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SECTION I
BACKGROUND

The random word generator is a PL/I program designed to run on
Honeywell’s Multiplexed Information and Computer System (Multics), a
large timesharing system. The purpose of the program is to generate
passwords that serve to authenticate the identities of users of Mul-
ties.

Users of the standard Multics system authenticate themselves at
each login (start of a terminal session) by typing in a password known
only to the user and the system. Usually the user selects a password
for himself at initial login and can change this password at any sub-
sequent login. The ability to change a password is useful when a user
suspects that someone else may have guessed his password.

A password is the key to user identification and protection.
From previous experience, however, it has become apparent that user-
selected passwords are frequently fairly easy to guess. For example,
passwords are often the user’s own first name, a name of a family mem-
ber, or his telephone number. [1] Some Multics installations, such as
the Air Force Data Services Center (AFDSC), are used to process clas-
sified information, and installations like the AFDSC cannot take a
chance that one of their user’s passwords will be guessed. The solu-
tion to the problem at the AFDSC was a decision to assign passwords to
users, rather than to allow users to pick their own. [2]

The administrative overhead of assigning a random password manu-
ally whenever a user changes his password is generally too much of a
burden -- especially when one considers that only a select few indi-
viduals may have access to other users’ passwords. Instead, the pos-
sibility of providing computer generated passwords that are printed
out at the user’s console on each password change was investigated. A
user s request to change his password would then become a call to a
system password generator program. This password generator has been
given the more general and descriptive name of "random word generator"
in this report.

Section II of this paper discusses the goals and methods used by
the random word generator. Section III contains implementation de-
tails and discusses the word generating algorithm. Section IV con-
tains an analysis of the algorithm and presents certain statisties. A
sample of random words generated can be found in Appendix 1IV.



Most of this report describes the random word generator that is
being made available for users on Multics. In order to satisfy a more
stringent criterion of "randomness" a modified version of the random
word generator has also been prepared that generates random words that
are all equally probable. This modified version is discussed at the
end of Section IV.



SECTION II
METHODOLOGY
REQUIREMENTS AND GOALS

The need for the Multics random word generator program can be
satisfied by fulfilling the following two requirements:

generate easily remembered words, and
make the words difficult to guess.

The first requirement is very important because users might be in-
clined to write down passwords that are difficult to remember, thereby
increasing the chances of a password compromise. Also, if too many
users forget their passwords, the administrative overhead of getting
the users logged in again could be greater than that of distributing
easier-to-remember passwords manually. The need for the second re-
quirement is apparent.

Both of these requirements are of course far too subjective for
direct implementation as a computer program. It is necessary to re-
state these requirements in a much more concrete manner so that mean-
ingful algorithms can be designed.

The requirement of "making the words difficult to guess" is most
easily satisfied by giving the program the ability to generate a very
large set of possible words, and the ability to generate these words
in a random manner. Both these capabilities can easily be achieved,
and thus we will be more concerned at this point with the first re-
quirement.

Consider that the random word generator either needs a large data
base of words to choose from -- an impractical approach that has been
discarded -- or has to form words out of sequences of letters it cre-
ates through some algorithm. The requirement of rememberability can
then be fulfilled if these sequences of letters are of one or more of
the following types:

1. Sequences of letters that can be easily visualized, such as
"aabbaa" or "xyxyxy".

2. Sequences of letters that form real English words.



3. Sequences of letters that form pronounceable "words", but are not
necessarily real words.

Of these three choices, methods 1 and 2 suffer from the difficul-
ty of specifying a practical algorithm for such sequences. Alterna-
tively, method 1 could be implemented using rules that yield an arbi-
trarily defined subset of all possible easy-to-visualize sequences,
but this subset is likely to be small for a reasonable number of
rules. There is no alternative for method 2 other than storing a vast
data base of real words.

The third method -- that of using pronounceable sequences -- is
the selected approach. The data base required for this method is rel-
atively small, the rules can be fairly well-defined, and the set of
words that can be generated is quite large. Realizing that the more
"English" a word looks the easier it usually is to remember, an at-
tempt was made to restrict the set of words generated to those which
obeyed some kinds of rules of English pronunciation. This attempt was
restructured as an attempt to make it theoretically possible for the
word generator to form most English words.

Because of this goal of making the generated words look like Eng-
lish, the word "pronounceable™ in this paper refers not just to struc-
tures that can be phonetically vocalized, but to a set of more re-
strictive and English-looking structures. For example, "tsip" is eas-
ily pronounceable, but is "un-English" because of the "ts" at the be-
ginning of the word. A different type of example is the "gh" combina-
tion. The word "cough" is pronounceable because "gh" in this context
can be pronounced like "f", but "ghrom" is not pronounceable as "from"
because "gh" never sounds like "f" at the beginning of a word.

PRONOUNCEABLE?

One may wonder how a goal of "pronounceability" can be attained
with well-defined rules, considering how undefined and exception-laden
the rules of English pronunciation are. The answer is simple: the
program does not care how a given word is to be pronounced -- it only
needs to make sure that the word can be pronounced. For example,
"tophat" could be pronounced "top-hat" or "to-fat", depending on the
reader’s preference. On the other hand, "tophsat" is only pronounce-
able as "tof-sat", not "top-hsat". Also, the vowel "o" in this word
might be pronounced in one of several ways.

Everyone knows that a given letter or sequence of letters could
be pronounced differently in different contexts, but the program is
usually not required to distinguish between the different contexts or
pronunciations. Unlike the "rules of pronunciation", the "rules of
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pronounceability" can be made fairly pr‘ecise.1

However precise, the rules and method used to generate pronounce-
able words have been arrived at in a "refined" ad hoc manner and based
on the author’s intuition. The method is not described in any pub-
lished source. Hence, the words generated may be considered pro-
nounceable only by the author. Others may find some of these words
very difficult to pronounce, as when trying to pronounce a foreign
word with a strange combination of letters. Because of this possible
bias, the program was designed to incorporate as few global rules as
possible within its text. An external data base, a table, is used to
contain most of the subjectively determined rules. These external
rules consist of "yes" or "no" answers to various questions asked by
the program. The answers to the questions can easily be modified to
suit the user’s preference. "New" rules -- those asking new kinds of
questions ~- cannot be added without modifying the program.

THE POOR APPROACH

Letters are poor sources on which to base rules of pronounceabil-
ity. Not only do individual letters sound different in different
words, but pairs or triplets of letters often form single sounds that
may be unlike any of the component letters. Determining whether a
letter is pronounceable or '"legal" in a given word often involves
knowing how the letter is to be pronounced, which is in turn dependent
on such things as its position in the word or syllable and adjacent
letters. The large number of details that have to be checked for each
letter makes determination of pronounceability very complex.

THE IDEAL APPROACH

The ideal approach that will always generate good pronounceable
words would be to relieve the program of any notion of letters and use

1Phonological theory is a well developed science that in part at-
tempts to describe the phonetic structure of English (and other lan-
guages) in a complete and consistent manner. The totality of rules
and theorems used in such a description form far too complex a system
for the scope of the application discussed in this report. Creation
of a smaller subset of this system -- one that might be small enough
to implement and would still give reasonable results -- appeared to be
too vast an undertaking. Thus, standard phonological theory was not
considered in this work.
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"phonemes"2 instead. A phoneme is an "element" of pronunciation --
a unit of sound that cannot be usefully broken down into smaller
sounds. For example, the pair "sh" as pronounced in English can al-
ways be represented as a single phoneme; the vowel "a" can be repre-
sented as one of several phonemes depending on its context. If the
rules could be defined, it should be possible to put together random
phonemes to form a pronounceable phoneme-word.

Unfortunately, though this method yields good pronounceable se-
quences, the translation from phonemes to letters is very difficult
and very un-algorithmic. An example of this difficulty is the phoneme
representing the sound of "k". This phoneme can be translated into
"e", "k", or "ck". Which one should be used? At the end of a word,
usually any one of these will work, and another randomization factor
has to be included to make the choice. At the beginning of a word,
"k" is always legal, "ck" is never legal, and "c" is legal only if the
following letter is not "e", "i",6 or "y" (in which case "c¢" would have
been pronounced like "s"). Then, to determine whether "c" is a candi-
date the following phoneme must first be translated into letters,
which may in turn depend on other adjacent phonemes. One can fix the
translation so that the "k" sound is always translated to the letter
"k", but then the goal of being able to generate most English words
would be far from satisfied (not to mention that the letter "c¢" would
never be used).

THE COMPROMISE APPROACH

One may notice that with the phoneme method the program "knows"
how the generated word is pronounced -- specifically not a requirement
as mentioned earlier., A compromise approach was chosen that uses sim-
ple "units", instead of phonemes, that consist of a single letter or a
two-letter pair. A given unit is considered by the program as having
only one "sound" in all its usages, although in reality that unit may
be pronounced in many different ways.

Rules can be determined for each unit, without regard to how
that unit is pronounced in context, by merely stating a rule that in-
cludes all usages of that unit. This composite rule is usually sim-
pler than all of the individual rules for the different pronunciations
of that unit. For example, the letter "g" can be treated as a unit,
and the rule for this unit at the beginning of a word says "this unit
may only be followed by a, e, i, 1, o, r, u or y." 1In some of these
cases "g" is pronounced soft and in others hard -- in fact there is no
simple rule for how "g" is pronounced (e.g., "gigantic" and "giggle"),

2also called "phonetic segments"™ in phonology.
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but the program doesn’t need to make any distinctions.

The 34 units presently used are listed below. These units are
stored in a table and are input to the random word generator. A lar-
ger or smaller set can be defined if experience indicates these to be
unsatisfactory.

a f k p v ch th
b g 1 r W gh wh
(o] h m s X ph qu
d i n t y rh ck
e j o] u z sh

Note that the letter "q" is the only letter not appearing as a
one-letter unit because English usage makes it more convenient to
treat "qu" as a unit. Many two-letter vowel combinations, such as
"ea™, "ie", "ai", etc., that should be considered separate units are
not included because little loss of generality occurs (i.e., the set
of words that can be generated is nearly the same whether these vowels
are separate units or not). Also, double letter pairs like "11", "rr"
and "tt" need not be included for similar reasons. On the other hand,
the pair "sh" is needed because words such as "shrink" and "wash" are
not pronounceable when "s" and "h" are treated as separate units.

SYLLABLES

Besides the rules used by the program, there is a primary assump-
tion that governs the formation of words: if pronounceable syllables
are concatenated (subject to some minor restrictions), they will form
a pronounceable word. Thus, the task of the random word generator is
to form pronounceable syllables.

This task requires precise definition of "syllable"; thus the
following definition is made at this point: a syllable is an arbitrary
series of units that contains exactly one or two consecutive vowel
units. Vowel units are "a", "e", "i", "o", "u", and "y". For exam-
ple, the following are legal syllables {(where "v" represents a vowel
unit and "e" represents a non-vowel unit, or consonant unit):

cCcv cvveee cv v vv vec

and the following are illegal syllables:

ce (no vowels)

VA'A'S (more than 2 consecutive vowels)
veeve (all vowels not consecutive)

vev (all vowels not consecutive)

13



Note that each of the last two examples can possibly be split into two
syllables, such as "ve-cve" and "v-cv".

The above definition of "syllable" seems to work in English ex-
cept for one common case: the silent "e" at the end of words or some-
times sgllables often forms a syllable containing two non-contiguous
vowels. Of course, that is because English usually only requires a
vowel sound in a syllable, and in the case of silent "e" the "e"
should not be considered a vowel. The program, however, has no way of
telling whether the "e" is silent. To make matters worse, there are
words, such as "subtle", "bugle", "little" that do have a final sylla-
ble whose only vowel is the final (silent) "e". These are common
enough cases in English to warrant special consideration in the word
generator.

JUXTAPOSITION

The random word generator forms syllables from left to right, by
combining random units one at a time. For each new unit the program
determines whether that unit can legally be appended to the units al-
ready in the syllable. If it cannot, the unit is discarded and an-
other random unit is tried.

In English the legality of a unit is usually determined by check-
ing immediately adjacent units. Units separated from each other fre-
quently affect each other’s pronunciation but only occasionally deter-
mine whether the construction is legal or not. The random word gener-
ator uses rules of juxtaposition as the bases for creating pronounce-
able syllables.

Each time the program gets a new random unit, it forms a pair
consisting of that unit and the previous unit: This unit-pair is
looked up in a table and bits of information are extracted that speci-
fy what can be done with that pair. For example, the unit-pair "rt"
will have bits specifying that the pair may not begin a syllable and
that a vowel must precede this pair if it is entirely contained within
a syllable. The table may sometimes specify that a unit-pair must al-
ways be split between two syllables (for example, the pair "kp"),
which is one way in which a new syllable can be started. Some pairs,
such as "hh", can never appear together, even if split between sylla-
bles. The different types of rules that can be specified in the table
are discussed in the next section.

3The vowel pair "ue" in "baroque" and "catalogue" is another excep-
tion, though much less common.
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MISCELLANEOUS ASSUMPTIONS

Several more assumptions have to be made before syllables can be
generated properly. Again, these assumptions were arrived at intui-
tively and no claim is made for their completeness. The assumptions
discussed below are those that have been incorporated into the program
structure, as opposed to those that are specified in external tables.
They are presented in order of importance.

Consecutive Vowels

A rule, in part already stated, involving consecutive vowels,
says that a maximum of two consecutive vowel units is permitted. This
rule pertains to all consecutive vowel units even across syllables.
The reason for this extension across syllables is that sequences such
as "ajiea" look "funny" and are sometimes difficult to pronounce, even
though there can be a syllable split in the middle. The English lan-
guage itself "admits" of this difficulty between consecutive words by
trying to correct it in two common cases: the use of "an" instead of
"a", and the alternate pronunciation of "the", when the following word
begins with a vowel sound. There are few English examples of more
than two consecutive vowels (the "eau" combination is one of them).
Note that the word "queen" is legal according to random word generator
rules because "qu" is considered to be a consonant unit.

A difficulty with this assumption involves the unit "y". For
purposes of syllabification, "y" must be treated as a vowel (i.e., a
syllable can contain the single vowel "y"), but for the above assump-
tion "y" should not be treated as a vowel. Three-vowel sequences in-
volving "y" are very common: "eye" and "you" being two examples. Thus
the requirement of at most two consecutive vowel units must be waived
if one of the vowels is "y",

The Vowel "y"

In order to solve the consecutive vowel problem above it sufficed
to treat "y" always as a consonant. However, it should also be legal
for "y" to be the only vowel in a syllable. Therefore, for the pur-
poses of syllabification only, the random word generator treats "y" as
a vowel only if the "y" is not immediately preceded by a vowel within
that syllable. The sequence "vowel-y-vowel" would thus have to be
split between two syllables, but "y-vowel-vowel" would not. The addi-
tional rule about silent "e" below allows a "vowel-y-e'" sequence to
end a word.

15



The Silent "e"

The special case of final "e" has previously been mentioned. The
final "e" in a word in English is almost never pronounced and there-
fore cannot be used as the only vowel in the last syllable. There is
no problem taking care of such exceptions in a uniform way. However,
there is a very large set of exceptions to this final "e" rule: words
such as "meddle", "nestle", "double" -- all ending in "le" -- are le-
gal words in English, yet no vowel is pronounced in the last syllable.
The rules used by the word generator do not allow final syllables of
"ble" and "tle" and therefore such words cannot be generated. This
class of words appears to be the largest that cannot be handled by the
word generator. In order to solve this deficiency it would be neces-
sary to first include "le" as a unit in the table, and then make spe-
cial kinds of tests to determine whether this unit is legal in a given
context. It is not possible, without creating new rules specific to
this "le" unit, to specify the necessary restrictions. Creating new
rules for this case was considered feasible, but appeared to be too
awkward and so was left out.

The Initial "y"

The unit "y" may not be the only vowel in the first syllable of a
word if the word begins with "y". Only strange words like "yclept"
violate this rule. This is a minor point but must be taken care of
explicitly. Otherwise, many strange words are generated.

Three Identical Units

There is nothing in the rules so far stated that prohibits three
or more identical consecutive consonants. This condition may possibly
be legal, provided that no more than two consecutive consonants occur
in the same syllable. 1Instead of trying to force a syllable split be-
tween such groups, the decision was made to merely limit the number of
consecutive identical units to two. Note that this restriction is not
a pronounceability problem, but a case of an un-English-looking con-
struction.

SUMMARY

The goal of the random word generator is to generate easily re-
membered words that are difficult enough to guess to be suitable for
passwords. This goal has been translated into requirements of pro-
nounceability and randomness. An attempt was made to include almost
all English words in the set of words that can be generated, and to
exclude constructions that are never found in English words.
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The random word generator works by forming pronounceable sylla-
bles and concatenating them to form a word. Rules of pronounceability
are stored in a table for every unit and every pair of units. The
rules are used to determine whether a given unit is illegal or legal,
based on its position within the syllable and adjacent units. Most
rules and checks are syllable oriented and do not depend on anything
outside the current syllable. In a few cases checks do extend outside
the current syllable. These case are:

. Three identical consecutive units
Three consecutive vowel units
Silent "e" at the end of a word
"y" beginning a word

Certain illegal pairs of units

UV E=Z2WN =
P
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SECTION III
IMPLEMENTATION DETAILS

The random word generator is organized as a main procedure that
references two tables and an external procedure. The user supplies
the two tables: a "unit" table that defines the units (such as those
listed on page 7) and specifies rules about each unit, and a "digram"
table that specifies rules about all possible pairs of such units.

The random_unit subroutine, which returns a random unit when called by
random_word_, must also be provided by the user. The method used by
this subroutine to generate the random units may be any method desired
and based on any distribution. Such a distribution might, for exam-
ple, be based on the frequency of use of the individual units in
English.

SPECIFICATION OF RULES

As mentioned in Section II, the random word generator uses two
types of rules: those that are fixed and embodied in the program
structure and those that are variable and embodied in external tables.
The fixed rules are general in that they are not specific to any one
letter or unit. The tables specify rules pertaining to individual
units or the juxtaposition of units. The tables will be discussed
first, followed by specification of the internal rules.

The Digram Table

This table contains one entry for every possible pair of units
(digram), whether that pair is allowed or not. Thus, with 34 differ-
ent units, there would be 1156 entries. The entry for each pair con-
sists of eight bits of information that together form the "rules" for
that particular digram. Each bit is a yes or no answer to a specifiec
question asked by the program. The name of each of these bits and the
questions answered are as follows:

1. must_begin Must this pair begin a syllable?
2. not_begin Is this pair prohibited from beginning a syllable?
3. break Is this pair illegal within a syllable (i.e. must it

be split between two syllables)?
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b, prefix Must this pair be preceded by a vowel unit if it
does not begin a syllable?

5. suffix Must this pair be followed by a vowel unit if it
does not end a syllable?

6. end Must this pair end a syllable?
7. not_end Is this pair prohibited from ending a syllable?

8. illegal_pair Is this pair illegal (even if split between
syllables)?

Obviously all eight bits are inherently non-independent. There
are actually far fewer combinations of these eight bits that can be
specified. Out of these, less than sixteen combinations are ever used
in practice due to the structure of the English language. Thus, four
bits yielding 16 combinations would be enough. The actual internal
representation of these bits only affects speed and storage space,
however, and is not of importance in this discussion. In addition,
some other application of the random word generator (perhaps with a
different language) may use more combinations. Appendix I contains
the digram table currently in use for the 34 units defined on page T.

An example will best illustrate the usage of these bits. Consid-
er the digram table entry for the pair of units "f" and "1" as shown
in Appendix I. The bits that are set for "fl" are:

must_begin
suffix
not_end

The must_begin bit says that if an "fl" is encountered in a syllable,
it must begin that syllable. The suffix bit says that the unit fol-
lowing "f1" must be a vowel if "fl" is not the last pair in a sylla-
ble. The not_end bit says that "fl" may not be the last pair in a
syllable. The specification of the digram "fl1", thus, restricts its
use within a syllable as the first pair in one of the following six
contexts:

Elan.onim Fl€neny Tl o ag BLOwnary LG s GLYines
where ",.." signifies additional units within the syllable. Of
course, if there are any further restrictions on the use of the pairs
"la", "le", etc. that prevent them from appearing after the "f'",6 these

restrictions must be taken into account. Note that none of the eight
digram bits except illegal_pair apply when the pair is split between
two syllables. If "f1" is split, the "1" becomes the first unit of
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the next syllable, and rules for pairs beginning with "1" must be ex-
amined. A quick glance at the digram table shows that all pairs be-
ginning with "1" have the not_begin bit set, except the six pairs:

la, le, 1i, lo, lu, and ly,
and processing can continue with this information.

The random word generator makes sure that at all times the rules
specified in the digram table are satisfied for every two consecutive
units in the word being formed.

The Unit Table

In addition to rules for unit pairs, there is a table containing
four bits of information pertaining to the individual units. For each
unit, the four bits are as follows.

1. not_begin_syllable

This bit indicates that this unit may not begin a syllable.
This bit is redundant in that the digram table can specify that all
possible pairs beginning with this unit may not begin a syllable.
The purpose for using this bit is for efficiency -- when generating
the first unit of a new syllable, the program would otherwise have
to search through all possible digrams beginning with this unit in
order to determine whether this unit is legal. This bit is cur-
rently set for the units "x" and "ck". A small number of words in
English do begin with "x", but they are mostly technical or scien-
tific terms.

2. no_final_split

This bit indicates that this unit, when appearing at the end
of a word, must not be the only vowel in the final syllable. This
bit is only set when the "vowel” bit is set, and is currently set
only for the unit "e".

3. vowel
This bit is set for vowel units. It is currently set for the
units: a, e, i, o, u, but may also be set for any units consisting

of vowel pairs or that are to be treated as vowels that one might
add to the table at some future time.
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4, alternate_vowel

This bit indicates that this unit is to be treated as either a
vowel or a consonant, depending on context as discussed in Section
II of this report on page 9. This bit is set only for the unit

lly" .

Admittedly these four bits are highly specialized and at least
bits 2 and 4 could just as easily be incorporated into the program
logic as tests for specific units. However, the program actually
works with numbers representing units, rather than the units them-
selves, and the assignment of a particular number to a particular unit
is arbitrary. By using a bit in the unit table for all special cases,
all references to specific letters or units are removed from the pro-
gram, Refer to Appendix I for the unit table currently in use,

Random Units

As stated earlier, the random word generator requires the user to
supply the subroutine random_unit. This routine is called by the word
generator each time a random unit is needed. The random units are
generated based on some predetermined distribution. Of course, not
all units thus generated will be acceptable to the word generator in
every position of the word: random_unit will be repeatedly called un-
til an acceptable unit is returned. The actual distribution of legal
units is different for every position in a particular word, which, for
any unit, depends on the units that precede it and the digram and unit
tables. The random_unit subroutine itself makes no tests for legal
units, but merely uses its fixed distribution each time it is called.

The distribution of units that is currently in use along with the
digram and unit tables discussed earlier is shown in Appendix VI in
the description of the random_unit_ subroutine. There is another en-
try point in random unit called random_vowel, which is called by the
word generator for efficiency in cases when it is known that only a
vowel unit will be acceptable. The distribution of vowels returned by
this second entry is also shown.

The Algorithm

The digram table, the unit table, and the random_unit subroutine
are considered user-supplied in that they may be modified without af-
fecting the word generator program logic. The external rules were
specified in the two tables. The algorithm used to generate random
words based on these external rules defines the fixed internal rules,
The internal rules cannot be modified without changing the logic of
the algorithm. The complete algorithm is shown in Appendix II, writ-
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ten in a PL/I-like language, and a high level flowchart is shown in
figure 1. Appendix III contains the source program listing of
random_word which implements this algorithm.

The function of the main body of the algorithm is to determine
whether a given unit, generated by random_unit, can be appended to the
end of the partial word formed so far. If illegal, the unit is dis-
carded and random_unit is called again. Once a unit is accepted, var-
ious state variables are updated and a unit for the next position in
the word is tried. A unit previously generated and accepted can never
be discarded.

The flowchart in figure 1 shows generally how a word is built up.
The names in all capitals (INDEX, SYLLABLE_LENGTH, etc.) are referen-
ces to variables initialized within the flowchart. Names in quotes
(e.g., "syllable_length") refer to the bits in the digram table or
unit table for the last pair of units or the current unit. The array
UNIT holds the units of the word as they are generated, where
UNIT(INDEX) is the current unit.

Beginning at the top of the flowchart, the first unit of the word
is selected at random by random_unit and inserted into UNIT(1). If
this unit is legal, according to rules in the unit table, the second
unit of the word is selected and loaded into UNIT(2). This time the
rules must be satisfied for both the unit table entry for UNIT(2) and
the digram table entry for the pair [UNIT(1),UNIT(2)]. If a given
unit is not acceptable, another is tried in its place. When the end
of the word is reached (as determined by the number of letters desired
by the caller of random_word_), additional checks are made before the
algorithm can terminate.

If the digram table is consistent, there should always bﬁ some
unit that will be legal for any legal state of the algorithm. How-~
ever, self-consistency checks on the digram table are extremely diffi-
cult to make. Therefore, an arbitrary limit of 100 tries is placed on
generating any particular unit. If 100 calls to random_unit fail to
yield a legal unit, the whole word is discarded and the program starts
over. This 100 tries 1limit is not explicitly shown in the flowchart
but is contained in the program text (see Appendix III).

Another observation concerning the 100 limit is that, because the
program is dealing with random events, it is theoretically possible
for 100 tries to fail to yield a legal unit even though there is a

4A "state" here is defined by the values of the state variables used
in the algorithm as given in Appendix II, and includes the units al-
ready accepted as part of the word being formed.
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unit that is legal. Thus, in order to prevent excessively long loops,
it is useful to place a limit on the number of tries, even though the
digram table may be consistent.

RESULTS

Appendix IV contains a printout of 2000 random words of five to
eight letters. The length of five to eight letters was chosen for
this run because such words are more pronounceable than longer words,
and fewer than five letters causes too many duplicates to be genera-
ted, thus making the words unsuitable for use as passwords. Actually
the random word generator has a capability of generating words of any
length. The words in the printout have been sorted alphabetically
merely as an aid to checking certain constructs. The possible rela-
tionships between successively generated words depend on the random
number generator in use, which is outside the scope of this discus-
sion.

Notice in the printout that alongside each word is the same word
divided into syllables (hyphenated). An interesting by-product of the
algorithm is the ability to determine syllable divisions in the word
generated. In certain cases the syllable split can not be precisely
defined. For example, the word "without” can be split as "with-out"
or "wi-thout" according to the rules. In such cases the random word
generator makes an arbitrary (but predetermined) choice of where to
split the syllables.

It may also be that certain hyphenations are not the most logical
as an aid to pronunciation. An example can again be found in
"without", which would be hyphenated as "wit-hout" if the "t" and "h"
were generated as individual units instead of as a "th" unit. The de-
cisions about hyphenation made by the program are built into the algo-
rithm and are based on what the author considers the most likely to be
acceptable in the general case.
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SECTION IV
ANALYSIS

Of the two requirements of the random word generator stated on
page 3, the requirement of making the words "difficult to guess" was
stated as being easy to achieve by giving the word generator the capa-
bility of generating a very large set of words. The more difficult
requirement of pronounceability guided the design, and it was intui-
tively assumed that a large enough set of words to satisfy some cri-
terion of randomness would automatically result.

In this section an attempt is made to present some quantitative
measurements and statistics that may allow one to determine whether
the word generator is actually "random enough" in some sense. With a
tool as crucial to the security of the system as a password generator,
it must be assured that the passwords really are "difficult to guess".

There is no one quantity to be calculated that will provide a
meaningful description of the random word generator’s effectiveness in
all its possible applications. For example, in an application where
the random words are used to create identifiers of individuals, the
total number of possible words and the probability of duplication are
of interest. In the application as a Multics password generator, du-
plicates are not as important as the probability that a given user’s
password will be guessed by another user. For other applications
the probability distribution of the words might be required.

It is hoped that enough statistical data is provideu in this sec-
tion so that, with sufficient further analysis, most quantities of in-
terest can be calculated. A complete statistical analysis is beyond
the scope of this discussion. However, attention will be focused on
areas of interest to users of the random word generator as a password
generator for Multies.

51n Multics, it is of little value to know a password without know-
ing the name of the user to whom it belongs; i.e., one cannot login to
the system merely by typing a password and thereby impersonating who-
ever that password happened to belong to. Other systems may actually
use the password to identify rather than verify.
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The following four topics have been chosen for consideration:

total number of different pronounceable words,
probability of a given word being generated,
most probable word, and

distribution of word probabilities.

Some quantitative measure of each of the above has been obtained, but
through empirical analysis of the random word generator’s output rath-
er than through an analysis of the algorithm. Analysis of the algo-
rithm would of course yield the most precise statistics, but the com-
plexity of the algorithm and its states, and the large amount of data
in the supporting tables (which might be subject to change by anyone),
make such an analysis extremely difficult and somewhat limited in ap-
plicability. 1Instead, minor modifications to the random word genera-
tor and some additional programs were incorporated to supply the data
necessary for this analysis. If a change is made in one of the
supporting tables, new data can be obtained merely by re-running these
additional programs.

It should be noted that all of the statisties and numerical fig-
ures presented in this section apply only when the tables are set up
as in Appendix I. The methods used to obtain the results, however,
apply to any tables the user may supply.

NUMBER OF WORDS

The number of possible random words, though extremely difficult
to determine by analyzing the algorithm, can be established to any de-
gree of accuracy in a fairly simple manner.

Consider all possible words of a given length L that can be
formed from the 26 letters of the alphabet, without regard to pro-
nounceability. If N is the number of such words, then

N = 26L. (1

Out of these, a certain fraction f are "pronounceable"™ according to
random word generator rules., The value of f may, of course, depend on
L. If we can determine f, we can calculate the number of pronounce-
able words n of a given length simply by

n = fN. (2)
An estimate for the value of f can be obtained by picking a ran-
dom subset of size m out of the N words, and finding out what fraction

of this subset is pronounceable. The larger the value of m, the
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smaller the probable error we will have in our estimated value of f.
Actually the accuracy of our estimate can be expressed in terms of a
probability that its absolute error is less than a certain amount.

Generating a random subset of N words of length L is easy with a
uniform random number generator. With a small modification® the
random word generator can be given a particular word, and will "run
through its rules" to determine whether the word is legal (i.e., pro-
nounceable)., A sample run of 100,000 words of eight letters was made.
The length of eight letters was chosen for this run because that is
the maximum length of a user’s password acceptable to Multics. There
were 2653 acceptable words out of this run of 100,000, yielding an es-
timate for f of .02653. For eight letters,

N = 268 = 208,827,064,576 (3)
and the estimated value for n is
.02653N = 5.540 x 107, (4)
The accuracy of the estimate for f as determined above can be

calculated as a confidence interval for f. This confidence interval
is written approximately, for large m, in the form

(5)

where k is the number of acceptable words out of the sample of m, and
z is an appropriate percentage point of the standard ncrmal distribu-
tion., For example, we might be interested in a 95% confidence inter-
val, which corresponds to a value of z = 1.96. In the sample of
100,000 above, this yields

[.02653 + .00099 ] (6)

For other confidence regions, and for sample runs of words of differ-
ent lengths, see figure 2.

6The only change is to use a special version of the random_unit sub-
routine (which is user-supplied) that supplies units of a known word
rather than random units.
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confidence number of words

word length range minimum maximum
99.9% 1.745x10§ 1.896x10$
99% 1.761x10 1.880x10
6 lebters:  gog 1.770x10]  1.867x10"
90% 1.782x107  1.858x107
99.9% 5.191x103 5.889x103
99% 5.269x10 5.812x10
8 letters 454 5.331x10  5.787x107
90% 5.363x10%  5.714x107
99.9% 1.u6ux101§ 1.79ux1o}§
99% 1.499x10 1.759x10
10 Sekterst  opy 1-535x101§ 1.735x101§
90% 1.546x1012  1.712x10]

Figure 2. Number of Words of 6, 8 and 10 Letters

PROBABILITY OF A WORD

The words produced by the random word generator are not all
equal ly probable for two reasons. First, different units have differ-
ent probabilities of being generated by random_unit. Second, not all
units thus generated are always acceptable. The probability of a giv-
en word must be calculated by examining the conditional probabilities
of the individual units in that word.

Since random words are created left to right, at a given point
during the creation of a word the units accepted so far determine
which units may follow. Thus the probability of a particular unit ap-
pearing in a particular position of a word is the ratio of that unit’s
probability (of being returned by random unit) to the total probabili-
ty of all the units that are legal in that position. This calculation
can be made for each unit based only on the units that precede it. 1In
order to calculate the probability of a particular word, the probabil-
ities of the individual units in that word are determined in this man-
ner and then multiplied together.7

7The 100-try limit discussed on page 15 may cause entire words to be
rejected even though some units were accepted. However, test runs
have shown that the 100-try limit is almost never reached.
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The method described above works because, for each position of
the word, the random word generator keeps trying random units until a
legal unit is found. The unacceptable units play no part in the prob-
ability that a particular legal unit will appear. For example,
suppose in a given position of a particular word the only legal units
are "e" and "a", If it is known that the probability of "e" appearing
at random is ,057, and the probability of "a" is .047, then the proba-
bility that the unit will be an "e"™ is .057/(.057+.047).

Since the random word generator does not throw out a unit once it
has been accepted, it is merely necessary to multiply the individual
conditional unit probabilities together to arrive at the probability
of the word. Note that this probability only applies to words of a
given length (i.e., the length of the word whose probability is calcu-
lated). The random word generator does not pick a length, but is
asked to generate a word of a specified length. If random lengths are
supplied to the random word generator, the distribution of these ran-
dom lengths must be figured into the probability of the word calculat-
ed.

The special program described in the previous subsection that
"gives" the random word generator known words was modified to calcu-
late the probability of the kngwn word in the manner described. The
answer is exact in most cases,” and the method will work regardless
of the definition of the units, the tables, or the nature of the algo-
rithm. The only restriction is that the word generator not discard
units that have already been accepted in a given position of a word,
and that the distribution of the units returned by random_unit remain
constant during the formation of the word.

MOST PROBABLE WORD
The "most probable" word (or words) and its probability as deter-

mined in the above manner is meaningful to those interested in the
difficulty of guessing random words. In the password application, for

8Some words can be divided into units in one of two ways. For exam-
ple, "w-i-t-h-o-u-t" and "w-i-th-o-u-t" are two ways of specifying the
units of "without", both of which are legal. An exact calculation of
the probability of this word would require adding the probabilities of
both forms. In general, however, the probability of the version that
contains more units (i.e., "w-i-t-h-o-u-t") is much lower because of
the extra unit, and thus makes little difference in the total proba-
bility of the word. 1In calculating probabilities of words containing
two-letter units that may possibly be split into two one-letter units
the calculation is based on the word with the two-letter units.
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example, it does not matter if there are one billion random words if
the most probable word has a probability as high as 50% (even though
the probability of all other words may be small)., A systematic method
for guessing a particular user’s password would be to first try the
most probable word and work down from there. If the first word tried
has a high probability, a large set of legal words is of little value.

As important as this statistic is, it appears that only an ex-
tremely complex analysis will yield the most probable word. The obvi-
ous method of selecting only the most probable units to form a proba-
ble word does not work. For example, two of the most probable units
are "e" and "t". One might expect that the most probable six letter
word is something like "teetee". Actually, a word like "heehee" is
almost twice as probable. A simple calculation can show that the
first two units of a word are much more likely to be "he" than "te".
Zven though "t" has twice the probability of being first, the set of
legal units following "t" is greater than the set of units following
"h", It turns out that with the tables in use there are only six
units that may follow "h", whereas there are eight that may follow
"t", The probability that one of those six will be "e" is fairly
high. The low probability of "h" mutiplied by the high probabiligy of
"e" yields a value greater than the probability of the pair "te".

An empirical approach to arriving at the most probable word might
be to generate a large number of random words and to calculate their
probabilities. Unfortunately, even the most probable word may have a
probability sufficiently low so that millions of words might be gener-
ated before the most probable word appears. Moreover, one would have
no assurance that any particular word really is the most probable.

Once more, intuition and a "feeling" of the rules and restric-
tions of the algorithm were relied upon. The utility programs previ-
ously described made it easy to try many expected high-probability
words manually. In this way, a guess of the highest probability words
of 6, 7, 8 and 10 letters has been made. The words are listed below,
along with their probabilities. There may actually be several words
of each length with the same probability. The results below only ap-
ply if the specific digram and unit tables listed in Appendix I are
used, and if the distribution of the units is as listed in that appen-
dix.

9One should also consider that the use of two-letter units increases
the probability of certain words. The six-letter word "quequo" is an
order of magnitude more probable that "teetee", because it actually
only contains four units (qu-e-qu-o0), even though the probability of
"qu" coming from the random unit is very low.
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quethe 2.45x106 408,000
squequo 1.64x10™7 6,098,000
queshquo 2.19)(10'8 45,662,000
queshquesh 1.81x10~19 5,525, 000,000

The probabilities above only apply to words of the specific length
shown. For example, if the word generator is asked to generate words
of a random length of 6, 7 or 8 letters, and each length is equally
likely, then the probabilities above are multiplied by 1/3. Of
course, the probability of the six letter word is so high that the
other two words are of little interest if six letter words are al-
lowed.

DISTRIBUTION OF PROBABILITIES

The ability to calculate the probability of a given word, and the
total number of words allows us to arrive at an approximate distribu-
tion of the probabilities of the pronounceable words, from most proba-
ble to least probable. This distribution yields a kind of profile of
the word generator that may be the best overall measure of the word
generator’s effectiveness. One method of arriving at such a distribu-
tion is outlined below. As with the number of words, the accuracy of
the distribution curve depends on the size of the sample of random
words used.

Assume that all n pronounceable words of length L are listed in
order of probability, and that a "word number" x, 0 running from 1
to n, is assigned to each word, where x = 1 for the most probable
word. Let p(x) be the probability of word x. If we had all n words,
we could plot x against p(x) as in figure 3 to obtain a series of
points. The distribution p(x) will be loosely referred to as a
"curve" although strictly it is not a continuous function. Of course,
p(x) is monotonically non-increasing by definition. The area under

10The letter "x" has been chosen for the word number instead of the
more obvious choice of "i" to represent an integer in order to be more
consistent with the notation generally used for some of the calcula-
tions in the following pages that treat x as a continuous variable.
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the curve is unity, or more precisely

n

Z p(x) = 1. T

'x=1

Once the curve is obtained, quantities like the total probability of
the m most probable words, the probability of duplicates within a cer-

tain number of tries, etc., can be calculated or measured from a graph
of the curve.

P(x)

Figure 3. Distribution of Probabilities of Random Words

Determination of Distribution

If all n pronounceable words (and probabilities) were available,
producing p(x) exactly would be no problem. In reality, we can only
obtain a certain fraction of the n words. If we could in some way se-
lect every millionth word in the ordered list of n words, we could
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still estimate a curve of p(x) by merely plotting every millionth
point in figure 3 and interpolating to get the values in between. The
accuracy of such a plot will depend on the "smoothness" of p(x) in
some sense (and of course on the method used to make the interpola-
tion).

There is no direct way to arrive at every millionth word in the
list. We can generate k random words but we have no way of knowing
what their positions are in the list (i.e., their values of x). In
fact, 1f we generate k random words, their values of x will not be
evenly distributed in the interval [1, n], but will be weighted to-
wards the lower end since the words of higher probability are more
likely to appear at random. It is possible, however, to pick a random
subset of the n words that is evenly distributed in the interval.

The uniform random word generator discussed near the top of page
21 can be used to provide a large enough set of equally likely random
words so that the desired number k of these will be pronounceable.
The k words thus obtained can be assumed to be equally spaced in the
interval [1, n] because they were arrived at in a manner totally inde-
pendent of their probabilities., That is to say, the least probable of
the k words has just as high a probability of appearing (using the
uniform generator) as does the most probable word.

An approximate graph of p(x) was obtained by taking the 2653 pro-
nounceable words used to estimate the value of n in (4) and ordering
them according to probability.. Each word was assigned an index i,

S L 2l a o ey 0k, (8)

where i = 1 for the most probable of these words. For each word, the
position on the x-axis was determined by

in
x(1) = —==m-. (9)
k + 1
A plot of the probabilities of the 2653 words is shown in figure 4.

Application of the Distribution

Figure 4 is a complete profile of the word generator and it can
be used to measure various quantities. For example, the total proba-
bility of the m most probable words is simply the area under the curve
from x = 0 to x = m., The number of words that make up any given frac-
tion of the population can also easily be measured.

Remember that in figure 4 the value of x is actually the "word
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Figure 4. Distribution of Probabilities of 2653 Eight Letter Words
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number" where x = 1 for the most probable word and x = n for the least
probable. The value of x(i) for i = 1 in our sample of 2653 pro-
nounceable words has a value of approximately 2,000,000 as calculated
by (9). The most probable eight letter word out of the entire popula-
tion is of course at x = 1. If we can believe for a moment that fig-
ure 4 is an exact representation, we can enlarge the extreme leftmost
end of the curve where x is small as in figure 5, and extrapolate to
the left of the point at x = 2,000,000 to double check the determina-
tion of the most probable word on page 25. Of course this extrapola-
tion is not mathematically valid since there is no sound basis for as-
suming that the curve continues in any specific pattern. However, it
does appear that extrapolation yields a value of the most probable
word very close to that obtained by trial and error.

Another check on the distribution curve can be made by measuring
the area under the curve. 1In order to approximately calculate this
area, Simpson’s rule was used where the first point (at x = 1) was as-
sumed to be the most probable word as previously determined, and suc-
cessive points are at intervals of n/2654. The area thus calculated
came out to 1.006, only 0.6% off the expected value of 1.000.

Figures 4 and 5 apply only to a specific sample run for eight
letter words. Appendix V presents similar data for six and ten letter
words as a comparison. Of course, a different digram table or unit
table would greatly change these distributions.

AN ALTERNATIVE METHOD

The main difficulty in the analysis of the random word generator
lies in the complexity of the algorithm. The nature of the algorithm
is such that a highly asymmetric distribution of probabilities of
words results, with some words being many orders of magnitude more
probable than others. The goal of the preceding analysis was to pro-
vide information as to the shape of the probability distribution curve
so that the word generator’s suitability for any particular applica-
tion could be examined.

In its application as a Multics password generator, the results
of figure 4 may indicate that the word generator is not suitable for
passwords due to the high probability of the words at the leftmost end
of the curve. Some instal%ations may need passwords that have a prob-
ability less than 2.19x107Y. It is possible to improve this proba-
bility by changing the digram and unit tables and the distribution of
the units returned by the random_unit_ subroutine, but it is very dif-
ficult to anticipate the effect of any particular change on the proba-
bility distribution., Once the change is made in the tables, there is
no easy way to determine what the most probable word actually is.
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There is an alternative method, however, that can be employed without
changing any of the tables, that yields a distribution that is much
easier to determine.

In order to illustrate this alternative method, assume that we
wish to improve the word generator’s distribution so that no word is
more probable than a word composed of six random letters. This exam-
ple was chosen because the six random letter criterion for passwords
is applied to several systems in use today. This criterion translates
to a maximum probability of

1
-=z = 3.24 x 1079 (10)
26

for any word. The most probagle eight letter word shown on page 25
has a probability of 2.19x107" -- too high by a factor of seven, and
Multics does not allow (nor would it be desirable considering the re-
memberability requirement) passwords longer than eight characters.
Note, however, that the total number of pronounceable eight letter
words from equation (4) is much greater than the total number of ran-
dom six letter words. Thus, if there were some way to force the word
generator to generate all n pronounceable words with equal probabili-
ty, then the probability of any particular word would be 1/n and the
analysis would be trivial.

By utilizing the random word generator in a slightly different
way, at an additional cost in overhead, it is possible to force the
probabilities of all words to be equal without changing the total num-
ber of words. Consider the method used to obtain the estimated value
of n in equation (4). This value was obtained by generating words at
random such that all eight letter words are equally likely, and com-
puting the fraction of those that were pronounceable. A method for
generating equally probable pronounceable words, then, is to generate
equally likely random words and test them for pronounceability until
an acceptable word turns up. All acceptable words thus generated are
equally probable, and the randomness criterion is satisfied. Appendix
VII contains the source code and the documentation for the two program
modules that have been altered in order to optionally produce uniform-
ly distributed random words. In addition, for those interested, a
listing of the Multics encipher_ subroutine is included. This is the
subroutine used to generate random numbers,

The question that arises is whether this "sampling" method is
feasible considering the possible additional computer time required
for testing and rejecting words. The answer depends on the fraction
of words that are accepted, and whether it is more or less expensive
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to test a word for pronounceability rather than to generate it.

The fraction of pronounceable words was determined on page 21 for
eight letter words using specific digram and unit tables. The value
.02653 is an acceptance ratio of approximately 1 in 37. Thus we would
expect, on the average, to make 37 tries before getting an acceptable
word.

The time required to generate pronounceable eight letter words
with the word generator is somewhat greater than the time required to
generate a word at random and to test its pronounceability. This is
because the word generator does not accept every unit supplied to it
by random_unit in the word being formed, whereas all units of a pro-
nounceable word to be tested are immediately accepted. The time re-
quired to test an unpronounceable word is usually less than the time
required to test a pronounceable word because the whole word is rejec-
ted as soon as an illegal unit is encountered. If we expect, on the
average, to make 37 tries to find a pronounceable word, we would ex-
pect the time required to do this to be no more 37 times that required
to generate one pronounceable word. This is born out by empirical ev-
idence indicating that the average time required to find a pronounce-
able eight letter word by trial and error is about 10 times that re-
quired to generate one pronounceable word. In Multies computer time,
the figures are about .10 second and .01 second per word respec-
tively.

Since the number of pronounceable words is much greater (by a
factor of 18) than that required to fulfill the six random letter cri-
terion, it may be possible to significantly increase the pronouncea-
bility of words generated by modifying the tables to yield a smaller
set of possible words. Consider the possible results if, for example,
one could delete 17 out of every 18 words in the list in Appendix IV
and save only the most pronounceable ones. Of course, by restricting
the rules further, the "acceptance ratio™ of 1 in 37 is decreased,
thereby resulting in additional time spent finding a pronounceable
word. A decrease by a factor of 18 will increase the average time of
.10 seconds for finding a pronounceable eight letter word to several
seconds. This may not be tolerable for some installations.

Thus, particularly when employing the alternative sampling method
for generating pronounceable words, one must weigh the advantages of

11The time of .10 second for the sampling method was obtained by
using a modified version of the random word generator that discards a
partial word and starts over any time a unit is rejected. 1In this way
extra (possibly unused) units are not generated as in the case when a
whole random word is first created before testing.
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pronounceability against overhead in computer time in determining what
modifications to make to the tables. The advantage of using the sam-
pling method is that the only statistical quantity to be determined,

the total number of words, is fairly easily estimated. The effect of
a change in the digram table on this estimate can be quickly examined.
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SECTION V
CONCLUSION
EVALUATION

The random word generator described in this report has been suc-
cessfully implemented and demonstrated on the Multics system. The
list of 2000 random words contained in Appendix IV was shown to vari-
ous people, and it became apparent that the degree to which words are
considered pronounceable varies a great deal among individuals. Some
people had many more complaints than others about particular words.

n most cases, complaints were about words containing certain combina-
tions of units that the individual did not consider to be "legal".

For the most part, combinations considered illegal could be di-
rectly eliminated using the rules of the digram table. In other much
less frequent cases, eliminating the offending construct was either
impossible or would result in eliminating many more constructs that
should be legal. As mentioned earlier, there were many fewer com-
plaints about the shorter words of four to six letters than about the
longer ones.

The statistics discussed in Section IV and Appendix V, if pre-
senting an unsatisfactory performance for a particular application,
can be improved by modifying the digram table and unit table or by al-
tering the manner in which the random word generator is utilized as
discussed near the end of Section IV. For example, by eliminating all
double-letter units, the most probable word will have a much lower
probability than that indicated on page 25. This is done, however, at
the cost of a reduction in the total number of different words. Or,
at an increase in overhead, the alternative method for generating
words discussed on page 29 can be employed. By modifying the rules in
the digram table, particular statistical properties can be adjusted,
but one must be aware of the interrelationships between the various
properties and performance features before changing the tables to
achieve a given result.

In conclusion it appears that the tables that are input to the
word generator and the manner in which it is used could be tailored
for almost any application, whether the main interest is in pronounce-
ability or performance.
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OTHER APPLICATIONS

Pronounceability and randomness were the primary goals of the
word generator in its use for generating random words. However, the
support program discussed in Section IV that gives the word generator
a word to be tried, combined with the word generator’s ability to di-
vide a word into syllables, partially supports the facility of a gen-
eral purpose word hyphenator for text processing. The random word
generator can be given any word for hyphenation. If the word is ac-
cepted, the word will be returned hyphenated into syllables just as if
it had been randomly generated. If rejected, the word is illegal ac-
cording to random word generator rules and the tables. Of course, the
hyphenation will not always be the "right" _gne according to the dic-
tionary, but exceptions are apt to be few. Perhaps some pre- or
post-processing, combined with a list or dictionary of exceptional
constructs, can yield a word hyphenator of general utility.

12An example of a common exception is found in words containing
"tion", which is hyphenated "ti-on"™ as two syllables. This and many
other problems could be avoided by defining new kinds of double letter
units and changing the tables. Such modifications may make the word
generator unsuitable for generating random words because many unpro-
nounceable words may be considered legal. However, when used as a hy-
phenator the legality of a word is of no concern.
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APPENDIX I

TABLES

The following pages list the unit table and digram table as de-
scribed in Section III. The unit table appears first. Each entry in
the unit table has the following format:

where:

o]

N < X =

n Ccc WXyz

is a unit number (1 to 34).

is the unit (1 or 2 letters).

is 0 or 1, representing the value of "not_begin_syllable".
is the value of "no_final_split".

is "vowel",

is "alternate_vowel",

The digram table follows, with each entry of the following format:

where:

Qo

cc

abd-cc+ef

is 0 or 1, which is the value of "begin".

is "not_begin".

is "break".

appears if "prefix" is set, otherwise blank.
is a pair of units (2, 3, or U letters).

appears if "illegal_pair" is set., If it is "-", that means
"suffix" is set. Otherwise it is blank.
is "end".

is "not_end".
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0010
0000
0000
0000
0110
0000
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0010
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13
14
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17
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The Unit Table

0000
0000
0000
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0000
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0000
0000
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19
20
21
22
23
24
25
26
27

0000
0010
0000
0000
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0001
0000
ch 0000
gh 0000
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28
29
30
31
32
33
34

ph
rh
sh
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wh
qu
ck

0000
0000
0000
0000
0000
0000
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The Digram Table

000 aa +00 011 bm 01 011 cz O1 000 ec 00 000 fo 00
000 ab 00 011 bn 01 000 cch+00 000 ed 00 011 fp 01
000 ac 00 000 bo 00 000 cgh+00 000 ee 00 100 fr 01
000 ad 00 011 bp 01 011 eph 01 000 ef 00 010 fs 00
000 ae +00 100 br 01 000 crh+00 000 eg 00 010 ft 00
000 af 00 010 bs 00 011 esh 01 011 eh 01 000 fu 00
000 ag 00 011 bt 01 011 cth 01 000 ei 01 011 fv 01
011 ah 01 000 bu 00 000 cwh+00 000 ej 00 011 fw 01
000 ai 00 011 bv 01 010 cqu-01 000 ek 00 000 fx +00
000 aj 00 011 bw 01 000 cck+00 000 el 00 010 fy 00
000 ak 00 000 bx +00 000 da 00 000 em 00 011 fz 01
000 al 00 000 by 00 011 db 01 000 en 00 011 fch 01
000 am 00 011 bz 01 011 de 01 001 eo 00 011 fgh 01
000 an 00 011 bch 01 010 dd 00 000 ep 00 011 fph 01
000 ao +00 000 bgh+00 000 de 00 000 er 00 000 frh+00
000 ap 00 011 bph 01 011 df 01 000 es 00 011 fsh 01
000 ar 00 000 brh+00 011 dg 01 000 et 00 011 fth 01
000 as 00 011 bsh 01 011 dh 01 000 eu 00 000 fwh+00
000 at 00 011 bth 01 000 di 00 000 ev 00 011 fqu 01
000 au 00 000 bwh+00O 011 dj 01 000 ew 00 000 fck+00
000 av 00 011 bgu 01 011 dk 01 000 ex 00 000 ga 00
000 "aw 00 000 bck+00 011 dl1 01 000 ey 00 011 gb 01
000 ax 00 000 ca 00 011 dm O1 000 ez 00 011 gc 01
000 ay 00 011 cb 01 011 dn 01 000 ech 00 011 gd 01
000 az 00 011 cc 01 000 do 00 011 egh 01 000 ge 00
000 ach 00 011 ed 01 011 dp 01 000 eph 00 011 gf 01
000 agh+00 000 ce 00 100 dr 01 000 erh+00 010 gg 00
000 aph 00 011 cf 01 010 ds 10 000 esh 00 011 gh 01
000 arh+00 011 cg 01 011 dt 01 000 eth 00 000 gi 00
000 ash 00 011 ch 01 000 du 00 000 ewh+00 011 gj 01
000 ath 00 000 ci 0O 011 dv 01 001 equ 01 000 gk +00
000 awh+00 011 ¢j 01 011 dw 01 000 eck 00 100 gl -01
001 aqu 01 011 ck 01 000 dx +00 000 fa 00 011 gm 01
000 ack 00 000 cl -01 000 dy 00 011 fb 01 011 gn 01
000 ba 00 011 cm 01 011 dz 01 011 fec 01 000 go 00
011 bb 01 011 cn 01 011 dch 01 011 fd 01 011 gp 01
011 be 01 000 co 00 011 dgh 01 000 fe 00 100 gr 01
011 bd 01 011 ecp 01 011 dph 01 010 ff 00 010 gs 10
000 be 00 000 cr O1 000 drh+00 011 fg 01 011 gt 01
011 bf 01 010 es 10 010 dsh 01 011 fh 01 000 gu 00
011 bg 01 010- ¢t 00 010- dth 00 000 fi 00 011 gv 01
011 bh 01 000 cu 00 000 dwh+00 011 fj 01 011 gw 01
000 bi 00 011 ecv 01 011 dqu 01 011 fk 01 000 gx +00
011 bj 01 011 cw 01 000 dck+00 100 f1 -01 010 gy 00
011 bk 01 000 c¢x +00 000 ea OO0 011 fm 01 011 gz 01
100 bl -01 000 cy 00 000 eb 00 011 fn 01 011 gch 01
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000
011
000
010
010
000
01
000
000
01
011
011
000
011
011
000
000
011
011
011
011
011
000
011
011
011
011
000
011
011
000
000
011
01
011
011
000
011
011
000
01
000
011
000
000
000
010
000

ggh+00
gph 01
grh+00
gsh 00
gth 00
gwh+00
gqu 01
geck+00
ha 00
hb 01
he 01
hd 01
he 00
hf 01
hg 01
hh +00
hi 00
hj 01
hk 01
hl 01
hm 01
hn 01
ho 00

~hp 01

hr 01
hs 01
ht 01
hu 00
hv 01
hw 01
hx +00
hy 00
hz 01
heh 01
hgh 01
hph 01
hrh+00
hsh 01
hth 01
hwh+00
hqu 01
hck+00
ia 00
ib 00
iec 00
id 00
ie 00
if 00

000
011
000
000
000
000
000
000
001
000
000
000
000
011
000
011
000
011
000
000
010
000
000
000
000
000
001
000
000
011
011
011
000
011
000
011
000
000
011
011
011
011
000
011
011
011
011
000

ig
ih
ii
ij
ik
il
im
in
io
ip
ir
is
it
iu
iv
iw
ix
iy
iz

00
01
+00
00
00
00
00
00
00
00
00
00
00
00
00
01
00
01
00

ich 00
igh 00
iph 00
irh+00
ish 00
ith 00
iwh+00
iqu 01
iek 00

Jja
jb
Jje
jd
je
jf
jg
Jjh
jat
3J
Jjk
jl
Jjm
jn
jo
Jp
R
js
jt
ju

00
01
01
01
00
01
+00
01
00
+00
01
01
01
01
00
01
01
01
01
00

011
011
000
010
011
011
011
011
000
011
011
000
011
000
000
011
011
011
000
011
011
011
000
011
011
000
011
100
000
011
000
010
011
000
011
011
000
010
011
011
011
010
000
010
011
000
011
000
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jv
Jw
jx
Jy
jz

01
01
+00
00
01

jeh 01
jgh 01
jph 01
jrh+00
jsh 01
jth 01
jwh+00
jqu 01
Jjek+00

ka
kb
ke
kd
ke
kf
kg
kh
ki
kj
kk
kl
km
kn
ko
kp
kr
ks
kt
ku
kv
kw
kx
Ky
kz

keh 01

00
01
01
01
00
01
01
01
00
01
01
=01
01
=01
00
01
=01
10
01
00
01
01
+00
00
01

kgh 01
kph 00
krh+00
ksh 00
kth 01
kwh+00
kqu 01
kck+00

000
010-
011
010-
000
010~
010-
0on
000
010-
010-
010-
010-
011
000
010-
011
010
010-
000
010-
011
000
000
011
010-
01
010-
000
010-
010-
000
011
000
000
011
011
011
000
011
011
011
000
011
011
011
010
011

la
1b
lc
1d
le
1f
1g
lh
1i
1j
1k
11!
1m
1n
lo
lp
Ir
1s
1t
lu
lv
1w
1x
ly
1z

00
00
01
00
00
00
00
01
00
00
00
00
00
01
00
00
01
00
00
00
00
01
+00
00
01

lch 00
lgh 01
lph 00
1rh+00
1sh 00
1th 00
1wh+00
lqu 01
lck+00

ma
mb
me
md
me
mf
mg
mh
mi
mj
mk
ml
mm
mn

00
01
01
01
00
01
01
01
00
01
01
01
00
01

000 mo
010 mp
011 mr
010 ms
010 mt
000 mu
011 mv
011 mw
000 mx
000 my
011 mz

00
00
01
00
00
00
01
01
+00
00
01

010- mch 00
011 mgh 01
010 mph 00
000 mrh+00
010 msh 00
010 mth 00
000 mwh+00
011 mqu 01
000 mck+00

000 na
011 nb
011 nc
010 nd
000 ne
011 nf
010- ng
011 nh
000 ni
011 nj
010- nk
011 nl
011 nm
010 nn
000 no
011 np
011 nr
010 ns
010 nt
000 nu
011 nv
011 nw
000 nx
010 ny
011 nz

00
01
01
00
00
01
00
01
00
01
00
01
01
00
00
01
01
00
00
00
01
01
+00
00
01

010- nch 00
011 ngh 01
010- nph 00



000
010
010
000
011
010~
000
000
000
000
000
000
000
011
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
010
000
000
000
000
000
001
000
000
011
011
011
000
0N
011
011

nrh+00
nsh 00
nth 00
nwh+00
nqu 01
nck 00
oa 00
ob 00
oc 00
od 00
oe +00
of 00
og 00
oh 01
oi 00
oj 00
ok 00
ol 00
om 00
on 00
oo 00
op 00
or 00
os 00
ot 00
ou 00
ov 00
ow 00
ox 00
oy 00
oz 00
och 00
ogh 00
oph 00
orh+00
osh 00
oth 00
owh+00
oqu 01
ock 00
pa 00
pb 01
pc 01
pd 01
pe 00
pf 01
pg 01
ph 01

000
011
011
000
011
01
000
010-
000
010
010
000
011
011
000
000
011
011
011
011
000
011
011
000
011
000
000
010-
010-
010-
000
010-
010-
011
000
010-
010-
010-
010-
010-
000
010-
010-
010-
010-
000
010-
011

pi
pJ
pk
pl
pm
pn
po
pp
pr
ps
pt
pu
pVv
pw
pPXx
Py
Pz

00
01
01
-01
01
01
00
00
01
10
10
00
01
01
+00
00
01

pch 01
pgh 01
pph 01
prh+00
psh 01
pth 01
pwh+00
pqu 01
pck+00

ra
rb
rec
rd
re
rf
rg
rh
gk
rj
rk
rl
rm
rn
ro
rp
rr
rs
rt
ru
rv

00
00
00
00
00
00
00
01
00
00
00
00
00
00
00
00
00
00
00
00
00
01

000
000
010-
010-
011
010-
000
010-
010-
000
010-
010-
000
011
000
011
000
011
011
011
000
011
000
100
000
000-
000
000
010
010-
000
000
011
100
000
000
011
100
011
o
000
011
011
000
000
010
000
011
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rx

ry
rz

+00
00
00

rch 00
rgh 01
rph 00
rrh+00
rsh 00
rth 00
rwh+00
rqu 01
rck 00

sa
sb
sc
sd
se
sf
Sg
sh
si
sJ
sk
sl
sm
sn
so
sp
sr
ss
st
su
sv
SwW
sX
sy
sz

00
01
01
01
00
01
01
01
00
01
00
-01
-01
-01
00
00
01
00
00
00
01
-01
+00
00
01

sch-01
sgh 01
sph 01
srh+00
ssh 01
sth 01
swh+00
squ-01
sck 00

ta
tb

00
01

011
011
000
011
011
01
000
011
011
011
011
011
000
011
000
010
010-
000
011
100
000
000
011
010
011
010
000
010
011
000
011
000
011
000
000
000
010
000
000
011
01
000
000
000
000
000
011
000

te
td
te
tf
tg
th
ti
tJ
tk
tl
tm
tn
to
tp
tr
ts
tt
tu
tv
tw
tx
ty
tz

01
01
00
01
01
01
00
01
01
01
01
01
00
01
01
10
00
00
01
-01
+00
00
01

tch 00
tgh 01
+ph 10
trh+00
tsh 10
tth 01
twh+00
tqu 01
tck+00

ua
ub
uc
ud
ue
uf
ug
uh
ui
uj
uk
ul
um
un
uo

up

01
00
00
00
00
00
00
01
01
00
00
00
00
00
00
00

000
000
000
000
000
01
000
011
000
000
010-
000
000
000
000
000
001
000
000
011
011
011
000
011
011
011
000
011
011
011
011
011
000
011
01
011
011
000
011
011
000
010
011
011
011
01
000
011

ur
us
ut

00
00
00

uu +00

uv
uw
ux
uy
uz

00
01
00
01
00

uch 00
ugh 00
uph 00
urh+00
ush 00
uth 00
uwh+00
uqu 01
uck 00

va
vb
ve
vd
ve
vf
vg
vh
vi
v
vk
vl
vm
vn
vo
vp
vr
Vs
vt
vu
vV
vw
VX
vy
vz

00
01
01
01
00
01
01
01
00
01
01
01
01
01
00
01
01
01
01
00
01
01
+00
00
01

veh 01
vgh 01
vph 01
vrh+00
vsh 01



011
000
01
000
000
010~
o
010-
000
010~
010~
o
000
011
010-
010~
010-
010~
000
010-
100
010~
010~
000
010-
011
010~
000
010-
010
01
010
000
010
010
000
0
010
010
011
011
011
010
011
011
011
010
011

vth 01
vwh+00
vqu 01
vek+00

wa
wb
we
wd
we
wl
wg
wh
wi
LA
wk
wl
Wi
wn
WO
wp
wr
WS
wt
wu
WV
WW
wX
Wy
wZ

00
00
01
10
00
00
10
01
00
01
00
-00
00
00
00
00
=01
00
00
00
00
01
00
00
00

weh 00
wgh 01
wph 00
wrh+00
wsh 00
wth 00
wWwh+00
wqu 01
wck 00

xa
xb
Xec
xd
xe
xf
Xg
xXh
xi

xJ

00
01
01
01
00
01
01
01
00
01

011
011
011
011
010
011
011
011
011
010
oM

011°

000
010
011
011
011
011
000
o1
011
000
011
000
000
v
010
010
o010
000
010
010
011
100
010
010
010
010
010
000
010
011
010
010
000
010
011
010
000

xk
x1
Xm
Xn
X0
Xp
Xr
Xs
xt
Xu
XV
Xw
XX
Xy
XZ

01
01
01
01
00
01
01
01
01
00
01
01
+00
00
01

xch 01
xgh 01
xph 01
xrh+00
xsh 01
xth 01
xwh+00
xqu 01
xck+00

ya
yb
ye
yd
ye
yf
yg
yh
yi
¥l
vk
yl
ym
yn
yo
yp
yr
ys
yt
yu
yv
ywW
yX

00
00
01
00
00
01
00
01
01
01
00
01
00
00
00
00
01
00
00
00
01
01
00

yy +00

010
011
011
011
000
011
011
000
011
000
000
011
011
o1
000
011
011
011
000
011
011
011
011
011
000
011
010
011
010
000
011
000
000
000
010
011
011
011
000
011
011
000
011
000
000
011
oM
011

[¢]
(o]
(o]
[¢]
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yz 00
ych 01
ygh 01
yph 01
yrh+00
ysh 01
yth 01
ywh+00
yqu 01
yck+00
za 00
zb 01
zc 01
zd 01
ze 00
zf 01
zg 01
zh 01
zi 00
zj 01
zk 01
zl 01
zm 01
zn 01
zo 00
zp 01
zr 01
zs 01
zt 00
zu 00
zv 01
zw =01
zx +00
zy 00
zz 00
zch 01
zgh 01
zph 01
zrh+00
zsh 01
zth 01
zZwh+00
zqu 01
zck+00
ha 00
hb 01
he 01
hd 01

000
011
011
011
000
011
011
011
011
011
000
011
000
011
011
000
011
010
000
000
011
000
011
011
000
011
011
000
011
000
000

che
chf
chg
chh
chi
chj
chk
chl
chm
chn
cho
chp
chr
chs
cht
chu
chv
chw
chx
chy
chz

00
01
C1
01
00
01
01
01
01
01
00
01
01
01
01
00
01
01
+00
00
01

chch+00
chgh 01
chph 01
chrh+00
chsh 01
chth 01
chwh+00
chqu 01
chek+00

gha

011-ghb
011-ghe
011-ghd

000

ghe

011-ghf
011-ghg
011-ghh

100

ghi

011-ghj

011-

ghk

011-ghl
011-ghm

011-

100
011

ghn
gho
ghp

011-ghr

010-

ghs

00
01
01
01
00
01
01
01
01
01
01
01
01
01
01
01
01
00

010-ght
011-ghu
011-ghv

011-

000

ghw
ghx

011-ghy
011-ghz
011-ghch 01
000 ghgh+00
011-ghph 01
000 ghrh+00
011-ghsh 01
011-ghth 01
000 ghwh+00
011-ghqu 01
ghck+00

000
000
011
011
011
000
011
011
011
000
011
0
100
011
011
000
011
000
010
010
000
010
010
000
010
011
011
011
000
000
011
011
000

pha
phb
phe
phd
phe
phf
phg
phh
phi
phj
phk
phl
phm
phn
pho
php
phr
phs
pht
phu
phv
phw
phx
phy
phz

00
01
01
01
+00
01
01

00
01
01
01
00
01
01
01
00
01
01
=01
01
01
00
01
01
00
00
00
01
01
+00
00
01

phch 01
phgh 01
phph+00
phrh+00
phsh 01
phth 01
phwh+00



011
000
100
000
000
000
100
000
000
000
100
000
000
000
000
000
100
000
000
000
000
100
000
000
000
100
000
000
000
000
000
000
000
000
000
000
000
011
011
011
000
0
011
000
000
011
010
100

phqu 01
phck+00

rha
rhb
rhe
rhd
rhe
rhf
rhg
rhh
rhi
rhj
rhk
rhl
rhm
rhn
rho
rhp
rhr
rhs
rht
rhu
rhv
rhw
rhx
rhy
rhz

01
+00
+00
+00

01
+00
+00
+00

01
+00
+00
+00
+00
+00

01
+00
+00
+00
+00

01
+00
+00
+00

00
+00

rhch+00
rhgh+00
rhph+00
rhrh+00
rhsh+00
rhth+00
rhwh+00
rhqu+00
rhck+00

sha
shb
she
shd

she

shf
shg
shh
shi
shj
shk
shl

00
01
01
01
00
01
01
+00
00
01
00
=01

100
100
000
010
100
011
000
000
01
000
000
000
011
011
01
011
000
000
011
000
011
000
000
011
011
011
000
011
011
011
000
011
011
011
011
011
000
011
000
010
011
000
011
000
000
000
011
011

shm
shn
sho
shp
shr
shs
sht
shu
shv
shw
shx
shy
shz

-01
-01
00
00
=01
01
-00
00
01
=01
+00
00
01

shech 01
shgh 01
shph 01
shrh+00
shsh+00
shth 01
shwh+00
shqu 01
shck+00

tha
thb
the
thd
the
thf
thg
thh
thi
thj
thk
thl
thm
thn
tho
thp
thr
ths
tht
thu
thv
thw
thx
thy
thz

00
01
01
01
00
01
01
01
00
01
01
01
01
01
00
01
01
10
01
00
01
=01
+00
00
01

theh 01

011
011
000
011
000
000
011
000
100
000
000
000
100
000
000
000
100
000
000
000
000
000
100
000
000
000
000
000
000
000
000
100
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

thgh 01
thph 01
thrh+00
thsh 01
thth+00
thwh+00
thqu 01
thek+00

wha
whb
whe
whd
whe
whf
whg
whh
whi
whj
whk
whl
whm
whn
who
whp
whr
whs
wht
whu
whyv
whw
whx
why
whz

01
+00
+00
+00

01
+00
+00
+00

01
+00
+00
+00
+00
+00

01
+00
+00
+00
+00
+00
+00
+00
+00

00
+00

whch+00
whgh+00
whph+00
whrh+00
whsh+00
whth+00
whwh+00
whqu+00
wheck+00

qua
qub
quc
qud
que
quf
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00
+00
+00
+00

00
+00

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
011
011
011
011
011
011
0
011
011
011
01
011
011
01
011
011
011
010
011
011

qug
quh
qui
quj
quk
qul
qum
qun
quo
qup
qur
qus
qut
quu
quv
quw
qux
quy
quz

+00
+00

00
+00
+00
+00
+00
+00

00
+00
+00
+00
+00
+00
+00
+00
+00
+00
+00

quch+00
qugh+00
quph+00
qurh+00
qush+00
quth+00
quwh+00
ququ+00
quck+00

cka
ckb
cke
ckd
cke
ckf
ckg
ckh
cki
ckj
ckk
ckl
ckm
ckn
cko
ckp
ckr
cks
ckt
cku

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
00
01
01

011
011
000
010
011
011
011
011
000
011
011
000
011
000

ckv 01
ckw 01
ckx +00
cky 00
ckz 01
ckch 01
ckgh 01
ckph 01
ckrh+00
cksh 01
ckth 01
ckwh+00
ckqu 01
ckeck+00



APPENDIX II

RANDOM WORD ALGORITHM

This appendix lists the algorithm described on page 15. Below is
a description of the notation and the variables used to describe a
state.

State Variables

Each loop through the algorithm produces new values of several
ctate variables and possibly adds a unit to the random word being
formed., The variables used to describe the state are defined as fol-
lows., "Binary" variables may have the value "true" or "false"; "dec-
imal" variables have a number as their value.

vowel found Set when a vowel is found in a syllable (binary).

last_vowel_found Value of vowel_found for previous unit in the ran-
: dom word (binary).

syllable_length Number of units in syllable so far (decimal, ini-
tially 1).

index Number of units in word so far (decimal, initially
1).

cons_count Number of consecutive consonants (decimal).

nchars Number of letters in word to be generated. Ini-

tially this is set to the length of the word (in
letters) desired. This value is decremented each
time a two-letter unit is generated so that the
number of units (index) can be compared to nchars
to determine if the end of the word has been
reached.

unit(1), unit(2), ... unit(index)
Unit(i) represents the i’th unit in the word.
Unit(index) is the current unit.

In addition to the state variables, two variables are defined for
use only internal to the algorithm. They are used to simplify the no-
tation.
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v A binary variable which is set when the unit just generated is a
vowel (or an alternate_vowel to be treated as a vowel).

b A binary variable which gets set when a "break" pair (as defined on
page 12) is encountered, or when the previous pair was a "suffix"
pair and the current unit is not a vowel.

Notation

The following names are used in the algorithm for the eight flags
in the digram table:

begin,
not_begin,
end,
not_end,
break,
prefix,
suffix,

and illegal_ pair.

If one of these names appears with a value in parentheses immediately
following it, as "break(i)", the reference is to the "break" flag for
the pair of units [unit(i-1), unit(i)]. If no value appears, the ref-
erence is to the pair [unit(index-1), unit(index)] -- that is, the
reference is to the last two units.

The following names are used for the flags in the unit table:

no_final_split,

not_begin syllable,

vowel,

alternate_vowel,
and double_letter.

The "double_letter" flag was not explicitly mentioned in the discus-
sion earlier. It is set for units consisting of more than one letter.
A value in parentheses following the name, as in vowel(i), refers to
the vowel flag for unit(i). If no value appears the reference is to
the flag for unit(index), or the current unit.

Three procedures are referred to: "random_unit" is a user-suppl-
ied procedure to generate a random unit; "random_ vowel" is a user
supplied procedure to generate a random vowel unit; and "done" is an
internal procedure appearing near the end of the algorithm.
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Algorithm

The algorithm is shown in the following pages. The text of the
algorithm is essentially the same as the main body of the random_word_
subroutine appearing in Appendix III. The algorithm is shown here
only for completeness -- it can stand alone and does not depend on any
support subroutines. Since the random_word_ subroutine as shown in
Appendix III is well documented and commented, no comments are
supplied below. A correspondence between this algorithm and the
random_word_ subroutine can easily be made.

The RANDOM_WORD procedure has an internal procedure DONE listed
near the end. The extents of the if-then-else clauses are indicated
by indentation.
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RANDOM WORD ALGORITHM

BEGIN procedure RANDOM_WORD

retry:
if syllable_ length = 1
then
if index = nchars
then call random_vowel
else call random_unit
if (index # 1 & illegal_pair)
then go to retry
syllable_length = 2
if vowel | alternate_vowel
then cons_count = 0
else cons_count = 1
last_vowel found = 0
if double_letter
then
if index = nchars | (index = nchars-1 & “vowel)
then go to retry
else nchars = nchars - 1
else
if (syllable_length = 2 & “vowel_found & index = nchars) |
("vowel found | not_end(index-1)) & suffix(index-1)
then call random_vowel
else call random_unit
if illegal_pair |
(unit(index)=unit(index-1)=unit(index-2) & index>2)
then go to retry
if double_letter & index = nchars
then goto retry
else nchars = nchars - 1
if vowel | (alternate_vowel & “vowel(index-1))
then v = 1
elsev = 0
if syllable_length > 2 & suffix(index-1) & “v
then b = 1
else b = break
if syllable_length = 2 & not_begin
then go to no_good
if vowel_found
then
if cons_count £ 0
then
if begin
then
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RANDOM WORD ALGORITHM (continued)

if syllable_length # 3 & not_end(index-2)
then
if not_end(index-1)
then go to no_good
else call done(v,2)
else call done(v,3)
else
if not_begin
then
if b
then
if not_end(index-1)
then go to no_good
else call done(v,2)
else
if v
then
if not_end(index-1) | not_begin_syllable
then go to no_good
else call done(1,2)
else call done("end,end)
else
if v
then
if not_end(index-2) | syllable_length "= 3
then
if not_end(index-1)
then
if cons_count > 1
then
if not_end(index-3) |
not_begin(index-1)
then go to no_good
else call done(1,4)
else go to no_good
else call done(1,2)
else call done(1,3)
~ else call done(1,0)
else
if v & vowel(index-2) & index > 2
then go to no_good
else
if end
then call done(0,1)
else
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RANDOM WORD ALGORITHM (continued)

if begin
then
if last_vowel_found
then
if v
then
if syllable_length = 3
then
if alternate_vowel(index-2)
then go to no_good
else call done(1,3)
else
if not_end(index-2)
then go to no_good
else call done(1,3)
else
if syllable_length = 3
then
if alternate_vowel(index-2)
then call done(1,3)
else go to no_good
else
if not_end(index-2)
then
if not_end(index-1)
then go to no_good
else call done(0,2)
else call done(1,3)
else
if not_end(index-1) & syllable length > 2
then go to no_good
else call done(v,2)
else
if b
then
if not_end(index-1) & syllable_length > 2
then go to no_good
else call done(v,2)
else call done(1,0)
else
if b
then go to no_good
else
if end
then
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RANDOM WORD ALGORITHM (continued)

ifv
then call done(0,1)
else go to no_good
else
if v
then
if begin & syllable_length > 2
then go to no_good
else call done(1,0)
else
if begin
then
if syllable_length > 2
then go to no_good
else call done(0,3)
else call done(0,0)
go to retry
no_good:
if double_letter then nchars = nchars + 1
go to retry

BEGIN procedure DONE:
called with 2 arguments: call done(vf,sl)

if sl # 2 & syllable_length # 2 & prefix & “vowel(index-2)
then
if vowel_found
then
if not_end(index-1)
then go to no_good
else
call done(0,2)
return
else go to no_good
else
if s1 £ 1 & index = nchars & (not_end | vf = 0)
then go to no_good
if index = nchars & no_final_split & sl # 1 & “vowel(index-1)
then
if "vowel_found | not_end(index-1) | syllable_length < 3
then go to no_good
else sl = 0
if v | sl =1
then cons_count = 0
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RANDOM WORD ALGORITHM (concluded)

else

if s1 =0

then cons_count

else cons_count
if s1 =0
then syllable_length
else syllable_length
if syllable_length > 3
then last_vowel_found
else last_vowel_found
vowel_found = vf
return

cons_count + 1
min(syllable_length-1, cons_count+1)

syllable_length + 1
sl

vowel_found
0

END procedure DONE
END procedure RANDOM_WORD
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APPENDIX III

SOURCE CODE

The following pages contain source program listings of every com-
mand and subroutine applicable to the random word generator. The
listings are in alphabetical order by program name. Below is a 1list
of the programs with a brief description of the function of each.
Complete documentation of the usage of each of these may be found in
Appendix VI.

In Multics there is a distinction between commands and subrou-
tines. Commands are callable by the user from his terminal, while
subroutines can only be called by other subroutines or commands. The
naming convention for programs specifies that subroutine names end
with a trailing underscore, while command names should not. Generally
the commands described below are user interfaces to specific subrou-
tines.

columns Prints lists of random words in columns.

convert_word Subroutine that converts an array of unit numbers
to characters. Used by generate_word_.

convert_word_char_ Subroutine that inserts hyphens into a given word
and formats the word for printing. Used by
hyphen_test.

digram table_compiler Compiler for digram table.

generate_word_ Standard interface for user-written programs to
generate a random word. Used by generate_words.

generate_words Command to generate a 1list of random words.

get_line_length Command and subroutine to return the line length
of the output medium for the purposes of format-
ting output. Used by columns and
digram_table_compiler. Also called
get_line_length .

hyphen_test Command to hyphenate a supplied word using the
rules of the random word generator. Also used to
calculate the probability of a given word.
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hyphenate_ Subroutine interface to perform same function as
hyphen _test. Used by hyphen_test,

random_unit_ Standard subroutine for generating a random unit.
Referenced by generate_word_ and hyphenate_ and
called by random word_.

random_unit_stat_  Assembly language program containing definitions
of external static variables used by random unit_.

random_word_ Subroutine implementing the word generator.
Called by generate_word_ and hyphenate_.

read_table_ Subroutine that compiles the digram table. This

is an internal interface only called by
digram_table_compiler.

59



futq paxyy yjBual TeRJ TOP
tputhaea (2£1)Jeyd Butays 19p
‘

H ™

«)3TUT 973€3S (2)Jeyo Qqei aulmau TOP
.

“(u
«)3TUT D13€IS (1L)Jeud auyImau 1op
tuTq PaxTy JUOAUTT TP
fUTQ paxtJ 3udTOD Top
£(1)3TUT (GE)UTQ PaxXT) 3JudJBYD TP
/¢ 98ed 3ndino juaaand uo Ind 03 SHUTT NdINO JO JaqUAU 4/ fUTQ PIXTJ ISPT TOPp
/e ‘SPUTTMAU BuT3UNOD ng Huipped HUTIUNOD 30U Y3FUST Bujll Induy XEBW 4/ {UIQ PAXYY yjBuay” xew B4 0P
/e UO ST 3sn{pe JT Suipped snid yisusY SUTT IndUT TeIJd XBUW 4/ $(0)ITUT UTQ PIXTJ YIBuaT Xew 1op
f(u w(821))3TUT (921)Jeyd apowd (0P
fpaudyre (2.)37Q sniwas Top
(U1Q PaXTJ) SUJNYaJ KJqud ~yjBuar BuUTT 19¥ TOP
/e 98®d qUSJJND UO FUTT 3SET JO INdINO UT JagquAU FUTT 4/ fUTQ PIXTJ PFUTT ISET TOP
/e SPUTTMAU Ja3je Sulpped snuTw YIBUIT IUTT JUBWIIS Indino,/ {UTQ PIXTY pajues yi8uat 0P
/e UWNTOD 4SBT JO Pua je Suipped apnyouy Aew YoTum ‘quawdas ndINO UT BUTT UOES JO YIBUAT 4/ UTQ PIXTY :umcvwlﬂquu 10P
tutq pexy) apod uuaniad [op
£((GE)UTQ PaxTJ)sudniad (UTQ paxy) ‘(y)4eyd)kaqud TH0ayd Dap AD TOP

taunpaooud :sumNIod 102
/a
*SUWNTOD UIIMIAQ UT IdedS NUETQ BJIXd UT TTTJ pe- ‘jsn{pe-
uu 1d-
*09 JO IINEJIP Y3 UBY] Jdyjed ‘Isn 03 yjduay abed uu y38uay aPed-

*anojutad ayj JO wo330Q Y3y 03 umop

fem Sy3 TT® SpeaJd sSUWNTOD YOS IsED SIY] Ul

*anoo0 sdiNs a8ed ou pue ‘SJTUTIUT ¢ 03
pauwnsse s7 yjsusy sfed syl 1BY] sayjioads usdu- ‘uotjeutded ou-

2€1L -- 3ndinoTa1y) 1A 3nd3no
2€1 -- 3uauwBas 03 3ndino
2UTT TeutwJdal JO Yisuay -- TEUTWJS] 03 Indino

$3JB S3TNEJIP Y3 ‘FUISSTW JI °BUTT INdIno syl uu 11~
JO yjzusT ayy sayjioads qeyl 2f| 031 | WOJJ] JagWNU B ST uu Y38usT 2uyI-

*TeuTwJa3 07 Indino spuas 3[NeEJIQ
*pajutadp 2§ JIJE] UBD pUEB SUNNTOD°FaS paweu
quswdas ayj uy nd ag TIIm Indino jeyl satjyoads JuauBas~ ‘ws-
PUTMOTTOJ AUl JO 240w JO du0 sT uogido (2
°1ewd0aJd 03 juawIIS 3aYyj Jo sweuyjzed ayl sy B9 (1
-uoyjdo- 3as suuwnyod
:pUBDWOD JAjUL ‘TTED 0]
*uUWNTOD YoB® UT wo3j0q 03 doj Suipeads ‘sPed e uo suwwNTOD
uy 3no pajutJsd aq Aew £ayi 1By} OF WY} sIPueJJEaJ pue
SAUTT TIJSY JO JuTqsTsSuUOD JuauBas e saneq wesBoud STUL 4/
20.n0S NOayd :suoyidg
anl 1pd L°0ZLL SL/L0/n0 :uo paTydwon

6Lifl 3% GL6L ‘G2 UdJeW ‘Aepsanl jo Ja7dwo) 1/1d Tejusmtaadxy :Aq parydmod
SUWNTOD INFWOAS 40 ONIISIT NOILVIIZHOD

60



2 o%ed

f(apod ‘ujd Zas 3nduy ‘Q ‘3Un0d31q ‘u, ‘(3WEU3) ‘(3WeUJTp)) 1UNod @3B TITUTS SOy TTEO
f(BJe ‘apod) AT2Zn TTEO ULYY O =_ 3pO0 JT¥
£(2p00 ‘(aWeua)Jppe ‘(IWeUJTP)JPPE ‘yiBual Fue ‘d) Tyjed puedxa [TEO

{pus

fuanjad

f(wasnfpe-

‘WSUENT0D, ‘3p0d) Tudd WOD TTED
fop uaya 0 =, 3pod J1

/e PWEU QUIWIAE ST QJUIWNTJE 38| o/ (3P0 ‘y3Buayl vue *‘d ‘) uid Bae¢g nod TyTED

T yqsua1 aded- uojjeutded ou- U yiBual aulT- JuawBas- :9q Aew sidde
-sBJe- yqed suEn[od :s1 aBesq,

/e PEIJ 07 JUaWIIS 07 Jajutod 338 4/

w(£9))3TUT 213E98 (£9)JBYD SIUTIMaU
¢ (43d was yojeJos)paseq (Y3Fual Telol)Jeyd (saull Indino Tej03)sautr Indino
{(49d Bas”Indino) paseq (SLGRNOL)JeUD Buiyi atoym
¢ (43d Fas 4ojeJOs) Paseq (YIPUIT XBW)JEYD (SUWNTODU‘SaUTT 3ndino” (eq03)311J Indino
{(J3d zas Indur)paseq (SJeYou)Jeyd Saulr
£(Qu0u)3TUT P3UBTTE (1)31Q 3snfpe
L((GE)UTQ PaxTy ‘uld) Aujua Fas T Aujuataps sy

t((GE)uTq Paxty ‘u3d ‘(2)uiq paxij
C(R2)UTQ PIXTJ *(4)JBUD *(g)JBUD ‘(4)JEUD) AJIUS JUNODT3QRIITUTS SOY
tpauBire (2£)Jeyd aweuad
fpaudite (g9l )Jeyd aweusip
L((GE)uUTq Paxty ‘yad ‘ujd ‘utrq paxty ‘aid) AJjua Tyjed puedxs
f((GE)uTq paxty ‘did) Aujue uid Fas¢ waag
£((GE)UTQ PAXTY ‘(K2)UTQ PaxTJ ‘uid) Aujua BasToq jasg sy
L((SE)UTQ PaxTJ ‘ulq paxty ‘uid) AJjua BasTajedunaigTsy

£((GE)UTQ PaxTy

‘d3d ‘(G)UTQ PIXTJ ‘(4 )dEUD ‘(g)JEBUD ‘(4)JBYd) AJ4qua Bas onemg sy
{(GE)UTQ PaxTy 9xa (Bas y3Bua] OJaZ$ I[QE] JOJJ?
$qUajSTSUOOUTS aTqe] JodJa ‘gdopeq$ a1qel  JOJdJdd)
$(0)3TUT (GE)UTQ PaXTy 3pod
‘pauryreun (d)paseq (Yidual Bue)deyd Jae
tUTq PAXTJ T
‘tutq paxyy [
‘utq paxTy 1
furq paxtJ uu
futq paxij yaduay Bde
turirINg TINU
/¢ INdIN0 UO SUWNTOD JO J3QWNU ,/ fUTQ PaxXTJ suWNTOOU
£(h2)UTQ PaxXIJ (°Q *3uUn0d31q)
£(GE)PaxXT) sJeyOU
fuTq PaxTy unod Fue
/e INdIn0 Jo a%ed uad saUTT Andino JO JaqQunu 4/ {UTQ PIXTJ TeAJAQUT
£(09) 3TUT PIXTy y3FuUST 9Bed
{pax1) saulru
£(Qu0W)ITUT (1)3TQ Yo Tms quamdas
£((GE)UTQ paxtJ‘paxTjtuidipaxyj)hajua Jid Baeg no
£(UTqQ PaxT) ‘uyq PIxTJ ‘uid) AJqua aqd a371um¢§OT
£(3TQeTJBA)SUOTIdO AJqua (WEeaJ3S BOT$ BOT ‘TJJa WoD)
{(Qu0u)ITUT OT283§ (1)374 UDITAs doas
quaw8as Indutl UT SAUTT JO JIQWNU 4/ fUTQ PaxXT) SaUTT Tel03
fulq paxyj €9UYT IndIno Teq03
fa3d (u3d Pas Indino ‘(TInU)3TuT J3d was yoqeaos ‘uqd Fas gnduy ‘d)
£(0)ITUT UTQ POXTJ TI
f{(poudiTe (g9l )Jeyd)sudnjad AJqua ~JTpm 3a¥

anL P9 G h2ll SL/LO/KO 1S T SUWNTOD

e
0P
P
P
1opP
1°p
op
1°p

TP
P
1°pP
P
T°op
1°op
1°p

opP

P
P
o8P
1oP
P
™op
1P
P
1op
op
1°p
1op
P
1°pP
1P
P
1P
P
1P
P
1p
1P
Top
P
1P
1P

€11
(438
(3}
oLt

801

61



¢ a8ed

$(4J930BJBYD FUTT M3U U] PUP JOU S30p JUSWIIE UT FUTT 15T, ‘0) ATEn TTED UIQ)

PaROIYD 30U JT sWalqoJd IsneD Aew STYL o/ FUTTMRU =_ (| ‘SJeydou ‘sUTT)JIsqns JT

/e 3985 2Q UED JJNiS STYI ‘juawBes AJedodwsl 03 JAUTOd FaBY M QEYT MON 5/

$(whJ0209J7P $£3504d uT dwe 3 SUWNTOD, ‘apod) A18n TTED UaYl TTINU = Ji3d Bag Yoedds Jt
/s 9434 OB TTTA 2ANdIN0O / {(8P0D ‘y3d Fos YO3eJOS ‘QUIOLO ‘ww ‘wdW27 SUWNTOD, ‘yu) Bos ayewg™ soy [TED

(aweua |

any 1P G hlll

$() yiBuar Ut 293 = T 25712
f2eL = 11 ueya

yoq TS quamdas J1

uay3

/e Ind3n0 Jasn woJdj 13¥ ‘parjIoads j0u YIBuIL FUTT 4/ 0= 11JT

‘pud
¢(dae ‘qdopeq$ aTqe] JodJad) ATBn [(eO ISP
{pus
‘Qulu = 3sn[pe
‘op uayy ,pe~, = Y4B | ,isnfpe-, = dJe Jy
asTa
tpua
f(8Je |} , °yiwual aded peg, ‘Q) A1¥n [TEO UaY]
0 => YjBuateded | o =_ 2pod uaniaJ Jj
1 (3pOYTUJINTAJ ‘zmJae) THOIYD 0P AD = Y3BuaT efed
t(ncaved Jo y3dua, ‘apod) ATEn TIeD uayl 0 =, IPOd JT
t(apod ‘y3jpuatl ¥Je ‘d ‘junodTBJe) J3d BJegTnd [1BD
¢| + 3UNOD BJe = 3UNOD BJE
top uayy ,1d-, = zJe wy3i8ual awed-, = BJe J7
IsT2
t0 = yiduaty afed uayjy
wuotjeuyded ou-, = Fae | ,uzdu-, = HJe Jy
asT2
tpus
LRSI 84
¢(8Je '3U3STSUOOUTS 3TQRT Jouud) ATBn TIEO uayl
0=, 1T J7
f(BJe |} 4 "uaBua[ JUTT Peq,. ‘0Q) ATEn [Ted uayj
26L < T 10 =T )0 =_ 2p0dudanjad gy
£((9P00 UJNY3J ‘Bue)THOBYD D8P AD) = T
‘(ua ‘9p02) ATon TTED UBY3 Q =_ @PpOD JT
$(3pod ‘yjzua BJe ‘d ‘qunod Bae) Jid BJeg nd TTeD
t| + 3uncd Bue = qunod Bue
top Uayl LUIBUST BUTT-, = Bue ! LTT-4 = ¥Je JT
asta
yoq tas quawdas uayj
= b = Bae 37
uaysj
0 = @pod J1
{(3pod ‘y3rBuar BJe ‘d ‘qunod Bue)uald Bueg T no [TED
£(0=apod)aTTuma | £AQ 2 = 3juncd 3Je op
{0 = apoo

uluw =
Was-, = BJe !

/s 3USUNAJE 383 ,

/s Sjuaunfae Jo 3s3d 138 ,

/s 1USWIES U] SJ270BJBYD JO J4aQUNU (€307 4/ $(6/3UNCO3TQ)TT20 = sJeYdOU
f(8ae ‘BasTyqBual 0oJd9z$ ATQEI JouaJda) ATIN TTeD UsYI Q = JUNGIITQ JT
wlu 1! (4 «'®WRUJTP)3JOJAQ ‘@p0D) ATBN TTEO URYl TTnU = J3d ¥as Induy JT

GL/LO/R0 ST SUBNTOD

(¥1
olL
691
318
Lgl
991
S91L
9l
€91
291
191
091t
661
851
151
961
S61L
wSl
391
261
161
oSt
oniL
gnl
inl
9nl
Sl
il
enl
2nl
int
onl
6EL
gel
Ll
9E1
SEL
nel
€€l
2t
€L
of1L
621
821
L2
921
4
n2l
€21
2z
121
o2t
6Ll
gLl
pANS
9Ll
St
L1%}

62



o8ed

/s 2U2u3as IndUT WOy SIUTT BUTJUISUT ‘UWNTOD YOed UMOP OF 4/ tuIT 38BT 03 T = JUdaUIT op
/s W3 © 28 LWENTOD 3UC UC XIOM 4/ fSUWNTOOU 03 | = JUOTOD Op
/e P3SN 2ue §2UTT INdINC WNTIUTW 3IBYJ OF JIJJOYs aq 03 3ded ITE] UO SUWNTOO §3040J STUL 4/ ‘L - IFBT + T = JUTT 3se]
t(L + 1 - sauill andano Te303 ‘yjBual eded)utm = IS IS
93ed uO Sa3UTT JO JAQUNU g/ fgauIT andanoTTe303 = 3SEY U3yl
0 = yazuay ofed Jy

¢TeAJ33UT £Q saUTT 2ndaNoTTE303 03 | = T Op

4

/s 37 Bulpus sxjuetq aAey Aew azed 3seT AY3 UC ULNTOD 35BT AJdA Byl UWNIOD

q4x3u ay3 jJo doj 2yl 03 03 aM ‘mwo330q 9yl JuTyoaJd uaym "uWNToD eyl umop Buipadoud pue

‘gaull nduf FUTIUISUT ‘uUWNTOD 350WIAT 2yl Jo do3 ayjz B JJBIS 9M -- UIPJO UT PasEadoId Bue

sauty andut ayl °a5ed Indano yoea uo and 3q 03 (TBA.sJUT) saUTT Indul Jo aaqunu 3yl 4Aq
pajuawaJout §398 T 3TQeTJeA ayl ‘dwI3 e 3e afed suo JUaWZ3S INdINC Y] U0 BUTHJIOM e Y 4/

ty3duat 2ded = TBAJ3QUT aSTR

f£2UTT 3ndano Te303 = TBAJ33UT Uayy 0 = Yizsuay oded J7
1 = Juoueyd ‘saulTu
/¢ AUBWHas IndqN0 UT SAUTT JO JAQUNU 4/ 'SUNNTODU/(| - SUWNTOOU + S3UTT [e303) = sauyl andino Te3ol
¢ - SAUTTU = S3UTT 1e102
$1 = judauTl

tpua

(| -SUNNTODU) /(SULNTOOUGYIBUST XBW = | + TT) + U3IBual Xew = yasua(” xew

/s U3BuUaT XxEW TE3J §7 y3jrual s37 Os ‘puipped ouU SBY UWNTOD Yoea UT IJUTT 3ISTET 3Yl InQ

$utpped snid SuUBNTOD YdEd UT BUTT JO YIHUST S3WOD3Q MOU YIDUIT XBU 4/
/s Sutpped eJaxa ur Ind 03 K43 4/ fop uaul asafpe JT
tyqduaT xew = YjT¥uIT Xxew TEIJ
/% 313 TTTM 2BY3 SUUNTOD JO JaQunu wnwixew ./ ‘y3gual xew/(L+11) = suwnfodu

/w4 S2TQETJEBA TEIITUT 2WOS 33§ 4/

f{43UaWPas AndUT UT JOJJ3, ‘0) ATEn TTEO UIY3 TT < YIBual xeuw JT

tpua
f(yazuaT Tead ‘yiguaT  Xem)xew = yaBual xew
{1 + JuUDJBYD = JUDJRYD

tpua
$(S3UTTU *((L - T ‘JuUdJeyDd ‘SaUTT)JasqQns)aapuedxa qed ;| , :P_ AUTT4 ‘43Ind3N0 Jouud,) WeaJ3s eOT§ BOT TTEd
(1T ‘wSJ970BJEBYD P UBYJ JIJUOT ST JUBWZIE U] BUTT, ¢4Ind3no T JodJd,) WeaJs3s eoT$ eOT TIED Uay3l
/s ¢87Q 003 3UTT e puUNOy aM AW} IEJTJ 33Ul STUI ST 4/ 11 > U3gua xew Jy
top
uayl
s SJ970BJBUD TT UTYITM PUNCJ 30U BUTT Mau 11 < y3asuay 1ead J1
‘pua

(((7 ‘quddeyc ‘sauTr) JisqQne) Japuedxa qe3) YiBual = yidBuay (ead
/% PUTTMAU PUTJ 4/ ¢(BUTTMaU *‘(3uUdueyd ‘S3UTT) JISANS) X3PuT = T
/s QB3] E P3UTEIUOD JABY IENW 3UTIT 3yl u/ top asTa
B E]
/s BUTT JO U34Ua] TeaJ dABY oM ‘QUTIMAU © SBA 1T ¢/ 1 = Ya¥ual Te2d
/s LPUTTMAU ® 37 SBM 4/ ‘Op U3U3 auT[mMau = (| *|-F+3udueyd ‘sautl) Jasqns Ji
/s Q€3 JO JUTTM3U JOJ NOOT ¢/ {(QEI QUTIMAU ‘(3UdJeyDd ‘S3UTT) JISQNE) Youeas = 1
/s °©3UC J0OJ BUTYDJE3ds ueyl 3ATsuadxa 2JoOW OU ST
S4970BJ4RYD OM] JO 3uc JoJ Butyoueas qey3 310BJ 3yl Jo 25ejueape saxe; I
*3UTT 2y3 UT 3Je £Qel ou JT Japuedxa qel BFUTTTeDd SPTICAB MOT3Q 2pOd 3y3l
2J0J2J43Yy3 ‘Tay3 UT £Qe] UTEJUOD 3, UOM S3UTT 350w 98Ul 303dXd aM ¢/

{(SJBYOUHUOJRYD)ATTUM | AQ | = S3UTTU op
/w PUTT 3828uol pue 3uamPas UT €3UTT JO J3QUNU PUT] ¢/

anl Ip2 Ghell SL/LO/M0 24877 ‘suwnyod

622
gee
L2z
922
a2z
n2e
€22
2z2
122
0zz
612
gLz
ue
912
sie
(184
£1e
21e
[3%4
oLz
602
802
Loz
902
s02
102
goe
202
102
002
661
861
L6l
961
S61L
%6l
€61
261
161
061
(118
88l
Lgt
98l
S8l
hgl
€9l
2gl
181
ot
6Ll
8Ll
LL
9Ll
Sl
nil
£LL
2L

63



w = (L ‘uu ‘ButyiTatoum) Jisqns
fop uay3l S3UTT ANdINo Te303 > IUDAUTT JT
tpua
¢pajuem YiBUIT + UU = Uu
£(3UD3UTT) soujl IndIno = (pajuem Y3BUAT ‘uu ‘BuryjzTetoum) Ji1sQns

/s (90eTd 2U3TJ 3yl UT ST AUTTMAU U3 INQ) IUTT YOB? JO Pud 3 SIDBdS BJIXI IBOUNJ] AEW JUTT 3IXdU STY3 ‘uo €T asnfpe T 4/

£(3pod ‘u3d 235 INdIN0 ‘QOLOLO ‘wu ‘uSUWNTOD',

f(sautT 3ndino  Te309 ‘| = TBAJ3IUT + T) UTE 031 T = QUOIUTT 0P
fsaull 3andano 1e203 07 TEBAJ3IuY £q | = T op
/e U33M33Q U SPIaJWJOJ YiTM 'Bwyl © 1€ SIUTT Yidual ased ‘QuawPas aaow 4/ f| = uu
J0Jud u3d Jas  Indqno 0308 udyl Q0 =_ 3Pod JT
f(3poo ‘p ‘uy3d was 3Indino) das  9jeounJl1§ soy [Ted
ta0uaudd u3d 0ds INdIN0 0302 uUIY3 TTNu = J43d Zas andyno Jy
(u w ‘PWEU3)3JOJaq ‘() JIpm 213¥) Pas oxewg soy [Ted
top uayl YOI Tme JuauPas JT1
$(U3dUIT XBW TE3J -~ Y3JuaT Xew) - Y3BudT TEIOI = pajuem yiaual
LSUWNTOOULYIZUIT XBW = y3aual Te301

qUNOD 11Q 33§ PUE JUIWEIS 07 IAOW ‘qU3LF3S 03 ST NAINO JT 4/

f(apod ‘*uad ¥asTindut) uid sas$ wWIdl [TED

/s UBLHAS INdUT JO PTJ 3132 UBD am 4/

tpua
fpua
‘pua
$3UTTMAU = (U3JUST XBW TE3J*(IUTSTOD*IULAUTT)ITTS IndIno)Jisqns uaul
SUWNTODU = 3UDTOD JT
tpua
| + SauUITu = S3AUTTU
L(UITMAL ‘(qUOJEYD ‘S3UTT) JISQNS) XIPUEF + JUDJEUS = JUIJBYD

$((1 - (SUTTMAU *(3UDJBYD ‘SAUTT) JIEQNS) XIPUT ‘JUDJRUD ‘SIUTT) J1sQNS) Japuedxd qeq = (3UDT0D ‘3IUDAUTT)ATIJ Indano 3sTa

¢ afed

(L - [ *3judueyd 'SaUTT) JASQNS = (JUDTOD ‘qUDDUTTIATIJ andyno uayl

BUTTMAU = ({ *{ = [ + 3judueuyd ‘SauTy) JIsqQNs JT

£(qe3TauTTMaU ‘ (JUDJRUD ‘SAUTT) JASqNS) ydJeads = [
top asTa
/a SIUTT INdUT 2JOU OU JT SRUBTQ T1TB 4/ fuw = (3UDTOO*3UDAUTT)3TTJ 3ndino uaysl
$3U1TTTR107 ¢ SAUTTU JT

anl 1P3 G h2LL  GL/LO/MO 1811 suuntod

L92
992
S92
792
€92
292
192
092
662
414
Lse

0s2
(114
gne
e
ane
(114
fine
€2
2ne
the
one
6£2
Q€2
Le2
124
[1%4
[1%4
€€2
262
1£2
0€2

64



q 98ed

» 40 YSTUTI 03 0108 TeO0TUOU 4/ {8qeuTmJa] 01038
¢ (9%essauw ‘,SULUNTOD, ‘3p0OD) ~JJ3 WOD TTED

{(g)4eUd 8Fessaw TOPp

$(GE)uTq PexY) @pod Top

{(odessaw ‘3pod) doud :L13n

g /s 23BUTWJ29 pPue 3FeSSAW JOJJI Ue UTJId 4/

fpua
‘pua
f(BuTJdas)udniad
fop asT@

S(((1 + UOTITSOL qey ‘ButJis)disqns
14 (L + (0L ‘1 - uoTitsodTqea)pow ‘y 4(0l))438QnE

(L - uotitsod qey ‘y ‘Buydas)Jasans
) Japuedxa qe3) uJaniad
uayy
0 =, uoyitsod qes Jy

f(qe3 ‘BUTJIE) XBpul = uoraIIsOdTqe)

turq paxyJ uoryrsod qei 1op
¢(g)dRUD JUTJIS TOP
1011818 (u w)3TUT (1)Jeyd qea Top
137QTONPad ((4)dBUD) SUJNIBJ (BUTJYE)D0ud:Japuedxaqel

/s §30BdS O3UT §QE} UJN] 0F BUTINOJ 5/

J3d dasTyoqedds J1
HERFUUR USEL

$(apod ‘uad mas T ydjeJos) Fas AJquarap$ €OU TTED udy3y TINU

/w PBUSTUTJ UdYm dn UEa[d 07 343y J33Ud 4/

‘pua
t((u3lpuay aded ‘tr)pouw ~ £9 ‘g ‘(SaUTImMaU)Jppe) JId 27TJmETSOT TTED 8BS
$(1 ‘0 ‘(sautTmau)appe) J1d 33TJM$TSOT [TED UaYY
0 = yjrBuay emed 37
‘pua
{(Yyqzuar aded - g9 ‘p ‘(SautTmau)Jppe) J3d 23T4MST SOT TTED UIYL
0 = (y3Buayr ezed‘i)pow JT uauy 0 =_ yiBusy aded ;v
/s SUTT BU3 300 93Tdm 4/ *(P23Uem Y3a¥uUay *(i-T)sU3duay [e303 ‘Jid 3as yoqedos) J3d 937Jm¢ s0T TTED
¢{souIT andinoTTe40%2 03 | = T op
L(E ‘0 ‘(sautimau)appe) J3d 31TJm¢TSOT TTED UBYY
0 =, Yy3iBuay eded J1
top asT®
‘pua
S (WSUWNTOD , |) (u «‘dWEUR)2J033Q ‘3p0D) AT¥n TTED

1d0da3” uqd Fas ndino

uay3
0 =, 3pod J7
{(apod ‘u3d das andino) J3d Fes¢ wJay TTed
tuoaae~u3d Bas ind3ino 0308 usyy ¢ =, 8pod JT
£(3p00 ‘fg(1-uu) ‘uad Fes"Ind3n0) Ias 0Q 13§¢ SOY TTed
‘pua

tpua

{1 ¢+ uu = uu

/w PI3JWIOJ 1JISUT 4

anl 1pP3 G hgli  GL/LO/RO 18T SUWNTOD

(143
£2¢€
22¢E
12¢
02€
6LE
gLe
Lie
91E
SLE
(183
€LE
2LE
LLE
oLE
60€
80€
LOE
90E
SOE
hoE
£0€
20¢
10€
00E
662
862
62
962
s62
762
g6z
44
L62
062
6ge
882
g2
982
sg2
wge
£g2
[4:14
18z
0ge
6le
8lz
lLe
9.2
slz
nle
gle
2Le
1Lz
oLz
692
292

65



L #%ed

an} 1pP® G'HZLL

SL/LO/%0

{pus

‘pus

41T SUMNTOD

L2€
9z¢
743

66



seass L Td°TOUT 2J090NIET WRABTD 3TTJ BPNTOUT PUS sppssssns/

{uTq PaXTJ s£3TuUN UgsweJddTp PBUTJIP s3Tunm U TOP

/8 (whu *°3°T) ‘T3M0A 37RUJBITE UR €T STYY ¢/ £(1)37Q T3MOA”3qBUJIBYTE 2

: /e T3MOA © ST STUY 4/ “(1)37Q T3M0A 2

/e ®1QETTAS B UTBaQ 7 UED 4/'(1)37Q BTQeTTAs UT3aQ 30U 2

/w4 ®TQETTAS 35BT UT TaMOA ATUO 243 8q 3, UED 4/ ‘(1)31Q 371ds TeutJ ou g
‘((saTnJ¢sweJBIp)Jppe) PISEq PIUBTTE (S3Tunm U)SATNJ | TOP

/s ATUN 4oe3 JOJ £310J Sey ABJJR STUL 4/

t(2)Jeys ped 2
‘(1)Jeyd puodss 2

‘(1)JBYD 383T) 2
*{ (849333 T$SWRJHTP)JIPPE) POSEQ (SATUN U:Q)ITTdS SJ43333T | TOP
/s $4830BJEUD TENPTATPUT 03 80UBJ3JAJ SMOTTE 1NQ ‘SJ9339] SE SWES 3Y3 ST STUL 4/
$( (543213 T$SWEUS TP )UPPR) PIsEq PAUATTE (2)JEUD (S3TUN U:0)SJ3333T 19P
/% 3TUD 4OBS BUTQUISAJdaJ suTed u3333[-g JO | P3TITASN[ 3J31 SUTERIUOD LedJe STUL 5/
/a KJ3UB/831q 6 SaMEW STYT 4/ t(1)31q ped 2
/s Jeadde jou Aew Jyed sTu3 JT UO g/°(1)37q Jied TeBa11T ¢
/% 9TQeTTAs awes UT J4Ted STY3 MOTTOJ 3SNW TaMOA JT UO 4/ “(1)319 X1JJnE 2
/s 9TQe1TAs swes uyl JTed £TY3 apadaJdd 60U [5MOA JT UO 4/ ‘(1)a1q x1394d 2
/s J78d NESuq B €T JTEd STYI JT UO ¢/ $(1)319 %esJq 2
/s PU? 30U 3snw JTRD STYI JT UO »/ ‘(1)31q pusTIou 2
/s 91QeTTAE pus 3snw Juted S€TY3 JT U0 4/ ‘(1)31q pua g
/s UT23Q 30U jsnw Jted €Tyl JT Uo ¢/  *(1)3TQ UTZ3Q 30U 2
/& 91QETTAS UTFaq 150w J1ed STY3 JT UO 4/ “(1)31q uydaq 2

‘((SweJFTpP§ESwWeJSTP)JIPPR) pPaseq (SATun"U ‘sijun u)sweddTp | TP

s §27Un Jo suted arqissod [ 34NOQE UCTIRUAIOJUT SUTRIUOD ARJUJE STUL &/

{1BUJB X3 SBTNJ$SWRIBTP [OP

{{BUJSS XD £J43733T¢$sWRJBTp TOP

‘TeUJ31Xd UTQ PaXT} €1jun ugsweddIp Top
{1EUUSIXD sweJITpgsweJddTp TOP

s 119" TOUT 3un30NUE WRUBTP BTTJ IPNTOUT gaas s/

/unn

£(1)3TUT UTQ PaxTJ Xapuy pajeududiy 1op
£(1)3TU] UTQ P3aXT1J X3puy pJom 0P
tpaudrre (1)37Q suaydAy ou ToP

tutq pax1y 1 10P

{(g)JeUd puom pajeuaydAy [op

{(4)JEUD pJOM papuedXs TOp

fUTQ PaXTJ y3Buayr pJom 10P

tpaudTTe (1)379 (g:0)sudydiy 1op

tUTQ PAXT} (4:0)PJonm TOP

! (pJom pajeuaydAy ‘puaom papuedxa ‘yiBual puaom ‘suaydhy ‘paom) ooud :TPJOM JJUBAUCD

30JNoOE AVAYD :SUOTAA0
enL 1pd 0°12Ll SL/LO/w0 :UO paTidmo)
6Linl 3® GLE6L ‘G2 UDJEW .»munw:m Jo HwHuQEOu 1/14 Teauawiaadxza :4q palrdwo)
PJOM 318AUOD INFWDIS 20 ONIISIT NOILVIIIWOD

CFANMINOEORO — ~ NMT INO O D

67



2 afed

‘pua

tpJOM~ qJ3AUOD 0308
tQulwe = suaydAy ou
{(paon~papuedxa ‘Y3FuaT pJom ‘puaom) Aaqud 1suayd Ay OU$ PJOM 3JIAUOD

anjad
/s S90mdS UITA N0 TTTJ &/ tuw = (XIDUT pJom ‘paom papuedx?)Jisqns uayi (paom papuedxa)yjidual => X3puT pJos JT
fuu = (XapUT pajeuaudAy ‘pJom paieuaydAy)Jisqns uayi (pJom paieusydAu)ylFual s> Xapuy pajeuaudAy JT uaul suayddy ou_ J¥
‘pud
‘pua
$1 + XapuT pajeuaydAy = xapuy pajeuaydLy
tu=w = (1 ‘Xxapuy pajeuaudAy ‘paom paieuaydLy)Jisqgns
fop
uay3
(T)suaudiy Jy
usy3
suayddAy ou_ JT
{pua
£2 + X2pUT PJOM = XSPUT PJOM
{pua

t2 + Xapuy pajeuaydAy = Xxapuy pajeuayddy
f((T)pdom)sa833aT = (2 ‘xapuy paijeuauydAy ‘paom”pajeuaydAy)aisane
top
uay3y susydlyou_ J7
£((T)PJOM)SJD333T = (2 ‘XIpUY pdom ‘paom” papuedxd)Jisqns
top
asTe
‘pus
f| + X3pUT pJOM = XBpUT pJOM
{pua
t] + xaputy pajeuaydAy = xapuy pajeuaydiy
(1LY ((T)paon)£a9933T)a3sqQns = (| ‘XapuT pajeuaydAy ‘paom”pajeuaydAy)Jisqns
top
uayy suayddy ou, JT
(141 ((T)PIOM)EIa33IDT)IISQNS = (| ‘XIPUT pJom ‘pJaon” papuedxa)aisqns
top
uayg
w w s (1°2'({T)pa0on)EJa333T)J38QNs JT
tyaBuat pJom 04 | = T op
. IPJOM 3J3AUOD

tq,u = suayddyou

anl Ipd 0°62LL  GL/LO/KO 48T PJOM 448AUOD

95
ss

134
2%
15
0s
6
gh
ln
kL
Sh
h
£n
eh
ih
oh
6€
513
LE
g€
13
hE
€€
43
LE
ot
62
14
Le
9e
se
we
€2
(24

68



tpua 42
tpua g2
1Insad = 3T0SaJ uayl 27
L+T = 1SBT % 0 ¢ I8e1 JT 2
tpua 02

4Insad = 4Tnsad uayl (1)suaydiy J1 61
t(1*7'pJom)alsqns ! 1TNSdJ = NSIJ fl
top L

uays gl

0= TJT 6l

‘(p4OM)Y23udY 01 0 = T OP 4L

fuw = 2INSAJ €|
2l

L

ot

6

8

L

9

S

L]

£

4

I

.
cupu

‘pua
tuunqad
pJoM = 3Tnsad
top
uayy
0 > 1ser J1
tu1q paxyj 1ser 1op
tpouBiTe (1)1714 (s)suaudiu T1op
{(p)JEYD pJOm TOP
tButhaea (4)JeyYd 1TNSaJ TOP
tuTq PaxTy T TP
JBYUD  PJOM IJIIAUOD

'
CuBBu

{(1Insad ‘qysey ‘sududAy ‘puom) doud

20.MOS Moayd :suoTadQ
onl 1Pd@ 1°L2Ll  SL/L0/40 :uo patydwo)
6Lihl 3B GLEL ‘GZ udJdeW ‘Aepsonl jo JaTTdwo) I/1d TeIudwiLadx3y :£q parydwo)
TJ4eUITPJOMTII2AUCO INIHDIS 40 ONILSIT NOILVIIJWOD

69



/e S3TUn Jo sayed a1qissod TTe ANOQE UOTIBWIOJUT SUTRIUOD AeJJe STYL ¢/

{TeUSR X2 saTNJU$SWRJIBTP TOP

{TRUISIXD SJ1313T$SWRJBTP TOp

{TeUJ31Xd UTQ PaXT) siTun ugsmeJBTp TOPp
{TeUJP1X? SweadTpgsweadip 10P

s LTd°T0UT 9Jdn0NJLS WRJB TP S1T) PNTOUT g4 I'Y4

s

'paxTy T 10P
{(f2)urq paxyy oq TOP
$((SE)UTQ PoxTy ‘Jad ‘dad 'urq paxyy ‘uid) Kajus Tyjed puedxa 1OP
$((GE)UTQ PaxT) ‘uid) AJ1Us SWeUOU 91BUTWJII$T SN TOP
L((SE)UTQ PaxTy ‘uad ‘(2)UTQ PAXTJ ‘(#2)UTq POXT)
‘(g)dBUD ‘(g)dBUYD ‘(g)JBYD) K£JIUS UNOD 21BTITUTS S TOP
t(dd) peseq (yiBual)Jeyo 3Bue 10p
tur31INg TINU TOP
tutq paxy) yjFual oweua TOp
tpouBtTe (2f)JeYUd sweuds 1P
{paudtIe (891 )JBYD 2wWeudIp TOp
$(TInu)aTuT o1qels J1d J3dFes TOPp
£(1)379 18TT 1P
{Buthaea (GZ)Jeyd oym 1OPp
£(1)3179 @17dWo0 TP
£((1)37Q)5UJdn3ad ((42)UTq Paxty ‘uid) Kujus ~a1qe3  peed 19p
{(uTq pax1}) suaniaJd Kaqua ~yiBuat auIT 393 TOP
GE)UTq paxy) TeuJaixa (1dopeq$ ayqel JoJdJa ‘Hueoug”a1qeI JOJJD) TOP
{(21qeTJeA)SUOTIdO £J3UB TJJeTTOD TOP
S((SE)UTQ PaXT] ‘(4)JBUD) KJJUD SWRU 21BUTEIDIE™ SOY [OP
L((GE)UTQ PaxT) ‘urq paxty ‘uid) KJque Bas eqeounaigTsou TIp
$((GE)UTA PAXT)) SUJNIdJL (UTQ PaXTJ ‘(,)Jeyd) £J3us TN03YD0ap  AD TP
tutq paxyJj Xapod 19p
£(GE)UTQ PaXT) 2p0d TOP
$((SE)UTQ Paxy)'uyq paxtj‘uid‘utrq paxtj)haua Jid ZaegTno Top
{ulq paxty smoJu 9P
turq paxyj (9z1s ‘3Jelis) 1op

taunpaooud :uaTydwos 91qR1 WRJE TP
/e
*£731094400 paTTdwod UIIq SBY puE
§151X2 ApeaJle JUsW¥As sweJBTp ayi 3BY] SIWNNESE TTIed STYL
‘UWNTOO YOBd JOJ SUOTATSod | MOTTIY ‘SUENTOD U UT 3ndqno ayjy $1517 u

- a1qel weJFTp quyad :adesn

*SUBNTCD U Uy Inq ‘da0Qe S §ISTT U 1STI- ‘U ‘sI-
‘uotye[Tdwod JajJe Teutwdaj ayj uo Indino 9yl SAFTT ASTI- ‘ST-

:ButmoTT0) ayl Jo auo aq Kew uoTydo :aJaymM
-uotido~ suweuyled JaT7dwod ayqel weJFTp :ofesq

cuSweasdip, paweu
quawdes B Ut Andano parrdwoo 2yl sind pue JO3EJIURY pIOM BUQ
JOJ} sweJFip FUTUTEIUOD QUIWIIS 20J4NOS B $I[TIWOD PUBTWOD STUL ¢/

204n0§ N09YDd :suotadp
anl P2 L°12LL  $L/1L0/h0 :UO paTidwo)y
6Lihl 3B GL6L 'S2 uyoJed ‘Aepsenl JO J311dWO) I/7d TBIUSETJadX] :q parydwo)
J4a77dwod"91qey WeJdSTp INGWOIS 40 ONIISIT NOILVIISHOD

~—NMMT O ~0 0

oL

~—NMI NOM~DO N

N i W= vl ==l v

70



2 afed

fadefae 0303 uayl g =_ @pod JT

{(9pod ‘(ameu?d)Jppe ‘(sWeuJIp)J4ppE ‘yiFusl ‘dd) Tyie” pueaxs TTED
tdaedJe 0308 uayl Qg =_ @pod JT
f, = ouBue
t(epoo ‘yiBuar ‘dd '|) aid Baeg no [TED
377dwod 03 YDITME 186 4/ fQulu = @17dwod
1p3Jde3s
!u03Ipu = OUA
tkajua :03p
{13delrs 03038
{9 TTdmoo aTqeq meJddIp, = oum
{(91qetJea)suorido AJjua “eOT TOP
{paxTJ (3SJTJ ‘STPPTW ‘Japulemad ‘(0)3ITUT sumniodu ‘isel ‘JJTIp) 1P
‘uyq paxty oudue 0P
t(a1qeTueA)SUOTIdO AJjUd TuugTeOT TOP
furq pax1y yadual 1op
tpaxyj Xew T9p
tpaxyy (% ‘F) 1P
taqd dd 1op

ssssss | T0°TOUT 3UNIONJIET WRIITL ITTJ PNIOUT PUD gyue

fUTQ PAXTJ S]JUN U$SWRJITP Pautljap sIjun U

/u (whu *79°T) *‘T9M0OA 33RUJRITE UB ST STYI 4/ £(1)37q TamoA” 23jeUIRITR 2

/u 1380A B ST STUI ¢/ ‘(1)37Q T2m04A 2

/u PTQRTTAS ® UT33q 3 UBD 4/'(1)37q dTqeTTAs UTBaq 30U 2

/s 9TQETTAS 35e] U] [2M0A ATUO 3U3 3Q 3 UBD 4/ “(1)379 331dsT TRUT OU 2
‘((saTnugsweadTp)Jppe) paseq paudyre (S3TUnU)SITNJ |

1°P

/s 3TUN UOE3 J0J S3TNJ sey Aedde STYL 4/

t(2)4eyd ped z
‘(1)Jeyo puodas g
“(1)deyo 3sd1y 2
‘( (542319 1$SWRJIFTP)IPPE) PISEq (S3TUNTU:Q)ITTAS 5423337 |

P

/w §J4330BJRUD TENPTATPUT O3 20U3J3J3J SMOTTE ANG ‘SJ3349] se ames 3yl ST STYL o/

{((s421921$sWRJB TP )JPPE) PISeq PaudTTe (Z)JEYD (S3ITUN U:Q)SJa33aT

1op

/s 3Tun yoea SuTquasaudad sJyed Ja3337-2 JO | PaTIFISnf 1J3] SUTLIUOD ABJJE STUL 4/

/u AJ3U9/8317Q 6 SONBW STUI 4/ £(1)319 ped 2

/s <Jeadde j0u Aew Jyed STYI JT U0 4/°(1)37Q 4yed Te¥ally 2

971qeTTAs ames UT Jyed STyl MOTTOJ ISNU TIMOA JT UO 4/ ‘(1)31Q x13jns 2

/s P1QeTTAs smes Uy Jied €Tyl 2pa3doadd 3SnU [IMOA JT UO 4/ ‘(1)31Q x1394d 2
/w J7ed Neauq e ] Jyed STY3 JT U0 4/ ‘(1)371q Xeadq 2

/s PUd jou 31snm Jjed STYI JT UO 4/ ‘(1)31Q puaTjou 2

/s 2TqETTAS PUd isnm Jyed STY3 JT UO 4/ ‘(1)379 pua 2

/e UTE3Q j0u 3snm Jied STYI JT U0 4/  ‘(1)37Q uydaq jou 2

/w 21QeTT4As uT82q 3snT JTed STYI JT UO 4/ ‘(1)371q utdaq 2

‘((sweuBTp§swWeFIP)JPPR) paseq (SITUn U ‘SITUNTU)SWRJITP |

anl 3pa 0°G2LL  SL/LO/NO 171 Ja1Tdwod s 1qey weJF TP

0P

71



an] 1p3 0°G2llL

SL/LO/MO

(U3Bus T sweus

11nu = J3d8as J1
t(9poo ‘ud1d3es ‘0 ‘0q ‘4. ‘udIP"u
‘L ‘sweud)Jaisqns ‘(SWRUJTP)) JUNOD 93EBTITUTS 2y TTED

/w JU2UBIE 20JN0S Y3 9IETITUT MOU 4/
t917dwos T quop 0303 usyl aTTdwod JT

tpus
‘pus
tusadJe 0308
tqdopeq$ aTqeI JOJJI = IPOD
fop usyl
0 =, xdpod 3%
{(x9pod *‘BJe) THO3YD o8P AD = SUMNTOOU
‘op asTa
nl/() YiaBual BuTT 193 = SuwnTodU UsY3L
0 =, 3pod JT
$(9pod ‘yrduat ‘dd ‘oulue) Jid BJegTnd TTeD
ssumnyodu 398

£Qu0u = 3TTdWOD
‘1 = ouBue
‘Qulu = 3FTT

12qdels

$,91q87 weddTp uTJd, = ouym
tAaque :arqey weddyp jutJd

$214e18 0308
tuipdy = oum
t£Jqua :qpd

‘sumnToou 198 0903
tpua

taasdue 0708
{qdopeq$ 91qeq JOJJD = 3pOD
top aste
‘pua
‘€ = oudJe
f{Qule = 37T
top uayy
wISTI=u = BJe ! ,ST-, = 3Je J%
F €
/w P3JIE3p BUTISTT OU 4/ ‘Qu0u = ISTT UYY
0 =, _3p0od J¥
/e uotado 193 4/ {(2p02 ‘yiBual ‘dd ‘2) J3d Bue¢ no [1Ed
‘{2 = ouBue

‘g - YyiBuat sweus = Y3jBuay sweus usy3l

wIP'w = (h ‘€ - ylBuay sweus ‘sweus)uaisqns JT
usy3

f =< Yj3uay sweud Jy

‘L = yaBuai sweus = yi18uaT sweUI IFT3

42§ = yi8uarTsweua usyl

0 = yia8uay sweus 1

(u » ‘3Weus)xapuy = y38usr suweus

1877 J91Tdwod 91qel weJ37p

8L

92t

72



y 9%ed

‘w@i QL w §1 ()eseyo

‘a1qeTTAs uT3aq qou" (F)satna’ ([)saa33a1'(“ual Q1 41,491, ©2, P2,

£((SMOJU=-15JTJ=99*u/_u)AdOD)TUUS BOT TTED udy3

flw

t(pua qou° (}‘()sweadp ‘pus- (}‘[()suweddIp ‘Aeadq: (A
‘urgaq qou’ (‘[ )sueaBIp ‘ulaq-(y

fgatunug (L

L = jJess gy
{pua
w) —®OT [Ted
‘pua
‘f)sweazp
‘[)yswesstp

1 (W)sa93387 ) (f)ooeaeyo |} ()oedeyd | a1 QL 41, w) Tuug eoy TrED
-y - 1=y
L satunTu/(i-1) = §

1331P AQ xew 03 JJTP+3TPPIW ‘(Xews>T)3TTUM L+JJTP AQ 2TPPIW 03 18JTJ = T 0P
tJJTPs(l - JOPUTEBW@J - SULNTODU) + STPPTW = XEwW BSTI
S(1+331P) - BTPPTU = XEBU U3YY

1841) =_ 9TPPIW ¥ 3sE

T = 18413 37

$(L + JJIP)aJOPUTEWAI + 3SJTJ = TPPIW
{1sBT 03 3Je3S = 38J1] Op

1 - 1Je3s + SUUNTODU/(| - SUWNTOOU +

az1s) = 3sel

{SUUNTOOURJJTP = 9ZTS = JAPUTEBWJ

fsuwnNTo0uU/3ZIs = JJIP

£(09aSULNTODU *[+3J€35-S3TUN UgSjTuUN U)uTu = 325 IS
L((SMOJU-£G) 4SULNTOOU ‘S3TUN UGSITURN U)UTE = 3ZTS UIYY

! (24aS3TUNTU>IIRIE) BTTUM
09asuuNToou AQ | + (SMOJU-$G)4SUWNTODU

L = 3Jeas g7

‘1 = 3Je3s op
{(wu) BOT TTED
tpud
(«w) €07 TTED
‘pua

{(TaMOAT99RUJB TR (f)saTnd ‘TamoA* (f)saTna‘qTTds Teut  ous (f)sa1na

u)TuugTeoy 11D

t(sqtun u => () arIum smoau £q 1 = [ op
iSMOJU 03 | = T Op

t(u/./././.u) "EOT TTED

top
usyl
0= _swintoou J3

QUSWEIS SWeJSTP BY3 03 JOUIJBJAJ 315JTJ 9yl ST STUL 4/ 'l + SUWNTODU/(|=-S3TUNU) = SMOJU

uay3 a1idwod J1
12 17dwos quop

/w MOU 3ABAT ‘pajuesm FUTASTT OU JT 4/ fudniad uayy ST, J1
1(?poo ‘u3dPas) sweuou 83eUTWIAI$” SOy TTED

/8 40339 Aue 4/ (0q ‘ua3ddes

s MOU 30JNOS BYJ dBUTWIR] 5/

tpus
fudnyad

(% °3UdWS3S 204NOS UT JOJJF, ‘Oym ‘() Jud OO TTED

top
uay3
y"@1qe3 pead j1

/a §37d0> SnOTARJd 31RUTWIRY 5/ ¢(3P0OD ', SueJSIp,) aWel sjeuimud3i¢Teoy TTed

/

quauzas Ayl aT1dwod 5/

‘fpua
fuanqaa

f((YrduaT eweud ‘| ‘PWRUd)JISQNS ‘SWEUJTP ',23P°e_<B_, ‘OYM ‘8p0d) a8 mOD TTed

anl 1P3 0°G2LL

SL/10/K0

4811 421 1dwoo” 91qey weaB1p

top uays

981
gl
LI
£8l
28l
18l
oglL
6L1
gLl
LLl
9Ll
Sl
LFAS
€Ll
2Ll
1Ll
oLl
691
891
191
991
91
w9l
€91
291
191
09l
651
851
LSt
951
ssl1
L& T8
€61
251
161
0651
6nl
ghl
Lhl
9t
shl
L1
ent
2nl
i
onl
6E 1L
gEl
LEL
9E L
SElL
wEL
£EL
cElL
LEL
ofL
621

73




G af%ed

any 1pa

0°62L1L

GL/10/10

[

tpuas

tpus
{(Bae ‘oym ‘8pOD) “uJa WOO [TED
£(0 ‘yaousl ‘dd ‘oudue) aid BaegTno TTED
lop
as12
f(oum ‘ap0oD) TUJ9 WOD TTED USYY
dueougTaTqeq JOJID = 2POD JT
tda23ae

{pua

£((0)S491719T)UdNIdd ST

$(A8473°(9)271ds s a87331 W w)UJdniaa uayil
w « = PUoDdas®(0)371dsTsu8q12T JT

{paxt} ° 10P
f((2)Jeyd)suuaniad (0)doud :doORJEYD

tpus
{4 «)UJINIBJL ISTD
f(umw)Udniad uayy
x13nec(x‘()sweddip 51
2872
$(utw)udniaad uayq
Jied (eSa 11T (%[ )sweddip 71

f((1)4eyd) suanisg 20J4d eseyo
tpua
W)UIN13d 3ST3 ¢ (,=~u)UdNqdd udyy x7jaad- (R‘()sweadip Jy
£((1)deyd)sudnyaa douxd :doeseyd
tuunqau
tpua
tpus

$((I84TJ~99+1JRIS 4/ 4 )AdOD)TUUETROT TTED BST2

ASTT 421 1dmOD B1qeY WEJD TP

1ze
oze
6L
gle
jA%4
912
aLe
L1%4
€Lz
[4%4
1e
oLe
602
802
Lo2
902
S02
noz
€02
202
102
002
661
861
L6l
961
G661
n61
€61
261
161
061
68l
881
gt

74



1(pads) AJ3Uad :paas JTUTS PIOM 33jeJaual

/n
*an{ea N00T0 ayj Juisn 03 Noeq ol

am ‘043z ST juUaWNBJE paas 2yl JI PIIS BU3 39S 03 JITN Y3 SMOTTe AJIUd STUL 4/

tuanjad

{(paoMTpajkuaydAy *pJom ‘sTUN UT Y3Bual ‘suaydAy ‘pJom wopued) TPJOM 3JIIAUOD TTED
¢ (TeMoA mOpURJ$TITUN WOPURY ‘T3TUN WOPURJ ‘s3Tun UT Y3Buldl ‘yaBual wopued ‘suayddy ‘paoM mopued) TPJOM WOPURL TTED

/a SJ230BJBYO 03 3T 3J2AUOD pue PJOM WOPUEBI Y3 130 5/

$(1 ‘Peas¢TielsT jTUN wopueJ ‘pa’s¢Tie3sT 3Tun wopued ‘(1)paas$ 3eqs 3Tun wopued) ~uJaydyous TTED

/e P93 BUl JO aNTEA 9X3U 3yj PUE JIQUNU WOPUeJ B 33F 03 Paas ayl Jaydioua 5/

tutm + ((| + utm - Xew) ‘((LL ‘(1)PI3S$TIeIS JTUN WOpURJ) PAXTJ) ©qe) pow = y3Buay wopued

t(u1q

/w ‘Xem pue utw

U29M33Q JIQUNU WOPURJ PIINQTJIISTP ATWJOJTUN € 3Q 03 $TY3 jeTnoTed am

*JT9S1T PJOM 3U3 U3 TM DPI3ETAJJ0D aQq AEM JWOS UT 30U TTTM

pJoM 3yl JO Y3BUIT Y3 3BY3 0Ff Y3pBua] STY3 JUTWJIIIP 03 paas ayy Jo

auy

anTeA PO Y3 3sn M 'PaJIsap PJOM AUl Jo UjBual Yl 139 4/

fpua

£Qu0u = TTEO 3847J

f(() Te31q7enbiun) paxtJ = (()Paas¢ IeIs 3TuUN wOpued
fop uay3 TTed 38J1J JT

/w 'P33F wWopueJ 3y3 JZTTERTITUT 03 JIQUNU wopued
e 133 04 §71Q anbyun asn ‘(paTTed 10U SeM AJud paas  ITul
JT) £69004d B UT aJnpaoodd §TY3 03 TTEO 3SJTJ AJdA 3yl UQ ¢/

£(Quly)3TUT PAUBTTE 0T3€36 (1)37Q TTed 38J7J TOP
f1eUJa9X2 ((1L)UTQ PIXTJ (1 )Paas$ 3els  3Tun mopued op

PaXTJ ‘(1L)UTQ P3XTJ (a) ‘(LL) UTQ PAXTJ (a) ‘(11)UTQ PaXTJ) Ad3ud ~aaydyoud 1op

$((0L)3TQ) SuJdnjad AJjus Ts37q enbun Top
fuTq paxJy) yYjduat wopued TOPp
fuTqQ paxTJ) s3TUN Ul yiBuay TOP
1Q paxTJ (02:0) PJOM Wopued TOP
tpauszTTe (1)37Q (02:0) suayddy Top
{(Aajua ‘AJqua ‘urq PIXTJ ‘Ulq PIXTJ

‘pauTTE (L)3TQ (w30) ‘UTQ PAXTJ (w:0)) AJjua ~pJoN mopued ToOP

f((w)deUD ‘(g)JeYd ‘urq PaxTy

‘paUBTTE (()37Q (w:0) ‘UTQ PAXTJ (g30)) AJJU3 ~PJOM 3J2AU0D TOP
{(UTqQ PaxTJ) AJ3ua (TIMOA” WopUeJ$ JTUN Wopued ‘TJTun” Wopued) TOP

fuTq paxIJ Xew Top
futQ pexYy utm Top
f(a)JeUo paom paijeuauyddy Top
{(y)JdeUo pJOM TOP
f(xew ‘utw ‘paom pajeuaydAy ‘paom) aunpaocouad :TpaoM 93jeJsuUlB
/=
*patTec ST paas 3TUT$ PJOM ajeJaausd

£52TUN PIas BUTIJEIS Y3 Se PISn ST ANTEA HO0TO 8yl °'paJysap 1 (T 3Tun wopued
£Qq pauJnjad £B) F3TUN WOPUBM JO U}¢TANQTJISTP PJepueis ayj uaym pafred sT 3T
"SpJOM WOpUERJ 23EJ3URR 09 90BJJI3UT IUTINOJQNE Y3 ST dJnpadoud STYL »/

6LinL 3B GL6L

30.nos ®o3Yo :suotldg
anL Ipd 2-izll  SL/L0/n0 :uo patydwo)
‘Gz Yoden ‘Aepsany jJo ugaridwo)d I/1d TeiuauwrJadxi :4q paTrdwo)
TpJoM 9jeJuRB INAWDIS 30 ONILSIT NOILVIIdWOD

SS
ns
€S
25
(3]
0§
6n
gn
in
9t
St
LA
€n
2
Ly
Oh
6€
[:13
LE
9€
GE
ne
€€
4
LE
ot
62
82
L2
92
T4
ne
€2
ee
Le
0z
61
8l
L
9l
St
LD
€L

75



2z a%ed

anl 1pa |°G2LL

GL/L0/10

fpua g9

fuanjada €9

{pus 29 i

tQuOn = TTEO 3SJTJ 19

fpass = (|)Pads$ qe3S ITUN WOpUERJ 09
f{op asT2@ 6%

fQulu = TTEO ASJTJ UBUY 0 = PO3S JT RS
FAY

£(6E)UTQ paxyy paas T2p 9§

1S T1° pJoM” 83BJU3UST

76



top uayj (pess-, = Jae JT1
£ £
‘pus
tyqBusT wnoyxew = yqFusT wnwiutw
{(wUIBUBT,)aNTeA = UjFus] WNWIXEW
fop usyly
wyiBdual-, = 3ue 37
EN E
f(JEUNEWTUTE,)anTeA = YijBusT wnwiutw usyl
WUTm-, = Bae Jy

. WUT-y = Buae

asta
$(LRUNEIXEW,)anTes = Y3BUaT wnuixew usysl
«XBU- = 3ue J7T

asTe

fQula = 938USUJAY UBY3

woleusydiy-, = 3ae | yduy-, = Fae Jy

usy3

0 = 8pod JT1

t(apoo‘ustBaetaqdiaeoudae) J3d Buae§ no [T
$(Q = 9pod)3TTUM | Aq | = ouBue op
t(a2dysT18a8) J3d 3ST7 Baeg o [TED

taqd adisyiBue

£508 puaom psjeuaydiy ausym eade utr uorqtsod 03 Jdjutod 4/ faad aid udy
$(a3d ydy) paseq (pajeusydAy wnmixew) Jeyd pJoM pajeusydiy
{((esJe)Jppe) paseq (YjBusT wnuixew) Jeyd pJoM” pajeusydiyun

« B9JEe UT SUTT 4ndino 8yl Jo U3TUIY ./ ‘UTq PaXTJ yiBus sulrl 3ndino
/% §90F SUTT Andqano SJ3UM 5/ {(9G)JeUD eaue

fuTq PaxTJ psjeusydiy wnmyxew

tpaustreun (uqd3dge) peseq (usdae)deyo Fae

£(0)3TUT POXTJ SpJoM Xew

£{0)3ITUT PaxXTJ EpJomMuU

fUTq PAXTJ ATNES4

£((0L)uUTq PaXTJ) sudniad AJjus “€97q enbjun

1(0)3TUT (GE)UTQ PaXTy 3pod ‘paxyy ¥

{(91qeTaeA)SUOTIdO Auqus TuusTwod

/% J98N £q padAq pass Jo an(ea g/ (1=)3TUT (GE)UTQ PIXTJ aNTeA pPaIas
/% SPJOM JO Y3BUST WnWTUTW 4/ {(1-)3TUT UTqQ PaXTJ yjBual wnwyujw

s SPJOM JO U3PUST WNWIXBw 03 33§ 4/ {(1=)3TYT UTQ PaxTJ ylFual wnuixew
{(GE)UTQ PAXTJ) SuJNI3J (UTQ PAXTJ ‘(4)JeUD) Kujua ~O3yd 08p AD
£(Qu0u)3ITUT (1)37Q djeusydiy

tuqd aid3ae

f{urq paxyy ‘urq paxty ‘uid) Laqus ajd 8qTJm§ sOT

£((GE)H)UTQ PIXTJ) AJud Pa3s TUTS pPJoM s3BJaUlF

$(UTQ PaXT) ‘UTQ PIXTJ ‘(g)JBUD ‘(g)JeUD) Kujua TpuoM sjeJIUST

‘urq paxyy uardue

GE)UTQ PaXTy TeBUJSIX3 jdopeqsd oTqed Joddd

w)3ITUT (| )JdeYD SUTT maU

{pex1J oudue

$(aqd) Laqus J3d asTT Baeg no

f(43d ‘(GE)uTq PaxXTJ ‘urq paxTy ‘uid ‘urq paxyy) AJius (84 uyd Bueg no
L((GE)uTq paxyJ‘paxtyiaqdipaxyy) LdJjus aid Buaeg no

1P

1°p
w©p
10p
1°p
1°p
1°p
1op
1°p
1°p
10p
10p
10p
10p
10p
10P
10p
10p
10p
1°p
10p
10p
10p
0P
10p
S
1°p
10p
1P
1op
1°p

taunpaooud :m¥ :spaom” ajessuad

8oJnos »o8yo :suotadp

any 1p3 €°12LL  GL/L0/#0 iuo paTrdwo)
6l:tl 3® GL6L ‘G2 UdueW ‘KLepsenl jo uayrdwol I/1d TeIUSWTuadxg :4q parrdwod
SpJoM 93euaUS3 INAWDIS 30 DNILSIT NOILVITANWOD

17



2 9fed

‘pue
tudnqad o308

{(9FeSSaW *,SPJON 93BJIIUIT, ‘XapOD) TUJITWOD TTED
{(g)deUd 3Fessam TOp
£(GE)UTQ PIXTJ (X3pod ‘apod) TP
. {(a8essaw ‘x9po0) Jnpadoud :L13n
tpua
£(Yya8ueT BUTT andano ‘Q ‘(eaJe)appe) J1d 33TJM4TSOT TTED
$(YiBuaT wnwiXew ‘YIFUIT WNWTUTW ‘paom peieuaydiy ‘pJom pajeusydAyun) Tpaom 2qEI2USE TTED
fepJoM XEW 03 | = T Op
/@ 300 TTE® WU 23TJM pUE SPJOM XEW 23BJIUIF 4/
tpua
¢1 + yjBual wnuwixem = yjBuat aujy andino
faUTT MAU = (| ‘| + YiBuaT Wnuwixew ‘pJomM pajeudydAyun) ajsqns
P 9812
‘pus
t2 + pajruaydiy wnwixew + Yj3uaT wnuwixem = yiduay aull Indino
t3UTT MaU = (| ‘| + pejeuaydAiy wnuwixew ‘pJom peieuaydAy) Jisqns
fu w = (L ‘L + yrBusT Wnuyixew ‘puoM pajeuaydiyun) Jisqns
fop uaysy
/¢ 8utdis Indino uyl 30eTd PaI0adX3 UT JIIDBJIBYD BUTTMAU Ind ‘AJUITOTIJI J0J ,/ Ijeuauydiy Jy
/e ©8 09 30®Td ® §paau 3T 'IN0 3T JUTIUTJID 30U 3J M JT UIAD 4/
/e I0d ST PJOM P3IBUUAAY 2J3UM 4/ L((2 + U3IBueT wnuwixew ‘esJe) Jisqns) Jppe = Jid ydy

/s PJOM paieUBYdAY JO YiBUST wnuixew 4/ ‘€/Y3Busl WNWIXEBW,Z + YIPUST wnuixew = pajeusydiy wnuwixem

$(w"PaJINDAJ 1Z>XBWHUTWHE :SY3BUaT JO anyea ped, ‘0) Ardn yred
uayy 02 < Y3iBusT wnwyxew
| yjBusT wnwyxew ¢ YIBuaT WAWTUTE | y > yjBusT wnuuTm JT
t02 = yqSuaT WNWIXEW UaY3
1= = yjdusT WnwIxew JT 3ETa
% = yjBusT wnwiuTw asT3
{pua
‘g = YiBuaT wnuixew
t9 = yjdusl wWnWuUTW
top uayy
- = YjdusT wnuwixew JT uayjl
I~ = ysBuar wnwjutw Jy
$| = SPJOM Xew U3yl 0 = SpPJOMU JT

/e *A13uTpJoOO® SanTeBA JTNEJEP JI3Y] 396 pue
‘paTJToads USIQ SABY SUOU JO ‘Yj0q ‘WNEUTXEU ‘WNWTUTW JBYJaUm SPTOap oM MOTIE o/

‘pua
‘pus
{(8ae ‘idopeq$ aTqe JoJdud) £18n TTEO ISTL
{SPJOMU = SPJOM XEW UBYY
0 < SpJOMU 3 0 = JTNERJ JT
s SPJOM JO J2QWNU JOJ NOOT 4/ ¢(3TNSaJ ‘Fae) “R00UD 03P AD = SpJomu
top asTd
‘pua
{(enTBATPISS) PIIS JTUTY PJOM ajeJaURB TTED
f(uPO3E, )2NTRA = INTRATPIIS

anl 4p3 £°G62LL  GL/LO/KO ST SpJIoM s3eIoULS

78



£ a%ed

‘pus L2L

1UJN3ad §ZL

74}

tpus h2|

HECL L USURLLEN £21

f(84e |} o cenTeA , || Sweu !} , pegy ‘0) ATZn TTED usyy 221
0 > Jequnu | g =_ 3Insad j1 12l

f(3Insad 'Bae) TH0aUDT0epTAD = Jaqunu ozl

‘(aweu || ., Jo antep, ‘9pod) ATdn TTEO USYl O =, APOD JT 6L1L
f(13disT184e ‘opod ‘usrBue ‘ujdFue ‘oulue) TaJd J3d Buaed T no [red gLl
!l + ouBde = culue Ll

f(y) JeYD Fweu ToOPp 9Ll

t(GE)UTQ PaXTy Joqunu TOP SLt

f((GE)UTQ PAXTJ) Sudnyad (aweu) aJnpavoud :anTea pi|

anl 1ps £°52LL SL/LO/KO 1S 11 *SPJOA~ 99RJBUST

79



t(paupyle

/e W

¢ (W4IBUST PUTT 393, ‘SHaej

/e U3s3Jd aJe sjuswnidJe Aue J7

t(9poo

¢(TJaJaToug aAaTqoe ‘Tuud wo

TeuJdayxa (GE)UTQ Paxy}
$(J3d 3u

t((st)ura

6Ll 3% GL6L

‘((snqe3s)Jppe) paseq snjels papuedxs | TOPp

tpoustre (2L)317q snieis 10p

(2L)37Q ‘(g)JdeUD ‘(g)Jeyo ‘(g)dByd) AJjus dpoweBueyo$ SOT TOP
f((a)dBUD) SUJNJAL anpIdoud 1yaBua T SUTT

/s PUTT Jo yiBua] 19F 07 3Jnpadodd TBUJIIUT ¢/

S0(L1 *()yaBuaT RUTT)PaxXT)) uJnIdJ

$(UTq PIXTJ)Sudniad AJJua :"Y3BuIT SUTT 2197
/s 11D JUTINOJQNE UO AJJUD 4/
fuaniyad
£()YIBuUIT SUTT = BUTJIE UJNIAI ISTD
{pua
{(dway) “eoy TTED
f()yBuar eutY = dweq
awalels STUl SaJinbag Jarydwmoo uy Fng 4/ ¢ (£)Jeyo dmey ToPp
top uayy
0 = dUJT9ATIO® JT
‘pua
SLLEN
00U BUOJM$TRTQET JOJJ3) (| + DUJ aATIOR)IFESSI JOJJd TTED
/a PPMOTTE 30U SjuUauNBde 4/ top
usyy
0 =, sdaeu jy
fpus {0 = ouUJ 9ATqOe {0 = sTJeu lop uayl
o PURDWOD ® S8 P3TTED 3J2M 3M JUNESE ‘6J03dTJOSAP OU JT 4/ JOS2POU$T 9TQEI JOJII = 3p0d JT
/a TIBO UOTIOUNJ BATIOB UB SBM STY] 4/ 'l = ouJ PATI0E IS
{pua
23§ ‘puBmLOD © S PaTTEd JT 4/ ¢(SBJEU) JUNOD BJe§ no TTed
/a BR1) 335 4/ t0 = sujTaayioE
top
/s UOTIOURJ PATIOE S PITTED 00U 4/ uayl

QU 308 J0U$ 3TQe] JOJJI = PO J¥
‘yaBual xem ‘Jqd FUTJIS udngad ‘sHaeu) BaeTUJnjaJd je¢ no [TED

/« TTEO PUPWWOD JO UOTIOUNJ IATIOE UO AJIUD o/

0) 37Ul @1QeTJeA (81QeTJder)suojido Aujud (2)adessaw Joddd TOPp
fUTQ Paxy) oujJ 2ATIOER TOP

tutq paxy) s3Jgeu Top

£(g91)Jeyo apow$ yTop

tuad Jqd ButJdasTuangad TP

fUTq Pax1y yiBuat xem Top

{TeUJa1X? (GE)UTQ PIXTJ JOS3POU$ 9Tqe] JOJJd TOP
(SBJe”JO OoU BuoJdm$ aTQe] JOJJd *DUJT 30€ J0U$ 2TQEI JOJJa) TOP
£(GE)UTQ PIXTJ dpoOd 0P

JJ1§” uJnyaJ) paseq Sujhaea (yijBual” xem)Jeyd Futays uaniad 1op
¢(utq paxyJ) AJjus junoo BJe§ nO TOPp

pax1J ‘urq paxy) ‘uad ‘uyq paxy)) AJjua Bue uanjad je¢ no 1op
t(@1qeTJeA)suotido A4jud ~uJaTouj aAFlo® TOp
t(@1qeTJaea)suorrdo AJjus —eOT TOP

$(a1qQeTJaEA)SUOTId0 AJIUs ~JJdT WOD TOP

tooud :1T9 :yaguay aujyT 303

20J4n08 yoaYo :suojldg
anL P2 12ll  GL/L0/n0 iuo pATFdwo)
‘G2 uodeW ‘Aepsan] Jo JaTrdmo) I/1d TeluamyJadxg :4q parjdmo)
Y3IBus T oUTT 38F INIWDIS 40 DNILSIT NOILVIIJNOD

80



2 98ed

WTTa 423J% J3QunU JO PU? putly

anl I1pe 9-g2li

fpua

tpus
$((1 - X3puy s4aQUNU ‘z + XIPUT [T ‘9POWT)JIIEQNS) UJINIBJ IFTI
/% SITITP £-I 9Q ISNW JIQURU STYI 5/ f(w2€1lu) UdNIIL UBYY
7 < X3PUT SJaQWnu | | => X3puy sJIquUnu JT
/ $(ubGLYSHEZLOu ‘(2 + X2pUT 11 ‘epowd) 431sqQns) AJT48A = Xapuy sJaqunu
fpua
t1 + X3pUY [T = X3PuT TT
(w28 lw) udniad uayly
0 # XPPUT IT JT
f(ul1'y ‘@powd)Xapuy = X3put T1

lop

/s u'u £Q P3pa202ud 2Q PINOUS 1T UIYI 4/ uay3
/s BUTJIS JO FUTUUTS3Q 1B 30U ST ,TTu JT &/ | =, X3PUT 11 J7
asT9

SL/LO/KO

/% PUNOY 30U 4TTu &/ f(ug€lu) udniad uayly
0 = X3puT 17 J7

/s SOPOW PIUUNIBJ UT 41 T4 HOJ NOOT 4/ f(ullu ‘PpOUWF)XaPUT = XIPUT TT

S{u2€ L) UJNIBI UBYY
0 =, 2pod sniels Ji

f(snieis ‘spowz ‘,, *,Indino Jasn,) Ipowsdueyo§ SOT [TED

fUTQ PeXTJ XPpUT IT ToP

fUTQ P8XTJ X3puy sJaqunu TOPp
$(GE)UTQ PIXTJ BpoOd SNJEIS 2
‘(9€)314 £311q 2

1871 UIBual au T 323

€g
28
18
08
6L
8L
LL
9L
SL
wl
€L
2L
1L
oL

81



‘pua
{pua
tpua
t(11ne84) TBOT TTED ISR
t(A1TTTqRqOdd ‘ITNSAd ‘W3 B ) Teot1 TTEO USYY
93eTnoTED JT
{(1TNSad ‘sniess ‘suaydAy ‘SJae) TJeYD PJOM IJIAUOD [Ted
{(en3els ‘suaydAy ‘Bue) Teqeuaydhy [Ted ST
t(K1T11qRqOUd ‘snqeqs ‘ suaydAy ‘Fae) Ly TTTqRqoadg 9qeuayd Ay TTED uayl
33eTnNoTED JT
top asTa
‘Qulw = 93BINOTED U3yl 4qd-, = Bue | ,A3TT1QeqQOud-, = Bue 37
tuaniadg uayl 0 = Apod J¥
t(2pod ‘yiBual ‘uqdBae ‘7) Jqd BuaegTno [rED
‘L £q | = T 0P

£(Qu0w)3TUT POUBTTE (1)37q 23BINOTED TP

tButhuea (pf)Jeyo 3TNS8a TOPp

$(BUTAJBA (4)JBYUD ‘UTQ PAXTJ ‘PIUBTTE (1)317Q (e) ‘(#)JdBUD)AIJUS TJBYD PJOM 3J2AUCD TOP
tutq pexy 1 10Pp

$(GE)UTQ PIXTJ apoD TOP

taqd ajds8ae 1op

t(aidBae)paceq (yjduar)Jdeyo Bde [oP

¢ (@1qeTJEA)SUOTYdo Kajus TeOT TOP

tpauBTTe (1)37Q (02)susudiy 1oP

tutq BOTy £371TQRqOJd TOP

£(UTQ 180Ty ‘UTQ PAXTJ ‘PAUBTIE (1)31Q (s) ‘(w)Jeud)Aajua A37717qEQOJd$ 23eUSYdAY TOP
t(UTQ PaXYy ‘paudTTE (1)3TQ (e) ‘(e)dBUd) AJ3us “ejEUSYdAY TOP

{uTq pex1] smieis TOp

tutq paxyy f 10D

tuTq paxty yiduat 10p

$((GE)yuta paxtypaxtytuidipaxtj)hajua Jid Buae¢Tno 10p

f004d :3y :3899 uaydiy

20.Jm0€ Noayd :suotadg
enL IP3 6°12ll SL/L0/n0 :uo patTrdwo)
61inl 318 Sl6L ‘52 uddeW ‘Aepsanl Jo Ja1Tdwol I/1d Tequawruadxy :Aq perTdwod
16277UaydAy INIWDIS J0 ONIISIT NOILVIIAWOD

€€
43
33
of
62
82
1X4
92
a2
we
€2
(44
%4
0Z
61
8t
L
9l
St
L
€L
[4%
3%

82



‘utq paxyJ yidualTpauaniad Top

s UOTITSOd STYq UT Pa3dadoe 3aq PINOD JeY3 §ITUN JO SITITTTQRQOJd Jo mns Te30% 4/ fUTQ JBOTJ ITUN STYI d TBI03 TOP
/s PJOR 243 J0J A£3777qeqoud Jo 3onpoud paje(nmnodoe .,/ {073e3S ujlq eoT) d Top

s PJom & Jo A37T7qeqoJdd ayq Bujle(noTed aJ am shes 4/ {071e3§ (| )3ITq le(nofed Top
/s 438N 07 paudniaJd d JO antea 4/ fulq IBOTJ A37T7qeqoud TP

$(UTQ 780TJ (s) ‘UTQ 2BOTJ (u)) AJ3Ud §273TTTqeqOud$ 3 yun wopued TOPp

f(Aaqua ‘Aaqua ‘ulq paxy) ‘ulq paxyJ

‘pouBrTe (1)3TQ (#:0) ‘UTq PexTJ(s:0)) £J9ud TpJoM mopued TP

futq paxyy JTun mau ToPp

/s 3TUN POOS 3SET JO XIPUT PJOM 4/ ‘UTQ PIXTJ 0TIBIE JTun 1 O0¥F 3ser ToP
/s POTTEO ST TOMOA” WOPURJ UIUM | 4/ £(1)37Q SerJ TamMoA TOP

/s TPJOM WOPUBJ £Q PIUINIAJ PJOM 4/ UTQ PIXTJ (02:0)PJORTPIUINIDJ TOP
/s ABJJETDPIOM OJUT XIPUT 4/ 073183 UTQ POXTJ Xopuy paom ToPp

f{1)Jdeyd Jeus Top

{(z)Jeyo sJeys 1op

tugq paxyy [ 12p

tuyq pexty T TP

/s S3TUn uy AeadeTpdom JO yBual 4/ (077836 UIQ paxT) yjBuarTpaom TOP
/s SJ930BJEYD UT DJOm JO YIBULT 4/ {OTIEIS UTQ PaXT) sJeyd uy yiBusi paom Top

s 377ds 9Q 07 37un J49339T-Z 3® TTED TBUJIIUT U0 336 4/ ‘UTQ Paxyy 3urod 371ds 0P
/s JOTTEO 03 paudniad aq 03 suaydAy ,/ PaudTTe (1)317Q (s)Susydiy psudniad Top

/s T PJoM mopued @WoJ) SuaydAy pauuniad 4/ ‘paudire (1)3Td (0Z:0)pJoM padeudyddy Top
/s $ATUR OJUT 1IN0 peauds pJaom 4/ !OT3€IS UTQ PIXTJ (02)Aedde paom ToPp
{(a1qeTaeA)SUOTIdO £uqua TuugTeOT TOP

£(Qu0u)3TUT (1)37Q 273€38 3ngap TP

fuTqQ paxyy Ipod Top

${g)JRUD paOM TOP
¢ (apoo ‘suaydAy” pauuniad ‘paom)sunpacoud :TajeusydAy

/

*£3711qQeqoad$ 93euaydLy £q paTTed 7 §3737TTqeqouadgT3Tun wopued jeyl 3daoxa

pasn 30U §] JUTINOJL ~JTUN wopUed pJepueds ayl °patrddns paom ay3 Jo
£3771qesounououd pue UOTIEOTJTQETTAS 3yl dUTWIIISp 03 PJIOM wopued AQ 9sn U] ST 3Tqed
weJdTp SullsTXa JIAI)BUM pue ~puoM wopued Buisn AQ pajeuaydiy €7 paom ayl

*pajdaooe 70U SEM jBY] JIJDBJEYD ISJTJ
ay3 Jo uoyatsod 3ayj ST Ipoo IFed €Yl Ul ‘pajeusdydiy aq
3,UpTNOO pJaOM Y3 Sueduw apod JO antea aaTyysod Luy
*S§4930BJRYD § UBY) 63T JO (7 URY] 3JOW Sem pJom 2~
*§J230€JeyD TeFITTT SUTBIUCD PJOM |-
cpajeuaydiy ATTnJsSI00NE ULdQ SEY pJOM ( :3POD snjels apod (€

*37 J93je UaydAy e dAeY 03 ST pJOM UT JajoeJRYD
Butpuodsaduod ayl eyl Sueaw Aedde sTY3 UT 3Tq Juo y

suaydAy pauJdniad (§

*ATUO 25BOJIMOT 3q AW SJa30eJEYD

J9Yi0 2yl {aseodamo] 40 asedouaaddn agq Aewm JajoeJRYD ISJTJ Byl
‘pajeusaydiy aq 03 £423333T ITISV JO BFUTISTSUOCD puaom ¥ paom (1|

£(apoo ‘suaydAy  pauanjad ‘paom) ~93euaydiy Treo
£(UTQ PaxXTJ ‘PIuUBITE (1)371Q (s) ‘(s)4eUD)AJ3uUa T23RUBYdAY TOP
*J3TTeO 3yl Aq payrddns paom e 2qeudydiy 03 §37TJ3 dJnpadoad STUL 4/
304nos R0ayd :suoTadQ
anL 1P G LZLl  SL/LO/N0 :uo PaTTdwod

6Lyl 18 GL6L ‘GZ UoJeW ‘Aepsenl Jo J9TTdWO) I/7d Teiuadwisadxy :4q patrdwo)
23euayd4Ay INTWO3S JO ONILSTT NOILYTIJHOD

- ANMIT N0 0o

83



2 #%ed

7a (uha

./

f{dnutquod 0308
/w m:wumcozaaz asnf ‘$973711qeqoJud SupjenoTed 3 Uade a4 4/ Q0w = d3eTnoTed
t0 = qutod 3Tds

11d°T0UT *2un30nJ3s™WJITP 2TTJ SPNTOUT PUD sumsnnnns/

fuTq PaXTJ SATUN ugsweJaBTp pauUTJIP SITUN U TOP

‘+2°7) ‘TemOA @jeUJRITE UR §T FTYI
/s TPMOA ® ST STU3

/e 21QeTTAS ® uyBaq 3, uUed

/% 9TQETTAS 3§e] UT TamoAa ATuo ayj3 aq 3,ued

'Y
./

‘(1)31Q Tamoa

£(1)37Q TomOA @3RUJIITE 2

2

#/'(1)37Q 21qeTT4sTUT82q 30U 2
‘(1)31q 371ds TRUTJ OU 2
‘((soTnJ¢sweudTp)Jppe) paseq paudyre (s3junu)salng | TOP

/

/s 3TUN YOED JOJ SITNJ SBY ABJJR STUL 4/

f(2)Jeyo ped 2
¢{1)Jeyd puodas 2

ASELECIEE) #

2

‘{(sJo132T¢swRITIP)UPpPE) paseq (S3TUN"U:()3TTds ®J9338T | TOP

/s SJ4330BJEYD TENPTATPUT 07 20UBJRJaJ SMOTTE 1NQ ‘SJ9319] S 2WES 2yl ST STYL 4/

{( (549339 1$5WeIBTP)appe) paseq paudre (2)Jeyd (SITun u:()sJ3339 TOP

/w 3TUN yoeas Bujjuasaudad sdjed Je333[-2 4O | PATJTISN( 3JIT SUTeIU0D Aedde STUL 4/

/s K41U3/531q 6 s STUI

/a Jdeadde qou Aew uted

SIUl

/s 1QeTTAs awes U7 Juted STY31 MOTTOJ ISNW TIMOA
/a @1QeTTAs awes uy J47ed S£TY3 apavaJdd 1snu TamoA

tu1q je0TJ (S3tun u) WIp ((J3d d a)

anl 1p3 2°62.L1

SL/LO/MO

/a J47e8d Yeauq e s Jied

/s PUS 3cU 1snW Jted

/s @1QeTTAs pua Isnw Jted
/& UT32q 30U 3snwW JTed

/s @1QeTTAs ufdaq 1snuw Jyed

s1u3
sTu3
s1u3
sTY3
sTU3

JT
JT
J1
J1
JT
J1
JT
JT

uo
uo

./ f(1)3tq ped
#/*(1)31Q ared [eFTTT
./ “(1)31Q x13Jns
w/ ‘(1)31q x1Jaud
Y ‘(1)31Q AeaJq
./ ‘(1)319 puaT3ou
'Y ‘(1)31q pud
#/ ‘(1)31Q utBeq 30U
»/ ‘(1)31q utdaq

NNNANNNNNN

¢ ( (sweaBTpgsweadTp)appe) Paseq (S3TUN U ‘syTunTU)sweJBTP | TOP

/s $37UN Jo suted a1qissod TTe 1N0OQe UOTIBRWIOJUT SUTEIUOD Aedde STUL 4/

{TeUJIIXd

ses LTI TOUT 24N90NJ3S WRJBTP ITTJ IPNTOUT 4

{1eutaixa sanJgsweddip Top
{TeUJaIXa SJQ3IT$SWEIBTP TOP
uyq paxyy s3itun ugswedBip ToPp
{Teusa1Xe sweuadTpgsweJip TOP

san/

£(Qulw)3TUT (1)37Q OT383S TTEO 38JT) T9P
£(()TTnu)qTuT Jad oT3e3s (Jad d a ‘uad d n) 1op

paseq §273117q2qoud Tamoa ‘(J3d d n) paseq saT13717qeqoJd 3yun) Top

/« S3T3717QqeqoJdg 3TUN WOPURJ 03 [TE¥X © WOJJ PauUTeIqO 4/
/4 WOPUBJ 3B 3TUN Ydea BuTieBJAUIB JO $2731T1QRQ0Jd 4/

1811 " 9jeuaydiy

33

F e rr rEr rrr e, e, ———————

84



¢ 238ed

/u
cJajer
4n0 1eY3 puTJy TTI,24 InQ ‘a1qe3 weJdTp Y3 pue UOTjeTOUNUOJd JOo SITNJ TPJOM WOPUBJ 03 Fupaodde ,TedeT,
3Q 20U 113§ ABEG pJOm ayj ‘cJnod JO °TeF2TIT €7 pJom 2yl pue afqel weJHTp 3yl UT JTun e se paurjap i0u
€1 Ja90BJRYD 2yl ‘punoj 30U TITAS JI | AQ X3puy pJom 3yl IULWAJOUT pue JTun Jeyl 23038 am ‘ST 17 JI
*£97uUn J48333T-| Y3l JO AUe 07 [enba, €T 433321 18J1J 8yl JT 29s am ‘jou aJe Aayj Jr 2 AQ X3puy pJom Jno
qUAWaJOUT pUB ‘ARJJET PJOM 3yl UT ITUN JBYI JO X3PUT Y3 203§ am ‘adge A3yl JI -sITun J83321-Z Y3 Jo
Aue 03 Tenba aJe L3yl JT 93% pue ‘puaom 3Yj UT SJ48338T OM] 3SJTJ dYl YITM 3JeYSs aM -ITde] weJddTp ayl ug
pautjep se sATun ouy dn 97 PTATP 03 AJ3 am ‘9jeudydAy o3 JUBM M DPJOM YT IARY M 1BYT MON 4/

‘pua
fudanqad
0 = A3717qRQOad UaY3 @jeTNOTEDd 3T
tg- = apod
top
usyl
€ > saeyo uy yjgual pJaom | 0Z < SJeYD uy yifual puaom JT
L(pJOM)YIBUST = SJeYD UT YaBuaT paom
1anuTquUoD

tqujodq11ds = quiod 3711de
tuyq paxiy jutoditrds 10
f(autodat11ds ‘apod ‘suaydAyTpaudniad ‘paom) AJiud :371ds¢93eusydiy

/% "U3TM STY3 Op 07 JUO YOTym saTjToads quauwnzJe quiodayrds 2yl -SITun 3jegedas g O3UT Ifun

J231997-2 a9yl 171ds 01 ~adeuaydAy [123 pue AJqua STY3I [IEO oM IseD £yl Ul " TeYITIT sem

qTuUn 43333~z © 8EnEO3q pJaom Sy 1daOOR 0U PIP T PJOM WOPURJ UIYM PIDUAURIAJ €T 3T
*TaqeuaydAy 01 TIEO 9ATSJNOAJ ® e ATTeuJdajul PATTed sT qurod Auaqua SIYL 4/

fuaniyad
{5273 711qeq0Jd T3M0A ‘5313 T17qeqoad JTUN @34 uayl ()TTNU =_ J3d d A J7

fQule = TIBO 38JTJ ‘AJjus :j@cau¢” aqeuaydAy

/s 'PalBUTWJA] 3Q ISNW SWEJBTPp

P10 ayq ‘paylddns osle &7 SweddTp JO UOTSJIA M3U e JT IBY]3 230N

*pasn €7 (£27137T77qeqoud qUaJaJJTp YITM) ~3TUN WOPUBL JO UOTSJA
M2U & 268D Uy sAeage A9117qeqouad 3yl 12€3J 03 pasn €1 AJjue STUL 4/

tanutjuos o308
fpua
£Qu0u = TTED I84TJ
f(sa13711qeqoad ToMoA ‘£@7317T7Qeqo4d 37uUn) S8T3TITqeqoId$ 3 TuUN wopued TTed
{87171 7qeqoad TaMoAa ‘sa73117qEqoad J7UN 33EBOOTTE
top uayl TTed 3SJTJ JT
{Q,l. = @jeInotred
L =d
{0 = quiod 331ds
f(A1t11QReqoud ‘8pod ‘susydAy paudniaa ‘paom) Aajus :L3111qeqOud¢ oqeusydiy

/w
‘utede parted =1 A311171qeqoud¢ @qeuaydiy aJojaq
peTled 2q isnu 13caJ¢ 2qeuaydAy ‘ssedoud ® UTYJTM 2FUBYD awayq JI °sITuUn e Jo
£273717qeqoJd a3yl uteiqo o1 palled ST €97317T17qeqoJd$ 3Tun wopued ‘LJqua sTY3 03
TTe2 1§47J 2yl UQ ‘2UTINOJQNS ~ITUN Wopued pue ITqe] weJSTP UaJJnd ayj BFuisn
“paos wopueJd AQ pajeJsuald uUsaq sARY pINOM puaom Yyl BY3 A1717Qqeqoud Byj ST
pauunjad aniea TeuoTlTppe ue jeyq 3daoxe ‘Tejeusydiy ce swes ayl s7 AJJul STUL 4/

enl 1p2@ 2°62LL GL/LO/%0 111" e 3eusydiy

w2t
€21
ezl
121
741
6Ll
8Ll
Ll
91l
St
Ll
€1l
2l
Lt
o1l
601
801
Lot
901
S01
©ol
€01
201
101
001
66
86
L6
96
S6
L)
€6
26
16
06
68
88
L8
98
S8
ng
€8
28
18
08
6L
8L
Ll
9L
SL
[P
€L
2L
LL
oL
69
89

/n

85



28ed

/w P91dadoe j0u sem puaom JT A17171QRQOJd 0JIZ 4/ tp=d
/s P93d300B 3TUN 1SET JO XIPUT 5/ {| = X3PUT PJOM = XIPUT pJOM :pajdaocde qou

/»
*9580 9Jed ATIAT1R[9J B JOJ UOT3EDTTdWOO pue apod Jo 30T © ST S7Y3 ‘AT9jeunidojufl *Jaac [T1e Bujlidels
puUB £3TUN J9333[~| OM3 04uT dn 3Tun qey3 BuriiTids £Q TeHI] pJom Y3 Sxem 03 ITQqE 9Q IYITW M
‘47un J99397-2 © sem (paidadcoe q0U U0 Y *2°T) PITJI ATUN 3seT Yy JI -uoTIedado IrTouym Iyl jJoqe
oM pue ‘spem S (Xoe3IS 9Yy3 JJO ~pJom wopued sdod yoyym) 1aqeT STY3 03 A[IDBJTP 030F [edoTuou E
‘paleuaydAy aq 03 PJOM Y] WOJJ ITUN B 3d30OE 70U PIP T PJOM mWOpURJ BYJ SPUT) JIAD JTUN WOPURJ JI o/

{paqdacoe 0308
{(1oMOATWOPURJ ‘3TUN WOPUBJS ‘YBUIT pauLniad ‘gJeyd UT YiHual pJom ‘paom PajeuaydAy ‘pJoMT paudniad) " pJoM mopurs [Ted

/.

*$3TUN wWopued

ueyq Jaujed aqeuaydAy o3 BuTAJq @Je M DJOM U] JO §3TUN uJniad eyl payrddns ade 19M0A mopued
pue 4TuN"WOPUBJ JO SUOTSJDA TRTOadS °pajeuaydAy pJom dyi 134 07 Fuyhuq ‘TpUOMTWOPUBML TTBD MON 4/

{0 = X3pUT pJom
$L - X3puy pJom = YiBual pJom

{pua
‘pua
{pua
‘uanqad
t0 = A371TQEqoJd UBY] IeTNOTRD JT
{L- = 3apoo
/+ TEDATTY 1 ITUN 'DPUNOJ 30U 5/ top
asTa
‘{pua
f| + Xapuy PJOM = X3PUT PJOM
/w X3PUT TUN J33IBT-| 4035 4/ ‘[ = (Xapuy pJom)Kedde paom
‘op
s PUNOJ UDQBW 4/ uay3
sqtunTu = [ 37
‘pua
£((F)Sa23397= JBYD)ITTUYM s3FuUunu 03 | = [ op
L= f
(L' 'deyo)aIsqQNE = JBYD
! (wZAXMANLSHOJONNTIPTHOZAADE Vw ¢ wZAXHANYSubdOUBTAF TYB JOPOQE, ‘URYD ) ITBTSUBSY = Jeyd Uay3
L =TT
f(L*1*saRYD )uySQNE = JBYD
/w ATUN J43393T-| JOJ UDJEIS ‘PUNOJ 70U JTUN JIIIT-O0MY 4/ top
asT?
ipus
/s ITUN AX3U JdA0C dINE 4/ LR S 4
${ + X3pPUY PJOM = XIPUT PJOM
/s XIPUT ITUN J3333[~Z IJOIE f = (x3puy puon)Aesae pJon
fop
/w PUNOJ ydI®W 4/ uay3
quiod 371ds =_ X9puy puom } s3funu = { JT
tpua
/w UDIEW ATUN J2993T-2 40 3001 4/ *((F)SJ99737=_sJeyd)alTuym sijunu o3 | = [ op
SN

L (wZAXMANLSHDIONWINPTHDITAOEVu * wZAXMANISIDdOUWTHS TYBJOPOQER, * (L ‘L *SJBYD )u3sANS)ITBISURIY = (| *|'SJeUd)Jisqns uayl | = 1 JT

$((L + T - SJBUSTUT YaBuIT pJom ‘Z)uTw ‘T ‘pJOM)JIsqNE = SJeyD
tgaeyoTUT Yy3BuaT pJom 07 | T op
$1 = XSpUyT pJom

anl IPd 2°62Lt  SL/LO/KO 4811 91euaydAy

28l
LgL
ogtL
6L1
gLl
L
9Ll
Sil
nil
€Ll
2Ll
1Ll
oLl
691
891
L9t
991
591
9t
€91
291
191
o9t

651

g5l
151
951
S6L
nsl
€51
25t
161
st
6L
enl
Lyt
gnl
Skt
LLIS
Enl
ent
[E28
ont
6EL
gelL
LEL
9E1L
GEL

9zl
et

86



¢ a%ed

s/
‘uanjad
!d = £97171qBQOJd UBY] 3jeTnoTed JT
L0 = 3poo
tpua
t(T)paom pajeuaydAy = (|-[)suaydAy pouuniad
ty + [ = [ aste
t2+ [ = [ uaun
w w =, PUOD3S"((T)KeaaeTpaom)371ds 5421931 JT

/s °Sd4330eJEYd 30U
‘si7un 09 quyod (Aease paom~pajeusaydAy) TpJom wopued WOJJ paudaniad suaydLy
q1eU3 330N °PJOM UT Jajdeaeyd 03 BuTpuodsaJduod §11q suaydAyTpaudniad 33§ ,/

lpua
/e UJN23J ‘SETMIIYIO 4/ fUdniaa
d = A3717Qeq0Jd UdY3 d7eTNOTED JT
*T8qeusaydAy AQ pajoalas ag TTTAM ~pJomM wopued AQ paosnpoad usaq aAaey pTnNod €Yl puom
® aJaym a5ed ATUO 8yl €] STYL *~pJOM wopued 03 aTqeldadde Uaasq 3aey prnom
0-n-y-8-3-9-4-d 'I3A3MOH "3NO UMOJYY ST PJom 343 o5 ‘dn 97 371ds 03 AJ3 3, uED °m ‘qyun

483187-2 ® 10U ST N, IDOUTS °IX33U0D STU3 UT 3TUN LUB, & MOTTOJ 30U Aew 7T 3sNedaq ,n,
8yl s10af8u Tpuom wopuey °£1TUN O-NeyP-a-s-ua-d A1ddns 03 sem 1dwdle 1SJTJ JNO ‘JIAIMOYH
*pJom Tedal e ST ,0-ny-3asud, ‘srqeq wesSyp pJepuels ayl Jursn ‘ardwexs ue sy " TeSI[ 8q IYSTW 3T YIDNOY] UIAI
‘pJOM Byl ISnJaJ T,9M OF ‘95D STUJ YITM e3P 03 pJey 003 §,3] °qTun snotadud e 4nq ‘pajosfad sem jeyy Tun
ay3 10U €7 Te3a] pJom STUY3 3ew 03 1T1ds 8q IYSTW JBYI ITUN BYJ 'SISED JBJBJ UDIAD U :390N 4/ ‘pua
/s J7ed 377dS Uyl TM UTEBE A4 4/ (T ‘9pod ‘susydAyTpauaniaua ‘paom) 171ds¢ ajeuaydAy TTed
t=d
s LITUD U33991-2 4/ top usy3
0 = juyod 771ds ¥
1e33T1T Ue JO asnedaq paildaode J0U 1] SM 4/ 4 4 = PUODIS'((T)Aeaae paoM)3TTds 5423387 JT
/s P33da300E 70U SEM PJOM 4/ [ = apoo
top
uayl

/s PJOM 3U3 UYITM SUOP 10¥ JBASU M 4/ U3BUST PJOM > X3pPUuT PJOM § X3PUT puom < T JT
fyqHuai pJdom 03 | = T Op
$Qu0u = suauydAy psudniadJ

L =¢
!(u/.u) TUU$TEBOT TTEO USY] 33eTNOTED JT U3Y3 3ngap j71 :pajdadde

anl 1p2 2°62LL SL/LO/N0 18 TT° " a3euaud4y

022
6Le
8Lz
i1e
9Le
sie
ne
(%4
212
e
012
602
g0e
Loz
902
502
702
€02
202
102
002
661
86l
L6L
961
561
n6l
£61
26l
161
061
681
8el
L8l
981
S8l
nel
£81

87



9 e3Bed

/u P91da00ER 10U SBA 1TUN JUIJJND 4/ {Pa3daOOE I0U 0108 UIYJ ITUN MAU = JTUNT PIUJNIAJ- JT
{pus
{pua
{(1TUnTpeULNyaa) 62T TTTqRqOId JTUN + ITuUn §TYT d Teq01 = 1Tun sT43I d [el03 asT2
{(3TUNTPIUINYAU )6 T TTTQRqoJd TaM0A + JTUN STUT d TB903 = JTun &7yl d 1e107 Udyl

/s S3TUN 2J40W Butkdq deax pue UOTITSOd STUY JOJ TBI03 031 L17TTqeqoJd €17 ppe 4/ Bery TamoA JT
/s UOTITSod pJOM STUJ 3B SUC dU] 30U sBA Paldadde en( 1yun 4/ lop aste
‘pus

{0 = 1TUN pIUJNIaJ
/e ATUN JUSIJMD SIWODIQ MOU YOTYA ‘PJOM WOJJ JTUN I1XU 138 /! (X2PUT PJOM)ABJJE PJIOA = JTUN MU
f| + Xapuy pJom = X3puy pJos
/% UOTITS0d PJOM 1X3U JOJ SZTTBTITUT o/ {0 = ITUN STYI d (e303
/u LUOTATS0d pJOM STYL WOJJ U0 Syl 1T Sem ‘€24 5/ 0P UYL JTUN MU = ITUN PIUINIAJ ST
/w P22dadOE® JTUN 18R] Y] SeA  / f0p UaY] 0 < ATUN peoJniad JT
/« PJOAM U] WOJ) JTUN JUILJND Yy 198 4/ (XopuT pJom)ABJUETPIOM = JTUN MU

/u SN UO J2AO TT® PJOM B 3J1€ 07 PaTJl 3T 4/ p93dadd€ 0uU 0102 UaY] O =_ XSPpuy PJom § 0 = UM pouaniad jy os(s
‘pus
f1 = Xapuy pJoM
/w $273717qRq0oJd IZTTBTITUT o/ t0 = J7un sy d TE107

/s PJOM 2U3l JO 1TUN 36JTJ Ul ST STUI o/ ‘OP USUJ O = XapUy pJOM § 0 = 1TUN Paudniad jJi
£((3TUNTPAUINYIU-)EUDIRT ‘, '€ ,) TUU$ EOT TTED
syl JTuUN MaU- = TUN pIuUJInNIAL JT
uayi 0 > ITUnTpeudniad Jt
uayy nQsp T
/9 BUTIRINOTED aJe aM 4/ {0p uayy ¥ajetnoted J71

/u
“pJom 3TOUM 83Ul jOo A37TTqeqoJd ayj P2tk A[Teniuaas [1Is 1eul
»30npoad Butuund, B €n 63ATH €37un SnOTAaJd 3Ul JO €3TITTIqeqodd 3saul Jo 1onpoud Yl £Q payldIIIne STUL
‘uotiTeod pJom §TUY UT BuTeq 3TUN Y3 jo KITTIqeqoud 3yj ST S3jun [eSIT UL Jo K1TTTqeqoud 1eI0) Yy 03
£1717q8Q0dd £97 JO OF1BJ 2yj pue ‘Teda] €] PJOM U3 JT ~pJom wopued £q pa3dadde g pnoys I
+uBys aAT73760d B Uy3Im qTun TENJOR 2Uj JJO puasS M ‘PITJ] UIAQ IABY JTUR TEN3DE Y3 INQ SITUN TTE UIUM

*96T@ suyTylAue dadde q0u TTTA ~ pJOM wopued
90uTs ‘| sT uoyqysod qeuyq uy SujJeadde jo £13771qeqodd €37 uayq ‘pdom auj jJo uotiTsod UIATA B UT JTUN
TeS91 ATUO 3U3l ST .2, JT ‘oTdwex? Jog - ¥uikuq ATrenide aJde am JTun Y3 Jo A1771qeqodd ayj auTwdalap 09
JSpJO UT | ©3 PaZITRWJOU pue pajeTndTed aq Ued §37un aTqeldadde Ayl jo saryrliqeqodd ayl jo Tel0l
2y) ‘s1Tun (e JO S3TTTTARQOJd 3yj MOUY @M SOUTS °TePa] aJe Aayl Jayiaym sn [131 [T 1NQ ‘meyl
26n ATTENnIdE 30U TTTM ~—PJOM WOpUBJ JBU3J OF €JaQWNU 3ATIEDAU Se a83Yy7] puas am °pJom ayil uy Arienide €T eyl
su0 3y 1dadoxa €37un 21qIss0d [Te T pJOM WOpURJ O3 JJO puadc am ‘puom ayy jo uoliTsod Auaad ur
:SMOTTOJ S paasdoud am ‘pajernoTed Buyaq aue $a7171TQeqoxd JT 4/

/s ATUN Jayjoue JoJ oF 3en{ Jo SITITITQEQOJd 33B[NOTED J3Y3Ta am ‘juyod STUY 1B 4/
19BJ2UIS

{qu0u = SerJ Tam0A
$(3TUnTpaUUINad) AJ4qUa qTun mopued

{27BJ10usB 0708
{Qulu = BelJ [omoa
fuTq POXTJ 3TUN” pIUINIAL TOP
f(ATUN T pauJn3ad) o0ud :{9MOA mopuRd
/u
“patTed €T A3TT1TqEQoJd$ aqeuaudiy ueuym
€371717qeqoJd 21BINOTED 01 €7 JJ4ed 16JTJ U] UT 3pPOD JY3 JO 18O *~ pJom wopued o3 Fujh1ddns sue L3yl s3tun
3O @dueldafad JO 20UR1dEOOE U] JO ¥Oedy daey TIMOA WOPUEJ PUBR JTUN WOPUEJ §3unpadoJdd T[BUJUT SUL 4/

anl 1pd z°62Lll  SL/LO/wO 18 11T 2qeuaudAy

Lz
9Lz
slz
%2
€l
[4%4
LL2
0L2
692
89¢
L9z
992
S92
19e
€92
29¢
192
09¢
652
gse
sz
952
14
¥se
314
ese
162
052
6ne
ghe
e
9ne
i 1T4
ahe
ene
ne
(3:14
one
6£2
8E2
jAx4
9te
sEe
nee
£€2
(434
te2
(s34
622
gee
Lze
9ee
522
wee
€22
eze
122

/n

88



l @%ed

tpua
tudniad {Qu0w = Inqap ‘4AJquaij o Bnqap

tudnijad Q,l. = Bnqap ‘£Jjus :uo Inqap

tpua
fpus
fuanjad
fq7un Mau = 3TUN pauJdniad
fpa3daooe 30U 0308 uayl

s T340A B £703dXd 37 Uaym TIMOA-UOU B ~PJOM BOPUBJ SATH aJep 3 UPTNOM T 4/ (ITUN M3U)TaMoA” 97BUJITE SaTNJ_ JT U3yl

/e dN 2AT3 03 aA®Y oM UIY] 4/ (3TUn"MaU)TaMOA ST, JT UBYI
/e ‘2U0 J0U ST JJuUN 31X3U STYJ PUE ‘TIMOA B PIJUBM ~PJOM UWOPUBRL JT ¢/ ety Hw:ob 3t
/w PJOM WOJJ JTUN XU 133 4/ $(XapUT pJOM)ABJIJE PIOM = JTUN MU

$| + X3pUT PJOM = X3puyl paom

/s P23d200€ q0U cEBM JTUN 3seT JT 4/ ¢Pa3dadde 30u 0308 uayj

(0 =_ X2pUT pJom § o = JTUN paudniad) } 0 > qIuUn”paudniad 3y
top asta

/e PJIOM 3U3l JO JT7Un 3x3u ayj sayrddns 3snf apod JO uUOT3098 STYL 4/

‘{pua
f(w ‘(3TUNTPaUUNGAJ)SI333RT Yy {TR_B_,) TUUSTEOT TTED Uyl 0 < ITUNT PaUINIBJL JT
uayy 3nqap J1
/w TEB3TTT ST PJom ayl ‘37 daa) o3 pajuem am JT o/ ‘Pa1daoo¥ j0u 0308 asT?
$3TUn"dIAs 0703 uaysl
/e 940uU3T 1snl ‘Aemfue 371 daay 03 aded 3 UPTP aM IT 4/ 0 > Itun paudniad Jy
uayl
((3TUNTPaUJN]3J)SQR ) TaMOA” D3RUJDTR S TNJ | JT UdY3
((3TUNTPaUJN33J4)EQR)TAMOASDTNI | JT U3Yy3
/e P3SN 2Q 3 UED 3T ‘3U0 3 UST STYI PUR PIjuem ceM TIMOA JT 4/ BelJ TomM0A JT
/w P3SN 3Q 3_UOM 3T OF SATIEHAU 37 3)BW ‘3U0 JUJJND 343 0U JT 4/ {1TUN Paudniad- = Jjun’ paudniad asia
tpus
$4TuUnTMaU = qTUNT PaUJNIaJ
£(ITUN STY3 d TE303 + (ITUn MaU)SaTATTTQqeqoudd 3Tun)/(3Tun Mau)saTaTTIqeqodd 3jun 4 d = d asya
f(aTunTETYITd 18303 + (ITUN MAU)SBTITTTIQEQqoJd TaMOA)/(FTUN MAU)SITITTTQeqoud Tamoa 4 d = d uays
FerJ Tam0A JT
/e UOT1TS0d €TY3 1€ pajeJauad uaaq ATTeday Bujaey
JTUn €743 Jo A3J1TQeqo.dd 3yl saA1d uotatsod sTY3 e paidacdoe €3Tun ayy JOJ £3T7TIqQeqoud
Te3103 01 3TUN €TYI JO £37TTqeqodd Jo ofjey
*paijdacoe aq [TIM 3T Butwnsse ‘uoTiysod sTyq 4e Butdeadde jjun €1yl Jo
Jo £3717Qeqosd ayj3 23BINO[ED UED aM ‘TE3J JOJ JTUN Juadudnd ayjl Juthdg aJde am JI
/s MOU 3UQ JUBJJND 3Yj AJ3 ‘STUn JBYI0 3Y3 TTe PATJ] A 3M 4/ f0p uayjl
£3TUNTU ¢ 1TUN paudniad JT
/a QU0 JU3JLJND 3yj dINE 9NQ 4/ | + JTUN Paudngad = JTuUN PauJdngad Uayj JTUN MIU = JTUN PAUJNIdJ JT
/e 2TQE7 3TUN UT qTUn 3Xau LJ3 4/ | + (3TUN Paudniad)sqe = JTUN pauJdniad
;qTun diys

anl Ipa 2°62LL SL/LO/H0 38 T1° T 23euayd4iy

h2e
£2¢
22¢
12¢
02¢
6LE
8Le
e
9LE
Ste
[183
€1E

Tee

439
oLE
60€
80€
Lot
90¢
S0€
hot
€ot
20¢
10¢
00€
662
862
162
962
62
n62
£62
262
162
062
682
868e
182
982
sge
nge
£ge
282
182
092
6L2
gLe

89



(L

(L

t(sqoad Tamoa ‘sqoud 37un) A4que :£9737TTqeq0dd

/s
*Teqeuaydhy ut Butyzfue
BuyBueys 3noy3 T paoeldad 3q ued wesSoud STy SNUl "SITUN Y3 Jo
20UPpUOAEIII0D J2333T ~ 03 = XIPUT 3JTun Y3 Inoqe uoridEnsse ou saxew
osTe 3] °aJe £2T3TITQRQoJd JTPYI JBUM JO 4B 349Ul s3Tun Auem moy
moul J0U s90p ~23BuaydLy -aJe S3TUN JUSJSJJTP 2yl JO s@TITTTIQEqOoJd
2y3 JBuA 3IN0 PUT) o3 A3T7TTqeqoud$Tejeuaydhy £q pasn €7 AJ3ul STyl

"STeMOA 3, U3JE S3TUN ISO0W

90uls 'ABJUJE PUODIE STYJ UT §0J3Z Jo 30T © 3Q TTTM dJ9y3 ‘@sunod JO

*PITTEO SEBM [9MOA WOPUBRL FUTWASSE S37un [T® JO £373777qeqoud

2yl SUTBJUOD ABJJE PUODIE 3yl °"PITTED sem AJjue ~3TUN WOpURL 3yl

Fuyunsse s3Tun 1B JO €973 TTT9BGoJd @y3 SUTEIUOD Aedde 3SJ1J @yl
‘shedJde OMq UT S9TUN 4f BU3 JO S2T71T1TqeqoJdd 3yl SUJNIdL AJ3ud STUL 4/

tuaniad

$((21 *((Ll '(1)peasgTaeqs JTUN WOpUBJ) PIXTJ) §GB) POW) SJIQWNU [IMOA = Jaqunu
‘peesgTIe S TITUN WopURY ‘paas$T3els JTUN WOPURJL ‘(| )PIIS$TeIS ITUN Wopued) —Jaydious [TeD
t(daqunu) AJjus :TIMOA wOpued

tuaniad

(112 “((L1 *(1)Pees¢TieIsTaTuUN WOpURJ) PBXTJ) SGB) pow) sSJaqunu = JIQUNu
‘paas¢TIRIS I TUN WOpURY ‘pPaas$ qB]E JTUN WOPUBJ ‘(| )paas$TIeIs JTuUN wopued) ~Jeydjous TTED

futq paxyJ Jaqunu TOPp
$(1L)UTQ POXTJ TBUJIIXd (|)Peas$ 13§ JTUN wWopuerd TIp
1(UTQ PaXTy ‘(1L)UTQ POXTJ (s) ‘(11)UTQ POXTJ (8) ‘(1L)UTQ PaXTJ) £43ud “ududyous ToP
t(n2'02°02° 61 GL 6'6'G G G 1L 1)ITUT OTIEIS PIXTY (L1:0)SJ3QUNU [amMOA TP
S(nE'EE‘2E 1E(2) 0L (2)62"82 L2 92
‘gz'nz(g) ‘€2 ea(g) 12(g) 02(9) ‘61(01) gL(8) LL(OL)
*9L(9)*SL(OL) ‘nL(OL)*EL(9)‘21(9) 11(8) 01(8) 6(0L) B(9)'L(Q)
‘9(8)*s(21) n(21)‘E(21)*2(8) 1 (0L)) ITUT OTILIS PIXTJ (0L2:0) SJaqunu 1P
uALwnESCV aJnpaooud : ITun wopued

/s
*2UTINOJGNS ~PJOM WOpURJ 3Yy3 Fuisn suweddoud Jayj30 Aue Jo ITQe] WeJFTP 8yl
BuT309JJe 3NOY3ITA 2Jnpadoud STY3 UT (PpPBueyd 3q Aewm 3z Aedde ayj pue)
paJajTe 2q Aew s3Tun pf 8Yy3 JO UOTINGTJISTP 9y3 ‘IsTmd)]] -aBueyd jou
£30p £3TUN 3Y3 JO adUIPUCASaJJIOD JIQEUNU=03=-J3333T 343 BuiprAcad
24npa0oJdd £TY3 03 303JJB NOU3ITM 2[qe] WeJdTp 3yj O3 apew g Aex saBuey)

*112/0% ST uBw UB BuTq0eTas Jo A3717Geqodd Y3 ‘Keade sy3 uj
sawyy | sJeadde | XIpUT 3TUN FOUTS °| JIGUNU JTUN ST LB, J3333T ay3
‘s1duexa JOJ °XIpul JTUN JBY3 UTBIUOD JBY3 §3TJJUP | |2 ISOU3} JO UOTI0RJJ
?y3 07 [enba §7 pajeJauad Buyaq jTun gernoyiJded ® Jo K37rqeqodd ayl
*quiod £aqua ~JTUun WOpURJL Y3 JOJ ARJJE BYj U] S3TJIUS | |2 8J€ 243yl
*£8X9puy 3Tun BUTUTBIUOD ABJJE UE O3UT dNXOOT 2TQe} B Op O3 P3SN ST
(TvaydTous WoJJ PIUJNIBJ B PINQTIASTP ATwdojjun ATpesoddns)
J2qUNU WOpPURJ B ‘STY3 Op O3 JapJo Ul “ysIT8ug Uy €3TUN pE ay3 Jo
UOTINQTJASTP U3 JO 38yl Butyoeosdde UCTINQTJIISTP © Y3 TA S8XIPUT JTUN
uan3ad 03 §3dwaj3e JUTINOJ STYL "JIPJO UTEIJID B U] SATUN #E
SUTeIUCD 3T 9IBYJ SIWNSSE 9nNq ‘2[qE3 WeJITp Y3 IDUIJIJIJ 30U £90P IT
*TpJom 23BJ3UdF AQ TpJOM WOpPURJ 03 T[BD dYy3 U PaTJToeds ST 31

*TPJOM WOPUBJ JOJ SUTINOJ BUTIBJBUSS ITUN WOPUBJ PJBPURIE 3Y3 ST STUL o/

90JN0S AOIYD :suoyado
enL P8 L°12LL §L/10/n0 :uo paTTdwmo)
6L:L 3% GL6L ‘G2 udodeW ‘Aepsanl jo J4317dwo) I/1d Tejuamysadxy :4q patrdwo)
TITUn wopued INFWOIS 0 ONIISIT NOTIIVIIAWOD

ss
%5
£5
2%
15
0§
6n
N
Ly
kL
St
LE
2]
4]
tn

90



2 a%ed

tpua gL
tuanyau nl
f2L/8qoad 1amoa = sqoad [3moA £
/e 0°1L 03 dn ppe £3yj OF sanTea Isayj IZTTPWJION 4/ *[12/§qodd 3Tun = sqoad 3tun 2L
Ll
tpua 0L
£l + ((T)S42QWNUTT3MOA) SQoud T3MOA = ((T)S4aQqunuT[3MoA) sQoud [amoa UaY3 69
2L > 1T I 29
f1 + ((7)F43qunu)sqouad aTUR = ((T)SJaqunu) sqouad 3Tun L9
‘012 03 0 = ToP 99
S9
/e ‘AedJe SJ2QUOUT [IMOA "9
aYs pue ABJJE FJaQWNU 3Yj UT EIXaPUT 3JTUn 3Y3 JO Yoea JO $IDURJNDIO0 £9
Jo Jaquwnu 3y3 dn SuTppe Aq A[aJaw PajEINOTED dJE S3TITITQeqoud 383yl o/ 29
[}
= §qoad 1amoA ‘sqQoud 3Tun ow
66
fuTqQ PaxXTy T TP 85
‘utq 1e0TJ (nE) Sqouad TamoA TP LG
fUTQ 980T (nE) $qoud 3Tun TOP 95

anl 1p2 9°G2LL  SL/LO/%0 18 71T 37U wopued

91



pua

2EnS9L9SNESL ' ENSILISHEZLD 100 :pass
Uuaaa

paas JapBas 010000
oNuTT/AUTL/  uyol

ONUTT  @sh
Tieqs JTuUn mopued ameu

- NI N O~ @®

uoW 1Ip@ L 629l SL/h2/20

wl61 Jdquazdag ‘G'h UOTSJIA WV
102{ Q0 mau TTed Mau sloquAs ST
anL 1p@ 9°G2Ll  SL/10/40

STWILIT OK

2E059L 9SHE2L  E® L L0OOC
€n50LY SHE2LO  ®® 010000

010000

000000

SQIIVIYD HATERISSY
118 QIT8HISSY
:d3sn SNOTLdO
SN0 QITHRWISSY

we 31§ 3TUN WOPURI(UIT DJOMCBACPUCPPRK INIWIAS 40 ONILSIT XTAWISSY

92



f(A2qua ‘Aaque ‘paxty ‘paxty ‘paudtre (1)3149 (

‘(1)Jeyd puodes 2
‘(1)Jeud 3sayy 2
¢ ( (549332 T¢sweaB1p)appe) paseq (SaTUN U:0)3ITTds 5493397 | TP
/e §4930BJEYD TENPTATPUT 03 90UIJIJaJ SMOTTE ING ‘S49339T SE JWES U3 ST STUL 4/

. t((sa91981¢sweaBIp)Jppe) paseq paudire (2)JBUD (SITUN U:Q)sJ2I3BT TP

37un yoes Fuyjussaudad sated u423397-2 JO | PITJTISN) 1JO1 SUTRIUOD ABJJ® STYL o/

/e A33U9/8711Q 6 SR STUI 4/ £(1)119 ped 2

/s Jeadde qou Aew ated STY3 JT UC 4/°(1)374 Jred TeB311T 2

91qel14s swes uy Jyed STYI MOTTOJ ISNW TIMOA JT UO 4/ ‘(1)319 x13Jns 2

/a 91QEBITAS 2wes uy Jied STY3 2padaJd 1SnW TIM0A JT UO 4/ ‘(1)31q x1jauad 2
/s 478d %e2uq B ST JTEd STUI JT UO 4/ ‘(1)319 Readq 2

/s PU2 10U 3snm ated STUJ JT U0 4/ ‘(1)31q pua 30U 2

s °1QeTTAS pu? 9snw JTed STUI JT UO 4/ “(1)319 pus 2

/s UTZ¥3Q 30U 3snu Jted STy JT UC 4/ '(1)37q uTdag qou 2

/w 21QeTT4s ulBaq 1snw Jjed STYI JT UO 4/ ‘(1)31q utdaq 2

‘((sweaByp¢sweadIp)appe) paseq (s3jun u ‘sqjunTu)swed3Tp | TOP

s S3TUN JO sajed 21Q7s50d T€ 9ANOQE UOTIBWIOJU] SUTRIUOD Aedde STUL e/

{TeuUJa3X3 SITNJ$sWRIITP TOP

{1eUJaIX3 SJ3319[$sweJI TP TOP

{1eud?1x? UTQ paxXTJ sITun ugsweJdIp ToP
t1eUJaIX? sWweadip¢swesdIp 1op

sseass LTd° TOUT 34NI0NIIS  WRJBIp STTJ IPNIOUT gpansunss/

{(T9mMoATmOpURL JTUN WOPURL 'YIBUST PJOM ‘YIFUT ‘ paOMTPIJRUBUdAY‘ puonssed)aunpad0ad (TPIOM wopuRd

/u
(Indul) °‘19MOA WOpUBJ B 27BJIUSZ 03 PITTED 2Q 07 JUTINOJ  [IMOA”WOpUERd

(andul) *3TUN WOpUBJ © 238J43UIB 03 PITTED 2§ 01 IUTINOJ UM WOpUEJ

(Ind3ang) °sITUR UT pJom Jo y3Bua TENn3IOe u
(aIndul) °sJ9339T uT PIIRJIFUIT 3q 03 paom Jo yiBuat ya8uay
(andur) °,paom, Ul 3Tun Bujpuodsasuod
J93Je saeadde uaydAy s33EO1pUT UO 3Tq ‘suaydAiy Jo uoTitsod suayd4y
(anding) *juawad Aeaue Jad Tun | ‘paom wopued pJaonm

{(19m0A WOpURY 'jTun mOpueJ ‘u ‘ylBusT ‘suaydAy ‘puom) TpaoM mOpUBL TTED

0) ‘PaXTJ (e:0)) AJlus ~paOM wWOpuUEBJ TOPp

*pJOM 32Ul JO WJI0J (S9TQeTTAS OJUT PIPTATP) paieuaydiy ayl pue paom
U3 Suaniad pue yjBual PaTJIoeds Jalled
JO pJaom wopued 21Qqe30UNOUCJd B £232J3U3% S.Mpadoud STUL o/

IDJNOS NOIYD unCOuuaO
anl 1pd L°12lL  SL/10/80 U0 PaTTdwo)
6Linl ' GLO6L ‘G2 udJeW ‘Aepsen] JO JaT1dwo) I/1d Tejudwiaadx3 :4Aq parrdmo)
TpJon wopued INIWDAS 40 ONILSIT NOILYTIWOD

e e e e e - —

93



usya oL

. ow =, ((X3puT)pJonssed }pucdas 1 T1ds 5493997 JT 69

tAJ39d 0708 Uyl ITQRTTAS utdaq jou* ((X3puy)paomnssed)satnd J1 89

/e TEBITTT ST J18d STYI 4/ ‘4AJ33J 0708 uaysl L9

Jred 18337 11" ((Xapuy)pionssed* (| -xspuT)pionssed )sweddTp JT uayl L= _Xaput JT 99

/s PJOA UT JTun Tenjoe 3nd 5/ {(3Tun)sqe = (Xapul)pJomssed S9

. {(37UN)qTUN WOPURJ [T®D SET3 %9

{(3TUN)TaMOA WOPURJ TTEBD UaY3 £9

/e TOMOA ® 3Q 16NW 3T ‘ITQEIIAS B 9Qq 1SN@ pJOA JO TUN 9se] JT o/ SJRYOU = XIpUuy JT 29
IPWITISITY L9

/e ®ATIEERU ew ‘paidaode J0uU sem JTUN 6] 4/ {(3TUN)SQE- = JYun :ha394 09

tawyy T84T 0308 6S

/a @AT31s0d aNew ‘(pJOm UT 6JTJ JO) PIdaD0OER sEM JTUN IseT f(3TUn)sqe = Jyun :Butdaydeay gg
/s ITUN Aue 9sn ‘ITQETTAS B JO JTUN 1SJTJ UO 4/ fOP LS

uayl 9s

| = YiBuar eTQeTTAS JT 41

(SJBYOU => XIpUuT)ITIURM | AQ | = XIpuy op ns
t0 = 37un €S

25

/e PpJomssed UT §ITUN JO I89J 19F ,/ LS
0§

fYq8ua = sJeyou b

tpua gy

£Qu0u = (T)PJOM paleuaudiy Ly
{0 = (1)pdomssed gy
Yy3aBuaY 03 0 = T OP Gk
_ n
{(91qetaeA)SUOTIdO Aajua Tuug eoy ToP £n

fUrq paxy) 3Iyun Top 2n

$(PaXTJ) AJjua ([IMOATWOPURJ ‘JTUN WOPURI) TOP Ly

/e J78d qUJJND JOJ 3ITQE] WRJIFTP OJUT XIPUT 4/ !(L)}ITUT PIXTJ (Puodds ‘IsJd1l) TOP on

/e 9TQETTAS S€TY3 UT 31TUN SNOTARJd JOJ WES 4/ ¢(1)37Q P2uBITe pUNOJ [3MOA™ 35€] TOP 6€

/s ATUN STUI 3J0J3Q 3TQRTTAS UT punoj ses TamoA JT 1 4/ *(1)37Q puBTI® punoj 1amoa 1op 13

/e 3TUN JU3JJND Juipsadadd ITQERTTAS UT SIUBUOSUOD IATINIISUOD JO qUNOD 4/ {(0)ITUT PIXTJ JUNOD £UOD TOP 1€
/s 019 ‘puz JT 2 ‘ITQRITAS U 9§| ST JTUN XU UIYA | o/ $(1)ITUT PIXTJ YIBual aTQeITAs TOP 9€

{paxXyy 1 ToP [19

s Paomssed UT JTUN qUIJJND JO XIPUT o/ (L )ITUT PaXTJ XIpul TOP (13
/s PJOASs®Bd UT SJ370BJBYD JO JIQUWNU 4/ {paxyj sJeydu [op £€
£(L2)UTq 1%0TJ Jaqunu Top 49

tutq PIXTJ yaduaT pdom TOp 1€

tulq pax1) yaBusr ToP of

tpauUdTTE (1)37Q (e:0)pa0On pajeusydiy 1op 62

turq paxyy (g:0)pJomssed [op [-7:4

/s P931BJIUSS 8Q 3 UBD Y] SpJOm JO Jnojutud J03 136 4/ (Qu04)ITUT OTIEIE PIUBTTE (L)3TQ Fngep ToP L2

92

/esssasssasss |10 TOUT 3unionuqs” wedBTp ITTJ IPNTOUT PUD gemssssss/ £F

ch

fUTq PIXTJ SITUN ufsWeJFIp PIUTJIP €ITUN U TP Ly

o

/e (uku ©°9°7) 'TOMOA 37BULIITE UE ST STYI o/  {(1)31TQ TAMOA 33EUJITE 2 6¢
/w T9MOA B ST STUI o/ (1)379 T3m0A 2 g€

/e STQRTTAS ® UTBSQ 3 UBD ¢/°'(1)3TQ TQRITASTUTESQ JoU 2 LE

/a TQRTTAS 1SBT U] TamoA ATUO a3yl aq 3, Uued 4/ “(1)31Q 171d§ TRUTJ OU 2 9f
‘((s9TnJagsweaB TP )JPPE) PISRQ PIUSTTE (SITUN U)SITNJ | TOp SF

nE

/e 3TUN YOoB® JOJ €3[NJ sey ABJJ® STYL o/ £f

43

t(2)Jeyo ped 2 89

2 #8ed anl 1p@ #'62L1 SL/LO/H0 IS 11" " PJON wopued

94

R e



¢ ofed

/w ApEBJTE

'Y

fudniad

£Q,04 = 9nqap
tAajua :3Jo”8ngap

fuangad
‘Quly = 8nqap
t£J3ua :uo BnQap

/w4 §9TJIUB JBY3Q SNOTJRA 4/

HIBLLES
¢l - Xapuy = y3BusaT pJom
9uop TTE

/w PJOM JO PUB 3B 3JBY JBIUD 4/

fpua
{pua
PJOM B3ABY @M 4/ f9UOpP TTE 030F UaYy3 O = puUCIIs JT
fq7un @qedsuad Tred
‘op
2879
{pus
fQu0u = PUNOJ TOMOA™3SET
‘pua
£Qu0u = PUNOJ TIMOA
f1 = j3unod”suod
fop
asT?
{pua
tQule = PUNOJTTBMOA
{0 = JUNOY FUOD
top
usy3

T2M0A  23BUJIITE  (( XIPUT)pJaomssed)saTna | TIMOA* ((XapuT)pdomssed)satnd 37

i
£2 = yaBuar STqeITAS
tFUTAJq daay 0308 uayl 0 > 3TuUn JT IS
{| - SJeyou = SJRYOU IFTD
¢Futhaq daan 0308 uayjg
0 > 3TuUn J1 9872

/s TPMOA B 30U pUR 3TUN J2333T-9[QNOP ® SBM JTUN ISBT 5/ ‘AJ3aJ4 0308 uayl
T9MOAT23RUJRITE " ((XIPUT)PJIONSSBA)SITNU § TIMOA® ((XIPUT)paOnssed)saTnd_ % |-FJBYOU = XIpUuT JI

anl 1pd #° 6211

SL/10/40

E13 £
1£a324 0308 uayly
$J4eyOU = XIpuy J7

AT paOm mopued

i
9L
St
fil
€11
cilL
Lt
oLt
601
gol
Lol
901
SOl
hot
€01
20l
Lot
00l
66
86
16
96
113
né
£6
26
t6
06
68
88
lg
98
S8

95



y 9%ed

‘fop

uay3

00l = JunodTatun JT

/e PATIEIOU uFTS 396 ‘paidadde j0u €M JTUR 6B 4/ f(ITUn)Eqe~ = JTUN
HERL. v €L

/s P23da00B 70U cem U0 SNOTARJd USUA ITUR JIYJOUR AJ] OF dJIY JWOD g/

/s MOT3Q $9697 Y3 dXBW 3 UOP ‘qTUN B JO AJq 3§J7] UO 4/ ¢Suthaq daay 0308
£Q,0u = TIMOATUOJ K47 2612
EXTJING " (ASJTJ* (2-XopUT)pJonsced JeWeJBTp = Tam0ATI0J AJ3 Uayl
pua q0u°’ (3847 (2-Xaput)pJonssed )ewedSTp | punojTIamOA_ JT
/% 9TQBTITAS JO 27un PJTy3 ayj 96ea] e €T €U 4/ IST?
/s ToMOA JOJ Ku3 ‘124 T3MOA QU PUEB PJOA JO JTUR IFB] g/ {SJEYDU=XIPUT § PUNOJ TIMOA_ = [IMOA™JOJ AJ3 UIY3
/s OTQEITAS JO 1TUN PUODIE 8yl ST STUI ¢/ 2 = UIBUST 91QeTTAE JT

/s 19MOA ® JOJ ATu0 A4q udyq ‘9TQeITAS UT [9MOA OU pUB [ImMOA B SaJinbau
Jted enotadad JT JO ‘91QeTTAS UT 394 TIMOA OU PUE PuOAM JO JTUR €] UO 5/

L-xaput)pJomsced = 384TJ

tpPAXTy T TP

fpouBiTe (1)37Q A TP

/a ATUR §TY] @23eJBUIF 0] §3TJ3 JO JUNOD ¢/ $(1)3TUT PaXFJ Junod 3yun-[op
tpaudtre (1)31Q T9M0A JI0J AJ] TOP

‘eweJddTp 9XTT paudtre X | T2P

faanpasouad :qTun ajeJouD

8 C€UOTITPUOD PJOM JO PUd § ST9MO0A XTJaJdd paJainbad JoJ £303Uyd SUTINOJ 3UOP Iyl

*w19MOAT®7eUJR3 TR, ST ITUR 36JTJ pue ‘uTdaq Isnu ITQeTTAS JO S3Tun PJTY3I ¥ Ppuodag 8
*sated £ snogaaad uyp a1qiesod ST ¥eaJq BTQE[IAS OU INQ ‘PITJETIes ST BZ PUE PajeJIIUIF &7 TamOA °J
*(@A0QE Z UT PautjJap se papua ITqeITAE SNOTAdJd aEnedq)
uydaq 3sNw ITQRITAS mau 3Nq pajeJauad Jyed ,utdaq 30U, ‘9
cated LpuUd, UT JO ITQETTAE QUaJJND UT [IMOA OU INQ pajBIauad Jied Lpud, °p
*wPUI q0uU, palRUITSIP oJe cuted 2 snoTasdad yiloQ J0 ‘uted uideq
Buipsacedd ITQEITAS U TaMOA OU 9NQ pajeJauad ated L utdeq, °0
*wPUS 30U, 4B $3TUN 2 snofasdd Jo
STQRTTAS qUaJJnd UT 334 [aMOA oU INq PajeJausd Jted ,Aeadq, °q
*£ J0U pUE T9MOA SATINDISUCD PJTY] ‘€
:JT 3TuUn Jayjoue Bupiedauad Aul €
*494 BUTYIOU sey I[QETAS mMaN °pPIJIUNOOUd ATTEBST ST Jyed ,Puad,*?
cdred STY3 Y3 TA
pajJels ST 9TQeITAS moN AT1eSa1 padajunoduad §7 Jted ,utdaq, °p
*paJajunodua §3 pJomssed Jo puz -0
*ated €TY3 JO 37UN Pucdas Y3 T PajJels ST ITQEITAS Mau ased sTyy ul
*paJsaqunodus €7 Jied ,NBIJq, B 9Q 03 pauTwuaqap Jied ¥ °q
*I9MOA ® SUTBIUOD APEIJTE pue PIjJels
§7 9IQe[]AS Mau ICED €TY] U] °T9MOA € SBY Apeadl® IIQeII4s
PUB JUBUOEUOD B §7 3TUR SNOTAIJd pue PIjeJauad €T TamOp ‘e
:SMOTT0J SB pautwJaalap €7 pua ITQEIIAS °2
*19M0A B PRJIPTSUCD €T £ aJaym
‘STaMOA SATANDICUOD 2 JO | ATI0BX? UTRIUOD 3SNE ITQBTIAE yoel
:S9TNJ 26€9Y3 €MOTTOJ 3T 38U
© aJang Bupiew ‘paomsced 07 JTUN XU I]BIIUIT 4/

/e« LINNT3IVH3NID 3¥NA3D0Md o/

anL 1P pbell  SL/L0/40 1§ 71" pJos mopuRd

L
€Ll
2Ll
(WA
oLt
691
891
191
991
991
n9l
€91
291
191
091
651
g5t
151
951
551
sl
€61
251
161
051
(11}
ghl
Lhl
9nl
shl
fnl
€nl
2nt
3.2}
onlt
6€1
gEl
LEL
9€L
119
neEl
EEL
2€1
1£1
ofL
621
921
121
921
szl
w2l
¥zl
2zl
(¥4}
ozt
611
gLl

/e

96



G a3ed

SPUBIS §30pP PUB §483381 JO §aTJat 2U3 ‘3UBTJ 9Y3 O3 UOTIBIOU U3 UT ¢/ 2E2

12

/a(T3MOA ® $n 9A®F qTUN M3U ‘pud qou sem Jred 36l JT)e/ ‘Qula = AEIJQ UBYZ A, JT (1%
usy3l 622

X}JJOE° (1847 (2-XapuT)paomssed )smedStp J7 ez2

/% TOMOA B 70U ST 7TUR STYJ PUuR TOMOA 4/ uayy L2z

« © AQ DamOTT0J 3Q 3snw Jyed 3SBY JT Ae9Jq 8040J 4/ 2 < YIBual 91QeTTAs JT 922
tated 111" (PUODIS I8JTJ)SweadTp = Jred Teday(y°'x 622
{XTJJNE" (PUODIE ISUTJ)SWRIHTP = XTJJnE X w22

{x7J34d" (PUCDISI8AT))SWRIBTP = XTJauad x £22

£3B34Q° (PUODIS*15JTJ)SWRITTP = NEBJUQ X 222

fpus jou” (PUCDIS‘(SAT ] )SWRIBTP = pua jou°x |22

{pua‘ (PUODIE 1 EUT])SWRJSTP = PUa ‘X 022

‘utdaq qou’ (PUODaS‘35JT))SwWeBTp = uysaq jou’x 612

futdaq- (Puodas‘ysury)sueddIp = urdeq-x gLz

$19MOA" (PUODDT)S3INJ = A 3S[3 [12

$T9MOA* (1SJTJ)S3NJ_ = A USYT QL2

T3MOAT 37BUJ3 ] TR (PUODAS)SATNJ JT Gl2

f{puodas = (xapur)puomssed 412

e SJ970BJEYD JO JOQUNU JUIWILOIP IS TMJUAYI0 ¢/ ¢| - SJBYOU = SJeYOu ¥S[d {12
/e TEBITIT ST ITUN J33397-0M7 ® UIY] o/ fouou” A43 0308 uayl 2Le

/a PJOM JO qTun 16BT 8Yl ST STYI JT UdUL 4/ sJeyou = X8pul JT |12
usyi o012

$421197 2 ST STUYI JT A02YD o/ & » =_ PUODIS' (PuUODas)3T1ds 8483331 JT 602
taaow” £4q 0703 uayl g02

18J4TJ = (2-X9puy)pJomssed JT Loz

uays 902

2¢ Xaput gy S0e

uays3 hoe

/% MOJ ® UT £ 1IN0 mOJY] ‘TEBIT JT o/ puodes = 1841J JT  £02
9878 202

taaow A4 0308 uaylr 102
JTed TEFATTT" (PUODSS 384T ])SWRLBTP JT 002

661

s TEZST &7 Jyed STUT JT AOAUD o/ g6l

FAS

a $9TJ47 JO Jaqunu qUnod g/ f4 + JUROD qTUR = 3JUNOD 3TUR UAY] O < 3TUR JT g6l

/a 43QUNU JTUR JO INTEBA {BIJ 3ABS 4/ {(ITUN)SQE = PUODLS GHL
£(3TUN)3TUN WOPUEJ TTEO ST ybl

£(1TUn)TaMoA wopued [{Ed uayl £61

T3MOA™J0J AJ3 JT 261

Futdaqdaax |61

061

/% 30U JO DP37d300E SBM JUC JSBT JBYIIYM TUN JBYJouE AJq O3 3J3Y WO o/ 6§l

g8l

‘pus LgL

fuaniayg 9g1

{0 = puodas 41

{(TamoA wopued ‘37un wopued ‘xapuy ‘y3Bual ‘pdom pajeuaydAy ‘puaomssed) paos wmopued TTED ngt
fpua £l

f(u/, u)TuugTeOT TTED 28t

‘pua L8t

L(((T1)PaomssRd)SJI133T ...mi.:::nlmo« 1teo ogl

{xapuyr 03 | = T op 6LL

‘{u :ST JeJ OF pJomssed /s ‘q7un 2qeJ43UIB 03 pPaTTR] §ITJ] 00Lw)Tuug"®OT TTED gL
‘op LLl

uay3 9Ll

3nqap JT SLy

anyp 3Ipa g 62LL SL/LO/NO 3871 TpJos mopued

97



9 afed

/a ADD°°OA g4/ uayq
AJOM 7, USIOP A!D°° DA 4/ | < 3uUnoo sUod JT
uayl
/e AJOM 3 USI0P AD|D° DA 4 (z) pua 30U JT
usy3
/s 9JRUMIUOS XBIJQ 1SNG 9n SABS BZ ITNJ AD°°'OA 4/ € =, YaBuaT 9TQeTTAS ¥ (£) PUS 20U JT
uay1
/e UTE3Q 30U UTBaQ_ XD° DA 4/ A 3T
asT?
s UTZ9Q 90U pUR_ NBIJQ  OD°° ‘DA 4/ {(0‘Qulu)duop TTEBD IET2
/s PU3 [DD°° DA g/ £(1'Qu0u)?uop TTED uayl
s UTB32Q 30U YeaJdq_ 00°° ‘DA 4/ pua Jr
asTd
s ABAJQ SB JBAUY A}D°° ‘DA 4/ £(2'Qulw)dUOp TTED 2813
/s POOY OU Ae2dq ‘JE TN 4/ t{dooT 0108 uays
/a AlD°°°DA 1® Neadq KJq g4/ (2)"pus q0u 37
/w UTH3Q 10U 3B3JQ  AD uaysy
/s UTH3Q 10U YeaJq X2 AJT
I
/s WBIJIQ X|D°° DA 4/ t(z*a)auop TTED 3ST2
/& ABIJG 3 UED ‘Qf ITNJ 4/ tdoor 0408 uayjl
/s ABIJQ X!D°° DA 4/ (z) pusa j0u 3T
uay3
UTH9Q 30U XD°° "DA Neadq JT
uayq
/s UTBag  x0°°°0A utdaq qou J7
a3
/s UT39Q X0}D°°0A 4/ $(E£A)ouU0Op TTEO ISTR
/s N€3JQ §B je3J] 'UTHQ X|O° DA 4/ t(2'A)2uoOp TTRD IET2
/e "Of 3T1NJ 4/ tdoor 0107 uayul
/g %|0°°°OA jE NEIJQ B K3 ‘OU g/ (2)"pus j0u 3T
/w XO!0°°OA 1B ABAJG OM UED 4/ uayq
/e UTH2Q %0°°°0a 4/ (£)7PUa j0u ¥ £ =  uyiBueT @1QelT4s JT
uay3
/e %X0°°'OA o4/ ut8eq J1
uayy
0 =, 3UNOCYTSUD 3T
uayl
punoj TemMoA JT
/s °9f 21NJ 4/ {door 0702 uayl

/e 91QeTTAs uTdaq jcu Kew uted 4/ UTBaG 30U 3 2 = YaBual 2TQeTTAs JT

/& °(°91QeT1As 9yj UTHaq §10p EEITUN S2TQeTT4S

T1e JOo JuTuuidaq 3ayj 03 4X° "y PPE ‘°3°T) ,AD" "0DAX'", € paidJdudquy
2Q PINOYE L,AD'°00A, ‘snyl °S10p AQ papasvadud searun ‘aTqQeTlAS
ayq UT 1TUN 18JTJ 3Yy3 ATTJEEEaDaU j0U ST TOQUAS 3ISJTJ Ayl

*4TuUn qUaJJnd Y3 shemle €7 TOQmAS 3SeT dyl ITQETTAS

4UaJJND UT 3Je aJ3Y] SITUN Jeym £93BOTPUT sToquhs Jo dnoJd ayl

*38aJq ITQeTTAS B SXJEW | SUTT TEOTIIA 3yl

37QeTTAS JO JUTUUTBaQ WOJJ SJUBUOSUOD SATINOISUOD IJOW JO OJIZ e
31qeITAs JO BuTUUTFAIQ WOJJ SJUBUOSUOD IATINOICUOD 3JOW JO UG D °
S]UBUOSUOD 3ATINOISUOD 3JOW JO OJIZ D' °D

§1UBUOEUOD JATINDIEUOD I40W JO U0 D°°°D
(91duwexa se pasn €T O) €mOTT0J Se Pajadddaju] aJe §310p 2yl

qTun Aue JOJ €puels X

4URUOSUOD B JOJ SpPUE}S O

(TeM0AT9qBUJ2 TR JUTPNTOUT) TPMOA B JOJ SPUE]E A

:SMOTTOJ €® Pa334dJajuy 2aqQ 01 ‘aTQEBITAS €Jyq UT €37uUn U 3ISBT aYq JOj

anL 1p3 hr62Lll  SL/10/R0 4817 pJom wopued

sle
wlz
€le
ele
[¥X4
0Lz
692
892
L9z
992
5§92
w92
€92
29e
192
092
652
862
152
962
1114
nse
314
252
162
052
6nZ
ghe
he
9ne
ane
whe
€ne
(414
the
one
[3%4
gtz
Ltz
9tz
134
(134
334

98



L #%ed

s POOZ OU ST X!AX"" ‘Qf 2N

pus_ utldaq, Xxax**

'Y {door 0708 uayjy
/u ABAIQ XAX®* 5/ 2 < YIBUAT PIQeITAs ¥ (2) Pus 30U JT
uayq
o/ Aesuq J1
asTe

/s UTBaqQ x

o /s UT8aq X!Ad
/e POOB OU XiAD*** ‘Of STNu

/e UTEAQ XAD"""

uyTdaq OAlA® A
/u OAATTCA
pooZd ou DIAA" A
/w UTI2Q OAA*"°A
/w d7ed 377ds 03 Luq UTHAQ OAA°"°A
/w UTEDQ DAA"" A

/w T€BITTT €7 uy8aq oa}
/s UTSaq oA}

/s DOOB Ou ST DAl A,! ‘BE 21N

£(0'Qulw)duop TTED 3813
t(2'A)ouop TTEO IETB

s/ ‘{doot 0108 uaya
o/ (2)"pusTi0u Jy
uay3

« UTB3Q XAD"" 4/ 2 < YIBUST BTqeITAS JT

/w 4Ted UTB3Q BUTIITIAS Aul 4/ ¥ST2

/w UTH2Q OAA! ¢/ ((2-X9PUT)pJOMSSed)TaMOA” 93RUIB TR SaTnL JT

UTEaq OAA A

/8 UTBAQ AAJA A
s DOOD OU AA!A*°°A ‘Of BTN
/w UTPOQ AAA""°A

/s UT83q AAlA}
POO3 Ou ST AAlAy) ‘FE aTna

/8 UTS9Q AAA“ A

UTB3q XAA®°°A

/s UT823Q XA
/s PUD_ XA

/w PUD XA

s UTH9Q AAA) 4/ T9MOA 93BUJBLTE" (((2-X3pUT))pJonssed)satna JT

s/ {(E£'Qulu)dUop TTED 3518
./ £(2'Qu04)2uop TTED 3512
./ tdoo1 0708 uayl
e/ (2) PuaT0u g7
s/ _ usu
s/ (€£)7pusT30u Jy
asTe
s/ tdoor 0303 aste
s/ f(£'Quly)auUop TTED UYL
/% UTE3Q OA!X) 3/ ((2-X3pUT)pJomssed)TaMOASaTNI JT
aste
s/ t{door 070% uayl
usy3
./ € = yaBuat erqelTAs JT
asTe
8/ f(€£'Qulu)ouop TTED 3FT2
s/ tdoor 0108 uayl
% (€)puaT0u J1
EN €
Y £(£'Qulw)ouUoOpP TTED 3ST2
s/ tdoor 07908 uayi
uay3
/ € = yjguar a1qeITAS JT
uayy
A JT
uayl
punojT1amoA" 18Rl JT
uay3
Y ut8aq J71
asTe
%/ £(1*Q,0u4)9U0pP TTED UBYT
./ pus J71

/u XA

A-uou STIMOA 2ATANDISUCD £ ‘eBf alng
2 < xaput

/s T9MOA §T 3TUN 95E] (= 3JUBUOSUOD
/e UT83Q 90U _ uydaq_ 00°"°0aA

/u MEILQ SB JeaJ] AD}D° DA

/w MEAUQ §EB qB3JL] A}D°° DA

/w POOZ OU 34® AD)D°°OA PUB A}D°"°DA
© /g ADDID° T DA

/s JE 2104

asta
tdoor 0108 uayly
3 ((2-%2puT)pJomMesed)TIMOASITNS § A JT
40U €7 3TUN 1SBT PuE PUNOJ TIMOA 4/ IS

./ £(0'Quiw)duop 11D 2812
./ f(£'Qulu)duop TTED 2872
s/ f(E'Qulw)PuUOp TTED 3ST2

o/ tdoor o707 asie

s/ ‘(h'Qula)auop TTED 3ST3

s/ ${doo1 0708 uayj

uy#aq 10U’ (384T ] (2-%X3puT)puonssed )sweadTp |

/u ADD!D* oA Kug

anl 1pd n'62LL SL/LO/KO

8/ (n)"PusT0u 33

4871 pJaOn wopued

ghE
LnE
9t
ShE
(113
Ent
k443
LhE
onE
6EE
2133
LEE
133
SEE
nEE
323
431
331
1131
62E
gzt
L2t
92¢
(743
[ 743
g2t
22¢
12¢
02¢
6LE
8lLE
LiE
9lE
SLE
(133
£1€
2LE
1LE
oLE
60t
80£
Lot
90t
S0E
L113
£o€
20€
Lo€
00¢€
662
g62
L62
962

n62
£62
262
162

99



@ ofed

s/

taaow A4 0308
'] + SJBYOU = SJBYOU UBY3 , , =, PUODIE (PUODIS)3TIdsTSUR33aT JT :doot
s POOB OU ST POIBJIBUIT JTUN UBYUM IJBY JIJUD 4 ssess/

{Buthay”daay o308
/s P21dad0e U33Q ABY PTNOM 3T 3eU3 Aes o7 aAT3Tsod axew 4/ ¢3Tun- = jyun
/s POOB ou sem JTun pudisuad 5/ ¢y + sJeyou = sJeyou uayl

=_ puodas- (puooas )3 TIds £J433331 J1 :Buthuydasx inq paidaooe

18M0AT MOPURJ JO TUN WOPUBJ AQ JaQUNU dATjePaU e se payrddns sesm 37

9SNEBO3Q 37 IEN 03 juUEM 3 UOP aM INQ ‘PoOT Sem PBIRJBULT JTUN UIYM BJIY JIUS 4 snun/
tuanjayg
s P23d800® USAQ SBY PIJEBJBUST JTUN USYM JIY UJNIBJ 4 snen/
/s UTESQ_ ABIUqQ, PUB_ 0DX' 4/ £{0*Qu0u)ouop TTED 3873
/s UTE3Q 20} 4/ £(£'Qu04)3UOP TTED IST2
/s UTBaQ 000°-" ‘Of 9TNJ 4/ tdooT 0308 uaysy
/e UTE3Q 000" 4/ 2 < YIBUaT STQRITAS JT
uayy
s PUS_ NEBUQ_ 02°°° 4/ uydeq J1
asT?
s UTHOQ_ NBAJQ, pUd_ AD" " 4/ 1(0'Aul4)dUop TTED 3ST@
/s Of 3TNJ 'UTHeq NeSJQq, PUD, AD!ID D 4/ tdoor 0308 uayj
/e ABAQ, PUB_ AD" " 4/ 2 < UjBuaT eTqeTIAs ¥ uTEeq J7
uay3
/u Nedaq_ pus x2° " 4/ A JY
2878
/s POOF Ou pu?d !00°°- ‘Qf 9TNJ 4/ tdootr 0308 asTe
s (PTQEITAS mau) puad (AD° " 4/ £(1°qQu0u)2U0Op TTE®D Uyl
/e PUB XD°°° 4/ A JY
usy3
/s AeIJq_ X2 pua J1
812
/s POOD OU NEIJq X|2°°° ‘Qf IINJ 4/ tdooT 0108 uays
/e X027 4/ Aeaaq g7
9sT?
/s AE2JQ_ UTBqQ_ PUD  XA'" 4/ £(0‘Qul u)Puop TTE2 ST
/8 Xe24q X{A°c 4/ f(Z*A)3uop TTEO ISTD

a0l 1P3 #°62LL SL/LO/RO 3811~ pJon wopurd

06€
1:13
88E
Lgt
98¢
[:14
nge
[1:13
28€
18€
08¢
6LE
gLE
LLE
9LE
SLE
nLE
£LE
2LE
1LE
oLE
69¢
f9€
L9t
99¢
S9¢
n9e
£9¢
29¢€
19¢
09€
6SE
313
LSE
9S€
(113
nst
143
2st
243
0S¢
6nt

100



6 #3ed

J9AIMOY ‘)Oo ET TI9MOA AQ papodaud o

w9y J40J UC ST 3174 STUI &/

/e PTQRTTAS 8y3 Pud 03 3ITQE ¢/
/494 1SNW £43339] 2 SNOTASJd 3STMJIIYIO0 4/

t{door 0308 uayj

£>u3BuararqerThe|puncjTIoM0A JT

asTe
tuays

(364TJ)T3M0ASaTNL JT

usyl
L=, 18 J7
uayg

4 7Tds  [RUTJ OU" (PUOD@S)SaTNJ JT

uays
SJ4BYOU = X3puy JT1

/e *9TQqeTTAS 38eT 2y3 UT TamoA ATUO ay3 3q 30U Aed .3, TeUTJ V 4/

${dooT 0708 uayy

QuOu = JA JT
aste
{door 0308 uayly
puaT3ou J1
usujy
SJRYOU = XAPUT JT
uay3
L=, 18 37

/s

STQeTTAS PU® 03 PamoTTE @q 3snW Jted &yl °2
pue ‘STQeTTAS 3U3JJUND UT TIMOA € JABY 45NW 3W °|
‘payoRaL ST PUOM JO Pud JI ‘SUOTITPUOD PUOM JO PUI 3O3UD 4/

/s 91QeRTITAS UT T3MOA OU 4/

. XAD

/e P32J40J 2q ued deauaq ‘sak

tdoo1 0308 asie
tpua
tuanjad

J0 XX0°°* ¢/ f(2'Qulu)oUuUcP TTED

top

'Ya IsT?

/s PU? 3, UED €3TUN 2 €nOTA3Jd ‘OU ¢/ ‘{door 0708 uayj

o AB3JQ Se paijead) aq Aew JTBd STYI JT AOUD 4/ (2) PUS 30U JT

at1ed STyl NeaJq 07 ITQe 2q AeW M 4/ uay?y

/e ‘9TQETTAS STU3 UT T3MOA © 1 948Ul JT 4/  PUNOJ TamoA JT
/s J7ed sapaocadd TaMOA ou 4nq JTed apadedd Isnu TIMOA 4/ UYL

((2=%3PpuUT)pJaomssed) TamOA SATNJ_ JT Uay3 XTJaud JT uauy 2= _yiBual aT1qerTAs JT uduj 2= T8 J7

/e 478d STY3 9pedaud enum TIMOA
JT %09yd ‘STqETTAS JO S3TUN 2 1SJ4TJ UTUITA 30U 9Je M JT 4/

tpax1y 18 ToP

tpousITe (1)374 JA TOP
$(18 ‘JA) adnpaooud :auop

/s

(3TUN STY3 JOJ JUAWAJOUT SuURdW () *I[QRTTAE UT €3TUN JO JaQunu) Y3Bual aTQeITAS qu
punojTTamoA  JA
:JO SONTeA MaU SJe sjuawnBay Teder
9q 07 PAUTWJA}SP PUBR PIJRJIUAT ST JTUN MAU UIYM IUOP TTBD 4/
/« dOOT 07 UJN3aa ueD 31 3ENEOSQ 3TUN 97BJ2UASF 07 TRUJIJUT ST JUTINOJ STUI 4/

Nl IPa n 62LL

SL/LO/R0

1611~ pJOM_ wWOpURY

/w 3NOQ 3¥NJ3ID0Ud o/

Lk
Pl
Sttt
Liad
4]
(4,44
(3.4.4
otk
6EN
8EN
LEN
9EN
SEN
(11
3% ]
2N
LENR
OEh
62n
ech
L2
9zh
sz
hew
£2n
a2k
Len
(4]
6ih
gLt
Lin
9Lk
Sy
filh
€in
ZLh
Lik
oLk
60k
80k
Lon
90%
SOk
woh
€0
20k
1o
00t
66€
86€
L6E
96€
S6€
L{33
£6€
26€
L6€

101




01 a%ed

s/
tq1un” aqe43US%E pua

tauop pua

fQuly = (1 + Y3BUST oTqETTAS - Xapul)pJom pajeusydAy uay3
SJeyou =_ | + yjBdual o1QeT(AS - Xaput JI
¢JA = PUNOJ T3MOA
$Qu0u = PUNOJ [IMOA™ 35T 38713
¢PUNOJTT3MOA = pPunoOj TIMOA™ 1SET uay3
€ < ylrBuaT oT1qeTTAs JT
{18 = y38ua1 9TqQeITAS 3FT[a
£l + y3BUST RTQeTTAS = yjBuaT ATqeITAs UaY3
0= 15 J%
/s 9TQBITAS Ul £3TUN JO JaQUNU UBY3 3JOW OU 3NG ‘PajudWaUdUT 4/ ¢(|+3UNOD EUOD*|-TE)UTH = JUNOD SUOD
/s £33 1UNOOTSUOD ‘}OEQ 42313 SWOT PalJeIs SeM ITQRTTAS Mau ® 4/ 3ST[3
JUNOD JUSWAJOUT ‘3IUBUOSUOD € SEm STY3 o/ ¢l + 1UNOD SUOD = 3JUNOD SUOD UIY3
0= 18 J¥
&
= 7UnO% sUOD UaYL
1 =18 | AT
¢Buthuq”daax 3nq paidadde 0708 uayil 0 > ITun Jt
0 = 18 asT?
twuthay daay Anq paijdadoe 0108 uayjy
0 > 3tun 3y
asT?

/

o UTH3Q 03 ST STGETTAS M3U JO T9MOA B ST 3TuN STY3 4/

anl 1pP3 n°62LL SL/L0/%0 1S TT°~ PJOM Wopued

nlh
£€Ln
2Ly
Lin
(4]
691
89n
L9%
991
S9n
ngn
£9n
291
19n
091
65
85
154
95n
San
nsn
£sn
25n
1S
oS
(1]
LT

102



11 @8ed

‘puas

‘pus
t(pua 10U ((L+T-XapuT)pJomssed* (T-xapuT )piomssed )swedd Tp)udniad
$(Qulw)UdN33d UAYD ((2+T-X3puT)pJomssed)aTqel TASTUTEaq Jou satnd J7
uayl
L=, TJT
L(((1)pJomssed) TaMOASITNJ_JudNIad uayl
Xaput = T JT
tpaxTy T TP
£((1)37Q)SUJN3ad (¥)3Jnpadoud T pua jou
/s PTQETTAS © UTZ2Q 30U Aew (2+T-Xapuj)pJomssed usym Jo ‘3TQelT4As e pus 30U Aew
( (L+T-x3apuy)pJomssed ‘(T-X2pUT)pJIomesed ) UIUM Quiw SUJINIII (T)TPUS 10U 4/
/+ TGONZTION 3UNQAIA0Ud #/

anl 1p3 n°62LL  SL/LO/RO 1S T1° T pJOM WopuEd

68n
88h
Lgn
98t
SEh
LEL]
£8n
2an
Lgh
ogn’
6ln
gLn
Lin
9in
Sin

/s

103



£(Qu04)3TUT (1)37Q Te1y TeIR] TP 2L
£(Qu0u)ITUT (1)378 8BJIJd TOP LI
tutQ paxyy (T ‘A ‘F ‘T) ToP OL

6

/ensspannssss | Td TOUT 24N10NIISTWRIBTP STTJ 2PNTOUT PUS gessnsnss/ Ef

ch

. ‘ulq paxyJ S1TUN U$SWEJBTp PAUTJAp SATUN U TOP Lk

O

/o (uhu *°9°7) ‘T3MOA 37BUJDITE UEB ST STUL o/ £(1)17q TamoA 27BUJRITE ¢ &€
/s T3MOA ® ST STUY o/ ‘(v)I1q .HM:O> 4 gt

/e 9TQeTTAS B UTB2Q 3, UED 4/°(1)37Q STQETTASTUTEaq jou LE

/e ®1QeTTAS 315ET UT TaM0OA ATUO 3y3 3Q 7, UED 4/ ‘(1)37] 37Tds TRUTJ OU 2 9t
‘((saTnJgswesdTp)Jppe) paseq pausyle (SIyun u)sITNJ | TOP &F

23

/s 3TUN Yoeds JoJ §ITNJ Sey ABJJE STYL ¢/ £f

(43,

f(2)Jeyd ped 2 tE

‘(1)Jeyd puodas 2 ot

‘(L)Jeyd 3sayg 2 62

‘((s493191$SWeIBTP)IpPR) PIseq (SITUN U:Q)3TTds S43333T1 | 10P g2

Le

/e §J230BJRLUD TENPJATPUT 07 30U3J3JaJ SMOTTR ANQ ‘S431391 SB 2wes 3yl ST STUl ¢/ 92
T4

{( (542319 T$SURIBIP)appe) PISEQ PAUBTTR (2)JBYD (SITUN U:(Q)SJI8313T TOP #2

€2

/s 37UN Yoes Bujjuasaudau sJdyed Ja333T~Z 40 | POTJTISN[ IJIT SUTBIUOD Aedde STYL ¢/ 22
%4

/e KJ3UB/%77Q 6 SaNeW STUI 4/ t(1)31q ped 2 0e

/s Jeadde jou Kew Jyed STY3 JT uO 4/*(1)37Q Jved TedsI1y 2 61

/e @TQeTTAs awes uy Jyed §TY3 MOTTOJ 1SNU [3MOA JT UO 4/ “(1)37Q X¥JJns 2 gt
/e PTQETITAE awes uy Jyed s7Yy 2padadd 36nNW T[3M0A JT UO 4/ ‘(1)37G x7gaud 2 Ll
/w J7ed edug ® €7 Jyed STYI JT UO 4/ ‘(1)31q xMoun 4 91

/s PU2 10U 35nuw Jyed §TY3 JT UO 4/ “(1)17Q pus 1ou 2 sl

/% 21QeTT1As pud 3snm JaTed STY3 JT UO 4/ ‘(1)31Q PUD 2 [

/s UTBaq q0u 3snu Jyed sTY3 JT uO ¢/  ‘(1)37Q UTBaQ 30U 2 £l

s 9TQeTTAS UY3ag 9snu Jyed STyl JY U0 4/ ‘(1)178 ut8aq 2 2L
‘((sweJBTpgsweJdBTP)JpPR) PaSEQ (SITUN U ‘SiTunu)swesdTp | TOP L1

ol

/s $37Un Jo suted a1gyssod TTE 3N0Qe UOTJBWIOJUT SUTeIU0D AedJde STUL ¢/ 6

e

{TeUJ3 X9 SOTNJ$SWeJBTp TOp L

!TBUJS1X3 §43313T$sweJBTP TOP g

iTeudaixa UTQ PIXTJ S3TuN ugsweUBTP TOp §

{Teuda1xd sweadTpgsweddtp TOP #

£

/enssnave LT TOUT 34N30NU1S  WRJBTP STTJ 9PNTOUT sepensans/ C

t

tdqd Jqd a1qeq 204nos 0P g

{(43d aTqe7 20J4nos) Paseq (SLSQKOL )JBUD @TQET 204N0OS TOP L

9

£((1)37q)suanqaa (0q ‘a3d 81qEI 904N0F) Sunpadoud :TarqerI pEAJ §

]

/& TNJss200nsUN [

sem BuTTTdwoD JT TelJ ® SUJN(dJS 4] °*90Jn0s aYq SutUTEIUOD usw3as 2

ay3 07 Jajuted B UIATE ‘aTqe] weJBTp 3yj §2TTdWOD SUTINCIQNE STYL 5/ 1

204n0F N0aYD :suotadD
anl 1pd 6°L2ll  GL/LO/w0 :uo paridwod
6L:nt 1B GL6L ‘G2 udJel ‘Aepsanl Jo JaTydwod I/7d Teiuawiuadxy :4q paTyduwod
TarqeiTpead INTFHOIS 40 ONIISIT NOILVIIAW0D

104



/w

(1)379 (RQ'€Q°2Q°1Q) 2 ‘PIUBTTE (SITUN U)SaTNJ | 4/ ‘uUgh‘saTNa §8Q,

/s PRUZTTE (2)JEYd (SFITUN U:(Q)SJIa133T 4/ ‘wl+U‘SU2772T §Sq,
/% (6)179 (S3TUN U'SqTUN U)SWRIBIP 4/ ...:Zmo:-:v.nannmwu $8Qq
/w UTQ POXTJ SITUN U 4/ ‘ul 'SATUNTU S8Q,

‘u89TNJ Jopdes,

‘uFJ911971 joepdes,

t,897Un"u jepBas,

‘uSwRIBTP Jopdes,

) ATuUT Sutdaea (of)Jeyd (6)sausweeys  wie

/s MOT2Q 9JE S3UBWA3ELE B3
JO 1§aJ 3yl °*PauTwJalap SITUN JO JaQUNU Byl a9 T[T XXXXX Jays

XXXXx‘U nba
t2q TTTA weddoud WY 843 JO juawaieds 38JTJ ayl

*S$A001q aFay3

JO yoe2 Jo utuuTsaq ayi o3 utod YOTUm pPa3eaJD SNYJ aue § Japdaes
pue ‘paTquwasse uayl ST wesdoud WIY Ul ~PauTWJalap 2q UED §%001Q
953U7 JO yoBD JO 32z1s a3yl ‘asJe 3Jd3yj s1Tun Auew moy qno FuIpuly 4333V

tUTQ PAXTJ (1)31TUT X3puy a8

(TINU)aTUT 213838 43d a3d Boud

f(hh1292)aeye (49d Boud)paseq Boud wie
t(a1qetaea)suorido Aajus uwie

f(PauUdTTE (891 )Jdeyd)Sudniad Aajud TuIpM 198

f(pausdtie (Q91)Jeyd)Sudniad Auqua —atpd 398

L((GE)UTQ PIXTJ ‘(h2)uTq PaxyJ ‘uid)4uqud 2§ oq 1984 SOY
‘(a1qeraea)suorido Auqud sweu ssauddnsg Juaa WO

w) ITUT (|)Jeyd auTIT mau
$(1)21q puad
£(1)37UT pax1J ool
fuTa1INg TINU
£(GE)UTQ PaxTy 8pod 2
‘(9£)31q ped 2
‘(9£)11Q sapouw 2
*(2€)Jeys> aweu~Jasn 2
‘paudire Toe |
S((GE)UTQ PaxTJ ‘uTq Paxt) ‘uad ‘(g)Jaeyd ‘(g)JdBUD)
A4qUd (SaTJIUd [OE 293[9p§ SOy ‘saTuaqua Toe pped soy)

L((GEIVTQ PaxTy *u3d ‘(G)UTQ PIXTJ ‘(s)dBUD ‘(g)JBYD ‘(4)aeyd) Aaqus FasToxews sy

anl 1P G 62LL

S({GE)UTQ paxyy ‘uad) Aujua Bas AuquaTapd soy
¢(paudyre (2€)Jeyo)suaniaa Lajus ~ Py dnoud 393
$((GE)uTq paxty ‘uad) Auqua J3d Bas¢ wuaaq
tuoT3TPUCD dnueatd

f(R2)UTq PIXTJ 3UN0OITq

f(h2)UTQ PaXTy 2q

{w #)3TUT (1)Jeyo Jeyd
t(1)a1q Feyy

£(Gf) uTq Paxty apod
/w ST 40J 031TP 4/ $53T0J AT PUBTTE (06) SoTnd |

ade 243Y3 S47uUn AUBW MOY MOWD oM TTIUN '£43313] JOJ 28BU0IS 4/ $(2)JEUD Paudire (06:0) §J9319T

isweddTp anTy (d) peseq Xx
tuad d
$(1)37Q T3MOATST Jayitau

4817 21qeq pead

T°P

*a8e401s Jo §10071q £3dwa Juyutejuod weddoudd Ky Ue §37B240 2Jnpadoud STUL 4/

1P
ToP
T°pP
T1°P
P
P
1°p
1P
H(w
1°p
1°P
TP
T1oP

1°p
2P
1°P
1°p
P
TP
T°pP
1°p
T1oP
P
1°pP
T°P
ToP
P
1°P
P

105



£ afed

tueyo = (| '2*(1) SJeq197)Jasqns
top
/s 9T22GeydTe ST J230eJBYD PUODIS 4/ asT?
£qu0u = ATTds  TeUTJ OU* (1) saTnJ ‘aTqelTAs utTdaq 30U’ (1) soTNJ
s OT32qeudie 20u pue 371G B 30U S JRIDBJRYD PUODIIS 4/ asTa
{pua
. ‘pua
{Qu0u = 3TTdsTTRUTS OU" (T) S TN
top
s 179 ,S3TNJ, PUODAS OU 4/ asT®
lpua
¢ + 201 = 20T
£(1*00T*@1qeT 90JNOS JJ3EQNS = JBYD
tulusdeyd = 37TdsT TRUT ou* (1) saTnJ
top
s 379 ,S3TNJ, Jayjoue uayl

w ow = JEud = Jeyd | ula = Jeud JT

¢ + DO = D07

$(1 ‘00T *aTqeq 90JNOE)I3EANE = JEYD
‘ulu=JeYd = arqerTAs uTdaq qou’(J) sayngd
top
/s 370 B ST J@30BJBYD PUODIS 4/ usyq
w u = JEUD | u0u T JBUD | ulu = JEUD JT
18319 443
0179GeydTe 30U §7 Ja10BJEYD PUODSS uayq

wZu < JEUD | LBy > JEUD JT
fu w = (L'2°(1) s48338T)a380n8
¢1 + 201 = D07
¢(1'o0T*aTqeY @04N0E JUqEQNS = JBYD
tqeyd = ('L ‘(T) sJ8133T)a38qns
‘pua

taae 0308

fQulu = BeryTTelRg
tJouda rele]
uPa308dxe Jajdeaeyo eydre,) [uug eoy TTed
top
uay3
wZu < JRUD | LB, > JEUD JT
‘1 + d01 = 2071
£(1400T'aTqe] 90JNOE}JIEANE = JEYD
/s UOTOOTWAS [T3UN PeAJ 4/ ‘{uf. =_ JEUD)3TTUM 06 03 | = 1 Op

/% PRUTJAP 3q 03 sJTed JO SJ43773] AUAJSJJTP Ul [T Pead ISJTJ 4/

0JJ@ JeTTop 0308 uayl
=_ (1 ‘1 - 6/°Q ‘¥TqEI 20JNOS)JISGNE JT

/e AUSWHIE Spud UBTE JeTTOP © JT AJAUD 4/

{(91qetJea) suojado £Jjua Tuu$ eOT TOP
t(@1qeyaea) suotido Luqus “eOT TOP

t(ubud,

ang 1pe 6°62LL SL/LO/RC 1811 To1qey T pRad

08
6L
8L,
LL
9L
<L
ne
€1
2L
(L

106



:Houd BTE UT JOJJ

top uaysl

11nu = a3d Boud J71

£(apoo ‘u3d Boud ‘QOLOLO ‘uwu ‘WBTE-SWRJIHIP, ‘,.) IS oqEW4TEOY [TED

e KJ0302J1P §59004d 3yj UT 3UBWBAE DJINOS Y3 278D 18UTJ

/e BEBJBOJd WY Y3 3383JD UEBD M ‘S3TUN AUBT AOY MOUX 34 BY3 MOU 4/

tpua
£(8p0od ‘| ‘(TO®)JpPE ‘,SWRJBTP, ‘() JTPA 133) §aTJjud [OF 213TIP§ sOY TTED
t(9poo ‘uad woud) BasTA4juarap$ SOy TTEO uay3l
1inu = a3d Boud J1
‘tutdaq
(dNUBaTO)UOT] TPUOCD UO

/u P §_£52004d STY3 §30UsJaJas jeyi swedaBIp Jo AUl [o® Ayl £933T3P
pue ‘weddoud wle 3Yq FUTUTEIUOD uawdas Adedodwdy ayy sa8larap 11
uoT3eT TdWod P3JOQE JOJ ATUN UO Uy ST STUI o/

fpua
$(Qulu) UJIN3aa
s S3TUN 06 UBYY du0W 4/ {(,P3UTIIP §3ITUN Auew 00l,) ~eOT TTED
fop
uayjy
06 < T JT

‘pua
_ o fy Ky = (1)76497731 = TaMOA @3BUJIITE"(T) S3TNJ
fw Ny = (T)75J9933T | w Ou = (1) 5483337 | u Tu = (T) 64332317 ! w 94 = (T) 8492237 | » €, = (1) 5493337 = T3MOA°(T) so[NJ

/w SIETJ [IMOA 338 4/

‘pua
tpua
tdcuddad” Tejel 07038
L((f)7549339T ‘wuu®_uu UOTIBOTJTO2dS 3Tun 33€07TdNp,) Tuu$ ®OT TTED
top uaul
(1) 5423181 = ([)7s40293T JT
ft =101 =fop
uay3
L=, 1 JY

s P3UTJOP APBAUTE ST ITUN STYI JT ADBUD 4/

fpua
tJoJua (e8] 0708
f(wPa30adx@ 4973337 JO ‘BU0 ‘oudz ‘yuelq ‘ewrwod,) Tuug eoy TTED
top
uayy
JUTT MAU =_ JBYD § ,‘, =_ JEBYD ¥ ,%, =_ JeUD JT

s UOTOOTWIE JO ‘aUT] MauU ‘emwod JOJ JUTAOTTOJ JIIDBJBUD NI3YD 4

tpua

$611q AJ43 0308

{1 + 207 = 201

£(1'00T*2TQRT 20J4NOS)UIEQNE = JBYD

anl 3p3 G 62LL SL/LO/%O 18T1°"21qe1 pead

981t
S8l
ngl
£gl
2g1
%8
ogtL
6LL
gLt
LiL
9Ll
SLl
LAY
€Ll
2L
Ll
oLl
691
891
191
991
S91
n9tL
€91
291
191
091
651
851
LS1
951
11
nSl
€51
281
151
05l
6nl
gnl
int
9nl
sl
anl
enl
Z2nl
(138
onl
6EL
gEL
LEL
9E1L
SEL
nel
€EL
2zt
el
0EL
621

107



‘op fne

uayl €92

wlu = JBUD | , 4 = JBUYD J¥ one

LPUD 4 (Qulw)UdNIdd {(,PUe Punjecead -- ¢ TEIITTT.) BOT TTEO fop uayl , tn2
one

(1 ‘00T ‘@TqEY 204N0s )u3sqns 6£2

: f1 o+ 201 (34
L(PUTT_M3U = JBYD) dTTUM OP Lee

£(1 4007 *9TQRI 904N0OS )UISQNS = JBYD 9€2

£Qu0y = XTJJNS X ‘Xx7Jadd’'x *3ea4q- X ‘pua jou-x ‘puad-x ‘uydaq jou-x ‘uydaq-x [4%4
L((f*1)sweadtp)appe = d nee

tsqrunu 03 | = [ op  EE2

‘sqTun u 03 | = T op 2€2

174

mou paTtdwod ST ayTqel WeddIp 4/ 0£2

622

‘pus gze

h:vlno;.._ = (7)saTnd  [22

$(1)7S49338T = (T)sJ8339T 922

fs37UnTU 03 | = T Op 622

fuw T (0)S42333T n22

/s 3UauFas 303[ Q0 ayj 07 @oUBJIJaAJ ISJTJ U3 ST STYL 4/ L - T = sIjun u £22

222

/s JU2WFAS 303( Q0 Y] OIUT JJNIS 3J0IS 4/ 122

02¢

tpua 612

£(Qula)udniad 812

f (o STRJBTP, ‘.JaT1Tdwoda7qel weddTp, ‘apod) sweu ssaJddns$TaaawWOd [TED L2
op uayl 912

0 =_ ®pod J1 612

t(apod ‘| ‘(T0oB)Jppe ‘,SWeJFTP, ‘() JTIpM 38F) SITIIus 0B PpE$ SOU [IBD HIZ
t4,. = ped-oe £12

tQul0Ly = S8pow-To® 212

t()TPT dnous™383 = sweu Jasn-Io® ((Z

e UBATO 3Q 03 180l 4/ {()TTNU = a3d Boud Q12
/w 2POD J4OUZT 4/ ‘(2p0d ‘uyd Bouad) Fes AJquaraPg soy TTEBO 602

802

/w ©§3004d €43 JOJ MJ 03 102

weddoad 303(qo ay3 JO [OB 3yl jas pue ‘medfoud WIE Y3 213130 4/ 902
/s 1191 3, UBD am ‘pPIP am JI °~SJ40J4Jd ou 308 am ATInJadoH 4/ G02

702

{ (wSORIZTPC Y (v &' ()74TPd128)340J2q) Wle TTEd £02
202

/e WEJB0oJud RIY Y] B[ QUISTE 4/ 102

00¢

t3oad wiETUY Jodda 0308 UBYY O =, PO JT 661

£(3p00 ‘64(L - X2pUY Bas) ‘urd Boud) ¥es oq 3984 SOU TTEO @6l
L6l

/s JUSBWEIS IDJNOS IYJ JO JUNOD 37q 3yl 13§ 4/ 961

S6L

‘PU? #6L

(f)squamagesTwle) SUTIppe TTEO £61
/w SBUTT 3U3 JO 3834 3yj TI® 4/ !(l‘sjuswajejs wie)punoqy 03 ( = § op 261

S({(u w'(L=T)J230BJRYD)AJTIIA ‘(| -T)J@I0RIRYD)JIEANS w‘U nbay) auTIpPPE TTED L6I

/w UBJF04d WY JO QUTT 1SJTJ 4

061

{pua 681

{(Qulu)udniad 881l

¢ (4AJO303uTp §59004d UT wTE-SWeadTp, *,Ja1TdwWOD aTQERY WRJSTIP, ‘@p0oDd) sweu sseuddns¢ JJaTWOD TED Lot

g aded anl 1pa G'62L1 SL/10/80 ISTT T 91qe PR

108



9 a%ed

{pua

taJe 0308
{(wP2300dxa JajdeJRUD BYATR,)TUU$ BOT TTED
top
uayq
. utu =, JBUD § 4=y = JRUD ¥ 4 3, JEYd JT
top
uay3
u$u =_ JEUD § QUTT MU =_ Jeyd ¥ ', =_ Jeud JT

4| « o017 = D01
£(1 %007 *aTqe) 20JN0S )JISANS = JBYD
£(f)d91797 Ixau TTRD
tpus
fa9 0308 4(,d97397 TEFITIT JO JaPJo JO 3n0,)Tuug eOT TTEd
/e 98essaw uayjoue 198 11,84 ‘pPUNOy 3Q 3, UEd jBY3 WeJITP BJIXS UER ST 24343 JT o/ == f
/s Buoum paTTads Inq aJdayq s, 37 dWnsse ‘punoj aq I UED ITUN U3 JT o/ ¢L « [ = [ asto
tpus
LTORE 0 1 &
tpua
‘{pua
t{qaJa 0309
L+ =%
top
ueyl
puUODaS* (4)371dsT 549332 = Jeyd Jy
£(]1 4007 ‘9TqeY 204N0s }u8QNSE = JeYyd
top
uay3
w w =, PUOD3S*(X)3TTdsT 5423391 JT
top
uay3
satunTu => % J7
@ TUN 3seT 8y3 BuTqedTTdNp JO SITUN 2wos BUTdAIAS JO Jed SINE] STYL ¢/ ‘pud
£(ISITI(A)ITIIS SJa339T = Jeyd)aTTuM S3Tun U 03 (L“})Xew = j op :
L=
/w °"Oudks ut 339 07 apew sT j3dwaje ou
‘7e¥aTTT ST ATUNT 3847J U3 JI  "A133TUTjIpuy pajutad aq
q0u T1TA safessaw eyl Os utede Juks uy 123 031 sidwsije adusnbas sTUY
‘1eBaT1y ST uol1e0TJT03ds Jyed wedSTp ® JOo 3TUN PUODIS Y] ISED UT 5/

top
usu3
18Ja1J° (F)371ds 5492397 = Jeyd J¥
fedda 0708 UYL ,-y = JRUD | , , = JeYd JT
tJeyo qxau T1ed
$(7)J9739T 3XaU TTED
£QJJa 070% UaU3 1SJTJ"(T)3TIdS 5423381 =_ Jeyds J7
fedJd 0308 UBYY 4=y = JEYD ! , 4 = JeYd JT
taeyo 1xau [Ted
‘pus
tu-usJBYD = XTJaJd-x
faeyoTxau 1Ted
fulusdeyd = Yeadq°x
$17Q Jeyd 3xau Tred
5 fulu=deyd = utdaq ou‘x
$91Q7JeyYD 3Xau TTed
tL + D01 = D01
fulusJdeyd = utdaq-x

ang 1pP? G°62LL  SL/L0/%O 18T1°T91qer pead

eda9

HORRT

1qJJa

20€
10€
00t
662
862
L62
962
562
w62
€62
262
162
062
682
ege
182
98<
682
L4
€82
(414
182
082
6l2
8ie
Li2
9.2
sle
nie
€le
2Lz
1Lz
0L2
692
892
L92
992
992
09e
€92
292
192
092
662
892
152
952
692
(314
£52
252
162
052
6n2
ghe
he
9ne
She

109



09t

{(Be1Jdad)udniad 6GE

t(apod ‘u1d a1qel 204nos) J1d Bas¢ mIS] TTED §SE

fpua iGE

$(Quiw) Uangad 96E

{(w3UaWBas Jo pua e punoj Jou ¢,) ~eoy [1ed (149

% 1J0JJITJBITOP #GE
top uayl £6¢

w$u=_ (1 *00T*21QB1 204N0C)I18QNE JT 26E

13

s QUSUDIE I1BUTWII] PUB GMOTTOJ 4$u 94NE 3NeW ‘a7qeI JO PUd 18 4/ 0GE

(113

t(apod ‘|t (Toe)appe ‘', swedBIp, ‘()TJIPM 19d) SaTuludT OE 91213p§ oYU TTed gt

Lnt

tpua gnt

‘{pua SHE

tpua nhe

tQula = ZeTJJdd £nt

tpud 13

£(|*00T*aTqB) 90J4N0OS)UIEQNE = JBYD LhE

t(u$w =, JEUD ¥ SUTT MaU = Jeyd one

¥ u's =, JEUD) 3TTYm | £q 201 = dOT Op 6€E

£(1*1-001%a7qeT1 204N08)J18QNE = JBYD gee

/e ®NUTIUOD 3 UED ‘JOJJd 1BIEJ ¢/ (Qula)UdNlda Uayy melj Tele) Ji LEE
£((T'00T'a1qeT 90JnOS)IIEANE ! upu 9EE

(1=A*|+%-001'27qe] 304N0E)I8ANE ! /ota) “eop 11e0 GEE

{(udUTT BUTMOTTOJ UO 4 340J3Q ,) Tuug~ €O} TTed nee

usyy Jerjuad  Ji (133

tpua 413

f(aUTTTMaU = (L ‘1+00T '21QE1T90JNOE)J16QNE) STTUm D01-6/0G 03 O = 1 ©OP LEE
tpua 0EE

$(3UTT Mau . (1 *3-201 'a1QE1904N0E)J1EQNE) ITTUA (=01 03 | = ¥ OPp a9 62E
{(wJ04dd KOUISTEUOD,) TUU$ €OT TTED <749

P L2E

uayq 92t

ated TEPOTTT XY(XTJJINE X!XTJOJd X |}EIJQ X }pUa J0U°X)pUI X UTBAQ J0U X |UTHIQ X) (%43
) (((f)TemoAa saTna_ § pua jqou°x (T)Tamoa sand_ § uTBaq q0U°X_) § Reduq-Xx) #n2E
D ((((f)T1amoASaTNJ_ ¥ Ae2dQ X) | (TAMOATET JaUITaU § UTHIQ 0UX )} pUd q0U°X) ¥ PUI°X) £2¢
} (Mesuaqrx 3 (F)arqer14s utBaq jou-saind) 22¢

1 ((((T)ToM0A €3TNJ_ ¥ XBAJQ"X) ) (13MOA™ ST JIU1TaU § PUa q0UX )} (TIMOATET J3Y3]au § pua x) uisaq qou-x) § utdaq x) Jy 12€
£([)TIMOA 97BUJITESITNI_ § (T)12MOA 91BUJSQTE SATNI, § ([)TIMOA'SITNJ_ § (T)T3MOASITNJ_ = TIMOA™ ST JayiTau 02t
1doo1 61€

{pua eLE

{L + 201 = DO e

tpua tuud 0705 !(,pa10adxa JUTT JO pud,)Tuug eOT TTED lOp U3Y3 9LE

w'u =, JEUD § UTT MOU =_ Jeyd JT GLE

£(1'001*21QE] 90J4N08 )J3EQNE = JBYD (18

tulu=deYd = pua jou-x €1E

tdooT ©0170¥ uayil pua J7y 21€

$171Q 1Xau 1ed 1LE

fulu=JBYD = pUI*X oL

tdoo] 0703 uayi pua J71 60¢

{11971xauU T1Ed g0€

tQule = J1ed TEBITTT X UdYY LOE

wta = JBUD JT 90¢

IsT? 50€

tQula = XTJJNS X UaY] not

uw=u = JdBUD J7T €0t

L a3ed any 1pa G 62LL  SL/LO/HO 1871 8198y peR

110



g #fed

Ny 1p3 §°62LL

SL/L0/%0

f(upP303dXe 4,

‘pua

¢ puodes* (1)3711ds §49939T
puodas* (1)311d8 §J3333T =_ Jeud J1
faeyoTXau TTed
‘op
uayq

w w =_ PUOD3S®(T)3T1dsT 8423337 JT
turq pexTy T TP

$(1)0o0ud :J423337 3X3U
/% 3TUN J9772T-Z ® ST JTUN STUI JT J2333T XU 338 4/
‘pus
‘puad
tade 0708
$(uP@302dx? BUTT mau JO ‘emwod ‘i ‘adeds,)Tuug eoy TTed
top
uayq
wlw =_ Jeyd gy
a8t

taJs 0709

Qulw = Ppus usyl

JUTT MaU = JBYD | 'y = Jeyd JT

uayy

w o = JRUD JY

¢L + 207 = 201

£Qu0u = pu?

£(1 ‘00T ‘@TQqe] 204NOE)JISqNE = JEYD
taanpadoud 119 3xaU
/e FUTT MU JO *,¢, ‘.|, ‘@0eds 1xau 198 4/
{pua

$1 + D01 = 20T

fpu?

‘132 07038

$(wP2309dxa | 4o 20eds,) Tuug eoT TTED

top

uays

ulu =_ JEUD § , , =_ JeUd Jy

»:.oo~.u.3m.ploon:onvnunp:n = Jeyo
taunpadoud :11qQ7Jeyd XU

s ule JO 30BdS 9x3Uu 138 4/

‘pus

{(wPe303dxa ue3jdeJeyd eydre,)Tuug eoT TTed {op uaug

JeUD B 4w =_ JEUD B (wZuJEUD

wBu>JRYD) JT

+ 207 = 00T

$(1*00T‘a1qe3 20JN08)J18QNS = JBYD
Sounpadoud :sJeyd 3Xau

/8 u—w J0 ‘90vds ‘U3q197 1x3u 198 4/

18 11°791qe3 " peau

8L
it
9Ln
Sth
filh
Ein
2Lh
Lik
oLt
60n
gon
Lon
90%
Son
LT
10}
20h
Lok
ook
66E
g6¢
L6t
96¢
S6E
n6E
E6E
26t
L6E
06€
68E
88t
Lyt
98t
S8t
net
€8¢
28t
18E
08t
6LE
gl
LLE
9LE
SLE
LT23
£LE
2Lt
LLE
0Lt
69¢
89t
19¢
99¢
S9¢
n9t
£9€
29t
19¢

E11



‘pua g2n

Lew

tpus 92h

t] + (Putdas)ulBuay + X3puy Bof = xwv:«lwwn. o2n

tu o hen

Sutaie = (1 + (ButJis)yidual ixaput Bos ‘Soud wiejaisans £2y
tguthkaea (Of JJeud FutJys TOP 2Ch

{(Butays) soad :2UTTPPE 2R

och

/4 WBJBOUd WY O3 UTT © PPV o/ 6ih

§ oged ang 3pe G62LL  SL/1O/%0 3511 9TqRI T PER

12



APPENDIX IV

2000 RANDOM WORDS

The 2000 random words listed on the following pages were genera-
ted in one particular sample run using the tables described in Appen-
dix I. See page 18 for a description of this listing.
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acbra
accarsju
acmico
acnaw
adakgem
addazov
addwus
adeocro
adfarvra
adfrobga
adicoc
adkrev
adlisa
adoif
adtemruf
advuj
afttwir
agniji
agromjax
agrovca
aiboce
aicboaj:
aijsav
aint jee
ajdama
ajhery
ajkealv
ajlytwa
ajnek
akdil
akhec
akhibwos
akjaruj
akklokto
akprujo
aktadssu
alcho
algofwee
alltomp
altkeye
alwafi
ambrigno
amshy
amvacs
amvuti
anafniv

ac-bra
ac=-cars-=ju
ac-mi-co
ac-naw
a-dak-gem
ad-da-zov
add-wus
a-de-oc-ro
ad-farv-ra
ad-frob-ga
a-di-coc
ad-krev
ad-li-sa
a-doif
ad-tem-ruf
ad-vuj
aft-twir
ag-ni-ji
a-grom-jax
a-grov-ca
ai-boc
aic-boaj
aij-sav
aint-jee
aj-da-ma
aj-he-ry
aj-kealv
aj-ly-twa
aj-nek
ak-dil
ak-hec
ak-hib-wos
ak-ja-ruj
ak-klok-to
ak-pru-jo
ak-tads-su
al-cho
al-gof-wee
all-tomp
alt-keye
al-wa-fi
am-brig-no
am-shy
am-vacs
am-vu-ti
a-naf-niv

2000 RANDOM WORDS

anpedavi
anviv
anwoba j
apcloy
apdrase
apkudaci
apnopku
apwry
araco
arcmawmo
arego
arjhoi
armvodru
arobli
arsshu
aseld
aseyjaha
ashfa
ashuwirp
asuwoj
ateunnga
athoigna
atkopyej
atojshyn
atshub
atwej
auhuva
aupkahy
auptcu
avavy
avcarmev
avriss
avthwy
avthyve
avutman
awwecba
aycleti
ayjedsi
aylow
aymsfop
ayootta
aypvihy
aysig
babfelby
bacgebvo
bafdacga

an-pe-da-vi
an-viv
an-wo-baj
ap-cloy
ap-drase
ap-ku-da-ci
ap-nop-ku
ap-wry
a-ra-co
arc-maw-mo
a-re-go
arj-hoi
arm-vo=-dru
a-ro-bli
ars-shu
a-seld
a-sey-ja-ha
ash-fa
as-hu-wirp
a-su-woj
a-teunn-ga
a-thoig-na
at-ko-pyej
a-toj=-shyn
atsh-ub
a-twej
au-hu-va
aup-ka-hy
aupt-cu
a=-vav=-y
av-car-mev
av-riss
av-thwy
av-thyve
a-vut-man
aw=-wec-ba
ay-cle-ti
ay-jeds-i
ay-low
ayms-fop
a-yoot-ta
ayp-vi-hy
ay-sig
bab-fel-by
bac-geb-vo
baf-dac-ga
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baiddbyt
bajoo
balhayo
baliom
baquon
basciwa
basfag
becamnob
becgroha
beckreo
becwyd
bedfleey
bedibhi
bejeg
benchdyn
beofy
beokyo
berho
berhyveu
betavi
betwey
bevsnudd
bevtu
biadbeng
bibjav
binchrod
biphs
bipku
bippu
bivies
biyebryg
biyus
blaidcej
bleahiya
blipjove
blitfefe
blofe
blyijnee
blyvabs
bocks
bocwa
bodjobli
bogcet
bogvuswy
bojiri
booval

baidd-byt
ba-joo

bal -ha-yo
ba-1li-om
ba-quon
bas-ci-wa
bas-fag
be-cam-nob
bec-gro-ha
bec-kre-o
bec-wyd
bed-fleey
be-dib-hi
be-jeg
bench-dyn
be-of -y
be-ok=-yo
ber-ho
ber-hy-veu
be-ta-vi
be-twey
bev-snudd
bev-tu
bi-ad-beng
bib-jav
binch-rod
biphs
bip-ku
bip-pu
bi-vies
bi-ye-bryg
bi-yus
blaid-cej
blea-hi-ya
blip-jove
blit-fefe
blofe
bly-ij-nee
bly-vabs
bocks
boc-wa
bod-jo-bli
bog-cet
bog-vu-swy
bo=ji-ri
boo-val



boshtpel
boudcof
bowyt
bradcur
brefep
brerthy
brighe
brikaw
broctbar
brolwoi
bronjept
bruosta
bruvlufe
bryarne
bryffoj
bryse
bucushu
buebwu
bussdene
butoe
buyen
buyovna
bybguf
bybhihyp
byeij
byhojoe
byipio
by joarsy
by kme 0l
bylij
bynri
bypvee
byruc
bysstoct
bytatha
cacky
caged
caibo
cajthett
calkny
carurla
catseco
caugewd
cawete
cawlgu
ceakhen

bosht-pel
boud-cof
bo-wyt
brad-cur
bre-fep
brer-thy
brighe
bri-kaw
broct-bar
brol-woi
bron-jept
bru-os-ta
bruv-lufe
bryarne
bryf-foj
bryse
bu-cu-shu
bueb-wu
buss-dene
bu-toc
bu-yen
bu-yov-na
byb-guf
byb=-hi-hyp
by-cij
by-ho-joc
by-i-pi-o
by-joar-sy
byk-me-ol
by-11ij
byn-ri
byp-vee
by-ruc
bys-stoct
by-ta-tha
cack-y
ca-ged
cai-bo
caj-thett
cal-kny
ca-rur-la
cats-e-co
cau-gewd
ca-wete
cawl-gu
ceak-hen

ceasjota
ceays
ceehat
ceekasom
ceemm
ceethpun
ceetvif
cegmowec
cegpu
cegvu
ceigi
ceindhy
cejiogmo
cemjatbu
cenjo
cenved
ceoliho
ceowf
cerba
cestha
ceugcho
ceuhau
cewfu
cewphjo
cezcy
chaf ja
chaheog
chatmum
chetki
chewchut
chimwed
chishrai
chivi
choasdy
chrubfu
chuspryn
chysnior
ciaki
cibbihi
cickka
cienbafi
cifdabgi
cigzawm
cijpuyon
cileh
cingloo

ceas-jo-ta
ceays
cee-hat
cee-ka-som
ceemm
ceeth-pun
ceet-vif
ceg-mo-wece
ceg-pu
ceg-vu
cei-gi
ceind-hy
ce-ji-og-mo
cem-jat-bu
cen-jo
cen-ved
ce-0-1li-ho
ce-owf
cer-ba
ces-tha
ceug-cho
ceu-hau
cew-fu
cewph-jo
cez-cy
chaf-ja
cha-he-og
chat-mum
chet-ki
chew-chut
chim-wed
chi-shrai
chi-vi
choas-dy
chrub-fu
chusp-ryn
¢chys-ni-or
ci-a-ki
cib-bi-hi
cick-ka
cien-ba-fi
cif-dab-gi
cig-zawm
cij-pu-yon
cileh
cin-gloo
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ciscreny
civbybab
civjece
cixdo
clefno
clehy
clislo
cliwa
clorgey
coasbebi
cocuevo
codfri
coftti
comtdoa
conclay
conmeco
copsgha
copuac
corlibbu
coshryg
cotkni
cottrufa
couhile
couwukfu
coysfo
cozrer
crafnec
craktamu
crasco
cravpo
crejorry
crelerhi
crerju
cribmac
crova
crujapki
crybtoi
cryce
cryjawl
cubyuct
cucksja
cucsmu
cuitreb
cu jmemy
cuoywri
cupco

(continued)

cis-cren-y
civ-by-bab
civ-jece
cix-do
clef-no
cle-hy
cli-slo
cli-wa
clorg-cy
coas-be-bi
co-Ccue-vo
cod-fri
coft-ti
comt-doa
con-clay
con-me-co
cops-gha
co=-pu-ac
cor-lib-bu
co-shryg
cot-kni
cott-ru-fa
cou-hile
cou-wuk-fu
coys-fo
coz-rer
craf-nec
crak-ta-mu
cras-co
crav-po
cre=jor-ry
cre-ler-hi
crer-ju
crib-mac
cro-va
cru-jap-ki
cryb-toi
cryce
cry-jawl
cu-byuct
cucks-ja
cucs-mu
cu-it-reb
cuj-me-my
cu-oy-wri
cup-co



2000 RANDOM WORDS

curirai
cuwaso
cuyisguc
cuyovvif
cyayo
cyceckeo
cyciacki
cyeemto
cyitma
cykku
cylow
cylydga
cymri
cymshday
cyngai
cyoath
cyocyaf
cyppio
cysofbi
cytgipe
cyvuej
cywroft:
dabowt
dacoafa
dacoryun
dacra
dadpawa
dafekoab
dagby
daheeno
daiyino
dakfi
darad
darrgage
dashon
dashy
dasyce
dasypfea
datlyka
datrouwa
davpy
dawdi
dawjokhu
dayru
deasfis
debkav

cu-ri-rai
cu-wa-so
cu-yis-guc
cu-yov-vif
cya-yo
cy-ceck-e-0
cy-ci-ac-ki
cyeem-to
cy-it-ma
cyk=ku
cy-low
cy-lyd-ga
cym-ri
cymsh-day
cyn-gai
cyoath
cyo-cyaf
cyp-pi-o
cy=-sof-bi
cyt-gipe
cy=-vuej
cy-wroft
da-bowt
da-coa-fa
da-co-ryun
dac-ra
dad-pa-wa
da-fe-koab
dag-by
da-hee-no
dai-yi-no
dak-fi
da-rad
darr-gage
da-shon
da-shy
da-syce
da-syp-fea
dat-ly-ka
dat-rou-wa
dav-py
dawd-i
daw-jok-hu
day-ru
deas-fis
deb-kav

decreab
dedycea
deerb
defusk
deipie
dejev
delro
depcans
derjogfo
desgaku
deshleon
detha
dethmewg
detmek
detsbo
detwynd
dexba
dicte
diddy
dieje
diethi
dieyedi
diffos
digba
digisubs
digwy
dihixag
dihyswif
dijdaisk
dijeyli
dijhejpo
dikruind
dilgwi
dindna
dirssa
dithwuic
ditvayps
diufo
diumi
diutcic
divka
diwroxa
diyondy
doacrie
dobheby
docta

dec-reab
de-dy-cea
deerb
de-fusk
dei-pie
de-jev
del-ro
dep-cans
der-jog-fo
des-ga-ku
de-shle-on
de-tha
deth-mewg
det-mek
dets-bo
de-twynd
dex-ba
dicte
did-dy
dieje
die-thi
die-ye-di
dif-fos
dig-ba
di-gi-subs
dig-wy
di-hix-ag
di-hy-swif
dij-daisk
di-jey-1li
di j-hej-po
dik-ru-ind
dilg-wi
dind-na
dirs-sa
dith-wu-ic
dit-vayps
di-u-fo
di-u-mi
di-ut-cic
div-ka
di-wrox-a
di-yon-dy
doac-rie
dob-he=by
doc-ta
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dodnirwa
doglin
dogsjugs
dokabe
dokmo
domoo
donond
doslyip
dotlu
dotog
doukdywo
dowigoco
dowvays
doynn
draja
dralop
dreje
dremra
dreoms
dresyji
drietoi
drite
drobveje
drocja
drodvove
droiro
droswen
druaney
druche
drykucco
dryoporc
duetjiso
duibda
duneoy
dunzeshi
durrdo
dyackdy
dydfro
dy few
dyfow
dyklys
dykso
dynuci
dytco
dytsner
dywra

dod-nir-wa
do=-glin
dogs-jugs
do-kabe
dok-mo
do-moo
do-nond
do-sly-ip
dot=lu
do-tog
douk-dy-wo
do=-wi=-go-co
dow=-vays
doynn
dra-ja
dra-lop
dreje
drem-ra
dre-oms
dre-sy-ji
drie-toi
drite
drob-veje
droc-ja
drod-vove
droi-ro
dro-swen
dru-a-ney
druche
dry-kuc-co
dryo-porc
duet-ji-so
du-ib-da
du-ne-oy
dun-ze-shi
durr-do
dyack-dy
dyd-fro
dy-few
dy-fow
dyk-lys
dyks-o0
dy-nu=-ci
dyt-co
dyts-ner
dy-wra



dywud dy-wud efwupdan ef-wup-dan
eabcet eab-cet egalo e-ga-lo
eagodco ea-god-co egcachy eg-ca-chy
eajco eaj-co egidgema e-gid-ge-ma
ealgado eal-ga-do egoute e-goute
eapbetga eap-bet-ga egumsh e-gumsh
eatvafea eat-va-fea egyigtuf eg-yig-tuf
eaybfoa eayb-foa eibeu ei-beu
ebeogi e-be-0-gi eikbra eik-bra
ebjiab eb-ji-ab eippu eip-pu
eblis e-blis ejcodfej ej-cod-fej
ebnat eb-nat ejeowg e-je-owg
ebveo eb-ve-0 ejkehib ej-ke-hib
eceink e-ceink ejtiarr ej-ti-arr
ecjasvu ec-jas-vu ekcee ek-cee
eckajhyn eck-aj-hyn ekdedva ek-ded-va
ecmitt ec-mitt ekdeu ek-deu
ecna jo ec-na-jo ekeroa e-ke-roa
ecouvda e-couv-da ekjapriu ek-jap-ri-u
ecsfipe ecs-fipe eleyvo el-cy-vo
ecuna e-cu-na elipiecy e-li-pie-cy
ecvansh ec-vansh elojchod e-loj-chod
ecywa e-cy-wa elolveag e-lol-veag
edcouj ed-couj emdrepe em-drepe
eddyhi ed-dy-hi emt id em-tid
edfevu ed-fe-vu encypi en-cy-pi
edgoj ed-goj enddy end-dy
edhucaw ed-hu-caw enkpalt enk-palt
edmuir ed-mu-ir envo j en-voj
edonoi e-do-noi enyew en-yew
edweep ed-weep eojmyg e-0j-myg
eedeky ee-dek-y eonco e=-0n-co
eedneka eed-ne-ka eopjow e-op-jow
eedpo eed-po epmiga ep-mi-ga
eehow ee-how epodmi e-pod-mi
eejor ee-jor epoldto e-pold-to
eekvusu eek-vu-su epphew ep-phew
eemju eem-ju erfki erf-ki
eemyscle ee-myscle ersunaj er-su-naj
eengo een-go ertaho er-ta-ho
eepous ee-pous eruri e-ru-ri
eeswygs ee-swygs eryesko e-ryes-ko
eetrazeb eet-ra-zeb eshlazy e-shla-zy
efonry e-fon-ry eshro e-shro
efrud e-frud esroyeba es-ro-ye-ba
eftha eft-ha essocove es-so-cove
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ethkeff
ethukkli
etnoween
etosi
etsva
eubgons
euckus
eudapgol
eufzo
eurcea
evauya
evbue
eveliho
everof
evimdelm
evluhek
evrantan
evsarro
evurfswa
evuvi
evvof
ewbknepu
ewdkaph
ewecy
ewisanyu
ewreckab
ewskaye
eybemi
eycust
eykeosfu
eysba
eytwi
ezkowhu
facjacjo
fafyevby
fahawd
fahemfai
faifmeef
fakpluer
falka
falryds
fariribs
farul
fathba
fawneg
fecdruba

(continued)

eth-keff
e-thuk-kli
et-no-ween
e-to-si
ets-va
eub-gons
euck-us
eu-dap-gol
euf-zo
eur-cea
e-vau-ya
ev-bue
ev=-cli-=ho
ev-crof
e-vim-delm
ev-lu-hek
ev-ran-tan
ev-sar-ro
e-vurf-swa
e=-vu-vi
ev-vof
ewb-kne-pu
ewd-kaph
e-we=-Ccy
e-wi-san-yu
e-wreck-ab
ews-kaye
ey-be-mi
ey-cust
ey-ke-0s-fu
eys-ba
ey-twi
ez-kow-hu
fac-jac-jo
faf-yev-by
fa-hawd
fa-hem-fai
faif-meef
fak-pluer
fal-ka
fal-ryds
fa-ri-ribs
fa-rul
fath-ba
faw-neg
fec-dru-ba



2000 RANDOM WORDS

fedtyo
feent
fehukemo
feike
fejwi
fejwo
fekblyba
femliurp
fenbawjo
ferhyts
feroda
feushno
fewjoli
feyel
feyso
ficfu
fierbju
fiewods
filhi
filhi
filiwuth
fisabthu
fisdu
fitbat
fithvajo
fitwif
fiufrase
fleac
flecky
fleudfu
flywond
foodry
fociogu
focvuso
fofidry
fofyind
fogfli
foinlir
foivni
fokerif
fokwuv
fonwuwri
fooyd
fotha
fraca
fraja

fed-tyo
feent
fe-hu-ke-mo
feike
fej-wi
fej-wo
fek-bly-ba
fem-1i-urp
fen-baw-jo
fer-hyts
fe-ro-da
feu-shno
few-jo-1i
fe-yel
fey-so
fic-fu
fierb-ju
fie-wods
fil-hi
fil-hi
fi-li-wuth
fi-sab-thu
fis-du
fit-bat
fith-va-jo
fi-twif
fi-u-frase
fleac
fleck-y
fleud-fu
fly-wond
fob-dry
fo-ci-o-gu
foc-vu-so
fo-fi-dry
fof-yind
fog-fli
foin-lir
foiv-ni
fok-crif
fok-wuv
fon-wu-wri
fooyd
fot-ha
fra-ca
fra-ja

fralav
frepond
frertci
frerwru
freyt
fridetyp
frivik
froadwix
frokijo
fromi
fryayst
fryood
frypli
fuand
fucfamme
fuchroaw
fuehuega
fugheyn
fugjijo
fuhuol
fuifew
fujdeyvi
funnga
futho
fuyet
gadma jbu
gaibci
gairgy
gaisuvi
galdno
ganrym
garive
gatidfo
gavfa
gavneg
geajdu
gecpoby
gedad
geddni
gefocfef
gefpup
geienand
gelikac
geljelo
gemda
genaho

fra-lav
fre-pond
frert-ci
frer-wru
freyt
fri-de-typ
fri-vik
froad-wix
fro-ki-jo
fro-mi
fryayst
fryood
fryp-1i
fu-and
fuc-famme
fuch-roaw
fue-hue-ga
fug-heyn
fug-ji-jo
fu-hu-ol
fu-i-few
fuj-dey-vi
funn-ga
fu-tho
fu-yet
gad-maj-bu
gaib-ci
gairg-y
gai-su-vi
gald-no
gan-rym
ga-rive
ga-tid-fo
gav-fa
gav-neg
geaj-du
gec-po-by
ge-dad
gedd-ni
ge-foc-fef
gef-pup
geic-nand
ge-li-kac
gel-je-1lo
gem-da
ge-na-ho
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geokays
gesfi
getito
geunejka
gevjarsk
ghassy
ghawndik
ghebgeb
ghecmarn
gheebo
ghefrap
ghelim
ghibgeks
ghinwa
ghits
ghormfu
giadya
giewob
gigblody
gilfyuev
gimlak
ginzu
gipdacna
gipquoi
gipromso
girtwu
giwarnn
glatt
glecjibs
gliafuj
glicy
glodim
glojpyt
glyceilm
glymkon
goatgope
gobpo
goemi
gofya
gogruoco
goiduco
goiwop
gojosody
gomwu
gonpacyu
goohungy

ge-o-kays
ges-fi
ge-ti-to
geu-nej-ka
gev-jarsk
ghas-sy
ghawn-dik
gheb-geb
ghec-marn
ghee-bo
ghe-frap
ghe-1lim
ghib-geks
ghin-wa
ghits
ghorm-fu
gi-a-dya
gie-wob
gig-blo-dy
gilf-yuev
gim-lak
gin-zu
gip-dac-na
gip-quoi
gip-rom-so
gir-twu
gi-warnn
glatt
glec-jibs
gli-a-fuj
gli-cy
glo-dim
gloj-pyt
gly-ceilm
glym-kon
goat-gope
gob-po
goc-mi
gof-ya
go-gru-o0-co
goi-du-co
goi-wop
go-jo-so-dy
gom-wu
gon-pa-cyu
goo-hung-y



gosha
gosieg
goyelts
goyndnia
grabiwar
grafsgi
greccla
grinfict
grodore
grogeddo
grui je
grumum
grykpho
grypvair
gulty
gurzijecy
guskni
hadgha
hadghoce
hafbaj
hajcy
hapdiff
hap fowdo
harisu
haths
hat jec
hatse
heetad
heeycri
heilgheg
hemecying
herewru
hexwu
hicbesiv
hidfapo
hieth
hifdy
hijnan
hijraja
hirgu
hirquav
hisibyru
hispko
hiuby
hoacved
hocbyn

gos-ha
go-sieg
go-yelts
goynd-ni-a
gra=bi-war
grafs-gi
grec-cla
grin-fict
gro-dore
gro-ged-do
gru-ije
gru-mum
gryk-pho
gryp-vair
gul-ty
gur-zij-cy
gus=kni
had-gha
had-ghoce
haf-baj
haj-cy
hap-diff
hap-fowd-0
ha-ri-su
haths
hat-jec
hats-e
hee-tad
heey-cri
heil-gheg
hem-cy-ing
he-re-wru
hex-wu
hic-be-siv
hid-fa-po
hieth
hif-dy
hij-nan

hi j-ra-ja
hir-gu
hir-quav
hi-si-by-ru
hisp-ko
hi-u-by
hoac-ved
hoc-byn

hocfoyd
hocky
hodvoi
hofcroy
hogsh
hoheckni
hoisu
hokdu
homeb
hooll
hophli
hordeett
howusilu
hoycaisy
hucte
hupbiv
hycalo
hygept
hyjane
hyktovo
hyteuka
hyunasyg
hyvathad
hyvock
ibdogin
ibiwo
iblees
ibolel
ibyat
ibyeliwi
icbetcuk
icbryso
icdejcu
icdesi
ichdu
ichoad
ichwrorl
iclelyd
icpeydmu
icquej
icryp
icsdafo
icsroba
icweacks
iddgo
idignos

hoc-foyd
hock-y
hod-voi
hof-croy
hogsh
ho-heck-ni
hoi-su
hok-du
ho-meb
hooll
ho-phli
hor-deett
ho-wu-si-lu
hoy-cai-sy
hucte
hup-biv
hy-ca-1lo
hy-gept
hy-jane
hyk-to-vo
hy-teu-ka
hyu-na-syg
hy-vat-had
hy-vock
ib-do-gin
i-bi-wo
i-blees
i-bo-lel
i-byat
i-bye-1li-wi
ic-bet-cuk
iec-bry-so
ic-dej-cu
ic-de-si
ich-du
i-choad
ich-wrorl
ic-le-1yd
ic-peyd-mu
ic-quej
ic-ryp
i¢cs-da-fo
ics-ro-ba
ic-weacks
idd-go
i-dig-nos
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idikicu
idmybe
idsidro
idsod
idtryted
ifaihu
ifanciry
ifcasihi
ifietkla
ifretwye
ifrie
ifttan
ifwri
igekni
igjit
igmur
igviva
igwaur
igyeithe
ijnaldo
ijnarca
ijobi
ijvop
ikibsa
iligmu
ilrybna
iltjo
ilvnev
impfiuna
inagwo
incileo
inkaiff
inotho
inovinbo
inpak
inthshor
iofiow
iofja
ipacnor
ipecro
ipgha
ipgior
iphgokvu
iphreitu
ipseg
irfbick

(continued)

i-di-ki-cu
id-mybe
ids-i-dro
ids-od
id-try-ted
i-fai-hu
i-fan-ci-ry
if-ca-si-hi
i-fiet-kla
i-fre-twye
i-frie
ift-tan
if-wri
i-ge-kni
ig-jit
ig-mur
ig-vi-va
ig-waur
ig-yeithe
ij-nal-do
ij=-nar-ca
i-jo-bi
ij-vop
i-kib-sa
i-lig-mu
il-ryb-na
ilt-jo
ilv=-nev
imp-fi-u-na
i-nag-wo
in-ci-le-o
in-kaiff
i-no-tho
i-no-vin-bo
in-pak
inth-shor
i-o-fi-ow
i-of-ja
i-pac-nor
ip-cro
ip-gha
ip-gi-or
iph-gok-vu
iph-rei-tu
ips-eg
irf-bick



2000 RANDOM WORDS

irinttuo
iseunk
ished
isneept
issfi
isshna
isszeva
istecy
itagni
itban
itevud
ithfoj
ithgushe
itofwaba
itsdeg
itsnes
itthou
ivbysu
iverocwi
iveit
ivhee
ivmamts
ivpirlo
izoye
jabruxi
jabvel
jadfithi
Jjadsbeho
jagnaveo
jahablad
jahut
jaiwywu
Jjakpyto
jaumcef
javdajbo
Javmi
Jjayrobyn
jeanos
jebtro
jedfotdy
jeehiwa
jefoulu
jeguape
jehilkti
jeinri
jeinvo

i-rint-tu-o
i-seunk
i-shed
is-neept
iss-fi
is-shna
iss-ze-va
ist-cy
i-tag-ni
it-ban
i-te-vud
ith-foj
ith-gushe
i-tof-wa-ba
its-deg
its-nes
it-thou
iv=by=-su
iv-croc-wi
i-veit
iv-hee
iv-mamts
iv-pir-lo
i-zoye
Jja=brux-i
Jjab-vel
jad-fit-hi
Jjads-be-ho
jag-na-ve-o
ja-ha-blad
ja=hut
jai-wy-wu
jak-py-to
jaum-cef
jav-daj-bo
jav-mi
jay-ro-byn
jea-nos
jeb-tro
jed-fot-dy
jee=hi-wa
je-fou=lu
je=-gu-ape
je-hilk-ti
jein-ri
jein-vo

jejlu
jektryit
jekueccu
jelewnhi
jemafry
jenbi
Jjendd
Jjenho
jeobhyff
jerctri
jerhig
jeurimm
Jewlys
Jjeybsk
jeycafa
jeyees
Jjiepcag
jifkledd
Jijnapey
Jjikdeeb
jimra
Jjindcro
jirsh
Jjiscasdi
jitvadec
jivbo
jivroan
jivunuby
jiwioc
jiwoabca
joafruo
jobei
jocaforr
jocci
Jjofsteiz
jojegdra
jolspe
jomofe
jonho
jonistsu
Jjopamnu
jorka
Jjostpla
jotafeli
Jjothsha
joucyka

jej-1lu
jek=-try-it
je-kKuec-cu
je=lewn-hi
je-ma-fry
jen=bi
jendd
jen=ho
je-ob=hyff
jerc-tri
jer=hig
jeu-rimm
Jjew-1lys
jeybsk
jey-ca-fa
je-yees
jiep-cag
jif-kledd
jij-nap-cy
jik-deeb
jim-ra
jind-cro
jirsh
jis=cas-di
jit-va-dec
jiv-bo
jiv-roan
ji=vu-nu-by
ji-wi-oc
ji-woab-ca
joa-fru-o
job-ci
jo-ca-forr
joec=-ci
jofs-teiz
jo=-jeg-dra
jolspe
jo-mofe
jon=ho
jo-nists-u
jo-pam-nu
jor-ka
jost-pla
jo-taf-cli
joth-sha
jou-cy-ka
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jouwi
joveyk
Jjowbe
jubji
jufdyle
juluwi
Jjumcokdu
Jjuonan
juvreg
Juxlet
kabisesu
kahab juv
kaisi
kakti
kavdo
kavuk
kawuya
keabcry
keatpana
kebinde
kecblen
kecca
keckiva
kefwept
keickdi
ke jbrema
ke jrenwa
kekuo
keruve
kewvo
keybaiya
kiaka
kiaswusp
kicuir
kidjaf
kidubdu
kifnewfa
kisga
kivan
klagge
klecerru
klecwio
klowdno
klure
klyhibe
knavduew

jou-wi
jov-cyk
jowbe
jub=-ji
juf-dyle
ju=lu-wi
Jum-cok-du
ju=0=-nan
juv-reg
Jux-let
ka-bi-se=-su
ka-hab-juv
kai-si
kak-ti
kav-do
ka-vuk
ka-wu-ya
keab-cry
keat-pa=-na
ke-binde
kec-blen
kec=-ca
kec-ki-va
kef-wept
keick-di
ke j-bre-ma
ke j-ren-wa
ke -ku-0
ke-ruve
kew=-vo
key-bai-ya
ki-a-ka
ki-a-swusp
ki-cu-ir
kid-jaf
ki-dub-du
kif-new-fa
kis-ga
ki-van
klagge
kle-cer-ru
klec-wi-o
klowd-no
klure
kly-hibe
knav-duew



knect
knenouke
knesa
knifru
knige
knoacy
knojiti
knoke
knuedcu
knuwa
knydglak
knyings
knywo
kobvilwo
kofeto
koinbi
kojrup
kojya
kokbrye
kok fuo
koleesce
kolskja
kooche
kophja
kosujpa
kotvads
kovshya
koybji
koywo
kraincy
krapiep
krarracu
krete
krethuto
krivo
krochis
krom jo
krovew
kruofe
kryov
kucvuko
kugwog
kulsh
kumvicnu
kuvhy
lagiu

knect
kne-nouke
kne-sa
kni-fru
knige
knoa-cy
kno-ji-ti
knoke
knued-cu
knu-wa
knyd-glak
kny-ings
kny-wo
kob-vil-wo
ko-fe-to
koin-bi
koj-rup
koj-ya
kok-brye
kok-fu-o
ko-leesce
kolsk-ja
kooche
koph-ja
ko-suj-pa
kot-vads
kov-shya
koyb-ji
koy -wo
krain-cy
kra-piep
krar-ra-cu
krete
kre-thu-to
kri-vo
kroc-his
krom-jo
kro-vew
kru-ofe
kryov
kuc-vu=-ko
kug-wog
kulsh
kum=-vic-nu
kuv-hy
la-gi-u

lagmi jy
lajtusu
lalfe
lamlu
larre
larro
larysk
lasawnt
latalsvi
lathheow
lecpotdu
leilve
lemgure
lenhohay
leoneth
lerface
lesobkuo
levscyva
lezda
lezycrec
liada
lidnogya
lifgak
liloc
lisjo
liulm
liunawyd
lofovu
logsjo
lokosmin
lolhuf
lophyo
lopnute
lorpcier
lorphohu
ludnu
lutatkie
lyavdyg
lycaff
lycel
lygefgi
ly jeehok
lykzybi
lyruvpi
lythowa
lytis

lag-mij-y
laj-tu-su
lalfe
lam-1lu
larre
lar-ro
la-rysk
la-sawnt
la-tals-vi
lath-he-ow
lec-pot-du
leilve
lem-gure
len-ho-hay
le-o-neth
ler-face
le-sob-ku-o
lev-scy-va
lez-da
le-zy-crec
li-a-da
lid-nog-ya
lif-gak
li-loc
lis-jo
li-ulm
1li~u-na-wyd
lo-fo-vu
logs-jo
lo-kos-min
lol-huf
loph-yo
lop-nute
lorp-cier
lor-pho-hu
lud-nu
lu-tat-kie
lyav-dyg
ly-caff
ly-cel
ly-gef-gi
ly-jee-hok
lyk-zy=bi
ly-ruv-pi
ly-tho-wa
ly-tis
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lyuwag
lyvas
mabka
macjay
madudi
makiv
malnu
malzata
marvici
maswo
mavdodu
mawfbeny
mayrut
meapafku
medcahu
meeljilb
mehuvo
meise
memjel
memyn
mencu
mepdyo
mepoohej
metupjob
mevmewi f
mexcu
miachaft
mifjas
migshyje
mihuty
mikug
minri
miosvia
misvago
miukba
mizpi
modheca
moithi
mo jmo
momil
moothalp
mowopYy
mufiho
muijery
muthoby
mutiplyk

(continued)

lyu-wag
ly-vas
mab-ka
mac-jay
ma-du-di
ma-kiv
mal-nu
mal-za-ta
mar-vi-ci
ma-swo
mav-do-du
mawf-ben-y
may-rut
mea-paf-ku
med-ca-hu
meel-jilb
me-hu-vo
meise
mem-jel
me-myn
men-cu
mep-dyo
me-poo-hej
me-tup-job
mev-me-wif
mex-cu
mi-ac-haft
mif-jas
mig-shy je
mi-hu-ty
mi-kug
min-ri
mi-os-vi-a
mis-va-go
mi-uk-ba
miz-pi
mod-he-ca
moi-thi

mo j-mo
mo-mil
moo-thalp
Mo =-Wo=-py
mu-fi-ho
mu-ij-cry
mu-tho-by
mu-tip-lyk



2000 RANDOM WORDS

myhati
myhow
myifeeg
mykna
myrofed
mysgere
mytetvif
mythov
nacgryo
nadasthu
nadvof
nafba
nafcybey
nafohu
nagejtu
naibfon
nakro
nalblu
naldyd
namme
napom
nashiwra
nastu
nattva
natynhim
nauwaf
navfebda
nawflent
nayityha
naykarci
necprya
necra
necucucu
neeredeu
neergtec
nefri
negagut
negip
negot
nehidpro
nehiru
neice
neipvan
nelrie
nelshjer
neltoag

my-ha-ti
my-how
my-i-feeg
my-kna
my-ro-fed
mys-gere
my-tet-vif
my-thov
nac-gryo
na-das-thu
nad-vof
naf-ba
naf-cyb-cy
na-fo-hu
na-gej-tu
naib-fon
nak-ro
nal-blu
nal -dyd
namme
na-pom
na-shi-wra
nas-tu
natt-va
na-tyn-him
nau-waf
nav-feb-da
naw-flent
na-yi-ty-ha
nay-kar-ci
nec-prya
nec-ra
ne-cu-cu-cu
nee-re-=deu
neerg-tec
ne-fri
ne-ga-gut
ne-gip
ne-got
ne-hid-pro
ne=hi-ru
neice
neip-van
nel-rie
nelsh-jer
nel-toag

nemaserr
nenair
nenomdu
neokipi
neppri
nerga
neshghee
nesob
nethsknu
neudu
newexam
newmlo
neyfedwy
neywyep
nicja
nidin
nievdiv
niezokyu
nijwyd
nikinkyo
nilmku
niness
ninmy
nipcu
nipha
nishgryo
nisna
niwair
nocar
nocci
noceete
noclot
nocoss
nodyo
noftha
noisspa
nokroi
nolsht
noogo
nopykfa
noudcen
nourycel
novcias
noxna
noyce
noydu

ne-ma-serr
ne-nair
ne-nom=-du
ne-o-ki-pi
nepp-ri
ner-ga
nesh-ghee
ne=sob
neths-knu
neu-du
ne-wex-am
newm-1lo
ney-fed-wy
ney-wyep
nic-ja
ni-din
niev-div
nie-zok-yu
nij-wyd
ni-kink-yo
nilm-ku
ni-ness
nin-my
nip-cu
ni-pha
nish-gryo
nis-na
ni-wair
no-car
noc-ci
no-ceete
noc-lot
no-coss
no-dyo
nof-tha
noiss-pa
nok-roi
nolsht
noo-go
no-pyk-fa
noud-cen
nou-ry=-cel
nov-ci-as
nox-na
noyce
noy-du
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nubhyev
nuchso
nucwror
nuishfi
nulnot
nuvnilt
nuvocida
nuvoinzi
nuwynip
oabfu
oadedglu
oakdydnu
oatokhot
oawojion
obsso
obvipye
oceppdif
ockprad
ocnoy
octrye
octtin
odcrye
odcuka
odhece
odkos
odvewju
odwreec
ofcai
ofnaycy
ofnic
ofway
ofyad
ofyewn
ogbra
ogfata
ogiwru
ogjipca
oiboay
oidvebs
oighcabo
oighir
oimnib
oimut
oisckuma
oiskasa
oitha

nub-hyev
nuch-so
nuc=-wror
nu-ish-f1i
nul-not
nuv-nilt
nu-vo-ci-da
nu-voin-zi
nu-wy-nip
oab-fu
oa-ded-glu
oak-dyd-nu
oa-tok-hot
oa-wo=Jji-on
obs-so
ob-vi-pye
o=-cepp=dif
ock-prad
oc=-noy
oct-rye
oct-tin
od-crye
od-cu-ka
od-hece
od-kos
od-vew-ju
od-wreec
of-cai

of -nay-cy
of-nic

of -way
of-yad

of -yewn
og=-bra
og-fa-ta
o-gi-wru
og=-jip=-ca
oi-boay
oid-vebs
oigh-ca-bo
oig-hir
oim-nib
oi-mut
oisck-u-ma
ois-ka-sa
oit-ha



oitques
oitredi
ojenty
ojheibu
ojikgi
ojkojdy
ojojoga
ojphov
ojstro
ojugery
oka jo
okcewyve
oksibo
olactmam
olahit
olshlely
olsli
olswodpa
ombomo
omr eddwu
onbloth
onbro
ondlunya
ondpliak
onoxe
onstju
ontdoi
onuokto
oocdet
oocre
oosnorgu
ootdyhoa
openk
ophthuig
opmyti
opyti
orgami
oroaba
orquej
ortta
0Sgroso
oshgegtu
oswev
otgrafs
othivdo
othnoak

oit-ques
oit-re-di
o-jen=ty
oj-hei-bu
o-jik-gi
oj-koj-dy
o-jo=jo-ga
oj=-phov
oj-stro
o-jug-cry
o-ka-jo
ok-ce=-wyve
oks-i-bo
o-lact-mam
o-la-hit
ol-shle-ly
ol-sli
o0l-swod-pa
om-bo-mo
om-redd-wu
on-bloth
on-bro
ond-lun-ya
ond-pli-ak
o-noxe
onst-ju
ont-doi
o-nu-ok-to
ooc-det
oocre
00s8=-nor-gu
oot-dy-hoa
o-penk
oph-thu-ig
op-my-ti
o-py-ti
or-ga-mi
o-roa-ba
or-quej
ort-ta
0S-gro-so
osh-geg-tu
o-swev
ot-grafs
o-thiv-do
oth-noak

otkria
otlif
otost
otvayd
otynro
oudti
ourhogs
ourri
ouryjau
oveyfen
ovglyt
OVgroo
ovitte
ovojetig
ovriso
ovsmiri
ovteyo
ovvue
owjope
owpciovo
oydjali
oyouvers
oytjefi
ozuovgu
padtra
pailp
pajles
pakyith
pauvweu
pawdedo
pawubi
paywu
pedoghof
pedti
peetieg
pefcarr
pejvonga
pekcag
pesdray
peshegha
pesshmu
pexgeuxa
phache
phacwef
phagfi
phapvez

ot-kri-a
ot-1lif
o-tost
ot-vayd
o-tyn-ro
oud-ti
our-hogs
our-ri
ou-ry-jau
ov-cy-fen
ov-glyt
oV=-groo
o-vitte
o-vo=-je-tig
ov-ri-so
ov-smi-ri
ov-te-yo
ov=-vuc
ow-jope
OoWp-Cci-o=-vo
oyd-ja-li
O-you-vers
oyt-je-fi
0-ZUu-0vV-gu
pad-tra
pailp
paj-les
pak-yith
pauv-weu
pawd-e-do
pa-wu-bi
pay-wu
pe-do-ghof
ped-ti
pee-tieg
pef-carr
pej-von-ga
pek-cag
pes-dray
pes-he-gha
pes-shmu
pex-geux-a
phache
phac-wef
phag-fi
phap-vez
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pheaglo
pheapomp
phelti
phijca
phlegva
phless
phlief
phubilst
phunogso
phuwo
pictten
pijted
pingsvu
piyiffe
plaught
plecpu
pleett
plivu
ployhat
plydahoi
pokjij
potheffi
povboula
pozcygti
pracfrob
pratardo
prorj
proucha
pryee
pryin
pryitkek
pudaps
puits
pujbiagy
punipeciv
purvmyoj
pusadeta
pyadvu
pydaft
pydtejtu
pyjukra
pypyoco
pyrabmal
pyris
pyuijhi
quagro

(continued)

phea-glo
phea-pomp
phel-ti
phij-ca
phleg-va
phless
phlief
phu-bilst
phu-nogs-o
phu-wo
pict-ten
pij-ted
pings-vu
pi-yiffe
plaught
plec-pu
pleett
pli-vu
ploy-hat
ply-da-hoi
pok=-jij
po-thef-fi
pov-bou-la
poz-cyg-ti
prac-frob
pra-tar-do
prorj
prou-cha
pryee
pry-in
pry-it-kek
pu-daps
pu-its
puj-bi-ag-y
pu-nip-civ
purv-myoj
pu-sa-de-ta
pyad-vu
py-daft
pyd-tej-tu
py-juk-ra
py-pyo-co
py-rab-mal
py-ris
pyu-ij-hi
qua-gro



2000 RANDOM WORDS

quavu qua-vu reyja rey-ja
quaytha quay-tha rhicwo rhic-wo
quedyed que-dyed rhiemt rhiemt
queske queske rhilke rhilke
quiapho qui-ap-ho rhoinko rhoin-ko
quibs quibs rhynute rhy-nute
rabpi rab-pi rialqua ri-al-qua
racrinn rac-rinn riasa ri-a-sa
radpildd rad-pildd riccea ric-cea
raihusav rai-hu-sav ricda ric-da
raimmp raimmp ricio ri-ci-o
rainegha rai-ne-gha ricki ric-ki
rajvow raj-vow riclea ric-lea
rakyac rak-yac ricnu ric-nu
ramdru ram-dru ricsi rics-i
ranwye ran-wye ridatcee ri-dat-cee
rarenbu ra-ren-bu rietvue riet-vue
rarjnu rarj-nu rijacas ri-ja-cas
ratvuld rat-vuld rijreci rij-re-ci
ravef ra-vef rijviki rij-vi-ki
ravek ra-vek rimavmaw ri-mav-maw
rawej ra-wej rinen ri-nen
rayceoc ray-ce-oc rinnphi rinn-phi
rebhet reb-het riphha riph-ha
rebku reb-ku ripni rip-ni
rebujoca re-bu-jo-ca ristrewp rist-rewp
reddy red-dy ritas ri-tas
redjeyon red-je-yon rivgipav riv-gi-pav
reedbi reed-bi rivoam ri-voam
reedphot reed-phot rivva riv-va
reeygu reey-gu riwrida ri-wri-da
regcaib reg-caib riwyac ri-wyac
regsfa regs-fa roadswus roads-wus
reifiec rei-fiec roadtu road-tu
rejayoi re-ja-yoi rocwain roc-wain
rejsnan rej-snan rodbla rod-bla
remwru rem-wru rokakny ro-ka-kny
renmo ren-mo rokkect rok-kect
reproo rep-roo rolety ro-le-ty
reraij re-raij ronso ron-so
rerjby rerj=by roocwu rooc-wu
rerjneav rerj-neav roombrac room-brac
reshbuf resh-buf ropflaty rop-fla-ty
rethe rethe rorjam ror-jam
revkrey rev-krey rosfat ros-fat
reyff reyff rothko roth-ko
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roudu
rovovu
ruadpi
rugnur
ruici
rujno
rumcawt
runkzi
ruppbedd
rutwece
ruwabkid
ruwik
ruyadpoy
ruyucvi
ryane
rychyg
rycitwev
rycoabco
rycoye
rydilb
ryfladgi
ryjobo
ry jupo
rykty
rylynswy
rymro
rynadoge
ryouv
rytjior
rytmodmu
ryuajir
ryuwa
rywictfi
sadjip
sadol
sahoarvy
sahuv
salnodu
sanfo
sanomt
satnan
savki
sawtoyad
saysbu
sceeltfu
schesy

rou-du
ro=-vo-vu
ru-ad-pi
rug-nur
ru-i-ci
ruj-no
rum-cawt
runk-zi
rupp-bedd
ru-twece
ru-wab-kid
ru-wik
ru-yad-poy
ru-yuc-vi
ryane
ry-chyg
ry-ci-twev
ry-coab-co
ry-coye
ry-dilb
ry-flad-gi
ry-jo-bo
ry-ju-po
ryk-ty
ry-lyn-swy
rym-ro
ry-na-doge
ryouv
ryt-ji-or
ryt-mod-mu
ryu-a=jir
ryu-wa
ry-wict-fi
sad-jip
sa-dol
sa-hoarv-y
sa-huv
sal-no-du
san-fo
sa-nomt
sat-nan
sav-ki
saw-to-yad
says-bu
sceelt-fu
sche-sy



sciobo
screa
scuocu
sedvude
seifrav
seisap
sejtheb
sewocle
sheccu
sheguogy
shere
shikgevi
shiwyt
shlabry
shmeithi
shnujdog
shoawn
shrapdro
shtee
shtiadeg
shtild
shyib
siasics
sijty
sklima
skrec
skymid
slamfod
slasu
slujna
slyhy
slyos
slyry
slyshra
smoyceko
snemuews
snenbi
snepvu
snoith
sromwrul
snotic
snupdo
snynju
sodey
sodnacti
sofbri

sci-o-bo
screa
scu-o0-cu
sed-vude
seif-rav
sei-sap
sej-theb
se-wocle
shec-cu
she-gu-og-y
shere
shik-ge-vi
shi-wyt
shla-bry
shmeit-hi
shnuj-dog
shoawn
shrap-dro
shtee
shti-a-deg
shtild
shy-ib
si-a-sies
sij-ty
skli-ma
skrec
sky-mid
slam-fod
sla-su
sluj-na
sly-hy
slyos
sly-ry
sly-shra
smoy-ce-ko
sne-muews
snen-bi
snep-vu
snoith
snom-wrul
sno-tic
snup-do
snyn-ju
sod=-cy
sod-nac-ti
sof -bri

sorifri
spabu
speitoto
Spibsmu
spipvigh
spoijtoc
spyfodd
spyun
stacso
stanod
stier
strongha
stuxa
styecip
stylig
subfomi
swetknu j
swoghu
swoyfi
sSwurjuss
swurny
syavo
sybdog
syesjats
taccy
taceszy
taiset
tajsciko
tajva
tajyaryb
talmptwu
tarorg
tawsdi
tebes
tedoa
teeji
teerny
teivropa
temblino
tenort
tenragwu
teolub
tequeaf
terch
terir
terynvoa

so-ri-fri
spa-bu
spei-to-to
spibs-mu
sSpip-vigh
spoij-toc
spy-fodd
spyun
stacs-o
sta-nod
stier
stron-gha
stux-a
sty-cip
sty-lig
sub-fo-mi
swet-knuj
swog-hu
swoy-fi
swur-juss
swurn-y
sya=vo
syb-dog
syes-jats
tac-cy
ta-ces-zy
tai-set
taj-sci-ko
taj-va
taj-ya-ryb
talmpt-wu
ta-rorg
taws-di
te-bes
te-doa
tee-ji
teern-y
teiv-ro-pa
tem-bli-no
te-nort
ten-rag-wu
te-o0-1lub
te-queaf
terch
te-rir
te-ryn-voa
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tethnan
tevevi
teybwu
thasachi
thatbogs
thebaims
thefts
theillpa
thepecli
thets
thevu
thiarlfo
thojca
thona
thradfi
threzbo
thridd
throaga
throyott
thrup
thuda
thuisko
thwiwil
thyaym
thylu
tiadd
tibhay
tifdol
tificbu
tihadna
tilocoy
tionu
tiowark
tipgi
tirpikdi
titshcuk
titwes
tivned
tiyifa
toccuafi
tocon
tokget
tokssu
tomfrys
tosbi
trafeciv

(continued)

teth-nan
te-ve-vi
teyb-wu
tha-sa-chi
that-bogs
the-baims
thefts
theill-pa
thep-cli
thets
the-vu
thi-arl-fo
thoj-ca
tho-na
thrad-fi
threz-bo
thridd
throa-ga
thro-yott
thrup
thu-da
thu-is-ko
thwi-wil
thyaym
thy-1lu
ti-add
tib-hay
tif-dol
ti-fic-bu
ti-had-na
ti-lo-coy
ti-o-nu
ti-o-wark
tip-gi
tir-pik-di
titsh-cuk
ti-twes
tiv-ned
ti-yi-fa
toc-cu-a-fi
to-con
tok-get
toks-su
tom-frys
tos-bi
traf-civ



2000 RANDOM WORDS

trebo
treormer
tretozwa
tretrado
trickacy
trida
trilmklu
tripre
trodor
tronksya
trosnayn
tryhow
tudrymn
tuduyen
tuesh
tufhaf
tugdu
tugoyu
tuivfu
tujestty
tukici
tul jtank
tuownsmi
tuthu
twejut
twelyte
twepvou
twufoist
twyvaswo
tyciaqua
tylywiv
tyocle
typayryo
typeaf
tytba
ubcedu
ubpiji
ubpru
ubwru
ubybfrex
ucdapcib
ucecai
ucgij
uchiogid
udaufmi
udodd

tre-bo
tre-or-mer
tre-toz-wa
tret-ra-do
trick-a-cy
tri-da
trilm-klu
tripre
tro-dor
tronks-ya
tros-nayn
try-how
tu-drymm
tu-du-yen
tuesh
tuf-haf
tug-du
tu-go-yu
tu-iv-fu
tu-jest-ty
tu-ki-ci
tulj-tank
tu-owns-mi
tu-thu
twe-jut
twe=-lyte
twep-vou
twu-foist
tWy-va-swo
ty-ci-a-qua
ty-ly-wiv
tyocle
ty-pay=-ryo
ty-peaf
tyt-ba
ub-ce-du
ub-pi-ji
ub-pru
ub-wru
u-byb-frex
uc-dap-cib
u-ce-cai
uc-gij
u-chi-o-gid
u-dauf-mi
u-dodd

udweryho
udygnedi
ufdujmod
ufjeaki
ufkodbot
ufwata
ugazsca
ugnea
ugve je
ujeshump
ujhejda
ujvoba
ukogechi
ukuckody
ukyid
ultic
undau
unraksom
untduaci
unvawth
unvuecad
uphdelyk
uphi j
upsha
urhodri
urshfo
ushgat
us juhy
uskecruk
uskluds
usktyse
usspt
usvuruij
utcerd
utewade
utwub
uvnoosod
uvovveo
uvubsoi
vabju
vabriho
vacquic
vadfuo
vadwyhey
vady jo
vafjitdu

ud-we-ry-ho
u-dyg-ne-di
uf-duj-mod
uf-jea-ki
uf-kod-bot
uf-wa=-ta
u-gaz=-sca
ug-nea
ug-veje
u-je=-shump
uj-hej-da
uj-vo-ba
u-kog-chi
u-kuck-o-dy
uk-yid
ul-tic
un-dau
un-raks-om
unt-du-a-ci
un-vawth
un-vue-cad
uph-de-1yk
u-phij
up-sha
ur-ho-dri
ursh=fo
ush-gat
us-ju-=hy
usk-cruk
usk-luds
usk-tyse
usspt
us-vu-ru-ij
ut-cerd
u-te-wade
u-twub
uv-noo-sod
u=-vov=-ve=-0
u=-vub-soi
vab=ju
va-bri-ho
vac-quic
vad-fu-o
vad-wy-hey
va-dy-jo
vaf-jit-du
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vagyoo
vaiwru
valco
vardvu
vargro
vasce
vasheli
vassvu
veagfags
vebobo
vedim
vedtwo
veejplo
veemreur
vefhyo
vegcopco
vegewal
vegontha
vegti
vegwa
vejlyen
veocplu
vetda
vetdeif
vevma
viaja
viaklu
vibdiju
viclup
viconow
vijeicbo
vijku
vill ja
vinomjo
vinuhici
viomlop
virte
visjehy
visviens
viteyfu
vobmocgi
vociwen
vogtho
voithiyo
voitmu
vojecrigg

vag-yoo
vai-wru
val-co
vard-vu
var-gro
vasce
vash=-cli
vass-vu
veag-fags
ve-bo=-bo
ve=dim
ved-two
veej-plo
veem-reur
vef-hyo
veg-cop=-co
ve-ge-wal
ve-gon-tha
veg-ti
veg-wa
vej-lyen
ve-oc-plu
vet-da
vet-deif
vev-ma
vi-a=-ja
vi-ak-1lu
vib-di-ju
vic=lup
vi-co-now
vi-jeic-bo
vij=-ku
vill-ja
vi-nom-jo
vi-nu-hi-ci
vi-om-lop
virte
vis-je-hy
vis-viens
vi-tey=-fu
vob-moc-gi
vo-ci-wen
vog-tho
voi-thi-yo
voit-mu
voj-crigg



voldyu
vopsbyk
vorgdra
vortho
vorwajel
voumdy
vowgta
voysblo
vuaby
vuccorer
vudrawm
vufgoaja
vulynri
vunlusho
vupwoa
vuquatu
vuyeevo
vuyovitt
waben
wacase
wadyt
wagmy
wandyb
wapawwo
warogi
wavku
wavsnu
weday
weenipho
wegoka
wekbu
wemekchi
wepri
werho
wetukfi
weutak
whacfida
whawjel
whedecli
whetcrul
whokyohu
whosdeb
whoyhyo
whyabdi
why je
whyshiv

vol-dyu
vops-byk
vorg-dra
vor-tho
vor-wa-jel
voum-dy
vowg-ta
voys-blo
vu-a-by
vuc=-co-rer
vu-drawm
vuf-goa-ja
vu-lyn-ri
vun-lu-sho
vup-woa
vu-gqua-tu
vu-yee=-vo
vu-yo-vitt
wa-ban
wa=-case
wa-dyt
wag-my
wan-dyb
wa-paw-wo
wa-ro-gi
wav-ku
wav-snu
we-day
wee-ni-pho
we-go-ka
wek-bu
we-mek-chi
wep-ri
wer-ho
we-tuk-fi
weu-tak
whac-fi-da
whaw-jel
whed-cli
whet-crul
whok-yo-hu
whos-deb
whoy-hyo
whyab-di
why je
why=-shiv

wiabko
widgawa
wieci
wiefu
wifadal
wifvenod
wigawoz
wigdosim
wijwoa
wimac
wimosu
winect
wirro
witlugdu
wivtuje
wiyeiju
wiyicyn
wiyijko
wizpio
wobloyky
woimnav
woiwue
wojyu
woknut
wonba
wonwi jmy
wopho
wopku
worlegig
wovru
woy fum
woytaict
wrahiud
wrahok
wrarjhu
wreasgo
wregy
wreng
wrerry
wrijtrur
wrocpish
wroije
wruvpi
wryfsru
wuajqui
wuavsyo

wi-ab-ko
wid-ga-wa
wie-ci
wie-fu
wi-fa-dal
wif-ve-nod
wi-ga-woz
wig-do-sim
wij-woa
wi-mac
wi-mo-su
wi-nect
wir-ro
wit-lug-du
wiv-tuje
wi-yei-ju
wi-yi-cyn
wi-yij-ko
wiz-pi-o
wo-bloyk-y
woim-nav
wol-wue
woj-yu
wo-knut
won-ba
won-wij-my
wo-pho
wop-ku
wor-le-gig
wov-ru
woy-fum
woy-taict
wra-hi-ud
wra-hok
wrarj-hu
wreas-go
wreg-y
wreng
wrer-ry
wrij-trur
wroc-pish
wroije
wruv-pi
wryfs-ru
wu-aj-qui
Wu-av-syo
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wucuca
wupkuamu
wurctivi
wuyeawed
wybylel
wyclinoe
wygdrel
wykya
wyojyilm
wyosevu
wyrahu
wyril
wyvotded
yacrad
yafduhev
yafrig
yaicjopo
yaisi
yaiyew
yajtuv
yakca
yakvacgo
yakyafa
yamlovna
yamyen
yands
yapegu
yarjamju
yasbut
yashgo
yasspka
yayigca
yayjint
yebjo
yeceag
yeewrur
yefanaki
yefeit
yefhy
yefleoka
yegoce
yejut
yekcoghu
yekcu
yekjiva
yenrit

(continued)

wu-cu-ca
wup-ku-a-mu
wurc-ti-vi
wu-yea-wed
wy-by-lel
wy-cli-noc
wyg-drel
wyk-ya
wyoj-yilm
Wyo-se-vu
wy-ra-hu
wy-ril
wy=-vot-ded
yac-rad
yaf-du-hev
ya-frig
yaic-jo-po
yai-si
yai-yew
yaj=-tuv
yak=-ca
yak-vac-go
yak-ya-fa
yam-lov-na
ya-myen
yands
ya-pe-gu
yar-jam-ju
yas-but
yash-go
yassp-ka
ya-yig-ca
yay-jint
yeb-jo
ye-ceag
yec-wrur
ye-fa-na-ki
ye-feit
yef-hy
ye-fle-o-ka
ye-goce
ye-jut
yek-cog-hu
yek-cu
yek=-ji-va
yen-rit
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yepros
yerelifs
yesfryac
yesps
yetmawoi
yevon
yewlibol
yewnshlo
yexpli
yibfeem
yibluv
yibnen
yiccoha
yictryti
yidbogdo
yidjetli
yiemtak
yigfrale
yijwis
yikeej
yiklo
yilak
yilvdu

yep-ros
ye-re-1lifs
yes-fryac
yesps
yet-ma-woi
ye-von
yew=-1li-=bol
yewn-shlo
yex-pli
yib-feem
yib=luv
yib-nen
yic-co-ha
yict-ry-ti
yid-bog-do
yid-jet-1i
yiem-tak
yig-frale
yij-wis
yi-keej
yik-1lo
yi-lak
yilv-du

yipweksa
yitjeyef
yitnesju
yivgadso
yivos
yivvi
yoarmoi
yoberuro
yocefkan
yocgi
yocuct
yogieth
yogway
yombo
yomciub
yonmeg
yopojvob
yororedi
yotylica
yovshmu
yoyweufa
yuebkovu
yuetyo

yip-weks-a
yit-je-yef
yit-nes-ju
yiv-gads-o
yi-vos
yiv-vi
yoar-moi
yob-cru-ro
yo-cef-kan
yoc-gi
yo-cuct
yo-gieth
yog-way
yom-bo
yom-ci-ub
yon-meg
yo-poj-vob
yo=-rorc-di
yo-ty-li-ca
yov=-shmu
yoy-weu-fa
yueb-ko-vu
yue-=tyo
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yufugha
yugmopyz
yuhienfa
yuitdib
yunny
yuondyd
yupshty
yupwi jat
yureppri
yurytha
yuyitboce
zaney
zatshdu
zatvel
zefphlie
zeyel
zodagbo
zujuce
zwiufe
zwudrul
zyipunpa
zylocwyt

(concluded)

yu-fu-gha
yug-mo-pyz
yu-hien-fa
yu-it-dib
yunn-y
yu-on-dyd
yup-shty
yup-wi-jat
yu-repp-ri
yu-ry-tha
yu-yit-boc
za-ney
zatsh-du
zat-vel
zef-phlie
ze-yel
zo-dag-bo
zZu-juce
zwi-ufe
zwu-drul
zy-i-pun-pa
zy-loc-wyt



APPENDIX V

STATISTICS

In Section IV complete data was presented for an analysis of ran-
dom words of eight letters. The two figures in this appendix are the
probability distribution curves for words of six and ten letters, sim-
ilar to that shown in figure 4 for eight letter words.
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APPENDIX VI

DOCUMENTATION

The documentation on the programs contained in this appendix is
in the form of Multics Programmers’® Manual command and subroutine de-
scriptions. [3] The individual write-ups are in alphabetical order.
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MULTICS PROGRAMMERS® MANUAL columns

Command

Name: columns, col

The columns command will reformat a segment consisting of short
lines into columns that read vertically down the page. The number of
columns that will appear depends on the length of the longest line in
the segment and the 1length of the output line. The reformatted
segment is printed on the terminal with blank lines between pages, or
can be stored for dprinting.

Usage

columns pathname -control_args-

1) pathname Name of the segment to be reformatted. Lines in the
segment may be of any length up to 132 characters,
and all lines need not be the same length.

2) control_args are one or more of the following:

-segment, -sm If present, this argument specifies that the
reformatted segment will be stored in a segment
called pathname.columns, in a format suitable for
dprint. If this argument does not appear, output
will be printed on the terminal.

-line_lenth nn, -11 nn

If present, nn is the length of line to be wused for
output. This must be a number in the range 1 to 132.
If this argument is missing, the length of line used
will be 132 for the -segment option, or the length of
the terminal output 1line if -segment is not
specified. If the user is absentee or file_output is
being used, a length of 132 will be used.

-page_length nn, -pl nn
This argument sets the length of the page produced by
columns. If output is to the terminal, nn lines will
be printed on each page, and blank lines will be used
to pad the end of each page up to a total of 66 lines
per page. If output is to a segment, a page will be
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ejected every nn lines. The default page 1length is
60 lines. This control argument is incompatible with
the -no_pagination control argument.

-ad just, -ad specifies that the blank space between the columns is
to be adjusted so that the maximum amount of white
space appears between the columns. If this control
argument does not appear, there will always be one
blank space between the columns. Note that the
number of columns to be printed is not affected by
the use of this control argument. The only effect is
to possibly add some blanks between the columns that
would otherwise appear at the end of each line of
output.

-no_pagination, -npgn
This argument specifies that the output is not to be
paged, i.e., the page 1length is assumed to be
infinite. This argument is useful for terminal
output when page breaks are not desired, and avoids
extra blank lines at the end of the last page.

Notes

The command first determines how many columns can fit on a 1line
by scanning the segment for the longest line, and using that length as
the width of each column. If -adjust is not specified, there will be
one blank space between columns, otherwise any extra space will be
inserted between the columns. Lines from the input segment that are
shorter than the longest line will be left justified in the columns.

When the -segment option is not specified (and -no_pagination is
not specified), columns will put 60 lines per page, with 3 blank lines
at the top and bottom of each page. When -segment is specified
without -no_pagination, there will be 60 lines per page with no blank
lines between pages (NEWPAGE characters are inserted into the output
segment to eject a page when dprinting).

When dprinting the output segment, the -no_endpage option should

be specified for the dprint command. This is necessary to avoid extra
blank pages because columns formats its own pages.
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Warning

This command expands tabs into spaces properly, but treats
backspaces and all other control characters as single characters.
Generally, if the segment contains any control characters (other than
tabs and newlines) the columns on the output will not line up
properly.
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MULTICS PROGRAMMERS® MANUAL convert_word_

Subroutine

Name: convert_word_

This subroutine is used to convert the random word array returned
by random_word_ to ASCII.

Usage

del convert_word_ entry ((0:*) fixed bin, (0:*) bit(1) aligned,
fixed bin, char(¥), char(¥));

call convert_word_ (word, hyphenated_word, word_length,
ascii_word, ascii_hyphenated_word);

1) word Array of random units returned from a previous call to
random_word_. (Input)

2) hyphenated_word

Array of bits indicating where hyphens are to be
placed, returned from random_word_. (Input)

3) word_length Number of units in word, returned from random_word_.
(Input)

4) ascii_word This string will contain the word, left justified, with
trailing blanks. This string should be long enough to
hold the longest word that may be returned. This 1is
normally the value of "maximum" supplied to
random_word_. (Output)

5) ascii_hyphenated_word
This string will contain the word, with hyphens between
the syllables, left justified within the string. The
length of this string should be at least 3*maximum/2+1
to guarantee that the hyphenated word will fit.
(Output)

Entry: convert_word_$no_hyphens

This entry can be used to obtain the ASCII form of a random word
without the hyphenated form.
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Usage

dcl convert_word_$no_hyphens ((0:*) fixed bin, fixed bin,
char(#*));

call convert_word_$no_hyphens (word, word_length, ascii_word);

Arguments are the same as above.
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Subroutine

Name: convert_word_

This subroutine facilitates printing of the hyphenated word
returned from a call to hyphenate_.

Usage

del convert_word_char_ entry (char(*), (¥) bit(1) aligned, fixed
bin, char(*) varying);

call convert_word_char_ (word, hyphens, last, result);
1) word This string is the word to be hyphenated. (Input)

2) hyphens This is the array returned from a call to hyphenate_
that marks characters in word after which hyphens are
to be inserted. (Input)

3) last This is the status code returned from hyphenate_. If
negative, the result will be the original word,
unhyphenated, with ##* following it. If positive, the
word will be returned hyphenated, but with an asterisk
preceding the last’th character. If zero, the word
Will be returned hyphenated without any asterisks.
(Input)

4) result This string contains the resultant hyphenated word.
(Output)
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MULTICS PROGRAMMERS® MANUAL digram table_compiler

Command
Name: digram table_compiler, dtc

This command compiles a source segment containing the digrams for
the random word generator and produces an object segment with the name
"digrams".

Usage
digram_table_compiler pathname -option-

1) pathname is the pathname of the source segment. If the
suffix ".dte" does not appear, it will be assumed.
Regardless of the name of the source segment, the
output segment will always be given the name
"digrams" and will be placed in the working

directory.
2) -option- may be the following:
-list, -1s lists the compiled table on the terminal. The

table will be printed in columns to fit the
terminal line length. If file_output 1is being
used, lines will be 132 characters long.

-list n, -1s n lists the table as above, but uses n as the number
of columns to print. Each column occupies 14
positions, thus a value of 5 will cause 5 columns
to be printed, each line being 70 characters long.
This option 1is wuseful when file_output is being
used, so that the lines produced are not too 1long
to fit on the terminal to be used to print the
output file.

Notes

The compiler makes an attempt to detect inconsistent combinations
of attributes, as well as syntax errors. If an error is encountered
during compilation, processing of the source segment will continue if
possible. The digrams segment in case of an error will be left in an
undefined state.
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During compilation, the ALM assembler is used. At that point the
letters "ALM" will be printed on the terminal. If compilation was
successful, no other messages should appear.

The listing produced by digram_table_compiler is in a format
suitable for printing on the terminal -- not for dprinting. This is
because blank lines are used for page breaks, instead of the '"new
page" character as recognized by dprint.

Syntax

The syntax of the source segment is specified below. Spaces are
meaningful to this compiler and a space 1is only allowed where
specified as <spaced>. The new line character is indicated as
<new line>.

<digram table>::= <unit specs>;[<new line>]...<digram specs>$
<unit specs>::= <unit spec>[<delimd<unit spec>]...
<digram specs>::= <digram spec>[<delim><digram spec>]...
<delim>::= ,[<new line>]!<new line>
<unit spec>::= <unit name>[<not begin syllable>[<no final split>]]
<digram spec>::= [<begin><not begin><break><prefix>]
<unit name><unit name>[<suffix>[<end>[<not end>]]]
<unit named>::= <letter>[<letter>]
<letter>::= albicidleifigihiiijikiliminioipigirisitiuiviwixiylz
<not begin syllable>::= <bit>
<no final splitd>::= <bitd>
<begind>::= <bit>
<not begin>::= <bit)>
<break>::= <bit)>
<prefix>::= <spaced|-
<suffix>::= <space>|-i+
<end>::= <bit>
<not end>::= <bit)>
<bitd>::= <spaced|1

The first part of the <digram table> consists of definitions of
the various units that are to be used and their attributes. The units
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are defined as one or two-letter pairs, and the order in which they
are defined 1is unimportant. For each wunit, the attributes <not
begin syllable> and <no final split> may be specified. In addition,
if <unit name> is a, e, i, o, or u, the "vowel" attribute is set. I
the unit 1is 1y, the "alternate vowel" attribute is set. A <bit> is
assumed to be zero if specified as <space>, or one if specified as 1.

The second part of <digram table> specifies all possible pairs of
units and the attributes for each pair. The order in which these
pairs must be specified depends on the order of the <unit speecs> as
follows:

Number the <unit spec>s from 1 to n in the order in which they
appeared in <unit specs>. The first <digram spec> must consist of the
pair of units numbered (1,1), the second <digram spec> 1is the pair
(1,2), etc., and the last <digram spec> is the pair (n,n). All pairs
must be specified, i.e., there must be n*n <{digram spec>s. The <bitd>s
preceding or following each pair set the attributes for that pair as
shown. The <prefix> and <suffix> indicators are set to 1 if specified
as "-", If <suffix> is specified as "+", the "illegal pair" indicator
will be set, and no other attributes may be specified for that
<digram spec>.

Example

The following is a very short example of a <digram table>. Only
four units are defined, "a", "b", "sh" and "e". The letter "e" is
given the '"no final split" attribute, the pair "aa" is given
"jillegal pair", the pair "ae" is given the "not begin", "break", and

"not end" attributes, etc.

a,b,sh,e 1;

aa+,ab,ash, 11 ae 1

ba, 1 bb, 11 bsh 1,be

sha, 11 shb 1,shsh+,she,ea,eb,esh,ee

$

Assume the above segment was named "dt.dte". Below is an example
of the command used to compile and list the table produced for dt.
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digram_table_compiler dt -ls
ALM

1 a 0010 2 b 0000 3 sh 0000 b e 0110

000 aa +00 000 ba 00 000 sha 00 000 ea 00
000 ab 00 010 bb 00 011 shb 01 000 eb 00
000 ash 00 011 bsh 01 000 shsh+00 000 esh 00
011 ae 01 000 be 00 000 she 00 000 ee OO0

The first line of output lists the individual units. The number
preceding the unit is the unit index. The four bits following the
unit are respectively:

not begin syllable
no final split
vowel

alternate vowel

Following the wunit specifications are the digram specifications.
Preceding each digram are three bits and a space (or possibly a "-")
with meanings corresponding to those specified in the source segment
as follows:

begin

not begin

break

prefix (if "-" appears)

Immediately following each digram is a field which may be blank, "-",
or "4M, If "4", the "illegal pair" flag 1is set. Otherwise, the

meaning of the "-" and following two bits are as follows:
suffix (if "-" appears)
end -
not end
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Name: print_digram table, pdt
This entry merely prints the digram table on the terminal,

assuming that it has already been compiled successfully. The segment
"digrams" is assumed to be located in the working directory.

Usage
print_digram table -n-
1) n is the number of columns in which to print the table. If
not specified, the maximum number of columns that will fit
in the terminal line will be used. Each column occupies 14
positions. If file_output is being used, the terminal line
width is assumed to be 132.

Notes

This entry performs the same function as the -list option of
digram_table_compiler.

145






MULTICS PROGRAMMERS® MANUAL generate_word_

Subroutine
Name: generate_word_

This subroutine returns a random pronounceable word as an ASCII
character string. It also returns the same word split by hyphens into
syllables as an aid to pronunciation.

Usage

declare generate_word_ entry (char(¥*), char(¥), fixed bin, fixed
bin);

call generate_word_ (word, hyphenated_word, min, max);

1) word is the random word, padded on the right with
blanks. This string must be long enough to hold
the word (at least as long as max). (Output)

2) hyphenated _word is the same word split into syllables. The length
of this string must be greater than max to allow
for the hyphens. A 1length of 3¥max/2 + 1 will
always be sufficient. (Output)

3) min is the minimum length of the word to be generated.
This value must be greater than 3 and 1less than
21. (Input)

4) max is the maximum length of the word to be generated.

The actual 1length of the word will be uniformly
random between min and max. The value of max must
be greater then or equal to min, and less than 21.
(Input)

Each call to generate_word_ should produce a different random
word, regardless of when the call is made. However, as with any
random generator, there is no guarantee that there will be no
duplicates. The probability of duplication is greater with shorter
words.
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Entry: generate_word_$init_seed

This entry allows the wuser to specify a starting seed for
generating random words. If a seed 1is specified, the exact same
sequence of random words will always be generated on subsequent calls
to generate_word providing the same values of min and max are
specified. If this entry is not called in a process, the value of the
clock is used as the initial seed on the first call to generate_word_,
thereby "guaranteeing" different sequences of words in different
processes.

Usage
declare generate_word_$init_seed entry (fixed bin(35));
call generate_word_$init_seed (seed);

1) seed is the initial seed value. If zero, the system clock
will be used as the seed. (Input)
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Command

Name: generate_words, gw

This command will print random pronounceable "words" on the
user’s terminal.

Usage

generate_words -control_args-

1) control_args may be selected from the following:

nwords

-min n

-max n

-length n, -1lnn

-hyphenate,

-seed SEED

-hph

is the number of words to print. If not specified,
one word is printed.

specifies the minimum length, in characters, of the
words to be generated.

specifies the maximum length of the words to be
generated.

specifies the length of the words to be generated.
If this argument is specified, all words will be
this length, and -min or -max may not be specified.

causes the hyphenated form (divided into syllables)
of each word to be printed alongside the original
word.

On the first call to generate_words in a process,
the system c¢lock is used to obtain a starting
"seed" for generating random words. This seed 1is
updated for every word generated, and subsequent
values of the seed depend on previous values (in a
rather complex way). If the -seed argument is
specified, SEED must be a positive decimal integer.
For a given value of SEED, the sequence of random
words will always be the same providing the same

length values are specified. When no -seed
argument is specified, the 1last value of the
updated seed from the previous call to
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generate_words will be used. To revert back to
using the system clock as the seed, specify a zero
value for SEED, i.e., -seed O.

Notes

If neither -min, -max, nor -length are specified, the defaults

are -min 6 and -max 8. 1In all other cases, the defaults are -min Ui
and -max 20.

If -length is not specified, the lengths of the random words will
be uniformly distributed between min and max. Words generated are
printed one per line, with the hyphenated forms, if specified, 1lined
up in a column alongside the original words.
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Command/Active Function
Name: get_line length, gll

This command or active function returns the current length of a
line on the stream user_output. When used as a command, the 1line
length is printed on the terminal. When used as an active function,
the line length is returned as a character string.

Usage

get_line_length
[get_line_length]

Notes

The length of the line is obtained from the modes supplied to the
tw_ IOSIM. If user_output is attached through some other interface
module (such as file_ when using file output) the line length may be
undefined. If the line length can not be obtained, a default length
of 132 will be returned.
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Subroutine
Name: get_line length_

This subroutine returns the current 1length of a line on the
stream user_output.

Usage

dcl get_line length_ entry returns (fixed bin);

11 = get_line_length_ ();
1 U is the length of the line.
Notes

The length of the line is obtained from the modes supplied to the
tw_ IOSIM. If user_output is attached through some other interface
module (such as file_ when using file_output) the line length may be

undefined. If the line length can not be obtained, a default length
of 132 will be returned.
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Command
Names: hyphen_test, ht
This command uses the random word generator (the same one used by

generate_words) to divide words into syllables. Words are printed on
the terminal with hyphens between the syllables.

Usage
hyphen_test -control_arg- -wordl- ... -wordn-

1) control_arg may be -probability (-pb), specifying that the
probability of each of the words that follows be
printed alongside the hyphenated word.

2) wordi are one or more words to be hyphenated. A word
may consist of three to twenty alphabetic
characters, only the first of which may be
uppercase.

Notes

The control argument may appear anywhere in the command line.
However, it only applies to words that follow. Words preceding the
option will be hyphenated but no probabilities will be calculated.

If a word contains any illegal characters, or is not of three to
twenty characters in length, the word will be printed unhyphenated,
followed by #*¥,

If the word could not be completely hyphenated because it was
considered unpronounceable, an asterisk (*) will be printed out in
front of the first character that was not accepted. The part of the
word before the asterisk will be properly hyphenated.

The calculated probability is the probability that the word would
have been generated by generate_words, assuming generate_words was
requested .to generate a word of that length only. If a range of
lengths is requested of generate words, each 1length has equal
probability. For example, if generate_words is called to generate
words of 6, 7, or 8 characters, there is a 33% probability that a
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given word will have 8 characters. If hyphen_test is then asked to
calculate the probability of a given 8 letter word, that probability

should be divided by 3 to obtain the correct probability for the case
of three possible lengths.

156



MULTICS PROGRAMMERS® MANUAL hyphenate_

Subroutine

Name: hyphenate_

This subroutine attempts to hyphenate a word into syllables.

Usage
decl hyphenate_ entry (char(#*), (*) bit(1) aligned, fixed bin);
call hyphenate_ (word, hyphens, code);

1) word This is a 1left justified ASCII string, 3 to 20
characters in 1length. This string must contain all
lowercase alphabetic characters, except the first
character may be uppercase. Trailing blanks are not
permitted in this string. (Input)

2) hyphens This array will contain a "1"b for every character 1in
the word that is to have a hyphen following it.
(Qutput)

3) code This is a status code, as follows:

0 word has been successfully hyphenated.
-1 word contains illegal (non alphabetic or
uppercase) characters.
-2 word was not from three to twenty characters in
length.

Any positive value of code means that the word couldn’t
be completely hyphenated. In this case, code is the
position of the first character in word that was not
acceptable. The part of the word before code will be
properly hyphenated. (Output)

Notes

This subroutine uses random_word_ to provide the hyphenation. It
does this by calling random word $give_up and supplying its own
version of random_unit and random_vowel that return specified units
(of the particular word to be hyphenated) instead of random units.

R
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The word supplied to hyphenate is first transformed into units
by translating pairs of letters into single units if a 2-letter unit
is defined for the pair, and then by translating the remaining single
letters into units. See the write-ups of random_word_ and
random_unit__ for a description of units. If any units of the word are
refused by random_word , hyphenate tries to determine if the refused
unit was a 2-letter unit. If this is the case, then the 2-letter unit
is broken into two 1-letter units and random_word__ is called again.
In rare cases, hyphenate_ is not able to determine which 2-letter unit
is at fault, and will return a status code indicating that the word is
unpronounceable, when, in fact, it could have been properly divided by
breaking up a 2-letter unit.

Entry: hyphenate_$probability

This entry returns information as above, but also supplies the
probability of the word having been generated at random by
generate_word_ or random_word generator_. The assumption is made that
generate_word_ or random_word_generator_was asked to supply a word of
exactly the same length as the word given to hyphenate_, rather than a
range of lengths. If a range of lengths was asked of generate_word_,
the probability must be divided by the number of different lengths
(all lengths are equally probable).

Usage

del hyphenate_ entry (char(*), (*) bit(1) aligned, fixed bin,
float bin);

call hyphenate_ (word, hyphens, code, probability);
1) to 3) are as above.

4) probability is the probability as defined above. (Qutput)

”
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Notes

If the supplied word is illegal (i.e. code is not zero), the
probability will be returned as zero.

Entry: hyphenate_$debug_on, hyphenate_$debug_off

These entries set and reset a switch that causes
hyphenate_$probability to print, on user_output, all units (see
random_word_ and random_unit_ for a description of wunits) that are
illegal in a given position of the word. This entry is useful for
debugging a digram table for random_word_.

Usage

dcl hyphenate_$debug_on entry;
dcl hyphenate_$debug_off entry;

call hyphenate_$debug_on;
call hyphenate_$debug_off;

Notes

An example of the output produced is as follows. The assumption
is that hyphenate_$probability is invoked by the
hyphen_test command using the -probability option.

hyphenate_$debug_on

hyphen_test -probability fish

x,ck,f; b,c,d,f,g,h,j,k,m,n,p,s,t,v,w,x,y,z,ch,gh, ph,
rh,sh,th,wh,qu,ck,i; i,rh,wh,qu, sh;

fish 6.04127576e-5

In the above example, the units x and ck are shown to have been
illegal as the first unit of the word, and the unit f, (underlined) is
the first. unit of the word that was accepted. All other units that
were not printed are legal as the first unit of the word. Following
the semicolon after f are the units that are illegal in the second
position of the word (assuming that f is the first unit). Then i is
shown as the legal unit that is taken from the word "fish". This
repeats for each position of the word, ending in the 1legal wunit sh
(note only one underline).
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If the supplied word is illegal, the last underlined letter in
the output is (usually) the letter that was not accepted. In cases
where hyphenate_ has to split up a 2-letter unit, the word will be
shown to start over from the beginning.
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Subroutine
Name: random_unit

This subroutine provides a random unit number for random_word
based on a standard distribution of a given set of units. It is
referenced by the generate_word subroutine as an entry value that 1is
passed 1in the call to random_word_. This subroutine assumes that the
digram table being used by random_word _is a standard table. The
digram table itself is not referenced by this subroutine.

Usage
declare random_unit_ entry (fixed bin);
call random_unit_ (unit);

1) unit is a number from 1 to 34 that corresponds to a particular
unit as listed in Notes below. (Output)

Notes

The table below contains the units that are assumed specified in
the digrams supplied to random _word . Shown in the table are the unit
number, the letter or 1letters that unit represents, and the
probability of that unit number being generated.

1 a .04739 8 h .02844 15 o .04739 22 w .03792 29 rh .00474
2 b .03792 9 i .04739 16 p .02844 23 x .00474 30 sh .00948
3 ¢ .05687 10 j .03792 17 r .04739 24 y .03792 31 th .00948
4 4 .05687 11 k .03792 18 s .03792 25 =z .004T4 32 wh .004TH
5 e .05687 121 .02844 19 t .04739 26 ch .00474 33 qu .004TH
6 £ .03792 13 m .02844 20 u .02844 27 gh .00474 34 ck .004T4
7 g .03792 14 n .04739 21 v .03792 28 ph .00474

Entry: random_unit_$random_vowel

This entry returns a vowel unit number only.

Usage

declare random_unit_$random_vowel (fixed bin);
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call random_unit_$random_vowel (unit);
1) unit As above. (Output)
Notes

Below are listed the vowel units and their distributions.

.167
.250
» 16T
5 16
6T
.083

1
5
9

19

20

< s O o P

Entry: random_unit_g$probabilities

This entry returns arrays containing the probabilities of the
units as listed in the table on the previous page. This entry is
provided for hyphenate_$probability and any other program that might
require this information. The probabilities must be computed when
this entry is called, so it is suggested that the call be made only
once per process and the values saved in internal static storage.

Usage

declare random_unit_$probabilities entry ((*) float bin,
(#) float bin);

call random unit_$probabilities (unit_probs, vowel_probs);

1) unit_probs This array contains the probabilities of the individual
units assuming the random_unit_ entry is called to
generate the random units. The value of unit_probs(i)
is the probability of unit(i). (Output)

2) vowel probs This array contains the probabilities of the units when

random_vowel is called. Since there are only 6 vowels,
most of these values will be zero. (Output)
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Notes

A future version of random_unit_may use different units with
different probabilities. The size of the two arrays must be large
enough to hold the maximum number of values that may be returned by
random_unit_ (which 1is currently 34). Programs should not depend on
the unit_index-to-letter correspondence as shown in the table. This
information can be obtained by using the include file
digram_structure.incl.pl?.
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Subroutine
Name: random_word_

This routine returns a single random pronounceable word of

specified length. It is called by generate_word_, and allows the
caller to specify the particular subroutines to be wused to generate
random units. For users desiring random words with an English-like

distribution of letters, generate_word_ should be used.

Usage

del random_word_ entry ((0:%) fixed, (0:¥*) bit(1) aligned, fixed,
fixed, entry, entry);

call random_word_(word, hyphens, char_length, unit_length,
random_unit, random_vowel);

1) word The random word will be stored in this array starting
at word(1) (word(0) will always be 0). The numbers
stored will correspond to a "unit index" as described
in Notes below. This array must have a length at least
equal to the value of "char_length". Unused positions
in this array, up to word(char_length), will be set to
zero. (Output)

2) hyphens This array must be of length at least "char_length". A
bit on 1in a position of this array indicates that the
corresponding unit in "word" (including the very last
unit) is the last unit of a syllable. (Output)

3) char_length Length of the word to be generated, in characters.
(Input)

4) unit_length This is the length of the generated random word in
units, i.e., the index of the last non-zero entry in
the "word" array. The actual length of +the word in
equivalent characters will be the value of char_length.
(QOutput)

5) random_unit This is the routine that will be called by random_word_
each time a random_unit is needed. The random_unit
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routine is declared as follows:
dcl random_unit entry (fixed bin);

where the value returned is a unit index between 1 and
n_units. If an English-like distribution of letters is
desired, the "random_unit_" subroutine may be specified
here. See Notes below. (Input)

6) random_vowel
This is the routine called by random_word_ when a vowel
unit 1is required. This routine must return the index
of a unit whose "vowel" or "alternate_vowel" bits are
on. See Notes below. This routine is declared as
follows:

del random_vowel entry (fixed bin);

If desired, the subroutine "random_unit_$random_vowel"
may be specified in this place. (Input)

Notes

The word array can be converted into characters by calling
convert_word_.

In order to use random_word, a digram table, contained in a
segment named "digrams", must be available in the search path. This
table can be created by the digram_ table compiler.

If the wuser supplies his own versions of random_unit and
random_vowel, these subroutines will have to supply legal units that
are recognized by the random_word_ subroutine. The include file
"digram structure.incl.pl1" can be used to reference the digram table
to determine which units are available. If included in the source
program, appropriate references to the following variables of interest
in "digrams" will be generated:

del n_units fixed bin defined digrams$n_units;
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del letters(0:n_units) char(2) aligned
based(addr(digrams$letters));
del 1 rules(n_units) aligned based(addr(digramss$rules)),
2 vowel bit(1),
2 alternate_vowel bit(1),
where:
n_units is the number of different units.
letters(i) contains 1 or 2 characters (left Jjustified) for

the i“th unit.

rules.vowel(i), rules.alternate_vowel(i)
One of these two bits are set for the wunits that
may be returned by a call to random_vowel.

When random_unit is called, a number from 1 to n_units must be
returned. When random_vowel is called, a number from 1 to n_units,
where one of the two bits in rules(i) is marked, must be returned.
Entry: random_word_$debug_on

This entry sets a switch in random_word_ that causes printing (on
user_output) of partial words that could not be completed. This entry

is of interest during debugging of random_word_ or for checking the
consistency of the digram table prepared by the user.

Usage
decl random_word_$debug_on entry;
call random_word_$debug_on;
Entry: ran@om_yord_$debug_pff

This entry resets the switch set by debug_on.
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Additional notes

The random_word_ subroutine can be used for certain special
applications (such as the application used by hyphenate_), and there
are certain features that help support some of these applications.
The features described below are of little interest to most users.

The first feature allows the caller-supplied random_unit (and

random_vowel) subroutine to find out whether random_word_ "accepted"
or "rejected" the previous unit supplied by random_unit. Each time
random_unit is invoked by random_word_, the value of the argument

passed 1is the index of the previous unit that random_unit_ returned
(or zero on the first call to random_unit in a given invocation of
random_word_). The sign of the argument will be positive if this last

unit was accepted. "Accepted" means that the last unit was inserted
into the random word and the word index maintained by random_word was
incremented. Once a unit is accepted, it is never removed. Thus a

positive value of the unit index passed to random_unit means that a
unit for the next position of the word is requested.

If the unit index passed to random_unit has a negative sign, the
last unit was rejected according to the rules used by random_word_ and
information supplied in the digram table. If the unit is rejected,
random_word_ does not advance its word index and calls random_unit
again for another unit for that same word position. With this
information random_unit can keep track of the "progress" of the word
being generated.

The feature described above is used by the special random_unit
routine provided by hyphenate_. Since the random_unit routine for
hyphenate_ is not really supplying random units (but is supplying
units of the word to be hyphenated), it must know whether any
particular unit is rejected by random_word_. Rejection then implies
that the word is illegal according to random_word_ rules.

The second feature allows random_unit to "try" a certain unit
without committing that unit to actually be used in the random word.
The sign of each unit supplied to random_word by random_unit 1is
checked. If the sign of the word is positive, random_word_ will
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accept or reject the unit according to its rules, and will indicate
this on the subsequent call to random_unit.

If the sign of the wunit passed to random_word is negative,
random_word_ will merely indicate (on the subsequent call to
random_unit) whether that unit would have been accepted, but it never
actually updates the word index. In other words, random_word_ always
rejects the wunit, but 1lets random_unit know whether the unit was
acceptable.

This latter feature is used by hyphenate_$probability in order to
determine which of all possible wunits are acceptable in a given
position of the word. The random_unit routine used by
hyphenate_$probability tries all possible units in each word position,
and only allows random_word_ to accept the unit that actually appears
in that position.
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Subroutine

Name: read_table_

This subroutine 1is the compiler for the digram table for
random_word_. It is called by digram_table_compiler.

Usage
declare read_table_ entry (ptr, fixed bin(24), returns (bit(1));
flag = read_table_ (source_ptr, bitcount);

1) source_ptr is a pointer to the source segment to be compiled.

(Input)
2) bitcount is the bit count of the source segment. (Input)
3) flag is "0"b if compilation was successful. It is "1"b if

an error was encountered.
Notes

If compilation was successful, the compiled table will be placed
in the working directory with the name "digrams". If unsuccessful,
the digrams segment may or may not have been created, and may be left
in an inconsistent state (i.e., unusable by random_word_). Error
messages are printed out on user_output as the errors are encountered,
except that file system errors are printed on error_output.

This subroutine uses the ALM assembler for part of its work. As

a result, the letters "ALM" will be printed on user_output sometime
during the compilation.
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APPENDIX VII

MODIFIED SOFTWARE FOR UNIFORM DISTRIBUTION

The following pages contain documentation and source listings for
the two modules that have been altered to produce uniformly distribut-
ed random words as discussed near the end of Section IV. The two mod-
ules are generate_word_ and generate_words. In addition, a listing of
the random number generator encipher_ is included for those interested
in the algorithm used to obtain random numbers.

Except for generate_words and generate_word_, all other modules
are unchanged from those shown in Appendix III and Appendix VI. These
two modules have been modified in an upward compatible manner. Thus,
when called as described in Appendix VI, they will perform exactly as
described. In order to get uniformly distributed words, an additional
entry point in generate_word_ and an additional control argument to
the generate_words command have been provided.

173






MULTICS PROGRAMMERS® MANUAL generate_word_

Subroutine
Name: generate_word_

This subroutine returns a random pronounceable word as an ASCII
character string. It also returns the same word split by hyphens into
syllables as an aid to pronunciation.

Usage

declare generate_word_ entry (char(*), char(*), fixed bin, fixed
bin);

call generate_word_ (word, hyphenated_word, min, max);

1) word is the random word, padded on the right with
blanks. This string must be long enough to hold
the word (at least as long as max). (Output)

2) hyphenated_word is the same word split into syllables. The length
of this string must be greater than max to allow
for the hyphens. A length of 3*max/2 + 1 will al-
ways be sufficient. (Output)

3) min is the minimum length of the word to be generated.
This value must be greater than 3 and less than
21. (Input)

4) max is the maximum length of the word to he generated.

The actual length of the word will be uniformly
random between min and max. The value of max must
be greater then or equal to min, and less than 21.
(Input)

Each call to generate_word_ should produce a different random
word, regardless of when the call is made. However, as with any ran-
dom generatbr, there is no guarantee that there will be no duplicates,
The probability of duplication is greater with shorter words.
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Entry: generate_word_$init_seed

This entry allows the user to specify a starting seed for
generating random words. If a seed 1is specified, the exact same
sequence of random words will always be generated on subsequent calls
to generate_word_ providing the same values of min and max are speci-
fied. If this entry is not called in a process, the value of the
clock is used as the initial seed on the first call to generate_word_,
thereby "guaranteeing" different sequences of words in different proc-
esses.

Usage
declare generate_word_$init_seed entry (fixed bin(35));
call generate_word_$init_seed (seed);

1) seed is the initial seed value. If zero, the system clock
will be used as the seed. (Input)

Note

If the seed is a small integer, the first few words generated may
not be quite as random as one might like, i.e., if 5 is specified for
the value of seed the first word generated will be almost the same as
when some other small integer is specified.

Entry: generate_word_g$uniform

This entry is the same as generate_word_, except that the words
produced are uniformly distributed. The probabilities of the words
produced by generate_word_ are not all the same. This entry provides
words with equal probability. The method used to generate uniformly
distributed words results in a speed degradation that is worse with
longer words. For eight letter words, factor of at least 10 should
be expected. In addition, the set of words that may be produced is
not quite as large (although certainly within 90% of the set produced
by generate_word_).

sage

declare generate_word_g$uniform entry (char(¥*), char(*), fixed
bin, fixed bin);
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call generate_word_ (word, hyphenated_word, min, max);

Arguments are the same as above.
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Command
Name: generate_words, gw

This command will print random pronounceable "words" on the user’s
terminal.

Usage

generate_words -control_args-
1) control_args may be selected from the following:

nwords is the number of words to print. If not specified,
one word is printed.

-min n specifies the minimum length, in characters, of the
words to be generated.

-max n specifies the maximum length of the words to be
generated.

-length n, -1n n specifies the length of the words to be generated.
If this argument is specified, all words will be
this length, and -min or -max may not be specified.

-hyphenate, -hph causes the hyphenated form (divided into syllables)
of each word to be printed alongside the original
word.

-seed SEED On the first call to generate_words in a process,
the system <clock 1is used to obtain a starting
"seed" for generating random words. This seed 1is
updated for every word generated, and subsequent
values of the seed depend on previous values (in a
rather complex way). If the -seed argument is
specified, SEED must be a positive decimal integer
between 1 and 9999. For a given value of SEED, the
sequence of random words will always be the same
providing the same 1length values are specified.
When no -seed argument is specified, the last value
of the wupdated seed from the previous call to
generate_words will be used. To revert back to
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using the system clock as the seed, specify a zero
value for SEED, i.e., -seed 0.

-uniform, -uf The probability of the words produced by this com-
mand is not the same for all words, i.e., some
words are more probable than others. This option
changes the way in which the words are generated so
that all words are equally probable, The number of
different words that can result when this option is
specified is a 1little smaller than the number of
words that may be produced without this option.
(One result of using this option is that the letter
"q" will never appear.) The use of this argument
results in a speed degradation by a factor of about
10 for eight letter words, and greater for longer
words. This argument is useful when it is desira-
ble to generate words whose probabilities are
equal.

Notes

If neither -min, -max, nor -length are specified, the defaults
are -min 6 and -max 8. In all other cases, the defaults are -min 4
and -max 20.

If -length is not specified, the lengths of the random words will
be wuniformly distributed between min and max. Words generated are
printed one per line, with the hyphenated forms, if specified, lined
up in a column alongside the original words.
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