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This paper is a suuary introduction to some of the groph theoretical
work being doae in connection with the World Event/Interaction Survey.
The paper discusses some of the rationale for adopting a graph theoretical

approach to international relations. {lso included are sone of the matrix

algebra algorithms that have been de&elbped for operationalizing the

notion of structural balance and an illustration of how the technique -

might be used to analyze the structure f internatioral relations. <

The reader should bear in mind that this paper is introductory: and
that many of the ideas presented here have been refined and presented
in greater detail elsewhere.
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IITRODUCTION

If the relations among nations are understcod to be interrelated and
extremely complex, it should be expected that the techniques for monitoring
and an2lyzing those relations may also have to be interrelated and complex.
Tiven when one succeeds in converting a flood of incoming information about
international relations into data which can be computerized for swimary and
analytic purposes, one still faces the need to interpret a wealth of infor-
mation agoinst the broad pattern of internaticunal affairs. In performing
this task, an analyst cannot rely solely on his intuition to render a com
plex set of indicator dato comprehensible to provide him with the systematic
overview that his data can undergird. In other words, having created a set
of working indicators that describe some wain features in the international
event stream, the analyst has not yet constructed a facsimile of the inter-
national system to describe the status of relations among nations and, on
the basis of present and past performances, to project possible system
futures. The task in this paper is to show that graph theoretical nodels
cat be applied usefully to this end. Specifically, this will involve a
discussion of sone of the ideas tha. underly graph theoretical approaches
5o social. phenomena, and an illustration of what appears to be a powerful
theoretical notion that relies heavily on graph theory for its operationa-
liz~tion.

THE GRAPH THEORY /.PPROACH

Graph theory is a powerful tool that facilitates the handling and inter-
pretation of many variables and complex data sets without the loss of infor-
nation that can result from using summary statistics or multiveriate analy-
sis. Graph theory has been refined and defined in mathematical terms to
render it amenable to computer operations.l e shall proceed next to des -
cribe how graph theory may be used to organize and interpret indicator data

prcduced by the WEIS processor.2
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Practical foreign policy analysis focuses on what is going on in the
vorld. Not only is knowledge needed about vho is doing vhat to whom in
“re international system, but it is needed to estzblish how the action
alfects other members of th2 systom. These are macro-concerns. They are
cowcerns for the eatire wed of international relations and how the rel:x
itions that crapcse that web are interdependent.

As a package of indicators, the WEIS processor provides information
abouk the entire web of intcrnational relations, but the output needs to
“e grre~sed and used in a fashica that renders the vhole comprehensible.
is an example, coasider the output of IKTSC.'.NI.3 t conputes standard
scores on a routine basis for each dyad in the international systen.
ithin that array of z scores erists data of a complex set of relation--
chips and not merely the information of individual readings. With 25,440
2vcssible dyads in the international system of 160 actors to be taken into
account, it 1s literally impossible for human beings to monitor each dyad
without some mechanical aid. This is before it is even realized that dyads
ore interdependent end that there are therefore multiple associations to
te cnelyzed and interpreted. The difficulties associated with managing
the data of nmultiple rclations are formidable.

An extample of international relationships is useful in illustrating
zoxe of the basic notions in graph theory. It can be easily argued that
U.S. and Russien reiations are dependent on the relations of Israel and
Igypt. Likeuize, it car be argued that U.S.-Egyptian relations are depen-- ¢
Gz - on Egyptien Israeli or Israeli-~U.S. relations. Ia this situation one
gl note that vhen shifts In the pattern of Egyptian-Israeli interaction

sccurs, one can expect effects to be feit in the relations among other

rations involved in t e iMiddle East. A& major shift in relations or in

interrnational event i_ows will produce effects that flow out through a
narix of interconnected relations much the way a rock dropped in a pond
creates waves that play out through the entire pond. The analyst needs to
know which actors are involved in the matrix and what the nature of their
involvenent is. He would also like to know how actors may e expected to
react to shifts in Lgyptian-Isracli relations and, should a shift occur,

he needs to know how, in fact, they are reacting to that shift.




Operationalizing a graph theorctical model first calls for concep-- ;
tualizing international relations in terms of a square matrix (called in
graph theory terms, an "adjacency" matrix) where each row and its corre--
spcnding column sigrify a single country in the international system.

Using the VWEIS alpha codes, a rudimentary Middle East conflict matrix

is shown:

2
%
USA USR JAR ISR JOR SYR

Us: |

USR

AR ‘

ISR

JOR

SIR

FIGURE 1: HIDDLE EAST CONFLICT MATRIX

The cells in the matrix signify the possibility of & relationship
c? cach nation with each other nation. Whether or not such a relationship
exists is, of course, dependent on the content of the event data. .lso,
hypothetical data provided for modeling purposes might be employed. In the
above matrix, the entire row labcled "UARY would comprise the total event
7output of Egypt with each cell entry being Egypt‘s output to the nation at
the head of the appronriate column. In colunns where zero eatries appeared,
Egypt would not be considered to be directing a relation. Using a graph
theory convention, we assume that Egypt should rot be thought of as having
air international relation with itself. Thus, where the UiR rov intersects
the UAR column & zero would represent no relation. The sum of the UiR row
entries would reovresent the total of Egypt‘s output to every nation being
- considered, just as the sum of the UiR column entries would represent the

totzl of Egyptis intake from every nation being considered.




A mabrix filled with international interaction data for a particular
time period contains information about the structure of international rela--
tions for that time period in the same manner that a snapshot contains infor
mation about the events occurring at the time the snapshot was taken. To
caxry the analogy further, a sequence of natrices would contain information
about how internatioral interaction patterns are unfolding just as a series
of snapshots reveals how an action series unfolds.

To use one or a series of structural matrices to gain access to the
information about interrelated dyads, an investigator must perform certain
matrix algebr: operations. For purposes of illustration, imagine a iiddle
Bast interaction matrix wvhose cells contain information about the cuantity
of interaction among Hiddle East countries for a certain period of time.
Sinply by setting a significence threshold and intersecting the matrix with
its transpose, the analyst finds all of the dyads vhose interaction was
above the threshold for a particular time period. A series of these
operations performed before, during, and after a known crisis period,
such as the June War, would reveal the shifts in dyadic interaction pat--

5

terns that occurred during the crisis period.” I n analyst monitoring the
steady urfolding of international relations and comparing present patterns
with those of the past on the basis of quantitative shifts alone would gain
a broad view of the direction in which dyadic interaction patterns were
moving. He could tell if certain pre -crisis shifts were repeating then-
selves, and thereby be forewarned of a pending crisis.6 0f course such

a technigue could be automated and is, in fact incorporated in the VWEIS
processor to draw attention to interaction shifts according to an analyst-
specified algorithm. There is no need to have anyone pore over daily
listings of structural matrices.

Given a limited shift in relations among nations, the natural question
arises concerning coacomitant shifts among nations not imvolved in the ori -
ginol shift. The standard monitoring procedure has a z -scored volume indi--
cator that measures vari tions in nations behavioral intake and output.

It is safe to assume that some international relations axre responsive to
shiits in other internationsl reletions, and the question becomes which

relations are interrelated and to what degree. Combining =z-scores with
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a series of structural matrices, an analyst can nmonitor shifts in relatioms
and follov them as they play out throvgh the system, Projecting the degree

to waich present interaction variations are felt throughout the entire sys-

= tem can be done by invoking an algorithm that raises a structural matrix to
23 ceirtain exponential pouwcrs that are cerived from past performance and depen- :

dent uron the degrec of thé original interaction shift.

%
The tuo techniques that have been described are but a sample of the :
simpler techniques that graph thoory provides for easily maneging informa-
tion gbout an entire netvork of inicrnational ralations. Other, nore
sophisticated theorctical noticns and monitering techniques nay be deve g
Jop2d as the following discussion will illustrate.

The monitoring that is . most €z2sily conceptualized is the geuging of
actions emitied or received by a &Single naticn. Indeesd, the single couatry
perspective is oxze basis of the VELIS prccessor. However, the reader pro--

bably Al agree that another perspective exists, namely, tnat where the

principal unit of analysis is not single netions, but pairs of nations.
Frequently, analysts move to this level intuitively vhen they state such
things as "Indian Pakistani relations are deteriorating' or ''Bast German
and Vest German relations are improving.’ Combined relations can be broken
~Gownt into their single-nation componeants, but it is also true that by

vatching dyads a great deal. about inteinational rzlations can be learned.
Studies of the well-knowa axms race/conflict spirsls are a case in point.

Aros race/conflict spirals, or Richardson processes as they are called

ar®z» the man who Tirst dessribed them, are dependeat on the mutual respon-
siveness of at least tw> naticens. The amalysis provlem is connecting
seeningly disperate intake cuiput infermation gbout a large number of single
2 nations in matvally resp-nding peirs and then nmonitoring their linked inter-
= action as cingle units of analysis. Grarh theory handles this problen
easily. It contains technigues hased mainly on simple intersection matri-
ces for converting the standard WEIS indicators to a dyadic perspective,

Honitoring dyaéds in this fashion should detect carly shifts in dyadic

i

3 behavicr vhich may lead to more dramatic shifts in the future. Ilo doubt

M O

this type of monitoring goes on regularly in some fashion vhere key dyads

are involved, :s in Russian--United States relations or Russian-Chinese
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relations, but with graph theory techniques it can go on regularly and

economically with every dyad in the international system being monitored
to provide advance notice of when, say, Horoccan-iilgerian or Chilean--
Argentinian relations begin deviating from their established patterns.
Such advance notice might come before a dramatic shift occurred and would
lead to at least one action: a closer analysis of the situation to deter-
mine what direction it might take.

Hoving from a dyadic perspective to a triadic perspective greatly
increases the complexity of monitoring relations auong nations, but, as
in moving from single countries to dyads, graph theory can accommodate the
shift. Before discussing some of the advantages of triadic analyses and
some of the questions that such a perspective can ansver, we shall explain
why the triadic perspective is the maximum level of complexity to which
monitoring which uses graph theory to analyze the re.ations among single
nations should aspire.

The reason for choosing triads as the maxinum unit of anelysis within
g ¥

‘a graph theoretical context lies in the nature of modern international

interaction. Yhile all nations do not have contiguous boundzries, due

to twentieth centwry conditions, 21l nations can interact in one- step
flows. Transport and communication technologies put virtuzlly all nations
in direct contact. For the analysis of international relations this means
that, save for a few cases, it is necessary orly to observe what nations
do directly to one another in order to determine the state of their rela--
tionship. Granted, one nation sometimes does something to another nation
through a third party. Two good exanples are the United States using
Swiss offices in Havana and Spanish offices in Cairo. But it is diffi-
cult to imagine the United States reaching Egypt by first going through
the Swiss and then the Spanish governments in a single line, ZEvean when
such cases occurred in the international system, they would be interesting
only for their uniqueness. Further, any multi-step relational chain falling
under the principle of transitivity ultinmately could be reduced to a one-
step chain where its beginning and ending were the only points emphasized.
Yith one-step interaction linkages between nations, any nation can reach

each nation in any dyad in only one move, so that a model of interacting
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antivne A sphove of action mighat bz the Hiddle Fast wherz the United

States, Egypt, and Isrecl are all highly involved with each cther. In such
z. spntre of action i% zuuld not cer: o matter if =211 sides of z=n inter-
actien triangle rofiected a high degree of involvemeat for s~ long as two
zides reflect this iavelvement, the conclusion scens to be that the third

s7de will be affected by fluctuvations in the activity of the other two sides.
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By invoking this principle in « policy-relevant sitvation such as that
wnere the United States vas highly involved in the affairs of Pakistan

and India through arns and aid shipments and where Pakistan and Indian
relations flared into a brief war, onz might be led to conclude that if

the United States had been forewarned of the incipient military encounter
through the monitoring of the Pakistan-India dyad action flow, the United
States could have avoided getting caught in the cross--fire by temporarily
reducing its involvenent in the triad., This is speculative, of course, but
the possibility suggests how the concept might be employed in anticipatory
planning.

Znother variabvle affecting the extent to which triadic relations are
interdependent is the substantive issue over which interaction is occurriag.
In cases where merbers of triads are all highly involved with each other,
discriminating among issues would appear not to matter. However, vhen the
level of involvenent among all three nations of a triad is not particularly
high as neasured by the quantity of interaction, or when their involvenment
spans nore than one sphere of action, thinking in terms of triadic inter-
action over specific issues zppears to be useful. i case in point might
be the triadic relations ~~-vg the United States, South ifrica, and the
Congo where, so long as .. steraction issue is not apartheid, it would
seen that the relations amo..z the three countries would not be inter -
reiated,

In choosing a triad as a unit of analysis, then, the anzlyst must
decide on the basis of some criterion that it makes sense to view this or
that triad either alome or in a network of interrelated triads. Two medi-
ating variables for doing this have been suggested; they are important to
keep in nind., As the YWEIS processor has evolved to its present form, only
the variable dealing with amount of interaction can be operationalized and
this is primarily for demonstration purposes. Even so, with the present
capabilities of the YEIS processor, omne can learn a great deal about inter-
action in a triad when the gquantity of interaction is iransformed to indi-
cator data, and then to data that in some way reveals the quality of inter-
action that exists among nations.

Thus far in this paper the argumen: has been (1) that international

relations are complex and interrelated, and (2) that graph theory is a




vehicle for monitoring efficiently the entire 'network of international
relations. Graph theory provides the conceptual ordering and the algo-
rithns needed to bring the computer into the analysis. If it has not
becone apparent already, the point should be made now that graph theory
is a general tool that is user--dependent for the direction of its opera-
tionalization. That is to say, graph theory does not automatically moni-
tor the z--scores of pairs of nations, but graph theory is a tool for
finding linked pairs of z-scores and then combining them into a single
indicator of dyadic relations, if tnat is the analyst's desire. The

case is the same with other monitoring outputs: HRELs, tinme series ana-
lysis, and exponentizl smoothing functions; the analyst must decide that
he wishes to apply these indicatorrs and predictors to linked dyads and/or
triads. ‘hen a decision has been made to proceed in this or that fashion
within a graph theoretical context, the steps of operationalization are

fairly easy.

iis work with graph theory and its special applications to invernational

relations has proceeded, one thing has become apparent: graph theory can
be used to operationalize intuitively compelling notions that get at the
heart of what many international relations analysts have been attempting
to do, One exanple is the notion of structural balance. It hinges on

the idea that nations maintain what may be thought of as positive and nega-

tive relations among themselves.7 Its operationalization results directly
fron using graph theory to monitor international relations.

inalysts and decision-nalters are continually acting on the basis of
whether or not relations between nations are positive in the sense that
they are Y'good," “friendly," or “cooperative," or negative in the sense
that they are “bad," "hostile," or “uncooperative." Charting the struc-
ture of internmational relations conceived in a positive-negative dinen-
sion has proven elusive, and has alwzys been a problen for foreign policy
analysis. o doubt, during the "Cold Var era" the matter of sorting out
positive-negative relations was less problematical than it is now, since
Anerican-Soviet polarization tended to pull most states into one canp or
the other. UYith the increase in the nunber of new anations and with the
rise of a "Third lUorld," a breakdown in bloc solidarity and a diffusion
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of pover and conflict throughout the international system, a nodel of
international relations that is based solely on the positive and nega
tive relations of Bast and West is no longer appropriate. Observers and
analysts of foreign policies now nust be aware of and react to subtle
changes in the cuality of relations which, while they nmay be sonewhat
related to an East lest system, more often are becoming unrelated to
such a systen, The United States- by no means unigue-- must continually
dexl as an uawilliag third party with shifting relations over which it
has no direct control yet with which it is involved. The list of such
relations is long and includes India--Pakistan relations, Russian-Chinese
relations, Greek Turkish relations, Israeli #rab relations, Egyptian
Saudi relations, Iran Iraqi relations, and so on.

Regarding alliance structures or positive and negative relatioas, it
might be said that nations are structure bound in terms of whom they
interact with and how. .in example from the history of international
relations illustrates the point. Given hostile relations between Egypt
and Israel, it is difficult to imagine how, so long as the United States
continues to supply arms to Israel, there can be positive relations
betueen Egypt and the United States. Should the U.S. decide to estab-
lish better relations with the Egyptians, good relatioas with Israel
might have to be sacrificed, at least, for as long as Egypt and Israel
renain hostile toward each other. Here the perspective is triadic ratzer
than dyadic. :&dd the Soviet Union to the systen, and it can be argued

that four triads have been created as the following diagran illustrates:
Us.. u ISR
UiR USR

Plug nore countries into the system and the number of additional triads
that are created grows geonmetrically until it becones inpossible to

N R S B




login(uscu010,rkia0baf) ]
PASSYORD: MBRERH
GOOD AFTER#MOGi.; USERG3; THHE 15:58:14 8/04/71;
load(i!OVAL,KIBG1)
Aeq
YOU {iAY BEC!H BY TYPIHG i THE DIIE!'SION OF YOUR DIATRIX
Diia
2
TYPE ti! THE A(S) IATRIX
AS(1,1)
01016
10111 !
AS(3,1)
11011 E
AS(4,1)
11001 1
AS(5,1) 3
111180 :
{0k, TYPE lii COUITRIES 1{!VOLVED ALLOVING 3 SPACES FOR EACH
USAISRJORUARPLO
‘ROLL TO #Ei! PAGE AiD EIT RETURE ?
vdedekdk . ‘;
(this is & sample of the output)
UilSIGHED CYCLES
1SR ====) US/A ====) UAR
ISR s===) JOR ====) USA
PLO ====) USA s===) UAR i
Ui'SIGHED SEiil-CYCLES
SEilCER SEiDER | SEIDEN RECEIVER | RECEIVER RECEIVER %
USi, 1 UAR | ISF
ISE | JOR l USA
s | UAR | USA H
ISR | PLO | USA
Josout
THIE 16:05:23; THE USED: CPU 00:00:30; TERI: $0:07:¢9; L
FIGURE 2: EXECUTION OF NOVAL ON AN IBM TERMINAL é




kkeep them in mind or even Lo recognize then without the aid of a computer
and appropriate algorithis.

The point reguires emziazsis that systomatically operationalizing a

niernational relations aids immensely

%3

triadic approach to the ancolysis of
th2 study of country relationships when a device such as the WEIS pro-
cessor 1s in operation. Before acting or reacting to developments in the
international systom one nceds always to ask what reactions are third
partics likely to have to this or thnat plen or policy. Vhen monitoring
relations bebuzon any o nations one needs to know how third parties are
likely o becore involved. Ucvolly the arszuer hinges first on the extent
to vaich the third party is Znvolved in the t»iad and, sccond, on the
valence of the third party's rclation vith each of the other members of
the trizd. Therefore, vhat an ana’yst needs is a procedure that (1) will
ossign valences to relevant relations, and (2) will analyze a structural
riatrix with valenced catries for the underlying triadic stri..cures it con-
teins. Also needed are procedurcs to dstermine the ways in vhich triads
ere linked so that the sirezses and strains that develop among interrela~
ted triads may be gouged. The snalyst requires an enticipatory strategy
to know vhich relations are likely to change or wvhich new ones are likely

to be created. To meet theose requirements is no easy task, but the job

needs to be done if international relaticus analyses are to break out of
their typically dyadic perspective and rove to a higher level of analy-
tical sophistication.

A reliable intoraction valencer thal detects subtle shifts in rela-
tions along their friendly end unfriendly dimensions has been incorpora-
ted in the VWEIS processor &3 a sub-routine, SCALCR. Thus, it is a simple
‘ ratter for the anslyst %o assign velences to the international relations
- that ave of interest to kln.a

Inalyzing a séructural mairix for the uaderlying triadic structures
tart it contalns is also an casy matter. Ve bave developed four pro-
grams that perform this function: KOVAL, DATA, CYCLES, and SEMICYCLES.9
At present they are stored in the Cecavercational Prograrming System
Library at the University Cemzuting Center, which means that they may
be invoked by an analyst's ccrxiand from his office if he is equipped

vith a telephone end an IBM 2741 typewriter terminal or its equivalent.




Each of the four programs performs special functions that are con-
sistent with the principles presently being discussed and the algorithms
to be presented later in this paper. Tor instance, NOVAL analyzes a
structural matrix and finds all of the triadic structures it contains
without regard for valenced relations. This ability of NOVAL to disre-
gard valences is useful if the analyst wishes to monitor mutual respon-
siveness in triadic structures when z-scores, HzILs, or quantitative
shifts in intake/output flows arc being considered. DATA is an inter-
mediary program that renders structural matrices containing information
about valenced relations operational for interpretation by CYCLES and
SEMICYCLES. Thus, DATA performs an analytic function and stores informa-~
tion in machine-readable data files, vhile CYCLES and SEMICYCLES access
those files and present their ..ontent to the analyst.

The four programs embody a complex set of algorithms which provide
the analyst with numerous capabilities from data storage, to descrip-
tion, to hypothesis testing, to monitoring and prediction. The internal
complexity of the programs is of no real interest to the analyst because
when he uses them he 'interacts™ with the computer through an IBM termi-
nal. TFor illustration purposes, we have shown how NOVAL is executed on
an IBM terminal. This should serve two functions: (1) it should demon-
strate the ease with which the programs may be used, and (2) it should
demonstrate the additional computer terminal function that may be used in

automated foreign affairs analysis.

TEE NOTION OF STRUCTURAL BALANCE

Vhat follows is a fairly detailed explanation of the structural
balance notion and the algorithms that led to the development of the four
programs. After that a demonstration on data from the WEIS collection is
provided of how graph theory and the notion of structural balance can be
used to analyze a situation and gain insight as to its pending future.lo

The basic concept of structural balance maintains that for the rela-
tions among three actors to be balanced, they must all he positive or two
of them must be negative and the third positive. This principle is

reflected in the Middle East vroverb that says: 'The friend of my friend
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is my friend; the friend of my enemy is my enemy; the enemy of uy enemy
is my friend; and the enewy of my friend is my enemy." This statement
can be demonstrated graphically. The two triads shown in Figure 3 are
balanced, the firs¢ with all positive relations anl the second with two

negative relations acnd one positive relation:

\

1 Vl
..\V3 V2 A.F V3

o

FIGURE 3: BALANCED TRIADIC CONFIGURATIONS

According to the notion of structural balance any other triadic con-
figuration of positive and negative relations is unbalanced. There are
two unbalanced triadic configurations: the first with two positive rela-
tions and one negative relation, and ihe second wvith three negative rela-

tions. They, too, can be depicted graphically:

v

v v

FIGURE 4: UNBALANCED TRIADIC CONFIGURATIONS




Given a set of unbalanced relations, the presumed tendency is for
those relations to become balanced. That is, in unbalanced triads, a
strain towards balance is expected to exist. Several international
relations situations where triadic relations arc unbalanced easily come
to mind. For example, it appears that the relations among Jordan, Israel,

and the United States are unbalanced as the following graph illustrates.

ISR USA

Similarly, the relations among Jordan, Russia and Israel are considered
to be unbalanced.

JOR

ISR = USR

In each of these triads, a strain towards balance should be anticipated.
In the first triad, a shift to the negative in Jorcan-U.S. relations could
occur with the triad becoming balanced and with Jordan invoking the prin-
ciple, Y, . .the friencd of my enemy is my enemy." Then the new balanced

triad would appear as:

JOR

ISR Usa

b b ol




In the second triad a shift to theé positive could occur with Jordan

invoking the principle, ". . .the enemy of my enemy is my friend."

The new balanced iriad would appear as:

JOR

ISR USR

If we now generalize the possibilities for a set of three nations,
g

the fact is established that their relations can assume eight balanced .

and unbalanced configurations as shown ia Figure 5. In studying these
possible configurations, one should note the simil.rity between types LN
et HEH . and Vg and the tuo balanced triads descriped on oage 13. Type

Mal is balanced with all positive relations and tyves "e', “i" and 'igh" are

A a. (balanced) A e. (balanced)

A‘ b. (unbalanced) { t; f. (balanced)
+

A’ c. (unbalanced) / § g. (balanced)

d. (unbalanced) -f 5_ h. (unbalanced

FIGURE 5: BALANCED AND UNBALANCED TRIADIC CONFIGURATIONS




balanced with two negative relations znd one positive relation. In vara-
1llel, one should note the similarity between types 'b¥, 'eft, %d%, and "h"
ané the two unbalanced triads described on page 13. Tywe ‘h"' is unbalanced
with all negative relations, and types "b", “ic', and "@" are unbalanced
with two positive relations and onc negative relation.

The reason for categorizing onz type of configuration for triads with
either all negative relations or ali positive relations ané three {yves
of configurations for triads with mixed positive and negative relations is
understood easily when it is realized that rvotating a triad with relations
of the same velence by 120° within the boundaries of a three-sided group
will not change the valence of the relatioﬁs among the members of the group.
To explain this further, if three actors are connected by all positive rela~
tions, regardéless of how the structure of their relations is rotated, they
will always be connected by positive relations. On the other hand, rota-
ting an interaction structure containing positive and negative relations
will change the valence of the actors’ relations with cach rotation. The

vprinciple is illustrated in Figure 6.

-

V.
A
£
/ Tl
v, Vs v

2

FIGURE 6: MINED-VALENCE INTERACTION STRUCTURE
BEFORE AND AFTER ROTATION
In the example above, the interaction structure remains unchanged
from Tl to T2 and is balanced with two negative relations and one posi-
tive relation. However, the relations among the actors have changed

from Tl to TZ; the V2V3 relation changed from positive to negative, and

the V1V3 relation changed from negative to positive. In triads with
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both positive and negative relations it makes a big difference Tow the
actors are positioned around the interaction structure, while in triads
with homogeneous relations it does not. Thus, the expansion of a four-
category system to an eight-category system for describing valenced rela-
tions among a generalized set of points is justified.

In graph theory there may be a concern for the direction of rela-

tions, so that Tl above may be redrawn to indicate that the various actors
vwere directing negativeness or positiveness to their partners in the

triad. v
/

vzlé - SV,
FIGURE 7: Y“SEMICYCLE" TRIADIC DIRECTIONAL RELATIONSHIP
§ As Tl has been redravm, Vl directs relations to V2 and V3, and VZ directs
! a relation to V3. In the jargon of graph theory, this configuration
describes a ''semicycle' since three lines connect all three members of
the triad. A characteristic of semicycles is that by starting at any
i apex in the triad and following the direction of the lines one may not
‘ return to his original starting point without passing over one of the
lines twice. That is, one may not get all the way around the triad by
following the direction of the relations.

Compare the redrawm Tl with T2 as it is shown below in Figure 8:

V.

!
o
]

FIGURE 8: "CYCLE" TRIADIC DIRECTIONAL RELATIONSHIP

In T2 each member of the triad directs a relation to one other member of

the triad so that V1 directs a relation to VZ’ V2 directs a relation to

V3, and VB‘directs a relation to Vl. This configuration describes a

"eycle." As in the semicycle of Tl, all three members of the itriad in
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T2 are connected by a line. The difference between Tl and T2 is that by
tracing the direction of the relations, one can work zround the triad and
return to the original position. In Tl this could not be done.

The eight basic triadic valence structures were developed without
regard for the direction of relutions (see Figure 5). TFocusing only on
the direction of relations reveals eight triadic directional structures.
Two of the structures are cycles and six are semicycles. These eight
directional structures fall into pairs, so that the two cycles go toge-~

ther as one pair and the remaining semicycles fall into three pairs.

These triadic directional structures are presented in Figure 9.
Vhereas the tri~dic valence structures reflect the valence of rela-

it o S 04

tions that a single actor maintains vith each of twc other actors and
the valence of relations they maintain with themselves, the triadic

directionel structures reflect the direction of relations a single actor

maintains with each of two other actors and the direction of relations

they maintain with themselves.

The directionzl triads are classified further into four pairs. The
first pair relates to cycles. Of that first pair, the first cycle, IA,
"starts' with Vl and passes through V2 and V3 in that order, while the
second cycle, IB, ‘'starts! with Vl and passes through V3 and V2 in that

order. The only difference in the two cycles is the "direction® in vhich

they run.
There is a similar difference in the remeining pairs of semicycles,

but in order to understand it one needs the help of the concepts of

"reachability' and “path." If, in a digraph (= graph theory drawving

such as we have been showing), there is a single line from one point to
another, then the second point is reachable from the first along a vath
of "length one." Likewise, if, in a digraph, a second point is reachable
from a first point, and a third point is rcachable from the second point,
then the third point is reachavle from the first point along a path of
Ylength two." Pictorially, a "lengtk" is a line between two poinis.

With these concepts in hand, the differences in the three remaining pairs

=

i

of triadic directional structures that are not cycles can be clarified.

==

In the first remaining pair, IIA and IIB, it will be scen that there

w"' i G

] § is a path of iength two "'starting" from V1 in each case, with the dif-
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FIGURE 9:  TRIADIC DIRECTIONAL STRUCTURES




ferénce between the two cases being (1) at which actor the two-path 'ter-
minates," and (2) through which actor it "passes." As a consequence of
the different routes taken by the raspective fwo-paths in ITA a=nd IIB,
the one-path required to close the semicycle "starts'' from Vl and "ter-
minates' at different points in IIA and IIB respectively.

Understanding the dirferences between the triadic directional struc-
tures ITA and IIB should enable one tov understand the differences between
IITA and IITB, and IVA and IVB. In ITIA and IIIB, Vl is on the ‘‘termina-
ting ends" of a two-path and a one~path which start from different actors
in each case. In IVA and IVB, Vl is the "mid-point" along z two-path
which Ystarts" from different points and goes in opposite 'directions®
in eacn case. The dircections of the one-paths in IVA and IVB, as well as
in IIIA and IIIB, and ITA and IIB, are dictated by the requirement that
these triadic directional structures not be cycles.

Thus, eight different triadic valence structures, and eight different
triadic directional structures have been presented. It should be obvious
that each of the valence structures can assume any of the directional con~
figurations, or, from the opposite perspective, cach of the directional
structures can assume any of the valence configurations. This gives a
total of sixty-four balanced and unbelanced triadic structural possi-
bilities among groups of three entities vhere directed relations are
considered. The sixty-four possibilities are symbolized by the terms
in parentheses accompaiying each of the triadic directional structures
in Figure 9.11

Having now developed a taxonomy of balanced and unbalanced triads,
it needs to be showm how the triadic types may be found in a graph theo-
retical matriz of the type descrived on page 3. The proper term for such
a matrix is an “adjacency matrixz.' Note that an adjacency mairix of
international relations reveals whether one nation is adjacent to ano-

ther nation in the sense that the first directs a relation to the

second.

Thus far we have relied on gravhic presentations to depict the rela-
tions among interacting entities. It nceds to be demonsirated how the

same information can also be contained in an adjacency matrix and, thus,
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be rendered machine readable as the discussion on page % indicated.
Figure 10 illustrates this point. In Figure 10 a granh, G, has been
shown which depicts a set of relations among four cnt’tic:; the adja-
cency matrix, [Aj, that corresponds with G has also been presented.
In G it can ve seen that V1 directs relations to V4, V3, and V2'
Likewise, each of the other entities in the grapi directs relations to

at least one other member of the group. From a different perspective it
can be seen that each member of the group "receives' at least one relation
from other members of the group as in the case of Vh vhich receives rela-

tions from V, and V..

1 3

i

L

i

i

FIGURE 10: DIGRAPH G AND HATRIX {A}

The adjacency matrix E&} contzins the same informatior as G. It
can be seen that there is a rov and 2 column in {i} for each entity in
G, ahd that the row and column designations arc paralled in the sense
that Row 1 and Column 1 stand for entity Vl of G, Row 2 and Column 2
stand for entity V# of G, and so on. Row entries in adjacency matrices
reflect the existence of relations so that where a '1' appears in an
ij cell it signifies that the entity designated as the i-th row directs
a relation to the entity designated as the j-th column. Reading across
the entries in Row V, it can be seen that V, directs relations to Vs

1
V3, and V2 and, looking back to G, it can be seen that these entries

reflect the lines V Vu, v VB, anéd V.V, in G. there the rows of {A]

1 1 12
reflect the output of the members of G, the columns of [A]reflect the




intake of members of G so that in Column Vk there are entries at Row Vl
ané Row VB' That Vh receives relations from Vl and V3 can be verified
visually by examining &. The aprearance of O's in [A] reflects the fact
that no relation is present in G betueen the entities that corresponé to
the apprcpriate rows and colums of Al. The total number of entries in
4] equals the total number of relations depicted in G.

The idea of an adjacency matrix can be expanded to incorvorate posi-
tive ond negative relations in specialiized adjacency matrices so that an

Fad

analyst mey create an adjacency metrix tha® reflects the existence of

-~

positive relations oaly, A(P), or one that reflects the existence of nega-
tive relations oniy. A(H). In 2ddition, a third matrix, A(S), vnich
reflects the existence of both vositive and negative relations, mey be
cireated. Thus, three svecialized adjecency matrices are available.
Before proceeding further, let us give some atten*ion to some other
notions from graph theory that nced to be incorporated. YWhen an adja-
cency matrix is squared (i.e., multiplied by itself), the off-3iagonal
entries reveal how many paths of length two exist from the i~th row to
the j-th column. That is, in a squared adjacency matrix where the i-th
rov intersects the j-th column, that entry reveals how many paths of
length two run from i to j and pass through another actor in the matrix.
So in A(P)2 if A(P)? 5° 3 there ars three paths of length two composed
of positive relations running from i to j and passing through three other
actgrs in the matrix. & similar case is A(N)zij = 3, except the ij entry
indicates the existence of three paths of length two that have iwo nega-

tive relations along vhich i can reach j.

i
Yhen an adjacency matrix is squared,; there is no need o think of a

multiplier and a multiplicand so long 25 consistency is maintained through-
out the multiplication operation. The opposite is true when two different
matrices are multiplied. Heres one must give regerd to uhich matrix; is the
multiplier and vhich is the multiplicand so that in the present context,
P) x AGDY # A x A(P)]. This fact cen be applied usefully in the
analyses of velenced structural matrices where if [A(P) = AGD] 5= 3

it is known that there are three pzths of length two from i to j in

vhich the first relation is nositive and the second 1s hegative. Also,




es in metrices vhere [A(H) x A(P))

B

the fact app = 3. It is knowm that

h

n wnich the first rela-
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there are threze p of Zength two from i o j

)

- - -

tion is negative apd the second is positive.

B

Cne more peint aboul adjacency mairices .eeds to be emphasized. Om
page 3 the point uas made thzi in an adjacency mairix the row entries
represent an actor's outpul and the column entries an actor’s intake.
Thus by reading acress rows ii may de determined to whom an actor is
adjacent; and rcading dowm colwmns it may be determined from wvhon an
actor is adjacent.

Y¥ith the torcnomy and the graph theoretical tools that have been
presented; the equipnent is now roady for deriving the algorithms for
finding balanced and unbalanced triads in 2 matrix composed of positive
and negative relaticus. The complete set of algorithms totals thiriry-
two. Rathes thow presenting theom 211, we find it easier o present each
of four generz) zslgorithms irom wnich the thirty-two stem. Zach of the
four algoritams is a generaiizztion about sach of the four amajor direc-
tional types developed eorlior and, as thoy are vresented, an exomple of
how they mar be c-iended 2 find one of the thirty-two baianced or
unbalanced triadic struciures will adso be included. If the reader has
‘beenr: following the discussion and understonds the logic of the zigo-
rithus, he coam develop ol the nacessary equations angd adapt them to his
own specific nceds.

It might help the rezd@cr to know that these algorithms reveal in
an adjacency matrix: (1) if any, and wnich of, the sixiy-four specific
iriadic iypes exist in the matrix; ané (2) which actors cozprise those
triads. Obviously, tThe capacity to zrovide totals, eifc. is not built
into the eguations, dut tiaese capacities can be constructed into a
computer progrem designed o monitor triads using the stractural balance

principle.

FINDIRG TYPE I TRIADS
If a point, V., can reach another point, V., along 2 poitk of length
1 X 3 oo
2, and if Vl is acjacent from ¥3, then —l d V. are in a Type I cycle.
Furthermore, undcr the sbove condition, any point, VZ’ to vhick V| is

¢
)
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adjacent and from which V3 is adjacent, is in a Type I cycle containing

‘Jl-, Va, and Vse

Type Ia: A(®)Zna(P)

€ [A(P)2 NA(P) g # 00 AR NAIR)Y,

(Note: Ai(P).. should be read, "Reachable
positive subsdt from i," and Aj(P)'. . should
be read, "Positive subset from whichvj is
reachable.")

FINDING TYPE II TRIADS

If a point, V.|s can reach another point, VB’ along a path of length

2, and if V1 is also adjacent to V3, then Vl

semicycle. Furthermore, under the above condition, any point, V2, to

ond V3 are in a Type II

which Vl is adjacent and from which V3 is adjacent, is in a Type II

semicycle containing V1$ V,, and V3°

2'1

Type IIg: [A(N) x A(P) n ACN)

€ {[A(N) % A(P)] I\A(N);/ij # 0, Al(N)ijnAg(P) 13

FINDING TYPE III TRIADS

If a point, Vl is reachable from another point, VZ’ along a path
of length 2, and if V2 1 then Vl and V2 are in a
Type IIT semicycle. TFurthermore, under thie above condition, any point,
V3’ to which V2
Type III semicycle containing V

is also adjacent to V

is adjacent and from which Vl is adjacent, is in a

V., and V.

12 3

Type IIIc: [A(P) x A(N)]tn A(P)!

Q‘{[A(P) x A(ID] 'nAP)! i3 £ 0, Ai(N)‘ijn Aj(P)ij




FINDING TYPE IV TRIADS

If a point, Vl’ is adjacent from another point, VZ’ and if Vl and

V2 are both adjacent to a third point, V3, then Vl’ V2’ and V3 are in a

Type IV semicycle.
Type IVh: A(N)

GA(N)‘ij £ 0, A:‘.(N)ijn Aj(N)ij

These algorithms have been computer programmed to 1ift the burden
of performing tedious matrix algebra operations from the analyst. Before
presenting some output from the programs, we should consider one feature
of the eight triadic directional types. For some of the computer opera-
tions the eight directional types have been reduced to two directional
types: “Cycles" and ‘'semicycles.” The reader will recall that Type I
triads are cycles, and Type II, III, and IV triads are semicycles. lYhen
presented diagromatically, two major Type I cycles, Type IA and Type IB,
emerge. The distinguishing feature of these two cycles is, in the first
case, the direction of the relations "runs® clockwise while, in the
second case, the direction of the relations “‘runs’’ counter~clockuwise  Struc-
tural matrices do not make this distinction as the following cyclical

triads and their accompanying structural matrices illustrate.

V2 Vl V2 V5
v, o 1 o©
V2 0 0 1
[t Ny -
vy % 3 V; 1.0 90
vy Vi Y Vs
T
v, o 1 0
v, 0 0 1
v Ny V; 10 0

1 2
FIGURE 11: TYPE I CYCLES AND THEIR STRUCTURAL MATRICES
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In the first triad the direction of the relations is clockwise, and in
the second triad the direction of the relations is counter-clockwise.
Note, however, that the accompanying structural matrices are identical,
which indicates that, for diagrammatical purposes, it makes little
ditference how triads are drawn so long as the from-to sequencing of
nations is accurate.

In triadic cycles it is to be observed that each actor ‘'receives!
one relation and ''sends' one relation. This is not so in triadic semi-
cycles vhere one actor sends two relations, one actor both sends a rela-
tion and receives a relation, and one actor receives two relations.

In terms of semicycles, generclly, one need not be concerned with the
specific types because in finding any semicycle its ''sender-sender"
actor, its "sender-receiver' actor, and its "'receiver-receiver' actor
will always be found. This is a useful generalization that can be made
about triadic semicycles.

Of course, it does make a difference to think of the particular
triadic types--whether cycles or semicycles~-when the relations of a parti-
cular actor are being analyzed, or when the relations of a particular group
of three actors are beivg analyzed. Obviously, it mekes a difference in
the role an actor plays in a particular semicycle whether that actor only
sends relations, only receives reliations, or both sends and receives
relations. Similarly, it malkes a difference wvhether an actor in any
triad is adjacent to/from all positive relations, all negative relations,
or both positive and negative relations.

For some purposes the cnalyst may want to explore a structural matrix
for all of the taxonomic types, while for other purposes an abbreviated
taxonomy moy suffice. This principle has been incorporated in the inven-
tory of computer programs we have developed. Some of the programs serve

general needs, and others serve more specific needs.

AN INTERIM SUMMARY
To this point, the major theme of this paper has been that the
relationship data in internationel event flows are just too complex and

too interrelated to he handled efficiently except by thoroughgoing com-
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puterization. Graph theory is the vehicle for such applications. It is
to be argued, of course, that graph theoreticcl techniques will not pro-
duce the soame results as those provided by the expertise and the insights
that come seasoned foreig: policy experis have in some areas. The point
is wvillingly grantod. It is also to be argued, however, that in no way
will any single foreign policy expert--or group of experts--ever be able
to handle as meny variables and their thousands of inturrelationships

as efficiently or as rapidly as graph theory operating in a standard
monitoring procecCure. Furtner, as stated ecarlier, greph theory is user-
controlled for both the date it processes and for the vay the techniques
are chosen and applied.

Graph theory is a useful fool vwhen incorporated in a system like the
WEIS processor; it adds to the systematic znd routine analysis of inter-
rational relations and brings some sophistication and efficiency to the
study of relationships tha® are imbedded in the data of international
event flows.

In this paper, general means have been suggested through which graph
theory can be usefully exploited in international studies. Possibly, the
most useful of these is the notion of structural balance, central to which
are the algorithms that are required to analyze a structural matrix for
its triadic configurations. These algorithms are interesting. Moany peo~
ple have tried to provide the mathemetical means for operationalizing the
intuitively pleosing notion of structural balance. To our knowledge, no
previous investigation has proluced the algorithms presented@ here and the

analytic breckthrough which they have Facilitated.

A PILOT DEMOHSTRATION

To deizonstrate how the notion of structural balance can be used to
analyze internaiional. relations we have chosern the situation that developed
between the Palestinian guerrillas (PLO) and the Jordanian govermment (JOR)

during Sevtember, 1970. In order to set the scene, we will revieu some of

the major events That occurred just before and during that veriod.
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June 12 JOR and PLO reached an uneasy peace agree='
meit. . .periodic skirmishes between JOR and
PLO continued.

August 7 UAR and ISR agree to z ceasefire along the
Suez Canal.

August 12 News of UAR ceasefire violations aoppears in

August 26

the New York Times.

JOR police and PLO guerrillas exchange fire
in Amman.

Septemover 6 PLO hijacks Pan Am jet to Cairo, and THA and
Swissair jets to Jordan.
ISR withdraws from Middle Bast peace talks.
September 7 PLO blows up Pan Am jet in Cairo.
Fighting vetween PLO and JOR escalates.
September 9 PLO hijacks BOAC jet to Jordan.
September 11 PLO begins releasing jet passengers.
September 12 PLO blows up jets.
September 18 Hasser appeals to PLO and JOR to stop
fighting.
September 20 SYR ground forces invade JOR.
September Nasser works out ceasefire agreement between
25-27 PLO and JOR.
September 28 Nasser dies.
Sentember 30 PLO withdraws from Amman.

Now the question becomes: how might the WZIIS processor and the
notion of structural balance have been employed to anticipate th.:. situ-
ation, and to increase understanding of it? If the WEIS processor had
been routinely monitoring nations' output and intake of event flows
during 1970, quantitative shifts in PLO's total output and intake would
have been detected during the month of August. These shifts went way

beyond the mean deviation in the output and intake that PLO had been
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experiencing for the previous seven months. This fact is illustrated by
Figure 12, vhich charts PLO output and intake for 1970. The sh'’.s
occurred against the background of the Suez Canal ceasefire and its sub-
sequent ‘'violatiosn' by the Bgyptians, and these shifis might easily have
been overlooked by foreign affairs analysts who were preoccupied with

Israeli-Bgyptian actions. However, the WEIS z-score monitor would hove
prevented this from hoppening by autcmatically drawing attention to the

deviation in PLO's bhehavior.

By focusing attention on the PLO, we proceed to the closer look at

PIO relations. This entails scveral routine steps. The first step is
to create a valenced adjacency matrix for the month of August that
includes PLO ard all of the countries in the Middle EBast action sphere

that either were the targets of PLO action or themselves directed action

to PLO. This matrix can be seen in Table 1.

Ushi TRQ ISR JOR L¥B SYR UAR IBY PLO

Ush O 1 1 1
IRQ 0 1 1 1 1
ISR 1 0 -1 -1 -1 -1
JR -1 -1 -1 0 1 -1
LEB -1 0 1 -1
SYR 1 0 1 1
UAR -1 -1 -1 1 1 -l 0 1 1
1BY L 1 1 0 1
PLO -3 I F: R, | 1 1 1 0

TABLE 1: MIDDLE BAST ADJACENCY MATRIX FOR AUGUST, 1970

It will be recalled from previous discussions that this matrix

contains underlying triads, some of which are balanced, and some of which
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are unbalanced but, presumably, have a tendency to become balanced. The
analyst needs to know which of the triads in this matrix are the salient
ones, and are, thus, most subject to the conditions of structural balance.
He will note that by the end of August., PLO‘s most salient interaction
partner was JOR. TFrom this information, he identifies the two actors
whose relations will form one side of the triadic structures that are of
interest to hin.

The next step will be to find all of the third perties that form
closed triads with the PLO-JOR dyad, in the sense that the PLO-JOR dyad

directs two relations to the third nation, or they each receive relations

from the third nation. This information is provided by the four struc~
tural balance prograws, i.e., NOVAL, DATA, CYCLES, and SEMICY: hovever,

for the demonstration we present this information graphically:

FIGURE 17: NMIDDLE EAST TRIADS, AUGUST 1970

Next, the problem is to find all of the third parties vwho in fugust
were maintaining relations with either PLO or JOR, and who had the poten-
tial for becoming members of closed triads with PLO and JOR provided
that the situation should continue to develop into September. This

information is also presented graphically:




FIGURE 14: POTENTIAL MIDDLE EAST TRIADS, AUGUST 1970

Given the foregoing information one can say more about how the inter-
action matrix will look in September. Of the closed triadic structures
vresented in Figure 15, only one is balanced; the rest are unbalanced.
Thus, it can be predicted that the unbalanced closed itriads found in
fugust will become balanced in September. A similar prediction can be
nade about the potentially closed triads: if they become closed in Sep-
tember they will do so in a ba.anced fashion.

The expecteé valencad relations may be compared against the actual

data for September, as presented in Table 2. HNotice that the adjacency

matrix for September is larger than the one for August. This is due to
the fact that as the PLO-JCR conflict escalated, more znations becane
involved. The same criterion of taking all the countries that either
received one relation or directed one relation to PLO and/or JOR was
used to construct the September matrix.

dgain, for demonstration purposes, we present graphically the
closed triadic interaction structures contained in the September matrix
(Figure 15).

In Figure 13 there were unbalanced triads involving the principal

combatants and USi. ISR, and UAR as third parties. In Tigure 15, it
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USA USR IRQ ISR JOR 1LEB SYR UAR 1IBY SUD PLO

UsA 0 1 -1 1 1 -1 1 -1
USR -1 0 1 - 1 1 1 1
IRQ 0 -1 1
ISR 1 - 0 -1 -1 -1 -1
JOR 1 0 -1 1 1 1 -
IEB -1 -1 0 1
SYR -1 -1 0 1 1 1

R -1 1 -1 -1 1 0 1 1 1
LBY 1 1 1 0 1
SUD -1 1 0 1
PLO -1 1 -1 -1 -1 1 0

TABLE 2: MIDDLE BAST ADJACENCY MATRIX, SEPTEMBER 1970

con be seen that US4 no longer receives relations in an unbalanced triad;
instend, USA directs relations in a balanced triad. In addition, ISR no
longer receives relations in an unbalanced triad; however, ISR continues
to direct relations in an unbnlanced triad. UAR, as indicated in Figure
15, both directs relations in a balanced triad, and receives relations
in a balanced triad. Of the potential itriads depicted in Figure 14,

all of those that closed in Figure 15 closed in a balanced fashion.

In Figure 15 some unbalanced triads exist, but to say that they
detract from the usefulness of the technique being demonstrated would not
be occcurate siance these unbzlanced triads are shown to exist on the basis
of one event, or their relations are assigned valences on the basis of

an ambiguous event mixture. Also, considering the fact that we are
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operating with a data source that is not as complete as possible, ve are
duite pleased with the outcome of this demonstration.

e feel that we have successfully shown how graph theory and the
notion of structural baliaince can be used to monitor, understand, and pro-
jest international event flows. Without going into too mu~h detail about
Hiddle

the intéraction linkages conform to the notion of stiructural balance. To

éﬂ

rccount,; we have:

(1) detected an early shift in event flows {(this is a criterion
stated in the WEIS processor for recognizing salient features
in the monitored materials);

(2) constructed the adjacency matrix of relevant relations;

(3) performed a computer analysis; )

(4) charted the pattern of friendly and unfriendly relations; and

(5) used the principle of structural balance to understand a
developing situation and make accurate prediciions about its

future state.

% relations, a demonstration has been presented in which most of

ol i

i

e
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