This dissertation has been
microfilmed exactly as received 66-10,179

KERN, Frank John, 1931—

AN APPLICATION OF PATTERN RECOGNITION
TECHNIQUES TO SOCIAL SYSTEMS MODELING,

The University of Oklahoma, Ph.,D,, 1966
Engineering, electrical

University Microfilms, Inc., Ann Arbor, Michigan




THE UNIVERSITY OF OKLAHOMA

GRADUATE COLLEGE

AN APPLICATION OF PATTERN RECOGNITION TECHNIQUES

TO SOCIAL SYSTEMS MODELING

A DISSERTATION
SUBMITTED TO THE GRADUATE FACULTY
in partial fulfillment of the requirements for the

degree of

DOCTOR OF PHILOSOPHY

BY
FRANK JOHN KERN

Norman, Oklahoma

1966




AN APPLICATION OF PATTERN RECOGNITION TECHNIQUES

TO SOCIAL SYSTEMS MODELING

APPROVED BY

= —
2., 05

DISSERTATION COMMITTEE



ACKNOWLEDGEMENT

The author wishes to express his sincere gratitude to the many indi-
viduals from whom assistance has been obtained in the preparation of
this thesis. In particular, the author wishes to thank Dr. R. A, Terry,
School of Industrial Engineering of the University of Oklahoma, for
his invaluable assistance in the Robbers Cave simulation, and to Dr.

J. D. Palmer, Director of the School of Electrical Engineering at the
University of Oklahoma, under whose patient guidance and council this
program was performed.

The advice and suggestions of Dr. J. A. Nickel, Chairman, Mathe-
matics Department, Oklahoma City University, are sincerely appreciated,
Thanks are also extended to the various members of the Doctoral Ad-
visory Committee for their interest in this work.

Finally, thanks are extended to Dr. Muzafer Sherif of the Institute
of Group Relations of the University of Oklahoma for permission to

utilize the results of his excellent Robbers Cave study.

iii




TABLE OF CONTENTS

LIST OF TABLES

LIST OF ILLUSTRATIONS ........cooveveen
LIST OF SYMBOLS AND EXPRESSIONS ................
Chapter

I. INTRODUCTION ......covvvvennnnnannanas

II. SELECTED EXAMPLES OF PREVIOUS WORK IN

SOCIAL SYSTEMS MODELING ..........

II11. ENCODING OF INFORMATION ..............
IV. CODE PROCESSING ......00vivvineennnnne
V. A DECODING EXAMPLE ..........ci0veuens

VI. A SOCIAL SYSTEM MODEL: ROBBERS CAVE

VII. CONCLUSIONS AND RECOMMENDATION .......
REFERENCES ........c0itiiiiiininennens e
APPENDICES

A. CONTENT ANALYSIS OF ROBBERS CAVE .....
B, SIMULATION PROGRAM ...................

C. FINAL WEIGHTS OF THRESHOLD LOGIC UNITS

iv




Table

10

11

LIST OF TABLES

Page
Binary Encoding Scheme .......ce.iiireeeninnenernenneens, 20
Encoding Examples ........... ettt e et 21
Typical Output Codes ........ e eresteaiatataaasreennnns 32
Code Classes for Example ........ceiiivuinriinerennninnnns 36
Variable Definitions ............ it aeb et et 50
Class Assignments ........ e ettt 52
Rattlers Code CompoSite .....cuivevecorrenncnnnesnnnnnnsns 54
Eagles Code CompoSite .......ciieeeriereinrneranannaaisnss 56
Binary Encoding .....covevveenn Cees e e e e e e 58
Output Codes .......einreroenrnocnunesseenaonrosenansasss 60
Phase I Simulation Summary ..........cceivieniirinnnnnanes 65




Figure
Number

1

2

10
11
12
13
14
15
16
17
18
19

20

LIST OF ILLUSTRATIONS

Flow Chart for "Ted" and "George'

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

Communication Net

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

Flowchart for Alter and Ego ...... .

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

Threshold Logic Unit

Parallel TLU Connection

Majority Logic Machine ...........coiiviiiniiieiieeans

Matched Filter Logic Machine

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

MFL Machine for Example 1

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

Output Code CompariSon ........ovviuvicnecnnennanrieanens
Training Curves for Rattlers Attitude and Frustration ...

Training Curves for Rattlers Morale and Structure

Training Curves for Eagles Attitude and Frustration

ooooo

Training Curves for Eagles Morale and Structure .........
Average Weights for First Example ....

Rattlers Profile for Attitude

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

Rattlers Profile for Structure

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

Rattlers Profile for Morale .....

Rattlers Profile for Frustration

Eagles Profile for Attitude

Eagles Profile for Structure

vi

Page

10
12
24
28
29
30
36
64
66
67
68
69

70




21

22

23

24

25

26

Eagles Profile for Morale ............

Eagles Profile for Frustration .......

Rattler Simulation ...........c0vvuus.

Eagle Simulation .........c.civiuuenn,
Reaction of Rattlers to Eagles Inputs

Reaction of Eagles to Rattlers Inputs

vii

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

79

80

82

83

84

85



»

LIST OF SYMBOLS AND EXPRESSIONS

The smallest integer greater than X.

A vector.

Braces always denote a set.

A bar over any quantity denotes that quantity as a vector.

The ith component of any vector is denoted by the subscript 1.
Denotes a vector occurring at time t,. The components of this

J
vector would be expressed as {xi(tj)}

Is always an input to a system. !
Is always a weight vector for a threshold logic unit (TLU).

.A superscript refers to a particular TLU.

The analog output of the kth TLU.
The binary output of the kth TLU.

h
A vector corresponding to the it output class,

Any combination of these symbols may be used. For instance

wZ(t6)

denotes the fourth component of the weight vector for the third TLU which

occurs at time increment six.

<:;10

x2> denotes the inner product of two vectors where
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AN APPLICATION OF PATTERN RECOGNITION TECHNIQUES

TO SOCIAL SYSTEMS MODELING
CHAPTER 1
INTRODUCTION

The concept of a system, at least in a formalized sense, is a
relatively new one to the field of engineering. This broadened approach
to the equipment design problems has been widely misinterpreted. As a
result there is, as yet, no precise definition of just what system anal-
ysis or "the system approach' is. These terms rarely convey the same
concept to any two hearers; therefore, no formal attempt will be made to
define the rather hazy boundary between system and non-system. It will
be more fruitful at this point to note certain characteristics which are
present in many equipment systems. First, all elements of the system
have some common purpose. It may not be rigidly controlled by a central
controller but all parts of the system contribute in some manner to the
production of a set of outputs from a specified set of inputs. The re-
lationship between the variables of a system is seldom a simple one. A
change in one variable generally will affect many of the others, usually
in some non-linear fashion resulting in a richness of behavior which is
difficult to describe with a high degree of precision. The same
characterization may be noticed to hold for a large class of ''mnon-hard
ware' situations which occur in fields such as biology, economics, and

1



2
the social sciences. Since there exists a large collection of techniques
useful for the characterization, analysis, and synthesis of hardware sys-
tems, one is tempted to try (by analogy) to apply these same techniques,
or modifications thereof, to non-hardware situations.

The applications of the '"systems approach" to non-hardware systems
generally have taken the form of some attempt at modeling the system in
question. This paper specifically deals with a problem which occurs in
the simulation of social systems, but it will be easily seen that the ap-
plications of data handling techniques described here are not necessarily
restricted to sociological information.

In order to provide a basis for the introduction and discussion
of these techniques, it will first be necessary to discuss a basic ap-
proach to system modeling and to examine some existing simulations of
social systems. After observing a real world system in operation it
may be argued that it is impossible to represent a social system (or any
system for that matter) in all its complexity and variety. While this
is certainly true in some situations, it is nevertheless desirable to
attempt to model certain facets of the system behavior for the purpose
of predicting its future performance. That is to say, certain aspects
of system behavior may be describable to the extent that a model of the
system may be built which under certain conditions will behave in a
manner approximating the behavior of the original system.

As an example of a system consider an ordinary triode vacuum tube.
In actuality it is certainly a very complex system. The behavior of the
current through it is dependent on a population of electrons. Although

it is possible to amalytically treat the behavior of a single electron,
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it is not possible to describe the exact behavior of the entire popula-
tion. Indeed, it is even impossible to obtain a census ;f this popula-
tion at any given instant of time. In addition to this complication,
the density and behavior of the population is affected by its environ-
ment, i.e., temperature, humidity, radiation, and supply voltage
variations to name a few factors. These and other factors sometimes
influence behavior in a rather vague and arbitrary manner. Yet, de-
spite all of these complexities, it is possible under certain operating
conditions to quite successfully represent this device by a single
source and a resistor! In fact under these operating restrictions a
generalized model of a vacuum tube may be drawn which can be said to
represent the behavior of all triode vacuum tubes and may be used to
test hypotheses (solve problems) involving these devices without
reference to any particular tube type. To represent a particular
vacuum tube some measurements are generally made in the laboratory
and from these, parameters relating the theoretical model to the real
world are obtained.

The foregoing discus;ion was not aimed at any particular justifi-
cation of procedures regarding analysis of vacuum tube circuitry, but
rather to illustrate a method of approach which is quite common in en-
gineering. The employment of a "system approach' to a non-hardware
problem consists largely of attempting to bring to bear the same view-
point and techniques which have met with success in engineering prob-
lems.

In the investigation of behavior of social systems analysis and

simulation could proceed based on one of two viewpoints. Studies could
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be undertaken purely for the purpose of testing hypotheses concerning
the behavior of social systems in general. The basis for this type of
investigation may either be a purely theoretical conjecture about the
detailed structure of the system (internal model) or a set of empirical
constructs derived from observations of the system's behavior (external
model). In order to validate these modeling procedures, a second

level of simulation must be undertaken aimed at relating the theoreti-
cal parameters to real world values, a procedure analogous to the

laboratory measurement of vacuum tube parameters.




CHAPTER II

SELECTED EXAMPLES OF PREVIOUS WORK
IN SOCIAL SYSTEMS MODELING

It will be instructive to look at some selected examples of pre-
vious work in the area of social systems modeling. The examples given
are considered to be representative of classes of social system models
which have been presented in the literature. The discussion of each
model is not exhaustive in detail and is intended to present a brief
view of the state-of-the-art of social system simulation. For a de-
tailed analysis of each the reader is referred to the original article.

The first such model to be considered was developed by Gullahorn
and Gullahorn (7). It is an attempt to simulate an elementary social

situation using as a basis a set of propositions taken from Homans (8).

These propositions are as follows:

Proposition 1 - "If in the recent past the occurrence of a particular
stimulus situation has been the occasion on which a
man's activity has been rewarded, then the more
similar the present stimulus situation is to the
past one, the more likely he is to emit the activity,
or some similar activity, now."

Proposition 2 - '"The more often within a given period of time a man's

activity rewards the activity of another, the more
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often the other will emit the activity."

Proposition 3 - ''The more valuable to a man a unit of the activity
another gives him, the more he will emit activity
rewarded by the activity of the other."

Proposition 4 - ''The more often a man has in the recent past received
a rewarding activity from another, the less valuable
any further unit of that activity becomes to him."

Proposition 5 - "The more to a man's disadvantage the rule of distri-
butive justice fails of realization, the more likely
he is to display the emotional behavior we call anger."

Using the programming language IPL-V a simulation has been written
which represents the behavior of two hypothetical actors named Ted and
George. The situation here is quite simple. Ted asks George for help
(AR) and George must decide whether or not to honor the request (AE)
using the previously stated propositions. A flow chart of the simula-
tion is shown in Figure 1. If a box in the flow chart contains a
question "+" indicates a 'yes" answer and "-" a '"no." Roman numerals
indicate program segments and "P" indicates use of one of the proposi-
tions.

The simulation program is a sequence of operations on a collection
of lists thus reducing a social process to one of symbol manipulation.
The actors Ted and George are represented by highly specific lists of
attributes including personal idiosyncracies and recent past histories.
As a result the simulation emphasizes non-numerical processes and is
essentially deterministic in nature. It further represents a person

as a hypothesis testing information processing organism capable of
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receiving, analyzing, reconstructing, and storing information. No at-
tempt is made in this simulation to relate the hypothetical Ted and
George to a real Ted and a real George, i.e., to construct personal
data lists which actually represent a real person. The results of the
program yielded sequences of events which in the opinion of the experi-
menter mapped onto real life situations. However, since this was a
purely theoretical study, no attempt was made to model any real life
situation.

A slightly different class of information flow and processing
model has been investigated by McWhinney (11) in simulation of com-
munication net experiments. In this set of experiments each member of
the group is represented by a set of Boolean matrices. All information
concerning the individual's knowledge of the structure of the net, in-
formation received and sent, recent past history, etc. was stored in
some matrix in this set. To obtain initial data for these matrices,
an examination of the records of previous small communication net
studies was made in an effort to obtain values and relative weights
of various variables. In addition some hypotheses were generated
based on visual inspection of this same information. These hypotheseS
concerned local rationality, impatience and persistence. Local ration-
ality implied that A will not communicate with B unless he has some
information he does not know B to possess. Impatience dealt with the
willingness of an individual to abandon a particular behavior if it
seemed to conflict with group effectiveness during a particular trial
while persistence dealt with the willingness of this same individual to

try the same line of behavior in subsequent trials. Simulations of a
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type of experiment such as has been described were done using several
different constraints on net geometry as shown in Figure 2. The results
of the simulation using the circular net structure failed to yield an
efficient group structure. However, comparison with empirical data
showed a good correspondence to the behavior of groups which had simi-
larly failed to develop an efficient structure. Simulated groups using
the second structure failed to respond in any manner which could be
related to empirical findings. The investigator feels that this lack
of correspondence is due at least in part, to lack of proper informa-
tion regarding values of program parametérs. In the empirical data
used these values could not be reliably determined using standard

statistical measures.

Net for first part of Net for the second
simulation part of the simulation
Figure 2

A third example of computer simulation of a social process was
developed by Coe (2) and concerns the interaction of two individuals

named Alter and Ego. The simulation shown by the flow diagram in
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Figure 3 is again a list processing one which attempts to simulate not
only the interaction, but also the learning behavior of Alter and Ego.
Both individuals are represented by lists of information such as pre-
vious contacts between the two individuals, tolerance for frustration,
etc. Results of this simulation méy be summarized by the following
statement. The processing of these lists revolves around an algebraic
scheme involving the calculation of utilities (costs and rewards) and
an implementation of the frustration-aggression hypothesis. Learning
is introduced through simple reinforcement. If both individuals have
a high tolerance for frustration, no conflict will be generated be-
tween them. If both individuals have a low tolerance for frustration,
the relationship between them will tend to be terminated at an early
stage. If one individual has a high tolerance for frustration and
the other a low tolerance for frustration, conflicts will tend to be
solved in favor of the person who has a low frustration tolerance.
The attractive feature of this study is its attempt to ask learning
type questions of a learning type program. That is to say, it is con-
ceivable that this type of simulation could be "trained" to represent
a real situation by repeating the interaction and adjusting program
parameters, e.g., tolerance levels, levels of perception, etc., so
that previously obtained results about interactions between two
people could be approximated.

It is the consensus of previous investigators in social system
simulation that the role of computer simulation is primarily omne of
hypotheses testing. Assuming that a reasonable model of a given system

can be developed, the main utility of such a model would be in the
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testing of hypotheses regarding behaviors of the system. In this manner
several possible approaches to the solution of a particular problem
could be tried with great rapidity and at much less cost when compared
with the physical alternative of conducting an experiment or construct-
ing a machine. A given system model should utilize '"'learning'" type pro-
grams which produce new results based on past experience and evidence
rather than pfoblem solving type programs which involve solely the
manipulation of arrays of numbers. For example, one could seek to
determine common factors present in insurgency operations or investi-
gate the possible impact of closing a military base in a certain area
or determine the impact of a certain type of new technology on an
underdeveloped country.

As yet, of course, no well deéeloped body of social system models
exists but with the increasing availability of advanced computer hard-
ware such as associative and sketch pad memories and improved software
for manipulation of pages of information in the storage hierarchy more
and more sophisticated models are being developed. As was previously
mentioned, there must be some means of relating these models to actual
situations and vice versa if they are to have any utilitarian value.

In the system model of the vacuum tube the proper parameter values may
always be expressed in terms of values obtained by a rather simple
measurement process. This enables one to use the model to good ad-
vantage to represent a particular vacuum tube. Unfortunately, no such
simple general model of a social process exists. The relationship be-
tween variables and, in fact, the important variables themselves are,

more often than not, obscured in masses of data which may or may not
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be relevant. Moreover, the data are usually not in quantitized form
which is easily adaptable to manipulation by numeric methods. Informa-
tion concerning social systems may be found in narrative form, as
expressions of subjective or objective judgements, or as questionnaire
type data as well as in numeric form. Because of this it is sometimes
difficult to process all of the pertinent information regarding a given
system by standard means such as analysis of variance, calculation of
moments, or regression curve fitting techniques.

The task of data reduction in this situation becomes one of recog-
nizing the patterns of dependency of the values of certain variables
upon certain other variables. Supposing that a suitable numéric (not
necessarily decimal) coding scheme can be devised, it is possible to
perform operations analogous to curve fitting using "learning'' machines.
The use of pattern recognizing machines to discover regularities in
sets of numbers has been found to yield surprising results in meteor-
ology (9) and medicine (5). The remainder of this paper will be con-
cerned with the adaptation of these techniques to the processing of

information concerning social systems.



CHAPTER IIX

ENCODING OF INFORMATION

If one wishes to utilize a digital computer for data processing
the information to be processed must be expressed in some symbolic
form. For instance, the language IPL-V is a list processing language
especially suited to the handling information in the form of English
language statements. Similarly, the language FORTRAN is particularly
well suited to the manipulation of arithmetic statements and to some
extent logical statements., In choosing a scheme for processing a
given class of information, the following questions could be asked:

1. In what form is the raw data?

2, What kind of operations are to be performed on this

information?

3. What is the relationship between the important variables

under investigation?

If, for instance, a chi-square test is to be performed on numeric
information which is normally distributed, an algebraic scheme will do
quite nicely. On the other hand, a list processing report generator
might be used to compile questionnaire data.

The information concerning social processes appears in a variety
of forms. An ordinary newspaper, for instance, contains a wealth of
information about the social system of which we are a part. Reports of

16
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experiments and investigations in the social sciences are sometimes in
narrative form, sometimes in the form of subjective judgements, some-
times as objective statements based on observations of the process under
scrutiny, and sometimes in numeric form. In many psychological studies
the number of variables is kept to a minimum so that rigid laboratory
conditions may be maintained. Even a simple situation as, e.g., a com-
munications net experiment may produce such a wealth of data and variety
of behavior as to defy analysis and to produce only the most rudimentary
conclusions.

In the main the results of the processing of data about a partic-
ular social system should yield at least partial answers to two ques-
tions. First, what variables are important in the production of a
given line of behavior and seccndly, once these variables are identified
what is their relative importance, i.e., what "weight'" does the process
assign to each variable. Once these questions are decided then the
precise functional relationship between the variables themselves may
be investigated. Presently, the methods of analysis of variance,
factor analysis, the calculation of correlation coefficients, and input-
output analysis are employed in an effort to provide answers to the
above questions. Unfortunately, these very convenient methods have
limited application since existing algorithms for computing these quan-
tities require the data to be expressed in decimal form. It is also
assumed that all variables are linearly related thus ignoring all
synergisms which occur. 1In contrast no such restrictions need be
placed on data processed by a learning machine., Such a machine can be

trained to classify data pertaining to a certain result by using the
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data as a basis for training. Once trained, the machine will then be
able to classify further data pertaining to the same result. The
machine 'learns" to correctly classify information by assigning
"weights" to input variables and thus will produce answers to the afore-
mentioned two questions regarding critical variables. The numerical
values of each of the variables need not be expressed in the same num-
ber base although for interpretive purposes it is desirable to do so.
A priori statements concerning relationships between independent vari-
ables need not be made since these appear as a result of processing by
the machine.

In most of theivwork:which' has been done previously the informa-
tion was presented to the machine in terms of binary vectors. Accord-
ingly, the following encoding schemes are given for encoding data into
appropriate binary vectors. The information to be processed may be
divided into three broad categories as follows:

Category 1: Finely quantized data. This category

includes any data sets of more than 10 values, which

contain a countable number of values. For instance, the

Ll y-i, 2,3, }

get of real numbers {} =1+=
Category 2: Coarsely quantized data. Data sets

k

would be finely quantized.

which contain no more than 8 distinct values such as the

set of numbers {0, 1, 3, 3,6, 7, 1, 2, 4}

Category 3: Continuous data. All data sets which

are not coarsely or finely quantized. The results of

any experiment in which measurements are made at discrete
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intervals must necessarily be quantized. However, it is
sometimes convenient to treat these results as being
samplings of a set of numbers which may assume any value
on some interval of the real line, e.g., sample read-
ings taken of the voltage e(t) = 10 sin 23t at several

different points in time.

For purposes of discussion a variable will be said to be continu-
ous, coarse, or fine depending on whether the data concerning that vari-
able is continuous, coarsely, or finely quantigzed.

In order to model any process the person making the model must de-
cide which variables are independent (inputs and state variables), and
which ones are dependent (outputs). If a learning machine is used to
process data concerning these variables, no a priori statement need be
made concerning which state variables and inputs influence which outputs.
It may initially be assumed that all independent variables influence
all dependent variables. Once the roles of the variables have been
assigned, the block of data points must be subdivided according to

time of occurrence. That is to say,

if O(t) 1is the output at time t
S(t) is the state of the process at time t
I(t) 1is the value of the inputs at time t

then the set
2. = {oep, 5ep, T

is all the information concerning the system at time t1 (or at about

time tl). After this grouping has been effected, the sets of numbers



f(tl)

B(tl)
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{E(tl), T(tl)}

B(tl)

and encoded to form the binary vectors

i(tl)—)x(tl) = the input at time t

and B(tl)—bz(tl)

respectively.

A

1

I

the output at time t1

One possible encoding procedure is given in Table 1 below which

is self-explanatory.

Table 1.

Binary Encoding Scheme

Type of Variable

Code

Coarse
(Values V1 through VS)

Fine '
(Values V1 through Vk)

Use the binary numbers zero through
seven

Vl—-»OOO, V2——>'001, e V8—-)>111

If the variable does not assume eight
values, select the binary numbers zero
through k - 1 to encode V1 through
v, .

k

Change all values to binary coded
decimal

VI—4.>OO ... 00
Vz-iD-OO ... 01
V3—>00 ... 10
etc.

If this results in too long a word
length, e.g., k = 109, a reduction in
a word length of approximately 1/p may
be had by the encoding.

(V].,
(Vp + 1
(V2p +
etc.

levels

o Vp)—>00 ... 00
) ...,VZP)—-»OOH..OI
1’ V3p)—->00 ~.. 10

A variable may only be encoded into

Vv, ... Vk>°
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Table 1 (Continued)

Type of Variable

Continuous Quantize into convenient steps and en-

Any value in range

code as for fine quantization. Round

off values to closest quantization

step.

Once each number in the data set is encoded the input and output

vectors for each pertinent instant of time may be formed. For example

suppose at time t, the input variables

A, B, and C

b

to a certain pro-

cess are to be associated with an output W occurring at the same time.

Further suppose that the class of each variable is as follows:

Variable Class Range Value at tj
A Coarse 0,1,2,3 2
B Fine {k |k =1, . 26} 12
C Continuous {0 to 4} 2.76
W Coarse 0,1,2,3,4,5 4

Using the above encoding procedure as a guide, it is seen that A is

encoded into 4 levels, B into 20 levels, C

into 20 levels, and W

into 7 levels. The binary representation for each variable becomes:

K(tl) =
B(t) =
c(e) =
ﬁ(tl) =

The value of E(tl) is derived by

into 20 discrete levels namely, 0.1, 0.2, 0.5, etc.

011

01101

01110

101

dividing the interval E), la

The value of E(t

is closest to 2.7 which is the fourteenth level. The vectors i(tl)

P



and O(tl) are formed using A, B, C, and W
PO }
1 A
1
0
_ 1 _ 1
X(tl) = 1 } B O(tl) = 0 W
0 1
1
0
1
1 C
1

This coding procedure results in a reasonably short code vector. It
has the disadvantage that the distance (the number of digits in which
they differ) between code words does not increase as the difference in
their numerical values increases. This property of the code makes
processing by use of learning machines more tedious.

A more straightforward binary assignment for which the distance
between individual variables increases as their (decimal) difference

increases may be given by:

X(tl) = {%1, 8,5 gy ee dg ... ag}

where L is the number of values (levels) which x(tl) may assume and

for a given level, say k,

either a; = |-1 0<i< (L - k)
1 1L -k)<i<L
or a, = 1 0<i<k
-1 k<i<L

This procedure results in the construction of fairly lengthy code words
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but will be preferred when the number of levels a variable can assume
is small. An example of the application of this technique will be pre-
sented later in this paper.

The selection of a learning machine suitable for processing these
code vectors proceeds in a straightforward manner. Basically, all
learning machines are outgrowths from original work done on the brain
modeling problem by McCulloch and Pitts (10). That is to say, all
learning machines are networks of decision elements of varying degrees
of complexity interconnected to form a logic network. The decision
elements are considered to be analogs of neurons and vary in complexity
from a simply majority element to very complicated circuits such as the
Neurotron and MIND. If only relatively simple decision elements are
used, it will be practical to simulate. In similar experiments simple
weighting networks such as Rosenblatt's (13) "A" unit, the weighting
units used by Farley (4) and those used by Chow (1) have been success-
fully employed as elements of learning machines. As a weighting unit
the decision element known as a threshold logic unit (TLU) (15) repre-

sents a good compromise between flexibility and simplicity.



CHAPTER IV

CODE PROCESSING

The TLU may be thought of as the circuit which is shown in

Figure 4. -1
.___/\,E
Xy )
X ‘-—-—-)\ ,wz
2
®
®
current y z
o .
. sum
[ J
* W -1
n
xn o— /v =T $
W

Figure 4. Threshold Logic Unit

In Figure 4 the input vector is represented by the set of numbers

{xl xn} and the weights {wl cee Wy 1} are a set of real num-

t .
bers such that for the k b input vector in a sequence of M vectors

*1k ]
X
2k - =
. where xjk xJ j 1, 2, , N
X, = xjk as above ¢H)
. and X o411 ° +1
*nk
an +'1

24
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and the weight vector is

[~ 7
V1
A
= ) 2
w ?J 2)
wn+1

The analog output, Vi of the summer is given by

n+1

e )

>

and the binary output, =z defined as

k’

+1 ykZ_O

K i -1 y, <0 “
k

The network may be trained, that is, it can '"learn" to recognize a class
of vectors by the simple process of presenting a sequence of these vec-
tors ;k(ti)’ k= (0, 1, 2, ...) mod M which may be thought of as occur-
ring at discrete time intervals i =0, 1, 2, 3 ... . This sequence
of vectors may be repeated as many times as is necessary. As each
;k(ti) is presented to the network the actual binary output, zk(ti)
is compared with the desired binary output, zk*(ti). If these outputs
coincide, no parameter values are changed in the TLU. If, however,
there is disagreement between the desired and actual binary outputs,
then the weights are changed according to some fixed scheme which is

called a training rule. That is to say,

e e wep zk(ti)zk*(ti) <0

Wity 4 ) =

- . (5)
w(ti) zk(ti)zk (ti) >0
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where ak(ti) is a scalar computed at time (ti) which indicates the
magnitude of the correction to be done. The number ak(ti) is depen-
dent on the choice of a training algorithm. Several reliable training
algorithms are available and all display essentially the same proper-
ties; that is, all can be shown to converge to a solution in a finite
number of training steps provided the set of vectors,{;k,} is linear-
ly separable (15). A set of binary vectors is linearly separable if
there exists a number T, a Boolean function £, called a threshold

function, and a set of real numbers {wi} such that
n

£ (Ek)

]
p—

if x.w, >T

n

= 0 if -_>: xw, <T
. ii
i=1

Some training algorithms which may be employed by a TLU follow.

(6)

Relaxation Rule

- A= S 7
AR, "xkuz

A arbitrary
This algorithm tends to decrease large weights and may lead to a solu-
tion <;k’ ;> =0 for some or all ;k' As long as z = +1 for
<;k’ ;> > 0 this solution will not be in error. Nevertheless, on

some computing machines implementation of this algorithm would be more

cumbersome than either of the following ones.
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Fixed Increment Rule.
ak(ti) = - zk(ti) ()

This algorithm is very simple to implement. The solution may tend to
converge slowly if the initial error is large.

Error Correction Rule.
ak(ti) = - nk(ti) zk(ti) (8)

| )5 wie D] + v

Crile)s % (e

The first two rules may be combined in concept and the error correction

“k(ti) 9)

rule is the result. nk(ti) is chosen as the smallest integer which
will satisfy (9). Thus, if ;k is used as an input at time ti and
also at time t(i +1) and letting
) _ |<Xk(ti)’ ve D oy L (10)
ki — -
Crie(ey)s % (€0
N e ) T Kl ) v 4 an

n
J_Z ETACI [weep - nepz epx e) | a2

Cr(e), w(e) > - my(e)z (£) Cxe(e) x (6> (13)

Y (tg) - v (e)) "[ y *+ e lx (e, ;k(ti)>] z, (t,) (14)

and it is seen that nk(ti) is smallest integer which, when substi-
tuted into equations (3) and (8) and employéd in the training rule, will

yield new weights -‘;(ti + 1) of the magnitude and sign necessary to
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reverse the sign of the analog output of the TLU and produce a magni-
tude of that output at least equal to y. The constant, Yy , is some-
times called the training factor.
Using one of the above training algorithms it is possible to find

a set of weights such that each ;k yields the corresponding Z) when

;k is presented at the TLU terminals, provided the set {;k} of
vectors defined is separable.

- Suppose one wishes to classify a set of binary vectors '{;é}

into L distinct categories. If these binary vectors are separable
then a parallel connection of several TLU as shown in Figure 5 will

be sufficient to classify the set of vectors {;k} into the set of

categories {zi} .

X1 ¢ \

X2k TLU —* %13
. .
° .
* m units .
® . .
X
kn X / TLU ———————0 Z.;
x(n+1)k o
Figure 5
The output vectors ‘{;g} y 1 =1,2, ... L npeed contain only enough

digits to represent L distinct binary vectors, e.g., for three cate-

gories only two digits would be required and any three of the four
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possible output vectors could be utilized to represent the desired cate-
gories. Using this machine structure any process or system, about
which essentially noise free information is available, is representable
to a degree of accuracy limited only by quantization error (3, 16).
This error will approach, as a lower bound, the quantization error in-
herent in the input vector as the number of TLU employed in the repre-
sentation becomes arbitrarily large (15). The training scheme employed
in the computation of weights for a logic machine of this type would
remain the same regardless of the number of TLU involved and would be
the same as the one for a single TLU.

Since there is no guarantee that the vectors encoded from data
concerning a social process will be separable, a learning machine
which will classify non-separable vectors must be built using TLU as
basic building blocks (16). One such machine is the majority logic

machine shown in Figure 6.

X > Z
xl }\ TLY ! +1 weights
.
Z
B TLU >
o
TLU
m
(m odd)

Figure 6. Majority Logic Machine
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A slightly more general form of majority logic machine may be
used to classify binary vectors as belonging to one of L categories,

In this machine a parallel connection of TLUs

‘Aadjustable

X, @ Z <-Z-;>
1 L ()

%)
> s
TLU Max
e —
<;> V1>
° L categories Out-
® put
>
Detec-
[} tor
M
units
»
X e
n - — —
. . %y 2> 91
ntl =1

Figure 7. Matched Filter Logic Machine

is employed as a basic processor where each TLU cperates on the entire
code word as in Figure 5. As is shown in Figure 7, the output of this

arrangement will be an M dimensional binary vector

Z

]
[S]

(15)

Zm

An output code which will classify z into one or more of the avail-

able L classes is selected from a set of L wvectors

{vl, EEEEA FERREY vﬁ} to represent the L classes or levels (3).
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For each vector T (z, vi>' is computed and the classification is

determined by the relation

L = {1'(2, ;1> is a maximum; i =1, 2, ..., L.} (16)

If there is no unique maximum L 1is chosen as the smallest value of
i which makes (:, ;1> a maximum. Since the first layer output is
matched ag;inst a class vector this machine is often called a 'template
matching" or Matched Filter Logic Machine.

If the number of TLU is chosen so that M > L then some toler-
ance is allowed in that z need not exactly match ;i to produce
a classification into level i but must only be closer to ;i than

to any of the other output code vectors. Since both =z and ;i are
binary vectors, max <;, ;1> will occur for the code vector ;i

which differs from =z by the least number of digits. Depending on

the weight one wishes to- place on miss distance these output codes may
be chosen in a number of ways. For example, if no distinction is made
between misclassifying a vector by one level and misclassifying it by,
say, ten levels an output code may be used where the code vector fcr a
certain level is equidistant from the code vectors for all other levels.
For this purpose a code such as a Hamming error correcting code could
be used (12). If, on the other hand, one wishes to make some distinc-
tion between misclassifying a vector by one level as opposed to, say,
six levels an "x + y" code could be devised where adjacent classes

were represented by code words differing by x digits, those once
removed from each other by x + y digits, those twice removed by

x + 2y digits, etc., for all code words. Table 3 shows a representa-

tive sample of these codes suitable for representing three levels. For
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clarity -1 1is replaced by zero.

Table 3. Typical Output Codes ;i
Level Equidistant‘code 3 + 3 code 5+ 1 code
1 01111 000000 000000O0O0
2 11100 111000 11111000
3 10011 111111 11100111

Using the selected code the weights of the second layer of TLUs
are fixed so that the weights for the ith TLU are ;i (the zeros in
the table being replaced by -1). Since the input to the second layer
is z the output vector will be the set of integers {g;} ;;%} and the
classification of the input vector may be made by selecting the value
of 1 corresponding to the largest number in this set. Ties are re-
solved as previously described.

With the MFL machine shown in Figure 7, the following training
procedure is used. The adjustable weights are initially set equal to
some constant, say +0 or +l, and the first input vector is presented.
If the classification is correct, no changes are made and the next in-
put vector is presented. Suppose, however, that the correct category
is category i and that the classification of the input vector is in-
correct. That is to say, the machine classifies this particular input
vector as category j. Then some of the components of z differ from
the corresponding components of ;i' The number that differ being the
distance, d, between 2z and ;i' The responses of some of the cor-
responding d threshold logic units must then be reversed to bring

z closer to vy One training rule which may be used is that the
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number of units to be corrected, d', is taken to be the smallest inte-

ger greater than or equal to -dp

d* = e} o0<p<1 (17)

where the number p is an experimentally determined fraction. 1If, for
example, p =%, then roughly % of the incorrectly responding first
layer threshold logic units would be corrected. The particular 4d'
units that are to be corrected are those incorrectly responding units
whose analog sums are closest to 0. If all analog sums are equal no
preference will be shown and the units will be corrected as they are
found to be incorrect until the proper numbers have been corrected.

Another training rule which may be used is

at = (18)
0 if (d - D) <0

where D 1is an experimentally determined integer, usually a small frac-
tion of M. Once again the particular d' wunits that are corrected

are those incorrectly responding first layer threshold logic units

whose analog sums are closest to zero. In practice, it is wise to allow
the constant D or p to decrease in value as training progresses so
that overcorrection does not take place and some correct responses are
erased. It is generally a good idea to keep a running tally of the
average number of misses so that these constants may be changed if
necessary. In correcting each individual TLU, any of the previously
mentioned training algorithms may be used. 1In the experiments described
later in this paper, the error correction rule was used to adjust

weights of each threshold logic unit. This rule is given by equation
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(9) which, for binary vectors, equation reduces to

|yk(t,)l +y
_ i
m (6;) = n + 1 (19)

where Yi is the analog sum of the TLU in question, and n 1is the num-
ber of digits in the binary vector. This form of the error correction

rule is the form that was used to correct each TLU in the experiments

described later in this paper.




CHAPTER V
A DECODING EXAMPLE

When code words are classified by the use of a MFL machine some
insight as to the relative importance or relevance of each digit in the
input code may be gained by examination of the weights corresponding to
each digit by the MFL operator.

This remark may perhaps be best illustrated with a small example.
Suppose that a set of seven vectors are to be used to train a machine
to decode a larger set of 32 vectors into one of three classes.

The seven vectors to be used are:

(replacing -1 by zero for clarity)

1 1 1 -1 0 +1 1
_ -1 0 _ 1 _ 1 1 _ -1 0
x, =l1]l =11 X, = 1 x, =t 1]=11 X = -1} =10
Yoogal o} 2 1| 3 1 o | |o
=1] LO- B 1] L 1_ | 1. -1 0
-1 (o] 1] (1] [
_ -1 0 _ 1 _ -1 v
X = [-1] = |0 x, =|-1 x, =|-1|=10
2 -1 0 6 1 7 1 1
_'1.4 _0_ 1-1 [ 1] | 1]
The output class code vectors for this set are the 1 + i code
specified by
1 -1 0 -1 0
(1) = v]_ = (2) = V2 = = (3) == V3 = =
1 1 1 -1 0

35
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The seven training vectors are known to correspond to output level

1, 2, or 3 as listed in Table 4.

Table 4. Code Classes for Example

Code Word Class

g 1
X, 1
X, 2
_)

X, i
% :
*s ?
Xq 2

There is no special significance attached here (in the larger sense) to

either the input or output code book. The choice of both input and out-

put vectors was made for purely practical reasons, i.e., they are short.
The structure of the MFL machine to be used for classification is

then as shown below,

x, (.l - -
1'5 z. (t,)) {z, v
xq(ty TLU Max
AL #
xs(t:i
Detector Class
>
TLU
#2
+1 \_/<;’ ;3) A

Figure 8. MFL Machine for Example 1
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where the fixed weights of the second layer TLUs are vys v, and v

2 3
respectively. For this particular example let p = 0.5, y =15 and

all initial weights be +1. The input vector occurring at time ti will

be denoted by

xl(ti) and the weights at time ti will be
xz(ti) wl(ti)
x(t.) = | x.(t.) wh(t.)
i 34 21
xq(ti) w (ti) = w3(ti) for TLU #1
. (£.) wh(e.)
51 4 i
+1 1
L -
WS(ti)
1
Lw6(ti)_

and similarly using a superscript 2 for TLU #2. The superscript and
subscript notations will also be consistently carried out to denote
analog sums and components of the z vector relating to each TLU.
;(tl) = ;1; §(t2) = ;é and if more than seven words are needed in
training ;(ts) = ;1; ;(tg) = ;é, etc. so that the code book will be
cyclic with period 7, and will initially start with the code word pre-
viously denoted as x4 with the addition of +1. Throughout -1 will
be replaced by zero for the sake of clarity.

The results of each decoding and training operation will now be

shown.
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This first case should be

1] "1
_ - 0 - 1
x(t,) = x, = |1 W (ti) = the weight vector for = | 1
. 0 TLU #1 for time (t,) 1
0 1
1] L1,
1]
2 1
w (tl) = the weight vector = |1
for TLU #2 for 1
time (ti) 1
[ 1]
1 _ - -] _
y (tl) = the analog output of = <x(t1), W (ti)> = 0
TLU #1 at time ty
2 - - -2 _
y (tl) = the analog output of = <x(t1), w (t1)> 0
TLU #2 at time t
zl(tl) = the binary output of = +1
TLU #1 at time t
z2 (tl) = the binary output of = +1
TLU #2 at time t
- z1 1 - _ >
z = = and <Z, v, = +2 for i = 1
22 1 Y= 0 for i = 2
= =2 for i = 3

(:, ;i> is maximum for i =1
so class is 1. Since, from Table 4, 1 is the desired class no correction -
is necessary.

Similarly,

o

1 1
- - - y (t,) =+ z (t,) = +1
x(s) = %, = w (tz) =1 2 2

1 yz(tz) = +6 zz(tz) +1

-
P e
S |

N

—

N ol N i
£
7~~~
(2l
[X)
~
n
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<;(t2), ;i> is max for i = 1. Therefore class is correct and no

correction is necessary.

0] (17 1, .
- 1] 1 1] _2 1l vy (t3)=+4 z (t3)=+1
x(t,)) = x, =|1] w(,) =|1l] w (t,)) =]|1
3 3|, 3 I 3 I
1 1 1 yz(t3) =+ zz(t3) =+
1 1] 1]

<;(t3), ;i> is max for i =1 which is wrong.

- Some correction must now take place. There is one incorrect TLU and it
must be corrected since P x 1 = 0.5 and the smallest integral number

of TLU greater than this must be corrected. Therefore, for TLU #1

| y(t,) | +ty
- 3

nl(tB) = correction factor for v
TLU #1 at time t3 (eq.19)
.4.::.2'] -
[ers]-
Remembering eq. (5), w (t4) = w (t:3) -z (t3)n (ts)x(t3)
1 ! 1 1
wl(t4) = wl(t3) -z (t3) n (t3) xl(t3)
) = e () - 2hey ahe) )
M4 M 3 3 37 *u'%3

e () T Vg (69) - 2 (e 0 (e) (4D

the new weights are

wi(ta) = 1-(1)x2x (1) =3
w;(ta) = w;(ta) = wi(t4) = w;(ta) = 1-WMx@xQ = -1

1
w6(t4) = 1-1x2x (+1) = -1
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therefore the resulting new weight vector for TLU #1 is

1 -
w (t,) 3
=1 -1
-1
. -1
1 -1
iy (84 =

Hereafter the results will be more briefly summarized and the result of

each correction will appear as the new weight vector for the succeed-

ing code word.

The next code word is now presented to the MFL

x(ta) =x, =

<;(t4), ;i D> is max for both i =1

correct classes.

will be corrected (since y2 (t

x(ts) = Xg =

<?(t5), ;i.> is max for i

-1 w (t~4) =11
-1 1 9
IR 1y, =
-1 |1
and
Both TLU are wrong but since p x 2
4) is closest to zero)
- = [i-21+5
- ]
" 3 3]
-1T 2 -1 yl(ts)
-1 w (t) =|-1
-1 S
2
-1 -1l |y (ts)
[ -1 ] | 3.
=1,

= 1 = | *3
l—n(tS)—"6.]

machine and

+1

i = 3 both of which are in-

=1 only TLU #2

with

0 zl(ts) = +1

=+ zz(t_:s) = 41

Therefore TLU #1 is corrected with



§(t6) = ;6 =

as class 1 which is an error.

rected with

<;(t8), ;I-i> is max for

x(t9) =x, =

x(tlo) = X, =

41

+1

0] (4] B .
1] 1 o _2 -1y (t6) =-2 z (t6) = -1
ol w (t,)) of w(, =1]-1
6 6
1 0 -1 2 9
0 0 -1 y(t6)= 0 z(t6)=+l
1] | 2] [ 3
<;(t6)’ ;1> is max for either i =1 or i =3 and so is classified
Since TLU #2 is in error it will be cor-
_ 2 =[5
1 = n (t6) 6—|
1] 4] e 1
0] 1 0] _2 0ly (t7) =46 2z (t:7) = +1
0} w (t) 0 w(t.,) =| 2
7 7
1 0 0 2 2
1 0 2 |y“ () = #7 z(t7)=+1
L1 ] | 2. [ 3.
is max for -‘;i = ;1. TLU #1 will be corrected with
i} _ e +s
2 n (t7) 5 -‘
1] [ 27 K .
o] _1 2] 2 Oty (t8) =+ z (t8) = +1
11 wi(t,) 21 w(t,) = 2
8 8
0 -2 0 9 2
0 -2 2 |y (t:8) =47 z (t8) = 4]
1] 0| _ 3.
i = 1. Therefore no correction is necessary
(1] 2] 47, .
1] _1 2| 2 01y (t9) =142 2 (cg) = +1
Ll w (ty) 2 w(t,) =} 2
9 9
1 -2 0 2 2
1 =2 2 y(t9)=+9 z (t9)=+1
= 1 so no correction is necessary.
0] 2] (4] | .
1|_1 2412 Ofy (tlo) =-2 z (tlo) =
1w (t,.) 2 w (t.,) =12
10 10
1 -2 0 2 2
1 -2 2y (t, ) =43 z2°(t,,) =
1 0 3 10 10
pu - L - — L
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<é'(t:10), ;1> is max for i = 2 8o no correction is nécessary.

” paen —
1 2] o .
_ 0|1 2 |2 0|y (tll) =4 z (tll) = +1
x(t,.) =x, =10 |w (t,,) =] 2 |w (t,.)=]|2 - -
1’ "% T 1’ 7|3 B
0 -2 2 y2(t ) =43 zz(t )=+
11 . 11
| 1] 0] _3_
<z(t11)-, Vi> is max for i =1 so TLU #1 is corrected with
_ 1 _ 2 + 5
2 = ai(tyy) = I— 3 ‘l
(0] KN 4] .
_ _ 0_1 4 | 2 0ly (tlz) = -6 z (t12) = -1
x(t. ) =x.=]0]|w (t,.)) =| 4 |w (t,,) ={2
12 5 0 12 0 12 0
0 0 2 [y (e,) = -5 2(e,) = -1
1 | -2 | L 3 -

<z(t12), vi> is max for i = 3 so0 no correction is necessary.

" - ~, -
0 0] 47 4 _ L
_ _ 1|1 4 | 2 0|y (t;y) =-2 2 (t;9) = -1
x(t13) =x, = (i w (t13) = l(; w (t13) = (2)
0 0 2 |y2(c..) = -5 2%(t,,) = -1
13 13
|1 -2 ] [ 3]
<z(t13), vi> is max for i = 3 so no correction is necessary.
1 0] 4] | .
_ _ o 412 0 |y (£),) = -10 27 (t;,)=-1
L B R M T s (tyy) = :
1 0 2 yz(t ) = +7 zz(t ) =+
14 14
<;(t14), ;i> is max for i = 2 80 no correction is necessary.
(1] " 0] 4] .
_ _ 0]_1 4 1.2 0]y (tls) =42 z (t15) = +1
x(t. ) =x, =|1l}lw (t..) =] 4 |w (t,.) =]|2
15 1 0 15 0 15 0
0 0 2 |y2 (e, ) =47 2P =
1] _-2_ _3_

<.z-(t:15), ;1> is max for i

1 so no correction is necessary.



1] ol T4, 1
_ - 111 4 |_2 0ly (t16) =46 z (t16)
x(t16) =x, = 1 |w (t16) = 4 |w (t16) =12
1 0 0 9 2
1 0 2 |y (t16)=+11 z (t16)
1 -2 ] [ 3]

<;(t16)’ ;1> is max for i =1 so no correction is necessary.
-~ - p - o o

- yl(tu) = 6 zl(t17)
x(t17)

= e g

€

”~~

t

o

~

N’

]
NOO P PO

€

P

t

'—l

~

~

]
wNhoOoOMNMO S

2 - 2
- y (t17) =43 z (t17)

<Z(t17), ;i> is max for i =1 so TLU #1 must be corrected with

z2 = 1“1(’:17) = "625-‘

1 27] 4] ) i 1
_ _ 0|1 2 | 2 0|y (trg) = -2 27t )
x(t)g) =x, = g v (t)g) = _§ v (tyg) = (2,
2 2
0 -2 2 |y (t18) =43 2z (t18)
1 _ | -4 | 3]

<;(t18), ;i> is max for i = 2 so0 classification is correct.

0] - 27 47 !
- - 0.1 2 1.2 0ly (t19) = -6 z (t19)
x(t,o) =x. =10 |w (t,.) =| 2 |w (t,,) =] 2
19" %5 7, 19 -2 19 0
0 -2 2 yz(tlg) = -5 zz(tlg)
L1 | -4 ] | 3]
<;(t19), ;i> is max for i =3 so classification is correct.
07 ™ 27] 47 ! 1
_ - 111 2 1.2 0|y (t20.) = -6 z (tzo)
& = = =
x(tyo) * %g (1’ v (tyg) _g v (ty0) (2)
0 -2 2 y2(t20) = .5 zz(t )
20
_1_ -4 L3 _

<;(t20), ;i> is max for i = 3 so classification is correct.



x(ty) =%, =
{2 eyy)s ¥y
x(ty,) =%, =
(Eltyy)s vy 2

x(tp3) =%y =

<;(t23) VgD

x(ty,) = x5 =

O O
H

—

is max for

—1-1

0
1
0
0
-1d

is max for

b

Tl

L1

is max for

[0
d
1

1

{zlty)s v,?

x(tyg) = x, =

1
[ 1]

is max for

<;(t25), ;i> is max for
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o - -
2] 6] )
2| 2 0 {y (t,)=-10 =z (t,,)
- 21 21
2 |w (t21) =12
-2 01, 2
-2 2 ly“(t,,) =+7 =2°(t,,)
21
L_4_ L3_ 21
i = 2 so classification is correct.
- -
2 41 1
21 2 0 |y (t,.) =42 2z (t,,)
- 22 22
2 |w (t22) =12
-2 0 2 9
-2 2 [y"(t,,) = +7 27(t,,)
22 22
_'4_4 L3_4
i = 1 so classification is correct.
2] BE 1
2| 2 0 |y (ty) = -2 z7(t,,)
- 23 23
2 |lw (t,,) =12
23
-2 0 9 9
-2 2 |y (t23) =H1l =z (t23)
-4 3

2 so TLU #1 is corrected with

|
]

1 ~ paa+s
2 n(tyy) = |- 6 ‘l
[ 4] -47 1 1
412 0|y (t,,) =+2 z(t),)
24 24
4 lw (t,,) =} 2
24
0 019 2
0 2 |y (t24) =43 2z (t24)
| -2 ] | 3 )
i =2 so TLU #1 is corrected with
1 _[2+5
2 = ni(ty) = |¥% -l
6] 4
2| 2 ‘| yieye) =42 2l (ey)
2 lw (t:2 ) =] 2
5
-2 01, 2
-2 2 |y (t25) =43 z (t25)
-4 3
L L.~
i =1 so TLU #1 is corrected with
! - [24+5
2 = ni(tyy) = 6 —l

+1

+1

+1

+1

+1

+1

+1

+1



x(tye) = xg

x(t27) = x¢

(=Nl oNo i)

—
[

=

1
0
1
0

[ 1

1
w (t

26) =

45

1 _ 1
y (t26) =-18 z (t

26)

yP(tye) = -5 2% (tye)

1 _ 1
y (t27) 10 =z (t27)

2
y

2

<'z'(t27), -\;1> is max for i = 3 so classification is correct.

x(t28) =X, =

OO;—-‘

=

o

<z(t28), Vi> is max for i = 3

x(t..) = x

29) 1

- -

HOOrROM

<z—(F29), TL> is max for i =3

x(ty) = %,

<§-(t:30), ;i> is max for i =

- Hlﬂj

1
w (t

30) =

2

-4 ]

(4]
0
2
0

2

.3

1
¥ (tyg)

2
y (t28)

-2 zl(t

+7 zz(t

so classification is correct.

]

0
2
0
2
.3

1 =

y* (£

-2 zl(t

+7 22 (¢

so TLU #1 is corrected with

nl(tzg) =

~-

r(.nNONOJ-\

fa]

(ty7) = =5 27(ty;)

28)

28)

29)

29)

1 1
Y (tgg) = ¥ 2 (£50)

y2(eg) =+11 22 (e

3 so0 no correction is necessary.

30)

+1

+1

+1

+1



x(tqy) = x3 =

L

I

w (t

w (t

-0 O

1

1

1

v (tg5) =

33) =

) =

(z(t32), Vi> is max for i =2

<;(t34), ;1> is max for i =3

= "
2
6
-2
-2

-4 _

<§(t35), ;i> is max for i =3
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2
v (tyy)

SO no

2

w (t33)

80 no

SO0 no

1
y (t31)

2
y (t31)

1
y (t32)

2
y (t32>

1
y (t33)

2
y (t33)

1
y (t34)

y2<t34)

correction is

1
y (t35)

2
y (t35)

correction is

-6 zl(t

+3 zz(t

necessary

-2 zl(t

+3 zz(t

necessary.

=-14 zl(t
= =5 zz(t
necessary.
=-14 zl(t
= =5 zz(t
necessary.
=-10 zl(t
= +7 zz(t

necessary.

31)

31)

32)

32)

33)

33)

34)

34)

35)

35)

+1

+1

= 41
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1] [ 6] 4] . 1
_ ol 2|2 0 |y (b ) =+10 27 (e, ) = +1
x(t,,) =x. =|1|w (t,,)=| 6w (t,.) =|2
36 1 0 36 -2 36 0
0 -2 2 yz(t36) = +7 zz(t36) = 41
[ 1] | -4 | | 3 ]

<-z(t36), vi> is max for i =1 so no correction is necessary.
The entire code book has now been decoded without error and the

final weight vectors are

6] 4]
_1 2 2 0
w = 6 w =12
-2 0
-2 2
-4 | L3

Some interesting remarks can be made about the relative importance of
each code digit. If one ignores the last weight digit (which pertains
to the +1 tag and not to the original code word proper) and investi-

1 2

gates the relative importance placed on each code digit by w and w

the following table is one possible result.

1st digit 2nd digit 3rd digit 4th digit 5th digit

1
w 6 2 6 -2 -2
2
w 4 0 2 0 2
ave.wt. 5 1 4 "l 0

The reader will notice that if the numbers associated with the +1
tags are appended to the vector described by the "ave.wt.'" row in the

table that the resulting weight vectors

- _
5 and 51
1 1| 2 1
w = 4 w =14
-1 -1
0 0
u:4.. L?B N
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also are a set of weight vectors which will properly decode all of the
input code words. Although this property holds for this particular
set of code words it may or may not hold for another more complex
set of code words,

The reader has already, no doubt, noticed that the general
property of the code book, i.e., that the classification of the code
is according to the number of ones in the first and third digits of the
code word, is indicated by the average relative weights. This observa-
tion may serve as an illustration of the use of MFL machines to deter-
mine the relative importance of each of the variables which go to

make up the input code words.



CHAPTER VI
A SOCIAL SYSTEM MODEL: ROBBERS CAVE

As an example of the application of learning machines to the
social system simulation problem, a modeling study of the classic
"Robbers Cave Experiment' (14) has been conducted. The Robbers Cave
Experiment was chosen for several reasons. First, it contained (as
nearly as possible) all available information about a given social
system over its complete history. In this instance the system is de-
fined to consist of two groups of small boys along with their inter-
actions., Second, great pains were taken to insure precision in
measurement of relevant variables and third, the system size was small
enough to be amenable to simulation with a reasonably small computing
machine. The sections to follow will discuss in detail the technique
used in the simulation study of this experiment.

The Robbers Cave Experiment was concerned with the interaction
of two groups of young boys placed in various competitive and coopera-
tive situations which '"maturally'" arose in a summer camp environment.

As a beginning step it was necessary to extract all of the perti-
nent information about the two groups to be simulated and arrange it
in a form suitable for coding into a form recognizable by a digital
computer., With this end in mind, the report of the experiment was
analyzed in detail for content. The content analysis was examined for

49
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indication of input-output relationships pertinent to the experimental
behavior of either group. The final analysis of the experiment is con-
tained in Appendix A.

Once this list was reduced to its final form, the dependent and
independent variables were selected and scale wvalues were assigned on
the basis of information contained in the original report. This selec-
tion of variables and assignment of values was done by the author in
concert with Dr. J. D. Palmer and Dr. R. A. Terry. This was done to
minimize any bias an individual might unconsciously introduce into
variable selection and evaluation and thus to arrive at a reasonable
estimate of what the important parameters in the experiment were.

Table 5 gives a list of the dependent and independent variables.

Table 5. Variable Definitions

Independent Dependent

(1) goal type

(2) goal value to group (1) frustration level of group

(3) number of times in succession (2) attitude of group toward
some goal has occurred other group

(4) was goal attained? (3) morale of group

(5) was other group present? (4) solidity of group structure

The variables "attitude', "morale", and "structure' were specifically
mentioned as variables in the original experiment. The variable
"frustration'" was implied to exist in the experimental definition of
the other variables and so was included in the list of dependent vari-

ables. At the outset frustration was assumed to depend on all of the
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independent variables and also on its own previous value. Attitude,
morale, and structure were assumed to depend on all of the indepen-
dent variables and a past average value of attitude, morale, and
structure respectively. Since processing with a pattern recognition
machine will yield relative weights, no a priori assumptions were
made regarding the relative influence.exerted on each dependent vari-
able by each independent variable.

Based on the information available, the values of variables
"frustration" and "attitude'" were assigned one of five different levels
and values of the variables "morale" and '"structure' were assigned one
of three different levels. Table 6, shown on following page, is a
summary of all variable class and numeric value assignménts.

The reader will notice that all of the variables listed as inde-
pendent variables are quantities which were under the control of the
experimenter at the time of the experiment. In some instances the
value range which variables should cover was obvious from the context
of the experiment, e.g., "presence'. In most instances the range of
values for each variable was derived from the 'possible classes'" in-
formation in Table 6.

Once the range of values for each variable was fixed each situ-
ation in the Appendix A was examined as a possible candidate for the
formation of a situation vector. For each situation where a value
could be determined for all of the previously designated independent
variables, an attempt was made to deduce a value of all'of the depen-
dent variables. If a value was found for a least one of the dependent

variables then the situation was given a situation number and included
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Table 6. Class Assignments

\

Variable Possible Classes Numeric Value
goal type competitive 3
(independent) neutral 2

cooperative 1
goal value none 0
(independent) low 1
medium 2
high 3
no. of times up to eleven times s 5, 6,
in succession in succession 0,1
for same type goal
(independent)
attainment attained 3
(independent) tie 2
not attained 1
presence present 1
(independent) not present 0
frustration very frustrated 5
. frustrated 4
neutral 3
unfrustrated 2
very unfrustrated 1
attitude very bad 1
bad 2
indifferent 3
good 4
very good 5
morale low 1
medium 2
high 3
structure . low 1
medium 2
high 3
in the situation list to be processed by the learning machine. Exami-

nation of Appendix A reveals that not every situation contained in the
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content analysis was assigned a situation number. The final situation
list with the attendant values of all pertinent variables is summarized
in Table 7 for the group called the "Rattlers', and in Table 8 for the
"Eagles" group. Each situation is listed by number with the first
nine entries in eacﬁ column being inputs and the last four entries
being the desired value of output for that situation. It is coinci-
dental that there are forty-one situations in each list.

To convert these situations into the binary coded form, which
must be used for ease of computer simulation, the coding procedure
which was previously described in this paper was used. Application of
this procedure results in the binary encoding shown in Table 9. 1In
this table -1 has been replaced by zero for clarity. Using this en-

coding for individual pieces of each vector, each situation was en-

coded by forming combinations of the independent variables as previously

indicated. That is to say,

Frustration = £ (no. times, type, value, attainment,
frustration last time, presence)

Attitude = f£_(no. times, type, value, attainment,
frustration last time, average atti-
tude last three times, presence)

Morale = £ _(no. times, type, value, attainment,
frustration last time, average monale
last three times, presence)

Structure £, (no. times, type, value, attainment,

frustration last time, average struc-
ture last three times, presence)

So that all levels would always be integers, the values of average
attitude, morale, and structure were taken to be the majority of the

three preceeding values, i.e., if the last three values of, say, morale



_ BATTLERS COMPOSITE TABLE 7

. PHASE I PHASE II

. STTUATION NUMBER 16
f ——

No.of times this goal ’ _ )
type has occurred 1 3-16 10111 31411 1 1
Goal type 2 2|2 2 |2 112 fal1fa]s
Goal value 2 212 212 313140 2 3 A
Goal attainment 3 3|3 3|3 213 |2 3 1
Frustration last time |3 3|3 33 13 ]4 |3 3 4
Ave. attitude last ,

3 times 3 3|3 313 2 {2 13 3 3
Ave, structure last

3 times 1 11 2 ]2 313 ]3 3 3
Ave., morale last 3 ) _ .

| times 1 - |- - 12 3333|333
Presence 0 010 0]1 1 1]1 1 1
Frustration this time 3 313 343 4 13 |4 3 5
Attitude this time 3 33 3|2 2 13 ]2 342 |2
| Structure this time 1 212 3
Morale this .time 2 - f- 37

"o



RATTLERS COMPOSITE TABLE 7 (Continued)

PHASE 11 PHASE III
SITUATION NUMBER 22123124125126}27128129 30' 3113213334 13513637138 139}40]41
No. of times this goal
type has occurred 11241
Goal type 212111 fj1 1131 {2912134312}3|3}|31213{131212
Goal value 3j01213(3|3]010j0}2i121113 31212 1)212]21}2
Goal attainment 311133113 J113111}1313]3 » 313132131212 | 2
Frustration last time S14151314 151415141514 1461]4 I3 12121111111
Ave. attitude last
3 times 2121212121212 |11 121212 12133146 (461415
Ave. structure last
3 times 3131313131313 131313131313 31313131313
Ave. morale last 3
times 212013131313 13131313 131313 13341313 131313
Presence NN SRR R N N R N S ST N P SO S SO A B B
Frustration this time 4 513 415146 |54 15104 1414 13 12 (2 {1 1 1 1 1
Attitude this time 212121212 111|222 121213 I3 41 61515 1S
Structure this time 31313131313 i3131313 131313 331313131313
Morale this time 31313131313 133133 1313 |3 3_J3_3 31313 =3=

119



EAGLES COMPOSITE TABLE 8

PHASE I l

PHASE I1

SITUATION NUMBER
No. of times this goal

type has occurred 6l7]18]9}l0j11§112 1314 1
| Goal type 212121212121 1111111 1
Goal value 2121213121213131313 2
Goal attainment 31313}13}13}13§1212]2j1 1
Frustration last time 313]13§13§i3{313]131}1314 3
Ave. attitude last
| 3 times 313131313§1313]21}12]2 2
Ave. structure last
3 times 11213131313 13131312 2
Ave. morale last 3
| _times ~-{2f-t1-1-1-12}12{212 1
Presence 0{ojojojoj1ji1i1ijtij1 1
S ion is time 3131313131313 }13 1414 4
Attitude this time 3131313 13]2312131]21]2 2
Structure this time 2131313131383 13]212 | 3
Morale this time 1 1

96



EAGLES COMPOSITE TABLE 8 (Continued)

Bo. of times this goal

| type has occurred 112]1

Goal type 212]1

Goal value 0j3}]2

Goal attainment 11341

Frustration last time 31413 4 2

Ave, attitude last

3 times alalo 2 2

Ave, structure last

3 times 341313 3 3

Ave. morale last 3

times 31313 3 3

Presence 11141 1 1 1 |
Frustration this time 4 {3 14 ] 4 2 12 81 11 |
Attitude this time 112121212482 1112 llg 212 13 13 14 14 14 15 15 1S
Structure this time 3131313 13131313 | 3 1313 13 12 J1 33 §1 §1 J1 41
Morale this time 3 3 3 313 }3 31313

Y
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Binary Encoding

Table 9.

Level

Variable
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were 3, 3, and 2, the average morale was taken to be 3. For example,

the input code vectors for situation 23, Table 7 were formed as follows:

- 9 4 -~ 1)
-1 -1
-1 -1
Attitude = -1 Morale = -1
input 21 -1 input 21 -1
-1 -1
-1 }no. times . -1 rno. times
-1 : -1
-1 -1
-1 -1
+1 +1
+1 +1 |
+1 1' +1 |
- i type ] 1 jtype
-1 4 -1 4
+ +1
+1 +1
+1 value 1 value
-1 ‘ -1
+1 +l
-1 attainment 3 -1 ttainment
-1 -1
+1 +1
+1 } +1
+1 frustration +1 frustration
+1 last time +1 last time
+1 1 | +1
+1f ) +1
1 + ave .morale
-1 >ave.attitude + last 3 times
-1 last 3 times 41
-] 41 presence
:i }presence | + | tee
+1 tag

All situations were similarly encoded to provide input code books suit-
able for processing by an MFL machine.

In Table 9 some additional features are noticed. The encoding for
the variable "type" contains an extra digit. This was inserted as a

check to see if mixed coding schemes could be used in forming the code
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vector. In every training situation this digit was lightly.weighted by
the learning machine. An additional redundancy was added by coding the
"presence' variable with the distance 2 code shown in the table. .- Com-
paring training cases using the distance one encoding (1, 0), and
(0, 0) revealed the weight assigned to each digit for the distance 2
code is approximately one-half that assigned to the digit of the cor-
responding distance one code.

Several output code assignments were compared. Since all of the
dependent variables are coarsely quantized into either three or five
levels only two output codes, a three and five level, were required
for any encoding scheme, a 3 + 1, 5+ 1, and 5 +3 set of output codes
were devised. Replacing -1 with 0 for clarity, the three code sets

are shown in Table 10.

Table 10. Output Codes

Type Vector Code
3+1 3 level 31"' 11111
-~ t
v, 00011
Cst 00100
341 5 level 'Jlt 111111111
32'; 000111111
33" 001001111
;4t 001010011
35‘: 001010100
5+1 3 level Vlt 11111111
t
v, 00000111
-t
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Table 10. Output Codes

(Continued)
Typé Vector Code
5+1 5 level v 11111111111111
v, 00000111111111
33t 00011000111111
3: 00011011000111
Vs 00011011011000
5+3 3 level v, 111111111
v, 000001111
'\73" 000010000
543 5 level 31t 11111111111111111
v, 00000111111111111
Ve 00001000011111111
" 00001000100001111
vs" 00001000100010000

A convenient algorithm for generating the above and similar codes may

be stated as follows:

To form an L level x +.y code where x >y and x +y is

even
-t x+ty)_
v, = a string of x + (L-2) 2 =P ones,.
-t

v, = X zeros followed by P - x ones.

;3t = X - (._;1) zeros, followed by (%) ones,

followed by (’.‘._.'2"_2) zeros followed by P - (i‘_.}.l) ones.
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v t = X - (__%_1) zeros followed by (&.%_1) ones

followed by (j - 3) repetitions of the string

(y zeros followed by (5-:—1) ones) followed

2
by P - (91%-1)4- G- 3) (L'}I)ones

for j=4,5, ..., L
If this algorithm is used it is noticed that adjacent words differ by

(.x_i_z) —y+ (m) = x digits

2 2

and that the jth word differs from the kth word by

(%)- (k - j+ 1y + (L}l)= x + (k - i)y

digits for k> j > 3. Also comparing ;1 and ;é, ;1 and v , and

3
;é and ;3 it is noticed that these word pairs differ by x, x + vy,
and x digits respectively. Thus, this algorithm defines an x +y
distance code.

Using the vectors described above a simulation study of the two
groups was performed. This study consisted of two distinct phases.
Phase I consisted of training a set of MFL machines of appropriate
configurations to classify the eight sets of input vectors, four for
each group, into the proper output classes denoted by the frustration
this time, attitude this time, morale this time, and structure this
time, rows in Tables 7 and 8. Phase II utilized the trained MFL
machines as predictors in order to investigate possible behaviors of

each group.
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To perform the training a general program was written to simulate
a Matched Filter Logic Machine of arbitrary size. This program, listed
in Appendix B, was then used to process the eight sets of vectors which
represented the information pertinent to the Rattlers and the Eagles.
Initially, one set of inputs was processed three times using different
output codes in order to determine the sensitivity of the process to
output coding. The set of inputs corresponding to the variable
"attitude" for the Eagles group was arbitrarily selected for this pur-
pose and processed using the 3 + 1A code, the 5 + 1 code, and the
5+ 3 code. The results, which are summarized in Figure 8, indicated
no decided preference for any output code. Since there was no decided
preference the 5 + 3 output code was used for all training runs.

As the program flow chart in Appendix B indicates, each training
run consisted of presenting 1000 code vectors to the machine, compar-
ing the machines classification of each vector to the correct classifi-
cation and correcting some of the incorrectly responding TLUs if the
classification was incorrect. For the first 500 training vectors 3/4
of the incorrectly responding TLU s were changed and for the remaining
500, 1/4 of incorrect TLUs were corrected. This variation lessened the
possibility of inadvertently changing correct weights" to incorrect
ones. The change at the end of 500 training cases was suggested by
the results Singleton (15) obtained in a somewhat similar experiment.
In order to produce the necessary number of test vectors for training
purposes each code book of length K was presented cyclically so that

the ith vector in the training sequence was the i(mod K)th word of

the input code book.
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After each training sequence was complete the entire code book
was decoded using the final weights. Table 11 summarizes the informa-
tion pertaining to the code book for each variable and also lists the
number of words in the entire code book which were classified incor-

rectly at the end of the training procedure.

Table 11

No.of Binary Total No.of No.of TLU
Digits in ea. No.of Code in MFL

Group Variable Errors Code Word Weights Words Machine

Rattlers Attitude 4 35 595 41 17
Morale 0 33 297 32 9
Structure 0 33 297 39 9
Frustration 2 27 459 41 17

Eagles Attitude 5 35 595 41 17
Morale 0 33 297 34 9
Structure 0 33 297 38 9
Frustration 0 27 459 41 17

As may be seen the maximum classification error for any code book is
about 12% and for five out of the eight code books all words may be
classified correctly by using the final values of the weights computed
for the various TLUs in the machine.

The MFL machine program was designed to keep a current tally of
the number of training cases which have been presented to the machine.
It aiso calculated the difference and the square of the difference be-
tween the actual and desired output classification for each word in the
training sequence and kept 10 word group totals for these quantities.
Using the error values, a training or "learning' curve may be plotted

for each code book. These curves are shown in Figures 10, 11,12, and 13.
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On each learning curve the values of the total squared error for the pre-
ceeding group of 10 words is connected by a light line to show the local
behavior of the training process. The heavy lines represent a value
equal to one-fifth the total squared error for the preceeding group of
50 words. The heavy lined curves thus represent the average squared
error per 10 words over the last 50 words and are more nearly indicative
of the overall learning behavior of the machine.

Examination of Figures 10 and 12 shows that in general predictors
(weights) which will lead to proper classification of the vectors repre-
senting the variables "attitude" and "frustration" are more difficult
to determine than are those for the classification of the variables
"morale" and "structure'. Nevertheless, examination of the weights
resulting from the Phase I calculations reveals that each group has
decided on a well defined group of predictors. From the preceeding ex-
ample presented in this paper a plot of thefinal average weights showed
a strong preference for two portions of the input code as predictors of

the desired output. A plot of these weights given in Figure 14, shows

Digit Number

Figure 1l4. Average Weights for First Example
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that although digits one and three are strong predictors, digits two
and four also receive non-zero average weight. The strong predictors,
then, must be ones whose value is larger than some "noise level" or
arbitrary cutoff level indicated by the shaded area in Figure 14. 1If
the weights for the Rattlers and Eagles are plotted in a similar manner
some very strong predictors are indicated.

The weight profiles, consisting of Figures 15 through 18 for the
Rattlers and Figures 19 through 22 for the Eagles, are very good graphic
indicators of the predictors used by each group. These plots are de-
rived from the raw data contained in Appendix C by adding the weights
for the ith digits for each TLU to obtain a total weight for the ith
digit. The marks indicate the dividing lines between the various vari-

ables in the code word and are interpreted as follows:

Attitude

no. times type value attainment last frust.
eleven digits A four digits A four digits A three digits & five digits A

ave.att. presence tag
five digits A two digits A one

Structure

no. times type value attainment last frust.
eleven digits A four digits A four digits A three digits A five digits A

ave. struct. presence tag
three digits A two digits A one

Morale

no. times type value attainment last frust.
eleven digits A four digits A four digits A three digits A five digits A

ave.morale presence tag
three digits A two digits A one
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Frustration
no. times type value attainment last frust.

eleven digits A four digits A four digits A three digits A five digits A

The digit which receives a large weight may then be related to the
physical situation by reference to the original procedure given in
Table 9. One may, for instance, compare Figures 15 and 19 and notice
both similarities and differences between the two groups concerning
predictors inf}uencing their attitude. Both are influenced by repeated
goals of the same type, the Rattlers responding most to the second and
third occurrences but the Eagles placing greater emphasis on persis-
tence, i.e., the fifth occurrence is weighted heavily. Both respond
to cooperative goals, the Eagles being the more responsive of the two
in a relative sense. Both are influenced by low and medium value goals.
This influence could either.be in a negative (don't care) or positive
(care) sense since only influence is indicated by the predictors. Both
are influenced to a certain extent by goal attainment, the emphasis
being placed more heavily on ties. The attitude of each group toward
the other is influenced most strongly by their frustration level, the
Rattlers being most influenced by high frustration values while the
Eagles are more influenced by average. or mear to average frustration
levels. At this point the groups differ. The Eagles seem to place some
emphasis on their past attitude if it was neutral and on the presence of
another group, while the Rattlers place no emphasis on these variables,

A set of statements concerning the other three variables could be
made similar to the preceeding statements if one were to compare

Figures 16 and 20, 17 and 21, and 18 and 22.
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The second phase of this simulation concerns the reaction of the
two groups to a set of inputs consisting only of independent variables.
In this instance these variables are goal type, goal value, and
presence of both groups in the same place. The groups are character-
ized by the sets of weights resulting from Phase I.

The simulation program, which is contained also in Appendix B,
receives a set of independent variable values as a situation input.
From this set of input variables the values of all other necessary
values are computed, past averages are computed and a set of four
situation vectors are classified and a value for the four dependent
variables is computed. Once this is done the next situation is pre-
sented and the group reaction computed. In this manner one may
generate hypotheses concerning the behavior of the group when a cer-
tain string of inputs is presented.

In this phase of the simulation the groups were first confronted
with the same sequence of inputs as in the original experiment. This
was done in order to provide a check on the accuracy of the simu-
lation. The results are shown in Figures 23 and 24. It will be
noticed that the simulation fills in the blanks in the original code
book and reproduces the original situation with a maximum of approxi-
mately 12% error. In Figures 25 and 26 the inputs have been inter-
changed. That is to say, the Rattlers receive all 41 of the Eagles
original inputs in the same sequence and vice versa for the Eagles.
The reaction of the groups is decidedly different with the Eagles seem-

ing to react more slowly to changes in their fortunes than the Rattlers

did in the same situation.
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CHAPTER VII
CONCLUSIONS AND RECOMMENDATIONS

Previous investigators (16, 3, 4, 9) have concluded that adaptive
processing provides results which are at least comparable with the
results gained by linear regression analysis. They have also found
that the running time of the average adaptive processing program dur-
ing the training phase has been shorter than the comparable linear
programming problem. These results were obtained by processing data
which yielded to both types of manipulation.

This paﬁer has presented a coding scheme which will enable one
to look for patterns or functional dependencies in information which
may be characterized as '"yes' or '"no'" statements, objective or subjec-
tive gross estimates (high, low, medium, etc.) and standard numeric in-
formation. Data concerning a given phenomenon may be mixed in one, two
or all of these fcrms and may still be encoded into a single set of
statements concerning that particular phenomenon. No a priori’state-
ments about importance of any variables need be made since all infor-
mation concerning the state of the process at one point in time is
processed in one fell swoop and the result of the processing is a state-
ment about the relative importance of the various variables. In the
examples presented it was shown that the predictors resulting from this

calculation are easily recognizable and may be found from the weights
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each TLU in the MFL machine assigns to each digit in the input code by
simply algebraically adding the weights corresponding to each digit.

These calculations may be made using a relatively small computer
if it is fast and can effectively transfer information from bulk
storage. The initial training runs and all of the investigation con-
cerning output code sensitivity were made using a Burroughs 205 with
all arithmetic being done in fixed point. All of the codes were
stored in memory using a two digit word length but there was no loss
of accuracy since all of the.numbers concerning each TLU are either
binary numbers or small integers less than say, 1000. The remaining
training runs and the simulation runs were made using an IBM 1410 with
a fixed and floating point word length of 4. This did not result in
any loss of accuracy in the final result and speeded up the running
time by about a factor of 3. It is easily seen, then fhat a short
word length computer could be used to process code words of any length
provided sufficient bulk storage was available.

It is not the author's intention to imply that this technique of
information processing should replace all others. Rather, since
pattern recognizing learning machines exist they should be employed
to recognize something besides hand written characters. Some thought
should be givén to the recognition of regularities in other kinds of
information and information about social systems is of a type in which
patterns are often sought and less frequently found. |

McWhinney (11) has mentioned that data concerning communication
net experiments is only superficially processed since it is not

amenable to processing by standard means. An attempt should be made
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tp obtain and process infofmation of this type using a learning machine.
Also, an "on line" experiment conducted concurrently with an experiment
such as the Robbers Cave experiment would be very helpful in providing
a clearer understanding of the relationship between the weights in the
learning machine and the actual process.

In conclusion let it be said that engineering technology has made
available in the computer a highly flexible computational tool. Effort
should now be expended to integrate this machine into the scientific

experimental process as a decision making tool as well.
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APPENDIX A

This Appendix contains a duplicate of the original content:analysis
which was used in forming the code words processed in Example 2. The
number in the left hand margin (when there is one) indicates the situ-
ation number assigned to that statement or group of statements. These

situation numbers correspond to the ones in Tables 7 and 8.
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ANALYSIS OF ROBBERS' CAVE EXPERIMENT

RATTLERS

Stage 1:

A.

System objects

1. Goal-oriented interaction-—3y»
hierarchical structure

2. Structure—psIn-group
identity

3. In-group identity—3enorms

4. Norms—P»sanctions

System inputs C.

1. Discovery of swimming hole

2. Meal must be prepared
3. Canoe must be carried

4. Latrine must be dug '"Toughness"
norm

5. Discovery of the dam

6. - Canteen list required

7. Discovery of paper cups

8. Tent pitching practice

System outputs

1.

a) Group selects largest

boy (Brown) to make
out swim buddy list

b) Brown and Mills lead
in improving swimming
hole

. Simpson leads meal prepara-

tion

. Brown and Simpson lead

canoe carrying operation

Brown hands shovel to

Simpson; all cooperate in

digging latrine

. Mills organizes dam climb-

ing game

. Mills writes up canteen

list

. Resentment that "outsiders"

had been there
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Analysis of Robbers' Cave Experiment (continued)
Rattlers

9. Group treasure hunt 9. Mills proposes hardball
equipment

10. Baseball practice 10. Mills nominates Simpson
for Captain (elected) and
chooses own position;
Mills the recognized leader

11. '"Discovery" of the Eagles 11. a) Mills chooses "Rattlers'
name for group

b) Challenge of the Eagles
to play ball game

c) Enthusiasm in possible
competitive activities

d) Non-swimmers helped to
swim - increase in
solidarity and build-
up of morale
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ANALYSIS OF ROBBERS' CAVE EXPERIMENT

EAGLES
Stage 1:
A. System objects:

1. Goal-oriented interaction—=3m
hierarchical structure

2. Structure —3»In-group
identity

3. In-group identity—Pmnorms

4. Norms—pesanctions

. - System inputs C.

1. Campfire

2, 8ign left by earlier campers

3. Canoe carrying

4. Bridge building

5. Screen requirement

6. Softball workout

System outputs

1. a) Myers leads in build-
ing fire

b) Craig stops Myers from
"bossing"

2. Myers decides name of
camp

3. Craig leads in canoe
carrying

4. a) Mason leads bridge
building

b) Cutler walks bridge,
to the surprise of all
- (emerging status re-
lationships)

5. a) Craig says screens un-
necessary; group dis-
agrees - votes for them

b) Craig leads in putting
up screens
6. a) Mason the best ball-
player

b) Craig and Davis scold
Myers for clowning
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Analysis of Robbers' Cave Experiment (continued)
Eagles

7. Campout requested by boys 7. a) Myers astounds all by
(reservoir trip) carrying 3 tents

b) Mason says reservoir not
good for swimming; Davis
supports Mason's opinion

c) Craig directs transpor-
tation of supplies back
home

d) Myers pelted with stones
for leaving swimsuit and
holding up gang

e) Craig's song called "our
song''.

8. Canteen list 8. Craig and Davis take lead
in drawing up canteen list

9. Treasure hunt 9. Craig given notes to read;
Craig backs Davis' proposal
for hardball equipment and
instructs boys to sign
petition for it. Craig
lectures on how to play
baseball

10. Baseball practice 10, Craig assigns each boy a
number; Myers ignored when
he objects to a decision;
Craig not ignored when he
objects to a decision, and
gives in -

11. Discovery of the Rattlers 11.. Craig instructs staff to
' challenge Rattlers to a game

Homesickness of Davis and Davis drops in status; Davis
Boyd and Boyd leave for home

Practice at wrestling, tumbling, Enthusiasm in practice

tent pitching, baseball Craig's suggestion of name

"Eagles'" supported

Craig requires Mason to ac~-
cept stencil on shirt

Craig tells staff the group
has decided to sleep out in
a tent
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A.
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ANALYSIS OF ROBBERS' CAVE EXPERIMENT

System objects:

1 - 4 as in Stage 1.

5.

10.

11.

12,

(Continued)

Territorial dispute—¥»inter-

group hostility

Intergroup hostility—@»chal-

lenge to competition

Challenge to competition—3»

intergroup interaction

Intergroup interaction —3»

frustration

Frustration—9unfavorable

stereotype (of out-group)

Frustration/success—3in-group

solidarity

Frustration—»change in group
structure (+ norms, sanctions)

Frustration—§»reprisals

System inputs

12.

13.

Mutual challenge to play
baseball

Day 1:

Tournament announced

C. System outputs

12. Enthusiasm in both groups

-

13. a)

b)

Rattler response: Full
confidence in victory;
spend time in improving
"their own'' ball field;
put Rattler flag on
backstop; practice for
events

Eagle response: Cau-
tious enthusiasm; mild
expression of confidence;
attach Eagle flag to a
pole; practice for events
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Stage 2 (Continued)

14. Day 2: First baseball game 14. a) Rattlers show possession
of ballfield - they were
first to arrive (i.e.,
as "home team')

b) Eagles arrive with flag
and menacing song

c¢) Mutual derogatory name
calling, increasing as
the game proceeds

15. 15. d) Craig (E) tries to con-
trol Myers (E) with
words about sportsman-
ship

e) Mason (E) begins to
displace Craig (E);
chooses own pitching
replacement; Craig
accepts

f) Rattlers win; and dis-
play "good sportsmanship
toward Eagles; Mason
threatens his team if
they do not try harder;
Craig (E) throws Rattler
glove into the water

16. Day 2: Lunch together 16. a) Mutual name calling and
razing

b) Meyers (E), in saying
grace, suggests Eagles'
fear that others (like
Davis and Boyd) might
get homesick and go

home
17. Day 2: Practice for other -~ 17. a) Rattlers: show strong-
events of tournament er in-group feeling

(e.g.,deciding to wear
their stenciled shirts
at every game)

b) Eagles: Mason takes over
leadership of group
(lectures on how to win;

directs practice for
various events); con-
trols group by threat-
ening to go home



-Stage 2 (Continued)

18.

19.

20.

Day 2:

Day 3:

Day 3:

First tug-of-war

Rattlers' discovery
of their burnt flag

Second ball game

101

18.

19.

20.

a)

b)

c)

d)

b)

a)

b)

Mason (E) assumes job
of captain for tug-of-
war; Simpson (R) assumes
same job for Rattlers

Craig (E) withdraws when
he perceives Eagles are
losing

Rattlers win; show
sportsmanship (3 cheers
for the Eagles)

Eagles' morale drops
(Mason cries, says
Rattlers are at least
8th graders, that he is
going home, that he
will fight)

Eagles burn the Ratt-
lers' flag

Rattlers' response:
noise and resentment;
plan to fight the
Eagles

Rattlers and Eagles
skirmish; Craig (E)
admits that all the
Eagles burned the flag

Eagles win the game,
with cheers for the
losers; ascribe their
victory to prayers;
ascribe Rattlers' loss
to their "bad cussing";
decide to avoid cussing,
and not even to talk to
Rattlers who are poor
sports and 'bad
cussers”,

Rattlers respomnse to
loss of game: much in-
ternal friction, mutual
recrimination; Brown (R)
and Allen (R) write let-
ters to ask to go home;
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Stage 2 (Continued)

21.

22.

23.

24.

25.

Day 3:

Day 3:

Day 4:

Day 4:

Day 4:

Second tug-of-war

Rattlers raid Eagles'
cabin

Eagles raid Rattlers'
cabin

Touch football game

Third Baseball game

21.

22.

23.

24'

25,

b)

b)

b)

b)

Mills, the Rattler

leader patches things
up in group

Eagles employ strategy
which brings contest to
a tie; Rattlers are
fatigues more than
Eagles (who sat down
and. dug-in)

Eagles considered the
contest short, the
Rattlers considered it
long (p. 115)

Eagles response: First
astonishment, then
anger; Craig pretends
to sleep through raid

Rattlers response:
heroic and jubilant
self-expression

Rattlers furious at mess
in their cabin

Eagles prepare to meet
retaliation

Rattlers win game by
narrow margin, and win
tent-pitching; morale
goes up

Eagles do not feel too
bad at losing by nar-
row margin; Craig walks
away from contest

Eagles win; morale goes
high; refrain from

bragging in presence of
Rattlers

Rattlers explain loss
because of the heavi-
ness of the bats they
used; show increase in
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Stage 2 (Continued)

in-group solidarity at
breakfast next morning
(plan to put flags on

their property in the

camp)

26. Day 5: Remaining contests 26. a) Rattlers win third tug-
of-~war

b) Eagles win second tent-

pitciiing
c) Eagles win third tent-
pitching
27. 27. d) Rattlers decide to raid

Eagles cabin if they
(Rattlers) win, but not
if they lose

e) Eagles win the treasure
hunt

28. 28. f) Rattlers raid Eagles'
cabin and take away
prizes won by Eagles

g) Mason (E) wants to
fight; Craig (E), Bryan
(E) and McGraw (E) re-
turn to cabin

h) Mason (E) calls Craig
and Bryan 'yellow"

| i) Fight between groups
| breaks out and is
stopped by counselors

j) Neither group wants
further association
with the other; nega-
tive attitudes and
social distance
standardized in each
group in relation to
the other

29. Day 6: "Test situation" (p.113); 29. Display of persisting neg-

Rattlers explore Eagle ative attitudes by both
territory groups
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Stage 2 (Continued)

Day 7:

Day 7:

Stereotype ratings
(pp. 137-138)

Performance estimates
(bean toss)

105

Tendency (pp. 137-138) to
rate in-group favorably
and out-group unfavorably;
the first tendency more
pronounced than the second

Performance of in-group
judged significantly high-
er than that of out-group

Rattlers (the losers of
the tournament) over=-
estimated their own per-
formance less than the
Eagles overestimated
theirs

Rattlers underestimated
Eagles' performance,
while Eagles overesti-
mated Rattlers' perfor-
mance (p. 146)

For both groups, perfor-
mance of in-group mem-
bers judged significant-
ly higher than that of
out-group members

Results reflect in-
group solidarity and
negative attitudes to-
ward out-group
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ANALYSIS OF ROBBERS ' CAVE EXPERIMENT
(Continued)

' Stage 3:
A, System objects:

1 - 4 as in Stage 1

5. Frustration-—¥=intergroup
friction

6. Intergroup friction—Pmresis-
tance to cooperation

7. - Superordinate goals—¥»cooper-
ation

8. Cooperation-¥decrease of

friction
B. -System inputs | C. System outputs
30. Seven contact situations 30, Intergroup friction remains:
Name-calling, accusations,
insults, food-throwing
fight
31, Superordinate Goal (SG) 31. a) Boys choose to search
1l: The drinking water in small segregated
problem teams - Eagles going

with Eagle staff mem-
bers, Rattlers going
with Rattler staff
members

b) Cooperation and com-
munication between
groups while trying to
extract sack from fau-
cet '

1) Several members of
each group take turns

2) Craig (E) gives ad-
vice to both E's and
R's



Stage 3 (Continued)

32.

SG 2:

The problem of secur-
ing a movie

107

32.

c)

d)

b)

c)

d)

3) Everett (R) asks
Eagle participant ob-
server to try it;
staff completes the
job

Common rejoicing; Ratt-
lers (who had canteens)
let Eagles (who did not
have canteens) drink
first, with no protest
or name calling; some
intermingling afterwards

Negative attitudes per-
sist after this SG: in-
sults and food throwing
at supper; lack of en-
thusiasm for idea of a
trip together to Cedar
Lake

Groups decide without
argument on choice of
movie

Mills (R leader) and
Myers (E) lead in
reaching a compromise
solution for alloca-
ting costs between the
groups

Mason (E leader) does
not participate in so-
lution

McGraw (E) and Martin
(R) rend list of contri-
butors

Negative attitudes
weaken: some scuffling
among a few; one near-
fight between Simpson
(R) and Mason (E); seat-
ing at movie along

group lines, with some
exceptions; groups reach
agreement on taking
turns at entering dining
room first for meals



Stage 3 (Continued)

33.

34.

35.

36.

SG 3:

SG 4

SG 5:

Camp-out at Cedar
Lake

The truck stalls

Meal Preparation
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33.

34.

35.

36.

a)

b)

b)

c)

d)

a)

Mason (E leader) does
not wish to go to Lake
with Rattlers; the

‘Rattlers had raised

some objections pre-
vious day

The two groups swim at
same spot, but inter-
act very little

Mills (R leader) sug-
gests a 'tug-of-war"
against the stalled
truck

Clarke (E) and Mills
(R) attach rope to
bumper

Harrison (R) suggests
each group pull on a
separate piece of rope

Barton (R) says it
doesn't make any dif-
ference who pulls where

Groups pull on sepa-
rate pieces, except
that Swift (big R)
joins Eagles as anchor
man, and Craig (E) is
next to Brown (R anchor
man)

Following successful
starting of truck,
there is much inter-
mingling and friendly
talk between groups;
Mills (R), Hill (R),
Craig (E) and Bryan
(E) pump water for
each other

Rattlers prefer to al-
ternate meal prepara-
tion with Eagles - at
Mills (R) suggestion



Stage 3 (Continued)
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b) Eagles are split on is-
sue:

c)

D

2)

3)

Low status members
(Clarke, Cuttler,
Lane) favor alter-
nating with Rattlers

High status members
support Mason's (E
leader) opposition
to.alternating

In actual fact,
while the two groups
discussed their pref-
erences about alter-
nating, food prepa-
ration together be-

gan. (This was a
result, in part, of
having bulk food
which had to be

divided)
Negative attitudes de-
crease:
1) No one scolded Myers

2)

3

4)

(E) for salting the
Kool Aid by mistake;
Harrison (R) even
exonerated him

Low status members

on each side particu-
larly active in pre-
paring and distribu-
ting food

Eating takes place
in partly integrated
fashion

At swim following
this (p.173), the.
groups are brought
closer together by
seeing a water moc~-
casin; groups mix
together in water
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Stage 3 (Continued)

37.

38.

39.

SG 6:

-8G 7:

SG 8:

Tent pitching

The truck stalls again

The trip to the border

37. a)

b)

c)

38. a)

b)

c)

39. a)

b)

Cooperation in sorting
out tent parts

Lack of competition -
Rattlers lacked a mallet
and Eagles had uneven
site

No negative attitudes
in evidence

Rattlers initiate push-
ing truck, which gets
rolled into a tree

Mills (R leader) gets
tug-of-war rope; groups
mix in pullin on same
lines

Cooperative pattern es-
tablished

1) in tug-of-war against
the truck - groups
mix

2) in meal preparation
- Rattlers and

Eagles work side by
side

3) All eat together,
with no group lines
evident

4) Engage in friendly
water fight, but
not along group
lines (p. 175)

McGraw (E) suggests
that the Rattlers go
to Arkansas first in
their truck, and that
Eagles go when they
have returned

Mason (E leader) wants
to return instead to
Robbers Cave; Craig
(E) supports him



Stage 3 (Continued)

40.

-8G 9:

Last evening in camp
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40.

c)

d)

e)

a)

b)

Mills (R) proposes they
all go together in
Rattler truck; Allen
(low status R) and
several Eagles support
him; Simpson (R) says
"let's don't".

Mills (R) and Clarke
(E) settle the matter
by leading a rush to
get into the Rattler
truck

Negative attitudes

give way to coopera-
tion, group singing;
both groups instruct
Myers (E) and Martin
(R), who volunteered

to draw up ice-cream
lists, to do it to-
gether; they generally
approve plan to ride
bus together back to
Oklahoma City (with
Harrison (R) dissent-
ing; and Mills (R) sup-
porting it after he
saw the rest wanted it)

Groups enter mess hall
separately (after dis-
cussion, the Eagles
went first by agree-
ment), and get food
separately

Table arrangement made
it difficult to sit by
groups -~ they mixed
with remarking on it

They agree (under
Mill's (R) influence)
to joint campfire at
Stone Corral (part of
R's territory)
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Stage 3 (Continued)

d) They take turns at
entertaining one an-
other all evening

e) No evidence of negative
attitudes remains

41. SG 10: The trip home 41, a) They decide to ride bus
together

b) Seating arrangement
- - does not follow group
lines, as they go to-
gether on the bus

c) Mills (R) suggest R's
$5.00 prize be spent
to buy malts for all
boys, both R's and E's.
Rattlers approve

d) Negative attitudes
gone!
(Note: on pp. 185-
196 are results of
tests showing attitude
changes under condi-
tions of Stage 3).



APPENDIX B

This Appendix contains the FORTRAN listings of the Adaptive Decoder
used in Phase I and the simulation program used in Phase II of the

Robbers' Cave example.
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1001

2001

3001

4001

650

10
11

13
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RATTLERS AND EAGLES; SIMULATED CONFLICT SITUATION
#1 E - EAGLES (REG) R - RATTLER (REG)

F. J. KERN

DIMENSION W1(35,17),W2(33,9),W3(33,9)
W4 (27,17) ,KMO(4) ,KSTR(4) ,KATT (4)
KFRU (2) ,X(35),Y(17),2(17),
VAL(5),V1(17,5),vV2(9,3),V3(9,3),V4(17,5)

KCLA=0

DOLL =1,17

READ2, W1(I,L),I=1,35)

FORMAT (9F7.1)

READ1001,(V1(L,M),L=1,17), M=1,5)

FORMAT (15F4. 1)

DO3L-1,9

READ2, (W2(I,L),I=1,33)

READ2001, ((V2(L,M),L-1,9) ,M-1,3)

FORMAT (15F4. 1)

DO4L=1,9

READ2, (W3(I,L),I-1,33)

READ3001, ((V3(L,M),L=1,9),M=1,3)

FORMAT (15F4 . 1)

DO5L=1,17

REABR , (W4 (I,L) ,I=14527)

READ4OOL, ( (V4 (L, M) ,L=1,17) ,M-1,5)

FORMAT (15F4 . 1)

READ6 , (KMO(J1) ,J1-1,3), (KSTR(L1),L1=1,3)
(KATT (M1) ,M1=1,3) ,KFRU (1)

FORMAT (1312)

K=1

READ650,I1,12,13,14

FORMAT (412)

IF(I1-KCLA)10,9,10

KCLKO=KCLKO+1

GO TO 11

KCLKO=1

KCLA=I1

D012I=1,11

IF(11-I-KCLKO)14,14,13

X(I)=-1.0

GO TO 12



14
12
16
17
15
19
20
18
22
23
21
25

26
24

27

28
29

30
31

32
33

34
35
37

38
36

39

X(I)=+1.0
. CONTINUE

DO15I=12,15
IF(12-1+11)16,16,17
X(1)=-1.0

GO TO 15

X(I)=+1.0

CONTINUE

Dp0181=16,19
IF(16-1+12)19,19,20
X(1)=-1.0

GO TO 18

X(1)=+1.0

CONT INUE

D0211=20,22

1IF (20-1+13)22,22,23
X(1)=-1.0

GO TO 21

X(I)=+1.0

CONT INUE

D0241=23,27

IF (23-I+KFRU(1))25,25,26
X(I)=-1.0

GO TO 24

X(I)=+1.0

CONT INUE

KTOT=KATT (1)+KATT (2) +KATT (3)
TOT=FLOATF (KTOT)

IF (TOT/3.0-1.5)27,27,28
XTOT=+1.0

GO TO 35

IF (TOT/3.0-2.5)29,29,30
XTOT=+2.0

GO TO 35

IF (TOT/3.0-3.5)31,31,32
XTOT=+3.0

GO TO 35
IF(TOT/3.0-4.5)33,33,34
XTOT=+4.0

GO TO 35

XTOT=+5.0
ITOT=XF 1XF (XTOT)
D0361=28,32
IF(28-1+IT0T)37,37,38
X(1)=-1.0

GO TO 36

X(I)=+1.0

CONTINUE
1IF(14-1)39,40,40
X(33)=-1.0

X(34)=-1.0

GO TO 41
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40
41
42

43

501

503

504
502

505
508
509
506

44

45

46
47

48
49
51

52
50

53
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X(33)=+1.0

X(34)=+1.0

X(35)=+1.0

PRINT42,K
FORMAT (41X ,19H ATTITUDE SITUATION,1X,I2)
PRINT43, (X(I),I=1,35)
FORMAT (1X,35F 3.0)
DO501L=1,17

Y (L)=0.0

D0501I=1,35 KATT (4)
SUM=X (I)*W1(I,L)

Y (L)=Y(L)+5UM
D0502L=1,17

IF (Y (L))504,503,503

Z (L)=+1.0

GO TO 502

Z(L)=-1.0

CONTINUE

DO505M=1,5

VAL (M)=0.0

DO505L=1,17

G=Z (L)*V1(L,M)

VAL (M)=VAL (M) +G
DO506M=1,5

IF (M-1)509,509,508

IF (VAL (M) -AA) 506,506,509
AA=VAL (M)

KATT (4)=M

CONTINUE

PRINT44 , RATT (4) , ITOT
FORMAT (5X,20H CLASSIFIED AS LEVEL,1X,I2,10X,I2)
KTOT=KSTR (1)+KSTR (2) +KSTR (3)
TOT=FLOATF (KTOT)
IF(TOT/3.0-1.5)45,45,46
XTOT=+1.0

GO TO 49

IF (TOT/3.0~2.5)47,47,48
XTOT=+2.0

GO TO 49

XTOT=3.0

ITOT=XF 1XF (XTOT)
DO50I=28 ,30

IF (28-I+ITOT)51, 51,52
X(I)=-1.0

GO TO 50

X(1)=+1.0

CONTINUE
IF(14~1)53,54 ,54
X(31)=-1.0

X(32)=-1.0

GO TO 55



54
55

56

601

603

604
602

605
608
609
606
57

58

59

60
61

62
63
65

66
64

67

117

X(31)=+1.0

X(32)=+1.0

X(33)=+1.0

PRINT56,K
FORMAT (39X ,21H STRUCTURE SITUATION,1X,12)
DO601L=1,9

Y(L)=0.0

D0601I=1,33

SUM=X (I)*W2(I,L)

Y (L)SY (L) +SUM
D0602L=1,9
IF(Y(L))604,603,603

Z (L)=+1.0

GO TO 602

Z(L)=-1.0

CONTINUE

DO605M=1, 3

VAL(M)=0.0

D0605L=1,9

G=2Z (L)*V2 (L,M)

VAL (M) =VAL (M) +G
DO606M=1,3

IF (M-1)609,609,608

IF (VAL (M) -AA) 606,606,609
AA=VAL (M)

KSTR (4)=M

CONTINUE

PRINTS57, (X(I),I=1,33)
FORMAT (LX,33F3.0)
PRINT58 ,KSTR (4) , ITOT
FORMAT (5X,20H CLASSIFIED AS LEVEL, 1X,I2,10X,I21)
KTOT=KMO (1)-+KMO (2)+KMO (3)
TOT=FLOATF (KTOT)

IF (TOT/3.0-1.5)59,59,60
XTOT=+1.0

GO TO 63
IF(TOT/3.0-2.5)61,61,62
XTOT=+2.0

GO TO 63

XTOT=3.0

ITOT=XF1XF (XTOT)
D0641=28,30

IF (28-I+ITOT)65,65,66
X(I)=-1.0

GO TO 64

X(I)=+1.0

CONTINUE

PRINT67,K

FORMAT (40X ,17H MORALE SITUATION,1X,I2)
PRINT68, (X(I),I=1,33)



68

701

703

704
702

705
708
709
706
69
70

71

801

803

804
802

805

808

809

806
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FORMAT (1X,33F3.0)
D0701L=1,9

¥Y(L)=0.0

D07011=1,33
SUM=X(I)*W3 (I,L)

Y (L)=Y(L)+SUM
D0702L=1,9
IF(Y(L)704,703,703

Z (L)=+1.0

GO TO 702

Z(L)=-1.0

CONTINUE

DO705M=1,3

VAL (M)=0.0
DO705L=1,9

G=Z (L)*V3 (L ,M)

VAL (M)=VAL (M)+4G
DO706M=1,3

IF (M-1) 709,709,708

IF (VAL (M) -AA) 706,706,709
AA=VAL (M)

KMO (4)=M

CONTINUE
PRINT69 ,KMO (4) ,ITOT
FORMAT (5X,20H CLASSIFIED AS LEVEL, 1X,I2,10X,I21)
PRINT70,K
FORMAT (28X ,22H FRUSTRATION SITUATION,1X,I2)
PRINT71, (X(I),I=1,27)
FORMAT (1X,27F3.0)
D0801L=1,17

Y(L)=0.0

DO801I=1,27
SUM=X(I)*W4 (I,L)

Y (L)=Y (L)+SUM
D0802L=1,17

IF (Y(L))804,803,803
Z(L)=+L.0

GO TO 802

Z(L)=-1.0

CONTINUE

DO805M=1,5

VAL (M)=0.0
DO805L=1,17

G=Z (L)*V4 (L,M)

VAL (M) =VAL (M)+4G
DO806M=1,5

IF (M-1)809,809,808

IF (VAL (M)-AA) 806,806,809
AA=VAL (M)

KFRU (2)=M

CONTINUE
PRINT72 ,KFRU (2) ,KFRU (1)
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. FORMAT (5X,20H CLASSIFIED AS LEVEL,1X,12,10X,I2)

IF(K-41)73,73,74
STOP

K=K+1

KFRU (1) =KFRU (2)
DO751=1,3

KMO (I)=KMO (I+1)
KATT (1)=KATT (I+1)
KSTR(I)=KSTR(I+1)
GO TO 8

END
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C GENERALIZED ADAPTIVE DECODER

c F. J. KERN

DIMENSIONX (35,41),W(35,17),Y(17) ,NUT(41),2(17),
v(17,5),VAL(5) ,NDD(17) ,SUM(17), MARK(17),NRD(17),B(17),DUM(10)

READ1,N1,N2 ,N3,N4 ,DELTA,D2 ,ALPHA
1 FORMAT (413, 3F5.2)
READ2', ((X(1,J) ,I=1,N1),J-1,N2)
READ2 , ((V(L,M) ,L=1,N3) ,M-1,N4)
2 FORMAT (15F4.1)
READ100, (NUT (J) ,d=1,N2)
100 FORMAT (2212)
INDEX=1
NUM=1
MIS5=0
MSE=0
DO3L=1,N3
DO31=1,N1
3 W(I,L)=1.0
4 PRINT51
51 FORMAT (48X, 10H CODE WORD, 48X,6H CLASS,2X,5H REAL)
DO16J=1,N2
DO5L=1,N3
Y(L)=0.0
DO51=1,N1
F=X (1,J)*W(I,L)
5 Y (L)=Y (L)+F
DO7L~-1,N3
IF (Y(L))9,8,8
8 z(L)=1.0
GO TO 7
9 z(L)=-1.0
7 CONTINUE
DO10M=1,N4
VAL(M)=0.0
DO10L=1,N3
G=2 (L)*V (L,M)
10 VAL (M)=VAL (M)+G
DO12M=1,N4
IF M-1)14,14,13
13 IF (VAL(M)-AA)12,12,14
14 . AA=VAL (M)
KLASS=M



121

12 CONTINUE
KMAX=(35-N1)
IF (KMAX) 200,200,201
201 DO202K=1 ,KMAX
202 DUM(K)=0.0 :
PRINT15, (X(I,J) ,I=1,N1), (DUM(K),K=1,KMAX) ,KLASS ,NUT (J)
GOTO16
200 PRINT15, (X(I,J),I=1,N1),KLASS ,NUT (J)
15 FORMAT (1X,35F3.0,3X,12,5%,12)
16 CONTINUE
IF (INDEX-500)53,52,52
52 DELTA=D2
53 IF (INDEX-1000)55 ,54 ,54
54 GOTO44
55 J=NUM
17 DOL8L=1,N3
Y(L)=0.0
DO181I=1,N1
F=X(I,J)*W(I,L)
18 Y (L)=Y (L)+F
DO20L=1,N3
IF(Y(L))22,21,21
21 zZ(L)=1.0
GO TO 20
22 Z(L)=-1.0
20 CONTINUE
DO24M=1, N4
VAL (M)=0.0
D024L=1,N3
G=Z (L)*V (L ,M)
24 VAL (M)=VAL (M) 4G
DO25M=1, N4
IF (M-1)27,27,26
26 IF (VAL(M)-AA)25,25,27
27 AA=VAL (M)
KLASS=M
25 CONTINUE
IF (KLASS -NUT(J) )56 ,40,56
56 MISS=MISS+XABSF (KLASS-NUT (J))
MSE=MSE+(KLASS-NUT (J) )* (KLASS -NUT (J) )
N=1
M=NUT (J)
DO28L=1,N3
IF (V(L,M)+Z (L) )28,29,28
29 NDD (N)=L
SUM(N) -ABSF (Y (L))
N=N+1
28 CONTINUE
LIST=N-1
FILE=FLOATF (N-1)
M=1
IF (LIST-1)35,35,34
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59
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40
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41

42

50
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B (M)=SUM(1)

MARK (M) =1

NRD (M) =NDD (1)

DO30N=2,LIST

1IF (B(M)-SUM(N))30,30,31

B (M)=SUM(N)

MARK (M) =N

NRD (M) =NDD (N)

CONTINUE

DO32N=1,LIST

IF (N-MARK(M) )32,32,33
SUM(N-1)=SUM(N)

NDD (N-1)=NDD (N)

CONTINUE

M=M+1

LIST=LIST-1

IF (LIST-1)35,35,34
MARK(M) =1

B (M)=SUM(1)

NWRD (M)=NDD (1)

M=1

L=NRD (M)

TOT=FLOATF (N1)
FUN=(B(M)+ALPHA) /TOT
ENJK=1.0

IF (ENJK-FUN)59,38,38
ENJK=ENJK+1.0

GO TO 37

D0391I=1,N1
W(I,L)=W(I,L)-ENJK*Z (L)*X(I1,J)
RANGE=FLOATF (M)

IF (RANGE-DELTA*FILE)57,40,40
M=M+1

GO TO 36

J=XMOD (J ,N2)

J=J+1

IF (XMOD (INDEX,10))43,41,43
INDEX=INDEX+1

GO TO 17

PRINT42 , INDEX ,MISS ,MSE
FORMAT (2X ,9HWORD NO.,I4,5X,24H ABS ERROR LAST 10 WORDS,I4,23H
SQ ERROR LAST 10 WORDS,I4)
MISS=0

MSE=0

IF (XMOD (INDEX,500))43,50,43
NUM=J

INDEX=INDEX+1

GO TO 4

Do45L=1,N3

PRINT46,L
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FORMAT (10X ,12H TLU. NUMBER,I4)
PRINT47, (W(I,L),I=1,N1)

FORMAT (5F7.1)

PUNCH48, (W (I,L),I=1,N1)

FORMAT (9F7.1)

CONTINUE

STOP

"END



APPENDIX C

This section contains the final weights of all Threshold Logic

units used in the Robbers Cave Simulation.
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WEIGHTS FOR RATTLERS ATTITUDE
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Weights for Rattlers Attitude (Continued)
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WEIGHTS FOR RATTLERS STRUCTURE
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Weights for Rattlers Structure (Contimied)
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Weights for Rattlers Morale (Continued)
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Weights for Rattlers Frustration (Continued)
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Weights for Rattlers Frustration (Continued)

TLU. NUMBER 16

TLU. NUMBER 15

[N No NN
o~ o~

QOO0 O
[ =NeoleNo)
/.».nﬂ_z

[~ NoNoNoNo Nl
NN T N

=N oNoNoNoNe
228_..0
[N oNoNoNe)
NN

OO0 O0O
54 o~

00000
NN N

COO0CO0OOO
[ Mo BN 4

OCOO0OO0OO0OO0O
e o e e e .
N N O DO

TLU. NUMBER 17

(===l
o - -
LI I |

©OO0OO0OO0O0
— N -~
I I B |

ocoocoo
T e B R

OCOO0OOO0OO
~ NN~
1

OO0 OOC O
« e e s ¢ o
-~ MM~



132

WEIGHTS FOR EAGLES ATTITUDE
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Weights for Eagles Attitude (Continued)
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WEIGHTS FOR EAGLES STRUCTURE
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WEIGHTS FOR EAGLES MORALE

NO ERRORS
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i

WEIGHTS FOR EAGLES FRUSTRATION

NO ERRORS
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Weights for Eagles Frustration (Continued)
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