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PREFACE 

This paper is an attempt to link the problem of modeling 
to the problem of improving the economic mechanism in socialist 
countries. 

The necessity to improve the economic mechanism is based on 
an analysis of its functioning under the constraints before new 
economic experiements in some socialist countries, as well as 
the new method implemented in the management of the economy. 
There the connection between its basic elements on the level of 
the economic organization--price formation, planning, credit 
system, incentive system, etc.--and usage of respective approaches 
and models for planning on a national level, is analyzed. The 
conclusions drawn show that using only the centralized methods 
for planning contradict the new principles for economic management. 

The basic change in the management method requires an inde- 
pendence of the economic organization in decision making regarding 
the volume and structure of production using local criteria. 
Under these economic conditions, the central planning authorities 
have to use different, but common economic regulators in order to 
control local interests. On that basis a convergence between the 
local criteria (expressing the interest of the economic organiza- 
tion) and the global criteria of the economic system could be 
achieved. Mathematical models, which adequately reflect the 
process of planning at the two levels are of extreme importance 
for analyzing the economic mechanisms and their implementation 
in practice. 

This paper will be presented at the IFAC/IFORS Conference, 
Warsaw, Poland in June 1980. 





MODELING A NATIONAL ECONOMY AND THE 
ECONOMIC MECHANISM 

Boris Mihailov 

INTRODUCTION 

From a practical point of view,an inter- 
action exists between the modeling of 
the national economy and the economic 
mechanism: models have to describe the 
behavior of the economy as a concrete 
mechansim as well as to enable this 
concrete mechanism to be implemented in 
the form of adequate models for deci- 
sion making. Only in this way, could 
the economic mechanism be improved. 

This gaper is based on an anaiysis a f  
the relation between the aodels cuzren- 
: ? y  ia gractica: ase and the new prrn- -. --ples and approaches co sc3nornic man- 
aqement. The linitna fzamework of this 

report allows us only to analyze the 
main features of the modeling of the 
national economy and its connection 
to the economic mechanism. For that 
reason, the national economy is viewed 
at two levels only: the central level 
(central authorities for decision ma- 
king), and the economic organizations 
level (as executive production units) 
although a variety of levels and organi- 
zational forms are used in different 
countries and different stages of eco- 
nomic experiments. 



3ynamic eauilibrium. The use of dyna- 
aic ixput-output models at a central 
level, both for forecasting and for per- 
spective balancing of the productisn 
links is of great importance for the 
centralized system of planning. As a 
matter of fact, these models allow the 
production volume and structure to be 
derived by some assumed conditions of 
balance : 

where 

x - n-vector of total production 
volume (n - number of sectors); 

A - nxn-matrix of cost coefficients 
(including labor) ; 

a - nxn-matrix of technological 
coefficients; 

Y - n-vector of final consumption. 
Reformulating (1) in the following way: 

where 

E - identi:y matrlx and denoting 
A - B - Q  

we derive 

where : 

i = k,. ..,m - qualification groups; 
1 . .  - labor coeffic~ents; 
1 3 
L j  = toral amounc of labor. 

The investments are >resented by: 

whe rs 

X ;  = capltal investments, .. 
y 1  = coefficients for transformrnq 

the =a?ital rnvestxencs into 
3r3dcccion fl~nds. 

'inal zonsumpt~on can be fsrecastcc as 
a 5unc:zon of ?ersonal ~ n c ~ m e  ( 2 1  and 
5r2zes : ? :  : 

I =  i3 30: 3osszSle to achieve a real 
eycami= balance of An economy without 
the use of optimization tachniques sub- 
ject to natural, prodactiva and labor 
 constrain:^. 

An optimization problem. This problem 
arises in connection with the xecessity 
of determining dizferant technological 
and tarritorial policy variants. txperi- 
anca in nodeling shows that such a sec- 
ondary lave1 of the analysis should be 
considered at an economic organizations 
level. One reason is the tramendous 
size of the model in case of solving it 
on a central level. Another reason is 
better knowledge of conditions of pro- 
duction at a secondary level. Thus the 
optimization problem for each economic 
organization could be formulated on the 
basis o f  the elemants derived as a sum 
of (1) , respectively disaggregated by 
product3 : 

where 

r = L , ? ,  . . .  - - ( -  number sf t h e  
?roluccs Fa sectsr j ) ;  

? +  - ?rice of product r in s e c z ~ r  
J ; ; 
j - technological variants: 

e - normative wage for unit of 
j sector j; 

2 .  - transportation costs coeffi- 
I j 

cients; 

m .  - profit of sector j .  
3 

Local optimization can be realized with 
different objective functions: for 
example minimum productive and transpor- 
tation costs (c) which is the expression 
in the bracket: 

sr maximum 2 r ~ f i t :  

max Z = z x .  ( 1 3 1  

iioweve:, IX  ali zases =he inzeractlsn . . berveen ( 2 )  or ! 1 3 1  anc 23% ~ n g u r - o u : ? , ~ ~  
sodel a =  a zenzal l o v ~ e l  ( 1 1  requ~:as ?>.a= 



- -- 
t h e  s e c t o r a l  p r o d u c t i o n  v o l u m e s  a n d  
p r i c e s  P . X .  h a v e  t o  b e  w i t h i n  some 
l i m i t s  ii $ h e  p r o c e s s  o f  l o c a l  o p t i m i -  
z a t i o n s  : 

TI 
min max 

P j X j  I I p j x j  5 p j x j  (11) 
r= 1 

a s  w e l l  a s  c o n s t r a i n t s  on  t o t a l  i n v e s t -  
m e n t s ,  l a b o r  a n d  p o s s i b l y  o t h e r  p r i m a r y  
r e s o u r c e s :  

L o c a l  o p t i m i z a t i o n  a t  t h e  s e c o n d a r y  
l e v e l ,  where  t h e  c h o i c e  o f  t e c h n o l o g i -  
c a l  v a r i a n t s  h a s  b e e n  made,  a l l o w  f o r  
d e t e r m i n a t i o n  o f  new A- and  B- m a t r i c e s  
o f  c o e f f i c i e n t s  t o  b e  i n s e r t e d  i n  t h e  
i n p u t - o u t p u t  model  (1) a t  t h e  c e n t r a l  
l e v e l .  T h u s ,  t h e  f o l l o w i n g  i t e r a t i o n  i s  
p o s s i b l e :  

-The l e v e l  o f  p r i c e s  i s  p l a n n n e d  
( P . 1 ;  

3 
- o p t i m i z a t i o n  o f  some s t r a t e g i c  a l -  

t e r n a t i v e s  f o r  economic  d e v e l o p -  
ment  w h i c h  c a n  b e  f o r m u l a t e d  a t  
t h e  c e n t r a l  l e v e l :  g l o b a l  p r o -  
d u c t i ~ n  s t r u c t u r e  c h a n g e s  ( i n c l u -  
d i n g  e x p o r t  and  i m p o r t  p o l i c y ) ;  
p o l i c y  c o n c e r n i n g  t h e  f r a c t i o n  
" i n v e s t m e n t s - c o n s u m p t i o n " ;  s o l -  
v i n g  p o l i t i c a l ,  s o c i a l ,  e n v i r o n -  
m e n t a l  p r o b l e m s ,  e t c .  

The mosc i m p o r t a n t  f a c t  i n  t h e s e  c a s e s  
i s  t h a t  t h e  i n p u t - o ~ t p u t  model  ( 1 1 ,  a s  
a  t o o l  o f  f o r e c a s t i n g  and  b a l a n c i n g  t h e  
economic  e l e m e n t s ,  r e p r e s e n t s  a  b a s i s  a s  
w e l l  a s  f i n a l  r e s u l t  o f  t h e  p r o c e d u r e  
d e s c r i b e d  a b o v e .  

The i n t e r a c t i o n s  b e t w e e n  t h e  two l e v e l s  
c a n  be d e s c r i b e d  i n  a  v e r y  good fo rm i n  
t h e  f o l l o w i n g  scheme ( F i g .  1 ) :  

F i g .  1. O p t i m i z a t i o n  scheme i n c l u d i n g  
two l e v e l s  o f  n a t i o n a l  economy. 

I t  c a n  d e f i n i t e l y  b e  s a i d  t h a t  a  c o n v e r -  
g e n c e  be tween  t h e  two p l a n n i n g  l e v e l s  i s  
p o s s i b l e  b u t  v e r y  d i f f i c u l t  and  s l o w .  
T h i s  i s  a  c o n s e q u e n c e  o f  d i f f e r e n c e s  i n  
t h e  d i r e c t i o n s  o f  g l o b a l  and l o c a l  o p t i -  
mas a s  v e l i  a s  d i f f e r e n c e s  i n  a g g r a g a -  
t i o n .  Y u l t i p l e  c r i t e r l a  i n  t h e  b a l a n c i n g  

a n d  o p t i m i z a t i o n  o n  a  c e n t r a l  l e v e l  
a l s o  c o n t r i b u t e  t o  a  s l o w  s o l u t i o n  
p r o c e s s .  The r e l a t i v e l y  f a s t  c o n v e r -  
g e n c e  i n  p r a c t i c a l  p l a n n i n g  i s  d u e  t o  
t h e  f a c t  t h a t  many o f  t h e  r e q u i r e a e n t s  
m e n t i o n e d  a b o v e  h a v e  n o t  b e e n  t a k e n  
i n t o  a c c o u n t .  

. - 

T h e r e  a r e  many d i f f e r e n t  p r o p o s e d  ap-  
p r o a c h e s  t o  o p t i m i z i n g  t h e  n a t i o n a l  
economy p r i m a r i l y  b a s e d  o n  some mathe-  
m a t i c a l  c o n v e n i e n c e .  N e v e r t h e l e s s ,  
t h e  i n t e r m e d i a t e  c o n s t r a i n t s  coming  
f r o m  t h e  f i r s t  t o  t h e  s e c o n d  l e v e l  
h a v e  t o  b e  c o n n e c t e d  w i t h  t h e  volume 
a n d  s t r u c t u r e  o f  p r o d u c t i o n  a n d  w i t h  
some main  m a t e r i a l  r e s o u r c e s ,  l a b o r ,  
a n d  i n v e s t m e n t s .  

S t i m u l i  and  i n c e n t i v e s .  G e n e r a l l y ,  
s t i m u l i  a r e  b a s e d  o n  t h e  r e l a t i o n  be -  
tween  t h e  i n c r e a s e  o f  wages  a n d  e f f i -  
c i e n c y  ( o r  p r o f i t )  o f  t h e  economic  
o r g a n i z a t i o n  ( s e e  ( 8 )  ) : 

Hence hW =  AM 
j  j 

where  

v = n o r m a t i v e  w a g e - p r o f i t  
c o - e f f i c i e n t .  

The p r o b l e m  o f  z h o i c e  o f  b a s i s  f o r  an 
e s t a b l i s h m e n t  o f  v r e q u i r e s  t h a t  t h e  
d e p e n d e n c e  be tween  t h e  s y s t e m  o f  m o d e l s  
( 1 ) - ( 1 0 )  and  s t i m u l u s  mechanism i s  
a n a l y z e d  b o t h  a t  t h e  s t a g e  o f  d e v e l o p -  
ment a n d  t h e  s t a g e  o f  f u l f i l l m e n t  s f  
t h e  p l a n .  

L e t ' s  s u p p o s e  t h a t  some v h a s  b e e n  p r e -  
s c r i b e d  by t h e  c e n t r a l  l e v e l  f o r  t h e  
economic  o r g a n i z a t i o n s  a t  t h e  s t a g e  o f  
d e v e l o p m e n t  o f  t h e  p l a n .  I n  o r d e r  t o  
maximize p r o f i t  ( w h i c h  i s  t h e  b a s i s  o f  
i n c r e a s i n g  t h e  w a g e s )  e a c h  economic  
o r g a n i z a t i o n  c a n  p r o p o s e  c h a n g e s  i n  
p r o d u z t i o n  volume a n d  s t r u c t u r e ,  a s  
w e l l  a s  c h a n g e s  t o  t h e  r e s o u r c e s  ( i n -  
c l u d i n g  l a b o r ) .  Bu t  f o l l o u i n g  t h e  p r o -  
c e d u r e s  shown i n  F i g .  1 ,  a f t e r  e a c h  i t -  
e r a t i o n  t h e  c e n t r a l  l e v e l  w i l l  p r e s c r i b e  
new r e s t r i c t i o n s  o f  t h e  p r o d u c t i o n  
vo lume,  p r i c e s  s t r u c t u r e  and  r e s o u c e s  
u n t i l  t h e  f i n a l  d e c i s i o n .  Aence t h e  
n o r m a t i v e  c o e f f i c i e n t s  \J h a s  t o  c h a n g e  
w i t h  e v e r y  c h a n g e  o f  t h e  p l a n n i n g  t a r -  
g e t s  ( i n c l u d i n g  l a b o r ) .  The main 
r e a s o n  f o r  t h i s  i s  t h e  l a c k  o f  u n i f o r m -  
i t y  i n  n a t u r a l  a n d  p r o d u c t i o n  c o n d i -  
t i o n s  f o r  e a c h  e c o n o m i c  o r g a n i z a t i o n ,  
which  e x c l u d e s  an o b j e c t i v e  b a s i s  f o r  
e s t i m a t i n g  c o n t r i b u t i o n  o f  t h e  economlc  



orqanization to increased efficiency 
(profit). Thus the normative coeffi- 
cients v have to be closely connected 
with the prescribed planning targets, 
which creates real possibilities for 
its subjective planning. 

Atthe stage o f  fulfillment of the plan 
different potentials exist for different 
economic organizations. Some of them 
cannot fulfill their planned targets, 
some of them can fulfill them exactly 
and some o f  them even over-fulfill tar- 
gets: 

However, the described production links 
formation shows an interesting fact. 
Each economic organization that doesn't 
fulfill its planned targets causes non- 
fulfillment of the plans of output users. 
At the same time, compensating excess 
fulfillment of their plans by some units 
as a rule does not lead to excess ful- 
fillment of the plan as a whole, because 
of the lack of all necessary set o f  pro- 
ducts and conditions for that purpose. 

The lack of objective basis for compari- 
son and estimating the results of the 
economic organizations forces the cen- 
tral level: 

-TQ acceot an actual fulfillment 
which is less than 100 percent 
3% a basis for choice of stimula 

-TO reduce excess fulfillment to 
some extent in order to compen- 
sate the losses according to (17) : 

In the two above cases the correction in 
v ar M i  serves as a Sasrs for correction 

T h i s  mechanism of planning creates in- 
centives at the level o f  economic organi- 
zations to conceal the production poten- 
tial i n  order t o  easily fulfill t h e  plan. 
As a result, the feedback to t h e  central 
level i s  not realistic which i n  its turn 
very often forces t h e  central level t o  
prescribe higher planning targets for the 
economic organizations. T h e  latter cir- 
cumstance strengthens the incentives o f  
people t o  present unrealistic informa- 
tion t o  the central level. This proce- 
dure is illustrated in Figure 2: 

Fig. 2. Scheme o f  stimuli and incen- 
tives in connection with the 
planning mechanism. 

MODELING AND THE NEW 
ECONOMIC REFORM 

The new principles. The new principles 
of planning were implemented in most 
socialist countries since the middle 
of the 1960s in order to remove the 
shortcomings of a centralized economic 
mechanism. The main new principles can 
be formulated in the following way: 

-The economic organizations can 
independently take a decisron 
concerning the total production 
volume and structure w i t h ~ n  some 
constraint.; --- .-- .-- 

-Prices o f  some products are sub- 
ject t o  a n  agreement between pro- 
ducers and users and are f o r  some 
products bounded by certain con- 
straints. In this way the prices 
to some extent express the rela- 
tion between supply and 'demand; 

-The increase 3 f  production is 
implemented with che income o f  
sconomic arqanizati3ns and by  
credits ; 

-The incomes of economic organi- 
zations are regulated by the 
central level with financial 
tools (regl~lators) which are 
made uniform in order to insure 
similarity of  economic condltlons 
as well as to serve as a long- 
term sti-mulant; -. 

-Wages are regulated by long-term 
normatives and t h e  wages increase 
i s  connected w i t h  increase o f  in- 
come in the economic organization. 

nodsling and the new principles. Anal- 
yzing the new principles from the polnt 
of view of the modeling of the nacional 
economy at two levels, we can answer 
the question of whether these prin- 
ciples are realistic or not. The anal- 
ysis is based on the assumption that 
models for centralized planning of 
type (1)-(7) are applied in practice 
at the central level. As far as the 
economic organization level is can- 
cernad, there i s  no probltm = o  apply 
the model for optimizing income [ o r  
profit) influenced b y  adequate economic 



r a g u l a t o r s  i n  t e rms  of  t h e  new a r i a -  
c i p l e s  n e n t i o n e d  a b o v r .  T h i s  model 
w i l l  a p p e a r  i n  t h e  f o l l o w i n g  g a n a r a l  
form: 

where 

Pj = p r i c a  o f  j - t h  s e c t o r ,  which 
can  be  bounded a s  f o l l o w s :  

S = s u b s i d y  which  c a n  be  g i v e n  ' i n  a  p e r c e n t a g e  o f  u n i t  o f  
p r o d u c t i o n :  

Sj ' "1' 

E = c u r r e n t  p r o d u c t i o n  a x p e n d i -  
j t u r e s ;  

W j  - wages c o n n e c t e d  w i t h  t h e  
p r o f i t  ( o r  income)  i n  s u c h  
a  way t h a t  W  = v Hj; J 

Tj = t a x e s  on t h e  b u d g e t ,  u s u a l l y  
c o n n e c t e d  w i t h  t h e  p r o f i t  
( o r  i n c o m e ) :  T = 0 M .  

j J ; 

C .  = paymant o f  i n t e r a s t  f o r  ' c r e d i t ,  a s  a  p e r c e n t a g e  of  
t h e  amount o f  c z e d i t :  
c = 3 c .  1 

I n  t h i s  way, t h e  r e s t  o f  t h e  p r o f i t  HI. 
can be used  f o r  i n v e s t m e n t s .  3 

I t  i s  supposed  t h a t  a l l  economic regu-  
l a t o r s  ( P . ,  ? . .  L . v . 3 , 3  e t c . )  a r 3  p r s -  
s c r i b e d  i a  a-iommon way =o a l l  economic  
o r g a n i z a t i o n s  a t  t h e  s t a g e  of  d e v e l o p -  
i n 9  t h e  p l a n .  Keeping t h e  above  r e -  
q u i r e m e n t s ,  a  t empora ry  dynamic e q u i l i -  
b r ium c a n  be a c h i e v e d ,  e x p r e s s e d  by 

t t .  t h e  p r i c e s  P I , . . . , ?  r n  n 

where 3 .  = s u p p l y  o f  i - t h  s e c t o r .  
L 

D i  = demand o f  i - t h  s e c t o r .  

On t h e  o t h e r  hand ,  i t  i s  a p p a r e n t  t h a t  
t h e  c e n t r a l  l e v e l  c a n  u s e  t h e  models  
( 1 ) - ( 7 )  o n l y  w i t h  t h e  f o l l o w i n g  p ro -  
d u c t i o n  volume and s t r u c t u r e  b a l a n c e :  

and a  r e l a c r v e  e q u i l i b r i u m  of t h e  
p r i c e s  ( l e t  u s  c a l l  i t  s t a t e  2 ) :  

The above  two s t a t e s  of  economic  de- 
dev lopmen t  d i f f e r  f rom e a c h  o t h e r  on 
one  hand b e c a u s e  o f  t h e  r e d i s t r i b u t i o n  
o f  volume and  s t r u c t u r e  o f  p r o d u c t i o n  
i n  t e r m s  o f  t h e  p r i c e s  i n  s t a t e  1 i n  
c o m p a r i s o n  w i t h  s t a t e  2 where  t h e  p ro -  
d u c t i o n  volume and  s t r u c t u r e  a r e  d i -  
r e c t l y  d e r i v e d  a t  a  c e n t r a l  l e v e l .  
On t h e  o t h e r  hand ,  due  t o  t h e  v e l l -  
known f a c t  t h a t  t h e  sum o f  l o c a l  o p t i -  
mums (2nd  l e v e l )  is n e v e r  e q u a l  t o  t h e  
g l o b a l  optimum (1st l e v e l )  . Hovever ,  
t h e  p r i c e s  i n  s t a t e  2  have  t o  be con- 
s i s t e n t  w i t h  t h e  p r o d u c t i o n  e x p e n d i t u r e s  
i n  o r d e r  t o  b e t t e r  e x p r e s s  t h e  e f f i -  
c i e n c y  a t  a  c e n t r a l  l e v e l  i n  which  c a s e  
e x p a n s i o n  o f  p r o d u c t i o n  s h o u l d  b e  
a c h i e v e d  f rom c e n t r a l l y  d i s t r i b u t e d  
c a p i t a l  i n v e s t m e n t s ,  i n d e p e n d e n t  p r i c e s .  

Looking upon s t a t e  1 we can  c l a i m  t h a t  
i t  i s  n o t  o p t i m a l  w i t h  r e s p e c t  t o  
s t a t e  2 ;  moreover  i t  c o u l d  c o n t a i n  d i s -  
a d v a n t a g e o u s  consequences  a s  f o r  exam- 
p l e  unamployment, i n s u f f i c i e n t  s o c i a l  
u t i l i t y ,  a n v i r o n m e n t a l  p o l l u t i o n , e t c .  
Hance t h i s  s t a t e  must  be  a d j u s t e d  t o  
s t a t e  2 ,  which i s  o p t i m a l  from t h e  na- 
t i o n a l  ( g l o b a l )  p o i n t  o f  view. 

I f  t h e  c e n t r a l  l e v e l  would l i k e  t o  
change  t h e  l e v e l  o f  aconomic r e g u l a t o r s ,  
i t  s h o u l d  have models  whi=h a d e q u a t a l y  
d e s c r i b e  t h e  b e h a v i o r  o f  economic o r -  
g a n i z a t i o n s  a t  e v e r y  changa  of  s t a t e  1. 
Hovever ,  t h e  c e n t r a l  l a v e 1  does  n o t  y e t  
u s e  s u c h  models  b e c a u s e  t h e y  have  n o t  
been e l a b o r a t a d  f o r  p r a c - c i c a l  u s a .  
T h a t  i s  why t h e  o n l y  r e a c t i o n  of  t h e  
c e n t r a l  l e v e l  t o  t h e  d i s c r e p a n c l  Se- 
tween t h e  two s t a t e s  can  be t o  d i s -  
c a r d  l o c a l l y  d e v e l o p e d  p l a n s .  T h i s  
can  be shown by d e s c r i b i n q  t h e  i n t e z -  
a c t i o n s  between t h e  two l a v e l s  i n  =he 
p l a n n i n g  p r o c e d u r e .  A t  t h e  i t a g e  of 
deve lopmen t  o f  t h e  g l a n :  

-The c e n t r a l  i e v e i  p r e s c r i b e s  t h e  
volume and s t r u c t u r e  o f  p roduc -  
t i o n  t o  t h e  economic  o r g a n i z a -  
t i o n s ,  which  a r e  d e r i v e d  c e n t r a l l y  
a s  a  r e s p o n s e  t o  e a c h  p r o p o s a l  
t o  change  t h e i r  p l a n s  i n  t h e  
economic  o r g a n i z a t i o n s :  

Thus t h e  l o c a l  autonomy a s  a  new 
a c c e p t e d  p r i n c i p l e  f o r  I s c i s i o n  
makrnq c a n n o t  be a c b i s v e d  i n  t h i s  
c a s e .  Zach p r o p o s a l  t o  change 
t h e  p l a n  0 5  one  economic o r q a n i -  
r a t i o n  l e a d  t o  an  imbalance  i n  
311 o c h e r  aconomic o r q a n i z a t i o n s  
from t h e  p o i n t  of  view 35 t h e  
e l a b o r a t e d  p l a n  a t  t h e  c e n t r a l  
i e v e l .  T h i s  was.  however,  t h e  
r e a s o n  why an economic i n a e p e n -  
dence  was a d m i t t e d  a t  t h e  v e r y  
b e q ~ n n i n g  of  t h e  new aconomic 
r e f o r s ,  b u t  i n m e d i a t e l y  a f t e r  



t h a t  t h i s  i n d e p e n d e n c e  was t a k e n  
away. 

- S i m u l t a n e o u s l y  w i t h  t h e  p r o d u c t i o n  
volume a n d  s t r u c t u r e ,  t h e  volume 
a n d  s t r u c t u r e  o f  l a b o r  a n d  f i n a n -  
c i a l  r e s o u r c e s  a r e  a l s o  b a l a n c e d  
a t  a  c e n t r a l  l e v e l  ( 2 2 )  w h i c h  a r e  
t o  b e  p r e s c r i b e d  t o  t h e  e c o n o m i c  
o r g a n i z a t i o n s .  A s  f o r  t h e  e c o -  
nomic r e g u l a t o r s  ( 1 9 . 1  - 1 9 . 5 1 ,  
a p p l i e d  i n  o p t i m i z i n g  ( 1 9 1 ,  t h e y  
w i l l  a l w a y s  l e a d  t o  d i f f e r e n c e s  
i n  t h e  amount  o f  r e s o u r c e s  r e -  
q u i r e d  a c c o r d i n g  t o  ( 2 2 ) .  F o r  t h e  
s e p a r a t e  e c o n o m i c  o r g a n i z a t i o n ,  
t h e s e  d i f f e r e n c e s  v i l l  a p p e a r  a s  
f o l l o w s  : 

A c c o r d i n g  t o  t h e  wage l e v e l :  

A c c o r d i n g  t o  c a p i t a l  i n v e s t m e n t s :  

w h e r e  t h e  r i g h t  s i d e  i s  d e r i v e d  
f rom ( 2 2 ) .  

The  a b o v e  d i f f e r e n c e s  c o n c e r n  t h e  m o s t  
i m p o r t a n t  e l e m e n t s  o f  t h e  e c o n o m i c  mech- 
a n i s m .  The wages  a r e  c l o s e l y  c o n n e c t e d  
w i t h  t h e  s t i m u l u s  a n d  i n c e n t i v e s  a n d  t h e  
c a p i t a l  i n v e s t m e n t s  e n s u r e  e x p a n s i o n  o f  
p r o d u c t i o n .  I n  t h i s  s e n s e ,  t o  r e d u c e  
t h e  l a b o r  wages  a n d  c a p i t a l  i n v e s t m e n t s  
t o  t h o s e  r e q u i r e d  b y  t h e  c e n t r a l l y  d e -  
v e l o p e d  p l a n ,  t h e  c e n t r a l  l e v e l  s h o u l d  
c h a n g e  t h e  p r i c e  l e v e l  o r  t h e  e c o n o m i c  
r e g u l a t o r s '  l e v e l  a t  e a c h  i t e r a t i o n .  
C h a n g i n g -  t h e  p r i c e  l e v e l  a s  a  r u l e  i s  
n o t  e n o u g h  b e c a u s e  i n c r e a s i n g  t h e  p r i c e  
l e v e l  f o r  t h e  p r o d u c e r s  i n  o r d e r  t o  e x -  
p a n d  t h e i r  p r o d u c t i o n  a t  t h e  same t i m e  
c a n  p r o v o k e  i n c r e a s e s  o f  t h e  e x p e n d i -  
t u r e s  among u s e r s  w h i c h  c a n  c a u s e  a  
c o n t r a c t i o n  o f  t h e  p r o d u c t i o n .  The 
e a s i e s t  v a y  t o  r e a c h  t h e  a b o v e  p u r p o s e  
i s  t o  r e c a l c u l a t e  t h e  m a g n i t u d e  o f  t h e  
e c o n o m i c  r e g u l a t o r s  ( L , B , a , v ,  e t c . ) .  

The n o r a a t i v s  c o e f f i c i e n t  ( 1 4 )  f o r  ex-  
a m p l e ,  v i l l  t h e n  b e :  

o f  t h e  e c a n o m i c  o r g a n i z a t i o n s '  c o n r z i -  
b u t i o n  t o  i n c r e a s e d  e f f i c i e n c y .  T h a t  
i s  why t h e  e c a n o m i c  o r g a n i z a t i o n s ,  i n  
t h e  c e n t r a l i z e d  economic '  mechan i sm,  
a r e  i n t e r e s t e d  i n  c o n c e a l i n g  t h e i r  p r o -  
d u c t i o n  p o t e n t i a l .  I 

D u r i n q  f u l f i l l m e n t  o f  t h e  p l a n .  The 
e c o n o m i c  o r g a n i z a t i o n s  d o  n o t  h a v e  
e q u a l  p o t e n t i a l  t o  f u l f i l l  t h e i r  p r e -  
s c r i b e d  p l a n n e d  t a r g e t s .  A s h a r p  c o n -  
t r a d i c t i o n  e x i s t s  b e t w e e n  t h e  l a r g e  
number o f  a l l  t y p e s  o f  p r o d u c t s  r e -  
q u i r e d  a t  t h e  e x e c u t i v e  l e v e l  a n d  t h e  
n e e d  t o  b a l a n c e  a n d  o p t i m i z e  w i t h  t h e  
u s e  o f  a g g r e g a t e  m o d e l s  a t  t h e  c e n -  
t r a l i z e d  p l a n n i n g  l e v e l .  B e s i d e s  un- 
e q u a l  p o t e n t i a l s  t o  f u l f i l l  t h e  p l a n  
e x i s t  b e c a u s e  o f  t h e  s u b j e c t i v e  e s t i -  
m a t e s  o f  t h e  e c o n o m i c  o r g a n i z a t i o n s  
f r o m  t h e  c e n t r a l  l e v e l .  A s  a  r e s u l t ,  
d i f f e r e n t  e x t e n t s  o f  f u l f i l l m e n t  o f  
t h e  p l a n  by d i f f e r e n t  e c o n o m i c  o r q a n i -  
z a t i o n s  u s u a l l y  a p p e a r :  

- A t  a n y  s t a g e  o f  a p p l i c a t i o n  o f  
t h e  p l a n ,  i t  i s  i m p o s s i b l e  t o  
c h a n g e  t h e  p l a n  t a r g e t s  by c r e a -  
t i n g  a  ba! a n c e  i n  t h e  r a n g e  of 
g o o d s ~ r o d u c e d v i t h i n  o n e  e c o -  
nomic  o r g a n i z a t i o n  i n d e p e n d e n t l y  
o f  t h e  c e n t r a l l y  b a l a n c e d  p l a n ,  
b e c a u s e  a  p a r t i a l  b a l a n c e  w i t h i n  
o n e  o r g a n i z a t i o n  c a n  l e a d  t o  a n  
i m b a l a n c e  i n  a l l  t h e  o t h e r s .  

-The c e n t r a l  l e v e l  m u s t  c o r r e c t  
e a c h  a l a n  t a r g e t  t h a t  i s  n o t  
f u l f i l l e d  d u e  t a  i n s u f f i c i e n t  
p r o d u c t i o n  v o l u m e s  by r e l a t i v e  
s u p p l i e r s .  T h i s  s i t u a t i o n  i s  
a n a l o g o u s  t o  (16) - ( 1 8 )  by t h s  c e n -  
r r a l i z e d  mechan ism b u t  i n  c g n d r -  
t i o n  o f  t h e  new e c o n o m i c  r e f o r m  
i t  r e q u i r e s  t h a t  a l l  e c o n o m i c  
r e q u l a r o r s  n a v e  t o  b e  c o r r c c t c d  
i n  o r d e r  t o  m e e t  t h e  c o r r e c t e d  
~ l a n  t a r g e t s .  T h i s  d e s t r o y s  t h e i r  
r o l e  a s  s t i m u l a t o r s  b e c a u s e  t h e y  
c a n n o t  s e r v e  a s  l o n g - t e r m  r e g u -  
l a t o r s .  

The a n a l y s i s  o f  t h e  r e l a t i o n s h i p  b e -  
t w e e n  t h e  new p r i n c i p l e s  o f  t h e  e c o n o -  
m i c  r e f o r m  a n d  t h e  m o d e l s  ( o r  t h e  a p -  
p r o a c h e s  o f  p l a n n i n g )  u s e d  i n  p r a c t i c e  
shows  t h a t  t h e  e c o n o m i c  r e g u l a t o r s  a r e  
a  p a s s i v e  r e f l e c t i o n  o f  t h e  p l a n  b u t  
t h e y  c a n n o t  p l a y  a  r e g u l a t o r y  r o l e  a s  
a  d e v i c e  f o r  d e v e l o p m e n t  a n d  f u l f i l l -  
m e n t  o f  t h e  p l a n .  I n  t h i s  way,  t h e  
e c o n o m i c  r e f o r m  i s  a  m o d i f i c a t i o n  o f  
t h e  c e n t r a l i z e d  p l a n n i n g  mechan ism.  
T h i s  c a n  be shown i n  F i g u r e  3 a s  a  
m o d i f i c a t i o n  o f  F i g u r e  2 :  

I a  t h i s  way t h e  e c o n o m i c  r e g u l a t o r s  mus t  
S e  e x p 1 i c i t L . y  a n d  r n d i v i d . ~ a l l y  C e t e r -  
n i n e d  i n  a c c o r d a n c e  w i t h  b o t h  r e q u i z e -  
a e n t s  o f  t h e  n a t i o n a l  p l a n  a n d  t h e  l a c k  
o f  u n i f o r m i t y  i n  a a t u r a l  a n d  production 
c o n d i t i o n s .  T h e r e f o r e .  a t  t h e  d e v e l o p -  
s e n t  s t a g e  o f  t h e  s l a n ,  t h e  f i n a l  v e r -  
s i o n  o f  t h e  i n d i v i d u a l  r e g u l a t o r s  shows 
c h a t  t h e y  a l l o w  a  s u b j e c t i v e  e s t i m a t e  
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F i g .  3 .  Scheme o f  t h e  s t i m u l i  a n d  i n c e n -  
t i v e s  i n  c o n n e c t i o n  w i t h  t h e  
new s c o n o m i c  r e f o r m .  

The a n a l y s i s  made h a s  b e e n  e x p l i c i t l y  c o n -  
f o r m e d  i n  p r a c t i c e .  I t  a l s o  shows t h a t  
volume and  s t r u c t u r e  o f  p r o d u c t i o n  a s  w e l l  
a s  t h e  volume o f  r e s o u r c e  u s e  a r e  t h e  a c -  
t u a l  t o o l s  f o r  c o n t r o l  o f  t h e  n a t i o n a l  
economy b u t  n o t  t h e  e c o n o m i c  r e g u l a t o r s  
d e s c r i b e d  a b o v e .  

T h e r e f o r e  i t  i s  n e c e s s a r y  t o  u s e  a p p l i e d  
m o d e l s  f o r  p l a n n i n g  o n  a  c e n t r a l  l e v e l  
w h i c h  would  a l l o w  t h e  e c o n o m i c  r e g u l a t o r s  
t o  be  u s e d  a s  a n  a c t i v e  d e v i c e  a n d  s t i m u -  
l a n t  f o r  d e v e l o p m e n t  a n d  f u l f i l l m e n t  o f  
t h e  n a t i o n a l  p l a n .  

SEW DIRECTIONS I N  YODELING 
A NATiONAL SC3NOXY 

B a s i c  a s s u m p t i o n s .  The o n l y  a l t e r n a t i v e  
t o  d i r e c t  i n t c r a c t i o n  b e t w e e n  s c o n o m i c  
o r g a n i z a t i o n s  a n d  t h e  c e n t r a l  l e v e l  i s  a  
d i r e c t  i n t e r a c t i o n  b e t w e e n  t h e  4conomic  
o r g a n i z a t i o n s  t h e n s e l v e s  a n d  t h e i r  i n d i -  
r e c t  r e g u l a t i o n  f r o m  t h e  s i 5 e  o f  t h e  = e n -  
':a1 l e v e i .  Z r a c t i c e  snows t h a t  n o t h i - g  
e l s e  = a n  s u b s t i t u t e  = h e  i n c a n t i v e s  which  
a r e  p r o v o k e d  by c o m p e t i t i o n  b e t w e e n  a c o -  
nomic o r g a n i z a c i a n s  when t h e y  have  e q u a l  
p o s s i b i l i t i e s .  On c h e  o t h e r  h a n d ,  p r a c -  
t i c e  shows t h a t  a  n o r m a l  ( a n d  m a r s  d e s i r -  
a b l e  o r  o g t i m a l )  d e v e l o p m e n t  i s  i m p o s s i b l e  
w i t h o u t  a n  a c t i v e  r s g u l a t i v e  r o l a  o f  some 
c e n t r a l  a u t h o r i t y .  i n  t h i s  s e n s e  a d e q u a t e  
m o d e l s  h a v e  t o  b e  d e v e l o p e d  f o r  t h e  two 
l e v e l s  u n d e r  a n a i y s i s .  T h e s e  m o d e l s  h a v e  
20 d e s c r i b e  t h e  z e a l  p l a n n i n g  p r o c e d u r e s  
a n d  n o t  t o  d e p e n d  o n  n a t h e m a t i c a l  c o n v e n -  
i e n c e  o n l y .  

The l ~ n i t e d  f ramework  o f  t h i s  l a p e r  a l l o w s  
u s  o n i y  t o  o u t l i n e  marn f e a t u r e s  o f  t h e  
l l a n n i n g  I r o c e d u z e s  a n d  o f  t h e  m o d e l s  
which  a r e  t o  be  d e v e l o p e d  a n d  u s e d i n  
p r a c t i c e .  

F a r e c a s t i n q  a t  t h e  c e n t r a l  L e v a l .  The 
main p u r a o s e  o f  t h e s e  f o r e c a s t s  i s  t o  d e -  
s c z i b e  t h e  e x p e c t e d  f u c a r e  s t a t e  o f  = h e  
Geveloprnenc a f  t h e  n a t i o n a l  economy u n z e r  
=he  c o n d i t i o n s  o f  i n d e p e n e e n c e  o f  t h e  
ecanomrc  o r g a n i z a t i o n s .  T h r s  i n p l i e s  
f l e x r b l e  p r i c e  f o r m a t i o n  a n d  a  p r o d u c t i o n  
-?oicme and s t r u c t s u r e  b a s e l  a n  t h a i r  rna rg l -  
a a l  v a l u e ,  vnen s u p p l y  i s  a q u a 1  30 demand.  

T t e  f o l l o w i n g  m o d e l s  c a n  be  u s e d :  
-Consumpt ron  functions t o r  t h e  

f r n a l  c o n s u m p t i o n  :n d e p e n d e n c e  
o n  t h e  main  p r o d u c t i o n  t a c z o r s ,  
a s  f o r  e x a m p l e :  

w h e r e  

L  = l a b o r ;  
K = p r o d u c t i o n  f u n d s ;  
N = e n v i r o n m e n t a l  f a c t o r s :  
k l  , k 2  . k 3  = d e n s i t y  o f  t h e  p e r s o n a l  

i n c o m e ,  p r o f i t  a n d  r e n t ;  n t  
e  = t e c h n o l o g i c a l  p r o g r e s s ;  

= p a r a m e t e r s .  
The f i n a l  c o n s u m p t i o n  a s  a  Z u n c t l o n  o t  
p e r s o n a l  i n c o m e  a n d  p r i c e s  c a n  b e  f o r e -  
c a s t e d  i n  t e r m s  o f  ( 7 )  a l s o .  

- I n p u t - o u t p u t  m o d e l s  w h i c h  a l l o w  
t h e  t e c h n o l o g i c a l  p r o d u c t i o n  
l i n k s  t o  b e  f o r e c a s t e d  o n  t h e  
b a s i s  o f  f o r e c a s t e d  f i n a l  c o n -  
s u m p t i o n :  

A c o n s i s t e n t  f o r e c a s t e d  s t a t e  a f  t h e  
n a t i o n a l  sconomy w h i c h  h a s  i t s  e q u i l i -  
b r i u m  i s  a  r e s u l t  o f  t h e  l i n k a q e  o f  
t h e  a b o v e  d i f f e r a n t  m o d e l s  a n d  c a n  b e  
r e p r e s e n t e d  by t h e  f o l l o w i n g  p r i c e  
e q u a t i o n s :  

More g e n e r a l  p r i c e  e q u a t i o n s  c a n  e a s i l y  
b e  d e r i v e d  f r o m  g e n e r a l  p r o d u c t i o n  f u n c -  
t i o n s .  

F o r e c a s t i n q  a n d  o p t i n i r i n g  a t  I n  e c o -  
nomic o r g a n i z a t i o n s  l e v e l .  T h e s e  ~ r o -  
c e d u r e s  h a v e  t o  b e  r e a l i z e d  i i m ~ l t a n -  
e o u s l y  b e c a u s e  t h e  d e v e l o p m e n t  o f  o a c n  
e c o n o m i c  organization c a n  be o p t i m i z e d  
on t h e  b a s i s  a f  f o r e c a s t e d  t r e n d s  i n  
t h e  n a t i o n a l  e c o n o m i c  developmen:,  of 
%he t e c h n o l o g i c a l  ( a n d  s o c i a l )  p r s g r e s s  
a c d  o f  t h e  b e h a v i o r  o f  c o m p e t i t o r s .  
Xowever ,  i t  i s  n o t  o n l y  ? o s s i S l e  b u t  
n e c e s s a r y  t o  e x c h a n g e  i n f o r n a t i o n  b e -  
tween t h e  c e n t r a l  l e v e l  a n d  t h e  a c o -  
nomic o r g a n i z a t i o n s  t o  h e l p  f o r e c a s t i n g  
a t  b o t h  l e v e l s .  

O p t i m i z a t i o n  o f  d e v e l o p m e n t  i n  a n  i n -  
d i v i d u a l  e c o n o m i c  o r q a n r z a t i o n  g e n e r -  
a l l y  h a s  t o  b e  r e a l i z e d  i z  t e r n s  o f  
a a x i n i z a t i o n  o f  ! 8 ) .  T h i s  w i l l ,  i n  
aggregating o v e r  a l l  e c o n o m i c  o r q a n i -  
z a t i o n s ,  be c o c s i s t e n t  u r t h  t n e  f o r e -  
c a s t e d  s t a t s  o f  t h e  n a t i o n a l  aconomy,  
d e v e l o p e d  a t  t k e  c e n c r a l  l e v e l  : 2 3 ) .  

J p r i a i z a t i o n  o f  - h e  x a t i o n a l  t c o n o m x  
d e v e l o p m e n t  a t  t h e  c e n t r a l  l a v e l .  - 
C e n t r c l  o p t i m i z a t i o n  i s  a b s o l * u t e l y  



n e c e s s a r y  b e c a u s e  t h e  f o r e c a s c e d  s t a c e  
of  t h e  n a t i o n a l  deveLopment a s  a  r e s a l t  
of l o c a l  o p t i m i z a t i o n  c a n n o t  be o p t i m a l  
from t h e  p o i n t  of  view of  r e a s o n a b l e  
g l o b a l  c r i t e r i a .  O p t i m i z a t i o n  a t  a  cen-  
t r a l  l e v e l  can  be r e a l i z e d  i n  t e rms  of 
t h e  a l r e a d y  d e s c r i b e d  scheme ( F i g u r e  1) 
f o r  t h e  c e n t r a l i z e d  economic  mechanism 
and fo rmulae  (1) - ( 1 3 )  . A s u b s t a n t i a l  
f e a t u r e  h e r e  i s  t h a t  t h e '  o p t i m i z a t i o n  
v i t h i n  t h e  economic o r g a n i z a t i o n s  is  
r e a l i z e d  by t h e  c e n t r a l  l e v e l  b u t  n o t  
by t h e  economic o r g a n i z a t i o n s .  B e s i d e s ,  
t h e  o p t i m a l  s t a t e  o f  t h e  economic de-  
ve lopment  i n  t h i s  c a s e  r e p r e s e n t s  a  
d e s i r a b l e  s t a t e  b u t  n o t  a  s t a t e  t o  be  
p r a s c r i b e d  i n  a  d i r e c t  vay  t o  t h e  eco-  
nomic o r g a n i z a t i o n s .  

F i g . 4 .  Scheme o f  :he g e n e r a l  p l a n n i n g  
p r o c e d u r e s  and mode l ing .  

I t  i s  o b v i o u s  t h a t  t h e  u s e  of economic  
r e g u l a t o r s  by t h e  c e n t r a l  l e v e l  d o e s  
n o t  p r a c l u d e  l o c a l  i ndependence .  I n -  
s t e a d  it p rovokes  p o s i t i v e  i n c e n t i v e s  
among t h e  economic o r g a n i z a t i o n s  due  

T h i s  p r o c e d u r e  a l l o w s  t h e  f o r a c a s t e d  
t o  t h e  common way of  a p p l i c a t i o n  o f  

s t a t e  of  economic deve lopmen t  ( 2 9 )  and t h e  r e g u l a t o r s  a s  w e l l  a s  t o  t h e  com- 

t h e  d e s i r a b l e  o p t i m a l  s t a t e  (1) - ( 1 3 )  p e t i t i o n  among t h e m s e l v e s .  A t  t h e  

t o  b a  c o n p a r e d ,  u s i n g  t h e  a a i n  commen- same t i m e  t h e  economic r e g u l a t o r s  en-  

s u r a b l e  e l e m e n t s :  p r o d u c t i o n  volume s u r e  an  o p t i m a l  deve lopmen t  of t h e  na-  

and s t r u c t u r e  and  d i f f e r e n t  k i n d  o f  r e -  t i o n a l  economy v h i c h  i s  t h e  r e a l  ad-  
v a n t a g e  of t h e  e f f o r t s  t o  d e v e l o p  a  s o u r c e s .  
s e t  o f  a d e q u a t e  models  t o  t h e  d e s c r i b e d  

I n d i r e c t  r e d u c t i o n  of  t h e  f o r e c a s t e d  
s t a t e  t o  t h e  o p t i m a l  s t a t e  o f  economic  
development .  T h i s  p r o c e d u r e  can  be 
made i f  one  knows t h e  d i r e c t i o n  of Ln- 
f l u e n c e  on b e h a v i o r  of  t h e  economic o r -  
g a n i z a t i o n s  from e a c h  economic r e g u l a -  
t o r .  I n  t h i s  s e n s e ,  t h e  c e n t r a l  l e v e l  
p r e s c r i b e s  i n  a  common way d i f f e r e n t  
l e v e l s  of  economic r e g u l a t o r s  and  a f t e r  
each  i t e r a t i o n  changes  t h i s  amount u n t i l  
a  conve rgence  between t h e  two s t a t e s  
=an be r e a c h e d .  The economic o r g a n i z a -  
t i o n s  r e a c t  by o p t i m i z i n g  t h e r r  d e v e l o p -  
s e n t  u s i n g  o b j e c z i v e  f a n c t i o n  ( 1 9 )  b u t  
sub j ec: t o  t h e  p r e s c r i b e d  r e g u l a t o r s  
( 1 9 . 1 ) - ( 1 9 . 5 ) .  

I n  a v e r y  g e n e r a l  fo rm,  t h e  above p ro -  
c e d u r e  c o u l d  be r e p r e s e n t e d  a s  f o l l o w s :  

where 

* = o p t i n i z e d  s t a t e  o f  economic 
development  a t  a  c e n t r a l  l a v e 1  

= f o r e c a s t e d  s t a t e  o f  economic 
development  a t  a  c e n t r a l  l e v e l  

economic mechanism. 
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The economic r e g u l a t o r s  c o u l d  be  imp le -  
mented by t h e  c e n t r a l  l e v e l  a t  t h e  v e r y  
b e g i n n i n g  o f  t h e  f o r e c a s t i n g  p r o c e d u r e .  
We, however ,  want  t o  show a p u r e  example  
of  f o r e s c a s t i n g  i n  which  t h e  r e g u l a t o r s  
c o u l d  be  c o r r e c t e d  a t  t h e  n e x t  i t e r a t i o n  
The p r o c e d u r e  of  p l a n n i n g  a n a l y z e d  and  
t h e  models  a d e q u a t e ' f o r  this p r o c e d u r e  
c a n  be i l l u s t r a t e d  w i t h  F i g .  4 :  


