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Instead of a Formal Introduction

The text of this paper was . written during my four months stay
with the Cowles Foundation, oﬁt of which a considerable portion of time
was devoted to other activities. The initisl plan of writing a de-
tailed monograph on the applications of optimization models in Poland,in
the form of a book, proved to be too ambitious and had to be curtailed.
The final chapters became a detailed teble of contents rather than an ex-
haustive text on the subject. There has been no time left to revise
the text and hence the consecutive chapters contain‘sone repetitions. I
am also fully aware of the nearly complete lack of knowledge of the cur-
rent Western literature on the subject. This will be partly remedied in
the second version which I hope to be able tﬁ write more cautiously after
receiving some comments. The reason why I dare to present this first
unrevised draft in the form of a discuszsion paper is
primarily the lack of any other slternative than its indeterminate post-
ponement. Besides, it might be of some interest to Western scholars to
have an account of practical problems connected with the application of
optimization models as seen from inside the centrally planned economy and

on the basis of a ten year practical experience.
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W. Trzecilakowski

(Preliminary Draft)

Part I: The General Framework of Decision-Making and its Evolution.

1. Decision-Making Systems and Respective Planning ahd Management
Systems.

1.1. Classif}cation Criteria: +the Structure of Preferences and the
Level of Declalon-Making. S

The basic assumption of a management system in a'socialisbi/ economy

is the subordination of the functioning of this economy to the strategy
degree of

of developaent as determined by the ceniral plan; tne/detail of the

instruments applicd may vary, depending on the achieved stage of economic

growth, the degree of diversification of the economy, its reliance upon

foreign trade, etc.

If we want to follow the evolution of decision-making systems we may
first analyse the impact of‘both the structure of authority end the man-
agement system on resource allocatlon. Before deing s0, however, these
two concepts should be further defined as a basis for a classification of
resource allocation systems. Basic#lly, the allocation of resources will
differ according to two distinet concepts of centralization--decentrali-

zation.

- The structure of preferences. In & purely centralized system,

the authority or preferences of the centre will always preveil,
while in a purely diffused or peripheral system, the prefer-

ences of individual decislon centres are always reflected by

l/ By Socilelist economy we mean here an economy where the means
of production ere state-owned.




the market {market-oriented preferences will therefore be used
es a synonym for peripheral or diffused preferences.)

- The management system or the level at which decisions on re-

source allocation are made. There may be two extreme cases,
the first: direct fllocation of resources, implying direct
brders from the centre, and the second - indirect allocation
where decision-making is systematically delegated to lower
level units (enterprises, consumers, etc.).

Any combination of a given structure of authority and management
system can be defined as & system for rescurce allocation, even though
some specific cases are of purely theoretical interest.

These two cetegories of classification seem to be helpful in in-
troducing various possible syétems of masnagement in a socialist £conomy.

From the point of view of the criterion of the level of decisiomn-

making we can distinguish:

- a strictly centrelized system opereting with direct orders,

- & system of perametric decipion-making in which the method of
indirect management is used (the criterion of profit maximization
based on the system of shadow prices, exchange rates and interest
rates},

- a number of intermediate solutions of multi-level decision-making
with the simultaneous use of the methods of direct planning and
parametric managemen@, so that both these elpments of the system

of declsion-making may appear in varlous proportions depending



upon such factors characterizing a given branch of the economy as
Lhe degree of differentiation of the product range, the nature of
the intended use of the products {(for the consumer, as production
supplies, for export)}, the degree of stability or variebility of
the plan, the length of production runs, the dégree'of measur-
abllity of inputs and ocutpuis, etc.

From the point of view of the criterion of preferences (i.e. "whose

preferences are decisive") we cen distinguish:
- & system of decision—mﬁking implementing the preferences of the

central planning authority,

- & system of decision-meking implementing the preferences of the

market,
- a'number of intermediafe solutions.
Having in mind these criteria of classificationi/, let us concentrate
on the snalysis of these selected systems of decision-making which are

helpful for better understanding of the basic foundations of economic re-

forms in management.

1.2. System 1: Central Preferences - Direct Allocation of Resources.

A central planning suthority determines the allocation of all resources

i/ A general framework for a comparative systems' analysis of a similar
type has been suggested at the Sixth meeting of Senior Economic Advisers,
Economic Commission fzw #urope (April 1968) in the back-ground study: Multi-
level Planning and Decision-Making by Margolis, J. and the author.
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snd the ievel and structure of intermediate and final demand, The infor-
mation structuré is hierarchicsal, i.e. it links the central and the execu-
tive:levéls;.horizontal links between executive levels are of purely.tech-
nlcal character. Downward informetion flows comsist of direct detailed
orders concerning output, input coefficients, and production methbds.. Up-~
ward information flows consist of reports supplying the neceésary infor-
mation for central decislion-making.

In building up cutput targets, cenktral planning authorities acecept
the state of technology and supply of resources as given. 'The trestment
of production methods as an exogenous factor explains the non-parametric
role of prices in operative decision-meking. The assumption of consistency
between output targets and technology greatly simplifies the planning prd-
cess but leaves no room for satisfying optimel conditions.

In its pure form this sysﬁem can be congidered as the exact opposite
to the model of the perfect competitive market; Logically it should imply
the direct alloemtion of labour (choice of occupation) and of consumers'
goods (rationing) by the central planning authorityi/. However, in most
applications, provisions are mede for individual free choice of occupation
and consumption within the overall limits set by the central plan. FEarnings
from employment have then to be determined so as to direct allocation of
labour, and consumer prices are similarly meant to cleer the market.

Earnings and consumer prices do not, however, influence the structure of

production.,

l/ The closest approximation to this model was experienced for a
short period of emergency under the name of "War Communism”.
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The latest version does hot correspond strictly bo the actual functioning
of the centrally planned economies. As any centre is bound to have a limited
capacity for processling information into decision, there is a check on cen-
tralization of decision-making. Thus certain discretionary suthority must
be left to the executive levels, incentive schemes with the central pre-
ferences must be developed, or alternatively the central level may to some
extent adapt its own decisions to the preferences of lower levels. With
these reservations, the model cen be regarded as an idealized form for -
resource allocation in a centrally planned economy of the classic type.

It explains the general decision-meking framework in functional terms and
focuses on the consistency of centralized decisions.

In assessing the functioning of the system, the following rcmarks
se=m appropriate.

On the one hand, the positive aspects of the system are:

1. the system may contribute to the solution of basic problems
facing developing economies, i.e. it allocates a high pro-
portion of GNP t§ productive investment over a long period,
concentrates investment in priority sectors and ensures in-
ternal consistency of resource allocation;

2. the system gives the central planning authorities a consider-
able degree of certainty as to the volume and structure of
economic growth, since prices and cost calculations, even
allowing for a significant margig of error, do not influgnce

to any substantial extent the development process;



3. the system allows central planning suthorities to allocate
& relatively high proportion of resources to collective.con—
sumption and investment, e.g. education, research in key sec-
tors, and thus to enforce a long-term development strategy:

b, the systeq gives the high degree of centralization, hence
enables central planning authorities to implant the latest
technology into the economy and to achieve considerable
economies of scale.

On the othér hand,_the possible drawbacks of the system are:

1. continued growth and diversification of the economy lead to
bottlenecks in information flows and central decision-making,
thus creating risks of internal inconsistencies in planning
and decision-maeking, and erroneous technological chcices on
a nation-wide scaie;

2 the prevailing sellers' market prevents the productive appar-
atus from adapting itself to the changing needs of & more
affluent soclety;

3 although the system is well suited to the enforcement of high
priority crash programmesi/, the hierarchical approach used
to achieve internal consistency handicaps the "residual”

branches especially when the ghare of these residual branches

becomes significant;

S

1/ "Any system that at every given point of time fully utilizes the’
possibilities to the best adventage may yet in the long run be inferior
to a system that does so at no point, because the latter's failure to do
s0o may be a condition for the level or speed of long-run performance,"

J. Schumpeter: Capitalism, Socislism Democracy. New York 1947, p. 83.
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L, the high centrnlizatidn of controls hampers initiative and

innovation at lower levels.

The main directicns for improveﬁcnt in the functioning of the system

could be envisaged as follows:

- refinement of methods of cenﬁral planning and menagement, through
an improved processing capacity {use of electronic cgmputers).and
the introdﬁction of optimization models above and beyond the tra-
ditional consistenéy checks; |

- development of mew mechinery for ihdireCt Planning and management
aimed at creating better conditions for initiative and more
flexibiliﬁy in economic decision-making;

- introduction of market elements with the aim of stimilating com-
munication between executive lgvels.

Some of these points are\developed in the next system.

1.3. System 2: Central Preferences - Direct and Indirect Allocation
of' Resources.

Strict centralization iz not éossible, neither in plan construction
.nor in plan implementation. When prices ar§ passive, the behavicur of the
executive levels as reflected in their decision;, may be gulded by non-
economic considerations (e.g. préference of techniclans, reglons or sectors,
maximizatidn of premium, authority, or prestige, etc.}. The imtroduction
of active scarcity prices and incentives based on centrally fixed rules
of behavicur - without limiting the existing sphere of decision-muking.-
broaéens the influence of central preferences in spheres previously left
outside direct central decision-making. This system may therafore be re-
garded as a step forward in strengthening the role of central preferences,
at the same time giving more room for initiative and flexibility at the

level of entarprises.
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The basis for rational dpcision—making at executive levels is the
eriterion of profit maximizatROn. Profit must be measured in'pfices con-
taining scarcity rents due tothe existence of alternative uses of raw
materials, lebour and capltal in other branches of the economy, as well
as to the existence of constraints in foreign trade and productive capa-
cities. Prices must ensure equilibrium between supply and demand. Mar-
ginal foreign trade rates determine actively the scope of profitable
" foreign trade and perform the price forming function. These rates are
&n instrument of the analysis of effectiveness of foreign trade and must
ensure equilibrium in the balance of trade. All the parameters of the
financial system (marginal foreign trade rates, prices, subsidies, duties
and taxes) constitute an instrument of indirect management, which ensures
that partial profit maximization leads to & consistent and effective over-
all solution., The main probiep lays in bullding up a well developed
system of informetion sulted to the need of determining the values of cen-
tral parameters and to the necessity of constent verification of these
parameters. These conditions cannot be easily sati_sf:l.ed ‘in practice.

1.h, System 3: Consumer Preferences Decisive for the Final
Demand Structure for Consumer Goods.

The role of the centrgl planning authority is limited to an indirect
control of processes iﬁ the consumer markef within a gtrictly defined
framework, Prices in this sphere are détermined not by the cenﬁral plan-
ning_authority, but by the functioning of sn economic mechanism which is

only indirectly regulasted and controlled by the central suthority.



1.5. Mixed Systems.

In practice we are faced in our economy not with pure systems, but
with a mixture of them and a number of intcrmcdiate systems.

Between the central level and the executive leveis there are inter-
mediate levels, each of which has a defined scope of decision manceuvering,
while the spheres of these declsions are hierarchically related. Between
the preferences and criteria of decision-meking by the central authority
and the criteria at executlve levels or the preferences of the consumers,
there is a whole range of criteria used by intermediate links exerting
a specific influence on the decisions made.

The elements of mixed systems are:

1. central preferences and direct sllocation of resources,

e.g. in the sphere of long-term and macroeconomic decigions
(the rate of growfh, the distribution of basic investments,
the broad structure of final demand, etc.);

2, central preferences and indirect allocation of resources,

e.g. the use of a shodow rate of interest, shadow exchange
rates, shadow prices for raw materials, taxes, subsidies,
customs and other instruments of indirect government guidance;

3. peripheral preferences and direct planning, e.g. the sllo-

cation of investment may be directed centrally, but the cri-
teria used may be based on market principles (maximization of

profit measured in market prices);
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. " & sphere of decision-making is reserved for peripheral pre-

ferences and taken up by enterprisés, e.g. allocation of
resources for current production, choice of consumers' goods.

These systems are characterized by a multiplicity of declsion-making
and preference levels. Vertical flows of reports &nd orders coexist with
nhorlzontal 1links between enterprises. The role of the centre is still
decisive (either through direﬁt orders or through the use of indirect
measures) but some spheres of decision-making afe'leff to lower levels.
Money and prices are, to a large extent, active instruments of resource
allocation. Prices are partly determined by the central level, partly
fixed by.lower intermediary levels of‘decision-making on the béais of
rules imposed by the State, and partly left free to be fixed by the market.
The eventual acceptance of a uniform rate of e*change (even only as an
accounting tool) Plays an important role since it facilitates the com-
parative measurement qf effectiveness between verious branches thereby
introducing an element of competition into the economy.

The main problem consists in the construction of a framework for
the functioning of the market mechanism without impairing the supremscy
of the Basic preferences of the central planner, e.g. finding a dividing
line between types of investments to be determined by central criteria
ani types of investments to be decided on the basis of market prices.
The market mechanism is Introduced in gelected spheres of economic activity

where the central planning a&uthority is ready to accept the individual pre-

ferences. This solution relieves the planning apparatus (whether central
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or intermediary) of the burdensome task of management in vast spheres of
detailed decision-making. At the same time it requires less information
flows than management within the framework of & centralized system.

The integration of mirket—oricnted decisions into the general frame-
work of central planning raises, however, more difficult Problems than the
coexistence of direct and indirect central preferences as seen in the pre-
vious system, Here the efficacy of various direct measures are tested and
different systems of incentives are applied so as not to allow the market
mechanism to act in contradiction to the central plan. The crucial prob-
lem ig how to reach an overall optimum through partial optimization. A
first step is to.divide the economy so as to create small subcentres, whdée
functioning, based on indirect measures of management, would lead to the
overall optimum. Next, the distinction between prices determined cen-
trally (at what.level of dcciéion—making and by what methods) and prices
determined by the market and their mutual interrelationships must be ex-
plored by way of consecutive approximations, which - in turn - may tend
to create a constantly changing accounting framework, The problem of in-
ternal consistency of decision-meking occurs not only among different
levels, but also among different stages of plan eleboration. How to link
planning and decision-making with varying time-horizons, how to ensure that
basic decisions on resource allocation made in the framework of long-term
strategy are implemented in market-oriented short-run decision-making;
these are some of the questions facing the central authority in such mixed
systems. The crucial question is how should these mixed solutions satisfy

the condition of internal consistency.
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2 Declsion-Making as a Multi-Stage and Multi-Phase Process.

2.1, Decision-Making as & Multi-Stage Process.

The tcchﬁigues of decision-making nusf be differentiated according to
their time-horizon. The more distent the time-span, the greater the scope
for introducing changes in production patterns, and aonsequently the
larger the fleld of manoeuvre in decision-meking, the bigger the role éf
high level decision-making centres.

The vision of the distarnt future determines decision-meking in reaspect
of the immediate future. Ideally, reference to an arbitrarily limited
time-span ought to be avoided, but in attempting to identify the whole
path of developments leading into the distant future, the planner is faced
with the problems of uncertainty. Changes in demographic trends and popu-
lation structure, changes in productivity resulting from technical pro-
gress, future discoveries of faw materials, weather conditions for agri-
cultural crops, future consumer preferences, developments of foreign
supply and demand, changes in political and social conditions etc., are
all variébles either wholly o? partly independent of the decisions taken
by any planning authority. Planning processes, linking the present to the
future, thus represent a series of consecutive decisions taken in condi-
.tions of uncertainty, reflecting the sequence of actions and reactions to
continually changing conditions. At each consecutive stage of the plan-
ning process, the planner will have access to more information about re-
levant future conditions. A choice that seemed to be optimal on the basis
of knowledge avail;ble at Initisl steges of decision-making may r;veal
1tself to be inadequate in the light of new information. The greater the

uncertainty in decision-making, the shorter should be the time-span of
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binding directives in planning and the larger the scope left for sub-
sequent revisions in longer-term targets, In this context, & distine-
tion ought’'to be made between the decision-making horizon of a rlan and
its forecsst horizon.

The implied contradiction in decision-making, 1.e. between the need
to enlarge the field of manoeuvre snd the desire to limit uncertainty,
makes 1t necessary in practice to construct separate plans for varying
time-horizons wnich differ in respect éf proportions of imperati#e:and fore-
casting elements, and in respect of aggregation levels.

As a rule, the shorter the time-span, the more imperative the char-
acter of the plans; and conversely, the longer the time-horizon, the
greater the number of forecasting elements and the mpore flexible the
character of the programmc._ In a similar wey, the sﬁorter the time-span,
the more detailed the decisiohs; and conversely, the longer the duration
of the plan, the more aggregafed the variables; the mény'elements of un~.
certainty.to be faced in long-run plans represent admittedly an obstacle
to the formulationlof detalled directives.

Aggregation and disaggregation give rise to specific difficulties.
ihe use of aggregates rarely leads to solutions fully consistent with
those based on disaggregated ﬁagnitudes. Hence the need for the appli-
cation of iterative procedures between plans at different levels of ag-
gregation and disaggregation.

Flanning encompesses various decision-making levels. The shorter
the plan period, the greater the number of levels participating in the

elaboration of the planning decisions. In practice, it is indispensable
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to apply a process of aﬁproximnting the final solution in consescutive

steps and phases. The results of the interplay between central &nd sec-
toral planning may converge very slowly; in consecutive phases new con-
straints are discovered, targets are reformulated and additional pre-
ferences are expressed. This procedure does not lend its=lf to simul--
taneous solution by a mathematical comprehensive model, and et present there
seems to be no other satisfactory practical solution.

Individual decisions can be classified as referring to long-, medium-,
short-term and management time-span, using the same criteria as for plans,
but when grouping decisions within a plan of a specific time-horizon, it
should be kept in mind that the individual decisions involved may refer
to different time-spans not fully corresponding to the time-horizons of
the plan in question. The gestation period of investment in different
branches, for instance, may vary from & few days to ten years, oOr more;
within the framéwork of one and the same medium-term plan both investment
and currént criteria of analysis will therefore have to ha applied. What-
ever the formal time-span of planning, any overall plan must in some sense
be open-ended. |

Wnen looking at all the plans with varying time-horizons as a multi-

stage decision-making process, the general and highly simplified snhenﬁl/
may serve as an illustration {Chart 1).

As 1llustrated in Chart 1, each decision referring to the longer
time-span provides a basis for a decision concerning a shorter time-horizon,
but ‘at the same time the former is directly affected by changes in the

latter. This means that planning takes place as & process of consecutive

iterations in time.

1/ Compare R. E. Kitchell: Program Budgeting. Harvard University
Press, 1965.
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There are different types of mutual interrelationships of plans with
varying time-horizons. At the one extreme, consecutive five-year plans
and yearly plans are supposedto conform to binding long-term directives.
Pians referring to longer time-spans have then tb include all necessary
specifications for bullding up the shorter-term plans, and, at the same
time, their context should be relatively independent of short-term changes
in the economy. The question.remains open, however, whether these two
requirements are compatible (Chart 2).

At the other extreme, longer-term programmes are looked upon as sub-
sidlary instrum;nts fér snalysis and forecast, and planning consists in
constant adaptation of decisions to chenging conditions. The long- and
medium-term programmes are bullt up every year to throw light on possible
future developments and to show what seems to be féasible and desirable
(Chart 3). |

It 1is obvibus that constant revisions of pians are cdnnected-witn
very high costs, but these costs should be assessed againgt the benefits
- of aciual decisions being taken on the basis of more accurate information.
Since uncertainty and possible losses due to erronecus information increase
with time, insistence in adhering to a long-term plan msy involve important
losses.

Thus neither of the two éystems or any intermediary form can provide
complete safeguard against the costs resulting from uncertainty. With the
flexible planning system, consumer demand will tend to be satisfied on the
basis of a sometimes inadequately adapted structure of prod;ctiVe capacity,

excess facilities or shortages appearing here and there. with the rigid
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planning system, the producers will be able fully to utilize available
capacity, but the structure of output will not necessarily corfespond
to actual demand, redundantAstocks or shortages in the consumer market
.bgcoming frequent features. This is especlally important in foreign
trade. | | |

.Tne general conélusion would seem to be that the very nature of the’
decision-ﬁaking process requires continuous reference to interrelatéd pians
| with a range of time-horizons. Long-term planning wi hout due regard
to the exigencies of'shoft-term rlanning or implementation becomes an ac-
ademic-exerbise of poér operational value; whéreas snnusl planning that
ignores the coordinated needs of a development plan teﬁds to disperse.
.national effort and hbld back progress towards ratiohal_investment ob-
Jcctives.

Actually appllied planning procedures constitute a compromise con-
téinihg_certain predominant feaztures characterigtic for the one or the
ofher extreme gystem. The main types of plans classified according to?
timé-horizons are the following:

- perspective programmes covering 10-20 years representing approxi-~

mately the maximum period for which projections mey mesningfully
" be established by policy makers;

- medium-term plans éovering five years, corresponding to the gesta-

tion period for major Investments;

- short-term plans;

- operstive {decision-making in management).

The long-term perspective programne%/ deals with large aggregsates.

1/ M. Kalecki: 1. An Outline of a Theory of Growth of a Socialist

Economy. Warszawa 1963, 2. Zarys teorii wzrostu gospodarki socjelistyczne].
Warszeawa 1968. K.Porwit: "Planning in Poland." Warszawa 1967.




-17-

Selectioﬁ of efficient investment patterns is effectuated on the basis of
an analysis of technical progréss in aggregated domestic sectors and ex-
pected developments sbroad. Ceneral trends in foreign demand - but not
in specific markets and prices -~ are explored. Aggregate capital-output
ratios are investigated. At this stage the main tagk is to formulate a
general strategy of development.

Medium-tern planning is mainly concerhed with the
cnoice of investments, and commodity structure of production, exports
“and imporfs. Regional allocation of foreign trade (if any) is analysed
in aggregate form. Domestic coété including the rate of interest on in-
vestmerlxt. are taken into conslderation. Since the distribution of invest-
ment to optimize the production structure is a mgjor issue, productive
capacities cannot be regafdeq as gi#en.

Short-term planning dealé with the time;span of one year. The ques-
tion to be answered is what and how much to produce, what and how much to
import, where to sell and where €0 buy. Productive capacities are re-
garded as given {constant), current costs have to be taken into considera-
tion. Investment outlays do not enter the analysis, however,

In the shortest time-gpan, i.e. 1n current mansgement, the decision-
maker commands certain stocks of commoditles and has to decide where to
sell them. Analytical findings in respect to actual demand, prices and
payment conditions will determine the optimal solutlon of his problem.
Stocks being already at hand, alternative structures of production and

cost are not ralevant here; the rational cholce conaists in selling them
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on most favourable terms.

The relative importanée of these plans with varying time-horizéns
was different in the cbnsecutivc stages of development. Long- and medium-
term planning were rather practically neglected in the early periods of
bur planned economy. On the contrary - the directives of the yearly plans
were decisive, Planning had nothing to do with forecasting, it was an
obligatory directive, and instrument of current management and of control
of the functioning of the economy. There was no place and.time for a com-
pérative analysls of variants of possible strategic choices, planning
meant the elaboration end coordination of detailed short-term directives.
“Gradually, however, it has come to be considered that the predominance
of the annual plan weakens the contribution that planning can make to
purposeful economic development. Hence the presenttrend is on the one
hand towards strengthening léng—term programuing and related medium-term
planning and on the other hand towards enlarging the sphere of indirect
methods of management &t the éxpense of short-term planning. This leads
to the development of aew techniques of projections, taking into accouxnt
uncertainty, increases the role of forecasts and evaluation of variants
and strengthens the importance of effectiveness analysis. This general
trend is & characteristic feature of the evolution of the whole system of
planning, but is especially relevant in the domain of foreign trade plan-
ning.

2.2, Decison-Making as a Multi-Phase Process.

The relations between macro and microplenning are complex. However,
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from the point of view of the central plenner, three broad successive
phases can be distinguished%/and are illustrated in Chart L.

In the first phase, planners at the central level work out preliminary
directives forming & comprehensive draft of the general economic plan.
The main function of these directives 1s to influence projections on the
sectoral and executive levels. The better the first guess of the rate of
growth in the preliminary directives -- the smaller the number of necessary
iterations (cycles of projections) subsequently required to 6btain a
feasible programme. As the formulation of preliminary directives relies
on information received from lower levels, and as plans are constantly
verified and adepted to changing conditions, planﬁing is a continuous
process. Changee of global proportions affect, by the sectoral adapta-
tions which they entail, the-plans drewn up at enterprise level; and, in
the opposite direction, changes in technological processes at the enterprisge
level require, again via the sectoral plans, changes in global proportions.

In the second planning phase, dreft plans are elaborated by sectoral
boards, forelgn trade and pfoductive enterprises. They are supposed to
meet requirements of consistency.

The central planning authority seeke to preserve centrally determined

proportions, but has to deal with aggregates that can be disaggregated.

1/ cf. J. Pajestka: System informacji plenistycznej. "Exonomista"
¥o. 2, 1964,
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Consequently, it is only when t he detailed proposals put up by the lower
planning levels have reached the centre that the macroeconomic proportions
can be checked and; if the two sets of indicators match, that the macro-
proportions be confirmed in the third planning phese as feasible aggregates
and take the form of binding directives. To attaln consistency it is
normally necessary to repeat the procedure several times, although the sub-
sequent cycles of approzimation may proceed in various informal consulta-
tions, conferences of planners from all levels, etc.

This complex and lterative procedure requires time, it encompasses
thousands of planners, experts and workers' councils, snd it has to provide
solutions to difficult problems of consistency-keeping. But time 1s limited,
gince planning is concerned not only with establishing the best programme,
but also with current direct economic management; consequently the iterative
procedure has to he interrupféd before all inconsistencies have been re-
moved; théir resolution being postponed to the stage of plan implementation.

No form of planning yet devised is capable of replacing the partici-
pation of thousands of planners at various levels in a process of plan build-
ing during which &11 the limitstions on, and complex interconnections,
priorities and changing conditions of, the economy are taken up in what
amounts to & system of virtuslly constant consultation. All these factors
eould not be assimileted into planning by means of direct application of
an abstract model that replaces planners at the executive level. This
does not mean, however, that mathematical tools are of little use;, on the

contrary, the application of new techniques of data-processing throughout
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the economic apparatus of the cpuntry, as well as the use of certain
macromodels in conjunction with traditional methods of analysis, faci-
1itates the realization of the mein task of linking central economic
ecalculations with decentralized projections and decision-making.

3. The Selection and Sequence of Spheres of Implementation
of Efficilency Systems.

3,1. 'The Methemmtical Economist's Approsch.

The mathematical economist who wants to influence practically the
functioning of the decision-making processes is faced with basic limita-
tions which determine his genersl) spproach.

First, there is the problem of the general attitude of the Central
Planning Authority towards the introduction of efficlency syatems. Thers
seems to be no doubts snymore, that with the growing complexity and diver-
sification of the Socialist eéonomies, there is & general understanding
.of_tne ever growing  role of efficiency requireﬁenfs in decision-
making. Hence there are no sntagonistic contradictions between efficiency
and central planning. However, some reservatlons should be made here.

Tt seems necessary to make a distinction between the general preferences

of the central planning authority expressing the overall economic interests
of the country and preferences of individual decislon-makers, representing
the partial interests of specific branches, reglons or enterprises. anfc
are obviously situations, where the general overall efficiency require-
ments are in conflict with vested interests of some branch - or regional

policy-makets , . The process of transformation of a
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non-efficliency system of direct management via administrative orders into

an efficiency system of mixed (direct and indirect) management creates
several basic tensions and conflicts. These conflicts can be overcome

only when overall optimization criteria assume & decisive importance

and priority over partial preferences. In\the political set-up of a
centrally planned economy, this requires a strong power of the central
authority consclous of its overall aims. Hence any successful implementation
of an efficlency system requires a strong politicel support of the higﬁest
poiicyamaking body which 1s convinced of the necessity of economic reforms,
and which represents the general and not partial preferences.

Now we come to the second basic problem: what can economic systems
theory offer to the central planner in exchange for his strong support for
the model-builder. First of all, the policy-meker expects from the model-
bullder that the proposed chénges will neither damege nor endanger the
functioning of the overall system of decision-making. If long-term in-
vestment decisions are to be taken up within a framework of & new decision-
making system -- uncertainty and increasing returns to scale must be built
into the methodology of the selection of variants., If iterative procedures
are suggested, the dangers of non-convergence or slow-convergence of the
system must be assessed e&s no deterioration of existing solutions is tol-
erable. The mathematical model-builder who is invited to cooperate with
the policy-meker and the administrator cannot neglect the existing de-
cision-mesking procedures and impose his own solutions derived from a
theoretically correct but sbstract model, without due regard to the multi-
stage, multi~-phase and multi-level character of actuslly functioning planning --

management and informatioc Systems. Hence a stege-wise and evolutionary
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approach to decision-making systems seems to be fully justifiéd. A
further condition - often neglected in practice - is the preservation of
the intcrn&l logic of the overall system of decision-msking in & planned
economy. One is often tempted to transplant some solutions, worked out
on the basis of model-assumptions very remote from the reality. The
existence of a competitive market, the motivations of & private investor,
non~exis£ence of planning authorities,or the non-directive {indicative)
role of central planning - nré examples of explicit or implicit assump-
ﬁions having nothing to do with socialist reality. All these examples
ijllustrate the dangers of mccepting ready-made systems not adgpted to
the existing conditions and therefore exposed to the danger of "re-
jection of transplants.” Hence the need for original solutions deriVQd
from models consistent with the a&ssumptions of a plenned economy and with
the needs of a normative approach aimed at the improvement of the exist-
ing decislon-making processes.

3.2. The Separate. Treatment of the Short-Run System and its
Baslc Tasks.

In the economlsts' - rather common - opinion the weaskest link in the
decision-making multi-stage chain is efficlency in short-run decision-
making. One may argue - at least in theory - that short-run efficiency
cannot be separated from efficlency in the long»runQ However, this would
lead us nowhere because of the complexity of the milti-level and multi-
period problem of decision-meking. As has been &lready shown, the very
complex economic decision-making processes have been divided, in practice,
into separate plans with varying time-horizons. Though cartainly this
is not the best tnesrctical sélution, there does not seem o exist an-

other practical approach to the multi-stage problem of decision-making.
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As_has been pointed out, the longer the time-horizon, the greater the un-
certainty. Hence, models adapted to the needs of long- and medium-term

jecision-making should be dynamic (i.e., consider the behavior of the
economy over time) and should take into consideration uncertainty con-
ditiéns. As long- and medium-term decisions are mninly'concernéd with

- the choice of basic investments - such models should teke into account
the existence of economies of scale.

The question looks differently, however, in the short-run. It caﬁ

1 Be reasonably assumed that the ﬁrdblcms of tiﬁing, uncertainty and escon-
omies of scale have been taken into consideration in“the course of planning

processses aimed at determinirng plan targets. Hence, short—run.modeis

for ﬁecision—making in managcneht can disregard timing, uncertainty and.

economi€s of scale, focusing their attention on these features which #re

characteristic for the short-run.

' The real problems that count in the short-run are the magnituﬁc of
decisions, their implementdtion and the ever-growing importance of ef-
ficlency requirements. Therefore, what is needed is a rational system of
snort-run managemcnt.that could effectively gulde decentralized decision-
mﬂkihg, preserving the overall preferences of the central planner and,
at the same time, not hampering the initistive of ekecutive levels of de-
- cision-making. It remains to be seen whether these tasks are ﬁutually

compatible.

3.3, Factors Influencing the Selection of Spheres of Decision-
Making Systems. ) )

As has been already polnted out in Chapter 1, the short—ruh mixed
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menagement system consists of two types of decislon-making: centralized
direct orders and indirect management based on profit maximization eri-
terion and using parqmetric prices.

The selection of spheres of decislon-mseking reserved for direct
management and indirect menagement, respectively, is determined by the
following factors:

- the existing cepacity to process information into decisions at
various levels of the economic structure in relation to.the mag-
nitude of the probiem, the degree of detail, the importance of
information flows, the frequency of date modifications, the fluc-
tuations in parambters, eta.;

- practicel considerations connected with the preferences of the
central authority. These include determination of rates of growth,
sectoral distribution of basic investment, structure of final out-
put, overall vblumc, bagic structure and main.directions of foreign
trade, and distribution of national income. Decision-making con-
cerning the details of the general development pattern in short-
term plané, i.a. the structure and output 6f an& given enterprise,
its supply sources and outlets, etc., may require more flexibility
in decision-making and thus may be left to executive levels. Their
decisions will be generally influenced by the centre's macroeconomic
decisions, as expressed in ge=neral directives;

- the organization of the economy. The division of the sconomy into

separate units determines the method of management, i.e. the use
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of quantitativ; orders or of shadéw prices. It follows that the
central planniﬁg authority can adapt the management methnod to the
existing organizational framework or it may change the structure
of the organization to extend the use of direct or indirect
methods of menagement. In practice, there is need for & flex-
ible approach - since neither total centrelization of decision-
making nor exclusive use of indirect methods can lead to an opti-
mal- solution. What compromise should be adopted is the heart
of rationslizing multi-level decision-making. %/
The Tirst ares of economic activity in which it is possible to detérmine
the prices objectively is the widely interpreted sphere of production
and trade related to foreign trade. In this sphere competition from

foreign markets is felt and there exist real and measurable exports and

}/ Two approaches may theoreticslly he applied to the basic problem
of multi-level planning in a large economy:
- dividing the overall problem into partial subproblems, which can
then be dealt with separately;

- uging the indirect (shadow prices) approach instead of the direct
approach.

But the concept of duslity (i.e. the equivalence of the overall
direct optimization with partial optimm based on shadow pricing) is
fully applicable only in an "atomistic” economy; even so, there are
limitations to using prices as instruments of optimal allocation (ex- :
ternalities, indivisibilities, linearities of production functions, ete.).
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and imports alternatives. Becauge of the possibility of comparisons of
effects in various branches of production there is here & lot of room for
manceuvre in selectlng variants of the structure of product range, of the
geographical distribution of exports and of substitution in the consump-
tioﬁ of materials.

Ancther broad mres in which there exists an objectively determinable
system of eguilibrium prices ia the sphere of consumption, wheraver the
consumer preferences are not in confliet with the general social pre-
ferences.

A further area in which 1t is possible to introduce an effectiveness
incentive-active financial system are those branches in which the outlays
are measurable by cost acgounting, in which the existing limitations on
the productive capacity lend themselves to accounting hnalysis and in which
the essential limitations &nd relations cin be reslistically included in
operetions research analysls for the whole branch concerned. The limiting
factors here are:; the extent of calculationsg, the degree of differen-
fiation and variability of the production, the extent of bonds with th=
rast of the economy, and the stability of the parameters of the system.

It can be seen that there exist very extensive possibilities of ex-
panding the scope of operation of an effectiveness incentive-active fin-
ancial system in our economy providing that rational principies are ob—
served in determining prices, exchange rates, surcharges and charges.con-
sistent with the logic of the decis%on-making system adopteg in a specific
modiel of management.

The introduction of an effectiveness 1ncentive~active financial
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system must be additionally related to the satisfying of the basic con-
dition concerning the price fixing mechanism. Similarly, as & student
cannot give marks to himself, so under the conditions of transition to
an effectiveness incentlve-active financial system safeguards must be
provided for a consistent division of interests of the authorities deter-
mining pricec and the units to which incentives are applied for the
gchievement of the target. This postulate leaves much to be desired in
the practice of our system of mansgement in the field of determining
prices as well as in the field of determining direct targets; the auth-
ority which determines the targets {or the prices) approves, in practice,
rather than &ctermines the proposals for the interested partics and, at
the same time, is often Judged itself on the basis of thc reglization

of the targets (and so is itself interested in not stretching them 4on
far),

The postulate of determining prices in & way independent of the in-
volved links of the production apparatus is 8lso essential in the sphere
of production of consumer goods. The monopolistic structure of produc-
tion for the consumer market makes possible the formation of the monopoly
rent under the conditions of the existence of incentive relations betwceo
the production of consumer goods and the results. It is possiblc here
to manipulate the volume of production and to limit supply. Thus the
introduction of an effectiveness incentive-sctive financial system must
be accompanied - in the case of existence of such a monopoly - either
by the strenptnening of price control by the government, or by tnc forma-
tion of import intervention fund which would eliminate the monopolistic

position of the producers inclined to take advantage of the monopoly rent.
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3.4. The Logic of the Historical Evolution of Spheres of Imple-
mentation of Efficlency Systems.

The consecutive stages of this evolution will be dealt with in more
detail in Part iII. Here we will ﬁraw the attention to the sequence of
1mplémenting the wvarious shoft-run efficlency systems Into practice.

The first attempts to Introduce some indicators of effiéienéy tookﬁplace

in foreign trade in tﬁe late fifties. One dis;overed the ﬁbsurdity of

some direct orders to éxport given commodities, when it became evident

that the forelgn currency velue of raw materials surpasses the forelgn
eurrency value of the final product composed of these raw materials. At

the same time the export of this finel product was rentable in term§ of
domestic currency, due to the distorted internsal pricing of raw materials.

As thé separation of internal prices from external influences was looked
upon as an essential feature of the centralistic system of planning and
management, 1t became necessary to Introduce a separate system of efficiency
indicators, that could cheek the correctness of ﬁpecific export plen-targets.
Thesge Iindicators, however, as 81l partial indicators, were mutually inconsistent,
and hence & demand from the part of the Central Planner for an overall system
of short-term optimization in the field of foreign trade (1960). The required
system hag been derived strictly from a mathematical model, deécribed in Part II.
On the basis of this model a complex system of calculative prices of basic
materisls was constructed, snd starting from 1962 catalogues of calculstive
prices and price indexes were worked out on a yearly basis (with some gquar-
terly changes when necessary). To make it possible -- a speclal system of
statistical and plannistic analysis had to be introduced to determine the
values of central parameters (marginal rates of substitution between the

Polish Zloty and foreign currencies).
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Later on (196h), the attsntion of the Central Planner was drawn to the
necessity of determining criteria for the selection of fast recuperating
invcstments‘connectcd with foreign trade. Hence, a respective Mathe-
matical Model of Fest Recuperating Investments hes been constructed {des-
cribed below in Part II, Chapter 3), snd the criteria of choice of var-
iants applied into practice. However, the efficiency criteria applied to
direct planning decisions only could not meet the rising demand for ef-
ficiency. The active role of Central Planning was, in fact, limited

to priority sectors, as the "residual" sectors were dealt with in aggre-
gates and with no consideration for overall efficlency celculus. Hence,
the necessity to connect efficiency calecuwlus in foreign'trade with sn in-
centive system, so0 &s to be able to influence 1nd1rcctl;?€§2 behavior oftﬁese.
residual sectors. Once this has been introduced (1966}, the Central
Planner became acquainted witﬁ'the new categories of an indirect system
of management and with the numerical values of central parameters, the
magnitude of profits and premiums in various branches and specific enter-
prises. The next exploratory step was the replacement of the calculative
approach (calculative prices) by a financial system that could actively
induce the behavior of firms in accordance with the principles of rational
allocation of resources. This has been implemented in practice in 1967

in the form of an experiment { "POLFA" - see Part III, Chapterl2). Following
the excellent results achieved in both experiments {the incentive system
and the financia% experiment) a new step forward has been underteken: the
general reform of prices for producers (introduced on January 1, 1971)
This created the possibility of enlarging the analysis of efTiciency to
encompass the whole economy. Hence the next step which is being slabor-
ated: how to construct a system of short-run efficiency that would be

fitted into the oversll financial system. Several theoretical proposals
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have been worked out that show the way how to enlarge the spheres of im-
lementation of efficlency systems to various sectors. However, the BProb-
lem of &n overall implementation has not yet been solved neither theore-

tically, nor practically.



II. M(_)dels.

L, The Stage of Partiel Analysis of Effectiveness in Foreign Trade.

4,1. The Need for Effectiveness Analysis.

As already mentioned, historically, the need for efficlency analysis
occured first in foreign trade.

In & centrally planned économy of the classical type, there is no
market mechanism, the rates of exchange of forelgn currency are esta-
blished more for book-keeping than for sitrictly ecoromic purposes, and
.the domestic structure of prices and costs 1s quite separate from res-
pective foreign price relations. Domestic prices differ substantially
from costs of production on acecount of “accumulatidn mergins” (either
positive or negative); and further discrepancies result from domestic
pricing of imported raw materials.

~ Problems of effectiveness analysis occur when there are possibilities
of choice. In short-run foreign trade analyses such possibilities occur
in planning the assortment of production and in éelecting trading partners;
and as a rule there is the ancillary problem of determining which amount
of 1limited investment resources should be allocated to fast recouperating

investments., More specifically, the following decisions have to be
taken:

- which export commodity to chcoge?
- whether to produce domestlcally or to import?

- which markets to export to or to import from?
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- which amount of limited investment funds to allocate to the
quick promotion of productive capacities for export or import
substitutions?

In the development of foreign trade effectiveness analysis as ra-
tional means of providing answers %o these questions, two main conse-
cutive stages can be distingulshed: flrst, the construction of separate
coefficients of export effectiVeness, based on various partial criteria;
and, second, the construction of comprehensive macromodels, encompassing

exports as well as imports, and derived from the glcbal plan model.

h,2., Partial Effectiveness Criteria l/

In 811 the coefficients described below, the distortingeffects of
the official exchange rate are clrcumvented by comparing directly the

world market prices with domestic costsa.

l/The first attempts to formulate partial effectiveness criteria
in Poland were elaborated by: _
- J. Pajestka: "Zagadnlenia Rachunku Rentownosci Hendlu Zagranicznego"
(Problems of Rentability of Foreign Trade) in Rkonomista, No. 5,
1957.

- A, Rolow: "Podstawy Rachunku Efektywnosci W Handlu Zegrenicznym"
(Foundations of Effectiveness Anklysis in Foreign Trade) in
Handel Zagraniczny, No. 12, 1956.

- S, Polaczek: "Zastosowanie Kursow Wymikowych W Badaniu Efektywnosci
Eksportu Poszczegolnych Towarow” (The Application of Effectiveness
Indicators in Effectiveness Analysis of Individual Commodities) in
Handel Zagraniczny, No. 11 and 12, 1958.
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Financial Indicator. The most simple coefficient, intended to

provide a general notion of effectiveness, was the so-called "financial

indicator F", which compared foreign and domestic prices:
F o= 5 ,
~where: P - domestic price,
D - world price in foreign currency (f.o.b.).

The only merit of the indicator was its simplicity and aggregative-
ness - in the sénse that it could be calculated for individual commodities
as well as for globtal transactions. While it provided information about

| the purely financial profitability of transactions (exports as well as
imports ), it was plainly wmsatisfactory as a measure of overall-ééonomic
effectiveness; for it concealed those price distortions caused by varying

accumul ation margins as well as those due to the arbitrary domestlc pricing

of imported raw materlials.

Last-phase Labour Cost Indicator. In the search for a correct

measure of effectiveness in terms of labour costs and hence free of all
the distortions erising from the domestic pricing of materials, a "last

Phase Effectiveness Cneffilcient L" hasz been devised.

I S |
D - ﬁf Ql

where:
P - domestic price;
M,- ‘cost (measured in domes'tic prices) of all raw materials, semi-
products and other material inputs used for the production of

the final product;
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A - profit at last stage of processing (accumulation);

D - world price in foreign currency (f.0.b.);

M- cost in foreign currency {measured in world prices)
of the same materials, caleulated in M&;

¢. - last phase processiné cost;

Dl- net gain of foreign currency, earned at the last phase pro--

éessing costs. -

By focusing attention on the net gain In terms of foreign currency,
this coefficient obviates the danger of choosing an export with a nega-
tive forelgn currency effectivencons (i.e. with a currency loss).

In the numerator, the domestic processing costs of the last pro-
cessing phase are shown (1.e. from the f.o0.b. domestic price, profits
as well as all costs of materials used in production are eliminated);
and in the denominator, the last stage foreign currency net gain appears
(i.e. all material inputs evaluated in world prices and secondary ex-
penses borne in foreign currency are gubtracted from the f.o.b. world
price).

This indicator is free from distortions caused by inadequate domes-
tic pricing of materials, and it therefore provides a correct measure of
the profitability of the last phase of the productive process. But the
ugefulness of this, as of the other indicators described above, 1s limited,
inasmuch as it 1s commodities, and not phase of production, which enter
into trade. Moreover, this index in 1lts quotilent form neglects the exis-

tence of limitations of various kinds (foreign supply end foreign demand,
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productive capacity, raw materisl reserves ).

Coefficients of Material Intensity. The labour effectiveness

quotient indicators described above neglect the existence of various
contrainfs, notably shortages of raw materials and limitations of pro-
ductive capacity. Yet, in all developing economies these limitations
_are decisive and therefore cannot be disregardéd. If only a limited
amount of raw materials 1s available for export, then a better labour
effectiveness indicator for the first than for the further, more refined,
processing stages does not mean that the former is more profitable.
Indeed, the opposite preference prevails--namely, to earn as much foreign
exchange as possible from the limited raw materials availaeble, and
plainly the more highly processed, final products sell for much highef
proceeds than the less processed semi-products. In that case the Q}der
of priority may differ from fhat indicated by labour effectiveness co-
efficients. Hence, when raw materials are in short supply coefficients
of material intensity are constructed.

These coefficients of material and import intensity are based on

the following formulae:

where: |
Mf - the value of all meterisl inputs at world prices;
N% - +the value of exportable and imported material inputs at

wofld prices;

Mi - +the value of imported material inputs at world prices.
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These diverse variants of "materisl intensity" and "import intensity”
coefficients sre nsed for comparlsons of export commodities and favour
the export of commodities with lower material--or import intensity co-

efficients.

4.3. Shortcomings of Partial Methods of Effectiveness Analysis.

The introduction of the various coefficients of the labour or
material effectiveness of exports described above constituted an impor-
tant first step towards introducing optimization criteria in foreign
trade planning methods, which had previously been solely concerned with
obtaining consistency. After some experience of their applicability had
been gained, however, it became evident that the theoretical foﬁndations_
of these coefficients were far from satisfactory and that & new more
comprehensive approach to the problems of foreign tréde optimization
was needed.

In additicn to the specific shortcomings already noted, the earlier
techniques of effectliveness analysis had more general methodological
. weaknesses. In the first place, the system of diverse coefficients pro-
vided partial, but not general, soclutions by ylelding different--and some-
times contradictory--orders of priority, depending on which jindicator
was used. Since, in short, all these coefficients were mutually incon-
sistent, no genersl rules of decision-meking, based on them, could be for-
mulated.

One of the gravest weaknesses of the early effectiveness analysis
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was the failure to include imports (except so-called "anti-import" pro-
duction). Thus, an Iimportant segment of foreign trade turnover had no
influence on foreign trade profitability calculations, despite the evi-
dent importance of differences In the prices for imported commodities on
different markets.

Moreover, all the coefflcients described earlier were calculated in
world prices, disregarding the differences in the genersal price levels on
different clearing markets and the different commodity structures esta-
blished in bilateral clearing agreements. Plainly, in conditions of bi-
latersal trade 1ln inconvertible currencies, forelgn exchange transactions
cannot be accounted at Eheir face value. A number of atiempts were
made to deal with this problem by building separate sets of éoefficients
for basic payment groups. This procedure, however, considerably reduced
the possibilities of compering indicators for varlous markets. Besides,
there remained the question of solving "mixed" cases, in which raw material
inputs were imported from one type of market and finael goods were ex-
ported to another.

For the range of application of effectiveness criteria in planning

"and operative decision-making to be increased, they must take into con-
gideration: first, all the relevant conditions obtaining in foreign trade
(i.e. not only foreign prices, but also foreign supply and demand); second,
all the relevant conditions obtaining in production (i.e. not only do-
mestic costs, but also productive capaclties and raw material resources);
and third, the treaty arrangements in forelgn trads {(convertible or in-

convertible currency, multilaterial or bilateriel terms, etc.). The use



of mathematical model snalysis is helpful in meeting such complex re-
quirements: it allows the construction of optimization criteria derived
directly from a general model. These criteria contain central para-
meters, obtained from the overall analysis, which also reflect the
preferences of the central planner. Once the criteria have been de-
rived by mathematical methods and the central parameters have been cal-
culated at the central level, the practical application of the effective-
ﬁess criteria at the executive level can rely on traditional methods.
For the system of effectiveness analysis to be workable, however (1.e.
it has to be broadly used by planners and managers), it must be simple.
The principle of profit maximization--measured 1n planners' opportunity
costs or shadow prices--would appear to satisfy this requirement,_for
i1t renders effectiveness calculations appropriate for practical deci-
sion-making at the executive 1éve1, while preserving the, preferences of
the central planner. The system of effectiveness analysis must also be
comprehensive, l.e. iﬁ must encompassthe anglysis not only of exports,
but also of imports. Finally, effectiveness analysis must meet the re-
quirements of flexibility in decision-making, which is particularly im-
portant in the éonduct of forelgn trade.

The system of effectiveness analysis is, therefore, primarily in-
tended to determine, on the one hand, the operative eriteria of effective-
ness necessary for short-term planning at the central level, and,

on the other, optimization criteria for the executive level.
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A model for the optimization of foreign trade E/, and a general
model of short-term overall economic planning g/, has been developed
in Poland; the maln central ﬁarameters (marginal rates and éhadow prices
of basic raw materiéls) heve been computed; and the principle of profit
maximization in terms of these planners' shadow prices has been intro-

duced as a gulding direciive for executive levéls in the plan building

process.

1/ Cf. W. Trzeciskowski: 1. Lbciel optymalizac)l blezace] polityki
kierunkowej w handlu zagranicznym. "Gospodarka Planowa," Nos. 8-9,
1960. 2. The Model of Optimization of Foreign Trade in a Centrally
Planned Economy. "Proceedings of the Reglonal Science Agsgoclation,”
The Hague 1961 (edited by W. Isard), New York 1962,

2/J. Myelelskl, K. Rey, W. Trzeclakowskl: Decomposition and
Optimization of Short-run Planning in a Planned Economy in "Structural
Interdependences in Economic DeVelopment" {edited by T. Barna), London
1963, .
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5. The Model of Short-Run Optimization of Geographical Allocation
of Foreign Trade.

.1. The Initial Set-Up.

If foreign trade consisted exclusively of mumltiletersl trade
agreements with free convertibllity and full‘transferability of bslance
of payments' surpluses from one trading partner to another, then the
general rule for optimizing the directional foreign trade policy would
be quite trivial: "buy on the cheapest markets, sell on the markets with
highesgt prices,"” the geographical comparison of prices being effectuated
by the use of otligatory exchange rates. The basic sgsumption, however,
is far from réality.

If a "world market" or "free market" existed, on which all "ourf'
commodities could be sold and bought, and if there were no quantitetive
restrictions on trade with separate markets, then an objective hasis for
‘comparing prices expressed in forelgn currency would be avallable, Re-
lations of foreign prices on various markets, established on this basis
would constitute the criterion of cholce of the "best” market. However,
price comparabllity iz limited not only by the lack of & market on which
everything could be evaluated, and by gqualitative differences of commodi-
ties which make them incomparable, or difficult to compare, but basically
by serious limitations of the commodity structure.and guantltative re-
strictions on exports and imports.

If foreign trade consisted exclusively of bilateral trade agreements

with full non-convertibility and non-transferability  and with
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no ipterflows of inputs among markets and no possibilities for alterna-
tive allocations of individual commoditlies to various markets, then
there would be no need for directional comparisons and hence no reasons
'to change the centralistic system of decision-making, determining separ-
ately the commodity structure of foreign trade sgreements with indivi-
dual countries. However, sgein the assumptions do not hold. Reality
disllkes pure models, and is much more complex.

Within the general framework of Forelgn Trade State Monopoly decision-
making in foreign trade has been inltially highly centralized. Plans
wifh different geo—polifical regions were constructed separately. Trade
with Socialilst and developing countries was based on bllateral agreements
with non-convertible currencles. Trade with Western developed countries
was baged either on multilatersl or bilateral trade agfeements, however,
the notion of muitilaterality and convertibility was often impeded by
special treaty restrictions, constraining the magnitude of the admissible
balance of payment surplus. Eventual imbalances were bilaterally nego-
tiated within the framework of short- medium- or long-term credits, with
no transferability to third markets. At the sam:;:féh the constraints on
free convertibility of currencles, structural commodity restrictions (of
a discriminatory or non-discriminatory but lasting character) determinel
partly the commodity pattern of export and import and limited the possi-
bilities of changing the geogréphical allocatlon of trade. This re-

sulted in a different commodity structure of trade with Soclalist ,

Western developed and developing countries. Due to the limitations of
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of currency trangerability and to the constraints on trade, there
oceured important differences 1n price levels on different markets:
price levels obtained for exports varied from price levels required
for imports, prices for simllar commodities were Incomparable in their
nominal valuation, as official rates of exchange were void of any economic
meaning in conditions of bilateral trading with non-convertible currencies.
Hence the question of how in these conditions exports and lmports should
be rationally allccated becomes & complex and . non-trivial task.
Thelinitially highly controlled model of decilsion-making in foreign
trade was well suited to the requirements of the first stage of extensive
development in the period 1950-1956. 1In that period the average yearly
rate of growth of the national income produced was higher than that of
exporis. Macro-conceptsrof the central planner imposed on the whole
economy through the system of planning directives were the driving fprce
of the development. The strategy of autarkic growth and complex in-
dustrialization postulated an 1solaticn of the internsl economic gystem
frém external direct influences. The share of forelgn trade in the
domestic output was not only negligible, but also its structure was little
diversified. i/ This facllitated a centralized model of decisicn-making.
What really mattered was import. Export was looked upon as a source of
foreign currency to cover the indispensible import needs. The foreign
trade plan listed in kind the specific amounts of goods to be exported
and imported. This type of planning ensured not only a vigorous
discipline in maintaining the required volume and structure of foreign

trade, but 8lso facilitated the maintenance of internal consistency of

E/E.g. in 19%5 export earnings for eleven commodites amounted to
80% of the total value of exports.
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commodity balances fixed by the plan. Efficiency conslderations were
not treated as important. Hence in these initial development stages,
foreign trade was looked upon as & residual, not as a factor creating
-national income. Another important role of forelgn trade was 1ts
function of shock-sbsorber, consisting in counter-acting the unforeseen
deviations from the plan targets occuring in the course of plan imple-
mentation. The accepted system of organization separated the responsi-
bility of foreign trade activities from production for export. The
detailed foreign trade plan was binding as well for foreign trade enter-
prises as for producers' enterprises. However,_industrial enterprises
were not interested in the level of foreign trade prices recelved and paid.
There was no connection between forelgn trade and domestic prices. The
obligatory fixed rates of exehange had a completely passive and formal
computational character with no 1nf1u¢nce on the level of domestic prices
and hence no influence on internal decision-making. The baslc task of
the foreign trade apparatus was the implementation of import targets
{reflecting the central developmental preferences) through disposable
exports, while securing the balance of payment equilibrium. Hence, in
general, the importance of efficlency considerations was negligible, but
the central control of the geographical structure of exports and imports
was nearly perfect.

However, the rising share of foreign trade and its growing diver-

gification lead to a qualitative chenge of its role in the economy. The
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growing complexity of the economy and specifically of foreign trade
resulted in a change of the character of planning directives on various
decision-meking levels., Contrary to the previous methodology--the
centrél planner limited drastically the number of items determined in
kind and enlarged the share of planning targets expressed only in value
terms. Térgets expessed in value terms were general in nature and left -
space for the optimization of the commodity structure of foreign trade.
The rising diversification of foreign trade commodity structure enlarged
the sphere of allocation possibillities. But the knowlege of specifi%
constraints characterizing individual commodities on particular markets
ig the exclusive domain of the foreign trade enterprise, and not of the
central planner. All this leads to a gradual decentralization of deci-
sion-making 1n the framework of the planning system, creating much
larger possibilities & adapting.the geographical directions of foreign
trade to the changing needs wiphout impairing--at least in priciple--
the leading role of the central planner. This change in methodology
of forelgn trade planning created of course & demand of effectiveness
eriteria adapted to the needs of rational declsion-making in planning
at executive levels. What was now expected from the effectiveness model-
buillder was not 6n1y the derivation of analytical criteria of cholce, but
also the construction of an indirect mechanism for the guidance of de-
centralized choices in accordance with over-all preferences.

Here comes the most difficult and complex question: how to ensure

the mutual consistency between decision-making at various management
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levels so that an over-all optimum could be reached through partlasl opti-
mization processes. On the one hand, there must be a set of consistent
optimization rules derived from sn identical model common to all decision-
making levels. On the other hand, optimization prescriptions must be
suited to the existing decision-making pattern of each specific admin-
istrative level, determined by its tesks, sphere of maneuvre and infor-
mation system. The construction of an over-all geographical forelgn trade
plan relies on more aggregated information and resulte in more genereal
directives than the elaboration of s particular bllateral trade agreement.
The latter may partly rely on more detailed information and directives
{(1tems specified in kind, determining the volume and value of trade) and
partly on aggregated "non-specified" commodity groups fixed approximately
in value terms. In turm, these "non-specified” commodity groups can be
transiated into specific expoft‘or import decisions by individual enter-
prises, as only they are disposing of very detailed information necessery
to negotiate specific commgdities (prices of specific commodities on
particular markets, constraints on foreigh supply and foreign demand on
each market, quality requirements, delivery terms).

"Experience shows that there is no possibllity of constructing an
over-all numerical model, that would be able to replace the whole chain
of multi-level decislon-making processes, both because of the computer
processing capacity constraint, and because of the information collection
constra;nt (the last being espegially important in foreign trade, where

information is being collected in the course of negotiations). Hence,
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the following approach has been &ccepted:

— first, the formulation of & general algebraic (non-numerical)
medel of optimization of directional allocation of foreign trade;
the analysls of the properties of the optimal solution of that
model leads to the determination of general criterla of effective-
ness and rules of optimizetion procedures.

— second, cenirel optimization perameters are determined on the
basls of & statistical planning .analysis. This is treated
as a first step in the lterative process of guiding the decentralized
decisions.

— third, this iterative process is implemented on the basis of a
traditional planning and counter-planning procedure, in which the
center and the executive units act sz & very large but very slowly
working computer,

— fourth, to improve the convergence of the above iterative process
varicus approaches are being tested:
~— the formulation of an iterative method of determining the

central parameters, baged on: treditional computation tech-
niques, or on electronic computers,

— the formulation of operetions resesrch models sulted to the
specific structure of decision-making problems facing parti-
cular administrative levels.

The discussion of some of the methods will be confined only to these

techniques which were practically tested.
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2 The Model of Optimization of Geographlcal Allocation of Forelgn
Trade. 1/ {Assumptions, Formulastion, Conclusions).

The general level and the commodity structure of final demand are
pre-determined within the framework of the central planning procedure by
the Central PFlanning Authority. g/ This planning procedure results in
the determination of import requirement and export possibilities,
which are transmitted to the Foreign Trade Ministry. Thus, for the Foreign
Trade Ministry, the total amounts of imports and exports of a given
commodity are the parameters of the system, and the volume of imports and
exports of this commodity from or to particular markets are the systems'

decision variables. Let us denote:

Yi' total exports of commodity k, as determined by the

plan, on the export 1list comprising B items (in

physical units);

Yi total imports of commodlty k, as determined by the
plan, on the import list comprising R items (in
physical wnits);

Er . .
yk 2 0 exports of commodity k to market r In physical units;
yir i 0 imports of commodity k from market r in physical

units;
8 the number of foreign markets.

Ly, Troeciakowski: Model Optymalizecji Blezacej Polityki Kierunkowej
{The Model of Optimization of (eographical Allocation of Forelign Trade in
Gospodarka Planowa, No. 8-9, 1960, snd in: Proceedings of the Regional
Science Association, The Hague 1961, Edit. by W. Isard, New York, 1962,

E/Problems of optimization of the commodity stiructure of foreign trade
are discussed in the next chapter, where totel export and import quotas
become varlables.
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r = 0 the chosen market of the basic forelgn currency.
We have thus: [ s + market 0] markets.

Hence:

5 8
s oy oLyl and £ yF = Y
X k X K
r =0 r =0

The Ministry of Forelgn Trade--in order to allocate rationalily
planned imports and exports quotas has to:

- enaure balancing trade with separate markets at the planned
level

— ensure the fulfillment of import targets &t the cost of a
minimum outlays on exports; the savings thus achleved of the
export quota (as high as possible) can be used for additional
imports from any chosen market, or for creating reserves of
foreign currencles. It is obvious, that the choice of the currency
in which one wants to create maximum reserve 1s dictated by the
additional import possibilities which are avallable for that

currency. Hence the most common choice will be the freely con-
vertible currencies.

Denoting:

dgr export price f.o.b. of a physical unit of commodity k on market
r expressed in the currency of market r ; these are prices

actually obtained (or expected) for "our" commodities sold by



=50

"our" exporters. 1/
dir import price c.i.f. of a physical unit of commodity k on
market r expressed in the currency of market 1r ; these are
prices actually obtained (or expected to be paid) by "our"
1/
importers. =~/
5" planned balance of foreign trade with market r (market 0
>
excepted) expressed in the currency of market T (s¥ = o).
: <
ngr demand for "our" commodity k on market r . é/
nir supply of commodity k for "our'import on market r .
m the number of commoditiles.
Hence:

— the requirement of baslancing trade with separate forelgn markets

takes the form:

i (r £0)

M
o}
=
b
=
1
R M
;4
[
9]

k=1 k

the concept of a foreign currency market may mean, as well, an

individual country with which separate foreign exchange accounts

1/ It has to be stressed, 1n splte of gome common beliefs, these are
not "objective" prices of the "lustum precium" type, existing on some
"ideal" foreign market, but effective prices pald and received by the country's
forelgn trade enterprises for its commodities. Substituting "potentisl”
‘prices for "effective' prices would lead to "wishful-thinking planning."

2/ Bue to the neglibible share of Polish foreign trade in World Foreing
trade, we neglect the elasticitles of foreign demand and foreign supply in

connection with varying prices, The inclusion of elasticities would not
affect our basic conclusions.




are made, as well as & group of countriles, constituting
8 definite aresz of payments where unrestricted transferabillty
of surpluses exlst.

— the preference function: maximizing the surplus of the

balance of trade with & chosen market, 1s written as follows:

B R

N Eo _EFo Io To

b¥ N'g - ¥ = maximm
kgl‘d'k k ol %

— the constraints being:

Ir Ir Er Er
0 : Vi "k ; and O i Yie g T ;

A

Thus, the task of the Ministry for Foreign Trade in the optimization of
directions policy conslsts of such an allocatlon of foreign trade that
leads to a maximization of the surplus of trade with a chosen market,
while ensuring the fulfillment of planned import tasks with other mar-
kets, and fulfilling the requirements for balancing conditions on other

foreign currency markets at a pre-determined level. The complete system 1s:

s s

T TR SR T R G Sl
r =90 r =0

B R
kK =1 k=1

Ir Ir Er Er
< < < <

O T % T Ty 9 S % T oM

B R

L dEO Yio -z dio yio = meximum ;
kK =1 kK =1



The optimal solution takes into account: existing conditions (the
available export queta, effective prices, demand a&nd supply on forelgn
markets ), given targets {import tasks, the required level of the balance
of payment, the choice of the maximized foreign currency market) and
Central Planners preferences of economlc or non-aconomic nature (the
acceptance of exports, imports, supply or demand on a glven market at
& pfedetermined level), if such preferences are to be introduced.

In principle the task of finding the optimal solution of that linear
problem could be fulfilled at the Mindsterial level by direct calcula-
tion. This, however, is not possible since the system has too many de-
cision yariables. As a realigtically formulated over-all optimization
problem would involve spproximately 100,000 commodities to be allocated
to approxim&tely 3 - 100 currency areas, it may give rise to a linear
program with several millions of possible variables subjected to hundreds
of Lhoussands of constraints. éuch a problem is cutside the posglbilitiles
of solution of any existing linear program computing code, the solution
time for which increases approximately with the cube of the number of
linear constraints. For these reasons, we confined research to the de-
rivation of general rules of optimization that would enable individual
foreign trade enterprises to take up their decisions at executive levels
in a way consistent ﬁith the over-all effectiveness.

The general, non-numerical analysis of the properties of the op-

timal solution ;/ af the model formuleted above proceded along the

1/ W. Trzeciakowski: "Problemy Kompleksowelo Systemu Analizy Efecktywnosci
Biezacej Handlu Zagranicznego,"” Studia KpZK PAN Tom II, Warszawa 1961, At
thet time the works of Dantzig and Kantorowitch on decomposition were not known
to Polish econometriclans.
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following lines:
let us introduce small changes in the optimal solution:

Eo Er To Ir

the ineresse of import (export) from (to) one market results in
the decrease of import (export) from (to)} another market:

Io Ir

Er
by, = -by

. Fo
k H Ayk = -Ayk sr st e s esn b he (1)

The balance of trade with the market r  has to remain intact,

then:

Er , FEr Ir p Ir _
dk Ayk - dk yk - 0 IR R RN NN NI NN EENE S (2)

As we started from the cpiimal solution, the changes with the
bagsic market can be either negative or neutral:

Eo Fo To To
- < ' EEEREE ENENE NN N E I B B I B NN
4 dy - 4 sy TO (3)

From (1) and (2) we get:

Er Eo Ir To
: dEr
To k . B0
= -~ A TR R EREEERENE RN NEIENE NN NN NN )4

Io Er
dEo Eo dk dk A Eo . 0
x Yk dir k=
Eo Te
d d.
AyED ---}E---EZ. - ——Hl;-—- E O _; P I A e R L (5)
r =
e oY
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To draw concluslons from the properties of the optimel solution, the

following possibilities were analyzed:

— maximum export of commodity k : ygr = min(ﬂir ,'Yﬁ)

—  maximum import of commodity Kk : yir = min(nir s Yi)

— export within the boundaries: 0 < yﬁr < min(nEr 3 YE)
. Ir Ir I

— import within the boundaries: 0 < Y, < min(nk , Yk)

Consider the case, where 1n the optimal solution a commodity is exported
within the boundaries to market O and r , &8 well as imported ﬁithin
the boundaries from market O and r . In that case “yﬁo in (5)

can be positive s well as negative. The expression (5) can be fulfilled

only in-the case when:

Fo o
a, 4
% " 3 - ©
dy Ay
Eo TIo
1 S S
dEr dIr
K X

Hence, in the optimal solution commodity k is exported within the
boundariess to markets O and r and imported within the boundaries from
these markets, when the ratio of export prices on these markets 1s equal

to the ratio of import prices on these markets. This ratio (K) will



be called the Directional Rate of Market r

Conslder the next case, when in the optimal solution we have a

maximum export of commodity k' +to market r and export within the

bounderies of thst commodity to market O ; we also have an import within

the boundaries of commodity k"

Modifying (5) we get:

Io
A Er (dk” _
! Ir
k"
Er
as: Ayk, < 0
hence: dE?
=, < K
Er =
dk'
Pursulng

Fo
T
-2 <
Er) = 0
Ayt
Io
then Ay
dff:

from markets O and r .

this analysls for further possiblé cases, we arrive at

the following rule of opﬁimal allocation which sgranges consecutive foreign

markets mccording to the value of the product 4

— exports of commodity k'

E,Ir .
BIr ¢ .

should fill successively foreign

markets starting wlth that characterized by the highest product

dE? K" through consecutive markets ranged according to the
k 2

decreasing value of the product dEf K ; until the export quota

is exhausted;
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— imports of commodity k" should be allocated successively
on foreign markets starting with that cheracterized by the

lowest prdduct diﬁ K; , through congecutive markets arranged

according to the growling value of the product diﬁ

?

until the import quota is filled.

The set of K. expresses the ratios of individual currenciles of
msrket r to the currency of market O , accepted as & basis (x° =1).
The values of the set of directional rates K (r =1, ... 8) should
ensure that the balance of trade with market r be equal to the planned
value of Sr + Increasing the directional rate K; leads to the
improvement of the balance of trade with market r ;decreasing K leads
to opposite results. These properties can be used in the formulation of
rules for the directionel foreign trade policy.

Using the decomposition theorem -:L/ we arrive st important rela-

. tionships connecting shadow prices of currencles (K ) , shadow prices

of commodities (lK) and foreign currency prices:

1, 2 K dﬁr when yEr = 0

_ 1k = rKr dﬁr when 0 < yﬁr < nﬁr
1k .i K dEr when - yEr = "Er
lK 2 K dir when yir = nir

L 6. . Pantzlg, P. Wolfe: 'Decomposition Principle for Linear Pro-
grams” 1n Operations Research, 8 No. 1/1960. L. W. Kantorovich: Edonomicheski
Roschot Nailutshevo Ispolzovenia Resursov, Izdat Akademii Nauk SSSR,

Moskwa 1960, J. Myclelski, K. Rey, W. Trzeciakowski: “Decomposition and
Optimization of Short-Run Planning in a Planned Economy,'" Chapt. 2 in:
Structural Interdependences in the Development Programming, -Edited by T.
Barna, Macmillan Co., London, 1962.
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lk 'd dk when 0] Yie < nk
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lK < K dk vhen Vv = 0

The above relationships characterizing the optimal solutlion are
helpful in the Tormulation of rules for the optimizatlion procedures aé
well as for the practical determinstion of.éhadow prices of commodities
(discusseéd in Part III). The directional rates K can thus become
a useful instrument of direct planning and indirect management, as:

— a set of central parameters enebling the comparison of commo-
agity prices on varlous markets and thus making it possible to
check directly the rationality of geographlical allocation
proposals, |

— a set of central parameters guiding the balance of trade
p&licy, either by way.of plan-building prescriptions for
executive levels, or.by way of connecting the price policy
results with an incentive system for enterprises. i/

Primary directives concerning the allocation of basic commodity
groups are dealt with first at.the stage of construction of the centrail
plan when the genersl volume and the commodity structure of foreign trede
are determined; also central decisions concerning the sllocation of basic
commodity groups are teken up in amore specific manner at the stage of

treaty agreements. However, once the basic proportions have been fixed,

/
1/ Discusged in Part IIT.
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there 1s =& néed for a general guidance of specific choices made by in-
dividual enterprises. These choices have a marginal character and have

to take into account the general set up determined by the primary de-
cisions. The individual enterprise knows the range of possible foreign
trade choices within the spheré of its own commodity list, but it ignores
all alternatives outside 1ts own fleld of interest. Therefore, the general
information given by the central planner in the form of a set of marginal
directlional rates for foreign markets is of peramount importance for
guiding the decentralized deciéions taken up by enterprises. The broader
the sphere of decentralized decision-making in foreign trade, the more

importance attaches the central planner to the instruments of indirect

management.

5.3, Alternative Ways of Determining the Directional Rates.

The Central Plesnner must now face the cruciml problem of how to
determine in practice the directional rates. In theory, two possible
approaches are t¢ be considered:

1. either to determine K  on the basis of a statistical
analysis of the solution existing in reality. The results
of this analysis can eventually be corrected on the basis of
8 plenning @analysis and then applied to traditional pro-
cedures of planning and counter planning

2. or to compute X on the basis of a computational optimization

procedure, either central or decomposed.
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The second approach has been much more appealing, if it were

feasible in practice. However, it has been found impossible for the

following reasons:

G

Ce

The magnitude of the problem ruled out any meaningful attémpts'
to use algorithms of the Simplex type.

Even if such computational slgorithms were developed, that

could be able to compute linear programs of that megnitude,

the collection of planning Information necessary to feed

the computer would create unsurmountable difficulties. This
information is not known in advance; it 18 being discovered

in the course of the negotlating process; many treaty agree-
ments and the resulting commodity prices and quantity constaints
are the outcome of "tle-in-sale" arrangements, leading to

stochastic supply and demand functions, which could not be in-

- corporated Into the over-all model "ex ante.” The collection

of information 1s a constant process and prices and constraints

are changing over time.

Experience has shown, that the reliance on a plannistic over-all
model without a detailed knowledge of all important information

leads to far worse results, then deri#ing K from statistical

data. As a rule, it was leading to unfeasible solutions, which

were impoésible t0o be computationally improved, because of the

magnitude of the information system involved.



This explains why the second selution had to be abandoned in
the first stage of practical application and why most efforts were con-
centrated on developing the technigues suited to the first approach
(see Part III: statistical and plannistic methods of determining mar-
ginal rates).

Though one could argue thet the existing solution taken &5 a basis
may be far from the optimum, or that the future conditions of foreign
trade may deviate from the actuaml ones--gtill the reliance on past over-
all statistical data proves %o be better, as all detailed information
on prices, constraints, tile-in-sale arrangeménts, etc, are in it, This
explains why the "traditionsl” method of planning and counter planning
is being used, and why traditionsl statistical and graphical methods of

determination of shadow rates sre--as by now--the only realistic alter-

native.

5.4, The Search for Computational Optimization Methods.

Hard necessities of meeting the demands of the Central Planner for
simple and lmmediately applicable solutions did not eliminate intellectual
temptations to find out some computsble algorithms that would, at least,
help the traditional approach in improving its convergence,

To be able to determine the optimal values of K  +the following
iterative procedure wasg first suggested: i/

1. We determine the initial set of K on the basis of a

statistical analysis of foreign trade, using the transformed

Pzasche's formula:

1 ' « .
—/ W. Trzeciakowski: "Model Optymalizacjl Biezacej Plityki Kierunkowej
W Handlu Zagrenicznym," Gospodarka Planowa, No. 8-9, 1960. Warszawa.

As cen easily be seen, the approach accepted in determining the sgt of K-
has little in common with the concept of '"purchasing power parity” rates.
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(The index obtained was determined as the "Indei of Relative
Value of Currency r'"}

2. We_ar_rmg_e exports according to the decreasing values of the
products dif K , and imports according to the increasing
values of the products diﬁ K , taking into account existing

constraints on consecutive markets r .

3. We balance exports a&nd imports on each market. The differencé
between the resulting balance and the planned st 1s obtained,
as the "unplanned deviation” (positive or negative)}.

L, If the "unplanned deviation" is negative, we increase K .

If the "unplanned deviation" is positive, we decrease K .

We repeat the procedure (2) - (L) with seccessive values

A%
.

of K° until the "wnplanned deviations" become negligible.

The original numerical illustration of the method suggested is
described in Appendix. The attractiveness of the approach lies in its
simplicity. The solution of the example has been reached in the course
of nine iterations relying on simple arithmetic. The same example using
the Simplex Method would require a computer solving 59 equetions with
88 unknowns.

However, the intuitive character of the method suggested could be
looked upon as its weakness. As, indeed, there vas no explicit formula

on how the consecutive values of K* should be determined. In a very
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large computational program it could easily occur that increasing or
decreasing some K- foo much would cause in that iterative step =a
possible deterioration of the preference function value.

In an attempt to improve the intuitive method suggested above,
Tom Kronsjg employed the same approach of iterative currency prices, but
complemented it with a special process for calcﬁlating the successive
sterations. &/ The Kronsjd approach has been indeed & theoretical im-
provement., as it ensured the convergence of consecutive iterative steps.
However, applied to solving optimization problems of approximately 3,000
cdmmodities and Lo markets, 1t often encountered "oscillatory bottlenecks"
‘.wnich prevented the computer from reaching any finite solution. Then
the procedure had to be.st0pped, and some small changes had to be intro-
duced into theprogram so 2s to enable the computer to reach a solutlon.
Though this computef-man-computer procedure was not "elegant," 1t did
not affect the relisbility of the solution, as the changes introduced
into the program wre economically insignificent. This approach has been
practically and successfully checked on gtatistical data dealing with
past series. However, the weak point of the procedure was a very slow
convergence.

In an attempt to improve the convergence of the iterations, J.

Mycielski developed further the "computer-man-computer” approach.

/ .
1/ see T.0.M. Kronsj8: "Tterative Pricing for Planning Foreign
Trade," in Economics of Planning, Vol. 3, No.-1, 1963.
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J. Mycielskiand H.Maciejewskl formulated a speedy converging al-

gorithm, that could solve allocation problems of 3,000 commodities

but only for three markets (or rather geo-political regions). This

gave a possiblliity to check the general propositions of the aggregated

regions' directional rates and hence check the correctness of the tra-

ditional approach used. Attempts to enlarge this algorithm to Lo markets

were unstecessful. It seems, thet the future development of the system

of geographical allocation, can be further improved along the following

lines:

aggregated operations research calculations of an over-all geo-
graphical allocation at the central level should be adopted to
the existing system of information disposable at this level.

At thisfstage, a limited number of markets and a very restricted
number?basic commodities and mn aggregated "non-specified"
group could be used, as & "first guess’ of the central planner.
This step compared to the results of the stalistical solution
could offer a valuable contribution to a better final-value
Judgement of experts.

a specific operational model suited to the elaboration of an
individual treaty with a given market should be constructed and

practically tested at the central level. It should deal first

with the information available for the traditional decision-

. making process and there it could gradually eqlarge the scope
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of information processed. This should lead to a constant
improvement of the partial sclutions, and hence contribute
to the improvement of the over-all solution.

— gimple optimization procedures for the enterprise level should
be prescribed, as an attempt to speed the convergence of the
system. These procedures, based on the original reasoning
explained earlier, have been recently worked out by A. Legatowicz.l/
They contribute to the original method & rule of convergent
determination of K through a successive determination of
commodity shadow prices.

In general, all these partial optimization processes have to be
constantly reconciled by the Central Planner, in the course of a tradi-

ticnal plenning dlalogue between the center and the various decision-

making sub-centers.

1/ A. Legatowicz: 'Methods of Determination of Directional Rates
and Commodity Shadow Prices,"” J.K.iC. -- to be published 1971. These
methods are at their experlmental stage.
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Appendix fp Chapter 5.

Numerical Jllustration of the Tterative Method of Determination of Kr.

Let us take 11 commodities {or aggregated commodity groups). 8ix
of them are exported (Ek)’ five imported (Ik)' The number of market

let be four; r = 0, 1, 2 and 3 . We postulate, that the balances of

+ )ts M = : =-" ™= -
trade kr be: 1 0 ; 12 +1 ; hs 16 10 maximum

Teble 1 presents the initial data:

Commodlities

Parameters By E2 E5 By E5 Eg Il I2 I} Ih
e, vl
k’ 'k 1,51 3 2 T 1 5 12,5 | 4 1 8
o R
k’ 'k 2 o 1410 0,517 (4,55 | 1 {0
E2 I2
e ? Tk o Y1,510,5 {5 j1 10 Jo,5 11| 2 |3
O —
k' 'k 0 5 1 |15 0 0 2 o lo,5 | 7
nEo TTIo
k’ 'k 1 2 o jibh 0,3 | & L 13 5 |10
JRUR |
k'’ 'k 1. lo,2 41 lo,1 1,5 11 1 |o,2]2,6 {0,2
R v
k'’ "k 2 1,5 L4 Jo,b | 3 3 l1,5 jo,71 8 2 2
4B3 4i3 '
k’ "k 25 110 {3 |2 {60 [15 18 15 |90 111
dEo dIo
k? "k 3 1 2 lo,5 | 8 2 2 1 7 1

Using the formula for K° we get at the start: K1 = 2.795 ; K2 = 0,88 ;

Kj = 0.102 ;



Table 2: Comparable Prices
Er Ir ' , i
d K, d K B | E E, B, E Eg Il I I, L, | L
Fl 11
A K % 3 2.79 | 2,795 k.19 | 2.795 2795 0559 7.18 L 2.795
E2 12 L '
% < dy K B 1.32 | 3.50 L o.352] 2,64 | 2.6L |1.32 | 0.616] 7.04 | 1.76 |1.76
E3 3 I3,3 _. ; '
G K, 4K - {1.02]3.06 {o.20 | T 1.8h\1 1 9.18 | 1.12 | 3.06
dEO dIo _ ‘1 \ .
k "k 3 1 0.5 8 2 2 L1 L7 1
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Ranging commoditles in accordance with increasing or decreasling comparable
\
prices (dE,Ir K;) and alloecating accordingly on consecutive markets

{considering constraints on foreign supply and forelgn demand), we arrive

at the first iteration of allocation propossals:

SO o S A I X By | B, | B | B | & 12[ L g |
Y Y}? 0,5 “lo,s 1= los |5 |- vl |7 |2
N Yig “laslo5 17 qo,2 {7 dost Tl [
YIEB ? Y}? T 11,51 1 - " - 2 R - B
erfo ) Yllco 11 7 o, |” ol B O A

The "unplanned deviations" in the balance of trade calculated on the

basis of the formula:

b o B
k=1 K=1
give the foilowing results:
al = + 3,93 a3 = + 25
ael = - 4,90 a = - 6.1

3

Hence we decrease K; » increase K2 and decrease K” . Repeating the

above steps we get the next iterations. After nine Iterations, we obtained
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the feollowing results:
K; = 2.73; K? = 0,91 ; K3 = (.091 ; Ro = + 2.62

A "blind allocation" concerned only with balancing foreign trade with-
out paying attention to the corporative prices gave Ao = - 11.8 .,
Hence, the method gave an improvement of 1L.h2 units, i.e. 4h% of the

value of total éxport expressed in currency O.
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6. The Model of Short-Run Optimization of the Volume.
Commodity Structure and Geographical Allocation of Foreign Trade.

6.1. The General Approach and the Basic Assumptions.

The next task that faced the planners was the formulation of
effectiveness criteria of foreign trade. It became evident that in-
dividusl effectiveness indicators constructed independently from each
other were mutuelly inconsistent. Hence the practical task put by the
Central Planner was the mathematical verification of the correctness of
effectiveness indicators applied in the late fifties. It has to be
stressed that ét that time the decomposition algorithms of Kantorovich
and Dantzig Wolfe were not known to Polish eeoﬁomisté.

The reagoning gnderlying the formulation of optimization models has

tofstart with a description of declsion-meking processes applied in
| existing planning and management systems. Some accepted solutions may
be typical only for specific staées of the development of the decision-
making system and hence they need not be looked upon as a characteristic
feature of central planning, others may be deeply rooted in the logic of
the functioning of a centrally pleanned economy. In the traditional system
of plenning and management of the late fifties domestic costs and prices
have been deliberately separated from foreign prices. Hence the level of
domestic prices did not directly asffect the level of export pricesg ex-
pressed in foreign currency. There was no uniform rate of exchange and,

consequently, nelther was there any automatic regulation of this rate

through any economlc mechanism. .If one wants to rely on, a descriptive
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approach, this separation of domestic costs from foreign prices would be
taken as a characterlistic feature of the existing system of planning and
this need not be the case,
management, However,/if the task of the anslysis is to improve actual
decigion-making processes, then s normative, prescriptive approach
should be used. The initial model should then rely only on bagic assump-
tions underlying decision-meking in & centrally planned economy and then
the resulting concluslions mey be compared with the existing solutions in
order to check their feasibility.
In a centrally planned economy primary , general decisions taken
up at the central level,; pre-determine the choice of detailed solutions
made at lower.decision-making levels. Therefore; planning of foreign
.trade has to be looked upon as en integrel part of the overall system of
short-run planning. Consequently, the initial, basic model of forelgn
trade optimization should be identical to the general model of optimi-
zation of ghort-run planning.
Short-run foreign trade planning has {wo main purposes:
— to ensure the growth of the national economy by covering
the needs of this economy in necessary.imports;

— to lower the socisl ocutlays of labour reguired to reach
the planned level and structiure of national income, by making
avallable the advantages of the international division of labour.

In the first case, the structure of exports 1s determined by commodity
balances while the directions structure of those exports is determined by

balances of payments with separate foreign currency markets. That is why,
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"one 1is here interested only in ensuring the lnternal consistency of the
plan from the point of view of the balance of commodities and the belance
of payments, and not in'optimizing the commodity and the directions
structure of foreign trade.

In the second case the situation 1is different, since.besides‘enr
suring necessary imports, foreign trade is confronted with the task of
lowering the.social outlays of labour, required to reach.the planned level
of pational income, by ensuring the advantages of the international labour
division.. With such a purpose in vlew, one is interested nof only in
 ba1ancing commodities and payments, but also in optimizing the size,
structure end directions of Fforeign trade. Thus, an over-all model of
the current optimization of foreign trade simultaneoﬁsly presents'a model
of the balance of the whole economy. Optimization criteria derived from
such a model ensure the subordination of the size, structure and directions
of foreign trade to the requirements of the general and basic targets ﬁc-
cepted by the central planner.

In short-time periods the actual possibility of choice in foreign
trade amounts to the cholce of an optimum set of commodities, according to
_available raw materials and the capacities of individual plants, and
according to the optimization of the directions of exports and imports
within the existing field of directions manoceuvre.

The central planning authority determines the tasks of the plan, and
it is only this authority that knows the conditions of the économy as a

whoie, on which effective fulfillment of the target is dependent. Not
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all decisions, however, can be made at the cental level. In practice, the
planning authority has & limited knowledge of the detailed parameters of
the optimization calculation. For this reason many decisions on the allo-
cation of resoureces must bé taken at various executive levels, where de-
tajiled information on technologicai relationships, capacity limitations,
_alternative applications of this capacity and of raw materials fqr the
production of various commoditles Is avsilable.
It 15 highly desirable to decentralize certaln sectorsl decisions

in foreign trade where there is an additional difficulty in planning:
i.e. the impossibility for influence, by the central planner of such
external pa;émeters ag the calculatlon of forelgn prices,_or supply and
demand on foreign markets. TFluctuations of these parameters occur much
more quickly than the making of decisions, at central level, on the struec-
ture and directions of foreign trade. This can easily lead to irrational
decisions. The central planning authority mast then partly transfer its
competence to enterprises of foreign trade and to producing enterprises,
although to ensurs, that the decisions of thege enterprises are made in
accordance with the regquirements of the general economic situation, central
instructions must be available, to engsure the fuifillment of the plan in
a most effective way from the polnt of view of the economy as =a whole,

Apart from detailed directives of the plan, such a central instruction
may include the general criterion of.effectiveness, containing synthetic
optimization parameters. These parameters are established by the central

authority on the basis of overall calculations, and they take into account
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current preferences of economic policy. Thus, the basic task in the system
of analysis of current effectiveness consists of 1ntroducihg workable
criteria of effectiveﬁesé for the construction of ghort-run plans of foreign
trade at the cenﬁral level, and criteria for the optimizetion of export
"and anti-import production at the executive .level.

The starting point of thé formulation of the model is.the'necessity
of satisfying final demands in consumption and investment, as detérmined
in the central plan; with a minimizing of outlays of lebour in the economy.
The possibility of satisfylng these final demands either through domestic
- output, or through imports 1s considered /stocks and reserves are included
_i.n final demand/. This mmounts to saylng, that the structure and ‘bhe level
of national income as determined in the central plan of development are
taken as directive initial data, determining the optimization in the choice
of the remaining parameters, which are treated as secondery. .Thus the.
task can be reduced to determining the output of separate commoéities and
the foreign trade in those-commodities at levels which will satisfy final
demands as determined by the plan with the minimum outlay of social labour.
If the problem is thus formulated the task put forth by the central planner
is accepted a§ & directive, creating at the same time & rational basis
of evaluating /ex post/, whetber the initial tasks were determined correctly
from the point of view of criterla which are not directly involved in the
model/e,g. the postulate of full employment, of the equilibrium of the
financial plans etc/. Outlays of social labour in the minimized expressiocn

are measured in man-hours multiplied by existing wage-rates.
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The ecalculation of labour outlays in the model does not include
smortization. In the aspect of current calculation, since investment
outlays on existing capacities have already been made ln the past, the
level of amortization is not dependent on the degree or the way in which
these capacities are engaged in production. For thls reason amortizaticon
cannot iniluence decisions on optimal choice.

The model suggested was based on techniques of linear programming
and on the assﬁmption of constant technical coefficients. This means
then that changes in the cost level as a function of the scale of pro-
ductlon and the influence of elastlicity of supply and demand on the op-
timization calculation are not accounted for.

Thus criteria derived from the model can only be applied to current
problems of fofeign trade, and they are not adequate for solving problems
of the evaluation of the international division of labour over longer
periods /perspective plans/, in which investment in time must be con-
Vsidered.

The tasks of the central plenner, however, consist not only in the
determining of final demands, but also of determining, a priori, certain
levels of outputs, imports and exports, which 1limit or correct the range
of the optimization calculation of the international division of labour,
owing to:

1. the necessity of ensuring the domestic industrial bage for
development and for the protection of constant economic growth
from externgl influences, determining the right proportion; of
growth and making it Independent from world trade cyclesj.
fluctuatiéns etc,

2. the necegsity of including 'protectionist' provisions in de-
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veloping branches of the economy, in which present domestic
labour productivity is low, but which will reach the world
level of productivity, once they work at full capacity,

the necesgsity of taking into account preferences of current

‘state policy on employment, international obligstions,

economic equilibrium ete.

In all such cases outputs, imports and exports are included in

the system at predetermined levels.

6.2. The Model of Optimization of the Volume and the Commodity Structure:

of Foreign Trade with One Single Forelgn Market and No Limitations
Among Commodities. ' ' :

been

o <
;o R

b

o

First, a model based on the following simplifying éssumptions has

constructed:

The

there existionly one single foreign msrket abroad; the turn-
overs with that markét have to be baiancéd;

cutputs of separate commoditiés, not production activities
are considered;

all commodities are independent from each other.
following notations were used;

domestlc demand for cbmmodity k (for consumptiop or invest-
ment) in physical units.

the level of production of commedity k 1in physical units.
exports of commodity k in physical units.
imports of commodity % 1in physical units.

export price f.o.b. of a physical unit of commodity k expressed
in foreign currency.

import price c.i.f. of a physical unit of commodity k expressed

in foreign currency.
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bk - maximum capacity of production of commodity k in physical
units.

n? - demand for commodity k exported abroad in physical units.

ni - supply of commodlity k imported from abroad in physicel units.

Cﬁ - complet outlays of live labour costs necessary to produce a T* (as above Cﬁ)
unit of commodity k and measured in man-hours multiplied
by existing domestic wage rstes.

n - the number of commodities (k =1, ..., n).

Thus:

The requirement of satlsfying the final demands takes the form:
k yk = yk = Pk (k =1) LU ] n).

- The balance of foreign trade takes the form:

falw - Iagw =0
The constraint:

C T x T b ;

IR

O i yi i ﬂi H

The prefevence function:

i Ck Xk = min%mum .



The analysis of the properties of the optimal solution runs as follows:
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Pt . >
as d] dk we have: %

The inequalities can be transformed l/ into:

. E E
i - - >
0 <y, < min(m , b -P)EDL -P > 0)

/
L/ Using the property of the optimal solution that: yﬁ . yi = 0

(1.e. that in the optimal solution we have either export or import.)

Proof: Let us assume that in the optimal solution there exlsts a commodity
k' , which is being exported and imported yE, >0 and yi, >0 ., Intro-
ducing small changes, we may get: Ayk, = Ayif < 0 ; the change. In the bal-
ance of trade is: Ayk, (dk - dk') > 0 ., The balance of trade improved

though the domestic costs remained unchanged; Hence the initial
solution was not optimal.
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< min(mi , P

"1l where x 3 0
y = £f(x) = &x2>0) =-{

O where x < 0

' I
max(0, P, - bk) < ¥

. )

a. y 1is determined when the left and right side of the lnequalities
are =qual,
b, ¥y 1s not strictly determined when both sides of the inequality differ;

then - y can be "minimal” (i.e. equal to the lower bound).

y can be "medium” (i.e. between the lower and upper bound).

y can be "maximal" (i.e. equal to the upper bound).

X
: > -
provide: m 2 Pk bk

The properties of the optimal solution are formulated on the basis of the
analysis of all possible permutations of the above cases.
1. Suppose there i1s a "medium" export of commodites k' and k" .
If export of k' were increased by AyE. then the foreign
trade balance equation requires decreasing export of k" by
- K
l-\ykn
E B B E
dkl A:ykl + dk" Ayk" = 0
E
d
E k' ,.FE .
ﬁykn = - TE Ayk' H

dpn

The corresponding change in domestic costs will be:



B ) E N
C;‘{'. Ayf{‘, + C;" Aykn 2 0 [as we changed the optimal
solution]
E
I d'k' B E
Chr Vv = 5 Gn e 2O P ody
dk“

%
Q

Ay;fu (r'f, - Nﬁ.,)

as Ayi, 2 9 then Mﬁ, . Mﬁn

O  hence I{. = ME.' gf ME
In the optimal solution export of k' and k" is "medium” when

2. Surpose there is a "maximal" export of k' and & "medium”

export of k" .

Hence: Ayf:, < 0.

as AyE. (ME. - b{,.) 2> 0 then (M‘E, —'L{.,) <0
hence ME, < Mﬁn = ME; ME, 5 l"lE

3. Suppose there is & "medium" export of k' =and & "medium”
import of k" ;

The foreign trade balance equation requires that:

dkl B.Yk: - dklt Ayku = { hence L\yk,, = e L\yk'
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As the changes were Ilntroduced In the optimal solution, they must

Increase costs:

E » I
%1 Ayk. - ciz" '-‘yku Z 0
dyk' (Ni' - "in) _>_ 0

ME=I\{,=N§..=MI
o=l &y

This type of analysis is applied to other possible permutations of
maximgl, medium and minimal export and import. Using the rules:
(a = b) = (b* ~a')

we arrive at the following conclusions:

RN 121 L3
R = > = p
A R 2 we
E_ E _ E _
I I _ T I
Y = min(Trk ’ Pk) max{0 , B - bk) S % e = max( O , P - bk)
I
< mn(ﬂkj Pk)
. 1!t._1 Ls_|
;"'
¢o< y; < min(ﬂg b, - Pk) . ' yﬁ = min{ng > by = Pk) .
L - > . «-.
&by - B, 20) E(b, - B> 0)
I (o I ,
Yo = max(o, P - bk) y = wx(0, P - bk)
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| T
TR 1 sl -
provided: k 2 Pk bk

. 5+ <E_E S S S
and safeguarding: X dk Y - Z dk Y, = 0

k k

The economic interpretation of the results is the following:
In the firs£ sector there is no export; Imports are maximel;
In the second sector there 1s no export; It is indiffereht whether.
to produce or to import;
In the third sector there 1s no export; Import is minimal, 1.e.
as much ag is Indlspensible;
In the fourth sector export is "medium," import is minimal,
i.e. as much as is indispensible;
In the fifth sector export is "maximal," import is minimsl.

The graphical illustration of the conclusions is the following:

zl

L

4

= , * . : . o .
hd (8 P T - S -
N . '
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In the optimsl solution, there exists a marginal rate of effectiveness M ;
- This rate 1s determined by the over-all balance of foreign trade and limite
marginal domestic costs ﬁaid for a unit of foreign currency. At this
.point, the volume of exports and imports is optimum and the galns from
foreign trade are maximum.

" To prove the limited value of using thg indicators of effectiveness
of tpe-quotient fofm; it was necessary first to show the spheres where their
use was fuliy.correct. This was the aim of the above analysis: where
the. initial assumptions of the model hold--it is jJustified touse the

effectiveness ceriteria:

Mg S M5 M2 M

Thé above criteria can be applied as an instrument of decentralized
decision-making in all these cases where the assumption of no mutusal

limitations emong commoditiés is Jjustified.

6.3. The Model of Optimization of the Volume and Commodity Structure of
Foreign Trade with One Foreign Market.

The First Emergence of the Profit Criterion,

The aim of that model analysis was to determine effectiveness
criteria for decentralized decision—making in short-run planning and current
managgment, still keeping the simplifying assumption of the existence
of a éingle foreign market, but dropping out the assumption of the lack

of mutual 1limitations. Therefore, some additional notation is necessary:
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. >
s - planned balance of trade with the foreign market (s = 0)
: <

c - unit domestic cost of the last phase of processing commodiby
k (inclusing labour costs only and exclusing costs of raw
materials and amortization).

agy - technological coefficient.

- 3 <
B 1 8 2 0 when k £

Hence, a for k £J 1is the amount of commodity k used for the pro-

kJj
duction of g unit of commodity J in the final production phase, taken

with a " - " gign. Then:

n
z a . X js the final production of commodity k
joy KW

n
(g % +jzlak.jx,j);
JFk

T~

0

Thus, the former model takes the following form:

n

& 1 E

L x, + y. - ¥ =P
ngakjj k k k

n n I

Lodly, - L 4, ¥y, = 8
eor Tl

0 < x 2 by (k = 1, «ssp 1)

E E

Tk
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= b
1A,
et

Eckxk = minimum

As already mentioned the decomposition approaches of Kantorovich and Dantzig-
Wolfe were not known at the time of elaboration of these models., Hence a
method has been suggested that takes into account only the most crucial
interdependencies among various commodities, which occur within the so-called
“groups of interreldted acti%ities." The remaining interdependencies are
taken into account only in terms of costs.

It has been assumed, that all commodities can be divided into two
classes: "a" and "D".

Cclass "a'" consists of commodities that are interrelated among certain
groups only. These are no intefrelationships outside groups. Commodities
pertaining to class "a" are not raw materials for commodities pertaining to |
class "b", |

Class "b" consists of commodities which are not limiting the production
of any other commodities.

The approach accepted can be illustrated by the following scheme:
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The groups of interrelatéd activities (class a) to be useful in prac-
tice should not be too large, so &s to enable operations research calculations.
But the main problem lies in basic raw materials, like electricity, fuels,
steel, etc. which connect the whole economy into such large groups, that
any operations research calculation becomes unfeasible. Therefore we were
trying to enumerate ‘such cases, which include either measurable limitations
or non-limited supplies of raw materials. The following categories were
created as a priori assumptions for pricing:

1) The increase in the demand for & raw material will be supplied from
domestic production (elther because there exist well known in advance
foreign trade constraints on the supply of that uterial_, or because
import ii unprofitable, or because the state intends to develop the

domestic productive capacities of that material.



2) The increase in the demand for a raw material is negligible, so that
it will not limit in an essential way the use of that material in other
sectors (e,g. the increase in the production of watches will not affect
the steel quotas for tite construction--and ship building industries.
3)  The increase in the demand for a raw material will be. covered by increased
imports of that laterial; |
4) The increase in the demand for & raw material will be covered by the
decrease of existing expoftl of that material.
In p:'-a'ctice, these assumptions cover an essential share of aril these cases
which are important in reality.
On the basis of the above assumptions it is possible to transform the
general optimization model into a formally analogous optimization problem
of the structure presented in the scheme shown above.
In the matrices (ik j) only those technical coefficients remain un-
changed which are dealing with the productive use of a commodity pertaining
to class a for anether commodity pertaining to the same group of interrelated
activities. Other tccimi_cal. coefficients of commodities belonging to class
a and all othg: coefficients of commodities belonging to class b are equal

0, except the matrix diagonal, equal te unity.

Hence

‘kj when By.1 <k} 5-“1 for { =1, ..., v, hence for class a

+

B E R .
akj for the remaining k, }

where
g 1 for k =}
ks

0O for k£
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In the minimized preference function the processing cost e is being

replaced:

-- for cosmodities belonging to class "b" by c: i.e. by the
complete outlays of live labor costs necessary to produce a
unit of commodity k !

-~ for commodities belonging to class "a", by the difference be;
tween the complete outlays ci and the sum of a11 conplete

' outlays of labor uned for raw nateritls pertaining to the same
group of interrelated commodities. It is thus the processing

cost of the last phase plus the completé cost of raw materials

from class b, necessary in the last phase.

Hence:

* L
+1°j.jk when ui_1<k<u1 for i =1, ..., »

n .
b d:y: - % Iyi =3
k=1 k=1
|45
i 1 E

bN aijj+yk-yk-l’k for u1_1<ksui (L=1, vv., v)

!k+Y§'Y1E"Pk for k >y
E_. E I_ I
O<xsb 3 0SySm i 0SySms

Conceptually we put inte operation the economy s0 as to produce a unit of

commodity

n

k: 7a xf =8 , s using the Cramer formula we can determine
j=1 ] ki

the volume of production x; for particular j , necessary to produce a

unit of k°x -l—r(l)

i

k+jAkj H c: = T cjx';‘; hence c¢* =

i
T (- 1) c .
3=l 13
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1 ui
) Cf:xk + \é ; b c';ajk = minimum
k-“v+1 f=l kmy, (41 7 3y 4

Eliminating the balance of tiade equation by introducing the marginal rate
ﬁ as a parameter into the pfeference function-~leads to the formulation of
separate optimization problems for each group of interrelated activities.
Hence we arrived at the first profit maximizing criterion introduced as an

obligatory criterion for decision-making in planning and management:

uy

T (M(dpyy - dlyy) = (elyp - ely))] = maximm
k-ui_l-l-l _

This criterion has been first called: ‘wmaximization of social savings" cri-
‘terion. Its main task was to enable a rational decentralization of decision-
making in foreign trade planning and management.

The next step consisted in merging the model of optimization of the
volume and commodity structure with the model of optimiration of geographical
allocation of foreign trade. It has been demonstrated, that the model of
geographical allocation is an integral part of the over-all model of opti-
mization of the volume, commodity structure and geographical allocation
of foreign trade.1 In practice these models formed a sufficient basis for

the formulation of pragmatic rules and instructions for optimizing procedures.

1W._.Trzeciakowski; Problemy Kompleksowego Systemu Analizy Biezacej Efektywndsci
Handlu Zagrenicznegd (Problems of a& System of Complex Analysis of Current
Effectiveness of Foreign Trade) in Studia Kpzk Pan Tom II, Warsaw, 1961,
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The introductiom of the profit concept based on “complete labor costs" con-
siderations has been theoretically much more compatible with the criteria
used hitherto. Mbreovér the concept of "complete labor cost" of a commodity
could be based on existing accounting data (though with huge practical diffi-
culties), as for any other concept (e.g. price, relying on scarcity rents)
there existed no statistical information basis whatsoever. However, from

the conceptual point of view it was felt tﬁat the use of "complete labor

| outlays"” rélying on the simplifying assumptions applied to class b--has

not been a theoretically sltiufactory solution. The conceptual breakthrough
came, when the decomposition methods, formulated by Kantorovich and Dantzig-

Wolfe became known.

At that time the decomposition approach has been conceptually reformu-

1al:ed.1

6.4. The General Model of Short-Run Optimization of the Volume, Commodity

Structure and Geographical Allocation of Foreign Trade

The general assumptions of the initial model are identicil to the
former. The starting point is the necessity to satisfy final demand, for
consumption and investment, established in the central plan of development,
while ninimizing social outlays of labor . The levels of production and
fofeign trade are the variables, while final demands and the required balance

of trade with particular markets are the given constants. ?roduction capacity

1J. Mycielski, K. Rey, W. Trzeciskowski: 'Decomposition and Optimizatiom
of Short-Run Planning in a Planned Economy," in Structural Interdependences
in Economic Development, edited by T. Barna, Macmillan, London, 1963,
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in the short run is assumed to be fixed, The former solution was based on
the simplifying assumptions that commodities belonging to the group of inter-
related activities under consideration are not raw materials for the rest

of the economy; and that raw materials used in such a group and originating
from 6utside of this group are produced domestically and do not limit the
outputs based on them. These simplifying assumptions were now rejected.
Besides the restrictive commodity approach has been replaced by the more
general concept of activity, which allows for the use of different techniques
in the production of a connodity, as well as for the existence of by-products,
Hence the number of activities and constraints in the model is now larger
than the number of commodities.

The following notation is used:

g - the level of production activity j (in physical units)

o
]

Kj the output (with positive sign) or input (with negative sign) of commodity

k per unit of activicy |

yﬁr - exports of commodity k to market r (in physical units)

yir - imports of commodity k from market r (in physical units)

Pk - domestic demand for commodity %k for consumption and investment
Er

dk - export price of a unit of commodity k in foreign currency on the
market r (f.o.b. frontier)

dk - import price of a unit of commodity k 1in foreign currency from mar-
ket T {c.1.f. frontier)

8" - the planned balance of trade with market'-r

bj -~ maximum capacity of activity j (imn physical units)
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T - demand on market r fog the export of commodity k of the given
country
™ T supply on the market T of the commodity k imported by .the country
cj - domestic processing costs (labor costs) per unit of activity j in

the last phase of processing (cokta of raw materials and depreciation

omitted)
p - the number of productive activities

m - the number of foreign markets

3
]

the number of commodities

The condition of satisfying final demands for each éonlumption and in-

vestment good is:

p Ir % Er
X + Tl y - ’: y - P (k L 1, .l." n) (1)
jor e kT 7k TR _

The condition of balancing trade in each foreign market r 1is:

Er Er _ Ir Ir _ .r -
t dk Yk dk yk S (r 1’ esey -') (2)
k=1 kel

The boundary conditions are:

-=- that production i{s kept within the limits of

OEXJSBJ =1 ..., p) (3)

-- that exports of commodity k to the market r cannot exceed the

demand for this commodity in that market:

0<yEr_<_n:r k=l ooy n;rol, ..., m) )



-~ that imports of commodity k from market r cannot exceed the

supply of this commodity in that market:

osyk Sﬂk (k'l, Ty “;r-]-’ *rey -) (5)

The optimization criterion consists of minimizing aggregaté”domeétic costs:

P
T c,x, = minimum.

jo 13

Because of the huge number of commodities and possibie techniques of production,
the problem is practically untractable in this form. Tﬁo different wéys

of approach are possible,

The aggregation approach consists in reducing the number of equations
and variables by aggregating céunoditiea and activities. This however makes
the model practically useless for short-run planning, since the concepts
of production constraints, material inputs, unit costs of production, foreign
prices, demand and supply, concern specific goods and not aggregate groups
of commodities. Moreover, aggregation involves processing with a fixed
structure within particular groups. This necessarily reduces drastically
the number of degrees of freedom. It is obvious that & loss in the number
of degrees of freedom involves losses in capacity utilization.

In order to avoid this deficiency we adopt the second possible approach--
that of decomposition. The economy can be decomposed into its parts or even
rinto particular enterprises. Then inserting some parameters, having the
dinengioﬁ of exchange rates (Mr) and shadow prices (zk) the optimization

problems for these parts can be formulated and the method of obtaining the
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values of the parameters can be given. In this way an over-all optimum can

be achieved through solving partial optimization problems. These partial
problems do not, as a rule, exceed the possibilities of computational tech-
niques, and, in general, they are even so simple that optimization can be

based on intuitive methods of profit maximization, uéing simple indicators

of effectiveness. The necessity for a widespread reporting eystem can also

be avoided since fhis approach permits substantial decentralization of planning
procedures.

The central parameters, which coordinate partial and overall optima,
havelsubstantial stability in their dependence on detailed parameters of
calculation, such that the price, demand and supply of & given commodity
on a given market. This leads to the possibility of frequent adjustments
of separate parts of the foréign trade plan which take into account for
instance changing terms of trade, without changing the whole plan or its
central parameters, which--as experience shows--may be relatively seldom
corrected.

The decomposition theorem applied by J. Mycielski and K. Rey to the
optimization mroblem (1)-(6), and based on the works of Kantorovich and of
Dantzig-Wolfe 18 described in the Annexe to this chapter. On the basis
of the decomposition theorem described in the Annexe it is possible to for-
mulate the partial optimization problem.1 The initial optimization problem
(1)-(6) 18 of the form (22)-(24). Ve drop the forgign trade balance equat?ons
and make the appropriate change in the expression (6). Choosing some subset

of productive activities xj (e.g. j =1, ..., @), commodities (e.g.

Lsee: J. Mycielski, K. Rey and W. Trzeciakowski: "Decomposition..." op.cit.
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Exr Ir

k=1 ..., By, and trade ¥y and y (k=1 ..., B;xr=1 ..., m)
k k

we can write the problem of the form (37)-(39) in theappendix but now for

maximiza;ion:
o m m P
Ir Ex g
3":'& x + E y - ‘: y " P - }" a X (k = 1, *v ey B) (40)
j=1 L | k r=1 k k =0+l ki
(}O‘S:r.jgbk (=1, ..., a) {41)
Er _ Er -
0<y, Sm (42)
) (k = 1, vrey 3; r = 1, o0y m)
Ir Iir
<y =my | (43)
m P ErEr . Irir a P '
TM ¥ (dk Yk = dk yk ) - % (cj = 5 lkak.j)xj = max (44)
r=] k=1 j=1 k=B+1

where xg = activities in the rest of the economy.

The procédure described in the Annexe for obtaiﬁing the optiﬁal solution
for the problem (22)-(24) can now be used here--at least in theory--to obtain
the optimal solution (1)-(6). We start from some arbitraryl solution of
(1)-(5): x? (i=1] ..., P), ygro and yiro (r=1 ..., m; k=1, ..., n).
We choose also the values of commodity shadow prices lk (k=1 ..., n)
and marginal rates of foreign markets M (r =1, ..., m) . 'Taking diffefent
subsets of activities and commodities, we solve by any standard procedure the
problems of the form (40)~(44), obtain new xj's ’ yir's ’ yir's and

;k's for activities and commodities from these subsets, use them in the

1Experience has shown, that in practice only feasible (and not unfeasible)
solutions could be applied. Unfortunately this approach does not guarantee
that each iterative step be feasible and monotonic in the improvement of
the preference function.
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next problems and thus go through the whole economy. M''s must be changed

during this procedure in order to obtain the fulfillment of equatioms (2).

Er,.

We stop when the iterations do not give any more changes in xj's s Vg B,

yir's , 's and N''s . The optimal solution of (1)-(6) is then reached.
For practical planning it is of course extremely important to have

the least possible number of iterations. For this reason it is essential

that the starting values of parameters be as close as possible to the optimum

position., Such a solution which is certainly feasible and does not worsen

the existing solution is that based on statistical or plannistic data.

It is important to exploit the following properties of the optimal solution:

Er Er
3 o il T el X

r Er Er Er
< Hrdl]ir if y:r _l"Er
> o Ir if yir - ﬂir
¥, Ir ir Ir
fie =Md - if 0<y ~ <m (46)
r Ir Ir
<M dk if Yy 0

In the global optimal solution & system of shadow prices is available,

"
which makes it possible to judge whether each small post of the phase taken
separately is correct. The existence of such a system is & sufficient condition
for the plan to reach its optimum. Thus these prices--if known--can become

an instrument for optimizing a plan. Then prices contain full processing

costs, corresponding to all phases of production and corrected by allowances

for scarcity and for potential foreign trade possibilities.
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Knowing: 1). the valuve of shadow prices zk for basic raw materials coming_
from outside the group taken under con;ideratlon.
'2) the values of shadow prices of separate foreign currencies
M , which determines how many units of domestic currency
one is ready to pay for a unit of foreign currency-~one can

find the optimum for a given group, optimizing at the same time

the overall solution.

- 6,5. The Implications of the Model Analysis for the Practical Improvement

of Planning and Management

The non-numerical analysis of the models presented aboie and of the

properties of their optimal solutions leads to several important conclusidns.

| The probably most 1mp§rtant conclusion is that it fully confirms the
statements made earlier by 0. Lange1 that economic calculus and rational
pricing are not oniy needed but also possible in planned economies. This -
means, that effectiveness considerations are not incompatible with the pre- |
ferences of the central planner. On the contrary, 1if rationally determined,
they reinforce the sphgre of active operation of the planner's preferences,
The methods of direct commands, used hitherto exclusively in planning may
be replaced or complemented--if and where necessary--by a method of indirect
management, operating with prices and the profit criteriom, without endangering

the central planners' preferences, This means that the conclusions of the

- _
Lippincott, B, (ed.): On the Economic Theory of Socialism, Minneapolis,
1938.
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model analysis.can.be used in practice.

First--the effectiveness criteria derived from the model analysis can
be used as a géneral check of plamnning proposals submitted by the executive
levels,

Second--the use of central parameters and the formulation of profit
criterion--enable the decentralization of the complex and multi-level pro-
cedure of planning. This approach makes it possible to take advantage of
a2 potentially much higher number of alternative choices analyzed at executive
levels in the course of planning processes in a way consisfent with the
overall preferences. The set of marginal rates M° becomes thus an elastic
instrument of the central planner for shaping the balance of trade in strict
connection with the shapping of the commodity structure and directions of
foreign trade. Increasing M has a positive 1nf1deuce on the balance of
trade and vise versa. Needless to say how important it is for the release
of all potential reserves of initiative at the level of individual enter-
prises, which possess a much more detailed knowledge of prices and constraints
on individual markets. |

Third--there is & possibility of connecting the profit criterion based

-on shadow prices with incentive systems, using thus stimuli in full accordance
with the overall preferences. Relying on the properties of the optimal solution
~-ghadow prices can be determined and catalogues of shadow prices permit the
application of prof?tl as a source of premiums,

Fourth--there is a possibility to change the strictly passive character
of rates of exchange and prices into active instruments of rational decision

making in plauning and management. Assuming that the marginal rates M
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~can be computed and knowing the foreign currency prices of basic raw materials
--it is possible to determine rational prices of materials for producefi,
using these prices as a powerful instrument of efficient allocation of re-
sources. |

.The'analyais of the properties of the optimal solution allows thus the
formulation of prescriptive techniques, which can transform the existing
pattern of decision-making., The discussion of how this transformed pattern
of planning and management hag been implemented in practice is to be found

in Part III.
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APPENDIX TO CHAPIER 6

The Decomposition 'rheorem1

Kantorovich's problem of optimization is the following. Suppose we

have the real numbers

Ais (L wl, .o, N} B8 =1, .as, v), (7)
B, A=1 cery ) (8)

K, >0 (=1 ..., Ny}, 9
>0 (8 =1 ...y v) . | (10)

The variables Zg (8 =1 ..., y) fulfil the conditions

Ds 2 zs .>- 0 (8 = ‘1, Tevwy v) ’ (11)

v
AN

s;lAi.szs 2 Bi (i = 1’ sery u) . (12)

We intend to find the variables z, in such a way as to give the maximal

value to }he expression

1 v
min — T A z . {13)
<IN <‘1 s=1 W4 ’)

Such set of zs's is called the optimal plan.

IJ. ﬁycielski, K. Rey, W. Treciakowski: "Optimum Calosclowe a Optima
Czastkowe w Planowaniu Handlu Zagranicznego" (Over-all and Partial Optima
in Foreign Trade Planning) in Przeglad Statystyczny Nr. 1, 1963, Warszawa.
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Kantorovich's theorem states that the necessary and sufficient condition
for optimality of the plan 2, which fulfils the conditions (11) and (12),
is the existence of the Lagrange multipliers ('shadow prices') L, =1 ..., W

fulfilling the following conditions

(a) ¢, 20 i=1 ..., N), max f >0,
i lsjsN_u w+j
<0 if. z_=0,
N - -3
(b) g"iA‘Ls =0 1f Ds>zs>0’ (8 =1, ..oy v),
i=l '

20 if zB-Ds,

v
{c) £, =0 if szlAiszs > By (Asizw), or

v
A,z >K ) min -_ 7 ) W+l <1 <N) .
g=1 128 1w 1<j<n-u( K, s..]_%-l"‘j‘ g

Let us now specify Kantorovich's theorem in the case
N =g+l (14)

and denote Au. 41s DY ~Cg . Then Rantorovich's problem reduces to

0<z; <Dy G=1 o0y v), . (15)
s-Ak znk (k =1, ..., u), (16)
j=1

v (1
S C,z, =min ., 7)

From part (a) of Kantorovich's theorem we have

241> 0. (18)
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We can put !'u,+1 = 1 and conclude that the necessary and sufficient con-
dition for optimality of the plan z s which fulfils the conditions (15)

and (16), is the existence of "‘k (k =1, ..., p) fulfilling the conditions

"k 2 0 (k = 1, " eey u) 3 (19)
IS cj if zj =0,

5 .
kEl‘ﬁkAkj - (.‘.j if 0< zj < I)j 2 (J=1, ..., v), (20)

2 cj if zj = Dj »

v
g, =0 if jgla.kaj >, (1£k<u). (21)

Now we investigate the problem
v
B A.kaj = B, k=1, «eo; us u<w), (22)
3=t
OsszDj (j-ll oy \’)’ (23)
M i (24)
‘: C z = min .,
jo 13
The equalities (22) can be written
v
v z Z B .
g W71 F P .
(k = 1, cewy u) (25)

\ .
bN (- )z Z = .
ot ey’ By
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The problem (22)-(24) is then of the type (15)-{17).
We use the theorem (19)-(21), inserting z; and g; respectively for
the first and second type of the inequalities (25) and denoting f, = zé - z; .
We then conclude that the necessary and sufficient condition for optimality
of the plan z_ which satisfies the conditfons (22) and (23), is the exis- .
tence of L (k =1, ..., p) satisfying the conditions (20). In this way
we arrive at the well-known theorem for the shadow prices.

Applying this theorem, we can formulate the method of obtaining the
optimal solution of the problem (22)-(24). We choose a set of numbers Ly
(k =1, .,., u) and take the values of zj (] =1, ..., v) 1in accordance
with the conditions (20). 1If such a solution does not satisfy the conditions
(22), we have to repeat the procedure with another set of Lk's s until
(22) will be satisfied. 1Im the.given step of iteration the inequality
% Akaj > Bk suggest that zk must be lowered, the opposite one suggests

j=1
that is much be raised.

This method, although simple in principle, is not convenient because
of the great number of iterations which are required for larger problems.
This difficulty arises from the great number of zk's (equal ¢ ) which
have to be chosen and then changed. Because of that, we shall write the
theorem in a different form which is more elastic in practical application,

For this purpose let us consider the following problem:

v
jz Akaj = By (k =1, ..., K'=1, K"+, ..0y u), (26)

0‘§_zj S,Dj G=1, .vey, v), (27)

hY)
jur 337 Lk'jglﬂk-jFJ = min . (28)
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We shall prove that, first, if Lk' is the shadow price of the problem
(22)-(24), then the optimal solution of the problem (22)-(24) is the optimal
solution also for the problem (26)-(28); the shadow prices of tﬁe problem

(22)-(24) are the shadow prices also for the problem (26)-(28). Seécond,

if the optimal solution of the problem (26)-(28), with some number Lt s
satisfies the condition

v

v Ak'jzj Bkl s {(29)

j=1

then it is alsq the optimal solution of the problem (22)-(24); the shadow
prices of the problem (26)-(28) and the number Lk' give the complete set
of shadow prices for the problem (22)-(24).

We shall now prove the firsﬁ part of the theorem. The optimal solution
of (22)-(24) is of course a feasible solution of (26)-(28), i.e. it satisfies
the conditions (26) and (27); The sufficient condition for this solutiomn
for being also the optimal solution of (26)-(28) is the existence of such

;,l'( (k =1, ..., k'-1, k"+1, ..., y) that:

. Sy - by, 1z, =0,
kr_';l I.;ckkj =Cy = by 1f 0<z, <Dy, ( (3=1, ...y v) - (30)
kik' 2 Cy = fbyay If 2, =D, .
Such gi exist: they are by definitionm the 'shadow prices of the problem
(22)-(24).
We now treat the second part of ocur theorem., The optimal solution of

(26)-(28), satisfying (29), is the feasible solution of (22)-(24). The sufficient
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condition for this solution for being also the optimal solution of (22)-(24)

is the existence of such gé (k =1, ..., p) that:

ik
[ .
£E1zkAkj = Cj if 0< zy < Dj P (=1 ..y v) . (31)
20y 1f z; =D, .
1f we put ber =t s (32)

we see that such gé's (k =1, ..., k"1, k'+1, ..., u4) exist: they are,
by definition, the shadow prices for the problem (26)~(28). (Compﬁre conditions
{30).) This completes the proof of our theorem.

The theorem proved can easily be generalized, simply by iteration, for

the case in which not only one but several conditions (22) are omitted,

i.e. for the problem:

"': Akaj = Bk (k = 1, ey kl"'].’ k1+1, sy kc"]., kc+1, ey u)’ o Su 3’

j=1
(33)
OSszDj (3=1 «voy w), (34)
v [+ 4 Vv
"C,Z, = N4, % z, =min . (35)
A R STl SR

If g, (=1 ..., 5) are the shadow prices of the problem (22)-(24),

then the optimal solution of this problem is the optimal solution also for
the problem (33)-(55); the shadow prices éf the problem (22)-(24).are the
shadow prices also for the problem (33)-(35). On the other hand, if the

optimal solution of the problem (33)-(35), with some numbers

satisfy the conditions

!,ki (i = 1, ey C’) ’
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]

n 1<

lAki.jzj = Byt =1 .., 0), (36)

then it is also thé optimal solution of the problem (22)-(24); the shadow
prices of the problem (33)-(35), and the numbers zki (i=1 ..., o) give
the complete set of shadow prices for the problem (22)-(24).

On the baeis of this theorem we can solve the problem (22)-(24) in the
following way. We can drop some of the equations (22) which are most incon-
wnlent, e.g. because they tie together several subsets of zj's , these
subsets being otherwise independent on each other. The problem takes then
the form (33)-(35). We choose the values of Li4 (1 =1, ..., ¢) and
solve the problem by any standard method, 1If the solution does not satisfy.
the conditions (36) we must repeat the procedure of eolving (33)~(35) with
another set of Lki's , until (36) will be satisfied. On the given step
of iteration the inequality j§1Akij=j > Bki suggest that tki must be
lowered, and the opposite one that it must be raised. The shadow prices and
by =1 ..o o) obtained in the last step of iteration are the right
shadow prices for the problem (22)-(24).

Let us congider now the problem (33)-(35) in which some of the unknown
z, {(for t =1, esey € v - 8>y - 0) were fixed on their optimal values zg .

Jy N
The problem is:

v e
jEIA.kaj = B, - t’ilAkjtzjt (k=1 ooy koL K+, ooy koL k4L, ol u)
j*jt(t‘*l,..., 9) (37)
0 E'zj < D3 (=1 .0y vi 3 # jt for t =1, ..., 8), (38)
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> > > i 39)
»C,z, - T, Y z, = min, (
RAE A IR TR

1K (t=1, oe0y8) 368 (L2100, D)

It is obvious that the optimal solution of z, (G#3, for t=1, .., 9)
of the problem (33)~(35) is the optimal solution also for this problem, and
that the shadow prices for the problem (33)-(35) are also the shadow prices
for (37)-(39). This leads to some possible modification of our method of
obtaining the optimal solution of the problem (22)-(24). We start from

some feasible or evén unfeasible solution of (22)-(23), and treat these

zj's (J =1 ..., y) for the moment as zg + We choose also the values

of zk's (k =1, ..., u) » Taking then an arbitrary subset of equations
and a subset of zj ; welfind by any standard procedure the solution of the
problem (37)-(39). We obtain then a new set of values z? (1 & jt’ t=1 ..., 8
and shadow prices L, (k # ki’ i=1 ..., o) . We now go to another sub-

set of equations and unknowms and repeat the procedure. We can thus g0

through the whole problem and stop when the iterations do not give any more

changes in z?'s and zk's » These will be the optimal solution and shadow

prices. Some of the equations must not be taken into account in any problem

of type (37)-(39) but their Lk's must be then changed during the iteration

procedure so as to obtain the fulfilment of these equations.
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T ‘HE MODEL OF OPTIMIZATION OF FAST RECOUPERATING INVESTMENTS L/

Tel. FORMULATTON

The mathematical formulation of the model of optimization of fast re-
couperating investments, the problem of the adequete measure of the invest-
ment Funds and of capital inputs, the decomposition of planning fast re-.
couperating investments, the simplest cases of investment problems, the
problem of the optimal repartition of the total investment fund will be
discussed in successive sub-chapters.

Fast recoupersting investments are defined as such investments for
which the construction period is short and the duration period long as
compared with the "recoupment period" of the capital input while this
"recoupment period" is short.

Thus, basing on the priciple of maximizing the results when the level
of inputs 1s given, we can formulate the problem of optimization of fast re-
couperating investments, as a problem of minimizing current costs in the
following pericd e.g., during the next year/ under condition of fulfilling
+he planned targets for this period/such as consumer and investment demands,
foreign currency balances etc.,/ end of maintaining the investment funds
established For fagt recouperating investments for the basic period. Re-
maining investments are treated as given.

We introduce the following notation:

).
wf

. ) . . .
L by J. Mycielski and W. Trzeciakowski, Foreign Trade Research Center,
Warszawa, 1966. {Printed as manuscript.)
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/ §J =1ye.., n / - the level /in the following period/ of the pro-
duction /or service/ activity Jj / the "production decision vari-
able"/ connected with production cepacities independent of fast

recouperating investment invested during the present period.

/ §j =1yee., P/ - the level /in the following period/ of produc-

tion /or service/ activity J /the "production decision varisble"/

‘connected with the production capacities dependent on fast recoup-

erating investment invested during the present period.

[k =2yeee, m; § =1,000, n/ - the amount of commodity /or
service/ k produced per unit of production for service/ activity

% /when input of commodity k then a5 < of.

/ kK =1y0e0, m; § =1,00. p/ = the amount of commodity /or ser-
vice/ k produced per unit of production /or service/ activity x!

/when input then aid < o/,

/k=1y00ey, m; *r=1,,..,8/ - exports and imports, respectively
of commodity /service/ k from market r /"foreign trade decision

variables"/.

-~ investment decision variables, connected with fast recouperating

investment realized /or which can be realized/ during the present

period.

/K =00, M3 T =100, s/ ~ export and import prices /res-
pectively.fob or cif of a unit of. commodity /or service/ . k
on market r , expressed in currency of market r , in the next

period.
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s ﬂir /k=1, «.., m; r =21 ..., 8/ - demand and supply on
market r f0r"0urrexport5 and imports of commodity /service/
k in the next period.

Py /k =1, ..., m/ - domestic consumer and investment demand for
commodity /service/ k in the next period.

5" /r =1, ..., 5/ - the balance of foreign trade with market v,

planned for the next period.

The set of all production decisicn veriables .XJ will be divided
into separate subsets /groups/ X, ; each such subset of decision veriables
corresponds Lo a certain productionAcapacity independent of fast recouperating
investments realized in the present period. In a similar way, the set of
all production decision variables x3 and investment decision variables
vy will be divided into separate subsets Xﬁ ; in each such subset there
is at least one variables XE and one variable Vo
Each subset Xﬂ corresponds to some production ecapacity dependent on
fast recouperating investments, realized during the present period. The

subsets Xﬁ will be connected into separate groups R, - each such group

£
includes the subsets kﬁ éorresponding to the production capacities de-
vendent. on fast recouperating investments of the ddministrative gector t
of the sconomy. It should be noted, that if the investments of the same
Lype - from the technical point of view--can be made independently by two

or more administrative sectors, then such investments will be t{reated as

different from the formal point of view /i.e. & separate subset Xﬁ is
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assigned to each of them[. This however is only true of "new" investments,
i.e. such ihveétments which do not consist in modifying old capital equip-
ment. In the case of inéestments which improve such equipment, it is
assumed. that they belong to one sector only. |

Furthermore, we introduce the following notation:

Ft ' - the investment fund of sector £ concerning fast recouperating
investments for the present period
Il' - capitel input per unit of investment decision variabie

1
/in the present period/.

The problem of the adeguate measure of Ft and Il will be dis-
cussed in the next chapter.

Let us now set up our optimizatibn problem. The conditions of ful-
filling the balances of consumer and investment commodities and services,
the currency balances on foreign markets, and the supply and demand restrice-

tions on those markets in the next period cen be written as follows:

g D 8 Ir 5
L & _.x, + Z '.x! o+ by Y. - z ¥ = P
PR B A P R r=1 F k
/1/
/k =1, +o.y n/
n n
5 dir yk _ 5 dir ;r ‘e gF ;
k =1 k=1

f2/

/I‘ =l, oy S/



-111-

/k=l’ reey M, I‘=l, ey S/’

1A
2

0 < Y

The conditions resulting from technology and from the size of production
capacities independent of fast recouperating investments realized in the

presenl period may be written in a general way es:

For each 1 : inequalities for the separate x; € ¥ /especially
xj 2> O for each x'j 3 Xi/ as well as homogeneous or non-

homogeneous linear egquations containing only Xj € Xi .

The condifions resulting from the technology of production capacities
depending on fast recou@erating investments realized in the m@resent period,
from the size of actually existingplants /if they are to be modified/, or
resulting from limitations duve e.g., to naturael condition:.a, limited avail-
ability of the qualified labour and appropriate equipment, decisions of
state authorities protecting the national economy from the risks of extreme

specialization in production etec., can be written in & general way as:

L}
For each h : inequalities for separate x3 € Xh and

1€ X /especially xj > 0 for each x; € X! and

vy > 0 for each v, € Xﬁ / as well as homogenous or

v

nonhomogenous linear equations containing only xj e X'

¥
and vl e X' .

/3/

/]

/5/
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It should be noticed thgt increasing the value of investment décision

variables may sometimes lead to limiting certain production or service acti-

vities, as e.g. in the case of modifying production capacities when we can-
cel ceriain technologies in favour of some others.
The conditions of allocating all investment funds devoted for fast re-

couperating investments in separate sectors for the present period are:

I, vy = F [for a11 &/ .

Our problem of optimization of fast recouperating investments consists

in minimizing current costs in the next period, fulfilling the conditions

/1/ - /7/, that is to say in minimizing the expression:

= minimunm,

i~ "d_

in which the following notation was used:

ey /3 =1, «v., n/ - direct labour cost /in the next period/
connected with establishing the production decision variable

xJ on a unit level;

cj /i =1, «e., p/ - direct labour cost /in the next period/
connected with establishing the production decision variable

x! on a unit level.

J

[/
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T-2. THE PROBLEM OF THE CORRECT MRASURE OF THE INVESTMENT FUNDS
AND OF CAPITAL INPUTS

It will be demonstrated, that capital inputs I1 Vin the present
reriod per unit of the investment decision variable vy /and, therefore,
8180 the investment funds- Ft of separate sectors in the present.periodf
should be measured in direct costs of labour plus material inputs priced
at shadow prices /"efficiency prices” or "caleulation prices'/ li of the
investment commodities /for services/ in the present period.

Let us take the optimal solution of problem /1/ - /8/ . Now, let us
somewhat change some of the vﬁlues of the variasbles vy s belonging to a
certain Rt in such a way, that there is still a solution fuifilling the
condition /1/ - /6/ and that the change of capital inputs resulting from
the change of V=8 priced according to the direct labour costs and
li sy is equal to zerc. Since 1; is egual to the marginal costs of commo-
dity /or service/ k » the éhange of the value of vy -8 does not lead to
a change of the social labour cost in the present period on fast recouper-
ating investments. Thus, if we minimize expression_/B/ for the changed
values of the vy-S adjusting the values of xj and xj y and keeping the
conditions /1/ - /6/, then we should not obtain the value of /8/ smaller
than in the initial solution, if this initial solution asctually realizes
our principle of maximizing the effects when the level of outlays is given.

As a metter of fact, if the proportions of the Il~s in the equation

of investment outlays of sector t correspond to the proportions of cal-

culation costs of inputs per unit of investment variable /measured in direct
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iabour costs and 1? /s then it 1s impossible to reach in the modified
solution a lower value of /8/, than the one in the initial solution. This
results from the fact, that the modified solution is a feasible solution
of problem /1/ = /8/ / the balance of investment outlays of sector t is
kept/. On the other hand, however, if the proportions of the I)-s in the
equation of investment outlays of sector t do not correspond to the pro-
portions of the calculation costs of inputs per unit of investment variable |
/measured in direct labour costs and l; /s then the modifiedrsolution may
not, ﬁe a feasible solution for problem /1/ - /8/, since the balance of the
investment outlays of sector t may not be fulfilled /e.g., it may be
overfuifilled/. Thus it may happen that the modified solution gives a

smaller value of /8/, than the initial solution.

T3, . PLANNING OF FAST RECOUPERATING INVESTMENTS

Now we will apply the principle of partial decomposition for linear
optimization problems, presented in the former chapter to the problem of
optimization of fast recouperating investments. It follows from the above
principle, that if we omit the conditions /1/, /2/ and /7/ in problem /1/ -
/8 substracting their left-hand sldes, multiplied by shadow prices
corresponding to those conditions, from the minimized expression /8/, then
the problem of optimization modified in such & way has an optimel solution
identical witht he optimal solution of problem /1/ - /8/. 1If the shadow
prices, corresponding to the conditions /1/, /2/ and /7/ are unknown, then
taking‘initially arbitrary figures, we adjust them in such a way which
aésures that the optimal solution of the modified optimization problem ful-

fills the conditions /1/, /2/ and /7/. This solution is then the optimal
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solution of problém /1/ - /8/ and the figures thus determined are the
shadow pricés of conditions /1/, /2/ and /7/ for this problem.

Let us now draw attenticn to the fact that the conditions appearing
in the modified optimization problem can be divided into groups, each
one of which is related to another group of decision variables.. Thus,
each one of the conditions /5/ and /4/ is related to ancther foreign
trade decision variables, each group of conditions /5/ is releted to an-
other group of xj-s s and each group of conditions /6/.is related to another
group of xj—s and VIS . The minimized expression in the modified
optimization problem may also be divided into parts, each one of which de-
pends only on decision variables belonging to one group. Thus, we can
optimize the modified problem, optimizing independently separate groups of
decision variables. Each such optimization subproblem consists in mini-
mizing this part of thé minimized expression in the modified problem which
depends on the variables belonging to a given group, while the group of con-
ditions corresponding to those variables is kept in mind.

The subproblem, pertaining to the trade variables or the xj-s shall
not be considered here, since they are similar to the ones connected with
current optimization of the economy. The subproblem of optimization for
the group of xé-s and v,-s forming the subset Xﬂ e Rt consists in
maximizing the expression /changing the sign of the minimized expression

we change minimization into maximization/:

o!
J

—~
[l =
H

o

1

/ xj - Iv, = maximum,

[

b

[}

I.._I
o
&

/9
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keeping this set of conditions amongst the sets /6/, which is related to
the X, under consideration, 1, stands in expression /9/ for the shadow
price /"efficiency price”/ of commodity/or service/ k; the shadow prices
of foreign currences /"marginal exchange rates"/ do not appear in ex-
pression /9f.' The figure Q% 1s the shadow price of fast recouperating
investment inputs of sector t , taken with an opposite sign and it has
the dimension of the rate of Interest. It will be called the efficiency
rate of interest /of investment inputs of sector t on fast recouperating
investments/. Thus the maximized expression /9/ has a simple economic
meaning: it is the "profit" on production minus tne rate of interest on
investment inputs.

-Now, the iterations procedure of planning consists in choosing cer-
tain values for efficiency prices, marginal exchange rates, and efficiency o
rates of interest, in solving all optimization problems for Xﬁ ; Xi 3
yEr and yir » and in checking whether the economic plan thus obtained ful-
f11ls the balance equations for commodities /services/ /1/, foreign cur-
renciles /2/ end investment inputs /7/. If the balance equations are not
fulfilled, then the procedure must be repeated, changing the values of
pricesy, exchange rates, and rates of interest, until all the balance equations
will be fulfilled. Thus we obtain the optimal solution and adeguate values
of efficiency prices, marginal exchange rates, and efficiency rates of in-
terest. If In some iteration step a certain balance of commodities /services/,
foreign.currency or investment is overfulfilled, this suggests that the

corresponding value of the price or exchange rate should be decreased and
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that of the rate of interest--increased /5-6/. The inverse is true if
a certain balance was too low.

Once we have adequate efficiency prices of commodities /services/ lk 3
the optimization of fast recouperating investments for a certain sector t
-onsists in adjusting the value of one shadow price only, namely, of the
rate of interest Q- This should be done in such & way, as to assure
that the investment plen of sector t consisting of optimal solutions
for the separate Xﬂ € Rt fulfills the balance of investment inputs of
this sector.

It should be noticed, that if the values of the decision variables
v, are established on optimal levels, then the problem of optimization
/1/ - /8/ changes into a problem of current optimization in the following
period. This, however,.ddes not change the shadow priées corresponding
to the balance egquations of commodities /services/ or those of foreign
currencies. Thus, the adequate efficiency prices of commodities /services/
3, for problem /1/ - /8/, appearing ine xpression /9/ are also the adequate
effTiciency prices for the problem of current optimization in the following
period.

Let us observe that all the above considerations are valid also in the
case in which some of the variables v, Aare the decision variables deter-
nining the dismantlement of the old production capacities. The coefficienté
Il corresponding to those varisbles v should be measured in cost of

1

iabour of dismantlement minus the material output priced sccording to 10 .

. k,

Therefore, those coefficients will be, in general, negative.
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7ohs THE SIMPLESI CASES OF INVESTMENT PROBLEMS

One of the simplest investment problems is concerned with establishing
by a givern sector /administrative unit/ a new production capacity /the

size of which will be denoted as v / used for producing by way of a certain

technology, one commodity /or service/ or one set of commodities or services.

The level of production in the following period will be denoted by x' ,
whinh of course can not exceed the size of the production capacity v which

hag been invested. In other words, the idle part of the production capa-

¥

city 1,

can not be negative. 1In turn, the size of v is limited, e.g.
by natural conditions, by the amount of qualified labour necessary to build

a given plant etc. The highest posgsible value of v will be denoted as B.

Tne subset Xﬁ under consideration has three elements: it contains

the decision variables x' x'! and v . The problem of optimizing those
7 %y

variables consists, according to /9/, in maximizing the following expression
/idle capacities do not lead to production or outlays of commodities /ser-
sices/ or to labour costs/:

/

k

n g
'.-J
o

under the following conditions:

W " e'/x' - g Iv = maximum ‘ /10/

/11/
1e/
/13/

J1l/
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Tn formule /10/ the subscripts J, 1, t, were not used owing to the
fact, that a definite group of decision varilables belonging to a definite
sector was considered.

Let us assume that o > 0 . Taking /ll/ into account expression

10/ rcan Dbe wriltten as:

I ey~
)
)

i
(e}

- al/x" - Qﬂx; = maximum 15/

If having x' detérmined at & certaln level we will diminish the
value of x; /and also the value of v, so that /ll/ wilil always be ful-

filled/, then expression /15/ will increase. Thus in the optimal solution

x; =0 /16/
and basing ¢on /ll/
X ! = V . /17/

The relations /16/ and /17/ have a simple economic meaning: the new pro-
duction cepacity should be fully employed. Those relstions enable Lo re-
duce our optimization problem /10/ - /iL/ to a problem with only one un-

known which is the investment decision variable v :

B >v >0, /18/

~ 8

/ lkai - ¢' - oI/ v = maximm . /19/
k

i
i_.J

Here the optimal solution depends on the sign of the expression in brackets

in formula /19/ or, in other words, on the value of the quotient of "profit"
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nver invastment inputs, that is to say
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Tnz solution /20/ has also a simple economic meaning.

Let us novw consider another simple investment problem. Let us agsume
“hat we have a certain production capacity /the size of which will be
denoted as B/, used for produzing, by way of a certain technology, one de-
finite commodity /or service/, or one definite set of commodities /services/.
The level of production by that technology in the following period will be
denoted as xi and the idle part of that technology as xé . Let us fur-
ther assume that it is possiblé to modify within the sectoral limits of
the fast recoﬁperating investment fund, the whole or a part of this produc-
tion capacity in such a way that it may produce--using a new technology--
the same commodity as previously, or another /but only one, definite/ commo-
dity /service/ or set of commodities /services/. The level of production
using this new technology in the following period will be denoted as %]

3
and the idle part of the production capacity, using this new technology--

as xd +» The investment decision varisbles will be determined as the gize
of this part of the production capacity considered, which was subject to
modificqtion; it will be denoted by wv.

The subset Xﬂ considered has five elements, it contains the deci-

sion variables x; ’ xé s xé , x& and v . We write the conditions of

type /6/, related to those variables. The balance of the unmodified part



~121-

of the vroduction capacity is:

k]
| v
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-

o
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B > v 2 0.

fulfilled:

J2r/

/23]
/ab/
/25/
o6/

Jetr/

'n= problem of optimizing the group of decision variabiles consldered, consists,

according to /9/, in maximizing the following expression under conditions

/21/ - [e7/ /idle capacities do not lead to production or to outlays of com-

modities/ services /or labour costs/:

1

{

'._‘
-
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fomt
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The subscripts 1 and t were not used in /28/, since we were considering a

a Iv

maximum.

/e8/

given group of decision varilsbles, belonging to a given administrative sector.
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When the expression in the first brackets in /28/ is positive, then
we obtain an increase in expression /28/ when inereasing X/ /and changing
5 aceording to condition /21//. The opposite is true, when the expression
in tke first bracket in /28/ is negative. This leads to the conclusion,

that in the optimal solution:

m >
when z 1.8 - ! = s}
Kk =1 k 'kl 1 <
X} =B - v, x{ = 0; /29/
. < 1'< - I= - - w!
then 0 < 3 = B-v, X5 B-v X3
xi = 0, xé = B-v,

Thus, in the following period; pbroduction based on the old technology will
be continued, if it is bringing "profits” /and if v £ B, i.e. if not all
production capacity will be subject to change/.

Let us assume, that @ > 0 ., Reducing the value of xﬁ to zero and
reducing the value of v in such a way as to agsure the fulfillment of

condition /22/ we cbtain an increase of expression /28/. Thus, in the

optimal solution:



The economic meaning of /30/ and /31/ is very simple: if we decide to
modity a part /or the whole/‘of the production capacity considered, then

this modified part will be fully employed.

Substituting /29/ and /30/ in /28/, and omitting the expression

~MB

Bmax /0,
k

Lt - < /

]
=

as constant, we may trensform our optimization problem Into a problem

with only one unknown v , that is to say into the problem of maximizing--

under condition /27/--the expression:

1.a - ¢! - max /O
1 KK 5 "k

(L=
F_l
M

t
o)

i / - allv = maximum,

Izre the optimal solution depends on the sign of the erpreszion in
square brackets in /32/, or--in other words--on the value of the quitisni
2 "profit" achieved basing on the new technology diminished by the "profit”

on producticn based on the 0ld technology /this substraction--diminishment--

takes place only when this "profit" is positive/, over the investment

Invnss:

when .o laly, - el - max /0,
y KK 3 K

I
v =0,
Lhen 0 _<. S B,
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The selution /3}/ has & simple economic meaning.

It should be noted, that if for a certain administrative sector_ L,
~all Xﬁ & Rt are of the type discussed in this chapter, then having the
proper values of lk but not knowing the vslue of ﬁ ; We can easily
find it and optimize all fast recouperating investments of this seczor. To
achieve tﬁis aim, it is enough to range all proposed investments according . .
to the value of the index--using the index in /20/ or in /%3/, depending on
the kind of proposed investment--and include them successively into ths
plan /taking v = B/ --beginning with the highest wvalues of the index and
Zoing down towards the lower ones. Thus the whole investment fund of the
sector considered will be used. The index of the last investment includedr
in the plan 1s equal to the efficiency rate of interest o of this sector.
Generally.speaking, for this last investment we already have: 0 < v < B,
owing to the necessity of fulfilling the equations of investment inputs of
the sector.

Let us now go back to the first investment problem considered in the
present chapter. We shall investigate a special case of that problem: we
assume that the new production capacity produces some commodity /e.g., k =
1 / which can be exported to the market r /1 < r < s/, and that the possi-
bilities of export of the commodity k =1 to the market r are not com-
Tietely utilized--in other words, that the demand for exmort of commodity
k =1 on the market r is higher than the actual export. We shall ex-
press the level of the production activity under consideration by the pro-

ducztion of the commodity k =1 ; thus al = 1
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As we already know, in the case of the investment problem under con-

sideration we should invest if the expression in brackets in /19/ is

positive, i.ie., if:

™~ g

1,ap [+ ol . /3h/

I
=
1

2

The expression in brackets in /5&/ is the materiasl input--priced at efficiency
prices--per unit of the commodity k = 1 /minus possible by--production
priced also at efficiency prices/.
The marginal exchange rate of the currency of the market r --i,e.,
the shadow price of the corresponding equation /2/--will be denoted by
M? = K M? K* is here the ratio of the marginal exchange rate of the
market r to the marginal exchange rate Mo of a certain market taken as
basic one,
It is well-known /see Chapter 6 ,/ that if the possibilities of export

of the commodity k = 1 to the market r are not completely utilized--as

we assumed--then:

1, 2 MaT = Mk e /35/

It follows from /35/ that the sufficient /but not necessary! / condition
for /34/ --i.e., for investment to be profitable /in our case of investment

problem/--is:

A T /36f

Er :
= t “ 5,
MK dl e+ / 3 1kak

k=2
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Let us denote:
t
1kak/+ ol

c! +/- z
k=2 /31/

K a

WEI =

P‘@ 0

The condition /36/ can be written now in the form:

WEI < M. /38/

The sbove congideration can be done-with the same result--alsc in the case

when there exists import of the commodity k =1 from the market r .

One has only to replace dfr by dir

and to use the well-known fact /see
Chapter 6 / that if there exists import of the commodity k =1 from the

market r tLhen :

1, > M at = M A . | /39/

Te5e PRCBLEM OF THE PROPER DIVISION OF THE TOTAL INVESTMENT FUND

Let us consider the problem of the optimal division of the total in-
vegtment fund destined.for fast recuperating investments amongst the admin-
iétrative.sectors. It will be demonstrated, that when the total fund is di-
vided in the proper way the efficiency interest rates o

t

all sectors. If the interest rate e of some sector is higher than in

are the game in

others, this shows, that the investment fund Ft of this secter should be

increased at the cost of others. The opposite is true, when a% of some

sector is lower than In others.

Let us assume, that the efficiency interest rate «

A of sector t

1 1
is higher than the rate « of gector t.:

t2 2
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Now, let us increase the investment fund Ft of sector t., by a certain

1
1
small amount AFt at the cost of diminishing by the sawe amount, the fund
1

of sector te:

If the capital inputs per unit of investment decision variable /and
also investment funds/ ere measured in units of direct costs of labour
plus material inputs priced at lﬁ , Bnd 1t was demonstrated previously

that such a method 1s correct, then owing to the fact, that 12 and the

k
marginal cost of commbdity /service/ k &re equal, the change of investment
funds according to /41/ does not lead to a change of social current out-
lays of labour for fagt recouperating investments. On the other hand, con-
sidering problem /l/ - /8/ and treating equations /7/ as balance equations
for certain "commodities," we conclude that the shadow price of investment
inputs of sector t /that is - o%/ is equel to the "marginsl cost' of
those inputs, defined as the increase of the minimum outlays of social
labour in the following pericd per unit increase of the investment fund of
sector t . Thus, taking into account /40/ and /41/, the increase of the

minimum outlays of soclal labour in the following period, due to the changes

of investment funds of sectors tl and t2 under consideration is:

t

/- [6F +/-a, JOF_ ={a, - a [AF, <O .
R L S S

Juo/

/u1/

/ef
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.Tnus, the changes of investment funds considered lead to & decrease
of the minimum outlay of sociasl laebour in the following period, without
changing the outlay of labour on fast recouperating investments in the
present period. Thus, according to our principle of maximizing the effects,
when outlays are given, those changes are advantageous.

If the total investment fund for last recpuperating investments is
divided in the coptimal way among the administrative_secfors, this means,
that there is no possibility of making any advantageous shifts of tnis
fund smong sectors, It follows that the efficiency rates of interest

o of all sectors must be equal.
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T THE FINANCIAL SYSTEM AND EFFECTIVENESS IN MANAGEMENT. l/

8.1, INTRODUCTION.

The purpose of this chapter is to show how the financial system can be
used to manage “the planned economy. We are interested here only in the
theory of optimal management /optimal planning/.

| Of course, the plenned economy can be managed by direct ordéré of the
central plamning suthority, wifhout using the fihéncial tools. An example
of this method of managemént is offered by the procedure of two-level op-
timal rlanning, proposed by Kornal and Liptak 2/ . Hﬂwéver, the number of
direet tasks given by the central planniﬁg authority must be enormous /being
2qual to the product of the number of commodities by the number of enter-
prises in the Kornai-Liptak procedure/. This makes the method of management
' by direct orders unﬁanagedblé in practice, at least if optimal planning of
the whole national economy is concerned.

Another method of optimization of the plammed ecbnomy described in
chapter 6 was proposed by J. Myéielski, based on the decomposition methods
for linear programs of Kantorovich and Dantzig and Wolfe. It consists in
mazimizing, by each enterprise /i.eQ subset of production and trade activi-

ties/, the shadow price based profit /"accounting profit"/ and in changing

E/ Based on the paper by J. Mycielgki and W. Trzeciakowski, prepared

for the IT World Congress of Econometric Society, Cambridge, September 1970
(Printed as Manuscript).
7
.2/ Janos Kornai and Thomas Liptak, "Two-Level Planning,"” Econometrica,
Vol. 33, 1965, pp. 1k1-169.
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the shadow prices by the central planning suthority in such & way as to
fulfill the balances of ell the commodities. The number of paramsters
vhich must be chosen--and then chenged--by the central planning authority
in this procedure, is still very high /equals the number of commodities/
but much smaller than in the di;ect orders method. Therefore, the "prd-
fit maximization method" of optimal planning seems to be more suitable in
practice and has been already used on a large scale in planning the geo-
graphic and commodity structure of the Polish foreign trede.

It should be mentioned that the profit maximization method is appro-
priate, in principle, oply in the field of short-term plenning /ﬁcurfency
optimization"/. Therefore, the financial system we are interestéd in can

not Be expected to be useful for the long-term planning purposes.
| Although the principle of the profit maximization method does not
depend on which balance was cﬂosen as the objective function, the dimen-
sions of the shadow prices depend on this cholce. In the'following, we
ghall assume that the total labour cost /corresponding to the production
and service activities/ is the objective function of the macro-model to be
minimized, and that the shadow prices are expressed, coﬁSeQuently, in £he
domestic currency (as deseribed in- Chapter 6). |

-It is obvious that the profit qaximizgtion method of planning can
be used without any links with the financigl system /except for the syétem.
of wages used to measure the labour cost/. An examplé of such situation
1s offered by the planning of foreign trade in Poland, where the “accounting

profit"” has been connected with an incentive system. The functions of the
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financial system--to keep the gccumulation on the proper level, to maintain
the equilibrium on the market of the consumer goods etc.--are performed then
by the financial system's pricés, finencial exchange rates and financial
profits, while for the planning purposes the shadcw.prices, marginal ex-
change rates /i.e. shadow prices of the foreign currencies/ and accounting
profits are used.

Tt is worthwhile, however, to see for the possibility of integrating
both systems--the financial system and the system of short-run planning--
for this may'simplify the management significantly. Moreover, tnis should
cancel the possible contradictions between the planning and financial systems
and facilitate the functioning of incentives connected with the planning
system, The purpose of this paper is to construct such an integrated fin-
ancial and planning system;,in other words, to construct the financial sys-
tem which may be used for the short-run optimal planning decisions in ac-
cordance with the profit maximizetion principle.

We begin with some comments on the relation between the shadow prices
end retail prices /Section 2/. Then, in Section 3, we construct the finan-
cial @bjective function and the financial system's prices, exchange rates,
taxés and subsidies; optimal planning in an enterprise consists in maximizing
this objective function. In Section L, three variants of the financial
s&stem are discussed. Some edditional remarks on the taxes and subsidies

are made in Section 5.

8.2. SHADOW PRICES AND RETAIL.PRICES.

It is well-known that the shadow prices have the econowmic meaning of
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the marginal costs of the commodities /services/. In other words; the
shadow price of a given commodity is equal to the increase of the total
labour cost in the ecouomy,_caused by the unit increase of the balance of
this commodity. The values of the shadow prices depend on labour costs in-
volved in processing, on technological coefficients, foreign export and im-
port prices, production capacities, demends and supplies ont he foreign
markets, and on tﬁe planned structure and volume of the final product of
the national'economy. The same factors determine the total labour cost in
the nationazl economy, corresponding to the production and service activities.
.The shadow price of the commodity k will be denoted in the followingz by
1k ; if the commodity is the currency of the forelgn market r , the shadow
price of it /i.er. the marginal exchange rate/ will be denoted by M .

We denote the retail price Y of the commodity /service/ k on the
domestic market of the consumefagoods by wk » and the planned volume of
the individuszl, consumption of this commodity by Pg /the use of the commo-
dity k for investment and collective consumption is not included in PE/.
Li denotes the labour cost in the enterprise i1 , and B is the difference
between that part of the wage-fund whieh does not correspond to the pro-
duction and service activities /pensions ;» pay in the army, wage of the ad-
ministration etc./ and *that part of the consumers' income which is not spent
on the individuel consumption /savings, some taxes, etc./. The condition of

the overall equilibrium on the market of the consumer goods can be written

i/ For the sake of simplicity, we shall disregard the difference between
retail and wholesale prices of consumer goods.
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ncw as:
1/1_,/ I WP = X I + B .

The retail prices Wk have to assure not only the overall equilibrium
/4/ , but also the equality of the supply of /i.e. PE/ and the demand for
each commodity /service/ on the market 6f the consumer goods. It follows
that--for given collective consumption--the proper values of the retail

i c

prices depend on EL” + B, Pk
i

and on the preferences of the consumeré /and also on the form of the de-
pendence of B on PE » if such dependence exists/.

Let us now denote by # the relative level of the shadow prices, as
éompared with the retail prices.' More precisely, £ is defined as ﬁhe

ratio of the individual consumption bundle prices according to shadow prices to

the same bundle priced according to retail prices:

c

Z1 P

/z/ s _ k k "k
- C

LW P

N k 'k

Using /1/, B can be written in the form:

£, PE

5/ po= X _
A R
i
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On~ can now observe that B depends on B, Pg and on thesc Tactors which
determine the shadow prices and the total labour cost corresponding to the
production and service activities. In other words, P depends only on B
and the parameters of the problem of current optimization of the national
ecoﬁomy. It does not depend on the preferences of the consumers /although
the structure of the system of retail prices--at given PE --depends on these
preferences/.

It should be mentioned that there is no reason for B to be equal to
unity in the planned economy l/ . The rate of accumulation /for investment
and collective.consumption/ is a decision variable of the central planning
autbhority, and B depends on that rate. A higher rate of accumulation means
lower values of PE at given i Li , and thus higher values of Wk and
lower ¥ , If the difference between the marginal and the average costs
of producing consumer goods is smsll, it is necessary--for keeping the ac-
cumulation on the required level--to maintain the level of retail prices not
only above the averasge costs but also abofe the marginal costs of producing
these goods, at least if B 1is not large and negative; thus in this case
83 < 4 , If, however, the difference between the marginal and the average
costs is large, the level of retail prices corresponding to the appropfiate
- volume of accumulation may be located below the marginal costs, at least if

B 1s not large and positive; therefore, in that case B > 1. 1If, nowever,

the difference between the marginal and the average costs is large, the level

l/ In the perfect free-market economy--with perfect competition and in
absence of any taxes or subsidies, except for income tax--there is W = 1

and, therefore, B = 4. k k
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of retail prices corresponding to the appropriate volume of accumulation
may be located below the marginal costs, at least 1f B 1s not large and

positive; therefore, in that case B > 1,

We have assumed already that Wk are the equilibrium prices at the
planned values of Pﬁ ; therefore, wk " depends on the preferences of the
consuters. It does not mesn, however, that the structure of the individual
consumption /i.e. of the system of Pﬁ / is determined mccording to the con-
sumers' preferences, Assuming this additionally, i.e. assuming thet the

planned values of Pﬁ haximize the consumers' utility function at given

Z Li 3 investment‘#nd collective consumption, we can derive /for B in-
;ependent of PE /[ --as 1t is well-known--the principle of the matual pro-
portionality of the shadow prices and the equilibrium retail prices l/. In
that principle, the coefficient of the proportionality equals, of course,
8; i.e. for all consumer goods /commodities and services/

Using /4/, for a given value of ® , one can determine the values
C

of Pk and the corresponding values of Wk and lk . For this purpose
one has to know 1, and W as the functions of Pﬁ /for given k ,

the prices 1, and W_ depend on all Pg/. The first of these functions

1/ Jerzy Mycielski, "Ceny kalkulacyjne, ceny detaliczne, kursy
dewizowe," Gospodarka Planowa, Fo. 12, 1965, pp. 24-33. This paper deals
also with the relationship between £ and the marginal exchange rate, on’
the one hand, and some exchange rates derived from the retail prices /as

the "maximal exchange rate,"” defined by Kalecki and Polaczek/, on the other
hand. '



..'.136-

can be derived on the basis of the current optimization problem of the
national economy, and the secohd from the price elasticities of the demands

for consumer goods and from X Li + B as the function of Pc /this

k
function is determined by B :nd again by the problem of optimization of
the economy/.

Tt should be noted that the principle /b/, even if accepted, should
not be used without exceptions. For this could result, for instance, in de-
termining the retail price of liguor at too low a level from the point of
view of the public interest /even thougﬁ it might be consistent with the

consumers' preferences/, and in determining the prices of books at too

high a level.

8.3. THE PRINCIPLES OF THE PROPOSED FINANCIAL SYSTEM.

We shall try now to conétruct the financiel system which may be used.
for the,optimai decision-making in the short-run according to thé profit
maximization principle.

First of all, we shall postulate that in the financial system there
lexists only one system of prices Vk and exchange rates ¥  in the sphere
of production, i.e. paid to and by therproducers /admitting the possibility
of a different retail price system Wk /. It i1s not necessary, cf course,
for the financial systém to be based on only oné system of prices and ex-
change rates in the sphere of production, and the actual financial systems
of the planned economies are often based on several price and exchange rates
systems in that sphere. ' It seems, however, that the financiel system based
on only one system of prices Vk and exchange rates N will be simpler
and more effective in operation, providing it 1s possible to design 1t so

as to fulfill the requirements of economic policy /e.g. the financial equili-

brium, the appropriate volume of accumulation etc./ which are sometimes
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regarded as srguments in favour of a differentiated system of prices and
exchange rates. As we shaell show 1n the following, it is possible to de-
sign the financilal system in this way.

If the financial system has to be the basis for the current optimiza-
tion of the national economy according to the concept of profit maximiza-
tion, we must postulate the eguivalence of the accounting profit and the fin-
ancial objective function to be maximized in each enterprise. The equivalence
of these two objective functions means that the second of them ls an in-
creasing function of the first. Since it is most convenient to take--as the
objective function in the financial system-~a linear function of inputs and
outputs of commodities, and to express it in the domestic currency, we
conclude that the financial objective function should be equal to the ac-
counting profit muitiplied by a certein positive dimensionless constant a®

, minus a certain constant Qi . Of course, 1t is possible to form
from this "basic"” objective function of the financia; gystem other objective
functions /as, e.g., the financial incentives fund/ by taking some non-
linear, increasing functions of the "basic" function. it should be stressed
also that the constants ai and Qi may be different for diffefent enter-
prises.

We shall denote by p; the difference between output and input of
the commodity /service/ k in the enterprise i . 1In other words, !pi '
15 the net output of the commodity k in the cese pi > 0, and the net
input of this commodity in the case p}iE < 0

The "basic" financial objective function of the enterprise i can be

written now in the form:
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/ i i i i
/51 at /21 p - L'/ - q .
k "k :
: k
It should be noted that 1f the enterprise 1 1is exporting to or
importing from the foreign market r +then one of the pl denoteg the

k
foreign currency receipts or expenditures, and the corresponding 1

k
should be understood_as the marginal exchange rate M,

Now we must write the financial objective function /5/ using not the
shadow prices lk and marginal exchange rates M s but the prices Vk
and exchange rates N of the financial system / in the sphere of production/ .
The outputs and inputs of the particular commodities are priced in /5/ pro-
portionally to 1k Jor .Mr / s+ It seems unavoidable--from the point of view'
of the simplicity of the financial system--to postulate that these outputs .
and inputs should be priced proportionally to Vi Jor N/, if /5/ is
written using the financial system's prices. Therefore, we have to postulate

the mutual proportionality of the system of shadow prices and marginal ex-

change rates and the system of prices Vk and exchange rates N

/6/ V. = b1l

for all commodities, and

/1/ N = oM

for all foreign markets. The positive constant b must be dimensionless
if the financial system's prices are expressed in domestic currency, and it
must be independent of i 3 for‘otherwise, there would exist more than one

system of prices Vk and exchange rates N in the sphere of production
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/contrary to our postulate/.

The financial objective function /5/ can be written now as

/8/ ey n
k

ol o

If the enterprise 1 is exporting to or importing from the foreign mar-
ket r +then one of the pi denotes the foreign recelpts or expenditures,

and the corresponding Vk should be understood as the exchange rate N .

G
Let us denote by 2 i the gross finencial profit of the enterprise

i1 , i.e. the difference between the value of outputs prices according to

the price system Vk and the value of inputs priced according to the same

price system, and the direct labour cost:
Gi i

/9/ Z = ZVkp; - L= .
k

We shall define aslso the taxes T‘A"L and TL-1 as

/10/ AL /1 - al / = Vkpi ,
- k
B

J11/ P P S I .

Now we can write the "basic" financial objective function /8/ of the enter-

prigse 1 in the form of the net financial profit ZNi '

112/ A L T Sl -
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Economic decisions concerning current management should be made at

particular ehterprises according to the principle of maximization of ZNi .

The central planning authority has to change the prices Vk and exchange

rates N in such a way as to assure the fulfillment of the balances of

all commodities and of the foreign trade with all foreign markets. OFf

course, only a part of ZNi should be left &t the disposal of the enter-

prise /e.g. in the form of the financial incentives fund/; the main part

of ZNi should be transferred to the State budget in the form of zn income

tax /progressive, differentiated for various enterprises/.

Let us make some comments on the taxes TAi and TLi » First of all,

it ai > b than -TAi is & subsidy; if ai < 1, -TLl is & subsidy,
One qén observe also that the tax TAl is proportional to the value added;

TL1 is proportional to the labour cost. OFf course, both taxes are of a

price-forming nature: they influence the equilibrium values of Vk' and

N .

It foliows from /12/ that Q} has =150 the economic meaning of a tax
or charge /—Qi has the meaning of a subsidy &f  is negative/. Q> does
not depend, however, on the decision variables of current management; it may
depend on, e.g., investment decision &ariables.

Let us note now that apart from the taxes TAi and TLi » Operating
in the sphere of production of commodities and services, thefe must usually
appear in the proposed financial system one more kind of tax. This results
from the fact that the retail prices W, may differ, as it was already men-

k
tioned, from the prices Vk paid to the producers. The difference is a tax
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operating in the sphere of individual consumption, for commodity k » this

tax TC

Kk equals

(I - c
(13) T, = (W Vk)Pk.

If W, <V, then -TC is a subsidy.

k k k
We shall denote the sum of the taxes TE by Tc :
(14) ° =yl
k
Using (2), (6) and (13), we obtain
C c 1 C
(15) T = (1 sb)E W B <5b 1>E Vi P -

If the principle (4) is accepted, we obtain from (6) the mutual pro-
portionality of the system of retail prices and the system of prices in the

sphere of production:
(16) v, = BbW,_

for all consumer goods (commodities and services). Moreover, formula (13)

gives then

C c 1 c
(17) T, = (1 - BO)W P = <§3 )trkl"IL ’

i.e. the uniform rate of taxation for all consumer goods. The method of deter-

mining the values of Pﬁ and the corresponding values of Hk

already briefly presented, is--because of (6) and (16)--also the method of

and 1k P
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dete;mining the prices vk of consumer goods and can be expressed in terms
of these (and not 1k ).

Let us summarize now the conclusions concerning the financial equi-
librium in the proposed financial system. This equilibrium comsists, first
of all, in the equilibrium in the sphere of individual consumption, and
is reached by maintaining the retail prices at a proper level (dependent
on the required volume of accumulation) and by using the taxes Tg . The
secdond element of the financial equilibrium is the equilibrium of particular
enterprises in the sphere of production. Also this equilibrium is ensued
in the proposed financial system, at least for Qi < 0, This follows from
the fact that in the optimal plan the accounting profit is non-negative,

M ge-for Qi = 0 --equal to the accounting

profit multiplied by a positi#e constant. Thus ZNi in the optimal plan

and the net financial profit 2Z
i
is non-negative (for Q < 0 ).

8.4, VARIANTS OF THE FINANCIAL SYSTEM

In the proposed financial system with arbitrarily determined values

of the constants ai and b all three taxes TAi ’ TLi and 'J.‘c

differ
from zero., Moreover, it follows from (10), (11) and (15) that ik is not
possible, in general, to determine the values of ai and b 8o as to assure
vanishing of all these taxes; this would be possible only if g =1 (we
‘should take then ai uhb =1},

It can be shown, however, that by an appropriate choice of the values

of ai and b it is possible, in every case, to make two of the taxes
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'1‘Ai ’ '1‘Li and Tc vanish; this can be done in three ways, depending upon
which tax does not vanish. We shall discuss now three thus defined variants
of the proposed financial system, For practical reasons the number of the
kinds of taxes in the financial system should, of course, be as small as
possible; hence, the choice of the most convenient financial system is re-
duced to selecting one of these three variants,

variant 1. We take a1 = b =1, We have then TAi = TLi « 0 and

c C 1 C
(18) T = (I-B)E LR 2 '<E - 1)12( v, P -

The system of prices Vi and exchange rates N° is identical with the
system of shadow prices and marginal exchange rates, and the gross financial
profit and the net financial profit (for Qi = ) are identical with the

accounting profit. If the principle (4) is accepted, the retail prices

C .
wk and taxes '1‘k are:
( k 5 k 2

C - C 1 - C
(20) T, = (1-s)wkpk = (B 1>vkrk
for all consumer goods.
Variant 2. We take ai =1 and b = % . We have then TLi = TC = 0
and
i i

(21) ™ = (1-8)r v, 2] -

k
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The prices vk and exchange rates N equal, respectively, the shadow

prices and marginal exchange rates divided by B ; the net finangial pro-
fit (for Q1 = 0) equals the accounting profit. If the principle (4) is
accepted, the retail prices wk equal the prices Vk (there is only one

price system in the national economy) and the taxes Tc all vanish:

k
C
(23) | 1€ = 0

for all consumer goods.

variant 3. We take ai = b = 1 . We have then TAi = Tc » 0 and

B
(24) . (3% - :) il

The prices Vk » exchange rates Nr and net financial profit (for Qi = 0)
equal, respectively, the shadow prices, marginal exchange rates and accounting
profit divided by P . If the principle (4) is accepted, the retail prices
W,

k equal the prices Vk (there 18 only one price system in the national

economy) and the taxes Tg all vanish:

(25) W =V
4
(26) T, =0

for all' consumer goods.
When B < 4 then, as it follows from (18), (21) and (24), TC 1in

* variant £, TAi in variant 2 and TLi in variant 3 are taxes; if, however,
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£ > 1 then they are subsidies (with opposite sign).

It should be noted that if we take b = é ; them at certain enter-
prises we can use variant 2 (i.e. ai = 1) and at other enterprises--
variant 3 (i.e. ai o % ). Of course, to the value b = 1 there corres-

ponds only variant 1 (fi.,e. 8 =1) .

8.5. REMARKS ON TAXES AND SUBSIDIES

The taxes (subsidies) TAi 3 TLi

and Tﬁ of the proposed financial
system ensure not only the equilibrium, but also the current optimality

of the national economy, This differentiat&!th;se taxes (Bubsidies) from
such--sometimes used-~taxes and subsidies (as, e.g., subsidizing export

or the unprofitable productions of some commodities to fulfil the balances
of the foreign trade or of those commodities) which lead to the equilibrium,
but not optimality, of the economy.

It should be stressed, however, that it is sometimes necessary--from
the point of view of balancing and optimization of the economy--to use some
other taxes and/or subsidies than TAi ; TLi and Tﬁ . This necessity
follows from the analysis of a gomewhat more general model of current op-

timization of the economy than the one which was implicite the basis for

our considerationg in this work (i.e. Mycielski, Rey and Trzeciakowski)l.

lJerzy Mycielski, Krzysktof Rey, and Witold Trzeciakowski, 'Decomposition
and Optimization of Short<Run Planning in & Planned Economy, " Chapter 2 in
T. Barna (ed.), Structural Interdependence and Economic Development,
Macmillan, 19631,
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Among such taxes and subsidies are custom duties and export--import subsidies
resulting from the necessity of complying with the conditions of foreign
trade matched sale transactions or treaties; particular imports or exports
within the framework of such transactions or treaties may be, in the absence
of subsidies or custom duties, 'unprofitable" or too profitable,"

Apart from the already discussed kinds of taxes and subsidies there
exist, of course, some other fully justified taxes and subsidies which,
however, result from different premises than the equilibrium and current
optimization of the national economy. Here belongs the already mentioned
income tax whose purpose is to prevent a major part of ZNi from remaining
at the disposal of the enterprise 1, e.g. for investment purposek or im
the form of the financial incentives fund, Here belong also the taxes and
subsidies resulting from, e.g., the tendency to avoild risks of too narrow
speciaiization in foreign trade, the considerations of the long-term policy
of economic development (as subsidizing new, growing productions) and others,

An exampie of a tax justified rather by social than economic considera-
tions is offered by the remuneration tax paid by the employees in the planned
economy, The point ia that in a properly constructed system of wages the
labor cost of a given enterprise should include rents because of the use
of certain kinds of scarce skilled labor. 1In other words, the wages of
these groups of employees must be appropriately high. Otherwise the skilled
workers will generally not be properly employed in the national economy;
it will be profitable to employ them also in such enterprises in which the
productivity of their labor is not sufficiently high. On the other hand,

this does not mean that the employees with rare qualifications should have
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the real earning equal to the "shadow price" of their labor (although their
wage paid by the enterprise should equal this price). Such high earnings
could be unacceptable from the point of view of the social egalitarian prin-
ciple; moreover, their current influence on incréasing the supply of a given
kind of skilled labor on the market may be negligible, and as an incentive
to increase this supply in the long run (by retraining an appropriate number
of workers) they could have too strong an effect, It follows that it is
necegssary to levy a remuneration tax on employees, differentiated for par-
ticular groups of them, This tax should not, of course, be mistakenly re-
garded as the tax proportional to the wage-fund TLi s levied on enterprises.
It should be noted here that the remuneration tax may also take a
form of subsidies to remuneration paid to employees (by the Treasury, not
employer). A remuneration subsidy could be used to ensure a proper st;ndard
of living for the less efficient groups of employees) e.g. those with poor
qualifications, women, etc. (without giving rise to disincentives to their
employment, which happens when their wages paid by the enterprises are main-
tained at & high level. Such a subsidy could then be an instrument of full
employment policy, and can replace the lowering of the retail prices of
staple consumer goods (i.e. departing from the principle)1 in order to make
poe3ible consumption of these goods by low income groups of the population.
We aﬁoid then distortions in the consumption structure of other groups of
the population, going in the direction of a relatively too high consumption
of the staple consumer goods. An example of a remuneration subsidy could also

be a properly determined family allowance.

Janog Kornai and Thomas Liptak, 'Two-Level Planning, " Econometrica, Vol, 33
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PART III: PRACTICAL APPLICATIONS

9. The Transition from Models to Practical Applications

The main field of interest of Part II has been hitherto centered
on the analysis of the properties of optimal solutions of particular models,
Hence research has been mainly concerned with the formal, mathematical logic
of reasoning, focussing the attemntion on the internal consistency between
the accepted assumptions and the derived conclusions.

Once one leaves the restricted sphere of model analysis and one attempts
to enlarge research into practical applications--the pure context of formal
reasoning has to be broadened: first one has to assess the relevance of
basic assumptions underlying the models to existing economic and political
conditions and, second, one has the evaluate the feasibility of conclusions
derived from the model analysis to reality. Formal logic of model-builders

has to be complemented by value judgments of poliéy-makers.

9,1, Poland's Strategy of Development and the Need for Effectiveness

First we claim, that the elaboration of economic effectiveness
criteria in planning as well as the construction of mechanisms of indirect
guidance of decentralized decision-making in management as proposed in Part II1
both respond to the vital needs of improving the actual system of planning
and management and are necessitated by the past and present evolutiom of
the Polish economy, ‘

In the early stages of Polish economic growth the choice of strategy

was relatively simple. 1In the take-off period the average productivity of
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labor was low, the share of the industrial sector in total output was negli-
gible, unemployment (together with disguised unemployment in the agricultural
sector) was high and there existed a structural disequilibrium between labor
resources and available capital. In those curcumstances the general strategy
called for accelerated industrialization and a high rate of investment. This
required the creation of technical capacities for investment and an increase
in social savings.,

The creation of technical capacity for investment entailed dependence
either on domestic production of capital equipment, or on imports. The stra-
tegy of internal and complex industrialization was selected. Limited export
possibilities and general imsufficiency of raw materials resulted in channelling
of investments to primary sectors (mining, havy industry, etc.) which are
highly capital intensive, where investment has a long gestation perilod and
vhere new employment is created in the long run. Oun the other hand, increased
soclal savings required the preparation of a scheme for drawing surplus labor
in activity. Employment was raised by various means: by creating cheap
new capacities, by increasing the number of shifts, by utilizing obsolete
equipment, and by a programme of intensive education and training. All :his
leads to a centralistic system of planning and an inward-looking strategy
of development. Also in foreign trade detailed and central decisions deter-
nined overwhelmingly the shape of foreign trade in those early stages of
growth.

But with a comstant development of the economy and with its growing
diversification there occurred profound changes in this pattern. From the

initial stage of speedy and extensive development of a highly autarkic economy
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Poland went over to & more mature stage of a diversified economy with diminishing
reserves of extensive factors of development, Hence the need of exploring
intensive factors; this meant, first of all, a comstant increase of the
share of foreign trade in national income, This tendency is illustrated
by Table 1.

The radical growth of fereign trade and of its share in the creation
of national income was accompanied by a parallel change of the commodity
structure of exports and imports. To illustrate these changes let us take
statistical data of exports for 1957 and 1967 (Table 2). |

Table 2 shows, that the total value of exports increased 2.5 times;
while simultanesusly there occurred important changes in the commodity struc-
ture, and namely the share of final industrial goods (142) increased 5 times
and reached more than 2/3 of the total increase of exports; Export ofrin-'
dustrial consumption goods rose more than 6 times and exceeded by S0 mln.§
the value of coal exports, while in 1957 the sole export of coal amounted
to nearly 407 of export earnings.

A tendency towards a bigger share of machinery import occurred also
on the import side (Table 3). The share of machinery and equipment import
in total import rose from 24% to 377, and this means, that Poland imported
in 1967 over three times more machines than im 1957,

After a peried of nearly 25 years of all-round industrialization and
a change of the economic structure from a raw-material-agriculturai structure‘
to an industrial-agricultural structure, Poland finds itself at the threshold
of a new strategy of its development which will be characterized by much greater
intensity and selectivity. In this strategy, the development of a rational,

international division of labor assumes a special significance.
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Table 1

Dynamics of National Income and Foreign Trade
(in constant prices 1960 = 100)

National
Years Income Export Import Turnover
1950 47 60 44 50
1951 51 55 52 54
1952 55 58 49 53
1953 60 65 50 57
1954 69 63 58 61
1955 72 65 61 63
1956 _ 77 63 66 65
1957 86 61 79 71
1958 91 77 ' 82 80
1959 95 86 95 : 91
1960 100 100 100 100
1961 108 114 114 114
1962 111 127 128 127
1963 118 132 135 134
1964 126 155 139 147
1965 . 135 169 } 161 164
1966 143 176 173 174
1967 154 197 186 191
1968 166 227 201 213
1969 169 245 223 239




Table 2

Commodity Structure of Exports, 1957 and 1967

1857 1967 Change
Dynamics
Commodities mln $ % nin § % mln § 1957 = 100

1. Machinery and Equipment 195.0 20.0 911.3 36,1 716,0 467
2. Industrial Consumption Goods 62,2 6.4 388.9 15.4 326.7 625
1+2 257.2 - 26.4 1300.2 51.5 1043.0 506

3. Raw Materials (including coal) 594,7 61,0 833.9 33.0 239.2 140
388.2 39.3 340.3 13.5 -452.9 89

4, Agricultural Goods 123,1 12.6 392.3 15.5 269.2 319
Total 975.0 100.0 2526.4 100.0 1551.4 259

-251-



Commodity Structure of Imports,

Table 3

1957 and 1967

1957 1967 Change
: - Dynamics
Commodities nln § % mln § % mln ¢ 1957 = 100
Machinery and Equipment 297.4 23.8 977.7 37.0 +630.3 329
Raw Materials 664.7 53.1 1228.7 46,5 +564,0 185
Agricultural Goods 218.0 17.4 289.1 10,9 +71.1 133
Industrial Consumption Goods 71.4 5.7 149.1 5.6 +77.7 209
Total 1251.5 100.0 2644,6 100,0 +1393.1 211

-£CT~-
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It should be emphasized, however, that the concept of intensive and
selective development of the national economy lays a special stress on in-
creasing the effectiveness of imvestments, on speeding up productivity growth
and the technical and organizational progress, as the principal factors of
Poland's development. Intensive selective development implies the concen-
tration of outlay and efforts on selected fields which “determine modernity
of production and a rapid technical progress,' which Poland, as compared with
other countries, possesses relatively advantageous conditions for specializa-
tion. Therefore, selective development--implying concentration of outlay
on the comparatively most effective fields in the given country--assumes in
principle an intensive participaﬁion of Poland in the international division
of labor, the utilization of beneficial international specialization as an
element for increasing the effectiveness of economic administration and,
therefore, for making it possible to achieve & higher level of economic
growth and to satisfy more effectively the consumer needs of broad sections
of the population. Development of this kind implies giving preferential treat-
ment to branches specializing in exports. They should develop much faster
than other branches of the national economy. Rapid growth of specialized
exports should contribute to a faster overall growth of exports than the
growth of industrial output and of the national income, and should create
conditions for a rapid growth of imports, while maintaining equilibrivwm in
Fhe balance of foreign tFade turnover. All thig contributes to & gradugl
overcoming of the currently existing "foreign trade barrier," being a substantial

1

obstacle to Poland's economic development. It leads at the same time to

1
J. Soldaczuk, Poland's Economic Relations with Countries Having Different
Social Systems. "Polish Foreign Trade," no. 11712, 1969,
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the general implementation of the concept of efficiency into decision-making

in overall planning and management.

9.2. The Evolution of the General Planning System and the Selection of the

Models

The best possible theoretical proposals dealing with effectiveness
systems, that would endanger the existing decision-making processes in planning
would certainly be rejected as "transplants” by the policy-makers. Hence,
our second claim is, that the proposed methods of efficiency analysis and
of indirect guidance of decision-making at executive levels, constitute
a reinforcement and rationalization of existing decision-making processes.
Assuming that central parameters are determined at a proper level, methods
of indirect management enlarge the sphere of influence of central preferences,
thus supplementing traditional plan directives. The growth and diversification
of the Polish economy excludes the pﬁasibility of maintaining the methods
of constructing detailed amd rigid planas. The traditional system of hierarchical
planning and counter-planning has to be reinforced by horizontal coordination.
This means the necesgity of enlarging the system of planning in value terms
indtead of planning in kind, and results in the strengthening of decentra-
lization processes in the multi-level decision-making pattern, Hence the
search for intensive ways of development and the need for decentralizing
an important share of planning dec}sions stresgsed the necessity to introduce
the analysis of effectiveness as an obligatory tool for the selection of plan

variants at executive levels.
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On the basis of the classification of planning and management systems
(Chapter 1) we reached the conclusion, that economic decision-making has
to operate in a framework where mixed decision-making systems coexist. In
principle there are no reasons why the dual approach should lead to antagonistic
conflicts with the primal model. Hence the proposed indirect system of profit
maximization based on‘shadow pricing should operate in full conformity with
the system of direct ﬁlanning.

On the basis of the analysis of the planning system looked upon as a
multi-stage decision-making system [Chapter 2.1]--it is justified to assume
that all non-linearities, non-convexities, increasing returns to scale and
uncertainties are dealt with within the framework of decision-making in longer-
term plana, Thus the simplifying assumptions of short-run optimization models
(linearities, convexities, non-existence of increasing returns to scale and
of uncertainties) are tolerable from the practical point of view.

On the basis of the analysis of the planning system looked upon as
a multi-level decision-making structure (Chapter 2.2)~-it has been claimed
that a non-numerical analysis of the properties of the optimal solution may
lead to the formulation of useful rules of behavior for planning--and
management agents,

One could argue, that the selection of a different model-approach,

i.e. maximization of national income instead of minimization of labor costs

as & preference function--could lead to different rulesl {(e.g. shadow prices

1
This point has been raised by Prof. Z. Czerwinski, Poznan University in his
excellent comments on the choice of optimization models, JBKiC, W-wa, 1970,
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of labor instead of labor costs, maximization of value added instead of
maximization of profits, etc.). This is correct, However, from various
possible preference functions of the central plannet1 this solution should
be selected, which reflects the desision-making pattern closest to reality.
From this point of view, one may claim, that the models described in Part II
fulfil this condition, as

-~ there is no practiqal way of measuring national incomes of dif-
ferent commodity structures in centrally planned economies; on
the other hand the asgsumption of a stable structure of national
income to be maximized seems to be too harmful.

-- the notion of profit maximization is commonly known and the shadow
prices of producers goods can be determined through foreign trade
prices. On the other hand the notion of value added is less mea-
surable, as the rational pricing of final demand would prove to
be more complicated, due to the lesser degree of comparability of
non-tradables.

Hence, as from the theoretical point of view the waximization approach
could be equally acceptable as the minimization approach, nevertheless the
practical considerations favor the acceptance of the latter. Whatever the
choice, what matters is the internal consistency between the model-assumptions
and the model-conclusions, that characterizes he formalized approach, as
opposed to the common inconsistencies of the traditionel. non-formalized approach
used hitherto. Therefore the use of separate, mutually inconsistent partial
incentive criteria or success indicators should be replaced by criteria derived

from overall preference functions.

1For the comprehensive list of possible preference functions, see, T. Koopmans
and M. Montias,

H .
Descript Com
published. iption and parison of Economic Systems," 1970, to be
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9.3. Basic Problems of Applications

The transition from model analysis to macro-economic practical appli-
cations is connected with many difficulties and requires time. First the
model-builder has to convince the policy-makers that the proposed changes
will neither endanger the smooth functioning of decision-making processes,
nor lead to unfeasible solutions. Hence the conclusions of the model analysis
have to be translated into traditional instructions and illustrated by in-
tuitive examples. The first practical step consists in the numerical deter-
mination of central parameters. On the basis of baaic central parameters
one can fix shadow prices, which, in turn, enable the statistical and plannistic
determination of profits (or losses)., Knowing approximately the potential
consequences of the application of shadow prices for different sectors one
can adapt the decision-making eriteria so as to aveid not intended results.
Correct central parameters are fully compatible with plans, but distorted
parameters create conflicts between profit maximization &and plan implementa-
tion, which may lead to intolerable consequences., In order to avoid great
rigks it is safer first to use shadow prices as obligatory analytical criteria
and then, in the next period, to go over from analytical to decisional criteria.
As long as the criteria are not connected with financial stimuli, the dif-
ficulty in applying new shadow prices on a macro-scale lies basically in
the lack of experience as to the possible magnitude of profits or losses in
particular sectors. Once one comnects effectiveness criteria with fipancial
stimuli--new problems arise. First, the new stimuli may give rise to unpre-
dictable productivity increases, which may cause unexpected discrepancies

in earnings. Second, the system of information on which the shadow prices,
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profits and premiums are based, may be intentionally deformed at executive
levels so as to influence the magnitude of expected premiums. A completely
new administrative machinery has tc be established within the framework of
central planning, which should manage and control rates, prices and profits
in an elastic manner, reacting on changes in external and internal conditions
and adopting the asystem of stimuli and taxes accordingly. Hitherto there
was no need and no experience within the traditional framework of central
command-planning for this type of indirect guidance.

The use of the so called calculative approach means, that two parallel
pricing systems are operating in the economy simultaneously. This duality
of effectiveness and financial pricing creates several problems. 1In order
to avoid these problems one is tempted to liquidate the duplicity end to
connect the two pricing systems into a singie one, However this creates
new problems for planning and management. The existence of two separate
pricing systems meant, that the calculative system reacted permanemntiy to
all changes, as the financial system was stable. All balances, success indi-
cators, financial norms, wage constraints and accounting principles were relying
on stable prices. The transition from stable prices to changing prices creates
many problems. Should any change in external price of copper result in changes
of prices in electrical equipment? If not, what deviations should be toler-
able and how often should prices be recalculated? This type of problem has
of course, no theoretical answer; only practical considerations can lead to
a.reésonable coﬁpromise b;tﬁeen stability and eléaticity.

Another aspect of the same dilemma is the degree of responsibility of

various categories of staff for the fluctuations of profits (and thus premiums)
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which oceur befond the sphere of competence of the staff ('speculative earnings
or losses'"). Again there seems to be no unique theoretical answer to such
questions, however, it is clear that neither the existing solution, where

the total responsibility rests with the state budget, nor the full traﬁsfer

of all responsibility on the workers--could be treated as an acceptable solu-
tion,

Analogically, there seems to be no unique answer to the question:
efficiency versus social considerations. Answers to these quesfions cannot
be found in the model analysis, as they are, by nature, value judgments,

Another crucial question that faces the reformers is the extent of
effective central price control. 1In conditiong of non-competitivé producers,
possessing the exclusive control over their sphere of activity«-central con-
trol of prices is clearly limited. Cost plus pricing rules camnot be affiliated
with strong incentives based on profit maximization,

Tﬁe list of similar questions and problems could be pursued further.
However, the problems already listed suffice to illustrate the really great
difficulties connected with the implementation of optimization models in
practice and to explain the necesgsity for an evolutionary and pragmatic ap-'

proach in economic reforms.
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PART IIX. FRACTICAL APPLICATIONS

Statistical Determination of Rates of Structural and Directions Effectiveness

as Initial Rates of the Optimization Calculation for a Foreign Trade Plan

The Statistical Determination of Hr and K°

As already mentioned the statistical determination of rates of struc-
tural and direct*nns effeétiveness appeared to be fhe only available method
for determining in practice the {nitial rates M° and K .

An additional argument in favor of determining M and k" by statis-
tical methods is, supplied by the fact, that it is very difficult to include
many treaty obligations within the central planner's calculations. On the
contrary, the set of M 's and K*'s determined by statistical methods
contains these limitations which influenced definite planning decisions
on the structure and directions of foreign trade.

There are bases for the claim that statistical determination of M°
and ¥° is the first possible approximation to the optimum.

From our ﬁodel considerations we know the behavior of M° and K'
in the optimal solution. If one determined M and K- from a completely
arbitrary set, in which there are no relations between the rates and the
structure of comnodities and directions envolved in trade, then the reasoning,
based on the correctness qf.the optimal system would be meaningless.

It seems, however, that one can assume that the statistical solution

is not very far from the optimal one, for the following reasons:
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1. Although the commodity structure of exports, which has for many
yéars been subject to careful analysis based on indices of effec-
tiveness, is certainly not optimal, it nevertheless is not wholly
composed of faulty items. Thus the set M » derived from such
a structure is not arbitrary.

2. The directions stricture of exports and of imports, realized on
the basis of the policy of the Ministry of Foreign Trade shoqld be
close to the optimum, Minimizing costs to fulfil given targets
expressed in foreign currency is equivalent to maximizing foreign
currency earnings at given costs, i.e. to a tendency which has long
prevailed in foreign trade planning practice.

3. Just as in a prof;t oriented competitive enterprise the stimulus
of profit maximization leads towards solutions close to the optimum,
similarly in our fofeign trade the tendency to optimize directions
policy should lead to solutions, which statistically are not far
from the optimal one. :

Those arguments indicate, that the sets M and K » derived sta-

tistically, can be treated as a first approximation towards the optimal
set.,

The theoretical considerations presented in paperl lead to the conclusion,

that in the optimal solution ﬁEr - HIr = H; 3 that KEr = KIr = Kr ; and
A A

that l(r

1W. Trzeclekowski: Model optymalizacji biezacej polityki kierunkowej w
handlu zagranicznym. Gospodarka Planowa Nr 8~9, 1960.
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Thus, if we assume, on the basis of previous comsiderations, that the
current solution is a certain approximation to the optimum solution, then
we can determine the rates ﬂ; and k' by statistical methods, based either:

-=on an aﬁa}.ysis of exports only,

-=0or on analysig of exports and imports. -

If the analysis of the results of both sets leads to'discrepancies,
and both sets from the statistical pbint of view are correct, then the dis-
crepancy is the measure of the deviation of the existing solution from the
optimum, 1In this case we shall seek the optimum M's and K 's in be-

tween Hsr P KEr and HIr s K;r while to determine the numerical values

of M and X , as an average of the exports and imports data, we can weigh
both sources of information by the degree of their statistical reliability;
If on the other hand we judge, that from the statistical point of view
the reliability of one of the sets is doubtful (e.g. owihg to deformation
of the costs of production for export purposes), or owing to noncomparable
prices of imports (expressed in foreign currency), then we can rely on oune
set only, i.e, on thellesa deformed one. Our choice is completely free
in computing K* (1.e. exports or imports or both), but in computing e
this freedom is limited by the inadequacy of import prices expressed in
terms of zlotys (L.e. exports, or exports and imports).
The choice of the procedure depends on the kind of statistical material

available and on treaty conditions concerning a given country.

Statistical considerations concerning both sets are presented below.
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10.2 Statistical Analysis of Export Ratesl
| On the basis of tﬁe stacisticai analysis of about 25,000 series of
data, concerning various commodities on separate markets, initial statis-
tical tables and the followilng parameters are computed: |
~- the average foreign exchange rates for exports attained on separate
markets (measured in F )
~- the average rates of the marginal decimal (measured in F )
-- the correction for the marginal decimal, resulting from the substi-
tution of the price expressed in zlotys F by corrected computer
costs, or by full processing costs, i.;. KWB .2
. On the basis of statistical data graphs are prepared presenting the
rates HEr for expofts to separate markets. The volume of exports expressed
in "foreign currency zlotys" is presented on the abcissa and final rates
for separate commodities are presented on the vertical axis; eiports to a

given market are ranged according to growing rates,

IA separate study, prepared by the Study Group on Effectiveness of the Foreign
Trade Research Centre, presents yearly an analysis of statistical data,

2T‘ne tables are prepared on the basis of indices used up the present in
foreign trade, i.e, F o, KB and L ¢

F - Financial Indicator, determining the ratio of the domestic price
(in zlotys) to the price in foreign currency,

KWB - Financial Corrected Indicator, differing from F by the amount
of accumulation, in the last processing phase, )

L - Last Phase Labor Indicator, which is the ratio of processing costs
(in zlotys) of the last phase, to the net gain in the price obtained
in foreign currency, deduction made of the value of material out-
lays expressed in foreign currency.
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Now there arises the problem of the choice of the marginal value,
various solutions are.possible:

a) on the basis of the existing graph we determine the value of M ’
at the point of intersection of the last but one section (e.g. decimal)
with the value of our export to a given market,

b) we can also gtralighten the curve along its tangent in the last sec-
tion and find its intersection point with the value of éur exports,

The general rule is, that in order to eliminate the influence of mar~
ginal (incidental) transactions, the marginal value is taken as the average
of the last part of the export curve for a given market, and in doing so
its individual shape is considered.

Marginal rates, obtained from statistical procedure, can also be veri-
fied from the point of view of changes of MF over time. Comparing similar
statistical analyses the formation of marginal rates in consecutive time
periods can be observed. Statistical data for 10 consecutive years show
a r;m;rkable stability of ‘MF for large markets.

For exports to small markets, where oscilations of marginal values over
time are sometimes substantial, it is better to determine those values on

the basis of average data.

Y1 = 4214,
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- In considering such markets one determines the relation between the
marginal rate of exports (H?) , and the average rate of exports (w’)

during consecutive periods (years), according to the formula:

Where H t = 1960, “ney 1970
Q = exports to market T 4in zlotys expressed in foreign currency
in year ¢t .

In this case the final value of M ;s determined statistically, will

be: W -A s i.e.
HEr = Wr-A

Having a statistically determined set of structural and directions rates
of effectiveness Mgr , we can also determine, as a first approximation,

the set of rates of directions effectiveness K? as:

r

K -

To avoid substantial deviations of such a set from the optimum, due to
incidental statistical value of MEO ’ M° can be determined through the
set KIr for imports, according to the method described below.

It seems necessary for the application of statistically determined HEr's

to optimization problems of the foreign trade plan, to introduce additional
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corrections in order to take into account the conditions of convertibility
of foreign currencies.

When, between the given countries, currency is convertible, and when
there are no quantitative limitations on this convertibility, the marginal
rate for such countries should be equal. Such & rate is obtained from a
graph prepared jointly for all such countries (e.g. for the countr;es of

the European Economic Community).

If the transfer of currencies is possible in one direction only, from

market 1 to market 2 (without disagio), then:

Hl E;Mz - if such an alternative is not actually applied,

Ml < M? - i{f such an alternative has actually been applied,

Ml = Mz - if transfer possibilities are unlimited.

If the convertibility of the currency of market 1 into currency of mar-
ket 2 1s possiblé under a certain disagio (d) , then in the conditions given
above: 1Instead of Hz should be written (l-d)H? .

On the basis of the above principles the rates of structural and direc-
tions effectiveness for 1961 were first determined, and then collected sys-
tematically on a yearly basis,

The rates M* and K° determined in such a way can then be submitted
to a plannistic checking.

Since the major part of foreign trade is based on existing Creaty oo~
ligations, and since in many cases actual alternatives for increasing foreign
trade relations are already known, further preliminary corrections of sta-

tistical rates can be based on preliminary, planning evaluation of the conditions
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of trade relations with a given market for the coming period. Such an evalu-
ation flows from existing or anticipated treaty obligations, from changing
foreign exchange tasks, and the commodity structure of foreign trade, and
also from the changes of prices expressed in foreign currency. 1In other
words the M  and K° curves may be re-ghaped, 1f anticipated future changes
are expected to influence the values of the new shadow prices. In such
corrections it is essential that the marginal rate M corresponds to the
actual alternative of the anticlpated increase (or decrease) of foreign
trade.

Thus, beginning with an analysis of statistical values, and introducing
changes of the rates over time and anticipated chahges of trade conditions
in the following year, we obtain the initial set M and ¥ , which can

be taken as the initial optimizétion of the plan.

. Statistical Determination of the Rates for Imports

The determination of rates, resulting from the import structure will now
be considered. It would make no economic sense to determine M;r on the

basis of domestic prices expressed in zlotys, and determined till 1970 arbi-

trarily for imported commoditiea.

For this reason it seems advisable to refer to the set K;r which can
be determined by a comparison of actual prices expressed in foreign currency
(of the given market) with free-currency prices. Such.indices have economic

meaning for imports, since the possibility of purchases on the free currency

market is, as a rule, an actually existing alternative for most of the com-
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modities imported to any country.1
This supports our opinion that the so-called indices of the relative
value of a currency are a proper basis for determining the set KIr for
imports. By KIr = 1 we understand K  for the free currency market.
The reasoning 1s based on the assumption, that the actual solution in

the field of imports is close to the optimal one. If 8o, then the following

condition for imports is fulfilled:

Ir

de - K r dio
<1, and thus: K < —/

dIo b ‘ - dIt

k k

where: dir - price of commodity k , imported from market r ,

Io

dk - import price of commodity k on the free currency market,

The above condition is not fulfilled when there is no alternative pos-
sibility of additional purchases of certain commodities (e.g. embargo).
Such commodities should be omitted in statistical analysis.z

Thus, having indices for many commodity groups K , Wwe can range them

according to their diminishing values.

1While for exports, the assumption that all commodities which one wishes

to sell can be sold on the free currency market is unrealistic.

2It is impossible to set up a similar condition for exports: KrdEF > dﬁ? R

because the sale of all our commodities on the free currency merket is an
unrealistic assumption.
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Lzxket z. Depscdence of X° on the valus of imports

e e am e W O A e W W

Lzporte In 8ld

Lt by methods similar to those used

to determine MEr (by the graphic method described above, or as the alge-

braic mean of the marginal sector).

NOTE 1.

We can take as the basic market either one of the actually existing
free currency markets, e.g. the United States, where practically
everything can be purchased, or else we can "create" such a market,
aggregating West European markets with those of the United States
and Canada. In the first case, k' for separate West European
markets will be differentiated, in the second it will be equal

to unity. Since the assumption, that everything can be purchased
on West European markets is close to reality (since currencigs of
those countries are convertible), we actually base our optimum
solution for importé on the marginal value KF =1 (this is not
equivalent to saying, that average values for imports from these
markets cannot be differentiated), Actual statistics of indices
of relative value of currencies are also based on this assumption.

Since this assumption is close to reality, and since it plays a spe-

.cial part in the system of the indices of the relative value of

currencies, the aggregated market is taken as basic in further con-

siderations.
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Having the set and the set K~ , we compute for each market

the ratios Mgr/KIr ; which according to our model should be equivalent

to: M;O = MED = ; 8ince in the optimal solution:

In order to eliminate incidential elements in these ratios for a given

market we compute weighted averages of these ratios for all markets, obtaining

the average:

where: Qr - trade with market r expressed in zld.

Having T s we can compute the set KEr on the basis of

r
- KEr
M

NOTE 2. 1If the sets k¥ and K'¥ are close to each other, it is a sign,
that the statistical solution is close to the optimum,.
The mozre the sets KEr and KIr diverge from each other, the farther
is the existing solution from the optimum.
The deviation can'be measured as follows:

Ko

K;r

Ty
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The average deviation of the whole set can be determined by the
following formula:
ng

—0
Y~ -M
. KIr

r

- Q

y = -
s qF
r

The value of the above expression gives a general idea of the degree

of deviation of the statistical set from the optimum pesition, for

separate markets, and for the overall position,

Ir

Thus, we obtained the sets of rates K and KEr + Now, we proceed

in order to determine Mr on the bagis

. T
to determine the set K opt ’

opt ’

of M° and K;pt ’ according to the formula; M°

=0 T
optnM.Ko .

Pt

ROTE 3. 1t may be doubted, whether it is admissible to compare the curves
of structural and directions rates for exports (MEr) with the curves
of directions rates for imports (KIr) s 8ince the latters are de-
termined by foreign currency price ratios only (dio H di?) R
and thus it seems that they do not contain the elements of effective-
ness of the commedity structure,
The proof, that the model of directions optimization is a part of
the model of structural and directions optimization, i.e. that

KEr = KIr = Kr and ng = MIr o HF .was presented in paper..1

1

W. Trzeciakowski: Problemy kompleksowego systemu analizy efektywnosci
biezacej handlu zagranicznego, Studia Komitetu Przestrzennego Zagospodarowania
Kraju PAN tom 1Y, Warszawa, 1961,
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However, apart from the mathematical proof it can be shown, that
the curve of import rates also expresses the commodity structure
ghaped by restrictions on supply.

Having equal prices expressed in foreign currency, and equal tasks
concerning foreign currency s* ;, different shapes of the curve

and different values Kr are obtained.
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The set szt can be determined:

a) either through investigation of the gradients of the tangents to the

import and export curves in points KIr and x?‘ 3

b) or by graphical methods, taking into account the planned balance s* .

The grcdient of the tangents to tha imgert
&nd export curves in points Ih' and Sr“

l
ol
K.l:r'
‘Ir
oot » al ¢{ —The angle of the tangzeat in
got- = a the mazgical seetion
The equations for the tangents of exports and imports in points KEr and
KIr are glven:
for exports K = KEr +‘aE(x - xE)
for imports X = kT - aI(x - xI)

: e Er Ir
We postulate, thaty Kopt = Eopt Kopt

r
We ghould find xopt for Kopt from both equations
Er E,E E Ir 1.1 I
K™ + a (xopt X) =K a (xopt x)

The balance S° should stay in the optimal solution:
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xof:t opt

The above condition is also true for xE - xI

y 1.e,

x - xI = Sr

E _ I T

opt = xopt + 8, and
xE = xI + Sr

E E I 1

opt x xopt x

Ir _ Er I, 1 I E,1 _ LI I E I 1
K K" = a (xopt X)) +a (xopt X)) = (a” + a )-(xopt x)
I xI . KIr - KEr

opt a]'. +.3E

Kr } KIr i aI KIr R KEr } KEraI +-K;raE

opt aI + aE aI + aE

This leads to the conclusion, that the value szt does not depend

on §° s xI or xE ; but only on the values of KFI and KIr and on
the gradient of the tangents in the marginal sector.

Now let us analyze the results obtained.

The.line for imports on the basic market (market 0) is horizontal,
that is to say: aI =0,

Thus:
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as can be seen, the value of KEO derived from HFOIMP does not influence
0
Kopt *

The gradient of the curves for other markets is generally greater for

higher rates so that it seems expedient to accept the assumption:

Er

=

mHlﬁﬂ
I
|
]

Thus:
r
GETL |, IF,I K
r r A/ Er Ir
£ = : K;_ - K-+ VK K.
opt —
1 1 KEr KEr
a + a ir 1+ “Ir
K K
Er
KErK;r KIr +1
- K - ,KErKIrl
Er
14+ 5=
K
As can be seen, having Kgr and K;r » K may be obtained as their

opt

geometric average mean.
But if the shape of the export and import curves for market r (r # 0)
leads to the assumption, that the angles of the tangents in the marginal sec~

tions are symetrical, i.e., that:

then
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Thus we obtain K:::pt as the arithmetic mean of KEr and KIr

JO.4.The Graphic Method for Determining Optimal Rates Including the Planned Balance S

Assuning & given balances for market r , 1.e. st , and knowing that:

T Ir T
opt = Kopt , the value of Kopt can he determined uéing graphical methods.
In order to do this, we should adjust imports and exports in such a way

as to reach the points at which KEr = KIr s without changing the balance

agsumed previously.

The following cases can be presented as exemplification of the method:

k¥, ., 12 foend tixovsh
_ _ incrzaping turnover, end
870 _ | the maintezazoe of &7
1 K ,p¢ 18 found through &t ths scze leveld.
.. dimipishing turnocver, and the : -
peintenanoce of 3% at the ssme
o level.

~ A

B i f«'
S . 7
1 et i
2 F [ e o o o o - f
R S N 2 h - L
- ) S i ’ — b 1 1. f-
\v,--—-a,.f——al 2 . 1
. C b promenef Lu-~a1
1 [ L
8. ‘,eﬁt is found- through
incrsesing turnover.
tI i L -
Kopt e e drm e B oy —— i rr—
[ S
4
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‘rﬂpt is found throvgh

diminishing turnover.

sT< o

x’opt is fourd thrvegh
increasing turnove:.
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Thus, using algebraic or graphical methods we have determined the value

T T 0 r
of Kbpt « Having Kopt and M~ we can in turn determine the set Mopt
as:

-0 T
opt =M. K'opt:
MEl‘ Ir

Thus, beginning with the statistical sets and X we arrive at
the sets X. and .

opt opt )
It is obvious, that those last sets should be treated not as the planning

optimum, but only as first approximation to such an optimum, since they are
the starting point of an iterations procedure which leads to the optimm
planning solution. |

By a method similar to the one used in considering the rates derived
from exports, we can preliminarily verify our initial rates on & planning
basis. Then, our curves of the import and export rates shouid be corrected
according to the new planning premises, such as:

-- the assumed (or anticipated) balance with a given market,

-~ changes in the commodity structure, according to treaty obligations,

--changes in the parameters of the calculations (such as demands, supplies,

and prices).

Thus, determined sections of the curves, and their extrapolations may
be subject to change. The graphs of import and export rates should present
real alternatives for increasing'turnover, based on current anticipations.

Such a procedure can'take into account the following, extreme cases:

1. We may increase both imports and exports and in this case the solution

can be reached by algebraic or graphical methods extrapolating the

existing curves (as above).



-180-

2. On a given market it is possible to sell more, but it is impossible

to buy more; in this case the curve of export rates can be extra-
polated, while the curve of import rates drops perpendicularly
(i.e. the price of further imported items tends towards infinity,

r .
and the rate tends towards zero)., In this case Ko is determined

Pt
by the export rate.

Jh  h

[PURR S
) kS

exports, dop i1 i 80

On-a given market we can buy everything, but we canrot increase our
exports, The curve of import rates can be extrapolated, but the
curve of export rates goes straight upwards (d.e. the price of
further items exported falls to zero, and the rate tends to infinity).

K;pt is determined by the import rate.

" //J -
E ] .

eoroTte, inr ol

Pl
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4, 1If it happens that neither exports nor imports can be increased for

a given market the rate will remain undetermined between KEr and

KIr ; while for the optimization calculation the value of K
is irrelevant,

The solutions presented above lead to the conclusion that the determination
of the optimum should be based on “planning curves," and that such a procedure
may lead to additional corrections of the initial system of rates M and
K* . Such a procedure 18 naturally not a substitution for the iterations
procedure of preparing the plan itself, since the choice of optimal solutions
must reflect all changes in the mutually intérconnected markets and not only
changes in one geographical direction. Nevertheless the planning correction
of curves, based on predetermined treaty, structural, price premises, etc.
may be an essential contribution in improving the inidial optiwmization para-
meters. The rest must be left to the living and huge ''traditional computer, ™
encompassing thousands of decision-makers at various levels of planniug

and management,

10.5. Methods of Determining the Marginal Rate of Interest on Fast Recouperating

Investments Connected with Foreign Trade

A given investment fund i8 determined by the Central Planner for a
given plan period to the disposal of the Ministry for Forelgn Trade to im~-
prove the balance of payment, {This fund is treated aephrately from the
allocation of bssic investment funds for éeneral development, which are al-
located directly by the Central_Planner.) The Ministry of Foreign Trade

applies then the following procedure:



1)

2)

3)
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Industrial Trusts are asked to apply for funds and requested to construct

the following indexes:

where ¥ H,xDr ~ C/1 = profit over investment inputs as explained in Part
r

II chapter 7.

The Ministry of Foreign Trade on the basis of requests received ranges

the proposals according to the decrescent index. The last project for
which investment funds are still available becomes the marginal value

of «.

The value of O {is thgn inserted in other formulas described in the
following chapter. It is obvious that the value of « 18 determined by
the magnitude of investment funds allocated for the given period at the
disposal of the Ministry of Foreign Trade. Hence the value may be changed
accordingly to the changes of available funds for the short-rum improve-

ment of the balance of payment.
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Effectiveness in Planning.

The General Directives of the "Ealecki Commission."” l/

The general considerations of the model analysis presented in'chapters

5 and 6 have been accepted and the following comclusions have been formulated:

1.

2

5.

The marginal rate M should be a function of actual commodlity--
snd foreing currency plen targets.

The set of M and K should be differentiated for various geo-
graphical directions.

The basic criterion of choice for executive levels should be the
maximization of profit criterionm, i.e., Z Mo - ¢ (as
discussed in detall in Part II, chapter 6).

Statistical rates M » based on past periods, should be used as
the starting value for the optimization calculms in the planned
period. These initial‘values shéuld be corrected in accordance
with the planned changes of foreign currency targets, changes in
the commodity structure of foreign trade and expected changes in
foreign supply, demand and prices.

The determination of M and K* should become an integral part

of the planning process.

On the baszis of centrally determined M and K and structural export--

and import constraints--foreign trade and industrial enterprises work out

. In 1961-1963, a Governmental Commission presided by Prof. M. Kalecki,
analyzed the Optimization Models presented in chapters 5 and 6 and issued
the above general methodological directives im the form of an officlael decree.
[Hytyczne Komis]i Do Oceny Metod Badania Efektywnoscl Hamdlu Zagrent:znegp--
Chapter 5 in Efektywnosc Handlu Zagramicznego, PWE, Werszawva 1969, pp. 333

337.)
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effectiveness calculations and:

d.

select plan variants,

compute the Effectiveness Indicetors E:

formulate export proposals (for particular currency markets)
aggregated im foreign currency ramged for comsecutive values of
Ei (only centrally non-specified plan items are accordingly ag-
gregated; specified items in the cemtral plan are dealt with
separately, statimg the export value and the Ei indicator).
work out import proposals from particular foreign currency

markets.

On the basis of {c) amd (d) the Central level works out the geographical

allocation of exports and imports:

a,.

ranging (for particular markets) aggregeted commodity proposals
according to the gfowing indlcator Ei

balancing particular markets, takimg into acecount as well the in-
dicator Ei as also the structural treaty limitations and inter-

dependencies between exports and imports in clearing arrangements.

As a result, new values of M and K are obtaimed for the mext plen-

period.

6. .

a. To facilitate the practical calculatiom of effectiveness for
decision-making im plamning shadow price catalogues should
be elaborated and periodically revised.

b. To strenghten the effectivemess criterion im decentralized

decisidn—nlking--a system of inwentives based on the profit
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maximizing criterion should be introduced in foreign
trade, and industrial enterprises working for exports.

Ce Effectiveness calculations should be connected wilth the
$he financlal system in forelgn trade; specifically im-
ported goods and scarce raw materials should be priced
in accordance with effectiveness condiderations.

d. Effectivemess comsiderations should be built into the
procedures of elaboration of treaty policies, and treaty
negotiations, as well as credit policy and payment policy
formation.

e. Electronic computing centers should adopt the plans to
the requirements of the elsboration of foreign trade policy
at the central, sectoral and enterprise level.

This first set of governmentalldfficial directives dealing with the intro-
duction of effectiveness eriteria in planning and management and lssued

under the auspices of the chairmam of the Flanning Commission were formu-
lated in full comformity with the thecretical comclusion of the model analy-
sis. Further official decrees and instructions dealing with comsecutive
stages of practical implementation of these objectives contained several for-
mulations which deviated from the more theoretical approach. The evolution of
the initially analytical system into a decizional one has been accompanied by
a growing influence of non-model considerations. The more powerful in terms

of decisjon-making the system became, the more deviations from pure theofetical
reasoning w;re implanted into it. Ehe trade-off between theoretical purity

and practical feasibility takes often the dangerous form of a trade-off between
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the eystems' logic and imternal comsistency and the neglect of it for the
sake of simplicity of the system. Needless to say, that seeminély simple
but inconsistent partial solutions lead to tremendous complicatioms of the
over-all system; however, this becomes apparent at & later stege of im-
plementation (false partial criteria require the introduction of corrective
systems, vhich, as & rule, are much more complicated then the original
adequate rules),

The general comsistency of a decisionel system of indirect planning
and management with the systém of centralized commands has nothing to do
with a mechanism of self-regulation. This indirect machanism {central
paramsters of the system)has to be under constamt cortrol and must be re-
gulated by the Central Flapner. If there 1s nobody to defend the internal
consistency of the functioming of the system, the system must collapse.
The Qnderstanding of this tri;ial truth is mot commonly sccepted. Om the
one hand, there are those who are looking at effectiveness systems as on
partial incentives, which need not bother with the oversll consistency of
the rest of the economy. On the other hamnd, there are those who believe
still in the invisible hand of self-regulatory processeg, relying on the
functioning of wise rules, determined once end for all. However, the
hand must be visible,conscious of its aims and determined to act so as to
Preserve the lnternal logic of the functioning of the system. This set of
requirements 1s not easy to be met in practice, and requires, as is often

called, & higher "Culture of Plamning.”

11,2, The Profit Maximizatiom Criterion Im Decentralized FPlamming.

The use of success indlicators of the quotient type is deeply rooted
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into the habits of central decision-making. The very simple reason for it

is that at the Centrsl level activitles can be ranged according to a quotient
indicator whereas profits camnot be compered at the Central Mscro-level. In
principlé, fhe introduction of profit maximizing criterion i1s justified when
decentralized decigion making is assumed. However, the final decision as

to whether to eat the cake or to enjoy preserving it is not an easy one.
Hence, if external conditions do permit, 1t 1s likely to be postponed. Thus,
it is often argued that the preservation of central effectiveness guotient
indicators is gafer 83 the imtroduction of the criterion: M D - C = max 2
golely ia the form of an appeal or command, without anysa.nciions whatsoever,
will not operate in practice. Still sttempts have been made to introduce

it. In the first stage of implementation of the profit maximization criterion
there were various attempts to apply it to industrial trusts workimg for
exports. The adoptation of operational research techniques to practical op-
timization problems of imdustrial trusts has been implemented in practice by
interdisciplinary teams. l/

General Central parameters M  and K? were determined by the Central
Planner, as discussed in chapter 10. Im order to determine prices of basic
raw materials coming to the industrial trust from outside, the Central
Planner had to define rules of shedow prices formatlion and to establish

an informational nmetwork, that éould enable the practical pricing of materials.

E/ For a detailled description see: W. Plaszczynskil: Optymejizacja
Wymiany 7 Zagranica W Grupach Dzialalnosci Wspolzaleznych im: Efektywnosc
Handlu Zagranicznego, PWE, Warszawa 1969. Each team encompassed spelalists
from various branches: Central planner, general economists, mathematicians,
branch-planners of foreign trade, branch-planners of industry, enterprise
accountants and statisticiams.
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From the general anaelysis of the properties of the optimal sclution

of the General Model of Commodity Structure and Geographical Allocation

and of the Model of Fagt Recouperating Investments, we can formulate the

following relationships:

for exports:

: Fr Er Fr

< <
if 0 Yie "k then Nk = 0
{where Nk is the rent of the foreign demand constraint).
for imports:

Ir Ir Ir

< < =

if © Yy "k_ then Nk 0

(where Nir is the rent of the foreign supply constraint).

for domestic production:
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< = s
xk bk then Gk o ;
>
> al,
G, 1s the rent of the production capacity constraints).

the gset of marginal rates Hr ;

foreign prices in exports dﬁr and in imports dir ;

domepgtic eosts: processing costs Ck and material in-

puts priced in term either on the basis of

foreign prices or domestic costs;

the marginel interest rate a , determined as a marginal
rate of profitability;

investment outiays Ik leading to a unit increase of the
produetive capacity;

the actual (or expected) foreign demend ™ ang supply

k
Ir
T,

k in relation to productive capacity,

one can find out the first approximstion of the values of shadow prices for

individusl commodities.

On the baslis of marginal currency rates M fixed by the Central Planner

and the prices of materimls determined in accordance with the rules described

above--operational research techniquees were applied, using electronic computers,

and reaching impfovements of the traditional solutions ranging from 12% to .

15%., They were applied as well to export production as to import substitu-

tion., The results achieved were also helpful in evaluating the consequences
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of changes_of Centrel parameters on the commodity structure of exports and.
imports. As long as these optimization calculations were promoted by the
Central Planner! there were no obstacles in implementing them in practice.
But as long as where were no incentives connecting the improvements reached
with Lhe system of premiums, the application of these methods was limited
to a few imitatives. Only vhen the incentive system has been introduced
(see next chapter) the situation changed. The use of operations research
became widely spread and the initiative for the implementation of optimi-
zation calculations came from executive (enterprises-~industrial trust)
levels. This showed the importance of motivational factors for the decen-

tralization of decision-meking t0 become successful.

11.3. The Central Effectiveness Indicator E; .

The central level needs an instrument which will indicate which elements
of the preliminary plan-proposa.is submitted by the executive level should
be eliminated. Indices expressed as fractions can be adequate for this pur-
pose, since they can serve as & means of ranking commodities belonging to
various groups of interrelated activities, i.e. for the comparison of various
groups (since outputs of different branches or groups are not, as a rule,
competing for the same material inputs). It follows that the central level
requires an index which can be computed for all commodities (or for a large
number of sample commodities), and which should be capable of performing
the following functions:

-~ bringing up to date the M rates;

-- verifying the use of the optimization criterion at the executive

level;
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--  ranking of all commodities {or samples) from various groups and the
eliminating of non-profitable items, a5 well as the eveluation of
the overall commodity and the directional structure of the cen-
tral foreign trade plan.

Such a coefficient of effectiveness E for commodity R on mhrket

r 1s written as:

1
A AU

K a, K dir

where:

¢ - total unit costs of commodity k , expressed in domestic
currency, comprlsing labour costs and costs of material
inputs;
K - rate of directional effectiveness for market r (r =0,
1, ..., B), expressing the ratio between the marginal rate
Por this market currency (M?) and the marginal rate of the
basic market currency (M);
dgr, dir - average'price expressed in forelgn currency of commodity
k (k =1, ..., m), obtained for exports (f.o.b.) to market

r (in cases of import substitution);

The caloulation of ci {the numerator of the coeffiecient E;) proceeds

as follows:
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1. labour costs are assumed on the basis of data obtained from
calculation of the enterprise’s own costs;
2. costs of material inputs are caleulated on the basis of
-— M dEr - i.e. on the basis of the product of the
marginal rate of the given market and the
export price (f.o.b.) expressed in foreign
currency for these material inputs which
are exported {and exports of which may

also be increaged). If several markets

Er

are consldered, the lowest product Mr‘dk

18 accepted;

- o a - 1.e. on the basis of the product of the
marginal rate of the given msrket, and the
price paid for imports (c.1.f.) expressed
in foreign currency, for these material in-
puts which are imported (and imports of which
may be increased). If several markets are
congidered, the highest product M dir is,
28 a rule, saccepted;

- costs in domestic currency {or on the basis of domesiic

prices) in all other cases.
The index Ei can also be calcylated on the basls of planning para-
meters instead of statistical perameters (i.e. anticipa?ed prilces expressed

in foreign currency and domestic costs), in accordance with the principles
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described above. For the reasons given below, the Ei index represents

an acceptable compromise between ﬁhe requirements of theoretical correctness
and of practical applicabllity. In the firat place, it includes directional
differentiation, and in large measure eliminates distortions arising from
amortization allowances. Moreover, it is an index which provides a measure
of the effectiveness oflall domestic processing stages, except those in which
actual alternatives of importe and exports exist. This deviation from the
exact measure of direct and indirect labour costs towards actusl alternative
cogsts of exports snd lmports is correct from the point of view of rational
decision-making in forelgn trade; for what is egsential is not the measure-
ment of costs, but the taking of decisions which result in-minimizing the
costs to the economy as a whole. Finally, in common with all earlie: indices,
the Ei index does not include scarcity levies, since these can be included
only when the results of operational calculations for groups of interrelated
activities have been obtained.

The use of the Effectiveness Indicator E; is common, as the balancing
of foreign tradg turnovers is centrally controlled. - If the balance with =
given market is too high, the Central Planper eliminates export items &c-
cording to diminishing indices of E.i (for a given r ). If the balance
with a given market is too low, the Central Flanner includes in the plan
further export items according to the growing index E; ; these items are
selected in the first place from the items cancelled for other markets. If
it is impossible to balance -imports by means of avallable export c9mmodities,

the Centrel Planner achieves the balance by shifting imports. Imn practice,
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the internal pressure for keeping imports is very strong (as well for invest-
ment neede, as for consumption goods), therefore, the last solution is highly
disliked, and this results in a constant search for additional export possi-
bilities. Once these new possibilities are discovered, one finds out that
there are new additional requirements for imports. In this sense, one

can state that in centrally planned economies, import needs are in practice
"unlimited,” As long as investment trends are allocated centrally by the
State budget, there is no other constraint on ilmport requirements by in-
dustrial sectors, than the discipline of the Central investment, and foreigm
trade.plan.

A structural and directional allocation of this kind leads to the de-
termination of balances at the required level, while a change of the structure
leads to new structural and directional rates of exchange. With a list of
E; indices for such an export plan to a given market, and knowing the re-
sulte of the analysis of importis, the central planning authority corrects the
initial values of the M rates for the next plan period. Thus, frequent
changes of the set of rates during the planning procese can be avoided, and
the optimization of the structure of the foreign trade plan takes place gradu-

ally over a longer period.

11.4, The Allocation of Funds for Investments Connected with Forelgn Trade.

In the first stage of the application of the effectiveness analysis

methods of comparative sanalysis of Individual investment projects were intro-

duced. The issues to be solved were:
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-~ which technique gshould be chosen to meet the production targets
(final use effects) elreedy established at the stage of plan
formalation?

-- which investment project to choose in order to ensure an effi-

clent choice of future foreign currency earnings (or savings)?
Here the notion of "final use effect” is much broader than in

the case of domestic comparisons; 1t admits not only choice among
various techniques of production, but also among various invest-
ments In different sectors of the ecopomy--provided they are
directly linked with foreign trade.

The analysis of investment effectiveness consists in comparing all
the use efi'ects produced by the Investment with total outlays of labour
(i.e. investment outlays are compared with operating costs). The mesasure-
ment of use effects and outlays poses many practicael problems. There are
as a rule great difficulties in measuring all use effects {direct and indi-
rect) in the economy as a whole. In practice, there are very few cases
where various alternative techniques ensure identical direct and indirect
ugse effects. There are &lso great practical difficulties in measuring pre-
cisely investment outlays and operating costs, malnly on aceount of the in-
adequacy of the existing price system. Finally, there is the problem of
arriving at effective proportions between different kinds of outlays and
use effects, taking into account the macroeconomic requirements of develop-

ment.

The actuasl stage of this evolution enlerges the sphere of cholce based
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on effectiveness criteria, The calculations are now being used not only to
choose between projects representing different techniques while ensuring
the same domestic use eifect, but alsc toc select the allocation of investments
by sectors. A priority approach has been applied by creating five classes
of investments, each class fulfilling definite requirements based on effective-
ness indicators.

Investments influencing directly the balance of payment have reached
the highest priority. The effectiveness criteria applied are deduced from
the general model of optimization considering the existence of an investment
fund devoted for the improvement of the balance of payments. The general eri-
terion of optimization of fast recouperating investments counnected with foreign

1/

trade runs as follows: —

M p’ - (C+ o) = maximum,

r
where:
M" - - marginal rate of market r (r =1, ..., 8),
D" - annual foreign currency balance of exports and imports for
market r (r =1, ..., 8) at prices discounted according
to delivery time,
C - aunnual calculative production costs (materials at calculative
prices) plus foreign trade costs,
a - mafginal interest rate on supplementary investment,
1/

=' See chapter 7 (Part II), and chapter 10.5 (Part III).
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1 - investment costs at calculative prices plus necessary turn-
over capital,
Hence the effectiveness index of investment connected with foreign trade

takes the form

The value of m is differentiated for the above mentioned classes of in-
vestments. The values M' and « are fixed by the central planner. Foreign
trade earnings and inputs are differentiated according to geographical des-
tination or origin. An alternative formula reflecting the importance attach-
ed by the central planner to the necessity of earning quick foreign currency

effects is used:

Io
T = < n
Tutpf - ¢ o
M 1)
T
T = < n,. o,
d M pf - ¢ d
where:
T; Td - indexes of recoupment period,
Io; Id - imported capital outlays,
ngiony - marginal recoupment period differentiated for various

priority classes of investments and fixed by the central

planner.
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In addition to the above effectiveness indicators the following con-
ditions have to be fulfilled to include investments to priority classes:

- the certitude of foreign demand (confirmed by foreign trade

enterprisges),
- the existence of qualified cadres,
- a minimum share of the total output devoted for export or sub=-

stituting import,

- the certitude of supplies of raw materials based either on domestic
supplies or granted by long<term agreements.

In practice both measurable and unmeasurable elements enter the analysis

at various stages of investment planning.

12, The Practical Application of Systems of Indirect Management,

12.1. The Consecutive Systems.

As already mentioned, in order to achieve all the potential advantages
of decentralization in a centrally planned economy, one has to remodel the
motivational set up of decision-making. Effectiveness criteria must be con-
nected with a system of incentives so as to promote the initiative of execu-
tive levels. Foreign trade must create the possibilities of comparing the
domestic productivity with the level of productivitf reached abroad and thus
enable an objective evaluation of effectiveness among various enterprises
and sectors. Prices, rates and profits so far passive instruments of ag-
gregation and control are supposed to become active instruments of a rational
allocation of resources. As already mentioned, all these elements of a system

of indirect management of foreign trade are supposed to strengthen the basic
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preferences of the central planner. These new categories are bging intro-
duced and tested within the traditional framework of the goclalist economy.
All this requiies a successive stage-wise approach. These consecutive stages
of the introduction of the new system of management are discussed in the next
sections. First, a system of incentives based on a calculative effective-
ness approach is explained. Second, an experimental system is shown, in which
effectiveness criteris are integrated into the financial system. Third, the
assumptions of the new pricing system are discussed. Finally, possible sol-
utions of the new financial éystem are envisaged.

12,2, The First Complex System of Indirect Management: The Calculative
Approach in Expert Promotion.

Even in the most centralized model of a socialist economy there exist
some spheres of activity where the decision-making power of the central plan-
ner is limited. Foreign trade is the sphere where these limitations are the
strongest: foreign demand, foreign currency prices, quality requirements,
terms of delivery, etc. are all conditions completely or partly independent
fromthe central planner. In foreign trade decisions must be adapted to the
changing situations which leave no time for sending reports to the central
planner and for waiting for orders to come down through all intermediary
levels of decision-making. Hence the necessity to decentralize decision-making
in foreign trade. However, the important role of foreign trade in the crea-
tion of national income postulates not only decentralizetion but also ration-
alizatioﬁ of decision-making. The system of effectiveness amalysis applied

to planning was not sufficient to stimulate the initiative of executive levels
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and had to be strengthened by a system of incentives. Hence in the middle
of 1966 a new ﬁremium system based on the profit-maximizing criterion has
been introduced and is still functioning. The application of this export
effectiveness premium system has played a very important role in the prepar-
ation of further stages of a complex system of indirect management in the
Polish economy. Hence it is worth while to discuss the export effective-
ness premium system in more detail.

The foundations of the system were the following:

Premium (P) is being caloulated as a function (f) of profit

P = f(%MrDr‘- C) = maximum ,

Hence the profit maximization criterion used as an instrument of rational
allocation has been introduced for the first time in the socialiat industry
working for export.

The system was generally applied to the processing industries (raw-
material industries weve excluded as full centralized decision-making pre-
vails there) and foreign trade enterprises, Associations of enterprises
were not encompassed, as they were responsible for the determination of ac-
counting prices, and hence indirectly the level of premiums,

The fdllowlng problems were encountered.

First ef all, the introduction of the profit criterion required adequate

marginal rates and prices. The obligatory financial rates and prices actually
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used were, for reasons already explained, completely inadequate as in-
struments of allocation of resources. Hence new calculative rates and sha-
dow prices had to be determined and widely introduced. The problem has been
much more complicated than the determination of shadow rates ané effective-
ness indicators used in the planning system, as shadow prices directly con-
nected with premiums were susceptible of unebjective determination. Hence
the necessity of connecting accounting prices directly with factory prices.

From the theoretical point of view the rates should be fixed at a mar-
ginal level. The first practical correction that had to be considered
was that marginal magnitudes are constantly fluctuating, whereas central
parameters being a calculative directive for thousands of enterprises could
not be permanently changed. Therefore, a submarginal approach has been pro-
posed. Stable rates were accepted, but some additional corrective systems
were introduced. Finally, central parameters had to be determined on a level
taking into account the existing resources and future possibilities of in-
creasing exports and of improving their perspective structure. This has been,
in essence, rather a guess than a factual analysis. A new important step
has been made in the sphere of geographical differentiation of rates. As
already mentioned in chapter 5 and 10, the following elements had to be
taken into account while fixing the rates for the geographical allocation:

- differences in the commodity Structure of foreign trade,

- differences in price levels in exports and imports,

- limitations in treaty obligations, payment conditions,

- foreign currencf needs (repayment of deBta,'acquirement of 1oaﬁu).
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A first attempt to take all these factors into account was made while
determiéing directionally differentiated rates of foreign trade, ' The ef-
ficiéncy of this differentiafion was confirmed by the results achieved. Faulty
directional proportions had to be corrected in the course of the develop- |
ment of the system.

Still more complicated problems occurred witﬂ the determination of cal~
culative prices. A two-level system of price determination has been created:
the central level determined a price-list of basic raw materials (using world
prices multiplied by rates), and these in turn were used at the level of in-
ductrial associations to compute calculative indexes for individual commodi-
ties. These corrective coefficients to domestic price lists weéere then for-
mally settled and madeobligatory in the premium calculations. These price
lists were a first approximation of accounting (shadow prices and formed a
first practical attempt to create a new overall system of prices adapted to
the requirements of rational allocation calculus.

The function (£) in terms of a fixed percentage rate has been determined
equal for all sectors. The transition from a éystem where there exist no
connections between effects and earnings to a gystem with a rigid relationship
between profit and worker's earnings created a danger of drastic discrepancies
in earnings, affecting social justice (e.g. earnings in ultramodern establish-
ments equipped by the State versus earnings in factories with obsolete labour-
intensive processes) or the danger of placing all possible consequences of

external factors on the workers (e.g. fluctuations of foreign prices or the

caﬁcellation of State brders). The impact of.these new principlea on‘the
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attitude of socialist enterprises was very strong. The following ways of

escaping from the danger of great discrepancies in earnings were envisaged:

~ determining upper ceilings of premiums in terms of monthly

salaries,

- differentiation of the percentege rate for specific brenches or
enterprises,

- the introduction of the rate of interest on capital,

- the acceptance of profit increase instead of profit as a base for

premiums,

the introduction of a progressive tax system.

Due to the lack of adequate knowledge of potential resources of profit
increases in various enterprises, the first solution, as the simplest, has
been choéen. This means, hewever, that the correct working of the system
is restricted to the limits settled by the ceilings.

The new system brought an important contribution: it has created new
economic ties between productive and foreign trade enterprises. Up until
now attempts have been made to delimit as strictly as possible the responsi-
bilities of the producers from those of the foreign trade euterprises. 1In
practice, it did not work and it created many conflicts, as these res-
ponsibilites are closely interconnected. In the new system, a d}fferent
solution has been accepted. As both partiiers are contributing to the results
in exports, the identical basis for incentives has been determined for both:
the producer and the exporter. This has created new economit ties between

both partners.
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12.3. The POLFA Experiment - The Intepration of the Calculative
System with the Financial System.

The main deficiency of the system of export incentives is ihe cal-
culative character of the profit maximization criterion. There is no direct
connection between the calculative system of effectiveness accounting and
the financial system., To overcome this deficilency and to assess the possi~
bilities of connecting the two systems, an economic experiment in the phar-
maceutical indwstry working for export has been introduced in parallel with the
general calculative system of export effectiveness incentives. The char-
acteristic feature differentiating this experimental system from the general
system of export effectiveness premiums are the following:

- accounting (effectiveness) prices became obligatory prices; to

do this a system of special "raw material taxes" or "subsidies"
has been introduced. ' These are a financial instrument of cor=
rection of the obligatory pricing system and are aimed at ration-
alizing the allocative choices. The computational rules of the
"taxes'" or Ysubsidies" result directly from shadow pricing prin-
ciples;

- the directionally differentiated marginal rates became financial
rates of exchange, applied by the banking system for the experi-
menting branch;

- the subject of the experiment id the industrial association, which
divides the acquired profits and premiums among its enterprises.
This principle increases the role of the association, which be-

comes a powerful centre of decision-making;
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- the experimental system encompasses the global results of foreign:
trade activities, i.e. not only profits from exports, but also
profits from imports. Lower prices paid for imported raw materials
or savings on quantities of imported material used in the produc-
tive processes result directly in export profit increases For both:
the producer and thé foreign trade enterprise;

- to connect both systems--effectiveness and the financial-—spécial
taxing rules have been iﬁtroduced. More specifically, a special
export tax is levied by the Stage Budget to compensate the increased
finamcial means accruing from the use of uniform exchange rates
(i.e. the difference between the submarginal rate and the mean fin-
ancial indicator of foreign trade). This tax has been deter-
mined in the form of a fixed amount, which means that the criterion
of profithas been replaced by the criterion 6f profit increase;

- similarly to the general export effectiveness premium system, the
experimental POLFA system left unchanged the internal prices for
the domestic products. Hence the system does not influence the
domestic production, which is determined by traditional plan dir-
ectives., ™

The POLFA experiment has been assessed as the best experiment introduced

in Poland. The results achieved were spectacular. These results proved
that there exist important reserves in the productivity of labour, and that
these reserves can be shown if an adequate system of management is applied.

It became apparent that the maintenance of stable normatives relating profits

l/ This has been recently changed by enlarging the principles of ghadow
pricing also to domestic production and integrating profits from export
production with profits from domestic production. However, this change af-
Tected only prices for producers and not for consumers.
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and premiums requires the introduction of a progressive income tax.

12.4, Tae Reform of Prices.

The general assumption of the price reform was the comnnection of the
price system with the criteria of economic calculus. To efaluate the pricing
reform, let us recapitulate the principles of price formation resulting frem the
analysis of the properties of the optimal solution of the model presented
in chapters 6 and 11,

The following relationships occur 'in the optimal solution between
gshadow prices (lk), séarcitylrents due to production limitations (Gk)’ scarcity
rents due to limitation of foreign demand for exports on market r (Nir) and
limitations of foreign supply for imports (Nir), processing costs (ck), input-
output technological coefficients (ajk), foreign currency prices in exports
(dir) and in imports (dir):

a) for the production (assuming a single technology for a product)

+ G

L= ? a4 lj + e &
b) for exports
- r Er _ Er
e = W 4 Ne s
c¢) for imports
r Ir Ir
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1f we pass from the model of current optimizatien, assuming the con=-
stancy of productive capacities 8o a model taking into account investment
possibilities, we get the relationship between scarcity rents due to pro-
ductive capacity limitations (Gk) with the marginal interest rate of invest-
ment () necessary to create these productive capacities. If past invest-

ment decisions were optimal, then:

G, 2 A, ,
where:
a - the marginal interest rate {or the marginal profit rate),
Ik - yvearly investment outlay per unit of productive capacity.

Hence, knowing foreign currency prices, marginal rates, the marginal
interest rate, investment outlays and internal and external limitations we
can determine the approximate values of prices. These theoretical assump-
tions and conditions are very“difficult to be met in practice, Two kinds
of difficulties occur.

First, there are problems connected with the information system. It
is not easy to get information concerning the foreign trade prices. Foreign
trade prices are different, they are fluctuating, they depend upon quantities
purchased or sold, they depend upon the quality of commodities purchased or
sold, they depend upon the quality of commodities traded, etc. Foreign de-
mand possibilities--affecting the calculative price Ik ~-are even more dif-
ficult to be analysed. The same applies to foreign supply, especially

one connected with bilateral agreements, where the supply of some commodities

may depend upon the demand for other commodities. Still accepting some
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simplifying assumptions it is possible to derive accounting prices from for-
eign trade data. However, the situation is much more complex with detailed
information concerning the technical coefficients, productive capacities,
processing costs, investment ocutlays, domestic demand, etc¢., as the solution
of the equilibrium price has to be determined by mathematical methods. Here
we come to the second difficulty, namely, the computing limitations. These
difficultiea are possible to be overcome in some branches which can be tackled
with existing computing possibilities. But the majority of domestic acti-
vities which are interrelated with many other sectors, cannot be solved with
the help of computers, at least in the actual state of affairs. Therefore,
the following basic principles were formulated as a general directive for
price setting authorities:

- raw-materials, materials and goods being actually traded with
abroad (i.e. exportable or importable goods) are fixed on the
basis of world prices. As fluctuations of these prices would
create difficult problems in domestic pricing of finished products--
prices of raw materials are based on expected long-term world
prices--and fixed for a longer period of time. Revisions of these
prices will occur incases, where the actual developments in
world prices would differ essentially from the projected level;

- other (non-basic) imported commodittes are priced according to
their foreipgn prices multiplied by foreign trade uniform multi-
pliers;

- domestic finished products are based on costs (including in-

vestment interest rate) plus normative profits. However, also
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in this group of commodities drastic discrepancies with world
prices are not tolerated and a special pricing policy aimed at
changing such prices is foreseen,

These new wholesale prices for productive uses were worked out for two
years and have been introduced starting from January 1, 1971, As can be
seen the new rules of price formation are an important step towards dimin-
ishing the gap which existed until now between domestic and world prices.
These new prices may be better suited for a more ratiomal allocation of
resources. They create a prerequisite for the introduction of a new com-
plex financial system.

As already mentioned, there are two basic problems connected with the
further functioning of a price-system:

- the real possibility of the Central Planner in performing effective
control over pricing at various levels of decision-making, this
problem is especially relevant for non-tradables, produced by
monopolistic manufacturers and based hiterto on cost~plus basis

- frequency of changes in obligatory prices due to the changes of
actual shadow prices.

It is too eariy to evaluate the performance of the new price system in-

troduced recently. Its ability to cope with these problems remains to be

seen,
13, Tentative Conclugions for Further Applications.
13.1. *The Pogsible Variants of the Financial System.’

There are various possible forms of relating the analysis of economic

effectiveness to the financial system.
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Depending upon the forms of thege relations we distinguish two basic
types of the financlal system: the effectiveness one, i.e. the one con-
sistent with the postulates of the analysis of effectiveness, and the non-
effectiveness one, which does not satisfy this postulate,

From the point of view of relationships between the financial system
and the incentive system we distinguish the financial systems which are in-
centive-active and incentive-pagsive,

From the four possible types of the financilal system: the effectiveness
type'incentive-active, the effectiveness type incentive-passive, the non-effective-
ness incentive-passive, and the non-effectiveness incentive-active, the fourth

Y/

type, i.2. the non-effectiveness incentive-active is, of course, inacceptable,

In the non-effectiveness system the accounting prices, as an instrument
of the analysis of effectiveness, are not related to the prices of the.fin-
ancial system, similarly as the calculative profit has no relation with the
financial balance-sheet profit. If, however, the financial system takes over
the functions of the effectiveness gystem, then it can be related to the in-
centive system thus making of it an effectiveness system of the incentive-
active type. In the further parts of this section, we shall lock at ex;
pected probable developments of the management system--from the angle of the
above mentioned criteria.

1t is quite dilficult.to apply a uniform and incentive-active system
of management in existing conditions of a centrally planned economy.r The

category of "normative" profit included in the factory price differa obviously

~

1/

~' Though there exist many proponents of that solution in practice.
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from the category of profit, which results as a8 difference between para-
matric prices a%d costs. The first cen be "negotiated" with price setting
suthorities and "menipulated"” so as to contain monopolistic rents. 1In

these conditions there is the danger that profit maximization may lead to
price increases instead of lowering of costs. On the contrary, profit
maximization measured at objective parametric prices leads to positive re-
sults: TDetter prices reached in exports, lower prices paid for imports, lower
costs and & better commodity structure. As long as there exists a2 mono-
polistic structure of production (industrial branch assoclations are perfect
monopolies) and as long as there exist no pricing rqles that could elimiﬁate
the danger of monopolistic rents, it seems that different types of manage-
ment systems will function: the effectiveness incentive-asctive in the spheres
where parametric prices exist, and the non-effectiveness incentive-passive

iﬁ the rest of the economy.

The connecticn of the fipaneial gystem with effectiveness depends on
prices, and here i1t is difficult to show & strict division line between para-
metric effectiveness and non-paremetric unobjective prices.

The main differente will be the syatem of incentives applied. In these
spheres where the incentive-active system is applied, premiums are a growing
funetion of profits. In the remaining spheres, the connection between fin-
ancial effects and premiums are loose and aspumed ex ante premium cellings
restrict their growth.

The formal finencial framework may be uniform for both systems of
management- Howevef, it may be differentiaied depending upon the &rganizational

structure of the connectione between the producer and the exporter. These
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organizationsl forms require some explanations. The general tendency is to-
wards creating direct ties between the domestic and the foreign market. Al-
though the economic ties are evidently the most important there exists also
a tendency to pull down the barricade of organizational difficulties and

to enable producers to get in direct touch with markets abroad and to com-
pare directly their productivity with that of other countries.

The organizational principles of the monopoly of foreign trade are well
known and need no clarification. Foreign trade transactions were made ex-
clusively on the own account of the foreign trade enterprise. But this was
a formal point of view. In reality, the functioning of the system éf budget
differentials accepted all possible financial gains or losses. Hence in
reality foreign trade enterprises had no financial responsibility whatso-
ever. All financial consequences were taken over by the State Budget. The
new directives diminish the share of transactions made on the own account
of foreign trade enterprises. The form of a commission-agent of a producer
has been generally accepted ag the basic organizational form of a foreign
traede enterprise. This commission-agent is interested in achieving a
surplus above (or--in import--below) the price limited by fhe producer.
Alternatively both, the producer and the foreign trsde enterprise, share in
the same profits, in fixed proportions. This change is quite important and
brings about the direct interest of producers in achieving the best foreign
trade results: highest export prices, lowest domestic coste and best com-
modity structure of the export.

A certain number of productive enterprises were glven the right to ex-

port and import directly. Imitislly, this number hass been restricted, but
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it may be graduslly increased in the future. A stage-wise approach has
been also accepted in connecting producers' and foreign trade activities:
preparatory functions for export, preparatory technical consultations,
common purchases, finally independent trading by producers, these are all
consecutive stages pf this process.

It is difficult to discuss. the characteristic features of the future
management system in the stage of 1ts comstruction, when many questions
are still open. Therefore, only a very general analysis of the theore-
tically possible and probable solutions of the finaneial system and of the
incentive system can be presented. In general, it 1s probable that elements
of direct management--as alreqdy explained--#ill be limitg@ and elements
of indirect management broadened.

The amount of obligatory plan indicators will be reduced leaving more
space for decision-making within the framework of both: the financial and
the incentive syste;ns. It is generally assumed, that uniform foreign trade
rgtes (multipliers) will be introduced as well in the planning, as in the
banking system. These rates willl be probably differentiated for the basic
geographical and payment groups. Assuming that the forelign trade multipliers
will probably be based rather on mean than on marginal values, & corrective
system of taxes ﬁnd subsidies will have to be introduced.

It may be necessary to apply export and import licenases, to give the
Ministry of Foreign Trade an instrument of preventing control, yielding in-
formation about the intentions of exporters end importers &s to the commodity

pattern and gecgraphical directions OI exXpOorts and 1umports.
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The anticipated system of subsidies provides a pozsibility to adapt
the structure of exports to new requirements, thus eliminating séccessively
the Ineffective ekports, modernizing production and improving export prices
reaghed, The system is aimed at securing & transition from the Initial
stage of complete separation of the producers from abroad to new conditions
in which & closer connection with forelgn markets will exercise a more de-
cisive influence on the beheviour of producers and exporters. These sub-
sldies sre intended to cover export losses for industrial associations as
a whole and not for individual commodities. The aésociations may then re-
distribute the funds received among jndividual productive enterprises.

The rate of the subsidy will probsbly be calculated in such a way so as to
include a margin for a normative profit, similar to the profit reached

in the domestic production. The system of speclsal refunds must be en-
vigaged for covering eventual losses connected with the realization of
interstate long-term agreements. In industries where subsidizing will be
applied a tendency towards a material-intensive export may occur. To counter-
act theee tendencies, raw material taxes or customs duties may be used.

It seems probable that the system of incentives may be differentiated
for those enterprises whose export share is high and hence prices can be
regarded as parametric, and the remaining exporting_industires, vhere the
production for export does not enable the evaluation of the total production

" in parametric prices,
In the first gropp)of enterprises, the gyole production--the exported

as well as the domeatlc--can be priced in parametric prices, proportional
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to foreign trade prices. Profits as the difference between prices and costs
mey be fully integrated: those from export with those from domestic
production. Incentives may be directly linked with the profit maximizing
criterion and there is no necessity of introducing premium-ceilings, but
rather a progressive income taxation,

In the second much broader group of enterprises, profits will only be
partially integrated. The export profit will be the difference between the
export currency price multiplied by foreign trade multipliers and the fac-
tory price. The domesticprofits will be the difference between the factory
price and costs. Incentives for exports will be integrated with incentives
for doﬁestic production, and hence they have to be limited. The probably
important assumption is, that--contrary to the domestic systems used so
far--incentives will not be related to plan fulfilment indices, but tc the
improvement of the indexes of the base period., This may lead to the avoidance
of the plan bargaining procedures as well &s of reserve hiding tendencies.

The basic dilemms, how to integrate incentives for exporis with those
for the domestic production and whether to rely on overall economic criteria
(profit measured in non-parametric prices) or on partisl technological in-
dicators, cannot be easily solved in conditions where no competition among
enterprises exists.

The traditional system of financing inveatments according to the overall plan
will probably be supplemented by a general fund for fast recouperating investments
connected with foreign trade. These investments may be financed from credits ob-
teined from the foreign trade bank and may be repaid from current profits. The

credit system for foreign trade investments will select from the investment
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proposals available only the best ones in accordance to the profit maximizing
criterion. Hence enterprises will have to compete with each other observing
the minimum effectiveness requirements.

The transition from e system of direct management, in which internal
prices and profits are completely separated from external influences, to a
system of mixed: direct and indirect management, in which the domestic and
the foreign market are closely linked, must face several difficult probiems
and must have a strong impact upon the asttitude of industry towards foreéign
trade. It 1s a deep change to pass over from the budget differentials account,
which supplied the productive enterprises with financial means according to
the criterion of"need,’ whatever those finsncial results were, to a system
of foreign trade multipliérs,'subsidies and texes, which compells the in-
dustrial units to draw their attention to the results achieved in foreign
trade. Economic congiderations assume new importance and influence directly
'the level of premiums. New prices--although far from belng perfect-~are be-
coming an instrument of resource allocation, s completely new function for
the passive pricing systea, The evolution from bargaining for in-
vestment funds received free of charge from the State Budget to a
system of credits for foreign trade investments, evaluated by the bank on
the basis of economic criteris and facing competition, ghows the far-reaching
consequences of all these changes. It shows also that all these changes can-
not be implemented at once, but require a stage-wise approasch connected not
only with the construction of‘new instruments of the indirect management

system, but also with a deep change of attitude of the cadres implementing

thege reforms.
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13.2. Problems of Further Possible Applications.

It 1s not the task of this section to summarize all the conclusions of
the formér chapters. Here we shall rather point out some of the problems
one faces when one wants to improve the management system in practice.

The first basic impression is the discovery of a gap that exists in the
state of knowledge on the system of efficient planning and management in a
centrally planned economy. There existsno thecretical model of dynamic multi-
level decision-making in long- and medium-term planning that could be treated
as & baslis for mansgement system, Here, one can agree with the general cri-
ticism of J. Kornai l/ dealing with the models of the General Equilibrium
Theory. The possible de ficiencies of the models' assumptions in respect
to reality are:

- the static /or stationary/ character,

- the constancy of the set of organizations over time,

- the lack of distinguishing the multi-level character of decigion-
making in a real planned economy by focussing the attention only
to producers and consumers,

- the constancy of the set of products,

- the simultaneous character of different activities (the lack of

consideration of time lags between production-sale-consumption),

1/

=/ J. Kornai: Anti-Equilibrium, (To Be Published).
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- the convexity of the production set, resulting in the negli-
gence of the existence of: individible products and resources,
discontinuities, increasing returns to scale, increasing marginal
rate of substitution between factors of production,

- profit maximization as e concave function,

- maximization of consumers utility relying on the assumption that

the set of possgible congsumption 1s convex, and that the consumer
has a preference ordering over thls set,

- the constancy of production and consumptionsets and of preference

ordering,

- exclusivity of price informetion flows,

- anonymity of market relations,

- lack of uncertainty.

Theae potential deviatlons of Model Assumptions from reality are harm-
ful in the long- and medium-term planning. However, they are certainly much
leas harmful in the short run. Hence, while one cgn delimit large spheres of short
run.decision-making where the assumptions of the optimization models descridbed
in Part II hold in reality, nevertheles onehas to be concious of their limited
applicability to the long-run. Therefore, the first possible criticism of
our analysis may polnt at the weak links between the short and the long-run,
i.e. the mutual relationship between longer term plans and short-run manage-
ment. The second difficult problem that arises from the limited sphere of
permissible epplication of our model assumptions is the coexistence of dif-

ferent models of decision-making in reality, as described in chapter 1.
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Unfortunately, the theory of coexiétence of mixed models is rather poor;
nevertheless, it is noi posaible to disregard reality and to object to

the existence of monopolies, ocligopolies, increasing returns to scele and
uncertainties iﬁ some sectors where these features are characteristiz and

not exceptional. For the time being we do not see any better practical
solution than the pragmatic dlvision of the economy into two separate spheres:
the one where the asaumptions of our model analysis hold, and the other where
the command system has 10 remain. Being fully aware of these difficulties,
we are convinced that there are vast shperes of economic activity where the
application of an indirect system of management based on the principles
described is fully Justified. In & country where the ghare of foreign trade
(tradesbles) 1s high, and will certainly be growing, the possibilities of en-
larging the sphere of indirect management are very considerable., The recent
developments in formulating algorithms l/ enabling the determination of
equilibrium prices creeteg further prospects for the applicetion of mechan-
isms of indirect managgment in those additional spheres where the inputs &and
outputs are stable and measureable and where the central control of prices
may prove effective.

The introduction of optimization models 1nto practice has led to many
sharp conflicts. The logic of the incentive-active, and effectiveness
oriented new system of indire¢t manegement in foreign trade did not conform
to the incentive-passive and non-effectiveness oriented domestic system of

prices. Parametric prices enabled the use of profit maximizing criterion

i/ H. Scarf, "On the Computation of Equilibrium Prices,"” Cowles Founde-
tion Papers, No. 271.
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connected with finencial stimuli. "Cost Plus" prices with decreed

profits were almed at & full neutrelization of preferencgs of executive
levels as to the cholice of product-mix. As both systems were simultaneously
operating in the same enterprises, they created internal conflicts, The
incentive-active approach, cohnected withthe stimulation of improvements

in relation to the objective base period conflicted with the yearly plan-
fulfillment approsch: the first was basically oriented to stimulate initis-
tive and to release all existing reserves from below, the second assumed
the knowledge of the center as to the magnitude of potential reserves at
the executive level. For the first time 1n the centrally planned economy,
the new system led +to spontaneous requests from below to decrease domestic
prices in order to.increase foreign trade profits, as the old system fav-
oured domestic price increases.

Fipally, there occured conflicts between the central plan and the:
functioning of the indirect mechanism in all these cases, vhere the central
parameters have been fixed at wrong levels. It is needlegs to say how dangerous
such conflicts may be for the smooth functioning of decision-meking in a
centrally planned economy. It 1s thus necessary that the central para-
meters be constantly controlled and adapted to the changing conditioms. It
is-also necessary that the system of decision-msking be adapted to the parti-
cular sphere of economic activity.

The construction of new, improved rules of indirect management require
a 9onsistent model anslysis of the system. There is no more sense of
applying partial criteria, mutually inconsistent where there are real possi-

bilitles of deriving general rules from over-all models. Of course, this
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requires a formuletion of basle guidelines from policy makers as to the
political and social preferences. Hence, the most general conelusion

that can be derived from the Polish experiences with theapplication of mech-
anisms of indirect management is the usefulness of the non-numerical model
enalysie to the deriva#ion of rules of the functiqning of the management
sjstem. Only this approech cen ensure the mutual consistency of criteris
used and of the intermal logic of decision-meking. To preserve this logie
in the current functioning of & centrally planned economy, the lmprovement
of the management system must become a constant preoccupation of the policy
maker in close cooperation with model-builders.

One would be tempted to possess, at least in theory, decomposition
algorithms that would ensure that each iterative step be feasible, thaé it
be monotonically improving the value of the preference function, that it be
not motivationally disturbed by partial preferences of executive levels,
that it would have a low informatlional cost and low computational burden.
However, waiting for the discovery of such an algorithm would mean the
postponement of reforms of the manegement system for an indeterminate period
of time. Therefore, the pragmatic approach applied in the Polish experiments
using the statistical determination of central parameters and the use of
the traditional plaenning apparatus as & substitute for an electronic computer,
seems to be, at leagt for the time being, a second best solution. Of course,
the search for more satisfactory solutions should continue,

Another practical conclusion deals with the great Importance of the
intuitive‘”Expert value Judgement; at the centrai, as well as at the

executive level of decision-making. Tt is important in cases where reality
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is too complicated to be dealt with, with over-all models, e.g. the de-
termination of central parameters M  and Kr by expertis, taking into
account tie-in-sale f;eaty reéguirements, or expectéd repercussions of
current changes in the balance of payment situations. It is equally im-
portant in simple cases, where the sole introduction of the proflt mexi-
mizing criterion helps in t he selection of effective variants by the ex-
pert enterprise planner, without the formal use of coperations research
techniques.

There were many theoretical discussions in Poland at & very competent
intellectual level, especially those within the framework of the Economic
Council presided by O, Lange in the 1957-58 period. However, these theo-
retical considerations have had no practicsel follow up. On the other hand,
there were many partial economie experiments in the period of the early
sixties, but these experimenté were lacking any underlying over-all unifying
theoretical basis. In both periods, there was no cooperatlion between policy
mskers and model-builders. On the contrary, the consecutive steps 1in the
application of the optimization modelg in forelgn trade were based on an
over-all theoretical appreoach, which enabled a consequent enlargement of the
system from an snalytical into a decisional one, &nd from a restricted for-
eign trade model into en macro-short-run decision-making model, encompassing con-
ceptually  the over-all economy, and practieally very broad gectors. Though
this process was full of conflicte, difficulties and problems, it proved
to ﬁe successful. Hence, the conclusion that successful chenges of mansge-
ment systems requires a closest cooperation of policy mekers, model-bullgders,

and practical planners. Without creating conditions for such & cooperation,
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there are no chanees for successful implementations. Policy-mekers have
usually & low preferehce for the preservation of Intermal consistency of
any pure sysiem. They usually alsc dislike to be committed by any goals
and choice of underlying assumptions that would then be binding. Model-
builders have usually an instinctive fear from belng invoived into down-
to-earth practical "technicalities." They also dislike to work under a con-
stant pressure of time limits and stress from the other two groups. Prac-
tical managers and administrators highly dislike being directed and taught
by the other partners. They ususlly show little understanding for general
principles that result from over-all systems' requirements. It is not an
easy task to confront the three groups in a complex team with their low
propensities to commitments, responsibility and principles respectively;
however, without it there are no real chences for success.

The complex elaboration and applicationof economic changes in the system
of management doeg not mean that only integral'overwail reforms are the
best practical solution. Changes may be introduced partially with more
cautiousness and less risks than total reforms with no ex-ante knowledge
about all the possible consequences of the "jump into the unknown,” However,
these changes must be feasible and internally consistent. They must en-
compass 8ll the interrelated activities simultaneously and teke into account
the logic of the sequence in time. Therefore, it seems that the over-gll
strategy of the changes should be worked out in advance ﬁnd in & complex

way while the implementation may be partial and stage-wise.
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13,3, Further Resgearch.

The social responsibility of model-builders engaged in the improvement
of decision-making systems working in reality is very high. The list of
unanswered questions is very long. The construction of models basged
on realistlc assumptions, more closely related to the reality of & centrally
planned economy. The integration of monopolistic or oligopolistic sectors
with the competitive sectors. If this proves impoesible, the formulation
of rules for the coexistence of mixed systems of decision-making. Markets
with free prices versus markets with decreeted prices. The delimitation
of gpheres of economic activity for different types of decision-making sys-
tems. The use of central parameters and the techniques of their determin-
ation. The development of algorithms that could fulfill the requirements
of monotonic and speedy convergence, working at low informational costs
and low computational burden.

The list of préblems and unanswered questions may be prolonged inde-
finitely. It seems, that the newly discovered demand in Socialist countries
for ansvering these questions will stimulate adequate supply. It 1s obvious
that much can be gained by a comparative approach of different decigion-
making systems. As the elsboration of new models takes time, important
improvements could be gained by the promotion of exchanges of ideas and

experiences between various seientific centers working on the subject.



225

REFERENCES

Arrow, K. J. and L. Hurwicz, "Decentralization and Computation in Resource
Mlocation,” in Essays in Economics end Econometrics, Chapel Hill,
University of North Carolina Press, 1960.

Chamberlin, E. M., The Theory of Monopolistic Competition, Cambridge,
Harvard University Press, 1956.

Dantzig, G., and P. Wolfe, '"The Decomposition Algorithm for Linear Programs,”
Econometrica, vol. 29, 1961.

Debreu, G., Theory of Velue, New York, Wiley, 1959.

Galbraith, J. K., Americen Capitalism, Cambridge, Houghton-Mifflin, 1956.

Glowecki, J., Optymalizacja produke)i i handlu zagranicznego w przedsie-
blorstwie i zjednoezenliu. Zaklad Badan Konilunktur i Cen Handlu
Zegranicznego, Warszawa, 1968, (printed as msnuseript).

Economic Bulletin for Furope, vol. 19, no, 2, September 1968,

Economic Flanning in Europe, Part 2 of the Economic Survey of FEurope
in 1962, E/ECE/493/Add.1. UN, Geneva 1965.

Efektywnosc handlu zagranicznego. Edited by W. Trzeclakowski and P. Bozyk,
Warszawva, 1969,

Kalecki, M., 1. Podsumowanie Komisji Mleszanej doc oceny metod badania
efektywnosci hendlu zagranicznego. Gospodarka Planowa, no. 11, 1963,

2. An Outline of a Theory of Growth of Socialist Economy,
‘Warszawa, 1963,

%. Zarys teorii wzrostu gospodarki sccjalistyczne), Warszawa,
1968,

Ik, Introductuion to the Theory of Growth of Sociallst
_Feonomy, Warszawa, 1969.

Kamecki, Z., J. Soldaczuk, and W. Sierpinski, Miedzynarodowe stosunki
ekonomiczne, Warszawa, 196k,



226

Kantorovich, L,, The Best Use of Economic Resources, Pergamon Press,
London, 1965.

Kitchell, R. E., Program Budgeting, Harvard University Press, 1965.

Knyzisk, Z., and W. Lissowski, Ekonomika i programowanie inwestyecji
przemyslovych, Warszawa, 196k,

Kornai, J., Mathematical Planning of Structural Decisions, Budapest,
1967.

Kornai, J., and T. Liptak,"Two-Level Flanning," FEconometrica, vol. 33,
1965.

Kornai, J., "Anti-Equilibrium,"” to be published.

Koopmans, T. C. and M. antias, "On the Description and Comparison of
Economic Systems,"” in Comparison of Economic Systems, ed. A.
Eckstein, (in press).

Koopmans, T, C., Three Essays on the State of Economic Science, New York,
McGraw-Hill, 1957.

Kronsjo, T. 0. M., 1., "Iterative Pricing for Flanning Foreign Trade,”
Economics of Planning, Oslo, no. 1, 1963,

2. "The Formulation of a Linear Economic Plan for
Implementation by an Optimal Combination of Command and Financisl
Stimulus, Economics of Plamning, no. 1, 1967.

Lange, 0., 1. Wstep do ekonometrii, wyd. IV, Warszawa, 1967.

2. Fkonomia polityczna, tom I, vyd. IV, Warszawa, 1967,
tom II, wyd. I, Warszawe, 1966,

3. Introductlon to Econometrics, Warszawa, 1959.

Margolis, J., and W. Trzeciekowski, "Multi-Level Flanning and Decision-
Making, Economic Commission for Europe,' Sixth Meeting of Senior
Economic Advisers, April 1968/Conf. 3, Geneva.

Mycielski, J., "A Model for Regional Harmonization of National Develop-
ment Plans,” Fconomic Bulletin for Asia and the Far East, vol. 18,
no. 2, September 1967.

Mycielskl, J., K. Rey, and W. Trzeciakowski, "Decomposition and Optimi-
zation of Short-Run Planning in a Planned Economy,” in Structural

Interdependences in Economic Development, (edited by T. Barnaj,
London, 1963,




227

Mycielski, J., and W. Trzeciakowski, 1. "Criteres du choix des in-
vestissements rapldement rentsbles," Economies et Societes, Cshiers
de 1 I,5.E,A. tome IV, no. 1., 1970.

2. "Optimum calosciowe a optima
czastkowe w planoweniu handlu zagranicznego,"” Przeglad Statystyezny,
nr i, 1963.

3. "The Financial System and
Short-Run Planning in & Planned Economy,’ Warszawa, 1970, (printed
as manuscript).

Nagy, A., Some Practical Problems of Forelgn Trade Optimizstion Models,
Geneva, 1967.

Nagy, A., and J. Stahl, "The Optimal Volume of Foreign Trade and the
Exchange Rate,” Econometrica, vol. 35, 1967.

Pajestka, J., 1. "System informecji planistycznej,” Exonomista, no. 2,
196k, :

Pajestka, J., and K. Secomski, Doskonelenie plenowania i1 funkejo-
nowania gospodarki w Polsce Ludowej, Waraszawa, 1960.

Piaszczynski, W., and W. Trzeciakowski, "Efficiency Prices and Economic
Calculation in Foreign Trade," Regional Seilence Association, Papers,
X, Zurich Congress, 1962,

Portes, R. D., "Enterprise Under Central FPlanning,” Review of Economic
Studies, Vol. XXXVI (2), No. 106, 1969.

Porwit, K., 1. Planning in Poland, Warszawa, 1967.

2. Central Flanning, Evaluatlon of Variants, Londyn-
Warszava, 1967,

3, "Znaczenie metod optymalizacyjnych w praktyce planowa-
nia na szczeblu centralnym,"” Przeglad Statystyczny, no. 1, 1967.

Semuelson, P. A., "The Monopolistic Competition Revolution," in Kuenne,
R. E., ed., Monopolistic Competition Theory, New York, Wiley, 1967.

Searf, H., "On the Computation of Equilibrium Prices,” Cowles Foundation
Papers, No. 27lL.

Schumpeter, J., Capitalism, 'Socialism, Democracy, New York 1947.




228

Sevaldson, P., and W. Trzeciskowski, Construction and Practical Applica-
tion of Macro-Economic Models for FEconomic Planning (Programming)
and Policy-Making, Geneva, 1965.

Shubik, M., "Simulation of Socio-Economic Systems,"” in General Systems,
" Vol. 12, 1967, pp. 149-158. -

Soldaczuk, J., Handel miedzynarodowy a rozwo] gospodarczy W socjalizmie,
Warszawa, 1970.

Soldaczuk; J.,"Poland's Economic Relations with Countries Having Different
Sociml Systems,” Polish Foreign Trade, no. 11-12, 1969,

Trzeclakowski, W., 1. "Methdds for the Determination of the Marginal
Rete and Simplified Methode for Analysis of the Effectiveness of
Foreign Trade, Warszawa, 1964, (printed as manuscript).

2. "Systém nagradzanis produke}l eksportowej nowym
instrumentem klerowania gospodarczego,' Gospodarks Planowa, no. 8-
9, 1966,

3. "Model optymslizacji biezacej polityki kierunkowe]
w handlu zagrenicznym," Gospodarka Planowa, no. 8-9, 1960.

k., "The Model of Optimization of Foreign Trade in
a Centrally Planned Economy,” Proceedings of the Regional Science
Association, The Hague, 1961 (edited by W. Isard), New York, 1962.

Ward, B, N., The Socialist Feonomy, New York, The Random House, 1967.

Weitzman, M., "Tterative Multi-Level Planning with Production Targets,’
Cowles Foundation Papers, 1967.

Wojciechowski, B., "Zmiany w systemie Fkonomicznym Pllskiego Handlu
Zagrenicznego, " in Gospodarka Flanowa, 10, 1969.

Zauberman, A., Reforms Formalized, 1969, no. 1, pp. 1-21, (mimeographed),
London School of Economics, London.




	Systems of Indirect Management in a Planned Economy: Effectiveness Models and Their Applications in Poland
	Recommended Citation

	tmp.1624189677.pdf.vvbGV

