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A 20. SZAZAD SORSFORDITO MAGYARJAI KOZUL E FALAK KOZOTT VEGEZTEK KOZEPISKOLAI TANULMANYAIKAT “

WIGNER JENO NEUMANN JANOS HARSANYI JANOS
1902 - 1995 1903 - 1957 1920 - 2000

NOBEL-DIJAS FIZIKUS VILAGHIRU MATEMATIKUS NOBEL-DIJAS KOZGAZDASZ
TUDOMANYOS EREDMENYEIKKEL ISKOLANKNAK, HAZANKNAK HIRNEVET, DICSOSEGET SZEREZTEK,
AZ EMBERISEG SZAMARA MARADANDOT ALKOTTAK.

A SZAZAD OLYAN KIVALO TANAREGYENISEGEI OKTATTAK OKET, MINT 5
HITTRICH ODON - MIKOLA SANDOR - RATZIASZLO - RENNER JANOS
AKIK A TANITAS MELLETT TUDOMANYOS KUTATOMUNKAT IS VEGEZTEK.

EMLEKEZESUL A MILLENNIUM EVEBEN ALLITOTTA ;
A BUDAPEST FASORI EVANGELIKUS GIMNAZIUM TANARI KARA ES TANULOI
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) A= VIdRES O e T A RITH R OEA CIXFEEIRER I 0T, MERY: %
o CIAERHIT RE LZE 27~ T TICZDEHITINBOERDYIHEAD £ I F — 5T
BEaENMENE, X LTELELZDIFINBTETH S, ZnUber ein
okonomisches Gleichungssystem und eine Verallgemeinerung des Brouwerschen
Fixpunktsatzes. Ergebnisse eines mathematischen Kolloquiums, 8, 73—-83, 1937

(English version: A Model of General Economic Equilibrium, Review of Economic
Studies 13, pp. 1-9, 1945) TH 5,



A MODEL OF GENERAL ECONOMIC EQUILIBRIUM q
Note that these characterisations are possible only on the basis of our knowledge J : Von Neumann,

that solutions of our original problem exist—without themselves directly referring

to this problem. Furthermore, the equality of the maximum in the first form and °
the minimum in the second can be proved only on the basis of the existence of this A MOde]_ Of Ge IleI'al ECOIIOIIIIC
solution.
Princeton, N.J. . v. NEUMANN. 1 B "
J I Equilibrium,

Review of Economic Studies 13,
pp. 1-9, 1945

‘The present paper was read for the first time in the winter of 1932 at the mathe
matical seminar of Princeton University. The reason for its publication was an invita

tion from Mr. K. Menger, to whom the author wishes to express his thanks.

- E = T e -—— ~ v A\.AVAA\,J.J

! This paper was first published in German, under the title Uber ein Okonomisches Gleichungssystem
und eine Verallgemeinerung des Brouwerschen Fixpumhkisatzes in the volume entitled Ergebuisse eines Mathe-

matischen Seminars, edited by K. Menger (Vienna, 1938). It was translated into English by G. M t
A commentary note on this grticle, by D. G. Champernowne, is printed below. 8 y orgenstern.
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Econometrica, Vol. 33, No. 1 (January, 1965)

TWO-LEVEL PLANNING

By J. KOrRNAI AND TH. LIPTAK

The planning task may originally be formulated as a single linear programming
problem of the maximizing type. This overall central information (OCI) problen: may
be decomposed into subproblems that can be solved by mutually independent “sec-
tors,” coordinated by the “‘centre” through having the latter allocate the resources to
the various sectors. The original OCI problem is then transformed into a rwo-level
problem, in which the “central problem” is to evolve an allocation pattern where the sum
of the maximal yields of the ““sector problems’ will be the greatest.

The solution of the two-level problem is achieved by setting up a game-theoretical
model. The players are on the one hand the centre, on the other the team of sectors. The
strategies of the centre are the feasible allocation patterns, those of the sectors are the
feasible shadow price systems in the duals of the sector problems. The payoff function is
the sum of the dual sector objective functions. It is shown that if certain regularity con-
ditions are satisfied, then the value of the polyhedral game which has thus been defined
is the maximal yield of the OCI problem. In place of a direct solution of the polyhedral
game, a fictitious play of the game is undertaken.

The first part of the paper discusses a general model, within whose scope the symbols
and definitions are presented and the mathematical theorems are proved. In the
second part, the results of the first part are applied to a long-term macroeconomic plan-
ning model.

INTRODUCTION'

IN RECENT years work has begun in Hungary on the application of mathematical
methods to the higher levels of planning. Experiments are proceeding in two
directions. One of these has been the use of mathematical programming in several
sectors of industry, to form a basis for their plans. The calculations—some of
which have been completed—use economic optimum criteria to determine the
most favourable program for the economic activities in the particular sector being
considered:? production, producers’ utilization of capital, exports, imports,
investments, etc.

The other direction has been the use of input-output tables (static Leontief
models) in national planning.® The National Planning Bureau now makes regular
use of the input-output matrix of the economy to check the inner coordination of

1 The authors first published the method treated in this paper in duplicated form under the
aegis of the Computing Centre of the Hungarian Academy of Sciences in May, 1962 [13], and,
with the addition of a revised version of the mathematical part, in October, 1962 [17].

An earlier version of this paper appeared in Hungarian in the Publications of the Mathematical
Institute of the Hungarian Academy of Sciences [14]. A paper by Liptak [18] discusses a further
developed version of the “general model” treated here.

2 See [12].

3 Detailed information on the use of input-output tables in Hungary is presented in the material
of the scientific conference held in Budapest in 1961 ; see [6].
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