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Dr. B« ZAITSEV

PRACTICAL USE OF ECONOMIC—MATHEWATICAL
MODELS IN PLANNING PRACTICE

(Applicable to input-output balance)

The computers are used in the work of the USSR Gosplan
in two main directions:

b implemetation of direct plan estimatess

- modelling of economic processes and plan estimates

based on economic-mathematical modelse

The direct plan estimates are built up on the basis of
simple algorithms containing no logical operations. An exam:

ple may be the estimates of requirements in material re-
sources for production and operaﬁion needs that contain only
operations of multiplying a vector by a matrix and aggrega=-
tion. The direct plan estimates are connected with processing
of big volumes of data (dozems and hundreds of thousands of
pumbers) and their implementation covers about 70% of machine
time pf computers available at the USSR Gosplan disposal.

The said estimates are practically made for all sections of
national economic plan.

It is known that the economic-mathematical models can
not give an exhaustive description of actual ecoxnomic processes’s
An attempt to take into account all details leads to bulky
constructions and inevitably entails computing difficulties.
Therefore? the structure of model takes into account only main
essential features of described process and each of the models
is designated for solution of certain problems. The system of
interconnected models is required for multiform description of -

economic processes. In the meantime the USSR Gosplan has Tage-
neral idea of such system of models, however applied practically
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are only individual models experimentally tested, for solution
of which there is a relevant mathematical apparatus and mainlyh
necessary plan-economic information. It is natural that while
using a complex of models that cover only a part of ﬁanéecoi
nomie¢ problems a problem of organic coordination of planning
economic-mathematical methods with so-called gtraditional" ne =
thods of plan compilationrarises. All economic-mathematical
models to be practically applied in the USSR Gosplan are built
up on the principlg of mgxiggpﬁggg; as initial information; of
"traditional™ plan estimates results with compulsory use of mo:
delling results in further plan estimates’
All information-norm facilities of economic-mathematical
models are worked out in accordance with general principles of
forming the norm facilities of national economic plan and based
on the estimates and -ubstantiation of indicators to be contained
in relevant sections of the state plane The basic method of subw
stantiation of the norms to be used in economic-mathematical mo—
dels is a techno-economic designing with due account to the face
tors influencing the change of their Valﬁe in the planned period:
particularly the factors of technological progress. Considered
hereby is an experience of work of advanced enterprises and pro-
duction corporationsj world achievements, possibilities that ap:
pear due to use of new design solutions, new structural materials
and technologlcal methods’s
The major source of information for the plan input-output
balance is the reported input-output balances that are made out
by the Cegtral Statistics Agency_%p monetary and physical terms

as per nomenclature agreed upon with the USSR Gosplans The said
balances to the full extent are made out regularly once in 5-6 years:
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Moreover, the reported balances with an enlarged sectoral
nomenclature corresponding to the nomenclature of enlarged dynamic
models to be used in the USSR Gosplan are annually made out. The
enlarged balances are also supplemented with comprehensive pro-
duction and distribution balances for the most important commodi- .
ties in physical terms.

With respect to the fact that the USSR Gosplan is the direc—

tive body which decisions on plan Pr?blﬁmsA5TENEP}}E§EEEX_EE,

everyone, it is in a position apart from its scientific-research
institutes to involve all scientific}research organizations of

the country in working out and realizing the economic-mathematical
models, The said scientific-research organizatioﬁs in conformity
.with the USSR Gosplan plan—ecponomic assignment shall work out
economic-mathematical models,form initial information and, simetimes
carry out estimates on models and submit their results to the

USSR Gosplan. As a rule, the proposed economic-mathematical mo-
dels and initial information thereto indergo a compulsory exper-
tize in the Gosplan departments. The estimates on models are
usually made in the main Computing Centre of the Gosplan being
responsible for introduction of economic-mathematical methods

and computers in the planning, for implementation of opefative

plan estimates at the computers for the USSR Gosplan,

However, the major part of economic-mathematical models
to be practically applied is worked out and prepared to intro-

duction in the Gosplan.

In general, the process of realization of economic-mathematical

models in the USSR Gosplan may be represented as follows:
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The models to be practically used in the USSR Gosplan on contentsg
of problems to be solved may be divided in the following main groups:

— national economic models (mainly input-output balance models);

— sectoral planning models (optimization of production plans,

development and distribution of sectors, forecasts of demang
for products of a sector, etc.);

— models of solving individual plan problems (forecast of popu—

lation number, demand for consumer goaods, etc.).

The input-output balances to be used in the USSR Gosplan differ
from éach other by a degree of namenclature details (enlarged or
comprehesive), applied measuring units (physical,monetary,physical—
monetary),range of coverage cf‘economic processes (national economic,

regional,sectoral),.



At the preliminary stages of national economic plan prepa-
ration used are the enlarged dynamic models of input-output

balance that are built up for not more than 30 sectors in mo-

Lt )

netary terms. The simplified model is given in Appendix No. 1.
On the basis of this model at the stage of working out the ma-
Jor trends of national economic development for the planned
period the national economic plan central depar%ment in collabe~

ration with other central departments makes alternative estimates

- S

with a view of working out a preliminary hypothesis on major
national economic and input-output_proportions of economic de-
velopment in conformity with the draft plan social and econo-
mic conception. The estimates on model are made consecutively
commencing from the first year of considered period. The esti-
mates include determination of production and investment volu-
mes in the sectors- proceeding from the stipulated structure of
final net production (estimated are various alternatives of fi-
nal production that reflect different hypotheses of meeting'
the final demand).

The abovertiotal LEithe BTuSiaNt maded P iunbional Heatnme
development. The USSR Gosplan uses also more complicated models,
particularly, dynamic models that take into account in their
structure the logs '"capital investments-production increase"
as well as dynamics of development of capitgl investments and
production capacities. The basic ratios of these models are
built up according to the following principle. The volums of.
capital investments each year of the planned period is deter-
mined as a sum of expense elements (it is shaded in the drawing)

for construction of projects started in various years.
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where: ‘ Qt_—capital investments in the sec-
~ tor in e year;
Qé—f) QQ_QJ,., ’-—capital investments in the pro-
' jects that construction started
in t-} 12 years;

Cé,gxﬂJ,". ~coefficients of development of
construction es‘timated cost (i.e.
share of conétruction expenses fal-
ling upon each year of construction
period); O +oly+olz+oX{y={

/‘fi-!, M¢g-s

,m —production capacities of enter-

prises that construction started
in years t"{, t"% o
q, - §pegific capital investments.
(capital-owlput ratio )
Development of newly p;'oduction capacities under construc-
tion is determined according to analogous principle. Let's con-
gider an example when the enterprise in any sector is construc-

ted within four years (at an average).let's assume that a cergain

part of production capacities is being developed in the last



year of construction period ( >, = coefficient of capacities
development) and full development of capacities is completed with-
in the next two years. Then the amount of developing new produc-
tion capacities in year T is determined as a sum of elements
(it is shaded in the drawing):
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i, e production capacities,construction started in

years t._s_l f—.L// rhe
}GUJﬁ%U",—‘coefficients of developing production capacities

(they are put in by an increasing result, i.es

ﬂ,a = 1.00).

In general, major ratios of model:

- production and distribution balance

t T g o T,
Yo'-Zag -2 6 @F = Y ¢ o)
- capital igﬁgstments balance
t E-(Tj-k)  ¢-(Ti-k) , &
e X _ . 2
Qg Myt T gt 0oy Sk
- production capacities balance (provided the loading is full)
?.
sy =4 = b~ tm | Y-rm
e ; . d A
X "= M+ 2, 8 (3)

where new symbols are as follows:

[g - average construction period of enterprises in

sector Jf (in years),
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P&f - completely developed capacities in sector }
by year iz with due account o removalj;
y; - by average continuity of production capacities
development period in sector‘}
The simplest alternative of model of input-output balance
optimization may be received by introduction of some correcti-
ofjective

ves in formula (1) and (3) as well as purposeful functlon

AT max (T-last year of planned period) orZC. ( aH —> 1100

(it
where (:t- weight caefficient. Formula (ﬂ) introduces
t t 7
therein ~y:. = -’fima. +{ ta V.-:f T prim ~

J

- minimum permissible final net product for sector ¢ in

year T boa LB elementary set of products that determines
the structure-of final net product increase in year o

Formula (%) introaduces therein a symbol of inequalityzlgésﬁﬁam.

Unknown variable quantities in the said model are the produ
ction volumes ‘Xt , velocity of final net product
increase CK t, capital investments in secfor R , size of
production-capacities and commencing dates of new enterprises
construction M.

The above model may be used for solution of the following
problem as weli. "here is a reported input-output balance as
well as a list of projects that may be implemented in the
plan period., It is reguired to determine the most expedient
priority of projects implementation proé%ding from available
resources of capital investments, and,if the said resources
are not sufficient, to reveal also the projects that shall be
expendiently implemented in the next plan period. To solve the

above problem introduced is a conception of production methods



that mean, in this case,output of products in each sector at the .
existing enterprises and newly ones to be under construction in
conformity with availbale projects. If the production methods

£ 3=l
are illustrated through S (S=42 " h-] s then f’%
means, for example, a production volume in sec fer r; in year

S=2

T at existing enterprises; XJ & - production volume in

sector o‘ in year £ at the enterprise which construction started

in the previous plan period and that shall be commigsioned in the
t§=3
« !

X ‘

tor 4 in year [ at enterprise No. 1 (Project No. 1) which

considered period; - production volume in sec-
construction started in the considered period; Xd LpSRH S ditto
but for enterprise No. 2 (Project No. 2) and so on. Each method
is characterized by own set of norms to be used in the madel.
With due account to the above this model may be specified as

follows:

(1) zxfﬁzz hilg —ZZgg "oty
R T &
(2) Q“&Z%““ﬁ)efém 4

J g Al J- Sit=d55em 5 8 S0
(3) 6s € ML T My p S
z% i tLL, ‘ﬁ
(4) zzg $Qt o {;Za <@
iy S d
Qt - amount of capital investments available in the national

economy in year T for production development,

Q - ditto for the period as a whole.
&S &y ? S
(5 ZZ € )g <L where g - requirement

1n skilled manpower per unit of production in sectoroc
with production method &S in year T,
LY - availebility of skilled workers in year f .
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It is natural that ﬁhe content of purposeful formula (7)
in the model may be changed depending on the targets set for
the nationél economy in the considered period that will result
.in some correctives and other terms;

The above moéel facilitates to receive a sectoral structu-
re of production and capital investments,evaluate requirements
in manpower,select out Bf the total list of projects the
most expedient priority qf‘prajects implementations., The
following conditions are automatically observed, such as top=-
priority of completing the commenced construction sites,in-
crease of loading level of existing production capacities.

 As a result of problem solution obtained are mean weighed
norms that take into account realization of planned projects
of sectors devélnpment and, consequently,being planned normg ;
Therefore, gpplication of such approach facilitates essentially
a proﬁlem of building up the plan input-output balance pro-
viding to correct the reported data with the help of informa-
tion that contains in the projects. It is natural hereby that
the information contained in the projects shall reflect require-
ments of the model,i.e. apart from the size of production ca-
pacities each project shall stipulate requirements in raw and
other materials (including fuel and electric power) to be
consumed for current production (coefficients ng' ) and
for capital investments, time-periods and coefficients of

their development,coefficients of praduction capacities devef
lopment.
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. The structure of input-output balance enlarged mﬁdels and
methods of their use differ subject to the problems to be set
for a user of models. In particplar, the complex of models may
be used for coordination of long-term,médium-term and annual
plans for the purpose of simplifying. For instance, ﬁhe basic
outlines of national economic development for 1996 ére determi~
ned according to one of the models proceeding from which the
basic indicators for ending years of five-year period €1980,
1985) ére determined according to other maodel, the indicators
for each year af the first five~year period (1976,1977,1978,
1979) are determined according to the third model. The said com~
plex of models is worked out and used in the USSR Gosplan for
operative estimates in the regime of plan preparation (See
description of models in Appendix Na. 2).

The enlarged monetary models are used at the preliminary
stages of plan preparation. The results of alternative estima-
tes according to agch models after expertise and correcting in
the Gosplan departments are a basis for working out comprehen~
give statistical input-output balances being of particilar iﬁte—
rést torthe Gosplan, for they show monetary as well as commodiby
proﬁortions in physical terms.(See Appendix No. 3). The model
of the above balance includes 14 groups of equations:ibalances
of products in physical and monetary terms with respect to Mi=-
nistries,agencies and'secta;s,equations of commodity tufnover,
capital investments,manpower,etc. The commodity nomenclature of
physical-monetary balances includes about 260 major cbmmodities

for perspective'plans (medium-term and long-term) and about 700
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commodities for annual plans. The balance contains also the da-
ta on products distribution by final product elements, national
income ,manpower required for provision of planned production
level (See Balance Diagram). The initial data for.estimating

the balanced plan accordiﬁg to the model of physical-monetary in-
?ut—autpﬁt balance are the indicators for national income,export,
import and overhaul repairs (See Diagram of Balance Estimate),
The estimates of input-output balance are made at the prelimiﬁary
stages 9of plan preparationvfor determining the balanced levels of
products osutput in physical and monetary termse.

At the initlal stages of plan preparation the estimates are
made according to the formula: ( £-4) "y:x
where E- single matrix; at the compietipn stages~ according to
the formula (E-A)X=Y. To éarrect the plan in the process af its
elaboration the mixed estimates are also made, when production
volumes are é%ermined for one products according to known values
of final commaodity and vice versa the final commodity is determined
for ather sectors.

The major result of working out the input-output balance
being practically used in the USSR Gosplan is the estimates of
coefficients of full expenses B=(E—A)'1. Estimated are coefficients
of material expenses (ggf) ~as well as coefficients of spendings

. of capital investments,labour,fixed assets according to the follo- .
wing formulas: (% :‘:ngg- 9 v F; ,,%: .ggf‘:
&

where

G%'G F; - coefficient of full spendings of capital investments,manpowe
e er,fixed assets;
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{__ : (capifal-output ratio)
QQ, ;,f% - coefficient of specific capital investments,labour

spendings, fund intensity. The reference books of these norms
are compiled for commodity nomenclature of input-output balance
and contain tha data on value and commodity structure of coef-
ficients of direct ﬁnd full spendings.

They are sent to the USSR Gosplan departments and used
there for preliminary plan estimates,operative carrecting of
plan prﬁjections,economic analysis. The use of those refere-
rence baoks at solution of individual plan problems guarantass
accounting for direct as well ag indirec® input-output (inter-
commodity) relations. The latter is very important, for indirecth
spendings of resources surpass rather often in several times
(sometimes in ten and more times) direct spendings, and a list
of commodities in indirect spendings surpasses considerably a
1ist 2f commodities to be directly consumed in the given pro-
duction, ‘

The analysis of economic processes with use of coeffici-
ents af full spendings facilitates to detecﬁjtendenci;s fhat
may not be seen while accounting for only direct production
relations. For instance, while analysing development of any
sector a_tendency to increase of pradudtion fund intensity may
be detected that may be evaluated as negative phenomenon re-
quiring certain arrangements. However, such a conclusion will
be premature, for the fund intensity may considerably decrease
in adjustment (directly or indirectly) sectors. The analysis

of dynamics of full spendings coefficients may detect a cont-
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rary tendency-reduction of full spendings of fixed assets
for sutput of unit of products that is a progressive phenomenon.

The norms of full spendings estimated on the basis of in-
put-gutput balance are used in individual sectoral and function-
ing models in which it is necessary to take into account natio-
nal economic relatibna while decid}ng . local questions.

The input-output balance being a mgjor tool of plan ba-
lancing contains the systematizéd and intercoordinated informa-
tion on the basis of which various economic-mathematical models
may be bullt up, £

One of the said models to, be practically used in the
Gosplan is called a model of adjusting by-annual targets of the
five~-year plén. The task to be achieved within the framework
of this model may be desdribed as follows. In the progress of
five-year plan elaboration the input-output balances for each
year of the period are made out, the said balances correspond to
the plan approvgd by the Government . However, the conditions -
of plan réalization may be changed eventually as against those
for which the plan has been designated. For instance, resources
of a number of froducts initially set in the plan‘vary (or due
to é change of production capacity commissioning program, or
due to clarifying the export-impﬁrt program, or due to any
other reasons connected with weather conditions). In this res-
pect it is neceassry to correct the plan for a certain year of
five-year period so that the changes to be introduced therein

would cause less damage to the economy (in case of revealing



any deficit for some rezources) or with availa‘bility of resources
increase as against the stipulated ones in the plan, to corredt
the plan so that to approach to a maximum extent to the desired
higherjlevel of economic development. The economic development
level is expressed hereby th:bough a certain fixed wvector of

final commodity. This task may be described as follows:
) Hi-Zeyh=Y;

(2) X; J% 21

) ZC(%-)

where: ' e

Y°. vector of final commodity that reflects the level of
economic development stipulated by the five~year plan
~ or desired for a condidered year of f‘iveu-year period,

S wej.ght coefficient. |

The final plan alternative with use of this model is obtai-
ned after repeated solution of problem (5-6 alternatives). After
each solution the result is sent to the expertise of specialists-
planners whose opinion on plan quality (more often it is not
expressed quantitatively but it reflects a meaning - ''more" -
m1ess") is taken into account by weight coefficients C in the
further estimate. :

While forming limitations (2) in case of any corrections of
by-ahnual targets ‘of the five-year plan) of some resources the
following conditions may be used:

a) the limitation for top production level is set for deficiey
ent resources;

b) conditions for output at the amount to be not less than
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in the five-year plan are created for some products to be of
vital importance to the goals stipulated in the plan;

c) limitations for minimum output level, e.g. previous
yeéar production level, are set for some products which output

decrease will lead to the smallest damage.

In our opinjon the model of correcting the by-annual tar-
gets of five-year plan may' be successfully used in the defelop—
ing countries,particularly, in the ARE where any lack of ini-
tial data,changes in expirt-import programs,that greatly influene
ce the economic develapment and do not often depend on domestic
conditions, do not permit clearly enough to estimate availabi-
lity of any resources for the five~year period.

The other direction of input-output balance use that is
practieally applicd in the USSR Gosplan is to salve a problem
of multistage optimization of natiosnal economic plan.(See Ap-
pendix No. 4). The said task is first and foremost connected
with the problem of national ecanamlc ciordination of individual
sectors development plans for a long -term perspective. The com-
plex of models shall be used for solution af this problem:
of static input-osutput balance in physical terms,models of opti-
mum plans of developing and distributing the sectors,input-out-
put coordination model of sectoral plans; The key diagram of
estimates may be represented as follows.- At the beginning esti-
mated (forecast) is a plan of products output in physical terms
with use ofinput-output balance model keeping in mind a preli-

minary character of estimates the certain interval is fixed, this
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interval shall, in the opinion of specialists,comprise final
valueg of products aﬁtput volumes.

For instance, it is ascertained that the actual production
volumes will be within the limits x* 10%, where x is obtained from
the‘preiiminary estimates of input-autpﬁt balance. The said extre-
meé are selected as the initial data for estimates of sectoral
plans.

The criterion function of sectoral ﬁlans model is an ex~
pressioﬁ C+EK, where C - current expenditure, K -one-time expen-
diture (capital investments), E-coefficient of investments effici-
ency. The value of coefficient E debends, in principle, on speci-
fic economic situation to be created in any planned perind; If
there is any relative lack of capital investments,coefficient
E shall be increased, if vice-versa, the society finds it nedes—
sary to increase capital investments for saving current expendi=-
ture, the said coefiicient is decreased.There is a completely
certain idea on possible maximum fluctuations of value E in the
planning jréctice. Proceeding from the above the minimum and
maximum possible.values E are put in' the estimates on sectforal

models. Thus, four estimates are made for each sector:

- at maximug values X and Ej
- at minimum values X and E;
- at minimum X and maximum E and vice versa.
The obtained four aiternatives of sector development differ
from each other by the requirement in capital investments,mate-

rial resources (in commodity nomenclature of input-output balancej
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labour resources. The plan alternatives are put in the input-
output optimization model of sectoral plans coordination ag
production methods. As a éqsult of solving the said model we
receive a new production plan for the whole national economy,
new values of coefficient B that serve as a basis-fof fixing
new reliable intervals on which facilities a new series of
sectoral estimates is implemented that stipulates in its turn
a new solution of input-output model.. After four or five &Such
iteratiohs the final plan is obtained, the saig plan is cha-
racterized by fmll uke af labdur and capital resources as well
as maximum value of criterion function in the national economic
model, ‘

The similar diagram aflinput-output balance use is ap-
plied for intercaordination and osther plan estimateg (e.g;
estimates of requirement in material resources).

As stated above,apait from national ecanﬂmic input-output
balances the regional and sectoral balances are made out. The
majority of Union Republics makes out an own input-output balance
The USSR Gosplan makes out internﬁl sectoral intercommodity
balances. The latter is made sut in Physical terms for the

sectors having considerable internal sectoral products turnover.
The said sectors include first and foremost chemical industry
which internal sectoral turnover accounts for 70%. The nomen-
clature of such balances is considerably wider than that in
national economic balances (e.g. the balance of chemical in-
dustry represents about 1400 commodities, the balance of ani-
line~paint represents about 2000 commodities) and includes,
apart from products of considered sector,major types of raw
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materials to be produced in other sectors as well.

The models of optimum production plans are built up on the
basis of internal sectoral balances. For the sectors producing
consumer goods such models are similar toa model of cbrrecting
the annual plan (see the above) and rsalize the task: to find
the production plan that approaches at maximum the population

demands at set limits of raw materials and production capacities.
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Appendix No. 1

Model of dynamic input-output
balance

--*Zag/tj Z@

£
fﬂzﬂ qg _+ ap-fiqa.t"/ /f—?ﬁ'
423 f =t
cé
valume of products sutput of sector L in year i $

§
coefficient of direct material expenditure in year 1 '

expenditure of praoducts of sector L per unit of capital
investments in sector }. in year T ;

volume of capital investments in sector } in year 7
final prpducts of sectorLin year €  with deduction
of products directed to production capital investments (fi-
nal net product); ' |

coefficient of fund'intensity of sector J: $

fixed production assets in sector JI -at the and of

a year (t=1)3 |

coefficients of funds to be removed in sector‘} in yeart
COEfflClentS of ratio. ef funds average annual increase
to annual increasesj; ; |

ratie'?of'uncompleted construction increase to fund
commissioning within a year;

share of various capital investments in the total

volume of investments.



Appendix No. 2

Complex of models for estimates of long—term,

" medium-term and annual plans

1. Model of plan estimate for the last year (t=T ) of long-

term period:

1) 4/“;,)/\";,-2:@@5 AJ},S Jq)w*h/w (Y12, %)

2) 9@:[1-5‘;//(1.{ T T T (1 waﬂzd,e/b}ﬂﬂ -1y lp" FZ"
d
“"(T'f)sz(‘f 5{}*2@ J{ /-f ""'"J”/

= Xf—’ “’fﬂzzgﬂ =
4 aﬁ,:g, o :

Indices:

gJ - indices of sectars;(ﬂj- L%.",&j

Y - indices of sectors producing elements of Cirtufaténg'funds;

g LQ"E‘L,J, ‘y"i ZJ.., K.J
4 - indices of sectors creating elements of fixed aasets;(#egi,
-‘f Kalyry
F - indices of limitation for a number of people engaged in ma-
terial production;

5

- index of year ( #=6 7), where O-index of base year;

}l!l,

T-index of last year of plan period.
Parsmeters and exogenous_variables:

w; = rates of direct material expenditure of products V} per unit

output of r~ducts J. in year t _

2;;, - rate of fund intensity of products 0}, by { type of fixed
assets in year tj .

2?3 - rate of labour intensiby of products }_ in yeer t 3

kqﬁ— rate of increase of circulating funds, stocks and rezerves

of products‘y5
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%-— coefficient of evenges of fixed assets commissioning,type .;f’}-
5_{ - rate of increase of utilized fixed assets, type ﬁ;

(- coefficient of evenness of fixea s..ets removal, type ,}_’;

4 yt "\79/ y(/
3@; y - top and bottom limits of volume of
prlvate and publlc consumption of products ¥ in year 'é
Aﬁff y£ yi yfmyl ~ top and bottom limits of average annual
volume of fixed non-production funds of type _f in yeart
Wq,t- export-import balance and other elements of final consumption
af products i
Af o coefficient that fixes for- each year, by what times the increase
of investments volume in fixed assets of type f to their base
level this year is more than in the first year of period;
V - volume of removing fixed assets of type :f in year i
’L{E - v.lume of invetsments in fixed assets of type ;f in the base
years;
F;:i- volume af fixed assets of type 18 at the beginning of the
first year (t=[)of plan periol;
f};t— average annual number of people "engaged in meterial production

in year ‘t .

Unknown variables:
ch- volume .of products output of sector ¥ in year t;
;— volume of investments in fixed amssets of type :Z in y.éar '[?J'_
@) - relative increase of annual investments in fixed assets of

typg f to the base level in the first year of period;



t T
S - value determinig a degree of move from 3(; To J; :

2. The plan estimates for the end years of intermediate five-
year periods are made out according to the above model, in this
respect determined preliminéry is the volume of fixed assets

at "the beginning of tenth and fifth year of plan period (at
continuity of long-ﬁem period of 15 years) according toAthe

formulas

: =1 k) . A4 /i
for tenth year F?"fv }',E;:' (f-%}[f-[g_—ﬂit}@?']&':r "“tz: w .215)'
zlp =fo

¥
for fifth year Ffs‘ /-'2 ({_&)[fp (Z Afé}ij ])({“_1“2_— Wgﬁ

t=lo
3. M:zdel of plan estimate for ‘éach year of first five-year pe-

Tigde <tk _}; a,,/ X +,3'., (@-12., 5 t=1,859)

7

t ;
i -d{ %Y % *;{f ’ff* 7 2L (Ferert oyt £ 42,3 4);
h + - :
2 ps ;t‘_,:Pt (t=1,23Y)
J:! fd /S -_,ﬁ 1 '/J

_)gfé)g,—ts%*’ Q-/z,,.)a £=1,23Y);

B iR e s 2

K< Z by < Bgt (Pewstyuyn; t=1230);
o =1

}"'J

b - .
Kpu < Kgh < Rpt (,f=x+f ny E= 2,59

y
Z/(% /q:, [f m/)., niEels 123?))

Gl

é T o n)

The sign k shows that the values are taken and solution of
previous problem

v b
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Qq.t- unknown volume of final net products of sector Y in

min P =) )
tg

o-
d

*J

wheres

year £ ; ‘

) aﬁt’;- unknown volume of final use of investments in fixed as-

sets of type { in year <+ :

Kgd' - unknown volume of investmenﬁs in fixed assets of type_f

of sector J in year £

Kgﬂ - unknown volume of 1nvestments in fixed assets of type!

of non-productive sphere in yeax- L ;

X/ )-X.J-- top and bottom limits for production volumes of sectorJ,

2 in year T « to be determined by production dynamics to
be estiﬁated according to the model within the whole

long~term perspective;

KF it : e :
,8)__ - analogus determined limits for investments;
/{%. - obtained-from-estimates (item 2) total investments volume

of type f in sector J’l that provides outcome for the

value of fixed assets of type —f in sector J' at the

beginning of fifth year of first five-year period;
(..T,-,Fj-)q- autonomously determined parameters of purposeful func-

tion that facilitate to control the task decision.



Appendix No. 3

Statistical physical-monetary input-
" output balance

I. Model of balance

1. Balances of products

me*Z% *ch Jw Yade 2le (=480, 2)

where- ?
%=ﬂ4‘TT*CLUU+CLJ;kp*QJ&./Q+QgR-f-aﬁaZ-ra;@Q—fQ{_E E""Q‘[I

2. Balances nf products in physical terms for the Ministries

X.f’: .gg X (L'-: .f ef-fj kg IC+.£)

3. Balances of 5TOSS. products of Ministries

(( d”))C; ZV:JF?J)S L O B RS e A )

4, Balances of g,rosu praducfs of enlarged sectors

(1-p:) " ZG’L,x,-J—S R e

S Equation of commodity turnover s,
7=%.C

6. Equation of varioug resosurces of consumption fund u=guC

7. Bquation of production investments. K;,:h,,q, P, + I,
8. Equation of non-producticn investments K= hs, 92, +E‘

9. Equation of increase o.f circulating assetd, stocks and
reserves.% q,z

10. Equation of other expenditure @ = D C—

11. Equation of consumption fund C=g, G

12. Equation of accumulation of fixed production assets

Pp = Ygop -

13. Equation of accumulation of flxed non~-production assets

QO,L._. Qo G-
14, Balance of labour resources Z %X;m L,

J m



DIAGRAM OF ESTIMATES FOR MODEL OF PHYSIiCAL = MONETARY
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Imitation Model - "Berthage -Transportfuf Fleet"
(Main clauses)

The berthage functioning is goiné on in complicated con-
ditions of probabilities. Due to the fact that modern mathemati-
cal apparatus cannot discover the main dependencies appearing
in the process of functioning and development of tﬁa “"perthage-
transport fleet" system and consequently does n;t provide to
a necessary extent the determination of the system's apfimum
parameters an imitation modelling method on fast-o;erating
compﬁters could be used for solving this task. The imitation
model programme contains the system formalized analogue ref-
lecting its structure, functional dependances,connections and
dynamics of processes flowing therein. In the process of imita-
tion with the help 2f computer thé system functioning is repro-
duced. Such a reprdduction‘allows to obtain a quantitative eva-
luation of the system functioning quality conforming to those da-
ta on the system, which were fed to the computer's memory.Infor-
m;tion of the system is contained first in the model structure
and second in the initial data (regulated variables). Logic of
estimates is given by the programme in conformity wish logical
block diagram of the model. Values of determinative functions
are estimated according to given formulas er equations of pro-

bable va_ues-according to Monte-Carlo.

Model Designation.  The imitatinm“berthage—transport'fleet"
.'model i@ designed for the following:
- evaluation of the installation efficiency,development

and operation of the sea port berthage;



- analysis of operation quality of existing or designed
Sea ports and fixing of optimum regime in their‘operation,de~
termination of optimum number of ma.rages and_0ptimum intensity
of handling transportations vessels;

— evaluation of alternatives arising while elaboration
of perspective plans of developing sea ports and—providing
the acception of optimum solutlon in the sphere of developlng

both ports and transport fleet.

In particular the use of model- allows to answer the
fDllOWlng questions:

' e how will the system behave 1f changes take place with
the port freight turnovor its structure dlrection and reasons
of transporpatlans? h

- how Will the system behave if changes take (or might
take) place with a number of operating berths,their inter-
gE1oup specialization,depth near their cordon,ihtensity of hand-
ling the vessels or simultaneous vessel handling rateg?

-~ how the system will behave if changes take place in the
structure of transport fleet (ee8e cargo carrying capacities
or vessel specialization) or in distributing the fleet according
to directiong of transportatioﬁs?

, ~how will all these changes influence the total value
of expenditures for the "port—fleet" system? :

= what solutions shall be taken so as to provide the most
rational development of the system and achieve therewith the

optimum regime of its functioning?



Model Comtents. The main components of the imitation model

are as follows:

- regulated variables;
- logic-mathematical presentation of the system;
- imitatinp.programma designed fdr réalizing the model at the
compqtef.
Referred to regulated variaﬁlea are ag follows:
1. Variables,characterizing the port turnovers

1.1. Freight turnover;
1e2. Structuzul compositiong
1.3. Distribution per the basic directions of transportationss

1.4, Seasons of freigth turnovar. %

24 Vhriables,characterizing the port berthage:

2.1. Number of berths and their specialization per basic types
of . cargoeg -

2.2; Inter-group speclalizatiun of begﬁ%hs i.e, their distribution
per basic directluns of transPnrtatinns;

2;3. Depth near berth cordon;

2.4, Diagram of equipping berths with transshipping equipment
and normative values of vessel handling intensity relevant
to those diagrams; _

2.5. Rates of vessels simultaneous hanﬂling;

2;6. Value of given construction énd operational expenditures
for each berth considered.



4.

3. Variables characterizing wvessels:

5.1 Parameters-medium and medium-square deviation of vessel
distribution function,fed for each individual direction of
transportations; |

%.2. Upper borders of vessel freight capacity gfaups fed ac-
cardinglta the rates of their handlings

5.5.Maximum admissible value of vessel draught for each indi-
vidual direction of transportations;

3.4 Value of given construction and sperational expenditures
in average per one day for one vessel of individual di-
rection of transportatibns while its mooring in the port.

Besides, as constants the estimated period of the port
operation are fed in days every monih,factor of influence of
meteorological conditions for the dur{faion of vessel delay in
the port as well as a number (iterations) neéessary for obtaining
stable solution. '

The imitation model structure contains the reflection of
the port freight turnover,berthage,process of veséela in-coming
far handling,pracess of distributing vessels per capacity,load-
ing with cargoes considered,draught and individual directions
of transportations,process of their handling,as well as vessels
delays because of the moorages occupied,their inter-group specia-
lization and various depths near the berth cordon.

Equation of freight carrying capacity:

() Q’L:Z.-Z qf% : where:
e d

Cp, - individual flow of the port goods traffic (thou.tons);
2



5.

i - index of goods traffic (cargo) (i=1,2 .. k) . - By

J ~ - index of transportation direction.'

Bach flow is characterized by its structnrﬁl composition
per goods groups fixed for relevant berths, seasons 5f transﬁor—
tations, and parameters of vessels to be handled and their value
characteristic.

Berthage is fed in the shape of the whole complex of
individual groups of berths specialized for trans-shipment not
alloﬁing joint handling of goods traffics:

(2) : th & Zl;% nh‘ . where:
Mirn - an individual berth designed for trans-shipment of
"i"-load. _ :
» 11 - index of berth #,2 ;..hkTL..;;...).

Applied for each berth beside per types of loads is also
the group specialization (i.e. fixingﬂjﬂ; transportation directi-
ons ofuil; lnads),'depth‘near cordon,normative intenéity of ves-
sel handling,value of given construction and operational expen-
ditures. .

Budget af operation time.for berths or total tiﬁé of berths
opefatiana; time fof handiiﬁg vessels is estimated while mo-
delling by the formula: : :

(5)?l —l—osn= Z% tL: _ swhere:
th - time oflaperation"of (r) berth of (i) group for handling
vessels with (i) type of loads,berth-days.



And hereby:

n
(i) =7 -th = Z tiuc‘v"’r- where,
¢tl’£ S
tims‘- duration of handling of (8) vessel with (i) load near

(r) berth, vessel-days.

8 - index of vessel in-coming to (r) berth for handling,

(B=qbe, i Bisd )
Total time of idling berths i estimated by formulas
(6) : T,,; :Z ZL‘TL‘: ,where; _ |
v - duration of idling time of (r) berth of (1) group,
berth~days, d
Herebys
(6) q:{; S t&f swhere;

T - duration of the port operation periad considered,days.

Factor of using berths per time:
Cpdis b
faic'TN;“

Digtribution of time periods between moments of vessels in-

coming for handling in conditions of operation of the Soviet
- ports is sufficiently well approximated (probability of con-

cordance 0.8—0.9)_f3r expa%entional distribution of the type
-t
(8) f(tjst?eo

Where: =
.q :3(1 ) )\‘— average

number of Vegsels, in-coming per day®

* Distributions of GaWss and Fohnson could be used in the mp-



Te

While estimating the moments of vessels in;coming‘fbr'"l
handling the ( A, ) parameter is defined for each (J) dlrec-
tion of transporting (i-x) 1oads i.ee

(9 Adh%— ~ ywheres

(}h average freight capaclty of the vassel of (3) dlrection

of transporting (i-:=) cargoes, thau.tnns.
| Empiric function of. distributing the freight capacity
of vessels in-coming to thé port for handling may be approxima—
‘ted (probability of concorfignee-not less than 0.8) by gamma-
distribution, i.e. '
(10) {(G)-v-i— : dpekilpl Lo B g B

F@UJ? , b G2 > G2

_ Values of G- and © are fed in accordance with the
evaluation of transport fleet structure.

To define quaptitigs of loads to be shipped or unlﬁaded
the factors of 1oaﬁing vessels are used. Those factors are de-
fined by parameters of vesséels tb be handled and the structure
of goods traffics considered. : .

For each moment (obtained while imitating) of the next
ship in-coming for handling defined is not only its affiliation
to(j) direction of (i.::) loads, value of its cargo carrying ca-
pacity and 1oad;ng, but also imporﬁance of its draught and du;
ration of its haﬁdling.Draught value is estimated by the formula

belows

(11) H‘d"‘- =Q,+ VD wheres



8.

wijs - dead weight of , 8 "renel 4.} ”dua:iwn.o{ﬂcpmm
| of ,i* cargo.
CL,: f;) Qy=00957, Cb:;=’4ai-c}s
- The total anchorage time of vessels is estimated as per
the following formulas '

(123 ﬁ,*zzzgt;jr | & where'..'_

ys - time under haudling of vessgels .S g 12

”J."di:bection of shipments of “i - cargo, vessel day.

Hereby, c | _ :
3 J Pe ‘ ¥ oo
(13) _ -t‘#s = Eﬁ; W+ t_g: : wheres-Ggs-{?mﬂ,, 0{7-5

Vel ; Mijus <rate of handling intincily of oS "vessel, , " diectin
of shipments, of,i" cargo at " borth. , thow Tom [Vesset -duy.
‘f’ — coefiicient that considers any increase in time émch.;.\-

rage of transport vessels at the port due to unfavourable meteoro-
logical conditions;
t:: — duration of "auxiliary operations at handling of veséel;
vessel-day.

2

Duration of vessel delay due to osccupied berths is farmed
in accordance with the formula: |

SOl AV
e N

A < x4 "
y§ = duration of S" vessel delay,

ments of cargo ,L"_due to sccupied berths af L

.4 direction of ship-
"group,vessele
day.

As aforestated, the port berthage is divided into berth
groups that handle individual (joint handling is not permitted)

types of cargo and it is understood hereby that individual berths



%.

of this group can have intergroup specialization to be provided
for by their attachment for handling of vessels "}" -+ direc-
tions of cargo L'  to be considered. Delay of the
first type is a delay due to occupied berths,for the berths of
other groups do not handle vessels with 1" type of cargo.
Duration in delay of the second type is estimated as per the

|}

formulas :
(15) Tm‘P ZZZ ;_qu)m : : wherez‘ .

Cfé?m'— duapbion it delay of 8" vessel, ,,J" directiion
of shipments-ogttype of cargo due to intergroup speciatization
of berths of , L group,vessel-day.

‘ Any delay of vessels dud to insufficient depth at berth
is a delay of third type. Duration of this delay is estimated
at imitation according tu‘the formulas

(10) Trn ZZ ﬂ‘d:’m ' where:

Ctus - duattion in delay of 5 vessel, "}l' direction af
cargo shipments, due to various depths at berths of"L' group,
vessel—day.» |

The total amount of given censtructionroperation expresses
as per thefsystem "berthage-transport flcet" is determined ac-

carding to the formula:

PRI Rt (zzquS ) (LIRS
2 5 grr.fj"" Ry®) I 22T Ry )} side:

Ehd - amount of given expenses on erection and operation of %’
berth aﬁnl group,thou.raubles;
Rﬁ - amount of given construction-operation expenses at an

average per day of anchorage at the port per one ves-



10,

. (/]
selu.S’ ’ direct;ionld," of shipments ofh t type of cargo,

thou.roubles,

The logic (block diagream) flow chart of computer imitation

of system functioning process is provisionally divided in the

following
Block I.
Block II

Block IITI

Block IV

Block V

Blcok VI

Block VII

blockss '

Input of initial data. |

Determination of moments of vessel arfived for hand-
ling.(Formula 8) _ : '

Estimate of tonnage (10),loading(as per input coeffi-
cients), draughts ({1) of vessels arriving for haﬁdling
The first check is carried on: whetler there is any

free berth by the time of successive vessel calling or
not, If all the berths of conéidered specialized group
are eccupied, then the control of imitation process is
givéh to;Block V,if though one berth is free-to BlockIV
The delay time of vessels pending due to osccupied berth
(14) 18 entimated and accumulated.

The second check is carried on: whether it is possible
to plaée the érrived vessel under handing to any free
berth in accordance with its spefializatior or not,i.e.
according to the given diagram of jets j” to be at-
tached to the berths of group '.i" . If not- control
is shifted to Block VII,if yes- to Block VIII.

The delay time of vessels due to the stipulated diagram
of specialization of individual berths (15) is estimat‘

ed and accumulated.
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Block VIII The third check is carried on:whether the depth at

Block IX.

" Bloek X.

1

Block XI

Block XII

any free berth is sufficient or not, the berth specia-

lization corresponds to conditions of arrived vessel

accepﬁance,to place this vessel for handling to a
given'berth.lf nofnproceas—contral is shifted to
Block IX (i.e, the arrived vessel is delayed until

'such-a berth is ffeed,specialization and depth of the

berth permit to receiwe such-a vessel for handling),

if yes—~ to Block XI (i.e. the arrived vessel is taken

for handling to the free berth).'

The delay time of vessels due to unsufflclent depth

at pberths (16) is o;timated and accumulated.

The total delay time of vessels pending the handling

is estimated.The said amount is determined according

to the accumulated data of blocks V,VIT,IX.

_The anchorage time of vessels under handling is esti-
 mated-and accumulated: duration of anchorage - as per
formula (15),totalling - as per formula (1é).

The ogcupied time (4) and the idle time (6) of each

geparate berth are ‘estimated and accumulated,

Block XIII The decupied tlme (3) and the idle time (5) of all

considered berths as well as coefficient of their use

by time (7) are estimated.

Block VIV The monetary indicators for berths and vessels (17) are

estimated, i.e. economic efficiency of considered al-

ternative of erection,development or operation of sea

port berthage.

Block XV. Provision of estimate results for printing.



