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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.

- iii -






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 paper is based on an analysis of
the relation between the models curren-
tly in practical use and the new prin-
ziples and approaches to economic man-
agement. The limitad Zramework of this

report allows us only to analyze the
main features of the modeling of the
national economy and its connaction

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.



MCDELZING A CTZEZINTRAL
ZCONOMIC MECHANISM

Oynamiz equilibrium. The use of dyvna-
mic input-output models at a central
level, both for forecasting and for per-
spective balancing of the production
links is of great importance for the
centralized system of planning. As a
matter of fact, these models allow the
production volume and structure teo be
derived by some assumed conditions of
balance:

X - AX + Bx = Y (1)

whare

n-vactor of total production
volume (n - number of sectors);
nxn-matrix of cost coefficients
{(including labor):

nxn-matrix of technological
coefficients:

n-vector of final consumption,

x -
A -
3 -
Y -
(1)

Reformulating in the following way:

x{(E - A + B) = Y (2)
whaere

E = identity matrix and denoting

A - B = Q
we darive
X(2 - Q) = Y =
-1
and x = (2 - 2! ¥4 (4)
In this Salanca lagor is datarmined by
the following a2gquacion:
m
Y 1., x, = Ly (s)
(o 137 j
wnhere:
i =%k,...,m - qualification groups;
lij = labor coefficients;:

Li = total amount of labor.

The investments are presented by:

t-1 -1 _t t .

<. - 7 vy, = K (3)

i i i i
“hers

X, = capital investments,

Yl = coefficients for transiorming
the zapital investments ianto
production funds.

Tinal zonsumption can de Zorecastad as
a func=ion of personal income (R) and
sr.ces.?: :

f,0= fiR,?l,PZ, ,?_._3, <) T

Iz i3 a0t possible to achieve a real
é¢vramiz salance of an econony without
the use of optimization tachnigues sub-
jast to natural, productiva and labor
constrainss.

An optimization problem. This problem
arises in connection with the necessicy
of determining differant technological
and tarzitorial policy variants. Experi-
ancea in modeling shows that such a sec-
ondary lavel of the analysis should be
considered at an economic organizations
leaval. One reason is the tramendous
size of the model in case of solving it
on a central lavel. Another raeason is
better knowledga of conditions of pro-
duction at a gsacondary level. Thus the
optimization problem for each economic
organization could be formulated on the
basis of the elements derived as a sum
of (1), respectivaly disaggregated by
products:

T n
St St
Iopyxys -1 L oaggxit
r=1 r=1 \i=1 J
m
+ z ..e.x(?t
j=k *J 3 Jr
n
+ z : x§t
i=1 t373r
TZT st (8)
= m.
r=1 J
whers
r = 1,2,,..7 = (7 number of the
products i{n sector j);
2, - price of product r in secIor
’ j;
3 - taechnological variants:
e. - normative wage for unit of
J sector j;
d~j - transportation costs coeflii-
- cients;
m, - profit of sector j.

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:

Aia 2 = cx (9)

or maximum procfit:

max 2 = mx. (12)
dowever, in all cases =the interaction
between (32) or (12) and the 1agut-2uspu:
aodel at 3 cantal level (1) reguires =zhat
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the sectoral production volumes and
prices P.X. have to be within some
limits 1R ahe process of local optimi-
zations:

max

min < Z p.x. < p

X, 11
i*5 = Py%y (11)

as well as constraints on total invest-

ments, labor and possibly other primary
resources:
k x, <K 12
_.‘Z_ijl- (12)
l,. x, < L. 3)
Exjj— (13)

Local optimization at the secondary
level, where the choice of technologi-
cal variants has been made, allow for
determination of new A~ and B~ matrices
of coefficients to be inserted in the
input-output model (1) at the central
level. Thus, the following iteration is
possible:

-The level of prices is plannned

(Pj);

-optimization of some strategic al-
ternatives for economic develop-
ment which can pbe formulated at
the central level: global pro-
ductign structure changes {(inclu-
ding export and import policy):;
policy concerning the fraction

"investments~consumption"; sol-
ving political, social, environ-
mental problems, etc.

The most important fact in these cases
is that the input-output model (l), as

a tool of forecasting and balancing the
economic elements, represents a basis as
well as final result of the procedure
described above.

The interactions between the two levels
can be described in a very good form in

the following scheme (Fig. 1l):
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Fig. 1. Optimization scheme including

two levels of national economy

It can definitely be said that a conver-
gence between the two planning lavels is
possible but very difficult and slow.
This is a conseguence of differences in
the directions of global and local opti-
mas as well as differences in aggraga-
tion. Multiple criteria in thne balancing

and optimization on a central level
also contribute to a slow solution
process. The relatively fast conver-—
gence in practical planning is due to
the fact that many of the requirements
mentioned above have not been taken
into account.

There are many different proposed ap-
praaches to optimizing the national
economy primarily based on some mathe-
matical convenience. Nevertheless,
the intermediate constraints coming
from the first to the second level
have to be connected with the volume
and structure of production and with

some main material resources, labor,
and investments. '
Stimuli and incentives. Generally,

gstimuli are based on the relation be-
twaen the increase of wages and effi-
ciency (or profit) of the economic
organization (see (8)):

it
a L tis%5%ie
r=1
v = - ’ (1l4)
i
L) m AM
r=1
Hence AW, = vAMj (15)
where
v = normative wage-profit
co-etfficient.
The problem of choice of basis for an
establishment of v reguires that the

dependence pbetween the system of models
(1)-(10) and stimulus mechanism is
analyzed both at the stage of develop-
ment and the stage of fulfillment of
the plan.

Let's suppose that some V has been pre-
scribed by the central level for the
economic organizations at the stage of
development of the plan. In order to
maximize profit (which is the basis of
increasing the wages) each economic
organization can propose changes in
production volume and structure, as
well as changes to the resources (in-
cluding labor). But following the pro-
cedures shown in Fig. 1, after each it~
eration the central level will prescribe
new restrictions of the production
volume, prices structure and resouces
until the final decision. Hence the
normative coefficients v has to change
with every change of the planning tar-
gets (including labor). The main
reason for this is the lack of uniform-
ity in natural and production condi-
tions for each economic organization,
which excludes an objective basis for
estimating contribution of the economic



organization 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.

At she stage of 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 of them even over-fulfill tar-
gets:

i to+l
m,
r=1 100% 5
T T 3 (ls)
z o
m,
r=] J
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 of 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:
-To accept an actual fulfillment
which is less than 100 percent
as a basis for choice of stimula

)Atho = 100% (L7)

-To reduce excess fulfillment to

some extent in order to compen-

sate the losses according to (17):
£ o+l Zo

uAMj° > vamy T T 100w (18)

In the two above cases the correction in
V or M. serves as a basis for correction

This mechanism of planning creates in-
centives at the level of economic organi-
zations to conceal the production poten-
tial in order to easily fulfill the plan.
As a result, the feedback to the central
level is not realistic which in its turn
very often forces the central level to
prescribe higher planning targets for the
economic organizations. The latter cir-
cumstance strengthens the incentives of
people to present unrealistic informa-
tion to the central level. This proce-
dure is illustrated in Figure 2:
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Fig. 2. Scheme of 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
independantly take a decision
concerning the total production
volume and structure withian some
constraint; __ .~
-Prices of some products are sub-
ject to an agreement between pro-
ducers and users and are for 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 of production is
implemented with cthe income of
aconomic organizations and by
credits;

-The incomes of economic organi-
zations are regulated by the
ceantral level with financial
tools (regulators) which are
made uniform in order to insure
similarity of economic conditions
as well as to serve as a long-
ferm sctimulant;

-Wages are regulated by long-term
normatives and the wages increase
is connected with increase of in-~
come in the economic organization.

Modeling and the new orinciples. Anal-
yzing the new principles from the point
of view of the modeling of the nacional
economy at two levels, we can answer
the guestion of whether these prin-
ciples are realistic or not. The anal-
ysis is based on the assumption that
models for centralized planning of

type (l)=-(7) are applied in practice

at the central level. As far as %he
economic organization level is con-
cernad, there is no problsm o apply
the model for optimizing income {or
profit) influenced by adegquate economic




regulators in terms of the new prin-
ciples mentioned above. This model
will appear in the following general
form: *

: s s . s e -] -% i -
N I T R S-S ] I 0 S TR S
‘:’L [(P: 3 !‘ v 4y 3 3 4 N j azx

Pj = price of j-th sector, which
can be bounded as follows:
P, > P. : P, < P, ;

== = 1

Sj = gubsidy which can be given
in a percentage of unit of

= aX.;
J

E. = current production expendi-

tures;

production: Sj

wj = wages connected with the
profit (or income) in such
a way that wj = Mj;

Tj = taxes on the budget, usually
connected with the profit
(or income): Tj = 0 Mj;

C., = payment of intarest for

credit, as a percentage of

the amount of credict:

c, = 8 c.

3
In this way, the rest of the profit M'j
can be used for investments.

It is supposed that all economic regu-
lators (?., 2., L,9,3,8 atc.) are prae-
scribed id a éommOn way =0 all economic
organizations at the stage of develop-
ing the plan. Xeeping the above re-
quirements, a temporary dynamic equili-
brium can be_achieved, expressed by

the prices P"""Pn in
51").'?2' ..... ?,1 - D.J'.?z,.....:‘.::‘
;1\,1"1 ...... ’ln’ - 32"? ?; ...... ?;nl (20)
I - o = L < -
(Pr.23.. 2o = 120.27..0.ns 2o
where 5. = supply of i-th sector,

Di = demand of i-th sector.

On the other hand, it is apparent that
the central level can use the models

(lL)=(7) only with the following pro-
duction volume and structure bdalance:
) 1] -t [}
x° - ax® o+ ax" = ¢© (21)
and a relative eguilibrium of the
prices (let us call it state 2):
w ! ‘—Z\ - [ -
Py = a,. P;.+ W, + M7 (22}
i i=p 3 - i i
(3 = 1,2,...n)

The above two states of economic de-
devliopment differ from each other on

one hand because of the redistribution
of volume and structure of production

in terms of the prices in state 1 in
comparison with state 2 where the pro-
duction volume and structure are di-
rectly derived at a central level.

On the other hand, due to the well-
known fact that the sum of local opti-
mums (2nd level) is never equal to the
global optimum (1lst level). However,
the prices in state 2 have to be con-
Sistent with the production expenditures
in order to better express the effi-
ciency at a central level in which case
expansion of production should be
achieved from centrally distributed
capital investments, independent prices.

Looking upon state 1 we can claim that
it is not optimal with respect to

state 2; moreover it could contain dis-
advantageous consequences as for exam-
ple unemployment, insufficient social
utility, environmental pollution,etc,
Hence this state must be adjusted to
state 2, which is optimal from the na-
tional (global) point of view.

If the central lavel would like to
change the lavel of economic regulators,
it should have models wnich adeguataly
describe the behavior of economic or-
ganizations at every change of state 1.
However, the central lavel does not yet
use such models bacause they nave not
been alaborated for practical useas,

That is why the only reaction of che
central level to the discrepancy be-
tween the two states can be =o dis-
card locally developed plans. This

can be shown by describing the inter-
actions between the two lavels in =he
Planning procedure. At the stage of
devalopment of the 2lan:

-The central level prescribes the
volume and structure of produc-
tion to the economic organiza-
tions, which are derived centrally
as a response to each proposal
to change their plans in the
economic organizations:

Pox, - 1§
X, = X,
g2 3 gm P

(23)

Thus the local autonomy as a new
accepted principle for decision
making cannot be achieved ia this
case. Zach proposal to change
che plan o one economic organi-
zation lead to an imbalance in
all other aconomic organizactions
from the point of view of the
elaborated plan at the zentral
itevel. This was, nowever, the
reason why an economic indepen-
dence was admitted at the very
beginning of the new sconomic
reform, but immediacely after



that this independence was taken
away.
~Simultaneously with the production
volume and gtructure, the volume
and structure of labor and finan-
cial resourcas are also balanced
at a central level (22) which are
to be prescribed to the economic
organizations. As for the eco-
nomic regulators (19.1 - 19.5),
applied in optimizing (19), they
will always lead to differences

in the amount of rescurces re-
quired accordiang to (22). For the
separate economic organization,
these differences will appear as
follows:

According to the wage level:

m
¢ $ z li.e.x?
b o 37373

VM (24)

According to capital investments:

t’ t’

S et ‘Z‘
2 - | a,..p. + W, )
i=1 M7 3

M. . 25
j 2 Py (25)
where the right side is derived
from (22).

The above differences
important elements of
anism. The wages are closely connected
with the stimulus and incentives and the
capital investments ensure expansion of
production. In this sense, to reduce
the labor wages and capital investments
to those required by the centrally de-
veloped plan, the central level should
change the price level or the economic
requlators' level at each iteration.
Changing the price level as a rule is
not enough because increasing the price
level for the producers in order to ex-
pand their production at the same time
can provoke increases of the expendi-
tures among users which can cause a
contraction of the production. The
eagsiest way to reach the above purpose
is to recalculate the magnitude of the

concern the most
the economic mech-

economic regulators (L,B8,8,v, etc.).
The normative coafficient (l4) for ex-
ample, will then pe:
1
L lLJejx'Jf (26)
. ral
PRI =
.:.
P m
el J

In this way the economic regulatsasrs must
be explicitly and individually deter-
amined in accordance with both reguize=-
ments of the national plan and the lack
of uniformity in natural and production
conditions. Therefore, at the develop-
ment stage of the plan, the final ver-
sion of the individual regulators shows
chat they allow a subjective estimate

of the ecanomic organizations' conuzi-
hution to increased efficiency. That
is why the aconomic organizations, in
the centralized economic mechanism,

are interested in concealing thair pro-
duction potential. )

During fulfillment of the plan. The

economic organizations do not have
equal potential to fulfill their pre-
scribed planned targets. A sharp con=-
tradiction exists between the large
number of all types of products re-
quired at the executive level and the
need to balance and optimize with the
use of aggregate models at the cen-
tralized planning level. Besides un-
equal potentials to fulfill the plan
axist because of the subjective esti-
mates of the economic organizations
from the central level, As a result,
different extents of fulfillment of
the plan by different economic organi-
zations usually appear:

-At any stage of application of
the plan, it is impossible to
changa the plan targets by crea-
ting a balance in the range of
goods produced within one eco-
nomic organization independently
of the centrally balanced plan,
because a partial balance within
one organization can lead to an
imbalanca in all the others.

-The cantral level must correct
each plan target that is not
fulfilled due t9 insufficient
production volumes by relative
suppliers. This situation is
analogous to (l16)=(18) by the cen=
tralized mechanism but in candi-
tion of the new economic reform
it requires that all economic
regulartors have to be correctad
in order to meet the corracted
olan targets. This destroys their
role as stimulators because they
cannot serve as long-term regu-
lators.

The analysis of the relationship be-
tween the new principles of the econo-
mic reform and the models (or the ap-
proaches of planning) used in practice
shows that the economic regulators are
a passive reflection of the plan but
they cannot play a regulatory role as
a device for development and fulfill-
ment of the plan. 1In this way, the
economic reform is a moedification of
the centralized planning mechanism.
This can be shown in Figure 3 as a
modification of Figure 2:
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Fig. 3. Scheme of the stimuli and incen-

tives in connection with the
new sconomic reform,

The analysis made has been explicitly con=-
formed in practice. It also shows that
volume and structure of production as well
as the volume of resource use are the ac-
tual tools for control of the national
aconomy but not the economic regulators
described above.

Therefore it is necessary to usa applied
models for planning on a central level
which would allow the economic regulators
to be used as an active device and stimu-
lant for development and fulfillment of
the national plan.

NEW DIRECTIONS IN MODELING
A NATIONAL ECONOMY

Basic assumptions. The only alternative
to direct intaraction between =2conomic
organizations and the central level is a
direct interaction between the aconomic
organizations themselves and their indi-
rect regulation from the side of the cen=-
zral level. Practice shnows that nothing
else can substituta the incantives which
are provoked by competition between aco-
nomic organizacions when they have equal
possibilities. On the other hand, prac-
tice shows that a normal (and more desir-
able or optimal) development is impossible
without an active regulative role of some
central authority. In this sense adeguate
models have 2o be developed for the two
levels under analysis. These models have
0 describe the real planning procedures
and not to depend on machematical conven-
ience only.

The limited Zramework of this paper allows
us only to outline main features of the
planning procedures and of the models
Wwhich are 2o be developed and used in
pracctice.

forecasting at the central laval. The
main purpose of these iforecasts is to de-
scribe the expected fucture state of the
development 2f the national economy under
the conditions of independence of the
economic organizations. This implies
ftlexible price formation and a production
volume and structure pased on thailr margi-
nal value, wnen supply is egual =o demand.

The following models can be used:
~Consumption functions for the
final consumption in dependence
on the main production faczors,
as for example:

k k k
- lt 2t 3t nt
Yt = H(Lt ,Kt 'Nt ety (27)
Wwhere
L = labor;
K = production funds:
N = environmental factors:
kl,kz,k3 = density of the personal

income, profit and rent;
nt :
a = technological progress;
H,¥ = parameters.
The final consumption as a function ot
personal income and prices can be fore-
casted in terms of (7) also.
-Input-output models which allow
the technological production
links to be forecasted on the
basis of forecasted final con-
sumption:
-1

X =2 (I - A) Y

. + (1 - a) " tsax

b (28)
A consistent forecasted state of the
national economy which has its equili-
brium is a result of the linkage of
the above differant models and can be
representad by the following price
egquations:

n
2% a2 § oa..p% + ut ot (y=l,2,....2
37 L% 3 3
(29)

More general price equations can easily
be derived from general production func-
tions.

Forecasting and optimizing at 2n eco-
nomic organizations level., These pro-
cedures have to be realized simultan-
eously because the development of asach
economic organizacion can be optimized
on the basis 92f forecasted trends in
the national economic develoomenz, of
the technological (and social) pragress
and of the behavior of competitors.
dowever, it 1s not only possible but
necessary to exchange information be-
tween the central level and the 2co-
nomic organizations to help forecasctiag
at both levels.

Optimization of development in an in-
dividual economic organization gener-
ally has to be realized ix terms of
maximization of (8). This will, in
iggregating over all economic organi-
rations, be consistent witn the fore-
casted state of the naticnal economy,
developed at the central level {(23).

Jotimization of =he national economv
development at the central lavel.

Central optimization is apsolucely



necessary because the forecastad state
of the national development as a result
of local optimization cannot be optimal
from the point of view of reasonable
global criteria. Optimization at a cen-
tral level can be realized in terms of
the already described scheme (Figure 1)
for the centralized economic mechanism
and formulae (l)=-(13). A substantial
faature here is that the optimization
within the aeconomic organizations is
realized by the central level but not

by the aconomic organizations. Besides,
the optimal state of the economic de-
velopment in this case reprasents a
desirable state but not a state to be
prescribed in a direct way to the eco-~
nomic organizations.

This procedure allows the forscasted
state of economic development (29) and
the desirable optimal state (1)-(13)

to be compared, using the main commen-
surable elements: production volume
and structure and different kind of re-
sources.

Indirect reduction of the forecasted
states to the optimal state of economic
developmant. This procedure can be

made i1f one knows the directjon of in-
fluence on behavior of the economic or-
ganizations from each economic regula-
tor. In this sense, the central level
prascribes in a common way different
lavels of aconomic regulators and after
each iteration changes this amount until
a convergence between the two states

zan be reached. The economic organiza-
tions react by optimizing their develop-
ment using objective Ifunction (1l9) but
Subject to the prescribed regulacors
(19.1)~(19.3).

In a very general form, the above pro-
cedure could be represented as follows:
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where

optimized state of economic
development at a central lavel
= forecagstad state of economic
development at a central level

The economic regulators could be imple-
mented by the central level at the very
beginning of the forecasting procedure.
We, however, want to show a pure example
of forescasting in which the regulators

could be corrected at the next iteration.

The procedure of planning analyzed and
the models adequate for this procedure
can be illustrated with Fig. 4:
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Fig.4. Scheme of the general planning

procedures and modeling.

It is obvious that the use of economic
ragqulators by the caentral level does
not preclude local independence. 1In-
staad it provokes positive incentives
among the economic organizations due
to the common way of application of
the regulators as well as to the com-
petition among themselves. At the
same time the aconomic regulators en-
sure an optimal development of the na-
tional economy which is the real ad-
vantage of the sfforts to develop a
set of adequate models to the described
economic mechanism.
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