THE INSTITUTE OF
NATIONAL PLANNING

Memo No (1014)

The Applications of Linear Programming
Models for Planning the Optimal Structure
of foreign trade

By

Dr. Dieter Sculneister

Aug. 1989




The application of linear programming models for

planning $he optimal structure of foreign trade

FOPWOrd L] s s e L] O; LR L] L e e L) LR} o w . s *a a s

Introductionc e e L L L] e L e LR ] L] . e L] . a e e L

1

Basic ideas for constructing linear programming models

for planning foreign trade.. .. <. +o o0 o0 oo oo

Models of optimization for the foreign trade sector. ..

2.1 Model for optimizing the regional distribution of

export and import.. .. <¢ co L0 oo e ee e

2.2 Model for optimizing the commodity and regional

structure of foreign trade.. «¢ oo +o 8s o

Experiences in applying linear programming models
planning foreign trade .. .. .o vo oo co 0o eo e
3.1 Some practical problems in using the models
P 1= How to get the necessary data? .. .. .. ..

3.3 Steps to be undertzken in applying models..

Further research on model building «. «c oo oo oo

- Appendix

o

10
10

14

19
19

23
28

35



Forword
We held a series of discussions on model building for foreign
trade planning at the‘International Economic RelationsCentre at the
I.N.P. Cairo. As part of it I presented a model for optimizing the
. 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 I will summarize and elaboraja an 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="
pocially the staff of the I.E.R.C., for getting better idess on problams

of model building in developing countries, especially in the A.R.E. .
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 And there is another question to be mentioned. .We always con-

sider such models as auxiliary instruments for planning. A model, .’

even highlg-SOphistlcated. 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 vhich ars
limiting 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 to stress thatb the social development and the economy are
o manifold and include soO 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. Ee-
pecially we will deal with problems one will be facing in the practical

approach.

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
quéstion what will be the aim in building the model, 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
.he 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 d

(1}

veloped
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 programming, dynamic programming. The linear programming tech-
nique seems to be the most developed one for economic planning till now

|
2nd here the socialist countries have practical experiences, too. For

constructing linear programming models for foreign trade planning we will

rofar 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 second there is a set of linear constraints

n
zl gy S 1=1; e, e

which 1imit the vgriables of the model, and last not least all vari-

ables must be non-negative, i.e.

112_0 ' 121.2|0--,m

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

planning suggests itself. : 4

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 éay-for imports are different.from country to country so thaf we
are looking for the best distribution of the exports and imports. _But-
when follofiing such criteria Wwe have to take into consideration some limi-
ting conditlons which may exist both internally and on external markets,
such as
(2 ) limitations in the capacity for producing the exportables,

( & ) the necessity of fulfilling the domestic demand in produ;ts which
are also exportables, ' %
( 2 ). usually the external demand for our exports 1s not unlimit&d and

there may exist upper bounds, l



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

( @ ) from trade and payment agreements the necessity of followlng cer-
tain balance requirements may arise and we have to follow a fixed

trade=poliay.

Now we will construct a medel which will inelude these eonditiens
and oriteriz and the application of which will contribute to the finding

of the best solution ef the above mentiened tagk.

when k 1s ihe index for export commod;tieg (k 8 1y 29 vesy P2 B
the index for impoert commodities (g = 1y 2y er vy g) and r the index fer
countries/areas (r = 1, 2, +vsy m) then we are looking for eptimal experst
quantitieg/values for each commedity o eash ceuniry (#, o) and for bhe

eptimal items of our imports (yg'?).

The follewing table gives insight in o the variables (outiputg) of

the ealgulatien, we are isaking fer.



Count ry

1 2 3 see m
Commodity .,

exportable k - 1 X117 Xy5 x13 cese X
" 2 %51 X550 x23 csae Xom
L 3 x31 x32 x33 & ocere x3m
2 *n1 *ne n3 = nm
imporfable 1 13 Y1 y13 sons I1m
B=2 Yo e daniidog o edis Yom
2 W1 e llsge v gy
g Is1 Is2 ys} S Yem

4nd hare are the inputs of the model necessary for determining the

ﬁphimal digtribution of the exports and imports.

When ey 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
(L) E:- '

r=1

<

S1c

k=

-

= stands for the quantity/value of commodity

000|n



vhish means that the export of commodity k $o 21l markets added toge-
thef\can only be equal to the predetermined export capacity e, or less

than it.
m

(2) Z 3gr=1g 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 1imit for imports of commodity g, one can also formulate:

= (2 a) Z Ygr?_. ig g=1..2' sesey S

r=1

Both are limitations from the internal side of the country. On
the external markets there may exist a minimum demand (pkr) for our ex=-
ports, which at least should be covered, and a maximum sale's possibillty.
Thus one can formulate ’

k-"-l' 2' sany Il

(3) 5
ke=T= - K» P Ty B semy M

( k=l' 21 seny Il
70 S S T
- kr = =kr A, e S

and for the importables analoguously

- g=l. 2' eao sy s
(5) s
I‘:l, 2' sseg I
g'-:l' 2' LI ) =]
(6) g . >h
r < -gr
g & r =1; 2, sss3 M
where Egr = 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

w83
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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
understosd 28 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 currency
or in terms of convertible currency) and on the concrete situvation of
the payments in the-given period. | Now we have to detgrmine 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 Pyp 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 T.l“ll S g »
E:: iy Py *xr ~ E dgr ygr sl
k=1 r=1 g=l1 r=1
which aims at a maximization of our foreign exchange receipts and 2 mini-
mization of the foreign exchange expenditures.

f

From the linear programming point of view the model is camplete 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. '- :



n
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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’applying 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
vl ) zz: ¥ SaE k

1’ 29 Iltnn

il
,_J
g
1

(2) y -A'-g 2’ o0 g B
are characteristic ones and make it obviously that the'export volume

of the commodities (ek for k = 1; 2, wasyn}-2nd the import volume of ' ¢

the gommodities (ig for g =1, 2, veo, s) have to be predetermined

ki

I

Here we made use of earlier studies on this problem carried through
by Trzeciakowski (A model of optimization of current directions of .
policy in foreign trade, Gospodarka Planowa, Warsaw 1960) and Kronsjo
(Iterative pricing for planning foreign trade, Economics of Planning,
vol, 3 Nos 1, 1963).
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2nd 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 %o 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-
?crts on ?egions when the foreign exchange receipts are a maximum and
the foreign exchange expenditures are at the lowest level within the
bounds previously mentioned. In principle, the objective function

s

m m .
Z Z Wy Z E dgr ygr ——> maximum
r=1

n
k=1 r=l - g=1

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

be maximized, a deficit minimirzed. Often we are\esﬁécially 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:

mn

n m S
j{l E tr Pyr Xpp ~ E fr dgr ygr ——> maximum
g=1

k=1 “r=l r=1
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 te 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 Foreipgn
Trade Agency had been calculated in its optimal regional 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 Trade—we vevr=s
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



