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Forword
We held a serieg of discussions on model building for foreign
trade planning at thellnternational Economic RelationsCentre at the
I.N.P. Cairo. As part of it I presented & model for optimizing the
s regional distribution of exports and imports which should be applied
practically for the A.R.E. foreign trade. while this experiment is
still going on 1 will summarize and elaboragaJ?n experiences we gained
in the German Democratic Republic in building and applying linear pro;
gramming models for foreign trade planning, which might be of interest
for those who are also working in this field.
I am much obliged to all who took part in the discussions, es="
pecially the staff of the I.E.R.C., for getting better ideas on problams

of model building in developing countries, especially in the A.R.E..

R




 And there is another question to be mentioned. .We a}lways-‘con'-
sider such models as auxiliary instruments for plapning. A model, .’
even highlg-SOphisticated. is without any use, if the expert or the
planner has not elaborated on it in the correct lines, e.g. when deter-
mining the objectives and goals, when fixing the conditions which ars
1imiting the economic growth, estimating some inputs etc. Also when
using modern tools like models of optimization the role of the planner
and the knowledge of the experts are decisively and even growing. Be-
sides we want %o stress that the social development and the economy are
=0 manifold and include so many different factors and tendencies which ,
cannot completely be included in models. Thus one has always to check
the results coming from the computer and comparing them with the rezal

1ife before deciding on the future plan.

In the following we will elaborate on models of optimization built
in the G.D.R. and applied for planning in the foreign trade sector. Ec-
pecially we will deal with problems one will be facing in the practical

approachs

1 ., Basic ideas for conctructing linear programming

models for planning foreign frade.

At the beginning of both either the research work or practical
steps in applying models for economic planning we should always rise the
question what will be the aim in building the nodel, what will be the

affect of using the model in practical planning.



Ls regards foreign trade‘blanning. we are aiming at findipg
the best seb of the commodity structure of exportg and imports and
i*5 regional distribution on afaas and countries in order to meximize
she foreign exchange receipts and to increase the efficiency of for-
sign trade. Thus we are searching for optimal plan targets whichcover
our long-term and'short-run objectives and are in conformity with the
internal and external conditions. And here it might be useful to apply
nodels as auxiliary intruments for drawing up the foreign trade plan
~nd for determining plan-figures.

There ‘are several programming techniques which have been developed
in the 50-ies and 60-ies and which have proved to be useful for economic
planning on macro as well as on micro level, such as linear programming,
nonlinear programﬁing, dynamic programming. The lipear programming tech-
nique seems %o be’the most developed one for economic planning till now
and here the sOciglist countries have practical experiences, too. For
z:nstrucging linear progrémming models for foreign trade planning we will

refer to the characteristics of this method.

4t first there must be a linear objective function of such a type:

£IX) = Cu X
(X) B

which aims either at a maximization or at a minimization.
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At sacond there is a set of linear constraints
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which 1imit the variables of the model, and last not least all vari-

ables must be non-negative, i.e.

xig_o R i e e )

The decisions on which the planner in the field of foreign trade
is elaborating and the frame to which he is often bpound seem to be like
these characteristics so that applying linear programming models in

planning suggests itself. : S

Let us elaborate on it in details. »

Suppose, there is a number of commodities, which shall be expo*t—
ed or imported. The external prices we will get for the exports or
have to éayAfor imports are different.from country to country so thaf we
are looking for the best distribution of the exports and imports. Bub
when follo%iing such criteria Wwe have to take into consideration some limi-
ting conditions which may exist both internally and on external markets,
sﬁch as
( a ) limitations in the capacity for producing the exportables,

( & ) the necessity of fulfilling the domestic demand in products which

are also exportables, ' %

( = ). usually the external demand for our exports 1s not unlimitkd and

there may exist upper bounds' l



(d ) there mey be & maximum supply possibility for commoditie we
want to 1mpor£'

( @ ) from trade and payment agreements the necsssity of followlng ocor=
tain balance requirements may arise and we have to follow a fixed

trade=poliay.

Now we will construct a medel which will inelude these conditiens
and oriteria and the application of which will contribute te the finding

of the best solution of the above mentiened tagk.

when k is #he index for export commod;tieg (k 5 1y 24 vess D1 B
the index for impert commedities (g = 1y 2y ss vy g) and r the index fer
countries/areas (r = 1y 25 v10y W) then ve are leeking fer eptimal expert®
quantities/values for each gommedity e eagh gountry (xklr) anct for the

eptimal items of our imports (yg'?).

fhe following table gives insight in to the yariables (ouiputs) of

the ealgulatien, we are leeking fer.
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And hare are the inputs of the model necessary for determining the

dptimal distribution of the exports and imports.

When e stands for the quantity or value of each commodity k,

avellable for export and i

}

¢ Lo be imported for covering the internal demand, one can formulate:

m
(1) 2:- *xr

r=1

=

4%

o =

1, 2,

2 stands for the quantity/value of commodity

-o.'n



th:h means that the export of commodity k to all markets added toge-
thef\can only be equal to the predetermined export capacity e, or less

than it.
m

(2) Z 331, = ig g = 1' 2' ssey S
r=1"

The import gquantities of commodity g from all markeis should be
equal to the internal demand for such imports. If ig is to be understood

as the minimum 1limit for imports of commodity g, one can also formulate:

. Ear) g2 8= 1y By shdy B

r=1 &
Both are limitations from the internal side of the country. On
the external markets there may exist a minimum demand (gkr) for our ex-
ports, which at least should be covered, and a maximum sale's possibility.

Thus one can formulate »

ki= 1,:25 sapy 1

(3) 3.5 5
kr =" kr p=ly 2y sospl

k=1, 2y eeay n

ey x> B
: kr — <kr P = Ly 2y sy

and for the importables analoguously

g=l. 2' esesy S5

(5) Vop S B
gr & I‘:l, 2’ sseg I
6) " E =1y 2y eoey 8
Vop == =2
where Pgr = minimum import obligations for certain commodities

g from certain markets r.



and Egr = maximum supply possibility for commodity g from market r.

"

By formula (4) and (6) we have at the sahe time included the ~ ' - .

non-uegativity, condition for all variables.

Ard now we have to formulate balance limitations, e.g. in such

v3 3

; e o 240 ar b
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Z dgr 2 ygr : Sp i r = 17’ 2| _oon.. m, :
g=l .. :

shich zaans that the total value of exports to couﬂiry r minus the total
“alug o imports from country r should cover a saldo Sr' which can be
understoad a8 surplus or deficit (7,.

25,
One can oind the export value to a certain predetermined amount Er and
the imperk value to Ir,'each cen country/area basis (7a).

7

0f course we will include these limitations only for countries/

graag whera wa are bound to follow such restrictions or where we are

aiming at realizing a certain surplus or deficit. In practice the lay- "

ing dowxn of‘éuch_limitations and the marging depend on the trade-policy



targets, the type of trade and payment aggreements (bilateral or 1l-
tilateral payment balanée equalization, settlement in clearing currencj
or in terms of convertible currency) and on the concrete situation of
the payments in thergiven period. | Now we have to det?rmine the cbjec-

tive function.

The main criteria for determining the Xy and ygr will be sell-
ing the exports to such markets where we get best prices and purchasing
the imports from markets, where we pay the lowest prices and this will be
formulated as the objective function of the model.

When Py stands for the export price per unit of commodity k by country
r and dgr for the import price we have to pay for commodity g in country
r, then the objective function looks as follows:
n
X

k=1

S

n
By = é 21_ dgr Yor iy BTG
r=i . ,

1 g=t

"

Le
1

which aims at a maximization of our foreign exchange receipts and a mini-
mization of the foreign exchange expenditures.
f

From the linear programming point of view the model is complete now.
As regards the practical application for foreign trade planning, the above
ment ioned model should be considered as the simplest type for optimizing
foreign trade. It is a basic model from which a series of specific models
for planning foreign trade can be derived. In the following we will elabo-
rate on such models we have applied in the G.D.R., putting special emphasis

on problems we had been facing and how to solve them. - B
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Models of optimization for the foreign trade sector

2.1 Model for optimizing the regional distribution

of exports and imports.

We have statéd at the beginning that oue aim in foreign trade
planning is finding the best regional distribution of exports and
imports and determining the optimal regional structure. In the
G.D.R: we started app1ying linear programming models just in this
field, as the subject of optimization is limited here and problems
which may arise at the beginning of using such a technique can eas-

(1)

ier be solved.

The basic type of the Reglonal Optimization Model {R.0.M.) can
be seen in Appendix 1. It is similar to the model explained before.

The l-st and 2=~nd equations, namely

- L
(1) zz: - -~ k

1’ 29 .-.,1’1

(2) y = -i- g:lg Ep seag B

are characteristic ones and make it obviously that the'export volume
of the commodities (ek for k = 1; 2, wesyn}-and the import volume of

the gommodities (ig for gy =1, 2, veoy s) have to be predetermined

ki

Here we made use of earlier studies on this problem carried through
by Trzeciakowski (A model of optimization of current directions of R
policy in foreign trade, Gospodarka Planowa, Warsaw 1960) and Kronsjo
(Iterative pricing for planning foreign trade, Economics of Planning,
vols 3 Noi 1, L963)%



e B

-nd are not a subject of optimization here. The R.0.M. is aimir &t
the optimization of the regional structure of foreign trade with full
adherence ko national economic and trade policy objectives and the 1li-

mitations imposed by the concrete internal and external conditions.

There will be an optimal distribution of the exports and im-
@orts on ;egions when the foreign exchange receipts are 2 maximum and
:he foreign exchange expenditures are at the lowest level within the
bounds previously mentioned. In principle, the objective function

S

m - )
Z Z Pyr xkr B Z § dgr ygr —> maximum
r=1

n
k=1 ¥=1 ' g=l

iz fulfilling the above mentioned criteria as the net foreign eixchange
receipts will be maximized or, to be precise, 2 possible surplus will

be maximized, a deficit minimirzed. Often we arexasﬁécially interested in
getting some hard currencies and we don't want to maximize bilateral cur-
rency receipfs. Therefore we can include a preference coefficient in the
objective function giving weights to certain markets/countries and maxi-
nizing the foreign exchange components in a differentiated manner. The

objective function then looks as follows:

m

n m S
ZE; E tr Pyr Xpr ~ E fr dgr ygr ——> maximum
g=1

k=1l “r=l r=l
where tr is a coefficient which stimulates the exports with certain
markets and

fr will slow down imports from certain markets.
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One can also include different terms of delivery (fob, cif)
and different terms of payment in the objective function. For exam-
ple when there is a significant difference in the prices on cash basis
and on credit terms, we should differentiate i: the objective funchioa
between cash receipts/payments and payment on credit terms per commc-

dity and country.

From G.D.R. experience applying the R.0.M. has proved tec bte use-
ful for finding the best regional distribution of our exports and imperts

and besides for rationalizing the planning proceduré.

Up till now there are more than 50 examples of practical aprlice-~
tion of the R.0.M. We gained good experiences in applying this teshnique
cn enterprise level'but alsc on central state level. Sometimes the com-
plete export and import nomenclature of a General Organization or a Faoreipgn
Trade Agency had been calculated in its optimal regicnal distributica. O
the other side we also built some special models for exports or for imports
only according to the concrete circumstances and tasks of foreign trade
ﬁlanning. When having applied the R.0.M. on macro economi level-either by
the State Planning Commission or by the Minisiry of Foreign Trads—we vers
aiming at optimizing the total foreign exchange receipts/expenditures. Bufb
here we had been facing some other problems and new difficulties, which
mainly resulted from the new dimension (size) of the model. Suppose, there

are more than 1.000 commodities to be exported or imported to/from aLouh 50
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-countries. As it is nearly impossible to build and to solve a nedel
which includes such a number of variables one had to use either aggre-
gated items or selected ones. Both ways are possible and it depends
upon the concrete aim of optimizing whether we will choose the first

or the second one. But using aggregates means to construct the model

on the basis of value units which causes some modifications. For exa-
mple we had to relate exporfs and imports on external price basis to the
corresponding items on internal price basis and herewe introduced the

q - coefficients,(l) which act at the same time as profitability indi-
cator and criteria for the optimal regional distribution.

Appendix 2 gives insight into a model for regional foreign trade
optimization on value unit basis.

»

We should add, that the R.0.M. type has been appiied in annual,
medium-term and long-term planning. When the plan period covers 5 ysars,
8.8.5 it goes without saying that one can only apply the model for 1 year
respectively and not for the whele period all at once. Therefore the
model has been built either for the final year of the plan-period or we

had to calculate a set of 5 models for each year of the period respectively.

(1) E _ export prices on external price basis
= domestic price for exportables
qI 0 domestic price for importables

import prices on external price basis
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2.2 Model for optimizing the commodity and .-

regional structure. of foreisn trade.

As foreign trade planning is always both regional and .
commodity planning, it is quite naturally that aﬁother type of
models for optimizing foreign trade has also been developed
which can be characterized as Commodity and Regional ;Optimié
zation Model (CROM). And here are the characteristics of this

model.

Again Xy p and ygr are the export and import variables of
the model. ‘The exvernal side could be built in the same manner
as before (ROM)., The main differences one will find in the in-

~tYernal side and in the objective function.

t 4
~.Remember: When regional optimizing we take for given the
export and import quantities or values (ek, ig). Now we want to

find the optimal size and structure of e, and ig' too, by apply-

k
ing linear pfogramming technqive. Therefore we had to relate the
exports and imports to the production capacities, the intérnal de-
mand for consumer goods and intermediate goods, tpe needs in in-
vesfment goods etc.
The following eéuations are covering these requirements in principal:
(1) internal balance equation

imports + production = intermediary consumption + exports

: . + final demand
n m

m .
:E: ygr + Xk = E akj Xj + :E: Xep ¥ 8y k=1,2,...n
r=1 R r=l

© AT
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where akj are the technical or input/output coefficients
X total production of commodity k
By final internal demand (either for consumer of for investment
goods).
As the production is limited by the available resources we have

further to formulate

(2) xk_<_ Ek ko= 1 9y eyl

where Kk <tands for the available production capacity for commodity k

(or the planned capacity for the com_ing period).

The model can be applied for finding the optimal structurs for
groups of exportables and importables, for optimizing tBe production as-
sortment of a General Organization or for a sector¥l optimization of

the production, export and imports etc.

For better explaining the field or the subject of optimization

1et us refer to a practical example.

There may exist or will be established a metallurgical complex
including the following departments: furnaces, foundry, steel factory

and rolling mill.

The input-output relations are the following:
*® The furAdces require iron ore, coke and scrap iron for producing

p ig-iron,



e

ﬁ The foundry will produce cast-iron on the basis of pig iron and
scrap iron,

E: The steel factory produces steel on the basis of pig~iron and 3
scrap iron,

3* The rolling mills need steel in order to produce rolled steel.

The country is depending on importing coke, to a certain ext-
ent iron ore and scrap, On the other side, there is not only 2 domestic
demand for pig-iron, cast iron, steel and rolled steel which should be

covered, but at the same time these products can be exported.

Now one can rise the following questions:

Which is the optimal structure and size of the met#llurgical QU
plex from both the internal and external side? Is it pfeferable, to im-
port the raw material for the metallurgical complex, which will be estab-

lished or shall we depend upon the import of manufactured metallurgical

products, such as cast iron, steel etc?

Is it better, to export pig-iron and cast iron or to export rol-
led steel and steel? Or shall we completely exclude such exports and res- .
erve the total output of the metallurgical industry for increasing the pro- ,

. 3 3 3 . . 3 '-
duction of other industries, like engineering, construction, electronics

etcae?

The e quegtians.must be answered before the project or the plan get

iis approval and here the application of a model for finding the best
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solution will be useful and necessary. Calculating some variants helps

to have a better basis for making the decision,

To be precise: The above characterized project is not only an
optimization of the commodity and regional structure of the exports and
iﬁports respectively, but at the same time it is an optimization of the
production, consumption, and investments of the sector concerned. Here
it becomes obviously that planning the foreign trade structure is an in-
tegral part of national economic planning and especially related to plan-

ning the productionyinvestments and consumption,

Appendix 3 shows a simple example for the C.R.0.M. type whizh is
mainly directed to an optimization of the export and import struecture and
its regionai distribution., The internal side of the model to be applied
can be extended and one can include the available labour resources, iﬁvestw

ment requirements etc.

Finally we will put some remarks concerning the objective function

/

of this model, which looks as follows:

L = L X dI
kar kr Pyr *xr ¥ gr ygr
k =» g

k r r

. ZE: El_ d y _ —> max.
— 5 Ter Ve
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where pI stands for the internal costs br internal price for the
exportables and

d for the internal price for the importables (or domestic

prices of the domestically produced commodities similar

or substitutes for imports).

In this form the objective function is directed to a maximi-
zation of the foreign trade efficiency which can be understood as the
comparison between thg receipts/benefits and the costs of foreign trade
transactions. The formula includes the direct effechs of foreign trade
on the economy and here the term profitability usually is used, but also

indirect effects on production, investments etc. can be included.

r
Other criteria for planning the optimal structure of production
and foreign trade can be,
ES maximization of the net foreign exchange receipts

# minimization of the costs of production.

We mainly prefered the first type, optimizing the efficiency and
here mainly the profitability of foreign trade, as the foreign exchange
receipts in its optimal composition and the minimization of the costs of

production can be included here.

There are more than 30 concrete examples of -the C.R.0.M. type which

in gene}al have shown better economic results than the pure regional
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optimization (which is quite understardebie as bthe field of optimiza-
tion is brcader in the C.R.0.M. than in the R.0.M.). The model should
be used first of all for medium-term planning, ag changes in the commo-
dity structure of prod-iation and farelgn trade can better be realized

over a longer period ‘nzn in the annual plan,

3 . Experiences in apy.ying linear programming models

for planning forsign trads.

3.1 Some prastical rrohlems in using the models.

Wwhen constyucting models cf optimizétion and applying them prac-
tically one will bhe facing some prcblems which result from both the
existing economi~ and other conditions which have to be included in
the model and from the methemsticel apparatus to be used. We will

. . L . (]
elaborate on some of these prcblems 1n details 2nd glve scome 1OE&ES

‘how to solve sush proklems from G.D.R. experienca.

Thes mathenstical method 2pplied up till now is thé linear pro-
gramming techninue snd thus one must take for granted that =2ll soef-
ficients and parameters attached to the variables of the model will
behave in a linear way. The real behaviour is different, above all
as the external prices . re concerned. For example in mény cases the
export and import prices 4111 behave in a non-linear way according 4o
changes in the expor’ and impovt velume. On internationzl markets one
has usually to grant @ certain commission when contracting large quan-

tities so that the externsl prices will decline per unit of expcris.



If the changes are not remarkable one can neglect it when ap-
plying linear programming techndTue. But if it is necessary to take
them into due consideration one can handle the ﬁroblem as follows:
(1) We make use of the parametric linear programming technique and

by this investigate the influence of changes in the coeffici-

ents or parameters of the model on the optimal distribution.

(2 ) Mainly we applied another possibility. When dividing one.com—
modity into 2, 3 or 4 separate items according to changes in the
prices per unit one can include in the model of optimization dif-
ferent prices for the same commodity. For example take for given
that onions could be sold for 100 $ per ton, if we export less tazn
100 tons. For contracting larger quantities the buyer usually
gets a commission of iO%, which will reduce the price to 90 $ per
ton. Thus we should include the following item; in the model of
0ptimization;

k.: 1 onions to be sold for 100 $/ton within a limit from 1 till
29 tons
k=2 onions to be sold for 90 $/ton when exporting more than

99 tons.

This method is relatively simplf but fits the practical
requirements satisfactorily. The only problem is the increasing
number of commodities to be separately included in the model.

By the way we would like to mention that we are also searching for
using other programming techniques for foreign tra@e optimization,
such as dynamic programming, which will result in new possibilities

for covering non-linear problems.
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Another problem which must be taken into consideration is hat
of. the possible or necessary size of the model. Although there is a

highly developed computer technique one .cannot build gigantic models.

The number of variables and the number of equations to be inclu~
jed in the model is 1imited, especially from the aspect of collecting all
data in a proper way and solving the model within a reasonable time. We
gained good experiences in using models which included less than 10,000
equations or non—equétions and 1.000 till 2.000 variables. The calcula-
tion techngiue used in finding the solution was the Dantzig Wolfe-decom-
position technique, with the help of which a gradual approximation to the
optimum could be accomplished by allocation of the entire model to indivi-
dual parts.

P

A third problem on which we are still elaborating is that of pro-
perly relating partial optimization models to the overall or naticnal eco-
nomic optimum, From the national economic point of view all foreign trade
models must be considered as partial models which should contribute to ths
increase of the economic efficiency in general and by this to-the growth o
the National Incoma; Pherefore the partial optimization must be in consis-
tency and in full line with the overall or national targets and limitations

and should not follow objectives which are contrary to them.

This problem must be taken into account and be solved when deter-

mining the inputs of the partial model, such as e, iP S.e These inpuis

should be derived from the national plan or concept .
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The partial optimization then will coniribute to a further de-

ailation and improvement of the national plan.

We are also discussing the project of building @ whole system of

todels for economic planning.

There are 2 aspects according to which one can differentiate mo-
jels of optimization:
O according to the subject of optimization

ey according to the level of optimization (macro or mico economic

level).

In the G.D.R. we started building a comprehensive system of models for
2
cconomic planning and here foreign trade models are part of it. The fol-
lowing scheme gives a first idea about such a.system with special emphasis

on models for foreign trade planning.

Ministry of Planning

Complex Model for Optimizing
Production, Investments, Con-
sumpt ion and Foreign Irade.

to be continued on page 23
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A

}Hinistries of Industry, Agriculture etc. ];;nistry of Foreign Trade
| Models for Optimization of Production, odel for Optimization of the
~ Investments, Consumption and Foreign complex Regional Structure of
rrade for one branch of the, economy. Foreign Trade.
—— '\ s ‘

\

| tiodel of Optimization of Production Model of Optimization of the

| 2nd Foreign Trade for the enterprise. exports and imports of the

Industrial enterprises, factories etc Foreign Trade enterprises

enterprise.

3,2 The informational problem ’

The most crucial problem one will be facing in applying linear
programming'technique in practice is that of collecting the necessarj
information (inputs). How to get correct data for the plan period?
How to estimate future prices, the demand and the supply possibilities

etc.?

From G.D.R. experience the informational problem can only be solved
py involving all experts and planners, who are working in the correspond=
ing sector, in the process of applying the model. Besides one must have

up-to~date analytical reports, 2 good market research and should apply

statistical methods for calculating future trends and tendencies.



For theiplanner there seems to be a paradoxon. By applying
programming technique he is aiming at rationalizing the whole procedure
of planning and finding the onimum set of plan-targets. But first of
211 he has to work harder as the data requirements are growing and he
must spend greater efforts in determining the necessary information. Go-
ing into this matter in details, it becomes clear that there is no addi-
tional demand for data but all are part of pianning._ Using mathematical
methods in planning makes it only necessary, to fix the objectives and the
limitations for the plan in a quantitative and qualitafive exact way, a
matter, which sometiﬁas didn't get due consideration in traditional plan~-
ning. Thus the accuracy of planning will grow and planning will benefit
at all by makingiuse of mathematics and econometrics. Now let us discuss

some ideas how to get the necessary inputs.

'--.' g 1 aa b .
As regards the external side of the R.0.M. and C.R.0.M. one has %o

predetermine the following inputs:

prices (pkr' dkr)
upper bounds (bkr bgr)
lower bounds (Ekr Egr)
balance limitations (5 Bz 1)
S I -

Balance limitations are mainly related to trade policy aspects and
the existing trade and payment aggrements so that it is first of all a mat-
ter of trade policy making, to determinersr, Er, Ir.iiThese inputs:should

Be’fixed at thé end of collecting all data_a@d“if'if is an optimization. on
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mnicro economic level one should be generous. The lower bounds usu L1y
can be derived from trade and payment aggrements, contracts, concluded

.and by analysing the past development.

In medium-term and long-term planning the lower bounds tend to
be 0 if there are no contracts and long-term aggreements. Thus the field

(1)

of optimization will become larger.

The informational problem on the external side of the model is
mainly concentrated on determining the external prices and the upper bounds
for exports and imports. And here we need a good market research on prices

and on éupply and demand possibilities.

In the G.D.R. we make use of the experiences of all organs which
are engaged in foréign trade and those are: the exp;;t and import companies,
the producers of exports, the industrial consumer of imports, the Ministry
of Foreign Tradey research institutions in the field of foreign trade, the
Foreign Trade Representations abroad. All information (coming from these
organs and besides from international statistics and projections should be
sollected and analysed. When estimatihg figures for the plan period one should
also apply statistical methods like trend calculations, regression calculation

e
EUC.

(1) 0f course, we will also include lower bounds for exports and imports
in models for perspective planning, e.g. for ensuring minimum exports of
some commodities to some market s.
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For making the optimization more realistic ohc can calcula£e some
variants, varying the external prices andfor the upper bounds for our ex-
ports and imports. Deciding on the'figureé to be fixed in ﬁhe plan then
méans choosing between some variants which have been calculated egactly
and laying down the %olicy to bte followed within this frame.

As regards the internal side the R.0.M. and C.R.O.M. include the
following inputs:

the internal demand B
prcduction capacities Kk =

export and import volumes € ik

internal prices cf costs of Py pi
I
production d d
P e g
technical coefficients a ’

kJ

Part of these data can be taken from other sources, such &s ba-
lance reports and preliminary balances for the plan period. First of all
we have in mind commo@ity balances, from which one can get information on
the domestic demand and - in cése of appiying the R.0.M. - on thé export
and imporé volumes. The technical coefficienis akj should be obtained irom
input-output balances and the production capacity has to be calculated on
the basis of the actual output, taking into consideration new capacities
which will result from both further improvements in the efficiency of pro-

duction and new investments. Prices and costs of production for future

4

»
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periods should be calculated according to the internal price princ ples
and actual trends in the development of costs. The model can be based

in ome variant qQn constant prices internally. For making projections or

estimating the future dpve}opment it might also be useful to apply statis-

tical trend calchlationh, elasticity calculations etcy

As the constraints are limiting the field of optimization one
should be realistic but not too cautiously, when determining the inputs.
For example: When applying the R.O.M. 5t is better if there is a compara-
tively large difference between the maximum sales poésibilitiesrand the
predetermined export vplume. Thus the possibilify of varying the exports
per country is growing and the objective function will result in a better

distribution. On the other side, it goes without saying that the constraints

1) BepS Fyer SPkr .
e
(2) ggrg s ber

have to ensure that the optimal solution is a reaiistic one as seen from

the angle of the real purchase and sales possibility per commodity and coun-
try. There will be a greater flexibility in determining the inpqts when we

are applying such models for medium-term and long-term planning. The calcu~
lation should be upderstood then as a projection on which basis the plan

could be drawn .up .

From G.D.R. experience it needs a lgt. of time and one has to spend

great efforte especially at the beginning of applying models in practical,
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planning before there will be a considerable bengfit. But here we
should be patient and profound in studying all Problgms which ma} ,
ari.ec-as ;e will benefit irom these ziforts in the‘long—run. After. , 5
having gninéd first experiences one can better gro;eed.' Finally the
programming technique will lead to a rationmalization of glanning and
to plan~figures, whiuh are not only consistent bub likely nptiwal ones.
‘ i : = : . !
There is angther experience we gained: One should not rise the
question of replacing traditional tools like balances by modern ‘tools
like models of optimization, Ve are following the concept of combining
the tradifional and the modern tools in practical planning and here we
got good results. The R.0.M. and C.R.0.b. nowadays are glaporated in ﬁll
details and are subject of ppactical appliéation Ey varigus organs and oﬂ

different levels together with using the other tools for foreign trads

; »
planning, such as balances, eificiency calculations ete.

3.3 Steps to be undertaken when.applying

~ linear programming models in practice

_ . On the basis-cupractical experiences we gained and in accordance
.with the principles applied in operations research in general one can [or-
- /
mulate a set of differént steps bo be undertaken when applying such modsls |
in foreién trade planning. And these are the main steps: :
l=st .step : One should start with a profound analysis on the subject of

optimization and investigate the main elements, the objectives

and ¢o2ls for the plan-period.
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2-nd step : Formulating the model in its verbal and mathematical form.
3-78 step : Collecting and checking the necessary datas
4-th step : Preparing the computer programme and solving the model by

the computer.

5-th step

e

analysing the results and making proposals either for the
plan,

or for another calcu}ation on the computer when changes in
the constraints and/or objective function are preferable or

necessary.

These shteps are conéecutive steps ﬁ;sulting from the procedure of
planning and the technique to he used. There are cloze correlations and
often it is necessary, to go back to a former step when dealing with Ene
collection of data, elaborating on the computer proéramme etc. ‘'The fol-~
lowing scheme might give an idea on the procedure and the possible corre-

lations. ( page 30 , please )

New let us elzborate on these steps in details.

a " Apalysing the_economic problem and

fixing the subject of optimization

At the beginning one has to investigate tha long-term and shori-
run objectives for drawing up the plan, the factors, which are stimulat-
ing the economiz growth and at the same time the limiting conditions.

Which are bottlenecks, shortcomings at presenf and for the future perioa?
As rogards foreign trade one has to fix the role of this sector in the eco-

nomic policy and in the structural concept to be followéd. Summarizing
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Analysing the problems and the economic
subject of the optimization project. e

¥

Formulating the model in its verbal

and mathematical form.

Y
Collecting the data

Y
Are the data sufficient ;
: for the model? No

Y

s
5

_ Is the model consistent? '

(8-

Solving the model by the corres-
ponding computer programme.
12

( Is there a solution

Analysis of the results

K

( Are the results acceptable? No

N

(H

Formulating plan-proposals on the
basis of the results from the model.

‘
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all these aspects one has finally to decide whether it is usefu. or not
to apply linear programming technique and here the voncrete task for
"the optimization has to be determined, Is it useful te apply 2 model
tor the regional optimization or for optimizing the regional and commo-
dity etructure, should we calculate the exports and imports separately

or in its relation to production, consurption etc.

(b)) Formulating the model

On tho nuasis of & profound analysis and following clear outlines
for the optimizallon one can logically proceed in ponéfructing the model
to be applied in its verkal and mathematical form. As it is necessary to
formulate the objectives and the constraints in an exact way often one has
to check again and to reccngider the analysis and itg outcome.

’

When formulating the mathematical model it becomes‘quite clear
which are the variables of the model and which ars the necessary inputs for
the calculation. Here or evén in the first step one has also to lay down
the concrete nomenclatura for the optimization by answering the question
which commodities and which countries should be included and wvhich could be
neglected or omitted. This malnly depends upen the 2im of the optimization.

: / \
To give an example.
'he Ministry of Foreign Trade is aiming at flnding the optimal dis-

tribution of the exports and imports on regions. Thus the regional nomenclature
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of the model should be very detailed including all or nearly all coun-
tries which are of importance for our exports and imports. The commo-
dity nomenclature can be a selected or an aggregated one including main

commodities or groups of commodities.

But if we are aiming at an optimization of the commodity struc-

ture of exports and imports, we should handle the matter vice versa. The
commodity nomenclature should be detailed and the regional nomenclature

a selected or aggregated one.

(¢ )' Collecting the data ‘ i

From the model in its mathematical form one can directly derive
a list of data, which we need for calculating the optimal structure of
the problem concerned. The data must be defined very precise. For exa~
mple we have not only to {ix that we need external pricet for commodities
)-by cvuntries, DBesides the terms of :
delivery (fob, cif or any other basis) and the terms of payment must be

taken into consideration and here a unified price basis must be found to

enable a correct optimization.

After having collected the data and before starting the computa-
tion itself one has to check whether the data are consistent and accept-
able. We developed a special programme for the check-up which will be

calculated by the computer.
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The. check—up-:includes a series of control calculations. such
as (fOI‘ the R-OQM. B-g.)
%  The upper bounds per commodity must be larger than the export quan-

tity/value 7
( Z Dkrz ek)
* the upper bounds per commodity must be larger than the import quan-
tity

i the lower tounds per commodity must be less than the export quanti-
ties < : '
(X 5, < e
r
or the import quantities
r
# the lower and.upper bounds must be within the frame fixed by the

balance limitations
e.g- .

B =
% Pyyp  Pkr — E

& (Er and Ir here are to be understood

21

' 4 as lower balance limitations)
z d b
— B R r

b

Only if these calculations prove to be successful one can actua-
11y start the optimization., Otherwise the data include some contradic~
tions which cannot be overcoms by the computer and one will not get a re-
sult. In such a case we have to reconsider the inputs for making unsces-
sary- changes either in the inputs'of the ogtimizaticn or in tha model it-

self.
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(d) Analysing the results of the optimization

and preparing the necessary decisions.

The results which we will get by the computer cannot be consi~-

dered automatically as the final decision as one has to check once more
whether the outputs are-covering the predetermined objectives and are
within the limits existing internally and on external-markets.
£
If we succeeded in including all market and other limitations
correctly in the model no problems may arise. But often we were bound
to make some simplifications, aggregations or even it was hard to fix
correct data, Therefore it is necessary to chedk the outcome of the op-
timization and to decide upon:
a) whether the results could be accepted and taken as basis for fix- .
ing the corresponding it emé. in the plan or
b) whether it is necessary fto recalculafe the moael according to ne-

cessary changes in some equations or in the inputs.

As it is relatively easy to calculate several variants when the
basic type of the model is available, we should aim at several calcula-

tions for making the picture clearer and thus having a better basis for

the necessary decisions.

The model can also be applied continuously, from time to time.
When there are considerable changes in the inputs of the model - which
must be ﬁroPerly followed - up-it is possible to uée the model we have
previcusly prepared, again and to calculate a new set of optimal figures

based on up - to-date information.
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Further research work on model building

In the further research we are fecllowing Z lines:

Using linear programming technigue for other problems of planning

For example we are elatorating on models for optimizing the
economic relations between the member covntries of the C,H.Z.A. ¥e
developed a model for tinding the cptimal structure of =xports and
imports insidé and outside the CMEA and a model for finding the best
specialization 2nd cooperation on sectoral level between the socia-
list countries.  Besides we are searching for linear progremming

models especially for medium-term and long-term planning(-mn}ti—stage-

We are trying to make use of other programming techniques, such as
dynamic programming, for foreign trade planning., Thus we succeeded
recently in building and solving a dynamic model of optimizing the
(1

Here ve were able tc inciude hoth noen-lineanr

problems and several years of the plan separateiy. Tris makes the

W]

model useful first of all for 5-or 10-year planning. We are also

searching on further improvements of the linear programming technigue

{improving the computaticn technique, building larger medels, which can

be solved, making use of the dual variables and the dval programme etc.)

(a)
and decision making.
models).
(b)
exports and imports.
(1)

For this technique the Bellman - algorithm haé been the basis.



- 36—

Appendix 1

Model for Optimizing the Regional Structure of Exports and Imports

Objective function:
n m S m

Z Zperkr"zzd y__ —> max.

k=1 =l g=1- r=l §L.LBE

Constraints:

‘m
(1) :E: Xep = € ke =), 2 ey D
r=1

1]
(2) Z Ygr =1y E=liZieens

r=1
25 o~ k:].' 2' enegy Il J
s ¥ s b
kr L% =]y Py e g 00
" kzl 2 " e - n
> 1 L ] . 3
Gite) *kr Ekr

=5:) §i 455 b
¥ ex v R B2 L S
B - 11 ?g saesy S5

(%) g
¥ = TR LS ey |

n S

( ' - dq = S =1 . ahe

L 7 ) z ka‘ ku‘ 2 Jgr ygr r r —!_?—: s I
k= g=1
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Appendix 2

Model for Optimizing the Regional Distribution of Exports and Imports

on Value Basis

Dbjective function

P

ZZY —3 max.
g r

ET
Constraints
m
1.
(1) 2.+ ox =g I =Ly 2y 4 5wgen
r=1 Uep
iy :
I i — [ =
A 2 ) I;Z-.l qgr Ygr = Ig g = l, 2’ cesy O
> s
(3) xkr e gkr
o
. < =
(&) Xy By .
- =>
(5) Ygr— ggr

F )
~J
A
M
e
-
L ]
1
<
m
e |
1l
wn
H

Hint s
The symbols are of the same meaning like before (Appendix 1)e
By capital letters we want to express the value unit-basis on which

this model is built.
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Appendix 3

=

Model‘for Optimizing the Commodity and Regional Structure of Foreign

Trade el S

Objective function

n m Taaimi s m '
E E TN Sy j{: pI X.: & E at y -
kr "kr =) § oy gL EY
k=1 r=1 k=l r=1 g=1- n=l
s m
- dgr ygr —> max
g=1 =l 2
Constraints
m n m :
S Z_ Ygr * ¥ = aijj‘“z *kr * Bk
r=1 a=r vl ~
]
SR e
(3) xkr:Lbkr
AT
) }‘kr“}zkr
. = : .
C5) vy o=t 3
f
6] <5
(6) Jpp ~—Bor o)
s
R T Bl \ 2T ; YO R s P bty il
70 )__ Per *kr ~ ji: dgr ygr &= sr '
: k:l erf : .k:]_ i == - . e 9 g} w 1 I §' o
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Numerical example for building a linear model for plénning foreign
tyade: The case of optimal distributing export commodities on dif-

ferent couutries;

Suppose, there are 4 commodities, A, B, C and D, which can be
exported to 3 different markets (countries). The total quantities
available for export amount to 100 units of commodity A, 2C unit of B,
200 units of C an& 500 units of D. The deﬁand_in the foreign markets
for a given structure of prices is the following:
for commodity A on market 1 = 50 units

on market 2 = 100 "

; on market 3 - 50 "
total demand= 200 i

for commodity B cn market 1 = 10 3 B
on markst 2 = 20 "
on market 3 = 20 "
total demand= 50 H

for commodity C on market 1 = no demand
on market 2 = 150 units
on market 3 = 200 "
total demand= 350 "

for commodity D on market 1 = 200 "
on market 2 = 400 "
on market 3 = 200 "

total demand= 800 "
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As easily can be seen the total demand for each commodity is

larger than the quantities available for export.

Thus one should try

4o find the best distribution of the exportsto the markets, which

mainly will depend :pon the prices we will get .on different markets/

countries . Therefore next we need exact information aboyt the export

prices. The external prices we will get are included in table 1.

Table 1
‘ Country Country Codntry
] 2 3
Commodity A 10 12 15
L B 50 40 %e}
1 C 10 20 15
i D 15 10 12

The prices are to be understood as fob-prices per unit of export.

If we are contracting the exvorts on terms which are .different from the

fob~bazis (e.g. on cif or c.8.f. - basis), we have to re-calculate these -

prices for getting a unified price basis.

It :an be zeen from tatle 1, that the external prices for each

commodity are different from country to country, thus we should try to

&

follow the criteria of meximizing the foreign exchange receipts when dis-

tributing tze export quantities on different markeis.
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But there are 2 limiting conditions:

(1) e are bound to export at least the following quantities to
tne markets concerned (becéuse of long-term contracts, items
included in trade agreements etc.).

1C units of A to country 2
5 units of B to country 1

5 units of B to country

N W

50 units of C to country

100 units of C to country

= AN

100 units of D to country-

n

50 units of D to country

The foreign trade relations between us and country 1 and 2 are

—~
mno
s

based on bilateral agreements, from which balance limitations

will result. Our total exports to coﬁntry ? should be equal or
less than 2.600 foreign exchange units, whersas there is a mini-
mum value of exports to country 1 of 2.000 foreign exchange units.

Fér-country 3 there are no balance limitations.

1f there are no other limiting conditions and preferences to be

included in the programme we can start building the model now.

At Pirst we have to determine, which are the unknowns (outputs of
the calculation). We are aiming at finding the optimal export quantities

of commodity As By C, D for each country. [he variable %, vhich stands
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for the export quantities; runs from k = 1 t1ill & and here k is

the index for commodities, and from r = 1 till 3, where r is the

index for countries.

rable 2 includes &all variabias which can be choosen

Country Country Gountry
1 2

Al " Be 2 echa

Commodity A

gt e g b ait Dotica
s R aREey, SRl Sy
& Ut X2 Xz

For bringing the problem in its mathematical form we have to
»

introdiuce the following symbols.

pk,r

(651

stands for the fereign exchange prices we get for exports of
commodity k to country r,
cstands for limitations in the demand side when exporting pro-

duct k to couatry r, and here b 8re lower limits and " b,

) FaS a4

upper bounds.
is a balance limitation for the total exports to country r

ctands for the total volume of commodity k available for expert.
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Now we are able to formulate the mathematical model, which looks as
follow: P - *

At first, the model in general

Objective function:
5 ,

b 3
Z B * - maximumi
k=1 -r=1 kr “kr
Constraints:
-
b E
( 1 ) i xkr = ek
r=1
E; =
(2) ey bkr
-
(3) i Dxr
i . »
£ 4 Ers Z Pyp xkras- Er
k=1
- —
(5) %, == 0

And here is the model in its concrete form, inoluding the datd.

we have collected or predetermined before.

phiective funchion:

Maximizution 6f the foreipgn exchange receiptn

10 x4+ 12 x5+ 15 Xy 4+ 50 %,q* 50 Kot 40 X,gt

10 x31+ 20 x32+ 15 x33+ 15 %4+ 10 x4+ 12 Xy 3 —3 max.!



Constraints
/£ (o 5 Limitations in the
e e

Kog Etnn

X41+X1+2+

g
xll$50
< 100

s Tl B0

3 L 15
c32 £ 150

x33 $ 200

Xiyl gaoo
i 1
{
xqz‘s +00

xq_), = ?OO

3.}
) 2.0

x12 z 10

X3 20

+

Upper bounds on foreign markets for

quentities, available for export .

%. .= 100

13 gy te e bR Qe Do LA
et Mol B
}’3}= 200
}:43: 500

our exports.

Lower bounds for our exports on foreign markets.
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Baelance limitations for 2 countries

B 3 > 2.000
10 X;q ¥ 50 Xy * 10 x}l + 15 %y

3 A
:

, ¢ 2.600
12 Xip * 40 Xyn + 20 Xq + 10 x

The modal can be solved by applying the simplex slgorlthm.

And hare are the results. lable 3 glves inulght into
the outputs of the optimization, 1,2, the guantitieos to bo

axported from euch commodity to country 1, 2 and 3.

Country Country Country

1 2 b

JCommodity A 0 50 50
" B 10 0 10

h e 0 50 150

N D 200 100 200
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Ihe export value with country 1 amounts %o
3,500 foreign exchange units

with country 2 to 2.600 u " "

LA

with country 3 to 5.400 n " "

I'hus the objective function amounts to 11.900 foreign exchénge units.

Last but not least we have to check whether all constraints
are followed which easily can be seen and whether the solution:-can be
confirmed from the practical economic, ﬁolitical and other points of

the :

view. If this will be the case/solution is the optimal one and should

pe realized in practices .

v
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