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Semi-Annua1 Technical Report No. 2 

INTRODUCTION 

The Advanced Research Projects Agency contract t« The 
Project for Theoretical Politics began January 1, 1973.  The 
semi-annual technical report is being submitted to cover the 
.iates of July 1, U>73 - December 31, 1973. 

The report will be divided into six major sections.  The 
first will describe the analysis initiated and completed dur- 
ing the half year.  Results of special significance will be 
highlighted.  Methodological problems that have arisen during 
the analysis will be discussed in the second section and the 
computer programs that have been written or revised will be 
described.  In this and the previous sections, technical terms 
and discussion will be avoided where possible. 

The third section of this report will describe the data 
collection obtained during the period and their disposition 
In data archives.  Current personnel on the project, person- 
al commitments made and consultation will be noted In the 
fourth section.  Project publications, research reports, mono- 
graphs and prepa ation completed during the period will be 
listed in the fifth section.  The sixth section will delineate 
changes necessitated In the budget, status of sub-contracts, 
and total versus expected expenditures to date. 
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1.  Report on Simulation Status 

The goals of the p 
forecasting techniques 
policies towards specif 
ordered with respect to 
foreign policy objectiv 
the project envisions t 
matical system for fore 
In various nations.  In 
relations between U.S. 
specific indicators of 
to be expressed in a ma 
current ARPA supported 
used to provide a basis 
tlons between these ind 
and dynamic programming 
objectives in each coun 
optimal mixes of pollcl 

roject have been the development of 
to the point where alternative U.S. 
Ic countries can be unambiguously 
their utility In light of certain 

es.  As a way of achieving this goal, 
he development of a complex maths- 
casting the effects of U.S. policy 
doing this, assumptions about the 

policies and country and region 
stability In foreign behavior are 
thematlcal language.  Results from 
basic research efforts would be 
for defining and testing the rela- 
Icators.  Mathematical control theory 
, Integrated witi tne user stated 
try would then be applied to Identify 
es toward each country. 

As a substantive target, U 
Eastern oil producing countries 
Iraq, Iran, Saudi Arabia, Libya 
to be analyzed. «Mth this in m 
tlons are being developed to po 
each country that might either 
policy actions. The modules ar 
mind two sets of criteria: The 
specify those areas that policy 
tly affected by U.S 
that Indicators are 
which are 1i kely to 
reg Ion. 

In order to accomplish the 
being developed In Interaction 
In the Defense Department and t 

act Ions 
included in 
affect U.S. 

.S. relations with Middle- 
was chosen.  Specifically, 

, and Algeria are the nations 
Ind, several module slmula- 
rtray the dynamics within 
affect or be affected by U.S. 
e being developed keeping In 
first Is that we want to 
planners feel are slgnifican- 

The second goal is to Insure 
the simulations, changes in 
policy preferences In this 

se goals, the modules are 
with policy planners and 
he State Department. 
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1.1:  QM Production Module.  A major part of the Project's 
work has been concerned with the study of crude oil production 
operations within the five countries.  The objective of this 
analysis has been the development of a modular computer simula- 
tion of such operations.  The oil simulation module Is then to 
be used (along with agricultural and human resources simulation 
modules) as a causal stratum within our more general scheme. 

The Intended use of the simulation, however, calls for a 
different kind of model than Is generally developed.  We are 
not Interested In constructing a simulation which (a) character- 
izes the operation of the world oil industry In any aggregate 
sense, or (b) Is "valid" for crude oil production In all coun- 
tries, or (c) provides point predictions of the operation of 
the crude oil Industry within any of the countries under study. 
Instead, a central focus has been to represent those character- 
istics of the crude oil production operation that are considered 
(In part by United States policy planners and decision-makers) 
to be salient to government officials of the countries under 
study, subject to the further requirement that the simulation, 
when provided with realistic Initial conditions and control 
Inputs, behave plausibly in the view of knowledgeable observers. 

ttle of the vast literature on oil economics 
deals with that Industry expressly from the 
roducIng-country government official, there 
e guidance available on what factors should 
odel.  Many aspects of crude oil production 
In the Middle East, and In North Africa 

reduction In other parts of the world; pro- 
as (as opposed to contractual agreements) 
as a relatively simple and stable mechanism, 

point, a relatively simple oil module has 
s further Interviews with U.S. planners 
identify the actions of producing country 
fully expect to find that the present oil 
sion and further development. 

Because  ery 1 I 
and the ol1 Industry 
point of view of a p 
was relatively 1 Itt1 
be Included In our m 
In the Persian Gulf, 
are not typical of p 
ductlon in these are 
iray be characterized 
.hus, as a starting 
been constructed. t 
enable us to better 
decision-makers, we 
module requires revi 

As presently conceived, the oil module's central variables 
are proven reserves, production capacity, and capital '"vest- 
ment.  A determination Is made, for the current month, of addi- 
tions to production capacity from past capital Investment.  The 
same month's production is subtracted from proved reserves, 
while another amount (resulting from past capital Investment) 
Is added to proved reserves, and a decision Is made on whether 
to allocate additional funds for capital Investment.  Revenue 
accruing to the government of the producing country Is computed 
according to whatever contractual arrangement Is provided by 
the user.  Actions of producing country decision-makers are 
explicitly not modeled in the oil module, but are to be included 

      '* -^.■^-W^^.^^.L.M-^ ^.  „   .■ . 
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In the declsJon module currently under development.  Posted 
price schedules and oil company-producer government contractual 
arrangements are exogenous variables provided by the simulation 
user. 

Present work Is concentrated upon completion of the over- 
head and «nterface programming general to the entire simulation, 
so that the oil module may be Interfaced with a decision module. 
In addition, a key goal of the overhead programming Is to facili- 
tate, as much as possible, straightforward and easy modification, 
within limits, of any simulation module.  Upon completion of the 
overhead programming, additional parameter estimates and Initial 
conditions will be forthcoming. For a more detailed description 
of the oil module, see PTP Working Paper 15, "The Oil Module". 
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FIGURE     II-1 

Simple   Flowchart  of  Computer  Program 
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FIGURE     II-1   (cont.) 
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FIGURE  II-3a 

Legend for symbols used in Figure III-3b: 

Process information variable 

Control information from control stratum 

C_J Exogenous information provided by user 

Indicates influence of one variable upon 
another 

r~ 

I I 

Specifies additional detail concerning 
a particular influence mechanism 
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FIGUKE  II-3b 

Conceptual Flowchart of Module 
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1.2:  AgrIcul ture:  Ofl clearly has been a dominant factor 
In the economies of these Middle Eastern countries.  However, 
to focus solely on the oil sector Is to present an Incomplete 
picture of Iran, Iraq, Saudi Arabia, Libya, and Algeria.  While 
this sector constitutes the major source of revenue for each 
country. It remains only one of several Important sectors "de- 
fining" the environment within which decision-makers In these 
countries operate.  Another Important sector In this setting 
is that of agriculture. 
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It Is In the context of these development efforts that we 
have attempted to construct a simulation of the agricultural 
sector In these five countries.  Specifically, we have sought 
to formulate a structure which would enable us to (1) Identify 
and trace the various information and material flows in the 
agricultural production process which Influence the decision- 
makers' choices of developmental policies and programs, and 
(2) project the consequences that their choices might have for 
the output behavior of the agricultural sector.  To this end, 
we have adopted a "building-block" approach to modelling this 
sector.  The complex array of variables and Interrelations- 
ships are conceptually grouped Into several sequentlally-1 Inked 
"logical components", or building-blocks, to simulate various 
facets of the production process.  Four such components are 
Included In the present version of the agricultural simulations 
resource allocation, modernization, production/marketing, and 
consumption/demand components.  The output of a component is 
either an input to another component or a performance variable, 
or both.  The final outputs of the model thus Included nnt only 
physical outputs, but also a set of performance variables.  It 
Is this set of variables which the decision-makers evaluate and 
compare witii policy goals when choosing their policies and pro- 
grams for the next time period. 
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At present then, we have a model which Is structured to 
simulate the production of field crops (specifically wheat, 
the principal crop and food staple) In these oil-producing 
countries.  Parameter values are available for one country 
(Saudi Arabia) and will soon be ready for the other four. 

For a more detailed description of tiie agriculture module, 
see PTP Working Paper 16, "Agricultural Sector Module:  A 
PrelImlnary Sketch". 

.. , .. .. .. .......  mmm mmmm IflUMMlMiHi 



r mm   um in   .• ■mi ^ww^ ■WW^WPPW" 

u i 
E 
O u 
i- « 
u. J 

Q. 

I 

o 
— -o 
4->    C ^» 
a. ID 
E   E 
3   « 
M O .    \ N 
C x            b 
O \       «   *-> 
u 1                     O        to ^^^^ J W               c + * 1 r         -i  <o i. c 

i                             E   O  O 
1-   « — 

1                                                               O   U  VI 
I                                                    1   «N •- I                           1                       I     u>  u 
\                   4.          «    v \        f    * . 
\y   i 

In
g

   
o

f 
  
t 

o
d

e
l 

■ i ^^^^\ 
c  a> \ •w X 
0 c \ u 

m •_ \ 10   l> 
«J   <J \ i- o 
u « 
3 J* \ 

«   4J ■   V     P 
\ ■o u I c « 
\ O   10 — «/) 
\ »- r ^ ^^ 
\ Q. ^V •o — 

\ i \ \ 
C   10 
(0   t- 

\ \ 3 v \ «J   4-) 
c — 
«   3 \ i 

^— ■ 
N 

c u 
o — 

—    C a u 
c o E en 
k. — o < 

■o 
o 

o 
X. 

u 
0 

•—I 

A ■ 
7" ■ 

c / 
0 / 

V — / • 

/ ~* 
3   U / 
0 o I t0 
M — 1 
«1 — I 3 

oc < 
i  / 

<l 

i ~y i£ 
♦J s « / 
en / 

■a 
3 

0Q 

4 
c 
O  E 
"■   3 
W  ** 

E - <o 
O  U  i- 
k • «< 
U.  Q to 

—' MaMUMMIMMMa MMtfMMMI  -   



«■Wp"^""""—- IW'I'^ imrmmmm 

c 
«i 
c I 
c 
o 
a 
ig 
u 
o 

« 
u 
w 
3 
o 
I« 
« 

O 
a 

3 

-     - - -     - ttrtiMMI -i  



»        I    •       

i 

•^-^mmrnm 11 ' L 

c 
o 

10 
N 

C—« 
i.  c 
« o 

•o — 
o «-• 
z ra 

N 

O   4) 
b. 

— c 
ID « 
l/l C 
3 O 
10 Q. 
o E 

O 

Hi 

3 
15 

^L ^^ ■- - ■  -        



mmmmmmmm "• >'' 

1 •   V c 
E u u i-  o 
O — 1. « — 
U   4) «- o •o  «-> 
C   i> o>««- c a 

—   O < 3   > ■ t. tm 
• 0* « o ■o «J 

O»  L. C N XI *J c — 
>   V o —   (0 3 <0   3 
<   Q. >>— U) — a -1   U 

I 

I. c 
tt> o 
o — 
o 4J 

r ID 
N 

0) •— 
i: C 
4-1 ro 

X 
U- 'J 
o 0) 

r 
a «— 
<o 
X 

4-> 
— c 
m 0) 
i« c 
3 o 
(D a 
O E 

0 
< o 

■             %. \ / 0) 
—               X, \ J u 
JJ i-         ^ N*. L p L.  — 
ID   0 •A \ «   3  «-• 

—   «J    L. ( \ I   CT  C 
—   O   « V J 0   V   « 
ID   ID   2 V» S a. ec  E 
>  i-  0 
< H Q. 

t. 
«1 V 1 ■ 
O =) 

ro 

J 



11» ■'"■IM"" i     m^m^~ •'• ■ 

« c 
£ ■ 
4-> c 

o 
«4- a 
o E 

O 
in <-> «^ 
3 w 
a c 
*i •— 
3 K 
O ■ 

M 
•n %. 
c ■ 
a X 

in ^. 
♦J 

3 c 
a 0 
c •— 

gs M 
u 

u 3 
O TJ 

o 
(D fc 
Z a. 

3 

-—- in^iMii IMMIHMMfelHrilniiHMH«  m  



—— «OTPH>aKawwOTM«wi«i mmmmmmmm 

1.3:  Country Specific Decision Module.  The Initial 
presentation for the decision process 
e at the University of Michigan by 
e on evolutionary theories of economic 
ork was based upon a spatial represen- 
Icy options open to a firm and Incor- 
bounded rationality approach to the 
tlves to the current policy.  From the 
ssumptlons and a comparison of those 
ary work done on specifying the goals 
es under study, It was determined 
maintained many goals and that at one 
over time, the Nelson et. al. model 

t was being proposed for the decision 
he complex procedure of goal speclfl- 

cholce for an analytic re 
developed out of work don 
Nelson, Winter and Schutt 
growth.  Briefly, their w 
tatlon of the various pol 
porated a satlsflclng or 
Identification of alterna 
analysis of their basic a 
assumptions with prellmln 
and values of the countrl 
that while the countries 
level those goals changed 
and the variant of It tha 
module could not handle t 
cation and change. 

Work done at Case - Western Reserve by Bossel and Hughes 
In connection with the Mesarovlc - Pestel World Model, did 
Incorporate a workable soluMon to the goals specification and 
change problem with which tha Nelson et. al. formulation was 
unable to cope.  Upon further analysis It was determined that 
the two approaches were not Incompatable -- so another version 
of the decision module was developed.  The newer version took 
goal changes to be a function of the decision makers  va ue 
structure and perceptions of the environment " both national 
and Internationa I . 

Current work Is proceeding along two levels:  1) Speci- 
fication of the value-goal structure and the relationship 
between perceptions and goal change: and 2) F"rther *pec^ " . 
catloJ of the consideration and adoption of alternative PoJ'^les 
vis-a-vis the goals of the national decision-makers.  In addition, 
co slderable effort was expended Identifying goals and preference 
orders over alternatives for the five countries.  The results 
of th?s analysis Is reported on In PTP Working Paper U  "An 
Analvsls of the Goals of Five Oil Producing Nations .  The 
^clston module Itself Is described In more detail In PTP Working 
Paper 13, "The Decision Module". 

^.„.i. .......   _._., MMM 
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2. ITHOOOLOGY AND PROGRAMS 

2.1:  Computer Terminals.  The Ohio State University's 
simulation capabilities are strongly facilitated by TSO 
(Time Sharing Option) terminal capability.  In order to make 
the most use out of this capability the Project has rented 
3 computer terminals.  One Execuport produces a standard 80 
col jmn hard copy and can be easily transported to and from 
Wasilngton In demonstrating the modular simulations being 
produced on the project.  Two other terminals are CRT's. 
These are excellent for debugging simulation programs and 
running the simulations when volumes of hard copy are not 

Of course, separate commands for producing hard 
computer terminal for any run on the CRTs Is 
Primary responsibility for developing and main- 
computer system Is provided by Pollmetrlcs Labor- 

atory at Ohio State University. 

essentlal . 
copy at the 
aval 1 able, 
talnlng our 

2.2:  Simulation Programs.  Of primary Importance to the 
project Is the ability to write simulation programs such that 
each of the modules developed In analysts can be packaged Into 
a major simulation.  The language most suitable for writing 
these programs Is PLI.  The work In constructing the simula- 
tion modules Is being carried out by Robert Craln, a graduate 
assistant on the project, and James Ludwig, a systems programmer 
for the Department of Political Science. 

2.3:  Interaction with Policy Planners.  Professors Stuart 
Thorson and Warren Phillips have been Interviewing repr-isenta- 
talves of the Defense Department and State Department m an 
attempt to derive Information from these planners on their per- 
ceptions 4jf the operations of the U.S. activities In each of 
the countries being studied.  Professors Phillips and Thorson 
are continuing to develop questionnaires to Illicit more 
systematic Information from both branches of the government. 

3.  DATA 

3.1:  Data Acquisition.  In an attempt to have on hand 
a complete file on national attributes the project has acquired 
and Implemented the Minnesota Data Set and Retrieval Program. 
These data were collected under the auspices of MUCIA. 

■  - 
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i».  PERSONNEL 

i».l:  Principal Investigators. Professor Phillips has 
been coordinating the development of the country model of 
agriculture and oil production.  He represented the project 
at the Military Operations Research Society In Monterey.  He 
also presented the current findings of the project to the 
Foreign Policy Seminars at the Maxwell School (of Kentucky), 
Lake Cumberland retreat.  In December he moved to Washington 
D.C. to manage the Policy Services Division of CACI Inc.  He 
will be under subcontract to the project and responsible for 
user Interaction tasks In the contract. 

Professor Thorson has been overseeing the development of 
the oil and agriculture modules and has been centrally In- 
volved In the development of ways of constructing the decision 
modules.  He served as a discussant on the Forecasting for the 
Nineties panel of the Military Operations Research Society's 
meeting's In Monterey.  In addition he represented the Project 
at the American Political Science Association meetings.  There 
he met with several scholars concerned with problems In bu- 
reaucratic decision analysis.  He has also continued to consult 
with Robert Holt of Minnesota on the development of a related 
project. 
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5.  PUBLICATIONS AND WORKING PAPERS (Papers 12 through 19 were 
completed during the past 

5.1:  Working Papers six months) 

No. 1 . 

No. 2. 
No. 3. 

No. k. 

No. 5. 

No. 

No. 

6. 

7 

Phillips, W.R., "Theoretical Underpinnings 
of the Event Data Movement" 
Phillips, W.R., "Forecasting for Planning" 
Phillips, W.R., "Dynamic Foreign Policy 
Interactions" 
Phillips, W.R. and P. Callahan, "Dynamic 
Foreign Policy Interactions:  Some Impli- 
cations for a Non-Dyadic World" 
Phillips, W R. and M. Halnlaln, "Major 
Power Conflict Exchanges In t..e Sixties: 
A Trladlc Analysis of the U.S., Soviet, 
and Chinese Süb-System Froma a Comparative 
Foreign Pol Icy View" 

and R.E. Wendell, "Location 

No. 8. 

No. 

No. 

No. 

No. 
No. 

No. 
No. 

No. 

No. 

9. 

10. 

11 . 

No. 12. 

13. 
|(. 

15. 
16. 

No. 17. 

18. 

19. 

the Social Sciences" 
and J. Stever, "Classes of 
Selected Axiomatic Theories 

and R.E. Wendell , "Some Gen- 
Social Decisions Under 

Thorson, S. 
Theory and 
Thorson, S, 
Models for 
of Choice" 
Thorson, S 
eral I zat Ions of 
Majority Rule" 
Thorson, S. and R.E. Wendell, "A Mathtrrat I ca 1 
Study of Decisions In a Dictatorship" 
Thorson, S. "National Political Adaptation 
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Theories of Foreign Policy" 
Phillips, W.R., Patrick T. Callahan and 
Robert C. Crain, "Simulated Foreign Policy 
Exchanges, The Rationale Underlying a Theory 
of Foreign Policy Interaction" 
Anderson, Paul, "The Decision Module" 
Callahan, P.T., "An Analysis of the Goals 
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Crain, R.C., "Oil Module" 
Hainline, M.K., "Agricultural Sector Module: 
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He- inn, C.F.,W.R. Phillips, and S.J. Thorson 
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Relations:  The Role of Validation Efforts" 
Thorson, S.J., "Adaptation and Foreign PoMcy 
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Gonzales, C.C., "Military Security Assistance 
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3. 

I. 

No. 5. 

No. 6. 

No. 9. 

No. 10. 

Phillips, W.R. and T. Lorlmor, "The Effect 
of Crisis Upon the Stability of the Inter- 
national System", to appear In Multlvarlate 
Behavioral Research. 
Phillips, W.R. and R.C. Grain, "Dynamic 
Foreign Policy Interactions:  Reciprocity 
and Uncertainty In Foreign Policy," to 
appear In McGowan (Ed.) The Sage Inter- 
national Yearbook of Foreign Policy St idles, 
Volume TT! 
Phillips, W.R., "where Have All the Theories 
Gone?" to appear In World Pol I tics. 
Phillips, W.R. "Theoretical Approaches In 
the Events Data Movement" to appear In 
C. Kegley, G. Raymond, R.M. Rood and R. 
Skinner's (Eds.) International Events and 
the Comparative Analysis of Foreign Policy. 
Phillips, W.R., "Forecasting for Planning," 

In Hllllker (Ed.) Knowledge and 
The Interaction of Research and 

to appear 
Diplomacy 
Fore Ign Pol Icy". 
Thorson, S. and J. Stever, "Classes of Models 
for Selected Axiomatic Theories of Choice," 
forthcoming. Journal of Mathematical Psy- 
chology 

No. 7. Thorson, S 
In a World 
J. Rosenau 
(Sage) . 

No. 8. Thorson, S 
Theory; In 

"National Political Adaptation 
Environment," forthcoming In 
(Ed.) Comparing Foreign Policies 

"Adaptation and Foreign Policy 
McGowan (Ed.) The Sage International 

I I Yearbook of Foreign Policy Studies, Vol 
(Sage, forthcoming) 
Wendell, R. and S. Thorson "Some Generalizations 
of Social Decisions Under Majority Rule," 
Econometrlea, forthcoming. 
Thorson, S. "Problems In Constructing Descrip- 
tive, Policy and Design Theories of Foreign 
Policy Behavior," In J. Rosenau (Ed.) In 
Search of Global Patterns (Free Press,"rorth- 

clJmTngiTi--""-- 

(Note:  Paper Numbers 8 through 10 were accepted for 
publication during the past six months) 
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6.  BUDGET 

6.1 Amount currently provided for contract        $ 65,SI'» 

6.2 Expenditures and commitments to date $ 67,755.96 

6.3 Estimated funds required to complete the work  $292,497 

6.4 Estimated date of completion of work Dec. 30 
1975 
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