
An Interactive System for 
Experimenting with 
Development Planning

Sokolov, V., Valasek, M. and Zimin, I.

 

IIASA Research Memorandum
December 1975

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by International Institute for Applied Systems Analysis (IIASA)

https://core.ac.uk/display/33891919?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Sokolov, V., Valasek, M. and Zimin, I. (1975) An Interactive System for Experimenting with Development 

Planning. IIASA Research Memorandum. Copyright © December 1975 by the author(s). 

http://pure.iiasa.ac.at/447/ All rights reserved. Permission to make digital or hard copies of all or part of this 

work for personal or classroom use is granted without fee provided that copies are not made or distributed for 

profit or commercial advantage. All copies must bear this notice and the full citation on the first page. For other 

purposes, to republish, to post on servers or to redistribute to lists, permission must be sought by contacting 

repository@iiasa.ac.at 

mailto:repository@iiasa.ac.at


AN INTERACTIVE SYSTEM FOR EXPERIMENTING 

WITH DEVELOPMENT PLANNING 

V. Sokolov 
M. Valasek 
I. Z i m i n  

December 1975 

Re.search Memoranda are informal publi- 
cations re la t ing  t o  ongoing or projected 
areas of research a t  IIASA. The views 
expressed are those of the authors, and 
do not necessari ly re f lect  those of IIASA. 





An I n t e r a c t i v e  System f o r  

Exper iment ing w i t h  Development P lann ing 

V. Sokolov, M. Valasek,  and I .  Zimin 

A b s t r a c t  

An i n t e r a c t i v e  system which i s  d i r e c t e d  t o  s e r v e  a s  an  
ins t rument  f o r  r e s o l v i n g  development p lann ing problems i s  
p resen ted  i n  t h e  paper .  Manuals f o r  programmers and p lay-  
ers and a  few numer ica l  examples a r e  a t t a c h e d .  

I. I n t r o d u c t i o n  

The goa l  o f  t h i s  s t u d y  i s  an i n t e r a c t i v e  system which cou ld  
s e r v e  a s  a  f l e x i b l e  ins t rument  f o r  development p lann ing  (an ISDP) 
i n  complex envi ronment  i nvo l v i ng  d i f f e r e n t  t y p e s  o f  u n c e r t a i n t y  
and r i s k s .  A c o n t r o l l e d  system i t s e l f  i s  de f i ned  a t  t h e  l e v e l  
of an aggregated r e p r e s e n t a t i o n  of  a  socio-economic system. 
A g e n e r a l  c o n t e x t  f o r  t h e  s tudy  is i l l u s t r a t e d  i n  F igu re  1 .  
There a r e  two p r i n c i p l e  p o i n t s  i n  t h i s  approach:  1 )  i n c l u s i o n  
of a  d e c i s i o n  maker a s  a  n a t u r a l  component of  t h e  model, 2 )  and 
a  p o s s i b i l i t y  of  c o n t r o l l i n g  model complex i ty  and i n t e r a c t i o n  
mechanisms. 

The f i r s t  p o i n t  c o n t r i b u t e s  t o  d r i v i n g  exper imen ta l  con- 
d i t i o n s  t o  r e a l  ones  wh i le  t h e  second one a l l ows  u s  t o  system- 
a t i c a l l y  p rocess  t h e  r e s u l t s  o f  exper iments  and b u i l d  a  con- 
s i s t e n t  p r a c t i c a l  t o o l  f o r  p lann ing .  Thus, a  sys tems a n a l y s t  
may conven ien t l y  change model parameters ;  model s t r u c t u r e  (by 
changing formal  and in fo rma l  l i n k s ) ;  and deg ree  of u n c e r t a i n t y  
r e s u l t i n g  from t h e  l a c k  of d a t a  abou t  n a t u r a l  pa ramete rs ,  i n t e r -  
a c t i o n s  between model e lements .  

Moreover, t h e  systems a n a l y s t  may e a s i l y  a f f e c t  s t r u c t u r e s  
and g o a l s  of  exper imen ts .  A t e n t a t i v e  l i s t  of  exper iments  may 
i n c l u d e  : 

- s tudy ing  p r i n c i p l e s  of  goa l  s e t t i n g  and g o a l s '  dynamics 
under c o n f l i c t i n g  r e s o u r c e  requ i rements ;  

- ana l yz i ng  e x t e r n a l  s t r a t e g i e s  of a t t a i n i n g  t h e  g o a l s ;  

- t e s t i n g  mechanisms which g e n e r a t e  c o n f l i c t  s i t u a t i o n s  
and f i n d i n g  e f f i c i e n t  ways t o  r e s o l v e  c o n f l i c t s ;  
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- specifying the operational information area of a 
decision maker which contains the most relevant data 
and procedures for decision making, etc. 

ISDP basically assumes a gaming philosophy developed elsewhere 
[2-41 and evolves it through several consecutive stages. The 
first stage, presented in [5], is concerned with a formulation 
of basic principles and system structuring. The second stage, 
presented in this paper, deals with the computer implementation 
of ISDP. 

11. Computer Implementation of ISDP 

ISDP was implemented by the PDP 11/45 computer at the IIASA 
under the time-sharing UNIX operating system. Both programming 
and use are performed interactively through one of seven avail- 
able terminals. 

The programming system describing ISDP was written in 
Fortran. Fortran on the PDP 11/45 has the advantage of being 
fast and having powerful input/output statements. It can read 
and write files as well as type and receive data on terminal 
typewriters or displays. 

Next, let us describe the ISDP programming system struc- 
ture, and its generation and operation. ISDP consists of 
three parts intended for three different types of users: 1 

1 ) a system programmer ; ~ 
2) a game organizer (supervisor) ; 

3) players. 

If you are a player, there is no need to read the first two 
sections because players need not have any knowledge of the 
UNIX system or even of the programming itself. 

2.1 Remarks for the System Programmer 

The programming system operates within the hardware 
environment as shown in Figure 2. The system consists of sixteen 
disk files with a total size of 115 standard blocks. During 
the work with ISDP, all files must be available on line. The 
list of disk files with the respective sizes is as follows: 

AY 
COPY. F 
DATA 
GEN.F 
GO 
INS 
LIST. F 
P. F. 



P.O. 
PLOT 
PLOT. F 
PROG. F 
S.F 
S. 0. 
T.F 
T . 0  

where 

AY = t h e  b inary  permanent d i s k  f i l e  which keeps 
a l l  A t  Y ,  Y1, Y 2 ,  Y3, Y 4 ,  Y5, ~ 6 ,  ~ 7 ,  Y8, 
and B va lues ;  l  

C0PY.F = t h e  copy of t h e  main program (PR0G.F) 
be fo re  t h e  l a s t  change of it ( f o r  v e r i f i -  
c a t i o n  on ly )  ; 

DATA = t h e  i npu t  d i s k  f i l e  con ta in ing  a l l  t e x t s  
p r i n t e d  by t h e  main program and va lues  of 
Z -coe f f i c ien ts  ( t h i s  in format ion could be 
e a s i l y  updated us ing t h e  t e x t  e d i t o r ) ;  

GEN.F = t h e  d i s k  f i l e  which con ta ins  a source pro- 
gram necessary  t o  s t a r t  t h e  work wi th  t h e  
system ( t h e  c r e a t i o n  of  AY-file, s e t t i n g  
keywords and i n i t i a l  va lues  of A ) ;  

GO = t h e  compiled and l i nked  (executab le )  ve rs ion  
of t h e  main program; 

INS = t h e  f i l e  con ta in ing  in format ion f o r  u s e r s ;  

LIST.F = t h e  source program which p r i n t s  a l l  va lues  
of A,  Y ,  B on t h e  l i n e  p r i n t e r  ( a f t e r  
f i n i s h i n g  t h e  l a s t  s t e p ) ;  

P. F = t h e  source program of t h e  func t i on  POS; 

P.0 = t h e  compiled func t i on  POS; 

PLOT = t h e  compiled program PL0T.F which p l o t s  
h is tograms on t h e  CALCOMP-plotter a f t e r  t h e  
l a s t  s t e p ;  

PL0T.F = t h e  source program f o r  p l o t t i n g  r e s u l t s ;  

PR0G.F = t h e  source form of . t h e  main program ( l as t  
v e r s i o n )  ; 

' ~ x ~ l a n a t i o n  of a l l  v a r i a b l e s  i s  given below. 



S.F = t h e  source  program of t h e  f u n c t i o n  SUM; 

S.0  = t h e  compiled program of t h e  f u n c t i o n  SUM; 

T.F = t h e  source  program of t h e  sub rou t i ne  TEXT; 

T . 0  = t h e  compiled sub rou t i ne  TEXT. 

DISK FILES LINEPRINTER PLOTTER 

I n t e r a c t i v e  i npu t / ou tpu t  
from t h e  t e r m i n a l  

CORE 
STORAGE 

F igu re  2 .  System hardware c o n f i g u r a t i o n .  

ACTIVE PROGRAM 

A l l  source  f i l e s  can  be e a s i l y  updated by u s i n g  t h e  t e x t  
e d i t o r .  E d i t o r i a l  f u n c t i o n s  and o p e r a t i n g  system commands a r e  
desc r i bed  i n  [ 1 ,6 ] .  The program o p e r a t o r  must dump t h e  whole 
d i s k  l i b r a r y  on a  magnet ic t a p e  a f t e r  any change i n  t h e  pro- 
gram and a t  c e r t a i n  t i m e  i n t e r v a l s .  The fo l low ing  remarks 
abou t  t h e  compi la t ion  o f  programs a r e  e s s e n t i a l :  

- Any f i l e  t h a t  w i l l  be compiled by t h e  PDP-Fortran com- 
p i l e r  must have a  f i l e  name w i th  an " . f "  ending.  

- To compi le a  F o r t r a n  program t h a t  does n o t  c a l l  any 
sub rou t i nes  t h e  command F$3 (completed by t h e  system a s  
FgRTRAN) shou ld  be fo l lowed by t h e  source  f i l e  name, 
f o r  example, FORTRAN GEN.F. I f  t h e  comp i la t ion  was done 
s u c c e s s f u l l y  w i thou t  e r r o r s ,  t h e  compi ler  w i l l  automat- 
i c a l l y  l i n k  t h e  program, p u t t i n g  t h e  completed l i n k e d  
module i n t o  an  "A.OUT" f i l e .  A f t e r  t h i s ,  it i s  p o s s i b l e  
t o  run  such a  program g e n e r a t i n g  i n i t i a l  va lues  o f  A, 
Y ,  and B a r r a y s  by t yp ing  RUN A.OUT on t h e  t e rm ina l .  



To save the space on the user disk, it is better to 
delete file A.OUT after its execution by typing 
DELETE A.OUT; it can be compiled later when necessary. 

- The main program PR0G.F requires subroutines SUM, POS 
and TEXT; they are written on files S.F, P.F, and T.F. 
Therefore the compilation command for the main program 
is followed by "-c". . FORTRAN PR0G.F -C. This commands 
the compiler to compile the main programs, but not to 
link them. After this compilation the main program is 
written on a temporary file called PR@G.@. The linking 
command is FORTRAN PROG.0 T.0 P.0 S.O. The completed 
linked module will be called A.OUT again and renamed 
as "GO" later by RENAME command. RUN GO is the command 
activating the execution of the current session with 
ISDP. 

In the Appendix you can find a source text of all pro- 
grams, subroutines, and data files (with comments). The 
meaning of array names and variables used in the main program 
is as follows: 

A = array of current phase variable values; 
A ( 1 k )  = production output; 
A(2,k,i) = capital stock; 
A(3,k,i) = stock of resources; 
A(4,k,i) = amount of population; 
A(5,k,i) = accumulated knowledge; 
~(G,k, i )  = total production funds; 
A(7,k, i) = pollution; 
A(8,kti) = accumulated fundamental research investments; 
~ ( 9 , k ,  i) = standard of living; 
k = number of a time-step; 
i = number of a player. 

Y = array of current control variable values; 
l k i  = investment into expansion of production sector; 
Y (2,k, i) = consumption per unit of population; 
Y (3,k,i) = protection investment; 
Y(4,k,i) = applied research investment; 
Y (5, k t  i) = production resources; 
Y(G,k,i) = effective production funds; 
Y (7, k t  i) = fundamental research investment; 
Y (8,k, i) - Y (1 3,k,i) = natural resource purchasing from 

the first to the sixth layers correspondingly; 

~l(k,i,j) = capital investment negotiated from the i-th 
element to the j-th element at time-step k; 

Y2(kti,j) = capital investment negotiated from the j-th 
element to the i-th.element; 

Y3(kti,j) = capital out-flow from the i-th element to the 
j-th element owing to the purchase of resources; 

~4(k,i,j) = capital in-flow from the j-th element to the 
i-th element owing to the sale of resources; 



Y5, Y 6  = s i m i l a r  t o  Y3, Y 4  v a r i a b l e s  concern ing  t h e  
knowledge o f  pu rchas ing  and s e l l i n g  respec-  
t i v e l y ;  

Y7 ( k , i , j )  = p o l l u t i c n  exchange between t h e  i - t h  and t h e  
j - th  e lements ;  

Z = a r r a y  of s t r u c t u r a l  c o e f f i c i e n t s  i n  t h e  model; 
B = d a t a  ma t r i x  abou t  t h e  n a t u r e ;  
B ( l  , i )  = amount of r e s o u r c e s  i n  t h e  i - t h  l a y e r ;  
B ( 2 , i )  = p r i c e  of  t h e  i - t h  l a y e r  r esou rce ;  
B ( 3 , i )  = i n fo rmat ion  t h r e s h o l d  f o r  e n t e r i n g  t h e  i - t h  

l a y e r  ; 
B ( 4 ,  i) = c a p i t a l  t h r e s h o l d  f o r  e n t e r i n g  t h e  i - t h  l a y e r ;  

K1 ,K2,K3 = keywords ; 
Kll,K22,K33 = number o f  s t e p s  a l r e a d y  done by t h e  p l a y e r s ;  
T = a r r a y  c o n t a i n i n g  a l l  t e x t s  p r i n t e d  on t h e  

t e r m i n a l .  

2 . 2  Remarks f o r  t h e  Superv iso r  

To p repa re  t o  u s e  ISDP one has  t o  g e n e r a t e  a l l  t h e  necessary  
f i l e s  and programs i n  t h e  c o r e  memory of  t h e  computer. The 
fo l l ow ing  sequence of  i n s t r u c t i o n s  shou ld  be used f o r  do ing  t h i s :  

F o r t r a n  ( f i l e s )  GEN.F  
Run (Program) A.OUT 
Delete ( f i l e s )  A.OUT. 

A f t e r  t h i s ,  t h e  work may be s t a r t e d  w i t h  t h e  p l aye r '  a 
command, Run (program) GO. Besides i n i t i a t i o n  of ISDP, a  super -  
v i s o r  should per form t h e  fo l l ow ing  f u n c t i o n s :  

- i n s t r u c t  a l l  p l a y e r s  how t o  o p e r a t e  t h e  t e r m i n a l  and 
c a r r y  o u t  s e s s i o n s  w i t h  ISDP; 

- prov ide  a  p roper  sequence of  p l a y e r ' s  moves du r i ng  a  
s e s s i o n .  Only one u s e r  may o p e r a t e  t h e  t e rm ina l  a t  one 
t i m e ,  and t h e  sequence of  o p e r a t i o n  i s  e i t h e r  d e f i n e d  
by t h e  r e s p e c t i v e  code words o r  may be e s t a b l i s h e d  a t  
random by a  s u p e r v i s o r ;  

- r e t u r n  ( i f  necessa ry )  t h e  whole system t o  one of i t s  
p rev ious  s t a t e s  by t h e  fo l l ow ing  sequence of  i n s t r u c t i o n s :  

F o r t r a n  ( f i l e s )  Change.F 
Run (Program) A. OUT. 

A f t e r  t h i s  t h e  computer a s k s  t h e  number of  s t e p s  you want t o  
s t a r t  a g a i n  w i t h .  You have t o  p r i n t  a  d e s i r e d  s t e p  and t hen  
De le te  ( f i l e s )  A.OUT. A f t e r  t h i s  i n s t r u c t i o n ,  t h e  system may 
be i n i t i a t e d  a g a i n  by Run (Program) GO wi th  i n i t i a l  c o n d i t i o n s  
a s  g i ven  by t h e  r e s u l t s  of t h e  g iven  s t e p :  



- g e n e r a t e  t h e  d i s k  f i l e  "AY" be fo re  t h e  f i r s t  s t e p ,  
set  up new i n i t i a l  va lues  o f  A and/or Z ,  and change 
keywords ; 

- check a f t e r  each complete s t e p  i f  a l l  p l a y e r s '  a c t i o n s  
w e r e  c o r r e c t ;  

- p r i n t  and/or p l o t  r e s u l t s ;  

- pub l i sh  r e s u l t s  of exper iments  and c a r r y  o u t  d e b r i e f i n g  
s e s s i o n s ;  

- l og  o u t  t h e  t e rm ina l  a f t e r  us ing  ISDP by t yp ing  "BYE" 
s ta tement  and t h u s  conf i rming it. 

2 . 3  Remarks f o r  t h e  P layer  

To a c t i v a t e  ISDP one has  t o  t ype  RUN GO on t h e  te rm ina l  
keyboard. A l l  command names a r e  a b b r e v i a t e d ;  t h e  f u l l  type- 
o u t  w i l l  be completed by t h e  computer a s  fo l lows :  RUN (PRO- 
GRAM) GO. A f t e r  a c t i v a t i n g  t h e  te rm ina l  one has  t o  s e t  a  
c u r r e n t  s t e p  number and a  keyword. Fol lowing t h e  keyword spec i -  
f i c a t i o n  t h e  computer d i s p l a y s  i n i t i a l  c o n d i t i o n s  o f  phase 
v a r i a b l e s  r e l a t e d  t o  s p e c i f i c  p l a y e r s .  The c u r r e n t  v a l u e s  of 
phase v a r i a b l e s  a r e  exempl i f ied  i n  t h e  l e f t  p a r t  of t h e  t e rm ina l  
sc reen  wh i l e  t h e  v a l u e s  from a  p rev ious  s t e p  a r e  g iven  i n  t h e  
r i g h t  p a r t  t o  see t r e n d s  o f  development. The fo l low ing  v a l u e s  
a r e  used a s  phase v a r i a b l e s :  

p roduc t ion  o u t p u t  
c a p i t a l  s t o c k  
amount o f  r esou rces  
popu la t ion  
accumulated knowledge 
t o t a l  p roduc t ion  funds 
p o l l u t i o n  
inves tments  t o  d i scove r  l a y e r s  
l i f e  s tanda rd .  

A work w i th  t h e  system i s  e s s e n t i a l l y  a  s e l e c t i o n  of v a l u e s  of 
c o n t r o l  v a r i a b l e s  from t h e  fo l low ing  l is t :  

0 h e l p  
1 n e g o t i a t e  
2 n e g o t i a t e  
3 n e g o t i a t e  
4 n e g o t i a t e  
5 n e g o t i a t e  
6 n e g o t i a t e  
7 n e g o t i a t e  
8 n e g o t i a t e  
9 n e g o t i a t e  

1 0  n e g o t i a t e  

c a p  i n  from u n i t  a  
cap  i n  from u n i t  b  
c a p  o u t  t o  u n i t  a  
c a p  o u t  t o  u n i t  b  
res c a p  o u t  t o  u n i t  a  
res cap  o u t  t o  u n i t  b  
res cap  i n  from u n i t  a  
res cap  i n  from u n i t  b  
kno c a p  o u t  t o  u n i t  a  
kno cap  o u t  t o  u n i t  b  



n e g o t i a t e  kno c a p  i n  f rom u n i t  a  
n e g o t i a t e  kno c a p  i n  f rom u n i t  b 
d e f i n e  fund i n v e s t m e n t s  
d e f i n e  consumpt ion 
p r o t e c t i o n  i n v e s t m e n t  
knowledge inves tmen t  
p r o d u c t i o n ' s  r e s o u r c e s  
d e t e r m  p o l l u t i o n  o u t  t o  u n i t  a  
d e t e r m  p o l l u t i o n  o u t  t o  u n i t  b 
d e f i n e  e f f e c t i v e  f u n d s  
fundamenta l  r e s e a r c h  i n v e s t m e n t  
n a t .  res. p u r c h a s e  from l a y e r  1 
n a t .  res. purchase  f rom l a y e r  2 
n a t .  res. p u r c h a s e  f rom l a y e r  3 
n a t .  res. purchase  f rom l a y e r  4 
n a t .  res. p u r c h a s e  f rom l a y e r  5 
n a t .  res.  p u r c h a s e  f rom l a y e r  6 
a v a i l .  l a y e r s  o f  n a t .  r e s o u r c e s .  

The s e l e c t i o n  p r o c e s s  i s  governed by t h e  b l o c k  d iag ram o f  
F i g u r e  3 .  A l l  c o n t r o l  ( i n p u t )  v a r i a b l e s  a r e  set t o  z e r o  b e f o r e  
e a c h  s t e p .  The computer  r u n s  t h e  whole sys tem a f t e r  chang ing  
a t  l e a s t  one  o f  t h e  i n p u t  v a r i a b l e s .  The f i r s t  r u n  i s  done 
a u t o m a t i c a l l y  w i t h  a l l  i n p u t  v a r i a b l e s  e q u a l  t o  z e r o .  A p l a y e r  
c a n  i n p u t  a l l  d e c i s i o n s  ( c o n t r o l s )  i n  a  random sequence  and 
change t h e  d e c i s i o n  l a t e r  on ,  i f  n e c e s s a r y ,  and i f  h e  h a s  n o t  
f i n i s h e d  h i s  c u r r e n t  s t e p .  A f t e r  f i n i s h i n g  t h e  s t e p  and t y p i n g  
t h e  "END" s t a t e m e n t  m o d i f i c a t i o n s  o f  c o n t r o l  v a r i a b l e s  c a n n o t  
b e  made. Whi le work ing w i t h  a computer  one shou ld  keep i n  mind 
t h a t  a u n i t  number, a  s t e p  number, a keyword number, and v a r i -  
a b l e  number are i n t e g e r s  which d o  n o t  r e q u i r e  s e t t i n g  a d e c i m a l  
p o i n t .  A l l  o t h e r  v a r i a b l e s  a r e  r e a l .  The program e x p e c t s  t h e  
dec ima l  p o i n t  by t y p i n g  i t ,  f o r  example: 

KNOWLEDGE INVESTMENT 
10 .0 .  

A f t e r  t y p i n g  0  ( z e r o )  as a name o f  a  c o n t r o l  v a r i a b l e ,  u s e f u l  
s u p p o r t  i n f o r m a t i o n  w i l l  a p p e a r  on t h e  t e r m i n a l  s c r e e n  which 
i d e n t i f i e s  some c r i t i c a l  f a c t o r s  t h a t  you shou ld  t a k e  i n t o  
c o n s i d e r a t i o n  more c a r e f u l l y  i n  f u r t h e r  p l a n n i n g .  To f i n i s h  
t h e  s t e p  t y p e  END t o  answer t h e  q u e s t i o n  " I S  IT  OK?" o t h e r w i s e  
t y p e  e i t h e r  OK ( c a r r i a g e  r e t u r n  o n l y )  and go  on w i t h  s e l e c t i n g  
o t h e r  c o n t r o l  v a r i a b l e s ,  o r  NO i f  you i n t e n d  t o  change t h e  l a s t  
i n p u t  v a l u e .  

One s e s s i o n  o f  o p e r a t i o n  w i t h  ISDP i n c l u d e s  t e n  s t e p s  which 
c o r r e s p o n d  t o  one ,  f i v e f o r t e n  y e a r s  o f  rea l  t i m e  and t h r e e  
p l a y e r s  a t  t h e  c u r r e n t  imp lemen ta t i on .  However, t h e s e  f i g u r e s  
c a n  be  changed w i t h o u t  any d i f f i c u l t i e s  as t h e  program h a s  a 
module s t r u c t u r e  and i s  v e r y  e a s y  t o  modi fy .  F i g u r e s  4 and 5 
i l l u s t r a t e  t h e  r e s u l t s  o f  one  s e s s i o n  w i t h  ISDP when model 
c o e f f i c i e n t s  w e r e  set a s  shown i n  F i g u r e  6 and p l a y e r s  were 
a s s i g n e d  t h e  same g o a l s  t o  p r o v i d e  f o r  t h e  monotonic  g rowth  
o v e r  t h e  whole se t  o f  phase v a r i a b l e s .  



I I TYPE UNIT NR.,  

STEP NR.,  KEYWORD 

I PROGRAM READS I 
DATA FROM DISK F I L E  

I 
INPUT 

VARIABLE NUMBER 

t 
I 

INPUT VALUE 

OF VARIABLE 

28  DIFFERENT 
INPUT 

VARIABLES 

COMPUTER PROGRAM 

9 RESULTS 

DATA BACK DISK 

I FINAL RESULTS 

I 

F i g u r e  3 .  A b l o c k  d i a g r a m  of s e l e c t i n g  con t ro l  v a r i a b l e s .  



1 St p l a y e r  

- 11 -  

2nd p l a y e r  jrd p l a y e r  

PRODUCTION OUTPUT MAX 80.71 

CAPITAL STOCK MAX 1203.62 

STOCK OF RESOURCES IWX 273.00 

POPULATION MAX 1117.85 

F i g u r e  4 .  



- 12-  

I st player  2nd player  jrd player  

MAX 1 1 . 4 9  
* 

- 

1 1 1 1 1 1 1 1 1 1 1  
BASIC FUNDS 

POLLUTION 

MAX 

FUNDAM.  R E S E A R C H  MAX 4 . 6 0  

L I F E  S T A N D A R D  MAX 2 5 . 9 5  

F i gu re  5 .  - I 



1 st Player 2nd Player 

Figure 6. Structural coefficients and 
initial values of phase 
variables in the model. 



Addi t iona l  c o n s t r a i n t s  were imposed on t h e  range of c o n t r o l s  
t o  account f o r  t h e  l i m i t a t i o n  e x i s t i n g  i n  r e a l  systems (e .g .  
f o r  t h e  r a t e  of growth of popula t ion o r  bas i c  funds)  . I n  t h i s  
experiment one s t e p  corresponds t o  t e n  yea rs .  F igures  4 and 5 
c l e a r l y  show t h a t  p l a y e r s  1 and 2 were n o t  a b l e  t o  cope wi th  
t h e  s i t u a t i o n  owing t o  t h e  c o n s t r a i n t s  on t h e  resou rces  a v a i l a b l e  
and they met s e r i o u s  c r i s i s  cond i t i ons ,  whi le t h e  t h i r d  p layer  
who s t a r t e d  w i th  n o t  such good cond i t i ons  gained a h igh r a t e  of 
development by ba lanc ing t h e  s a l e  of  resou rces  wi th  a  reasonable 
economic development program and environmental p r o t e c t i o n  po l i cy .  

111. Conclusions 

This  paper p r e s e n t s  t h e  second s t a g e  of resea rch  aimed 
a t  c r e a t i n g  an i n t e r a c t i v e  system f o r  development p lanning 
under t h e  complex c o n f l i c t i n g  environment. The r e s u l t s  i l l u s -  
t r a t e  a  computer implementat ion of t h e  i n t e r a c t i v e  system and 
i n s t r u c t  programmers, p laye rs ,  and experiment superv i so rs  how 
t o  ope ra te  t h e  system. The Appendix c o n t a i n s  t h e  whole s e t  of 
source programs used i n  t h e  system. The system a s  it s tands  
now w i l l  be used i n  a  wide program of exper iments,  some of which 
have been mentioned he re to fo re .  Moreover, it w i l l  be f u r t h e r  
developed i n  two d i r e c t i o n s :  

- more a c c u r a t e  p r e s e n t a t i o n  of system mechanisms; 

- d isaggrega t ing  t h e  system by in t roduc ing  s e v e r a l  
h i e r a r c h i c a l  l e v e l s  of development p lanning and spec i -  
f y i ng  r e s p e c t i v e  mechanisms of i n t e r a c t i o n .  



APPENDIX 

Programs 

1. The Main Program 

DIMENSION A(9,1@,3) ,~(4,6) 
DIMENSION X(6,3) ,SU(6) 
DIMENSION ~(13,1jJ,3) , ~ 1  (1%,3,3) ,Y2(1B,3,3) ,~3(1%~3,3) 
DIMENSION ~4 (1flt3,3) ,Y5 (1jJ,3,3) ,Y6(1@,3,3) I Dimension 

DIMENSION Y7 (1%,3,3) ,Y8 (1JJ,3,3) Statements 

INTEGER T(1%%,8) 
DIMENSION 2(17,3) 

CO~IMON/BB/T 
C 
CALL SETFIL ( 3, "AY" ) 

R E A D ( ~ ) K , K ~ , K ~ , K ~ , K ~ ~ ~ K ~ ~ ~ K ~ ~ ~ A ~ Y ~ Y ~ ~ Y ~ ~ Y ~ , Y ~ , Y ~ , Y ~ ~ Y ~ ~ Y ~ , B  
REWIND 3 
C Read old (or 

CALL SETFIL (2, "DATA" ) 

1 
J- initial) values 

DO 4% L1=1,1gg from disk file 
READ(2,19) (T(L1 ,L2) ,L2=1,8) 'I AY I' 
4% CONTINUE Read the 
DO 5% L1=1,17 f i 1 e I' DATA" 
5%  READ(^,^^) (Z(Ll,L2) ,L2=1,3) 
REWIND 2 
C 
CALL TEXT ( 9%) 

WRITE(6,33)K 
CALL TEXT ( 9 1 ) 

KK=K11-1 1 Print the current step 
 WRITE(^, 33)KK number and number of 

CALL TEXT(92) steps done by each unit 
KK=K22-1 
WRITE (6,33) KK 

CALL TEXT(93) 
KK=K33-1 
WRITE (6,33) KK 
C 
15% CALL TEXT(1) 
R E A D ( ~ , ~ ~ ) I  
IF(I.GT.3.OR.I.LT.l)GO to 15% 
CALL TEXT (2) 

READ(5,13) Kg Read the unit 
IF(I.EQ.I )KK=KI 1 number, step number 
IF(I.EQ.2)KK=K22 and keyword 
IF(I.EQ. 3)KK=K33 
IF(K.NE.K%.OR.K.NE.KK)GO TO 2%@ 
CALL TEXT (3) 

READ(5,  KEY 



I Print Z-values (before 
the first step only) 

Setup of sequence 
numbers of other 
two players 

GO TO 3 +- Go through statements before first input 
C 
4 CALL TEXT (4) 
READ(5,6)M Read variable number 

IF(M.GT.28)GO TO 4 
IF(M.GT.%)GO TO 39 
IF(A(l,K+1,1) .LE.jJ.)CALL TEXT(61) 
IF(A(2,K+1 ,I) .LE.%.g5*A(2,l,I) )CALL TEXT(62) 
IF(A(3,K+1 ,I) .LE.%.%5*A(3,l,I) )CALL TEXT(63) Help-command 

IF(A(4,K+1 ,I) .LE.g.%5*A(QI 1 I I) )CALL TEXT(64) execution 
IF(A(6,K+lII) .LE,jC3,jC75*A(6,1 ,I))CALL TEXT(65) 
IF(A(7,K+1 ,I) .GE.5.)CALL TEXT(66) 
CALL TEXT ( 6 7 ) 

GO TO 4 
39 IF(M.LT.22.OR.M.EQ.28)GO TO 2 I Test whether natural 
N1=M-21 resources are available 
IF(A(B,K,I) .GE.B(4,Nl))GO TO 2 
CALL TEXT ( 1 8 ) 

GO TO 4 Switch 
2 GO ~ 0 ( 3 ~ % , 3 ~ 1 , 3 ~ 2 , 3 % 3 , 3 ~ 4 ~ 3 ~ 5 ~ 3 ~ 6 ~ 3 ~ 7 ~ 3 ~ 8 ~ 3 ~ 9 , 3 1 ~ ,  according 
& 3 1 1 I 3 1 2 I 3 1 3 I 3 1 4 I 3 1 5 I 3 1 6 I 3 1 7 I 3 1 8 I 3 1 9 I 3 2 ~ I 3 2 1 I 3 2 2 I 3 2 3 I 3 2 4 I  
&325,326,327),M variables 
C 
3gg CALL TEXT ( 29+M1) 
READ(5,31)Y1 (K,I,Ml) 
GO TO 3 
3g1 CALL TEXT(2%+M2) 
READ(5,31)Y1 (K,I,M2) 
GO TO 3 
3jJ2 CALL TEXT (23+M1) 
READ(5,31)Y2(KII,M1) 
GO TO 3 
3g3 CALL TEXT(23+M2) 
READ(5,31)Y2(KII,M2) 
GO TO 3 

3g4 CALL TEXT(26+M1) 
ZZ=l ./Z i3,M1) 
WRITE(6,7) ZZ 
READ(5,31)Y3 (K,I,M1) 

number 

Print text on the terminal, 
calculate prices if any, 
read value of variable, 
go to gaming model execution 



GO TO 3 
385 CALL T E X T ( ~ ~ + M ~ )  
ZZ=1 ./Z(3,M2) 
 WRITE(^,^) ZZ 
READ(S,~I)Y~ (KrIIM2) 
GO TO 3 
386 CALL TEXT(29+M1) 
ZZ=1 ./Z (4,I) 
 WRITE(^,^) ZZ 
R E A D ( ~ , ~ ~ ) Y ~ ( K , I , M ~ )  
GO TO 3 
387 CALL T E X T ( ~ ~ + M ~ )  
ZZ=? ./Z(41~) 
 WRITE(^,^) ZZ 
~ ? E A D ( ~ , ~ I ) Y ~ ( E < ~ I ~ M ~ )  
GO TO 3 
C 

3%8 CALL TEXT (32+M1) 
ZZ=1 ./Z (6,Ml) 
WRITE(6,7) ZZ 
READ(5,31)Y5(KII,M1) 
GO TO 3 
3%9 CALL TEXT (32+M2 ) 
ZZ=1 ./Z (6,M2) 
WRITE(6,7)ZZ 
 READ(^,^^ ) ~ 5  (K11,M2) 
GO TO 3 
31% CALL TEXT(35+M1) 
ZZ=1 ./Z (6, I) 
 WRITE(^,^) ZZ 
R E A D ( ~ , ~ ~ ) Y ~ ( K , I , M ~ )  
GO TO 3 
311 CALL TEXT(35+M2) 
ZZ=1 ./Z(6,I) 
 WRITE(^,^) ZZ 
R E A D ( ~ , ~ ~ ) Y ~ ( K , I , M ~ )  
GO TO 3 
312 CALL TEXT(11) 
READ(5,31)Y(1 ,K,I) 
GO TO 3 
313 CALL TEXT(12) 
READ(5,31)Y(2,KII) 
GO TO 3 
314 CALL TEXT(13) 
READ(~,~?)Y(~,K,I) 
GO TO 3 
315 CALL TEXT(14) 
READ(5,31)Y(4,RrI) 
GO TO 3 
316 CALL TEXT(15) 
READ(5,31)Y(5,KII) 
GO TO 3 
3 1 7 CALL TEXT (4 1 +!I1 ) 
R E A D ( ~ , ~ ~ ) Y ~  (KIIIMI) 
GO TO 3 

The value of effective 
funds has an upper 
limit 



318 CALL TEXT(41+M2) 
=A~(5,31)Y8 (K,I,M2) 
GO TO 3 
C 
319 AMIN=A(6,KII) 
IF(AMIN.GT.A(4,Kr1)/Z(I6tI))AMI~ 
&=A(~,K,I)/z (16,I) 
IF(AMIN.GT.Y(5,KII)/Z(17,1))AM1~ 
&=Y(5,KII)/Z(17,1) 

1 1  CALL TEXT(16) 
WRITE (6,2P) AMIN 

R E A D ( ~ , ~ ~ ) Y ( ~ , K , I )  
IF(Y(~,K,I) .GT.AMIN)GO TO 1 1  
GO TO 3 
C 
32g CALL TEXT(17) 
READ(~ ,~~)Y(~ ,K , I )  
GO TO 3 
321 CALL TEXT(7g) 
READ(~ ,~~)Y(~ ,K , I )  
GO TO 3 
322 CALL TEXT(71) 
READ(5,31)Y(9,K,I) 
GO TO 3 
323 CALL TEXT(72) 
READ(~,~~)Y(~~J,K, I )  
GO TO 3 
324 CALL TEXT(73) 
READ(5,31)Y(11,KII) 
GO TO 3 
325 CALL TEXT(74) 
R E A D ( ~ , ~ ~ ) Y ( ~ ~ , K , I )  
GO TO 3 
326 CALL TEXT(75) 
READ(5,31)Y(13,KII) 
GO TO 3 
C 
327 DO 45 L5=1,6 1 
45 IF(A(~,K,I) .LT.B(4,L5) )GO TO 46 
46 L5=L5-1 
IF(L5.GT.g)GO TO 8 
CALL TEXT ( 7 6 ) 

GO TO 4 
8 CALL TEXT(8P) 
WRITE (6,441 (L6,L6=1 ,L5) 
WRITE(6,47) (B (1,L6) ,L6=1 ,L5) 
WRITE(6148) (B (21L6) L6=1 rL5) 

The variable 28 is not 
any true control variable, 
but the command to see 
the table describing 
available natural resour- 
ces 



A(3,K+1 ,I)=A(~,K,I)+z(~,I)*suM(Y~,K,I)-Z(~,I) 
&*SUM(Y4,K,I)-Y (6,K,I)*Z(17,1) 
A(~,K+~,I)=A(~,K,I)*(~ .-POS(Z(~,I)-Y(~,R,I)) 
&*z(~%,I)+POS(Y(~,K,I)-Z(9,I))-POS(A(~,K,I) 
&-z(12,1))*Z(11,1)) 
IF(A(~,K+~ ,I) .LT.%.)A(~,K+~ ,I)=%. 
A(5,~+1 ,I)=A(~,K,I)+Z(~,I)*Y (4,K,I)*A(4,Kt1) The gaming 
&+z (6,I) *SUM(Y5,K,I) model 
A(6,K+1 ,I)=A(6,K,I)*(1 .-Z(7,I) )+Y(I,K,I) execution 
&*Z(8,I) statements 
A(1,K+1 ,I)=Y(6,K,I)*(Z(l ,I)+Z(2,I)*A(5,R,I) 1 
A(7,K+1,I)=A(7,K,I)+Z(13,I)*Y(6,K,I)+Z(14,1) 
&*Y [~,K,I)*A(~,K,I)+SUM(Y~,K,I)-SUM(Y~,K,I)-Z(~~,I)*Y (3,~,1) 

A(9,K+1 ,I)=%. 
GO TO 72 
71 A(9,K+1 ,I)=ljI$Y.*A(l ,K+1 ,I)/A(4,K+1 ,I) 
C 
72 DO 1 J=1,9 
WRITE(6,22) J,A(J,K+1 ,I) ,A(J,K,I) 
1 CONTINUE 1 Print results 

IF(M.EQ.%)GO TO 4 
WRITE (6,23) 
READ(5,24)14 
IF(14.EQ.4HOK.OR. 
IF(14.EQ.QHEND)GO 

CALL TEXT (5%+L) 
WRITE(6,42)A(L,K+1 ,I) 
9% CONTINUE 

Input OK, NO or END 
to continue, repeat 
input or finish the 
step 

Print final results 

I Add one the number 
of steps 

Update results when 
all three players 
finished the step 
(according to the 
natural resources 
purchase) 



135 B(1,12)=B(1,12)-SU(I2) 
134 CONTINUE 
DO 136 I1=1,3 
suMA=g . 
DO 137 I2=1,6 
137 SUMA=SUMA+X(I2,11) 
136 A(3,K+1,11)=A(3,K+1111)+SUMA 
C 

1 
K=K+1 
93 CALL SETFIL(3,"AY") 
WRITE(3)KIK1 ,K~,K3,K l~  ,K22,K331AIYIY1 tY2tY31Y4tY5tY6tY7tY8tB 1, 
REWIND 3 
CALL TEXT (8 1 ) 
CALL  TEXT(^^) Final messages 
CALL TEXT ( 8 3 ) 1 

Write the file "AY" 
back on the disk 

STOP 
C 

J 
29% CALL TEXT (94 ) Invalid step number 
STOP 
2%1 CALL TEXT(95) Invalid keyword 
STOP - 
6 FoRMAT(I2) 
7 FORMAT(~~X,~HPRICE=,F~.~) 
12 FORMAT(I~) 
13 FORMAT(12) 
14 FORMAT(I4) 
18 FORMAT(~F~~.#)  
19 FORMAT(8A4) 
2g FORMAT(F 18.3) 
21 FORMAT(F 1g.3) 
22 F O ~ T ( ~ ~ X , ~ H A ( , I ~ , ~ H ) - , F ~ ~ . ~ ~ ~ X ~ ~ H ( , F ~ ~ ~ ~ ~ ~ H ) )  
23 FoRMAT(~~H IS IT OK?) 
24 FORMAT(A4) 
31 FoRMAT(F1g.g) 
33 FORMAT(I2) 
42 FORMAT(F15.2) 
44 FORMAT(16HLAYER NUMBER ,639) 
47 FORMAT (1 6HAMOUNT OF RES. ,6~9.1) 
48 FoRMAT(I~HPRICE FOR UNIT t6F9-4) 
4 9 FORMAT ( 1 6HREQUESTED KNOWL. ,6~9.1 , / )  
61 F o R M A T ( ~ H z ( , I ~ , ~ H ) = , F ~ % ~ )  
END - 

Format 
Statements 



2. The Function Sum 

FUNCTION SUM (X , K, I) 
DIMENSION X(1%,3,3) 
SUM=%. g 
DO 1 J=1,3 
IF(J.EQ.I)GO TO 1 
SUM=SUM+X (K, I, J) 
1 CONTINUE 
RETURN 
END 

3. The Function Pos. 

FUNCTION POS (X) 
I~(X)1,1,2 
1 pos=g. 
RETURN 
2 POS=X 
RETURN 
END 

4. The Subroutine Text 

SUBROUTINE TEXT (N) 
INTEGER T(lfljJ,8) 
COMMON/BB/T 

WRITE(6,l) (T(N,J) ,J=1,8) 
1 FORMAT(8A4) 
RETURN 
END 



5. The Content of the Data File 

YOUR UNIT NUMBER 6 1 INTEGER) 
INPUT STEP NUMBER 62 INTEGERS) 
YOUR KEYWORD PLEASE (4 DIGITS) 
SELECT INPUT VARIABLE (2 INTEG. ) 
T5 
T6 
T7 
T 8 
T9 
Tl B 
DEFINE FUND INVESTMENTS 
DEFINE CONSUMPTION 
PROTECTION INVESTMENT 
KNOWLEDGE INVESTMENT 
PRODUCTION'S RESOURCES 
DEFINE EFFEC.FUNDS LESS OR EQUAL 
FUNDAMENTAL RESEARCH INVESTMENT 
NO ACCESS TO THIS LAYER 
T19 
T2% 
NEGOTIATE CAP IN FROM 1 
NEGOTIATE CAP IN FROM 2 
NEGOTIATE CAP IN FROM 3 
NEGOTIATE CAP OUT TO 1 
NEGOTIATE CAP OUT TO 2 
NEGOTIATE CAP OUT TO 3 
NEGOTIATE RES CAP OUT TO 1 
NEGOTIATE RES CAP OUT TO 2 
NEGOTIATE RES CAP OUT TO 3 
NEGOTIATE RES CAP IN FROM 1 
NEGOTIATE RES CAP IN FROM 2 
NEGOTIATE RES CAP IN FROM 3 
NEGOTIATE KNO CAP OUT TO 1 
NEGOTIATE KNO CAP OUT TO 2 
NEGOTIATE KNO CAP OUT TO 3 
NEGOTIATE KNO CAP IN FROM 1 
NEGOTIATE KNO CAP IN FROM 2 
NEGOTIATE KNO CAP IN FROM 3 
T39 
T4B 
T4 1 
DETERM POLLUTION OUT TO 1 
DETERM POLLUTION OUT TO 2 
DETERM POLLUTION OUT TO 3 
T45 
T46 
T47 
T48 
T49 
T5% 
PRODUCTION OUTPUT 
CAPITAL STOCK 
AMOUNT OF RESOURCES 
POPULATION 
ACCUMULATED KNOWLEDGE 
TOTAL PRODUCTION FUNDS 

Texts printed 
by the program 
on the terminal 
screen 



POLLUTION 
INVESTMENTS TO DISCOVER LAYERS 
LIFE STANDARD 
T6% 
YOU PRODUCE NOTHING 
YOUR CAPITAL IS EXHAUSTING 
YOUR RESOURCES ARE EXHAUSTING 
POPULATION IS DYING 
BASIC FUNDS ARE DEPRECIATING 
POLLUTION IS ENORMOUS 
NO OTHER COMMENTS 
T68 
T6 9 
NAT . RES . PURCHASE FROM LAYER 1 
NAT.RES.PURCHASE FROM LAYER 2 
NAT.RES.PURCHASE FROM LAYER 3 
NAT.RES.PURCHASE FROM LAYER 4 
NAT. RES .PURCHASE FROM LAYER 5 
NAT.RES.PURCHASE FROM LAYER 6 
NO ACCESS TO NATURAL RESOURCES 
T7 7 
T7 8 
T7 9 
AVAIL.LAYERS OF NAT.RESOURCES 
THE STEP WAS FINISHED 
I FEEL SOME RESULTS COULD BE 
UPDATED. ***GOODBYE-POP*** 
T8 4 
T8 5 
T8 6 
T8 7 
T8 8 
CHANGE LAST INPUT 
THE CURRENT STEP NUMBER 
NUMBER OF STEPS DONE BY UNIT 1 
NUMBER OF STEPS DONE BY UNIT 2 
NUMBER OF STEPS DONE BY UNIT 3 
INVALID STEP NUMBER 
INVALID KEYWORD 
T96 
T97 
T98 
T9 9 
T? Po 
%. 1 %  g.11 %.%8 
% %%5 % %%3 
2.5 

% %7 
2.5 2.5 

2.5 2.5 2.5 
%.%la1 %.%%I %.%a1 
~ 3 . ~ 5  (a.pl5 (a (a5 
a.2 g.2 
44. 

a.2 
32. 25. 

%.%9 %.%59 
2. 

%.a24 
2. 2. 

~ 3 . ~ 5  a . ~ 5  a ra5 
5.P 5.P 50% 
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