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The report has beea prepared on the basis of experieace ia
workiag out aad applyiag sethods sad models of locatioa of
imdustrial eaterprises by the g8tate Plaaniag Committee of
the Couacil of Ministers of the Byelorussiaa 88R aad its
scieatifie research Iastitute of Bconoaics aad Bocoaomic

Mgthematical Plaaning Methods.




INTROLSCTION

1.0. Problems of trimding ways of accelerating iaduv.crial
developmeat heve always been timely and have aroused great iam-
terest both ia their theoretical and in their practical aspects.
Amoag these problems the most promineant are questions associated
with the developmeat amd location of cumplete branches of imdus-
try aad also of separate enterprises withim the limits of a
closed region. A great deal of attention has been devoted to
the consideration and analysis of these problems at a number of
iaternational symposia and seminars within the framework of the
United Nations Organisation[12,3Y]

2.0, Because of the complexity of imdustrialisatiom in the
developing countries there is a great demand for the formulatioa
and choice of objeetives amd imstrumemts of ecomomic politics.
The circumstaace should also be borne in mind that in differeat
couatries there exist unequal conditions for ecomomic developmeat,
(ﬁifferent norms of accumulation and con:vwmptiom, various degrees
of iafluence of foreign trade or the developmeat of separate
branches, etc) Equrience in many countries, especially ia
countries which in the course of one generation have overcome
economic backwardness and created basic branches of modern ia-
dustry, provides importamt and useful daeta for the practical
solutioa of problems of planning the development and location
of productioh.

3.0. The Byelorussian SSR, with almost half a ceatury of
plaaniag history, has accumulated a great deal of experience ia
working out short-term, middle-term amd long-term micro- amd
necroeconomic models, schemes and plans for the developmeat of

the natiomal economy. At the centre of attention of planniag




and economic organs of the Republic there has always stood the
problem of determining the most effective ways of developing
the economy, the overcoming of the heritage of economic back-
wardness bequeathed by the pre-revolutionary past, the attain-
ment of she highest level of production and steady increase in
the stezdard of living of the people. The solution of these
problems has also required the working out of corresponding
methods of planning which would ensure rational branch, inter-
branch and territorial (regional) proportions and tempos in the
development of the national economy.

4.0. Accumulated experience in the field of the national
economy, the production of high-speed computing machines (iﬁ
particular the computer "“Minsk 22"), advances in applied mathe-
matics and economic science have brought us to a new stege in
the development of planning methods for the national economy -
to the working out and use in plenning of a systen of economic
mathematical models and methods for choosing the most effective
version of development both for the economy of the Republic as
e whole and for its separate elements and branches, regions,
towns and separate enterprises.

5.0. In the present investigation we consider economic
mathematical models and methods of location of industrial enter-
prises worked out and applied in the pragetise of planning and in-
dustrisl designing in the Byelorussian SSE, which are a com-
posite part of the system of planning sand modelling of the
economic development of the Republic. They give quesatitative
expre.sion to economic laws of locatiom of social production.Me-

thods and location models spplied in the BSSR may be of definite
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interest for other countries amd serve as a meams of facilitatiag
the fimding of the optimal solutions of problems arisimg in the
plaaniag and desigaing of programs for the developmeat amd loca-
tion of industrial eanterprises.

I. ECONOMIC INTERFRETATION OF LOCATIOH MODELS OF

INDUSTRIAL ENTERFRISES,

I.1. Loag-term plamaiag or programaming of the developmeat
aad 'location of productioa depeads in iderable degree oa the
means of ecoaomic politics applied im iiffereat coumtries. Dir-
ections, volumes and effectivity of investmeats which are the
imstrumeats of ecomomic politics acquire basic sigaificaace.
Loag-term plaaniag of developmeat smd locatiom of production is
made mecessary by requiremeats for dealiag with coaflicts ia ob-
Jectivee betweea branch and regiomal aspects of directivm and
the liquidation of the srisimg disproportioa.

2.1, The theory and practice of long-term planning, which

is on the whole a cortinuous process, requires an apparatus whieh
can account elastically for conflicts and dynamics, significance

and uncertainty, and other points connected with the practical

implesentation of projecte for the development und location of
industry. At the basis of the theory of optimal planning and
fuactioning of the eocialist economy lies a dimectiom method sccexr-

ding %o whidh,from a nember of possible versions of a plan,the best
Bust be choeen according to the criterion of the optimum which

has been decided on. At the preseat time it is not neceesary

to compare several vereions of a plan, based on calculatiocns

with peancil and paper, and thon'to "select" the best. The most

effective method of co-parinq & number of vereions of the plan
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is the sutomised variation of their tecbnical and economic paera-

meters, computed on an electronic computing machine which itself,
by means of a special mathematical apparatus, chooses the best
from a number of plaas,

2.1. The theory of optuimal planning of the socialist econ-

omy and its functioning includes as its main element the idea of

construction of economic mathematical models and the working oug
of corresponding mathematical methods which can then be prastical.-
1y calculated on computing machines. The mod:1l is a mathematical
expression containing variables whose behaviour is analagous to

~ that of & real system. The constructioa of a mathematical model
makes it possible to penetrate deeply into the economic process
analysed. By constructing a model we obtain a set of mathemati-
cal relationships descridbing ell feasible plans, i.e., those
plans which can be carried out while observing all the limita-
tions on the process under consideration, 1t is known that the
more complex the structure of an economic process the more com-
plicated the mathematical model.

4,1, The goal of working out an effective plan of location
of industrial enterprises and choosing their capacity at an opti-
aum has alwaeys existed. The practical solution of this problem
is complicated by the fact thet in drawing up a future plan it
is impossible to limit oneself to the priority of organisa-
tional and t echnical solutions associated with the structure of
the enterprise itself and the branch as a whole. In the plan it

is necessary to link the organisational and technical complex

closely with regional factors, for the purpuse of ensuring such
an optimisation of location of industrial enterprises by econo-
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mic regions as would lead practically to the sppearance of ter-
ritorial economic complexee, PFrom this it follows that a fair-
ly layered macroeconomic system can be modelled,

5.1. The structure of most complex systems is hierarchial
with successive solutions of each of the steps of the given com-
plex. The hierarchial system of structural economic mathemati-
cal models is the following:

- the global model in the system of pleanning end functioning of
the national economy is the dynamic model of optimal develop-
ment of the economy, on the basis of which interbranch propor-
tions are determined. PFor the practical implementation and nor-
mal functioning of the system it is also necesaary to huve a
low-order model, whose objective would be to describe territor-
ial and production and technical structures of economic regions
and separate branches of the econony.

6.1. The basic model and at the same time the one coordine-
ting the system ia the model of interbranch balance of produc-
tion and consumption of the output of the national economy as a
whole, closely related to the models of optimal development of
locsl branches. The direct connection between the given models
is made by means of indexes of commodity output of branches of

industry; the feedback, through coefficients of direct expendi-
| tures which change periodically depending on concrete results of
plan solutions obtained in amaking local braach nodels. In turan,
data of the model are coordinated through production and con-
sumption coefficients, and through these same indexes, with a
model of territorial structure of non-production consumption.

In addition, local brasch models of production develop-




development and location are interrelated with models of produc-
tion and technical structure of industrieal enterprises of a givea
branch.

7.1. sStructural economic mathematical models of production
location and development are worked out and used in Byelorussia
at the present time both at the branch level of the national econ-
omy and at the level of separate industrial enterprises. Moving
successively down the hierarchial system of vertically coordina-
ted structural models ie the practical way of optimising the
whole planning system, in which economic mathematical models of
future planning of location of enterprises play a considersble
part.

8.1. The use of economic mathematical models and methods
for the optimisation of a system of long-tera planning of the de-
velopment of the national economy requires successive elaboration
in the following stages:

a) choice of optimum criterion;

b) formalisation of concrete conditions in which a systea
functions, their reflection in the model;

¢) working out or using available numerical methods and
algorithms for the solution of the problem;

d) preparation of initial information for solving the probd-
lem on the electronic computer in conformity with an spproved
method and program;

e) solution of the problem on the coaputer and subsequeat
esonomic sathematical anslysis of results of the solutiony

f) decisions by economic organs.

9,1. FPinal results of the action of an economic systea
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are characterised by definite quantitative parameters pertain-
ing to each of the versions obtained. The choice of criteria
according tc which the versions ure objectively assessed leads
to the concept of the optimum criterica expressing tke objective
of the solution. The optimum criterion orf effectivity of a
system is that at which in concrete production conditions the

paximum value of the objective function is ensured. In select-

ing the optimum criterion one of the main conditions is the cor-
respondence of local branch criteria to the global optimum cri-
terion of the funotioning of the economic systes as a whole. The
optimum criterion in long-term pleanning problems makes it pos-
sible to give an exsct quantitative intsrpretation of the effec-

tivity of versions of development and location of productioa in

sn inveetigated systen.

10.1. The general optimum criterion in problems of planniag
the development and location of production is the saximus econo-
mic effectivity (8). As particular criteria depending on con-
orete conditions may be taken:

- total costs

- profit (price minus prime cost)

- investment protitabilityl

The firet of these criteria is the sua eof traasport coete
for the delivery of raw producte and output, sad coaversed pro-
dustioa costs (in which cxtraordinary capital expeadituree are
commensureted with gperatiag expenditures through the sorsa-
tive conversion faster ) . Totsl expeaditures (3) are de-

1l

Used coaveationslly. BSee Tormula p. 9.
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termined according to the formula:
nponditml-04£.lo'rc+'!n
where C-is the annusl operating cost excluding expeanditures
on the delivery of rsw products and basic materials;
K-is the extrsordinary capital investment for coastrustion
of rew and recoastruction of existing enterprises, tek-
ing ianto sccount coastruction periods and absorption
of design capacities;
£-1s the normative cooversion factor of cepital invest-
sents
!c‘ is the expenditure on delivery of raw products and basic
materials to the points of location of eaterprises;
'rn—u the cost of delivery of the output to the eonsumer.
I1.1. The objective function in the formulation of the
maxisua profit prodblea has the form:
P'Dn" (C +!‘.¢Tn)
where D - is the income from the sale of the output.
In this formulation of the prodblem an important feature
18 the possidility of comparing alternatives of developmeat and
production location both sccording to expenditures and according
to results (volume, structure, dynamics of output) (8).
12.1. One of the particular criteria whose application is
also of sufficieat interest in prodlems of optimasl planning
of the developaent and location of production is investasat pro-

ductivisy. This is the relatioanship between profits and cspital

investasats in the dasic and workiag funds., In this the lowest aad

aoet fessidle can ocaly de the index at which total profit is ea-




sured sufficient to cover deposits in the production funds and
the creation of funds for material incentives and development.

The level of profitability is determined by the formula:

p-(T.-T)
”3 k‘¢ ’

where P - is the profit corresponding to definite capacities of
industrial enterprises;
K‘-ia the capital investment in basic and working funds.

13.1. Pormalisation of concrete conditions in which a
system of planning development and location functions assumes
preliminary description and separation of external from inter-
nal reiations of the system and its separate elements. The
group of elements considered must be logically limited, separa-
ting out the most essential, for example, nomenclature of out-
put, versions of enterprise reconstruction and possible dyna-
mics of their productive capacities, preliminary determination
of points of possible location, conditions of tramsport of out-
put, etc. A synthesized description of conditions and rela-
tionships is formally effected in the mathematical model.

14.1. The most important condition to be taken into ad-
count in planning models of production development and loca-
tion is the condition of integrality in calculating technical
economic indexes entering into the optimal criterion. They in-
clude indexes associated with the period of coastruction and
reconstruction of enterprises, and also the time for absorb-
ing their design capacities. It 4s known that the future
soconomic effect which may be obtained only after a lengthy
period is not equal to the direct present effect. Often to

construct large enterprises with low operating costs requires
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a longer period for absorption of design capacities. PFor con-
struction periods longer than one year and unchanged operating
costs (C), as the design volume of capital investments we take
their total value converted to the last year of construction:

Knp -22-‘-': Ke (1)
where tc— is the construction period

Kt-is the capital expenditure for the corresponding con-

struction year.

15.1. Calculation of regional factors in the t erritorial

location of industrisl enterprises is the most important condi-

tion of economic mathematical modelling. To these factors be-

long:

labour force and living quarte:s

- energy and water supply

construction site and spur tracks

- patural resources (land, water, forests etc.)

These conditions are alloweéd forin the model by ﬁam of
establishing for each possible point of construction of & new or
reconstruction of an existing enterprise its definite funotion of
converted costs for production or profit, including expenditures
on the delivery of raw products, depending on the capacity of the
enterprise.

16.1. Setting up long-term planning problems of location
of industrial enterprises and their formalisation in mathemati-
cal models can be subdivided in different ways, depending on
different criteria:

a) according to the number of commodities considered in
the problem, into one-commodity or multiple-commodity;

=10~




b) according to the method of assigning alternatives of
production capacities, we distinguish discrete and continuous
formulation. In discrete formuletion, a certain number of alter-
patives of development and specialisation of units are given, in
continuoucv, the feasible area of their existence.

¢) sccording to level of importance of shipping costs, we
distinguish transport-production and production problems;

d) according to the state of the system in time, for any
given year - the static formulation of the problem, for a long
term of T years - the dynamic formulation of the problem;

e) according to the method of subdividing systems: into
single-stage ard multi-stage problems.

17.1. The economic interpretation of the static one-com-
modity production-transport problem in discrete formulation re-
duces to the description of development and location of single-
type plants. To them we may allocate, for example, enterprises
for the processing of agricultural products (flax, beet, etc.),
machine-building enterprises for the production of toothed
wheels, hydraulic drives, heating apparatus, interbranch enter-
prises for the repair of machines of the same type, motors, as-
semblies, etc. In addition, to the one-commodity model we may
allocate problems in which it is economically justifisble to
reduce types of production similar to one another in construc-’
tion and technological paremeters to a single one through a
conventional unit (conventibnal ton, set, machine, assembly,
etc.).

18.1. Known magnitudes in‘luch problems are:
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a) volume of consumption of output per consumer;

b) points of location of existing enterprises, and points
where new enterprises may be located (we shall call them produc-
tion points).

¢) the dependence of production costs on the capacity of
enterprises at each production point.

d) Cost of shipping a unit of output from the production
point to the consumer.

Unknowns in the problem are the volumes of output at the
points of location of enterprises, and also volumes of output
shipped froa production pointe to the consumer.

Thus the problem may be economically formulated as follows:

The requirements for output in & territorial cross-section
are worked out. The capacities of existing enterprises are de-
termined and possible alternatives of their development are
worked out. Such factors as labour resources, power supply, the
availability of building sites, etc. are calculated and points
are noted where new enterprises might possibly be located.

To each of qhel is essigned a number of possible capacities
with corresponding prime cost indexes of a unit of output
and specific capital investments, and transport costs for ship-
ping a unit of output from each production point to each con-
sumer are calculated. A version of reconstruction and dévelop-
ment of existing enterprises must be found and such points of
location and volumes of production of new enterprises, and

such & scheme for supplying output to the consumer worked out
that the demands of the consumer for output will be met at

minimum total cost,

-l2-
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II. MATHEMATICAL INTERPRETATION OF MODELS OF LOCATION
OF INDUSTRIAL ENTERFRISES.
19.1. Model 1. A mathematical model of the formulatsd prob-
lenm is obtained by introducing the following symbols:
m - number of production points.
n - number of consumption points.
{‘ih}’ h = 1%1'1 - & set of all possible capacities for
| the ith enterprise (enterprise located
at the ith (i = 1/m) point;
{fi (‘:&)}' h = 1/r;, - converted expeaditures at the
ith enterprise for full use of capa-
city.
bJ o volume of consumption of the output at the jth
point;
Cia = expenditure on the transport of one tait of
the output from the ith point of pro-
duction to the Jjth point of coansump-
tion;
xu = volume of tramsport of output from the ith point
of production to he jth point of con-
sumption (consequently, ;' xid-il
the volume of production of the ith
enterprise, which is sought).
Using these symbols the prodlem is formulated in the following
way:
Find the number X, 3 > O,I mninimising the objective function
FX) 'é/d (;,.to/+z;’£g'-?q
(which is the sum of the converted and tramsport costs), observing
the following conditions:




1. Volume of production st the ith (1 = l/m) eaterprise
is taken froa the given set of capacities

é'fu €fa s het1=m

2. The requirements of the Jjth consumer are completely

satisfied
g -22,' -4, J=r+n
20.1. Model 2. The first of the two limitatioas is too

strict and is in poor agreesent with the actual situation. Ac-
tually, this limitstion requires that the volume of production
at the ith point exactly equal the design capacity of the ith
enterprise. Practically, these requiressnts cannot be set.
Usually the volume of production differs from the design cspa-
city of an evterprise, and it ia assumed that production say
not fully come up to design cepacity. In order to reflect this
fact, instead of the indicated limitatioas we introduce the fol-
lowing:

]% .TU cEN : i=77m
where l1 is a set consisting of ry segments.

2-a,.,* 1114,

0‘1‘ £a ’ ",1";’ a“lo

Qn~Qip. ¢
Here ( =igs the maxisum Teasidle perceantage of unutilised

capacity.

The converted cost function fy {)z'l'u- ] — 1is givea now oot
as a point set but as a set of segments N,. In case of incomplete
utilisation of design capacity it is natural to reflect this feot
in the production cost function by introducing a certain penalty.
Denoting this esseatially new fumction of coaverted costs by f,,

as before, we now have to solve the systeam
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£, ’ £ = 7+m,
~
1. = 4, ; -
Pyl 144 (]o J= 7+ n.
.2;-}-,}0, fsrsmM jasin

minimizing the obJective funstion F(X).

21.2. Bconomic mathematical models of location of industrial
enterprises become more complicated if we consider prohlems involv-
ing a group of commodities. In this case the specialisation of
enterprises and their production structure nust also be determined.

Let us consider the multiple—commodity problea. In this prob-
lem, from the number of given versions of development of existing
and nev enterprises we choose those which ensure the consumer with
the output of all types necessary to him at the lowest cost.

22.2, Model 3. Let us introduse the following symbols:

pl-mbor of types of output (Lmr7=p )e

q: - volume of consumption of the /th commodity at the ith
point according to the hth version of produwction.

(,(- volume of coasumption of 1lth output at the jth point.

[/‘ (a, ,j’ ""‘"2" value of converted costs at the ith point accoding to
the hth version of production.

CJ - transport costs for trensporting & unit of the Zth
output from the ith point of production to the jth
point of consumption.

.q;- is the volume of the £th commedity trensported from
the ith point of production %o the jth point of ocon~
sumption, which is sought.




The mathematicel model of the formulated multiple-commodity
problem is obtained from Model 1 if we assume:

8y = (B4ps cees "in)

by = (b) ... %)

Cyy = (°i3 ceoe cliJJ)

xi,j = (xid cos I‘EJ)
i.e., the symbols (lu, bd’ °13' xij ) are represented as dim-
ensional vecstors.

23.2. Let us consider mathematical models of location of
industrial enterprises, in which the optimum criterion is taken
as the investment profitability.

Model 4.

We introduce the symbols:

A - Number of production points (i = 1/m)

n = number of consumption points (J = 1/n)

(‘1h)' h = l‘/ri - set of possible capacities for an enterprise
at the ith point.

ffi(‘u))' h = 1/r, - profit at the ith enterprise for full utili-
sation of capagcity.

{.g(nih)}, h = 1/r, - capital investments in basic and working
funds at the ith enterprise.

bd - volume of consumption of output at the jJth point.

cid - Cost of transporting a unit of output from the ith

point of production to the jth point of consumption.

11.1 - Volume of output transported from the it¢h to the

”
Jth point (}"2}, — Volume of production at the jth
point, which is sought) '




The problem consists in finding the number xij meximising the
objeetive function

24/}‘:}:4}/‘2}"&73}
X = = = —~ /
LX) 29 (27,)

(whioh is the'total fnvestment profitability observing the fol-
lowing conditions:

1. Volume of production of the ith enterprise is taken from
the given set of capacities

Z-Z' €/a, s fr A=rem7

t 2

2. Thn requirelent of the jth consumer is fully met:
Z 2' - ] =
5 ; J =72,

24,2, !odo; 2. To modify the model to take into account
the volume of production as distinguished from capacity, instead
of limitation (1) we introduce the following:
L4, * //'1/0“

2‘2;- f.’; t‘lfém / J'Q .,‘"1";’
Jer & ’ ’ . ,
ﬂ‘o“a—-—g-.a a“ '0'

The multiple-commodity economic nthonatf%al ‘n‘&lel, according to
the eriterion of total investment profitability, ie distinguished
from model 4 in that the value p (£=7~,0 ) and the symbols
(bd’ 8y ci;]’ xu) are considered as P—dinmional vectors.,

III. MATHEMATICAL METHODS OF SOLVING PROBLEMS OF LOCATION
AND DEVELOPMENT OF INDUSTRIAL ENTERFRISES.

25.3. PFormulated mathematical models are problems of
multiple maxims and minima solved by the non-linear discrete
programming method. This is due to the fact that the function
of converted costs, profits, and also capital expenditures are
of a non-linear nature, and the values of capacities of indus-

trial enterprises are given discretely, since they depend on
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the productivity of the basic technological equipament. It is
a8 a rule impossible to solve these problems by considering each
of the possible alternatives, even on electronic computers, since
the number of alternatives will become astronomical even for a
small number of variables. Therefore, the solution of problems
of such a type require the working out of effective algorithms,
which would direct our search and enable us to find an optimal
version. As an illustration of the methods of solving one-com-
modity problems of location according to the total cost criter-
ion we shall consider the idea of one of the algorithms (5).
The essence of the algorithm lies in the following. At each
stage of operation of the algorithm 1) to e set bf all possidble al-
ternatives of location there conforms a set of approximate costs
(not exceeding actual) for the implementation of these slterna-
tives; 2) from the set of all alternatives is chosen that in
which these expenditures are at a minimum. If the approximate
cost of implementation of the chosen aitearnative is equal to the
actual one, then the alternative is optimsal, and the algorithm
has done its work. If not, then the approximate expenditures
for the realisation of the alternative increases (approaches real
expenditures) and the transition to the next stage takes place.
The gap between approximate and actual costs is then closed by
a fuller calculation of tramsport costs.

27.3. A more complex problemis the one of location acoord-
ing to the total investment profitability criterion. This is
due to the fact that the objective function is the relationship

between two functions, which must be maximised. One of the

-18-




methods of solving this prodlaa, worked out by scientific work-
ers of the Byelorussisn 8SR, is ss follows:

A set of all poesibls slternstives of location ie broksa
down into sub-groups. Eaeh sub-<roup is sssessed and, as ths
sub-groups are broken down, these eotimatss ars mads more pre-
cise.

in the mth stage the algorithm selects from all constructed

sub-groups th.: ons which gives the maximua value of:

mazx ';%; g lséi;zll//"ﬂérjig‘fkf.Jn,,
29027,

The asximum of the given relationehip ie reashed when the

aumerator has & saximum and the denominator a sinimus value. The
solution in the numerstor, generally speaking, does nut coincide
with the solution of the deanominstor. The selected set 1is drokea
down into two by the following rule: the first of them is obtained
from the selected one i& at the point at which the capacity is

not yet determined, we sudbstitute the value which eaters into

the solution of the probdlsa.

g - -
mazg / /‘é -7},'/‘,,2;;'47 <, .

In the numerator of the eatimstioa relstionship of the sub-
group odtained, tremsports costs are specified, and the denoai-
nator Ié 9‘ /;' a;}. } does not diminish. Thus, the estimate of
the subgroup obtained gan either remain the same or decreass.

As far as the sub-group is concerned, it is obtained froam the
selected one, if ia it we prohidbit substitution of the capacity
fixed ia the first sub-group. The ausereter of the estimstion
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relationship of the second sub-group does not incresee and the
denominator does not decresse, and consequently the estimate of
the second sub-group can also resmsin as before, or decrease. Af-

ter this the transjtion to the A+ 1 stage takes place. The solu-

tion of the prodblem is found when the maximal estimate is obtained
for a sub-group alternative the sua of whose substituted capacities

is equal to Z JJ. . This version will also be the optimal.
1=

Iv. USBE OF BCONOMIC MATHEMATICAL MODELS AND METHODS IN
THE PRACTICE OF FLANNING LOCATION OF INDUSTRIAL ENTER ‘
! FRISES IN THRE BYLLORUSBSIAN bSR.

28.4, The mathematicsl models and methods considered have
found practiosl application in the Byelorussisa 88R in the solu-
tion of problems of location of enterprises of branshes of
industry, ia particular
- in light industry (flax-processing plaats, shoe enterprises);
- in machine-building snd setal-working (sssembly repair and
sachine repair plaats, centralised foundries);

- in the olectrotechnicsl industry (electrical repair plants);
- in agriculture (specislised eaterprises for repairing agri-
cultural machinery, slaughter houses);

- in the construction industry (eaterprises for the produstioa
of aggloporite, plaats for meaufacturiag réinforced coacrete
prodwets, dwelling-house duilding comdbines);

- in the food industry (meat combines, deiries, etc.)

29.4. The solutioa of these prodleas on the electreais
computer “Minsk 22" manufsctured st the =insk Electronic Compu-
ter Flaat has showa, in addition to the high efficieacy of She
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machine itself, a sufficiently rapid convergence of the algori-
thas worked out (see Table 1).

Table 1.
PARAMBTERS (DIMENSIONS) OF CERTAIN FROBLEMS OF IOCATION OF IN-

DUSTRIAL FLANTS AND TIME OF THEIR SOLUTION ON THE ELECTRONIC
COMPUTER "MINSK 22%,

| tNo. of : : :
:Points : : ‘ : Expenditures
:of Pos- :No, of: No. of pos- ¢ of Machine
:sible :Consu-: sible capa- ¢ Time on Solu-
¢ :Location:mers : cities of ¢ tion of Prob-
No.: : : Enterprises : len
1 2 3 4 5
1. 11 28 8 21 min.
2. 20 28 14 12 min.
3. 11 28 ?7 51 amin.
8, 12 28 8 21 min.
5. 16 28 7 31 min.
6. 16 28 9 21 min.
7. 24 62 8 160 ain.
8. 9 22 6 51 min.
9. 10 20 5 51 ain.
10. 22 22 8-10 26.2 min.
11, &0 30 4 50 min.

30.1. BNoonomio mathematical analysis of solutions of these
practical prodlems have shown that by setting up optimal plans
of development and location of ipdustrial enterprises sn alterna-
tive may be found in which total costs can bo decreased by 10-20%.




31.1. When solving these algorithms on the electronic
computer "Minsk 22" it is possible to work in two routines: in
an exact and approximste routine (with a degree of precision giv-
en beforehand). As can be seen from Table 1, the parameters
(dimensions) of problems solved in the Byelorussian SSRare com-
paratively small. In solving problems of larger dimensions on
the electronic computer, the existing algorithms are not suffi-
ciently effective in the sense that they converge slowly.

32.4, In practice, in planning the development and location
of enterprises in the Byelorussian SSR there arises the question
of the solution of large dimension problems (of the order of 120
x 12V apnd over). Such problems can be solved on the machine in
a reasonable time on the basis of the algorithms set forth in [?]

33.4. An important feature of algorithmes worked out in
the Byelorussian SSR is the possibility of obtaining not only
one optimal version according to a selected criterion, but a
series of optimal versions according to a selected criterion in
the order of decreasing objective function. Additionsl infor-
mation of this type makes it possible to take into consideration
external economic factors coordinsting specialisation and loca-
tion of enterprises of various branches of production in the
industrial complex, and to select a version with the maximum de-
gree of correspondence to the economic optimum.

V. CONCLUSIONS AND RECOMMENDATIONS.

34.5. One of the main objectives of the present investi-
gation consists in elucidating a definite group of theoretical
and practical problems associated with the final choice of one
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of many versions of location of industrial enterprises in the
framework of an open regional unit. The formal apparatus used
for the practical solution of the problems considered synthe-
sizes into a complex economic mathematical models, numerical
methods and algorithms, electronic computers, and, in the final
count, supplies a system of decisions.

35.5. Economic mathematical modelling by comparison with
traditional methods of long-term plenning of location of indus-
trial enterprises ensures that results are obtained rapidly,
that they are realistically assessed, and that a considerable
number of variables can be calculated. Results are obtained
rapidly due to effective programs for the electronic computer,
and also techuological construction parameters (high speed,
storage capacity, etc.) of the machine itself. A realistic
assessment of versions of plans obtained proceeds from the
features of the economic mathematical model, in which future
requirements, the established set of capacities and costs
(curreant and extraordinary) are associated with real dependen-
cies. The possibility of calculating & considerable number of
variables makes it possible to set up a group) of equations
and to formulate rules for coordinating thea in complex solu-

tioas.

36.5. In working out economic mathematical models of long-

term planning of location of industrial enterprises we must
give priority to the multiple-step method of plenning, based
on the use of the mscroeconomic system of modelling, and ob-

taining from these models the most importent ("strategic")
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ones with subsequent solution on the electronic computer., Por-
mally the procedure of ordered sub-systems reduces to the method
of successive approximations, which is sufficiently well des-
cribed in the literature, and on concrete models gives approxi-
nate data at the initial information preparstion stage (in par-
ticular, the requirements for the year sought, volumes of pro-
duction, etc.)

37.5. The complex of solutions (group of optimal versions)
obtained on the electronic computer from economic mathematical
models is supplementary standard material facilitating a final
decision on the optimal version of location of industrial en-
terprises in the regional unit. 1In this sense especial impor-
tance is attached to the ability of the computer to supply an
ordered group of optimal alternatives, making it possible to
scrutinize them and compare them in subsequent economic mathe-
matical and technical economic analysis for the purpose of co-
ordinating locsl branch decisions with the regional optimum.
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Appendi>
An exemple of the solution of a problem of location of
specialised enterprises for the repa’r of grein combines for a
definite territorial economic unit (in static formulstion.)

Economic Nathemsticel Model

A - number of points of possible locetion of repair enter-
prises (1 = 1, 2 ... 22)

A - number of exchange points (j = 1, 2, .... 22)

(‘ih)’ h = 100, 300, 500, 1000, 2000, 3000, 3500 -
set of possible capacities for an enterprise located at the
ith point.

(r1 (‘ih))’ h = 1'/1'i - converted costs for the ith enter-
prise depending on its capacity (see Table 1).

b.‘l - requirement for repair at the jth exchange point

(see Table 2).
Table 2

1l - : 22
135 2 175 & . it s e e e ee e e : 3500

Grain combine

.°1.1 - cost of tramsporting & unit of spare units and parts
from the jth exchange point to the ith repair plant (aad re-
turn). (See table 3).

Table 3

x.. ! 10 : 20 : [ 4 e [ J [ J L] L [} L] L] e [ 4 L] ] L] [ 4 : 7m

hb.: 26.9 3501 e 6 & o 6 6 & & 5 o+ & & &6 o 5%07

xid - Volume of goods transported from the ith exchange
point to the jth repair plamt, which is sought.
In conventional sysbols the prodblem is formulated ia
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the following wayl

- to find a non-negative value xid aininising the fuase-
tional:

: £ 22
FIX)=2 # (2-',4,/+,g,2,,'4,- z,
while observing the following conditions:

l. Capacity of a repatir eaterprise at the ith poiat 1is
taken from the given set

g’% 6/04"]' A =0=2500

2. Requirements of the Jth exchange point for repair is
fully met

2z

= '6‘ p J mrr22

FPor the solution of the conversion prodblem we used the
algorithm given in (7).

Results of the solution of the problem on the electroaic
computer "Minsk 22" showed that s specialised plant for the
repair of combines with an annual production eapacity of 3500
units per year at the 10th point would be the most effective.
In this version the total expenses are 1.74 million rubles pur

Jear, inoluding trsasport costs - 12%.
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