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ABSTRACT

e arms transfer process 1s modeled using KSIM. an enhanced version of cross
impact analvsis. The cross impact technique of forecasting is developed from its origin
in tiie Delphi procedure through several of the kev improvements to the original
methed. The KSIM approach to cross impact is discussed in detail, and is taliored to
model arms transfers. A method of obrtaining initial parameter estimates from an
existing Jata base 1s Jescribed. The model 1s run and several proposed arms transfer

policies are simuiated. The implications of these policies are then anal:zed.
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[. INTRODUCTION

“The global trade 'n conventicnal armaments has become a burning political
Is3ue 10 recent vears, owing primanlv to the dramatic increase 1n the volume of the
imzernatonal market since the early 19705, [Refl 1. p. 1] The new significance In
world arms sales is the result of three factors. [Refl 2: pp. 275-276] The first is the
sheer volume of arms being traded and the increasing quality of these weapons. [t

u

7

ed ©o be the norm that countries would sell only obsolete, unneeded or second rate
2quipment. Now naucns are exporung state of the art weapon svstems with
unparalleled accuracy and destrucuve capacity. The second factor i1s the decline of
cfiectiveness in alternative methods for the superpowers to influence other countries
such as Jdiplomacy, alliances and the threat of direct intervention. [n today’s political
climare, the superpowers are much less likely to intervene in local hostilities with their
own armed forces; they are much more likely to attempt to support their interests with
the suppiv of weapons. Finally. the past decade has seen a Jramatic increase in the
Jemand for weapons by Third World nations. As new Third Worid nations have been
created. and others have continued to develop, thev have sought to acquire the
weapons of the industrialized world. Given the important role of arms transfers in
giobal pelitics, then, some measure of control over this activity would be extremely
Jesireabie.  Andrew Pierre observes, "Arms transfers ... should be managed so as to

prevent or contain conflict and enhance the forces of moderation and stability.”

Ore avenue of arms control mught be the voluntary restraint of the recipient
natons. To see if this approach is plausible, the motivation of the recipient for

nroouring weapons must be examined. There are a variety of reasons why Third World

o :

AN countries purchase weapon svstems: the need for defense from external aggression, an
’ indication of regime legitimacy and a desire for world prestige. However it can be
:'-::::f casilv argued that regime survival is the primarv reason for buving arms. Thus, 1t s
A the tmmediate needs of the Third World regimes that domunates their perceived needs

A {37 armis tmports. The regimes are generally not concerned with the global problem of

levels or of the balance of power: thev simply want to remain in power

el ling armas

and maintain therr capabilitv to suppress internal insurgencies. In an environment

e s .
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such as this, it s 1nconcervable that recipient nations would agree to anv form ol
voluntary arms import restriainss.

What then of supplier restraints” Maght the major arms suppliers agree to exert
& voliective measure of contrey over arms transters! The United States and the Soviet
Lnion account for the majerity of world arms transfers and it s fair to sav that the
these natiens transter “veapon svstems is {or pelitical and rdeojogical
consideratons. However, seceond tier suppliers such as France and Brazil, are heastiy
ronviated by econonuc tactors. “France has often been cited as the best examipic of
cauntry whese arms trade pelictes are determuned more by commercial than pelitical
mwotivauons. Long before the 1973 energy crisis, the French (and to a lesser extent the
Britishy vought the most lucrative avaiable markets and were largely uninhibited by
pontical restraints.” [Ref Lopo 09) Sinularly, Brazil exports 93, of its arms production
‘Refl 2 p. 871 They make no disuinction regarding prospective customers - in fact they
currently sell armis o borh iran and Irag. When the dichotomyv between US and

Soviet ideciogies 1s constdered, it is unlikely that these two superpowers will be able to

el

sgree on nmiateral arms transier censtraints. Furthermore, considering the economic
second tier naticns, it 1s just as unlikely that these countries would find
satistactery mululateral constraints. Thus, unilateral constraint by the United States
dppears to oe the onlv likely avenue of exerting anv measure of control over the
transier of weapons svstems.

Whit are some examples of these controls that the US mayv attempt to
implement) Gomparr and Vershibow otserve that, "It must be recognized that some
tvpes of armis, by otheir technica! nature, are generally stabilizing. especiall_\' those that
can be mere efectively emploved for defensive than for coifensive purposes.” [Refl 11 p.
131 Tt v pe in the best interest of the US to promote the transfer of these weapons.
But what acucns might the US take to accomplish this and how effective wouid these
measures el Another example of a form of centrol over transfer of arms proposed by

Hessing, et al, 1s to make the transfer process more viscous by extending the ume for

Jeoate in Congress [Ref. 1:p. 100} What would be the result of such a policy! Would

it have any effect on the likelihood of transters to the recipient’ To answer questons

hxne these, the foreign policy anulvst would need some sort of model of the uarms
transier process <0 that he could test thie vanous policies and see what the lkelv eflect

vould Re.
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Laurance and Mullen note that, "most of the scholars and analvsts cond jucting
rescarch on arms transfer issucs are generalists and political scientists drawn 10 the
issues by concern for policy and the policymaking process.” [Ref 3:p. 89] Thew toi
that there 1s a need for specialists from more diverse fields of study to be brought :nto
the investugation of arms transters. The purpose of this study is to bring Operations

Research techmgues o pear and develop a model of the arms transier process. The

model witl be structured so that 1t can be used as an arms transfer policv tool by

wnalysts wath very linuted mathematical background. The technique chosen to model

drms transiers is cross impact anaivsis, The next chapter will introduce the concept of

-~
2

cross impact analysis and KSIML an enhancement 1o the original technique. Chapter 3
will taiior KSIM to mode!l the arms transier process and will be followed bv a chaprer

Jiscussing thie results of the simulation.

1o
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[I. CROSS IMPACT ANALYSIS REVIEW

A.  INTRODUCTION

Fusures roscaron is a Jdiscipiine that explores different techniques of Jorecastung,
N tuasio pussion of rutures research s to broaden our ume horizens and enable us
1o antcpate long term change per se. but also to see hew, by controliing such

Jhanges, e wdn inerease the range of cur alternauves and select aiternatives ’:;i-;-:lj; 1o

nraduce 2 Detier societv in beth the near and longer time periods.” [Retl 40 p. 30
atures researchers send to make a distinetion between prediction and forecasung. In

Berroview, predicnion ds an attempt to speciically identify the future as a series of
evontss I one takes this view awith the future regarded as inevitable. and noth.ng could
ne to alter thuisoseries of events, then the study and analvsis of the future would be

~rintless. [orecasting, however, seeks 1o 1denulv the alternatve futures, estimate the

relative Lrelthcod of dhese alternauves and investigate what controls exist 1o change

[

tholiaenhoods. In order for a forecast to be believable, 1t must be supported by scli
anaiteal methods. The development of anaivtical tools for the purpose of cotaining
e Jorecasts is the cornerstene of futures research.

Most rorecasting techniyues, such as moving averages, regression, and sancus
\TAoOing rounines, reguire substantal data to implement. However, some svstems are
< unigde that no hard trend Jdata exists. Furthermore, because the future or seme
Costemis isoso evolutionarv, simple extrapolation of trend and growth curves is an
sovataizetery method for developing a plausible forecast. Simulariyv, although Classical
srohosiin and ostatisties mav deal with tme, it is always an terms ol the past or
~rosent ratier than the future. Fer this reason standard statistical techniques nave
~eor fownd te ke lacking in their abiity to analvze the future. Thus. in crder lor
Cutures researcn 1o be effective, it must cmplov techniques that take advantage of
“adoomental data, since most of the insight necessary for the anticipation of unigue
evonts ovoamply not avadlable through any other means. As Helmer peints cut. it
must e recegnized that futures analisiss ke operanons analvsis, of swhich it shoull
=roeerin e oonsidered apart, osoneatably conducted ina domain of wiat might be
el E e Gt and sest s Ty means that dependance on imtuinive judgeinent s

Tt Lotamparary evrediont butomoact aomandatory requirement.” (Rel 3o v
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Futures research must also involve inputs from fields related to the area of :nterest,
although not directlv part of that area. This is because changes in one arca of scoreny

mayv have a “spuil over” etfect and | conversely, changes in other aspects ot sociery iy

e

‘ atfect the area of study.  Finallv, the research must be svstematic, a8 4 strict
_:f::-_ methodological approach is ctten the only wav 1o sort through the many coniplex
;‘-f..' sUes it tuce the futures researcher. The concept of using an expert, or 2 comnutice
AN 21 experts, 11 some sort of structured analvsis soon emerges as one the most uscfui
o mothods avatlable m the fleld of futures research.

ji:::;'_ The purpose of this chapter is to show that cross impact analvsis 15 4 usetul
.': methed of incorporating expert opinion into an anaivtical model. The chapter wii
N present thie Delphi technigue and demonstrate how the original cross impact mcdel was
o Jeveloped to rectifv perceived shortcomungs in Delphi. A review of cross impact
\ enhancements will foilow. This review is not comprehensive; it only presents what this
E:::ii rescarcher feels are the most widely used enhancements. Nor dees the review of the
-_‘:-_‘ varicus techniques go into encugh depth to stand alone; readers with further interest in
® . o . .

- any of these developments are refered o the original papers.

B. DELPHI

The Rand Corperation was pronunent among the early pioneers in futures
-

akove, but believed that a group of experts was eminently more capable of providing

(U
L‘

r¢h. Thew observed how well expert opinion fit into the requirements descnbed

aa accurate ferecast of the future than a single expert. “The basic notion was that the
crolp would interact to compensate for the biases of individual members, and that the

knowledge of cne member of the group may compensate for another’s ignerance.”

N (Retl 60 p. 18] However, assembling a group of experts in one room was not afwavs
conducive 1o achieving the goal of the group: namely arriving at the best possible
o~ N .
forecast. The reason was that group dynanucs often became the prime motvater of
ASS

® the panel, rather than a common view of the objective. Some of the specific problems
'-_"S 3 X
N assoctated with group dynamics are:

S

Ay

.( I. A group may exert significant pressure on its members to ccnform with the
~he . ,

P group view, even though the group view may be wrong.

e L .
A 2. A strong vocal mmont}' nay overwhelm the majority by the sheer volume of
N . .
ot therr arguments witle the merit of thewr arguments, taken indinviduallv, mav be
A 19350571 OKCOR
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5 In groups where no Sfficial leader has been appointed. any one individudl mav
have an undue mmpact on the outceme of the comnuttee Jeasion hased on e

strength of hus personaiity, not the mernt of his srglaments.

- Groups are often moare mmterested in readhing 4

by I 3 . * S~y e N PR -y - A e - 1 ~ - Lee
han inding a forecast that may fe more accurate, ver offend some comnutiee
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The Deiphr procedure of lorecasung was develeped by the Rund Cerporatuon as
4RV IO enmunate most o the disadvaniages of group dvnanues while capitaizing on

-

teoccioetie knowiedge inherent inoa group of evperts. The entre Delpihn procadure
sy eciaucted vieoaoseries of questionnaires: the panel wds never reqared 1o he
assemhied moaocenunen cocaton for the procedure to work. The idenuty of group
mEmTers was not made <newn o individual members which avoided a speciiic opinion

ang anked 10 a speaiiic panelist. The questionnaires were structured in order to

-

aronide teedoack 1o the greup at ecach step of the procedure. At the conclusion of the

N2

' | 3
V

o
—
»
(g%
7)
o

he Jirector had a statistical summary which included the opimions of the entire

L]

N graup. A orieroutiine of the classic” Delphi as described by Martino [Ref ol follows:
-7 Step 1. Puarclists are asxed 10 provide a forecast of the future in the subject area cf

ot Toos step s completely unstructured: some panelists mayv provide a4 narratne
scenano while others may provide a list of events and associated dates. The Jdirector

must taxe these inputs and consolidate them into a final list of key events that are as

Step 2. Tius st of events is returned to the group who are asked to estimate the Jate
hyoachach the event will have occured. In addition. the group members must state a
reasen why they chose that date as their estimate. The director then prepares a
statisteal summary of the groups opinions (median and inter-quartile range for each

event and summarizes the arguments supporung the date estimates.

O

» »

W R . \ . -

7, Step 3. The Delphi panei v now presented with a list of events, the staustcdl
-‘_'\

" semnmary, and reasons for date esumates. Individuals are asked te review the
O

souments and maeke o onew estimate for the date oy which an event will have occurred.

Co. e e e b . ottt ey oo . Load em veegeiin
[roshe v evumate talls ouaide the mter-quartic ranpe, the panciast s asked 0 usuls
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Step 4. The updated medians and inter-quartile ranges are presented to the panel for
one more evaluation. As in Step 3. if estimates tall outside the inter-quartile range.
panelists must jusufy their extreme views. The director can now compute a !inal
median and inter-quarule range. and he has a set of arguments germane to these events
‘or which no date was settled on. The forecast. then, consists of the list of events and
therr miedian and inter-quartle Jdates.

O:ten. there swere events included in a Delphi analvsis that were inter-reiated.
he procedure was structured required that estimates for the occurrence
of one ¢! these inter-related events be given without consideration for the dates of anv
other esents. [t the occurrence of one event was predicated upon the prior occurrence

er event. this proved to be a serious problem in providing accurate esumates.

—

Twas ror this specific reason that cross impact analvsis procedure was created. "The

genesis ot cross impact was the problem that Delphi panelists were sometimes asked to

Q
1

recasts tor individual events. when other events in the same Delphi couid affect
these evonts. Thus, 1t was recognized that there was a need to allow for these cross

umpacts (tom one event to another.” [Ref. 7i p. 61]

C.  CROSS-IMPACT ANALYSIS

Cross impact analvsis was first developed bv T. J. Gordon and H. Havward in
1963, Their goal was to overcome the difficulty of event interrelationships by
estimatng and expiteitly accounting for them. Thev reasoned, "Most developments are
nosome wur cennected with other events and developments. [t 1s hard to imagine an
event withcut a predecessor that made it mere or less likelv or influenced its form - or
one which, ulter occurring. left no mark. This interrelationship between events is called
cross impact’,” [Ref. 8 pp. 100-101] Events connected by cross impacts had two
modes; event A could erther enhance or inhibit the occurrence of event B. These event
inkages were then assigned a strength sucn that a high strength indicated the
cceurrence of event A exerted a large influence on the probability of occurrence of
event B, Using this data. a cross impact matrix, Sij' was dJeveloped showing how the
ocourrence of every event j impacted on the probability of occurrence of everv other
event i Once an initial probability of occurrence. P(1), for each event was estimated.
the model was ready to be tested.

The cross impact model developed by Gordon and Havward was stochastic in

rarures Then felt that atier a large number of runs (on the order of 1000), steady state
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N probabilities for each of the events would be reached. The basic procedure is described
- here. ‘

\
14 Step 1. Chose an event, E. at random from tae list of events. Using a uniform
3 random number generator (0,1, determine whether or not E; occurred based on its
s
‘& :mtial probability of occurrence P(i.
.
K-, Step 2. Il E. did not occur, discard it from the list and choose another event.
v . . . . .

> Continuc this process untl an event is found to have occured.
' Step 3. Modiv the probabilities of occurrence cf all remaining events according to the
1%y .

R cquation:
.* .o . . .

{ Priiy = P() = PGIL = P()S;;

L4

b.” Step 4. Return to Step 1 as manyv umes as necessary until no events remain.

! ." b

>
] . A
A This four step procedure constituted a single run and was repeated 1000 times. The
[

final probability of occurrence for each event was estimated by noting how many times

[] I3 p B S b
‘N an event occured in the 1000 runs and dividing by 1000.

Y e

N Gordon and Havward then tabulated the results by event, initial and final
B prchabilities, and a ranking according to initial probability and change in probability.
From these tabulations, thev drew conclusions about which events were most
,'_Z susceptible to cnange and which were most resistant to change. “The ranking by
f:' pro’oabﬂiz}' shift is, in essence, a list of the items most affected by the suspected
S interacuon. In other words, the item which had the highest probability shift could be

expected 10 be the cne most influenced by external events depicted by the remainder of

N the fist.” [Ref. S: p. 108] One of the real values of cross impact, though, was found to
N . - . . .. -

be the ability to test the effect of various policy decisions on the final occurrence
:f probabiiiiv of the events. The evaluation of policy decisions could be implemented by
'. varving the probability of one or more events, replaying the matrix, and comparing
- these results to the original results.

. D. CROSS IMPACT IMPROVEMENTS

. l. Enzer

¢ While cross impact had a great deal of intuitive appeal, there were signiricant
- drawbacks to the original approach. Gordon and Hayward noted, "We opelieve that
) this work is only indicative of a methodology of cross impacts. If possible, its current
»

vl
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:‘-'_:' shortcomings should be corrected in future work.” [Ref 8 p. 115] Seiwvn Enzer
N recognized some -of these shortcomings and sought to correct them. Enzer obscrved
\ that since the relationship between an event's initial probability and its final probabilitv
? was based on a quadratic function, 1t was impossible for an inhibiting event to
,h_:- signiticantiy change a high probability and an enhancing event to signiiicantly change a

v probubiity event. Moreover, the effect of opposite cross impacts were not
svmmetric. For these reasons, Enzer abancdoned the quadratic manipulation suggested
ov Gordon and Havward and developed a cross impact method based on the likelihood

ratic. {Ref 3] An overview of this model follows.

The odds of an event occuring, Ot1), are computed from the probability of occurrence,
P, as Dollows:

O = P [1 = P(1)]
Sirularly, prohability can be computed from the odds by

P(1y = O() [1 + OQ)]
[f event j occurs and changes the odds of event 1. then the likelithood ratio, Rij is
related 10 the odds of 1 given } occured by the foilowing:

O} = RijO(i)
This impites that
P(iij) = O(il)) {1 + Oilj)]

Using these relationships, then, the modified probability of the occurrence of i, given |

rnas cecurad, 1s

= 1)P(1)] (eqn 2.1

Piip = Ri]-P(i) (1 - (Rij

Enzer used the same basic Monte Carlo approach of Gordon and Havward.
but moditied the probabilities after cross impact by equation 2.1 Through the use of
the likelihood multiplier, the magnitude of change in initial probability is the same fcr
reciprecal hikellhood ratios and “the domain of change that i1s permitted by this
weciinigue extends from O to infinity. so that impacting events can have the effect of
totaliv eliminating the possiblity of occurrence of a subsequent event, or in fact causing
the subseguent event to occur.” [Ref - pp. 43-44] Through the use of a likelithood
rauo. Enzer was abie to overcome the problems of assyvmetry and the diminishing effect

o carbiest torm of Cross umpact analvsis,
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X 2. Turoff
\ Murray Turoff approached the same set of discrepancies in much the same
L wayv as Enzer. except that Turoff defined an occurrence rato. @, as the natura
4
icgarithm of the odds. {Ref. 9] That is,
. (Dl = @®(P) = In Ol = 'lﬂ“)‘l(l - Px)] tegn 2.0
\ P . -~ . N . . . .
: Using tus Jefimtion, Turoff set about establishing a relationship between the
S itkehihooed of occurrence of an event and the effert put forth to enhance or inhibit that
X cecurrence. He wanted this relationship to be “such that if an equal amount ot etfert
; s devoted to poth enhancing and preventing the occurrence of an event then the
o iKeiilood corresponds to a probability of one-half (ie.. random or neutral).
: ‘Ref i po 319] Furthermore, Turoff assumed that the estimater would provide
¢ consistent probabijity estimates: this was a crucial difference between his approach and
X those techmgues using Monte Carlo simulations.  With these assumptions, he
- computed an expression for Py, the prebability of occurrence of event t:
‘ - ! .
\ L= reqn 2.3y
1 N O
- —. A
~ I+ expl—v, __C.xkpk’
K%
. where v, was a function of unknown variables and C,x was the cross impact term.
Turotl then showed that the occurrence ratio could be related to equaticn 2.3 by using
. equation 2.2 1o get
) { . = . = V' .
QP = v, = YCyPy
; t{e noted that while the impact of the k' event on the it event was additive with
\ respect to the occurrence ratio, 1t was multiplicative with respect to odds:
- O, (P, = AP = 0,4P)O..(AP)
! ) o ]
’ )
in otier words, anyv change in the probabilitv of occurrence of event } which had an
. elect on event ¢ owould change the odds multiplicatively.  He concludsd  hus
- doeverormient with the notion that his series of equations sausfv a likeithood rauo
- LLWTOIT O stalistical inlerence since the tinal odds of an event occuring mav be
written as the ~roduct of annitiad odds umes a hkelihood ratio.
& 17
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3. Helmer

Enzer and Turoff utilize transformations into “odds space” before coliectivein
A applying the cross impacts. The inverse transformations alwavs map onto the ciosed
interval from 0 to 1. thus making it impossible to create an illegal probabiiitv. Olaf
Helmer proposed transforming probabilities, P, 1nto “R-space” to accomplish the same
funcuon of mapping (0.1 onto itself in his modification to the cross impact methed.
Ref. 3]
Helmer noted that trends have a natural lower bound at 0 and that the
maximum natural upper bound of all the trends could be used as the upper bound. L.
ior all trends. He also needed a “central value”, C, which he let equal the median of
tie trend’s estimated value. With these parameters, [elmer detined his transformution
1s
. P-C .
RiPy = K . 0 <P<U
P(L = P)
where K was defined as
. (C+=SU = C -9
S
and S wwas a “surprise threshold”. The surprise threshold was set such that “we will not
~e surprised Jepending on whether the true value turns out to be outside or inside the
mwer-quarine interval.” [Refl 30 p. 23] In this model, cross impacts are additive in R-
space:
R(P(ij)) = R(P) + X(joni)
where Nijoon b is the actual cross impact coeflicient from the cross impact matrix.
N Helmer recommended a scale of -3 to =3 for the values of X according to:
LY
' %=1 2 = small £ 2 = large
i %1 = medium £3 = overwhelming
r . ‘ . o .
o Positive and negative values corresponded to enhancing or inhibiting cross impacts as
LA )
‘,; cctore. Once all impacts had been aggregated, one need only apply an inverse
N transiormation
o
"‘i .
J‘\ -
AN (RU - Ky = ((RU - K)»» = 4RC
s P = R
v -
¢ o
[ U
%4
IS
P
-
Y
-
LX)
o
e
L. -
R e e
PPN PSP Il o PV SFRF R HENF )




3
R |

.
e st

f

(OO
S

.

.
T

Py

Pl
Il‘f

g4
s

P >
4

&

~
"

[d
LARNEA

‘

:l",‘.‘:',' ..:‘-‘ P
o 12 Y

T LRk a
AR l,q. ..ﬁf .[‘_’A. Y e

At

v

NG
e

&
L4
L)

-.‘-‘-

LS A

i

Y

to ohrain the fnal probamiinies. A vgnificant ditference in Helmer s micde! and these

L

oresented earlier s that paciy st for oniv one nme interval, but this was corrected
mothe use o g carmover puranieter svinch Helmer deserihed in [Retl 3
noeNcelent compuarnsen tetween Encers hikelinocd rauo anproalch und
Helmaer o Respace approach appears o jRed 1oh In thes work, Aller Soes o saperbh o
SUosumio oo The arproacnes and condactng g Jdetadied analh e ovatuation o b
netnioas He o sluates the modely mased on e anternal Consisiency, rabusiniess,
TIVLICNGLL Magiioly,ogeneraaty, and dunty. Alter s paper should detintely be consuliad
ponere osoarther mmterest inoenher the akeithood rat.o model or the R-<pace miode!

A more srarghtiorward but somewhat restrictive €ross impact maodel was
nresented by Mitchel Bicom o 19730 [Rell 11 In this model, the objective was 10 use
eoent rast o oloreduast the near-term future of the svstem under consideration.
O=vicusiv, a preregusite for the use of Bloom's model 1s the availabiity of
Guantitarie ety oand g svaem for studyv which lends itself to data collecticn. There

TeoUvVe Mas assunipiions upon which the medel s built

e [he svetem possesses considerable inertia. The most Likely future of the svstem
Wil be a sumple extrapolation of past variable trends. While the prebability of

iy ooceurnng may be small, 1t 1s assumed to be larger than anv cother

Lrnative Tuure.

o e deviaton of anv trend {rom its undisturbed future path will have a cross

urpact on the other trend vanables 1y the system.

Tiere are several reasons why Bloem felt that a determunistic trend cross
mmipact model with a graphical display of svstem variables was more appropriate than
e maisdeis presented earlier. Furst, cross impact models produce a linai ¢t of event
rrotabiiines, thev do not vield a likely scenario that resuited in those probabilities, ner
doothwey provide the user with the dvnanuc change in the trend vanables over tme.
sccond. Bicom noted that, "the cross impuct methed has not dealt with svatem trends,
ithoeugzh it has been asserted by students of social change that persistence witinn
socenal svstems, as indicated by trends, 1 equaily important i understanding hivion
oaudden change caused by singuiar events” [Rell T po 3% Finaliv, 2 trend cross
et model s oaowav to combine past data with the intuitive percepuons ¢f a greup
owrerts ande aographieal pieture of the future 18 otten easter for a group te evaluate

mermisy ob s hoastic view ot the futare. With this rauonaie. Bloom develeped un
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. equanion that s easdy used by a panet of experts with hrmted background in the

.

mathematics of forecasting and who have access to relevant Jata.

« o ous

Bloom's basic cross impact eqution is

Xj(t - Au = Xj'“ - _\.\']41 - Sg”) regn 2.4
{
where Xut) s the level of variable Xj at ume ¢, _\.\'j is the extrapolated change 1n Xj
over ittt — Aty and g 1s the cross impact of trend j on trend 1. Equation 2.4 s more
cusiiv understood if written 1n the form:
Cross impacted value of a priori change due to the
N vawe of trend = trend | + increment X cross impacts of
atit = An at time t to trend j all other trends
N
There are several points to be made about Bloom's apprcach. Equation 2.4
3:.’ expresses the future of a svstem in terms of persistence, not in terms of change. "It
._:"‘ explicitiv excludes crises and other svstem shocks which result in sudden. large.
-'.::::.: Jiscontinuous changes in the levels of the key variables in the system.” [Ref. 11: p. 52]
o Variahles must be viewed as those which change monotonicly. The model cannot Jeal
woth trends that are constant cover time since this will make AX]- equal to zero and
: implies that cross impacts have on effect. Finally, [Refl 1] 1s restricted to conly trend-
'\:::‘_: trend smpacts. Thas last derlcency was corrected when Bloom developed an extension
N 3 iy oengmal model to include events [Refl 12]. The inclusion of events s
roosmipashed by using the cumulative distribution function (CDF) for the logistics
datrihation 1o Jdescribe the probamility trend of an event over time. Consequently,
'.'_“,": svonts could e viewed as trends that increased monotonicly from 0 to some maximum
SN L2ue oter o range of ume determined bv the parameters of the equation. While 1t 18
.- recagnized that a true CDF must aprroach a value of one as t approaches intinity, the
couanon needed 1s ohtained Ry mulupiving the logistics CDF by a maximum value M.
o S SMIC-74
e A orass impact model that s sapstantally different in approach and results is
.. SVMIC-T4 wiieh was cencersed ny Durernn and Godet in 1975, |Refl 13] They
:::',; ~oernelothg niost 2f the cross ompaet methods developed up to this point falied to
o 2
o
J'_:J
N

Ll
Ll




o
- rrotide consistent final probabilities! and vielded results such as
t::: Poy < PoopPrps
.
o whicn s incompatible with

. Py = PupPey — Poonet jhPonor .
:_: Duperrin and Goder noted that Yor a svstem of n events, there were 2 combinanons
Cosents possinle, This could be viewed as 27 scenanos which corresponded o event
L ceowrning or not oceurring for all events from one to n. The miest protabie soenune
J sy iad 2 probabiliny of occurrence of only abeut vl depending on the auniser of
':: cvanty and the mual probabilities assigned o the events [Refl 13 p. 3ot [HHowever,
":j there were usually guite different scenarios with only shightly lower probabihitios thun
N

tae omest probable scenarto. Duperrnin and Godet felt that for cross impact o

g crercome this drawback, the method emploved would have to produce a rank order ot
_:'-‘Z wil possihbie scenarios. The requiremient to generate a consistent set of tinal
::: probaciiuies and to produce a scenario ranxking led to the development of SMIC-74.

- I'he method assumes that a panel of experts will be able to render orinions
q anoutl

% ¢ [he list of n events which are considered to be the keyv ones tor the svsiem
- under consideration.

X
*

i.’u RN
[
O

The probability Pii) of each event e, defined as the probability of the occurrence
{ ¢ within the time period considered.

The conditional probability of the separate event pairs:

E‘_ Piryy = the probability ot'11f ] oceurs

':ﬁ Piinot ) = the probabilitv of i 1f j does not occur

= A given scenario denoted Ey is composed of n separate events: e; or char; fer
N a.oevents, which correspond to event i occuring or not occuring, respectivelv. This

- seenarnio has an unknown probability Ty and the sum of all m, must equal cne. P7iiias

".' Setined as

P*(“ = SB

. 8, = life forms part of Ey,

o 8. = 01 ebar ferms part of Iy

"I'or more details on the issue of CONSINICNCY 1N Cross imiact analisis, «ee [Rell 14!
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Sinular definitions are established for P*{i}) and P*(i'jbary. These theoretical values of
Pty P*uyp and Piijhary must sausfy the constraints established by Bavsean
problbilit}' theoryv. Dupernn and Godet wrete an objective function which was the
Terence between the Pij) esumates [rem the experts and the theoretical P P*i))
ractors expressed in terms of mp. This objective was mimmized subject to the
constrants

Sn.\, =1 and 7w 20 foralk

The munimization probiem described above i1s of the quadratic form with linear

astraints.  Soiving this svstem of equations vields both a consistent set of

e
[VRGrS

3
1

oilittes and a cardinal ranking of all possible scenarios.

MIC-74 came under quick criticism by Mitchell and Tvdeman [Ref. 16]. Thev
were able to show that the cardinal ranking of scenarios was not unique and further,
that the svstem of equaticns is potentially very large. If the problem was reformulated
in terms of P*i) and P*(j). and appropriate constraints added, then the system would
become a linear programming problem which could identify the multple solutions.
Furthermore. Y. Kava, et al [Ref 17 p. 245] show that the use of Dupperin and
Godet's quadratic objective requires such computational effort that obtaining a
solution is prohibitive if n is very large. Finally, the ability of expert panelists to
arswer questions that lead to estimates of Piij) and P(ijbar) was doubtful. Mitchell
and Tvdeman pointed out that “resuits of studies currently in progress indicate that (1} )
rarticipanss are ‘reguently confused and unsure of the interpretation of such questions
and 21 respondents often interpret the questions In terms of time-dependant
condinonal probability statements.” [Ref. 18: p. 133] The significant difference between
Py and Prij occured firsty is clearly Jdemonstrated in [Ref. 18]. Consequently,

SMIC-74, which appears to be a fairlv popuiar cross impact approach has some major

v
v e

d:fficulnes which hamper its effective use.
KSIM

In 1972, Julius Kane advanced another cross impact technique that was
q

o

simular to several of the technigues already presented. vet was unique in 1ts approach

Ref 19]. Unlike other futures researchers, with the exception of Bloom. Kane's

rrimary concern was to develop a model that could be used by people with little

@

mathematical packground. He beheved that most simulation models were excessivelv -

et numerical and focused attention on those variables which were casily quanufiable and
e tended 1o endlude variables that were basicly subjective 1n nature. As a result., most
A

-
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VA policy makers, for whom these maodels were designed, were reluctant to invest the tume
LN .

:_‘; to understand how to use the simulation model. Kane's ohjective was to attempt to
:, reculv this situation. "It was the purpose of our rescarch to trv and design a
! amulation procedure - or better vet, a simulation language in which technically
A . . . . . -
unsophisticated people could quickly become fluent in the logical expressions of cross
D : ; £ F

:-:::-_' impact concepts.” [Ref. 19 p. 120} Additionally, Kane sought to structure the problem
N ty allow for a realistic, graphic display of the svstem variables since this was most
V) casily processed by the user. These notions form the basis of KSIM, Kuanes
A

[, . B . .- - . .
P SIMulatuon larnguage. The model is constructed such that it has the following
g v

N,_.r properues:

g e System vanables are bounded. With an appropniate set of units these hounds
7 can alwavs be set at 0 and 1.U.
A

o ¢ A vanable imcreases or decreases according to whether the net impact by other
-:Q svstem vanabiles s positive or negative.

.‘-'-->‘ .- ~ . - . .
o o The response of a variable to a given impact decreases to O as that variable
. . g p

R approaches its upper or lower bound.

_.,, ¢ A vanable will produce a greater impact on the svstem as it grows larger

gy e Complex interactions can be broken down into a network of discrete binary
Ca . .

- 1nteractions.

The KSIM algorithm uses state variables, .\'i(t), which are bounded by 0 and 1.0 as

described in the first model property. The updated value of X;(t) is calculated by

T(t)
X.(t + Aty = Xi(1) (eqn 2.5)

i
where 1,(t) 1s chosen explicitly as

L+ A0y = 1)

my(t) = (cqn 2.6)
0L+ 1)

and -,/”m are the cross umpacts of varniable j on variable 1 and At is the time period of

v S

one ateration. The cross impacts are functions of the magnitude of the impacting

-
>
¥al
>
e

Ol
3

vanable and the rate of change of that variable as shown in equation 2.7.
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SNV .
:'.;:. 7’11"“ = ,\;j\jm -~ B;j(d.\'j(() doy regn 2.7
"" Equation 2.6 implies that mt} > 0, thus equation 2.5 alwavs maps the cpen interval
NG 0. 1) onto wtself. Equation 2.6 1s much clearer if written as
b I = ASUM OF NEGATIVE IMPACTS ON X}
1, _.-'._ mity = — - — — -
- . I = AgSUM OF POSITIVE IMPACTS ON X}
bt
\ . L o
- When the positive impacts are greater that the negative impacts, then mft) < 1 and
XN results in an increase of Nut). Similarly, when the negative impacts outweigh the
;:::J' positive ones, N;(t) will decrease. This is in accordance with the second assumption
b}
- property of the KSIM model. To investigate how the remaining properties are
w satstied. let At = 0. Equations 2.5 and 2.6 can be written as a limiting svstem of
Jifferential equations:
1N
Yol dY{n o
D —_—= —Vy;-(t)x-(t)lnx-(t)
. dr _ 4 ! !
T ]
:"_{j Kane refers to the term Xi(t)lnf\'i(t) as the "modulator” since as Xi(t) - 1. d.\'{{z) dr =
T n and likewise, as Xi(t) -1, InXi(t') = 0 and dX'{¢) dr = 0. This is the requirement of
N the third property. Finally, if the effect of Xj(t) in equation 2.7 is considered
_.\_. individually, 1t can be seen that it will have a greater effect on m(t), and ultmately on
e . . .~ <y L. - . L
o Nt = A7), as the magnitude of Z\j(t) increases. Thus, the fourth property is satisfied.

Vel

Finallv, since the svstem i1s modelled through the cross impact term, it which

Jescribes a binary interaction between state variables 1 and j. it can be seen that the
iinal KSIM preperty holds. The output of KSIM is a plot of each of the X, variables
over ume and provides the most concise, vet descriptive means of conveving the results

¢ the stmuliatuon.

@)

Lipinski and Tvdeman proposed an extension to Kane's model which ailows

for the iaclusion of events as state variables [Ref. 20]. Their extension is simular to

Bicoms. 1n that events are described by thewr CDF. Since trends in KSIM are

.
iy descrired by logistics curves, 1t scems natural that a logistic CDF would fit nicely into
"
LA . - . . e . .o
" the framework of the model. Lipinski and Tvdeman show that if X, is a trend vanabhle
| BB . _— .
. which s« nitally nonconstant, then updated values of this variable are calulated as
b :':‘: . , . t
Njt = An = X oQURo
T
F I
2 1
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vhere ®. 0 as the cross impact term desceribed previousiy and Q,(t) is a function that

generates the il nonceonsiant frend:

Nt~ An o= XpQran

R AL
T

thus, toinclude an event in the simulution. the functon Q(t) which describes that

vent s CDFE s hund and included in the caleuiution at the appropriate time.

E.  EVALUATION

This rescarcher believes that KSIM. in its extended form. is the most complete
and muanvely pleasing model available from the cross impact techniques reviewed. It
Jeseribes the compiex interaction of variables in a realistic, nonlinear fashion. and.
once programmied, does not require mathematical sophistication to manipulate the
vartious parameters and interpret the results. The growth characteristics assumed can
iwed 1o accommeodate event CDF's of any distribution so the model is extremeiv
tenimies Ihe nature of the model encourages investigating the implications of different
policy Jevisions. Additicnally the group interaction that results from evaluating inputs
AN divcussng outputs s often just as valuable as the actual results of the simulation.
Bor these reuwsons. KSIM appears 1o be a usetul tool for tryving to tind answers to some
or the quesuons raised in chapter one, and investigate issues surrounding arms

transiers. The next chapter will develop. in detail, a KSIM model that can be used to

ro
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IHI. DEVELOPMENT OF AN ARMS TRANSFER MODEL

A, INTRODUCTION

The previous chapter introduced the field of futures research and described the
ecasting techamque of cross umpact analvsis. Several imorovements to the bhasic
were discussed. among them KSIM. KSIM i1s unique in that it 1s a new
mathematical language that facilitates a non-technical decision maker’s active
mvoivement in modelling svstem behavior. This is critical for investigating policy
impiications in the area of arms transfers since there is very little hard data with which
one may construct a simulation model. The purpose of this chapter is to develop an

1eractive policy simulation based on KSIM to describe the arms transfer process.

B.  KSIM PHILOSOPHY
Befors proceeding, it is necessary to discuss the underlving philosophy of the
ssmulation.  The output of a KSIM simulation is a graphical display of system

variacles showing how thev change over time. As such, KSIM emphasizes the

gecmetry of relationships rather than hard numerical predictions. As an example of

what s meant by the geometry of a relationship. consider the following statement.

“water is pouring cut the hole in a bucket faster than water is being put into the

hucket.” Without quantifving either flow rate, the size of the hoie or the capacity of

the bucket. we still have a firm grasp on the general behavior of the system. As Kane,
¢t 4l observed, “Subjective evaluations generally correlate well with geometric
understanding.  If not too much (precision) is asked for 1t is possible to get more
runderstundingt.” [Refl 21: p. 66] Thus, while a subjective evaluation is relauvely
ambiguous by nature, it does contain useful information in the form of geometrnic
rclationships.  Further, it is in the interpretation and evaluation of geometric
relationships that mathematically unsophisticated people can use their intuition and
reascn. rather than rely on obscure statistical measures and overly precise numerical
predictions.

"KSIM calculus is designed to impart a feeling for linkages that cross connect
NGy varables.  As a prime  hvpothesis we  assume that in actual policy
implementation, more nsight iy nceded In geometric concepts (the connections between

Lariahics. the direction ot forces. and the threshold and saturation of vartables.) Such
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considerations have far more mipoitance tun anthimetc speailicaton ol pardnicters
Consequently, KSEM s deugned o unpart an appreastion of the geometry and
dynamics of the svstem rather thin an appreaation of numerical beokkeeping.
(Ret. 21: p. €7} With these notions of KSIM phulosophy in mind, the reiative sofiness
of medel mput requirements seems to mitke more sense. The required inputs are:

e The st of events and trends concidered o »e the nummum <et of variables that

can {uilv desenbe the svsem under studs.,
e [he ital values tor theve events and trends.

¢ [he strencth and mode cenhanaing or inlubitingy of the c¢ross impacts between
svstent vaniables

With these inputs to the model now defined and the output of the model with 1ts

geometric concept described, 1t 1§ appropriate now to develop an algorithm to relate

the two.

C.  KSIM MODEL OF ARMS TRANSFERS

As a review, the KSIM model hac the following five propertices:

All svstem variatles are bounded
¢ Vanables change according to the net impact of all other vanables

e Vanable response to net umpact approaches O as that variable approaches its
uprer or lower bound.

e Vanables will exert a greater impact on the system as the magnitude of those
variables grows larger.

e Complexinteractions can be hroken down into bhinary interactions.
The mathematical calculations are carried out in an iterative fashion. With At being
the time interval for one step. future values of system variables. N,(t + At), are
cemputed from present values, X (t), according to equation 3.1

Tr.'(t)
Nt~ Ay = Xi(t) (eqn 3.1y

The term Tti(t) 1s derived from the cross impacts, '{lj{t).

| Nievioan = v
[ S ity {U(t))

Tt = (egn 3.2y
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‘The cross impact term, Y”(t). 1s a function of both the present value of the impacting
variables I\'j(t,), and the change in these variables d.\'j(t)/dt.

A0 = ACN(Y - BadX 3
7,00 Allxlm Bll(dkl(t),dt) {eqn 3.3)

Kane et al provide an excellent description of the meaning of the Aii and Bij terms in
(Ref. 21]. Theyv obscrve that the ;\ij term Jdescribes the impact variable j will have en
variable 1 simply because of its existence. [For example, the amount of sunshine has
this tvpe of impact on plant growth. On the other hand, the clements of the Bi]. matrix
describe the impact that a change in the value of variable j has on variable 1. The
impact that weather changes often has on arthritis pain s an example of this type of
impact. "\ii and Bij mayv be functions of tune but are almost always constants. (To
require the user to estimate a functional cross impact parameter would be contrary to
the concept of simplicity of inputs?)

[n its most basic form, the KSIM model is described by these three equations.
In this basic form, onlv trend variabies that are initiallv constant over time may be
used. The values of the trend variables are modified according to the cross impacts of
other trend variables, so they are not constant in the presence of cross impacts.
Lipinski and Tydeman sought to find a way to include trend varnables in the simulation
that were not initially constant. That is, the trend variables of interest are those that
take on new values over time, regardless of the presence of cross impacts. These initial
nonconstant variables can be included in the model by first finding the function, Q.(t),
such that it describes the onginal nonconstant trend, Xi(t), In a recursive way:

Q(t, AY)
Xt + Ay = X(v) (eqn 3.4)

Now, to include X(t) in the KSIM procedure the impacts are applied according to

equation 3.5

Qt. Avm(t)
Nt + An = X1 (eqn 3.5)
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NN We now note that any given cumulative distribution function (CDI) can be
MENS written in iterative form as
e
ol Q(t. At
LI ( Glv = Au = Gy (eqn 3.0)
e
A
S
=T
"‘h\.(- . . N N
> where Qit) is a function that will describe the CDF of C,. Thus, Q1) is a function
Pt . - - . . . .
v that sields the a priort increment to the CDT at each time step. Our objective is to be
o able to learn about the behavior of the system of events that comprise the arms

transler precess. One of the difliculties of using the KSIM mode! is to define exactly
what 1s meant by the loosely used term “system variable”. Therefore we shall explicitly
Jeline our state variable S;ti. the value of event i's CDF with due consideration of
cross impacts, by the following recursive relationship:

Qi At)ni(t)
St + Aty = S(v) {eqn 3.7)

where Q.(t) is the a priort increment to event i's CDF at time t and m(t) 1s given by
equation 3.2. To initialize the state variable S,(t), we find the value of time, (t ). for
which C(t ) = 0.001, and let S(t,) = 0.001. In the absence of cross impacts
(m(t) = 1), equation 3.7 is precisely the same as equation 3.6 and the system variable

for event i is simply the CDF for i. We shall now explore the properties of our new
model.

’

D. MODEL PROPERTIES

A

o The propertics of this new model arc examined in terms of Kane's original model.
- Kane's first property states that svstem variables are bounded by 0 and 1. Since Q1)
| -:\ generates a monotonically increasing function (the CDF), it must be less than | over
» O . ‘ o . L . ,
® ail t. We are given that m.(t) 1s greater than O by its definition. Since Si(t)) < 1 by its
®

n-.' »* - o

s Jefinition, then the value of

»‘,:J'::
I $,(0QIUT(D) <y
N . |

o Simularly, since Sty = 0,

Si(t)(‘)i([mi(t) > 0
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Thus the property of boundedness in the open interval (0,1) is preserved in the new
model.

Kane's second property states that a variable increases or decreases according to
whether the net impacts are positive or negative. When there is a net positive impact,
min <1 from equation 3.2, Again, we know that Qt) < 1. so the product
Qiumity < 0. Thus we can positively state that in the presence of a positive impact,
Si"t) will increase. However if the net impact i1s negative, fti(t) > |, the behavior of

S.'1) seems to depend on the product Q(tim(t). Note that when

Qi«[tmi(t) <1 S.lu) Increases
Qi(t)Tti(t) > ] S.l(t) decreases
Qum(u =1 S,(1) remains constant

L

However, what seems more important is what happens to the state variable in the

LR

¢
8"

presence of impacts relative to what happens to the state variable without impacts. To
explore this, consider the difference in magnitude between Si(t)Qi(t) and Si(t)Qi(t)’r
for various values of'rti(t). Observe that when:

.

.
x
N

2
:I‘_
o Ty < 1 Si(t)Qim < Si(t)Qi([mi(t)
3 o > | (M > 5 QMO

From the above relationships it can be seen that in the presence of net positive cross
impacts, the state variable will increase above its a priori level and when there are net
negatve impacts, the state variable will be forced below its a priori increment.
Therefore, we can conclude that, in terms of our model, a property similar to Kane's
second property is satisfied.

The third property is that a state variable’s response to the cross impacts of other
svstem variables will decrease to O as that state variable approaches its upper or lower

bound. To investigate this property. we take the derivative of S; with respect to time:

S(t + AU=S(0 squfs, QUmm =1
At At

From this expression. it can be seen that as S(t) approaches 0, dS,(t) dt approaches

zerc. Also. when S.(t) approaches I, [Sim‘ Quuminy = — 1] approaches 0. so dS.(t) dt

@
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Clearly, Kane's third propertyv is applicable to the new model.
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Kane < fourth property is that, all other things being equal, a varabie il evert o

greater iniluence cn the systcm as 1ts magnitude nereases. bguaten 303 states thoer

N .
v.n s g function of bota the muygnitude of St and the rute of Chunge of \Wr.
[mus, as the magnitude of S*t) crdses itowil produce doarger value o v :1&.
consequently aarger aetimpact on state vaniahie i The tourth KSIM nropere holds

Finaay, the ith assumpron s that only binary interdeons mat he consdered
Ui properiy holds since svatem pehavier s stil medeled through the oross miracs

SN vhich are soiely a funcucn of event pairs.

Thus our new medel for the value of an event CDF with consideration of cross
impacts s truely a KSINM tvpe cross umpact procedure. As such, we are not »ound =
the necessity 10 find a suitabic numerical .nterpretation for our state variahle SN oy
Drimary condern i in the geomertry of the svstem varwables and the effects ther have on
each other under various circumstances. The model has utnity regardless of our ablit
10 muke probability statements trom the vawes of its state variables at anyv parucular
ame, singe informaion convered in terms of probabilities 1s much less appealing than a
visuai displav of the growth rates and magmtudes ot the state vanable over tme.
Again we reter to the pasic philosophy of the KSIM procedure: "The <gnificant
difference 1n orientation oetween our procedures and most other methods 1s that we
emphasize the geometry of the svstem, the structural relationships between the
varasles whie standard procedures tend to emphasize anthmetic details, the precise
sneciticauon of coetficients und parameters.” {Refl 22: p. 286]

Now e shail take up the task of implementing this model. The first part o! this
task consists ol two elements: the development of an expression for Q(t) and providing
wome nethod 1o esumate the parameters needed to specify Qft). The rest of this

aprer addresses the details of this frst task.

E.  DETERMINATION OF Q(T
Iie arms transter process can be broken down into eight discrete events. The

wevton 1s what tvpe of CDF should we use to model these events! Mitchell Blocom

o

makes g strong case for using the logistics equation to descnhe the CDF of an event.
‘Ret 120 pl 185

The probability density funcuion (PDE) for the logisties distribution s an invertad
Tt
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s manner s naither strange nor new.  tt s olten said that if an event does not occur
= before a certain point i tune, its probabulity dechines rapudly unal 1t 1s almoest certain
ol not to oceur. Examples include: waiung for a friend to arrive at a predetermuned place
' and tume or waiting for the party one has called to answer the telephone. ™ [Ref 12 p.
N 1855 This notton s fully compatible with describing arms transfer events; an order for a
v weapan system has a maximum probabhility of occurrence some dave atter a negotiation
v : . . .
NS and il the crder is not placed within a certain period ol tune, it probably will not occur.
£ [or thiese and for reasons of mathemaucal tractabihity in the KSIEM procedure, the
LR S . . - ..
t legrstics curve™ will be used to model urms transfer event CDE's.
N
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Event Parameter Equations
The logistics CDF s given by eguation Xiogeg.. (For ease of notation and
u.derstanding, the remainder o this deve}opmcnt Wil consider only one event and wiil
tits subscript. 1. When a final computational form is reached, the subscript wil! be

' ~
repiaced

= tegn 29y
L = oexpe—at = By

vhere C s the vaiue of the CDF at ume 1. and @ and P are constants to be determuned.
To compute @ and B. we estimate the time at which the cumulatuve probabiiic
s equal to 0.3 denoted ¢ . The ume at which the cumulative probability 1s equal to 0.1

e
Wil e Jdenoted ¢ e Figure 3.2) Thus,

C =0
tr=+ , C=0]

‘n

when =

Equation 3.9 can be written in logarithmic form:

—at =~ B = Inji1 CO) -1 feqn 3.10)

Substituting the values of C for t and t, shown above into equation &lnlogedf and

selving for @ ard P ovields:

[1 (1, = )}in9 (equ 311

="t (t, =t nin9 regn 12

Now,oan order to obtain the funcnion Quty from the iterative equation 3.6, we

vatse of Cwathrespectto v
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Figure 3.2 Logistics Curve CDF.

dC(v) gexp(—at + f§)
= B (an 313)
dt (I + exp(—at + By~
A< an approximaton, set
dC(t) Cit + A —C(t)
= {eqn 3.1d)
dt At

Setting equations 3.14 and 3.13 equal to cach other and solving for C(t + At) results

18

it o+ Aty = (Y

(eqn 3.15)

) [I . _UtAtexp(—at + 13
@]

I + exp(—at + )
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Since we want to get out of the recursive equation and find a closed form sclutien tor
Qin), we will set the night hand side of equaton .13 equal to iy
coQt = ciofr - aiAtiexpt —at = B) (eqn 3.16)
Il - expr—ut = By
Finaliv, taking the natural loganithms of equation 3.16 vields equation 3.17.
b
[:"".i QuuinCi{ty = nCiyy » in | 1 - WAtexpi —at - P) {eqn .17
7 AinCy - qn X
o Il + expl—at — B
¥
i By dividing equation 3.17 by InC(t), we have an expression for Q(t). The subscripts are
\ . now returned and our final closed form equation for Qi(t) 15
-
- - wdvesp g - By
- exp( — -
t,. Qi =1~ l le\p( ot b (eqn 3.18)
::'_;:.‘ In
_:::-' I ~ expi—at = B)
:Ej: F.  EVENT PARAMETER ESTIMATION
‘.:j:f [ order to impiement this model the user will be required to supply estimates for
7 the following parameters for each event:
~4 * Time when CDF 1s equal to 0.5, t,
e Time when CDF is equal to 0.1, 1, |
:::j e Sirength and mode of the existance of this variable on every other variable 1
,:'."f e  Strength and mode of an increase in this variable on every other variable. 1
N If the user is very familiar with the arms transfer process. estimation of these values
) mav nct prove to be difficult. As John Mather points out though. "A more useful
C* Jevelopment would be the provision of some means of estimating the imual values of
Y tae revents) from available data.” [Refl 23: p. 21} [f a first estimate of event parameters
. could me rrovided by an existing data base, then this would greatly reduce the burden

o the anaivst and provide a soud basis for discussions regarding the acceptance or

.

ateraton of the esumated parameters.  Third Point Systems, Inc.. Monterev,
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o Califernia has made a substantial effort to record arms transfer data for almost everv
g ceuntry in the world. [t 1s possible to extract event parameter estimates (with the
FI,-:l; exception of the cross impactsy trom this data set.

< 1. Event Data Set

:'__f.::' The Arms Transter Data Set was developed by Third Point Svstems to record

idividual arms transter events which could be aggregated to describe the entire arms
transier process. “The purpese for the creation of the data set was to aid foreign
0 evaiuate the patterns, purposes and effects of internauonal

darms rransfers.” {Ret. 240 p. 3] The other major sources of arms transfer data, such as
A

and the date the transter took place. Adding further to the confusion, these sources
use durferent dates for the actual arms transfer; some use the date the contract is

signed. some use the date the order is placed, and others use the actual date of delivery.

-
[

owever, un arms transter consists of many discrete events and focusing onlv on the
cash value of a weapon and 1ts date of transfer severly limits a thorough analvsis of the
armis transter process. Recognizing this unneccesary limitation, Third Point Svstems
negan to build an extensive data set that recorded each arms transfer event. With this
data. the analyvst could interpret the subtle changes in the attitudes of various nations
towards weapons sales and procurement. Having done this, the foreign policy analvst
nugat pe vetter prepared to attempt to influence other country’s actions and provide a
sl measure of conirol over the arms transter process.

Third Peint Systermis identified fifteen distinct events that comprised the
vanous stages of an arms transfer. For the purposes of this study, some of these
events, such as capture, were eliminated as not being particularly influental on the
irms transfer process. Other events, such as reject refuse (recipient) and reject refuse
csuppliery, were combined into one event since thev were not different enough to be
consudered separately. Thus, the event set used in this analvsis consists of the
{cllowing eight events (the descriptions are based on the Arms Transfer Handbook
{Refl 24y]

¢ Meet/Visit. This event occurs when two countries meet to consider an arms

ot transfer issue. It includes the exchange of notes, messages, and information as
.’ well as the actual meeting tetween members of the two countries.

Y *  Propose/Request. When a suppiier country offers a weapons svstem or support
‘\. . . .

gt nackage. or when the recipient directs a request to the supplier. then the event
e is coded as a Propose Request.
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:,_x'f_: e Evaluate/Negotiate. Events in this category indicate that a countrv is in the
o process of considering the purchase of some svstem. Evaluations can be both a
o supplier country considering a sale or a recipient countrv considenng a
’ > purchase. Also, agreements between industries or governments to produce a
- specific piece of equipment for Jdevelopment is considered an Evaluation.
..\.. . . . . V-
O * Reject/Refuse. This event occurs when ecither the recipient or suppiter reacts
> negatively and rejects its counterpart’s otler or proposal.
N ¢ Order. If a contract is signed or awarded, or if an agreement is made to
.i purchuase or coproduce. then the event 1s coded as an Order.
'_‘: ¢ Delivery. This tvpe of event include: «.e actual delivery of a weapons svstem,
oy the return 1o an operational state after overhaul bv an external supplier. and
al B Y- . . ~
N tne Licensed preduction or coproduction of weapons svstems.
— )
) . R . .
- ® Increase. Deccisions to resume a previously halted delivery, reduce sancticns or
{ suppiement a previous order are all considered Increases.
j ®  Withdraw/Cancel. [Lvents in this category are those where the supplier or
< reciptent siows production, reduces the quality of weapons, or cancels an
e 2greement.
L Figure 3.3 shows the relationship between these events and possible linkages that exist
- benween them.
-h‘.v
2. Data Set Coding
P <70
A The event data record is made up of two parts; the first is an analvtical section
Y with a strict coding scheme, and the second is a narrative summary of the event. The
- iirst section contains the data which can be used to provide estimates of even:
- Tx parameters. This secuon will be discussed in detail. A sample coding of an arms
o
::{: rransier event appears in Tabie 1.
- The anaivucal section of the data will now be broken down line bv line.
el Line | Freld 1: Month (1)
-, . .
; :.r, Field 2: Dav (31)
.'.D . .
o Field 3: Year (86)
LA
, . . . . ) -
-;~ The information contained on line 1 is self explanatory. Event dates are onlv
o coded when the event occurs; if an cvent is predicted, it is coded as a Comment.
YR Simularly, if an event is alluded to which occurred more than six months prior to the
ol source date, 1t is not coded; 1t 1s assumed that these events were coded earlier.
s
, Line 2 Field I: Actor countrv (ALG = Algeria)
'.F. - - . . . )
Field 2: Domestic actor (GVT = government)
"'."" - N b '
o [ield 2 Event code (33 = Request Inquire)
P
Field 40 Domiestic target (GVT = government)
..
RN
o e
)ad
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TABLE 1
EVENT DATA RECORD

(=)

31 €6

ALG GVv<T 53 GVT BRA

try
tr)
t
)
o
P,
=
try
—

ggrazil) EE-Y armored combat vehicle with a
Cnm gun.

Algeria shows interest in the Engesa Cascavel

Field 5. Target countrv {BRA = Brazi)

An actor countrv is the country who mitiates an arms transfer event. The

ountry can be either the supplier or the recipient; the kev being which countrv
initiated the action. For example, in a Request, the recipient 1s the actor, whereas in
ar. Of%r, the supplier is the actor. The target country 1s the object of the acuen

imitated ovothe acter country. The domestic actor and the domestic targe: refer 1o the

Serson, orgunization or group within the respective country that s responsthie for the
avent. If no Jdomestic actor targer 1s specifiad, the government s assumed. The event

code refers to the fifteen specific events that comprise the arms tran.er process.

Line 3 Freld 1: Terms of sale 135 = other)
The terms of sale of a weapons syvstem 1s indicated if the nformaucn s
avatebie. Examples of these terms inciude coproduction, offsets, gifts and credi
Line 4 Field I: Weapon svctemEE-9)
Field 2: Equipment type tAVREWH ED

1¢ weapon svstem is the broad category of hardware support. The

cqupment tvne uses a code to speuificaily rreak down the svetem to the component




After the data is collected, it is assembled in the form of “storvlnes” for
review. The storvline simply collects all events for a given country both when it :s an
actor and when it is a target. In this wayv, the reviewer can sece if there exists 4
coherent, logical progression of events. Once the reviewer is satisfied with the recorded
Jdata, :t1s loaded into a mass storage device.

3. Parameter Estimation Technique
To ottain an estimate for 1, (the time when the CDF is equal to 0.5) and t

-the time when the CDF is equal to 0.1}, one must {ind a series of events between two
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order, etc. mught be used as a source of one piece of data. The number of davs

between event pairs 1s recorded for all storvlines that exist in the data set for sinular

[N

weapons.  (Presumably it taxes longer to evaluate the purchase of a squadron of
P A-13s than a load of M-16 rifles.) A CDF would then be constructed from this
Jata. The dav when the CDF was equal to 0.5 would be t, and the day when the CDF

PN

AP d
Waa s

was equal to 0.1 would be t.. This approach requires a great deal of data since the

W
Y

X

number of storviines in the data set is relatively small, however, this analyst only had

PR
o
v
[

access 1o a small portion of the data set. so an extensive study in this field was not

v

possible. tIndeed, this type of study would be expansive enough to support an entirelv
separate research report!) In the data provided, seven samples were found that
contained the linkage between Evaluation Negotiation and Order on similar pieces of
cguipment. The parameter estimation technique will be demonstrated with these seven
Jata peints. The raw data are shown in Table 2. These seven data elements were

tound in storyvlines from various countries. Obviously, to implement this technique,

“ one would restrict themselves to the arms transfer data from the country of interest.
.'_‘_:»', To construct the CDF, we compute the probability that the number of davs
: between an evaluation and order, a random variable T, will be less than or equal to the

»

various elapsed times, t, from Table | That is,
Pr(T £ vy
The results of this calculation are shown below.

t 27 60 64 66 75 39 231
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AN IABLE 2
~ .
1 DATA FOR ESTIMATION OF EVENT PARAMETERS
Duate or B aiwation Negotatien Date of Order Elapsed Time (T
04 02 33 Il 16 8S o3
ARNARERR 048 30 N3 [0
1o 28 &3 123183 63
<
2 02 0% 36 03 06 S0 2"
o
o 10 03 33 1210 83 66
1A
ol 01 20 86 0d 19 86 89
L J
SRS 07 01 83 0217 86 231 i
LN
oSy
-
-_.-\
o - . . . ~ 4 . - .
2 Theretzre, we would use 66 as our estimate of t, and 27 as our esumate of t. At this
A point, we recognize that with all eight event CDF's going from 0 to 1, the plot will get
::-'_:' ciuttered verv quicklv. Further. we Know that by multiplving the CDF by a constan:
- does not ruin any of the five properties of the model previousiv discussed. We cculd
arbitranly select values for these constants since thev have no numerical meaning in
p- 7 sur medel, but te give one more piece of visual data. we will use the relative frequency
-; of cach event in the Third Point data svstem and denote this constant M.
2
e M .
7 C= (eqn 3.19)
S I = expr—at = B
o As an example, suppose Saudi Arabia was the country in question. Table 3
;h cumimanizes Saudi Arabia’s arms transfer acuvity for the vear 1983 -1986. From this
N sammart 1ocan de seen that the relative [requency of Order is 0.474, so this would be
"
‘ ::' tne v aiue of M
14
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N
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TABLE 3
SAUDI ARABIA ARMS TRANSFER ACTIVITY (1983 - 19S6)

Event Nr of Occurances Percentage ‘
Prorose Offer 16 3.8
Reguest 1~ 6.2 !
Evaluation Negotiation R 253 >

[P¥]
—_—
—

Reject Refuse (supplier)

Reject Refuse (recipient) 3 1.1
Order 130 47.4
Deliver 13 4.7
Increase 17 6.2

Withdraw Cancel

[ 3]

0.7

As stated earlier, the data necessary to make reasonable estimates for all event

parameters was unavailable. The values of the parameters used in further analysis are

LM EAANS

Hsased on the author’s estimates and in no way are intended to represent any one

counuy or arms transfer.

G. KSIM ALGORITHM

To be effective as a policy analysis tool, the KSIM model for arms transfers must
be programmed: the calculations, while not difTicult, are too numerous to be handled
manually. Additionally, the KSIM program should be portable so that it is not bound
to 4 main frame facility and become relatively inaccessible to the intended user. For
these reasons, it was decided to program the KSIM model on an IBM XT perscnal

ccmputer. The program follows the algorithm cutlined below:
Step I. Input the event parameter estimates t,, t, and M for all events.

Step 2. In~ut the cross impact matrices.
N t

- .Y . o s Lo . * - '\..\"\.
':f'\'l '.f"”/:'f '-f.:f S A . Ay '\-'r‘\.
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EZ.. Step 3. Compute the values of @ and B according to equations 3.11 and 3.12.

.. Step 4. Compute the time when the event cumulative probability is equal to 0.001, [f
this time is less than 0, then compute the value of the cumulative probability at ume 0.
N «Use equaton 3.19).

. Step 5. Determure the start ume of the simulation. The start time will be the

-
o
]

JURIMUM 0 24cil event's t, or. i this 1s less than 0, the start time will be 0. Set

! stmuason ume equal to the start ume.

: Step 6. Check all events to see it their t_is less than or equal to the current simulation

N nme. Any such events become part of the simulaticn with an initial value of 0.001.
{ Step 7. Comipute v, according to equation 3.3.
. J
v Step 8. Compute 7. according to equation 3.2.
. . .
( Step Y. Compute S+t ~ At) according to equation 3.7.
-3 Step 10. Repeat Step 6 until the stop time (selected by the user) is reached.
2 This aigorithm was programmed using Turbo Pascal (version 3.0la). A listing of the
. source code appears in the Appendix. To make the program functional as an analvsis
toct. it had 0 be user friendly. interactive and allow various parameters to be changed.
As such. the program is menu driven, and allows data editing of event parameters and
-
o cross impact values. Upon termination of the session, the current values of all event
- n~arameters and the cross impact matrix are stored on the disk. When the program 1s
[oaded. 1t recalls these parameters from the disk and returns the svstem to its state at
v . . . . N .
the end of the previous session. The next chapter will show some results from this
program and discuss how the model might be used to investigate various arms transfer
= nolicy Jecisions.
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IV. RESULTS AND CONCLUSIONS

A.  MODEL RESULTS
1. Input Parameters
As stated in the previous section. the data used in the testing of the KSIM
arms transter model were estimated by the author. Table 4 shows the initial event
parameters used in the simulation. The values for the relative frequency of cccurrence.
M. came from Table 3. Since there was no value for the event Meet Visit, 0.0] was
ased. The two events, Propose Offer and Request, were lumped together to form one
event, Propose Request (see the subsection on Event Data Set). The value of M for
Propose Request, then, is the sum of the values for Propose Offer (0.038) and Request

NANATSS

TABLE 4
INPUT PARAMETERS FOR KSIM SIMULATION i

Event t te f%fégttj;?xcy
Meet Visit 20 10 0100
Propose Request 35 1S 1201
Evaluate Negotiate 35 40 2354
Reject Refuse 60 50 0220
Order 80 60 4744
Deliver 100 85 0474
Increase 130 100 0602
Withdraw Cancel 140 120 0070

44




The frst run of the model used a value of 0 for all ’\?j and B.. This implies

that there are no cross impacts and the resuits should vield a “truncated ™ CDYL e
vaiue ¢ the CDF muultiphied by oits relative treguency. As can be seen from Figures 401
and =2, this is indeed the case.

[he crossimpact matnees were then esumated using igure 230 [ there was

L AN el mrtooevenis, it was assumed that an oincrease in the probuniiity of

Soedrrence of the st wnl have seme edect on the probability of the second. Recull
Al pasine veldues are enhanang unpacts, while negative values are inhimting. The

Sealddsed o thie dertvans e B oo impacts was:
i

' = None
Muld

2 = Streng

1

fad
|

Overwhelming

[arie S shows the salzes for the denvative cross impact matrix that were used in the

sonoln Because ofits exastence. For this matrnix, however, the following scale was used:
0.0 = None
0.1 = Mild
0.2 = Strong
0.3

Overwhelming

[hie e Gisniavs the values used for the constant cross impact matrix:

I'me duta were entered into the model and a period of 200 davs was simulated.
Tre results of thas first run appear :n Figure 4.3, The output shows that the cross
impacts have a great influence on the events Evaluate Negotiate . Reject Retuse and
Orler. These three event state variables reached their upper bounds even though their
voal valdes without cross irnpacts was very low. To understand why, we must cleselv
enamine the cross impact matrices and couple the values we see in the tables with the

wror e observe on the plot. As an exampie, let us trv to determune why the state
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Figure 3.1 KSIM Smulation With No Cross Impacts (0 - 0.5).
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i TABLE 3
; DERIVATIVE CROSS IMPACT MATRIX

- IMPACTING EVENT
o B.o1 2 3 4 8% 6 T %

o 3o 3 0 0 0 0 0 0
P IMPACTED 4 0 0 2 0 220 0 0
e EVENTS 3 0 0 ! 3000 0 0 0 i
- 6 0 0o 0 0 2 0 0 0 |
° !
- v o0 0o o0 1 1 0 =22 |
T 8 0 0 0 0 | 1 20
T Event I Meet Visit Event §: Order
j::{ Event 2: Propose Request Event 6: Deliver
.:\-
O Event 3: Evaluate Negotiate Event 7: Increase
-"
o Event 4: Reject Refuse Event 8: Withdraw Cancel
s
o~
"-;j
a Refer to Tables 5 and 6. Reject Refuse has a positive derivative impact from
N Evaluate Negotiate and a negative impact from Order. Thus, when there is a positive
siope in Evaluate. Negotiate, the incremental increase in the state variable will enhance
the growth of Reject Refuse. Similarlv, as the state vanable for Order increases. it will
inhibit the growth of Reject Refuse. Now since the Bij values are the same (2) the net
"‘" Jdertvatrve mmpact will depend on the difference :n slope between the two impacting
-_','::j varieoies. [t can also be seen that the state variables for Propose Request and
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u TABLE ¢

1 CONSTANT CROSS IMPACT MATRIX

'_:f: IMPACTING EVENT

o Ay > 456 Ty

v

¥~ 1 0 0 0 () 0 0 0 0

o

::: 2 I 0 0O 0 0 0 0 0

‘X

- 3 0 ) 0 O 0 0 0 0

3

"o IMPACTED 4 0 A 0 0 0 0 0

oS EVENTS slo 1 5 20 0o 0 0

® 6o o 0 .2 3 0 0o 0 |
iy - 0 0 0 22000 1 0 -1

N ‘
-.' ‘
8 0 0 ) | 1 1 -1 0

N Event 1: Meet Visit Event §: Order

B Event 2: Propose Request Event 6: Deliver

Event 3: Evaluate Negotiate Event 7: Increase

::_‘: Event 4: Reject Refuse Event §: Withdraw Cancel i
7

’ Evaluate Negotiate have positive consiant impacts on Reject Refuse.  Whenever
o Evaluate Negotiate and Propose Request have any magnitude, thev will enhance the
;.; zrowtih of Reject Refuse.  Now look at Figure 4.1. We can see that btoth
_{ Propose Request and Evaluate Negotiute have rapidly increasing state vanables tlarge
e vopesand tiwt their growth 1s both faster (higher slope) and of greater magnitude than

Order up 1o day number 73 Duning the period from dav 0 to 75 then, Reject Refuse

Fas e posttive impact that accelerates its growth., In fact, the growth rate 1s <o high
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N that Reject Retuse hus reached s upper hound merore the negative impact from Order

| . . . . ) PN < e Cien rea v g e g . vt : E vk
o can have any etiect. One cuan oyl the growsh or Jecay of any varakle tarouch a
sioular line of reasonminy

. . R . St Lt v, Sl e e - . . e s s . - - N , - .
In order 1o demonsiiate e 2iieet Toal sarag the values of the oross mmnaee

T Ay il . oyl - T,
aind runothe modes The resuits are shown on
T B N T e PSS e - ey e . . IS -

froure =<0 Lhe »ion o sha e mmract o Order on Reect Refuse Ras a4 oreat
Cev Y e etk or Lraess T ool TR apactorh S Retect Rotuse Ry
LWANE 0T TR NI ML 1T Nl Snn o sappresses the growth of Rejeot Refuse Bt

A0 s osecondany elivet 0 enhanang the state variable Withdraw Cancen. The

[T mun me cur beliet that several events have a positive constant ¢ross impact cn
Delners w0 we shall set Ay Meet Visit on Delivery equal to 0.1, Asg
Laliate Negetiater equal to 0.2, and change A y¢ (Reject on Deliver) from — 0.2 to 0.
[7e model s run for a 200 dav simulation and the results appear in Figure 4.5, Again
we see that the net positive mmpacts did have a marked etfect on the state variabie
Deuver, but the secondary effect of greatly enhanced growth of Increase 1s even mcre
~roncunced. The caused of this secondary effect can be traced to the entry Be-: the
nereasing value of Deliver has a positive derivative impact on the state variable
{nerease. We continue to modify the cross impact parameters, observing the effect of
(mese cnang2s untl we obtain a set of entries in both of the cross impact matrices that
reswit i svstem behavior that appears correct. [t 1s during this process cf refining the
nodel thut the analyst will learn a great deal about the interplayv of state variables
witnmn thie osvstem. Many users of the KSIM procedure state that this acquired
sncwiedge 1s often of more value than the results of various simulation runs. [t wiil be
ssaumed that the state of the model as specitied by the cross impact matrices in Tabies
S oand 0sosatisfactory at this point, and preceed with investigating some of the arms

‘ransler policies suggested in chapter one.
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2. Promoting the Transfer of Defensive Weapons

Chapter one al'luded to the tact that some weapons lead to greater politicdl
stabiiity than others by their technical nature and defensive mussion, and that it may be
Jesirable to promote the transfer of these weapons. One policy to achieve this goal
augnt be to acuvely “sell” the weapon to target countries by demonstruting iis
capatilives and proposing its purchase. We can now check to see if this policy wili
fave the Jesired effect. To do this, the value of M, the relauve frequency of
be changed from 0.1201 to 0.300 for the event Propose Request. The

medaning in terms ot prebabilities or CDF's of increasing M from 0.1201 to 0.30 is not

¢
-
It
£
-1
oy

ut we onlv wish to model an “increased effort” in this state variable and
nereasing the value of M tends to convey this idea of “increased effort”. The output
irom this 200 dav simulation are shown in Figure 4.6

The results ot this run demonstrate that there is no perceptibie change in anyv
of the svstem variables due 1o the increased effort. In fact, observe that even the state
variahle Propose Request is unaffected. The value of M was subsequently increased
several umes, but the results were alwayvs simular to that displayed on Figure 4.6, We
might conciude that the interactions between variables themselves are more important
in the outcome of the simulation than are the initial starting points. Can we draw anyv
reicvant policy dedision information from this simulation? Certainly one would not
state, based on the results of this run. that an increased effort in Proposals has ro
benerit. However, the model does tend to indicate that the arms transfer process is
Juite resistant to change from simple event parameter changes.

3. Extended Congressional Debate

Another arms transfer policv proposed in chapter one is that the arms transfer
nrocess should be made more “viscous™ by extending the length for Congressional
i

Jebate. What might the effect on arms transfers be if this policv were implemented?

The rarameters for Evaluate. Negotiate are currently set at

t (time when CDF = 0.5
t fume when CDF = 0.1) = 40

1
n
ol

To simulate extended Congressional debate these values can be modified to

o ftime when CDF = 0.3) = 73
% iume when CDF = 0.1y = 35
4
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Results of Increased Effort in Propose. Request.
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Again the model v run tor oo danss By exaumuning Figure 4.7 it can be seen that

entended Congressiond! dehate dheos not have a great Jeal of etfect on the arms transier

1
"

“han muaking the growth of Evaluate Negouate
asoseep s 1o delan thie growthoor the state vanable Reject Refuse by about 5 davs.
We could argue woan that the dulerence in model behavier from aitering event

“hatwe cannot make any solid policy analvsis recommendations

B.  CONCLUSIONS

e KSIN nisdel has demonstrated that 1t is not only feasible, but desireable to
Jduza. such as expert opinton, with hard data, such as the Third Po:nt
Suateras event Juta sern This capabiity o augment hard data with subjective estimates
~oentieal when maodeliing svstems, like the arms transfer process, which are not well
coverimed b determunisstie refutionships with easily quantified parameters.

Another vaiuable mpication of using KSIM is that it provides a method for the
andlist o ddenudy the structure of the svstem he is modelling. even though he may
fuve no expenence i modeihing technigyues. The process of estimating cross impact
vatues and event parameters will give the user a great deal of insight into the “inner
workings ot his svetem. Often this insight is just as valuable to the analvst as actual
runs of the simuiaton atselfl

The question of model validation is bound to arise when discussing forecasting
madels wuch as the KSIM simulation of arms transfers. The answer is simply that the
whisie purpose of the the model is te provide the foreign policy analyst with a means to
levelop o mental image of the arms transfer process. It is intended to be neither
sredictive nor prescriptive; merely a mathematically sound method for showing the
cometric relationships between svstem variables.

While the KSIM procedure appears to be a useful tool in developing a model of
tne arms transfer process, the utilitv of this tool in modelling various arms transfer
nolcics seems questionable. The model is verv responsive to changes in the cross
anpact parameters, but resistant to changes in the event parameters. However, the
varisus arms transfer policies are modelied by changing the relevant event parameters.
Tias the poliey analvst will not be presented with a clear picture of the results of his
~oney ke those that were seen when cross impact parameters were changed. Since
RoIM relies on the geometry of state vanables, subtle changes in the values of the

coales sver nme v not suificient 1o draw conclusions about the effect of a given
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Seme comment must be made here regarding the implementation of a KSIM

procedure with a ‘p‘anel of experts with limuted mathematical experience. The abil:tv 1o
understand the ditference between constant cross unpacts and derivative cross impacts
is very Jdifficult to someone who does not possess a working knowledge of basic
calcuius. Thus, the policy analvst may easily become baflied when triing to esumate
rarameters for these cross impacts and when trving to understand why a state vanable
is 50 atfected by the rate of growth of other variables . Furthermore, the process of
arriving at a tinal set of cross impact parameters 1s one of trial and error. This is not
onlv verv ume consumung, but the panel of experts have no knowledge ol what the
svstem behavier actually 1s: thev onlv know what thev think it should be or what the:
want it to be. Clearly, the final arms transfer model could be heavily biased and vield
resuits that are completely inaccurate. To be really useful as an arms transfer policy
analvsis tool then, the KSIM procedure needs some method for obtaining the values of

tae cross impact terms from a hard data base.
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D APPENDIX
! KSIM ARMS TRANSFER SIMULATION PROGRAM LISTING
.,f.'
" Prozramed in Turbo Pascal (version 3.01a)
v
\
v PROGRAM KSIM
- TUPE
- ParamReccrd = RECCRD
‘- THigh : REAL:
~ Tlow : REAL:
w MaxProb : REAL;
p END;
A
- VAR
o Done,SubMenul, SubMenu2,SubMenu3: BOOLEAN;

Event Row,I,J,RndIni t’alT T: INTEGER:
. StartTime, Stonl*me MinT: INTEGER;

- BljValue, AijvValue T:ime,DeltaT: REAL;
- ThighVal, Tlowval,laxProbval: REAL;

¥ ;c~ %lgh.,baxP CREAL :

) r$pna Beta,IinitialT:REAL;

~ llame: ,;R¢W“Llo :

Bijarray: 5QRA1+1 .3,1..8] of REAL:
AaiJArray: ARRAY‘I..S,I..S of REAL
- AlphaBeta: ARRAY([1..8,1..3] of REAL
- Xvalue: ARRA{[I .3, l..Z1 OF REAL;
g PlotPoints: ARRAY[{..1000,1..8] of REAL;
> EventData: ARD‘{[. .8 l..3% of REAL;
( Tpoint0i: ARRAY [I. 8; of REAL;
- EventMames: ARRAY{1..8] cof SLRINGLIS}
- ZrrorIrap AQPl[[i .8] of BOOLEAN;
g Underflow: ARRAY[1..8] of BOCLEAN:
g Cverflow: ARRAYZ[I..8) of BOOLEAN:;
- Params: ParamRecord;
- DataCuz: FILE of ParamRecord;

RawData: FILE of ParamRecord;
BijFile Al Flle TEZT;
Names: TEX

e vsTINE: TEXT;

N TILEN: TEXT;

oy TUNCTION PCWER(Term,Exponent:REAL): REAL; This function computes the value
b EZGIN of "term" raised to the power cf
o POWER := EXP(Exponent*LN(Term));
3 - TAD .

. o
o coNST
S Limit: INTEGER = 8;

o Empty: INTEGER = -1000;

e PECCEDURE LoadEventNamesarray; Loads an array of the event
-2 3z35IN names for use in promting

ASSIGN (Names, 'Events.Nam'): inputs and displaying scme

® FESET (Mames ) ; o of the results to the user.
bt gvent := 1 TO Limit 20 Events.Nam is on the disk.
" BEGIY

- REACLI(Mames MName);

oy Ev enb‘amaslztent] := Name;

7y END;

-, CLZSZ (liames);
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PROCEDURE LoadData;

This procedure takes the estimates for times of highest probakb lllt
ard lowest prebability deiined as that Do*nt where CDF = 0.12) an
th2 maximum prebaczlily. These values are stored on the disk 1n the

_e RawData.Ca:.

v
ol

o

CLRSCR;
Z0TC ’(»5 4); ,
i *%s procedure will ask you to estimate parameters');
out the events that go into an arms transfer.');
; Rawliata, RawData.Zat'):
: ITE (Rawlata}:
Tor Event = 1 to Limit DO
BESIN
GOT0XY(24,8);
WRITE ('Fer ',EventNames[Event], ' please enter:');
GOTICHY ., 158,12);
WRITE ('The time when the event is most likely to occur
READLN (Thighval):
Params.Thigh := ThlghVal
EventD ta(Event,1l] := ThighVal;
GOTCX7Zi15,14);
WRITE ('The tire before which it probably will not occur
REZADLN (TxowVaL;
Params.Tlow := iowVal
Eventlata[Event, 2] Tlowval;
GOTOhI(lS,lé)
WRITE ('The maximum preobability of occurence ")
READLN (MaxPro:cVal);
Params. Maxbro“ := MaxProbval:
EventData[Event,3] := MaxProbVal;
WRITE (RawData, Params):
CLRSCR;
END;

CLCSE (RawData)
ARITELN( Return*ng te Main Menu');
ZELA’(DOO)

END;

PROCEDURE LoadBi ]Matrlx
This procedure takes the user's estimates of cross impact values. The Bij
Tatrix 1s structured such that I[MPACTING events are the columns and IMPACTED
events are the rows. Thus B[3,4] is the impact of event 4 cn event 3,
“he matrix is loaded into an array, BijArray, and written to the disk.
nm T
CLRSCR;
GIToXY (10, 2)

Wﬁ;;L_A(”hlS procedure will load the B cross impact matrix. For each of'):
l),

WRITELN(' flrst event on the second. Positive values are enhancing, and')

357 (lO 3);
WRITELN('the following event pairs, estimate the crecss impac £ the the
GOTOXY(10,4);

WRITELN( 'ne atlve values are inhibiting. Use the following scale:');
GOTOXY(33,7):WRITELN('OC ... MONE');
GOTOXY(33,8) :;WRITELN('Ll ... MILD'):
GOTOXY(33,9) ,WRITELN('2 ... STRONG'):;
GOTOXY(33,10) ;WRITELN('3 ... OVERWHELMING');
WRITELN; .
A3SIGN (BijFile, 'BijData.Dat');
ZEWRITE (BijFile); o
TCR Event := 1 to Limit DO
32GIl
FOR Row := 1 Tu Limit DO
BEGIN

WRITEZ ('The impact of ' E'entNames[Event],' on
EventNames[Ro«], ")

60)
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et 1-Value);
Lo Row, Zvent] := BiiValue;
LIS - a o~ < - .~ -~ S
- rigticn of procedure for 1ndexing of these
Ay
- -
) RS N T,
~ BijFile,B:11Value);

o .
‘~_“!. 14 TN
NS 0 . MONE'; .
S 1. MILT ') Writes the sczle
e 2 ... STRING) again so 1t is
S ey g e femer oo s -7
A 3 DUVERWEELMING') alwavys avar_altle

y

-

matrix 1s loaded') ;WRITEL;

main menu');

i

the user's estimates of constant cross impact values.
ructured such that IMPACTING events are the columns
i IMFAITED events are the rows. Thus A[3,4] is the impact cf event
Z. The matrix 1s loaded into an array, AijArray, ard written

2.2
'This procedure will lcad the A cross impact matrix. For each of');
.30
‘the Isllowing event pairs, estimate the cross impact of the the');
~ A
L x
W first event on the seccnd. Pcsitive values are enhancing, and');
3 .30
" egative values are inhibiting. Use the following scale:’);
> L7, WRITELN('0.O .. NONE';;
z &;:WRITELN('C.L ... MILD'):
z S);WRITELN('0.2 ... SIRONG');
: 10);WRITELN( C.3 ... CVERWHELMING'):

(20 45 B4 T

1 TO Limit DO

WRITE ('The impact of ', ,EventNames(Ewvent],' on ',
EventNames[Row], ' vy
READLN (3aijvalue); N
Ai;Array[Row,Event% := aljvalue: .
See description of procedure for indexing of these
7alues
WRITE (AliFile, AijValue):
wRITELN:
END
CLRSCR:

_ GOTOXY(25,2) ;WRIT ... NONE'): ,
- GOTOXY (25,3 ) WRIT oo. oILD' ) Writes the scale
- GCTOXY(25,4Q;WEII ... STRONG'); again so it is,
) GOTOXY (25,5, ;WRIT ... OVERWHELMING'); aiwavs avalliab.e
- - ENT;
. b -NcTet=)
g rpact matrix is loaded'):WRITELN;
. n3 S0 mawn menu )
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FROCECURE ComputeKSIMinputs;:

This procedure reads the raw data from RawData.Dat and computes Alpha, Beta
and TpcintOl (the time when the event CIZF 1s at .0l). The results are n
array AlphaBeta and Tpointdl. AlphaBeta also holds the value of MaxPrcb.

T2NST
Log9: REAL = 2.19722457:
BESIN
HinT := 1CC0; Arbitrarily large value so that the minimum Tpcintll can
; := 2 be fourd.

-

~

w3
i Cyer
DR ¢

TR
'x) %43 (D

[ k)

:= 1 to Limit DO

HighT := Eventdata[Event l]:

Seta := HignT/(HighT-LowT)*LogS;
InxtialT := (LN{100C*MaxP-l)-Beta)/(-~Alpha);
If InitialT < MinT THEN MinT := ROUND{Init:alT);
AlphaBeta{Event,K 1l Algha;
Beta;

AlphaBetalzvent, 2
AlphaBeta{Event,Z) := Max?;
TpointQOl[Event] := InitialT;

END:
CLOSE (Rawlata);
IND;

PROCEDURE RetrieveBijMatrix; ' ‘

This procedure recails the cross impact matrix from the disk

her the system 1s int:ialized and builds the cross impact array
cArray) for use 1in the simulatilon.

i)

ROCECURE RetrieveAijMatrix; _

Ia1s prccedure recalls the cross impact matrix from the disk
when tihe system is intialized and builds the cross impact array
(BisArray) for use in the simulation.

=310
ASSIGN (AiiEile,'AijData.Dat');
RESET (Aijrile); o
FOR J := 1 to Limit DO

ta
[I

CLOSE (AljFiley;

TRCCEDURE RetrieveEwventData;

62

RS RN A N

LowI := EventdatalEivent,2;: Inputs frem RawData.Dat
MaxP := Eventda;a[;vent,Ei; . )
Alpha := 1/(HighT-Lewl)~Log9: Computation of parameters

ENOw
ASSICGN (BijFile,'BijData.Dat');
SESET (BijFile); o
FCR J := 1 to Limit CO
BEGIN
FOR I := 1 to Limit DO
BEGIN o .
READ(BijFile BijValue);
Blerray[I,J] := BLJVaiue;
See description of the procedure LoadBijMatrix
for the indexing of this array.
END;
END;
CLOSE (Bi7File);
END;

BEGIN
FOR I := 1 to Limit DO
BEGIN _
READ(AijFile AijValue):
aijarray{I J} := aijvalue; . ‘
See description of the procedure LoadAiiMatrix
for the indexing of this array.
END;
END;




T re vrecalls the raw data from the disk when the pregranm
b d.  KS5IM inputs .alzha, bera, and initial tinme) are
G ediately by pr:c-iu.e Com puteKISEinputs.
'R3awlata, 'Rawlaza.Cat');
Rawlata
] nt o= 1 to Laimit 22
A E5Iu
- READ (RawData, Params);
- wiITH Params I2
e 2 = Farams.THig]
. = Params.TLow:
. - ~ Y]
o = Params.!MaxPrcb;
. CLISE
o T
--'.‘- —t

current values of event data on the screen

NS TEGER:
- : CHAR;
* ."..
. {28 ,2):WRITELN('E VENT PARAMETERS'):;
" (2%, %, :waITZLN( 'Mecst Net'); Column
® g24,5<;WRITELN 'Likely Before Maxinum!') headers
- - (25,%) ;WRITZLMN('Time Time Probability'
Ve ent = 1 to Limit CO
AR BEGIN
' Y := 27Ev ent t+C;
N GOTOXY(2,Y WRITELN(EventNames[:vent]) Row headers
- GCTCHY (25,7} ;WRITELN (EventData[Event,1]:3:0, " v
EventDataEEvent,21:3:O ' ', Current
EventData(Event,3]:4:45; values
:WRITE('Hit "ENTER" to return to main menu'):
] ny;
- FRITECURE TosplavyBiZMatrix;
t) Srecedure E*Splajs the current cross impact matrix on the screen.
. Sl: INTEGER = 6;
- Z2: IWTEGER = 16;

‘."}.
o :
. 23,2);WRITEIN('C R 0 S S IMPACT MATRTIX');
AT 36,4) ;WRITELN( '"IMPACTING EVENTS'): Column heacders
> z 235 HQL‘L-WE’I 2 3 4 3 <) 7 8'):
L T:R I :=1 to Limit DO
- BEGIN
A Y := 2*I+C1;
< IF I=4 THEN
EEGIN
GOTOXY(5,Y) ;WRITELN('IMPACTED'); Row header
ZND;
IF I=5 THEN
BEG

GOTOXY(6,Y) ;WRITELN( 'EVENTS'); Row header
il ;
GOTCAY(18,Y) ;WRITELN(I);

L]
<
A

l\‘l.l
R ]
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(SN
kel
e
7 FOR J := 1 to Limit DO
A BEGIN
- X .= 6%3+C2;
N GOTCKY(X,Z) ;WRITELN(BijArray{I, J}:2:1); Current
- END; values
END; , .
i GOTOXY(23,24) ;WRITE('Hit "ENTER" to return to main menu');
~ RZADLN (Return);
- ZND;
FRCCEIDURE DL sa¢aVa11M=tr1x
Tals procecdure displays the current cross impact matrix on the screen.
[
Cl: INTEGER = 6;
- C2. INIEGER = if-
- VAR
o X,7: INTEGER;
- Return: CHAR;
- BZGIN
C_RSCR
GOTICXK7(23, 22 WRITELN('C R 0 S § IMPACT MATRTIZX');
. GOTC‘Y’36,4 WRITELN{'IMPACTING EVENTS'); Column heaaers
- S0TCuT(23, 6 s TEon{ 1 2 3 4 5 7 8');
- FCR I := 1 to Limit DO
: BEGIN
- 7 o= 2%1+Cl;
= IF I=4 THEN
BEGIN
[ | D GOTOXY(S5,Y) ;WRITELN('IMPACTED'); Row header
o IF I=5 THEN
N BEGIN
- END GOTOXY(6,Y) ;WRITELN('EVENTS'); Row header
- GOTOXY(18,Y) ;WRITELN(I);
- FOR J := 1 to Limit LO
[ ] BEGIN
- X &= 6%J+C
- GOTOXY (X, Y) WRITELN(Alerray[I J}:2:1): Current
N END; values
~ END;
o GOTOXY(23,24) ;WRITE('Hit "ENTER" to return to main menu');
R REACLN (Return);
' END;
PRCCEDURE EditEventData;
T:-s procedure allows the user to change current values of the event data.
The current values are displayed and new values are input by the user. The
: rew value then replaces the old value in the event data array.
"L ColisT
4 C: INTEGER = 6;
| VAR
, ¥Y: INTEGER;
K NewValue: REAL;
g BEGIN
. CLRSCR;
- GOTOXY(21,3);WRITELN('E VE N T DATA EDITOR'");
'y FCR Event := 1 TO LIMIT DO
[ BEGIN
5 T := 2*Event+C
" GOTOXY(23,%); WRITELN(EVent ' ,EventNames[Event]):
f !-'P:D;
s 50TONZ(16,(2+3)) ;WRITEZ('Enter the number of the event you want changed. ")
o~ EACLN(Event);
> T:SC:.
g GCIN®T(22,8) ;WRITELN( 'Current values for ', Eventnames[Event]):
‘ GCTCHZ(22,11):WRITELN{'1. Host likely time = ', EventData[Event,1]:3:0);
: 64
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GIN _
T = 2%Event+(; )
GOTOXY(30,Y) ;WRITELN(Event,'. ' EventNames[Event]);:
END:
G:TCKY\ZQs(Y+3)\,”RITE('Enter the number of the IMPACTED event. D
<).13):%WRITE( Enter the new value for the impact of'):
22,.5) ;WRITE (EventNames{J],"' on ' ,EventNames{I, ' ")
iewvalue)
v1I,3; := NewValue; . .
23,12);WRITELN('Change complete ... returning to main menu');
15C0);
PETIEIURE EditiaisMatrix;
This zrecedure allows the user to change current values of the cross
impact matrix. First the impacting event 1s selected, then the impacted
2vant 1s selected. The new value Is input and repaces the old value in
o <ne ZijMatrix array.
TIusT
T Z: INTEGER = 6;
- AR
o 7: INTEGER:
. slewValue: REAL;
by T cirser;
< GLTZWI(15,3);
e WRITELN. CROSS IMPACT MATRIX EDITOR";
T FIR Zvent :=1 to Limit CO
e EZGI
" 7 = 2%Event+C;
i GOTCKY(30,y) ;WRITELN(Event,'. ' ,EventNames Event]):
L2
::.r 63

o . - . -
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efere time = ' EventData/Event, 2]:3:1"
num srobability = ‘,EvethatatEven:,Si:Qzév
tnhe numder you want to change. iy
tne new value. ")
ue; . _

e complete ... returning %o main menu');
TRCIZIURD EZditsizMatrix
Znisz precadure allows the user to change current values of the cross
1mgact matrix.,  First the impacting event 1s selected, then the impacted
2wenT 1s s2.2cted.  The new value Is input and repaces the old value 1in
o2 BitlMatrix oarray.
C: INTEGER = 5
ACT MATRTIZX EDITORY);
T := *Event+C:
GOTOXY(3C y) ;WRITELN(Event,'. ', EventNames[Event]);
-
D
STTICKYI22,(7+3) ) ;WRITE('Enter the number of the IMPACTING event. Y
YRS
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END:

GOTOXY (2D, (Y+3));WRITE('Enter the number of the IMPACTING event. -
READLN (J§:

CLRSCR; '
TOR Event :=1 to Limit DO
BEGIII
Y := 2%Event+(C; 4
UOTO(V\J-,.) WRITELN(Event,'. ,EventNames{Event));
ha)
o
J Y+3));WRITE('Enter the number of the IMPACTED event. "
;,l§g,dx1‘2([_nter the new value for the impact cf'};
J,1%) WRITE(EventNames[J], on ©,EventNames[I],- )
NewVaiue);
"I,Jl := lewValue; , ‘
0,:§ sWRITELN (- C“ange complete ... returning %o main menu';:
3205
z1D; /
‘ct?o*n*sArrav
holds the valles of each event at each time increment.
1000 do
FOR Event := 1 to Limit DO

PiotPoints[T,Event] := 0;

PREZCZEDZURE In 1t1a¢lze71me
b crocedure finds the start time for the simulation. It selects the
minimum T:o_ng 1 unless that value is less than 0. If this occurs then
tne stare time is set at O and CDF values are computed for thcse events
with Tzcl . less tnan 0.

leePlotDOLn*sArrax:

rant = 1 %o Limit

SZGIN

ErrorTrap[Event] := FALSE;

Underflew(Event| FALSE;

Cverflow| vert* := FALSE;

Xvaiuel=Zwvent, 1] := 0; Initializes Xvalue array. Xvalue[t, 1]
¥value[Event, 2] := 0 1s X(t + dt). =xvaluelt 2! :s x<:§.

35730 7, ;WRITE('How many days do you want to simulate? (2850 max) '):
SZACL t .e),
L2lzaT := 0.25; o
FLR EZvent := 1 to Limit DO
BEGIN

Alpha := AlphaBeta Event,l]:
Beta := AlphaBeta[Event 2
Maxp .= AlphaBeta Event,
IF Tpoint

BEG

—_

ntCi[Event] < 0 Th:N
EGIN
Tooint0l[Event = Empty:
'xa‘ae[ Zvert,l] := MaxP/(l + EXP(Be%a)): CDOF at t=0
wvalue{Event,2] := MaxP/(lL + EXP(Eeza)); COF at t=0
Comzutes {( O, since T(.0l) < 2
END;
ENT;
IF MinT < 0 THEN StartTime := 0 ELSE StartTime := MinT:
30T047(30,16) ;WRITELN( Start time will be ' ,StartTinme):

60
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Thils procecdure cemputes the lue of X{t + dt) based on the value
2T takes lnto account ;ra s pacts. The eguations are descriked
3 ¢f the thesis,
VAR
SammaSumPlus, GammaSumiinus sEAL:
Gamma. —Ts_b‘,u¢d:,-en:w,3:m RZAL;
KTolusDelraT REAL:
ST A 3 1o . fe
alpnas=2ta L
lsg“Se:aff,Z?}
~us = O
nus = O
to Limit DD
In
I (¥walue’J, 17 = Xvalue[J,2]) THEN Zamma:=0
BEGIN
d¥de = JkvaluelJ,ll-¥value 0,2 . CeltaT
diide = Xit + dt; - Ag:) / at .
Gamma := Avjarrayl[I, J) Xvaluell.i)-3itarravi{l .’}
cam
oY
mmasumMinus = GammaSumMinus + ABS(Gamma) - Gamra:
maSunPlus = GammasSunrPlus + ABS(Gamma) + Gamma:
END: )
Pisubl := (1 ExDeltaT~GammasSumMinus)/ (1 + 0.5*Celtal*GammaSumPlus);
IF Errerlrap’ HEN prevents underrlow error with EXP ni ium and Denom
BEZIN
um = 0.0
Zenom = 1.C;
BN
ELSE
BEGIN .
Num := Alpha*Deltat*EXP(-Alpha*Time + Beta):
Denem := 1 + EXP(-Alpha*Time + Beta):
IF (EX2(-alpha~Time * Beta) < 1E-20) THEN Underflow e
Errorirap{I] := TRUE; 1S 1mmenen
END:
IF UnderflowiI! THEN XTplusDeltal := 0.0
ZL3SE
IF Overflow[I] THEN XIplusDelt := 1.0
ELSE
BEGIN
YTplusleltal := ?CWER(XvalugiI,l],P§§ub;)*POWER((. + Num/Dencm) ,PIsubl}:
Iz [Mvaluel,1, < 1E-20) THEN Underflow({I] := ;
IF cWwvalue ILl] > 0.9938899) THEN Overflow|l] := IRUE,
L‘"D.
-l
dvalue 1,2] := Kvalue[I 1]; Replaces Xét) with old X(t + dt)
dvaluell L, = XIp;usDeith: New ¥(t + dt) for nrext t*me increment
FlotPoints[T.I) := Xvalue[I,2];
N3
FROCZIZURE Simulation: ' . ‘ .
The similation sets X(t) = 0 if the time 1is before T(.01) for ¥. When time
s e3ual to or greater to T(.001) then X{%) 1s set to 0.001 Thereafter, the
- procedure IterativeEquatien co~“uteg values for X(t + dt).
- [akal Rieing
i Zero: REAL = 0.0;
s SIZZIN
Y artTime
W
<= StcpTime ZO
L8V WRITELN{('Time = * Time:3:1);
o Limit IO . , .
(TpointiliIj<=Time) AND (TpointOl[I]<>Empty) THEM .
ecks £ T{.Cl, is Less than present time. ~If this value
less than present time OR 1f 1t 1s empty, these steps ar
- ipg=d.
@, -
._"‘-‘ &)
oy
e
iq"-
T

T

a
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BEGIN
Xvalue[l,l‘ =
XvaluelI 21 :=
TpeintdlfIl =
ENT ;
For I:=l to Limit DO
BEGIN
IF ¥value{I,l] = Zero THEN
BEGIN
CASE I of
l: Plotpoints(T
2: Plotpoints|T
3: Plotpoints(T
4: Pletpoints|T
5: Plotpoints(T
6: Plotpoints(T
7: Plotpoints|T
8: Plotpoints|(T
END;
END
ELSE IterativeEquation;
END; .
Time := Time + DeltaT; Increme
T :=T7T+ 1
END;
END;
PRCCEZIURE PrintResults; |
Sencs results tc the printer

-y

CLR3CR;

GOTCXY(25,15) ;WRITELN('Sending results to pri
SELA7(300Y;

WRITE(LST, 'Time 1 2 3
WRITELN(LST,'S 6 7 8');

Time := StartTime;
=D

-

wHILE

Time <= StopTime DO

BEZGIN
WRITE (LST,Time:4:1,: DF
WRITE (LST,PlotPoints[T,1]:4:4,'
WRITE (LST,PlotPoints(T,2]:4:4,'
WRITE (LST,PlotPoints{T,3]:4:4,"'
WRITE (LST,PlotPoints[T,4]:4:4,'
WRITE (LST,PlotPoints[T,5]:4:4,"
WRITE }LSI,PlotPoints T,6]:4:4,"'
WRITE (LST,PlotPoints|[T,7]:4:4,"
WRITELN (LST,PlotPoints{T,8]:4:4)
Time := Time + 8*DeltaT;
T :=T + 8;

END:

GOTOXY(30,17); ,
WRITELN('Enter To Continue'):

READLN;
=Nl
PRCCEDURE WriteOutputFile;

Thils procedure writes a sequential data file to th

rcunded., This 1s so that the data is not in expon

can then be plotted on high resolution plotters su
ValR
Column,RndPoint,RndTime: INTEGER;
Point: REAL;
JutFileMame: STRING[14];
BESIN

CLRPSCR;

0.001; Both are set at C.0C1 so swizch
0.001; 1in IterativeEgua

Empty; Sets EMPTY value so azove checy

will be skipped.

1] = 0;
,21 = C;
(3] =0
.4 = C;
.5 = 0;:
B = 0;
,7 :O;
,8] = 0;
nts time

Increments PlotPoints array row index

nter.');
4 ")

., s x) ‘.
~aOl Willil WOIA 4

e disk. The user inputs
the name of the file. The procedure writes time, X1 values, X2 values, etc.
Time i1s multiplied by 100 and rounded, X values are multiplied by 10000 and

ential notation.
ch as GRAFSTAT.

The data i
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END:

CI0ST s TIMEY
URE CisplavMainMenu;
SuzMenul := FALSEZ:
SurMenu2 := FALSE
SubMenul := FALST.
CIRSZR;
30T0NT(20,5)
30TONT(35,8,
G3T227(28.10% ;WiRITELN
GCTCKZ{23,.2) ;WRITELN
ZCTOXY (28,14 ﬁ‘-rE'"
GOTOXY(Z3.16Y iwWR]
COTOXZ(Z23,18 w:nh.u\l
uCTu?1'25,435,HRITELN
GIICHY(Z3,23) WRITE

CisplaySublenu;
CLRSCR;
::r“:"§32,a)-WRITELN ("
GOTCXY(25,10) ;WRITELN
GOTOXY!{25,12) sWRITELN
G27T2we(25,14) ;WRITELN
30T2X7(25,16) ;WRITELN
SCTCKZ(17,21) ;WRITE (!

DURE ExitProgram;

Vor4

sr 3 will
nterpretaticn.

;WRITELN ('CROSS - IIMPACT ANALYSIS FOR ARMS TRANSFERS');
WRITZZMN ('MAIN MENU');

at rame do you want for the output

1= PlotPo*wts[T,Columnéi

er?o;nt := ROUND(Point*1Q00

KvsTIME, RndPoint);

{
\
:= Time + DeltaT:
- 1.
StepTime;
set %o FALSE. Selection of a menu choice

1. Enter New Data'):
. Review Current Data'):
. Edit Current Data'):

. Write Output File for GRAFSTAT'
. Exit Program'):

2
3
g. Run Model');
6

"ype number would you like, then hit

UB MENU'):

1. Event Parameters'); ‘

2. Constant Cross Imeact Matrix'):
"3, Derivative Cross Impact Matrix');
4, Return to Main Menu'};

ype number would you like, then hit

pro ram writes the current vaLuﬁs of the cross impact matr
eve data to the disk and exits the program.

CLRSCR;

ASSIGN (BijFile, 'BijData.Dat'):

REWRITE (BljFlle)
FO

c =1

BEGIN

SN

AN x AL At 4
N

i1t DO
:= 1 TO Limit DO
BESIN
BijValue := BlJArray[I,J}
WRITE {BijFile,BiiArray{l.J]):
END:

69

th

')
(RS

b

switch and select proper submenu
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oo CLJSE (BijFile);
S ASSIGN (AljFile, 'A1ijData.Dat');
. REWRITE (A1jFile):
- TCR J7:= 1 TO Limit O
" BEGIN o
o FCR I := 1 TO Limit DO
. BEGIN .
~ AljValue := Aijarray(1,J);
.l WRITE (AijFile,Ai1jarray(I,J]);
K END:
< '»-'P\'D.
. ciiss SriTet) -
r;: MY : awlata, 'RawData.Dat');
TIWRI R2wDaza);
F 7IX I “=”‘: TO —imit DO
o Params.THigh := EventData[I,l];
S Params.Ilow := EventData{l, 2];
D Params.MaxProb := EventData(I,h3];

oy
"

#

WRITE (RawData,Params);

-

)
WRITELN('END OF ANALYSIS');

rorfFlag;
ure 1s activated if the user selects an invalid chocice from
It always returns to the main menu.

INVALID MENU SELECTION ... CHOOSE AGAIN'):;
): Allows user to read message.

.

( 1
(730

rpretMainOption;
n. selection from the main menu

n « INTEGER;

CubMenul := TRUE; Insures proper sub menu actions
ﬂ;gplay:ubﬂenu

BEGIN
SubMenu2 := TRUE;
DisplaySubMenu;
END

3: BEGIN
SubMenu3 := TRUE;
DisplaySubMenu;
END;
4: BEGIN
ComguteKSIM*rputs Computes event parameters
Ini 1allzex‘me
Simulation Actual KSIM model in here
GOTOXYéZB 20) WRITE('Print Results? y for YES ')
READLN Resoons°)- _
£ND, IF Response = 'y' THEN PrintResults;
ot
5: ﬂrlteu”tp t¥ile;
5: ExitProgram;
ErrorfFlag; Returns to the main menu

n

A Aty "‘-‘
f\-._\’xﬂsxmgsg» 2o
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FRCCEDURE InterpretOptionl .

This crocedure activated when #1 is the main menu choice. These
pericrm the sub menu acticns reguested.

v

SubOption : INTEGER;

on O—
l. EEGIH
LoacdData:
Comoute&SIIl puts;
END:
LvadAl‘Ma:rz
Loa~~v‘MaLr x
SEGIN

U

CLRSCR;

GOTOXY (30, l“) ;WRITELN('Returning to Main Menu'):
120477 g

SELAY \oOO
END; '
ZrrorfFlag; Returns to the main menu

(3}

140400

v
¢
"

URE Interpret
procedure act
av the data r

tlon2

o)
wa;ec ghen #2 1s the main menu choice. These
queste

O

0
3
b
e

3
LS N I

SudOrtion : INTEGER;

[43]
i
(8]
(28]
pad

READLN /Subfpticn):

i: DisglayZventData;
v‘s:la,“1]Matr1x

2:
2: Dlse ayBijlatrix;

BEGIM
CLRSCR;

GOIO"Yé30,lS);WRITELN('Returning to Main Menu');

DELAY (80C0);

SE Errorfl ag Returns to the main menu
op

m
..
L

'y

rpretOption3; . ) .
e activated when #3 is the main menu choice. These
ng on the data base requested.

tion : INTEGER;

ACLN (SubOption);
SE SubOption OF

l: EditEventData;
g: EditAijMatrix;
4

T H ()

ric‘r"
P"{(’D

VAU )

SUAD 2370

N
"
4

tn
n
(]
(X

EditBijMatrlx;
BEGIN
CLRSCR;

DELAY co

GOTOXY§§3 % ) ;WRITELN('Returning to Main Menu');
8

;

LSE EZrrcrFlag; Returns to the main menu

TEZTBACKGROUND (1):

TEXTICLO TA .
P PRNOINe), (‘.4/'

.V~ ,& % .‘J ‘.\w * - \'.\‘ A" "‘:.‘-.\;\".“‘-,‘.h\ -/' _f\:\v‘\-“ .J‘*‘I,_-‘_‘»\
(AN AR . Eoa X AR . :
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Done := False;
RetrieveEventData;
RetrieveBijMatrix;
RetrievedAilMatrix;
LoadEventNamesarray;
WHILE NCT Done Do
BEGIN .
DisplayMainMenu;

n

Initializes the
system witih the
current values.

InterpretMainOption;

iF SubMenul THEN InterpretOptionl;

v1jrn

rq

END:

P R
L S T A TR A
L P AN A P N
3 P V9 0 1% VS PP PN,

Submenu2 THEN Interpretoption2;
Submenu3 THEN InterpretCpticn3;
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