 
the company level or as a nation. We are only complaining that 
they exist. How then can we engineers and economists expect 
to be taken seriously by the lawmakers when we are not even 
able to quantify our complaints? 

What sense does it make to feel intimidated by the laws 
(pertaining to acquisition), laws which we make ourselves 
through our representatives? But instead of reaching an agree- 
ment, we set out to minimize, to bypass and to compensate for 
the legal disincentives by payment provisions and contract in- 
centives like termination provisions, award fees, shared saving 
provisions and technology funding. Of course, those actions 
are better than none, but they are not a cure for the problem of 
"not investing." 
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I thmk it is overdue to stop lobbying and compiaining and to 
break out of the vicious circle to shift the blame around for the 
predicament of our industry and, more specifically, for the pres- 
ent predicament of the industrial base. So let's forget all our 
rhetoric, our beliefs and preconceived opinions and lef s start 
with our analysis of facts which exist today-without being 
concerned with how they come into being. Those facts can sup- 
port, in themselves, a consistent and testable theory or con- 
cept4. Such analyses could be the start toward the creation of a 
legal environment which permits and supports the conscious 
rebuilding of our industrial base, the health of which is in 
everybody's mind. The tragedy is that we are not held down by 
physical barriers, but by our mental barriers concerned with ex- 
isting paradigms borrowed from the past5. Maybe Secretary 
Lehman's closing words of his last address may give us the guts 
to overcome those barriers. Speaking about the rebuilding of 
the Navy he said, "It might be our last chance."6 

Now, I will stop my own rhetoric and introduce you to an anal- 
ysis which will justify what I said until now. The analysis 
which I bring forth in this paper is only a sketch, a condensation 
and a cross-section of a very small part of an analysis which I 
pursued for years7. When I unfold the analysis you will see into 
an exciting world of "integrated reality" where engineering, 
economy and law work together and can communicate across 
disciplinary boundaries. Unforrunately, this reality might not 
conform to what you thmk the truth is. 
2. Legenomy 

Not only was I always fascinated with what I called above the 
"integrated reality," I also was privileged to experience it in my 
professional life and foremost to teach it8. la order to highlight 
the integrated reality I coined years ago my pet acronym, 
legenomy*, which impued the inseparable interaction of legal 
aspects with engineering aspects and aspects of economy. 

We find this inseparability of aspects in all human activities and 
especially pronounced in all industrial activities: "We are con- 
ducting all industrial activities within the framework of the ex- 
isting law and we are using all appropriate engineering know- 
how in order to reach an economic | or politicall goal—either as 
a society or as an individuum." Without the law we would have 
anarchy; without the engineering know-how we could not have 
our modem industries, and hence our economic goals could not 
be what they are. It remains only to question if the three aspects 
of law, engineering and economy have in their intellectual per- 
ception progressed simultaneously or if one might have outrun 
the others, leading to organic incompatibilities, to stress and ul- 
timately to confusion"5. In order to achieve true success, all 
three aspects of legenomy must march together in an ever- 
changing mode and form together the total picture with all 
their interacting links as sketched in the interface matrix in 
% 2. 
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Fig. 2    Leg«nomy Matrix 

The interface matrix is, of course, symmetrical, indicating the 
double direction of all interfaces and this direction changes 
back and forth over time, forming the historical path toward 
this "what-is" today. And with this 1 will concern myself. More 
specifically, I will search for an explanation of the behaviour of 
the defence industry as it appears today in the USA as the result 

of existing laws, the manufacturing technology used, and the 
applied economic scales. Let's call this the general goal of 
this naner. 

This general goal, however, is too broad to be pursued with any 
resemblance to completeness m a short paper. Hence I will sel- 
ect in each ot the three categories of aspects (law, engineering 
and economy | a few specific elements which I consider as repre- 
sentative for each category as shown in table I. 

CATEGORY ELEMENTS 

Lega. Aspects —Deorecisiton Ruies 
—Permissible Prodt 
—AamtssiDie Cost 

Engineermg Asoects —Manutactunna Metnoas 
—Laoor versus Caortai intensweness 

BconomK Asoects —'nvestment & InvesTment Cniena 
—Reium on invesimen; 
—Reoiacement Cost & Inflation 
—Necessary Profit 
—EnaCost 

Ttbt* 1 Reoresentative Elements 

I consider these selected representative elements as the ab- 
solute minimum to be analyzed in order to get at least some 
coherent picture about the investment behaviour of the Ameri- 
can defence industry. In turn, the existing behaviour can be 
equated to the necessary management decisions as de facto 
made in the industry. 

PARTI 
FUNDAMENTALS 

1. THE SYSTEM: The Industrial Base 
The industrial base-all shipyards, the supply industry, sub- 
contractors, etc., are all parts of it. Therefore, we can define the 
industrial base as the sum of all industries which provide goods 
and services to the armed forces". The base, however, is not 
uniform, but consists of a wide spectrum of many heterogene- 
ous members. On the one side of the spectrum the base might 
include the company who works for defense only (like some 
shipyards) and on the other end of the spectrum might be the 
company who sells one of its shelf items to the government 
only on occasion. 
Although each member of the industrial base is difierent from 
all other members, it will still be possible to cluster the partici- 
pating companies into groups with strong similarities. In mm, 
it might be possible to deal with all members in a specific clus- 
ter in a fairly uniform way. I suggest to subdivide the entire 
spectrum of the industrial base into ten clusters and describe 
each cluster with four criteria": (I) the type of product, (2) the 
process or technology used to make the product, 13] the time 
frame (or durationl for which thit product will remain in pro- 
duction or stay on the market, and 14) the financial interests 
which a company has in making such a product. Thereafter I 
ask one question with regard to each criterion to be answered 
with YES or NO. This leads to a criteria-tree with 16 end branches. 
However, only 10 of those 16 branches are meaningful. This is 
demonstrated in fig. 3. 

With the relatively simple criteria-tree we have a handy tool to 
describe ten industrial clusters in a non-ambiguous way (of 
course, the tree can be extended to satisfy any analytical need!. 
For example, Cluster tt describes a product useful for the mili- 
tary and civilian market, made in the same process for the same 
duration of time, but the manufacturer has no particular inter- 
est m the military market segment. Cluster *io would be an ex- 
clusively militarv product, made in special facilities according 
to the life of the military market, but the product is without 
financial interest to any manufacturer. 
The product of Cluster #10 would be a perfect candidate for an 
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aisena! operation—and this might be the on]y way to get the 
product in the first place. Products belonging to Cluster #i, on 
the other hand, will be a typical commercial product and sup- 
plied to the market on a strictly competitive basis, irrespective 
of its origin, i.e., it might be made in and imported from Hong 
Kong. And this brings us to two other criteria not mentioned 
yet: There exist military products which must be manufac- 
tured domestically for security reasons irrespective of costs and 
possible competitive advantages of foreign sources. Industries 
catering to this type of product are defined as political indus- 
tries, while producers of items which can be made domestically 
or abroad shall be candidates for the common industries which 
operate on financial principles only. 
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Is m« MOCCSS 
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conrnarcial and 
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mantat? 
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INTEREST ,n ma 
mtlitary martcat 
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NOTES: 

The product will oe of military and commercial irnetesf. 

Tne orooucl will oe ol military interest only 

Tne product win oe manulactured witn tne same orocess lor civilian and 
military customers 

Tne product goes to tne military ana me civilian marvel but two ditierem processes 
are used Decause ot special duality standards tor tne two manrets 

Tne military product reouires a process not used for commercial markets 
ire., tan« turretsi 

The lite ot ootn markets nas the same length n e.. 3 years m ptpductioni 

The market time for pom proauclions will oe different u e.. me commercial orooucl w 
change alter two years, however me mimary usage will extena over ten years 

The manufacturer has nc Imanciai interest m the military market. 

The manufaciurer nas financial interests m the commercial and the military market 

fig. 3    Criteria Tree 

A strong relationship can be established between military in- 
dustries (Cluster Mol and political industries. An equally strong 
relationship can be established between commercial industries 
(Cluster #1) and common industries13. This permits us to limit 
the range of the industrial base with four non-ambiguous bor- 
derlines as shown in fig. 4a: (i] the commercial industries, (a) 
the military industries, (3I the common industries and Ul'the 
political industries. In this entire field, only the points A and B. 
approximating Cluster #10 and Cluster #1 are non-ambiguous. 
All other points inside the range (represented by Clusters #2 
through #9) are mixed industries with increasing density to- 
ward point B and decreasing toward point A as shown in the 
cluster diagram in fig. 4b. An analysis indicates14 a normal dis- 
tribution between point A and point B, representing the indus- 
tries' inclination to invest as a function of their location within 
the range: Industries of a clearly commercial/common type 
might have the inclination to invest, but industries of a clearly 
military/political type will not have any inclination to invest. 
The inclination to invest is shown in fig. 4c. indicating an in- 
crease in inclination to invest in the direction of B and a de- 
creasing inclination to invest toward point A. 

I have underscored the "might invest" in order to indicate that 
the placement of a particular cluster |or individual industry] is 
only a necessary condition toward investment, but not in itself 
a sufficient condition. Whether this "might " will be trans- 

formed into a "will invest" depends upon the environment and 
other conditions to be sketched in the next chapters. 

2. THE ENVIRONMENT: Economic Determinants 
No question: technology can reduce labor cost and will increase 
labor productivity. This is a simple truth, but not a sufficient ar- 
gument for an investor to spend money on technological im- 
provements. Even assuming that a healthy market exists-the 
sine qua non for any industrial investment-the following en- 
vironmental factors will enter |next to many other factorsl into 
any investment decision: |i| the Availability of Labor |AL|, (a) 
the Cost of Labor [a], (3) the Cost of Capital (cc), and (4) the 
Competiiive Return on Investment (CRI|. 

None of these four factors are a constant; each will change in 
time and at different times, and so will the ratios between the 
factors. Hence today's correct decision might be- with changed 
values of the factors-the wrong decision tomorrow. I will ex- 
plain this m tables U. HI and IV. hi table H. I combine the availa- 
bility of labor with the cost of labor; in table m. I combine the 
cost of labor with the cost of capital, and finally in table IV. I 
combine the cost of capital with the competitive return on in- 
vestment. For each factor-set I use four combinations: |l) high- 
high, (2| high-low, (3) low-high and (4) low-low. With this I 
cover the entire trade-off spectrum (for investment m technol- 
ogy! on a one-to-one basis for the key combinations in tables n. 
IB and IV. The key combinations will permit one to formulate 
the logic for all other possible combinations, including multi- 
ple factor combinations, as shown in the determinator-tree in 
fig. 5. In reality,-all factors are mutually related; this makes the 
problem of investment complex, despite that each factor in it- 
self is simple. (Complexity in this context is defined as the exis- 
tence of multiple, often divergent, objectives.) 

* (A Li fOJ investment Consequences 
1 nigh nigh Neutrai Investmem oecision wilt Qeoena 

ioward the future'. 
uoon views 

2 mon tOW Clear disincentive for investment'. 
3 low M.gn Gear incentive to invest in technology1 

4 low low Neutral to invesimenr 

[1; This is essentially an unnatural conaition High laoor availaDitily and mgn labor cost at 
the same time occur oniv Decause of mstnunonat oarners against an aatustmeni 
between suooiy ana oemanfl. 

[2! No one wilt invest if labor is Dtenty ano labor cost low—as long as me job can 
De oone 

f3]This is the roeai concit'on for investmem. 

[4JTha situation -s as unnatural as fne hign/hign comomanon aoove However, such 
condition migm oe a mooitization scenario—oiaKinci investment m tecnnoiogy 
mandatorv Decause of labor shonage—out not for economic reasons. 

Tibrt II Availability ot Ubor (AL) and Cost of Labor (CD 

Before 1 go to the next table, I have to explain the term of Com- 
petitive Rerum on Investment (CM). In the context of the pres- 
ent notes I define (CRI| as the after-tax return on investment, 
whereby the investment is not made in manufacturing, but in 
other more profitable and less risky investment opportuni- 
ties—for example, in money markets or in condominiums. 
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" ICLl (CO invesrment Conseauence 

men man Neutral to mvestmenf 
2 nioh IOW Hianest possible investment mcenwe 
3 IOW high Absolute disincentive tor investment' 
4 low low Neutral to investment' 

[1) II ooth. (CD ana (CCl are mgn or Doth are low. the investment decision is onven Dy 
many consioerations. 

[21 invesimeni wilt Oe keoi to tne aosoiuie minimum as necessary to execute tne 
manufacturing job 

TaUe III Cost ot Labo (CL) and Coal of Caottai (CCl 

§ (CO (CRI) investment Conseauence 

1 mon mgh No investment m oroouction1 

2 man (OW No investment anywnere-" 
3 IOW r^gn Marginal investment nMntM1. 
4 IOW IOW Hign incentive to invest m Drobuction4 

[1) High (CC) ana hign iCRl) go tor institutional reasons hand in hand. Since the (CRI) has 
normally tess risk man oroouction ior investment in manulaciunng technology), the 
investment moves to nonDroductton-onenteO enoeavors 

[2] Tms situation is purely hyootrwucat. 

[31 Not mucn more teaiisnc than case 2 before. 

\A] The aeai conOition ior investment m oroduction technology 

Tibte IV Cost of Capital (CCi and Competitive Return on Investment (CRII 

If we inspect tables U, 2Z7 and IV, we will notice that only one 
simple, clear and non-ambiguous set of conditions exists which 
will provide an incentive—within the market opportunity— to 
invest in manufacturing technology. This set contains (i) a low 
availability of labor, (2) a high cost of labor, (3) low capital cost 
and (4] lack of other more attractive investment oppominities. 
Only and oniy if those four conditions — plus a market — exist, 
will investors invest "without reservation" in manufacturing, 
and hence productivity will increase appropriately. Next to this 
ideal set |i| of conditions, nine other valid sets can be deter- 
mined as shown in Ug. 5: 

MLABIUTT    COS COST COMPETITIVE-- 
OF PETURN 0N( 
CAPITAL INVESTMENT 
ICQ I       (CRII       ) 

CON Dm ON SET 

4—<Z>-0>>—O) 

J—<D-c^-^) 
H—®-CP;-(V) 

S)-r--«>--W—(>) 

2H—m~w—(M) 

Ptfl- S    CorwitiOfi Trw 

From the total of 10 sets of economic conditions, two groups 
evolve: the first six sets valid for peacetime conditions (p), and 
one of these sets as the ideal set (i|; the second four sets valid for 
wartime conditions (w) with one most likely set (L). This 
means that only sets #6 and *io are reflecting clear and non- 
ambiguous conditions for investment in technology, while the 
remaining eight sets are either neutral (NI to investment or of 
such nature that investment decisions will be made outside the 
identihed set. I prefer to call those eight sets "undetermined." 
It is important to note that the condition for investment can 
clearly be separated in peacetime and wanime conditions; in 
both cases, however, the question must be raised about the pos- 
sibility of shifting the undetermined cases into a positive posi- 

tion for investment. We will find that an appropriate tax struc- 
ture has this shifting power- with the result that a wide range 
of condition sets might be able to produce a "profit"- the only 
motivator for private industry investment. 

3. THE ECONOMIC GOAL Profit 

Profit is the flywheel of a free economy and of the capitalist sys- 
tem. Profit equates to growth. Hence one could assume that in 
a free society everyone appreciates profit and, of course, every- 
body knows exactly what profit is and how to define it. Unfor- 
tunately, these assumptions are wrong: Any discussion of profit 
brings out a plethora of contradictory and uncoordinated feels - 
from admiration to condemnation. We are still replaying all 
philosophical and morahsing disputes from Aristotles' time and 
presumably even before him" up to modernity". With regard to 
a definition of profit, we are faced with a surprise: We have no 
defiinition—at least no ubiquitous analytical definition of 
profit. Nevertheless, our army of tax accountants calculates 
with great precision our profits according to the legislative defi- 
nition of the day. And this is it-where the trouble starts-be- 
cause in today's environment, where rapid inflation makes a 
mockery of conventional accounting, where for more than a 
century companies have calculated their profits and losses on 
the basis of historical cost17. Contemporary attempts to search 
for a guaranteed purchasing power18 by indexing depreciation, 
shifting to a system based on the replacement cost, immediate 
expensing19 and full current cost accounting, are all in essence a 
search to define profit in a way acceptable to business and, in 
particular, to industry, as well as to investors in general. 

Profit is an extremely elusive concept which may well defy a 
universal definition altogether. Using an analogy from Geneial 
Systems Theory*1, zero-profit |or zero-loss] might be the border- 
line between the entropy of the system and the metabolism of 
the environment21. With this analogy we by-passing the defini- 
tion of profit and shift the search for the definition toward the 
search for a condition, which guarantees an economic status 
quo in perpetuation. I associate this status quo condition, or 
condition of economic stability, with the PRESERVATION OF EARN- 
ING POWER

22
 and I stipulate any economic operation which guar- 

antees this earning power as free of loss and profit; any opera- 
tion which results in an increase of earning power shall be asso- 
ciated with profit and any operation which reduces the earning 
power shall be associated with a loss. 

The concept of the PRESERVATION OF EARNING POWER is an extreme 
abstraction which cuts across all problems related to a specific 
numeiaiie of a currency, to problems of inflation and deprecia- 
tion. The concept can embrace all previously mentioned at- 
tempts at incentive taxes and may even open the door for the 
coniecture of the existence of a biological foundation of econ- 
omy" as we have discovered the biological foundations for 
many other human behaviours" and even for the human value 
systems25. From a practical point of view, the concept of the 
PRESERVATION OF EARNING POWER can consolidate the needs of in- 
vestment in production, in services and in rent with depleting 
values of the source of earmng power. With this, even the need 
for an ideological context |of profitl can be eliminated and the 
discussion be shifted into the politically neutral analyti- 
cal arena. 

Two examples might illustrate the concept of PRESERVATION OF 
EARNING POWER. First, a most homely example of a truck-owner- 
operator and second, an example of ocean transportation26. 

Example #1: Let's assume a trucker buys at time zero a 20-ton 
truck for cash and the truck will have a lifetime of three years. 
Now, he starts to operate his truck industriously and intelli- 
gently and also saves money in order to replace his truck with a 
new one after three years. If he is then able to replace it with a 
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new one (and only by using his own savings], then we may say 
that he was able to preserve his earning power. However, if he is 
only able to buy a 10-ton truck with his own savings after three 
years, then he lost half of his earning power Whether this loss 
has occurred because of inflation, because of tax laws which 
prevent accumulation of sufficient means for full replacement, 
or because of competitive pressure |which prevents hilling his 
clients for his cost "in full"! is irrelevant. On a variation of this 
example, let us assume that our honourable trucker decides af- 
ter one year to give up the trucking business and he sells his 
truck. If at this time the resale value of his truck plus the saved 
monev would enable him to again buy a 20-ton truck, we may 
again say that he preserved his earning power. If he could, how- 
ever, buy only an 18-ton truck, he lost 10% of his earning power. 
Again the reasons for his loss are irrelevant. 
Example #2: This historical example compares the new build- 
ing cost index for a commercial ship over a 15-year period with 
the resale value index for the same ship purchased in 1945, 
shortly after the end of World War II. This is shown in fig. 6: 

EXAMPLE 
AB = >.r; -K  ShlD IryMi —100% 
CE = n«DiAcafTi«ni ino*, Artpr 9 Tea,j 
CO = M«rKei vaku« or Did Sno 
0£■ WHJIJ CAVUI .1 woef ro -w itie Birr 

DO««r or rr>e 003,na, rnv«sim«nt 

liO- 

*KI yrjuts 

Fig. 6    Snro Index 19*S«0 

The two examples en. ibleus to phrase the rules for the preserva- 
tion of earning power in the following way: "The earning power 
of any tool, representing such earning power can only be pre- 
served if, at any time in the life of such a tool, the disposal 
amount thereof, plus the accumulated capital, permits the re- 
placement of the tool of earning in full." If this rule cannot be 
met, a loss of earning power occurs—and only if the original 
earning power can be increased in these transactions, does a 
profit occur. 

In mm, this rule permits us to define valid competition as this 
competitive condition which permits a price tormulation ac- 
cording to the rules of the PMSERVATION OF EARNING POWER. Com- 
petition, or pressure of competition, which does not permit 
achievement of this rule is "invalid competition," and must lead 
to the destruction of the involved industry27. Large parts of our 
national industrial base and, last but not least, the shipyards, 
are a perfect example of self-destruction through invalid com- 
petition—with the later explained result, why those industries 
cannot and do not invest in technology beyond the absolute 
necessary minimum 

PART II 
APPLICATION 

4. THE SYNTHESIS: The Tax-Filter 
Let us start the synthesis with a summary of what we have de- 
termined in the first three chapters: first, we determined that 
the mdustnal base is composed of ten difierent clusters, where 
each cluster has its distmct charactenstic. Only one one of the 
clusters (namely the common/commercial Cluster #i) has a 

definite inclination for probable investment in technology-, and 
only one cluster (the military/political Cluster #io| has a defi- 
nite resistance or disinclination for investment. Second, we de- 
termined that only one single set of environmental conditions 
exist, which favours investment in peacetime and one in war- 
time, while five, respectively three sets arc neutral to invest- 
ment in peace or war. Third, we have determined that the pres- 
ervation of earning power is the unalterable goal of any eco- 
nomic operation and profit is associated with income beyond 
the need for stability. 

In the search for a synthesis of the first two chapters, we can 
combine the criteria-tree [fig. 3] with the condition-tree [fig. 51 
and detennine thereafter the profit potential of one hundred 
end-branches. This profit potential (or profit] provides us with 
the inputs for the investment decision through the feedback 
loop into the "process." If we recognize now that the "profit" is 
surrounded by taxes, then we may state that the after-tax profit 
will determine the de facto investment. The combinations and 
the feedback loop are shown in fig. 7. 
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For a quantitative analysis the schematic of fig. 7 can be compu- 
terized as sketched in the block diagram in fig. 8. The schema- 
tic describes an iterative search process with a feedback loop 
into the market based upon an increased productivity; the sche- 
matic also shows the options to accommodate changed envi- 
ronment conditions and changes in the tax law. 

Ftg. t    Iterauve Coffloutaiion Schefnata 

The investment decision of the computation schematic can be 
interpreted as a search for the compatibility between what an 
investor (in technology) can get under the present legal- 
economic setting and of what he needs to preserve the earning 
power of his investment: If, and only if, compatibility exists, he 
will invest; if this compatibility does not exist, he will not in- 
vest. This compatibility situation is sketched in fig. 9. Concep- 
tually, the compatibility search is the unifier of the entire prob- 
lem discussed28. 
THE ITERATIVE COMPUTATION SCHEMATIC {fig. 81 implies the posi- 
tion of the taxes as the coordinator between the constant svs- 
tems cluster and the variable conditions of the environment. In 
this position, taxes are able to transform a neutral investment 
condition into a favourable one, or they can destroy all hope for 
investment even though inclination for investment might ex- 
ist. Taxes can rescue a bad situation and can kill a good one. De 
facto taxes are cutting through all ideological rhetoric and dog- 
matic smokescreens and reveal the true thinking and attitudes 
of a nation toward business29 like the driving habits reveal the 
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true character of a man. Taxes reveal a nation's priorities, ideo- 
syncrasies, aspirations, beliefs and superstitions in a most bru- 
tal way30, especially if portrayed in a comparative way for sel- 
ected and highly specialised tax aspects31. Hence, it seems to be 
justified to consider taxes as the centerpiece in any investment 
decision searching for growth and, in our particular case, in- 
crease in industrial productiviry. In short, taxes are the synthe- 
sis of the problem as sketched in fig. 10. 
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Fig. 10    SymnMis of Probwrn 

The complexity of the investment decision is underscored by 
the unique combination of lal a stable system, |bl a vahable 
economic set. and |c| an aibitxary tax filter, which synthesises 
the problem [fig. 10]. The encouraging aspects in this synthesis 
is the arbitrariness of the tax filter, because whatever is set up 
arbitrarily can also be changed if necessary. With arbitrariness I 
do not imply that the existing tax filter has been constructed by 
happenstance but rather by applying uniformly a specific tax 
philosophy uniformly to a non-uniform industrial world, 
whereby non-uniform means "being not the same in all 
aspects." 

In order to illustrate the non-uniformity with regard to the tax 
impact between the civilian and military worlds, I have sel- 
ected first the problems of depreciation time and second the 
problem of replacement cost for discussion. Both problems will 
be sketched in their conceptual forms, but otherwise simplified 
and linearised. 

Depreciation Time 
The depreciation time is determined in the United States uni- 
formly for all economic activities by the tax laws for a few cate- 
gories of facility investment. Presently we recognise three cate- 
gories of facUity investment while already over 50 years ago 
studies on less sophisticated technologies (than todayi have 
identified over sixtv prevailing replacement patterns and there- 
fore depreciation needs m the industry12. 
The state purpose of depreciation is to recuperate tax-free the 
invested capital |ic! in the depreciation time (or). The non- 
stated assumption |in departure from reality! behind this tax 

rule is first that the investment in equipment has a useful life 
(raj which is exactly as long as the depreciation time (or) and 
second, that said investment has at any time during its lifetime 
(crj a market value |MV) equal to the remaining non-depreciated 
amount (ND). This assumption is commonly used as basis for 
commercial investments and might be valid for companies be- 
longing to Cluster #i-the commercial/common industries. 
However, neither of these two (never clearly stated assump- 
tions) holds through in defence acquisition, where quite fre- 
quently first the contract time (crl is shorter than the deprecia- 
tion time (DT) and second, where uncertainties in the contract 
history might not permit utilisation of equipment for its entire 
useful life (m.) and where said investment has no market value 
(MV| whatsoever. 

The difierences between investment in commercial and mili- 
tary products lie in "assigned investment" and not in "dedicated 
investment" like jigs and fixtures made and purchased in pursu- 
ance of a specific contract where cost allocation for a single con- 
tract is permitted in full. Assigned investment is defined as an 
investment (i.e., in manufacturing technology! which en- 
hances productivity in a plant or a shipyard beyond the duration 
of a specific government contract, made (or initiated, or encour- 
agedl only in the context of a specific government contract, and 
which would not have been made without the existence of such 
contract at hand. Assigned investment might be triggered by a 
specific government contract, but is in itself the crucial contrib- 
utor to industrial improvement and, therefore, the problem of 
assigned investment needs discussion. The problem is imbed- 
ded in the following five assumptions: fizst. a company invests 
capital (ic| in manufacturing technology in order to increase the 
productivity for a specific contract in the hope of increasing its 
competitive position; second, the new equipment is assigned 
investment or invested capital (icl of such nature that the 
equipment cost cannot be allocated in full to a specific con- 
tract—only the normal depreciation costs are allowable costs; 
third, the contract time (cr) is shoner than the depreciation 
time (DT); fouith. the investment (id has no market value at 
the end of the contract time (id or at any time before, meaning 
it cannot be sold to somebody else like a used car, and fifth, ab- 
solute uncertainty exists about the possibility of a follow-up 
contract which would enable the utilisation of the investment 
(ic) for the entire depreciation time (DT). 

The five assumptions can be connected through a set of often 
overlapping events (observations, actions, reactions, etc.I as 
sketched in their rudimentary forms in the picture series of fig. 
11. The picture series starts with the elementary explanation of 
depreciation time13 and ends up with the newly developed term 
of SIMULATED INVESTMENT (sil34 and, more specifically, with the 
simulated investment needed to cover the penalties resulting 
from a contract time (CT| being shorter than the depreciation 
time (DT) in a given defence contract. The simulated invest- 
ment (si) is defined as (or describes! this particular imaginary in- 
vestment level toward a company having to accumulate capital 
in the contract time (cr! in order to cany all penalties resulting 
from the time differences as described above without losing the 
earning power of its investment. 

/♦ "I 
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The entire prooiem oiavs m tne coordinates 
formed Dy the Time-Axis (f) ana the Cost- 

Axis (SV At the time Te (po/nr 0) an assigned 
investment (see text tor aetimtioni or, 

generally soeaking, a caottai investment {CO 
f    is maae The amount of this investment 

5 ftr") goes jrom oomt 0 to ooini A. The value o' 
this investment is Oeoreciatea aiong !he arroweo broxen line from oomt A lo 
point C at me eno of me oeorecianon time (07)at poml C There the 

investment is finally Oeoreciatea to zero iLmear deoreciation is usea and the 
scrap vaiue at the end ot the aeorecianon time is negtecteoj 

(Pan i ot 2, continued! 
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At the same lime, when aeDreciaiion tanes 
Diace (fig 1 lai. capital can oe accumuiaiea 
tax-tree trom oom; 0 towara pomt B along 
the arrowea full line ana at the end ot the 
aeDreciaiion time (07), the entire caoital (CO 
is recuoeraied. Tne amount of tne 
recuoeraied caoital goes trom point C to 

pomi B ana is. ot course, the same as the amount between point 0 ana point A. 

X 

In this figure we miroauce the contract time 
(C7j. The contract time stretcnes from potnt 

—^ 9*       0 to oomi D. while the oepreciation time 
stretcnes from point 0 to point C. The figure 
shows a comract time (CT) shoner than the 

Jj} 
i*?e*'r   Oepreciaiion time iDT) by the amount D. For 

     »■■ ^   J  Wa investor oi assignee investment, tne 
picture ts omy of interest from the time % at point 0 to the contract time (CT) at 
point D: the pat ot the picture ngnt of the line from potnt D to point F goes into 
obi-vion We nonce that at the time iCT). the capital investment between point 
D and pomt E is not yet aepreciated. Of course, the oepreciaiion goes aiong 
the arrowed broken line trom point A to point E and the contmuaiion of this itne 
to point C is no longer of interest. 

The investor not only loses interest in the 
oepreciaiion oeyond the contract time (CT), 
he toses interest aiso on the imagined 
capital recovery arter tms time. But he 
notices that at the time (CT) he has oniy 

^     recuperated capital in tne amount from 
*^     point D to point G along the arrowed full line 

from point 0 to oomt G. 

" Since the investor expects no contracts with 
any reasonable certainty beyond tne 
contract time (CTi. he snouid have 
recuperated nis investment {CPi in full in me 
contract time (CT) along the arrowed broken 
tine from point 0 to point F (or along the 

* c       arroweo ootted i.ne from pomt 0 to point G. 
as oermineo by today s laws) The true capita' recovery toward point F must 
oe tne investor s goal on an idea) environment without inflation). 

if the investor decides to accumulate capita) 
toward oomt F m the contract time (CT) in 
the nope ot recuperating his investment, he 
is in for a surprise: The ta* law declares the 
amount from pomt G to point F as "profit (Pi 

m on wmch he has to pay taxes (T). providing 
cof '■^r—    h,m W(th a recuoeratea capital at point K 

His recuperated capita: reaches from point D to point H and he still has not 
recuperated the caonai between pomt H and point F. 

The investor will find that he has to 
accumulate capital m the contract time (CT) 
toward a tax-oeiermmed oomt l aiong the 
arrowed neavy line trom point 0 to pomt I m 
order to recuperate ms investment (CD in 
full. If ne accumulates capital toward pomt I. 

*3 'c*' the amount oefween pomt G and pomt I will 
oe ceciared as profit (P) From this "pfofir he can now pay ms taxes (7) and 
ends up at point F with fully recuperated investment, reaching from point D to 
point F and the amount from pomt F to point I are faxes on unused mvesiment 
oecause of the nme difference between the depreciation time (DT) and the 
contract lime (CD Point I determines for the contract time (CT) the lime- 
dependent simuiaiea mvesfment—Sli toward which the investor has to 
accumulate capital in oroer to preserve the earning power of his investment m 
a non-inflationary economy. 

Now we can put a straight line im our 
imeanzea moaeil ihrougn point i and oomt B 
This (me crosses the vertical S-axes of our 
coordinate system m point J and the ime 
'rom oomt J to point B is the geometrical 
location for all simutatea vme-oeoenoen: 
'nvesrments between a contract time (CT) of 

zero and a contract time (CH wnicn eauais the oepreciaiion time (DT). For 
example, for tne contract lime (CT). eauai to point L or point K on tne time-axis 
(t). a simulated investment of SIT will result In point N ano pomt M respectively. 

Fig. 11  Depreciation—Simulated Investment 

Replacement Cost 

Having made an investmenr and thereafter recuperating and ac- 
cumulating capital toward the replacement cost of the invest- 
ment is the monetary behaviour which coincides with the con- 
cept of the preservation of earning power. One of the most de- 
bated questions in accounting in the United States today is the 
tax-free capital accumulation toward the original investment or 
toward the replacement cost of such investment. However, 
smce no decision is made, we have to concern ourselves with 
the present rule which determines that the difference between 
replacement cost and original investment must be covered out 
of profit. It should be noted that our foreign competitors can ac- 
cumulate capital tax-free toward the replacement cost35 which 
points towaid the fact that, for example, the European tax phil- 
osophy, based on cost theory* defines profit quite diSerently 
than the American philosophy, which is based on price theory. 

The American view toward replacement cost is outlined in the 
picture series of fig. 12 and, as beiore in the discussion on depre- 
ciation time, we end up with the determination of a SIMULATED 
INVESTMENT EOR REPLACEMENT —SIR. 

At the time \ Ipomt 01. an investment (C!) is 
maae m tne amount petween pomt 0 and 
point A on tne cost-axes {Si and after the 
depreciation time (DT) plotted on the time- 
axis u): the replacement cost has mcreasec 
to tne amount between oomt 0 ano oomt R. 
Tms means that tne cost is increasing trom 
point A to point Ft (H imeanty of the increase 
is assumed) anc as snown with tne arrowed 

cost Ime between those two'oomts. Tms. of course, means that the capital 
needed to replace me original investment should be accumuiaiea aiong the 
arrowed capital line from point 0 loward point 3 and not toward point B. wmen 
corresponds witn oomt A. 

As before in the discussion of tne 
depreciation time <ftg. '1f}.a capital 
accumulation toward the reolacemeni value 
bom R win not worK for the investor 
because the amount between point B ana 
point R will oe declared as profit (Pi trom 
whicn the tax (7) must be paid, so that the 
investor arrives at oomt S, representing the 

». accumulated after-tax capital between pomi 
C and point S. This means ne is slili snort of tne amouni between oomt R and 
point S. 

If the investor realiv wants to accumulate 
*j      capital, ne mus' seiect a tax-oeoendent 

tjSt ^   oomt T toward whicn he accumulates 
i   capital and point T must be mgn enouch 

(J  aoove oomt R so mat ne can pay tne taxes 
(7) on his profit (P) and still end up at pomt 
R, tne replacement cost tor his original 
investment. This means he nas to pay faxes 
on inflation, because tne increase m 

replacement cost from point B to pomt R is a funclion of inflation: everything 
else, like reolacement quality, is considered as eauai to the departure 
condition at tne time (Tc} at point 0. 

Having oetermmeo oomi T representing tne 
necessary accumuiaiea capital in order to 
arrive at a net accumulation (or the 
repiacement cost at pomt R. we can now 
connect pomt T and oomt A with a straight 
line (because we are using linearized 
assumptions), ana tne line from point A to 
point T reoresents me geometrical location 
tor all s.'mu/ared intiation-oeoenaenr 

investments over the timelr'ame of the deoreciation time iDT), represented by 
the distance between point 0 ana oomt C 

(Pan i ot 2. contmuedi 
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from DOim C toward ooinl V wouta suffice 

Fig. 12 Replacement —Simulated Investment 

if we now muoauce me contract time (C7) 
at ooint D then we are in a position to 
oetermme tne necessary simulated 
investment tor the contract time (CT) at the 
level Sin We are also aoie to determine the 
necessary caoital accumulation along the 
arrowed heavy line from point 0 toward 
point U Without tax on inflation, a caoitai 
accumulation along the arrowed ProKen line 

point V which represents Ms need to preserve the earnina power of his 
investment, and mini, he nas tne needed caaial accumulation m order to 
achieve the necessary capital accumulation after payma taxes on ms oe lam 
costs which are presently oeciateo as profit 

Depreciation Time and Replacement Cost 

Having determined the simulated investment for the deprecia- 
tion time |% II] and for the replacement cost \fig. 12] we can 
now combine both considerations into a single behavioui pat- 
tern as shown in the picture series of fig. 13. 

SIMULATED INVESTMENT TIME 
This figure repeats the result of llg 11 and 
snows the line for the simulated investment 
from point B over point I to point J. In the 
contract time (CTI at point D we have 
accumulated tax-free tne caoitai between 
point D to point G: we nave paio taxes for 
non-utilisation, indicated by the distance 

rirj       from point F to point): we have 
accumulated a total capital m the amount of the distance from point D to point 
I. paid tax on the "profif from point G to point I and enoea up with the capital 
at hand from point D to point F. Jesuit: We nave recuperated tne investment 
iCI) in the contract time (CT) in full. 

SIMULATED INVESTMENT—INFLATION 
In tne same way as we have shown the 
simulated investment tor the timeiag m lig. 
13a aoove. we are showing nere the 
simulated investment necessary to cope 
with inflation or to accumulate capital 
toward tne replacement value. The 
simulated investment follows on the line 
from point A to point T and at tne contract 

time 'C71 at point D the total inflation amounts to the distance from pom' F to 
point V: however to achieve the capital accumulation toward point v capital 
must pe accumulated toward point U in order to pay the tax (on •■profif) in 
tne amount of the distance from point V to point U 

TOTAL SIMULATED INVESTMENT 
In order to compine the simulated 
investment for time and inflation, we put tne 
tnangte A-BT from lig. 13b on too of the 
triangle O-B-J of tig. 13a and get the 
geometric location lor tne total simulated 
investment ana tne present figure shows 
tne segments pt the total simuiateo 

_   r investment lor the contract time (CT) at 
point D The segments are: lirst. from point D to oomt G. me (ax-free 
accumulated capital (AC): second, from point G tp point F. tne caoitai which 
cannot be recuperated in the contract time [CT] or the unusea capital (UC) of 
tne investment iCTi: third, from point F to point I the (ax on unused cap/fa/ (TU) 
we have to pay on the "profif (from point G to ppint I) in oroer to recuperate 
ae lacto capital tpward the dngmal investment (CO at the contract time (CT) at 
point F lounn. from point I to point V. the in«a(/on (IN) which occuts from 
time-zero to the end of the contract lime (C71 at point D, and littn. from point 
v to point U' the (ax on Intlation (Tlj we have tp pay In order to cover inflation 

CAPITAL ACCUMULATION 
The three capital accumulations an investor 
has to consioer are summarised in this 
figure: first, he has the tax-tree allowable 
caoitai accumulation for caoitai recovery for 
his investment! along the arrowed dotted 
line from oomt 0 to oomt G. second he has 
•ne necessary caoitai accumulation along 
tne arrowed ProKen line from point 0 to 

Fig. 13 Total Simulated Investment 

5.THE MANAGEMENT DECISION: The Investment 
The industiys sensitivity toward taxes and foremost toward 
the DEHNrnoN OF PROFIT is not always the same. In a time of ex- 
plosive growth, of low interest rates and no disturbing inflation, 
no one will really care how profit is defined, especially if the 
market permits a large and comfortable profit margin. How- 
ever, in times of market stabilisation without potential growth, 
in a time of high interest and rapid inflation, the sensitivity 
toward taxes will increase-especially concerning the defini- 
tion of profit. When, in addition, the profit potential is mini- 
mised either through fierce competition or to an institutional- 
ised profit cap^, then the definition of profit becomes critical. 
And in such critical circumstances the first question an inves- 
tor (or manufacturer! has to answer is how to produce - labor 
intensive or capital intensive? And the second (directly related! 
question will be how the decision on production methods influ- 
ences the future value of the investment. The answer to both 
questions will determine the investment decision and we will 
address both questions in sequence. 

Production Decision 
In the commercial industry an investment in facilities for man- 
ufacturing is made upon two fundamental market forecasts: 
first upon the forecast of the production rate and second on the 
length of the production run. The risk of the investment is, of 
course, directly related to the quality of the forecast and the ac- 
tual acceptance of the product by the market38. This "market 
risk" is reduced for major military acquisitions down to the 
timeframe of a specific contract and hence, the production rate 
(and often the production run! can be considered as a require- 
ment. In turn, those requirements can be satisfied with many 
combinations of labor and capital allocation to the manufactur- 
ing process* as shown m tig. 14. Here, the conceptual presenta- 
tion of the allocation problem is compared with (and translated 
into| the classical economic form of presentation40. 

Profit Cap 
The cause for a profit limitation really does not matter (by law 
or under competitive pressure!. Therefore we call any profit 
limitation superimposed to the manufacturer or contractor a 
profit cap. Now remember that in government contracts profit 
is defined as a percentage of all costs and the costs have two 
components: first the fixed cost for capital and second the varia- 
ble or proportional cost for labor and material. For the present 
discussion we ignore material and assume that it might either 
be government-famished or included in labor. This permits us 
to sketch the profit cap as shown in fig. 15. 

Now let's return to the total simulated investment {fig. 13] and 
recall (from fig. 13d\ that the profit plus the allowable capital re- 
covery in the contract time must equate to the simulated in- 
vestment. Hence, only this de facto capital investment (ic! can 
be justified, which satisfies this equation and, in turn, the justi- 
fiable labor elevation will follow by necessity. To calculate this 
process is an involved iterative search, working at the same 
time with many interdependent variables, with the high 
chance that only an approximate solution exists. This, how- 
ever, shall not be presently explained further,- instead I will try 
to explain the process in a sketch in fig. 16. I hope this will 
suffice for the "understanding" of the concept. Also, please do 
not be disturbed that I start the explanation with price instead 
of cost. 
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A given constant oroauction 
rale can oe achieved with a 
continuous changing 
comomaiion of \abOT-effori 
and tooling- or caoitai-efforr, 
Accoramgiy, the laoor cost wilt 
toi'ow a Lorenz curve from 
Domt M over point 3 ano point 
5 to pomt N. wnne the toonng 
cost will follow a Lorenz curve 
trom point 0 over pomls 2. 8 
and 6 to point P The 
comomaiioh of ooth Lorenz 
curves wiii result in a total 
cost curve starting with point 
M ana going through points A, 
C and B toward point P. The 

CA//r«o 

imponant consioerattons are: (1) only one optimum exists, pant C with 
minimum cost tor a given proouction rate: (2) outstde of the Optimum, most 
cost levels can De achieved with two different labor/capitai compinations as 
shown by pcwnt A and point B. 

While the denaviour in fig 14a 
has oeen portrayed in a close 
soace, the present sketch 
uses an ooen space formeo 
Dy the coordinates tor cost (S) 
and the production quantity 
{M and points A, 8 and C of 
Ug. 14a now appear all on the 
preaK-even line with C at the 
lowest possibte location and A j 
and B in tne same location 
Tne important considerations 
are: (1) the optimal solution 
from ftg. 14a ts only vand for 
one singie production 
rate—and nc: for a multiple of 
M as expressed Dy the N-axis. and (2) the identity ot A and B is only related to 
the preak-even point. 

F19.14 LaDor and Caoital Allocation 

We are carrying torwara the two 
systems *rcm fig. 14b ana assume thai 
Doth systems at the DreaK-even point 
IBEP). pomt 3. result in the same cost, 
oomis A and B We further assume mat 
the preaK-even point, expressed in 
numper of units iN) produced is reached 
at the eno of the contract time iCT). Now' 
we put a profit cap on too of the cost 
ana arrive at the same price (P) for both 
systems A and 8. With system A we 
have a low capital investment ana a 
steep iaDor elevation—a, and for 
svstem B a hign capital investment ana 
a fiat iaDor elevation—o,. 

Fig. 15 Profit Cap 

Present and Future 
The decision process sketched in fig. 16 covers only the present 
situation, where "present" shall be defined as the association 
with one definite contract at hand. Unfortunately, the decision 
which is correct tor the '"present" docs not have to be correct for 
the "future," meaning for any tuneframe going beyond the pres- 
ently known contract time, and a good decision for today, may 
well be a bad decision for tomorrow. In order to explore this, 
let's make the possible jbut unlikely] assumption that at "pres- 
ent" the same price and the same cost can be aligned with three 
different production methods: Method #1 would employ only 
the absolute minimum amount of capital investment and a 
maxunum labor elevation; Method ^2 would employ a fair cap- 
ital investment and a moderate labor elevation, and Method ^3 
would employ a fully automated operation without any labor 
allocation. Of course, we assume for all three methods a prede- 

6 sr /**«JV 

termined profit cap on top of capital cost plus labor cost. The 
assumed three methods and the imolications are sketched in 
fig- 17. 

It is a valid assumption mat a 
contractor searches first for the 
once where ne thinks he can sell 
a specific product to the 
government. Therefore, we start 
the explanation with setting the 
price (P) as the first step. For the 
second step we deduct from the 
price the allowable or possiDie 
'■prpfit" which leads us to the 
third step to tne determination of 
the cost (Q, wmcn the 
manufacturer must achieve in 
order to oe, within the 
(competitive) price, a successful 
Didoer. Now, as the fourth step, he determines the simulated investment 
whicn he can accommodate with tne recuperated capital {CR) plus the profit 
(P). For the fifth step, he searches for this oe facto 
investment which he can make within the umbrella of the simulated 

investment. Having oecioed this, the necessary laoor etevation. a. follows as 
the 
sixth step. 

Ftfl. 16 The Investment Decision—"Present" 

Decision Trends 
Although I worked (m fig. 17] only with the most fundamental 
economic tools, the decision trend for militarv acquisition and 
for commercial acquisition should be clear. 

MIUTARy 
ACQUISITION f . 
Between the three cost 
lines #t-C. #2-0. and 
*3-C (reoresenting the 
three manufacturing 
methoos), and the thret 
price lines #i-P, #2-P 
and #3-P, three profit 
banos are formed: for 
Method #1 the band 
with vertical lines 
between two full lines: 
for Method #2 the band 
with the horizontal lines 
between two broken 
lines and tor Method #3 
between the two dotted 
tines and the dotted band. Notice that bana H opens up consiaerabiy by 
moving into the future; band #2 ooens up moderately by moving into the 
future and band #3 stays constant at the present end in the future 

Z4 
^i 

COMMERCIAL 
ACQUISITION 
In commercial 
acguisitton no legal 
profit cap exists and w€ 
can assume a specific 
market will acquire the 
products. Again as 
before, we assume mat 
all three methods result 
in the same cost (C) at 
the present, but thai 
the market at present 
permits the same price 
iP) as m the case tor 
military acquisition. If in 
the future a sale (S) 
can oe generated, then 
the prpfit for the three methoos ot manutactunng will be different: the profit ft 
for Method #'\ will be the smallest and the profit #3 for Method #3 tne largest. 

Fig, 17 Two Systems—Present & Future 
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• The investor for military acquisition, presumably belonging 
to an industry in or close to Cluster #10 |the military/political 
industryl has no choice then to search ior the ABSOLUTE MINI- 
MUM INVESTMINT he can get by with. He has no other choice 
than to select the MOST LABOR-INTENSIVI operation he can afford 
and still be competitive against compentors who are all in the 
same predicament as he is. 
• The investor ior commercial acquisition, presumably belong- 
ing to an industry in or close to Cluster f] (the commer- 
cial/common industryl will mostly search for the MAXIMUM IN- 

VESTMENT he can afiord and for the MOST CAPrrAi-iNTENSiVE oper- 
ation which he can blend with his nsk assessment of the future 
in order to increase his profit potential. 
It is important to note that each decision process is based on 
two time references: first on the present "as is" and second 
about the investor's view of the future. The present time in- 
cludes the belonging to a specific industrial cluster (Chapter r), 
the existing environment conditions (Chapter l| and the tax 
structure for investment (Chapter 4]. The future time includes 
in the defence industry the expected contracts as the market 
surrogate, expected contract forms, change in the environmen- 
tal conditions, possible competition and many other elements. 
Common to all those future elements, however, is the uncer- 
tainty which translates into risk and its corollary, the profit 
which must be measured against the baseline as established by 
the requirements for the preservation of earning power 
(Chapters]. 
Taking the "present" and the "future" simultaneously into ac- 
count makes the decision process complex because of the exis- 
tence of many opposing forces and because of many subtleties, 
neither calculable with standard methods41, nor otherwise, be- 
cause the probability of the future is undeterminable'2 and does 
not behave like the probabilities used in mechanistic problems 
in classical decision theory*3. 

GENERAL OBSERVATIONS: Suggestions 
1. USA and Europe 
First, in order to show how different tax laws can influence in- 
dustrial behaviour, I compare the average defence industry in 
the United States and Europe" with regard to summary indica- 
tors. This is shown in table V. 

Average for 
USA Europe 

•  Saies Per Comoany m SWHlton 3.000 2.200 
2. Assets Per Comoanv in SMillon 1,200 2.500 
3. Nei Income Per Comoany in SMillron                  no 37 
4 Sates/Asset Raion 2.5 0.9 
5 Net Income as Percent ot Sate 3.6 1.7 
6 Net income as Percent ct Assets 9.0 1.5 

NOTE (Sates/Asset) x(3
; income on Saiei = H income on Asset 

TaMe V industrial Averages 

The table shows clearly that in a place where all and any ex- 
penses can be called "cost" and where profit is used exclusively 
ior growth, a relatively small profit (but true profit} will lead to 
a capital intensive operation. 
2. Unitormlty 
It appears that something like a uniformity within the indus- 
trial base does not exist. I have suggested ten different clusters 
but any other clustering process—more detailed or less de- 
tailed—is absolutely possible. We do not know what a cluster- 
ing of reality would be. However, it should be clear that no pan- 
acea can exist and, if forced upon the industrial base, must pro- 
duce questionable results. 
3. Labor and Capital 
Before and even in the time of early industrialisation, all work 
was labor-intensive. Increase in agricultural productivity freed 

the labor force for rapidly growing industry, itself originally 
labor-intensive. This time, however, has long passed. Never- 
theless, in past days the models for our accounting systems 
have been institutionalised and carried forward to the present, 
where we still associate profit on the sum of labor plus capital; 
also, return on capital takes us special place in the accounting 
system. Looking at today's reality, it appears that labor and cap- 
ital follow their own rules and hence should be separated in 
their considerations. I therefore suggest in-depth investigation 
into the practicality of changed contract procedures in the pri- 
vate and government arenas: 
• Separate each contract into two distinct parts: 

— Part 1, the LABOR CONTRACT 
- Part 2, the CAPITAL CONTRACT 

• Assign a RISK FACTOR to the labor portion of the contract. 
• Assign a CAPITAL PRESERVATION FACTOR to the capital portion of 

the contract, provided this amount will be used to improve 
productivity at its source. 

• Assign a PROFIT MARGIN to the total contract and make this 
portion of the profit tax-free, which is reinvested in the source 
for the purpose of growth. . 

(MATERIAL would be the third contract pan. However, this is too 
involved to be included in the present paper. Reference 12 will 
deal with it in detail.) 

4. Quantification 

Industrial analysis is difficult because we seldom have the data 
we need (being mostly proprietary informationl. Nevertheless, 
attempts should be made to develop a database for the indus- 
trial base sector which permits an analytical validation of 
new approaches. 

5. Systems Approach 
I started this paper with a plea for LEGENOMY, the consideration 
of the inseparate iegal aspects, sngineering aspects and aspects 
of economy. I return to this plea. I am fully aware that we can- 
not separate the defence aspects from their political, social and 
economic environment. Hence simplistic solutions to complex 
problems will not exist. On the other hand, we have to concep- 
tualise the complexity in order to deal with it. We have to un- 
derstand the dynamic structure of our military products and we 
have to know Maxwell's demons inside the black box before we 
can give meaning and interpretation to statistical input-output 
models45, the only developed tool we have at the moment. We 
have to search for tools which are appropriate to our reality of 
today instead of hiding behind yesterday's formalistics. We have 
to learn to respect all disciplines and have to learn how to coop- 
erate. More specifically, the subject I have addressed is not for 
engineers alone to solve, not for lawyers and not for econo- 
mists. Only working together will bring success. We have to 
leam to think interdisciplinarily—and even teach it as a new 
subject; applied operation research might be the first step in 
this direction. 
6. Return to Technology 
1 agree completely with the statement that "we stand upon a 
threshold of a bright future as new production technologies be- 
come available and are implemented. . . (Itj will be a positive 
step in the program of reindustrialising Amencan industry by 
introducing smarter machines and making our factories more 
productive."46 But technology-and this is my conten- 
tion-cannot grow, flourish and be effective as long as the envi- 
ronment does not permit it to be fully utilised. The economic 
clime is the prerequisite for the effectiveness of technology. Of 
course, how we prepare it may be a political rather than a "sci- 
entific" question. Scientific analysis can duly bound the prob- 
lem by sketching the three extreme options as outlined in fig. 
18. This figure uses the two extreme Clusters ft and »io (see 
Chapter i| which is the pure commercial/common cluster of 
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industries and the military/political cluster. One extreme op- 
tion exists ior tbe first cluster and two tor the second. 

PLOW 

Fig. 11    TowafO H*-lnouttn«liutior 

Not much has to be said about Solution #1, however, Solutions 
02 and #3 are of interest for military acquisition: In Solution #2 
we are handling the industrial base exactly like a private indus- 
try, where it must be the industries' responsibility to reiuvenate 
themselves by permitting a price formulation which can ac- 
complish this. In Solution #3, however, we are taking the entire 
responsibility for rejuvenation out of the industry and putting 
the burden on the budget side of the Federal government. In this 
case we would pay in real time for the cashflow (or pocket cost) 
only and postpone respectively shifting the burden for reindus- 
malisation to the government. Unfortunately, the differences 
between Solutions #2 and #3 are more cosmetic than real; the 
difference is rather the preference for how to pay the bill which 
ultimately must be paid anyhow. 
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COMPETITIVE OPTIONS FOR THE 
MEDIUM RAWGE AIR TO SURFACE MISSILE PROGRAM 

Harriet S.  Hughes 

Office of the Secretary of Defense  (Comptroller) 
Washington, D.C. 20301 

I.   INTRODUCTION 

The Medium Range Air-to-Surface Missile 
(MRASM) program, like all   new Department of 
Defense (DoD) programs,  is faced with limited 
resources.    The program manager must decide 
how best to allocate those resources to 
provide a viable weapon system.    The purpose 
of this paper is to explore the competitive 
options available to DoD and to demonstrate 
how competition could be used to reduce the 
cost of a program such as MRASM.    At present, 
there is no prescribed basis or method for the 
DoD to decide if and, or when to introduce 
competition. 

The concept that competition reduces 
acquisition costs of military weapons systems 
is generally accepted; however no definitive 
methodologies exist to determine net savings 
to be expected.    Several   studies have been 
done of weapons systems under competitive 
acquisition procudures; however, the number of 
systems reviewed is inadequate to provide a 
high degree of statistical  confidence that 
competition does in fact result in savings. 
Consequently, each program manager is faced 
with the task of analyzing the specific 
circumstances of the system at hand and 
proceeding as appropriate. 

The problem of determining if, when and how 
competition should be introduced for a 
specific weapon system requires more than a 
simple analysis of procurement costs.    Savings 
must take into consideration the difference in 
hardware prices, cost and benefit of second 
source facilities,  the cost of second source 
qualification testing, the cost of 
transferring production skills and procedures 
to the second source, the cost of delays due 
to competition, and administrative costs.    If 
the analysis indicates that cost savings are 
likely, the question of when and how to 
introduce competition remains.    Should 
competition be introduced before, at the 
beginning of or during the procurement phase? 
Should it be introduced at the weapons system 
level  or at the component level?    These and 
many more questions must be addressed before a 
program manager can make a rational 
recommendation for a particular weapons 
system. 

The importance of the to compete or not to 
compete decision increases as resources becane 
more limited as they have within the DoD in 
the past few years.    The issue is critical   for 
a new major weapon system such as the Medium 
Range Air-to-Surface Missile (MRA311 with an 
estimated acquistion cost of over two billion 
dollars.    MRASM is a family of air-to-surface 
tactical,  subsonic, winged air vehicles, 
carrying conventional   warheads,  designed for 
launch from Navy and Air Force attack 
aircraft.    Because the MRA94 has gone directly 
into Full-Scale Engineering Development (FSED) 
without the normal   extended Advanced 
Development Phase, less time than usual   is 
available to analyze the competition 
alternatives.    This shortage of time coupled 
with extremely limited funding increases the 
importance of an analysis of the option open 
to the program.    The purpose of this paper is 
to demonstrate the process of evaluating 
competitive options for a missile system. 

II.  BACKGROUND 

A.    History of Competion In DoD 

Competition, a cornerstone of our economic 
system, has been Instrumental   in establishing 
the preeminence of the United States. 
Competition in the private sector leads to 
technological   advances, lower prices for the 
consumer and better quality.    Congress has 
recognized the value of competition in 
statutes such as the Armed Services 
Procurement Act of 1947, many yearly DoD 
Appropriation Acts and frequent Committee 
Reports. 

In November 1969 Congress created the 
Commission on Government Procurement to find 
solutions to the problems created by 
development and procurement of costly and 
complex weapon systems.    The result of years 
of study, CMB Circular A-109 was published  in 
April  1976.    The two significant changes which 
A-109 made were a requirement for a mission 
needs approach to approval   of new weapon 
system acquisition programs and a requirement 
for extended use of competition beginning 
early and continuing through the acquisition 
process as long as it is economically 
beneficial.    While competitive contracts are 
not used for all  major weapons systems in DoD, 
competition at some point In the life cycle is 
the rule rather than the exception.    Most 
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programs grow out of a competitive 
validation and prototype design phase. 
Because of the high cost, Full Scale 
Engineering Development has rarely been 
considered for competition.    One program,  the 
Air Launch Cruise Missile, had a completely 
competitive FSED.    The implications of this 
effort will  be covered later in this paper. 

While competition in production has been 
common historically,  its primary goal   has not 
been cost reduction.    During World War II and 
the Korean period,  the primary objective was 
to achieve a rapid buildup of war material 
production.    For example, the B-17 was 
produced by Boeing, Douglas and Lockheed.    The 
B-24 was produced by Convair, North taierican. 
Ford and Douglas.    The B-29 by Boeing, Martin 
and Bell.    During peace time second sources 
have been established to insure that 
production would not be interrupted by strikes 
or sabotage and competition has been created 
to increase quality and reliability.    As 
weapon system costs increased in the 1950s and 
1960s, cost came to be a major focus of 
competition decisions.    This is especially 
true of competition in the production phase. 
Congressional   and 0MB direction has stressed 
the need for competition both in system and in 
subsystem procurements.    For example, on 
strategic cruise missiles,  procurement of 
guidance components and engines is made from 
more than one qualified contractor and 
approximately 75% of the total   weapons system 
at the component level   is exposed to 
competition. 

Since 1962 when Robert McNamara,  then 
Secretary of Defense,  testified before 
Congress that competition yields 25% savings. 
Congress and DoD have been trying to save that 
25%.    While no one has proved that the savings 
can be obtained,  DoD and Congress continue to 
act on the assumption that the savings can in 
fact be obtained  if only the correct method of 
competition is introduced. 

B.    Dual  Sourced Tactical  Missiles 

The identification of programs the 
experiences of which would be relevant to 
MRASM was not easy.    In addition to the 
obvious choices of the other cruise missile 
programs,  no clear cut parallels existed. 
Since the program was already entering FSED 
only competition in FSED and procurement were 
relevant.    Both leader/follower and dual 
sourcing using a reprocurement package have 
been used by a very large number of programs; 
however,  it was decided that cruise and 
tactical  nrisslles were the most directly 
relevant programs.    A number of studies of the 
of the cost Implications of second sourcing 
weapons systems have been made at the 
request of the DoD.     I will   review In some 
detail   the cost Implications of second 
sourcing on 7 missile systems for which 
significant analyses are available.    (Table 
2-1) 

SUMMARY OF  STUDY RESULTS* 
(PRICE  IN MILLIONS OF  FY 72 DOLLARS) 

ESTIMATED 
QUANTITY ACTUAL SAVINGS (LOSS) 

PROGRAM PROCURED PRICE PRICE PERCENT 

STANDARD MISSILE 5,927 $307,1 $  (11.7) (  3.9) 
SIDEWINDER MISSILES: 

AIM-9B GCG 67,054 171.2 (  6.7) (  4.1) 
AIM-9D/G GCG 9.955 68.8 ( 4.4) (  6.5) 

BULLPUP AGM-12B 45,050 200.7 38.3 16.0 
WALLEYE  I 9,179 73.2 (19.9) (21.4) 
SHRIKE MISSILES 

DASH 1 GUIDANCE 691 2.5 2.5 51 
DASH 2 GUIDANCE 250 0.9 2.0 68 
DASH 3 GUIDANCE 15,217 54.9 16.8 23 
CONTROLS 15.790 33.9 81.7 71 
WINGS.  FINS, 

ELEVONS 16,947 3.9 4.2 52 
TOW 

MISSILE 25,240 UNK 61.3 8.5 
LAUNCHER 959 UNK 83.4 30.2 

DRAGON 
ROUND 49,393 UNK 8.0 2.7 
TRACKER 4,031 UNK 12.0 12.0 

♦Source:    Army Procurement Research Office 

Table 2-1 
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In March 1978 the Army Procurement 
Research Office published the results of 
second sourcing in procurement of TOW and 
DRAGON missile systems.1 While these systems 
are technically much less compex than MRASM, 
they were examined for the lessons learned 
concerning competition.    The 1978 
investigation  included review of actual   cost 
data as well  as discussion with Government and 
contractor personnel.    Factors explaining the 
actual   savings due to competition were 
identified and analyzed.    Gross costs were 
calculated by determining the pertinent cost 
factors and making adjustments for inflation 
and learning.    The forcasted savings 
methodology is complex since it includes a 
regression model  to provide an estimate of the 
cost of the system after the first competitive 
award, had no competition taken place. 

The available TOW cost data,  according to 
the study, made it difficult to distinguish 
non-recurring from recurring costs. 
Furthermore, material   and subcontract costs 
were a substantial   portion of costs,  roughly 
70« just prior to second sourcing and 
approximately 60% of the split competition. 
(Some conflicts in the various data sources 
reduce the reliability of these estimates.) 
The results of savings of 8.5% for the TOW 
missile and 30.2% for the TOW launcher do not 
include non-recurring start up costs for the 
second source, administrative costs for 
carrying two contractors, or the 
administrative costs of the competition 
incurred by the Government.    The greater 
savings on the launcher were attributed to the 
Government not incurring an expense to educate 
a second source.    The limited complexity of 
the launcher was such that a capable 
contractor could bid competitively at a 
reasonable risk based on the technical   data 
package. 

The DRAGON contractor cost data base has 
the same shortcomings as the TOW data only to 
a greater degree.    Consequently savings 
projections were developed off of the Baseline 
Cost Estimate developed by Government 
personnel  visiting the initial  contractor's 
plant, reviewing cost and accounting records, 
and interviewing contractor personnel.    The 
calculations using this data resulted in an 
estimated savings of 2.7% for the DRAGON round 
and 12% for the tracker.    Again, these savings 
do not take into consideration other costs 
incurred in order to establish competition. 

In August 1978,  Tecolote Research  Inc., on 
contract to the Array Procurement Research 
Office, published 6 additional   analyses of 
weapons system second  source impacts.' Five 
of these systems were tactical  missile systems 
and will  be examined for implications for 

procurement strategy decisions for the MRA^ 
sys tem. 

The Standard Missile, while considerably 
smaller than MRASM,  is also produced by the 
General  Dynamics Company.    Initial   production 
was awarded to General  Dynamics under a 
directed buy contract for 860 missiles.    A 
competitive buy for continued production was 
subsequently awarded to General  Dynamics, 
which produced all missile equipment except 
the warhead  and propulsion systems.    The 
missiles are manufactured and delivered as 
sections with the Navy performing final 
assembly and test prior to delivery to the 
Fleet.    The cost data for this program is 
conplicated by the fact that some contract 
lots overlapped in terms of production.    This 
makes separation of learning related cost 
factors less reliable.    Otherwise the data is 
available to evaluate costs.    It is not clear 
that the competition had any significant 
impact on the cost of Standard Missile.    An 
analysis of the data indicated that the 
competitive buy resulted in slightly higher 
costs.    The net loss is estimated at $11 
million or 4%.    Actual  costs include recurring 
costs,  non-recurring costs incurred during the 
conpetitive buy contract,  and the settlement 
cost of claims brought against the Government. 
The non-recurring costs incurred were 
associated with rate tooling increases, 
quality control  improvements and improvements 
in the production process.    Claims on the 
order of forty million dollars were brought 
against the Government which were settled in 
FY 1976 for a total  of $12 million for a 
faulty data package.    It should be noted that 
a later study by TASC for JCMP indicated that 
savings for Standard Missile were 59.2%.3 At 
the request of the Government, TASC was asked 
to determine if raw data used included the 
cost of claims and other non-recurring costs. 
No response was provided.    The administrative 
costs of competition were not Included in the 
Tecolote analysis which means that true losses 
were even higher than stated. 

The Standard ARM production contracts were 
awarded to General  Dynamics concurrent with 
Standard Missile.    The ARM program was a high 
priority program because of the missile's use 
in Viet Nam.    For this reason some Navy 
personnel   feel   that the relatively generously 
funded ARM program may have subsidized the 
Standard Missile program.    Even if there 
hadn't been a high degree of ccmmonal ity 
between early configuration, the increased 
business base reduces overhead and GAA costs. 
Supporting the belief that ARM was responsible 
for keeping Standard Missile costs low is the 
fact that the coincident with termination of 
Standard ARM production, General  Dynamics 
submitted its first notice of cost overruns on 
the Standard Missile program.    This further 
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substantiates the lack of cost savings 
resulting from the competition.    When price is 
already as low as is consistent with private 
industry profit margins, no further reductions 
are likely. 

The Sidewinder is an air-to-air missile 
designed for both Navy and Air Force fighter 
aircraft carriage.    The missile has been in 
use since 1956 and has evolved through six 
versions.    It is a small  missile that has been 
produced at rates of 4,000 to 14,000 per year. 
The missile has been produced by Philco-Ford, 
Raytheon and General  Electric.    An analysis of 
the cost data available led Techolote Research 
Inc. to conclude that there was no dramatic 
evidence in the "data to suggest that Philco 
responded to the competitive split-buy".2 The 
General  Electric data indicates that the 
learning curve is shallower in slope (92%) 
during the split-buy phase and "abnormally 
steep (.12%)  during the later sole source 
phase".2 This is exactly counter to what 
would be expected in a competitive 
environment.    While Raytheon data indicates 
that for two years after competition was 
established, costs were going in the right 
direction, this trend didn't last.    Techolote 
was unable to gather very much qualitative 
data because the contractors were generally 
reluctant to discuss contracts that were as 
many as twenty years old.    Raytheon, however, 
stated that the Government had limited the 
contractor's ability to compete by 
constraining planning to one year contracts. 
Competition appears to have cost the 
Government 4-6% and undetermined 
administrative costs incurred in second source 
procurement depending on the Sidewinder 
version. 

The Martin Company was the original  sole 
source prime contractor for the Bullpup 
missile.    The Maxson Company shared the 
production for a three year period from 1961 
through 1963.    These contractors competed for 
and were responsible for guidance and control 
equipment.    Other subsystems were Government 
furnished.    The data indicates that the Martin 
Company trend line is slightly depressed 
during the competitive period; however, 
because of the higher Maxson costs, 
significant cost savings were not achieved. 
Savings of $38.3 million (16%)  do not include 
administrative costs.    It must be kept in mind 
that 4,000-14,000 missiles were produced each 
year. 

The Walleye missile was produced in four 
versions.    Techolote analyzed the cost data 
for the Walleye I missiles produced.    The 
reliability of the cost data is limited. 
While the missile was produced by NAFI  (  a 
Government facility in Indiana), the Martin 

Company and Hughes Aircraft Company, a loss 
(-21%)  rather than a savings appears to be the 
result of multiple sources.    This loss is 
based solely on the Martin and Hughes 
production units and was heavily influenced by 
a Martin claim against the Goverrment.    Were 
it not for the claim, the competition would 
have resulted in savings on $19 million 
(16%) excluding the administrative costs. 

The Shrike missile, a Navy developed 
air-to-surface missile,  first entered 
production in 1963.    The subsystems were 
purchased from contractors under competition 
and assembled by the Navy prior to deployment. 
Texas Instruments and Sperry-Rand competed for 
the majority of the production lots of 
guidance, controls and subsystems.    The 
Techolote analysis of 20 production contracts 
indicates extensive savings that averaged out 
to 51% after taking into consideration 
contractor incurred second source startup 
costs of $ 4 million.    Goverrment incurred 
costs of carrying two sources are not 
available.    From the beginning it was the 
intention of the Navy program manager to have 
a competitive production program.    Techolote 
reports that the Goveriment had to insure that 
the bidding contractors were aware of the 
competitive nature of the market.    Over the 
years the prices of the two competitors tended 
to converge.    Discussions with Sperry Rand 
indicated that the company eventually elected 
to renove themselves from the Shrike 
competition because Shrike was less profitable 
than other business opportunities. 

Competition for the initial   procurement 
has frequently occurred where a Government 
laboratory developed the system.    A winner 
take all  buy-out has been the norm, thereby 
eliminating continuous competition and the 
opportunity to extend the mobilization base. 
The ALCM Competitive FSED resulted in a 
competitive initial   procurement with the 
winner taking all.    The advantages of dual 
sourcing both in tenms of mobilization base 
and canpetive pricing are eliminated as soon 
as the winner is announced.    The 
acininistrative cost and time involved in 
competition are barely recovered by the 
competitive savings in the first buy.    While 
there is considerable question as to how much 
subsequent price increases are due to 
Goverrment induced causes vice contractor 
induced causes,  there is ample evidence that 
price frequently does go up. 

In general, the literature is not 
conclusive that competition results in cost 
savings at the system level.    Government 
mismanagement frequently turned potential 
savings into actual   losses and the tactical 
missile data provides a strong indication that 
long production runs are necessary to cover 
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administrative and start up costs. The data 
is inconclusive on the cost effectiveness of 
second sourcing. 

Only those programs with a large volume, 
long production run with sufficient lead time 
to qualify a second  source seem to be 
candidates  for dual   sourcing.    A review of the 
systems studied by the Army Procurement 
Research Office indicates that with respect to 
tactical  missile programs the taxpayers have 
not always benefited appreciably from 
competition.    Cost savings accrued in large 
production runs such as BULLPUP, TOW and 
DRAGON.    Large  savings were also found in 
SHRIKE which in effect was dual   sourcing of 
the components with the Government serving as 
the prime integrating contractor.    On the 
surface MRASM's planned production is far too 
low to expect cost savings from dual   sourcing 
of the prime contractor. 

It also appears that to have a second 
source costs more when one company, due to 
price pressure,  is forced into bankruptcy or 
drops out of the production to avoid 
bankruptcy.    The Government,  having paid for 
tooling and start up costs for two companies, 
is back in a sole source environment. 

A frequent cause of costs exceeding 
savings has been problems with the 
reprocurement data package.    While f^ASM would 
have to be a leader/follower transfer due to 
complexity,  some of the same problems could 
result.    The data package can be put together 
either accidentally or deliberately in such a 
way as the peculiar procedures and 
manufacturing techniques are not readily 
transferable to the follower.    The second 
source has difficulty with the procedures. 
This has in the past resulted in claims 
against the Government, excessive numbers of 
change orders, or additional  Government time 
and money to bring the second source on line. 

C.    Comoetitive FSED:    Lessons Learned from 
jzm  

In 1977,  Congress agreed that the Air 
Launched Cruise Missile program would have a 
competitive Full  Scale Engineering Development 
flyoff between the General  Dynamics/Convair 
Division and the Boeing Aerospace Company. 
Dual   prime contracts for complete full   scale 
development were awarded to the companies on 
February 1, 1978.    Both companies were advised 
that after the competitive fly-off, only one 
design would be selected for production.    The 
General  Dynamics Company began preparation of 
the AGM 109 missile, a modification of the Sea 
Launched TOMAHAWK Cruise Missile.    The Boeing 
Aerospace Company modified the AGM 86 missile 

which had undergone Advanced Development under 
Air Force sponsorship. 

In order to understand the magnitude of 
dual   full  scale development one must consider 
the areas where duplicate efforts were 
required.    These  included engine, guidance, 
warhead, mission planning,  carrier aircraft, 
support equipment,  and the myriad of program 
management functions.    The competition 
included a test program of ten free and ten 
captive flights for each contractor. 
Development Test and Evaluation (DTAE) and 
Initial  Operational  Test and Evaluation 
(I0T8E) were postponed to ccmmence after 
source selection.    The DTiE/IOTSE plan 
consisted of nine flights by the winning 
contractor.    Leader/Follower procurement 
options would be investigated for the purpose 
of retaining competition during the production 
phase of the program.    Development of the B-52 
carrier aircraft equipment was to be 
accomplished for each competitor.    Two B-52G 
Aircraft were fully modified by each 
competitor to support the test program.    A 
total   of 14 flight test missiles were 
initially planned for fabrication by each 
contractor to allow for immediate initiation 
of DT4E/I0TJE after source selection.    The 
W-80 warhead was fully integrated into each 
version of the missile. 

A Review of the ALCM files and discussions 
with personnel   involved in the ALCM 
Competitive Fly-off resulted in some 
information that would be of use to any 
program manager contemplating a competitive 
FSED.    The ALCM competitive FSED cost $692 
million.    A review of the files indicates that 
the competing contractors controlled costs. 
Almost all  cost growth,  excluding inflation, 
was in the non-competitive contracts. 
Nevertheless,  the great cost of duplicate 
effort appears to outweigh the savings in the 
air vehicle area.    Perhaps if the entire 
missile system was conpetitive, cost control 
would have extended further.    It is unlikely 
that savings would be adequate to justify 
competition on a cost basis alone.    This 
researcher is not qualified to judge the value 
of technical   improvements that arose from the 
competition. 

Under the auspices of the Cost Panel  of 
the ALCM Source Selection Evaluation Board, 
The Analytic Sciences Corporation (TASC) 
developed a model   for projecting cost savings 
in second sourcing decisions.    This model  was 
based heavily on historical   data including 
Scherer's studies of World War II multisourced 
bombers.    The TASC model  assumes that 
competition is the primary cause of a steep 
learning curve.    However,  a possible alternate 
cause for the steep learning curve slope 
experience in World War II is a higher initial 
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All  problems were immediately surfaced and 
brought to the attention of JCMP.    A single 
manager was designated in the JCMP for both 
the leader and follower to work with.    JCMP 
corrected the procedural   problems that had 
occurred with the WRC technology transfer. 
Monitoring and motivating the contractors 
became paramount JCMP strategies. 

I believe that there were additional 
reasons that the RMUC/INE second sourcing was 
successful  while the engine attempt was filled 
with problems.    The JCMP Engine Directorate is 
located half in Dayton and half in Washington, 
DC, whereas the Guidance Directorate is 
located entirely in Washington, DC.    Lines of 
responsibility are less subject to confusion 
without geographical   separation.    The second 
reason was the fact that the leader company 
was satisfied with follower and vice versa for 
the RMUC/INE.    Teledyne's HARPOON engine had 
been the original  SLCM engine.    Teledyne 
resented the loss of their original   design. 
Furthermore,  there are very few engine 
competitors, whereas there are many 
competitors for guidance components.^ 

III.    ANALYSIS OF OPTIONS 

A number of attempts have been made to 
develop a framework for analysis of 
competition options.    Under the sponsorship of 
the Air Force, Charles W.  N.    Thompson and 
Albert H.  Rubenstein developed a 
Leader/Follower Second Sourcing Model.^ LCDR 
Rosemary E.  Nelson, S.C.,  USN, published her 
master's thesis in 1980 critiquing the 
Thompson-Rubenstein model   if applied to the 
ThompsonRubenstein implementation of 
competition by JCMP.' The JCMP abandoned both 
the model  and the TASC model   because they 
failed to provide an adequate framework for a 
program manager to use as a cookbook to make a 
decison.    This paper grew out of attempts to 
bring together enough properly analyzed and 
assembled data to allow the MRASM program 
manager to make a decision without having to 
himself become an expert In the area of 
cmpetitive strategies.    This proved to be a 
complex process. 

A framework for analyzing competitive 
options requires a delineation of what is 
meant by competition.    An economist's 
definition of competition assumes that four 
conditions exist:    1) a homogeneous commodity: 
2)  numerous buyers and sellers; 3) perfect 
information about prevailing prices and 4) 
entry into and exit from the market by 
suppliers.    Perfect competition cannot be 
achieved in business-Government transactions 
in the major weapons system acquisition area. 
A limited number of qualified sellers exist. 
Excluding foreign military sales, only one 
buyer exists (DoD).    While competing seller 
have little knowledge of their competitors' 
prices,  they have conside rable knowledge of 

the Services'   budgeted funding by weapon 
system.    Entry-into the market by suppliers is 
limited due to enormous startup costs. 
Consequently, for the purpose of this paper, 
competition will  be defined as the existence 
of at least two suppliers of a weapon system, 
each willing to and capable of producing at 
least 60% of the planned annual   procurement. 
Ability to produce exact duplicates of the 
weapon system is not always necessary for 
competition to exist.    However, commonality 
may be required to ensure that all  of the 
items procured to perform a specific function 
will  not only perform the function 
interchangeably, but are also identical   for 
logistics purposes such as simplifying 
tranining, operations and support. 

A.    Competition Alternatives 

If competition is determined to be 
desirable, a number of second sourcing 
techniques are theoretically available for 
qualifying more than one contractor to produce 
a system or subsystem.    In theory, a program 
manager should first decide if a second source 
should be established,  then decide which 
method of second sourcing will  most 
efficiently and effectively achieve his second 
sourcing objectives.    Because the Senate 
Appropriation Committee reported out on 
November 19, 1980 a recommendation that the 
Department of Defense consider extension of 
the competitive procurement philosphy of other 
crusie missile to the WASM program, both if 
and how have became a combined decision. 

The program manager,  in theory, could 
consider the following second sourcing 
options:    Technical  Data Package  (TDP), 
Form-Fit-Function  (F3),  Directed Licensing, 
Leader/Follower, Contractor Teaming and 
Component Dual  Sourcing. 

1. Technical  Data Package.    This method 
require the Govertment to own or purchase 
technical   data and rights to use this data. 
This data package is then used to solicit 
proposals for production of the system.    The 
Government assumes the responsibility for 
inadequate and/or faulty specifications that 
makes production costly or impossible for the 
contractors. 

2. Forra-Fit-Fuction.    The second source 
contractor is given performance specifications 
and if the item is a subsystem fit or 
interface requirements.    Any design that will 
fit and perform at the desired level   is 
acceptable. 

3. Directed Licensing.    Under this 
method the designer is paid royalty fees on 
each unit the second source contractor 
produces and the designer is responsible for 
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the transfer of production technology. 
Eventually the second source may become the 
independent producer; however, royalty fees 
frequently keep the cost above that of the 
designer.    Licensing may be required when the 
designer owns rights in data and cannot 
produce an adequate quantity. 

4.    Leader/Follower.    Leader Company 
Procurement is a technique under which the 
developer or sole source of an item or system 
{the leader company) furnishes manufacturing 
assistance and know-how to enable a follower 
company to become a source of suppply for the 
item or system.    The purpose is to ensure 
rapid development of a second source either to 
ensure an adequate supply or to reduce costs 
through competition.    The leader/follower 
concept in acquisition is found in Defense 
Acquisition Regulation  (DAR) provisions 4-701, 
4-702 and 4-703, 

When competition exists for the system 
design, development of the leader/follower 
roles normally must await the selection of a 
leader.    Direct contacts between competitors 
can create either actual  or apparent collusion 
that is considered in violation antitrust 
laws.    This limits the usefulness of the 
unsuccessful  offerer becoming an immediate 
viable second source.    If continous or nearly 
continous competition 1s desired, contractor 
teaming can be used. 

5. Contractor Teaming.    Contractor 
teaming consists of two contractors jointly 
designing,  producing and testing the Full 
Scale Engineering Development missiles.    This 
is a new concept that is being tried by the 
Airborne Self-Protection Jammer program.    Two 
teams of contractors are competing in the FSED 
for the production contract.    Initially, 
production is divided based on a formula and 
later each contractor competes for a share of 
the annual  production buy.    Contractor teaming 
is a very new concept believed to expedite the 
development of a competitive second source. 
Data on the success or failure of this program 
is not yet available. 

6. Component Dual  Sourclng.    The 
Integrating contractor develops multiple 
production sources for each major component of 
a weapon system.    Because there are many more 
providers at the component level, competition 
is stlffer and theoretically should result in 
lower costs.    The startup costs for small 
components should be more than proportionately 
lower than for total  weapons systems. 

B.    Decision Criteria 

A variety of options were considered for 
MRASM Including single sourc, multi-source, 
paired teams, leader/follower and component 
dual   sourclng.    In order to determine which 
methods of second sourclng are potentially and 

effectively applicable to MRASM, a number of 
factors must be considered. 

1. Quantity.    Very large quantities, 
particularly over an extended production 
period, have the potential   for cost savings 
through development of a second source and 
competition.    However, large numbers may not 
provide a cost advantage if the unit price is 
very low compared with the cost of developing 
the second source.    Very large items with a 
tight delivery schedule may justify or require 
the use of a second source even with 
relatively smaller procurement quantities. 
The effectiveness of second sourclng is 
dependent on the total  procurement dollars as 
well  as quantify-    The larger the dollar value 
of the program, the more likely a seller is 
willing to compete for a portion of the buy by 
reducing his profit rate. 

2. Relationship to Other Programs.    From 
a mission requirements point of view,  a weapon 
system may range from one of many competing 
systems to essentially the sole source to meet 
the requirement.    If the system has competi- 
tive alternative systems,  leader/follower may 
be useful; however, as George S.    Schalrer, 
Vice President of the Boeing Company, pointed 
out in Congressional   testimony In 1975, 
competition among weapons systems to fill  the 
various mission requirements is where the real 
improvements in capability are made.    Schalrer 
believes that at least two competitive 
solutions to each requirement are essential  to 
provide adequate mobilization alternatives.y 

In those few cases where a weapon system is 
Itself the sole means of meeting a need, it 
would appear that a second production source 
to expand the mobilization base would become 
an overriding concern even where cost 
reduction is questionable. 

3.    Technology.    The level   of technology 
will  affect the difficulty of transferring the 
technology to a second producer.    In the 
extreme case of a technology so new, difficult 
and complex that the developer has difficulty 
putting it into production, development of an 
early second source may further delay 
deployment and increase costs.    In other cases 
there are multiple suppliers capable of 
producing solely based upon a reprocurement 
data package.    The leader/follower method of 
second sourclng 1s primarily applicable In the 
middle area where active assistance from the 
leader to the follower can decrease the time 
required to establish follower production 
capability, decrease front end costs to the 
follower, decrease the differences in 
performance and/or design and increase the 
ability of the follower to price 
competitively. 

Another area in which technology Is a 
consideration Is the divisibnity of a system. 
Dual   sourclng key components produced by 
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subcontractors may achieve price decreases 
with minimum effort and startup costs.    If 
performance interface is the only requirement, 
then procuring identical   units is not required 
and a leader/follower procurement is less 
likely to be useful.    If maintenance or 
repairability dictate commonality a greater 
level  of leader assistance may be required for 
the second source even in the area of 
subsystems and components. 

4.    Program Stability.    Early establishment 
of program requirements in terms of quantities 
and delivery schedules is essential   if 
leader/follower or competitive procurements 
are to be cost effective.    Fluctuations in 
quantities or delivery schedules make It 
difficult to estimate potential  cost savings 
and to introduce a follower or second source 
early enough to ensure that the initial 
startup costs can be recouped.    Moreover, 
industry interest in a program and its ability 
to plan its participation requires sufficient 
knowledge of the program parameters for the 
industry to believe that participation will  be 
profitable. 

5.    Reprocurement Data Base.    If there is 
or will   be a reprocurement data base or 
technical   data package sufficiently complete 
to allow a second source to effectively 
compete and produce, leader/follower 
procedures are unnecessary.    Only where 
assistance from the leader is needed to 
supplement the technical   data package is 
leader/follower necessary.    Extremely complex 
systems may be too difficult to transfer 
technology at a reasonable cost. 

5.    Technical  Data Rights.    Even where the 
jovernment has paid development costs and 
i^'ieves it has obtained 'rights in data", 
issues concerning proprietary data and 
procedures may still  be raised.    Also \(*iere 
there is no question of ownership,  the 
developer may still  be either unwilling or 
unable to transfer the necessary data to the 
follower.    Provisions for assistance will  need 
to include not only funds for time and effort 
expended and for the value of the proprietary 
information provided, but also motivators to 
insure the transfer of technology.    Licensing 
fees may be useful  in motivating a leader to 
help a competitior to become a viable 
producer,  however an alternative system that 
the Government could switch to is generally 
the best motivator.    In the area of aircraft 
and major air weapons systems,  transfer of 
technology to and from subcontractors is a 
normal   incident of the companies'  commercial 
business and should present no problems.    For 
example. General  Dynamics/Convair builds 
aircraft bodies for both Boeing and McDonnell 
Douglas.    However,  the literature indicates 
that without adequate (financial)  incentives 

the leader will  not cooperate in developing a 
viable competitior. 

7.    Characteristics of Potential 
Contractors.    In general,  the interest in and 
capability of developing and producing are key 
characteristics of both leader and follower 
contractors.    Initially, large procurement 
potential  will  interest a number of 
competitors; however, this pool  of potential 
contractors will  not necessarily continue 
throughout the life of the program.    The 
defense industry is not monolithic.    The 
shipbuilding, aircraft and munitions areas hav 
different problems and potentials.    All, 
however, lack significant competition at the 
major system level.    There is a relatively 
small  number of major system integrating 
contractors and because of the single domestic 
buyer (the U.S.    Goverrment) that also 
controls foreign sales,  the market does not 
allocate resources efficiently.    In the 
aircraft and missiles area, one third of the 
plant capacity is owned by the Goverrment. 
This plant as well  as the privately owned 
plant and equipment is aging and inefficient. 
Because maintenance is a directly chargeable 
expense and investment in new equipment and 
methods is not,  there is a bias toward 
retaining outdated manufacturing methods and 
equipment.    In the aerospace area there is 
considerable excess and inefficient capacity. 
Excess capacity  seems to extend to excess 
management overhead, neither of which is cost 
effective.    Since Government negotiators tend 
to be concerned with the fee (profit) 
percentage rather than the base cost of 
Government contracts, defense contractors are 
usually able to pass on to the Goverrment the 
cost of these inefficiencies and retain a 
return on investment comparable to the 
industrial  average. 0 

Experience gained by JCMP in second 
sourcing the cruise missile engine indicates 
that early planned  second sourcing would have 
yielded a smoother development of Teledyne as 
an engine second source.    The development 
of motivating factors involved in successful 
leader/follower transfer of technology must be 
acconplished.    When the Goverrment owns rights 
in technical  data, the leader company can be 
better motivated to transfer technology 
because, while time consuming and costly, the 
Government could reprocure from a second 
source without the leader company's 
cooperation.    An alternate motivator the 
Goverrment can use is a quantity guarantee to 
the leader.    This quantity guarantee,  however, 
will  tend to reduce price competition. 

8.    Characteristics of the Procuring 
Agency.    The administrative resources of the 
procuring agency must be reviewed.    Relevant 
experience is required or the administrative 
costs and the costs of mistakes in procedures 
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can grow enormously.    Many of the cases 
reviewed indicate that claims against the 
Government frequently eliminated the potential 
savings that competition could bring.    The 
technical   resources to assist in the transfer 
of technology, preparation of reprocurement 
data and/or the technical   data package, and 
ability to qualify the second source are 
required. 

9.    Time.    Except where competition is 
clearly not desirable,  provision for 
competition in production  should be developed 
early in the development phase.    This is 
especially true if capacity must be developed 
to meet delivery schedules. 

C.    Application of Data to HRASH 

Before it was possible to utilize data 
from programs whose experience would be 
relevant to MRASM,  it was necessary to 
determine and analyze the distinguishing MRASM 
program factors. 

Quantity.    The JCMP is planning for a 
total   procurement quantity of 3500 missiles, 
1000 for the Navy and 2500 for the Air Force. 
Discussions with the program office staff 
indicate that unless a major armed conflict 
develops,  these quantities are maximum 
procurement goals.    As of December 1980 the 
projected development budget was $246 million. 
Procurement of 3,500 missiles was estimated to 
cost S3.7 billion.    One thing that immediately 
becomes apparent is that the quantities are 
considerably lower than those of the tactical 
missiles that have previously had multi-source 
production.    The total  cost,  however, is 
considerably higher than for those same 
tactical  missiles, even after taking inflation 
into consideration.    The total   quantities are 
comparable to the ALCM (3400 units); however, 
MRASM has two variants.    Furthermore,  since 
separate learning curves are required for 
pricing,  sufficient differences apparently 
exist to indicate that quantity comparison to 
ALCM is also limited, especially for the Navy 
variant.    From a manufacturing viewpoint, one 
manufacturer (GD/C) is capable of meeting the 
planned production schedule.    Second sourcing 
is not required to meet schedule. 

Relationship to Other Programs.    From a 
mission requirements point of view, MRASM has 
no exact competitor; however, aircraft are 
capable of handling some of the same missions 
using gravity bombs.    Because anti-aircraft 
defenses make the use of fighter-bombers very 
costly in terms of aircraft losses, MRASM,  as 
the sole tactical   stand-off weapon currently 
under development,  is very critical   for the 
defense of this country.    This leads one to 
prefer dual   sourcing to protect the production 

base.    Since dual   sourcing is likely to 
increase costs, the DoD and Congress will  have 
to decide how much "protection of the 
production base"  is worth. 

Technology.    While the technology is based 
on already designed,  tested and produced 
cruise missiles,  the complexity  is such that 
second  sourcing would probably require a 
leader/follower technology trasfer approach to 
introduce competition beginning with the 
initial  production buys  in accordance with the 
currently directed schedule.    The commonality 
of the various parts with other cruise 
missiles make feasible the second sourcing of 
components along the same lines as the other 
missiles. 

Program Stability.    The RDT4E funding has 
been a here today gone tomorrow issue within 
the DoD since the program's inception.    Once 
the political  issues are resolved, the MRASM 
program has a relatively strong chance of 
being able to pass the DSARC III milestone and 
get into production because it is the sole 
candidate for a standoff weapon in the 
required timeframe.    Program stability in no 
way approaches that of the ALCM program. 
Because MRASM exists at the margin between 
funded an unfunded, annual  production 
quantities will most likely fluctuate.    If 
production begins FY 83/84 as planned, the 
1984 election could bring a new administration 
into power with shifting program emphasis. 

Reprocurement Data Package.    A 
reprocurement data package could be developed; 
however, due to the system's technical 
complexity, it will be difficult for a second 
contractor to develop production capability in 
a reasonable length of time without the direct 
assistance of the developing contractor 
(General  Dynamics). 

Potential  Contractors.    It is the 
understanding of the program manager that 
several  Defense contractors are interested in 
bidding as the second source for MRA91. 
Several  of these companies,  even with the 
assistance of General  Dynamics,  probably 
cannot become independent producers in time 
for a first production buy in 1983.    In the 
area of subsystem second source alternatives, 
it is more likely that viable competitors are 
available.    Lower cost guidance options will 
be competed and it is highly likely that more 
than one production contractor could be found 
for the winning design. 

JCMP Office Characteristics.    While the 
JCMP office has a relatively larger and better 
trained staff to handle the contractual 
procedures required by second sourcing,  the 
MRASM program is not being staffed at the 
level  ALCM, SLCM or GLCM have been.    The JCMP 
manufacturing staff is fully employed on the 

^ 
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second source options being exercised for the 
other programs.    Nevertheless,  initial 
planning for a potential   second source could 
be accomplished with the manpower available 
and the experience and lessons learned from 
the other programs.     If MRASM  is delayed,  as 
is likely,  the staff will  be available by the 
time MRASM enters production. 

Timing.    Perhaps the most important issue 
is timing.    The NRASM program is situated 
between pressure for an early operational 
capability and limited funding.    To the extent 
that the IOC  slips due to funding constraints, 
adequate time to develop a second source will 
become available.    The requiremen for cost 
savings would be even more important if the 
program slips due to resource limitations.    In 
general, the literature indicates that when 
tradeoffs are made between schedule, quality 
and cost, cost generally is of lower concern 
to DOD officials and consequently 
increases 11 

Most of the examples of second sourcing 
available in the literature are of tactical 
missiles that are considerably smaller and 
less costly that MRASM.    Furthermore,  these 
missiles were procured in considerable larger 
quantities than MRASM is likely to be. 
SHRIKE, the most cost effective dual  source 
missile procurement,  was actually procured as 
subsystems which were then assembled by the 
Naval  Weapons Centers.    ALCM, while slightly 
higher in price,  is more comparable to MRASM. 
Quantity,  technology,  procuring agency, 
contractors and timing are quite similar    It 
appears that lessons learned by the DoD on 
ALCM would be the best guide for the MRASM 
decison.    The success of SHRIKE and ALCM 
indicate that subsystem dual   sourcing should 
be considered. 

IV.  CONCLUSIONS 

1.    Competitive FSED.    The cost of a 
competitive FSED, estimated to be roughly S690 
million including administrative costs vice 
S260 million, greatly exceeds the value of 
expected improvements to the system.    Based on 
ALCM experience,  running a competitive FSED 
would delay  Initial  Operational  Capability 
(IX) for MRASM at least one and possibly two 
years beyond its current planned IOC.    This 
would be due to the time required to obtain 
Congressional   approval   and funding as well   as 
time to bring a second contractor up to speed 
to compete with General  Dynamics.    A 
competitive FSED is irrelevant to production 
cost control.    Bringing a second source up to 
speed to compete beginnig with the first 
production buy can be done without a 
competitive FSED. 

2. Missile Dual  Sourcing.    The evidence 
does not support the belief that second 
sourcing the entire MRASM  is likely to be cost 
effective.    The estimated cost of second 
source development and management,  $55 
million,  is likely to exceed the benefit of 
competition.    While there is some evidence 
that competition can lower the profit and 
increase learning,  several   factors, which 
MRASM does not have appear to be necessary. 
MRASM lacks  sufficient quantity,  the program 
is relatively unstable,  and insufficient 
trained  staff is available to insure a smooth 
technology transfer.    Furthermore,  it is 
extremely difficult to provide motivation for 
an efficient technology transfer coupled with 
a cost reduction on an unstable program. 

If second sourcing is determined to be 
necessary for technological, mobilization base 
or political-economic reasons,  then it is 
recommended that follower selection and 
qualification be made early in the Full  Scale 
Engineering Development phase so that 
technology tranfer may be accomplished while 
the threat of program cancellation can still 
be used as a motivator to both General 
Dynamics and the follower.    Furthermore,  the 
second source should be retained throughout 
the full  production run,  so that initial 
startup costs can be recovered. 

3. Component Dual  Sourcing.    It is 
recommended that major components of MRASM be 
dual   sourced.    The DSMAC unit from the 
guidance system is common with the SLCM unit. 
The combined total   number of units planned for 
DSMAC procurement should be adequate to 
recover second source start up costs.    The 
engine is not likely to yield cost savings 
through second sourcing the Teledyne design; 
however, the possibility of a form, fit and 
function alternative should be investigated. 
The possibility of an alternative engine will 
redue the tendency of the contractor to 
recommend high cost,  nice to have features for 
addition to the engine.    Even the WRC engine 
that is produced by both WRC and Teledyne 
would be useful  toward the end of the MRA9^ 
production run because by then the ALCM and 
GLCM production will  be completed and WRC will 
have excess capacity.    The aft end of the 
missile airframe is common with SLCM and GLCM 
and would be a likely candidate for second 
sourcing even though final   assembly and 
integration of the total   airframe does not 
appear likely to yield cost savings. 

4. Form, Fit and Function.    Second sourcing 
efforts should be shifted from duplicating the 
components to development of alternatives that 
meet form,  fit and function requirements. 
Because the MRASM will   have a wooden round 
maintenance concept,  internal   identical ity is 
not necessary. 
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5. Motivation.    Shifting contractor 
motivation from gold plating to lowering the 
total   development and production costs is 
desirable.    The contractor will  be motivated 
if actual   total   profits and return of equity 
would increase when total  costs to the 
Government declines.    To do this in the face 
of the current excess profits  statutes may be 
impossible;  however,  as much movement in this 
direction as possible should be attempted. 
This will  be very difficult since the 
selection of Boeing as the ALCM winner has 
reinforced the industry perception that the 
Government really prefers the technologically 
best item regardless of cost. 

6. Life Cycle Costs.    In order to reduce 
total   life cycle costs, greater emphasis on 
operational  cost reduction should be made. 
While the current political  environment 
restricts the availability of research and 
development funds, greater emphasis within the 
financial   constraints will  produce greater 
cost savings than can be expected from 
competition. 

7. Stability.    A lack of stability in 
either the design or program is the major 
cause of cost growth.    Any progress in 
stabilizing the performance requirements and 
program schedule will   greatly contribute to 
lowering total  costs. 
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ABSTRACT 

The underlying learning curve technique 
provides insights into the impact upon the 

cost improvement curve of both engineering 
changes and new technology. An analytical 
procedure for deriving this impact prior to 
the costs being incurred is presented. It is 
shown that the overall impact of new tech- 
nology is to flatter the cost improvement 
curve. 

INTRODUCTION 

The purpose of this paper is to provid* 
insights into the impact of both engineering 
changes and new technology. This paper is 
divided into three parts. The first section 
of the paper reviews the underlying learning 
curve technique. The second section addresses 
the impact of both engineering changes and 
new technology upon the underlying learning 
curve. The last section summarizes the 
paper. 

THE UNDERLYING LEARNING CURVE TECHNIQUE 

The underlying learning curve technique 
is a method of using both parametric and 
engineering methods to define the manufac- 
turing direct labor "should cost." "Should 
cost" as used in this context is the number 
of hours required to manufacture each unit 
excluding nonproductive time which has not 
been historically documented. The "standard 
learning curve" is calculated using the total 
actual hours required to manufacture each 
unit. The "underlying learning curve" is 
defined as depicting the "should cost" values 
for each unit. Figure 1 shows how the under- 
lying learning curve and standard learning 
curve would appear if undocumented nonpro- 
ductive time were present. The parametric 
portion of the technique establishes the 

FIGURE !.  RELATIONSHIP BETWEEN THE STANDARD 
AND UNDERLYING LEARNING CURVES WHEN 
PARKINSON'S TIME IS PRESENT AND THE 
AVERAGE WORKER EFFICIENCY IS BELOW 
1003  (SHOWN ON LOGARITHMIC GRID) 

learning curve slope for each element of the 
underlying learning curve and provides the 
relationships among the first unit standard, 
the underlying learning curve, and the 
standard learning curve. The engineered 
portion of the technique establishes the 
standard for the next production unit. The 
direct labor is then projected using the 

parametric relationships. 

The first step of underlying learning 
curve analysis is to review the contractor's 
work measurement system. It is important 
that each industrial engineer setting time 
standards via time study be required to 
demonstrate rating proficiency within an 
accuracy of plus or minus 102 of the true 
rating every year. 
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The second step in the analysis is to 
gather the data required for the underlying 
learning curve analysis. This requires an 
understanding of the contractor's cost 
accounting system as well as an understanding 
of the work measurement system. 

The third step is to perform the under- 
lying learning curve analysis. This consists 
of four different learning curve calcula- 
t ions: 

(a) The earned hours learning curve. 

(b) The worker learning curve. 

(c) The underlying learning curve. 

(d) The standard learning curve (actual 
hours). 

The learning curve technique is used for 
earned hours because the industrial engineers 
use a classic Pareto analysis in imple- 
menting methods improvements. The learning 
curve technique is used for worker learning 
because a tremendous number of studies 
suggest that the power form of the learning 
curve describes workers learning. The 
analysis of the worker learning is based 
upon a regression analysis of the reciprocal 
of the ratings in the time studies. This 
provides a reliable method of measuring the 
actual worker learning during a production 
program, providing the industrial engineers 
maintain their capabilities to accurately 
rate the worker's efficiency through pro- 
ficiency examinations. However, the worker 
efficiency measured by the cost accounting 
system is an unreliable measure of worker 
efficiency since it may contain nonproductive 
time due to Parkinsons Law (Parkinson's 
time).  Parkinson's time can be eliminated by 

changing the target hours. The legitimate 
nonproductive time that is charged to non- 
proauctive cost account codes cannot be 
eliminated so easily; it can only be reduced 
through aggressive management. Parkinson's 
time exists because management believes that 
the workers perform at a lower level of 
efficiency than the level experienced as an 
average efficiency in the time studies. 
These expectations concerning worker effi- 
ciency exist because any analysis using 
standard learning curves also contained 
Parkinson's time. Underlying learning curves 
provide management with a tool which can 
be used to establish realistic targets for 
U) methods improvement; (2) worker effi- 
ciency; and, (3) total manhours. 

This tool is made more valuable because 
of the statistical nature of the regression 

analysis. The error functions for the 
(1) earned hours; (2) worker efficiency; and, 
(3) total hours can be used to establish 
tolerance bands for management by exception 
using traditional statistical quality control 
methods. 

NEW TECHNOLOGY & ECPs 

The underlying learning curve can provide 
new insights into how to evaluate new manu- 
facturing technology.  A technological inno- 
vation normally reduces the standard man- 
hours, the scrap rate, the rework rate and/or 
setup.  These improvements occur at the first 
unit produced on the new machine.  However, a 
technological innovation is a double edged 
sword.  While technological innovation in 
manufacturing promises reductions in direct 
labor, flexibility in design, and stabilized 
manufacturing processes, it also normally 
increases overhead because additional man- 
hours are required for the planning function, 
software development, and management.   The 
advances in manufacturing technology are less 
susceptible to improvement without the intro- 
duction of additional new technology. Further 
reductions in direct manhours become more 
difficult due to the physical limitations of 
the machine, and both the physiological and 
psychological limitations of people.  In the 
final analysis, one must face the reality 

that in practice there is some level of 
scrap, rework, and inefficiency which will 
continue to exist despite the best efforts 
of management, and that there are physical 
limitations to the manufacturing processes. 
While these limits have not been reached for 
the contractor studied, it is important to 
note that they do exist because those limits 
can be used as a basis for understanding the 
shape of the underlying learning curve for a 
new process. 

If the learning curve for a single pro- 
cess is placed on log-log paper, it is a 
straight line. If it is thought of as being 
"pinned" at the limit of "learning" (say unit 
100,000,000), it becomes obvious that the 
slope of the curve becomes flatter when the 
elements of the realization factor which 
comprise the underlying learning curve are 
reduced at unit number 1. Thus, the concept 
of an underlying learning curve provides some 
insight into the shape of the learning curve 
for new manufacturing processes. A steeper 
slope for a single manufacturing process 
means a less efficient or less effective 
method. It could mean that the "Parkinson 
effect" has not been removed from the pro- 
cess, that scrap and/or rework is higher than 
the current process, or the workers are 
"learning" their jobs. It definitely means 
that a detailed industrial engineering study 
is required to determine why it is steeper. 
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The insights gained from considering the 
improvements generated by a single process 
are useful in defining Che effect of both 
engineering changes and manufacturing tech- 
nology improvements upon the underlying 
learning curve. An engineering change is a 
change in the basic work content after the 
first unit which is generated by a design 
change. A manufacturing technology improve- 
ment is a significant change in the manu- 
facturing methods which occurs as a result 
of a technological innovation and lies out- 
side the bounds of normal methods improve- 
ments. Some examples of such a change are 
numerically controlled (NC) machine centers, 
photogrammetry, and laser drilling. Usually, 
these changes in manufacturing technology are 
phased into the production program rather 
than    introduced   at   a   single   unit.       This 

phasing of the manufacturing technology 
results in a learning curve which will be 
similar to the one shown in Figure 2 (when 
presented on log-log paper). Notice that 
there are two major attributes of the intro- 
duction of new manufacturing technology 
when the learning curve is shown on log-log 
paper: 

(1) There is an immediate reduction in 
manhours. 

(2) There is a curvilinear learning 
curve. 

These two characteristics are shared by 
engineering changes, except that instead of 
an immediate reduction in manhours, there 
may be an immediate increase in manhours. 
Figure 3  shows  a  typical ECP. 

PROGRAM ACTUALS 

(WHERE AVAILABLE) 

PROJECTED PROGRAM 

BASELINE ■ PRE TECH MOD 

NEW BASELINE 

WITH TECH MOO 

(ADJUSTED AS NEW 

ELEMENTS ARE 

IMPLEMENTED) 

SHARED 

SAVINGS 

100 

CUMULATIVE UNITS 

1000 

FIGURE 2.  EFFECT OF MANUFACTURING 
TECHNOLOGY IMPROVEMENTS 

UPON LEARNING 
CURVES 
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The curvilinear portion of the learning 
curve would have been a straight line if the 
new technology or the ECP had been introduced 
at the first unit. The curvilinear property 
is a characteristic of a change which occurs 

at a unit other than the first one. Figure 4 
demonstrates that this curvilinear effect is 
a result of presenting the learning curve on 
log-log paper. If the same learning curve 
had been presented on a Cartesian coordinate 
system, the learning curve for the new manu- 
facturing technology would have been the same 

shape at any introduction point. It is upon 
lot data from the learning curve in Figure 2, 
either a learning curve with a steep slope or 
with an S-shaped curve would result. If an 
S-shaped curve were used, the slope of the 

center portion of the curve would be steeper. 
This has led some people to assume that tech- 
nology improvements cause this steeper slope. 
However, the steeper slope is an artifact 
resulting from the cumulative effect of many 
manufacturing technology improvements. The 

fundamental slope of the curve is normally 

100000 
im%\ WORK ADDED 

WORK ELIMINATED 

WORK UNCHANGED 

100- ■-■■N   \\ 

100 

CUMULATIVE UNITS 

1000 

FIGURE 3.  IMPACT OF AN ENGINEERING CHANGE PROPOSAL UPON 
A LEARNING CURVE DRAWN ON A LOGARITHMIC GRID 
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ABROWS SHOW THE IMPACT OF MOVING TEN UNITS ON LOG-LOC PAPEP 

FIGURE 4.  EFFECT OF MOVING THE UNIT ONE VALUE TO ANOTHER UNIT 

flatter after the introduction of manufac- 
turing technology than it was previously. 
Historically, when this effect was not 
recognized, either the S-shaped learning 
curve or a learning curve with a steeper 
slope was used to define the learning curve 
for new programs. This caused the number of 
manhours projected for the new program to be 
unrealistically high. Thus, it is important 
to analyse the effect properly. 

The technique for analyzing engineering 
changes and the introduction of new manufac- 
turing technology is similar. It consists of 
the following steps: 

(1) Identify the underlying learning 
curve for the production program. 

(2) Identify the underlying learning 
curve for the new manufacturing technology or 
engineering change. This will require deter- 
mining of the magnitude of each element of 
the realization factor at the first unit and 
the slope for the learning curve associated 

with new work. For an engineering change 
where similar manufacturing processes are 
used, the slope of the learning curve for the 
new work will remain the same as that of the 
old work. For new manufacturing technology, 
the learning curve slope will generally be 
flatter than that of the old work. 

(3) Subtract the work eliminated from 
the underlying learning curve for the produc- 
tion program at the unit at which either the 
engineering change or the manufacturing 
technology improvement will be implemented. 
Add the first unit cost for the engineering 
change or new manufacturing technology at 
this unit. An engineering change will 
generally lie above the previous underlying 
learning curve, while new -anufacturing 
technology improvements will lie below it. 

Thus underlying learning curves provide 
an analytical method of forecasting the 
impact of change. This capability is not 
only useful for contract negotiation and 
program management, but also provides a use- 
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ful framework for both analyzing the benefits 
of Che Tech Mod Program and negotiating the 
business deal. The Tech Mod Program is a DOD 
initiative to strengthen the industrial base 
of the United States through incentivizing 
capital investment in new manufacturing tech- 
nologies which will reduce the acquisition 
cost of military systems. The specifics of 
the incentives are established through the 
negotiation and constitute the technology 
modernization business deal. 

SUMMARY 

The underlying learning curve concepts 
provides a basis for tracking the changes 
caused by new manufacturing technology and 
engineer changes. In doing so, it provides a 
technology for contractual negotiation and 
program management. It provides a frame work 
for both tracking program cost benefits and 
negotiating the business deal for technology 
modernization. 
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ABSTRACT 

In this paper we present a discussion of DoD 
procurement goals and associated techniques. 
We attempt to clarify when price competition, 
the preferred procurement technique, is pos- 
sible and desirable.  We first review procure- 
ment goals, and the techniques by which the 
acquisition conraiunity works toward these goals. 
Next, we discuss conditions for and the desira- 
bility of price competition and present per- 
formance results in various commodity areas. 
In the assessment of performance by commodi- 
ties, we include methods of contracting used in 
lieu of price competition, such as source 
selection based on design and technical con- 
siderations.  However, the focus of this paper 
is price competition, and its use as a tech- 
nique to meet procurement goals.  We conclude 
by indicating where the inability to define 
clearly the goods or services desired and/or 
the lack of industry capability to supply them 
reduces the potential for or desirability of 
price competition. 

PROCUREMENT GOAL AND PRICE COMPETITION 

The goal of the procurement system is the ac- 
quisition of needed goods and services on the 
basis most favorable to the Government.  Gener- 
ally, this corresponds to the goal of acquisi- 
tion at lowest price to the Government.  How- 
ever, there are other goals such as the main- 
tenance of industrial capacity for mobilization 
and socio-economic programs which occasionally 
override acquisition at lowest price to the 
Government.  Even so, there is a deep seated 
and historic national belief that procurement 
goals are best achieved through solicitation of 
price offers from the maximum number of quali- 
fied sources. 

The preference for the use of price competition 
through sealed-bid formal advertising is trace- 
able to the enactment in 1861 of Section 3709 
of the Revised Statutes.  The Armed Services 
Procurement Act of 1947, now codified in Title 
10 of the United States Code (10 O.S.C. 2304 
(a)), provides:  "Purchases of and contracts 
for property or services covered by this 
chapter shall be made by formal advertising in 
all cases in which the use of such method is 
feasible and practicable under the existing 

conditions and circumstances." The subsection 
then lists 17 exceptions under which purchases 
or contracts may be negotiated in lieu of 
formal advertising.  The law goes on, at 10 
U.S.C. 2304(g), to require "In all negotiated 
procurements in excess of 310,000 [with 
stated exceptions]...proposals, including 
price, shall be solicited from the maximum 
number of qualified sources." 

On 17 March 1982, Executive Order 12352 was 
signed by the President.  Section 1(d) pro- 
vides that executive agencies shall "establish 
criteria for enhancing effective competition 
and limiting noncompetitive actions.  These 
criteria shall seek to improve competition by 
such actions as eliminating unnecessary 
Government specifications and simplifying 
those that must be retained, expanding the 
purchase of available commercial goods and 
services, and, where practical, using 
nationally-oriented specifications or other- 
wise describing Government needs so as to 
permit greater latitude for private sector 
response." 

Price competition refers to source selection 
and the setting of price based on lowest offer 
from two or more independent suppliers. 
Whether by sealed-bid formal advertising or 
negotiation, it is the preferred procurement 
technique since it utilizes market forces to 
ensure reasonable price and access to the 
Government business without favoritism.  Price 
competition is the procurement technique which 
accomplishes the goal of acquisition at lowest 
price.  This identification usually carries 
over to judging the procurement system's 
performance by a single statistic, the per- 
centage of total procurement dollars awarded 
as a result of price competition. 

OVERRIDING GOALS 

There are numerous instances where other goals 
are more important than lowest price.  In 
these circumstances the selection of a source 
and Che setting of price of performance is 
often accomplished on a basis other than 
unrestricted price competition.  These cir- 
cumstances are related to either national 
security considerations or other overriding 
goals. 
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Mobilization Base 

The DoD is authorized to negotiate noncompe- 
titively when industrial mobilization factors 
influence the selection of the supplier.  For 
this purpose there were about 3,700 actions 
covering $2.85 billion in 1980 and about 5,400 
actions covering 34.06 billion in 1981.  These 
purchases are allocated to keep industrial 
capability available for possible mobilization. 
Frequently these are awards allocated to two or 
more sources.  In other circumstances price 
competition is used and a larger share is 
awarded to the low cost offeror.  The DoD thus 
obtains the benefit of price competition to 
some degree and also has the continued avail- 
ability of a potential source. 

Time Urgency 

Requirements for DoD contract actions are some- 
times of such urgency that it is necessary to 
negotiate promptly with the most available sup- 
plier.  There simply is not time to arrange for 
rigorous price competition.  (Under these cir- 
cumstances, the contracting officer's awareness 
of the market will help him select the supplier 
most likely to be able to meet the need at ac- 
ceptable terms.) About $2.2 billion in 1980 
and $2.69 billion in 1981 were negotiated non- 
competitively on the basis of public exigency 
including time urgency. 

Standardization 

Complex operational and/or maintenance require- 
ments can argue for continued acquisition of a 
product from an established source. Although 
similarly performing substitute products might 
be available elsewhere, the benefits of com- 
petition would be outweighed by the high cost 
of duplicate operational and maintenance train- 
ing and associated logistics support.  In 
effect, a standardized product is acquired to 
economize on the cost of operating and support. 

Socio-Economic Goals 

Sometimes the DoD restricts the nature of the 
competition which is sought and thereby the 
intensity of the competition obtained.  Re- 
strictions are intended to direct Government 
work towards groups or locations to meet social 
goals. Major programs where such restrictions 
are imposed are those by which contract awards 
are set aside for performance by small business 
firms or firms owned by designated minorities. 
Awards under these programs are competitive, 
but the competition is within a restricted 
community of potential suppliers.  (If competi- 
tion cannot be obtained within this communitv, 
other suppliers are also allowed to compete.) 
It is not possible to quantify the extent to 
which this limitation on the intensity of com- 
petition may have precluded the DoD from ob- 
taining more advantageous prices.  The small 

business set-aside program resulted in awards 
of $4.79 billion in 1980 and $8.32 billion in 
1981.  Directed awards to minority contractors 
through the Small Business Administration are 
non-competitive but the Government is not 
obligated to pay unreasonable prices. 

Another example relates to wage floors in 
construction and certain service contract 
awards falling under the Davis-Bacon Act and 
the Service Contract Act, respectively.  These 
constraints effectively limit the extent of 
price competition by eliminating some poten- 
tial wage differences.  Although price com- 
petition is possible and indeed occurs, dif- 
ferences in offered price are mainly due to 
non-labor input categories such as materials, 
management salaries, or profit. 

Legal Prohibitions 

There are a number of legal or regulatory 
prohibitions applicable to the economy or 
Government at large which affect the use of 
price competition by the DoD. 

To encourage investment in research and inno- 
vation, a private firm can be granted a patent 
which amounts to a limited monopoly franchise 
for a new product. While the patent is in 
effect, the DoD and all other buyers must buy 
at prices established by the patent holder. 
To the extent substitute products are avail- 
able at lower price, this constraint may be 
avoided. 

Another major category of awards where price 
competition is not sought is in regulated 
utility services.  Awards in this category 
amounted to $1.8 billion in FY80 and 31.7 
billion in FY81.  The Government is viewed as 
one of many buyers of these services and pavs 
the price determined by responsible regu- 
lators.  Regulated price based on allowable 
costs incurred plus profit occurs typically 
for services such as utilities where costs 
decline with quantity.  Under these circum- 
stances regulation is used to take advantage 
of scale economies. 

A final example in this category is the acqui- 
sition of architect/engineer services.  Under 
Public Law No. 92-582, the prescribed proce- 
dure (DAR 18-300) is to have a preliminary 
competition on the basis of credentials, and 
to select three or more qualified firms to 
participate in a second competition, in which 
concepts and approaches to the job are evalu- 
ated.  A selection is made on the basis of the 
best evidence of qualification to perform the 
particular task.  Price competition is for- 
bidden.  About 3162 million was spent in 1980 
and 3200 million in 1981 on architect and 
engineering services. 
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PRICE COMPETITION IN DoD AWARDS 

With Che exception of situations described 
above, price competition is the preferred 
acquisition technique.  The following tables 
present the array of goods and services pro- 
cured by the DoD in 1980 and the methods of 
procurement used in acquiring them.  Table 1 
displays, for major categories of awards, the 
fiscal year '80 dollar totals, the percentage 
that each category bears to the total and the 
percentage of award dollars procured by price 
competition, design and technical competition. 

follow-on to these methods, and noncomoeti- 
tively. 

Contracts for research and development (13 
percent of the total) were awarded predomi- 
nately by design and technical competition, 
either initially or as subsequent awards 
following an initial design competition. 
Table 2 displays research and development 
awards by more detailed subcategories.  The 
phased, sequential nature of the RSD process is 
evident as progressively greater percentages of 
award dollars are placed as follow-ons to 
design and technical competition. 

TABLE 1.  SCOPE OF DoD PROCUREMENT IN FY80: 
TOTAL AWARDS 

NATURE OF PROCUREMENT 

Research & Development 

Other Services & Construction 

Supplies i Equipment 

Purchases of above items of 
under $10,000 each 

Subtotal 

Incragovemmental/FMS 

TOTAL 

TOTAL 
AWARD 

DOLLARS 
(MILLIONS) 

$ 9,398 

17,129 

40,314 

6.186 

$73,527 

10.159 

$33,686 

PERCENT 
OF AWARD 
DOLLARS 

13 

23 

56 

100 

PERCENT OF AWARD DOLLARS 3Y 
DESIGN FOLLOW-ON TO 

PRICE 
COMP. 

1 

44 

23 

41 

26 

TECH. 
COMP. 

33 

5 

4 

PRICE 
COMP. 

1 

1 

3 

DESIGN 
TECH. 

22 

24 

2     18 

-NOT AVAILABLE- 

NON 
COMP. 

43 

42 

46 

59 

46 

TABLE 2.  DoD PROCUREMENT IN FY80: 
RESEARCH AND DEVELOPMENT' AWARDS OVER S10 000 

NATURE OF PROCUREMENT 

Research 

Exploratory Development 

Advanced Development 

Engineering Development 

Operational System 

Management and Support 

TOTAL 

TOTAL 
PERCENT 

OF AWARD 
DOLLARS 

PERCENT OF AWARD DOLLARS BY 
AWARD 

DOLLARS 
(MILLIONS) 

PRICE 
COMP. 

DESIGN 
TECH. 
COMP. 

FOLLOW-ON TO 
PRICE  DESIGN 
COMP.   TECH. 

NON 
COMP. 

$  644 7 6 6 87 
368 9 34 1 9 54 

1,834 19 42 19 39 
3,936 42 42 1 25 31 
1,033 12 15 37 46 
1,033 11 33 21 57 

$ 9.398 100 33 1 22 43 
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The next category in Table 1 is other services 
and construction representing 23 percent of 
award dollars. Within this category construc- 
tion, real property maintenance, and transpor- 
tation and travel experience extremely high 
rates of price competition (see Table 3).  Pro- 
fessional, technical and management services, 
contracts for the operation of Government 
facilities, technical representative services, 
and regulated utility services are mostly not 
price competitive. 

The largest major category in Table 1 is sup- 
plies and equipment, representing 56 percent of 
the dollar total.  This category includes major 
weapon systems such as aircraft, ships. 

missiles and engines, subsystems and com- 
ponents such as electronic aircraft com- 
ponents, fire control systems, engine ac- 
cessories and instruments, and consumable 
items such as fuel, subsistence and clothing 
and textiles (see Table 4). Above average 
rates of competition were achieved in 1980 in 
subsistence, clothing, ammunition and ships, 
while little or no price competition was 
obtained in missiles, engines and accessories, 
and fire control systems. A substantial 
percentage of awards for aircraft, engines, 
engine accessories were follow-on production 
awards from initial contracts placed via 
design and technical competition. 

TABLE 3.  DoD PROCUREMENT IN FY80: 
OTHER SERVICES AiND CONSTRUCTION AWARDS OVER $10.000 

NATURE OF PROCUREMENT 

Equipment Maintenance & 
Modification 

Construction 
Utilities & Housekeeping 
Professional, Technical and 
Management 

Real Property Maintenance 
Operation of Government Facil. 
Transportation S Travel 
Technical Representative Service 
All Other (none over 250) 

TOTAL 
AWARD 
DOLLARS 

(MILLIONS) 

$ 3,628 
2,807 
2,361 

2,294 
1,761 
1,548 
1,316 

600 
814 

TOTAL SERVICES (other than R&D)  317,129 

PERCENT 
OF AWARD 
DOLLARS 

21 
16 
14 

13 
10 
9 

 5_ 

100 

BY PERCENT OF AWARD DOLLARS 
DESIGN FOLLOW-ON TO 

PRICE  TECH.  PRICE DESIGN   NON 
COMP.   COM?.  COMP.   TECH.   COMP. 

28 
93 
19 

39 
13 
95 
2 

28 

44 

17 

12 

3 

14 

1 

15 
1 
6 

29 
15 

53 
5 

80 

57 
9 

67 
4 

64 
45 

42 

TABLE 4.  DoD PROCUREMENT IN FY80: 
SUPPLIES AND EQUIPMENT AWARDS OVER S10.000 

NATURE OF PROCUREMENT 

Fuels, Lubricants 
Aircraft 
Communication Equipment 
Missiles 
Ships 
Engines 
Subsistence 
Ammunition 
Electronic Components 
Instruments 
Aircraft Components 
Fire Control 
Vehicles 
Clothing 
Engine Accessories 
Weapons 
Training Aids 
All Other (under 500 each) 

TOTAL 

TOTAL 
AWARD 

DOLLARS 
(MILLIONS) 

$ 7,026 
5,696 
4,793 
3,228 
3,091 
2,921 
1,525 
1,364 

806 
744 
722 
716 
696 
602 
573 
568 
507 

5,236 

340,314 

PERCENT 
OF AWARD 
DOLLARS 

17 
14 
12 

3 
2 
2 
2 
2 

2 
1 
1 
1 
1 

13 

PERCENT OF AWARD DOLLARS 
DESIGN FOLL0W-ON"T0 

PRICE   TECH. PRICE  DESIGN 
COMP.   COMP. COMP.   TECH. 

22 
10     U 9     60 
13     12 6     24 

100 

29 
4 

39 
37 
23 
25 
17 
8 

18 
96 
13 
22 
13 
43 

23 

11 
12 
2 

3 
70 

11 
8 

16 
24 
19 
28 

61 
14 
9 

21 

3Y 

NON 
COMP. 

78 
10 
45 
65 
63 
26 
41 
50 
59 
50 
54 
70 
54 
4 

20 
63 
36 
31 

46 
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FEASIBILITY AND DESIRABILITY OF 
PRICE COMPETITION 

Procurement by price competition depends upon 
two necessary conditions:  (1) the ability to 
describe the requirement in a rigorous but not 
overly restrictive fashion and (2) the exist- 
ence of and access to several independent 
suppliers, with available technical know-how 
and facilities, willing to satisfy the require- 
ment.  The first condition enables source 
selection to be based exclusively on offered 
price.  The second condition usually requires 
the existence of a competitive market for a 
commercial product closely related to the DoD 
requirement. 

Enhanced use of price competition requires 
changes in one or both of these conditions 
through direct Government actions. However, 
satisfaction of the two conditions is not 
always desirable in terms of risk incurred or 
benefit/cost to the DoD and society.  Instead, 
source selection based on considerations other 
than, or in addition to, price (such as product 
performance factors) and pricing based on 
estimated cost of performance is sometimes 
necessary and indeed, sometimes preferred. 
Procurement of goods and services from a sole 
source with estimated costs used to establish 
price has many precedents and acceptance in 
other sectors of the economy.  Public utility 
service is an example.  Such situations are 
characterized by high levels of fixed invest- 
ments giving rise to scale economies.  Com- 
petitive entry would be undesirable since 
excess capacity would result in higher unit 
prices.  Establishment of market price based on 
costs incurred and level of investment is used 
in lieu of competition.  There are analogous 
circumstances within the DoD environment. 

Consideration of the feasibility and desira- 
bility of price competition can be addressed 
through examination of the two basic necessary 
conditions for price competition. 

Description of Requirement 

Competition in the classical sense requires a 
statement of a requirement so that offers for 
identical or identically performing products or 
services can be evaluated exclusively on the 
basis of offered price. When products have 
known but differing operating costs or per- 
formance, offered price and lifetime ownership 
costs can be and are considered together to 
evaluate best buy.  However, there are situ- 
ations when descriptions adequate for price 
competition are not possible, not available, or 
not cost-beneficial to obtain.  Such instances 
are: 

I.  For many services, including those of a 
routine low-skill nature, it is difficult 

to specify and subsequently verify the 
quality of performance.  Consequently, the 
focus on lowest offered price may neces- 
sarily lead to unacceptable or degraded 
quality as competitors vie for work by of- 
fering the lowest price. 

2. On some occasions, the desire for price 
competition leads to the use of detailed 
Government descriptions so that offers can 
be judged exclusively on price.  Acceptable 
commercial products not conforming to the 
Government description ironically cannot 
qualify under the detailed specifications. 

3. The development and initial acquisition of 
complex systems or components often involve 
parallel development efforts by competing 
contractors.  The high cost of development 
and uncertainty associated with technical 
and market risks-usually require that 
competing development efforts be funded by 
the Government.  Source selection for 
initial production may be based on a 
combination of design and price consider- 
ations.  However, the pricing is for a 
design that may undergo substantial change 
so that prior pricing for initial pro- 
duction may not be realistic or meaningful. 

4. Reprocurement of complex end items or 
components from a source other than the 
original producer requires complete tech- 
nical data.  Often these data may be incom- 
plete or not of sufficient detail to des- 
cribe shop and manufacturing processes. 
The transfer of production to a second 
source may not be economically or tech- 
nically practical. 

5. Logistic support of an end item requires 
the acquisition of parts, components and 
subassemblies.  To get competition multiple 
approved vendors or adequate drawings and 
specifications are required.  These are not 
always available or when available may not 
attract competitors because reprocurement 
quantities are low. 

Several Independent Suppliers 

For situations where the Government possesses 
adequate but not restrictive description of its 
requirement and there is an available industry 
capability to meet the requirement without 
substantial incremental investment or technical 
risk, competition is likely to be beneficial. 
L'nder these circumstances costs to the Govern- 
ment (mainly administrative for assurance of 
data and to conduct a competitive procurement) 
are likely to be outweighed by the cost-saving 
benefits from competition.  Although these 
benefits are difficult Co assess, recent be- 
lievable evidence suggests that savings in the 
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range of 15 to 30 percent obtain.  Savings of 
this magnitude are achievable in instances 
where the requisite technology is well known 
and capability exists; however, extrapolation 
to other situations is not appropriate. 

Major systems acquisition presents a very 
different set of characteristics and underlying 
environment from that described above.  For 
major systems or related components and sub- 
systems, the Government is forced to pay 
explicitly for all attributable coses of their 
development, and for unique facilitization for 
production. At the outset of the acquisition 
process, these products typically do not exist, 
and indeed their specification is stated in 
terms of desired performance characteristics. 
The Government is the single buyer of these 
products and controls the eventual size of the 
market and the products' market share relative 
to other similar classes of products.  The 
environment is inherently risky from two view- 
points : whether a design can be developed and 
manufactured to satisfy the Government's per- 
formance requirements, and whether levels of 
demand will materialize in the budget process 
to meet DoD and contractor expectations. 

Competition in the classical sense entails a 
statement of requirement by the buyer 
(Government) and offers by independent sup- 
pliers.  For this to occur suppliers must have 
or be willing to develop suitable products and 
associated production facilities at their own 
expense.  Offered price would then reflect 
incurred or anticipated development, investment 
and recurring costs with fixed costs amortized 
over current and anticipated production quan- 
tities. 

Classical competition for either initial 
production or follow-on reprocurement of weapon 
systems is unlikely to occur without explicit 
funding of multiple sources by the Government. 
Before initial production, several qualified 
contractors are usually funded to develop, in 
parallel, competing concepts to satisfy per- 
formance requirements.  Concurrent parallel 
development can occur as development proceeds 
even to the point of requiring competing pro- 
totypes for test and evaluation.  Source 
selection, no matter how well-developed and 
stable the competing design and prototypes, 
involves tradeoff consideration of technical 
and performance aspects of the competing 
products as well as offered price. 

Smith, C. H. and Lowe, C. M., Jr., Sole 
Source and Competitive Price Trends in Spare 
?arts Acquisitions, Army Procurement Research 
Office, April 1981. 

Once a product has been selected for Initial 
production, it is then possible to consider 
the introduction of a second source to vie for 
follow-on procurement.  Such competition is 
typically for identical copies of the in- 
cumbent's design and requires a number of 
difficult and costly steps to create.  The 
steps consist of transferring the incumbent's 
design and manufacturing process to a second 
source, the extra cost of the higher than 
necessary price paid for learning buys to 
qualify a second source and place him on a 
competitive footing with the incumbent, and 
any replication of unique facilities and 
equipment associated with the program.  These 
costs must normally be borne directly by the 
Government if a competitive situation is to be 
created. 

The characteristics associated with the ac- 
quisition of major systems are by no means 
uniform and differ by degree across a spec- 
trum. At one extreme are programs with high 
technical and market risks and requiring large 
expenditures for unique manufacturing facili- 
ties.  To interest a single qualified firm to 
undertake the facilitization of this type of 
program often requires guarantees by the 
Government either of a market or of recoupment 
of the associated unique facilities costs. 
The Government may even provide some or all of 
the production facilities or contract with a 
firm to produce in a totally Government-owned 
facility.  The costs of duplicate facilities, 
whether reflected in the DoD's budget or borne 
elsewhere, are unlikely to be justified by 
competitive savings. 

At the other extreme are products which can be 
produced at any number of available facili- 
ties, requiring only slight modification to 
change from commercial to military production 
or from one related military program to 
another.  In these situations competition is 
more likely to be cost-effective. 

CONCLUSIONS 

There is a natural correspondence between the 
procurement goal of acquiring goods and 
services at lowest price and the use of price 
competition.  However, there are situations 
where other goals, not consistent with price 
competition, are elevated to a dominant posi- 
tion.  These goals are related to national 
security requirements or social objectives. 

For acquisition by price competition, two 
necessary conditions must obtain.  The buver 
must be able to describe the requirement ade- 
quately and there must exist access to several 
independent suppliers with available capa- 
bility to satisfy the requirement.  Generally, 
direct and costly actions by the Government 
are required to establish these conditions 

• 
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when they are not otherwise present.  A case- 
by-case analysis of costs and benefits of 
competition is generally required to identify 
desirable competitive situations.  Only in 
chose cases where costs of achieving competi- 
tion do not exceed the benefits of competition 
is price competition desirable. 
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PRESENT IN THE FULL SCALE ENGINEERING DEVELOPMENT OF MAJOR SYSTEMS 
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ABSTRACT 

This paper examines the continuing problem of 
identifying and assessing technical risk and 
uncertainty, and resultant cost uncertainty, 
for major systems entering Full Scale Engi- 
neering Development (FSED).  A history of 
changing DOD concepts over the past twenty 
years concerning the treatment of FSED is 
presented, together with the implications of 
these concepts for current problems.  Non- 
technical barriers to the identification and 
assessment of technical risk and uncertainty, 
including the problems of "buying in", 
advocacy and professional discipline orienta- 
tion are described.  Acquisition system modi- 
fications are proposed which meet or amelior- 
ate the problems presented and which force 
increased recognition of, and programmatic 
planning orientation toward, the degree of 
technical risk and uncertainty present in 
each situation. 

INTRODUCTION 

It is widely recognized that major systems, 
especially weapons systems, tend to end up 
costing a great deal more than their original 
estimates, and, in a number of cases, also 
fail to attain the performance or operating 
life capabilities projected for them.  For 
many years, three primary approaches have 
been advanced toward reducing the cost of 
major systems: 

1) Multi-year funding 

2) Buying simpler mechanisms 

3) Not performing development and 
production effort concurrently. 

All of these approaches are generally recog- 
nized as desirable.  Multi-year funding can, 
by avoiding time stretch-out in the produc- 
tion phase, significantly reduce unit costs. 
By definition, simpler systems have less 
problems than complex ones, take lass time to 
develop and produce, and cost less.  Concur- 
rency has long been an onerous term to those 
desiring to reduce major system acquisition 
costs, because of the cost impact of the risks 
and uncertainties of not having a fixed design 
before entering production. 

Office of Management and Budget (0MB) Circular 
A-109 describes the currently prescribed 
process for acquiring major systems. A large 
portion of A-109 deals with the steps to be 
taken to establish and validate the need for a 
major system; the balance of the circular 
addresses the overall criteria to be met and 
the phases to be utilized in the acquisition 
process. A-109 envisions four phases in the 
acquisition of a major system: 

1) Alternative System Design Concepts 

2) Competitive Test and Demonstration 

3) Full Scale Development and Limited 
Production 

4) Full Production. 

A-109 states that the above phased approach 
should be employed except when the demonstra- 
tion of alternatives is either physically or 
financially not feasible or when the urgency 
of need dictates starting with a single design 
system. 

Regardless of the degree of competition in the 
earlier phases, acquisition realities are such 
that a large number of major systems find 
their way into the full scale development phase 
(and even the full production phase) with a 
considerable amount of unresolved technical 
risk.  Pursuit of the twin objectives of 
1) procuring more simple systems and 2) not 
performing development and production concur- 
rently, will reduce such risk, to the degree 
chat  it is feasible  and prudent to do this. 
However, countervailing forces are present and 
strong.  Foremost, this is an era of rapidly 
changing technology which serves both to main- 
tain system complexity levels near the state of 
the art and to increase the risk of obsoles- 
cence for protracted (multi-phased) development 
programs.  Additionally, either practical or 
financial considerations, or determined urgent 
need, as recognized by A-109, may cause a com- 
pressed development cycle, with the obvious 
inherent risk.  Lastly, A-109, by mandating 
(properly) against the full design of subsys- 
tems in advance of initiating system-level full 
design, serves to further "insure" the presence 
of technical risk at the entry to Full Scale 
Engineering Development (FSED). 
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In summary, the beneficial application of the 
precepts of simplicity and non-concurrency 
will serve to minimize the instances of enter- 
ing development or production phases with high 
technical risk but application of those pre- 
cepts will, unfortunately, often not be 
feasible. A large segment of technical risk 
will in fact remain for a substantial number 
of major system full scale development acqui- 
sitions (and even for production acquisitions). 

Solutions have been sought for the problem of 
controlling the cost of major systems for many 
years.  The Department of Defense (DOD) as the 
largest buyer of major systems has tried vary- 
ing and dramatically different approaches, of 
which recent modifications to DOD Directives 
5000.1 and 5000.2 (dealing with Major Systems 
acquisition) are the latest.  But few, if any, 
believe that systemic control of the acquisi- 
tion of major systems, of which FSED is a key 
part, has been satisfactorily obtained.  A 
review of the major thrusts of the past twenty 
years helps point the way to where answers may 
be found and, perhaps more importantly, to the 
pitfalls involved. 

HISTORY 

In the 1960s, DOD Directive 3200.9 was a guid- 
ing document for major systems acquisition. 
Its genesis was a desire to assure that engi- 
neering development would start with a con- 
trolling firm Contract End Item (CEI) specifi- 
cations for both subsystems and systems. 
These CSIs were the result of a Contract 
Definition phase which preceded Engineering 
Design and Development. 

Under 3200.9, the task of Engineering Develop- 
ment was narrowly interpreted as restricted to 
the design, development and demonstration of 
the design integrity of the requirements pre- 
stated in each CEI specification.  The belief 
that this could be accomplished with rela- 
tively little unforeseen difficulty led to 
related requirements for firm schedules, firm 
cost projections and the recommendation that 
fixed price type contracts be employed wher- 
ever possible for engineering development. 

But problems arose with this approach. Mainly, 
these problems were reflected in numerous 
engineering change proposals and resultant 
contract changes which served to radically 
change the technical baseline which had been 
"set" at entry into the Engineering Develop- 
ment phase.  The problems stemmed from the 
confidence which the process placed in the 
quantitative values (parameter allocations) 
assigned to subsystems and major components as 
firm specification requirements at the end of 
the Contract Definition phase.  As the techni- 
cal approaches which were "verified" in 
earlier phases (Advanced Development, Contract 

Definition) were pursued in Engineering 

Development, difficulties continued or arose as 
hardware, for the first time in some instances, 
was built, tested (both at a component and sub- 
system level) and finally integrated.  Techni- 
cal problems at both subsystem and system 
levels arose which created a cycle of requis- 
ite component change/subsystem change/system 
change, much of which, as the programs pro- 
gressed, had to take place semi-concurrently. 
One answer, in some instances, was a reduction 
of performance requirements.  However, in 
many instances, estimated costs escallated 
dramatically and continued to do so in the 
production phase. Two well publicized examples 
in the late 1960s were the F-11X and C-5A 
aircrafts. 

The above problems caused Deputy Secretary of 
Defense David Packard to institute, in 1969 
and 1970, some major changes.  In 1969, he 
initiated the Defense Systems Acquisitions 
Review Council (DSARC) to review, at specified 
major milestone points, the progress of major 
systems acquisitions and to approve their 
entry to the next acquisition phase.  In 1970, 
he issued DOD Directive 5000.1 which super- 
ceded 3200.9, instituted basic changes, and 
called for a Validation Phase (following 
Exploratory Development and Preliminary 
Advanced Development) to precede Engineering 
Development. 

Engineering Development was viewed, by 5000.1, 
under the realization that the design was con- 
stantly emerging and that it was fluid, rather 
than fixed, well into tie Engineering Develop- 
ment phase,   in two segments:  1) the fizming 
of component and subsystem specifications and 
design, and 2) system integration.  This was a 
major pronouncement, confirming the findings 
of an earlier "Blue Ribbon Panel" which had 
said the same thing.  It resulted in direction 
to avoid  fixed price type contracts for initial 
Engineering Development (the preferred means 
under 3200.9).  At the same time, recognition 
was given to the desirability of a fixed price 
type instrument for the latter stages of 
development wherein the elements of risk were 
sufficiently reduced.  This approach was 
spelled out in a 1972 revision [3-403 (b) 
(111)] to the Armed Services Procurement Regu- 
lations (ASPR) which merits quoting: 

Cost reimbursement type contracts are 
preferred for all development efforts 
and particularly for major defense sys- 
tems.  When risk has been reduced to 
the extent that realistic pricing can 
occur, fixed price type contracts 
should be used, e.g., when a program 
has reached the final stages of 
development and technical risks are 
minimal. 

OMB Circular A-109, issued by the Office of 
Federal Procurement Policy in April 1976, does 
not change the basic philosophy of DOD 5000.1 
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but very much affects the process.  A-109'3 
focuses are,   inter alia, to improve needs 
determination, maximize the use of competitive 
concepts early in the development cycle, and 
stress the importance of the program manage- 
ment function.  The four phases of the acqui- 
sition cycle delineated by A-109 are largely 
in consonance with the above DOD 5200.1 
phases.  (DOD 5200.1 and 5200.2 were initially 
revised in 1977 to reflect A-109 requirements. 
This revision process has continued.) 

IDENTIFYING AND ACCOMMODATING 
RISKS PRESENT AT THE ENTRY TO 

FULL SCALE ENGINEERING DEVELOPMENT 

Recent General Accounting Office (GAP) 
Comments on Major Systems Costs 
and Risks 

As might be expected, the GAO, over the years, 
has been an  important commentator on the topic 
of major systems costs.  In a recent report, 
the GAO said that: 

• While it is not unsympathetic to 
the prompting causes, that pushina 
the state of the art with new 
concepts and designs is the great- 
est single effect on costs. 

• Concurrency — fostered by a 
desire to rapidly meet threats — 
can cause problems of "critical 
proportions"1. 

The question of concurrency is addressed as 
regards a specific Air Force program in 
another GAO report^ 
ment of the entire procurement. 

which recommends reassess- 

In a report assessing the Army's ability to 
fund new major weapons systems, the GAO recom- 
mends that the Army should determine (in con- 
sultation with its prime contractors) the 
foreseeable production risks of eleven major 
systems and take corrective action and revise 
cost estimates accordingly. 

In another report1*, the GAO says that the DOD 
must screen and continually prune the number 
of systems in development in order to have 
sufficient funds to adequately pursue high 
ranked programs.  The same report lists 
development difficulties as one of three 
reasons (inflation and schedule changes are 
the other two) for the services being unable 
to procure systems in desired quantities. 

Risk and Uncertainty — Their 
Differences and Potential Impacts 
on Engineering Development 

Definitions of risk and uncertainty are 
varied.  Some concepts are: 

• Risk  is the likelihood of the 
event occurring,- uncertainty is 
the impact or consequence.5 

• Risk  is characterized by incom- 
plete information as to proba- 
bility of outcome; uncertainty 
represents no information as to 
outcome. 

• Risk  involves a known possible set 
of outcomes, each member of the 
set having a known probability of 
occurrence; uncertainty involves 
completely unknown probabilities 
of outcomes.7 

Though somewhat varied in their concepts, all 
of the above definitions indicate that risk 
and uncertainty are different and that we have 
more information when dealing with the former 
than with the latter.  That proposition has 
important potential impact on the development 
cycle, specifically, in this instance, the 
engineering development phase. 

Onder the approach of DOD 5000.1 and 5000.2 
Engineering Development is deliberately 
entered prior to the firming of subsystem and 
major component parameters.  The implications 
of this condition are both historical and pre- 
dictable.  Requisite changes in component or 
subsystem specifications or design trigger a 
series of programmatic changes, as General 
Thurman relates, "all the way down the line, 
including replanning, renegotiation and re- 
analysis ... of the program strategy."3 

Engineering Development can contain identified 
technical risk and unidentified technical risk 
(uncertainty).  These conditions have been 
referred to as the "known unknowns" and the 
"unknown unknowns".  The propensity for vari- 
ance in a cost estimate of engineering 
development stems from a number of variables 
but probably the most significant one is the 
degree of technical risk and uncertainty. 
Although the extent to which risk and uncer- 
tainty are present in a given program usually 
cannot be- estimated with precision, it prob- 
ably can be assessed within a useful degree 
of accuracy.  The latter is a key concept and 
is addressed later in this paper. 

Attempts to assess the amount of technical 
risk and uncertainty present must be under- 
taken with the caution that: 

High system cost growth appears to 
arise primarily from efforts to sub- 
due difficult technology on highly 
compressed schedules ... (and the) 
acceptance of optimistic assumptions 
about the long-cerm predictability of 
technology and the cost of coping 
with it. 
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As Howe and Somers go on to point out,   the 
longer the time span, the greater the expected 
variance of actual cost.  Since the span of 
many programs, from initial concept to first 
delivery of an operational unit, may be ten 
years or longer, budgetary estimates at the 
front end of such time frames are subject to 
wide error.  But the problem, from that stand- 
point, for engineering development should be 
less for two reasons:  there is greater 
information/data at hand and the time period 
for a single phase is shorter-term than for 
the entire process. 

If, in spite of the latter factors, it were 
felt that a reasonably accurate estimate of 
risk/uncertainty present, and consequently of 
cost, could not be made, than an  important 
characterization of that specific engineering 
development would have been made. 

NON-TECHNICAL BARRIEES 
TO RISK IDENTIFICATION 

Advocacy 

Even in a completely technically-oriented 
environment, the assessment of risk present in 
an engineering development phase is difficult. 
But we do not live in a completely technically 
oriented environment.  The attempt to identify 
risk is made more difficult by two non- 
technical impediments:  advocacy and "buying- 
in".  Much has been written about both of 
these conditions.  They are briefly discussed 
here because no attempt to identify and manage 
the risks and uncertainties present in engi- 
neering development can succeed unless they 
are recognized and sufficiently overcome. 

The Seport of the Commission on Government 
Procurement said: 

Institutional arrangements and advo- 
cacy pressures tend to drive cost 
estimates downward and to produce 
overly optimistic schedule and per- 
formance appraisals.  All levels in 
a department, in industry and even 
in Congress, can become parties to 
the 'selling' of programs founded on 
unrealistic and unattainable system 
cost goals.11 

contract, frequently called buying-in, is 
another long-recognized problem.  But the 
problem of underbidding also finds much of its 
roots in the inadequate treatment and identifi- 
cation of risk and uncertainty — either within 
the contractor's own house, between the con- 
tractor and the government, or within the 
government itself.  Two significant attempts to 
control buying-in are worthy of note, though 
both have been largely abandoned.  One has 
already been described:  the recommended use 
of fixed price type contracts for engineering 
development by DOD Instruction 3200.9.  A 
second attempt was the "total package" concept 
which was designed to prevent a contractor 
from buying into the program through capturing 
the. engineering development phase with a low 
bid and then negotiating the production con- 
tract from a clearly advantageous position. 
Under the Total Package Procurement Contract 
(TPPC) approach, the engineering development 
(probably cost plus fee) proposal and a fixed 
price type (usually Fixed Price Incentive) pro- 
posal of option prices on production units, 
were obtained by the government at the same 
time.  The Lockheed C-5A contract was a TPPC. 
Lockheed could not produce the production 
units (following much discussion and attempted 
contract change) within the contractual ceil- 
ing price.  Its obligation to do so placed 
the company in severe financial jeopardy.  The 
TPPC, in light of the difficulties of project- 
ing risk and uncertainty as time span 
increases, is no longer in use. But it still 
has its proponents, both in this country and 
abroad.  A 1978 article describes a successful 
TPPC initiated ten years earlier and states 
that two of the principal reasons for program 
success were extending the Contract Definition 
Phase to gain adequate pre-engineering develop- 
ment information and 

Careful selection of known technology 
appropriate to the real need and 
application in lieu of high risk 
technology is a major key to predict- 
able performance, schedule, and cost.13 

More recently, a 1982 article tells of the 
Swedish government's decision to develop a 
multirole combat aircraft using in essence, a 
TPPC approach.  The article describes the 
requirement of the EFP that: 

Further, the Defense Science Board has 
stated that: 

... with strong advocates, certain 
programs may be continued in exist- 
ence long after they should have 
been terminated for technical 
problems ...12 

The proposal from industry should 
include firm prices for development 
as well as production, the inflation 
index being the only price adjust- 
ment.11*  [emphasis added] 

A 1981 press release relating 
stated that: 

;o the oroaram 

Buying-In 

The bidding of a deliberately low (usually 
cost plus fee) figure in order to get the 

In the ... proposal, industry is 
responding to the government's 
request for guarantees regarding 
performance, characteristics, costs 
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and time schedules.  These guarantees 
are unique for Sweden as well as 
internationally.15 [emphasis added] 

Yes, the guarantees are unique.  They were not, 
some fifteen years ago in the U.S. but as des- 
cribed above, have since become so.  The 
apparent decision to design and build an air- 
craft weii within the state of the  art and 
with probably a good deal of pre-qualified 
hardware assumedly will make the project 
feasible.  That Sweden ieiieves it can be done 
is of interest independent of the eventual 
results and the reasons for them. 

CONCEPTS AND ATTITUDES 
OF THE PARTICIPANTS — BOTH 
CONTRACTOR AND GOVERNMENT 

The author, in varied experience as a project 
manager, negotiator of major contracts and 
management systems consultant, has seen a 
thesis validated many times:  that it is the 
overall contracting entities (government, con- 
tractor, subcontractor) who are in the mean- 
ingful adversary relationship, not the per- 
sonnel representing the various disciplines 
within those entities.  That is, program/ 
project managers from both sides of the con- 
tract have a far more common than unconnaon 
orientation.  The same can be said for engi- 
neers and personnel representing contracts, 
quality assurance, and management systems, for 
example.  Contrary perhaps to popular belief, 
it is often the common  position of these 
buyer/seller disciplines which governs events 
or perhaps masks problems. 

As relates to engineering development techni- 
cal risk and uncertainty, several examples 
serve to illustrate the point: 

• Program/Project Managers on both 
sides are under pressure to 
establish  the program and to com- 
plete it within cost and schedule. 
Up front, early in contract formu- 
lation, they want to understand 
risk and uncertainty so that they 
do not personally commit to the 
unachievable and so that suffi- 
cient funding and time are con- 
tractually allotted. After  the 
contract is initiated, delays and 
costs beyond those they allowed 
for in their risk assessments may 
tend (they often think) to reflect 
on them jointly.  Consequently, 
problems may get masked or not 
highlighted and a bow wave of 
technical problems can start to 
build. 

• Design Engineers on both sides (in 
an overview function for the buyer) 
see themselves (usually fairly so) 
as the bastions of reality.  Thev 

often see their joint problem as 
being permitted to really "tell it 
like it is". When their conclu- 
sions (which could be wrong but 
more often aren't) will seriously 
stretch out schdules and costs 
the clear impact of their concerns 
may not surface in a timely manner. 

• Contracts Personnel on both sides 
want an instrument that can't be 
criticized for 1) making the seller 
rich, 2) straight-jacketing the 
latter's ability to perform; 
3) denying the buyer sufficient 
incremental overview control; 
4) constantly having to be amended 
for avoidable reasons.  The 

last point is of interest in the 
sense that contract revisions 
necessitated by the results of 
technical risk tend to be viewed 
as occurrences which could not 
have been contractually pre- 
accornmodated.  Contracts peoole 
do  consider risk and uncertainty, 
as it is presented to them pre- 
contractually, in determining 
contract type (FP, FPI, CPIF, 
CPFF, etc.).  Beyond that initial 
determination, the potential con- 
sequences of unclear risk and 
uncertainty are to be contractu- 
ally protected against by clauses, 
the specific content of which are, 
as a counterpoint, frequently a 
contention between the parties. 

• Management Systems People on both 
sides usually establish PERT-type 
networks and CSCS criteria base- 
line plans and schedules which 
are, by their nature, success 
oriented.  Such things as negative 
slack and cost or schedule vari- 
ances resultingly become the con- 
cerns.  The concern tends to be 
the rigor of design and applica- 
tion of the specific  system, that 
is, the structural legitimacy of 
the system and its outputs. 
There generally is little systemic 
concern — at least emphatic con- 
cern — as to the ability of the 
system to pre-plan and display 
risk,  other than allowing for it 
in the time and cost estimates 
which the systems encompass. 

A significant exception to the non- 
incorporation of risk as a specific systemic 
element is the Army's Venture Evaluation and 
Review Technique (VERT) which incorporates 
performance variables into a network structure 
including cost and schedule variables.  A 
Monte Carlo simulation is employed to assess 
possible outcomes. 
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POTENTIAL NEW PROGRAMMATIC 
AND CONTRACTUAL TECHNIQUES FOR 
ADDRESSING TECHNICAL RISK AND 

UNCERTAINTY IN ENGINEERING DEVELOPMENT 

Reason and experience combine to tell us that 
programs are presented for entry into the 
engineering development phase, FSED, in vary- 
ing  states of technical risk and uncertainty. 
This reality should be given emphasis in the 
process and procedures for reviewing,  author- 
izing and contracting for the FSED of major 
systems.     It is understood that DOD is envi- 
sioning something related to that precept — 
the use of "tailored" acquisition approaches 
and a "maturation" phase either along with or 
instead of the FSED phase. 

A Decision Coordination Paper (DCP) is pre- 
pared or updated as part of the DSARC review 
process.  Among the topics covered by the DCP 
are program risk/uncertainty and acquisition 
strategy.  The latter two concerns are at the 
heart of any attempt to predict and control 
engineering development costs. 

This paper proposes that in conjunction with 
the current risk description and assessment 
presentation included in the DCP, that it 
would be beneficial to institute forced suh- 
categorization by risk level  of all programs 
presented for FSED approval by DSARC II.  The 
concept includes:  1) having the requesting 
agency clearly declare its estimate of the 
risk and uncertainty state of the FSED candi- 
date by classifying it within a hierarchical 
risk and uncertainty structure; 2) establish- 
ing a set of evaluation criteria by risk 
category (pre-DSARC II decision); and 
3) establishing post-award program criteria 
by category. 

For example, assume three risk and uncertainty 
categories for FSED:  low, average, and high 
— and that we briefly define these as follows: 

Low Risk 

little or no pushing the state- 
of-the-art 

major components and subsystems 
anticipated as straight-forward 
and relatively predictable 

similar in concept and applica- 
tion to other reasonably 
successful hardware 

High Risk 

agreement that program needs 
significant demonstration and 
validation type effort but oper- 
ational needs fores early FSED 
entry, or 

• heavy dependence on new, unproven 
technology with only sketchy 
demonstration and validation data 

Average Risk 

• between low and high. 

Programs submitted in the low risk category 
would have to be justified as suitable for: 

• realistic "success" oriented schedu- 
ling and the concomitant baseline 
planning of the CSCS requirements 

• single point cost estimates of pur- 
ported high confidence level 

• potential fixed-price type (probably 
FPI) contracting for a large segment 
of the FSED, if not the entire 
phase (this requirement is arguable) 

Conversely, programs submitted in the high 
risk category would be barred  from employing 
any of the above elements and instead would 
require: 

• estimates of schedules and costs in 
ranges 

• acceptance of the understanding that 
any baseline cost was highly suspect 
warranting application of an accord- 
ingly modified CSCS requirement; 
expenditure control would be empha- 
sized but "earned value" tracking 
would not be applicable 

• emphasis on the use of technical 
performance assessment and continu- 
ing risk assessment as the primary 
program management functions. 

Average risk programs would have their own set 
of criteria, but the above descriptions should 
be sufficient to explain the concept. 

The contractual implications of the low risk 
category were described.  The high risk cate- 
gory should also receive special contractual 
treatment beyond that generally provided for 
FSED today.  The specifics of that topic are 
worthy of imaginative thought.  Suffice it 
herein to say that forced categorization, by 
stipulating different contractual treatment 
for different risk categories, would also tend 
to force contracts and other personnel to take 
a more active, as opposed to passive, role in 
ascertaining the relative risks and 'uncertain- 
ties present at FSED initiation. 

0-70 



CONCLUSION REFERENCES 

All programs proposed or permitted to enter 
FSED must have met certain minimal demonstra- 
tion/validation requirements or face clearly 
unacceptable FSED risks and uncertainties. 
But acceptable minimums can  be low enough to 
preclude meaningful success-oriented schedul- 
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and tracking.  Therefore contractuai and pro- 
grara control technigues appropriate to each 
risJc category  of FSED program need to be con- 
sidered and instituted.  Similar sets of con- 
tractual and program control techniques need 
to be established for the low and average 
risk categories.  The bandwidth between the 
low and high risk categories, as permitted by 
A-109 and DOD 5000.1 and S000.2 and as 
results from strategic realities, is wide. 
Although the risk/cost emphasis (understand- 
ably) is on programs falling in the high risk 
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BUSINESS MRNAffiMEOT RESEARCH ASSCdflTES, INC. 
1911 Jefferson Davis Highway, Suite 708 

Arliirrtcn, Virginia 22202 

ABSTT?ftCT 

Qatpetition is an affective way to assure 
reasonableness of price. But in the Depart- 
ment of Defense over half of procurai«nt 
expenditures are reported as non-oaipetitive. 
Similar statistics are not available fran 
industry, but in our discussions with repre- 
sentatives of a wide range of ocnpanies, WB 

were advised that few purchases are itade 
without ccnpetiticn. So why does aovernnent 
have prdblans inplanenting its own rules? Vfe 
have concluded that the rules for procuranent 
and reporting en cenpetitien cbtainad were 
developed for acquisition of special design 
products to satisfy a military need. They are 
not suited for buying privately developed 
products sold ocrpetitively in the ocranercial 
marketplace. Since ccrmercial products and 
services directly and indirectly repteaent a 
major portion of DCD procurement, ho* they are 
bought and reported has an inpact on credi- 
bility of the entire procurement process. 

Our research indicates that revisions to the 
procuranent process in buying aaimercial 
products as v«ll as appropriate changes in the 
way these purchases are reported, when prices 
are based on catalog or market prices, will 
enhance cempetition in the Departnent of 
Defense. This paper is based en research and 
findings of the Ccmnisaicn on Govemnent Pro- 
curement, the Dan Sowle Associates study on 
cenpetition in the DOD, the proposal for 
Federal Procurement Reform by the Office of 
Federal Procuranent Etolicy, tte proposed draft 
DOD 5000.37M, and many other sources including 
experiences of the author in buying coimercial 
products for the Government. It provides a 
blueprint for action that can be inplanented 
without statutory change. It is long overdue. 

FORMAL ADVERTISmS - The Armed Services Pro- 
curanent Act of 1947 and the federal Property 
and Administrative Services Act of 1949 were 
designed to maximize ccrpetiticn. They both 
require use of the Ebrmal Advertised method of 
purchase except when negotiation is specifi- 
cally authorized. Since the formal advertised 
method is based on a concept of "price 
conpetition," it can enly be used when all 
bidders cure offering virtually the same 
product under the same terms and oonditions. 
The process for accanplishing this objective 
is to issue formal invitations for the lowest 
bid to furnish a specified product under a 

coiplex contract with detailed terms and 
conditions. Proposed changes in policy to use 
specifications or purchase descriptions that 
outline performance requiranants of form, fit, 
and function have not been successful because 
they conflict with basic rules of formal 
advertising. Qaimercial products sold in the 
marketplace to a variety of users are not all 
in the same quality or price range, and they 
are not sold under the same terms and 
conditions. So in seeking "price oarpetition" 
in buying most ccranercial products, the 
cenpetition is limited to oanpanies that are 
willing to caiply with the Gcverrment process 
and furnish products that barely meet the 
specification. This poses several problatis 
including: 

• need for costly detailed specifications 
or purchase descriptions to avoid unsatis- 
factory products 

• fewer coipetitors since those with 
quality products that cannot ootipete en a 
price basis with those of lesser quality 
will not bid 

• lost opportunities to consider product 
value that can lead to least total cost 

• reduced credibility of the procurement 
process by users that don't want lowest 
quality merchandise 

■ increased sole souroe purchases when 
users preselect products and justify sole 
source to avoid price ccrpetition 

These problana are associated with those 
ocrraercial products where there are 
significant differences in product value. It 
is recognized that there are many oermen 
coimercial supply items such as nails, wire, 
luifcer, etc. vdiere industry standards and 
marketplace bvying practices enable use of 
price ocrpetition. Formal advertising may be 
the best business approach for these items. 
S>«ver, the oost of formal advertising in 
relation to potential benefits in lower prices 
also needs to be recognized in order to make a 
good business decision. Current procedures do 
not include consideration for oost of the 
procurement process since there is a general 
assunpticn that formal advertising is the best 
and most economical method whenever it can be 
used. Since cost of the process is not a 
consideraticn there is no incentive to 
evaluate oost and effectiveness of alternative 
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procedures. the CFPP Uhifonn Prociaretnent 
System proposed to the Oongress 26 FAruary 
1982 would resolve this prcblem by making the 
choice of formal advertising or canpetitive 
negotiation a business decision rather than a 
statutory requiranent. The objective would be 
to achieve effective ccnpetition in a way mast 
advantageous to the Goverrnient. 

LEaST TOTSL CQgT - Effective ocnpetition can 
be obtained by soliciting offers of products 
with a range of values and selecting the cne 
representing the least total ooat to the 
Government. It is also afpropriate to 
consider the oost of the procuranent process, 
the method of distribution to the point of use 
and alternative support options as part of the 
least total oost decision. 'Bus is necessary 
since alternative techniques of buying aid the 
coimarcial distribution/support alternatives 
vary considerably in oost and effectiveness. 

Current reporting rules provide for cnly two 
classifications of catpetiticnt price airi 
technical. There is no classification fcr a 
caibinaticn of the two where least total cost 
is the criteria for aMard. thder currEnt 
procedures, if value is to be considered, it 
has to be reported as technical conpetiticn 
vthich infers that price or cost is not 
considered. In buying catmercial products 
with significant differences in product value 
it is good business practice to solicit offers 
on a wide range of products, evaluate the 
offer, including products and tents of sale, 
and select the offer that is considered to be 
best value for the Oovemmant. But the raR 
does not provide guidelines en how and when to 
buy value, and there is no way to report least 
total cost based en conpetition of the 
marketplace. So the reporting system has a 
direct inpact on the procuranent process. 
This problem has been recognized by CFPP in 
its proposal for a Uniform Federal Procuranent 
Systan. The CFPP proposes that in addition to 
price coipetitioi a category of lowest total 
cost be provided. The third proposed category 
is multiple factors viiich is equivalent to the 
current category of technical catpetition. 

Findings and Conclusions - There is a need fcr 
a reporting category of cempetition using 
least total cost as an evaluation criteria. 
This additional reporting elanent would: 

o expand carpetition v*iere factors other 
than price are to be censidered because 
it vould encourage svppliers with a 
better product to ccrpete; 

o reduce sole source purchases by increas- 
ing credibility of the procuranent 
process with users; 

o reduce total costs to the Goverment by 
purchase of the "best buy," not just the 
loviest price item. 

Action Required - .Add a category of least 
total oost cctipetiticn between the currently 
required reporting categories of price and 
technical ccrrpetiticn. This new category 
would be used to report competition where 
evaluation criteria include both price arri 
technical oensiderations en a least total cost 
basis. 

NEGOTIflTICH ALTngRITy; Legislation may be 
required to fully inplanent the OFPP Proposal 
but the cbjective of least total oost can be 
achieved under current statutes. A primary 
requirenent is authority to use the 
catpetitive negotiation method as opposed to 
formal advertising. The exceptions to formal 
advertising outlined in the Armed Services 
Procurement Act address various octiditians 
that need to be met before they can be used. 
Exception 2304(a) (10) in both statutes is "for 
property or services for which it is 
inpracticable to obtain oaipetition" by formal 
advertising. The CAR cites several exanples 
of when it can be used, die of the examples 
is "when it is impossible to draft, for a 
solicitation of bids, adequate specifications 
or any other adequately detailed description 
of the required supplies or services." Since 
there are few cases ^iere it is inpossible to 
develop a specification, that could" be used in 
formal advertising, the DRR inhibits use of 
this exception when buying oomnercial 
products. It should be noted that the General 
Services Aininistration uses exception (10) 
for authority to negotiate multiple award 
Federal Supply Schedules. The product 
description used in solicitations calls for a 
cenpany's aatmercial products within a Federal 
stock class. The pricing for these schedules 
is based on catalog or market prices rather 
than en price oaipetition, but when the lowest 
price item on contract is ordered by the using 
activity from aitcng several alternatives the 
order meets the criteria of price cotpetitien. 
And whai the selection is justified on the 
basis of product value rather than lowest 
price, it meets the criteria of technical 
cotpetitien. Ffawever, COD reports all calls 
against Federal Supply Schedules as inter- 
departmental procuranent, so no cotpetitien 
credit is obtained by use of these oontracts. 

Findings and Ccnclusicns - The CAR has unduly 
restricted the use of axcepticn 2304(a) (10) by 
exanple xiii which incorporates the word 
"iitpossible" rather than "inpracticable," 
thereby restricting its use. 

Action Required - Revise example xiii to 
exception "2304(a) (10) by changing the word 
"impossible" to read "inpracticable." 

MARKETPIACE OSMPCTITICM - Before strategies 
are formulated for the purchase, distribution 
and support of required items and purchase 
specifications are selected or developed, tte 
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Government should find out what the market- 
place has to offer. The narketplace is 
dynamic, with new products and new tech- 
nologies continuously introduced to 
cauiftsroial users. Even though DOD require- 
ments for ccmnercial products are large, only 
a anall portion - 10% or less - of the output 
of US industry is sold to the Goverrment. 
Government acquisition should be structured 
around those products made and sold in the 
private sector as a first consideration to 
preclude the cost of modification of standard 
caimercial items or the ooat of special design 
to a Goverment specificaticn. Normally, only 
vhen large quantities of an item are purchased 
at one time can industry affbrt to redesign 
these products or prodi^e a special design 
product fer the Goverment and, even then, 
costs may be too prohibitive to be ccrcet- 
itive. Therefore, cotpetition is enhanced 
when standard cortinercial products are 
purchased. 

Ccmnercial business practices, including 
distribution and custoner support channels 
developed for caimercial users, should be 
considered during the marketplace analysis. 
The cost and effectiveness of caimercial 
distributicn and support alternatives can then 
be ccnpared with that of Government distri- 
bution and support systana and an appropriate 
strategy formulated. Acquisition strategy 
includes consideraticn of various contracting 
techniques including nultiple award 
contracting. The DOD uses the GSA/FSS 
multiple award ocntracts but does not provide 
for this technique in the Defense tequisiticn 
Regulations. Provision has been made for 
marketplace analysis in the draft 5000.37M, 
including use of various aartracting 
techniques, but this directive has rot yet 
been released. 

Findings and Conclusicns - fferketplace 
analysis is essential for structuring a most 
cost effective acquisition strategy inclixiing 
consideration of alternative ccntracting 
techniques. 

Action Required - Expedite release of 
5000.37M, Acquisition and Distribution of 
Caimercial Products. 

."CgJISITTCtT MM&GEMSNT - The results of market- 
place analysis will provide the basis for 
design of a oost effective strategy. Such a 
strategy cannot be accoiplished, however, 
until all elements of purchasing, distribution 
and support are considered in an overall 
strategy and a single individual is assigned 
the responsibility for decision-making. Under 
the present organizational structure, except 
for major system program managers, there is no 
single point of responsibility for acquisition 
programs. User needs are determined ard 
specifications  are  developed  by  various 

offices. Marketplace analyses, if performed 
at all, are fragnentized between several 
offices, contracting is a separate function 
after many crucial acquisiticn decisions have 
already been made, and distribtion and support 
decisions are made by yet different organi- 
zations. Many individuals participate en the 
acquisition team, but unless there is a 
"quarterback," each team member makes 
decisions benefiting limited areas of interest 
rather than for the good of the acquisition 
program as a whole. 

Findings and Conclusions - The Department of 
Defense orqamzational structure needs to be 
reviewsd and measures taken to assure that a 
single individual is responsible for 
acquisition stratgegy for every coimodity 
line. 

Action Required - Qiange the single item 
manager cencept to a product line manager 
concept. 

COST OF THE AOQmsmCW PROCESS - The nost 
significant oost factors for censideration in 
the acquisition process are time that the 
process takes frcm identificatioi of need at 
the user level to the time die need is filled, 
and the oost of paperwork in requesting, 
purchasing and delivering the product. 

In acquisiticn and distributicn of caimercial 
products the Oaimission en Government Procure- 
ment found that the least oostly ard most 
effective techniques were procurement systems 
such as Functional Support Contracts ard 
Multiple Award Cbntracts. Functional Support 
Contracts are arrangements where a single 
supplier is selected oonpetitively to provide 
ail supplies or parts needed to support an 
operational function such as a motor pool. 
Effectiveness ard econaiy of functicnal 
sujport is achieved by drastic reduction of 
paperwork by enabling suppliers to deal 
directly with operators of an operational 
activity on a prepriced contract basis. 
Multiple award Federal Supply Schedules also 
reduce individual purchase negotiatiens by 
centralizing contracting on a regional or 
Government-wide basis and providing for 
selection of the least oostly product at the 
point of use. 

Oie of the problems with current logistics 
policy is that the controlling factor is the 
unit price of the item rather than the total 
cost of providing the item to the point of 
use, including the oost of ownership and the 
cost of the acquisiticn process. For example, 
the unit price of autcmotive maintenance parts 
provided directly to the mechanic ty a 
functional support contractor may be 20% 
higher than the price of the parts delivered 
to a Government depot. But the total oost to 
the Government is likely to be much less than 
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if the mechanic had to wait for a part pur- 
chased for him by a Goverrment buyer hundreds 
of miles away. This prcblem is even more 
acute when procuranent processes are auto- 
mated. Ihis is especially true of snail 
purchase autcrated procedures Where the cost 
of the process may exceed the value of 
property purchased. 

Findiryp and Conclusicns - The cost of the 
acquisition process SSn identification of 
need to delivery at the point of use as a 
percentage of the unit price of the itan must 
be taken into account in the fbrrnulation of 
acquisiticn strategy and contracting approach. 

Action Required - Sevise cost models and other 
method of support decision systems to reflect 
cost of the procurement process and distri- 
bution alternatives as a percentage of the 
product value rather than the cost of 
processing a requisiticn or contract. 

GMaLOG OR MRRKET PRICES - Public Law 37-653, 
the Truth in Negotiation Act, establishes a 
requirement for cost and pricing data on all 
purchases of $100,000 or more. Exceptions are 
made where (1) there is adequate price 
caipetiticn, (2) the prices are based on 
catalog or market prices, or (3) prices are 
established by law. This statute, whiA 
amends the Armed Services Procuranent Act of 
1947, establishes catalog or market prices as 
a valid means of determining reasonableness of 
price. But the DOD has not developed 
procedures fior use of catalog or narket prices 
except in evaluating sole source purchases and 
making small janrchases where price analysis is 
used in lieu of cost analysis. Efawever, 
purchases of brand name foods fior oannissary 
resale made thrombi Centrally Issued Supply 
Bulletins, and the Allied Sources Acquisition 
Program (ASAP) for a variety of conmercial 
products purchased overseas are priced on the 
basis of catalog or market prices. These are 
multiple source pcegrMi similar to the 
GSA/FSS Schedules. All are for conmercial 
products >*iere marketplace oonpetition assures 
reasonableness of price in establishing 
contract prices. A second level of 
oaipetition occurs at point of use where the 
lewest price product meeting the need is 
ordered. Multiple source contracting by the 
DOD for all ocmercial products \*ere product 
value needs to be considered was recanrnanded 
in the Con Sowle Associates report to aihance 
ccnpetiticn. Howaver, no action has been 
taken en this reccrmendation. Multiple source 
contracting vrould increase ccnpetiticn ever if 
the reconmendation to astabli^i least total 
cost as a cotpetition category is not inple- 
mented. This >ould occur because selection of 
the lowest priced itan will satisfy the 
requirement for price conpetition ani the 
least total cost itan, when justified, can 
still be reported as technical oaipetition. 

The General Accounting Office recently issued 
a report (B-205720) indicating that "DCD 
officials ooncurred with our oonclusion that 
fbllow-cn and catalog or irarket price 
ccntraccs are non-conpetitive." The reoort 
dxd not shew ban' this conclusion was arrived 
at but in discussing the issue with ODD 
officials it was indicated that the GAD Report 
was based on sole source purchases vdiere 
catalog or market prices were used to 
determine reasonableness. Only in this 
situation is the Procurement of a Oanmercial 
Product non-oaipetitive. If the marketplace 
was analyzed, alterative proposals for 
ccnparable products solicited and proposed 
prices were based on catalog or market prices, 
the procurement would be oenpetitive. If the 
lowest priced itan was selected it would be 
price ccnpetiticn and if other than the towast 
priced itan was justified on a technical basis 
it would be technical oatpetition. 

Findings and Conclusions - The 000 could 
expand caipetitacn m buying aocrmercial pro- 
ducts by use of multiple source oontracting 
based on catalog or market prices. 

Action Required - Provide guidance in the 
Defense Acquisition Regulation (DAR) on the 
circunstances where catalog or market prices 
can be used, including multiple souroe 
contracting. 
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PURPOSE 

The objective of this paper is a proposed set 
of operational criteria that can be used to 
rank research projects. With this ranking 
approach, a decision maker can determine which 
projects to select or continue, in order to 
meet the requirement of achieving specific 
goals and objectives. The use of criteria 
ranking helps to facilitate measuring whether 
the progress of research projects meets per- 
formance objectives. 

BACKGROUND 

The process frequently used to meet the broad 
objectives of research, exploratory develop- 
ment, and advanced development requires 
further refinement in order to meet the objec- 
tives of affordability, timeliness, and effec- 
tiveness. The approach recommended here 
includes criteria which assure focusing on 
projects with the highest likelihood of 
meeting objectives and achieving desired 
results. 

The development of criteria for use in 
ranking goals and objectives and selecting 
projects, however, should be consistent with 
DOD 5000.2, RDT&E Management, the POM (Pro- 
gram Objective Memorandum) process, and 
other relevant documents. A research study 
based on information obtained from inter- 
views and published material was used in 
this paper as the basis to establish an 
approach for operational criteria that can 
be used in program evaluation. 

As shown in Figure 1, research is the pre- 
cursor of exploratory development and 
advanced development. Research efforts tend 
to be more basic than those for development 
efforts and are aimed at scientific study 
and experimentation which increases know- 
ledge and understanding. These efforts are 
applied to engineering, environmental, 
biological-medical, and behavioral sciences 
as they relate to national security needs. 
They also expand the fundamental knowledge 
needed for advancing the state-of-the-art. 
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FACTOR 

1. 

ENVIRONMSNT 

ORGANIZATION 

RESOURCES 

TECHNOLOGY 

ANALYSIS 
METHODOLOGY 

STRATEGIC 
PLANNING » 
MISSION 
ANALYSIS 

ORGANIZATION 
ANALYSIS 

ECONOMIC 
ANALYSIS 

rECHNOLOGICAL 
FORECASTING It 

ASSESSMENT 

FUNCTION 
PERFORMED 

IDENTIFY 
THREATS ft 
OFE RATIONAL 
REQUIREMENTS 

ORGANIZATIONAL 
DYNAMICS, 
RELATIONS. 
STRUCTURE. & 
KRFORMANCE 

ALLOCATIONS. 
RETURN ON 
INVESTMENT, 
BUDGET 
CONTROL 

SELECTION 
CRITERIA. 
PRIORITIES. 
ADVANCES IN 
TECHNOLOGY 

DOB 500Q.2 IPS 
(INTEG. FROG. 

SUMMARYI 

THREAT ASSESS- 
MENT, SYSTEM 

VULNERABILITY 

ORGANIZATIONAL 
*   OPERATIONAL 
CONCEPT 

ACOUISITION 
STRATEGY. COST 

TECHNOLOGY 
ASSESSMENT, 
RISKS. PROGRAM 
ALTERNATIVES 

6. Improve the image of the Research & 
Development team. 

7. Assist in building industry research 
components. 

8. Improve  deficient  capabilities  in 
weapon systems. 

9. Meet  general  military  requirements. 
10. Develop new weapon systems concepts. 

The primary mission of research is inexor- 
ably linked with technology development. In 
the long run, it requires developing an 
advanced technological base in order to have 
superior weapons systems. Both short and 
long run requirements entail support for the 
6.4 and 6.5 programs shown in Figure t. 

Thus, technology is the driver of system 
improvement, and development of new tech- 
nology is concerned with advancing the 
state-of-the-art. 

Developing Specific Target Areas 

With its mission defined, a military organi- 
zation can determine the critical products, 
services, and advanced systems integration 
that are required. Several key requirements 
which help define the target areas for 
meeting broad mission statements are: 

rrGURE   3- ANALYSIS METHODOLOGY * OUTPUT FOR FOUR FACTORS 

Determining the Overall Mission 

Given the above perspective, a Research and 
Development group responsible for developing a 
technology base can also effectively explore 
opportunities for integration of technology 
into existing weapons systems. Integration of 
technology into a currently used weapon system 
can be as significant as a new technological 
breakthrough because overall weapon effective- 
ness includes balancing the risks of devel- 
oping technology with the costs and perfor- 
mance resulting from integrating advanced 
weapons systems concepts. 

For example, a military command, in deter- 
mining its overall mission, could use as its 
primary focus the following goals: 

1. Maintenance of a technology base superior 
to  that  of  any potential  adversary. 

2. Minimize the likelihood of technological 
surprise. 

3. Advance  the  technology  applicable  to 
present and future weapon systems. 

4. Develop innovative and superior weapon 
systems. 

5. Enhance  combat  readiness  and  force 
modernization. 

Research projects should be considered 
a portfolio which contains both high- 
priority, urgent projects and longer- 
term high-payoff technological advances 
and new-concept development. 
Technology demonstrations that show the 
feasibility of new developments or 
integration of new technologies into 
existing weapons systems. 
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Exploratory development strategies include: 
identification and solution of problems in the 
development process; identification of techno- 
logical opportunities for new or improved 
capabilities; and demonstration of potential 
usefulness of new discoveries. Exploratory 
development does not include engineering 
development, refinements, or broad-based 
studies. 

Exploratory development strategies contain 
specific technical thrusts and priorities to 
meet anticipated future mission needs based on 
application of new high-leverage technical 
opportunities. The intent is that the "major" 
portion of these strategies be demonstrably 
related to the technical strategies that meet 
mission needs. 

1. The "environment" in which the organi- 
zation operates. 

2. The "organizational" relationships and 
dynamics that influence the ability to 
perform the functions or tasks 
assigned. 

3. The "resources" needed to accomplish 
the basic function and tasks of the 
organization. 

4. The "technological" advances which form 
the basic function carried out by the 
organization. 

Each of the factors relate to categories 
used in research and development. The 
factors utilized depend on a number of 
different analysis methodologies in order to 
fully cover specific requirements. These 
are summarized in Figure 3. 

A BASIC MODEL FOR RESEARCH CRITERIA 

The conceptual approach used for establishing 
the ranking criteria is a four factor model 
that identifies the key elements which affect 
the potential outcome for a given organiza- 
tion. The four factors which are shown in 
Figure 2 include: 

The analysis shown in Figure 3 is indicative 
of the applicability of the proposed 
approach. The four factors also provide the 
basis for categorizing the criteria to be 
employed. The basic categories that will be 
used are shown in Figure 4. 
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3. A body of technical knowledge which 
builds on basic physics and the chemistry 
of materials, generic aew-technology 
developments, software development, 
biomedical advances, human-factors 
approaches,  and total-system concepts. 

4. Enhance existing capability to achieve 
greater effectiveness. 

5. Advance developments which utilize new 
technical breakthroughs to significantly 
enhance weapon capability. 

6. Assessment and prioritization of research 
to achieve greater effectiveness of 
mission performance and identify and 
minimize cost-driver elements. 

With target areas designated, the application 
of evaluation criteria to assist in the 
assessment and prioritization of projects can 
be readily undertaken. The criteria and 
measures developed in this paper cover a 
comprehensive systems perspective of this 
process. The four factor approach assures 
that all relevant aspects of the problem are 
considered. 

ASSESSMENT CRITERIA AND MEASURES 

Using the four categories described in Figure 
4, specific criteria were developed and 
measures determined which would permit ranking 
of projects and performance. It should be 
recognized that criteria are not equally 
applicable to each project; rather, the level 
of detail which should be used is commensurate 
with the importance of the project. Both 
assessment criteria and the measures are 
illustrated in Figure 5. The values assigned 
to the measures would be based on the judgment 
of qualified individuals who can assess the 
relative importance of each of the criteria. 

Other Considerations in Assessing Projects 

The criteria presented above are primarily 
guides to judgment and should be supplemented 
by a number of additional considerations to 
assure appropriate evaluation of alternative 
projects.  These considerations are: 

1. Each organization should have a research 
portfolio containing a mix of projects 
that are designed to achieve multiple 
objectives. 

2. The mix of projects typically follows a 
Pareto distribution which identifies the 
relative importance of projects. 

3. The role of qualified individuals to 
conduct the research needs to be recog- 
nized. Past performance is an excellent 
indicator of future expectation. 

4. Organizational slack should be con- 
sidered in terms of the relationship 
between an organization's capability 
and the demands placed on that  cap- 

ability.- The likelihood of project 
disruption and delay increases sharply 
as the ratio of demand to capability 
approaches unity. 

5. External constraints may limit perfor- 
mance and should be examined to deter- 
mine whether a project can meet the 
schedule and output desired. 

6. Technological forecasting methods can 
be applied in order to anticipate 
technological advances. 

7. Based on the life-cycle approach, the 
half-life of a given technology can be 
used to determine potential obsoles- 
cence. 

3. Normal cost estimating may not be 
applicable in experimental work due to 
the uncertain nature of research and 
lack of prior knowledge. 

9. Sub-optimization results from 
attempting to maximize only one vari- 
able, whereas joint optimization 
achieves an overall optimum by trading 
off two or more variables. 

The above list is indicative of considera- 
tions which should be applied in addition to 
the use of the criteria described in Figure 
5. 

SCORING 

Measures for each of the criteria can be 
specified in terms of ordinal ranking, 
numeric values, or utility functions. The 
TORQUE approach was used for scoring the 
attributes of projects. The narrative 
descriptions and scoring method are shown in 
Figure 6. The scoring used is illustrative 
and can be more comprehensive if required. 

Pareto Subset 

The basic criteria developed utilized the 
four factor approach which provides a 
balanced perspective on project selection 
and evaluation. However, recognizing the 
time required to produce a POM, a subset of 
criteria utilizing the Pareto Law was also 
applied. 

The Pareto Law is an approach used to iden- 
tify the critical subset of any group of 
items in terms of their relative importance 
or impact. As shown in Figure 7, research 
projects can be ranked so that approximately 
20% contribute 80% of the potential payoff 
to the research organization. 

Given the complexity of the POM process, it 
is recommended that the criteria and 
measures developed be applied initially to 
screening high-priority projects, using a 
subset of criteria based on the Pareto Law 
of distribution of imoortance. 
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Figure 5 
ASSESSMENT CRITERIA & MEASURES 

CRITERIA MEASURES 

Environment (Strategic Requirements) 
1.   Mission 

a. Operational Requirement (OR) 
b. Science and technology objective (STO) 
c. Mission Area Sumnaries (MAS, TAD) 

a. meets needs 
b. meet objectives 
c. meets mission 

2.  Vulnerability/Survivability 
a. Enemy capability 
b. System reliability/response 
c. CBR susceptibility 

a. strength 
b. survivability 
c. vulnerability/survivability 

Urgency 
a. Criticality/Urgency 
b. Mandated/Required 
c. Priority/Utility 

urgency 
required 
desired 

4.  Threat 
a. Operational capability 
b. Deterence ability 
c. Weapons/strength/quantity available 

II.  Organization (Organizational Requirements) 
1.  Goals St Objectives 

a. Evaluation of user needs 
b. Mission analysis/(MENS) 
c. Rank targets 

meets threat 
readiness 
inferiority 

consequences 
importance 
justification 

Performance 
a. Evaluate progress 
b. Establish controls 
c. Quality of researchers 

status 
flexibility 
availability 

Interaction 
a. Technology transfer 
b. Research labs 
c. Expert reviews 

a. multi-mission 
b. meets requirements 
c. support 

4.   Communication 
a. Publication 
b. Funding directed research 
c. Conference 

number 
level 
number 

III. Resources (Allocation, Economic Analysis) 
1.  Justification 

a. Project success 
b. Deficiency need 
c. Likelihood of acceptance by user 

a. probability 
b. meet need 
c. probability 

2.  Funding 
a. Level of resources available 
b. Time frame of need 
c. Cost 

a. amount available 
b. current/future 
c. affordability 

Return 
a. Cost/benefit 
b. Advance in state-of-the-art 
c. Return on investment comparison 

b. 
ratio 
amount advance 
return 

Support 
a. Special equipment or facilities required a. 
b. Are other organizations performing research b. 
c. IR&D funding c. 

availability 
dependency 
level of support 
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IV.  Tecfanoloay (Technological Assessment) 
1.   State-of-the-Art 

Degree of complexity of technology 

4. 

Knowledge available in the field 
Level of interrelatedness c 
Interdependency with other projects d 
Degree of support required/special manpower e 

Type of Risk 
a. Degree of uncertainty 
b. Level of concurrency 
c. Likelihood of disruption/delay 

Importance of Technology 
a. Electronics 
b. Avionics 
c. Weapons 
d. Chemicals 
e. Medical/Behavioral/platfonas 

Evaluating Technology 
a. Extensiveness of literature search 
b. Reaction of research labs/experts 
c. Prior research available 
d. Likelihood of success of technology 

a.  complexity 
prior research 
interrelatedness 
interdependency 
support required 

amount 
amount of overlap 
probability 

degree of fit 
degree of fit 
degree of fit 
degree of fit 
degree of fit 

amount 
support 
availability 
probability 

Figure 6 
SCORING CRITICALITY OF A TECHNOLOGY OBJECTIVE* 

Absolutely Essential or Mandated 
Failure to have this technology will absolutely prevent the attainment 
of the cability desired.  

Major Contribution 
Failure to acquire this technology will result in a significant decrease 
m one or more of the major performance parameters needed to attain the 
capability desired  , 

Substantial Contribution 
Failure to achieve this technology will result in the loss of a highly 
desirable but not essential capability desired     5 

Cost Reduction 

Success in achieving this technology will provide a major reduction in 
the cost of achieving the capability desired  4 

Refinement of Capability 
Achievement of this technology will result in some refinement of the 
present capability  , 

Indirect Contributions 
Achievement of this technology will only be an indrect contribution 
to the capability desired  2 

Remote Association 
This effort has only a remote association with the capability desired.    1 

No Contribution  0 

"Trozzo, C.L. Description and Critique of Quantitative Methods for the 
Allocation of Exploratory Development Resources. Paper P-731, Institute 
for Defense Analyses, May 1972. 
[this is essentially the same scoring Methodology.] 

Score 

10 
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Figure 8 
PARETO SUBSET FOR POM-APPLICATION 

CRITERIA 

1 Environmeat (Strategic Requirements) 
1.  Mission 

a.  Operational Requirement (OR)   a. 

2. 

Science and technology 
objective. (STO) 

Mission Area Summaries 
(MAS, TAD) 

VulnerabilitY/SurvivabilitY 
a.  Enemy capability 

b. System reliability/response 

c. CBR susceptability 

Urgency 

a. Criticality/Urgency 

b. Mandated/Required 

Threat 

a. Operational capability 

b. Deference ability 

Weapons/strength/quantity 
available 

11•  Organization (Organizational Requirements) 
1•   Goals S Objectives 

a.   Evaluation of user needs       i 

QUESTIONS 

What degradation in 
readiness, survivability, 
manpower, energy, or 
safety would occur if not 
implemented? 

b. How significant an 
improvement over 
existing performance 
can be expected? 

c. How is the project 
related to the Master 
Urgency List (MUL)? 

a. How critical is the 
deficiency? Is this 
an area of significant 
enemy threat? 

b. none 

c. none 

a. How does deficiency 
relate to overall 

organization objectives? 

b. Who identified 

deficiency (Congress, 
DOD) 

a. Will this project affect 
weapon strength opera- 
tional capability? 

b. Does the project change 
enemy capability, eg. 
force them to come closer 
or fire over longer 
distance? 

c. Does the project enhance 
fire power significantly, 
e.g. range, velocity, 
quantity of weapons? 

2. 

b.  Mission analysis/MENS 

Performance (none) 

a. What need would this 
technical breakthrough 
serve? 

b. to which mission would 
the project contribute? 

MEASURES 

a. meets need 

b.  meets 
objectives 

c. meets mission 

a. strength 

b. survivability 

c. vulnerability 

a. urgency 

b. required 

a. meets threat 

b. readiness 

c. inferiority 

a.  consequences 

b.  importance 
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III. Resources (Allocation, Economic Analysis) 
1.  Justification 

a.  Project Success 

Deficiency need 

Likelihood of acceptance 
by user 

2.  Funding 
a.  Level of resources available 

Return 
a.  Advance in state-of-the-art 

4.  Support (none) 

IV.  Technology (Technological Assessment) 
1.   State-of-the-Art 

a.  Degree of complexity of 
technology 

b.  Knowledge available in the 
field 

2. Type of Risk (none) 

3. Type of Technology 
a.   Chemical 

b.   Medical/Behavioral 

a. What is the likelihood 
of project success? 

b. What deficiency does 
project address? 

c. What is the likelihood 
of project acceptance 
by the user? 

Can the system be 
implemented with 
proposed budget levels? 

Is this a technical 
breakthrough 

What level of technology 
is involved in this 
project? 

Does success of this 
project depend on other 
R&D programs? 

a. Does the project 
increase surveillance, 
e.g., detect, identify, 
target enemy? 

b. What missions wil 
the project support? 

a. Probability 

b. meet need 

c. probability 

a. amount available 

a. amount advance 

a.  complexity 

b.  prior research 

a.  degree of fit 

b.  degree of fit 

Figure 9 
PROJECT NARRATIVE 

1. Claimant:  Defense organization 
2. Project Title:   Structural  and 

Temperature Alloys 
3. Project Number:  XXXX 

High 

Objective: To perform research on new 
structural and high temperature alloys 
and their properties, to generate the 
scientific data, ideas and approaches 
needed for the production of new air- 
frame, propulsion and functional mate- 
rials; to meet the performance require- 
ment of aircraft and missiles for the 30s 
and 90s. 

Approach: Evaluate and exploit the 
mechanical, physical and chemical proper- 
ties of steels and aluminum, titanium, 

and nickel base alloys for application 
in the airframe and energies of future 
naval aircraft and missiles. It is 
anticipated that these alloys will be 
produced by new techniques such as 
solidification in the form of single 
crystals and rapid solidification 
powder technology as well as new com- 
positions produced by traditional 
processes. Fracture, crack growth, and 
fatigue mechanisms are particularly 
studied along with tensile, creep 
stress rupture, and environmental 
embrittlemeut over the range of opera- 
ting temperatures and environmental 
conditions of naval aircraft. Advanced 
techniques as well as the traditional 
and most advanced microstructural 
characterization approaches are 
explored in these programs. 
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5. Impact: New materials and a better 
understanding of the properties of 
already developed alloys will provide the 
basis for materials developments required 
for future naval aircraft and missiles 
with lighter weight/higher temperature 
tolerance airframes, higher thrust, more 
efficient propulsion systems and the 
ability to withstand the natural and 
threat environments unique to naval 
aviation. It is noted that progress in 
realizing advanced designs for airframes 
and propulsion systems is MATERIALS 
LIMITED. Add to this the aggressive 
albeit unique military environment, the 
successful realization of new aviation 
weapon systems rests on progress in 
materials science and engineering. 

7- Recent Accomplishments: The advanced 
acoustic emission facility has become 
operational. The signal processing 
software has been written and debugged 
and a unique calibration scheme has been 
developed. Experiments have shown 
unquestionable differences between fre- 
quency spectra of acoustic emissions from 
different cracking mechanisms in differ- 
ent materials. In a study of trace 
element effects on fracture, it was found 
that temper embrittlement of 4340 steel 
was mitigated or eliminated by removal of 
Mn and Si. A Si base single crystal 
superalloy has been indentified over a 
100 degree F improvement in creep 
strength compared to DS Mar-M200+Hf but 
more alloying modifications are needed to 
improve oxidation and hot corrosion 
resistance to comparable levels. Hydro- 
gen detection device (barnacle electrode) 
transitioned, to 6.2 then to use. 
Environmental crack arrestment compounds 
for stress corrosion and corrosion 
fatigue have been developed. The role of 
metallurgical structure in influencing 
low cycle fatigue life of turbine hot 
section components is being established 
and should result in longer hot section 
life. New understanding of the role of 
microstructure on the fatigue and frac- 
ture growth of titanium should lead to 
improved structural integrity of titanium 
components. 

Fy84 and 85 Plans: Extensive mechan- 
ical physical property evaluation, 
oxidation/ corrosion resistance 
testing, castability testing and ulti- 
mately engine testing of cast blades 
will be done on an optimized single 
crystal alloy. Also single crystals of 
alloys derived from composition of 
strong RST alloys will be prepared by 
directional solidification and tested. 
Advance corrosion control efforts will 
be pursued including: effects of 
magnetic fields on hydrogen absorption 
in steels; ion deposited polymeric 
coatings for corrosion prevention; 
hydrogen diffusion studies through Al 
and Ti; inhibitors for hydrogen 
absorption in steels including crevice 
corrosion phenomena. Emphasis will be 
maintained on the investigation of 
fatigue and fracture of aircraft high 
strength structural alloys and high 
temperature alloys including their 
resistance to the environment and 
nondestructive testing for quality 
control and in-service inspection. 
Efforts will also continue on para- 
meters that control nucleation of 
separate grain in single crystal tur- 
bine blade alloys. New initiatives 
will be extended into the understanding 
of the metallurgical characteristics of 
new processing techniques. Rapidly 
Solidifed Power (RSP) and their subse- 
quent processing into shapes, laser 
processing and Ion Implantation are 
examples of new processes that require 
additional scientific investigation. 
Alloy design for layer deposition 
technology will continue. The 
following  new  starts  are  planned: 

a. 

b. 

c. 

d. 

Effects of a Magnetic Field on H 
Absorption in Steels. 
Ion Deposited Polymeric Coating 
for Corrosion Prevention. 
Inhibitors of Hydrogen Absorption 
in Iron. 
Study of Hydrogen Pick-up During 
Crevice Corrosion. 

Transition accomplishments are as follows: 

Item 

Advanced by Acoustic Emission from 
simulated structures 

Electomechanical Hydrogen Detection 
System 

Funding 
Category 

6.2 

6.2 

Sponsor 

military organization 

military organization 

Single Crystal Blade Alloy 6.2 

Corrosion Monitor for measuring corrosion 
military organization 
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e. Electro-deposition of Metals from 
Organometallic Synthesis (Elimination 
of H-Embrittlement Effects). 

9.  Transition Objectives: 

Item Year 

Corrosion Prevention Tech. 84 
Accoustic Emission Technology 84 
Single Crystal Superalloys 35 
Layer Deposition Technology 84 

10. Funding Profile ($ in thousands): 

FY83 
xxxx 

FY84 
XXXX 

Funding 
Category 

6.2 
6.2 
6.2 
6.2 

Fund 
Req. 

XXXX 
XXXX 
XXXX 
XXXX 

Sponsor 

military organization 
military organization 
military organization 
military organization 

11- Other Considerations: Several programs 
in the structural and high temperature 
alloys area alloys are based on Rapid 
Solidification Technology (RST) including 
"High Modulus Aluminum Alloys," "High 
Modulus Corrosion Resistant Aluminum," 
and "Layer Deposition Superalloys." 
These have significant potential. 
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Figure 10 
SAMPLE PROJECT EVALUATION 

Military Organization 
Structural and High Temperature Alloys 
Project Number XXXX 

Criteria 

1.  Environment (Strategic Requirement) 
1. Mission 

a. Operational Requirement (OR) 
b. Science and technology objective (STO) 
c. Mission Area Summaries (MAS, TAD) 

2. Vulnerability/Survivabilitv 
a. Enemy capability 
b. System reliability/response 
c. CBR susceptibility 

3. Urgency 
a. Criticality/Urgency 
b. Mandated/Required 
c. Priority/Utility 

4. Threat 
a. Operational capability 
b. Deterence ability 
c. Weapons/strength/quantity available 

II-  Organization (Organization Requirements) 
1. Goals & Objectives 

a. Evaluation of user needs 
b. Mission analysis/(MENS) 
c. Rank targets 

2. Performance 
a. Evaluate progress 
b. Establish controls 
c. Quality of researchers 

3. Interaction 
a. Technology transfer 
b. Research lab 
c. Expert reviews 

4. Communication 
a. Publication of research 
b. Funding directed research 
c. Conference 

III. Resources (Allocation, Economic Analysis) 
1. Justification 

a. Project Success 
b. Deficiency need 
c. Likelihood of acceptance by user 

2. Funding 
a. Level of resources available 
b. Time frame of need 
c. Cost 

3. Return 
a. Cost/benefit 
b. Advance in state-of-the-art 
c. Return on investment comnarison 

Measures 

meets needs 
meets objectives 
meets mission 

strength 
survivability 
vulnerability 

urgency 
required 
desired 

meets threat 
readiness 
inferiority 

consequences 
importance 
justification 

status 
flexibility 
availability 

multi-mission 
meets reqts. 
support 

number 
level 
number 

probability 
meet need 
probability 

amount available 
current/future 
affordability 

ratio 
amount advance 
return 

Scores 

10 

7 

7 

10 

7 

7 
7 

10 

7 
7 

10 
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4.   Support 

a. Special equipment or facilities 
required 

b. Are other organizations performing 
research 

c. IR&D funding 

IV.  Technology (Technological Assessment) 
1.   State of the Art 

a. Degree of complexity of technology     a. 
b. Knowledge available in the field       b. 
c. Level of interrelatedness c. 
d. Interdependency with other projects    d. 
e. Degree of support required/special     e. 

special manpower 

a. availability 7 

b. dependency 7 

c. level of support - 

complexity 
prior research 
interrelatedness 
interdependency 
support required 

2. Type of Risk 

a. Degree of uncertainty 
b. Level of concurrency 
c. Likelihood of disruption/delay 

3. Type of Technology 
a. Electronics 
b. Avionics 
c. Weapons 
d. Chemical 
e. Medical/Behavioral 

4. Evaluating Technology 

a. Extensiveness of literature search 
b. Reaction of research labs/experts 
c. Prior research available 
d. Likelihood of success of technology 

a. amount 
b. amount of overlap 
c. probability 

a. degree of fit 
b. degree of fit 
c. degree of fit 
d. degree of fit 
e. degree of fit 

a. amount 
b. support 
c. availability 
d. probability 

3 
5 
7 
7 
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ABSTRACT 

For over a decade various attempts have 
been made to  Improve top-level CM/CCM manage- 
ment  in DOD — but with marginal results. 
This paper addresses  the baseline aspects of 
CM/CCM management.    First we examine the 
general role of CM/CCM in DOD weapon systems 
acquisition management by addressing  the 
following  fundamental  questions:     Is  CM/CCM 
significant enough —e.g.,  does  it consume a 
major portion of  the DOD acquisition resources 
or does  it play a high-leverage role on the 
battlefield — to warrant management as a 
separate entity?    And  if so, what are the 
salient features of CM/CCM that make it so 
difficult to manage,  particularly at higher 
echelons?  Then we focus on the Army,  and 
examine the existing machinery for  top-level 
CM/CCM managanent,   identify  the Army's 
objectives  in this area,  and assess  the 
extent  to which these objectives are realized. 

INTRODUCTION 

Some weapons  systems are fielded without 
adequate hardening  to potential counter- 
measures.     In such cases,  if  the other side 
somehow surmises one or more of  the system's 
soft  spots,   it  is  in a position to  signifi- 
cantly degrade the system's  effectiveness, 
thus virtually neutralizing a battlefield 
asset with relative ease,  or,  what may at 
times  even be worse,   turning  it  into a  lia- 
bility. 

A considerable fraction of  the DOD 
acquisition budget goes for hardening our 
weapons  systems against potential exploita- 
tion by  the enemy.     This  hardening activity 
has been known as vulnerability/survivability, 
etc.    But  in recent years  it has been most 
often referred  to as countermeasures/ 
counter-countermeasures   (CM/CCM) .     This  is 
probably  the most appropriate  term because  it 
conveys  the  thought  of  assessing  potential 
enemy countermeasures  (CM)  and deciding on the 
need  for  an appropriate  suit of  counter- 
countermeasures   (CCM). 

For over a decade various attempts have 
been made—as  reflected   in memoranda  bv  the 

Deputy Secretary of Defense and  in Defense 
Science Board  (DSB)  and Army Science Board 
(ASB)  reports,  for  example — to  Improve the 
top-level management  of  CM/CCM.     The  funda- 
mental CM/CCM managanent  issues are captured 
in a short piece of advice an   Army general 
recently gave to a group of  executives of 
the DOD acquisition community.    He asked  them 
to consider  the following questions during 
each phase of  the system's development: 
Will you be fielding an asset?     Or  will  you 
be fielding a vulnerability?    And, more 
importantly,  do you know the difference? 

This paper addresses  the baseline 
aspects  of  CM/CCM management by  examining 
the existing management machinery and  identi- 
fying the issues.  Specifically, we first 
examine the general role of CM/CCM in DOD 
weapon systems  acquisition and   then we  focus 
on  top-level  CCM management  in one of   the 
Services,  viz,   the Army,   identifying  its 
objectives and assessing  the extent  to which 
they are realized. 

ROLE OF CM/CCM 

The CM/CCM community functions  in an 
advisory capacity,   interacting directly with 
the Program Manager  (PM).    The ?M,  however, 
does  not always appreciate  its  advice  for 
several  reasons.     First,   ha does  not always 
agree with  it;   he  frequently does  not  have 
the technical expertise on hand  to refute 
it;   and  he does  not  have  the resources   to 
implement  it,   even  if  he wanted   to.     At 
times the PM even resents  the advice because 
it somehow finds  its way to various places 
in the Pentagon. We therefore examine such 
questions  as:     Why  does  the CM/CCM community 
insist on interacting directly with the PMs? 
Unlike the intelligence community,   the CCM 
community has no direct leverage on the PMs. 
Why  then doesn't  the CCM community  leave  the 
PMs  alone,   channel  its  advice  to   the  intelli- 
gence community and  get  them  to  modify  the 
"blessed"  threat—to which the PM must 
respond.     In other words,   how  is   implementing 
CCM different  from working  against  the 
threat?    Why  isn't  it sufficient for  the PM 
to work against the threat? 
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Working Against The Threat 

When working against  the threat we are 
basically oriented  to what  the other side is 
doing or planning to do.    For  example, 
suppose the threat changes as  follows: 
the enemy decides  to  improve his air defense 
by,  say,  increasing  the number of radar 
sites,  fielding a better low-altitude detec- 
tion capability,   increasing  Che number of 
interceptors and  improving  their quality 
(e.g.   increased maneuverability,  speed and 
firepower)  and  by fielding an improved 
airborne look-down capability.  Such an 
improved air defense system constitutes a 
countermeasure  (CM)   to our strategic bombers 
because now our bombers are detected earlier 
and at lower altitudes,  and are confronted 
with more formidable Interceptors.  Fewer 
bombers get  through.    And  the net result is 
that  the effectiveness of our strategic 
bomber force is reduced. 

Working against  this changed  threat may 
consist of one or more of  the following:   (1) 
Simply buying more bombers  so  the required 
number would get through  (2)  building an 
Improved  bomber,  or   (3)   building a new 
missile system to be carried on our existing 
bombers,   enabling  them to deliver  their 
missiles from a greater  standoff distance. 

Implementing  CCM 

CM/CCM is basically oriented  toward 
specific aspects of our own systems  that may 
frequently still be under development or 
even in the design and planning  stages.     In 
a sense,   the origin of  the problem is on our 
own  side,   not  on  the  enemy's  side.     The 
problem stems from the number of potential 
soft  spots we are likely to have in the 
system — intentionally or unintentionally. 
When we leave a  soft  spot   intentionally,  we 
are usually doing  it as  a result of  a judg- 
ment  that  the other side is unlikely to  find 
it profitable to  exploit  It and  that conse- 
quently it  is not worth our  effort,   time and 
money  to  patch it up. 

The first step in CM/CCM is  to  identify 
the soft spots of our own system,  by means 
of analysis and/or  testing.    The second step 
is  to  estimate or judge to what extent  the 
enemy will be able to  surmise these soft 
spots  — how many,   which ones,   and  how he 
will  perceive/envision  than.     The  third  step 
is  to decide which subset of  the soft  spots 
that  the enemy surmised he is likely to  try 
to   exploit,   how he might  go  about achieving 
his goal,  and what  price he  is likely to be 
willing  pay for  it.    The fourth step  is  to 
decide what  solutions  —  tactical and/or 
technical — are or could be made available 
against  such exploitation.     If a  tactical 
solution  is  selected   then  it usually does 

not significantly affect  the development of 
the system,  but   it may nevertheless  have 
some price associated with it.     If,  on the 
other hand, we decide on technical solutions, 
the next,  or fifth,  step  is  to  estimate the 
impact of  each solution on the system in 
terms of  cost,  schedule,   technical performance, 
complexity, and supportability.    The final 
step is  to decide —  in light of  the price 
associated with each solution — which soft 
spots we want  Co patch up. 

CM/CCM MANAGEMENT 

The DOD acquisition community is not 
always convinced  that  there is a CCM manage- 
ment problem.    As a matter of  fact,  because 
of  the occasional friction between elanents of 
Che acquisition community and  the CCM lead 
laboratories,   the acquisition community 
sometimes believes  thaC CCM _is  Che problan. 
We cherefore examine the following  two 
questions:     Is  there really a CM/CCM manage- 
ment problem?    And  if so,   is  the problem 
significant enough to merit special attention? 

To answer  the first  question,   for  over 
a decade,  DOD guidance — as reflected  in 
memoranda by the Deputy Secretary of Defense 
and in DSB and ADB reports,  for  example   
has  emphasized   the need  to   improve  the  top- 
level management of  CM/CCM.     This guidance 
stems  in part from the fact  that a significant 
fraction of  the systems experiencing delays 
as a result of  the outcome of OT II have 
serious CCM problems which had not been 
detected  in Che earlier phases.    Such problems 
could have been correcced wich relacive 
ease,  if addressed  in clme.     The lacer  in 
Che systems development cycle that a sofc 
spoc  is  identified,   the more the CCM "correc- 
tion"  is likely  to  impact  the cost,   schedule 
and  technical complexity of  the system.    And 
cherefore the higher  the pressure and 
temptation not  to  implement  the necessary 
CCM. 

To answer  the second question,   Che CCM 
management  problem _is  significant  enough  Co 
meric special actention for  the following 
reasons:   (1)     CM/CCM consumes  a  significant 
fraction of  the DOD acquisition resources, 
(2)   CCM is a very critical feature of weapon 
systsns and has very high leverage on Che 
baCtlefield,  and   (3)   CCM frequently  lacks 
"visibility" at  Che syscems level.     Furcher- 
more,  since CCM is highly judgmental,   it 
must  be carefully  balanced.     These  CCM 
features  are briefly discussed  below. 

Judgment  and  Balance 

The system is  initially designed against 
an  existing  and/or  projected   chreac—or, 
more accuracely,  due co  Che uncercaincies 
associated with our   knowledge and  projections, 
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Che system is designed against a threat 
band.  The initial design usually includes 
adequate CCM. But, since it typically takes 
about twelve years to field a major weapons 
system, as the system is developed and 
tested two things happen: (1) the threat, or 
our knowledge of the threat, changes and (2) 
certain new soft spots, that were not initially 
apparent during the design of the system, 
come to the surface. CM/CCM is therefore 
highly judgmental. It involves assessing 
our own system for potential soft spots, 
making predictions regarding the enemy's 
knowledge and intentions, and making tradeoffs. 

In each Service there are quite a few 
specialized organizations, or lead labora- 
tories, each chartered to address a different 
aspect of CM/CCM.  The PM is saturated with 
excellent inputs. Because CCM frequently 
has very high leverage on the battlefield, 
there is a temptation to recommend more and 
more CCM. But it is Impractical for the PM 
to Implement all these "good" CCM recommenda- 
tions, no matter how well justified each is 
from its own narrow perspective. If he 
tried, the system would probably be too 
costly, the schedule would be delayed to the 
point where the system would be technologic- 
ally obsolete by the time it was fielded, 
the reliability of the system would be 
severly degraded, and it would be too complex, 
too bulky and too heavy to be operated 
effectively on the battlefield.  Furthermore, 
CCM is usually an iterative process: while 
each blanket of CCM eliminates a set of 
potential vulnerabilities, it frequently 
brings into play a new set of its own. 

Also when we consider the fact that the 
enemy also has limited assets (even when 
they are quantitatively significantly greater 
than our own) we tend to invest much less in 
CCM. We sometimes change our thinking from 
that of providing as much immunization as 
possible to a line of thought which says 
that if the enemy really wants to invest an 
unusually large amount of his limited assets 
to neutralize one of our systems, it may 
indeed pay to let him do that, and not 
protect our system but rather to sacrifice 
it, because in terms of the total picture on 
the battlefield it may be an exchange greatly 
favorable to our side. 

But how much CCM is enough? Where do 
we draw the line? Who decides what CCM is 
included and which system soft spots are 
left uncovered?  How are the decisions made? 
And what are they based on?  The CCM line is 
essentially drawn on an intuitive basis. 
The PM usually makes the decisions, in light 
of sporadic guidance from higher echelons 
and very intense pressures from a number of 
functional CM/CCM organizations, or lead 
laboratories. 

Magnitude of CM/CCM 

There are many ways of judging the 
importance of a element in DOD systems 
acquisition.  Each method has its strengths 
and weaknesses and none commands unanimous agree- 
ment.  One relatively objective way is by 
the magnitude of the resources it consumes. 
Therefore, to put CM/CCM in a better perspective, 
we examine the fraction of the DOD acquisition 
resources that go for CCM. 

An attempt to gain a handle on the size 
of the DOD CCM resources by interviewing key 
members in the DOD acquisition community 
yielded estimates that were orders of magnitude 
apart, and are therefore deemed too unreliable 
to be worth reporting here. An examination 
of the open literature yield much more 
consistent figures. The unclassified portion 
of the Ft 1982 DOD budget and other unclassi- 
fied sources indicate that DOD is spending 
about $2.8 billion in a research, development, 
test and evaluation (SDT&E) , and about $3 .4 
billion in production for. a total of $6.2 
billion for CM/CCM in FY 1982 alone.  These 
figures suggest that CM/CCM is highly R&D 
intensive. 

If we were to assume, on the other 
hand, that CM/CCM is not significantly more 
R&D intensive than most of the other areas 
in DOD but that the apparent relatively low 
production-to-R&D ratio reflects the fact 
that CM/CCM frequently loses visibility in 
the systems arena (as discussed in the next 
section), we get an estimata of $7.4 billion 
for CCM in the production area, or a total 
CCM expenditure of $10.2 billion in FY 1982. 

Lack of Visibility 

In CM/CCM top level management is 
particularly difficult because, with few 
exceptions, CM/CCM funds in the systems 
arena (6.3B and above) lose their visibility 
above the PM level. This is so because CCM 
by its very nature is frequently not a 
system itself but rather a functional part 
of a systan or subsystem.  This can be 
easily illustrated by means of an example. 
Consider the case where we found that one of 
our air defense systems is vulnerable to 
enemy antiradiation missiles (ARMs) which 
are capable of homing on the sidelobes of 
its radars. One possible solution is to 
build decoys. A second solution is to go to 
a different frequency band where the air 
defense system can still accomplish its 
mission but where it is difficult to build 
effective AEMs.  This type of solution may 
frequently be impracticable because it 
involves replacing the entire radar systems. 
A third possible solution is redundancy: 
leave the radars as they are but simply 
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build enough systems  so  that even after some 
are knocked out by AEMs,   there are still 
enough left  to  do   the required  job.     A 
fourth solution is reducing  the sidelobes of 
the antennas.  The first three solutions are 
examples of  "tangible" CCM—where CCM consti- 
tutes a clear-cut subsystem or system.     The 
fourth solution,  on the other hand,  is  in a 
sense an example of  "intangible" CCM.    The 
new,   improved antenna subsystem may cost 10 
times as much as  the previous one.    Yet,  on 
the surface at least, we are merely paying 
for an antenna.     Its CCM feature cannot be 
"touched".     It does not have clear-cut 
visibility.    Here CCM is not a system itself 
but rather a functional part of  the new 
antenna subsystem.    This  type of CCM solu- 
tion is  the type most frequently encountered 
in weapon systems development. 

To consider CM/CCM management on a more 
specific level,  we focus on one of  the 
Services,  viz.,   the Army—with the assumption 
that the CCM management picture is probably 
not  significantly different in the other 
Services and  that solutions developed for 
improving  the Army's  top-level CM/CCM manage- 
ment can probably be adapted,  with relative 
ease,  for the other Services. 

AEMT CM/CCM 

Major Players 

The two major CM/CCM players in the 
Amy are the Materiel Development and Readi- 
ness Command (DARCOM) and the Training and 
Development Command (TRADOC).  DARCOM is the 
developer; TRADOC represents the user. The 
major players in TRADOC are its specialized 
schools and centers (the Air Defense School 
Artillery School, etc.) and the Combined 
Arms Center, at Fort Leavenworth, which 
performs the integrating function. The 
major players in DARCOM are (a) the Director- 
ate for Development and Engineering (at HQ 
DARCOM), (b) the Directorate of Technology 
Planning and Management (at HQ DARCOM, by 
viture of its control of the Army's Techno- 
logy Base), (c) the Center for Systems 
Engineering Integration, or CENSEI (at the 
Communications and Electronic Command, 
CECOM, in Fort Monmouth, playing an indirect 
role by virtue of its overall systems inte- 
gration responsibility) , (d) the DARCOM 
CM/CCM Office or Canter (at the Electronics 
Development and Research Command, or ERADCOM, 
in Adelphi, Maryland) serving DARCOM's focal 
point for CM/CCM, and (e) the following 15 
CM/CCM lead laboratories or functional 
organizations:  The Harry Diamond Labora- 
tories (HDL), Ballistic Research Laboratory 
(BRL), Test and Evaluation Command (TECOM), 
Army Materiel Systems Analysis Agency (AMSAA) 
Foreign Science and Technology Center 
(FSTC), Missile Intelligence Agency (MIA), 

Missile Command (MICOM; by virtue of its 
Technology Laboratory and Target Management 
Office), Electronic Warfare Laboratory 
(EWL) , Office of Missile Electronic Warfare 
(OMEW, reporting through EWL), Army Materials 
and Mechanics Research Center, Mobility 
Equipment and Research and Development 
Command(MERADCOM), Night Vision and Electro- 
Optics Laboratory (NVEOL), Office of the 
Test Director for Joint, Services Electro- 
Optical Guided Weapon Countermeasures Test 
Program (OTD), Program Manager Aircraft 
Survivability Equipment (PM-ASE), and Pro- 
gram Manager SMOKE/OBSCURANTS.  Each of 
these lead laboratories, or first-order 
umbrella organizations, is chartered to 
address a different aspect of CM/CCM, as 
described in DARCOM Regulation No. 70-4. 
(For example, the U.S. Army Harry Diamond 
Laboratory has the responsibility for address- 
ing the CM/CCM aspects associated with 
the electromagnetic pulse and antiradiation 
missiles).  In the case of a given system, 
an appropriate subset of these lead labora«- 
tories comes into play. Each of these 
organizations is usually very competent in 
its specialty and it ensures that the system 
is examined, tested, evaluated and/or anal- 
yzed from its own highly specialized CCM 
perspective; it uncovers the potential 
vulnerabilities and surfaces CCM solutions 
for the PM's consideration. 

Procedure 

Strictly  speaking,   the DARCOM CM/CCM 
community addresses only susceptibility 
i.e.,  whether  the  system can  technically be 
defeated,  or  its  effectiveness reduced when 
certain countermeasures are brought into 
play against  it.     It  is not  the DARCOM CCM 
community's responsibility to pass judgment 
as to whether  the enemy will actually util- 
ize such countermeasureson the battlefield. 
When a decision is made—by,  say,   the PM or 
the intelligence community—  that  there is a 
high probability of  the enemy utilizing  such 
countermeasures,   the susceptibility becomes 
a vulnerability.  At  this  point,   TRADOC   takes 
the first crack at a  solution by looking at 
such tactical aspects as changes  in deploy- 
ment,  procedural measures and concealment. 
If   the CCM problem cannot  be completely 
solved by tactical means, DARCOM gets  into 
the act, addressing  the problem by hard 
engineering.  DARCOM's job  is to  provide a 
technical  solution within the  tactical 
framework established  by  TRADOC.     In  theory, 
at  least,   DARCOM provides   the optimum  level 
of CCM in light of  its  impact on such fac- 
tors as program cost,  performance,   etc.     In 
practice,  however,   there is no  prioritiza- 
tion  in  Che  recommended  CCM. 

Top-Level  CCM Management 
What  are  the Army's/DARCOM's  require- 

ments  relative  to   Cop-level  CM/CCM management? 
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And  to what extent are they currently 
realized? 

First of all,   there is  the requirement 
to  ensure balance in systems hardening— 
balance within  each  system as well as 
balance among  systems and  among mission 
areas—from an overall battlefield perspec- 
tive in the projected  threat environment. 
The PM finds himself  in the unenviable 
position of being saturated with excellent 
inputs from highly competent flag wavers, 
each input well justified  from its own 
narrow perspective.    The PM knows that 
there is no way for him to  Implement all 
these recommendations.    Nor would he want 
to,   even if he had  the resources.    The 
other side of  the CM/CCM coin is that one 
sure way of killing a  system is by overimmun- 
izing  it  to countermeasures. The PM usually 
ends up bowing to  the demands of  some flag 
wavers by implementing some recommendations, 
disregarding  some,  and getting waivers on 
others. 

The major problem is that there is no 
management machinery for harnessing  the 
very valuable,  highly specialized  talents 
of  the flag wavers by weighing the benefits 
of  their "raw" inputs against their associated 
costs from an overall battlefield perspective 
—in terms of  their  impact on the system's 
cost,   schedule,   technical  complexity, 
supportafaility and,  perhaps most  importantly, 
reduced readiness—and distilling  them into 
a manageable prioritized  set of requirements. 

Second,   there  is  the requirement to 
focus  the CM/CCM spotlight on critical Army 
systems by presenting,  as a minimum,   the 
Commanding  General of  DARCOM with an annual 
evaluation of  the CCM posture    of  selected 
Army systems.     So  far this has never been 
done. 

Third,   there  is  the requirement to 
close the feedback loop.    Currently,  there 
is no management machinery in the Army's 
acquisition community  for  following up on 
what happened  to all  the CCM recommendations 
the PM received.    Were they all addressed 
by the PM?    On what basis did he make his 
selections? 

And fourth,   there is the requirement 
to  help drive  the Army's  technology base. 
Sometimes when  systems  reach OT  II,  we  find 
that  they  have  serious  CCM problems which 
had  not been detected   in  the  earlier 
phases.     What's worse,   at  times we find 
that we don't  even have  the necessary 
technology  to  adequately address  those 
problems.     Such  incidents  point up  the need 
for   top-level management  to  help drive  the 
Army  technology  base  from  the point of view 

of  CCM requirements,   to  ensure  that adequate 
CCM  technology  is available  for  systems  now 
in the long-range planning stages. 

For almost a decade,   the DARCOM CM/CCM 
Center   (formerly known as   the DARCOM CM/CCM 
Office)   has  been  trying  to accomplish  the 
Army's   top-level CM/CCM management objectives 
but with limited  success.     One difficulty 
contributing  to  this lack of  success stemmed 
from the reporting and funding procedures 
of  the Canter.    Until very recently the 
Center  has  been funded by a  technology-base 
line (6.3A)  but reported  to  the R&D systems 
directorate at HQ DARCOM.    The bureaucratic 
intent was probably to give the Center  the 
best of both worlds:    a  technology base and 
a systems perspective.    Instead,  it turned 
out to be more of a bureaucratic nightmare — 
with the Center being pulled  in both directions 
at the same time.  This has been recently 
corrected by having  the Center report to 
the Directorate of Technology Planning and 
Management,   the HQ DARCOM unit that controls 
the technology base.    While  this  reallignment 
will simplify the administrative aspects 
associated with the CCM Center,   it is 
highly unlikely to  improve the Center's 
potential for coming  to grips with DARCOM's 
top  level  CM/CCM managanent  objectives.     If 
anything,  it will probably make it much 
harder for the Center  to achieve these 
objectives because now it is lacking the 
continual pressure from the systems perspec- 
tive.    And  it is in the system's arena  that 
most of DARCOM's  top-level management 
requirements lie. 

Another difficulty is  the fact that 
the CCM Center has been stationed at Adelphi, 
Maryland, and reporting  through HQ ERADCOM, 
a major subordinate command  in DARCOM.    As 
a result,   the Center has been perceived by 
the rest of  the Army's CCM community as 
just another component of  ERADCOM rather 
than as  independent second-order umbrella 
organization.    And  indeed,  this perception 
has  some justification:     (1)   the OER of  the 
Center's director  is written by the commanding 
general of  ERADCOM,  and   (2)   the Center's 
personnel spaces are controlled by HQ 
ERADCOM and must compete within ERADCOM's 
priority system. 

Still another difficulty has  to do 
with personnel.  The CCM Center was formed 
out  of   the previous  SAM-D Vulnerability 
Office,  and  inherited  its  entire staff which 
was  primarily  oriented  toward  technical 
analysis.     The    Center  has  had  almost a 
100%  personnel   turnover  since  its   inception, 
and,   in spite of various difficulties,  has 
made  slow but  steady  progress   toward  attract- 
ing and retaining appropriate personnel for 
its management mission. 
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The underlying reason for  the Army's 
failure so  far  to develop a top-level 
management structure for CJI/CCM is probably 
that  the methodology for overall management 
of  such assets — assets  that frequently 
lose their visibility at  the systems level, 
and yet require a high degree of judgement 
plus a great deal of careful balance from a 
broad battlefield perspective—has as yet 
not been developed. 

CONCLUSION 

We examined  the baseline aspects of 
CM/CCM.     Specifically,  by examining the 
difference between working against the 
threat and  implementing CM/CCM we showed 
that  the CCM community cannot function 
through the intelligence community but must 
interact directly with the Program Managers. 
We then examined  some unique features of 
CM/CCM:    We showed that  it consumes about 
10Z of  the DOD acquisition budget,   is 
highly judgmental,   exercises very high 
leverage on the battlefield and frequently 
lacks "visibility" at the systems level. 

Then we focused  on  the Army's major 
requirements  in top-level CM/CCM management 
and  showed  that virtually all of  than are 
not being realized.  Specifically,  the 
Army's 15 CM/CCM lead laboratories or 
first-order umbrella organizations shower 
the Program Manager with highly competent 
CCM recommendations,  each well justified 
from  its own narrow perspective,  knowing 
full well  that  there is no way for the PM 
to  implement  them all.  The Army currently 
has  no management machinery for  harnessing 
the very valuable,  highly specialized 
talents of  these organizations and distilling 
their recommendations  into a manageable 
prioritized  set of requirements.  There is 

also no management machinery for closing 
the feedback loop ■—for following up on 
what happened  to all the CCM recommendations 
the PM received and  seeing  to what  extent 
they were addressed by the PM.    Also,   top- 
level management  is not helping  to drive 
the technology base to  ensure that adequate 
CCM technology  is available for  systems  now 
in the long-range planning  stages. 

Furthermore,   the Army lacks  the manage- 
ment methodology for ensuring balance in 
CM/CCM — balance not only within each 
system but also among systems and among 
mission areas,  from a total battlefield 
perspective. 

In view of  the problems discussed  in 
this paper,   it  is deemed appropriate that 
the Army initiate a study/assessment to 
accomplish the following objectives:     (1) 
take a closer look at  the operation and 
effectiveness of all the players  in the 
Army's CM/CCM arena, with a view toward 
consolidating and streamlining  them,   (2) 
examine the possibility of developing  the 
top-level management  nucleus  and  administra- 
tive machinery at an organization which 
either already has  the responsibility for 
total systems  integration in the Army or 
which has developed outstanding analytical 
tools,   (3)   lay the ground-work for develop- 
ing  the methodology for top-level management 
of CM/CCM assets. 
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ABSTRACT 

This paper deals with a central and recur- 
rent concern of managers responsible for 
contracting by Unit Price Proposala:    viz., 
optimal tactics for the selection, formula- 
tion, and evaluation of unit prices and item 
quantities of competing tenders. 

UNIT PRICE CONTRACTING 

Unit price provosala  are common instruments 
of contracting for supplies, services, roads, 
marine and other engineered construction. 
The client (owner) prepares unit price pro- 
posals which indicate (anticipated) contract 
items and (estimated) quantities deemed 
necessary to accomplish the proposal objec- 
tive.  As an example. Table I is a unit price 
proposal for highway construction that was 
advertised several years ago. 

Bidders are required to indicate unit nrices 
for each item. The unit prices multiplied 
by the indicated quantities are summed to 
arrive at the bid total.    The sealed tenders 
received from four bidders designated A, B, 
C, and D appear in Table II. Note the wide 
variation in unit prices for many items. The 
unit price for Item 1, for example, varies 
from S2900 to $8123.  Inexpensive items also 
vary widely as, for example, $40 to $80 in 
Item 36 and 60c to 90c in Item 35. Many 
such public records were examined with about 
the same results. 

For the contractor, the contract is often 
a greater financial than technologic chal- 
lenge.  Tait [1] observed: 

"The contractor must in addition con- 
sider how he intends to finance the 
project, for in all probability, apart 
from a modest initial outlay, he will 
be required to make it self sufficient 
and needs therefore to arrange to make 
a reasonable profit in the early stages 
of the contract. 

Quite apart from being able to esti- 
mate what each (proposal) item ... will 
cost him, the contractor must be able 
to fix appropriate rates to ensure a 
sufficient flow of revenue from measured 
work to finance subsequent stages of 
construction and yet collectively 

sum to a competitive tender price. 

However, there is a risk in manipu- 
lating (unit prices) independently of 
true cost, for the quantities scheduled 
in the (unit price proposal) are only 
estimates and significant differences 
may be found in the actual quantities 
measured in the works and on which 
payment would be based." 

TABLE I. DELAWARE DEPARTMENT OF HIGHWAYS. 
23.06 MILES, KENT COUNTY 

1$ fi lurfaci ireucd rudway on i in. soil caneni bu*. Compl«iion 
date; 210 working day* 

Item No.        Quamiiy Item 

US. 
I_S. 
US. 
L.S. 
US. 
US. 
US. 
us. 
us. 
us. 
us. 
us. 
L.S. 
US. 

1000 C.Y. 
168.400 C.Y. 

1000 C.Y. 
264.300 S.Y. 

26.450 bblj. 
178.500 jil 

5100 ions 
4800 UF. 
3800 UF. 

900 UF. 
23 300 UF. 
26 350 UF. 
27 160 UF. 
2S 160 UF. 
29 60 UF. 
30 210 UF. 
31 70 UF. 
32 I each 
33 100 UF. 
34 4 each 
33 20,000 UF. 
36 30 ions 
37 220 S.Y. 
3S 1 each 
39 US. 
40 121,756 L.F. 
41 23 06 milea 
42t 00 L.F. 

Cleanne and (rubbing Road No. 184 
Cleannc and erubbing Road No. 1S6 
Gearing and grubbing Road No. 187 
Gearing and grubbing Road No. 189 
Gciring and grubbing Road No. 199 
Gearing and grubbing Road No. 201 
Gearing and grubbing Road No. 218 
Gearing and grubbing Road No. 219 
Gearing and grubbing Road No. 223 
Gearing and grubbing Road No. 225 
Gearing and grubbing Road No. 226 
Gearing and grubbing Road No. 228 
Gearing and grubbing Road No. 299 
Gearing and grubbing Road No. 200 
Excavation 
Borrow 
Select borrow 
Soil cement base course 
Portland cement 
RC-2.*0 asphalt 
Coarse aggregate 
12 in. R.C. pipe 
15 in. R.C. pipe 
II in. R.C. pipe 
24 in. R.C. pipe 
36 in. R.C. pipe 
42 in. R.C. pipe 
48 in. R.C. pipe 
54 in. R.C. pipe 
60 in. R.C. pipe 
58 in. x 36 in. CM. pipe bit. C. and P. 
Type "PW" catch basin 
Wire rope guard fence (wood post) 
End post attachments 
Lateral ditching 
Calcium chloride for dust control 
Grouted riprap 
Standard junction box 
Removal of existing structures 
Seeding and mulching 

'Grading and reshaping roadway 
30 in. R.C. pipe 

t The need for 10 in. R.C, pipe was not anticipated and this item 
did not afvpear in the advermement. 
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TABLE  II: PUBLIC  RECORD OF BIDS 

Bidder 
Item No. 

A 3 C D 
(5) (I) (!) (i) 

4000-00 3400-00 2900-00 3123-00 
40000 300-00 800-00 1832-37 

100000 1000-00 30000 901-33 
3000-00 3400-00 2300-00 738400 
140000 260000 2000 00 1360-00 
700-00 2000-00 1000-00 2763-00 

4400-00 3200-00 4100-00 7493-00 
aoo-oo 300-00 1500-00 730-00 
400-00 240000 1400-00 594-10 

10 1400-00 1000 00 2000-00 1930-00 
11 140000 30000 2400-00 2598-00 
12 1900-00 1800-00 2000-00 2499-00 
13 1400 00 1300-00 1300-00 591-00 
14 2000-00 2200-00 1400-00 1479-00 
IS 0-9« 1-00 1-00 0-70 
16 102 MO HI 0-99 
17 2-00 1-30 1-30 1-93 
It 0-24 0-23 0-26 0-27 
19 413 4-60 4-13 4-50 
20 0-123 0-14 0-14 0-1273 
:i 6-00 6-30 6-00 3-85 
22 3-00 3-00 3-00 2-73 
23 300 4-00 3-00 4-43 
24 6-00 300 5-30 5-93 
21 9-00 8-00 7-00 7-89 
26 14-00 17-00 12-50 13-18 
27' 18-00 20-00 15-00 16-68 
21 22-00 26-00 18-00 22-77 
29 2S-00 33-00 24-00 27-27 
30 35-00 37-00 28-00 30-44 
31 23-00 32-00 24-00 22-20 
32 300-00 300-00 230-00 482-00 
33 2-70 300 2-65 1-90 
34 30-00 50-00 4500 50-00 
33 0-70 0-90 0-75 0-60 
36 70-00 50-00 30-00 40-00 
37 1200 10-00 10-00 10-00 
31 300-00 400-00 200-00 37500 
39 600 00 1000-00 1000-00 900-00 
40 0-14 0-13 0-14 0-14 
41 1800-00 1500-00 1800-00 1500-00 
42 

Toulbid* 313,946-84 398.528-40 600,943-34 580,327-21 

T Winner. 

This is an uncommonly explicit characteriza- 
tion of the financial challenge in unit price 
contracting.  It often accounts for the wide 
variability in unit prices mentioned earlier. 

Contracts are usually awarded to the low bid- 
der and provide for periodic payments as work 
progresses.  Since the proposal quantities 
are usually only estimates, as noted by Tait, 
the actual project cost will generally differ 
from the bid total.  In practice, the bid 
total tends to determine the successful con- 
tractor and becomes irrelevant once the con- 
tract is awarded.  One quickly grasps the 
enormous implications. Manipulations invol- 
ving items, quantities, unit prices, and per- 
haps the sequence and timing at which con- 
tract items are executed, can be made to 
yield advantages to the owner and/or the con- 
tractor. Clearly,   "lowest bid" need noz 
neon  "lowest price";  and often doesn't. 

The manipulations mentioned are not only com- 
mon but often desirable.  Indeed, competently 
administered they contribute to efficient uti- 
lization of resources.  In a competitive and 
informed environment it benefits the client 
since it helps to ensure that the most effi- 
cient contractor contracts. However, the un- 
certainties of quantity, item, time, sequence, 
and discount make the selection of lowest cost 
contractor far from simple. Holtz [2] bares 
these nuances. 

An unusually competent technology is now 
available to assist acquisition managers with 
evaluating competing unit price tenders. Of 
course, guarantees for all contracting situa- 
tions cannot be given and, indeed, research 
and development with the techniques described 
below are continuing. 

ACQUISITION MANAGEMENT TACTICS 

Recall Tait's words, "... to fix appropriate 
(unit prices) to ensure a sufficient flow of 
revenue from measured work". At the outset, 
acquisition managers should compare present 
worth of contract revenues for the competing 
tenders seeking, in principle at least, to 
minimize the present worth of contract reve- 
nues. The contractor should also be cognizant 
of the contract present worth but he, of 
course, seeks to maximize the present worth. 

Optimization of contract present worth is sub- 
ject to constraints.  One constraint is often 
the bid total submitted by the contractor. 
Three other constraint types have arisen in 
practice:  formality, cost, and rate con- 
straints. 

Formality constraints  protect the integrity of 
the tender.  As a routine matter, contracting 
officers screen unit prices for obvious er- 
rors.  For example, one expects the unit price 
for rock excavation to exceed that for earth 
excavation, etc. 

constra-^nzs  are used to bound 
Such bounds are used as: 

i.e. to avoid 

Cost  (or bounds) 
the unit price. 

•formality constraints 
appearance of error, 

•protection against quantity mis-esti- 
mates, as noted by Tait and Holtz, and, 
for the contractor, 

•to conceal pricing policies. 

Rate constraints  time project revenue (per- 
haps for funding or other client conveniences 

for tax purposes). or, for the contractor. 

Managers acquire an instinct for items whose 
quantities are frequently mis-estimated (un- 
derrun or overrun) and which can significantly 
affect tendering.  It is important, therefore. 
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that the model facilitates evaluation of 
tenders for the effect of quantity mis-esti- 
mates. 

Experience indicates that rate constraints 
are not often used.  However, they can be ex- 
pressed as 

ACQUISITION DECISION MODEL 

Having characterized relevant aspects of 
unit price contracting, translation into an 
effective decision model is handsome in its 
simplicity. 

Consider an N item unit price proposal for 
a project to be completed in T months. 
Let X  denote the unit price (decision var- 

iable) and a_  the quantity of the m 

item required in the t   month,  t " 1, 2, 
.... T and m = 1, 2, ..., N.  For the mo- 
ment assume that the quantities in the unit 
price proposal are accurate. 

The present worth of contract revenue,  Z, 
is 

N  T 
2 ■ £  E a  p11 X     OBJECTIVE  (1) 

m-l t-1  ^    m 

where p  is the discount factor,  (1+i)  , 
and i the monthly money rate. 

The minimization of Z is subject to the 
constraints cited earlier.  The contractor's 
total bid,  B,  requires 

N  T 
I  i  a  X = 3 .  BID CONSTRAINT   (2) 

m=l t-1  tm m 

Formality constraints are of the form 

N   T 
E   E 

m=l t-i 
i  X =■ aB(T/T) .   I*!? (5) 
tm m CONSTRAINT   ^   ' 

X > 0 FORMALITY CONSTRAINTS   (3) 

where X  and X  are unit prices for rock 

and earth excavation in the example cited 
earlier. 

Cost (bounds) constraints, useful for several 
contract purposes, can be expressed as 

c' < X < c" 
tn — m — m COST CONSTRAINTS   (4) 

where c'  and c" are respective cost mm 
limits.  For example, for the acquisition 
manager  c^ represents the lower limit that 

precludes possible contractor or quantity 
estimate error while c"  represents the max- 

m 
imum justifiable cost exposure. 

The left side represents the total revenue 
that accrues in the first t contract months 
while the right side is the completed time 
fraction of the total bid.  The proportiona- 
lity constant,  a,  is unity in the simplest 
case, i.e. project revenue is directly pro- 
portional to project work rate. 

With an uncommon adequacy, the linear pro- 
gramming decision model of equations (l)-(5) 
describes a managerial problem of central im- 
portance. The managerial problem is fitted 
"by", not "for", the linear program.  The 
model linearity arises from the requirements 
of the contracting process and not the more 
common limitation of available analytic tech- 
nique . 

The acquisition manager can now analyze the 
contractor responses to unit price proposals 
armed with a number of routine linear pro- 
gramming computations for various "bench 
marks" and "exposure limits".  It provides a 
substantial first step to evaluate cash flows 
inherent to unit price contracting and to 
selecting contractors whose tenders provide a 
balance of the risks in the inevitable con- 
tract uncertainties. 

IMPLEMENTATION EXPERIENCE AND SUMMARY 

Several concluding remarks about implementa- 
tion and model usage are appropriate. 

*Linear programming problems are prized for 
their simplicity and the ease with which the 
effects of parameter uncertainties can be 
evaluated.  The acquisition manager uses 
these sensitivity analyses to assess the cost 
implications of item, quantity, and time es- 
timates.  In addition, simplex multipliers 
can guide choices among competing contrac- 
tors.  Stark and Nicholls [3] and Stark [4] 
provide additional information and numerical 
examples. 

*Using the decision model, the acquisition 
manager can also evaluate the impact of al- 
ternative work schedules upon the present 
worth of the contract.  For example, if the 
original work schedule calls for a   units 

th t- h        ^ 
of the D   item in the t "  month while 

the alternative requires a.   and a 
im       jm 

units of the same item in the i   and j 

month, simply replace the coefficient of  X 
m 
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in the objective by  (p a. + p^a. )  and 
in?      im 

make any necessary constraint changes. 

*In a similar manner, the effect of alterna- 
tive quantity estimates can be evaluated by 
replacing the original estimate a  ,  say, 

tm 
by an alternative, a' .  The linearity of 

the decision model is unaltered. Note again 
that lowest total bid need not mean lowest 
project cost.     Sizeable savings are likely 
from sensitivity analyses that expose prone- 
ness to serious overruns and underruns. 

♦Moderately priced hand held computers such 
as the Casio FX720, Radio Shack models, and 
the Sharp PC1500 are now widely available 
programmed in BASIC for linear programming. 
They may well be adequate for all but larger 
contracts thereby enabling the acquisition 
manager to compare alternatives in minutes 
and in hand. 

*Since linear progranrrring optima are global, 
and provide minima and maxima,   these acquisi- 
tion management models have a remarkable fea- 
ture. For given pros eat   (aontraat)  condi- 
tions it is not possible to choose vmit 
prices by another means to yield a greater 
present worth of contract revenues.    Similar- 
ly,   the acquisition manager can obtain the 
irreducible minimum for the contract present 
worth.     Having an insight and even knowledge 
of optimal policies for both contractor and 
client, the acquisition manager has a power- 
ful standard against which to evaluate pros- 
pective contractors. 
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QUALITY GOALS THAT REDUCE "BISK AND UNCERTAXMT" 

Edward Theede 

Defense Contracts Administration Services Management Area 
Hartford, Connecticut 

ABSTRACT 

The amount of risk and uncertainty in any 
major program depends directly on the quality 
of each of the parts manufactured to produce 
the assembly or the system. Each part has 
characteristics that have to he considered 
for their impact on the critical parts of 
the system. The experience of the writer 
indicates that practically none of the 
negotiated contracts in the military pro- 
curement system has quality as a goal in the 
initial negotiating processes. The procure- 
ment contract will list a part number, some 
overall requirements, a delivery schedule 
and cost factors. One of the requirements 
in a contract could be MIL-Q-9858, which 
outlines quality system definitions. There 
are generally money incentives in the contract 
for shortening of schedule times. Equal 
Opportunity Employment, and also value 
engineering for design changes. There are 
generally no quality goals in the contract 
for quality improvement.  Quality goals 
would be related to elimination of repetitive 
defects. When defects appear in any part 
the identification of any  problem must be 
nade immediately.  The elimination of 
repetitive defects would also be a subject 
for money incentives. This paper will 
examine experiences needing better management 
control of quality, which will lead to 
reducing the impact of risk and uncertainty 
by improving quality. 

Extensive statistical information analyzing 
all defects discovered and their relation to 
the problem resolution have not been 
accomplished. They are too diverse on the 
various products. The one factor consistent 
in all analyses was the discovery that there 
is a basic cause for each problem. All of 
the causes have also been in some process 
in the manufacturing sequence if the engi- 
neering Is adequate. 

SOME SYSTEMS CAUSING DELAY IN PROBLEM IDENTI- 
FICATION 

Material Review Boards (Defective Material) 

A critical rotating aircraft spar had 
special requirements for shot peening, 
copper and chrome plating on a bearing 
surface.  Some mishandling at the machining 
vendor and plating source caused irregular 

plating and chips. Ten or more MRS actions 
with corrective action being ""vendor notified", 
"operator cautioned", an analysis determining 
the source of the defects to be uncontrollable 
and a drawing change was issued relaxing the 
requirements. Many MRB actions would have 
been avoided with immediate determination of 
cause of the defect. Numerous contractor 
and vendor department lines had to be crossed 
to determine the exact cause, 

A contractor had seven critical forglngs 
nanufactured. On receipt of the forglngs, 
material substitution was requested. It was 
necessary to section a portion of the forging.; 
lots to provide hundreds of hardness readings 
to determine that the subsequent heat treating 
had provided the minimum hardness at .380 inch 
below the surface. The engineering, test and 
quality time plus the accounting and purchasing 
time, in addition to the destroyed forglngs, 
amounted to $3,000. The incentive to assure 
quality was-net pnesent at the time when the 
contractor knew that the vendor was substi- 
tuting material.  This was known when the 
Purchase Order was placed.  A decision to 
speed production by biasing the decision with 
all forglngs in house was costly. 

Standard Repairs 

On a critical aircraft rotating device an 
incorrect length bolt was used on the folding 
arm causing damaging interference on flight 
line procedures. It was determined that 
the correct length bolt was not available 
and the shop .management substituted a 
different bolt without using procedures 
established for changing work instructions. 
Planning would not have authorized the change. 
There were many hundreds of dollars spent 
removing the rotating device and replacing 
bolts on the folding arm. Units in the field 
also had to be changed. The incentive to 
follow the work Instructions was not strong 
enough. 

On composite material aircraft structures, 
a diameter or square inch area designated as 
one and one half inches was permitted on a 
multiple layer structure for an unbond condi- 
tion.  Larger areas were put on standard 
repair for resin injection. The dozens of 
standard repair forms and the quality control, 
engineering, and foreman time to process them 
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were in the thousands of dollars. Engineering 
finally agreed to make the part of the manu- 
facturing process up to much larger areas and 
allow the work instructions to guide the 
operator (vho is the quality developer anyway). 
Honey to study the cause or identify the 
problem is- much better spent at the start. 

Contractor Field Service Operations 

Some aircraft fuel pumps were continually 
causing problems in field service operations. 
The field service teaoa were proving "on the 
spot" assistance and replacement of parts 
(O-rlngs, etc.) to avoid largo nuabers of 
unsatisfactory reports. Review at the 
factory indicated the assembler had not seen 
the work instructions for 0-ring installation 
in several gears and was omitting two of the 
five important steps in O-rlng installation. 
At final test, pumps were set up and had to be 
reset sometimes two or four times before 
they would operate properly when controls 
were activated. Had passing final test been 
an incentive goal on the first attempt, the 
standard exercising of the bellows would 
have been part of the manufacturing process 
rather than a test option. Those that started 
by chance, on the first try had bellows that 
were not exercised and therefore might not 
operate on the aircraft after installation. 
This happened and resulted in high service 
costs. The incentive to have pumps pass 
test the first time by identifying the cause 
of the non-start,cost much money. 

A critical aircraft structure holding a 
rotating aerodynamic control was continually 
failing. Two years had produced more than 
fifteen aircraft failures, including one 
aircraft lost. Consideration was given to 
'"beefing up" the gear box casting which was 
bolted to the frame through four independently 
located forgings. Investigation revealed the 
forgings were not being manufactured in a 
single plane with faces meeting the casting 
not parallel. Once this manufacturing 
technique was revised, no further failures 
occurred. Field personnel had not notified 
factory quality assurance personnel of the 
failures. Cracked units were replaced. 
Factory quality assurance was not able to 
cross department lines for corrective action. 

Standard Parts or Off-the-Shelf Items 

Some tendency to use industry standard 
parts to enhance cost effective systems 
results in allowing statistical programs to 
predict the accurate number of defects in a 
given lot of parts. In the critical systems 
that need careful risk and uncertainty studies, 
the defective parts, without screening, would 
be installed causing failures. The standard 
answer is that we must live with some 
defects because of the lower cost permitting 
defective units to be accepted and stocked. 

Each service and contractor has sufficient 
repair and replacement cost records and 
history to determine that the inspection of 
these items to provide no defects in a 
stockroom would be far more cost effective 
for the user. The incontiJve should be in the 
front of a product manufacture as the impor- 
tant characteristics are generated rather than 
after the fact defect processing. 

SuimwaTy 

The few of hundreds of experiences in the 
previous paragraphs were each considered as 
"Monday morning quarter backing" or after- 
the-fact analysis. Considering the many 
characteristics that were produced without 
defects, management will look at percentages 
and consider "cost effectiveness" In the 
problem identity process. This must cease 
and although the immediate solution of prob- 
lems will not readily lead to indicating how 
much risk was avoided, history that each 
manufacturer can assemble as to his costs to 
MRB, repair, replacement of defective parts, 
can lead to prediction as to how much money 
should go to the incentive program to solve 
the problem at the front end. This is just 
as much an identifiable cost as manufacturing, 
planning, finance and production time estimates 
on proposals. This would result in a sig- 
nificant reduction of the cost of risk and 
uncertainty for both the contractor and the 
military procurement agency. Quality 
assurance (characteristics on soft ware and 
hard ware) must be elevated to a point in 
organization where quality decisions can 
override production considerations. Incentives 
for identifying problems rather than penalties 
for non-delivery both in the field activities 
and manufacturing facilities. 

Incentives for better quality must be 
negotiated with a base line plus a goal for 
fewer MRB, field actions and standard repairs. 
These fewer actions are the result of problem 
identification. A quality group that crosses 
department lines to identify the problem 
would be an important input to the "risk and 
uncertainty" program. 
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U. 3. Deoartment or    Education 

ABSTRACT speak 2 foreign lanquace in the work 
11 iTie wasted each vear , 

This discussion will present reasons 
why personal (mini-computers)  should a      Tha  ineffective use of  time 
be   made  available  to  procurement actually decreases production 
personnel i.e., Contracting Officers, and ■■f*ici»ncy — vet increases 
Negotiators,   Procurement  Analysts] the am°1-'nt of time consumed. 
Pricing     Analysts    and     other 
professionals     and/or      support Ali  a'f  triese time wastino  factors 
personnel in  the  profession.  The a'~d   'equired  working  space   for 
ultimate  goal  of this paoer  i=  to employees can be drastically t-educad 
provida  procurement managers with  a by.using personal computers. 
picture of the practical applications 
and   cost  effectiveness   of   this Most  procurement  functions can  be 
proposal. acccmodated    by    straightforward 

state-of-the-art word processing and 
During   the  past  year,  I   have ^ata  processing  techniques.   This 
researched   the  market   of   mini- paper will describe: 
computers    that    are    currently 
available    and    affordable    for 0  An e::amole of a user  oriented 

1 n individuals  and small businesses  in system  alreadv  ooeratmg 
particular   and   their   potential dace at a  Chicago,  Illinois 
advantages  for  large  organizations oank Mhicn   '~Y   combining  mini- 
and   procurement  professionals   in computers  and picture  phones 
general. has: 

Problem:  The current  Reductions — 3'' crovidnq   personal 
in  Fores  (RIFa)  ana  furloughs  in ™ini-comouters to orcfessi- 

'i'l   Agencies  and  the  increased onai and support personnel 
load  oiaced  on  Department   of iQr  uss bctn at home  and 
nse  Procurement Personnel,  with in  ':he office na= racuced 

-eiati/elv little increase in staffing, cr'  eiiminated  the   naec 
causes  an ever mounting pressure  en ' for: 
these civil servants to improve  oro- 
ductivity. Do more with less and do — Office  space («ia a 
it right the first time' square   foot    in 

Washington. D. C.) 
Solution: Qnm     solution to  this 
dilemma  is to provida nini-eoinputara — Commuting 
to the Federal procurement workforce 
as quickly as -jossible. — Day care centers or 

Dnf =e?nse 

TIME   SAVINBS   AND   COST   EFFECTIVENESS 
^abv sitters 

I iling and oaper CO; 
IB nmerican Management  Associations' 
:udias indicate that: — Local travel 

n  Almost svervbodv wastes at least —Time consumed in rreetir 
two   hours   a   aav. 

These   are   just   a   few   of   the   resul+a 
o      The   average   office   worker      could 

take   3   five   month   vacation      e^ch The   3vstem   nas   also   imoroved   .nora's. 
year   ana   still   get   the   same   work increased   productivity,    communicatic 

" "     lhls lrlic]l w«^itten by David A. Webb in his private capacity.    No official   support or 
endorsement by the U.S.  Department of Education is intended or should be inferred. 
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How a Dersonal computar is 
currentlv being used in the 
Deoartment ot Education to 
impltMicnt Federal Property 
Management Requiatians in that 
aaencv. 

personnel 

A ~q   o-f current Jacanese 
and  American  Manufactures  of 
aerscnai mini-comouters. 

What a buver should look for  in 
mini-computers; 

— A    cost   comparison   of 
hardware and software which 
combine both ADP and Word- 
processing capabilities and 
whv the computer and soft- 
ware should not exceed a 
retail price of $2,000. 

— Compatabi1ity   with  other 
ecuipment and svstems. 

— Tvpes   of   printers   and 
modems and their costs. 

— Why wordprocessing units 
purchased separately from 
mini—computers are not cosr 
sffectivs. 

— Sire (physical and data 
capacity) and portability. 

in the 135-1102 Civil 
Service F'rocurement Series. If one 
assumes that the average grade level 
is a (33-1102-13 Step Five contract 
specialist with an annual salary of 
*3S.000 per year this indicates by 
simple multiplication <tne number of 
people times the the average annual 
salary) that the Federal Government 
is spending S722 Hi 11 ion per year, on 
average, for the Federal procurement 
workforce (excl uding Comnti ssi oned 
Officers and Enlisted Personnel of 
the Military). 

Therefore, if the American 
Management Associations' figures are 
correct and procurement managers and 
exectutives productivity could be 
improved between ten ana twenty—five 
percent, this would mean a savings 
(based on annual salaries) of 
betweesn S72.2 million and *1S0.5 
million per vear Pv supplying these 
people with mini— computers. 

The cose of providing these peoole 
witn these mini—computers i.e., 
S2,100 for the computer and a 
printer; if multiplied by 19,000 
would be S39.9 Million. Assuming a 
minimum lOV. increase in productivity 
of  the 972.2   Million  figure  this 
would result 
Million  in \ 
•-■ear, 

,-i ngs of sw2. Z 
. n  the  first 

How personal computers can be 
used effect!velv in the home for 
official business and whv the 
Feaeral Sovarnment should 
seriously consider and implement 
this option. 

PREPOSTEROUS? Why  nor^   In tne 
United States far example, there are 
probably  300.000 micro computers in 
the home,  schools and businesses — 
100,000 in schools alone' i'2) 

LOCAL SCHOOL SYSTEMS ARE WAY AHEAD 
OF THE FEDERAL PROCUREMENT WORKFORCE' 

NOTE:  The opinions and conclusions 
a;:Dressed in this paper are those of 
the author and not necessarily 

ose of the U. 5. Department of r no 
Educa 

COST EFFECTIVENESS 

Automation  can  raise  clerical  and 
secretarial  productivity by as  much 
as ~5':.       Far   managers and executives. 
it can improve productivity 10 to 25 
percent. (1) 

Accordino to statistics from the 
Federal Acquisition Institute -here 
are appro;•; i mate 1 v 19, 000 people in 
tha   Federal  government   who   are 

In my own county of Prince William, 
Virginia S217,000 or almost one 
quarter of a million dollars has 
been approved for the purchase of 
mini-computers for the school svstem 
to ensure "COMPUTER LITERACY'. 

In Irvine, California a two-way- 
cable television links 24 schools, 
the public library. City Hall, the 
University of California, the 
community Science Experience Center, 
the Community College and the art 
museum. 

EFFECTIVENESS OF COMPUTERS 
IN THE SCHOOLS (SEE TABLE I) 
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TABLE I  (8) 

THIRTY-TWO STUDIES OF COMPUTERIZED SIMULATIONS AND TESTING 

Provision of 
training not 

Sreater   Improved     previously 
Source       Time saved  Cost saved  efficiency   skills      available 

S  Abernathy and 
McSride, 1973      -t- -r + + -(. 

3  Allen, 1976...     + + + + + 

T  Bejar et al., 
1977      + 0 + + + 

3  Bentz, 1975...     *-•»■+ + 
3  Brown et al., 

1977      -i- 0 ■>■ + + 
3  Brown, 1977...     + 0 -t- -t- + 
T  Brown and Weiss, 

1977      ♦ + ■(- + + 
3  Buchanan, 197S     + + + + + 
3  Ellis, 1973...     ■*-- + - .+ 
3  Gregory 1975. .     + - + ->■ + 
T  Guerra et al., 

1977      + 0 + + + 
T  Hansen et al., 

1974      + + + + + 
S  Johnson, 1976.     0 0 0 + + 
T  Lippey and 

Partcs, 1976..     + 0 + 0 +• 
T  McLain and 

Wessels, 1975.     + 0 + + + 
3  Misselt and 

Cal1 —Himwich, 
1973  

(Conventional 
S  Mockovat; et al . , 

1974      + - + + 
superior) 

3      Orlansky and 
String, 1977...    * + + + + 

S  Puig, 1976 
Tanks     0 + 0 0 
Aircraft 
carrier...,+ 0 + + + 

Weapons 
trainer. . .    -»• + + + — 

Air traffic 
controller    + 0 + + - 

Autofnobi 1 e. .    0 + + + — 
Airborne ECN 

svstem. ...-»• + - + - 
3  Robert, 1977...    + + + + + 

T  Sealy, 1975....    + 0 + 0 + 
T .Vale. 1977     + ■»- + + + 
3     Wiliev. 1975 

Dartmouth.,,    + 0 + + + 
Ohio State. .    i- - + — - 
University of 
Wisconsin....   0 — + + + 
University of 
Illinois    + 0 + + * 
University of 
Mi chi oan...,.+ +■ + + - 
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:hi aar 
28 
2 

:■= 

3 
0 = 4 

S = Simulation  KNots: 
T = Testing 
+■ = Possitiva results 
- = No significant dif-f 
0 = No results 

Studies in this review cut accrass all levels 
o-f education and include trainin as well. 

ersncs 

SUSCSi byiD^D SaSQUCSSS Research Qrsani.zatign IfZg 
COMMERCIAL APPLICATION OF A 

USER ORIENTED SYSTEM This recent review at 32 studies in 
simulation and adaptive testing 
provides further support for the 
notion that computer-based education 
can be an improvement over the 
conventional educational methods. 
This study performed by HumRRO 
for the Office of Technology 
Assessment is summarized in Table I. 
above. The majoritv of these studies 
shows savings in learner time to 
-omplete a course of study (as much 
as 50'/, savings), greatsr efficiency 
in terms of achievment per unit of 
time, imoroved skills and provision 
of instruction not available 
conventionally. 

Note:   While increased efficiency 
in the  business office is not guite 
as dramatic it is signifigant.  Once 
people   get  used  to  using mini- 
computers a learning improvement in 
work habits does take place. 

A COMPUTER FOR EVERY CHILC 

Seymour  Papert of MIT proposes  that 
each  child be given a  microcomputer 
on her/his first dav of school.   His 
rationale  is that.  since  computers 
can support a person's creativity and 
since  creativity cannot Pe turnea on 
or off at will.  children should have 
access to a computer at any time they 
wish, rather  than the scheduled  20 
ninutes per dav that  is  typically 
available to students in schools with 
computers.  The concept clearly makes 
sense intel 1 ectual-l y.  With computers 
costing  less than $1,000, excluding 

(only three percent  of the 
educating  a child  through 
grade;, it makes  sense on 
grounds, when we consider 
Lai impact  of computers on 

are SOT 
cost of 
twelfth 
sconomi 
the potent: 
'earni ng. 

NOTE;   Currently,  I seriously doubt 
if  there  is even one  mini-computer 
available  for the exclusive use of i 
Federal Contract Specialist, 

On Tuesday August 11, 1981, Walter 
Cronkite's Universe Volume II, 
Number 9, broadcast over the CSS 
Television Network a program titled 
"Home Work" which was produced by 
Igor Oganesoff. 

In this program a married female 
employee works for the Continental 
Sank of Chicago—but not at the 
bank's headquarters. She works at 
home, in a auiet suburb about an 
hour's drive from the bank. She 
works as a tyoisx:, using eouipment 
the bank installed for her. When an 
indicator light comes on. that means 
she has dictation waiting for her on 
a tape transmitted from the bank. 
When she's done. she dials a number 
on the phone and feeds the compu- 

terized work back to the bank, wnere 
it is printed automatically. 

Tne work—at—home wcrks eioh- hours a 
dav and earns the same as a regular 
office worker. She sav^s on 
commuting costs. iuncnes, a baby 
sitter (she has five children) and 
even business clothes. 

But. the female emplcvee'= office at 
home would not be possible if 
Continental Bank had not installed a 
computer system in its own offices. 
There's hardly any paoer around at 
ail. Bank emciovees check ar 
computer terminals for messages, 
memos, and instructions, and they 
answer back on the same machines. 

The bank's vice president for cash 
management is capable of -endinq a 
memo to si-: oeople concurrent i v. 
One of them is going to an amoioyee 
the bank's :_os Hngeies regional 
office. Another copy is going to a 
man in San Francisco. The third co 
a  man in Seattle.   A coov to a auv 
about thr= =e ucc 
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party working with, 
prssi. dent   on   the   prol»Ct 

the 

Not??: Hard copies mav be reproduced 
en a printer but, essentially all of 
tb9»a c:rDies mav mimply be stored an 
.s floppy disi-; by the computer. 

The vice president isn't exactly used 
tc working on a keyboard: that used 
to be a secretarial function. 
He says: "I'm getting there. As you 
notice, l"m still one finger. I 
don't—I don't know if I'll ever 
evolve out of that. But it's harder. 
I had to learn how to spell. Do my 
cwn paragraphing and punctuation. A 
secretary could pick up the 
punctuation from the tone of your 
voice.  Here you have to put it in." 

However, if there is a mistake or 
something has to be changed all that 
is required is punching a few keys. 
No erasing. No retyping. No wasted 
paper. In other words any mistakes 
or corrections can be made on the 
computer screen without retyping the 
entire text of the data or material 
which is to be recorded or 
transmitted quickly and simply. 

All of this allowed Continental Sank 
to experiment with pecple working at 
home — oeople who might otherwise be 
unable to take jobs because of home 
reaponsibi1i ties. 

■ns? man who is orimariiv 
for  all  this is the mar 
bank sv-stems division. 

He 

responsible 
ager of  the 

sayas   "Well,  today  I  recei 
about  30 percent of all  informati 
I'm required to read  electronical1 
Some   managers don't like keying, 
interesting   notion  a   pencil 
professional;     a    keyboard 
clerical.   Buc  slowly  but  surel 
ne'rs  moving  along  the  adaptati 
curve and people are getting more a 
more  comfortable  with the  produc 
because thev find it has value." 

ve 
on 

an 
nd 

i he systems division manager also 
uses a picture phone for tele- 
conferencing. Using ton of these 
instruments within the management 
group r.he bank is gradually replacing 
faca-to-face meetings with picture 
phone sessions. Uhere it normally 
would take an hour round-trip for the 
management group to travel to the 
central office for an hour's meeting, 
this local travel time is eliminated 

Note: In Washington, D. C. if this 
method were used for 10 GS-13s at 
SIS per hour there would be a 
savings of $130 in time spent coming 
and going to the meeting. Plus $20 
in taxi/subway fares, for a total 
savings of S200. for every meeting 
held during a year's time for this 
hypothetical group of civil 
servants. 

This program also went on to show on 
a much oigger scale, Arthur 
Anderson, a large accounting firm, 
which is the first major business to 
use video tele—conferencing on a 
regular basis. These executives in 
Chicago are talking to some people 
in Washington. The TV cameras 
automatical1v switch to whoever 
talks, or even coughs. Technically, 
there's no reason why this couldn't 
■be part of che future office at 
home. 

Note:  Mr. Cronkite's office in- 
formed me that a video tape of the 
program is available  for S350.  The 
text  material  provided  above  was 
free of charge. 

TECHNICAL DESIGN FOR EIGHT 
YEAR OLDS (4) 

In fact Irvine, California, which I 
mentioned earlier, is already in 
effect doing what Mr. Cronkite 
talked about today rather than in 
the future and has been doing so 
since 1974. 

The 2-way cable television system in 
this community is decentralized. 
There is no central switching, and 
each of the 24 schools is capable of 
transmitting its own video signal 
over one of two channels provided by 
the local cable company. Thus, each 
school can share its resources with 
any other school or any combination 
of schools in the District. By 
using a third public access channel, 
anyone in the community can watch 
school programs and, if desired, 
respond to the programming via 
conventional telephone lines. 

Clearly, connecting an entire city 
with 2-way cable television has 
offered new opportunities for 
bringing people together via 
electronics to share personal 
expertise, interests and 
philosophies.   The svstam  operates 
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smoothly, with users themselves 
switching from one school to the next 
by simple oral commands. Each site 
can originate programs: there is no 
central studio, and no site has the 
technical capability to eavesdrop on 
another without prior acknowledgement. 
Administrators conduct District-level 
meetings without leaving their own 
schools; they bring in local experts 
to share skills with learners 
throughout the school system. They 
also hold weekly meetings to 
coordinate continuing programs 
which operate at multiple sites 
within the District. 

Students use the 2-way system to 
share ideas, projects, special 
research, hobbies, and learning 
games. During these dialogues, 
students are in entire control o-f the 
system, from filling out program 
request, organising and planning each 
program, to setting up and operating 
cameras, microphones, videotapes, 
channel selectors, and signal 
modulators. El ght—y-ear-oi ds use the 
system dai ly 

The  equipment  is extremely  durable 
and maintenance problems are kept  to 
a minimum.  With the exception of the 
television modulator,  the  equipment 
is off-the-shelf, consumer   quality. 
Two standard television   receivers 
monitor  both channels,  two CATV 
channel selectors pick  up  the  mid- 
band  channels,  a microphone  mixer, 
microphone  and either  a standard 
black and white or a consumer quality 
color   camera  comprise  the   basic 
components of the system. 

The equipment for 2-way transmission 
at each site is placed on a portable 
cart capable of being moved to any 
location within the school. Today, a 
portable CATV unit costs 
approximately 93,500, almost 50 
percent more than in 1974 when the 
project began. 

Again, in my own community of Prince 
William, County, Va., a man living in 
Woodbridge, Va. who works for a firm 
in Baltimore, Md., which is about 65 
miles away, works at home every day 
using his computer and transmitting 
his work by telephone without ever 
leaving his house. His one complaint: 
He gets lonely and doesn't get to see 
his co-workers.(5)A system similar to 
that which is now being used in 
Irvine,   California  would  probably 

eliminate that feeling of isolation. 
In UJashinqton, D. C. , this means, 
the Office of Federal Procurement 
Policy (OFPP), the Federal 
Acquistion Institute (FAD or any 
other government office could hold 
-neetings and transmit information 
throughout the metropolitan 
Washington, D. C./Baltimore, Md. 
area. 

USING A PERSONAL COMPUTER TQ WRITE 
FEDERAL REGUALTIONS (SAVING DOLLARS) 

I am one of those people who 
believes in practicing what he 
preaches. This paper, as well as 
the writing of the Department of 
Education's Property Management 
Regulations, are being written on an 
Osborne Computer. The cost of this 
computer is S1795., including six 
different types of software plus an 
Epson MX 100 printer with a 2K buffer 
which cost S749. Smaller printers 
cost as little as S300. In 
otherwords, for an investment of as 
little as S2100. a Government 
manager can have 1007. access to 
wordprocessing, programing, and 
financial statistical analyses. For 
a small additional investment one 
can have time sharing with larger 
nation-wide systems including 
electronic mailing services for 
about 26 cents a letter. 

The advantages of using a computer 
with wordprocessing capabilities 
are too numerous to list in their 
entirety. 

However, it is in fact similar to 
using a flight similator where you 
can make all of the mistakes and 
correct them in the computer before 
any harm is done. 

a     Paragragraphs can be restructured, 
o  Margins are automatic. 

o  Sentences can be restructured. 

o  Word searches for specific 
words or phrases and instantaneous 
correction can be effected. 

o  Highlighting of words, sentences 
or paragraphs is possible. 

o  Complete elimination of the time 
spent waiting for a secretary or 
clerk typist to  provide you with 
rough drafts, final drafts. 
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:* As a matter of tact, tnere is 
software available includinq 
a 50,000 word dictionary which 
will adit your entire text for 
spelling errors  in minutes 
rather than hours.(Cost 5295.) 

MINIMAL  SOFTWARE  REQUIRED  FOR  USE 
WITH A MINI-COMPUTER FOR PROCUREMENT 
PERSONNEL: 

NOTE: Software is provided on 
diskettes which are placed into the 
comouters to make them work. Without 
this software computers are simply 
dumb expensive boxes which won't do a 
thing. 

o   SYSTEM  DISKETTE  - The  system 
diskette contains the programs 
which directs the transfer of 
data between the computer's 
memory and the other  diskettes 
or  software programs which are 
used by the computer. 

o   LANGUAGE DISKETTE -  If you are 
not a programmer a "high level" 
language  program  is  reguired 
for the individual  to use  the 
computer.  The  most  commonlv 
used  program  or software in 
this area is called SASIC. This 
program was  designed to  nelp 
students and first  time  users 
of a  computer   to   learn  to 
writs programs.  Many programs 
have alreadv  been written in 
BASIC which can be used even if 
you  are not interested in pro— 
crammi ng. 

Even  more  important, are those pro- 
grams which  provide   worpprocessing 
allowing you to format.  record  and 
print text and Mail-Merge from which 
you can create form letters,   print 
nuitiole   files, mailing  list and 
format text to  fit your application. 

Equally important is a financial 
planning program which provides a 
video worksheet where figures can be 
arranged in columns and rows while 
arithmatic operations are automati- 
cally performed on -.hem. 

writes  and  can  be  used  bv 
procurement   professionals 
ror advanced procurement plans, 
boiler    plate    contract 
clauses, changes, modifications, 
suoplemental agreements, regu- 
lations, ad inf mitum. 

c  FINANCIAL MANAGEMENT DISKETTE - 
Cost proposals can be analyzed 
and figures changed in minutes. 
Direct   labor   and   overhead 
numbers   can  be  changed  for 
example, and all other  numbers 
such as material costs and profit 
will automatically be recalculated 
in seconds without redoing  the 
entire  worksheet. 
This  information  can then  be 
stored  on  a   diskette.   for 
futur use comparison or immedi- 
ately reprinted if desired. 

A recent ad, in the March 13. 1982 
yashingtgn Pgst^ offers software 
to businessmen with mim-computers. 
It reads  as follows: 

'WIN   GOVERNMENT 
WINNING BID (TM) 

3NTRACTS WITH 

WINNING BID is a VISICALC (R) 
package that helps you pare cost 
proposals on DO 633 or Form 60 in 
minutes, not hours. Make fast 
accurate changes. Load WINNING BID 
in your copy of VISICALC and write 
cost proposals with 3 subcontracts. 
10 labor categories. different 
overhead and 3 ?.; A rates for the 
prime and each sub. and much more. 
WINNING SID lets you have 12 tasks 
for each labor catagorv; -nen 
automatical 1Iv generates full cost 
proposals. WINNING BID runs in 
seconds so you can make cnanges 
easily. Perfect for negotiations. 
Can you afford to be without WINNING 
SID wnen your competition uses if 

data WINNING   BID   availaole  c 
diskettes for TRS-SO Models 
and   III;    Apple   II   plus   ir 
preparation:  IBM ready soon.   Full 
documentation included. Send MO. 00 
tVft)  residents add 47. sales tax; 
•2.SO postage...  or rush rioht over 
and pick uo a copy. 

WINNING  511 
Corporation 
1=32." 

is ■?, trademarf 

W0RDPRDCESSIN8 DISKETTE ■ 
program Is a must for an' 
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WHAT A BUYER SHOULD LOOK FDR 
IN MINI-COMPUTERS 

In their book "WITHOUT ME YOU'RE NO- 
THINS" Frank Herbert i.nd Ma;; Barnard 
■give the best advice in the world. 

1. Don't take a course in computers. 
Most of them are using  obsolete 
eauioment and the «150 or so that 
you may spend at the local night 
school would  be better spent"in 
Puying your own computer. 

2. Learn some of the basic jargon. 

3. Spend as little money as possible 
for a computer that will dc what 
you want. 

4. Make sure the computer not only 
does what you want now but can be 
expanded or moctified to match vour 
growing skills and your increased 
demands. 

PROFESSIONAL PERSONAL COMPUTERS 

MANUFACTURER 
AND MODEL 

TYPICAL 
SASE SYSTEMS 
PRICE    PRICE 

APPLE 11 PLUS SI 530    S3130 

STARI 300 

4690 

399 

5760 

2652 

COMMODORE 
CBM 3032 

1495 4285 

HEWLETT-PACKARD 
HP-S5 

2750 7000 

CBM PERSONAL 
COMPUTER 

1595 4445 

LQSICAL BUSINESS 
MACHINES DAVID 

3500 10,000 
12,OOO 

MEC HOME ELECTRONI 23   995 3645 

NORTH STAR 3999 5500 

OSBORNE I* 1795 2095 

RADIO SHACK 
T-S-50 MODEL II 

339Q 5098 

ZEROX 320 2595 5395 

ZENITH DATA SYSTEMS   3195     4790 

*This price includes S1500 worth of 
software. 

For the procurement professional. I 
believe the following soecifications 
for mini—computers meet the four 
basic rules: 

A ROLLS RCYCE OF MINI-COMPUTERS WITH 
VW (1960 PRICES; LESS THAN S2.000. 

Hardware  or Equipment (the  computer 
itself): 

o  ZS0(R)CPU 

o  64 K of RAM memorv 

o  Two floopy diskette drives with 
102K bytes of storage each 

o  Full business keyboard with 10- 
key numeric pad. 

o  Built  in CTR  with  automatic 
scroll 

o IEEE-43S interface 

o RS232C interface 

o Modem interface 

o E-tsmal battery pack connector 

o Pockets for diskette storage 

Standard Software (Programs to run 
the computer;; 

O  CP/M(R)  disk operating system 

a  WORDSTAR (R)  word  procsssino 
with mailmerge \R; 

o  3UPEPCALC (R) electronic worksheet 

~      CBASIC (R) and MBASIC 

Compatibility and easv use: 

a      Capability to: 

—  use  a variety of  printers 
either  dot matrix or daisv wneel 
letter type including graphics: 

expand  to  double  density 
:apaci c-. 

—  Battery Rack with UP to -ive 

Trademarks: 
OSBORNE 1: Osborna Computer Corporatior 
CP.-'M: Digital Researcn 
WORDSTAR.MAILMERSE: Mi cro Pro 
SUPERCALCs  Sorcim Inc. 
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Z80A: Zilcq   Corporaticn 
MBASICl  Microsoft 
CBASICs  Compiler Systems 
■-•'ISICALC:  Personal Software 
APPLE II,III: Apple Computer Corporation 

MINI-COMPUTER COST COMPARISON 

FEATURES 
COMMODORE APPLE 

4016     II IBM 

Base Price *995 ~«l7330' 517565 
12" Green 
Screen Standard 299 345 
IEEE 
Interface Standard 300 NO 

TOTAL SP95 S1.929 51,910 
'Jppsr 3; 
Lower 
Case Letters Standard NO 3t andard 
Seoarate 
Numeric 
Key Pad Standard NO St andard 
Intellegent 
Peri pherals Standard NO NO 
Peal Time 
Clock Standard NO NO 
Maxi mum 5 1/ "5 

Capacity Per 
Or i ve SOOK 143K 160K 

NOTE 
decep 
even 
al 1 t 
costs 
smal 1 
The c 
permi 
progr 
incl u 
on t 
need 

All of the 
tive to the 
some of the 
rue, there 
left out. 
print you 

ost of disk 
t   you  to 
ams are not 
ded are  the 
he diskettes 
to make the 

above i s 
first tim 
experts. 
are  some 
For e>; amp 
ill find 
drives wh 
use  dis 
i ncluded 
costs 
whi ch 

computer 

somewhat 
e buyer and 
While it is 
very  big 

le, in very 
out that: 
ich will 
kettes  and 

Also not 
of programs 
you  would 
work. 

For example: 

The Commodore 4016 for S995. It only 
has a 16 K RAM capacity. To get the 
dual disk capacity and 64K RAM plus 
the software you need another S3,000 
to «4,000 investment if you want 
financial analaysis, wordprocessing 
and higher language program software 
capabi1ities. 

The  IBM  personal computer, if  you 
want wordprocessing capabilities, will 
cost at least S3,600. Other software 
which  the  procurement  professional 
requires  will  escalate the cost  to 
the $4,000 or  55.000 range. 

Both  of these examples exclude  the 

cost of the printers, which is what 
you need if you want hard copy or 
pieces of paper reproducing the 
information stored on the floppy 
disks. 

The only mini-computer on the market 
today which includes BASIC, VISICAL 
and WORDSTAR costing less than 
•2,000 is the 0SB0RNE 1. 

CURRENT MICRO WORLD 

3 bit — Mostek 6502, Motorola 6300, 
6809 Intel, Zilog 8030, 8085,Z30 

Major Users: Apple, Atari,Commodore, 
Radio Shack Color, Radio Shack Model 
I ?! II, Osborne, IBM. Hitachi, 
Toshiba, NEC. The latter three being 
Japanese firms. 

16 bit — Intel 8086, S088, Zilog 
Z8000, Motorola 68000 

Major Users: Exidy, ISC, CP/M 
Systems. 

CURRENT STANDARDS: CP/M, Z30, 
MICROSOFT BASIC 

SECURITY 

HOW CAN THE AUTOMATED OFFICE BE MADE 
MORE SECURE? 

A.   Full software  controls,  logs- 
Take   the   five  key   protection 
principles and answer the following: 

1. Identification-Who is  to 
use the system?  How can we identify- 
that it  is the correct person 
utilizing the hardware? 

2. Isolation —Can we make sure 
that a person has their own "view" 
of  the  system and that is all? 

3. Controlled access-Who is 
allowed what type of access to the 
data? Who should amend or who should 
just  observe  the data? 

4. Integritv-Of what value is 
the data if it is not correct? How 
can we ensure that the data is correct? 

5. Survei11ancs-How can we tell 
what the users actually did in their 
application run? 

S. Strict classification and protec- 
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tion  of data-de-fine the  quality  of 
the i n-formati on. Private and sensitive. 

wheel printers 
to •7,000. 

range  from   52,000 

C. Communications  controls - Future 
technology will provide the necessary 
security  requirements     e.g.   key 
encryption. 

D. Make   personnel   aware - Office 
automation is just  another   DP 
applicati on. 

WHAT  MUST  THE MANAGER DO AND THINK 
ABOUT? 

A.  Think  of  security  first  and 
foremost - Do not think of the system 
in terms of the "ostrich", or "titanic" 
approach. 

B.  Phase  into  automation 
systems. 

Pilot 

C. Plan for the information society- 
Distribution, Interconnection. 

D. Educate. 

E. Growth of the electronic  office 
is an opportunity, not a threat to DP 
managment. 

SUMMARY: 

A.   Security   of  the  office  must 
involve plans and policy that; 

1. Identify the resources. 

2. Determine the risks involved. 

3. Identify the countermeasures 
aval 1able. 

4. Perform   a  cost  benefit 
analvsi s. 

DOT MATRIX: 

Dot  Matrix printers range from *300 
to SI,000. 

NOTE: TRADITIONALLY THE GOVERNMENT 
AND LARGE BUSINESSES SEEM TO PREFER 
"LETTER   QUALITY   PRINTERS"   EVEN 
THOUGH THEY ARE IN FACT FDR THE MOST 
PART SLOWER'  Small ousinesses,  who 
do not have a thousand dollars or so 
to throw away  do  not  worry  about 
"LETTER QUALITY" and  "DAISY WHEEL" 
capability.   (NEITHER  SHOULD  THE 
FEDERAL GOVERNMENT') 

COST OF MODEMS (HOOKING THE 
COMPUTER UP TO A TELEPHONE): 

Modems  and  couplers  cost  between 
«239 and «749. 

SUMMARY 

PROBLEM:  The Federal Government 
has a serious shortage of  qualified 
people   and  office  space  in  the 
functional   management   area    of 
procurement. 

WHY  WE  PROBABLY WON" 
ABOUT THE PROBLEM: 

DO JYTHING 

o  Providing mini-computers in the 
office; 

—   Many managers would not even 
consider using mini-computers because 
they require one to type instead   of 
using a pencil or a pen or dictating 
to  a secratary, or they think  that 
one has to be a computer  specialist 
to  use them. 

5. Implement   the   approved 
measures. 

6. Monitor what has been done. 

B. Will we ever be totally secure? - 
No,  but  we can attain a level of 
acceptable risk with top managment 
awareness of the problem. 

Source: Richard Condon, Deputy 
Director, Information Systems 
Security, U. S. State Department. 

MOTE:  By 19S5 if the currant trend 
continues, we will be lacking 
250,000 aacretariam. (6) 

—  Many smal1 systems such as 
the-Osborne ara not even en QSA schadula: 
even  though thev ara off the shel-f- 
items  because GSA axperts, who cantral 
schedules have probably  never even 
used a mint—computer. Also,  small 
companies   are  afraid of  the  -ed 
tace  involved in getting on a GSA 
schedule. 

"RINTFRS 

Most  of  the letter  quality  daisy 

aware cr tne fac 
have wQrdprnce5= 
video financial 

that Tin: 
ic capabi'. 

:omput e-"- 
:ies and 
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— Most Federal managers think 
that mini-computers must cost at 
least five to ten thousand dollars. 

O Providing mini-computers at home: 

— Relativelv few Federal 
managers deli eve that an smplovee 
does not have to be at the office to 
be able to produce and be accounted 
for. in fact there is more 
accountability. One can see exactly 
how much is produced every day using 
a mini-computer. 

— Lobbyists representing those 
industries which sell cars, word- 
processers, run buses, cafeterias. 
rent office space etc. would 
seriously oppose this effort because 
in the long run the Sovernment may 
have no major need for these 
services. 

WHERE WILL THE MONEY COME FROM? 

In my own agency of Education and I'm 
sure wB''r3 not alone. We were leasing 
wcrdprccassing epuipment at the unit 
cost of •4O0 a month without 
mathematical capabilities for 94,800 
a vear which could be accomolished 
by a mini-computer for S1795, with no 
additional cost. We were leasing 
lattar quality printers for 5300 a 
month or S3600. per vear when dot 
narri-; printers could be purchased 
-cr as little ,-3s »7S0, 

TOTAL ANNUAL SAVINGS FOR COMPUTERS: 

o  In the office: 

— Total cost far a mini- 
computer including printer S2500. 
increased productivity for a 55-13 :D 
to-/. = 33300. Net savings 
Increased productivity for 19,000 
employees 572.2 Million minus cost of 
ths eouioment $47.5 Million = 524.7 
Million for the 1st vr. Thereafter, 
5 72.2 Million. 

O In the home: 

Elimination of 135 sq. ft. of office 
space 3 513. a sq. ft. = 52430 ;■; 
19000 = 542.2 Million plus the 572.2 
Million  cited above = 5113.4 Million 
oer vear. 

fl MASA study where 26.000 empicvees 
commute an average of 20 mil as a dav 
to  work shows the cost of  commuting 
13 56_ JM .: I iijci! a_ v^.ar . (6) 

WHERE AUTOMAT-ION WORKED IN THE 
FEDERAL GOVERNMENT!  (6 > 

The Department of Transportation 
Automated  Office System (TA0S)  has 
approximately 200 work stations, some 
of them in employee's homes. 

CONCLUSION 

Obviously, we cannot expect management 
to permit everyone to work at home 

■■WHAT  ABOUT  TRADITION,    THE  AUTO 
INDUSTRY AND THE OIL INDUSTRY?) Nor, 
would  evervone want to work at home. 
People get  lonely  or  forgotten  bv 
management   when  promotions   come 
around. (Out of sight out of mind!) 
But,  if even half of the procurement 
work   force  could  use  the  mini- 
computers  at home and  not  commute 
and  the other half had them in  the 
office    the   savings   would   be 
signifi cant. 

THE  MAJOR QUESTION SHOULD  THEN  BE 
NOT WHETHER WE CAN AFFORD TO PROVIDE 
MINI-PERSONAL COMPUTERS TO PROCUREMENT 
PERSONNEL BUT, RATHER HOW CAN WE 
AFFORD NOT TOT?? 
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Learning and the Microcomouter 
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3. Braun.  Ludwig,  "Comouters  in 
Learning  — An  Imperative  for  the 
IPSOs". April 1930. 

4. Ritter,  M. Craig, "2-Way Cable 
Television   in   the Schools   ana 
Cammumtv  of  Irvine. California, 
March, 1932. 

5. Markowits,  Eve,  "Working  in 
Baltimore Without Leaving Home". The 
E3£3!I!§£ Ngws, March 19, 1932. 

6. Shandler,  Philio, "Electronic 
Age Making Inroacs in Bureaucracv", 
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1980. 

0-113 



% 

% 

"IMPROVING DEFENSE ACQUISITION" 

BANQUET ADDRESS 

TO 

THE 1982 FEDERAL ACQUISITION RESEARCH SYMPOSIUM 

BY 

HONORABLE JAMES P. WADE, JR. 

PRINCIPAL DEPUTY UNDER SECRETARY OF DEFENSE 

FOR RESEARCH AND ENGINEERING 

MAY 6, 1982 

R-l 



^L    Good evemng, ladies and gentlemen.  It is an honor for me to be with you this 
W    evemng to describe for you some of the acquisition management efforts we have 

undertaken with the Department of Defense: some of our problems and some of 
our successes. Sixteen months ago a new management team, led by Secretary 
Weinberger and Frank Carlucci, took charge of the Pentagon. The new senior 
leadership arrived and immediately recognized a number of important tasks 
They wanted to increase the military budget to rectify the neglect of the 
past. You have seen the results in the 1982 and 1983 budgets. They wanted 
to reconsider the entire question of our strategic forces and how they could 
be modernized in an integrated, comprehensive way. You saw the results of 
that in the President's strategic modernization program, announced last 
October. But even as they set these two important efforts in motion. 
Secretary Weinberger and Deputy Secretary Carlucci turned to improving the 
management of the Department of Defense in two areas—planning and acquisi- 
tion. Three weeks after the inauguration. Secretary Weinberger began a 
review of the planning, programming and budgeting process, a review which led 
to a number of changes and to the reintroduction of planning into what had 
become a purely budgeting and programming process. Shortly thereafter, on 
the second of March, we undertook a review of the entire subject of defense 
acquisition. This intensive review, involving the participation of all the 
various organizations in the Department of Defense—and probably involving 
some of you personally—took place over the next month and resulted in the 
series of initiatives which have come to be called the 32 Carlucci Initiatives 
or, more formally, the Department of Defense Acquisition Improvement Program 

*We believe that this program goes to the heart of the procurement problems 
facing us. The initiatives we are undertaking to improve program stability 
to improve readiness and support, to reduce administrative costs, to reduce 
procurement times, and to improve the effectiveness of competition will 
tremendously enhance our procurement efficiency. 

But they will only do this if we, collectively, are successful in fully 
implementing them. There are several factors to keep in mind: 

o Other acquisition reform attempts in the past have not been completely 
successful. Either they have not been implemented at all or they have been 
implemented only partially. 

o The acquisition improvement program is one year old and we have much 
more to accomplish if we are to meet our objectives. Clearly, difficult 
problems require time in order to solve them fully. 

o More than just time is involved. More than just OSD is involved 
Interaction with industry, 0MB, and Congress is required-and the fully active 
support and participation by the services and layers within the services are 
required. " ai „ 

Now let me turn to some of the specifics of our initiatives. 

Program Stability  The reverse of this, program instability, has been one of 
our greatest problems. Program starts and stops, stretchouts, and reduced 
buys have been all too characteristic of the acquisition process over the 
years  If we can bring some stability to the process, we will have made a 
tremendous contribution to our national security. 
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Within the acquisition improvement program, we have identified some specific 
ways to meet the problem. Our basic objective is to identify and fully fund 
high priority programs which the services and OSD are committed to support. 
We have a preliminary list of stable program candidates from the services and 
are working with them toward establishing a final list. This is a difficult 
but essential first step toward achieving more stable programs which will 
result in greater quantities of systems, sooner, at lower cost. 

For programs which are more mature, stability is enhanced through application 
of multiyear contracting. We estimate that multiyear can achieve program 
efficiencies of up to 10 to 20 percent which means considerable savings. Last 
year, in FY 1982, we sought and received authorization to use multiyear 
procurement for three of our major programs: the F-16, the C-2A Aircraft, and 
the Troposcatter Radio (C-2 multiyear funding appears in the FY 1983 budget). 
Estimated savings for these programs are $325 million. This year's budget 
includes 15 programs with estimated savings of $815 million. We will identify 
additional multiyear candidates in the FY 1984 budget request. 

At the same time, we are reviewing all of our programs to see where we can 
achieve more economical production rates. The FY 83 budget included produc- 
tion rate increases for 14 programs which will result in savings of about 
$2 billion over the next five years. 

I do not want to convey the impression that we have not faced problems, 
incurred set backs, or that we can succeed in the stabilization part of the 
program without continued extraordinary management effort. Unforeseen 
reductions during development of the FY 1983 budget contributed to destabili- 
zation of a number of acquisition programs. Some programs which had been 
restored to more economical production rates through the FY 1981-82 budget 
amendment subsequently were proposed for cancellation, reduction, or stretch- 
out in order to meet the new fiscal constraints. The balance between across- 
the-board responses to threats and program stability is difficult to strike, 
but, unless we reduce the number of programs and at the same time preserve the 
required funding for our "stable" programs, our acquisition improvement program 
will not succeed. 

Difficulties with the multiyear effort include Congressional concerns over a 
loss of control over this portion of DOD's budget and the unstable nature of 
offsetting changing threats to our security. This inherent tension between 
the desire for savings and the need for flexibility presents a formidable 
barrier to wider implementation of the multiyear concept. 

It is clear that effective implementation of the initiatives connected to 
stabilization requires their immediate incorporation into the planning 
process. We must reflect the thrust of the acquisition improvement program 
in all applicable guidance/planning documents. 

Control!ing Costs. We fully recognize the need to control costs as a key area 
in our efforts to achieve program stability and otherwise improve the acquisi- 
tion process. We have taken some important steps which we hope will begin to 
bring this problem under control. 
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Inflation has been a major factor behind cost growth. This year's budget 
utilizes inflation indicies based on specific commodity price experience 
where inflation rates have significantly differed from those in the general 
economy. Program managers have been encouraged to budget to most likely cost 
and to budget for technological uncertainty. 

We now require that the services explicitly choose between the program 
manager's estimate of costs and an independent one, and defend the choice. 

Not all reported cost growth is real. Some of it results from establishing a 
cost baseline too early. To eliminate this "pseudo growth" and allow us to 
focus on controlling actual growth we have modified the milestones used by the 
Defense System Acquisition Review Council—or DSARC-- to delay the point where 
we establish a baseline to later in the development cycle. We anticipate that 
this will result in more realistic baselines being reported to Congress in the 
future. 

Despite these initial steps, controlling cost growth, both real and perceived, 
remains a major problem. The solution requires the utmost effort of all 
involved and must include more realistic estimates, accurately reflecting 
future costs and difficult choices, to reduce requirements when costs grow. 

Improved Readiness and Support. Improved readiness and support are primary 
objectives of the acquisition process of comparable importance to reduced unit 
cost or reduced acquisition time. By providing the necessary incentives to 
industry, we are seeking to design in reliability, maintainability, and support 
from the inception of weapons systems programs. If the incentives are there-- 
and we are taking action to ensure that they will be--I see no reason why 
industry will not reorient and focus design talents toward improving the 
reliability and maintainability of our conventional military systems.. However, 
the December 1981 report of the Acquisition Improvement Task Force indicated 
that programs continue to be structured to give precedence to acquisition cost, 
schedule, or performance objectives, while support and readiness are left to be 
accommodated within these program constraints. Early in the program reviews, 
we must examine acquisition strategy, including front-end funding, contractor 
incentives, design and supportability tradeoffs and alternative schedule and 
funding approaches, in the light of this effect on readiness. We also 
recognize, at the same time, the need, in some cases, for a more evolutionary 
approach to systems development. Our pre-planned product improvement program 
is a new design approach which plans a series of upgrades to lower techno- 
logical risk and accelerate deployment while allowing continued development 
of high technology alternatives. In a sense, this will allow us to have our 
cake, with low risk to support and readiness, and eat it too. Many systems, 
such as the joint tactical information distribution system and the M-l, have 
already adopted this approach. We are seeking many more candidates. 

Reduce Administrative Cost and Time to Procure Items. Simply stated, we're 
trying to reduce the hassle ot doing business. THTs hassle impacts both the 
contractors seeking to do business with DOD and our acquisition personnel. We 
must remember what we are trying to do, to assure that industry is provided 
the maximum opportunity for innovation, and an opportunity to compete. We in 
Defense must eliminate complicated specifications and let industry know in the 
simplest possible terms what we need. We must emphasize reliance on commercial 
off-the-shelf components and equipment to the extent possible. 
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We in OSD have and continue to seek relief from various legislative and 
regulatory requirements that impede the acquisition process. To date we have 
been successful in obtaining legislation to: 

o Raise the ceiling for small purchases from $10,000 to $25,000; 

o Raise the threshold for contractor submission of cost or pricing data 
from $100,000 to $500,000; and 

o Raise the threshold for secretarial D&F's for research and development 
from $100,000 to $5 million. 

Additional efforts that are in process include those to: standardize the 
threshold for significant socio-economic programs at $25,000, and permit 
4-day, 40-hour work week without premium overtime compensation. 

Relief is being sought from regulatory requirements under the cognizance of 
other departments and agencies. For example, the Department of Labor is in 
the process of revising the Davis-Bacon Act and Service Contract Act imple- 
mentation. It is anticipated that these changes will remove substantial 
administrative and direct cost in the acquisition process. 

Our efforts to reduce the burden on the acquisition process have included a 
large degree of self examination. For example: 

o OSD and service working groups are reviewing all directives to identify 
areas where changes (consolidations or eliminations) can be made without 
affecting essential elements of the acquisition process; 

o The number of program review milestones has been reduced from four to 
two; 

o Documentation for the review process has been reduced in length and 
scope; and 

o We have eliminated micro management by raising the review thresholds 
from $75 million to $200 million for R&D and $200 million to $1 billion for 
procurement. 

These efforts to reduce the burden on the acquisition process essentially 
have been aimed at directives and reviews required at the OSD level. 
Certainly, this effort should not end there. I suspect that similar reviews 
at the service and devense agency level will disclose areas where similar 
changes can be made to the benefit of the acquisition process. To the extent 
that such reviews have not been undertaken, I would like to encourage such 
efforts. 

Simplification of Contractual Documents. There has been a growing concern in 
both the Government and industry that the complexity of solicitations and 
contractual documents severely inhibits the economy and efficiency of our 
procurement process. Long and bulky solicitations frequently do not fulfill 
any beneficial requirement. Instead they often aggravate and confuse 
contractors, inhibit competition, and add to the administrative time and cost 
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of the process. As I mentioned earlier, we were successful in our effort to 
have the small purchase threshold raised to $25,000 thereby significantly 
reducing the complexity of purchases below that level. We are presently 
involved in an effort to simplify the contract format and content for the 
acquisition of supplies valued between $25,000 and $500,000. This dollar 
range encompasses contractual actions involving a vast majority of trans- 
actions for other than small purchases. Further, it is this area where 
industry complaints on the complexity of the procurement system are the most 
pronounced. 

Although this effort has just gotten under way, we fully expect the results to 
be important in terms of improved competition and reduced administrative costs, 
particularly for activities such as DLA that do a significant part of their 
business with small business firms and acquire essentially commercial items. 

Competition. It is firm 000 policy to purchase required materials and services 
including major weapons systems on a competitive basis whenever this makes 
good sense. Achieving cost effective competition is recognized as a major 
challenge and is one of our key acquisition improvement initiatives. In 
FY 81, 41% of our procurements were the result of price or technical/design 
competition—about four points better than FY 80. Another 23.5% were follow- 
on awards for items from sources that had been initially established as a 
result of competition—up two points over FY 80. We recently took a fresh 
look at competition in those major weapons systems reported to Congress in the 
selected acquisition reports. Out of a total of 48 systems examined, we found 
that 42 had initial competition in the program where the contractor was picked 
through a competitive source selection process. Our efforts to pursue the 
benefits of competition did not and must not stop there. In 24 of the systems 
examined we actually contracted with two or more competitors for some or all 
aspects of the development program. In some of these systems like the F-16, 
A-10, AAH, and M-l we had competitive hardware for evaluation before entering 
full scale development. In others, such as the Multiple Launch Rocket System, 
Divad Gun, and Cruise Missile, we carried the competition through the entire 
development program. Even when we eventually get to a single development prime 
contractor, significant competition still takes place at the subsystem and 
vendor levels for the majority of the effort. We are pursuing several systems 
with production competition at the prime and subcontractor level and plan to 
add more in the near future. In many cases we break out production subsystems 
for direct purchase by the Government. For instance, the Tomahawk Cruise 
Missile has, or will have, competition, for virtually every major subsystem 
managed by the program office. We now examine the acquisition strategies of 
all major programs for the benefits of competition in production. We firmly 
believe competition provides cost benefits in most cases. We have intensified 
our scrutiny of the broader economies from competition in the production phase 
and plan to continue this emphasis in the future. 

Additionally, last November the services and defense agencies were tasked to: 

o Designate advocates for competition at each procurement activity; and 

o Establish goals for increasing competition. 

We will be monitoring their efforts. 
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The Logistics Management Institute has been tasked to assess commodities/ 
programs with best potential for competition. Their report is due in June. 

Essentially, we are turning over every stone we can find in our efforts to 
increase the level of competition. 

But despite our efforts, it is absolutely certain that real success in 
increasing the extent of competition in the DOD acquisition process cannot be 
achieved without your strong support. The exceptionally high level of 
competition experienced in the Tomahawk Cruise Missile Program was the result 
of a firm commitment to this by those in leadership positions. If this 
success is to be repeated, similar commitments are essential. 

Let me conclude by summarizing where we stand and what we expect and need from 
you. I think it is important to keep in mind that acquisition reform attempts 
in the past have not been implemented or implemented only partially. We intend 
to meet our goals. 

So far we at OSD have been successful in: 

o Lessening the legislative burden on the acquisition process by raising 
the thresholds for small purchases and the requirement for cost or pricing 
data. More changes are being pursued. 

o Reducing internal OSD Administrative burdens such as those associated 
with the DSARC process, reductions in DOD directives, and secretarial D&F's. 
Here too, more changes/reductions in directives, etc. are in process. • 

o Stabilizing the acquisition of some major programs. More has to be 
done. 

o Getting the word out on our initiatives to the public, industry, and 
Congress through articles, speeches, and testimony. 

To insure implementation, responsibility for the program has been focused in 
the Under Secretary of Defense for Research and Engineering with primary 
action responsibility assigned to Bill Long, Deputy Under Secretary for 
Acquisition Management. Bill chairs an acquisition improvement steering 
group composed of senior Department of Defense and service officials charged 
collectively with monitoring progress and taking action to assure rapid 
implementation of the 32 initiatives. 

The program and the progress that I have described this evening are important. 
We have made a good start. We have recognized and defined and identified the 
problem. But many of you in this room have been involved in the acquisition 
business for much of your adult life. I am not the first senior OSD official 
you have heard stand up and describe initiatives to reduce cost and bring 
discipline to the acquisition process. You may well be wondering what is 
different about this effort. Will this effort--like many other well 
intentioned efforts in the past—fade into obscurity? It is a fair question. 
I think there are important differences this time. The first, and perhaps 
the most important, is the exceptionally high degree of commitment which we 
have at the top. Secretary Weinberger and Frank Carlucci strongly support 
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this effort and are anxious for it to succeed. I started my remarks by noting 
that undertaking the study which led to the acquisition improvement program 
was one of their earliest acts when they took over the responsibility for the 
Department of Defense. They are fortunate in having the strong support of 
the Office of Management and Budget, the Office of Federal Procurement Policy 
and the General Accounting Office. They have made considerable efforts to 
ensure proper implementation and under their leadership we are trying very 
hard to make implementation of this program a team effort. It would be 
foolish to assume that these initiatives will take root and grow simply 
because of their own merit. The basic policy changes have been made. But we 
must now shift our emphasis to action and implementation at the working level. 
In large measure the success of the acquisition improvement program will be a 
function of the efforts of those of you in the acquisition community. Your 
support, and the support of those with whom you come in contact--both in and 
out of Government--are essential. Continued public support for this adminis- 
tration's effort to rearm America depends on our convincing the American 
people that we are using their tax dollars wisely, prudently, and efficiently. 
If we are to do this, your active and continuing involvement in the acquisi- 
tion improvement program is vital. We have the support from the top but we 
must all work together to implement this. We cannot afford to fail. 

Thank you very much. 
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