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1. The Bisrorical Qricins of Proerem Planning in the Soviet Union

The planning and implementation of individual programs has a long
history in our country. When the Civil Var ended in 1920 its government
confronted a problen for vwhich there wag no precedent, namely, how does cone
gulde the entire economic orzanism of a country of the dimenmsions of the
Soviet Union? The developnent of a country pursues gimultaneougly a variety
of cbjectives and is influenced by political, social and economic doctrines.
It is in these conditions of multiple-objective development that the program-
oriented method of planning was borm.

The first program in our éountry was the program of electrification.
Subsequently we came to know wmany other programs. Most recently a program
for the technical re-equipment of agriculture has been adopted. Programs
of this kind served zg a base for building national economy plans. The
efforts of researchers, however, are currently concerned with extending the
methods of program planning into an integrated instrument of comprehensive
planning and management that will encompass not only specifically economic
programs, but also social programs, programs for the protection of the na-
tural environment, for the attaining of pre-determined levels of the standard
of living, and for all other measures that require expenditures of the
country's resources. Such an approach requires considerable development of
the traditional methods of planning and specification of accepted terms.

The method of programs requires, in particular, a more concrete definition
of the expression "optimal plan.”

Ag we shall see below, the program method is not the alternative of

the optimization theories, but includes them as an auxiliary apparatus.



2, Two Testulates Concerning a Gomnrohensive Fxteneion of Proeram Planning

In this connection we would like to dwell on several aspects of the
research activities in this area that are being carried out at our Institute,
concerning both the theory and the technical basis of program planning.

Our research is based on the conception that the economic organism
1s a developing, controllable dynamic system that confronts continuously
chanzing problems in the course of time.

The process of development of the country takes place under continuously
changing conditions (political environment, technical progress, pollution
of the environment, pecularities of the demography processes, etc.). Hence
the society's goals are also changing with time.

From this postulate, it follows directly that neither the theory of
marginal utility nor the conception of a general equilibrium of the economy
can serve as a point of departure for the elaboration of the required pro-
cedures. Yet this assertion should not be interpreted to mean that we re-
ject the formal framework of optimal programming altogether, for it has
proved to be a reliable means for solving specific problems. The procedures
of program planning contain various optimization problems.

Our research is also based on a second postulate, namely that the
role of markets in the distribution of products will continuously decline.

It seems to me that such a postulate is self-evident for gocialist countries,
since.even from the philosophical point of view the notion of combining a
socialist form of ownership with capitalist methods of distribution is an
eclectic one.

Just now in socialist countries market relationships are practically



linited only by sphere of personal consumption and services. But it also
appears to be true that a reduction of the role of markets in the distri-
bution of industrial products is taking place in the non-socialist countires
of our planet. Long term agreements and planning begin to play an incréasing

role in thosz countries,

3., Four Stares in Program Planaing

Spealing very generally, the iluformation that is required by program
planning is produced in four stages, namely: 1) forecasting; 2) the construc-
tion of programs; 3) proper planning; and 4) the implementation of programs.
This last step presupposes its integration with the procedures of short
term planning.

The division of the program planning system on & stages is connected
with the fact that all these stages are methodologically different: they
require the use of models of the different nature and different degree of
detailization. Besides that the implementation of every stage requires the
competence of various ingtitutions.

The forecast 1s done mainly by scientific institutions and its goal
is to create the necessary informational base for the next stage.

The construction of the program requires the activity of state and
political decision-makers. The scientists and the specialists can ouly play
the role of consultant here.

The proper planning in the USSR ig wade through special state insgti-
tutions united in the state planning commission (GOSPLAN). The implementation

of the program is made (or has to be made) by the use of economic mechanisms



allowing the high degree of the decision making decentralization. The prob-
lem c¢f projecting and irproving these mechanisms is a gpecial one.

Let us congider briefly each of these in turn.

4, TForeczgting

This term 1s employed to refer to a system of procedurésg that wizkes
it possille to represent possible alternative paths in the development of
the economy, of international situations, of the pollution of the natural
environment, of technological progress, etc., Similar forecasts may be
carried out at the level of individual regions.

Since many of the processes occurring in society are steerable or
controllable in some measure, it is the purpose of forecasts to establish
feasible boundaries of change for those parameters that may in fact be
altered by policy measures.

Such forecasts rely both on aggregated models of the economy and on
a variety of procedures based on the processing of expert estimates. Unlike
in models of planning the task of forecasting is concerned with identifying
a certain set of trajectories for the economic system rather than with finding
& gingle trajectory., In the terminology of mathematical control theory it
may be said that the task of such a forecast is to construct an attainability
set.

In one of the following sections we will give an example of the model
vwhich was worked out by our colleagues from the Computing Center (Dr. A. A.
Petrov and Dr. Jn. P, Ivanilov) for solving forecast and long term planning

problems.



Here we limit ourselves by only one note. The realization of any
solution in social, political and economic spheres requires a certain amount
of resources. For example, the improvement of the quality of life in big
cities depends on quantity of clean water consumed by the population, i.e.
on thege investments which are necessary for the development of water supply
network and roilnement system. Hence the achievement of any goals at the
state scale requires a certain level of economic development of the country.

This requirement leads to the system of economic goals (criteria),
Let us denote them by Jl, Jos eeey J - For example, J1 is the level of
congumption per capita, J2 is the energy production, ete.

Let ug denote the minimum feasible magnitudes of criteria Ji by
J¥ ., Their values are given by the experts.

i
We can then solve a number of optimization problems for every criteria:

In the space of criteria the solutions of these problems determine
gome rectangular domain (see Figure 1), This domain is the attainability
domain., One can call it by domain of realistic forecasts or by domain of

possible alternatives.

By changing Ji we will obtain a more exact picture of this domain
of possible alternatives {see Figure 2),

The construction of this domain is the mosgt important problem of the

forecast theory. However the solution of these problems is only a part of
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the forecast problem. Under real cenditions there exist many more congtraints
of nonformal character vhich we also must take into account. There are, for
exarple, distribution of specialists of different qualification in the country,
traditions, naticnal pecularities and so on,

At this stzge an inrportant rele is plaved by the compression of the
number of available alternatives., We have borrowed this conception from
the American mathematician, Wald, In this connection it may be demonstrated
that Vald's scheme of secuential analysis in fact encompasses dynamic pro-
gramming as well as branch~and bound methods, and many other methods for
the analysis of alternatives. In problems of forecasting this method is
modified in such a way that it may be extended to the procegsing of non-formal
expert estimates. The use of branch-and-bound methods allows us to develop
new techniques of expert data processing.

Thus the procedure of forecasting could be Interpreted as the union
of non-formal expertizes using various methods of expert estimate processing
and the solution of the numerous optimization problems for aggregate models
of economics.

Real execution of this procedure requires rather developed software.
Some examples of that will be given below.

The completion of the forecast work ig the description of feasible
alternatives domain, nonformal constraints being taken into account. This
domain could be called "minimum set of feasible altermatives,"

The forecasting stage of program planning is carried out by persons
who do not have the right to make decisions., These are mathematicians,
economigts, lawyers, and other specialists. Their responsibllity is to pre-

pare information in a way that is appropriate for the subsequent design of



individual programs. Thus, the activities of the forecasting service produce
a certain "minimal set" within which each state of the system is shown to

be attainable,

5. The Nepirn of the Prezrars

The minimum set of feasible alternatives consists usually of more
than one point, so the process of specifying and desgigning a program is not
a formal one. It is‘ultimately determined by social norms énd doctrines
in relation to whose realization the programs represent intermediate steps.
The specification and designing of programs must be carried out by a gpecial
‘branch of the government. In several socialist countries there already exist
governmental bodies that are organs for the making of long-term planning
decisgions.

The effective degign of programs requires a differentiated and complex
goftware, First of all, we must have a system of procedures which allows us
to check whether the alternative under investigation belongs to the minimum set,

For the solution of this problem, the same gystem of models and pro-
gramg which was made {or hag to be made) for forecast goals can be used.

After we are convinced that the alternative under investigation could,
in principle, be realized, we proceed to the study of it in more detail.
This requires the use of dynamic models of the multi-sectoral type. Within
these models normative valueg are employed to represent delays in construction,
in the initiation of production, and in the agsimilation of new production
processes. Their instrumental variables include the initiation of the con-

struction of new capacities (or else their conversion from other forms);
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the utilization of reserve capacities; the level of utilizatio? of the labor
force; and the coefficient of utilization of existing capacities,

An intecresting optrimization problem arises in testing for the feasi-
bility of creosroms. We refer to it as the problem of the "indicated duration
of implementation, 1In it the minimél time is determined during which programs
can be fully imslemented. Should the resulting "indicated duration" turn
out to be excezdinzly lonz then a reexamination of the programs and a reduc-
tion in their scope is undertaken. 1In addition, trial distributions of the
budget are carried out in relation to alternative variants of program priorities.

We have already discussed that the programs are formulated only in
termg of the end product. However, there 1s one exclusion: this is the
energy.,

0f course, a part of energy plays a role as an end product because
it is used for the satisfaction of citizens' needs. But the most part of
the energy is an intermediate product.

Nevertheless, the construction of the modern energetical complexes
requires that amount of time which exceeds the usual planning timé interval.
Hence the energitical complex construction of which was started at the be-
ginning of the planning period will not give production by its end, That 1s
why the construction of the energy base requires choosing it as a special
program, as for example, a program of regional development, a program of
refinement of enviromment, etc.

Programs of regional development occupy a special position, since
our research organization is currently participating in the elaboration of
two such programs, namely, the development of Moldavia, and the complex de-

velopment of north-west Siberia.
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While thaese are very different problems, it is recessary in both cases
to render consistent extremely contradictory requirements, In the case of
Siberia it ig necessary to carry out the exploration, exploitation, refining
gnd trangportation of petroleum and natural eag in.suéh a way that the eco-
logical balance of the Siberian rivers will not be disturbed., At the sace
time it is nocensary to meet a series of social problems that result from
the extremely unfavorable environment of the far north, as well as to iden-
tify appropriate technical methods for the exploitation of forest regources
of this region,

Similarly in the case of Moldavia, where the basic problem (namely
the shortage of water) is very difficult, not only is a principle for its
economical distribution required, but it is also necéssary to avoid its
pollution.

The creation of the efficient analysis and regional development pro~
gram projecting is independent and difficult problem. It is not purely an
economical one. That is why the analysis of the development project (for
example, for Moldavia) requireg the mutual analysls of the economic models
system,.different gectors, the demography model, the model of the water usage
(rivers and subsurface sources), etc.

Thus the final design of programs is not a formal act. It is the
result of an entire series of iterations and compromises. Beyond this,
even after it is accepted, a program is not regarded as an absolute law,
for the program planning approach is by itg very prineciple adaptive., Al-
terations in the external setting, that is of political, social, technological,
and other conditions, will require an alteration of the programs. How fre=-

quently one should carry out such adaptatlions of programs is a separate matter.
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6., Planning

The final stage, namely proper planning, is carried out by the planning
bodies of the government, Its central task may be described as the super=-
position of a plan on capacities.

During the forecasting process and during tﬁe design of programs,
highly aggregated models were employed. Planning, however, belongs to the
next hierarchical level in the procedure agsociated with the making of de-
cisions. Its output results in the identification of production tasks for
individual groups of production units, and in some cases for individual plants.

A number of difficult questions are encountered at this level that are
still not resolved and that may not be reduced to simply mathematical ones.

One of them concerns the level of detail associated with planning,
Another concerns the stability of plans. Just as in the case of programs
a plan must change in the course of time. Without this no adaptation to changing
external conditions is possible. Nevertheless, there must be a certain minimal
time period during which the plan must be stable, and during which it has the
status of legal obligation. Without this it would not be possible to con-
celve a functioning of the country's economic organiam,

In economic science the term 'optimal plan” is widely used. However,
we can gpeak about the optimal plan only in the case when objective function
is known. The probleﬁ of choosing the objective function (utility function)
for planning purposes on a country scale is the Independent and difficult
problem., The program method gives us the opportunity to find reasonable
technique for the objective function construction.

Thus let us assume that the program has already existed and planning

horizon is determined. That means that general "planning indicators" are
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determined, Let us denote them by §i(T) . These could be the summary
(integral) quantities of the end procduct and outputs for the separate years.
Now the problem of planning is: how to allocate resources, how to
determine 'planning indicators" to industrics and separate firms in order to
ful{ill state plammingy Indizators in seme genge best way,
The treblem would be relatively simple if we could comeasure these
indicators. In this case we would proceed to additive objective function

of the following type:
J=T Ciyi(’r) .

However, to obtain this is difficult (if possible in general). That is why
at the Computer Center of the USSR Academy of Sciences we have been elaborating on

another conception. We consider the following form as an objective function:

¥4 (D ,
J = min ;IFFT . (:)

In this case the problem of optimal planning is reduced to such an allocation

of control actions which gupplies

¥, (T) 'y
max min ;I?fy . )

The realization of the numerical scheme for the functional of type
(') is sufficiently complex. The general idea of methods developed ig con-
nected with the fact that economics does not allow the sharp changes and

plan for the previous planning period could always be accepted as a first
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approximation, This assumption permits us to develop the efficient methods
in the theory of disturbances.

Today we havc the standard optimization program ready for the vmodel
with criteria (!!) in the case of 28 industries.‘ In order to evaluate the
complexwity of the problem it 1s sufficient to say that for 10 years period
each fteration is equivalent to the seolution of linear programming problem
with 2,500 varialles.

If we use gtandard models obtaining of the solution of this problem
may seem to be a& hopeless task. However, the use of the specific features
of the m-model and pecularities of inner connections between industries allowed
to develop the special method. It has the independent interest and in the

_near future will be published in the Journal of Computing Mathematics and

Mathematical Physics.

7. The Description of the m-Model

One of the main models in the system of models which is under inves=-
tigation at the Computer Center of the USSR Academy of Sclences is the r-model
proposed by A. A, Petrov and Jn. P. Ivanilow in 1965.

We have already mentioned it several times. Now we will briefly describe
one of its variants.

The base of any model is balance equation (conservation law). 1In

the m-model this balance equation has the form of a Leontief equation

zt = xt - Axt - W Yt

where x = gross product

z = part of end product which iz used for investment
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£
¥

consumption

A

technology matrix (natrix of direct input).

Let us dencte capacity of the st industry by Ei(t) . By this
term we call that quantity of the product which could be produced during
the tth vear if during this period the introduction of new capital dces

not take place,

Cotment, Knowing the technology of the production and the volume of the
capital in the ith industry it is possible to calculate out its capacity.
On the contrary, knowing the capacity of the industry and its technology
we can determine the necessary capital.

let us denote by ci(t) the increase of the capacity for the tth

year, ‘Thus at the beginning of (t+1)th year (at the end of the tth year)

the ith industry will have a capacity
= - )
£ (£) = €, (e=1) + C, (£) . ()

The equation (!) is the main dynamic equation of the model.
Let us denote by ei(t) that part of capacity in the ith industry
the creation of which began in the tth year. By n, we denote the mag-

-nitude of production lag. This is some industry characteristic. Now we have

However the plant or the industrial complex begins to output the pro-
duction before the final completion., The introduction of its capacities into

the work is taking place gradually beginning with some year after beginning
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of construction., Let us introduce the function ai(t) which shows what
part of the Industrial complex's capacity will output the production in t
years after the beginning of its construction., The typical function of this
kind ig ghown in Figure 3.

i J\

Y

FIGURE 3

Thus the limit possibilities of the production in the 1th industry

in the tth year are
Eg(t) = E (£) + L, (t)
vhere E;(t) ig the increage of efficient capacity
ni-l

Ei(t) = T a(s)8,(t-s) .
s=0

th

Hence Ei(t) determineg that amount of the product which the 1 industry

can produce in those plants whose construction is not completely finished.
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Using relations introduced we c¢an write ocut the natural constraints
0 <x, () S 5,(0) ¥ (1)

A vector z(t) we will represent as a sum of two terms

>
fa]

z{t) = z(t) + Aq . (2)

Here 2(t) 1is that part of free product which goes on investment

during the tth year, q(t) 1is a level of stock

LE

*m
N

Aq(t) = q(t) - q(t-1) . (
The components of the vector Aq can have any sign but
q(t) >0 vt . 3)

The equation (!!) is a second dynamic equation of the tr-model.
The following constraint joins the gross product vector =x(t) and
the models of demography growth and education. 1In the simplest case this

constraint has the form
{c, x(t)) < L(t) vt (%)

vhere ¢, 1s the average cost of labor per unit of production x, and L(t)

i i

is given the amount of the labor force.

The last constraint of the model ig the constraint on the consumption
w(t) 2w (t) Vvt (5)

where wf(t) is some minimum feasible consumption.
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In order to maie the model {unctional, it is necessary to describe
the relationsihip between the product which is used for the building of new
capacities and the capacities to be introduced.

For the descripiion of this relationship the authors of the wodel

introduce an important hypothesis of normative capital investment: a vector

z{t) is uniquely determined by the volume of capacities which are under

construction

0 ni-l
R | !
)= T K o (t-s)
177 je1 =0 d8

where Kis = matrix of normatives (some fixed numbers).

The sense of this hypothesis is completely evident: 1f the construc~
tion of the plant is started it means that it has to be continuougly financed.
The character of these capital investments is strictly determined.

The t=model containg the whole series of free functions {control
variables) vhich we could choose:

a) the volume of the gross product =x(t) ;

b) the volume of consumption w(t) ;

¢) the fraction of free product which goes on the creation of stock Aq ;

d) the volume of the capacities Gi(t) congtruction of which will

be started in the tth year.,

The nm~model was and is used for the solution of various problems.

Let us count some of the problems which were solved by its use,

I. The problem about directive time interval. The problem is: how to find

the minimum time T which is sufficient for the achievement of a given volume
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of the erd product:

T
drowi(t)dt =5,

where 5i are the given nunbers, constraint (5) takes place.

II. Th- conhlen of nloomine: To find the maznitude of the control functions

which maximize the functional

T
IRAGEE

4

J = min
i

We have already discussed the significance of these problems for planning
and forecasting.

Besides these problems other important problems were studied for the
construction of the problem. One of them is the problem of convergion.
Let us suppose that the proportion of capacities for the end of the planning

period T 1is given

t =T, El(T) : gz(T) $ een O gn(r) = Al : Az $ aes 3 kh
or
M
gi = uiEl > u*i = i: hd (6)

Then we could formulate the problem on the achievement of the maximum
production under given proportions. This problem is equivalent to maximiza-
tion of §1 subject to the condition (5).

One of the problems of this kind is the achievement of the given pro-

portions at the maximum rate of growth,
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8, Centralized and Decentralized Asnects of Tmplementation

The observations in this paper are concerned with the problems of
a centralized economic svstem. We use this term to refer to an organisa
whogsa conpenent eleminis are able to concentrate thelr efforts for the attain-
rent of common objectives and tasks., A centralizétion of the steerins of
an econcmic system, however, deoes not presuppose a full centralization of
all decisicas. It is not difficult to see that no matter how advanced the
ievel of the techniques for data processing and data trznsmission may be,
a certain level of decentralization in management will always be necessary.
Indeed the volume of information that is necessary to steer an economic
organism is so large that even 1f one should possess a technological capacity
to transmit and process all necessary data it will still not be possible to
prepare the information that 1ls necessary for the steering of an economic
organism without significant delays. This would cause fully centralized
decisions to be taken on the basis of obsoclete or inaccurate information.
The results of such decisiong will then be characterized by a high level of
uncertainty, The only way to overcome this difficulty is to carry out a
parallel processing of information at lower levels of a formally specified
data processing hierarchy.

In assigning data processing functions to individual lower levels
of the hierarchy, however, a part of the rights to make decisions is also
inevitably transferred to them as well. Thug individual elements of the
system are trangformed into partly autonomous organisms. But once they
are transformed into autonomous organisims, they also acquire their ownm

objectives, which in the general case are not identical with those of the
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sysiom as & whole, Thus the decigions that are taken by individual elements
will not be the best ones from the peint of view of the central objectives,
and a theory of decentralized management and of hierarchies must take this
fact into account.

From the point of view of overall management such-a.transfer of the
right to make cecisioms to lewer levels has, thercfore, two aspects., On
the one hand, it improves the quality of data processing, and this improves‘
the quality of overall management. On the other hand the appearance of new
objectives leads to a deterioration of the quality of overall management,

It follows that there exists a certain optimal measure of centralization
and decentralization that depends on the technical level of the processing
gnd transmission of data.

Today there already exists a substantially comprehensive and rapidly
developing theory of hierarchical systems that includes evaluations of the
quality of hierarchical structures.”

One of the central problems of this theory is the definition of the
objectives of the individual levels of a hierarchy. Here the most important
tagk is to determine juridical norms in such a way that it is to the advantage
of individual organisms entering into the system to strive for the pérticular
objectives that are placed before them in accordance with the program method,
Thig is above all a conceptual problem, In our opinion it is not possible

to solve it without turning to the conceptions of R. Ashby. Once it is accepted

*In the following paragraph we give an example of planning in a system with
& hierarchical structure.
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a2s a postulate, howesver, the possibility appears of formalizing it in terwms
of a comprehensive mathematical theory. This entire complex of problems may
be called the design of economic mechanismg. It is in such a context that
the problems of stimulation and sanctions for the non-fulfillment of the
norris of 2 plan ererces, as woll as their relation to market mechanisms,
and many other similar problems,

It follews that the implementation of program planning is thus
achieved with the help of economic mechanisms rather than directly through
detailed centralized instructions even though they represent elements of a
central plan. The organs of central planning may thus introduce plans only
at a sufficiently aggregated level, while lower level activities are defined
by the context of a hierarchical production structure. The assoéiated system
of economic mechanismg must be such, however, that it will also evaluate the
activity of individual sub-organisms in terms of their ultimate results,
that is, in terms of the extent to which they correspond with plan 1ndiqators.
At the present time the problem of designing such economic mechanisms occupies

a central position in studies concerned with control processes in the country.

9. The Dynamic Two=Level Model

In order to give some idea about the diregtion of research which goes
on in connection with the problem of economic wechanism, we will congider
the simplest model of industrial union of firms.

We would assume that this union consists of the Center and Production-
Makers.

Each Production=-Maker produces a product pi(t) =1, 2, ..., N) .
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pi(t) is the guantity of the product which the 1th Production-Maker outputs
during cne vear. pi(t) is some vector. Cutput P; is determined by pro-

duction [uneticn of the plant

vhere xg is a volume of capital

Li is a labor éorce.
The differerce of these production functions from more conventionzal ones is
that we take into account here a dependence of the production volume of wage
ny . We will not digcugs here in detail any concrete form of this dependence

which a subject of complex sociology research. We indicate only that piﬁni)

is a concave function which, for small w, takes the form ghown in Figure 4.

P. )\

1

Y
&

FIGURE 4

Note: There is some information to think that for large ©; the curve
pi(wi) will follow the dotted line, However, this is a discussion question

and we will not congider it here.
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The capital's change is described by the equation

vhere ki is an amortization coefficient
ui(t) is a flow of Production-laker's investment
vi(t) ig a2 flow of Center investment (exozenousg resource).
The reault ol the production activity of the plant will be desgcribed

by the summary value of the whole output (ci, pi) . MNaturally we will call

this valus by gross income. It must be spent on

1. payments concerning production cost gi(Pi)
2. wage bill miLi
3. endogenous investment uy

4, payments to the Center Fi(pi) .

Let ug introduce
Z(t) = (ciJ pi) - gi(Pi) - Fi(pi) = wiLi - ui .

Naturally we call =z by nonproduction capital of Production-Maker.,

Let us describe now functioning of Production-Maker. Suppose Center

corresponds to Production=Maker the volume of v, and the rule of payment

i
to Center--a function F(pi) . Besides we will assume that Production-Maker
knowg prices ¢y and production costs.

The result of hig production activity will depend on how he choosges

his control variables which are Li(t) 2 wi(t) and ui(t) .

Note. Under real conditions of our country the volume of wage of the plant

is limited
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oL, $Q () L=1,2, i, N. (3)

Thus Produciion=-iiaker has to make decision subject to (3). How will
Production=~laker choose his control variables? It is a difficult problem
and the foilowing ansver is of discussicn nmature. We will assume that Pro-
duction=Faker tends to raximize nonproduction capital. Under conditions
oi our cecuutry tinis capital could ba spent on material incentives and social
needs (house constructicn, clubs, ete.).

Some preliminary sociology studies which were done in our institution
show that this assumption is not far from the truth. WNevertheless, we will

call this assumption by hypothesig of behavior Fi .
th

According to this hypothesis Pi s the i Production-Maker chooses

his control variables as follows:

T
max f z,(t)dt . (4)

Li’wi’ui 0

Let us describe now Center's action, Center can choose ug Qi
and the form of the function Fi(pi) which we call incentive function (if
F <0 ) or penalty function (if F > 0 ). These values are not of coursge
arbltrary: they must satisfy various constraints.

Let us denote by V that resource which Center receives from some

other organization (for example, government subsidies)., Then
V+2Fi(pi)-zuiao. (5)
The volume of wages 1s also limited

£ Q < Q(t) ©)
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vhere 0O(t) is a summary volume of wages of given Center (industrial unionm,
industry). The marnitude Q(t) 1is determined by financial institutions

of the country while taking into account that summary volume of wage should
be egual to the sursrary volum2 of congumption, We will not consider this
proaedure,

Thus (and this is cloge to reality) the mansgement board of the indug~
trial union (Center) can only redistribute the volume of wage between different
plants,

Center is control organization. It does not produce any production
output and its activity efficiency is determined by the results of the plant's
actions, i.e., Pys Pys eves Py o That means that itg objective function

depends only on these values, Let ug assume that

T
J = ‘[OQ(P]., PZ, cesy Pn)dt . (7)

Because, unlike Production-~Makers, Center is a bureaucratic organization
its objective function depends on proportions planning outputs of products with
real ones.

Hence the model of planning in this case is reduced to some differential
game. From one side there are Production-Makers who tend to maximize a func-
tional of type (4). From the other side of Production~Makers, there is Center
wmaximizing functionmal (7). However, this game is not symmetrical one. Center
has the right of the first move. It corresponds to Production-Maker's incentive
function Fi(pi) s Tresource u, and the volume of wage. Thus Center has
the right to assume that Production-Makers will know these magnitudes and will

choose their control variables in accordance to hypothesis of behavior Fi .
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Eance, the magnitude of Py will be dotermined by only the control action

of Center, i.e.

R is a functionzl of the complex nature.

i

0w Center has only to choose the cenzrol variables Fi(p) s U,

i
and Qi in order to maximize the functional (7).

Thus we have shown that planning in hierarchy system under consideration
is reduced to the solution of the sequence of the optimization problems.

The problems which are raised here are sufficiently complex, However

during two past years a certain success is achieved in the development of

necessary numerical methods, as well as the qualitative analysis.

Note. The problem under consideration is a new subject of research in theory of control.
So far inthis theory only two types of control were studied: programcontrol whencon-
trol actions are functions of time and control of the synthesis type when control isa
function of the phage variables. In agiven caseboth typesof control are represented,
There are exogenoug Yresource ui(t) and the incentive function Fi(pi) .
Besides that a new type of control appears in this case. This is Qi(t) 3
i.e. control by use of the change of constraints; in other words, this is a
possibility of the limitation imposing on the activity of the subsystem.
Thus we proceed here to a new class of the problems of the mathematical con-
trol theory.

As it was said in the previous sectiom, the use of the hierarchy struc-
ture is approved in that case when different levels have different information,

For example, Production-Maker knows exactly the structure of his prodwc tion

function while Center has no sufficient information on this subject.
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10, The Yoo of 9f~-latisn Svstrms ns a Promework for Pesgearch

Beraug: the preblicems that arise in the formalization of program planning
and management, and especially in the design of economic mechanigsmg are ex-
tremely cemplen, it is nct possible to reduce them to ordinary mathematical
provicis.  Thilr onolysis must rely instead on the utilization of man-tiachine
gimulation gretanms, Ve introduced this term in the middle of the 1060's
to refer to a certain integrated system of models, experts, and data banks,
tozether with procedures fer their functioning and for their relationship
to machines and also to an integrating master program that makes it possible
for participants to address the system of models and of information data banks
and to consult auxiliary algorithmsg. For example in the simulation system
relating to the development of north western Siberia that is at ﬁhe present
being developed in our Institute an important role is played by programs

that produce golutions for problems in such areas as underground hydrodynamics

and the transportation of petroleum.



