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SUMMARY

,* Objectives.1
The p.imary objective was to demonstrate a simulation modeling methodology for forecasting weapon system

- readiness in a wartime surge environment. The secondary objectives were (a) to quantify the interactive effects of
• ".manpower, spares, and support equipment for the F-15 operational weapon system in a wartime surge environment and

(b) to develop mathematical models of resource interactions.

i
.- Bsakground

The concern for military readiness has prompted efforts to forecast the resources for sustained surge operations and
maintenance (O&M) of tactical aircraft. Previous research and development (R&D) has demonstrated the use of
simulation and modeling techniques to predict resurce needs for peacetime operations. However, a surge O&MI environment is characterized by conditions which have an impact that cannot be extrapolated from peacetime simulations.
For this reason, a need exists to extend simulation and modeling techniques to a wartime surge environment.

Approach

The specific R&D approach progressed through the stages of(a) a definition of a Logistics Composite Model (LCOM)
maintenance data base, (b) the development of wartime surge scenario and operetion ground rules, (c) the adoption of
experimental designs and methods.'or selecting resource quantities, (d) statistical examination of LCOM output measures,
and (e) the derivation of regression models for each output measure as a function of resource quantities.

Specifics

Method. The LCOM was used to simulate 30 days of surge flying activity, assuming an operational wing of 72 F-15
* aircraft. Three levels of manpower, four levels of spares, and three levels of support equipment were combined factorially,

yielding 36 separate simulations. The interactive effects of the three types of ref.ources, based on the 30-day surge period,
were examined for 40 weapon system performance measures. Performance measures were commonly used metrics relative
to operations, aircraft, manpower, shop repair, spare supply, and support equipment.

"Two sets of regression models for predicting sortie rates were derived for each of the 40 performance measures.
* The first set of models used only the three types of resources (i.e., manpower, spares, support equipment), as the

independent variableC, whereas the other set included the surge period (in daysj as an additional independent variable.

Findings and Discussion. The major sources of variance in 40 performance measures were attributable to spares
and to day of surge activity. The models indicated that as resources were exhausted in the early days of the wartime
surge, flying activity deteriorated rapidly. Manpower, support equipment, and interactions among the three principal
resources accounted for smaller portions of variance than did either spares or days. The levels of each resource controlled
the impact of the variable so output measures of system performance will not be sensitive to resource limitations if the
levels are high enough for most demands to be easily satisfied.

The regression models that used only the three types of resources as independent variables did not provide accurate
predictions of system F.ý..ormance. The expanded models t6 at included the surge period as an additional variable resulted
in reasonably accurate predictions of the 40 performance measures (e. g., percentage of sorties/missions accomplished).
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Caulmao~aReonMmemdatilorn

The application of simulation modeling technology for forecasting weapon system readinwas in a wartime surge
environment was demonstrated successfuily. The tecmnology can be used to generate adequate estimates of sorties or
missions accomplished under wartime surge conditions.

The regression models developed satisfactorily represented the interactive effects of manpower, spares, and support
equipment on sorties and missions accomplished by F-is units under wartime surge condition.

It is recommended that this approach be extended to include the effects of variables not eeained by this study;
for example, (a) the causal relations between the measures of performance and the resource quantities and (b) the impact
of chemical warfare environment, variations in mission scheduling, deployment policies, organization structures, and
battle damage aecwament.
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1. INTRODUCTION

PROBLEM

A growing concern in the Air Force is the readiness to engage in
sudden or protracted military conflicts. This concern has prompted
efforts to forecast the manpower, spare parts, and support equipment
needed to sustain oper 'ations and maintenance (O&M) of several tactical
aircraft. However, forecasting resource levels is not, a simple task.-
The 084 environment changes as a function of factors such as flying
activity, environmental conditions, weapon systems in the inventory,
weapon system complexity, and changes in maintenance concepts. Thus, to
estimate weapon system readiness, methods are needed that can accommo-
date various configurations of the 081M environment and changes in sce-
nario and support conc~epts.

Previous studies reported by the authors (References .1-4) estab-
lished a process for estimating resource requirements of a 72-aircraft
sing of F-15s during sustained peacetime operations. Several variations
In logistics support, utilization scenario, and miaintenance concept were
introduced, and results were examined statistically to determine the
quantitative impact of these variations on performance. Furthermore,
mathematical models were developed as predictive devices which general-
ized the quantitative relationships between environmental variations and
performance. Simulation modeling, augmented with mathematical modeling
of performance measures, was shown to yield a powerful analytic tool for
estimating peacetime resource needs.

The Air Force Human Resources Laboratory (AFHRL) has addressed the
peacetime 084 environment. However, a methodology is needed to show the
marginal change in sortie generation of a unit of tactical aircraft in
the combat surge environment as a function of differing levels of man-
power, spares, and support equipment available to the unit when com-
mitted to combat. These unit resource levels must be translated into
funding levels for the Force Structure in the budget and POM (Program
Operations Memorandum). This methodology would be used to assist in
balancing resources across weapons systems and to satisfy the Congres-
sional mandate that support resource funding be explicitly related to
levels of readiness.

In this context, readiness is defined as the number of sorties that
can be generated during the initial surge phase of air operations.

The purpose of the present study was to extend the peacetime simu-
lation and mathematical modeling. technique to an initial wartime surge
environment.

This study examined the influence of variations in manpower,
spares, and support equipment quantities on F-15 operations and mainte-
nance assuming the heavy flying demands typical of a surge scenario.
Dynamic interactions among resource levels were studied for each of 30
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successive days, and results were used to develop predictive models that
relate daily changes in more than 40 performance measures to variations
in resources.

Specific study objectives were: (a) to quantify the interactive
effects of manpower, spares, and support equipment for F-15' operational
weapon system in an initial wartime surge environment, and (b) to
develop mathematical models of resource interactions.

2
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11. APPROACH

Several techniques are available for predicting system performancie
as a function of resource quantities, and each hds advantages and disad-
vantages with respect to sophistication, fidelity with actual opera-
tions, flexibility, cost, and turnaround time. Paper-and-pencil surveys
can provide, results rapidly and inexpensively. but generally yield
little insight into complex interactions among the weapon system and itsI resources. At the opposite end of the continuum, actual flight testing

* under hypothetical operating conditions can provide a wealth of detailed
information about complex interactions. However, these exercises are

* extremely expensive, require prolonged periods to collect useful data,
and may be very restrictive in terms of objectives that they satisfy.
Hence, a technique more sophisticated than paper-and-pencil surveys and
less expensive and time-consuming than flight testing is needed to give
designers and managers early quantitative data on projected system per-
formance.

Computer simulation modeling represents a powerful, timely, and
relatively inexpensive method for generating quantitative relationships
between performance measures and resource quantities. Using a simula-
tion model, an investigator can examine virtuaiij any real or hypotheti-
cal configuration of an 08&4 environment of any weapon system. Among the
available computer models to provision for spares anid manpower (Refer-
ences 5 to 12). the M~aintenance Manpower Model deveioped by the AFHRL
has been used extensively. The Air Force maintains highly detailed data
bases of the characteristics and support environments of several tacti-
cal aircraft in accordance with AFR 25-8. Aircraft systems currently
covered -include the F-4E. RF-4C, F-4G, F-15, F-16, F-lilA, EF-1llA,
A-10. A-7D,.and C-5A.

The Maintenance Manpower Model incorporates the Logistics Composite.
Model (LCOM) (References 13 to 16) and provides a technology for fore.-
casting the maintenance iiianpower requirements for a weapon system (Ref-
erence 7). Using Air Force base-level data related to aircraft mainte-
nance and support functions, LCOM simulates an operational aircraft
squadron or wing at a specified level of flying activity over time (Ref-
erences 8 to 12). Outputs from these exercises include detailed infor-
mation about simulated operational activity on a day-by-day basis (e.g.,
sorties requested and accomplished), aircraft maintenance (e.g., post-
sortie turnaround time), personnel use, shop repair, supply and support
equipment use. By varying levels of manpower, spares, and support
equipment assumed to be available at the start of simulation, investi-
gators have been able to examine the interrelationships among these
resources as they influence weapon system performance. Sim.'lation
results can be used to optimize resource quantities and tradeoffs
between resources, and in this way contribute to readiness.

The specific research program progressed through the following
stages:

3



1. Define maintenance data base

2. Develop surge scenario and operation ground rules

3. Adopt experimental design and methods for selecting resource
quantities

4. Statistically examine LCOM output measures

5. Derive regression models for each output measure as a function
of resource quantities

DEFINITION OF THEDATA BASE

Simulations were performed with an F-15 data base which is
described in detail in Reference 1. This data base had been configured
following review of Air Force and contractor publications devoted to
F-15 maintenance requirements, examination of the maintenance data col-
lection system (References 17 and 18), and consultation with Continental
United States (CONUS) and European base maintenance personnel. Mainte-
nance tasks and aircraft components were described at the standard five- I
digit work-unit-code level adopted by the Air Force (Reference 19), and
configured appropriately for ICOM use (References 13 to 16). Operations
with the F-15 concerning deployment, flying rates, weapons use, alert
requirements, flight sizes, mission types, and launch time separations
were guided by Air Force policies. Similarly, maintenance concepts that3
defined work centers, manning standards, frequency of scheduled mainte- '
nance, task priorities, base and depot repair time, flightline activi-
ties, and cannibalization of downed aircraft for spare parts, all were
chosen in light of Air Force practices and data, (see Appendix A). Q
Expected failure rates and repair times were provided to the data base
for over 400 line replaceable units (IRtis) that were considered to be
"maintenance significant," i.e., at least one maintenance action was
expected in approximately 5000 sorties. Military persennel were desig-
nated by their Air Force Specialty Code (AFSC), and maintenance activi-
ties oF 38 AFSC types assigned to 10 different work centers were moni-
tored. Further detail on data base characteristics can be found in
Reference 1.

SURGE SCENARIO AND OPERATION GROUND RULES

Reference (20) provided some information on combat sortie genera- i
tion. Each simulation performed in the present study assumed the same
F-15 utilization program and several additional operating restrictions.
The utilization program spanned 30 days of 081M activity, and prior to
thk first day, a wing of 72 aircraft and supporting manpower, spares
supply, and equipment were assumed fully operational. 1

Surge flying activity described a positively skewed histogram of
missions and sorties requested as a function of days. That is, the
greatest level of flying activity was requested on the first surge day,

4



and then decreased across days 2 and 3 to a level which remained high
but constant from days 4 through 30. An effort was made to optimize
mission scheduling within each day so that pea.k demands for aircraft
would occur when most aircraft were expected to be available, i.e., fol.-
lowing the completion of sorties or maintenance and service. Across all
30 days, the flying program yielded an aircraft utilization rate (UR) of
135 sorties per aircraft per month, although sortie rates achieved
varied as a function of resources. Sortie durations were held constant
for different mission types. In-sortie activity was not simulated.

Each day allowed for 12-daylight and 2-nighttimE hours of flying
activity for a total of 14 hours per day. Missions were scheduled for
all 7 days per week. Maintenance manpower was made available-on all 30
days according to two 12-hour shifts. Manning levels per shift corre- a

sponded to Air Force policies and to the quantities assigned via the
experimental design. .

Cannibalization of parts from non-operational aircraft was per-
mitted in all simulations. Generally, Air Force policy calls for avoid-
ing cannibalization for a variety of reasons, but under surge operations -
exceptions can be made. It was assumed cannibalizations would occur
only when spare parts were not available from supply and the aircraft in
maintenance could not be repaired before the next scheduled sortie.

Resupply of spares repaired at the depot was not allowed. In oper-
ational settings, some percentage of failed aircraft components are
routed to the depot to be repaired; the remainder are repaired on base.
In the present scenario, repair pipeline time. from the depot was set at
a value greater than 30 days, which meant that there was a continuous
drain on potential supplies as a function of failures.

EXPERIMENTAL DESIGN AND METHODS FOR ELECTING RESOURCE QUANTITIES

The purpose of this study was to examine the effects of a wide..
range of resource levels on system performance across the 30-day surge.
Therefore, simulation runs differed with resp•.ct to the quantities of
men, spare parts, and support equipment availaLie beginning on the first
day of surge activity. Three levels of manpower, four levels of spares,
and three levels of support equipment were combined in a factorial
arrangement yielding 36 separate "cells,* i.e., each level of a variable
appeared in combination with each level of all remaining variables.
Figure 1 illustrates the experimental design for this study and lists
the actual quantities of men, spares, and equipment in terms of AFSCs,
LRUs, and Avionics Intermediate Shops (AISs), respectively. Within each
cell there were 30 successive days and, therefore, 30 observations per
LCOM performance measure. Thus, across all simulation runs, 3x4x3x30
1080 observations per measure were obtained as a function of manpower,,
spares, support equipment, and days. \ 7\ -

The resource quantities chosen reflected a concern with avoiding
weapon system performance extremes for which the effects of the resource

5 .'-S
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variations would be undetectable. If, for instance, nearly all of the
sorties requested are accomplished across simulations that use different
resource quantities, then a "ceiling" effect prevents any inferences
regarding the magnitudes of experimental manipulations. Therefore, dif-
ferent resource quantities were chosen, based on preliminary simulation
results, to ensure large variations in system performance.

First, three simulations were conducted with unlimited manpower,
spares, and support equipment to determine the best performance possible
under an aircraft utilization rate (UR) of 135 flying hours per aircraft
per month. The three runs sampled the inherent random processes in the
model and, therefore, produced a "band" of performance. Figure 2 illus-
trates this performance band in terms of percent of requested sorties
accomplished per day. As can be seen, even with unconstrained resources
the frag rate required to meet a UR of 135 simply was too high with the- E
restrictions that the initial ground rules impcsed (72 aircraft and a
14-hour flying window per day). Percent sorties accomplished increased
from about 76% to 92% across Days 1 to 4 and then remained relatively
constant near 92% through Day 30. The three unconstrained runs yielded , .

a variation in percent sorties accomplished of approximately *3% around
the mean on any given day.

Once the band of percent sorties accomplished was established,
resources were constrained to lower quantities to keep the sorties
accomplished rate within the band. These resource levels represented
the baseline values. As can be seen in Figure 2, baseline resource con-
ditions consisted of 1431 LRUs, 1572 persons, and two Avionics Interme-
diate Shops (AISs), each shop comprised of six avionics test stations.
Additional levels of each resource then were selected to satisfy the /
experimental design. J

Manpower levels equaled 781, 972, or 1572 persons distributed
across 38 AFSC types and two work shifts. These values were selected
based on earlier work (Reference 3) and satisfied manning requirements
for UR-lO, 20, and 30 peacetime flying schedules, respectively. A tual
frequencies of men per AFSC appear in Appendix B.

Totals of 463, 728, 1188, or 1431 spare parts distributed a ross
411 different LRUs constituted the four levels of spares. The lower, two
spares quantities, 463 and 728, were selected based on prior research
(Reference 3) which showed these quantities to be satisfactory for U-10
and 30 schedules, respectively. The larger quantities, 1188 and 1431,
were determined by treating requests for LRUs as a Poisson distribu ed
process given anticipated failure rates and 30 days of flying. The wo
values were computed to ensure that requested spares would be availa le
with a probability of .El for a UR=90 and a UR-135, 30-day schedu e,
respectively. Appendix C presents actual spares quantities per LRU, and
Appendix D discusses the procedures for using the Poisson distribution.

Support equipment associated with the AIS test stations was con-
strained to either 0, 1, or 2 of each drawer per test station. The AISs J

7
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are used to repair failed LRUs. Constraining the availability of the
AIS test stations was expected to delay or eliminate spares resupply and
impair system performance.

In addition to the AIS, the following support equipment and facili-
ties were simulated at constant levels over all runs:

Equipment Quantity

AM32A-60A: Gas turbine generator set ........... unconstrained
TTU228/E: Hydraulic test stand ................ unconstrained
NF2: Self-contained light stand .......... unconstrained
68D: 20-MM loader. .................... . 1 4
189F168: 20-1MM loader ........................ 1
MHU83A/E: Munitions handling lift truck ....... 3
MJ-1A: Aerial stores lift truck............ 2
HOTPIT: Quick turnaround area ............... 6
TAB V: Hardened shelters .................. 72

LCOM OUTPUT MEASURES EXAMINED

Forty LCOM dependent me3sures, grouped into six performance cate-
gories, were extracted from each daily summary of flying activity for
all 36 s-imulat 4ons. A list of the measures appears in Table 1. As a
result of the design adopted, there were 1080 observations for each of
these measures.

Within a given category, values for each dependent measure were .*

collected on each subcategory, but statistical analyses were performed
only on values totaled across all subcategories. For instance, Percent
Sorties Accomplished was a measure available for each of the mission
types In the Operations category. However, analyses were conducted only
on Percent Sorties Accomplished accumulated across all mission types.
Similarly, measures in the Manpower category were accumulated over all
AFSCs; in the Shop Repair and Supply categories across all LRUs; and in
the Support Equipment category across all AIS drawers and remaining
equipment.

STATISTICAL ANALYSES

The effects of changes In resource quantities on the 40 measures .7

were examined with two sets of stepwise regression analyses (Reference
21). For each measure, a regression model was derived using single
degree-of-freedom components of the main effects and interactions
between Manpower, Spares, and Support Equipment. Variation attributable
to Days was treated as error. A socond model was generated for each
measure which included selected components of the Days main effect and
their interactions with all the remaining factors from the first regres-
sion analysis. Table 2 summarizes the 26 sources of variance and their
degrees of freedom tested in the first analysis. The second analysis
tested 80 sources of variance which resulted when linear and quadratic

9
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TABLE I LIST OF LCOM OLtT PU'r VARIABLES EXAMINED

DEPENDENT MEAS•E(S
CATEGORY NW. HILt

OPERAT IONS 3 Percent accomplished - Mission
8 Percent accomplished - Sorties

AIRCRAFT 15 Percent on sorties (including Alert)
16 Percent in unscheduled maintenance
17 Percent in scheduled maintenance
18 Percent in NORS
19 Percent in mission wait status
20 Percent in service plus waiting
21 Percent in operationally reedy (hors
22 Average aircraft postorti me (hours)
23 Average number of sorties per aircraft

24 Flying hours
TS Average aircraft pre-sortie time (hours)

MANPOWER 28 Percent utilization
Manhours used(XlO0)
Percent unscheduled maintenance

31 Percent scheduled maintenance
33 Number of me desired
34 Percert mon available (Prime)
38 Percent demands not satisfied
40 Simulated maintenance menhours per flying

hour

SHOP REPAIR 44 Number of reparable generations
*5 Percent bses repair

Percent depo. repair
47 Average base reptir cycle
48 Percent active repair
49 Percent white space

SPARES SUPPLY 55 Percent fill rate
56 Number of backorder days
57 Number of units demanded
58 Percent units off-the-shelf
61 'Percent demands not satisfied
62 Number of cannibelizations
63 Number of items on backorder

SUPPORT E;UIPW.NT 71 Equipment percent used - unscheduled
maintenence

72 Equipment percent used - scheduledmaintoenanee"'
73 Equipment percent unused? m Number of backorder days

Number of units demanded
79 Equipment percent asmands not satisfied

TOTAL *

10



Days components were~ entered as main factors and in interactions witht

the 26 sources from Table 2.

In stepwise regression, the form a prediction model eventually
assumes is governed by several assumptions. In the. present analyses,
the one factor selected from the group of factors at each step always
had the largest semi-partial correlation with the dependent variable
and, therefore, made the largest contribution to total variance
accounted, R2. Factors continued to be admitted to the model only if
the F-statistics associated with their variance contribution exceeded
the .001 probability level. Furthermore, a factor remained in the modiel
only if its contribution after other factors were entered exceeded a
value significant at the 0.05 level. These criteria made both entry of
a factor into the model *and exit after entry relatively difficult. It.
should be clear from these remarks and -fable 2 that the two prediction
models generated for each measure represv'nted two of virtually thousands
of potential models. In regression ardlysiis. Any factor associated with~
a degree of freedom can be treated as a testable factor or as error.
Furthermore, the order of factor entry as well as statistical criteria
used to tes.t each factor are user-definesd.
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TABLE 2 MAIN EFFECTS, INTERACTIONS, AND ASSOCIATED DEGREES OF
FREEDOM FOR VARIATIONS OF MANPOWER, SPARES, AND SUPPORT
EQUIPMENT: REGRESSION MODELS WITHOUT DAYS

SOURCE OF VARIANCE d"

Total 1079
enpower 2

1.8 lineer (N)
2. quadratic (1?2)

Spares 3
3. linear (S)
4. quadratic 0(2)

cubicb (S3)
Suplport Equipment 2

5. linear (SE)
6. quadratic (SE2)

anrkpower x Spares 6
7. NxS S
8. WxS 2Iqx S•b

1N2xS1

"2 x S3b -
Nhnpower x Equipment 4

11. N x SE
12. " x SE2
13. 142 x SE
14. He2 x SE2

Spares x Equipment
15. S x SE
16. S x SE2
17. S2 x SE
Is. 52 x SE2

S3 x SEb
S3 x SE2b I

NMapower x Spare x Equip. 12
19. N x S x SE
20 1xS xSE2
21. 1 S2 x SE
22 K Sx 52 SE2

x S3 x SE2b
23. N2 x S x SE
24. 142 x S x S12
25. K2 x S2x SE I
26. H 2 xS 2 x SI2

K2 xS3 xS~b

N2 x S3 x SEZb

Residual 1044
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III. RESULTS

Tw o classes of findings are important to the purpose of the present
study. First, the concentration was on the empirical relationships
between resource levels and observed changes in F-15 performance as
reflected in the 40 LCOM measures. Second, the regression models
derived from these empirical relationships are discussed and their pre-
dictive power evaluated. Examples of the appropriate use of the regres-
sion miodels are presented.

EXPERIMENTAL FINDINGS

The range of resource quantities tested had a dramatic impact on
several performance measures examined in all categories. The first con-
sideration is the impact of resource levels on an Operations ;iieasure
since other measures are directly influenced by activity at this super-
ordinate level. Figure 3 illustrates changes in Percent Sorties Accomn-
plished as a function of all resource levels. Within each panel, Per-
cent Sorties Accomplished is plotted as a function of the four spares
levels (x-axis), and the three manpower levels (graphs lines). Each AIS
condition is plotted in a separate panel . Each data point in Figure 3
represents the average sortie percent for the 30-day surge. Changes in
sortie percent over days are presented later in this section.

Figure 3 shows that as resource quantities were increased, sortie
percent increased, not a s 'urprising result. However, some resources
.clearly had more impact on this measure than others. First, spares
levels made the major contribution to sortie pet-cent. Note the rapid
increases in sortie percent within each of the three panels. Averaged
over manpower and support equipment, sortie percents were 36%, 50%, 70%
and 71% for spares levels of 465, 735, 1188, and 1431 LRUs, respec-
tively. It is of interest to note that further increases in LRUs beyond
1188 did not influence sortie rate substantially.. This result indicates
that restrictions imposed by other resources, the heavy flying demands,
anid the limited number of aircraft and daily flying window, nullified
the advantages of the largest spares supply.

Second, the more support equipment that was available the greater
the sortie rate, but the magjnitudes of the increases were not as large
as when spares were changed. Averaged over manpower and spares, the 0,
1, and 2 AIS conditions produced 50%, Z.%, and 61% sorties accomplished.
Finally, manpower changes effected the smallest average gains in sortie
rates; average percentages for 781, 972, and 1572 personnel were 53%,
56%, and 61%. The small separations between graphs in each panel of
Figure 3 indicate manpower had a negligible effect on sortie percent.
At first glance, the 8% performance gain achieved with a doubling of
manpower from 781 to 1572 AFSCs may appear surprisingly small. However,
,is will be seen in later discussions of Personnel category measures,
z 'en. the lowest manning levels produced relatively few unsatisfied
riemands for personnel.

13



bd

* TD

* cc
C2 0ILLU
C3 ccL

S us

UL

00

------ CC 00

S 'a 0
* - Oc.

k*
SJ

*W

-
-in

14



The main effects of each resource type were of interest; however,
the data in Figure 3 show that interactions among. resources also pro-
duced important effects on sortie percent. 'For instance, the data show
that percent sorties accomplished across spares levels increased faster
as more and more AIS became available (slope increases across panels;)...
This result suggests that the more spares there were on hand, the
greater the flying rate, but unless repair facilities for failed IRUs
were available, spares were exhausted rapidly and overall sortie percent
peaked at a level far below what is required for a UR 135 scenario.
When AISs were provided, a constant flow of repaired IRUs could restock
spares supplies and help sustain heavy flying demands.

However, the relationship among resource levels is more compli-
cated. A three-factor interaction between manpower, spares, and support
equipment is evident in Figure 3. The separation among graphs across
panels is greater at the higher than at the lower spares levels. Sortie
percents were poor at the low spares levels, and even drastic increaser~
in manpower and support equipment could not compensate for low initial
suppl ies. However, at higher spares levels, more personnel and AIS..
Upaid off"~ in the sense that these resources boosted sortie percentsi
when initial spares inventories were plentifully stocked.

These data demonstrate the complex relationships among flylig
activity and resource levels that prevail in 0&4 environments. Higt'ir
resource levels yield higher overall sortie rates, resulting in molr~e
failures and more demands for resources. If supplies are on hand, or
can be regenerated in large numbers, then activity is sustained. But
once initial spares levels are exhausted, further sorties (a) continu-
ously drain whatever repaired LRUs are generated, and (b) create massive
backlogs of failed parts that cannot be repaired quickly enough to stem
the decline of flying activity. Before examining 'repercussions of
resource levels and flying activity on other LCOM measures, it is useful
to examine daily variations in sortie percent among our simulations.

Figure 4 depicts in nine panels all combinations of the resource
quantities as they influenced Percent Sorties Accomplished over the
surge period. Sortie percents were averaged into six successive blocks
of 5 flying days each for clarity of presentation. The top, middle, and
bottom rows of panels represent sortie percent under manning levels of
1572, 972, and 781 personnel, respectively. The left, middle, and right
columns of panels present the 0, 1, and 2 AIS conditions, respectively.
Within each panel, the four spares levels are differentiated by graph
lines.

Figure 4 provides clear evidence that a surge scenario cannot be
sustained unless resources are set initially at relatively high levels.
For instance, in the bottom left-hand panel, the solid-line graph repre-
sents the flying rate accomplished under the worst of the resource
conditions--463 IRUs, 781 personnel, and no AIS. As can be seen, flying
activity dropped from 60% in the first 5 days to only 13% in the last 5
days. Obviously the overall UR 135 could not be satisfied under these
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conditions; in fact, the actual UR accomplished was about 45 sorties per
aircraft per month, one-third of the requested rate. And it should be
kept in mind that this decline in flying activity was solely the product
of deficiencies in the maintenance environment. In all simulations, it
was assumed that aircrdft would not be lost to battle damage, environ-
mental condiitions, or other sources of attrition. Within the same panel

of Fgur 4,increases in spares levels slowed the decline in sortie
perentso hatinthe best of these poor support conditions--1431 LRUs,

781peronnl, ndno AIS--UR peaked at slightly over 75 sorties per

The remaining eight panels of Figure 4 generally show that the most
Influential resource for sustaining heavy flying demands was initial
spares su~pplies. In all nine panels, sortie rate was sustained longerI and at higher levels as more spares were provided. As shown in the 30-
day average data, the two highest spares conditions of 1188 and 1431
IRUs did not yield very different sortie percentages when daily trends
were examined. Each panel shows that the highest spares conditions, sus-
tained flying activity about equally well. (As will be noted in subse-
quent regression analyses, this lack of further improvement with changesI in spares lowers the predictive strength of a model that includes spares
level as an independent variable.)

Figure 4 also reveals the effects of manpower, support equipment,
and interactions between all resources on sortie percentages. The
effect of manpower 4s seen by comparing measures in rows of panels, and
this exercise shows that as manpower increased, there were average gains
in sortie percent. However, the shapes of the separate curves over days
adthe differences between curves did not vary much. Similarly, a com-

parison across columns indicates that adding more AIS improved perform-
ance generally, but did not greatly influence daily change patterns.

* . ~The three-factor interaction among manpower, spares, and support .

equipment again was apparent in the daily performance changes. It. may
be noted in Figure 4 that for all spares levels, the first 5-day value
of Percent Sorties Accomplished was larger. as more personnel and more
support equipment were provided. However, at the two lowest spares
levels, flying rates declined rapidly over the 30 days regardless of the
manpower and support equipment available. On the other hand, the two
highest spares levels were augmented by the other two resources so that
declines in flying rates were actually halted and sortie percent held at
relatively high levels across the 30 days (see Figure 4, top left
panel). For the best resource conditions--1431 spares, 1572 personnel,
and 2 AISs--the accomplished UR totaled approximately 122 sorties per
aircraft per month which, although significantly lower than the
requested UR 135, was controlled in part by aircraft and flying window
restrictions.

To summarize the Percent Sorties Accomplished measure, clear
effects due to spares levels and marginal effects due to manpower and
support equipment were found. Flying activity was held constant over

17



days when initial spares levels were high and sufficient manpower and
equipment were available to repair failed IRUs and provide a consistent
flow of spares back into supply. However, when quantities of any of th,
three resources were relatively low, flying activity rapidly deterio-
rated to alarmingly low levels over the surge days. Same tradeoffs
between resources were identified based on various two- and three-factor
interactions. For instance, when no AISs were available, as would be
the case in a remote deployment of 'aircraft, relatively high spares
levels offset the maintenance capability lost when limited manpower was
available. On the other hand, when manning levels where increased by
slightly more than a factor of two, this produced virtually no improve-
ment in ability to sustain the flying demands when very few spares were
allocated.

In the present simulations, flying activity was reque.sted by mis-
sion types and each type required a minimum number of aircraft he avail-
able. If the minimum number could not be filled, the mission was can-
celled. Thus, if a -four-aircraft mission was cancelled because only two
airc.-aft had been available, then two ICOM measures reflected this
loss--Percent Missions Accomplished and Percent Sorties Accomplished.
In the present example, one mission was lost and four sorties were lost
in the same cancellation. If the same mission were requested and three
of four aircraft satisfied the minimum aircraft conditions, then the
mission would have been flown, and the same two LCOM measures would have
been differentially affected. In this case, the mission would not be
lost, but one sortie (three out of four requested wer'e flown) would have A

been lort. The relationship between missions and sorties hasp two conse-
quences for analysis: (a) unless all missions and sorties are accom-
plished, there will always be a higher percentage of missions accom-
plished than sorties accomplished; and (b) effects attributable to
resource manipulations will be nearly identical for the measures because
the two are highly correlated. Indeed, the analyses showed that spares,
manpower, and support equipment influenced mission rates in the same
directions and magnitudes as they influenced sortie rates.

The resource quantities contributed to variaticns in the Aircraft
category of measures (see Table 1), and two of those measures are con-
sidered here for their close relationship to sortie percentages and for
their importance to assessments of "readiness," an issue of concern to
Air Force planners. The status of a given aircraft can be described in
several mutually exclusive classifications. For example, the aircraft
might be flying a sortie or waiting to take off; it may be in mairte- :
nance or in a pool of available aircraft. LCOM accumulates the percen-
tage of time each aircraft resides in these status classifications inV
terms of the total "aircraft-.days"I available. Aircraft-days is simply
the product of aircraft and flying days and for these simulations
equaled 2160 aircraft-days (72 A/C x 30 days). Measures 15 through 21
listed in Table 1I represent percent of aircraft-days and always total
100% in a given simulation.
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Of particular importance to this investigation were Percent in
Non-operationally Ready Supply (NORS) and Percent Operationally Ready
(OR). [Note: Current aerospace vehicle status codes, such as Full Mis-
"sion Capable (FMC), Partial Mission Capable (PMC), etc., have not been
"incorporated in the.LCOM (Reference 4)]* An aircraft is in MORS status
when insufficient spares supplies are available to repair one or more
failed LRUs that are required for the aircraft to be mission-worthy.
The OR status. i, 1.. a sense, the opposite of the NORS status; in OR an
aircraft is fully prepared for a mission. With respect to readiness,
low NORS and moderate to high OR rates are signs that the wing is pre-

-, pared for combat. On the other hand, high NORS and low OR rates suggest
lowered readiness and signal potential problems for sustaining a surge
operation.

Figure 5 presents both the NORS and OR rates as a function of
resource levels studied, and these results highlight readiness deficits
when resource levels are severely constrained. Each data point repre-
sents a 30-day average for the appropriate condition. As can be seen,
spares quantities controlled both NORS and OR rates, whereas manpower

* and support equipment made only small additional contributions to varia-
tions in these measures. In the lowest spares condition, NORS reached

' and exceeded 60%, and OR remained near 10%, regariless of added manpower
or support equipment. These rates signal limited capacity to maintain
the surge requirement. However, as more spares were allocated, NORS

J dropped rapidly and OR rose slowly but steadily. The reason for the
difference in these rates of change becomes obvious in light of Figure
3--as NORS drops, more aircraft are available to fly missions, and,

• " therefore, "Percent on Sorties* increases to as high a level as failure
"rates will allow.

Figure 6 illustrates the NORS rate changes as a function of days In
each simulation. A comparison of these data with those in Figure 4 on
sortie percentages shows the high negative correlation between these
measures. Generally, as more sorties were flown and more failures were
generated, spares supplies were quickly exhausted and aircraft were

,routed to a NORS status. In the lowest spares conditions, the NORS per-
ý centage increased rapidly over days, and after 30 days approximated 90%
\independent of other resources. However, when spares were increased,

he time which aircraft remained in the NORS status was reduced.

There was an interaction between AIS level and spares quantity
.cross days, and this is most easily seen by comparing the NORS rates

r the highest spares conditions in the left and middle columns of
I prnels in Figure 6. Notice that with one AIS, NORS increased over days
Sal a slower rate than when no AIS were available. This result shows

t at support equipment which is used to repair spares can regenerate
.s fficient supplies to keep NORS at acceptable levels.

Once an aircraft was in the NORS status it was vulnerable to canni-

t balization. Therefore, a close relationship might be expected between
NORS percentage and frequency of cannibalizations. However, several
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additional considerations complicate what appears to be a simple rela-
tionship. First, any factor which helps replenish supplies should work.
to keep cannibalizations as well as NORS rate low. As described previ-
ously, providing AIS maintains LRU repair activity and slows the NORS
rate. Therefore, cannibalization should be less frequent when more sup-
port equipment is available. Second, cannibalization requires manpower;
functional LRUs can be obtained from disabled aircraft only if people
are available to perform these tasks. Thus, the greater the manpower
levels on the average, the more cannibalizations should occur. Third,
flying activity increased NORS levels dramatically when spares were low
initially (Figure 6), and across 30 days, there was no improvement or
reversal in NORS. This relationship implies an interesting outcome for
cannibalization froquency. Given low spares levels, cannibalizations
should increase across days as NORS increases. But cannibalization
itself exacerbates the NORS rate by further impairing an aircraft's
potential availabiitty; parts taken from an aircraft almost ensure it:
will remain in a permanent NORS status. Therefore, cannibalization
should peak and then decline over days as the system, in a sense, con-
sumes itself.

Figure 7 shows the total cannibalizations performed per 5-day block
in each simulation, and each of the effects described above can be seen
in these data. First, the more spares provided initially or made avail-
able by the introduction of AIS, the lower the overall frequency of can-
nibalizations. Second, more cannibalizations were performed at the
higher manpower levels (compare rows of panels from bottom to top).
Finally, over the 30 days, cannibalizations tended to increase to a peak
frequency and then decline to relatively low levels.

Changes in several additional Shop Repair, Supply, and Equipme'nt
category measures were examined, and graphs of these data appear in
Appendix E of this report. Rather than elaborate on each measure, the
reader is referred to this appendix for further examination of these
data. Generally, each measure revealed a sizable effect due to spares
supplies and lesser effects due to manpower and support equipment. The
relationships between changes in flying activity and changes in Shop
Repair, Supply, and Equipment measures corroborate the mutual dependenca
of activities that drive these measures. For instance, flying activity .*
produces failures and failures prod',ce demands for supply units, support
equipment units, and cannibalizations. Failures also create work for
shop repair, and therefore, generations of LRUs increase and decrease
with failure rate.

Finally, a number of measures showed significant effects of man-
power levels, and several of these are presented here to elucidate where "
manning levels influenced system performance. First, when an aircraft
returns from a sortie, complete maintenance checks are initiated, failed
LRUs are identified, and unscheduled maintenace is performed prior to
the aircraft being routed to OR. Obviously several factors influence
the amount of time an aircraft spends in post-sortie maintenance,
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including equipment needs and availability, skill level of the techni-
clan(s) performing the maintenance, and severity of the damage. The

* present simulations did not examine all potential source of turnaround
time variability, but it appears that manpower levels made a major con-
tribution to Average Aircraft Post-sortie Time (Figure 8). Very simply.
the more personnel available, the more rapidly aircraft were serviced
and readied for another sortie.

The AIS and spares levels appeared to make little or no contribu-
tion to changes in post-sortie time. This conclusion Is too simplistic,
however, given the data concerning sortie and HORS rates. Post-sortie
time is computed for aircraft that have completed processing and, there-
fore, can be based on different numbers of turnarounds in different sim-
ulations. A better understanding of the impact of resource quantities
on post-sortie time miust take this computational procedure into account.
For instance, cannibalized aircraft that never exit a NORS status do not
contribute a value to average post-sortie time. Figure 8 shows simply
that speed of repair for aircraft that were eventually repaired and sent
to OR was a function of the number of maintenance personnel available.

In the Personnel category, several measures showed a dependence of
manpower use on spares supply and flying activity. The data of primary
interest are illustrated in Figures 9 through 12. In Figure 9, it can
be seen that the Number of Personnel Demanded was an increasing function
of spares supplies, which as we have noted, was in turn related to
sortie percentages. As with other LCOM measures, there was a circular
cause-and-effect arrangement between manpower demands and flying
activity.

Figure 10 shows generally that the Percent of Personnel Demanded
that Was Not Satisfied remained relatively low across all resource con-
ditions, but was a decreasing function of manning level. The selection
of manning levels had been guided by expected use and obviously yielded
levels that were higher than necessary. Since nearly all demands were
satisfied for the highest manning conditions, the contribution of the
manpower variable to predictive models was expected to be lower than if
many demands had not been satisfied. That is, the problem here is a
ceiling effect that lowers the correlation between an independent vari-
able and LCOM performance me-asures.

The final two measures presented, Total Manhours Used (Figure 11)
and Simulated Manhours per Flight Hour (Figure 12), show (a) that there
was a positive relationship between personnel used and flying activity
that was mediated by spares supply and (b) that, under high flying
rates, proportionally fewer manhours were generated per flight hour.

TO summarize, the experimental findings of the present simulations
showed that resource quant'ities and interactions among resources pro-
duced wide variations in ICON measures of F-15 performance. Of the
resource variables examined, spares supplies tended to contribute most
to the experimental effects. However, it was suggested that the levels
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of eech resource controlled the impact of the variable, and therefore,
effect magnitudes and eventually predictive models generated from the
present data need to be interpreted with these limitations in mind.
Generally, manpower and support equipment contributed to performance
variations, but levels of both of these variables tended to be too high
to allow more substantial effects to emerge. This observation should
serve to alert users of simulation modeling techniques to the fact that
output measures of system performance are not sensitive to resource lim-
itations if most demands for resources are easily satisfied. In the
present simulation, only spares levels adequately sampled a broad enough
range to yield truly sensitive performance differences. However, these
results are encouraging since relatively small effects associated with
levels of manpower and equipment suggest that even lower quantities can
be expected to produce relatively good performance.
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REGRESSION MODELS

Predictive models for each of the 40 ICON measures are presented in
complete detail in Appendices F through G. As mentioned earlier-,. two
models were generated per measure, one that included selected Days: com-
ponents as predictive terms and a second that treated all variations
over Days as error. First, there is an example of a regression model
for Percent So.-tl" 1:061cd.,. F!11l!-ing an explanation of how this
model can be used, the models developed for the remaining LCOM measures
are summarized and evaluated.

As Figures 3 and 4 show, Percent Sorties Accomplished varied as a
function of resource quantities. The variation in this measure can be
conceptualized as a unit circle the area of which equals the total sum
of squared deviations around the mean of Percent Sorties Accomplished.
Regression analysis then partitions this variability among the factors
manipulated by the experimenter. As mentioned in the Approach section, .
the two analyses conducted here included 26 and 80 factors, respec-.
tively, based on exclusion or inclusion of Days as a factor. TablTe 3
summarizes the valiance distribution among 26 factors in the first anal-
ysis type for Percent Sorties Accomplished. The percentage of variance
and regression coefficient attributed to each factor are listed along
with total accounted variance and subtotals for the main factors and
interactions. Figure 13 -subtotal s for the main factors and interac-
tions. Figure 13 illustrates the partitioning of the total variance
derived from the first type of analysis. I

As Table 3 indicates, only 5 of the 26 single degree-of-freedom
(df) factors accounted for sufficient variance to satisfy the signifi-
cance test criteria that were adopted. This does not mean that the
remaining 21 factors contributed nothing to total variance, only that
the criteria effectively screened out factors that made very small con-
tributions. A second point to note is that the total variance accounted
for by the 26-factor model was relatively low, 51.45%. In regression
analysis, effects due to all single df factors always sum to 100% of the
variance. But one objective of regression analysis is to account for as
much variance with as few factors as possible so that the final predic-
tive model is a parsimonious one. Evidently the 26-factor model, while
relatively parsimonious (1079 single df factors were possible), was not
a powerful model since the proportion of unexplained variance was large,
48.55%. *

An examination of the variance percentages for individual factors
shows a good correspondence between the predictive model and the rela-
tive effect magnitudes seen in the experimental findings (see Figure 3).
It was found that spares supply appeared to have the greatest effect on
Percent Sorties Accomplished among the resources examined. As Table- 3
shows, the two single df factors associated with the S~pares main effect
accounted for 42.69% of total variance, and nearly 83% (42.69/51.45) of
the variance accounted for in the model.* The second largest effect was
due to Support Equipment, and Manpower made the smallest contribution
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PERCENT ACCOMPLISHED -SORTIES

VARIABLE 08 5 !5.9077.+ 29.4092 (S) + 9.439 (M) + 5.7461 (SE)
-30.6195 (S2 ) + 63.3809 (S X m 2 x SE)

TOTAL VARIANCE (R2) - 51.45
STANDARD ERROR OF ESTIMATE =15.71

MANPOWER Z204%

SPARES

42.69% UNACCOUNTED

VARIANCE
48.55%

SUPPORT EQUIPMENT =4.35%

LINTERACTIONS -2.37%

FIGURE 13 DISTRIBUTION OF VARIANCE IN PERCENT SORTIES ACCOMPLISHED
DUE TO A REGRESSION MODEL BASED ON MANPOWER,

SPARES, AND SUPPORT EQUIPMENT
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TABLE 3 DISTRIBUTION OF VARIANCE AND REGRESSION COEFFICIENTS FOR 26
FACTORS DERIVED FROM COMPONENTS OF SPARES, MANPOWER,
SUPPORT EQUIPMENT, AND INTERACTIONS FOR PERCENT SORTIES
ACCOMPLISHED

PERCENTAGE OF REGRESSION
PREDICTOR TOTAL VARIANCE COEFFICIENT

55.9077 (Intercept)
. Manpower - linear (N) 2.04 9.4359
2. - quadratic (nz)

3. Spares - linear (S) 40.98 29.4092

4. - quadratic (S2) 1.71 -30.6195

5. Support Equip. - linear (SE) 4.35 5.7461

6. - quadratic (SE2)

7. MxS
8. Mx S2

9. I2xS
10. M2 x S2

11. MxSE

12. M x SE2

13. M2 x SE

14. M2 x SE2

15. S x SE

16. S x SE2

17. 52 x SE

18. S2 x SE2

19. NxSxSE

20. Mx Sx S 2 I "

21. Mx S2 x SE
22. M x S2 x SE2

23. 42 x S x SE 2.37 63.W009

24. M2 x S x SE2
25. M2 x S2 SE' ,

26. M2 x S2 x $E2

Ntm.t of Predictors in Equation 5

S Variance Accounted for 51.45
Variance Subtotal*
Manpower 2.04

Spares42.69
SUpport• Eyupment 4.35- acto ?ntleractions
3-Factor Interactions 2.37

Standard Error of Estimate 15.71
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among main effects. One component of the three-factor interaction among.
Manpower, Spares, and Support Equipment contributed a sufficient per-
centage of variance to satisfy the significance test criteria, and this V
supports the earlier observation of such an effect. None of the two-
factor interaction components were of sufficient statistical importance, 4
to be included in the final model.

The first analysis yielded a linear equation that uses the quanti-
tative levels of resources weighted by the appropriate regression coef-
ficient and produces an expected value of Percent Sorties Accomplished.
The equation for this measure was

% Sorties Accomplished - 55.9077 + 9.4359(M) + 29.4092(S)-
30.6195(S2) + 5.7461(SE) + 63.3809 (SxM2xSE)

where M refers to manpower level , S to spares level,' and SE to support
equipment level. p

I To derive these models, the manpower and spares levels were trans-
.formed prior to computing regression coefficients because the magnitudes
of some quadratic terms and interactions became so large that precision
was lost. For instance, with the largest manpower and spares levels
1572 and 1431, respectively, the quantitative value of theMXS
ihteraction would have been 15722 x 14312 . 5.06039... x 1012 In
regression analysis, roundir~g yields imprecision in coefficients which
becomes more severe as more steps are computed. Therefore, 949.5 was m
suibtracted from each manpower level, 1109.667 from each spares levels,
and then each result was divided by 1000 prior to using the levels as
correlates with values of a performance measure. It should be emnpha- r
sized that this procedure in no way changes the predictive fidelity of
these models. The proper use of the equation listed above in the previ-
ous paragraph for predicting sortie percentages requires that the trans-
formations be performed before levels are entered into the equation. .

For example, if the user wanted to know the expected sortie percent
for 30 days given resource quantities of 1200 personnel, 900 LRUs, and 2
AISs, the two transformations are performed first; then the equation is
sol ved:U

Manpower - (1200 - 949.5) x .001 - .2505
Spares a (900 - 1109.667) x .001 * -.209667

1.
% Sorties Accomplished a55.9077 + 9.4359(.2505) + -

29 4092(- 20966Z) -30.6195(-.2096672) + 5.7461(2) +
63.3809 ((.2505z) (-.209667) (2)] - 60.6%

Approximately one-half of the sorties requested in a UR 135 schedule
would beexpected to occur under these resource conditions according to
the model. It should be clear that this value is an estimate for 30
days and that daily expected percents would not be available with such a
model. Furthermore, since the model accounted for only 51.45% of the '
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variance in observed sortie percentages, the 60.6% estimate derived from
the model is subject to error. On the average, that error is rather
large as can be deduced from a standard error of estimate value whichI equaled 15.71% (see Table 3). The standard error indicates that in the
long run, approximately two-thirds of the sortie percents actually
observed under the assumed resource conditions would fall within +15.71%
of 60.6%. Needless to say, this is a relatively poor predictive -device.

A much superior predictive device was obtained when the linear and
quadratic components of Days were included as main factors and in inter-
action with the 26 factors of the first analysis. The analyses that
included Days tested 80 single df effects, a relatively simple model
considering that 1079 effects were potential candidates. Due to space
limitations, Table 4 lists the descriptors, percentages of variance, andI regression coefficielts *for those factors among the 80 that satisfied
the significance test criteria for the second model. Appendix G pre-
sents each factor tested.

As Table 4 shows, the predictive model became more complex when
Days components and interactions were added. The number of terms in the
final equation r'ose from 5 to 22. But the added complexity yielded a
much more powerful prediction device, accounting for a total of 91.08%
of the variance and keeping the standard error at +6.79% of mean values.

* Furthermore, daily sortie percent values can be computed with this sec-
ond model, whereas only 30-day average values can be estimated with the
first model.

* The procedures for using the second model are identical to those
just described, with one addition. A Day value is required. The Day
value transformation is first computed using the following formula:

D - Day -15.5

Table 5 presents a comparison of the observed sortie percents for each
of 30 days in two different simulations, and the predicted percents gen-
erated by the second model. Inspection of the uVifference" column shows
that there were many discrepancies between observed and predicted
results, but generally they were within tolerable levels. Recall that

* - these are stochastic models designed to predict performance assuming
large variations in resource levels. In light of the dramatic perform-
ance changes obtained (see Figure 4), the present equation predicted the
results remarkably well given its relative simplicity. In both compari-
sons shown in Table 5, the model accurately predicted general trends in
sortie percents over days. A note of caution is in order. The present
equations are valid only for resources levels that fall within the
bounds of the levels used to derive the equations. No guarantees can be
made about predictions when resources levels either underrun or overrun
the original levels used in simulations. This may be an obvious, but
important, caveat.
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TABLE 4 DISTRIBUTION OF VARIANCE AND REGRESSION COEFFICIENTS FOR 80
FACTORS DERIVED FROM COMPONENTS OF SPARES, MANPOWER,
SUPPORT EQUIPMENT. DAYS, AND INTERACTIONS FOR PERCENT
SORTIES ACCOMPLISHED

PERCENTAGE OF REGRESSION .... -
PREDICTOR TOTAL VARIANCE COEFFICIENT

5S."80. (Intercept,)
m. anpower - linear (N) 2.04 6.718 nr

2. Spares - linear (S) 40.98 27.7055

-quedrati, (S2) 1.71 -38.6294

3. Support Equipment - linear 4.36 14.2978

- quadratic (SE2) 0.49 -2.8850

4. M x S 0.34 11.2481

5. N x SE 0.10 4.0377

6. N2 x SE 0.16 -16.3688 .

7. S x SE 0.39 19.1699
8. S x SE2 0.16 -5.0227

9. Nx S x SE 0.10 0.6186

10. N x S2 x SE 0.13 11.0326
11. N2 x S x SE 2.36 11.4445"

12. Days - linear (0) 26.18 -1.5051
13. N x D 0.56 -0.5717

14. S x D 8.82 1.4033

15. SE2 x D2 0.18 .0.0154

16. 1Z x S x D2 0.43 -0.3544

17. S x SE x D 0.59 0.4086
18. S2 x SE x D 0.58 1.1922

19. S2 x SE2 x 02 0.32 0.0642
20. 12 x S x SE x 0 0.10 1.9431

Numr of Predictors In Equation 22

S of Variance Accounted for 91.08

Variance Subtotala
Manpower 2.04Spors 42.69
Support Equipment 4.85
Dae 26.18
2-Fctor Intarections 10.71
3-Factor Interactions 4.51
4-Factor Interactions 0.10
Standard Error of Estimate 6.79
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TABLE 5 COMPARISONS BETWEEN OBSERVED AND PREDICTED RESULTS FOR
PERCENT SORTIES ACCOMPLISHED PER DAY IN TWO SIMULATIONS

Percent Accomplished-Sort ies
Varabe 0 a55.9805 *2N.055 (S +(6.+14.2978 •SE - 38. 2;4 (52 8-182.8(50 (SE2)

+11.2481 (S x M) + 19.1699 (S x SE) - 5.0227 (S x SE2)

+ 4.0377 (N x SE) - 16.3688 (02 x SE) + 8.6186 (S x N x SE)

.11.4445 (S x H2 x SE) + 11.0326 (S2 x N x S) - 1.5051 (D)

+ 1.4033 (S x D) - 0.5717 (M x 0) - 0.0154 (SE2 x D2)

- 0.3544 (S x N2 x D2) + 0.4086 (S x SE x D) + 1.1922 (S2 x SE x 0)
+ 0.0642 (S2 x SE2 x D2) + 1.9431 (S x H2 x SE x D)

Total Variance (R2 x 100) 91.08
Standard Error of Estimate =6.79

Resources: 972 Personnel Resources: 972 Personnel
735 Sr 1431 Spres7I AlSes I1I

Day Observed Predicted Difference Observed Predicted Difference

1. 61.54 74.50 -12.96 64.47 87.18 -22.71
7.33 72.64 0.69 77.92 86.62 - 8.70
77. 70.78 6.80 74.89 86.03 -11.14

4. 83.01 68.90 14.11 82.52 84.43 - 1.91
5. 84.47 67.00 17.47 81.07 84.82 - 3.75
6. 83.01 65.10 17.91 82.04 84.18 -. 2.14
7 82.52 63.19 19.33 82.52 83.53 - 1.01
8. 73.74 61.25 12.54 78.16 82.86 4.70
9. 75.24 59.32 15.92 86.41 82.17 4.24

10. 73.30 57.36 15.94 83.01 81.46 1.55

11. 64.06 55.40 8.68 78.46 80.74 - 2.10
12.- 57.28 53.42 3.86 81.07 80.00 1.07 . ..
13. 59.22 51.43 7.79 68.f5 79.24 -10.79
14. 49.51 49.42 0.09 71.84 78.6 - 6.62
15. 50.49 47.40 3 0 1.:9 ;0:9 - 7
16. 53.88 45.37 831 1 -25.,9
17. 44.6 43.33 1.33 51.4 76.02 -24.56
18 38.35 41.28 - 2.93 55.83 75.17 -19.34
19. 46.60 39.71 7.39 79.61 74.30 5.31
20. 42.72 37.13 5.59 69.90 73.43 - 3.53
21. 50.00 35.03 14.97 72.82 72.52 0.30

41.26 2.93 8.33 80.10 71.61 8.49
: 43.69 30.81 12.88 .70 70.67 6.13

24. 38.35 28.68 9.67 .18 69.72 7.46
25. 31.55 26.54 5.01 69.42 68.74 0.68
26. 34.95 24.38 10.57 74.27 67.75 6.52
27. 34.95 22.21 12.74 69.90 6.75 3.15
28. 29.61 20.03 9.58 76.21 65.72 10.49

S26.21 17.84 8.3 72.82 64.68 8.14: 30.58 15.63 14.95 74.27 63.62 10.65
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Figure 14 illustrates the gain in predictive strength obtained with
the second model for Percent Sorties Accomplished. By repartitioning
the same data with the new model, the percentage of unaccounted variance
dropped from 48.55% (Figure 13) to 8.92%. Furthermore, the two factors
which dominated the model in terms of estimating sortie percentage Were
Spares level and Day of the month. Inspection of Figure 4 shows why
these factors were so dominant; sortie percent rose steadily as spares
increased but tended to decline across 30 days. The signs of the
regression coefficients for the linear components of Spares and Days
indicate the positive and negative influences of changes in these fac-
tors on sortie percents.

The remaining LCOM measures were predicted with varying degrees of
success with the two types of models. Figure 15 shows the partitionings
of variance for two of these measures under the two types of models.
The circle graphs on the left of the figure represent variance estimates
for the Percent of Aircraft-Days in OR, and show that the model without
Days components accounted for 48.03% of the variance. In contrast, the
model with Days components accounted for 90.72% of the variance an
improvement comparable to that of the Percent Sorties Accomplished.

The Number of Cannibalizations was poorly predicted with both
models. The circle graphs to the right In Figure 15 show that the pro-
portion of variance unaccounted for with the models was 63.34% for type
I and 37.26% for type IU. An examination of Figure 7 suggests the rea-
son for the low predictive strength in these models. Across days, the
number of cannibalizations tended to increase to a peak value and then
decline. The day on which the peak occurred varied across simulations.
For a predictive model to be sensitive to this simulation difference,
components of the Days factor higher than the quadratic component should
have been included. It is difficult to surmise which of the 29 orthogo-
nal Days components would have been best to include as predictive terms,
but in retrospect, the linear and quadratic components obviously did not
suffice.. These observations should serve to caution the user against
rigidly adopting a stepwise regression procedure which tests the same
components for all performanc measures.

Table 6 lists the propo tions of total variance accounted for by
the two models tested for each of the 40 LCOM measures of interest.
(Appendices F through I provide fully elaborated equations and variance
portions due to each factor n each model.) Table 6 shows that the
models predicted the measures •ith varying degrees of success. Several
models were of high predictiv• value whereas others were of limited
value as evidenced by the wide ange of variance figures.

Two shortcomings in the pr sent approach, if corrected, may improve
predictive models of LCOM results. First, as was seen in the figures
that illustrated the simulation results for several measures (Figures 3
to-12), the choice of resource levels may not have induced variations in
performance that were large enough to benefit model development. For
instance, in an extreme case some dependent measure may show only small ',
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PERCENT ACCOMPLISHED - SCRTIES -. 61

VARIABLE 08 = 55.9805 + 27.7055 (S) + 6.7818 (M)
+ 14.2978 (SE) - 38.6294 (S2) - 2.8850 (SE2)
+ 11.2481 (S X M) + 19.1699 (S X SE) - 5.0227 (S X SE2)

+ 4.0377 (M X SE) - 16.3688 (M2 X SE) + 8.6186 (S X M X SE)
+ 11.4445 (S X M2 X SE) + 11.0326 (S2 X M X S) - 1.5051 (D0

+ 1.4033 (S X 0) - 0.5717 (M X D) - 0.0154 (SE2 X 02)

- 0.35441SXM 2 X 02)+0.40b6 (SXSEX D)+1.1922(S 2 XSEXD)
+ 0.0O42 (S2 X SE2 X D2) + 1.9431 (S X M2 X SE X D)

TOTAL VARIANCE (R2) = 91.08
STANDARD ERROR OF ESTIMATE = 6.79 r

DAYS•

MANOW69204

INTRACION

SUPOT QUPMEN ý.8%ýUNCCOUNTEDVAINE &2

•MANPOWER = 2.04%-•

FIGURE 14 DISTRIBUTION OF VARIANCE IN PERCENT SORTIES ACCOMPLISHED
DUE TO A REGRESSION MODEL BASED ON MANPOWER, SPARES,

SUPPORT EQUIPMENT AND DAYS
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TABLE 6 TOTAL PERCENTS OF VARIANCE ACCOUNTED BY TWO REGRESSION MODELS

PERFOR14ANCE SPARES X MANPOWER X SPARES X MANPOWER X
MEASURE EQUIPMENT EQUIPMENT X DAYS

Dependent Variables

Oeaions
03 Pe-riFan-C -copliahed-missions 43.44 91.72
08 Percent accomplished-sorties 51 .45 91.08

Aircraft
15 Percent on sorites (in~cluding alert) 48.24 91.89
16 Percent in unscheduled maintenance 47.87 91.65
17 Percant in schedules maintenance %'9.16 84.31
18 Percent in NORS 52.71 95.11
19 Percent in mission wait status 25.97 79.53
20 Percent in service pl.us waiting 67.76 85.79
21 Percent in operationally ready 48.03 90.28
22 Average aircraft post-sortie 21.21 22.66

time (hour)
23 Averag~e number of sorties pet 47.C4 92.87

24 aircraft per day .2918

23 Percent uiTltz tion 63.32 92.23
29 Menhours used ?x100) 51.69 91.32
30 Percent unscheduled maintenance 0.20 45.31
31 Percent scheduled maintenance 8.20 45.31
33 Number of men demanded 50.03 92.37
34 Percent men available (Prime) 74.55 94.23
38 Percent demands not satisfied 74.47 94.13
40 Simulated main'-ensnce mainiours 18.88 47.66

per flying hour

Shop Repair
44 Number ~reaable generations 43.62 86.75
47 Average base repair cycle 43.25 53.13V
48 Percent active repai r 12.67 12.04
49 Percent white space 6.60 12.35

Spares SuplXr
Pecn a ae60.24 79.79

Number of backorder days 60.24 79.79
57 Number of units demanded 50.14 98.97
58 Percent units off-the-shelf 43.07 87.36
61 Percent demands not satisfied 60.24 79.79
62 Number of cannibalizations 36.66 62.74
63 Number of items on backorder 52.98 99.05

71 Equipment ecn use - unscheduled 78.61 90.94
maintenance

72 Equipment percent used - scheduled 13.11 19.85
maintenance

73 Equipment percent unused 78.65 91.12
74 Ntimber of backorder days 50.05 99.98
75 Number of units demanded 43.72 86.09
79 Equipment percent demands not 62.78 77.78

satisfied
NOTE: Variables 18-Average aircraft pro-sortie time (hours), 45-Percent
baes repair, and 46-Percent depot repair were evaluated. However no
predictors met the 0.001 significance level foreentry into a model. Ccnse-
quently, there were no *atimating models for thease dependent variables.
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random changes as a function of very large variations in *a resource.
The correlation between the resource- and the measure in this case would
be zero, and therefore, no predictive capability would exist knowing the
resource level. In the present study, miore extreme quantities of man-
power, for example, would 1have induced larger changes in some ICOM meas-
ures and then would have figured more prominently in the predictive
models.

A second type of modeling improvement stems from the fact that
changes in several LCOM measures were intimately related to changes in
other measures. For instance, the first-order correlation between Per-
cent Sorties Accomplished and Percent in NORS exceeded -.95 in the
present simulations. Obviously processes which are involved in simula-
tion of an O&M environment affect both measures in opposite directions. ! -
Our present regression models treated changes in each performance meas--
ure as though they occurred indepE idently of changes in the remaining
measures. However, several measures reflect common underlying pro-
cesses, and more sophisticated prediction models which take these per-
formance measure relationships into account will greatly enhance tile
.modeling effort. Simultaneous models of several interdependent linear
equations can be derived after postulating a causal model relating
changes in a performance measure to changes in both resources and system
performance. Each equation that results from this approach corrects the
mutual biases presently contributing to our regression models.
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IV. CONCLUSIONS

The present study excamined'the performance of a 72-aircraft weapon
system in a wartime surge environment under a variety of resource condi-
tions. With respect to the study parameters, the major sources of' vari-
ance in 40 performance measures were attributed to spare parts supplies
and day of the surge activity. Increasing the spares supplies available
at the beginning of simulation increased the period during which heavy
flying demands could be sustained. 'However, flying activity tended to
deteriorate across days, and very rapidly so when resource levels were
quickly exhausted on the early days of the surge. Manpower, support
equipment, and interactions among the three principal resources enhanced
predictive capabilities for most LCOM measures, but accounted for
smaller portions of variance than did either spares levels or days.

With respect to the regression models that were developed with si m-
ulation results, indications were that a simple model which included
predictive components based on Manpower, Spares, and Equipment generally
did not provide stable or accurate estimates of system performance.
Variance percentages accounted for with this first type of model ranged
from 6.60% to 78.65%. Substantial increases in predictive strength were
obtained from a model which, in addition to components based on the
three resources, included the linear and quadratic Days components.
This model predicted from 12.04% to 99.05% of the variance in the 40
performance measures. The increase in predictive strength appears to
justify the added complexity of the second model compared to the simpler
model without the Days compor'ent.

Finally, the second model type yielded very encouraging results
concerning the application of simulation and mathematical modeling tech-
niques to the surge environment. However, an aspect of modeling which
can be, improved is the treatment of interdependencies among performance
measures. Simulation results showed strong relationships among many
performance measures, relationships which were not a contractual part of
this study. Many benefits are realized in moving from the use of step-
wise regression techniques to an approach which addresses interrelation-
ships among dependent measures. One approach consists of developing a
model of performance change which postulates a causal relationship
between the measure of interest, other performance measures and resource
quantities. This approach treats the interdependencies among perform-
ance measures and provides a statistical solution to biases in our cur-
rent models.

RECOMMENDATIONS

The present methodology can be applied to a variety of Air Force
estimation problems. Our analyses have concentrated on rather global
measures of weapon system performance, but there is no reason that
equally good predictive devices cannot and should not be derived for
finer details in the 081M environment. Performance changes as a function
of resource levels should be examined at the AFSC, LRU, and drawer level/
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among manpower, spares, and equipment, respectively. Estimates of the
use of these resources, and their mutual impact on one another can help
identify specific resources that may create critical problems. Trade-
of fs between resource needs likewise are more easily identified when
estimates address spteific types of personnel, supplies, and equipment.

The research efforts to date have addressed peacetime and surge
scenarios under well-defined resource and environmental conditions.
There are many additional conditions which can be examined with simula-
tion and modelling, including:

1. Chemical warfare environment. Protective suits and specialized
equipment can reduce the rate at which maintenance tasks are
performed. Aircraft turnaround times might be expected to
increase in a contaminated environment, and modeling techniques
can give advance estimates of the deficits to be expected.

2. Variations in mission scheduling. This research effort con-
sidered only a launch window of 14 hours per day and no single
aircraft launches.

3. Variations of deployment policies. Our simulations assumed a
72 UE wing at a single base. Other variations would include
deployment of separate and self-sustaining operational loca-
tions of 48 UE and 24 UE. Furthermore, other wing sizes should
be examined, for instance 54 UE, 36 UE, and 18 UE.

4. Variations in organization structure. Structures which include
the Combat-Oriented Maintenance Organization (COMO) concept of
maintenance manpower need to be explored, and modeling provides
a viable technique for rapid appraisal of this concept in many
envi ronments.

5. Variations of data base compression. Simulation modeling with
a detailed data base can use enormous amounts of static corn-
puter storage and involve lengthy run durations which require
additional dynamic storage. The purpose of an addition to this
research effort was to develop methods for reducing storage and
run duration by condensing the detailed data base and to assess
whether this results in distortion of system performance esti-
mates, and if so, to what degree. The results (reported in
Reference 22) clearly' show that significant reductions can be
made to a fully detailed LCOM data base, without severely dis-
torting most-output measures under unconstrained resource con-
ditions. We argued from the results with six unconstrained
simulations that slight differences in output measures could
reasonably be attributed to (a) a failure to adjust all vari-
ance estimates associated with the lognormal distributions of
task durations and (b) discrepancies in the proportion of
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failIed parts that were routed to the depot. Personnel meas-
ures, the only metric that was seriously distorted in uncon-
strained runs, varied across data base because crew sizes were
underestimated after compression. However, even these output
discrepancies amounted to only 10% variation from values gener-
ated with the five-digit base, and correcting crew sizes by
recomputing several three-digit networks is certain to enhance
correspondence of personnel measures.

Results from constrained resource runs suggested that mem-
ory use was a function of flying activity accomplished and not
of flying activity requested. ICOM outputs were distorted in
the runs, and unraveling the reasons for the distortions is a
tortuous process. given the interdependencies among many output
measures. It appears, however, that in addition to the prob-
lems that were discussed with unconstrained resource runs, man-
ning lay-in quantities were not equivalent across data bases in
constrained runs. The combination of all data base differences
biased LCOM measures toward superior weapon system performance
with the compressed base. In retrospect, a more appropriate.
procedure for describing personnel and determining quantities
of AFSC types would have been to create arbitrary AFSC designa-
tions, one per 10 shops, and then man at the shop level. New
estimates of manning levels would be required for the comt-
pressed base from expected utilization per AFSC per shop if
this approach were taken. There Is no simple correspondence
between five-digit AFSC types and the maintenance shops,. which
complicates making manpower levels identical across different
data bases for purposes of simulation. The manhour problem
suggests an LCON enhancement that would prevent data base dis-
crepancies following network compression. If LCON were recon-
figured to accept noninteger crew sizes, then the Manhours Used
measure could be duplicated exactly after any degree of com-
pressi on.

There is no question that more severe compressions to the
two-or one-digit WUC levels would reduce storage and execu.tion
costs much further than what has been accomplished here with
the three-digit level compression. There is strong evidence
that output measures can be controlled to within the fluctua-
tions of random effects in LCOM. The benefits for the investi-
gator include an ability to generate accurate measures of sys-
tem availability and performance within relatively short time
periods and for a fraction of the computer costs of larger sim-
ulations, Reference 25.

6. Battle damage assessment and the impact of aircraft attrition
on resource requirements. Figure 16 presents preliminary data
collected relating Percent Sorties Accomplished to days under
four attrition rates for certain mission types. The surge sce-
nario from the present study was used, there were 72 aircraft
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on Day 1, and resources were unlimited. As can be seen, sorties
percents declined rapidly over 30 days with aircraft attritionprates as low as 3%. These estimates are of obvious use for
tactical purposes.
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ABBREVIATIONS AND ACRONYMS

AA Air-to-Air Fighter Sweep

AAR Air-to-Air Refueling

ACT Air Combat Tactics

AFHRL Air Force Human Resources Laboratory

AFIT Air Force Institute of Technology

AFLC Air Force Logistics Command

AFM Air Force Manual

AFMEA Air Force Management Engineering Agency

AFR Air Force Regulation

AFSC Air Force Speciality Code I
AFTEC Air Force Test and Evaluation Center

AFTO Air Force Technical Order

AIS Avionics Intermediate Sh-p

ASD Aeronautical Systems Division, Air Fnrce Systems Command "0

BLSS Base Level Supply Syrtem

BD)O2R Biomedical Computer Progra.I

CAP Combat Air Patrol

CLSS Combat Logistics Support Squadron

COM) Combat Oriented Maintenance Organization I
CONUS Continental United States

CTA Combat Turn-Around

CTD Combat Turn Director I

D Day

DO Deputy Chief of Staff, Operations

DoD Department of Defense
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E Mutually Exclusive Probability

ESC Escort

FMC Ful Mission Capable

FY Fiscal Year

G Non-mutually Exclusive Probability.

GNP Gross National Product

HQ Headquarters

IAF Intercept Alert Force

LCOM Logisics Composite Model

LG Logistics

LRU Line Replaceable Unit

M Manpower

MAC Material Air Command

MDS Mission-design-series

MHE Maintenance Handling Equipment

MMH/FH Maintenance Manhours per Flight Hour

MMICS Maintenance Management Information and Control System

Mod-Metric Multi-Item, Multi-Echelon, Multi-Indenture Inventory Model

MSBMA Mean Sorties between maintenance actions

N Night

NMC Not Mission Capable

NMCS Not Mission Capable Supply

NORS Non-Operationally Ready Rate Supply

O&M Operations and Maintenance

OR Operationally Ready

PMC Partial Mission Capable
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PMCB Partial Mtssion Capable Both (Maintenance and Supply)

PMCM Partial Mission Capable Maintenance

PMCS Partial Mission Capable Supply

POM Programi Operations Memorandum

RAN Rapid-Area Maintenance

S Spares

SAC Strategic Air Command

SAS Statistical Analysis System

SE Support Equipment

SECOEF Secretary of Defense

SNMCB Scheduled not mission capable both (Maintenance and Supply) •

SNMCM Scheduled not mission capable maintenance

TAC Tactical Air Command 'j \

ITW Tactical Fighter Wing

UE Unit Equipped

UNMCB Unscheduled not mission capable both (Maintenance and
Supply)

UNMCM Unscheduled not mission capable maintenance

UR Utilization Rate (flying hours per aircraft per month)

USAF United States Air Force

USAFE United States Air Force Europe

WRSK War Readiness Spares Kit

WUC Work Unit Code
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APPENDIX A

COMBAT SORTIE GENERATION MAINTENANCE CONCEPT

This Appendix contains an abbreviated description of the combat
sortie generation maintenance concept covered in Reference 20. ]

Management of maintenance will be subdivided into two distinct
efforts; combat turnarounds and repair of aircraft that return non-
mission capable. The latter effort can be further divided into fast-and.
hard-fix categories. The division of wnrk, coupled with the pre-
positioning of logistics resources, will allow the regeneration effort
to focus on specific tasks and priority locations of the most available !
aircraft.

In order to enhance aircraft availability, phased, periodic, and
calendar inspections, as well as time-compliance (with the exception of
life-sustaining items), may be discontinued. Ground crew system checks
will be terminated, except when specifically requested by the aircrew,
and end-of-runway, last-chance inspections may be suspended. In addi- " Q
tion, combat inspection criteria and requirements, identified in appro-
priate technical data, will take effect.

The manpower available to regenerate aircraft will also be enhanced
during combat sortie generation operations. First, cross-utilization of
skilled personnel may be employed to insure maximum productivity. Sec-
ond, direct sortie production functions will be augmented.

Mission-capable aircraft will be combat-turned under the supervi-
sion of the combat turn director (CTD). Non-mission-capable aircraft
requiring less than 4 hours to repair will be parked in the fast-fix
areas and managed by organizational-level personnel. Non-mission-
capable aircraft requiring over 4 hours to repair will be parked in the .
hard-fix areas and managed by job control. Battle-damaged aircraft
beyond the repair capability of the unit will be repaired by the Air
Force Logistics Command (AFLC) Combat Logistics Support Squadron (CLSS).

The number of aircraft munitions configurations will be kept to a L
minimum and standardized as much as possible to optimize munitions sup-
port. Munitions will be preassembled to the greatest extent possible.
At the appropriate alert warning, predetermined loads will be assembled,
preloaded as applicable, and delivered to loading or holding areas-

Munitions control function personnel, through the munitions liaison
officer (nine-level) in the mission planning cell (frag shop), will mon-
itor the projected need for complete round munitions. Weapons release
and gun services personnel will perform only mission-essential require-
ments during the surge period.

Equipment maintenance personnel will defer or delay 7-day and 180/
360-day periodic inspections to reduce maintenance handling equipment
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(MHE) downtime. These inspections may be accomplished if the sortie -.
generation rate is not jeopardized. A mobile, quick-fix capability will
be developed and maintained to accomplish on-the-road repairs, as well
as the repair of other munitions support equipment such as missile and
preload support equipment.

The regeneration flow of aircraft begins when the aircrew reports
aircraft mission capability status per guidance contained in Reference
20. Returning aircraft will taxi to a cursory check area to confirm
mission capability status. The cursory check will be accomplished with
engines running, and the aircraft will be directed to the appropriate
location for regeneration. Mission-capable aircraft (capable of per-
forming next fragged mission) will be combat-turned by using the appli-
cable, integrated-combat-turnaround procedures. Aircraft, wherein minor
maintenance can be. accomplished without aircraft power and without
interfering with Lombat-turnaround operations, will also be combat
turned. Simultaneous refueling, repair, and munitions loading will be
accomplished. Aircraft that break and cannot be repaired in a reason-
able time will be immediately relocated.

Non-mission-capable aircraft or aircraft requiring maintenance
actions that do not meet the requirements of Ref.rence 20, that return ..
for refueling and immediate launch without weapons reloading, will taxi
to the hot refueling area, if applicable. Upon completion of hot
refueling, aircraft requiring maintenance will be taxied to fast- or
hard-fix recovery locations. Aircraft that are refueled for immediate
launch will be taxied out of the hot refueling area to an engine start/
arm area for engine restart and removal of ground safety pins.

Each. aircraft will be used, to the maximum extent feasible, as a
test bench to isolate malfunctions. Under no circumstances during a
combat-turn will maintenance requiring access to the cockpit be per-
formed simultaneously with munitions loading.--

As out-of-commission aircraft are returned to mission-capable
status, Paragraph 2-2e(2) of Reference 23, they will be turned over to
the CTD for regeneration by -using the appropriate, integrated-combat-
turnaround procedures. Self/cartridge starts will be used in the combat
turn-arounds (CTAs) when feasible.

Supply points, consisting of repair cycle items determined by the a, .

chief of maintenance to be mission-essential and to best accommodate the
quick-turn, sortie-surge concept, will be established and located in the
maintenance area performing most rei.iove-and-replace maintenance during
surge operations. Total base sets to include the war readiness spares
kit (WRSK)/base level supply system (BLSS) will be used to fill pre-
positioning authorizations. -
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APPENDIX B 8

AFSC SHIFT ALLOCATIONS

Table B-i lists the number of personnel, per Air Force Specialty
Code (AFSC), assumed available for the present simulations. Quantities
are given for each of 38 AFSCs on both 12-hour shifts for the three
levels of manpower examined. The three levels sample a wide range of
manpower and were selected with the following criteria:

Level Criteria

1 Manning levels per AFSC assured an average NORS
rate of less than 5% for a peacetime utilization
rate of 10 sorties per alrcraft per month
(UR=1O). Levels were established after spares
quantities had been determined using the same
criterion.

2 Manning levels per AFSC assured an average NOPS
rate of less than 5% for a peacetime UR=20.
Levels were established after spares quantities
had been determined using the same criterion.

3 Manning levels per AFSC assured an average NORS
rate of less than 5% for a peacetime UR=30.
Levels were established after ;pares quantities
had been determined using the same criterion.
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TABLE B-1 AFSC SHIFT ALLOCATIONS

LEVEL 1 LEVEL 2 LEVEL 3
AFSC SHIFT SHIFT SHIFT SHIFT SHIFT SHIFT

1 2 1 2 1 2

236C1 2 4 2 4 2 4

316L1 9 18 9 18 9 18

324XO 2 2 3 4 5 5

326A0 4 6 6 12 10 12
326A2 18 24 15 30 24 30
326B0 8 6 10 12 18 16
32682 20 16 28 16 50 40
326C1 8 10 8 10 12 14
326C2 16 10 4 20 10 22
326D1 10 8 8 12 14 10
326E1 6 6 6 6 6 6
326L2 2 4 2 4 2 4
32601 3 6 3 6 3 6

423T3 2 4 2 4 2 4
423X0 10 14 6 18 21 24
423XI 6 12 6 15 12 18
423X2 6 6 3 69 9
423X3 9 12 6 15 is 15
423X4 12 15 6 18 21 27
423X5 2 3 4 6 7 10

42612 4 8 4 8 a 9
426X2 14 28 16 36 44 467
427X0 6 6 3 6 6 9
427X1 2 4 2 4 2 4
427X2 3 6 3 6 3 6
427X3 2 4 2 4 2 4
427X4 2 4 2 4 2 4
427X5 10 15 10 15 20 21

431E1 10 8 18 12 26 26
431P1 15 15 15 15 15 15 -..
431R1 8 8 8 8 12 12
431W1 2 4 2 4 2 4
431X1 54 42 66 60 120 120

"•1O0 7 14 14 14 14 14

462E0 15 18 27 27 48 48
462G0 9 15 9 21 18 24
462L0 28 20 52 60 118 132
462W0 9 21 15 27 30 39

355 i26 405 567 742 300N
781 972 1572

56
56i



APPENDIX C
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SPARE PART CONSTRAINTS

This Appendix lists the spare part resources and their four con-
strained quantities assumed for the present simulations. Parts are
listed at the two-digit (Table C-i) and five-digit (Table C-2) MUC
levels. Quantities for each digit system represent the sun of all five- M
digit LRUs within that system. Quantities were entered per line
replaceable unit (LRU) for actual runs, however, and the distributions
of spare LRUs were proportional according to expected LRU failure rates.

The four levels samples a wide range of spares resources and were

selected with the following criteria.

Level Criteria

Total spares quantities yielded an average NORS
rate of less than 5% for a peacetime utilization.
rate of 10 sorties per aircraft per month
(URu1O).

2 Tet-0 spares quantities yielded an average NORS
rate of less than 5% for a peacetime UR30,.

3 Total spares quantities were determined by I
treating requests for spares as a Poisson
process. Sufficient spares were made available -4
so that for UR-90, given an expected number of
failures of any LRU over the 30-day simulation
period, the probability of having that LRU on
hand was .85. Removal rate is a function of UR,
and the expected number of removals is a func-
tion of shop i.Id depot repair probabilities,
shop and depot resupply cycle time, and simula-
tion period. Appendix 0 gives a detailed des-
cription of this approach to estimating spares.
quantities.

4 Total spares quantities yielded a daily sortie " -

rate that was not significantly different from
the daily rate achieved when spare quantities
were unlimited. Three simulations with unlim-
ited resources established a "sortie rate band"
which averaged approximately 92% per day for a
UR-135 requested sortie rate. The largest
spares quantity examined in the present study
insured that sortie rate remained within or near
the extremes of this band on each simulated day
of flying.
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TABLE C-1 SYSTEM SUMMARY OF SPARE PART CONSTRAINTS

WORK
UNI I NUMPER OF SPARES
CODE DESCRIPTION LEVEL: 1 z44

IT1- X-rrae7 737
12 Cockpit and fuselage Compartments 12 18 55 64
13 Landing Gear System 30 45 108 122
14 Flight Controls 32 .42 59 70
23 Power Plant 79 155 350 126

owet Sstem 27 43 61 76
M or=,ntentl aon rol System 22 32 55 68

42 Electrical System 11 20 32 39
4* LihtuingSse 21 25 24 26

r Ig

45 Hydalic Sstem 19 23 24 26
46 Fuel System 28 38 64 74

47 Oxygen System 8 16 30 35
.49 Miscellaneous Utilities 6 7 12 14
51 Instruments 20 29 63 83
52 A0toilot and Recording Equipment 5 7 7 8

75 Mlfuntio Analysis anid flight7 15
Control System

57 Integrated Guidance 1 1 2 3
63 UHF Communications 11 22 25 31
65 1FF System 7 19 18 22

Tr dICavgtin22 36 42 5
74 Fire Control System 25 60 22 27
75 We one Delivery System25 3227
76 Tacical Warfare Electronic System i8 21 19 21

TOTALS 463 728 1188 1431
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TABLE C-2 SPARE CONSTRAINTS PER LRU

UNITf
WORK

MOE LEVEL I LEVEL 2 LEVEL. 3 LEVEL. 4

IlIA130 1 1 11

IIAJA 1I
11A99 1I
110G 1111

11033 1I

llDJV 1I

110D1
IT IGRE IR 1
11GRG 1I
llGSL 1I
11GSE 1 211
1GI I 1 I
llGSJ 1 11
11GSW 1I
11GS6 1I
11PAJ 1I
11PML 1I
IlPAL 1I
llPo 1 2 3 4
11P99 1 1 1 1

12ASO 3 7 *655
12CAS I 1 1 I
12CA 1 2 1 1
12CCF 1 2 1 1 .
12C1P 1 1 1 1
12CQ 1 1 1 1
12CBS 1 1 1 1
12C1B I 1 1 I
12CFA 1 1 1 I
12CFC 1 1 1 1

13AGA 1 1 1 I
13AGF 1 2 3 4
13A1, 1 1 1 1

13DA.A 1 1 1 1 ,

13AJA 1 2 1 2

113ASO I I I I

13800 1 1 1 1

131AL I I I I

13800 1 2 1 1

138GW 1 1 1 1
135E8 2 2 810 1
13PCC 1 2 a
131EA 1 1 1 1
138P 1 1 I
138JA 3 12 45
1318J 1 2 A 6
13BJO 1 I I I
13CAA I I I I
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TABLE C-2 SPARE CONSTRAINTS PER LRU (CONTINUED)

13CFA I 1 I
13CFB 1 .1 1.,
13000 1 1 11
130810 2 . 3 18 14

13FB0 1 2 5 6
13FBO I 1 11
1314AO I 1 I

14AOO 1 I 1 .'
14AAO 1 1 .11
14AAA 1 2 2 2
14ABA 1 2 3 4
14ABS 1 2 3 4
14A8C 1 I 1 1
14ABD 1 I 1 I
14ABJ 1 I I I
14ACH 1 1 2 .2
14ACA I 1 I 1
14ACE 1 I I I
14AFS 1 2 22
14AFF 1 1 1 1
14COA 2 3 11 13

14AQA 1 3 1 1
14DBA 1 1 1 2
14D80 1 1 I I
1408K 1 I 1 1
1400A 1 1 3 4

14EBO 1. I 1 1
14EBA 1 2 5 6
14ESC 1 2 3 4
14EBG I 1 I I
14GOO I 1 1 I
14GCC 1 2 3 5
14HIAO 1 2 3 5
14HO00 1 2 3
14HIBI I 1 2 3

23000 2 6 3 5
23AOO 1 2 1 1

Im

23AAO 1 1 2 2
23AD0 1 2 3 5
2300 1 2 1 1
23800 1 2 1 223810 1 1 1 2
238#4 1 2 1 1
238N( 1 2 3 5
23(PO0 12 2 -

23D8 1 2 3 5 I
23C00 1 2 3 5
23CCO 1 2 3 5 .
23C*0 1 2 3 5
23GO0 1 2 3 5
23G80 1 1 1 2
23GCO 1 1 1 1
23G*O 1 1 1 1
2314A 2 3 11 15 I

23JAOA 1 1 1 5 "9
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TABLE C-2 SPARE CONSTRAINTS PER LRU (CONTINUED)

23KAO 1 1 1 I
23PAO 1 1 1 123890 1 1 1 1
23RAO I I I I

j23 830 1 1 1 123Q90 I I I I

231AA 1 2 4 5
1 3 4

231AN 1 2 1 1
23100 1 1 3 1
23FAO 1 1 1 1
23F*O 1 1 1 1
23F8O 1 1 2 2"23890 1 1 1 1

* 23AAP 1 1 2 2
23F00 4 10 1 1
23FOC 1 1 2 2
23FAV 1 1 1 1
23FBD 6 40 130 157
23FBE 1 1 1 2
23FBG 1 1 7 9
23HAB 1 3 a 11
23HAD 2 2 7 8
23HAG 1 1 1 1
23HAM 1 1 1 1
23HAH 1 2 2 2
23HAN 1 1 1 1
23HAQ 1 1 1 1
23JAA 1 1 1 1
233AC 1 I 1 1
23JAJ 1 1 1 1

3KAG I1 1
3KAH 1 4 623KAJ I I I I

23KAR 1 3 5
23PAB 1 2 3
Z3PAN 1 1 1ZJPAK 2 1 123IPAL I I I I
23PAC 1 2 1 223QA4 3 4 101 125

- AH1 1 1 1
231A8 I 1 I I

S"231AGO I I 1 4
.231AS I I I I

24ADO 1 2 1 2
24ADN 1 1 1 1
24ANU 1 1 I 1
24AD7 1 1 1 1
24ANO 2 4 10 14
24ANA 1 2 2 3
24ANG 1 I I 1
24ANH I 1 I 1
24ANN 1 1 I

*24600 I 2 1I248B0 1 1 6 8
248AC 1 2 3 4
24AAD I 1 1 1
24880 1 3 7 9
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TABLE C-2 SPARE CONSTRAINTS PER LRU (CONTINUED)

2488S 1 3 1 1*24888 1 2 11248D0 1 268
24BOH 1 21 2
24861 I 1 I1248DA .1 3 11240AA 1 3 1124BAB 1 2 56
24DAD 1 3 11
240AG 1 3 11

41AAC 1 3 1141AAJ 1 2 1 1I.41AAL 1 1 1 241AAR 1 2 4 541 AAS 1 1 2 .241 ABY 1 3 1 141ABG 2 3 a 10
41ABP 1 2 - K
41ABQ 1 2 4
41ASS 1 3 141ABX 1 3 1141ACF 1 2 2 341 ACM 1 1 2 341ACZ 1 3 1 141AEB 1 24
41AED 1 27
41AEE 1 2 2.41AEH 1 2 2
41ICAA 1 2 2 241CCA 1 2 34

42A0WA 1 942ADS 1 29
42ARA 1 2
42CXX 1 2 1.42000 1 3 I42060 1 2 3

1.4FF 2 21 1 5 642FEA 12 3
42FFO

44A00 3 1144AAA 12 11"4AAC 13 11"AAD 13 1144MAF 13 11
44AAI 4 644AAN I I 1 1
44AAY 13 1 144AAG 13 1 14MAA3 13 1 144AAI 3 1 144AAS 1
M99Z 3 1 13 1 1
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TABLE C-2 SPARE CONSTRAINTS PER LRtI (CONTINUED)

44A 1 3 I, I

44BAR 1 31

44BAV 111
44ABO 1 13
44EOO 1 23
44EAO 1 13
44BEC 1 13
45AAC 1 I
458AA 1 I
45AB0 1 I
45ABD 1 1 1 1X
45CABJ 2 I
45ADO 1 2
45BAE 1 111
458MA 1 111
458FO 1 2 1
45CAC23

45COE 1 1 1 145COH 1 1 1 145CFG 1 1 3 14
"6AMA 1 1 1 1
46AAR 1 146ABA 1 1 1 1
"4ACG 1 1 1

"A600 1 1 11 14"46ADG 1 1 I 1I
"46DR 1 1 1 1"ADS6 1 12

"46ac 1 2 1 1
M ONB 1 1 4 6
46E8 1 1 1 1
46DAF I I 1 I
46EAS 1 1I

"AEDA 1 2 5 6"4EDO 1 3 11 14"4EEE1111
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TABLE C-2 SPARE CONSTRAINTS PER LRU (CONTINUED)

47AN1 1 1 i
47AM 1 2 2 3
47AA 2 5 16 1s
47AAK I1 1
47AAL 1 4 4
47AAS 1 1 147AAX 1 5 :

49AAC 1 2 2
49AAL 1 1 149ABA 11 1
49A88 11 I 1
49AAP 2 6 U
49A•4 1 I 1

51AAO 1 1 1
51AD 2 3 11 1551 AO 1 3 4

1SAFO 12 8 11I
51AGO 11 1
51AHO ,5 7
51A30 1 3 451 AKO 1 2 3 5
5•AMO 1 2 5 6
S1EAO 1 1 1 2
51 EAA 1 1 1

1EDO 1 2 4 5
51EEO I 1 1 1
51EEA 11 1 1
51MAG 1 1 1 1
51480 1 1 1 1
5INAG 2 4 7
IN10 2 6 8

52AAO 2 2 3
52A90 1 I 1 1
52ACO I 1 1 I
52ALO 1 2 2 2
552AC 1 1 1 1

55ACOIIII
55AEG 2 2 3
55AO0 1 1 1
556C0 2 6 9SSCAO) 1 1 1

57AA 1 1 2 3

63AAO 1 3 2 3
63AC0 11
63AL0 I 1 1 I63AGO 2 2
63ANB 1 1 1
63ANO 1 1 163ANO
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TABLE C-2 SPARE CONSTRAINTS PER LRU (CONTINUED)

63 BE0 1 1 1 1638F0 1 1 1 163GH0 1 7 8 10

65AAO 1 3 4 565AD0 1 1 1 165AB0 1 3 1 1658A0 1 4 5 865880 1 4 1 165BHO 1 2 5 556800 1 2 1 1

71AEO 2 4 16 2071AKO 1 2 5 871AKT 1 1 1 171ADO 1 1 1 171c00 11 12 2 371DAG 1 7 3 471DBO I 1 1 171 FAO 1 1 1 271FB0 1 4 10 1271 FCO 1 2 1 171FEO I I I I

74E80 1 2 2 274FAO 1 6 1 174FCO 3 2 10 1374FJO 1 2 1 174FUO 1 6 1 174FFO 1 4 6 874FO0 1 9 5 674FS0 1 5 7 1074FH0 1 3 2 374F00 1 1 2 274FG0 1 1 1 1
74FQc I 1 1 174FVO .1 1 1 174F99 1 1 1 1
74JAO 2 3 13 18
4KCo 1 2 3 4R(C 1 2 2 274KAO 2 3 6 974KEO 1 4 1 1

74K99 1 1 1 174KAP 1 1 1 1

75880 11 10 2 275BC0 1 4 2 375BFO 1 3 2 375DA0 1 1 1 175FA0 1 1 1 175MAO 2 1 3 475HCO 1 2 4 6751HDM 1 1 175HDE 1 1 1 175HEO 1 1 1 1
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TABLE C-2 SPARE CONSTRAINTS PER LRU (CONCLUDED)

75NA8 I I I 1

75NAD 1 1 1 1
75NAC 1 1 1 I .-

75AAO 1 2 1 2
76ACO 1 2 1 2
76AFO 1 1 1 I
76AGO 1 I 1 I
76CA0 1 2 2 2
76GDO 1 1 1 1
76G6 1 1 1 1,
76GE0
76GNO 1 1 1 1
76GPO 1 1 1 1
76GFO 1 1 1 1
76HAO 1 1 1 "Z61)1 1 1 1 '

1 1 1 1 ,

76MCO 1 1 1 1761C0 1 1 1 1

76HLA 1 1 1 17Q14H 1 1 1 1

/ I 
,
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APPENDIX D

POISSON PROBABILITY FUNCTION FOR COMPUTING SPARES REQUIREMENTS

This Appendix describes the mathematical procedures for computing
spares lay-in quantities assuming failure probabilities per LRU, flying
activity, and repair cycle time.

The general equation for the Poisson Probability Function Is shown
below: V,

P(x) x

where: P(xj - protection level probability value
a a constant with a value of 2.7183

x = number of spares
X = expected number of removals over the simulation timeperiod

-P DEPOT(•T) + P5 Op (yT-)] [R]

PDEPOT " probability of depot repair
P ---- probability of shop repair, 1-PDEPOT

T = simulation time period
t* - depot repair cycle time
t a shop repair/resupply cycle time

R removal rate - removals/T

PDEPOT and PSHOp are dependent on the types of spare and their cor-
responding repair cycle times. There are occasions, such as wartime
initial-surge, where resupply of spares may not exist. This condition
could be represented by a depot repair/resupply cycle time (tE) equal to
the length of the surge time interval.

A FORTRAN computer program has been developed that combines. the
given Poisson equation with a data base that contains all of the neces-
sary input variables. This data base describes approximately 411 F-15
Line Replaceable Units (LRUs). Because this data base also includes
cost data, once the quantities of spares are determined, the total --
investment cost can also be assessed.

An example of the input information in the data base is shown in
Table D-1. An explanation of the input variables is shown in the fol-
lowing equation:

LRU Failure Rate r Lu - P 2  F
LU P3 1x p2X 3 x P4 x W
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TABLE D-1 SAMPLE INPUT DATA FOR DETERMINING SPARE REQUIREMENTS

PROBABILITIES 9-2284

WUC COST FPI P2 P3 P4 PS PDEPOT,

11ABO 15170 0034 0.200 0.021 1.000 1.000 0.000 0.000
IlAF0 9900 0034 0.500 0.021 1.000 1.000 1.000 0.000
I1AHP 100 0034 0.100 0.021 1.000 1.000 1.000 0.000
IAJA 1430 0034 0.100 0.021 1.000 1.000 1.000 0.000
!1A99 100 0034 0.100 0.021 1.000 1.000 1.000 0.000
110.10 770 0018 0.169 0.015 1.000 1.000 1.000 0.000
11OGT 280 001b 0.083 0.015 1.000 1.0001 1.000 0.000
11OHT 776 0018 0.083 0.015 1.000 1.000 1.000 0.000
110.1J 199 0018 0.083 0.015 1.000 1.000 1.000 0.000
110JK 244 0018 0.083 0.015 1.000 1.000 1.000 0.000
110JU 2358 0018 0.167 0.015 1.000 1.000 1.000 0.000
11OJV 2527 0013 0.083 0.015 1.000 1.000 1.000 0.000
11OJW 1682 0018 0.083 0.015 1.000 1.000 1.000 0.000
110J4 380 0018 0.003 0.015 1.000 1.000 1.000 0.000
110 0 100 0018 0.083 0.015 1.000 1.000 1.000 0.000
SIGRE 1066 ,0016 0.167 0.073 1.000 1.000 1.000 0.000

IIGRG G97 0016 0.083 0.073 1.000 1.000 1.000 0.000
1113c 3200 0016 0.168 0.073 1.000 1.000 1.000 0.000
110SE 360 0016 0.167 0.073 1.000 1.000 1.000 0.000
11GSH 3168 0016 0.063 0.073 1.e00 1.000 1.000 0.000
11GRX 10309 0016 0.083 0.073 1.000 1.000 1.000 0.000
11GSJ 5967 0016 0.083 0.073 1.000 1.000 1.000 0.000
11GSW 4456 0016 0.083 0.073 1.000 1.000 1.000 0.000
11GSs 305 0016 0.083 0.073 1.000 1.000 1.000 0.000
11PAJ 13696 0062 0.167 0.369 1.000 1.000 1.000 1.000
IIPAL 760 0062 0.033 0.369 1.000 1.000 1.000 0.000
11P" "160 0062 0.033 0.363 1.000 1.000 t.o 0.000
11POO 15034 0062 0.766 0.369 1.000 1.000 1.000 0.077
11P"J 100 0062 0.001 0.369 1.000 1.000 1.0m0 0.000
12AM 1214 0064 0.S20 1.000 1.000 1.000 1.000 1.000
12CAB 100 0096 0.063 0.013 1.000 1.000 1.000 0.000
12CSA 1105 0096 0.125 0.013 1.000 1.0M0 1.000 0.000
12C8B 1247 00D6 0.125 0.013 1.000 1.000 1.000 1.000
12C8P 1247 0096 0.125 0.013 1.000 1.000 1.000 0.000 .
12C8O 3122 0096 0.125 0.013 1.000 1.000 1.000 0.000
12caS 1227 0096 0.03 0.013 1.000 1.000 1.000 0.000
12C00 - 64 0096 0.126 - 0.013 -- 1.000 -- 1.000--- -- 1.000 - 0.000-
12CFA 248 0096 0.183 0.013 1.000 1.000 1.000 0.000

12CFC 100 0096 0.060 0.013 1.0' ) 1.-0 1.000 0.000
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where: LRU = Line Replaceable Unit

F = 3-digit Work Unit Code (WUC) failure rate (expressed in sorties
between maintenance action)

P1 - P5  probability of LRU failure and subsequent removal

An example of the output results is shown in Table 0-2. In this
example, Time 1 and Time 2 were constants. The removals (R) that are
shown were calculated by the following equation:

R No. of Sorties/Month
FLRU

First, a protection level is selected, and then a flying schedule
is defined. Generally, the protection level will yield a specific value
of Non-Operationally Ready due to Supply (NORS). To satisfy a pre-
established NORS criterion (e.g., 5%), it may be necessary to generate
spares for several protections levels and then use simulation data to
determine their impact on the NORS rate. This will produce helpful sen-
sitivity relatiorchips among spares, NORS, and other related output sta-
tistics. The important point is that the given methodology generates
spares in a systematic manner.
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TABLE D-2 SAMPLE OUTPUT DATA - SPARES LAY-IN REQUIREMENTS
9 2235

PROTECTION LEVEL = 0.85" N

TIME 1 350000
TIME 2 .1667
NUMBER OF SGRTIES 4208

WUC REMOVALS LAMBDA SPARES COST

11ABO .520 .003 I 15170 ONE ASSUMED

11AFO 1.300 .007 1 9900 ONE ASSUMED I

11AHP .260 .001 1 100 ONE ASSUMED .

11AJA .260 .001 1 1430 ONE ASSUMED

* 11A99 .260 o01 1 100 ONE ASSUMED

110.0 .593 .003 1 770 ONE ASSUMED

11DGT .291 .002 1 280 ONE ASSUMED

11DHT .291 .002 1 776 ONE ASSUMED

11DJJ .291 .002 1" 199 ONE ASSUMED
11DJK .291 .002 1 244 ONE ASSUMED

11DJU .586 .003 1 2358 ONE ASSUMED

11DJV .291 .002 1 2527 ONE ASSUMED .

110JW .291 .002 1 1682 ONE ASSUMED

110.4 .291 .002 1 380 ONE ASSUMED

11D99 .291 .002 1 100 ONE ASSUMED /

1iGRE 3.206 .018 1 18066 ONE ASSUMED

11GRG 1.594 .009 1 697 ONE ASSUMED

11GSC 3.225 .018 1 3200 ONE ASSUMED 1 .

11GSE 3.206 .018 1 360 ONE ASSUMED , 4
11GSH 1.594 .009 1 3168 ONE ASSUMED I 1
11GRX 1.594 .009 1 10309 ONE ASSUMED

1lGSJ 1.594 .009 1 5987 ONE ASSUMED '

11GSW 1.594 .009 4456 ONE ASSUMED

11GS6 1.594 .009 1 305 ONE ASSUMED

11PAJ 4.182 4.879 7 95872 ,

11PAL .826 .005 1 760 ONE ASSUMED

11PA6 .826 .005 1 760 ONE ASSUMED i ,. ,,

11PD0 19.184 1.822 3 45102

11P99 .025 .000 1 10c ONE ASSUMED

12ABB 34.190 39.888 46 55844

12CAB .036 .000 1 100 ONE ASSUMED

12CBA .071 .000 1 1105 ONE ASSUMED

12CBB .071 .083 1 1247 ONE ASSUMED
12CBP .071 .00 1 1247 ONE ASSUMED

12CO .071 G00 1 398 ONE ASSUMED

12CBS .036 .000 1 1227 ONE ASSUMED "
12COR .072 .000 1 64 ONE ASSUMED

12CFA .107 .o01 1 248 ONE ASSUMED .4

12CFC .034 .000 1 100 ONE ASSUMED " "
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APPENDIX E

ADDITIONAL SIMULATION DATA ON SELECTED LCOM MEASURES

This Appendix, presents plots of seven performance measures. In
each plot, there are three panels, one panel per AIS condition. The
values for the performance measures are shown on the vertical or y-axis,
while the values for the spares are designated on the horizontal or
x-axis. Within each panel, the three graphed lines represent three dif-
ferent levels of manpower. Each of the 36 data points represents a 30-
day average for one simulation.

To examine the effects of AIS, scan across the panels and judge
whether the plotted lines differ in form. Using Figure E-1, as an
example, only the AIS-O panel differs somewhat from the other two
panels.

For manpower, examine the spread between plotted lines. The A

greater the spread between lines, the greater the variation due to man- 1
power. The spread in Figure E-1 is considered moderate.

For spares, examine the slopes of the lines. The steeper the
slope, the greater the variation due to spares. .

To examine interaction effects, view all plotted lines and assess
degree of non-parallelism and convergence or crossover. These are signs
of interaction. The obvious crossovers are in panels 1 and 3. If the
panels were superimposed, other interactions could be seen.

This visual diagnosis revealed that spares was the dominant factor,
and manpower, support equipment, and interactions lesser factors, In
contributing to variations in the performance measure.

The mathematical results, Appendices F and G, corroborate the accu-
racy of the visual diagnosis. For Variable 57. Number of Units*
Demanded-Spares Supply, 35.81% of the variation in this measure was
attributed to spares, 2.95% tc; manpower, 2.15% to support equipment, and
2.16% to interaction.

The re~rsaining plots can be interpreted in the same manner.
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APPENDIX F

SPARES X MANPOWER X SUPPORT EQUIPMENT:
DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION PREDICTORS

This Appendix identifies the predictors and associated variances
for each of the dependent variables. The 26 predictors that were evalu-
ated in the development of models of interaction are listed in the first
column. A plirality of the predictors appeared in at least one regres-
sion equation. All 26 were listed in a consistent sequence so that any-
one interested in a specific predictor can scan horizontally within the
same area across the pages of data. The renaining columns identify the
dependent variables. The second entry under dependent variable 20, for
example, means that 26.34% of the variance in the dependent variable was
attributed to manpower quantities. Summary statistics are provided for
each dependent variable which identify number of predictors in an equa-
tion, variance due to the main effects of spares, manpower, and support
equipment, variances attributed to these sources in two- and three-
factor interactions, and total variance. These summary statistics are
at the bottom of each table. In these tables due to spce lmitation•,
S2, M2, SE2, and R2 should be interpreted as Sr, M-, SE , and R1,
respectively.

0 i
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TABLE F-1 DISTRIRUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT

Categories of Dependent Variables

Operations Aircraft
Predictors 03 08 15 16 17 18 19 20

Xl Spares - 949.50 x .001 (S) T M W 73 I M7 MJ _ 42. 4" 2 4 •M 13. 4
X2 Manpower - 1109.667 x .001 (M) 0.62 2.04 2.04 26.34
X3 Support Equipment (SE) 2.59 4.35 4.68 4.07 5.13 5.83 1.11 3.18
X4 Spares Quadratic (S2) 2.09 1.71 1.51 1.61 1.96 0.96 1.27
X5 Manpower Quadratic (M2) 9.42

X6 Support Equipment Quadratic(SE2) 0.64 0.56 0.72 0.58
X7 S x M 7.94
X8 S x M2 2.05
X9 S2 x H
X1O S2 x H2

Xl1 S x SE 2.09 2.28 2.89 1.59
X12 S x SE2 0.41
X13 S2 x SE
X14 S2 x SIE2

X15 M x SE 1.65
•_,_...._03 08 15 16 17 18 19 20

X16 M x SE2 0.41
X17 H2 x SE
XI8 2 x SE2
X19 S x M x SE 0.72
X20 S x M x SE2 2.37

X21 S x M2 x SE 0.95 2."
X22 S x H2 x SE2
X23 52 x M x SE
X24 52 x H x SE2
X25 S2 x H2 x SE

X26 S2 x M2 x SE2

Number of Predictors in an Equation 5 5 5 5 5 5 3 12

S Variance Accounted For (R2 x 100) 43.44 51.45 48.24 47.87 59.16 52.74 25.97 67.76
Variance Sub-Totals
Spares 39.28 42.69 39.06 41.07 51.19 43.30 24.86 13.47
Manpower 0.62 2.04 2.04 0.00 0.00 0.00 1.11 35.76
Support Equipment 2.59 4.35 4.68 4.71 5.69 6.55 0.00 3.76

Main Effecta 42.49 49.08 45.78 45.78 56.88 49.85 25.97 52.99
2-Factor Interactions 2.09 2.28 2.89 14.05
3-Factor Interactions 0.95 2.37 2.46 0.72
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TABLE F-1 DISTRIBUTION OF VARIANCE M% FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT
.(CONTINUED)

Categorien at Dependent Variables
Aircraft _____ anpower

Predictors 21 22 23 24 TB 28 29 30
7X- Spares - 949.50 x .001 (S) 31.52 3 7-.33 37.55 27-.67 W.7-3 2.32
X2 Manpower - 1109.667 x .01 (M) 16.23 2.02 2.04 26.13 2.65
X3 Support Equipment (SE) 4.49 3.99 4.67. 5.06 6.92 2.77
X4 Spares Quadratic 0S2) 1.05 1.57 1.51 1.26 1.48
X5 Manpower Quadratic (M2) 2.11

X6 Support Equipment Quadratic(SE2) 1.03 1.32 3.11
X7 S x M 1.70 0.50
X8 Sx M2
X9 S2 x m
X10 S2 x M2

X11 S x SE 1.73 1.67
X12 S x SE2
X13 S2 x SE
X14 52 x SE2
XI5 H x SE 4.28

21 22 23 24 18 28 29 30
X16 H x SE2
X17 M42 x SE
X18 M2 x SE2 1.56 1.17
X19S x M xSE 0.61
X20 S x H x SE2

X21 S x M2 x SE 2.79 2.13 2.47 2.69
X22 S xM2 xSE2 7
X23 S2 x H x SE
X24 S2 x H x SE2
X25 S2 x M2 x SE

X26 S2 x HZ x SE2

Numiber of Predictors in an Equation 8 4 5 5 0 7 6 3

% Variance Accounted For (R2 x 100) 48.03 21.21 47.04 48.24 - 63.32 51.69 8.20
Variance Sub-Totals
Spares 32.57 0.00 38.90 39.06 28.93 38.21 2.32
Manpower 0.00 16.34 2.02 2.04 26.13 2.65 0.00

SpotEupet4.49 04C0 3.99 4.67 6.09 8.14 5.88

Main Effects 37.06 18.34 44.91 45.77 61.15 49.00 8.20
2-Factor Interactions 7.57 2.87 2.17
3-Factor Interactions 3.40 2.13 2.47 2.69
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TABLE F-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT
(CONTINUED)

Categories of Dependent Variables
Manpower Shop Repair

Predictors )1 33 34 38 40 44 45 46
Xl Spares - 949.50 x .XO1 (S) 2.32 39.81 93.57 17.73 34.32
X2 Manpower - 1109.667 x .001 (M) 2.43 50.55 50.62 2.38
X3 Support Equipmert (SE) 2.)7 3.81 1.02 0.94 3.64
X4 Spares Quadratic (S2) 1.67 0.26 0.26 1.15 1.52
X5 Manpower Quadratic (M2 8.57 8.98

X6 Support Equipment ,luadratic(SE2)3.11
X7 S xN M3.37 3.41
X8 S x M2 0.84 2.99
X9 S2 x M
X10 52 x 142

Xll S x SE 0.31 7.27
X12 S x SE2
X13 S2 x SE
X14 S2 x SE2
X15 M x SE

31 33 34 38 40 44 45 46
X16 N x SE2
X17 M2 x SE
XIS 12 x SE2
X19 S x M x SE
X20 S x M x SE2

X21 S x M2 x SE 2.31 1.76
X22 S x 12 x SE2
X23 S2 x M x SE
X24 52 x M x SE2
X25 S2 x 12 x SE

X26 52 x m42 x SE2

Number of Predictors in an Equation 3 5 8 7 2 5 0 0
S Variance Accounted For (R2 x 100) 8.20 50.03 74.55 74.47 18.88 43.62 - -

Variance Sub-Totals
Spares 2.32 41.48 9.83 0.26 18.88 35.84
Manpower O.O 2.43 59.12 59.60 0.00 2.38
Support Equipment 5.88 3.81 1.02 0.94 0.00 3.64

Main Effects 47.72 69.97 60.80 41.86
2-Factor Interactions 4.58 13.67
3-Factor Interactions 2.31 1.76
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TABLE F-1 DISTRIBUTION OF VARIANCE 1%M FOR REGRESSION EQUATION"PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT

(CONTINUED)

Categories of Dependent Variables
Shop Repair Spares Supply

Predictors 47 48 49 55 56 57 58 61
'Xl Spares - 949.50 x .001 (S) 4.14 3-5.41 11.66 33.84 35-.4T T54
X2 Manpower - 1109.667 x .001 (M) 0.98 6.42 6.60 0.52 0.77 2.95 0.52 0.52
X3 Support Equipment (SE) 34.94 1.46 21.63 29.43 2.15 21.63 21.63
X4 Spares Quadratic (52) 0.66 1.97 0.66 0.66
X5 Manpower Quadratic (42 0.97

X6 Support Equipment Quadratic(SE2) 1.47 3.78 2.02 8.28 2.02 2.02

Sr- X7 SxM
X8 S x M2
X9 S2 x m 0.75
X10 52 x 92

X11 S x SE

X12 S x SE2
. X13 S2 x SE

X14 52 x SE2
X15 M x SE 1.01

47 48 49 55 56 57 58 61
X16 9 x SE2
X17 M2 x SE
"XIS 942 x SE2

- . X19 S x M x SE
"X20S x s x S SE2

X21 S x 42 x SE 2.16
X22 S x M2 x 5(2
X23 S2 xMx SE

"X24 S2 x N x SE2
-' ~X25 S2 xM2x SE

X26 S2 x H2 x SE2
"Number of Predictors in an Equation 6 4 1 h 4 5 5 5

" S Variance Accounted For (R2 x 100) 43.25 12.67 6.60 60.24 50.14 43.07 60.24 60.24

"Variance Sub-Totals
" Spares 4.14 0.00 0.0 36.07 11.66 35.81 36.07 36.07

"Manpower 1.95 6.42 6.60 0.52 0.77 2.95 %.812 0.52
Support Equipment 36.41 5.24 0.00 23.65 37.71 2.15 23.65 23.65

Main Effects 42.50 11.66 6.60 60.24 50.14 40.91 60.24 60.24
2-rector Interactions 0.75 1.01
3-Fector Interactions 2.1f
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TABLE F-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION

"PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT
12(CONCLUDED)

Cateqories of Dependent Variables
Spares Supply Support Equipment

Predictors 62 63 71 72 73 74 75 79.
Xl Spares - 949.50 x .001 (S) 6.65 12.0)3 - - "40 35.32
X2 Manpower - 1109.667 x .001 (M) 1.91 0.85 0.68 2.04
X3 Support Equipment (SE) 25.98 31.31 51.58 4.14 51.27 32.97 3.60
X4 Spares Quadratic ( 12) 0.83 0.93 1.28 . 3.65
X5 Manpower Quadratic (M42

X6 Support Equipment Qudratic(S2) 1.30 0." 9.12 1.57 9.16 8.17 39.93

X7 SxM
X8 S x 142 -1.00

X9 S2 x M
Xl0 S2 x M2

4Xl S x SE 15.89 16.24 3.5Z 16.94•'X12 S x SE2 0.24 0.23 0.66 1.80

113S2 x SE
X14 S2 x SE2
X15 H x SE 1.02 1.00 0.75 1.94

62 63 71 72 73 74 75 79.
"X16 N x SE2
X17 M2 x SE 0.82 0.42
X1811 M2 x SE2
X19 S x N x SE
X20 S x H x SE2 0.43 0.42

V X21 SxM2 x SE 1.48
X22 S x M2 x SE2
X23 52 x N x SE
X24 S2 x M x SE2
X25S2x M2 x SE

X26 S2 x 142 x SC2

. Nuber of Predictors in an Equation 5 4 7 3 7 7 5 7

S Variance Accounted For (R2 x 100) 36.66 52.78 78.61 13.11 78.65 50.05 ,3.72 62.68
Variance Sub-Totals
Spares 6.65 12.03 0.33 7.40 0.33 3.10 36.60 0.65
.Mepower 1.91 0.85 0.00 0.00 0.W0 0.68 2.04 0.00
Support Equipment 27.28 39.90 60.70 5.71 60.43 41.34 3.60 39.93

"Main Effect: 35.84 52.78 61.03 13.11 60.76 45.12 42.24 40.58
2-•actor Interactions 0.82 17.15 17.47 4.93 1.48 22.10
3-Factor Interactions 0.43 0.42
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APPENDIX G

MODELS OF INTERACTION
SPARES X MANPOWER X SUPPORT EQUIPMENT

This Appendix provides the estimating models of interaction derived
A from the multiple regression analysis. The first term of each model

represents the intercept followed by the regression coefficients asso-
ciated with the predictors in the estimating model. The total variance
"is the percent of variation in the dependent variable that can be
accounted for by the model. The standard error of estimate of 13.53,
"for example, computed for dependent variable 03, tells us that the esti-

Smated value can be expected to differ from the observed value within
+13.53% in two out of three cases. In these tables due to sace limit-
a•ions, S2, M2, SE2, and R2 should be interpreted as S', M', SE , and
R, respectively.
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWERx
SUPPORT EQUIPMENT

e'4

Percent Accomplished-Mission.

Variable 03 s 78.5940 *24.1222 (5) + 4.1231 (1M) + 3.5384 (SE)
-26.9612 0D2) + 32.1211 (S x H2 x SE)

I Total Variance (R2 x 100) s 43.44
"Standard Error of Estimate x 13.53

Percent Accomplished-Sorties

Variable 08 a 55.9077 + 29.4092 (S) ÷ 9.4359 (N) + 5.7"41 (SE)
4- -30.6195 (52) + 63.3809 (S x M2 x SE)

I Total Variance (R2 x 100) z 51.45
4-Standard Error of Estimate a 15.71

-1 -----------------------------------------------

SPercent an Sorties (Including Alert)

ble 15 a 9.8871 5 2.4106 ('S) , 1.8419 (N) + 1.1634 (SE)
-5.6145 (52) + 12."27 (S x H2 x SE)

otal Variance (R2 x 100) 4 18.24

Standard Error of Estimate = 3.17

Percent in Unscheduled (aintenunce-Aireraft

S.Vari•le 16 z 21.2553+ 10.6906 (S) + 5.4674 (SE) - 12.3676 (S2)
"- 1.5791 (SE2) + 4 3058 (S x SE)

Total Variance (R2 x 100) z 47.8.

Standard Error of Estimate = 6.7

- ---------------------- --- ee-----------ee --
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONTINUED)

Percent in Scheduled Maintenance-Aircraft

Variable 17 7.4652 + 3.0192 (S) + 1.3737 (SE) -3.3487 (S2)
-0.3673 (SE2) + 1.1112 (S x SE)

U Total Variance (R2 x 100) 59.16
Standard Error of Estimate 1.48

----- --------------------------------------------------------------------------------

Percent in N0RS

Variable 18 41 .3708 - 33.7117 (S) - 19.6121 (SE) + 30.4348 (52)
+ 5.3857 (SE2) - 16.2327 (S x SE)

Total Variance (R2 x 100) = 52.74
Standard Error of Estimate =20.62

[I - ---------------------------------------------------------
S

Percent in Mission Wait Status

Variable 19 0.1790 *0.1687 (S) + 0.0176 (SE) -0.1603 (52)

Total Variance (R2 x 100) 25.97
Standard Error of Estimate 0.12
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
,. EQUIPMENT (CONTINUED)

Percent in Service Plus Waiting

Variable 20 2 -2.4827 - 3.5180 (S) - 18.2918 (N) - 4.9961 (SE)
+53.6130 (H2) - 1.4889 (SE2) + 24.4920 (S x H)
"465.0333 (S x H2) + 10.2582 (S x SE) - 1.2741 (S x SE2)
-11.6037 (H x SE) + 3.6703 (H x SE2) + 1.3579 (S x N x SE)

Total Variance (R2 x 100) z 48.03

Standard Error of Estimate a 5.27

i

Percent in Operationally Ready

Variable 21 a 16.5194 + 9.8780 (S) + 4.8273 (SE) - 11.0604 (S2)
+ 7•4'72 (S x SE) + 7.9308 (H x SE) - 9.2000 (H2 x SE2)
+13.618 (S x M x SE) - 20.7373 (S x KZ x SE)

"Total Variance R2 x 100) a 48.03
* Standard Error of Estimate z 7.51

Average Alrcraft Post-Sortie Time (Now*s)

Variable 22 a 5.0713 - 3.367 (N) + 6.9267 (N2) - 1.9771 (S x ,)

Total Variance (R2 x 100) 2 21.21
- Standard Error of Estimate a1.76 . .

°
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONTINUED)

Average Number of Sorties Per Aircraft Per Day

Vatiable 23 1.6363 + 0.8433 (S) + 0.2818 (H) + 0.1651 (SE)-0.8795 (S2) + 1.8089 (S x M2 x SE)

Total Varimace (R2 x 100) x 47.04
Standard Error of Estimate 0.49

Flying Hours

Variable 24 = 170.8526 + 93.4934 (S) + 31.8272 (N) + 20.1033 (SE)
- 97.0200 (S4) + 218.8014 (S x H2 x SE)

Total Variance (R2 x 100) : 48.24
Standard Error of Estimate a 54.78

Average Aircraft Poet-Sortie Tim (Hours)

V Variable T8 : No predictors met the 0.001 significance level for entry into the model.

Percent Utilization-anpower

Variable 28 a 19.3263 + 8.1061 (S) - 13.0888 (N) + 6.1585 (SE)
-10.1854 (S2) - 1.8785 (SE2) - 4.7171 (S x 4)
+3.5915 (S x SE)

Total Variance (R2 x 100) a 63.32
Standard Error of Estimate z 5.30

- - - - --- --- ---- - --- - - - - - - - --------- ---- - -- - -- - -- - -- -
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONTINUED)

Manhours Used (xlOO)

Variable 29 = 23.8633 + 11.5763 (S) + 4.6196 (M) + 7.7918 (SE)
-12.2242 (52) - 2.3526 (SE2) + 29.0241 (S x M42 x SE) 7-

Total Variance (R2 x 100) z 51.69

Standard Error of Estimate x 6.73

-- - --------- - ------------------------------- e---f

Percent Unscheduled Maintenance-Manpower

Variable 30 = 66.5517 + 1.7388 (S) + 4.1726 (SE) - 1.6393 (5E2)

Total Variance (R2 x 100) : 8.20
Standard Error of Estimate : 4.21

Percent Scheduled Maintenance-Manpower

Variable 31:z 33.4483 - 1.7388 (S) - 4.1726 (SE) + 1.6393 (SE2)
* Total Variance (R2 x 100) z 8.20

Standard Error of Eatimate : 4.21 ------------

Number of Personnel Demanded

Variable 33 a 3000.9105 + 1441.1122 (S) + 512.9174 (X) + 267.4306 (SE)
1- 504.1399 (S2) + 3118.3863 (S x M2 x SE)

Total Variance (R2 x 100) a 50.03

Standard Error of Estimate 2 793.09 - ~ -----------

91
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONTINUED)

Percent Personnel Available (Prime)

9Variable 34 95.0970 -0.8880 CS) + 37.3629 (M) - 1.4836 (SE)
* + 6.3717 (S2) - 66.6071 (142) + 26.9144 (S x N)

-54.4937 (S x 142) - 2.3296 (S x SE)

Total Variance (R2 x 100) a 74.55
Standard Error of Estimate = 6.08

- ------------------------------ ---- -C ----- - - ----------------

4. Percent Demands Not Sat isfied-Manpower

4.Variable 38 x C4523 - 36.7132 (14) + 1.3878 (SE) - 6.2581 (52)
.66.4679 (M42) - 27.1309 (S x M) + 57.5503 (Sx M42)
+ 21.2795 (S x SE)

Total Variance (R2ix 100) z 74.47
Standard Error of Estimate a 5.94

- -------------- - ---------- ----- - ------ -0---------

Simulated Maintenance Manhours Per Flying Hour

Variable 40 151.0260 - 2.8164 (5) + 2.9376 (52)

Total Variance (R21 x.100) 2 18.88
Standard Error of "Estimate x 2.37

- - - - - - - - - - - - - - --- --- -- --- - - - - - - -- - - - -----e- -e e
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONTINUED)

Nunber of Reparable Generations

Variable 44 60.4415 + 31.1735 (S) + 11.6426 (K) + 6.0097 (SE)
-32.9250 (52) + 62.6401 (S x M2 x SE)

Total Variance (R2 x 100) = 43.62

Standard Error of Estimate 19.36

Percent Base Repair

Variable 45 = No predictors met the 0.001 significance level for entry into the model.

Percent Deput Repair

Variable 46 No predictors met the 0.001 significance level for entry into the model.

Average Base Repair Cycle

Variable 47 0.3174 + 0.2531 (S) + 0.4891 (M) + 1.2477 (SE) q
- 0.8882 (M2) - 0.6100 (SE2) - 1.2624 (S2 x M)

total Variance (R2 x 100) 43.25
Standard Error of Estimate 0.36

i
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONTINUED)

Percent Active Repair
Variable 48 = 88.8094 + 15.2241 (H) + 13.3658 (SE) - 5."659 (SE2)

- 4.9893 (M x SE)

Total Variance (R2 x 100) z 12.67

Standard Error of Estimate = 12.88

Percent White Space

Variable 49 6.8050 - 9.2221 (M)

Total Variance (R2 x 100) a 6.60
Standard Error of Estimate = 11.82

Percent Fill Rate

Variable 55 a 82.2539 .14.3406 (S) - 1.9926 (H) + 10.9843 (SE)
- 7.9125 (02) - 2.8216 (SE2)

Total Variance (R2 x 100) = 60.24
Standard Error of Estimate a 5.93

t~mber of 8ackorder Days-Spares Sup~ply

Variable 56 a 281.5991 - 143.4378 (S) + 41.5342 (N) 3 304.2397 (SE)
+ 96.5019 (S52)

Total Variance (R2 x 100) = 50.14
Standard Error of Estimate a 114.22
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONTINUED)

Number of Units Demanded-Spares Supply

Variable 57 = 257.6799 + 115.5505 (S) + 49.8925 (H) + 17.7792 (SE)
-144.5101 (52) + 267.2369 (S x M2 x SE)

Total Variance (R2 x 100) x 43.07
Standard Error of Estimate 74.89

Percent Units Off-The-Sholf

Variable 58 82.2539 + 14.3406 (S) - 1.9926 (14) + 10.9843 (SE)
- 7.9125 (02) - 2.8216 (SE2)

Total Variance (R2 x 100) 60.24
Standard Error of Estimate = 5.93

- -------- ------------------------------

Percent Demands Not Satisfied-Spares Supply

Variable 61 z 17.740 - 14.3405 (S) + 1.9927 (H) - 10.9644 (SE)
+ 7.9126 (SZ) + 2.8217 (S(2)

Total Variance (R2 x 100) z 60.24
Standard Error of Eatimet. z 5.93

~~~--------- ----- ---------- ----------------------------- ---- -------------------

Numdber of Cannibalizations

Variable 62 : 19.3667 - 7.3614 (S) + 6.6011 (H) - 10.8041 (SE)
+ 2.6542 (SE2) - 11.6752 (M2 x SE)

Total Variance (R2 x 100) = 36.66
Standard Error of Estimate 8.75

95
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TABLE G-1 MODELS OF INTERACTION, SPARES x-MANPOWER x SUPPORT
EQUIPMENT (CONTINUED)

Numrber of Items on Backorder-Spares Supply

SVariable 63 s 297.2861 - 148.9567 (S) . ".6450 (M)
-318.2986 (SE) + 102.6097 (SE2)

b '

total Variance (R2 x 100) u52.76

Standard Error af Estimate a113.6S

* ~* Equipment Percent Ussd-Unschedulsd Maintenance

Variable 71 a 0.0933 + 0.5628 (SE) - 0.1525 (52) -0.16U6 (SE2)
+ 0.3219 (S x SE) - 0.0637 (S x 5(2) *0.0596 (M x SE)

Z.o

"•~ ~ ~~~~~ ~~ 0.0551 (- OES OF INEACIN SPRE x APOE2xSPPR

Total Variance CR2 x 100) z 78.611

Standard Error of Estimate a 0.01

-.. •

----------------------------- ----------------------

•-Eqipen P4d erco Iesont Bsd-ckrduer-Mainenancupe

SVariable 72 z 0.07526 0 4.0946 (S) + 0.0140 (SE) -003 S

-"-ota Vainc R2x10.06 s) z 132.11 7(s2

e\ Stenward Error of Estimate a 0.1)6
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"I Nr.TABLE G-I MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONTINUED)

S... ,. . . .. . .

Equipment Percent Unused

Variable 73 a 9.8997 - 0.5750 (SE) + 0.1537 (S2) + 0.1709 (s(2)
-0.3301 (S x SE) . 0.0645 (S x SE2) - 0.0604 (H x SE)
- 0.0556 (S x N x SE)

"Total Variance (R2 x 100) a 78.65
Standard Error of Estimate x 0.12

- --- ------------------------------------ ---- -- ---

Number of Backorder Days-Support Equipment

Variable 74 u 553.9201 + 473.1200 (S) + 217.6133 (M)
-757.2086 (SE) + 240.6503 (SE2) - 585.5241 (S x SE)
*175.3573 (S x 5(2) - 122.8342 (H x SE)

,..Total Variance (R2 x 100) a 50.05
Standard Error of Estimate 2 278.30

- -c.. --ee -------- -- ----------ee e --- - ee e . e ...

Number of Unite Demanded-Support Equipment

Variable 75 a 704.8839 + 387.8356 (S) + 129.1243 (N) * 71.4486 (SO)!
+361.6835 (S2) + 685.9198 (S x H2 x SE)

Total Variance (R2 x 100) a 43.72

Standard Error of Estimate a 231.35

%I.
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TABLE G-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT (CONCLUDED)

Equipment Percent Oemands Not Satisfied

Variable 79 a 3.9731 - 1.1484 (52) - 0.4435 (SE2) + 3.2780 (S x 142)
P2.1915 (S x SE) - 0.7224 (S x SE2) + 0.6581 (H x SE)
-1.2194 (H2 x SE)

Total Variance (R2 x 100) z 62.68
Standard Error of Estimate z 0.84

o4..
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APPENDIX H

SPARES X MANPOWER X SUPPORT EQUIPMENT X DAYS:

DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION PREDICTORS

This Appendix identifies the predictors and associated variances
c. for each of the dependent variables. The 80 predictors that were evalu-

ated in the development of models of interaction are listed in the first
column. A plurality of the predictors appeared on at least one regres-
sion equation. All 80 were listed in a consistent sequence so that any-
one interested in a specific predictor can scan horizontally within the
same area across the pages of data. The remaining columns identify the
dependent variables. The first entry under dependent variable 03, for
example, means that 37.19% of the variance in this dependent variable
was attributed to spares quantities. Summary statistics are provided
for each dependent variable which identify number of predictors in an
equation, variance due to the main effects of spares, manpower, support
equipment, and days, variances attributed to these sources in 2-, 3-,
and 4-factor interactions, and total variance. These summary statistics
are on pages H-4, H-7, H-1O, H-13, And H-16. Due to-space limitatio s
12 te tbles, S2, M2, SE2, D2, and R2 should be interpreted as
M SE• D-, and R1, respectively.
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'. TABLE H-1 DISTRIBUTION OF VARIANCE %)FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x

* DAYS
Categories of Dependent Variables

Operations Aircraft
•Predictors 03 0s 8 i 16 17 .18 19 20

X1 Spares - 949.50 x .001 =) -37.1-9 W0.9-8 3r:3T W.-" 079.2 -4~ M. 3 iT M
X2 Man~power - 1109."67 x .001 (H) 0.61 2.04 2.04 0.22 0.31 0.24 26.34
X 3 Sup~port Equipment (SE) 2.60 4.36 4.68 4.07 5.13 5.83 3.19
X_ 4 Spares Quadratic (S2) 2.09 1.71 1.51 1.62 1.95 0.95 1.28
X5 Hw enower Quadratic (M2) 0.48 0.20 9.42

.,.

X6 Supiport Equipment Quedratic(SE2) 0.42 0.49 0.50 0.63 0.57 0.72 0.58
X7 S x 0.34 0.35 7.94
X8 Sx H2 2.04
X9 S2 x N
X10 S2x H2

J.i

X• S xASBE 0.39 0.43 2.08 2.29 2.90 1.59
XlZ2S xSEZ 0.16 0'.18 0.17 0.16 0.21
X135S2 x SE
X14 S2 x 5(2
X R15EH SE 0.10 1.65

03 08 15 16 17 18 19 20
X16 H x5(2 0.41
X17 N2 x SE 0.16
X IS H2 xSE2
X19 S x HxSE 0.10 0.35 0.72
120 S x HMx 5(2 0.16

S121 S x Ha2x SE 0.95 2.36 2."4 0.43 0.27
X22 S x H2 x 5(2
X23 S2pr x u xSE 0.13 0.16
X24 S2 x N4 x 5(2
X25 S2 x H2 x SE ----

X26 S2 x H2 x SE2
X27 Day - 15.5 (0) 32.04 26.18 31.62 32.03 11.62 31.68 36.32

.X "28 Day i uedratic (02) 0.63
X29 S x D 14.02 8.42 6.85 7.92 9.91 0.4 11.34

OX7 S x 2 0.16

100
.%
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TABLE H-1 DISTRIBUTION OF VARIANCE M%1 FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT
x DAYS (CONTINUED)

4 Categories of Dependent Veriabi ..
Operations Aircraft

Predictors 03 08 15 16 17 18 19 20
X31 52 x 0
X32 S2 x D2 0.70 0.58 0.93
X33 H x 0 0.56 0.56 0.14 3.51
X34 N x D2 0.48
X35 H2 x D 0.49 7.29

X36 H2 x D2 0.48
X37 SE x 0 0.29 0.33SX38 SE x 02 0.10 2.32
X39 SE2 x 0 0.13 0.22

X40 SE2 x D2 0.18

X41 S x N x 0
X42 S x N x D2
X43 SxH2 x D
X44 S x H2 x D2 0.43 0.52 0.15
X45 S2 x H x 0

0 08D 15 16 17 1S 19 20
X" S22x H x 02
X47 52 x H2 xKD

e X48 S2 x H2 x 02 0.51 0.76
X49 S x SE x 0 0.59 0.63 0.58 0.73 6.50
XS S x SE x 02 0.35

SX51 S x S2 x 0 1.28
X52 S x 5(2 x 02 0.38 0.68 0.82
XS3 S2 x SE x 0 0.58 0.62 0.62 0.81 0."9 0.71

SX54 S2 x SE x D2
X55 S2 x SE2 x D 0.11 0.12
IS5 5 K 502 0

X%6 S2 SE2 02 0.32
X57 H x SE x 0
X56 X x SE x 02 0.16
X59 H x 52 x 02
X60H x SE2 x 02 0.14

101
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TABLE H-i DISTRIBUTION OF VARIANCE M% FOR RE~GRESSION EQUATION'
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENTP. x DAYS (CONTINUED)

Categories of' Dependent Variables
Operations Aircraft

Predictors, 03 08 15 -16 17 18 19 20
X61 M2 xSE xD 0.15
X62 ff2 x SE x 02 0.16 0.10 0.38IX63 M2 xSE2 xD 0.22
X64 M2 xSE2x D2
X65 S x MxSE xD 0.93

X66 S x M x SE x 02 0.19
% ~X67 S x MxSE2x D

X68 S x M x SE2 x 02 0.37
X69 S x ff2 x SE x D 0.35 0.10 0.09 0.37 0.58

XOx xS D203 08 15 16 17 18 19 20

X71 S xM2 xSE2x D
X72 S xM2 xSE2 xD2 0.43
X73 S2 xM xSE xD 04
X74 S2 x M x SE x 02 0.23

.,

X75 S2 x M x SE2 x 0 0.09

9

*X76 S2x M xSE2 xD2
X77 S2 x ff2 x SE x 0
X78 S2 xM2 xSEx D2 0.39

.X79 S2 xM2 xSE2 xD 0.11UX80 S2 x ff2 x SE2 x D2

4.

*Number of Predictors in an Equation 16 22 22 19 14 16 12 27

% of Variance Accounted for (R2 x 100)91.72 91.08 91.89 91.65 84.31 95.11 79.53 85.79
Variance Sub-Totals

eSpares 39.28 42.69 39.06 41.08 51.18 43.29 24.87 13.47
Manpower 0.61 2.04 2.04 0.00 0.70 0.51 0.24 35.76
Support Equipment 3.02 4.85 5.18 4.70 5.70 6.55 0.00 3.77
Day 32.04 26.18 31.62 32.03 11.62 31.68 38.32 0.63

Main Effects 74.95 75.76 77.90 77.81 69.20 82.03 63.43 53.63
2-Factor Interactions 14.44 11.03 9.07 10.99 12.20 4.79 14.70 25.60

5z3-Factor Interactions 1.48 4.19 4.74 2.62 2.48 8.29 1.03 4.04
4-Fector Interactions 0.85 0.10 0.18 0.23 0.43 0.37 2.52

16.77 15. 32 13.99 13.84 15.11 13.08 16.10 32.16

P,
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT

x DAYS (CONTINUED)

Categories of Dependent Varibles
Aircraft Manpower

Predictors 21 22 23 24 TO 28 29 30
SXl Spares - 99.50 x .001 (s) 31.52 - T- J3T 5- 7.67 V.73

X2 Manpower - 1109.667 x .001 (H) 0.35 16.23 2.02 2.03 6.13 2."
X3 Support Equipment (SE) 4.50 3.98 4.68 5.06 6.82 2.77
X4 Spares Quadratic (S2) 1.05 1.57 1.51 1.26 1.49
X5 Manpower Quadratic (H2) 0.17 2.11 0.36

X6 Support Equipment Quadratic(SE2) 0.45 0.50 1.03 1.32 3.10
, X7 S x H 1.70 0.29 0.35 0.50

,"X8 S x142
S•X9 S2 x m

-'X10 S2 x H42 0.20

,Xl S x SE 1.72 0.37 0.43 1.67 2.58
'•' X12 S x SE2 0.16 0.19 0.09 0.09v X13 S2 x S•E

%*X14 S2 x SE2 0.10
i X15S H x SE 4.27

21 22 23 24 T8 28 29 30
X16 H x SE2

• X17 N42 x SE /
X18 N42 x SE2 1.56 1.17"

X19 S x 1 x SE 0.61 0.10 1.30
X20 S x H x SE2

X21 S x H2 x SE 2.79 2.14 2.47
X22 S x H2xSE2 0.08
X23 S2 x H x SE 0.15
X24 S2 x H x SE2

_I X25- S2 x ~SEH2------
262 x 2 x SE2 0.15

X27 Day - 15.5 (0) 33.05 33.18 31.62 18.31 24.54 1.56
X28 Day Quadratic (02) .1.45
*29 S x 0 0.50 7.93 6.85 3.18 10.19 7.74
"X30 S x 02 5.05
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENTa
x DAYS (CONTINUED)

Categories of Dependent Variables
Aircraft Manpower

Predictors 21 22 23 24 T8 29 29 30
X31 52 x D 22.39
X32 52 x D2 1.01 0.73 0.70 2.70
X33 M x D 1.17 0.66 0.56 0.12 0.69X34 M x D2 0.21
X35 M42 x 0

X36 M42 x D2
X37 SEx
X38 SE x D2
X39 SE2 x D
X40 SE2 x D2

X41 S x H x D 0.44
X42 S x H x D2
X43 S x H42 x D 0.13
X44 S x M2 x D2 0.34 0.52
X45 S2 x 14 x 0

21 22 23 24 TO 28 29 30
X4 S2 x x D2 ..
X47 S2 x H2 x D-'X48 $2.x 142 x D2

X49 S x SEx D 4.52 0.53 0.63 0.53 0.77
X50 S x SE x D2

X51 S x SE2 x D
"X52 S x SE2 x D2
X53 S2 x S0 x D 0.53 0.62 0.41
X54 S2 x SE x D2 0.25 0.37
X5SS 2 x SE2x 011

X%6 S2 x SE2 x 02
X57 N x SE x 0
X58 H x SE x D2 0.20
X59 H x SE2 x D2
X6• H x SE2 x D2 0.14
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TABLE H-I DISTRIBUTION OF VARIANCE M% FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT
x DAYS (CONTINUED)

Categories of Dependent Variablesa
Aircraft Maneewer

Predictors 21 22 23 24 T8 28 29 30
X61 M2 xSE xD
X62 MZ x SE x D2 0.18 0.10 0.15 0.14
X63 M2 x SE2 x 0

UX64 H2 x SE2 x D2
X65 S w xSExD0

X66 S Hx MxSEx D2
X6V S x H x SE2 x 0
X68 S x H x SE2 x 02
X69 S x HZ x SE x D 0.09 0.09 0.16
X70 S x HZ x SE x D2

21 22 23 24 TO 28 29 30
X71 S x HZ x SE2 x 0

*X72 S xH2 xSE2 xD2 0.54 0.38
*X73 S2 x MxSE xD

X74 S2 x H x SE x D2 0.143X75 52 x H x SE2 x 0 0.07 0.09 0.11

X76 S2 x H x SE2 x 02
X77 S2 xH2 xSE xD 0.70 0.31
X78 S2 x H2 x SE x 02
X79 S2 x HZ x SE2 x D
X80 S2 x 2 xSE2 xD2

Numiber ofPredictors inan Equation 19 5 22 22 a 19 20 7

% of Variance Accounted for (R2 x 100)90.28 22.56 92.87 91.89 0.00 92.23 91.31 45.31
Variance Sub-Tot~als
Spares 32.57 0.00 38.90 39.06 28.93 38.22 0.00
Hanpower 0.52 18.24 2.02 2.03 26.13 3.02 -0.00
Sup~port Equipment 4.50 0.00 A.43 5.18 6.09 9.14 5.87
Day 33.05 1.45 3.8 16283124.54 1.56

Hain Effects 70.64 19.69 78.53 77.89 79.46 73.92 7.43
2-Factor Interactions 10.33 2.87 10.14 9.08 10.97 13.55 37.88
3-Factor Intsractionn 8.07 3.90 4.7* 1.48 3.19
4-Factor Interactions 1.24 0.30 0.18 0.32 0.65 -

19.64 1.7 4.34 _14.00 12.77 17.39 37.88
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
"PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT
x DAYS (CONTINUED)

,- !Cateqories of Depend.nt Variables
.Manpower Shop Repair

Predictors 31 33 34 38 40 44 45 46
"Xl Spares - 949.50 x .001 (S) 39.81 9.57 9.06 i-77 34.32
"X2 Manpower - 1109.667 x .001 (H) 2.43 50.55 50.62 2.37
X3 Support Equipment (SE) 2.77 3.81 1.02 0.93 3.65
X, Spares Quadretic (S2) 1.67 0.26 0.26 1.15 1.51
X5 Manpower Quadratic (H2) 8.57 8.98 0.23

.5

X6 Support Equipment tQuadratic(SE2) 3.10 U.43 0.39
X7 S x H 0.32 3.37 3.41 0.59
X8 S x M2 0.84 0.88
X9 s2 x m 0.10 0.11

"X13 S2 xM2
X11 S x SE 0.37 0.37 0.34 0.29

X12 S x SE2 0.16
• IX13 S2 x SE

"X14 S2 x SE2
X15HMxSE

31 33 34 38 40 44 45 46
"" X17 M2 x SE

X18 142 x SE2 0.19 0.18

X19 S x M x SE 0.18 0.49SX20 S x H x S£2

, X21 S x M2 x SE 2.31 1.77
"" X22 S x HN x S2

X23 S2 x H x SE

X24 S2 x M x SE2
X25 S2 x M2 x SE

X26 S2 x 142 x SE2
X27 Day - 15.5 (0) 1.56 28.34 9.36 9.33 22.41 30.65
"X28 Day Quadratic (02)
X29 S x D 7.74 8.97 2.83 2.68 3.86 7.61
X30 S x D2 5.05

A.
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TABLE H-i DISTRIBUTION OF VARIANCE N% FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT
x DAYS (CONTINUED)

Categorie-; of Dependent Variables
Manpower -- Shop Repair

Predictors 31 33 34 38 40 44 45 46
X31 S2 xD 22.39
X32 S2 x 02 2.70 0.26 0.37 0.43 0.58
X33 H It D 0.80 3.29 3.44 0.84
X 34 H x D)2 0.61
X35 H2 x D 0.58 0.62

X36 H2 x D2 0.74
X37 SE x D 0.57
X38 SE x D2
X39 5(2 x D
X40 5(2 x 02

X41 Sw x xD 1.64 1.59
X42 S x 9 x 02
143 Sw xM2 x D 0.85 0.88
X44 S xM2 xD2 0.39
X45 S2 x N x 0

31 33 34 38 40 44 45 46

X47 S2 x H2 x
X4852 S Nx2 x 02 0.14 0.14
X49 S w SE x D 0.58 0.16 0.14 0.571
X50S xw SE x 02

X51 S SE2w x0
X52 S x 5(2 x 02
X53 S2 xSEwxD 0.61 0.11 0.11 0.62
X5 S52wx5S x 2 0.12
X55S2wx 5(2w x0

X56 S2 x 5(2 w 02
X57 H x SE x D
X58 H xSEwxD2 0.13 0.23
X59 HwxSE2wx0
X60 N x 5(2 w 02
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TABLE H-1 DISTRIBUTON OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT
x DAYS (CONTINUED)

Cateqories aof Dependent Variables
Manpower . Sho Repair

Predictors 31 33 34 38 40 44 45 *6
X61 142 x SE x 0
X62 142 x SE x 02
A63M 2 x SE2 x D 0.27 0.33
X64 142 x SE2 x D2
X65 S x 14x SE x D

X66 S x 4 x SE x D2
X67 S x 4 x KSE2 x D
X68 S x M x 5(2 x D2
X69 S x12 x SE x D
X70OS x M2 x E x 2D2 0.11

21 22 23 24 To 28 29 30
X71 S x 142 x 5(2 x 0
X72 Sx 142 x 5(2 x 02
X73 52 x M x SE x 0 0.06 0.30
X7 52 x 14 x SE x 02
X75 52 x M x 5(2 x D 0.20

X76 S2 x M x SE2 x D2 0.10
X77 52 x 142 x SE x 0
X78 52 x 142 x SE x D2
X79 52 x M2 x 5(2 x 0
X80 52 x M2 x 5(2 x 02

Nuiber of Predictors in an Equation 7 23 21 20 8 18 0 0

S of Variance Accounted tro (R2x0OO) 45.31 92.37 94.23 94.13 47." 86.75 0.00 0.00
Vor'iance Sub-Totals
Spaces 0.00 41.48 9.83 9.32 18.88 35.83
14mapower 0.00 2.43 59.12 59.60 0.00 2.60
Support Equipment 5.87 4.24 1.02 0.93 0.00 4.04
Day 1.56 28.34 9.36 9.33 22.41 30.65

Mein Effects 7.43 76.49 79.33 79.18 41.29 73.12
2-Factor Interactions 37.88 10.88 11.94 12.09 6.37 9.32
3-Factor Interactions 4.59 2.90 2.86 4.01
4-Factor Interactions 0.41 0.06 0.30

37-.88 15.88 14.90 14.95 6.37 13.63
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION

PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x
DAYS (CONTINUED)

UCtejories or Dependent Variables
Shop Repair Spares Supply

Predictors 47 48 49 55 56 57 58 61
Xl Spares - 949.50 x .001 (S) 4.14 35.41 11.66 33.84 35.41 35.41
X2 Manpower - 1109.667 x .001 (N) 0.99 6.42 6.60 0.52 0.77 2.95 0.52 0.52

*X3 Support Equipment (SE) 34.94 21.63 29.43 2.15 21.63 21.63
X4 Spares Quadratic (S2) 0.05 1.97
X5 Manpower Quadratic (K42) 0.96 0.01

X6 Support Equipment Quadretic(SE2) 1.47 2.01 8.27 0.29 2.01 1.01
X7 SxM 0.02
X8 SxM2
X 9 S2 x H 0.75

SXlOS2 x M2

X1I S x SE 1.87
X12 S x SC2 0.17
X13 S2 x SE 0.23
X!4 S2 x SE2
X15 H x SE 1.02 0.03

47 48 49 55 56 57 •8 61

X16 M x S2
X17 M2 x SE 0.32 0.24
X18 M2 x SE2
X19 S x M x SE 0.03 1.20
X20 S x M x SE2 0.01

X21S x M2 x SE

X22 S x M2 x S2
X23 S2 x Of x SE 0.07
X24 52 x N x SE2
X25 52 x M2 x SE

X26 S2 x M2 x S(2
X27 Day - 15.5 (0) 4.95 12.33 30.04 29.13 12.33 12.33
X28 Day Quadratic (02) 1.10 1.26 2.91 2.91 2.91
X29 S x D 3.29 1.51 0.22 10.34
X30 S x D2 1.04 1.30 0.29 1.30 1.30
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TABLE H- I DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x
DAYS (CONTINUED)

Categories of Dependent Variable,
Shop Repair Spares supply

Predictors 47 48 49 55 56 57 58 61
XI" S2 x 0 0.84 0.12 0.84 0.84
X32 S2 x 02 0.09
X31 H x 0 0.54 0.23 0.9,
X34 N x D2
X35 142 x D 0.35
X36 12 x 02 0.49 0.49 0.49

X37 SE x 0 10.96
X38 SE x 02 1.68 1.42 0.07
X39 SE2 x 0 0.35 3.07 0.35
SX40 52 x D2 1.66 1.78 0.02

X41 S x 1 x D 0.32 0.32 0.32
X42 Sx x0D2
X4) SxH2 xD
X" S x 2 xD2X45 S z•x0 4 2 x H x D .. .
,4-.-.D47 48 49 55 56 57 58 61

"X46 52 x H4 x D2"'..147 52, uz 14 o
-X48 52 x H2 x 02
X49 S x SE x D 2.55
X50 S x SE x D2 0.18

X51 S x SE2 x D 0.69 0.02 0.69 0.69
X52 S x SE2 x D2
X53 S2 x SE x D 0.05 0.57
X54 52 x SE x 02 .0.99 017 0.99 0.99
X55 S2 x S(2 x D

X56 S2 x 5C2 x 02
X57 M x SE x 0
"X58 H x SE x D2 0.27
"X59 H x 5(2x D
X60 04 x S(2 x 02
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSiON EQUATION
"* PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x

DAYS (CONTINUED)
Categories of Dependent Variables

Shop Repair Spares Supply
Predictors 47 48 49 55 56 57 58 61

h X61 H2 x SE x D 0.11
X62 142 x SE x D2 0.31
X63 N2 x SE2 x D
X64 H42 x 5(2 x D2
X65 S xN x SEx O

X66 S x N x SE x 02
X67 SxMx 5(22xD
X68 S x N x SE2 x D2
X69 S x M2 x SE x D 0.51U X70 S x H2 x SE x 02

, 47 48 49 55 56 57 58 61
X71 Sx M2x S2 x D
X72 S x 42 x SE2 x D2 0.03 0.30
X73 S2 x Nx SEx D
X74 52 x N x SE x 02
X75 52 x N x SE2 x D 0.02 0.13

X76 52 x N x 5(2 x D2
X77 S2 x N2 x SE x D

.X78 2 x H42 x SE x 02
X79 52 x 142 x SE2 x D
"X80 S2 x H2 x 5(2 x D2

0 Number of Predictcrs in an Equation 10 5 5 13 30 19 ti 13

S of Variance Accounted for (R2 x 100)53.13 12.04 12.35 •9.79 96.97 87.36 79.79 79.79
Variance Sub-Tot als
Spares 4.14 0.00 0.00 35.41 11.71 35.81 35.41 35.41
Hanpower 1.95 6.42 6.60 0.52 0.78 2.95 0.52 0.52
Support Equipment 36.41 0.00 0.00 23.64 37.70 2.44 23.64 Z3.64
Day 6.05 1.26 0.00 15.24 30.04 29.13 15.24 15.24

Main Effects 48.55 7.68 6.60 74.81 80.21 70.33 74.81 74.81
2-Factor Interactions 4.56 4.36 5.75 2.9" 15.67 13.57 2.96 2.96
"3-Factor Interactions 2.00 3.02 2.52 2.00 2.00

.4 4-Factor Interactions 0.05 0.94
4.51 3 5,7 4.98 18.74 17.03 4.98 4.9-
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"TABLE H-i DISTRIBUTION OF VARIANCE M%) FOR REGRESSION EQUATION
SPREDICTORS, SPARES x MAN"POWER x SUPPORT EQUIPMENT x

DAYS (CONTINUED)
Cateqories of Dependent VNriables

Shop Repair Spares Supply
Predictors 47 48 49 55 56 57 58 61

X61 M2 x SE x D 0.11
X62 42 x SE x D2 0.31
X63 M S2 x 5(2 x D
X64 M42 x 5(2 x D2

X65 Sx14 x-SEx D

X"6 S x 14 x SE x D2

X67 S x M x 52 x D
X68 S x 4 x S52 x D2
X69 S x 142 x SE x D 0.51
X70 S x N2 x SC x D2

47 48 49 55 56 57 so 61
X71 S x M2 x SE2 x 0

• X72 S x 42 x 5(2 x D2 0.03 0.30
X73 S2 x N x SC x 0
X74 S2 x 14 x SC x 02
"X7552 x M1 x S2 x D 0.02 0.13

"X76 S2 x 14 x SC2 x D2
X77 S2 x 12 x SE x D
"X78 S2 x N2 x SE x D2
X79 S2 x M2 x SC2 x 0
X80 S2 x N2 x SE2 x D2

NumberofPredictor in a Equation 10 5 5 -1 30 19 13 13

*IS of Variance Accounted for (R2 x 100)53.13 12.04 12.35 79.79 9".97 87.36 79.79 79.79
Variance S b-Totala -. .. 

.. ...

Spares 4.14 0.00 0.00 35.41 11.71 35.81 35.41 35.41
Manpower 1.95 6.42 6.60 0.52 0.78 2.95 0.52 0.52
Support Equipment 36.41 0.00 O.OO 23.64 37.70 2.44 23.64 23.64

, I Dy 6.05 1.26 0.00 15.24 30.04 29.13 15.24 15.24

Main Effects 48.55 7.68 6.60 74.81 80.23 70.33 74.81 74.81

2-Factor Interactions 4.58 4.36 5.75 2.98 15.67 13.57 2.98 2.98
3-factor Interactions 2.00 3.02 2.52 2.00 2.00
4-factor Interactions 0.05 0.94

"5 . 36 5.75 4.98 18.74 17.03 4.98 4.98
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TABLE H-1 DISTRIBUTION OF VARIANCE N%1 FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x
DAYS (CONTINUED)

Cateqories of Dependent Variables
Spares Supply Support Equipment

Predictors 62 63 71 72 73 74 75 79
X l S p a r e s - 9 4 9 . 5 0 x .0 0 1 ( 5 ) 6 .6 4 1 2 .0 3 0.1 5 0 .1 , 1 W -

)( M wa p o w e r - 1 1 0 9 .6 6 7 x .0 0 1 ( M ) 1 .9 1 0 . 8 5 0 A 8 2 . 0 5
X4 Spares Quadratic (S2) 0.44 0.05 0.34 0.32 0.02 1.28 0.65

X5 Manpower Quadratic (M2) 0.02 0.04

X6 Support Equipment Quadratic(SE2) 1.30 8.59 9.12 1.57 9.16 8.36 0.36 39.93
X7 S x M 0.04
X8 S x M2 0.36 1.01
X9 S2 x N
X1O 52 x 42

Xll S x SE 15.89 16.2. 0.05 0.30 16.94
X12 S x SE2 0.02 0.83 1.80
X13 S2 x SE 0.21 0.16 0.14 0.02
X14 S2 x 5(2 0.14
X S M x S.E 0 . 0 3 1 .0 1 7 2 0 . 9 0 . 7 6 1 .9 4

;• 
,. '... ... .. .62 ...63 "71 72 .. 73 ,'74 ...75 ' 79

X16 2M x S2 0.02

.. X17 142 x SE 

0.82 0.36 

0.43

L%* 

X18 142 x SE2 

0.02

X19 S x M x SE 0.03 0.03 0.41
X20 S x H x SE2 0.43 0.43 0.34

X21S xM2 SE0.34 1.47
X22 S x P2 x SE2 0.01 0.02
X23 S2 x 1 x SE 0.07
"X24 S2 x M x S(2

K.X25 S2 x M2 x SE

X26 S2 x P2 x SE2 0.1%. X27 Day - 15.5 (D) 28.66 0.30 3.42 0.34 11.6 30.33 9.58
X28 Day Quadratic (02) 6.82 0.01 0.65
X29 S x 0 6.39 0.13 2.49 3.39 7.10
, 30 S x D2 2.61 0.33 3.57

I'N
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x

I ~ DAYS (CONTINUED)

Cateqories of Dependent Variables
Spares Supply Support Equipment

• Predictors 62 63 71 72 73 74 75 79
X31 S2 x D 1.45 0.15
"X32 S2 x D2 0.41 0.13 0.80
X33 o x 0 0.20 0.13 0.12 0.49 0.67 0.25
X34 M x D2 0.05
"X35 M2 x D

,X36 142 x D2
X37 SE x D 0.87 10.26 5.18 5.27 16.51
X38 SE x D2 2.63 0.06 1.04
X39 SE2 x D 1.83 2.81 4.82
X40 SE2 x D2 0.63 0.02 0.39

X41 S x M x D 0.44 0.22
X42 S x M x D2 0.05
X43 S x M2 x D
"X44 S x M2 x D2
X45 S2 x H x D 0.03

62 63 71 72 73 74 75 79
''X46 S2 x M x D2

X47S2 x M2x0D 0.02
X48 S2 x M2 x D2
X49 S x SE x D 1.60 2.26 4.84 4.83 4.32 4.03
X50 S x SE x D2 0.19 4.45

X51 S x SE2 x D 0.02 0.24 0.23 1.02 0.88
X52 S x SE2 x D2 1.02
X53 S2 x SEx D 0.06 0.71
X54 S2 x SE x D2
X55 S2 x SE2 x D

X56 S2 x SEZ x D2 0.41 0.40
"X57 M x SE x D 0.65
X58 M x SE x D2 0.27 0.30 0.09 0.19

- -'X59 M x SE2 Y D 0.18
X60 M x SE2 x D2 0.04

C.
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TABLE H-1 DISTRIBUTION OF VARIANCE I%1 FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x
DAYS (CONCLUDED)

Cateqories of Dependent Variablep
Spares supply Support Equipe,*

Predictors 62 63 71 72 73 74 75 79
X61 M2 x SE x D 0.11
X62 142 x SE x 02 0.18 0.19 0.42
X63 M2 xSE2 xD
X64 142 x SE2 x 02
X65 S x M x SEx D 0.25

X66 S x M x SEx D2 0.08
X67 S x M x SE2 x D 0.05
X68 S x M x SE2 x D2 0.05
X69 S x 142 x SEx 0 0.17 0.16 0.73
X70 S x 12 x SE x 02

S62 63 71 72 73 74 75 79
"" X71 S x 142 x SE x D

X72 S x 142 x SE2 x D2 0.02 0.29 0.27 0.35
X73 52 x 14 x SE x D

" X74 52 x 14 x SE x D2
X75 S2 x 14 x SE2 x D

*//

X76 S2 x M x SE2 x D2

X77 S2 x M2 x SE x D
X78 52 x 142 x SE x D2
X79 S2 x M2 x SE2 x O 0.11 0.12

X80 52 x 142 x SE2 x D2

Number of Predictors in an Equation 17 32 20 6 20 40 17 12

S of Variance Accounted for (R2 x 100)62.74 99.05 90.94 19.85 91.12 98.98 86.09 77.78Variance Sub-Totals
Spares S 7.08 12.08 0.49 7.40 0.51 0.11 36.60 0.65

Manpower 1.91 0.87 0.00 0.00 0.00 0.72 2.05 0.00
Support Equipment 27.28 31.31 60.70 5.71 60.43 41.33 3.96 39.93
Day 6.82 28.67 0.30 3.42 0.34 12.31 30.33 9.58

"Main Effects 43.09 81.52 61.49 16.53 61.28 54.47 72.94 50.16
2-Factor Interactions 17.61 14.71 22.51 3.32 22.76 31.65 8.87 22.37
3-Factor Interactions 2.04 2.80 6.37 6.53 3.20 5.25
4-Factor Interactions 0.02 0.57 0.55 1.08

19.65 1-.5" 3 2g.45- T 3.-2 29.8-4 31.65 13.1--5 27.62
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TABLE H-1 DISTRIBUTION OF VARIANCE 1%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x
DAYS (CONTINUED)

Cateories of Dependent Variables
Spares Supply Support Equipment

Predictors 62 63 71 72 73 74 75 79
Xl Spares - 949.50 x .001 (S) 6.64 12.03 0.15 7.41 0.19 0.09 35.32
X2 Manpower - 1109.661 x .001 (m) 1.91 0.85 0.6a 2.05
X3 Support Equipment (SE) 25.98 31.31 51.58 4.14 51.27 32.97 3.60
X4 Spares Quadratic (52) 0.44 0.05 0.34 0.32 0.02 1.28 0.65
X5 Manpower Quadratic (M2) 0.02 0.04

X X6 Support Equipment Quadratic(SE2) 1.30 8.59 9.12 1.57 9.16 8.36 0.36 39.93
X7 S x M 0.04
X8 S x M2 0.36 1.01

. "X9 S2 x M
.1 XOS2 x M2

. Xll S SE 15.89 16.24 0.05 0.30 16.94
X12 S x SE2 0.02 0.83 1.80
X13 S2 x SE 0.21 0.16 0.14 0.02
X14 52 x 5(2 0.14
X15 M x SE 0.03 1.01 0.99 0.76 1.94
""". 62 63 71 72 73 74 75 79
X16 x 2 .... 0.14
X17 t12 x SE 0.82 0.36 0.43"X18 M2 x SE2 0.02
X19 S x M x SE 0.03 0.03 0.41

X20 S x M x 512 0.43 0.43 0.34

X21 S x M2 x SE 0.34 1.47
X22 S x M2 x SE2 0.01 0.02
X23 S2x M x SE 0.07X(24 S2 x M x SIE2X25 S2 x M2 x SE

X26 S2 x m2 x SE2 0.15
X27 Day - 15., (D) 28.66 0.30 3.42 0.34 11.66 30.33 9.58
128 Day Quadratic (02) 6.82 0.01 0.65
X29 S x D 6.39 0.13 2.49 3.39 7.10
X30 S x D2 2.61 0.33 3.57

-4
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TABLE H-1 DISTRIBUTION OF VARIANCE (%) FOR REGRESSION EQUATION
PREDICTORS, SPARES x MANPOWER x SUPPORT EQUIPMENT x
DAYS (CONTINUED)

t.. Cate!gorie of Dependent Varialebl
1 " Spares Supply Support Equpment

Predictors 62 63 71 72 73 74 75 79
X3.S2 5 x 0 1.45 015...................
X32 S2 x D2 0.41 0.13 0.80
X33 N x D 0.20 0.13 0.12 0.49 0.67 0.25
X34 M x D2 0.05
"X35 H2, x D

X36 M2 x D2
137 SE x D 0.87 10.26 5.18 5.27 16.51
X38 SE x D2 2.63 0.06 1."4
139 SE2 x D 1.83 2.81 4.82
X40 S(2 x 02 0.63 0.02 0.39

X41 S x H x D 0.44 0.22
X42 S x H x 02 0.0
X43 S x H2 x D
X44 S x 142 x 02
X45 S2 x H x D 0.03

62 63 71 72 73 7% 75 79
X46 S2 x M x 02
X47 S2 x 142 x 0 0.02
X48 S2 x 12 x D2
X49 S x SE x 0 1.60 2.26 4.84 4.83 4.32 4.03
X50 S x SE x D2 0.19 4.45

X51 S x SE2 x 0 0.02 0.24 0.23 1.0 0y.88
X52 S x SE2 x 02 1.02
X53 S2 x SE x D 0.06 0.71
X54 S2 x SE x 02
XS S2 x SE2 x-D

X56 S2 x 52 x 02 0.41 0.40
X57 M x SE x 0 0.4
X58 H x SE x 02 0.27 0.30 0.09 0.19
X59 H x S(2 x D 0.13
X60 H x SE2 x D2 0.O4
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APPENDIX I

"MODELS OF INTERACTION
SPARES X MANPOWER X SUPPORT EQUIPMENT X DAYS

This Appendix provides the estimating models of interaction derived
fromt the multiple regression analysis. The first term of each model'I represents the intercept followed by the regression coefficients asso-
ciated with the predictors in the estimating model. The total variance
Is the percent of variation in the dependent variable that can be
accounted for by the model. The standard error of estimate of 5.20, for
example, computed for dependent variable 03, tells us that the estimated
value can be expected to differ from the observed value within +5.20% in
two out of three cases. Due to space limitattgns tn thse tpbles, S
M2, SE2, D2 and R2 shall be interpreted as S', M=, SE6 D', and R,
respectively.
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TABLE i-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
U EQUIPMENT x DAYS

Percent Accomplished-Missions

Variable 03 78.6903 + 23.9768 (S) + 4.8397 (M)

+ 8.9021 (SE) - 33.1616 (52) - 2.4562 (SE2)
+33.3759 (S x M2 x SE) - 1.3783 (D)
"+ 1.7595 (S '% D) + 0.9637 (SE x D)
"- 0.3812 (SE2 x D) - 3.5767 (M2 x SE x D)
- 0.1574 (M2 x SE x D2) + 1.1998 (M2 x SE2 x D)
+ 2.3339 (S x 42 x SE x D) + 0.7142 (S2 x M2 x SE x D2)
.2.0982 (S2 x M2 x SE2 x D)

"Total Variance (R2 x 100) = 91.72
Standard Error of Estimate = 5.20

Percent Accomplished-Sort ies

Variable 08 55.9805 + 27.7055 (S) + 6.7818 (M)
+14.2978 (SE) - 38.6294 (S2) - 2.8850 (SE2)
+11.2481 (S x M) + 19.1699 (S x SE) - 5.0227 (S x SE2)
"+ 4.0377 (M x SE) - 16.3688 (M2 x SE) + 8.6186 (S x M x SE)
"+11.4445 (S x 12 x SE) + 11.0326 (S2 x M x 5) - 1.5051 (D)
+ 1.4033 (S x D) - 0.5717 (M x D) - 0.0154 (SE2 x D2)
0- .3544 (S x 12 x D2) + 0.4086 (S x SE x D) + 1.1922 (52 x SE x D)

"+ 0.0642 (SZ x SE2 x D2) + 1.9431 (S x M2 x SE x D)

"Total Variance (R2 x 100) 91.08
Standard Error of Estimate 6.79

----------------------------------------------------------------------------------- --------------
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Percent on Sorties (Including Alert)

Variable 15 a 9."669 + 5.1911 (S) + 1.3880 (H4) + 2.6536 (SE)
- 8.6714 (S2) - 0.6608 (SE2) + 3.4372 (S x H)
+ 3.4750 (S x SE) - 1.0480 (S x 5E2) + 5.9297 (5 x M2 x SE)
+ 2.3786 (52 x 14 x SE) - 0.3273 (0) ÷ 0.2245 (S x D)
+0.0408 (S2 x D2) - 0.1452 (M x D) - 0.0839 (S x 142 x 02)
+ 0.0822 (S x SE x D) + 0.5983 (S2 x SE x D) - 0.1888 (S2 x SE2 x D)
+ 0.0030 (14 x 52 x D2) - 0.0194 (142 x SE x D2) + 0.3970 (S x 142 x SE x 0)
+ 0.1364 (52 x N x SE2 x D)

K '., Total Variance (R2 x 100) a 91.89

4. Standard Error of Estimate - 1.26

Percent in Unscheduled 14aintenonce-Aircraft

Variable 16 a 21.2553 + 10.8901 (S) + 5.8182 (SE)
-18.3756 (S2) - 1.5791 (SE2, + 9.2015 (S x SE)
"- 2.1540 (S x SE2) + 4.2902 (S x H x SE) - 0.6837 (0)
+ 0.5291 (S x D) + 0.0802 (52 x 02) - 0.1200 (14 x 0)
+ 0.0066 (SE x D2) - 0.1170 (S x N2 x D2) + 0.2733 (S x SE x 0)
- 0.0039 (S x S2 x 02) + 0.4909 (S2 x SE x 0) + 0.0230 (14 x SE x 02)
"- 0.0972 (142 x SE x 02) + 0.0329 (S2 x H x SE x D2)

Total Variance (R2 x 100) a 91.65
Standard Error of Estimate a 2.73

- - ---------------- f - ------------- ---- - -
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

i

Perce•t in Scheduled Maintenance-Aircraut*1

Variable 17 x 7.0949 + 2.9700 (5) - 0.8701 (N) + 1.3737 (SE)
- 3.9915 (S2) + 3.1955 (142) - 0.3673 (SE2)
÷0.7112 (S x SE) + 6.0000 (S x 142 x SE) -0.1120 (D)
S0.1489 (S x D) + 0.0740 (S2 x 12 x 02) + 0.0728 (S x SE x 0)
+ 0.1439 (S2 x SEx D) - 0.0170 (S x M2 x 52 x 02)

Total Variance (R2 x 100) a 84.31
Standard Error of Estimate 2 0.92

--
Percent in NORS

Variable 18 * 44.3111 - 35.4177 (S) + 9.5404 (M) - 19.6121 (SE)
447.9891 (S2) - 25.3739 (M2) + 5.3857 (5(2)
-35.0722 (S x SE) + 8.2297 (S x S£2) + 2.2845 (0)
- 1.1545 (S x 0) + 0.0647 (S x D2) - 0.2343 (52 x D2)
- 1.1336 (S x SE x D) + 0.0159 (S x S(2 x D2)
- 4.5765 (52 x SE x 0) + 1.3648 (52 x S2 x D)

Total Variance (R2 x 100) a 95.11
Standard Error or Estimate x 6.67

Percent nt Mission Wait Status

Variable 19 a 0.3845 + 0.1537 (S) + 0.0211 (N)
0.1030 0S2) 0.1299 (S x 142 x SE) - o.o098 (D)
0.0118 (S x 0) - 0.0136 (M2 x 0) + 0.0043 (SE x 0)

* 0.0002 (SE x 02) - 0.0016 (S52 x D) + 0.0050 (S2 x 142 x 02)
* 0.0174 (S x N2 x SE x D)

Total Varianc (R2 x 100) = 79.53
Standard Error of Estimate a 0.06
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Percent in Service Plus Waiting

Variable 20 - 1.7271 - 3.5180 (S) - 13.6764 (H) + 4.9961 (SE)
.40.0161 (H2) - 1.4889 (52) - 21.8538 (S x H) + 65.0333 (S x 142)
÷15.9528 (S x SE) - 5.4042 (S x SE2) - 11.6037 (H x SE)
+ 3.6703 (H g SE2) - 35.2733 (S x H x SE) + 12.6346 (S x N x 5(2)
- 0.0101 (D) + 1.2775 (H x D) - 0.0616 (H x 02) - 2.7015 (HZ x D)
+ 0.1815 (142 x D2) - 0.0760 (S x SEx D) - 0.0326 (S x SE2 x D)
+ 0.0284 (S x 5(2 x D2) + 0.4939 (52 x SE x D) - 1.1479 (S x N x SE x 0)
+ 0.1613 (S x 14 x SE x D2) - 0.0630 (S x H x S(2 x D2) + 2.7837

(S x H2 x SE x D)
- 1.2096 (52 x H x SE x D)

Total Variance (R2 x 100) = 85.79
Standard Error of Estliate = 3.53

Percent in Operationally Ready

Variable 21 a 18.0163 + 9.6104 (S) + 5.2219 (14) + 4.7319 (SE)
-18.2955 (S2) - 11.8113 (142) + 7.4681 (S x SE)
- 2.5690 (52 x S2) + 4.8763 (14 x SE) - 9.3732 (HZ x 5(2)
÷13.6078 (S x 14 x SE) - 8.15A (S x 142 x SE) + 26.2236 (S2 x 142 x S(2)
- 0.7556 (D) + 0.3491 (S x D) + 0.0864 (S2 x D2)
- 0.4CA6 (M x D) + 0.3152 (S x SE x 0) - 0.0851 (S x H42 x S(2 x D2)
+ 3.8962 (S2 x 142 x SE x D)

Total Variance (R2 x 100) a 90.28
Standard Error of Estimate a 3.26

- .---- e------ e--- e-- ee------- e----------
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Average Aircraft Post-sortie Time (Hours)

Variable 22 5.3382 - 3.3467 (H) + 6.9267 (42) - 1.9771 (S x N)

- 0.8864 (1142 x SE2) - 0.0036 (02)

Total Variance (R2 x 100) z 22.56

Standard Error of Estimate.= 1.75

Average Ni.ber of Sorties per Aircraft per Day

Variable 23 - 1.6044 + 0.7940 (S) + 0.2533 (N) + 0.3787, (SE)
. - 1.3449 (S2) - 0.0955 (S2) + 0.3124 (S x k) + 0.5522 (S x SE)

- 0.1470 (S x SE2) + 0.2563(5( x N x SE) + 0.2890 (S x NZ x SE)
"- 0.0508 (0) + 0.039 (S x 0) + 0.0062 (S2 x D2)
"- 0.0232 (4 x D) - 0.0094 (S x N2 x 02) + 0.0114 (S x SE x 0)
+. 0.0810 (52 x SE x 0) - 0.0248 (S2 x S(2 x 0) - 0.0026 (I2 3 SE x 02)

S0.0585 (S x N2 x SE x 0) 0.0058 (S2 x N x SE x 02)
+ 0.0188 (S2 x N1 5(2 x 0)

Total Variance (R2 x 100) x 92.87
Stamnard Error of Estimate 0.18

1,
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
"EQUIPMENT x DAYS (CONTINUED)

• -o'-Fl ying Hours

Variable 24 a 167.0457 +89.7089 (S) + 23.9802 (H) + 46.8563 (SE)
-149.8580 ($2) - 11.4209 (SE2) + 59.4269 (S x H) + 60.0496 (S x SE)

- 18.1122 (S x SE2) + 102.4491 (S 142 x SE) + 41.1134 (S2 x N x SE)
-- 5.6553 (0) + 3.8780 (S x D) + 0.7053 (S2 x 02)
- 2.5087 (H x 0) - 1.4509 (Sx 142 x 02) + 1.4232 (S x SE x 0)
+ .10.3301 (S2 x SE x O) - 3.2594 (S2 x SE2 x 0) + 0.0513 (N x SE2 x D2)
"0- .3354 (H2 x SE x D2) + 6.8448 (S x 2 x SE xD)

* 2.3571 (S2 x N x S(2 x 0)

Total Variance (R2 x 100) z 91.89
Standard Error of Estimate a 21.85

Average Aircraft Pie-Sortie Time (Hours)

Variable TO a Mo predictors met the 0.001 significance level for entry into the model.

- -- ------------------ ee---------e--e -- -- ----e

Percent Utilization-Nanpower

Viiriable 28 a 19.7026 + 7.5719 (S) 15.3703 (N) + 6.2896 (SE)
-10.4541 (S2) - 1.8765 (S2) - 4.5042 (S x M) .- 49.3531 (S2 x N2)

+ 6.4976 (S x SE) - 1.4232 (S x SE21 - 0.4593 (D)
+- 0.3056 (S x 0) + 0.1063 (M x 0) * 0.0233 (N x 02)
- 0.8419 (S x N x 0) + 1.8273 (S x 142 x D) + 0.2370 (S x SE x D)
+ 0.0340 (52 x SE x D2) - 0.0584(142 x SE x D2)
+ 1.6562 (S2 x 142 x SE x 0)

T Total Variance (R2 x 100) s 92.23

Standora Error of Eatimata a 2.45
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT

EQUIPMENT x DAYS (CONTINUED)

. MaHahours Used (0G00)

Variable 29 a 24.9895 + 9.2074 (S) + 4.6415 (H) + 7.940M (SE)
-15.9218 (S2) - 5.0106 (942) - 2.3526 (5(2) +.9.2136 (S x SE)

*- 1.6196 (S x S(2) + 7.8569 (S x H x SE) - 0.6132 (0)
+ 0.6141 (S x D) - 0.3496 (M x D) + 0.1933 (S x SE x O)
+ 0.4119 (S2 x SE x D) + 0.0494 (52 x SE x 02) . 0.0267 (N x SE x 02)
- 0.08541 (S42 x SE x D2) + 1.1127 (S x 542 x SH x D)
- 0.0541 (Sx M2 x S(2 x D 2) + 0.3127 (52 xN *SE 2 x D )

total Varisance (R2 x 100) z 91.31

Standard Error of Estimate x 2.87

• • Pecent Unscheduled 4ainteno 4e-nwimver

V Variable 30 x 67.1279 + 4.1726 (SE) - 1.6393 (52) - 0.1162 (0)
.0.3803 (S x D) + 0.0243 (S x 02) - 0.7654 (S2 x 0)
- 0.0521 (52 x 02)

"Total Variance (V• x 100) 2 45.31
Standard Error of Estimate a 3.25

I------ -------------------------- ee -

Percent Scheduled Mointn ,nce.441Mpowr
/ 5,

"Variable 31 a 32.8721 - 4.1726 (S5) + 1.6393 (S(2) + 0.1162 (0)
- 0.3803 (S x D) - 0.0243 (S x D2) . 0.7654 (S2 x 0)
+ 0.0521 (52 x 02)

" Total Variance (R2 x 100) a 45.31
• •Standard Error of Estimate a 3.25

. emeonoep e c on eeeeeeeeeee• • eee• •epo~o
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
• -EQUIPMENT x DAYS (CONTINUED)

Number of Personnel Demnded

Variable 33 a 2991.4634 4 1346.9537 (S) + 410.6932 (H)
+ 610.2644 (SE) - 2219.5093 (52) - 154.9333 (SE2)
+ 450.7396 (S x H) + 974.8350 (S x SE) - 250.8930 (S x SE2)
+ 548.7833 (S x 14 x SE) + 286.1341 (S x H2 x SE)
- 77.7801 (0) + 70.7767 (S x 9'. 5.7319 (52 x D2)
- 43.5104 (14 0) - 15.4740 CS x H2 x 02)
+ 19.2610 (S x SE x D) + 60.7247 (S2 x SE x )
+ 3.81,"0 (S2 x SEx 02) 2.2309 (N x SE x )2)
- 8.6585 (142 x S xD) .104.6723 (S x 142 x SE x D)
* 4.9242 (S2 x 14 x SE a D2) .38.4573 (S2 x H x 1S2 x D)

% "Total Variance (R2 x 100) x 92.37
Standard Error of Estimate s'312.51

Percent Personnel Available (Prte)

Variable 34 x 96.4646 - 0.4490 (S) + 39.9449 (14) - 2.2939 (SE)
+10.9978 (S2) - 77.2438 (142) + 26.5042 (Sx 14)
"-57.5232 (S x 14" -17.4967 (S2 x 14) - 2.8571 (S x SE)
+ 3.4964 (142 x S. ) t 0.2331 (0) + 0.2964 (S x D)
min 0.112(2 x 02) - 1.1072 (M x 0) + 1.9967 (142 x 0)

+ 2.5184 (S x H x 0) - 6.3011 (S x 142 x 0) + 0.4350 (S2 x 142 x 02)
-0.1812 (S x SE x D) - 0.2679 (S2x SE x 0)
* 0.0304 (S x 142 x SE2 x 02)

Total Variance (R2 x 100) a 94.23
S t an d a rd E r ro r o f E s tim a te * 2 .9 2 - . . . . . . . .. .. .. . . . . . . . . ..... . ..

- -b- ---------------- ------ea~ ----- fa ae e a
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.'. TABLE 1-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Percent Demands Not Satisfied-,anpo.•r.

Variable 38 : 3.1342 + 0.6927 (S) - 39.2844 (K) + 2.1560 (SE) - 11.M965 (SZ)
+76.69"3 (N2) - 26.0898 (S x H) + 53.3647 (S x HZ)
+17.4242 (S2 x H) + 2.1553 (S x SE) - 3.3147 (HZ x SEZ)
- 0.2178 (D) - 0.3126 (S x D) + 0.1143 (2X D2) . 1.1082 (H x D)
- 2.0183 (H2 x 0) - 2.4552 (S x M x D) + 6.2585 (S x HZ x 0)
- 0.4258 (S2 x N2 x D2) + 0.1707 (S x SEx D) + 0.2593 (S2 x SEx W).

A.• Total Variance (R2 x 100) z 94.13

Standard Error or Estimate : 2.87

Simulated Maintenance antrours per Flying #bur

Variable 40 a 15.2363 - 2.8164 (S) + 2.9376 0S2) - 1.5407 (S x H)
+ 0.1721 (D) - 0.1556 (S x D) . 0.0105 (M x D2)
- 0.0242 (HZ x D2) - 0.0281 (SE x 0)

Total Variance (R2 x 100) a 47.66

Standard Error of Estlimate * 1.92

-- -- - ------- -------------------------- - -n---

Number of Reparable Generations

Variable 44 a 60.6850 + 27.4786 (S) + 11.2923 (M) + 14.2271 (SE)
-51.56•3 (S2) - 11.9734 (M2) - 3.4319 (SE2)
.12.2334 (S x SE) + 16.6231 (S x H x SE) + 8.1602 (S x HZ x SE)
- 1.8515 (CD) 1.4511 (S x D) + 0.2488 (52 x D2))
- 0.7971 (N x D) + 0.7147 (S x SE x D) + 1.4029 (52 x SE x D)
+ 0.0620 (M x SE x D2) - 0.1559 (HZ x SE x D2)- 0.1538 (S x 142 x SE! x D2)

Total Variance (R2 x 100) * 86.75Standard Error of Estimate a 9.44
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TABI E 1-1. MODELS OF TINTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT xDAYS (CONTINUED)

Percent Base Repair

Variable 45 No predictors met the 0.001 significance level tar entry into the model.

---------------------------------------------------------------------------------------------

Percent Depot Repktir

o.-.

-Variable 46 No predictors met the 0.001 significance level tar entry into the model.

--------------------------------------------------------------------------------------------

% Average Base Repair Cycle

-Variable 47 0.3736 + 0.2531 (S) +e 0.4891 (M4) + 1.2477 (SE)
-0.8882 (N42) - 0.6100 (SE2) - 1.2624 (S2 x M)

+ 0.0123 tD) - 0.0008 (D2) +. 0.0261 (S x D)
+ EUP119 (MA x D)

% Total Variance (R2 x 100) = 53.13

Standard Error of Estimate =0.33

-------------------------------------------------------- ------------------------------------

Percent Active Repair

Variable 48 a 92.2048 + 15.2241 (M) - 4.9893 (i x SE)
-0.0318 (02) +.0.1159 (SE x D2) - 0.0463 (SE2 x D2)

Total Variance (R2 x 100) 12.04

Standard Err*-, of Estimate 12.93

----------------------------------- ----------------------------------------------------------
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

% Percent White Space
Variable 49 8.3202 - 9.2221 (H) ÷ 0.4507 (S x 0) + 0.0324 (S x 02)

0.0741 (SE x D2) + 0.0323 (SE2 x 02)

"0 Total Variance (R2 x 100) 2 12.35

Standard Error of Estimate z 11.47

Percent Fill Rate

Variable 55 78.6010 + 17.64. %S) - 3.3345 (H) + 11.6777 (SE)
- 2.8216 (5E2) - 0.6037 (D) + 0.0219 (02)
- 0.0431 (S x D2) 1.08" (S2 x D) + 0.0974 (12 x D2)
+ 0.0376 (SE2 x D) -0.4679 (S x H x 0) 0.0985 (S x SEZ x 0)
- 0.0627 (52 x SE x 02)

Total Variance (R2 x 100) a 79.79
Standard Error of Estimate a 4.24
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TABLE 1-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Number of Backorder Days-Spares Supply

Variable 56 : 288.5545 - 165.3378 (S) + 90.6632 (N) - 322.5558 (SE)
+ 92.8540 (52) - 96.7571 (H2) + 103.3233 (S:2)
+ 28.0698 (S x H4) + 42.8292 (CS x SE) - 19.3524 (# x SE)
"- 15.6147 (N42 x SE) - 112.7891 (S x K x SE) + 39.7315 (S x M x 5(2)
- 61.6816 (S2 x 14 x SE) + 21.8758 (D) - 3.4851 (S x D)
+ 0.5492 (S x 02) - 12.1188 (S2 x D) - 0.8544 (52 x D2)
+ 4.3679 (H x D) - 21.5712 (SE x D) + 0.1843 (SE x D2)
+ 6.9290 (SE2 x D) - 0.0644 (SE2 x D2) - 6.2389 (S x SE x D)

.•.., -0.2"95 (S x SIE x D2) ÷1.2725 (S x S•E2 x D)

"+ 5.4791 (52 x SE x D)- 5.6461 (H2 x SEx D)
"+ 0.3369 (S x 42x S(2 x 02) -2.9392 (52 x H x SE2 x D)

Total Variance (R2 x 100) s 98.97
Standard Error of Estimate a 16.63

Number of Units Danmded-Spares Supply

Variable 57 a 260.53038 + 99.3913 (S) + 41.88"6 (H) + 42.4150 (SE)
"-187.6251 (S2) - 11.2153 (SE2) + 97.9206 (S x SE)
- 22.8468 (S x SE2) - 23.2536 (H2 x SE) + 75.7326 (S x H x SE)

- 6.9265 (D) + 7.9338 (S x 0) - 4.1667 (C x 0) + 5.1152 (S2 x SE x 0)
*, 0. 5755 (S2 x SE x D2) + 0.2885 (M x SEx 02) - 0.6765 (M2 x SE x D2)
+15.2106 (S x H2 x SE x 0) - 0.4642 (S x H2 x SE2 x D2)
.3.5980 (S2 x M x S(2 x D)

Total Variance (R2 x 100) z 87.36
Standard Error of Estimate a 35.52
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TABLE 1-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Percent Units Off-the-Shelf

Variabile 58 =78.6010 + 17.6420 (S) - 3.3345 (14) + 11.6777 (SE)
- 2.8217 (SE2) - 0.6037 (D) + 0.0219 (02)
- 0.0431 (S x 02) + 1.08"9 (52 x D) + 0.0974 (H42 x 02)
+ 0.0376 (SE2 x D) - 0."679 (S x H x D) + 0.0985 (S x SE2 x 0)
-0.0627 (S2 x SEx D2)

Tota~l Variance (R2 x 100) =79.79
Standard Error of Estimate =4.24

"Percent Demands Not Satisfied-Sper Supply

Variable 61 21.3989 7 17.6420 (S) - 3.3346 (N) - 11.6778 (SE)
- 2.8217 (SE2) - 0.6037 (0) - 0.0219 (D) .0.0431 (S x 02)

-1.0899 (S2 x D) - 0.0974 (H42 x D2) - 0.0376 (SE2 x 0)
+ 0."79 (S2x x D) -010985 (S x SE2 x D) 0.0627 (S52 x SExD2)

Total Variance (R2 x 100) = 79.79
Standard Error of Estimate x 4.24

-- - - ------------- --------- - - - - -------- f

Number of Cannibalizat ionS

Variable 62 2 28.0240 - 12.8951 (S) + 6.6011 (N) - 17.3750 (SE)
-15.7261 0S2) + 4.7202 (5(2) - 11.6752 (N42 x SE)
- 0.1006 (02) + 1.3095 (S x D) + 0.0715 (S x 02)
- 1.5187 (S2 x D) + 0.1804 (52 x 02) - 0.8462 (SE x 0)
+ 0.0877 (SE x 02) - 0.3457 (Sx2 x D) - 0.0276 ( 5(2 x D02
+ 0.6430 (S x N x D) - 0.5112 (S x SE x D)

Total Variance (R2 x 100) x 62.74
Standard Error of Estimate z 6.75
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TABLE 1-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT

EQUIPMENT xDAYS (CONTINUED)

Number or Rome on Backordeir-Sperem Supply

Varabe 6 z311.6049 - 1"6.5863 (S) + 97.5%K4 (14) - 341.7087 (SE)
Vatil 63 78.6445 (52) - 107.1362 (142) + 109.02A6 (5(2)

- 6.8471 (S x 5(2) +e 45.3265 (S2 x SE) - 20.3405 (M4 x SE)
-16.1360 042 x SE) - 35.2963 (Si xM x SE).+ 41.04M6 (Si x 2 x 5(2)
Al.96 (52 x 14 x SE) + 21.9967 (0) - 0.0585 (02)
-2.5262 (S xD) +0.5258 (S xD2) -17.844S (S2 xD)
-0.7578 (52 x D2) +5.4895 (M xD) -20.8397 (SE xD)
+ 0.2487 (SE x D2) + 6.7723 (SE2 x D) - 0.0857 (SE2 x 02)
-15.2049 (S2 xM x D)33.7720 (S2 x M2 x)

e ~~~6.9173 (Sx SExD0) 0.2243 (S xSE x 2)
d~~~~ 1.4372 (S x SE2xD) +5.8131 (S2 xSE x )

-8.9M6 (HZ x SE x 0) + 0.2375 (S x 142 x SE2 'x 02)

* Total Variance (R2 x 100) z "9.05
Standard Error of Estimate 16.34

Variable 71 0.0644 *0.0448 (S) + 0.25(SC) -0.0918 (52)

0.007(M3tSE +0.0738 (S x N x 5(2) + 0.3605 (S2 x N42 x 5(2)
0.* 2 (D) - 0 0.0042 (M x D) - 0.0046 (SE x 0)

SotalVardac (rRo 2 o x 100)~ 90.98
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT

EQUIPMENT x DAYS (CONTINUED)

Equipment Percent Used-Scheduled Maintenance

Variable 72 a 0.0075 + 0.0063 (S) + 0.0104 (SE) - 0.0035 (SE2)
"+ 0.0019 (S x 5E2) - 0.000) (D) + 0.0006 (S x D)

Total Varianre (R2 x 100) x 19.85
," Standard Error of Estimate = 0.01

Equipment Percent Unused

Variable 73 99.9080 - 0.0489 (S) - 0.6415 (SE) + 0.0975 0S2)

+ 0.1893 (SE2) - 0.2035 (S x SE) + 0.2035 (S x SE) + 0.2598 (52 x SE'
-0.0188 (H x SE) - 0.0740 (S x.H x SE2) -0. )94 (S2 x 42 x SE2)
+0.0027 (0) + 0.004) (H x O) + 0.0046 (SE x D)
-0.0234 (S x SE x D) + 0.0074 (S x 5E2 x D)
- 0.0010 (52 x SE2 x D2) - 0.0009 (H x SE x D2)
+ 0.0032 (142 x SE x D2) - 0.0313 (S x 142 x SE x 0)
" 0.0012 (S x H2 x SE2 x 02) - 0.0256 (S2 x H2 x SE2 x D)

Total Variance (R2 x 100) a 91.12
Standard Error of Estimate 2 0.08

4
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TABLE I-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONTINUED)

Number of Backorder Days-Support Equipment

Variable 74 4 *91.4360 + 186.6921 (5) + 195.5213 (H) - 597.52)h2 (SE)
-140.9075 (52) - 229.0259 (142) + 175.7168 (SE2) + 250.6076 (S x N)
-110.7101 (S x 142) - 91.1947 (S x SE) +.79.1204 (52 x SE)
-148.6038 (H x SE) + 25.8626 (H x SEZ) + 57.5745 (142 x SE2)
-130.2452 (S x N x SE) - 481.4260 (S x 142 x SE)
+272.4114 (S x H2 x 5(2) + 45.0679 (0) + 1.46"58 (D2)
+ 60.1835 (S x 0) + 3.9597 (S x D2) + 26.4663 (M x D) + 1.2576 (H x D2)
- 64.7812 (SE x 0) - 2.2874 (SE x 02) + 21.1118 (SE2 x D)
+ 0.7777 (S2 x D2) +42.9809 (S x H x D) + 1.9830 (S x H x D2)

, -80.6429 (S x S x D) - 5.8846 (S x SE x D2) + 25.3047 (S xSE2 xD)
. . 1.9471 (S x S2 x D2) ý- 37.1975 (H x SE x ) - 2.0574 (" x SE x 2)

+ 12.0062 (H x SE2 x D) + 0.7141 ( x SE2 x D2) - 55.3061 (S x N x S x D)
- 3.0799 (S x H x S x D2) + 16.9999 (S x N x S2 x D)
+ 1.0640 (S x H x 1 2 x 02)

,. I Total Variwwec (R2 x 100) a 98.99
Stsidard Error of Estimate x 40.45

Number of Units Damaedod-Support Equipment

Variable 75 a 691.9064 + 343.6932 (S) + 101.6761 (14) + 166.3219 (SC)
-613.9740 (S2) - 38.9264 (5(2) + 138.9468 (S x SE)
+181.5M08 (S x N x SE) + 131.1823 (S x 142 x SE)
- 22.1831 (0) + 18.6257 (S x D) + 3.3676 (S2 x 02)

S- 8.5443 (M x D) + 17.7265 (S2 x SE x D)
* • 0.7271 (14 x SE x 02) - 1.9606 (02 x SE x 02)

+ 55.5878 (S x 142 x 5 x 0) - 2.1097 (S x H42 x S2 x 02)

Total Variance (R2 x 100) a 06.09
* Stndward Error of Estimate a 115.65

I
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TABLE 1-1 MODELS OF INTERACTION, SPARES x MANPOWER x SUPPORT
EQUIPMENT x DAYS (CONCLUDED)

Variable 79 3.9751 - 1.1614 02) -0.4435 (SE2) + 2.3810 ( Z
+2.3470 (S x SE) - 0.7742 (S x SE2)+ + 0.6581 (H4x SE)*
-1.2194,(142 x SE) + 0.2822 (S x 14 x SE2) - 0.0490 (0)
-0.0234 (H4 x D) + 0.19"1 (S x SE x D) -0.0750 (S x SE2 x D)

Total Variance (R2 x 100) z 77.78
Standard Error of Estimate z 0.65
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APPENDIX J

SAMPLE COMPUTATIONS FOR ESTIMATING VALUES WITH
REGRESSION MODELS

This Appendix illustrates how an estimated value is computed from
an equation.

The estimating model on the left-side of a table is one of many
selected from Appendices G or 1, except that the intercept and the
regression coefficients are listed verticaly Instead of horizontally in
a series. This format was u~sed to show the match-up of each term on the
left with a computed value on the right, after substituting the appro-

* priate value for Spares (S), Manpower (M), Support Equipment (SE), etc.

Observe the first example on table J-1. Observation 1035 of the
simulation was associated with 1431 spare units, 1578 maintenance
people, 2 avionics intermediate shops, and the 15th day of surge.
Therefore, the second term of the equation,

+23.9768 (S - 949.50 x .001)
a +23.9768 (S - Mean of S x .001)
- +23.9768 (1431 - 949.50 x .001)
-+23.9768 (0.4815)

which was the computed value for this term. The computed values for the
succeeding terms were similarly derived. After multiplication with the
appropriate coefficient, th'i products were summed to yield an estimated
value of 99.87.

PTable J-1 illustrates sample results for five spares x manpower x
support equipment x day equations.

'r. Table J-2 illustrates sample results for five spares x manpower x
support equipment equations.
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TABLE J-1 SAMPLE COMPUTATIONS OF ESTIMATED VALUES
SPARES x MANPOWER x SUPPORT EQUIPMENT x DAY

Variable 03 Percent Accomplished-Missions
IEatimatinca Model Estimated Valtue for ObservatiLon 1035

Intercept + IjU.6? •) If u
X1 + 23.9768 S-949.50x.001) +23.9768 0.4815)
X2 + 4.8397 M-1109.667x.i01) + 4.8397 0.4683)
X3 + 8.9021 SE) + 8.9021 2)
X4 - 33.1616 S2) - 33.1616 0.2318)
X6 - 2.4562 SE2) 4)X21 .33.3759 S x•M2• SE) '374 0.02112)
X27 - 1.3783 0-15.5) - 1.3783 -0.5)
X29 + 1.7595 S x D' + 1.7595 -0.2407)
X37 + 0.9637 SE x 6) + 0.9637 -1
X39 - 0.3812 SE2 x 0) - 0.3812 -2
X61 - 3.5767 942 x SE x D) - 3.5767 -0 2193)
X62 - 0.1574 M2 x SE x D2) - 0.1574 0.1097)
X63 + 1.1998 92 x SE2 x 0) + 1.1998 -0.439)
X69 + 2.3339 S x 92 x SE x 0) + 2.3339 -0. 105)
X78 + 0.7142 S2 x 942 x SE•x D2 + 0.7142 0.0254
X79 + 2.0982 S2 x M2 x 5(2 x D1 + 2.0982 -0.101

stimsttea Value 99.87
J. Standard Erroir of Estimate 5.20

Variable 00 Percent Accomplished-Sortles

VrtlmPtim Model Estimated Value for Observation 1035
- ntercepL Et. m -•utl C .

Xl + 27:70'55 S-949.50x.001) D 27.7055 0.4815)
X2 + 6.7818 M-110 9 .667x.O91) .. 6.7818 0.4683)
X3 + 14.2978 SE) *14.2978 2)
X4 - 38.6294 S2) - 38.6294 02318)
X6 - 2.8850 SE2L - £.8850 45
X7 • 11.2481 5 x14 .+ 11.2481 )
Xl1 + 19.1699 S xS) • 19.1699 3
X12 - 5.0227 -S x SE2) 5.0227 1.926
X15 + 4.0377 M x SE) • 4.0P77 )0.936
X17 - 16.3680 (2 x 0S) - 0.081 4 31)
X19 * 8.6186 S x S x S 8 86186 .4510
X21 11.4445 S x M2 x 354 1.1.45 0.2112
X23 1 1.0326 (S2 x H x SE) 11:%2 (-0.218)X27 -1.501 Qo-15. 1). 1]:] 5o21
X29 •1.4033 (S x D) 1.4033 -0.24073
X33 -0.5717 M1 x D) 0.5117 (-0.2342)

X9 - 0.3544 (S x 142 8: %026)

-, 53• 1142 (S2 x SE[ x D) + 1.1922(-.18
* X56 • 0.0642 (52 x S2 x2) + 0.0642 (0.232)X69 • 9431 (S SE x SxD) + 1.9431 (50.1056)

u 1035• 92.23
Estimated Value 97.08
Standard Error of Estimate 6.79
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TABLE J-1 SAMPLE COMPUTATIONS OF ESTIMATED VALUES
SPARES x MANPOWER x SUPPORT EQUIPMENT x DAY (CONTINUED)

"" Variable 18 Perce n NORS

-etimatinq Model Estimated Value for Observation 1035.•.Intercept + 4666.)T I I + 44 1
• X1 35.4177 S--949.50x.001 35.4"177 (0.4815)

.2 9.5404 -1109.7. 9.504 0.468)
X3 - 19.6121 SE 19.6121 2)
X4 + 47.9891 S2 *47.9891 0.2318)

- 225.3739 HS1 25.3739 0 2193)
16 5 S.857 12) ;:874$

X11 -35.0722 SxSE 3 .0722 0.963)
X12 + 8.2297 S x SE + 8.2297 1.926)
X27 + .1:2845 ÷ 2.2845"X29 - 1.1545 - 1.1545 (-0.2107)
X30 * 0.0647 SxD 00647 0.1201
X32 - 0.2343 S2 x D 0.2343 0.0580)
X49 - 1.1336 S x SE x 1.1336 *-0.4813
X52 * 0.0159 S x Sg2 xD2) ÷ 0.0159 0.481)
XS5 - 4.5765 S2 x SE x D) - 4.5765 -0.2310)
X55 1.3648 S2 x SE2 x 0) * 1.3648 -0.464)

" gp r 1035 0.42% [Estimated Value 1.79Standard Error of Estimate 6.67

Variable 21 Percent in Operationally Reedy
Istimatinq Model Estimated Value for Observation 1035

Jb intercept + a)u1o * +a.uiob)
Xl + 9.6104 S-949.S0x.001 + 9.6104 0.4815
X2 + 5.2219 -1109.7.001) + 529

4.7319 SE 4.7319 2S
S- 18.2955 S2 - 18.2955 0.2318)

x5 - 11.8113 M2 11:81 3
Xl 1 ".4681 S x SE ) 493X14 .5820 S2 x S12) - 2.5820 0.9274)115 4.8763 HN x SE) * 4.8763 0.9367M

"."X18 -9.3782 M E

X19 . 13.6078 Sx M2x ; :II3
6 - 8.1575 S xM2 x 8.1575 0.2112)X.. 6 26.236 S2 x M2 x28: J. %2:X -- 0.7556 (D-15.5)

X9 0.6491 S x 6 0.3491 -0:207)
* * 3 . 0.4858 Ms2 ,2) 8:201 %0.•

; 0.8:315 x •x * 0.3152 -0.481
1129 - :08 1 x M2 x 2 02) - 0.0851 0.1056)- X77 4 3.8962 S2 x H2 x SE x 0) 3 3.8962 9 -0.009)

.%.t

"51 1035 38.74
Estimated Value 38.66Standard Error of Estimate 3.26
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TABLE J-1 SAMPLE COMPUTATIONS OF ESTIMATED VALUES
SPARES x MANPOWER x SUPPORT EOUIPMENT x DAY (CONCLUDED)

Variable 23 Average Number -of Sorties per Aircraft per Day
Esti in, Mondel Estimated Value for Observation 1035

Intercept *1bJI4 + 1.6.oL
X. + 0.7940 S-949.50x.001) + 0,24 0.481)
X2 + 0.2533 M-1109.667x. 001) + 0:295433 20 5163
X3 + 0.3787 S)*0.3787 (2)
X4 - 1.3449 2)- 1F49 0 2318)

Il *0.5522 0.5%2
. 12 0.1470 S x SE2) - 0.1470 1.926)X19 8:50M 0.23 0.4510)

21 89 S x M2xS) 0.2890 0.2112)
X27 0.0508 Day-•.5) o0.:0508 -0.5
X ,29 0.0399 S x uD 0.0399 -0.256)
X32 + 0.0062 S2, x2) 8:892 %0580133, - 0.0232 -x0 : 22 Z32
X49 + 0.0114 x SE x144 - 0 .00 9 4 ~ 2S X M x 

: 7 94 4 0 W

X153 0.0810 R2) x 0.0810 -0.231
X55 - 0.0248 S2 x S(2 x 0) 0.0248 -0.464
X62 - 0.0026 M42 x SEx 02) 0.0026 0.1097
X69 0 0585 Sw 142x SEx 0DI 0.0585 -0.1056)

8:�* Q.0D + s D 0.0058 0•.05,3)
* .8l S2 19 N Mx x 2xD) I 0.0188 -0.2172)

S le Results
uoservsI io 1035 2.64
Eat imated Value 2.66
Standard Error of Estimate 0.18
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TABLE J-2 SAMPLE COMPUTATIONS OF ESTIMATED VALUES
SPARES x MANPOWER x SUPPORT EQUIPMENT

Variable 03 Percent Accomplished-Missions

Eatimatinq Model Estimated Value for Observation 1035
Intercept + 1U .)4u
Xl + 24.1222 (S-949. 5x.001) , 24.1222 (0.4815)
X2 + 4.1231 (M-1109.667x.001) + 4.1231 (0.4683)
X3 + 3.5384 SE• 3.5384 2)
X4 - 26.9S12 -S2 26.9612 0.2318)
X21 3 32.1211 IS x M2 x SE) 32.1211 (0.21123

*, .i' Sawple Results
• u5TM 'vlotna 1037 96.23

Estimated Value 9,.75
Standard Error of Estimate 13.53

-.1 Variable 08 Percent Accomplished-Sorties

"Estimstinq Model Estimated Value for Observation 1035
Intercept + ' Yu .IuI+
Xl + 29.4092 Slý-949.50x.001) + 29.4092 i04815)
X2 + 9.4359 •1-1109.667x.001) + 9.4359 (0 4683)
X3 64* 5.7"61 (2"+X4 - 30.619" 0 2318)""X21 63.3809 S x 42 x SE) * 63.3809 10.2112SSsmgle Results

TVM Lesrv ts 1035" 92.23

Estimated Value 92.27
". Standard Error of Estimate 15.71

"Variable 18 Percent in NORS

Estimatinq Model Estimated Value for Observation 1035
'Intercept ; _41.) UU * gi+41.3

Xl - 33.7117 (S-949.54x.001) - 33.7117 (0.4815)
X3 - 19.6121 SE) 19.6121(2)
X4 3 30.4348 S2 30.4348 0 2318)
X6 5.3857 SE + 5 5 45
Xl - 16.2327 IS x SE) 16.2327 (0.963)
S!Vle R~esults

103Lin 5u> 0.42
SEastimated Value - 1.12

Standard Error of Estimate 20.62
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I TABLE J-2 SAMPLE COMPUTATIONS OF ESTIMATED VALUES
SPARES x MANPOWER x SUPPORT EQUIPMENT (CONCLUDED)

Variable 21 Percent in Operationally Ready

rEetimatin Model Estimated Value for Observation 1035
Intercept + +6.)I 1 4 .5
Xl + 9.8780 4 9.5o0x.081) + 9.8780 0I4815)
X3 + .8273 USE) + 4.8273 25
X4 11.0604 S2 - 11.0604 0.231)
X11 7.4272 S x SE + 7:4272 0.963~
X15i* 7.9308 Mx S+) * 7.9308 0.9361)
X18 - 9.2080 •M2 x SE2) - 9.2080 0.8773)
X19 13.6078 S x M x SE) . 13.6078 0.4510)
X21 20.7373 'S x M2 x SC) - 20.7373 0.2112)

Ag RReslt'Isn 1035 38.74
Estimated Value 36.63
Standard Error of Estimate 7.51

Variable 23 Average NMuber of Sorties Per Aircraft Per Day

t iumet in Model Estimated Value for Observation 1035
i1,ercept + 1, ' I )O) +
x1 + 081433 -949.50x,001 + 0.8433 (0.4815+ a8 8 1 .1) + 0.2816 2046831

x +~~~ 0.1651 SC) 01512X - 0.8795 S2 - 0.8795 0.2318
X21 1.8089 S x M2 x SE) * 1.8089 10.211B
SimleResultsS"on 1035 2.64

Estimated Value 2.68
* Standard Error of £stimate 0.49
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