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Prefae

The present study is a translation of the articles
published in Kbézgazdasagi Szénié No.l and 2 1968«

9e have completed the first experimental computing
sequence for the multi-level programming of the national
economy, only some complementary and checking computa-
tions are still to be done. We should like to publish
the various experiences of our work on the domains of
economics, methodology of planning and economic policy
in detailed studies and later possibly in the form of a
book. However, the evaluation of the results and the
preparation of publications require much time. So as a
first information we publish this report outlining the
structure of our model and discussing some problems of
the future implementation of our method.



FART I.»

a MUOULTI-LBVBX, PROGRAMMIHDQ M O H 1
Q- THB NATIOHAL ECONOMY

The i1dea to link up the various sector nodels with one
another and to unite then in a single economy«*wide
programming calculation was first put forward in Hungary
six years ago. Pour years ago, the practical preparations
for a national programming project were launched.1”™ Since
that time, a large team of theoretical economists, prac-
tical planners, mathematicians, computing technicians and
engineers had been active at the project - at the height
of the work their number reached several hundred.30" The
aim was to put to practioal test, on the basis of factual
figures, the method of multi-level planning.

This aim was accomplished, though the realization took
more time and encountered greater difficulties than had
been expected. The five-year economic plan*s multi-level
planning model, suited to mathematical programming, stands
now ready for use. True, it is but a "prototype"™ which
should be further improved to meet the requirements that
might arise in the future.

x/ The basic ideas of combining the various sectoral
planning models were outlined in the author*8 paper
"The linking of central and sectoral programming
projects"™ /Budapest, 1961, Computing Centre of the
Hungarian Academy or Sciences, in manuscript/. In
1962, another paper on the subject was published in
co-authorship with Th. Llptak under the title "Two-
level planning"™ /Budapest, Computing Centre of the
Hungarian Academy of Sciences, mimeographed/. (Publis-
hed in Econometrica 33 /1965/ pa 141-169.)
Preparations for”practical calculations started in
December 1963»

xx/ The project was directed by a central team headed by
the author and composed by”jf&mbera of the Computing
Centre of the Hungarian Academy of Sciences and of
the Institute for Economic Planning of the Rational
Planning Office.



let it exista, no longer on the pages of theoretloal papers
only but filled In with figures, on punched tapes and oarde
and magnetic tapes that can be fed Into the electronic
computer, ready for planning calculations. Moreover, the
first computation series based on the oentral model which
had resulted from the union of the sector models, has

already been successfully carried out.

Some complementary calculations have still remained to be
worked out. It may take a couple of years to analyse the
lessons to be drawn from long years of research work,
lessons that will benefit both eoonomlo policy and the
theory and methodology OFf planning. The present paper will
be confined to a short description of the model*s structure
end information basisj the problems of application will be
dealt with in another paper. A more detailed and complete
analysis will have to wait till later publications.



1« The structure of the model

The method employed represents an application of
mathematical programming in economic planning. In the
first experimental calculation the most simple form,

that of linear programming, was used. In the more remote
future, as soon as computing-technical facilities permit,
it should be possible to change over to other programming
methods /containing also discontinuous variables and non-
linear relationships/ which are more adequate from the
point of view of economic theory.

Paragraph 1*5» of this paper is to deal with the model"s
special "multi-level" structure. In the first approach of
the description this aspect is still disregarded and the
economy-wide model treated as a single large linear program-
ming problem.

1.1. The variables

The model performs the programming for the production,
distribution and foreign trade of 491 products. These are
generally not concrete and fully specified commodities

but rather product groups or aggregates. /2.g. "coal and
anthracite", "block aluminium"™, "boring machines"™, "bricks",
""cotton-type yams', "canned meat" etc./ When defining the
products it was endeavoured to follow the nomenclature of
"priority products"™ used in the planning work of the
National Planning Office and the ministries.

The production and foreign trade of the individual products
in the last year of the plan period /Zin the present oaae,
1970/ ib generally represented by seven "standard"™ vari-
ables. These ares



X* The production of the product in the last plan
year, with fixed capital that had already been in operation
at the beginning of the plan period and remains unchanged
up till its end. This requires only the maintenance of the
old fixed capital during the plan period.

2. The production of the produot in the last plan
year, with fixed capital which had already been in operation
at the beginning of the plan period but whose technology
is changed by reconstruction in the course of that period.
This requires, accordingly, not only the maintenance but
also the technical reconstruction of the old fixed capital
during the plan period.

The value of variables 1. and 2. determines the fate of

old fixed capital. If variable 1. has a positive value,

the old fixed capital must be maintained without any change]
if variable 2. does so, a reconstruction of the old fixed
capital must be carried out. If the value of both these
variables is aero, the old fixed capital must be dismantled.

3. The production of the product in the last plan
year, with fixed capital set up in the course of the plan
period.

In the case of numerous products, several variables - such
as 3.1., 3.2. etc. - figure instead of a single one, to
represent the different technological variants of new

plants.
t
The computation of variables 1., 2. and 3» determines the

pattern of production in the last plan year. At the samo
time, it also determines the pattern of gross investment
/maintenance, reconstruction and new investment/ during
the plan period. This again involves the elaboration of
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sone basic estimates of technical development» as the
proportions of variables 1., 2. and 3, /and also those

of variables 3*1l«i 3*2« etc* representing the tecbnologioal
variants/ will to a great extent determine the technologic-
al pattern of production.

4. Imports of the product fron socialist markets.
5. Imports of the product from capitalist markets.
6. Exports of the product to socialist markets.

7. Exports of the product to capitalist markets.

As may be seen, the program computes not only the volume
of foreign trade but also its breakdown by major markets.

To sum upT the economy-wide program yields a complex
production, investment, technical development and foreign
trading plan with respect to 491 priority products.

To measure volume, the physical units generally employed
in planning were used wherever possible /in the case of
406 out of a total 491 products/. Only in respect of the
products which cannot be measured in this way were value
terms used, based on producer prices.

Not each of the 491 products has all seven standard
variables. In the case of some products the ®ld fixed
capital does not lend itself to technical reconstruction.
Others again cannot be used for the purposes of all four
foreign-trading activities.

The 491 products do not represent the whole of social
production. The external sphere, that which is not repre-
sented by any variable in the model, fall into two parts.
The first of these comprises the sectors not covered by
the model. Cases in point are metallurgy and
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transport.3" The 1965 input-output table of the National
Bureau of Statistics devided the national economy into 7°
sectors.” N Out of these( only 52 sectors appear with their
priority products in the model described here.

The second part of the external sphere comprises the
residual» non-priority, activities - if any - of the sectors
which appear in the modal with their priority products only.

As regards the sectors left out entirely, they could in
principle be built into any future model without graat
difficulty. The treatment of the non-priority activities

of the sectors covered by the present model, on the other
hand, involves some rather difficult and intrio&te problems
which will be dealt with in the second part of this gapes*«

When defining the model"s variables it was assumed that the
individual products have the same homogeneous properties
irrespective of whether domestically produced or imported,
intended for domestic use or for export, tmh IS an assumption
that is universally made in the construction of models and

in planning based on product balances, the traditional method
adopted im socialist countries.

x/ In the case of some sectors the fact that they were
entirely left out was due solely to practical
organizational reasons, namely to the failure to form
the research teams which could have worked out the
corresponding part of the model. Nor was it endeavoured
to cover all branches of the eoonomy in these first
experimental computations! the method could be tested
without that. Even so, the model became ultimately
larger and more comprehensive than intended. As a matter
of fact, it was originally planned to eover 10 to 20
sootors only.

xx/ The 74 sectors taken into account in the oomparison do
not include the three private sectors, ths three
residual sectors with a "sundry" character, and the
handicrafta sector.
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When defining the model®s variables) only the investment
projects not extending beyond the plan period were taken

into account. The resources serving the pruposes of so-called
"overlapping" investments were deducted from the resouroes
available for allocation by the model.

The model has a total of 2424 activity variables. The figure
does not include the so-called auxiliary /slack, redundancy
and artificial/ variables.

1.2. The economic content of the constraints

The system of constraints may be considered from two different
aspects of classification. Let us Ffirst group the constraints
according to their economic contents.

The constraints are presented in tabular form on p. 8.

The table gives the number of constraints belonging to each
constraint group, the unit of measurement used, and the time
period/i.e. whether the data presented refer to the last plan
year or to the whole plan period/.

I. Internal product balances. These coordinate in the
model the outputs represented by variables /production, import/
with the inputs represented by variables /productive input,
export, additional consumption/ and the inputs given as
constant /"compulsory" private and public consumption,
productive input into the external sphere, investment and
reconstruction requirements in the last plan year, changes
in inventories/.

To most products there belongs an internal product balance.
In some cases, however, the balance of input and output is
expressed in a somewhat different form. This happens, e.g.,
when producers use a different breakdown for their output
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than usera for their input. This accounts for the difference

between the number of products and that of internal product
balances.

2. External material balancée. These limit the model’s
production variables in the input of external materials# The
latter are products and services whioh are not the output of
the model’s production variables and whose total available
quantity is given as constant. /In the case of some external
materials, the import of the material in question from one or
another market is treated as a variable and only the quantity
available from other imports and from domestic production is
given as constant/.

3. Live labour constraints. These limit the total input
of wage-fund and labour. Separate constraints limit the input
of male labour as well as the flow of labour between the

agricultural and non-agricultural spheres.

4. The constraints of land. In the model there are six
types of land available to the collective agricultural plants,
vis. loose, semi-hard and hard ground, all three cultivated
by dry or irrigation technology. In addition to these six
agronomical constraints there is a seventh land constraint
of socio-economic characters the household pJot.

5. Capacity constraints. Production based on unchanging
technology is limited by the available old capacities. The
possibilities of reconstruction and plant enlargement are
generally also limited. In some cases, due to special
circumstances, the construction of new plants is also bounded
from above.

In the four sectors of plant cultivation, special constraints
were prescribed for the stock available in 1970 of the ten
most important machine types.
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6« Special technological proportionalities. These
usually prescribe the technological ratios between the
various production variables within some sphere of production*
/T.g. the conditions of mixing In the chemical industry./

7« The constraints of Investment resources. These limit
the amounts available for gross investment - maintenance, re-
construction and the construction of new plant - over the whole
plan period. The constraints are given In global form as well
as separately for the input of construction, domestically
produced machinery, socialist Import machinery and capitalist
import machinery.

8, Foreign trade constraints. All export variables are
constrained with respect to every product, In order to express
the foreign buyers* limited propensity to buy. Similarly,
Individual constraints by product were prescribed for every
socialist Import variable, In order to express the sellers*
limited propensity to sell. On the other hand, no Individual
constraints were ordered to the capitalist Import variables
because here there is practically no upper bound to the
propensity to sell, the constraint being represented by our
own ability to buy. /The latter is expressed by the foreign-
exchange balances./

An upper bound was prescribed also for the tptal export of
machinery, to represent the difficulties of market expansion.

9« Foreign-exchange b»1Alices. Separate foreign—-exchange
balances were given for trade in socialist and capitalist
markets. Export earnings constitute positive items in the
balance. The negative items are made up of expenditure
connected with the model’s import variables /expenditure on
priority, competitive imports/ and of import expenditure
connected with the input by the model’s production variables
of non-priority products which do not figure among the 491



products of the aodel /expenditure on non-priority, aon-
oompetitive imports/«

yhe aodel to; a total of 2055 conutrsints.

is in tho case of defining the variables and the products,

in the construction of the system of constraints it was also
endeavoured to folio« the index system of the National Planning
Office and the ministries. This applies to constraint groups I«
and 2,*" which are closely related to the traditional systea
of product balances! to constraint group 3» which contains

part of the traditional manpower balance system! to group 7*
which follows the traditional breakdown of investment quotas.
Due to the special characteristics of the model, the structure
of constraint group 9« differs considerably from the traditional
pattern of the balances of payment and of foreign trade! the
differences can, however, be numerically explained.

Constraint groups 4., 5» 6. and 8. do not appear in direct
form in the index system of traditional planning, though in
actual practice the planners will endeavour to take into
account the limits set by the area of land, the old capacities,
and the possibilities of selling to and buying from foreign
markets.

Let us now sum up what has been said above on the number of
variables and constraints. The model describes the relationships
of the five-year plan in a linear equation system which

contains 2055 equations and 4479 variables /with the auxiliary
variables included/. Linear programming has already been used

in several countries for the purposes of economio planning,

thus e.g. in Trance, India and Csechoalovakia. According to

the available information, the Hungarian model is the largest

x/ The term "traditional planning”™ is used here to describe
the non-mathematleal planning methods employed in the
Hungarian planned economy for the last twenty years.
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aad bost detailed of the economy-wide planning models known
so far,

1.3» The "levels" of the system of constraints

In the foregoing, the constraints were classified according
to their economic content. Let us now turn to another type
of classification, that according to "levels". To facilitate
understanding, the schema of the matrix of coefficients of
the equation system is given on page 13 th.X/ This schema
will "te repeatedly referred to in the course of explaining

the model™s breakdown.

The model was divided into 46 sectors and every activity
variable was assigned uniquely to one of the sectors. The
breakdown 1b not arbitrary but reflects real economic contents.
Sectors 1 to 46 represent each a sphere responsible for the
production and foreign trade of a definite group of priority
products. The productive activities of the sector generally
represent one or several administrative units or institutions
/industrial directorates, trusts, enterprises etc./. Thus e.g.
the sector of the paper industry represents the Paper Industry
Enterprise, the sector of the automobile and tractor industry

represents the Hotor and Tractor Trust, and so on. Together

X]J The schema contains only the coefficients of the activity
variablesi the unit vectors belonging to the auxiliary
variables and containing the coefficients of the latter
form a further block of the programming problem"s matrix
of coefficients, which is not represented here.
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Sector 0 Sector 1 Sector 45

Central
constraint»

Kain-branch
oonotminta
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oonistralnta

Sectoral
constraints

lain branch 1 hin branch 7
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with each productive activity the corresponding export and
import activities were assigned to the same sector* These are
usually handled in actual practice by some other institution,
by one or several foreign trading companies. The sector thus
unites, as it were, the planning work of the institutions
which are responsible for the production and the foreign trade

of the products belonging to its sphere.

To sector 0 were assigned to import variables of the external
materials needed in several sectors. This "sector of external
material imports"™ does, accordingly, not represent any real

institution.

In the schema, the matrix of coefficients is vertically

divided by the 46 sectors into 46 narrow column clusters.

The model wan divided into seven main branches. Sectors 1 to

45 were each uniquely assi”ied to one of the main branches»
sector 0O was assigned to none. Like the breakdown by sectors,
that by main branches 1is not arbitrary either» it follows the
pattern of the economic ministries. Each main branch represents
either a whole ministry /e.g. the light industry or the
building industry/ or a section of a ministry which is in
reality to some extent independent of the rest e.g. the

chemical industry from power industry and mining, the food

industry from agriculture, etc./.

In the schema, the 7 main branches divide vertically into
7 broad column clusters the part of the coefficient matrix

whloh follows the sector marked O.
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After the vertioal division let us now deal with the horizontal
division* In the further description the sectors will be gixen
a double suffix, Hoe first suffix refers to the serial number
of the main branch! i=l,...,7. The second suffix gives the

aerial number of the sector within the main

~

branch« 3 = 1,.._yk® N kN = 46

The contraints ere grouped into three prinoipal categories.

Sectoral constraints. These contain coefficients other
than zero exclusively within the sector. To give a few

examples!

- Capacity constraints of production in old plants

with unchanged technology or reconstructed equipment.
- Export and import constraints of individual products.
- Internal balances of products whioh do not oonstitute

an input for another sector of the model.

The sectoral constraints regulate the sector®p "internal
affairs” and its direct relations with the "world outside”,

that beyond the scope of the model.

In the Bchema, the blooks of the sectoral constraints are

horizontally striped and marked CI |[I»ee«*0l fCI»A7tlee=*»C7 |ky=

The model contains a total of 1898 sectoral constraints.
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Main-branch constraints* Omb« contain coefficients
other than aero in several sectors which belong, however,

all to the same main branch* Boas exampleai

- The common land, labour «xi machinery constraints

of agriculture*

- The common export constraints of the engineering

industries*

- Internal balances of products which constitute the
output of a sector and the input of another or several other
sectors within a main branch but of no sector in the model
outside the main branch concerned. /S*g. various chemical

products within the main branch of the chemical industry./

The main-branch constraints regulate the main branch’s
"internal affairs', the mutual relations of its sectors, as
well as its direct relations with the "world outside"™ that

beyond the scope of the model*

In the schema, the blocks of the main-branch constraints

are vertivally striped and marked Bj~™,...,®"", . _*,By~.
The model contains a total of 90 main-branch constraints.
Central constraints* These contain coefficients other

than sero in several main branches* To give a few examples!

- The constraints of live labour in the national

economy as a whole.

- The Investment quotas.
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- Internal balances of products which are the output
of a sector in one of the main branches but are used as
input also in other main branches* /S.g. electric energy,

wrapping p;iper etc./

The central constraints regulate the *"common affairs”™ of

the main branches*

In the schema, the blocks of the central constraints are
diagonally striped end marked 1o»Al,I»,**»Al,k1»** »i7,1» ®==,

eeen»A7 ,K7*

The model contains a total of 67 central constraints*

In the terminology used here, the attributes 'sectoral”,
"main-branch”™ and "oentral™ indicate the "level"” of the
constraint*

The present economy-wide model ib™* in its final form* a

three-level one*

In the table of constraints on p. 7», the number of con-
straints falling into the different levels is given for each
constraint group based on classification according to

economic contents*

The multl-level structure is a particularly important
characteristic of the present model. It is this property
that differentiates it most clearly from the mathematical
programming models used for econcrg-yide planning purposes

in the pest either in this country or abroad.
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1.4-, The objective functions

In the series of computations surveyed here, several types
of objective function were alternatively employed,

1. The maximization of additional consumption over
and above ~“compulsory” private consumption. The composition
of additional consumption was given with several product
pattern variants.

2. The maximization of the surplus of the balance of
capitalist foreign exchange.

3. The maximization of the surplus of the balance of
socialist foreign exchange.

4. The minimization of total gross investment,

5. The minimization of live labour input /with two
variants, viz, minimization of manpower and minimization
of the wage fund/,

6. In some subsidiary oalculationst the minimization
of prime costs at current prices and of costs at computational
prices.

In some computations /e.g. 1in parametric programming/ certain
combinations of the above objectives were prescribed. Thus,
the two types of foreign exchange balance were optimized
jointly etc.
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2, A system of modela

2,1, Three model types - The union of modela

Thanks to the special multi-level structure of the model
described here, it is possible not only to employ it as a
single large economy-wide model but also to carry out
Independent calculations by means of its blocks suitably
separated from one another.

Three different model types have been worked out.

The sector model. This is used exclusively for programming
the activities of a single sector - the J-th sector of
the 1i-th main branch. The programming problem may be
described as followss

Wl Hi — ™

where
Xj”™ = the program vector

the sector’s constraint vector

partitioned according to the central,
main-branch and sectoral constraints
the vector of the objective function

pid o
coefficients



When constructing sector model /1/, the sector Iis

separated from the whole of the national economy to which
/and within which to the other sector models/ it remains
connected by the appropriately determined vectors and
gj?\ the constraint constants belonging to the central and
main-branch constraints.

As normally dimensioned, the sector models contain 30 to
80 constraints and 60 to 100 activity variables.

The aain-branoh model. This unites all k™ sectors of the
i-th main branch. The programming problem may be defined

as Tfollows«

C i )
- AK
H  »13 xt3 = &0,
3=1
1
K
= EjB
Bi3 xi3 EIB)
.2/ <
N
&
b - K(D 3 ~ Ipeen
Jl °ld xi3 - S
1 Y
! _eo 3 =1,...,k"
X 13
ki
- max!
pi3 xi3
where
_(A)* s the constraint vector of the main branch

partitioned according to the central and

main-branch constraints.
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When constructing main-branch model /2/, all sectors within
the main branch are linked up with each other but the main
branch itself is separated from the national eeonony as a
whole. It remains connected with the reat of the eoonony
/and within the latter with the other main-branoh models/
exclusively by the appropriately defined vector the
constraint constants belonging to the oentral constraints«

As normally dimensioned, the main-branch models contain
150 to 300 constraints and 300 to 500 activity variables«

The economy-wide model. This imites all sector models.
The progremming problem is the following!

xo + I7I o *13 Hi :g(A)

lei 3=1
r: Bu - < B? 1 m 1. 7
73/ 321
°i3 Hi = 8is! 1 m Iv«.«»7|
*13 * ° 1 m Io»». »»7]|
7 7AN
21 Ti pi3 Hi Mx|
\ Isi 3=1

where
g(A) a the national economy*s constraint vector ordered

to the central constraintse

As mentioned above, economy-wide model /3/ oontains 2055
constraints and 2424 activity variables.
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The three model types differ from each other in the breadth
of the sphere they cover - a single sector, a main branch
oomposed of 3 to 11 sectors, or tue whole of the economy
with all its 46 sectors.

2.2_. Decomposition - The connection of models

Por the solving of the programming problem, two main methods
offered themselves.

1. The direct solution. The problem may be solved directly,
by means of an appropriate algorithm /e.g. the simplex method/.
This method has been applied in every case to the sector
models. However, in the case of the main-branch and economy-
wide models this was not possible with the facilities

_ _ X4
available in Hungary.

The decomposition method. There are several decomposition
r~"thods known, thus first of all the Dantzig-Wolfe method3"®
an® those formulated on the basis of the theory of games,XXX/

Without attempting the full description or comparison of
the various decomposition methods, let us survey some of
their characteristic common features, especially as relating
to the present special problem. For simplicity’s sake, the
exposition will be based on a two-level model instead of a
three-level one.

x/ With the present world level of computing techniques,
this should not be impossible. Linear programming
problems with several thousand counstrainta have
already been solved abroad with direct methods,
without decomposition.

aoc/ See Dantzig. G.B. - Wolfe, P.i "The decomposition
algorithms for linear programs', Econometrics, 29
/1961/, 767-778.

fnrr/ See Kornai, J. — Liptadk, Th.» "Two-level planning”,
Econometrics, 33 /1965/* 141-169.
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In the direct solution, calculations are carried out
simultaneously with the whole system of equations, /This

means that in the present case certain simultaneous
calculations would be carried out with 2055 equations,/

With the application of the decomposition method, on the

other hand, it becomes possible to reduce considerably the
size of the equation systems handled at a time. These smaller
equation systems nay be classed into two main categories«
higher-level and lower-level equation systems. The computations
carried out with them may, accordingly, be termed higher-level
and lower-level computations.

The four main criteria of the decomposition methods are
the following«

a. / Instead of solving a single large equation system
in a single calculation, several smeller equation systems
must be solved several times,

b. / The higher-level computations are more aggregate
in character while the lower-level computations are more
disaggregate and more detailed,

C. / The method is iterative. In every iteration both
higher-level and lower-level computations are carried out,

d. / In every Iiteration, the higher-level computations
yield new information relevant to the lower-level ones and
conversely, A flow of information in two direotions is taking
place, and it is these that provide a basis for repeated
iteration on both levels.

The decomposition methods differ from each other in the
realization of the above four criteria, namely

a,/ in the principles of the model’s decomposition sild
in the contents and size of the higher- and lower-level

equation systemsj
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b#/ in the degree and charaoter of aggregation and
disaggregation on the higher and the lower leveli

o#/ in the character of the computations to be carried
out on the higher and the lower level}

d./ in the character of information flowing between
the two levels.

Experience shows the known methods of decomposition to be
extremely slow. Therefore, with the existing facilities of
computing techniques in Hungary, they could not be employed
in the project described here. Instead, an approximative
decomposition method was worked out for the purpose. Its
basic ideas were taken over from the Dantzig-Wolfe method}
actually, it may be considered a "naive" version of the
latter.*" It iIs but approximative in character} as opposed
to e.g. the Dantzig-Wolfe method, it does not ensure the
reaching of the exact optimum within a finite number of
steps. On the other hand, it has the following advantages.

It sets to extensive use the heuristic logic of the planning
economist and draws on the available additional information
which is neglected by the exact method of calculation. Thus
e.g. It turns to advantage the circumstance that at the
beginning of the higher-level calculations one or even severe!
sufficiently suitable /though not optimal/solutions al6
usually already known. Thus, among others, the official
program based on the traditional planning methods may be
known. The approximative method leads in the first iteration
already to a program which is certainly not less advantageous
than the known solutions and most probably more advantageous

x/ The method was worked out by the author. For a more detailed
description see Information Bulletin No. 17 of the national
economic programming project /"An approximative method of
two-level planning™, Budapest, 1966, Computing Centre of
the Hungarian Academy of Sciences - Institute for Economie
Planning, National Planning Office, mimeographed/®
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than they are.*"" In the subsequent Iterations it will

still further improve the objective function. As against
this, the exact methods will yield an economically aooeptable
program after a great number of iterations only.

The approximative method was resorted to as a consequenoe

of computing technical difficulties! it would therefore

not be appropriate to make a virtue of this necessity. It
is, however, a fact that in view of the uncertainty of

the initial data no great importance is attached in planning
to exact optimality in the mathematical sense of the term.
The approximative method would therefore appear aooeptable
for practical purposes for the time being.

2.3. "System™ - iIn what respect?

The use of the term Bystem /in the system-theoretical,
Cybernetical sense/wlll be warranted if we are dealing with
a structure or network of interconnected elements. In this
sense, the methodology of the project surveyed here has
resulted in evolving a model system whose elements are the
various models.

The relationship between the elements can be approached

from two aspects. One aspect was dealt with in paragraph
2.1., namely that the sub-models can be united with one
another. With the combination of sub-models, "model building"
can be formed. E.g. a "two-storey" building can be formed

by uniting a group of sector models into a main-branch model
or all 46 sector models directly into an economy-wide model.
Or it is possible to form a "three-storey” building by
uniting the 7 main-branch models /together with sector model

X/ Thus e.g. in the case of the economy-wide model, with
the application of the approximative method an improvement
amounting to some 150 million dollars could be achieved
in the Ffirst iteration already in the objective function
as against the official program.

(074



into an economy-wide model.

The other aspect was discussed in paragraph 2.2. In the
case of the application of decomposition methods, the sub-
models are not united but connected, linked to each other
by means of Information flows between lower- and higher-
level equation systems worked out in accordance with the
concrete principles of the decomposition method.

Both the union of the sub-models and their linking up by
means of information flows was made possible by the fact
that all models are constructed on the basis of a uniform
index system. Quantification was based in every case on
strictly uniform nomenclatures, statistical definitions
and classification.

It is an important property of the model system that there

is unique communication between the higher-level and lower-
-level models and computations. The higher-level computations
may yield, among others, aggregate economic indices, but it
will in every case be possible to make detailed production,
investment and foreign-trade programs uniquely correspond

to them. And conversely, it will almays be possible uniquely
to derive from the detailed production, investment and
foreign-trade programs aggregates established on the sectoral,
main branch or economy level.

Here again, we have a characteristic feature of the
methodology of the project which distinguishes it from the
mathematical programming models used earlier for planning
purposes. The projects known from Hungarian and foreign
literature were all based on individual and independent
models. It is for the first time now that an Interdependent
system of planning models, a network of aggregate and
disaggregate models, a combined hierarchical structure of
algher- and lower-level models could successfully be worked
rat.
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3. The data of the nodal

The data and parameters employed in the calculations whioh
serve to provide a foundation for economic decisions may be
determined in various ways. Let us first describe below
three pure cases and deal with their various combinations
later on.

1. The phenomenon to be numerically described by the
parameter is subjected to full-scale observation. This is
the caBe e.g. when the inputs and outputs of a strictly
defined economic unit /an enterprise, an economic branch,
etc./ are determined on the basis of full-scale statistical
observation.

In this case the economist carrying out the economic calcul-
ation will obtain the parameter directly from the statistician
summarizing the data yielded by full-scale observation and
will use it in his economic calculation without transformation.

Let us call this method the simple economic-statistical
method.

2. There are some statistical observations available
which do, however, not characterize directly the phenomenon
to be described by the parameter of the economio calculation
but admit only of indirect inferences. In drawing the indireot
inferences, the tools of mathematioal statistics are employed.
For example, a trend calculated on the basis of a tine series
is extrapolated into the future. Or a confidence interval
estimate is given, based on the mathematical statistical
analysis of data distribution.Or again, an estimation of
the parameter is worked out by determining an appropriate
average value on the basis of representative sampling.

Here the economist carrying out the economic calculation
obtains the data not directly from those carrying out and
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summarizing the observations but from the mathematical
statistician who processes their results.

Let us call this method the mathematical statistical method.

/This 1ia what in present-day Western terminology is called
the econometric method,/

3. There are some observations available, auch as
statistical data, technical or commercial information etc.
which do, however, not characterize directly the phenomenon
to be described by the parameter of the economic calculation
but admit only of indirect inferences. The indirect inferences
are drawn without using the tools of mathematical statistics,
in a basically intuitive manner. Let us take, for example,
an engineer who knows exactly the numerical characteristics
of the technology employed at present and has also some
information concerning the new technology to be employed is
the future. He has a knowledge of the differences between
the two technologies in qualitative, technical terms and
may also have some numerical information obtained from the
literature on the subject or in the course of personal
consultations. Belying on these, he will make an estimate
of the numerical characteristics cf the new technology. Or
take a foreign-trade expert who knows exactly the market
situation, the price trends over the past years and the
relevant sales data. He has an idea of the intentions of
the buyers concerning the future, an idea formed in the
course of personal contacts. Based on this information, he
will give an estimate of future price formation and sales
possibilities.

The estimates thus given may be primitive, inexpert, ir-
responsible ; but they may as well be based on technical
calculations and formulae, on the careful collection of
information, worked out with expert knowledge and a sense
of responsibility. In the latter case they will be more
reliable, but still not "exact"”. Intuition will still play
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a role and, as a consequence, the process of transforming
the acquired Information Into an estimate will not lend
itself to mathematical formulation, to description in
exact terms*

In this case the economist carrying out the economic calcul-
ation obtains hiB data from the engineer, the foreign trade
expert, the specialist.

Let us call this method that of expert estimation.

The differences between the three methods can, accordingly,
be described as follows.

In the first case the data observed are built directly

into the economic calculation, whereas in the second and
third case they are made use of in an indirect manner. The
transformation of the observations, takes place in the
second case on the basis of mathematically formalized rules,
by means of mathematical statistical methods, and in the
third case without formalized rules, on the basis of expert
knowledge.

In actual practice the three methods are frequently combined.
For example, the data obtained by means of the first or
second method may not be used directly in the economic cal-
culation but corrected first by expert estimation to make
them express more adequately the differences between the
phenomena observed in the past and to be expected in the
future. Or the third method may be basically applied but
with the expert estimation making extensive use of full-
scale statistical observations and information obtained by
mathematical statistical tools /trend computations, various
averages, Tunctions quantified on the basis of econometric
methods, etc./.

The majority of economio decisions is. in actual practloe,
reached through the third method, that of calculations based
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on expert estimation., frequently supplemented and combined

with the first and the second method aS described in the
foregoing. This applies particularly to investment decisions,
both under the conditions of the socialist planned economy

and those of the capitalist market economy. As a matter of

fact, in reaching such decisions extensive use is made of
calculations relating to new, hitherto untested technologies

as well &S to price forecasts and future marketing possibilities.

Part of the mathematical models used in planning is based
essentially on the first, simple economic-statistical method.
Cases in point are the input-output tables quantified on the
basis of full-scale statistical observation.

Another part of the planning models is based essentially

on the second, mathematical statistical method. Characteristic
cases are the econometric macro-models /the Dutch planning
models, the Klein-Goldberger model worked out in the USA,

the Hungarian M-1, M-2 models, and others./.

The Quantification of the model described in this paner

was carried out essentially by means of the third method”™

on the basis cf expert estimation. This is an important
characteristic which distinguishes it from a number of other
planning models constructed in Hungary and abroad. The
structure of the model - especially the great number ci
production, investment and foreign-trade variables - makes
it imperative to rely to a great extent on the estimates

of technical and foréig trade experts.

Only a comparatively minor proportion of the data was based
on simple economic-statistical observation! that method was
primarily used when determining the parameters of the
variables of type 1. /the operation old plants with unchanged
technology/. In the case of a further data group, mathematical
statistical methods were employed, thus e.g. in the calculat-
ions relating 1O trends in world-market prices, in working
out the demand functions required to determine the pattern
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of consumption, etc. But even In those cases, the data
obtained had to be corrected on the basis of expert
estimates in order to nahe then suitable for practical
application.

Some of the data need were taken over from the official
documentary material of traditional planning work baaed

on non-aathematical methods, in unchanged fora or with
corrections carried out in cooperation with experts. Other
data, which could not be found in the official documentary
material, were estimated by experts specifically for the
purpose, and the specialists were in most oases those
engaged in similar tasks in connection with the offiolal
planning projects. Accordingly, the quality of the estimates
was presumably similar in the two cases.

The supply of information in traditional planning will be
reverted to in the second paper. Here, it should suffice

to state that the information basis of the model described
in this paper was essentially of the same chareoter as that
of Ie traditional plans and of the investment calculations
be- ad on non-mathematical methods{ as a matter of fact, the
two methods partly share the same basis. The information
material which would otherwise extensively influence the
medium-range economic decisions but which is usually utilised
In scattered form, without strict logical schématisation, is
united in the present model according to a uniform classi-
fication. in consistent and logical arrangement.

X X X

In conclusion, it may be stated that the first experimental
computation series of economy-wide programming has proven
the possibility of constructing a multi-level model system.
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Th« fact la significant in itself< However, the proving of
the possibility alone is not sufficient. The questions must
also be answered, now can the method be employed in actual
planning work» what is its practical purpose and rolej what
are the shortcomings of the first experimenti how should

the model be further developed] what are the conditions of
its systematic practical application? The answer to these
questions should be provided in tbs second part of the paper,
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OH THB PRACTICAL
OF TnE MULTI -LEVEL PRO GRAMUINDO
UODEL OF THE NATIONAL ECONOMY

The main purpose of the experiment was to test a new method
in mathematical programming.3" What possibilities of future
application does the new method offer? In the course of the
exposition it is not only the concrete realization of the
first experiment that will be kept in view but also the task
of further developing the mode. Similarly, the treatment of
the model’s "environment*, of the traditional planning
methods and of the relationship between mathematical and
non-mathematleal methods will not be confined to describing
the present situation but the modifications that can be
expected - or at least hoped for - will also be referred
to. Utopian ideas, on the other hand, shall be avoided when
speaking of the future. Only those changes will be dealt
with which appear possible under the given objective con-
ditions and whose realization depends fundamentally on
implemented.

x/ It was pointed out at the beginning of the research

work already that the computations -should be
considered a scientific experiment the main importance
of which lies in testing the new planning method... All

this is emphasized here exclusively to make it clear

from the beginning that the fact that the computations

may provide a basis for practical planning decisions

was considered of secondary and additional importance

only ... It is deemed most important not to raise

excessive expectations in leading economic ciroles
concerning the immediate practical use of the calculations™.
Information Bulletin No. 1 of the national eoonomio program-
ming project, Budapest, 1965. Computing Centre of the
Hungarian Academy of Sciences - Scientific Research
Department, National Planning Office, mimeographed, pp.
64—65/.
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4. The modelé bphare of aotlon

The multi—level economy-wide programming model embraces a
broad sphere of the economy and la able to determine
simultaneously several thousand plan indices* Its sphere

of action may still be broadened by further development.

It must, however, not be believed that either this or any
other model could in Itself perform all functions of planning.
It is impossible to work out any "super-model’ into which

the ready data must simply be fed in order to retrieve a
complete national economic plan.

4.1. Prognosis and preselection

The model described here belongs to the family of programming
models. The members of the model family have the common
characteristic of a clear distinction between the given
conditions and the possibility of choice. When the structure
and numerical material of a programming model is determined,
it is at the same time determined what should be considered
the given conditions /expressed by the constraints/ and what
are within that the possibilities of choice /represented by
the variables/. Instead of a single confutation a whole
calculation series can, of course, also be carried out,
changing repeatedly either the constraints or the variables.
It remains, however, valid for every single member of the
series that at the beginning of the calculation it had
already been determined what can be considered as variable
and what cannot be considered so.

It follows that the planning functions of programming are
complemented and preceded by two other functional prognosis
and preselection.
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1. Prognosis gives an answer to questions relating
to the future. What can be expected with certainty to
materialise in the event, Independently of the resolutions
of the resolutions of the decision-makers? Where is it that
the latter can interfere at all, and to what extent? What
are the limits of interference? What are the expectable
consequences of alternative economic activities? As oan be
seen, part of the prognoses is "unconditional” while part
of them is dependent on certain "‘conditions', reckoning as
they do with events and processes which would come about
only if certain conditions were fulfilled*

Prognosis may be based on primitive forecasting! it may,
however, be prepared also with more circumspection, with

a careful analysis and mathematical-statistical examination
of domestic time series, or on the basis of extensive
international comparisons, or with special prognostic models*

2, In reality, an infinite variety of economic activities
is possible. From among them, a finite number is chosen by
preselection; these become represented in the model by the
variables. /Thus e.g, some 2500 were chosen for the purpose
of the first experimental model of the project described
here./

Preselection may take place arbitrarily! important alter-

natives may be left out of consideration because of

inadequate information or subjective bias. On the other

hand, it may also take place on the basis an extensive collection
of information and by means of special models worked out for

the purpose*

The realiabll1t? of the programming model will depend to a
high degree on the quality both of prognosis and preselection.
Does the system cf equations contain all the necessary and
essential constraints? Have the equations describing the
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given conditions been determined numerically in the correct
manner? Have not some already determined activities been
considered as variables? Do the most significant and
characteristic alternatives figure in the model? All this
will depend on the efficiency of prognosis and preselection*

4*2» The modelts “subject matter"

The model is used to work out recommendations and estimates
relating to the economic activities of production, investment,
technical development, product distribution in the productive
sphere, and foreign trade. Let us call this the modells
subject matter. Some further subjects, which do not fall
within the subject matter of the model, should be mentioned,

1, The patterns of public and private consumption
must be determined from outside for the purposes of the
model. They may be given in several variants but their
determination must take place outside of the model,

2. The wage-fund quota must be determined from outside.
It will then be allocated to the branches by the model. This,
however, is only part of the planning of income distribution.
the rest must be planned outside of the model,

J, The labour quotas must be fixed from outside. These
too will be allocated to the branches by the model. Again,
this is only part of the work of manpower planning - the
rest must be worked out outside of the model.

4, The outputs meant to serve the purposes of
stockpiling are prescribed for the model. The suitable
volume of stock must be established outside of the model,

5. The model has no regional aspects and does not
provide recomnendations for the territorial allocation of
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the resources of production. Nor does It take into direct
consideration the social consequences of economic development
such as urbanization and the changes In social stratification*
This will again call for computations to be carried out
outside the model and for analysis not only in the eoononlo
but also in the sociological and other domains*

6* The model’s sensitivity tests and shadow-price
system provide important bases for price formation. The
model itself is, however, no price model, leaving as it
does out of consideration essential relationships which
must in practical prloe formation be taken into aooount*

7* The model does not supply information about the
suitable choice of the economio instruments, neoessary to
further the implementation of the plan*

The subjects listed above will suffice to illustrate the
fact that the subject matter of the present model does not
embrace the entire subject matter of medium-term planning
but only part of it.

The methods on which the planning of the subjects listed
above as well as of those not mentioned here is based, is
highly relevant from the point ov view of the quality of
planning in general. 1t will make a great difference whether
it is based on primitive forecasting or on more sophisticated
methods such as mathematical statistical analysis, inter-
national comparison or special models of consumption, income
distribution, labour planning, price formation, eto*
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fird® Parallel calculations and mutual control

Paragraphs 1.1« and 1.2. have dealt with the planning
functions which complement those performed by the model
described here. But besides oomplementariBm there is also
the need for some degree of parallelism, for calculations
"competing” with one another.

The model - as all plan computations - is working with
definite simplifying assumptions. It ma.v prove useful to
oarry out parallelly also other calculations which are free
from such simplification. The control calculations may even
employ other simplifications. For example, the model is
working with continuous variables and must therefore
disregard the phenomena of indivisibility, above all others
the fact that below a certain plant size it would be
practioally useless to set up a new plant. It will thus be
worth while to carry out parallelly some plan calculations
which do not disregard this circumstance and which are based
either on intuitive methods of traditional, non-mathematical
planning or on some procedure of discrete programming.

The Tlata material of the model was oased mainly on expert
estimates, as described in Chapter 3 of the preceding paper.
It is therefore necessary to carry out parallelly also
calculations based on other sources of data, especially on
full-scale statistical observation and on econometrio
estimates.

The parallel calculations are aimed at mutual control, at

the reciprocal disclosure of errors. The results confirmed
by both calculation series will provide a firmer basis for
decislon-making.
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5. The requirements of rational planning and the model

In the preceding chapter sufficiently modest limits were
set to the scope of action within which the model may
perform its definite planning functions. The subsequent
analysis will remain within the same limits.

In the course of the analysis, some requirements will be
Bet to serve as guiding principles. In the view of the
author, the work of planning may be termed mature and
rational if it meets these requirements. Here, only the
necessary conditions will be definedj these are, however,
not sufficient to determine the complete requirement system
of rational planning.

In the course of the discussion the requirement to be dealt
with will in each case form an introduction to be followed
by the explanations and the conceptual definitions.

Requirement 1, The plan should
contain the basic regulation
variables affecting the structure
of the economy which are at the
command of the ~"addresseesZ¥.

The plan offers recommendations to certain institutions

such as the central organs of economic administration, the
ministries, the medium-level control agencies, large
enterprises, banks, etc. Let us call these institutions the
addressees of the plan. Every addressee has the power to
regulate oertain definite processes and magnitudes affeating
the structure of the economy. What is meant here by regulation
is that the trend of the process, the development of the
magnitude in question depends basically on the addressee”s
own activities. The index which gives the planned and
recommended value of the economic process or magnitude in
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question will be called a regulation variable.” All other
index numbers of the plan®s index system, those which cannot
be termed regulation variables in the terms of the above
definition, will be called prognostic variables.

Regulation variables are, within the institutional frame-
work of the Hungarian economy, for example the allocation
of investment credits by branches, or investment proposals
relating to major projects, or the export obligations that
can be undertaken under a long-term foreign trade agreement.
The growth rate of national income, on the other hand, is a
prognostic and not a regulation variable. The government
will not be able to determine the rate of growth; all it
can do ia to take certain steps which will in the long run
affect its trend.

Under the conditions of the old /pre-1968/ mechanising3
traditional planning did more or less irest Requirement 1.
The multi-level programming model of the national economy
was - in constrast with a great number of other mathematical
planning models - also constructed to meet this requirement.
This is one of the main reasons of the model®s highly
detailed and disaggregate character. As a matter of fact,

X] In approximately the same sense, other authors would
also use the terms "decision variable", "instrumental
variable”™ and "action parameter'.

xx/ What is called by Hungarian economists the "‘mechanism"
is in fact the complex of methods of economic control.
This comprises, among other things, the price system,
the system of material incentives, the concrete forms
of the planning system, the institutional framework of
economlo regulation. A comprehensive reform of the
Hungarian economic mechanism is now under way; from the
1st of January, 1968 radical changes are to take place
in the system of economic control.
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it would otherwise not have been possible to build into
the model the essential regulation variables of investment
and foreign trade,

The opinion is widely held that it was only within the
framework of the old mechanism that Requirement 1 had to

be met. According to these views, under the new mechanism
that is to take shape in 1966 the plan would have to contain
only the "basic™ and "principal’ indicators. Any further
breakdown of the plan - characteristic of the over-oentralised
old system of eoonomio control — would become unnecessary.

These views are, in the author®s opinion, erroneous. The
reform of the economic mechanism will naturally necessitate
the reexamination of the plan index system and thus also

the revision of the regulation variables. Which institutions
should be the plan®s addressees under the new conditions?
Which are the economic processes that the addressees will
actually be able to control and regulate? By what means

will the economic administration be able to achieve that

the lower-level addressees of the plan also realise the
planned values of the regulation variables addressed to
them? These are questions which require careful analysis.
But though the revision is justified, the requirement itself
must be upheld. Any index system which does not meet
Requirement 1 cannot be considered a plan and action
programme, only a prognosis.

This means in practical terms that there is a continued
need for planning models which contain in a comparatively
detailed breakdown the major /partly centrally initiated/
Investment proposals and the main items of long-range
International trade agreements. In this connection too
certain modifications may be necessary /e.g. the breaking
down of investments by their financial sources/. This will,
however, not affect essentially the degree of breakdown in
the model and in the index system linked to it.
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As a matter of fact, Requirement 1 représenta but a re-
formulation of the traditional planning practice which
gives 'priority" treatment to the production of some
particularly important commodity group, to the start of
some particularly inportant group of investments eto.

This practice must not be discontinued, for that would

mean to relinquish the control over the structure of the
national economy. To regulate every detail would dearly

be impossible - nor should it be endeavoured. It is,
however, both desirable and possible to beep the most
important proceases under control. "Priority treatment"
should, of course, be based not on random choice but on
selecting the prooesses which, together with their secondary
effects, are to a great extent determinant of the structure
of the national economy.

Requirement 2. The plan should be
comprehensive and should contain
the principal aggregate indices of
the economy.

The traditional planning methods did more or less satisfy
Requirement 2. So did also - and more consistently than
traditional planning - the input-output tables used for
planning purposes as well as the aggregate programming
models based on them.3 The multi-level programming model
of the national economy, on the other hand, failed to meet
this requirement in its first experimental application.

In the course of further applications it should be possible
to remedy these shortcomings. Kie model®s index system will
have to be extended to contain besides /and not instead of/
the partial "priority" production, investment and forelgn-

&/ On the latter see e.g. Komai, J. — Ujlaki L.» "The
application of an aggregate programming model in five-
year planning", Acta Economics, December 1967»
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trade estimates, also the global figures of production,
distribution, investment and appropriation. It is desirable
that besides /and not instead of/ the physical indicators,
the basic estimates of input and output, expressed in terms
of value, also appear in the model.

This extension and amplification leads to a series of
difficult methodological problems. A connection will have
to be established between the physical indices of priority
products and the figures relating to global values; the
non-priority activities of a residual character will have
to be computed and so forth. The solution of these
methodological problems had already been under discussion
for Borme time in planning circles, also independently of
the development requirements of economy-wide programming.

Requirement 3. There should be
communication between the aggregate
and disaggregate plan indices.

The comparison and analysis of the consequences of
alternative economic policies and the high-level decisions
based on them can take place only on the basis of plan
proposals conforming to Requirement 2, i.e, on that of
aggregate indices. On the other hand, analysis and decision-
taking will have to be followed, in accordance with
Requirement 1, by the concrete definition of the regulation
variables. It is this that necessitates communication
between the aggregate and disaggregate indices.

With the traditional planning methods, Requirement 3 is
hardly ever satisfied, though attempts are usually made

at an approximation, at "breaking down' the economic policy
characterized by the aggregate plan figures*

The majority of mathematical planning models would not
undertake this task. It is one of the most important
characteristics of the methodology of multi-level planning



- 44 -

that - as has already been pointed out in the first part
of the paper - in its own sphere of action it fully
satisfies Requirement J. To every higher-level, aggregate
economy-wide program it will at any time be possible
uniquely to order a detailed program - in tne present case
one of about 2400 variables - i.e. the disaggregate de-
termination of the regulation variables of investment and
foreign trade.

Requirement 4» The system of plan
indices should be consistent.

In the course of the subsequent discussion a strict dis-
tinction will be made between the consistency of the system
of plan indices, its freedom from logical contradictions,
and ths sses property of the actual plan figures,x/ The
demands made on the former should be made clear by three
sub-requirements.

Requirement 4/a. The system of plan
indices should be logical.

The definitions, classifications, units of measurement,

price factors, etc. relating to the system of plan indices
should be defined so unequivocally and applied so logically
that the operations /Zaddition, multiplication, etc./ performed
with the plan indices are strictly interpretable and the
figures to be compared are really comparable, referring to
the same sphere.

x/ The system of plan indices may be conceived of as a set
of blank forms, tabular schemas, together with the
instructions for completing them. The plan figures
represent the estimates to be entered in these forms.

It is also possible to consider the system of plan

indices an equation system written down merely in symbols,
whereas the plan figures represent the numbers substituted
for the symbols in the equations.
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The requirement may eeem trivial - it was none the leas
neglected up to now in practical planning. As regards the
consistency of the index system, planning is decidedly
lagging behind statistics and accounting.3

The multi-level programming model of the national economy
strictly enforces Requirement 4/A within its own sphere of
action.

Requirement 4/B, The relationship
between the various plan indices
should be explicable and deducible.

When formulating this requirement, the question as to the
degree of exactitude in the deductions and explications
was left open. All that is required here is the ability to
describe the logical process leading from one plan figure
to the other, or, in general terms, that leading from some
information input through the plan computation to the
information output.

Traditional planning is able to deduce and to explain many
types of relationship, at least verbally or in the form of
simple equations and balances. A great number of other

relationships will, however, remain unexplained. They will

X/ Some years ago it was suggested at the National Planning
Office that the handling of figures should be put in
order and that, as a means to this-end, the supply of
planning data should be mechanized. For the purpose,
standard forms were prepared, based on a logical code
system. The idea was not to provide some "scientific
basis™ for the plan but to introduce a data handling
system the existence of which would be considered an

elementary necessity in any properly managed modern plant.
Unfortunately, the scheme was realized in a single partial
domain only, but the experiment has proven the feasibility
of the arrangement of data intc a uniform system and of
mechanical data processing. However, apart from this,

the soheme of the unification and mechanical processing

of the supply of planning data proved a failure.
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possibly not be subjected to deduction, not even mentally,
or, If so, not described, and their explication not
sufficiently controlled. The national economic plan is
usually not supplemented by a detailed explication and
documentation of the plan computations.

Economy-wide programming carries out, within its own sphere
of action, a strict deduction of the relationship between
the plan indices. It can be reproduced at any time how the
information output /the program/ had arisen from the
information input /the coefficients, the constraints and
the objective function/. The application of economy-wide
programming may thus mark a significant progress towards
satisfying Requirement VB.

Requirement 4/C. The plan com-
putations should describe as com-
pletely as possible the relation-
ships and proportionalities ad-
herence to which is essential for
the implementation of the plan.

Requirement 4/B calls for the simple explanation of ths
plan figures. Requirement 4/0 goes farther than that,
calling as it does for the most extensive and complete
description of the relationships.

Mathematical programming is strictly taking into account
all relationships that had been built into the model,
neglecting at the same time completely the relationships
which do not figure in it.

With traditional planning the case is entirely different.
The Rational Planning Office, the ministries and the various
enterprises have several thousand experienced planners on
their staff. Taken together, these planners have actually



considerably more relationships in view than the largest
mathematical model — not a few thousand but tens or even
hundreds of thousand* On the other hand — as pointed out
above in connection with Requirement 4/B - these
relationships would in their majority not be documented*
Accordingly, it will usually not be possible to ascertain
whether the relevant relationships had been taken into
account or not.

The taBks to be carried out to satisfy Requirements 4/B

and 4/C are closely interlinked* The problems lie in several
directions. There would be a need to widen the sphere of
documentation on plan Indices, plan relations and planning
computations, also apart from the needs of the mathematical
planning projects. The relationships which had in many oases
been living up to now in the thoughts of individual planners
only, never finding verbal expression, or were, at best,
stored in desk drawers among the mass of computational
material, ought to be put in writing and made accessible

to the other planners as well,*/

At the some time the system of constraints in mathematical
planning should also be made more complete. Besides
Requirement 1 /the establishing of regulation variables/,
Requirement 4/fl, the control of the plan’s workability.

x/ To avoid all misunderstanding: what is called for here
1b only the widening and ordering of the documentation*
This should be strictly separated from the following
questions, not to be dealt with in the present paper)

- From the wide range of plan targets, whioh are those
requiring legislative sanction?

- Prom the range of plan targets and computations, what
should be made public?

- what are the plan targets whose implementation must
be promoted by central measures?
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also warrants great detail and a comparatively high degree
of dlIsa”~regatlon in the mathematical planning model. The
aggregate models may more easily shift towards unworkable
sectoral patterns than the multi-level model which takes
into account the conditions of foreign trade, technology,
natural endowments etc.

The constraint system of a mathematical model can, of
course, never be entirely "complete”. The limitations are
partly of computation technical character. The programs
yielded by the mathematical methods should therefore always
be checked upon by practical experts. It should be tested
whether the program which is feasible from the model*s point
of view is also consistent with certain proportionalities,
conditions and relationships which are left out of account
by the model but sensed by the practical planner.

Requirement 5. The plan should be
workable and ensure an equilibrium.

Requirement 4 has called for consistency and freedom from
logical contradictions in the system of plan indices. The
present requirement calls for freedom from contradictions
in the plan targets as well,

The concept of equilibrium is to be interpreted here as
follows.

There should be no definiency of the products and resources
taken into account in the system of plan indices. There may
be a surplus, but the planners should know its extent and
take iInto consideration its consequences /such as the
accumulation of stocks, the unemployment of certain groups
etc./.

As a conseguence of unforeseen circunstances, the actual
extent of the resources or inputs may In reality differ from
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that envisaged in the plan* Nor does Requirement 5 raise
the unrealistic demand of a complete realisation of the
plan* What it does, however, call for is that in the course
of planning, in possession of all given and available
information, every factor is carefully taken into account
which may impede the plan®s implementation. A relative
equilibrium of all relationships in the plan should be
attained as far as the supply of information permits should

be attained by means of minimizing the potential equilibrium
disturbances*

The multi-level programming model of the national economy,
with its highly disaggregate structure embracing some 2000
relationships, strictly enforces Requirement 9 within its

own sphere of action. At the same time, in the first concrete
model of the experimental oomputatuons several equilibrium
and proportionality relationships were negleoted the taking
into aocount of which would have required summarisation in
value terms* As pointed out already, with the new models to
be worked out later on it should be possible to eliminate
this definiwiency*

As far as Requirement 9 is concerned, economy-wide program-
ming has a marked advantage over the traditional planning
methods. No intuitive method of plan coordination, no repeated
verbal or written discussion can compete with the strict
internal logic of a mathematical equation system.

Requirement 6« The plan should be
at least approximately efficient.

A plan will be called efficient if it is workable, ensures

an equilibrium /Zi.e. satisties Requirement 9/, and oannot be
confronted with another equally workable plan which is not
less advantageous from any point of view and more advantageous
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from at least one. For example, both Flan 1 and Plan 2
may be efficient If one envisages higher private consumption
and a less favourable balance of payments and the other lower
private consumption and a more favourable balance of pyments.
On the other hand, Plan 3 will be non-efficient if it is
less advantageous than say Plan 1 from the point of view
of private consumption and the balance of payments. In that
case, Plan 1 will dominate Plan 3«

Traditional planning can not even approximately satisfy
Requirement 6, if for no other reason than that it will
not be able to fulfil either Requirement 4 /particularly
not 4/B/ or Requirement 3* There can, however, be no
question of efficiency if a plan®s estimates are not
explained and deduced in every detail, its index system

is not consistent, and its ajuilibrium can therefore not be
demonstrated. Nor can it be ascertained under those
circumstances whether it does or does not dominate the
other plans that it may be confronted with.

Multi-level economy-wide programming will be able to satisfy
Requirement 6. True, it will only approximate full effi-
ciency. First, as h«a been pointed out when discussing
Requirement 3, it does not ensure complete workability.

Second, it has to employ an approximate method instead of

an exact prooedure. It has nevertheless succeeded in working
out plan proposals which are from several aspects significantly,
more advantageous /representing S3 they do conisderable
savings/ than the plans based on the traditional methods.

The table below presents the results of the four programs
worked out on the basis of the economy-wide computation
series. None of the four programs dominates any of the others
and all are approximately efficient.



Savings

Program minimizing
investment inputs

Program-minimizing
live-labour inputs

Program optimizing
the balance of so-
cialist foreign
exchange

Program optimizing
the balance of cap-
italist foreign
exchange

Saving as agains Over-fuAilment as

the permitted against prescribed
quotas balances of foreign
exchange
Investment Labour Socialist Capitalist

/billion /thousands /million /million
forints/ of man- roubles/ dollars/
power/

156

25.3

126.8

125*9

With the further development of the economy-wide program-
ming model, the improvement of computing techniques and the
application of exact procedures it should be possible to

make a progress towards the replacement of the present
approximate computations by methods satisfying Requirement 6*

Requirement 7» The planning organs
should submit to the political de-
cision-making bodies the political
plan variants made ready for de-
cision. The variants should afford

a possibility of selection in con-
formity with the timely political
decisions and present the con-
sequences of the alternative choices.
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What Is called here the political plan variants are the
plan variables which differ from each other in their
essential political consequences, as regards e,g, the
planned standard of living, the rate of increase in the
production fund, the orientation of foreign trade and of
international credit policies etc.

A plan variant may be termed ready for decision if it
satisfies the six requirements.dealt with above. This will
make it possible for the supreme decision-making bodies to
survey the basic variants every one of which is in itself
consistent, workable and nearly efficient end can be
"translated" into regulation variables, i.e. into indices
whose regulation is actually in the hands of the State,

Traditional planning is not able to prepare simultaneous
polit :nl plan variants, Illulti-level economy-wide programming,
on the other hand, is able to do so within its own sphere of
action. It is here that lies one of its main purposes, A
great number of economy-wide plan variants has already been
prepared in the course of higher-level computations. The
methodology employed in these computations makes it possible
for every variant to satisfy in itself the constraint system
described in the model and to be approximately efficient.
Moreover, it will be possible to give for every variant
characterised by its principal indicators a-detailed program
broken down by regulation variables.

Requirement 8, The period of
regulation should be as short, the
time horizon as long as possible.

To formulate this requirement two new concepts have been
introduced. The first is the period of regulation. By this
is meant the period of time for which the planned value of
the regulation variables basically affecting the structure
of the economy is fixed in advance. In the definition two
words are stressed. '"Fixed" - i.e. the planned value of
the regulation variables will not be changed within the
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regulation period. "Planned"” - i.e. fixing refers only to
the suggested value of the regulation variable, and the
possibility is not excluded that in the event the actual
magnitude will differ from the planned one.

The second important concept is that of the time horizon.
This is the period of time for which the consequences of
the planned value of the regulation variables are estimated
and forecast.

The logical point of departure of Requirement 8 is that

the value of the structural regulation variables should be
determined in the most reliable manner. This requires, on
the one hand, that they are based on the most recent infor-
mation, e.g. that the investment decision is as close in
time to the starting of the investment project as possible
/short period of regulation/, and, on the other hand, that
the lasting consequences and their interrelations are
considered in the most careful manner /long time horizon/*

In the ideal case the period of regulation will be one year
and the time horizon between 15 and 20 years or, in oeirtain
relations, infinite. For the time being, as a first step in
the development of planning methodology, less favourable
solutions may also be termed satisfactory. For example, the
regulation period may be between 2 and 5 years - the working
out of a five-year plan, with a revision of the plan around
the middle of the period. The time horizon may be 12 to 15
years - 15 years at the time when the original five-year
plan is being worked out, and the remaining 12 years at the
time of its revision.

Traditional, non-mathematical planning has made a start

in this direction. Around the middle of the term of the
present five-year plan, its revision was begun. Preparations
were started for the so-called long-term plan whioh could
give an adequate time horizon to the new five-year plan
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covering the years 1971-75.

The multi-level programming model of the national economy

is even in its first formulation suited to satisfy the

first half of Requirement 8, /ThiB question will be reverted
to when discussing Requirement 9 below./ The first experimental
computation, however, didas yet not have a lengthy time
horizon reaching beyond the regulation period. The model will
have to be developed in a way that it has a time horizon
reaching beyond the five-year term - say one of 15 years. It
should not be necessary to give the model for the second and
third period the same detailed breakdown /some 2*00 variables/
as for the first one, as it is only for the first period of
regulation that the value of the regulation variables has

to be computed.

The methodological problems of the model’s dynamization,
of its transformation into a multi-periodic model, cannot
be dealt with here.

Requirement 9 Planning need to be
continuous. The methodology of
planning should enable the contlnuos
processing of fresh Information and
a speedy revision of the plan com-
putations.

From Requirements 7 and 8 there follows logically Requirement
9, that of continuous planning. Reality is continuously
changing around ourselves; there is a continuous change in
the available technical, economic and political information,
in the procedures and forecasts relating to the future, in
the instructions received from the political bodies, and so
forth.

There ia need for a planning methodology which considers
the continuous modifications in the information material
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the natural way of things. The structure of the system of
plan indices should be comparatively stable. Its
classifications and nomenclatures should be as permanent as
possible} the definitions of the indices should possibly

not change but remain comparable; nor should there be major
changes in the system of data supply and in the arrangement
of the forms, etc. The numerical contents of the system of
plan indices should also be as up-to-date as possible. The
continuous revision of the already completed plan computations
should be ensured. Information processing and the computation
of secondary effects should be quick; the procedures of plan
coordination, revision and variant computation easily and
speedily repeatable.

Traditional planning is practically unable to cope with
Requirement 9 although this would be needed over and over
again. Complaints like "Everything has again been upset..."
or "The data supplied by this or that institution, person,
agency etc. is again different from that received last

" are frequently heard. The elaboration of a five-
year plan generally takes several years, and although
simultaneous variants are not worked out, the plan will in
the course of time and planning repeatedly suffer modi-
fications. Yet it will normally not be possible to carry
out a consistent correction of the earlier plan proposals,
to work out systematically all secondary consequences of
partial changes. This task is practically insoluble by
means of "handicraft'” methods.

time. ..

The methodology of economy-wide programming, oOn the other
hand, elffords a means to perform continuous plamning. A
model is being worked out, together with the Index system
belonging to it. All data pertaining to the model are
stored on punched cards, punched tapes and magnetic Tapes.
The individual partial computations can be performed with
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extrene speed. In the case of a change In any data or data
growp, It will be sinply changed at the corresponding place
of storage /the old punched card will be replaced by a new
one etc./ and 1t becones immediately possible to assess the
consequences of the modification.

It is exactly here that lies the main strength of mathematical
planning - iIn the ability to recompute a plan In the
possession of the new information material. This, however is
but a methodological possibility, the utilisation of which
will depend on personal, organisational and canputing
technical conditions. These will be dealt with In greater
detail later on.
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6. The practical conditions of systematic application

These paper is not Intended to give rise to false illusions«
Multi-level economy-wide programming is not pretended to
provide a solution for every planning problem. It ny,

however, be taken for certain that - and this has been
convincingly proven by the first experimental computations —
the application of the model described here would signifioantly
advance the development of Hungarian economic planning,

The first computation took considerably more time than
originally expected. It lasted Borme four years, not counting
the periods of theoretical preparation and of the ulterior
evaluation in detail of the completed confutations.3"
Practical application of the method will be possible only

iT the next computation can be carried out within a much
shorter period of time. The results concerning the economy
as a whole will have to be available already before the
beginning of the regulation period, at the time when the
plan decisions are actually made.

Let us now survey the personal, organisational and computing
technical problems of practical utilisation and of speeding
up the computations.

x/ Partial results such as the recommendations of the
sector-level computations could be drawn upon while the
work was still in course and utilized for the purposes
of the five-year plan. The economy-wide results were
unfortunately obtained rather late. 3hey will therefore
be used only in indirect form, for the revision of the
plan and, in general, for working out the economic
policies of the future.



6.1. The machinery

At tbs height of tbs first experimental computation the
project engaged 6 to 10 full-time research economists,

A to 5 full-time computing-technical mathematicians, 12

to 15 part-time economists, 4 to 5 laboratory assistants,
joined by some 150 to 200 occasional participants, such as
data suppliers, advisers and those carrying out partial

tasks. This large panel mas composed of members belonging

to about thirty different institutions - scientific
institutes, computing centres, high- and medium-level economic
institutions and enterprises.

The collective was composed exclusively of voluntary
participants. Every one of them was invited personally and
asked first whether he or she would be inclined to join in.
Only when this was cleared would the invitation be "legalized"”
by asking the permission of the superiors of the person
concerned, the official authorization of the institution in
question to participate.

With this team recruited of volunteers a high degree of
centralization could be achieved. Methodological unity was
ensured more strictly than in the case of the traditional
index system which, although enforced by State discipline,
is less logically consistent. And all this in spite of the
fact that those directing the research project had no
"authority" whatever to demand the enforcement of the
methodology -

The driving force behind the project was a strange mixture
of team-forming motives. It contained the elements of a
"movement", the optimist*s belief in a fine idea, that of
rational mathematical planning, and expressed in enthusiasm;
unselfishness and voluntary discipline. It contained also
the elements of the scientific "team"”, the joy of joint
intellectual excitement, of joint discovery and thinking,
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as a driving force. And there is no reason to deny it] the
elements of "side work™, so characteristic of present-day
conditions, were not missing either, as a considerable part
of those participating made some side money from the project.

From what has been said it will be clear that it should

not be possible to repeat the project in this form. Enthusiasm
will not last forevert towards the end of the work even that
of the most unselfish participants showed signs of abating.
Scientific interest is also bound to decline when the
excitement of discovery is over and the problems are confined
to the practical application of a novel method. Finally, as
regards the '"'side work' aspect, this type of work is certainly
not suited to provide a lasting basis for the systematic
application of a specially important method.

Economy-wide programming will have to abandon the working
methods characteristic of a "movement'”, a "scientific team"
and a "'side activity"”, and adopt those of official work -
preserving, of course, to the highest possible degree the
enthusiasm and intellectual standard of the former. Economy-
wide planning should be changed from a "‘non-professional”

to a "'professional' activity.

Voluntary discipline is highly preferable to enforced
discipline, as long as there is a will to werk in a
disciplined way. However, should this will be lacking, there
will be no possibility to interfere. In the course of the
project, delays ere frequently caused by some participants*
slack-ness and lack of discipline, or by the fact that they
were assigned some other task by their own institution or
superiors. It is a characteristic fact that the first Sector
computations were finished in 1964 already - Which proves
that it is possible to complete a sector model within three
quarters of a year. Tet there were some sectors Whose model
was not ready till two and a half years later, early In 1967.



Should the economic administration intend to have com-
putations of this character completed in the future within
a considerably shorter period of time, then it will be
necessary to bring Into existence a machinery of suitable
dimensions whose main purpose would consist In carrying out
economy-wide programming and which could be compelled to
observe the time limits set for its t a s k s This machinery
should be served by experts well versed in mathematical
planning methods and operate within the central and medium»
level planning organisations themselves.

6.2. The standard of knowledge of the practical planners

At the start of the research project, the training of
programming experts had been set as one of the primary
objectives. The results achieved may be termed satisfactory.
In the beginning there were probably three or four
participants who had previously already been engaged in
practical mathematical programming, at least on the sector
level. The rest had some knowledge of the method from
literature, or none at all. By the time of the project’s
conclusion, at least 40 to 60 research workers were thoroughfy
trained in the methodology of economy-wide programming, not
only theoretically but on the basis of practical experience
as well.

In the knowledge of mathematical planning - as in the
learning of languages — there are two degrees to be
distinguished: active and passive knowledge. The above-
mentioned 40 to 60 participants in the programming project

x/ 1t would have been more fortunate if this machinery had
come into being at the time of the first experimental
computations already. Then, the torch of the task could
have been passed on, as it were, by the researchers to
the practical planners. They could have been going
together at least half of the path, and the future
practical users could draw also their own experiences.
No ulterior transfer of working methods, no teaching
word or writing will ever make up for experiences or

this type.
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have attained active knowledge and should be able in the
future to construct a model and to carry out computations
with it. It is, however, necessary that the greatest possible
number of practical planners acquire at least a passive
knowledge of the method. As has been pointed out above in
detail, the model is closely linked with its environment,
with the work of planning as a whole. It is the practical
planners who supply the data and who have to assist in the
construction of the model - in the selection of the variables
as well as in working out the system of constraints - and in
the practical evaluation of the results obtained. It 1lb their
task to put the questions to the model and to process the
answers received. All this requires at least an elementary
knowledge of the model’s language. In other words» every
practical planner should know the conceptual system and
general logics of mathematical planning /Zeven if he has not
mastered the technique in all its details/.

Unfortunately, in this field but little has been achieved.
Experience has shown that the ideas of mathematical planning
have become but little absorbed by the many thousand central,
medium-level and enterprise planners. The material has not
been extensively studied, nor the literature on the subject.
Analysis of the reasons would lead too far; suffice it here
to state the fact.

A radical change in the training and retraining of practical
planners is an essential precondition of the systematic
practical utilization of multi-level economy-wide programming
and of mathematical planning in general. The up-to-date,
planning methods should be taught extensively and
systematically.
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The supply of data

The economy-wide programming model has been constructed to
conform as far as possible to the index system of traditional
planning. This was done to be able to utilize to the greatest
possible extent the information material of the Planning
Office and the ministries.

In retrospect, it may be stated that this procedure was
correct. It would have been almost impossible to procure

all the model®s data unaided. And even so, the task proved
more difficult than expected. Considerably more data than
expected had to be collected from sources outside the offioial
documentation or worked out specially for the purpose. This
was one of the main reasons of the work"s protraction.

What exactly were the causes of the difficulties in d?2ta
supply and how can they be eliminated in the future?

One problem has already been pointed out in connection with
consistency, Requirement 4 of rational planning. The whole
of traditional indices does not form a coherent system free
of logical contradictions.

The systematic application and further development of
economy-wide programming is inseparably connected with the
development of the plan index system as a whole. Mathematical
modelling which, with its requirement of consistent data
supply, 1is pressing for a general regulation, may as well
become one of the beneficiaries of the result.

Sven independently of the problems of multi-level mathe-
matical programming, the general development of the plan
index system is now the order of the day. The system of
indices employed up to the present needs thorough revision.
Stable definitions and classifications should be worked out,
and uniform forms and data documentation prescribed. And all
this should be carried out in a way to coordinate completely
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th"i data requirements of statistics, non-mathemat leal

pic fining and the essential plan models. This would enable
at the same time the mechanical data processing of the plan
information material.

A further problem is posed by the fact that in traditional
planning but few data are collected which could be used for
the computation of variants, be it lower-level variants
/e.g. investment projects based on alternative technologies/
or higher-level variants /alternative economy-wide plans/.

In connection with the data, mention should be made also
of the problem of information responsibility. A recurring
experience was the following.

A figure, let us say an export constraint, was supplied by
a member of the official planning staff. It was inserted in
the model, the computation was run through, and it turned
out that the program exhausted the constraint and the export
figure reached the permitted maximum. Thereupon, the planner
who had supplied the figure quickly withdrew it, saying that
it was in fact impossible to reach. It is one of the most
important characteristics of mathematical planning that the
model, the computer, cannot differentiate between the
seriously founded figures and those irresponsively thrown

in - it will deal with every individual figure in the
identical manner. Those in charge of official planning work
have in the course of time developed a certain instinct to
deal with the figures submitted: to increase or decrease
them according to what they are referring to and by whom
they were submitted. The computer ham no such instinct.

This was a situation that proved rather unusual to those
supplying the model’s data and, @S a consequence, a great
number of computations had to be repeated.
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When all la said and done, economy-wide programming will
require neither more nor other data than traditional
planning would within the same sphere of action. After
appropriate coordination it Bhould he achieved that all
information required for the quantification of the multi-
level programming model are collected through the channels
of official plan data supply.

6.4. Computing techniques

Probably the main reasons for the protraction of the first
experimental computations lay in severe computing technical
difficulties. Nor were these difficulties of the same
character as those usually encountered by pioneers in some
field, such as the first steamboatmen or flyers. As a matter
of fact, it should have been possible to provide for the
necessary computing technical conditions on present-day
standards, from the country’s given resources /and even from
the foreign exchange spent on computers all over the country
in the course of the past few years/ and with the existing
Hungarian staff of mathematicians and computing technicians.

In the course of the project’s four to five years, siXx
different computing centres had to be used. As it was

- correctly, too - endeavoured to engploy at.every given

time the largest computer available in the country, the

type had to be changed three times. Each time the laborious
procedure of working out and running in the computer programs
had to be started again. All this weis still aggravated by
the fact that economic planning in Hungary has no computing
technical base of its own|] there is no computer in the
country to serve primarily the purposes of planning. The
economy—wide programming project had to be carried out on
computers belonging to various institutions which were
sometimes cooperative and sometimes less so. This has slowed
down enormously the working out of new computer programs and
the computations based on them.
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It is an essential precondition of the operative application
of economy-wide programming Zand of mathematical planning in
general/ that the planning apparatus should be served by an
adequate computing technical base of its owni a large-size
computer technically suited for the quick and reliable
solution of extensive programming problems with high data
requirements, together with an appropriate staff of
mathematicians and attendants. As a matter of fact, these
are quite trivial conditions the realization of which should
not encounter any objective difficulty.

6.5. As a function of the general development of planning

In sections 3.1.-5.4-., a survey was given of the factors
which lengthened the execution of the first experimental
computation as well as of the conditions which are essential
for the method’s further /and speedier/ application. Now,
will these conditions be realized?

There are certain economic models which may be worked out
in the quiet rooms of a research institute, quantified on
the basis of printed statistics, and published together
with their results in periodicals without the research
workers* ever having to come into contact with the men of
practice. The multi-level planning model is-not one of
these. It is linked with a thousand threads to the living
machinery of planning, from the data requirements and the
practical advice needed for its concrete construction to
the utilization of the results. The model will either suc-
ceed in Fitting organically into the living work of planning
or will become eliminated in the course of time.

Its destinies were up to now mainly in the hands of re-
search workers who had initiated the work and carried out
the first experimental computations. Up to now it needed



only benevolent backing on the part of practice - and this
was usually granted. Now, however, a new phase has been
reached* that of application. The destinies of multi-level
economy-wide programming have passed into the hands of the
practical planners, first of all into the hands of those
responsible for the control of planning work. The mathematical
economists and the research workers will continue to play an
important part; they will have to help in training the staff
and in developing the methodology. But it will obviously lie
beyond their power to organize the official machinery
required for the practical application and the large-scale
retraining of practical planners, to transform fundamentally
the system of plan indices and to build out the computing
technical base of planning. All this should be left to
economic administration, to those in control of the planning
machinery.

The paper was dealing throughout with the conditions of
the application of multi-level economy-wide programming.
The problems are, however, closely interrelated with those
of the general development of planning. It is not only the
present model that requires the presence of mathematical
planning experts in the official planning machinery, the
up-to-date retraining of practical planners, the
reorganization of the supply of planning data and the
setting up of a computing technical base for planning. All
this has by now become timely anyway. The practical
application of multi-level economy-wide programming will be
but a function /Zand, at the same time, a clear measure/ of
the further progress towards rendering planning more rational
and raising its intellectual standard.

x/ The acknowledgements of the collective of economy-wide
programming are due primarily to the National Planning
Office for the financial support given to the projects
to the Computing Centre of the Hungarian Academy of
Sciences for the work devoted to the solution of the
computing technical problems; and to all the institutions —
ministries, research institutes, computing centres and
enterprises — which have helped their activities in
various forms.
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