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PREFACE 

TQ,e main di:fference · between the work here presented and thę 

other studies i-elated to the- same, generally speaking, domain, · , . . 
consists in the fact that considerations contained in thls . book 

indicate the possibllity of resolving questions concerning the 

choice of the · subject and establlshaent of profitability of 

international trade and cooperation ln condltions when: 

• prices on the interna! aarket do not correspond · to social . 

costs, 

• there · is lack of conviction as to correctness of exchange 

rates, 

• prices in _ internatlonal trade are subject to aanipulatlons, 

resulting from definite interests of soae countries, or they 

simply canriot follow the developaent of world production system. 

As can easily be noticed these are Just the condi tlons in which . 

currently the . lnternational trade and coopę:ratlon system is being 

shaped. These partfoular conditions result, for instance, froa 

goverruaental subsidles oriented at ' individual commodltles or 

groups of commod.itles (e.g. · food products), froa existlng eustom · 

tax barrlers and fro11 an extrenely quick pace of technological 

progress in. the techniques of production. 



. INTRODUCTION 

The problem . of international exchange was presented for the 

firs t time in precise mathematical terms by Wassily Leontief in 

his paper entitled "Factor Proportions and the Structure of 

American Trade", published in Review of Economics and St11tistics 

(1956 , vol. 38, no . 4). 

The first mathematical approach to the problem presented in 

Po l and, was of international industrial cooperation formulated in 

the Doct ora! dissertation of Andrzej Ameljańczyk (Military 

Technical Academy, 1975), supervlsed by this author . 

Earlier , a similar f ormulatlon of the problem of international 

trade exchange had been forwar ded in the Doctora! dissertation of 

J. ICotYński (Main School · of Plannimg and Stat1st1cs, Warsaw, 1968) . 

If we distinquish the specific problem of international 

economic cooperatlon within the broader domain of lnternational 

trade exchange · then the first monograph devoted entirely to 

economic cooperat ion i s the book in Pollsh by S. Piasecki, 

J . Ho l uniec and A.Ameljańczyk, entitled •International ecónomic 

cooperation - Modell i ng and Opt1ml zat1on" (PWN, Warsaw-Lódź, 

1982). 

The assumption of complementari ty of gopds, characteristic for 

the problem of cooperation, was first introduced by O. Graham in 

1923 in his paper "Tne T'neory of International Values Examined" 

(Quarterly Journal of Economics , vol. 38, no . !). 

The present publication contains the original results of 

studies conducted during the years 1982-1985, · being a continuation 

of work started a dozen years before. 

Models of internat i onal cooperation considered there (see 

. Chapters 1 to 3) were much simpler than in. the ones presented 

here . Still, they are, alas, only theoretical aodels, whlch cannot 

be practically applied in economic act1v1ty. 

Notwl thstandlng thls s1tuat1on, tbe models gi ve certa in 

possibillt1es with respect to appl1cat1ons. l am· convlnced that 
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· further in-depth studies in and broadoning of the · theory presented 

here will make out of it in the future a pe~fect instrument for 

econo• ic practice. I . thinlc that conclusions resulting from it may 

contribute to quicker reequilibration of the international 

economic syste•, which has been put so much off the equilibrium by . 

the existing debts. 

Aga1:nst the background of existlng numerous publications 

. dealing with international trade and cooperatlon, as well as 

lnternatlonal . speciallzation, the theory here presented does not 
. . ' 

require acceptance of the co11110nly up to date adopted assumption 

. concerning econo• ic equillbria vi thin the cooperatlng countries, 

and, furthenaore, this theory has much greater practical potentia! 

than the previous theories, in which 1t has been necessary to 

assume existence of econo• ic equilibri~ prices for comparing 

profitability of trade. 

Since the theory presented in this book is independent of 

existerice of prices, it can also be used in determination of the 

price structure of goods 1ncluded in the trade, profitable for the 

. partners in sućh an internatlonal trade deal. Thus, the· structure 

determined ("terms of trade") . guarantees stimulation of 

internatlonal cooperatlon and iaprove• ent of international 

speciallzaUon. 

On the other hand, the theory can also be ~ in deciding 

whether the structure of prices actually existing in the 

internatlonal . aarket is enhancing or, to the contrary, hindering, 

the developaent of trade, whether 1t does not lead to an unsound. 

developaent of so• e of the partners at the expense of the other 

ones. It is not difflcult to realize that the theory presented, 

and -especiaUy 1ts results, concern one of the essentlal econOl\ic 

proble• s of presęnt ti• e. 

The theory has, indeed, its weak points as well. A number of 

tecbnical siapl1fy1ng assuaptions put aside (thelr nUllber shall be 

decreasing as the theory develops), ·there is one funda• ental 

assu• ption. lt says that every participant of. cooperatlon relation 

(of internatlonal trade) tries to produce the · aaxillUJI of 

necessary . goods of a given structure, enterlng the group 
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considered. , 

When tbese ones are consU11ption goods, we are dealing wi.th . the 

situation, . when every partner (every national economy) 

participating in internatlonal exchange, is gearect towards 

aax1Aizat1on of tbe living standard of owu population, given . a 

. consuaption structure cbaracteristic for this population. 

Wben, however, these ate not con&U11pt1on goods, but, e.g. seai­

products, then this corresponds to lhe s1tuat1on . in which ~ery 

participant--producer tries to ,llllXi• ize own producUon, tbis 

production deteraining the structure of deaand for seai-products 

encoapassed by cooperation. From this point of . view the theory 

presented uy get applied beyond the doaain of i.nternational 

cooperation. 

Technical .· s1mplif1cat1ons adopted in the book result fro• the 

wish of possibly elear and understandable presentaUon of '. the 

tbeory. Thus, wanting to show graphically the -chanisa of 

cooperation and to illustrate the results of the theory, the 

present author eaphaslzes · ln the book bilateral cooperation 

encoapasslng only two kinds or gro~ of commodities . A.nalysis of 

the thus siaplified problem is contalned lll first seven cbapters 

of the book. 

The eighth chapter is in a way a · generalization of 

conslderations presented in the prevlous cbapters so as to account 

for the case of multilateral cooper~tion, involving aultiple 

goods, This chapter aay constitute a separate whole - a sumaary of 

the contents of the book. 
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6.TIIE QIOICE OF a>OPERATION RELATIONS . . 

. . . 

Let us pr:ove at the outset the theor:ea of the following conterits: 

Tbeorea 3: 

If it is tnie that 

• • .. 
then the overall consU11Ption lł1 • lł2 • r,JJ1 is equal 

II I • B21 · · B21 al GIi 
lł1 • -.-v·D - G • -·D - G • Ił . + lł ·1 

BLL · BI . 1 

Gł GlI 
(wher:e lł 1 , lłi are consumption • agnitudes which ·each of the sides can 

assure for ltself irr:espective of cooperation) and lt does not depend 
. · l II 

·. ~n 1 ~ . cho lee of extreaua producUon strategie& Ca1, «1 . ) and 

(~,«z }, .tbat is - the ones wblch satisfy conclltions 
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. . 

Proof". ·· . . . . 

. ·• . • .· . . I II . . · 
Talce any pair of feasible extremum strategies, (a:1,a:1 ), that is -

the ones which satisfy the two inequallUes given beforE!, .and such 
. . .· 

that guarant:e balanclng of exchange, 1. e. 

11! + ,{1 • O 

~ · +~l=o 

with the glven consumptlon structure 

lł 1 · 1311 2.i • ., ;r 1311 2 
.1 1 ·. 

As we know from our previous · considerations, resul tlng ·from the 

soluUon of" the three · aentloned systems of · equatlons is t .he 

relations 

By malclng use of .t he assumptions of the Theoremand .denotlng 

· we obtain 

. BI „ B211 + ..!,si . • -&BIi ~ _!•-&BII • -&BIi 
'12 12 . · 21 '1~ 12 . ·. 

I II Ther:efroa the relatlon between a:1 and a:1 can be written down in 
· the fora · 

On the other hand Csee p. 

we have relation 

a:I.-. + .. U. D 
· 1v ... 1 . • 7f 

B . . 

) for the extremum feaslble strategles 
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1where 131 = f3! + t3il. Therefrom, having replaced B~1 with B~11' _ we 

obtaln: 
I II G + f31 

4 11' + 4 1 = _I_I_ 
B 

21 

Comparlng the left hand sldes of the relations obtalned we see 

that they are ldentlcal, so that the right hand sides must also be 

equal: 

and flnally 

D G + f31 
BII = 7J 

21 

. II 1 I 
or, after substltutlon of B • i·B , 

D 1 
/Jl :s -·B - G 

8 I 21 

Thus, we have demonstrated that 131 does not, in fact·, depend upon 
I II · 

the adopted strategy («1, «1 ) _ if the lat ter is e ':tremal (and, of 

course, lt satisfles the condltlons resultlng from the consumption 

structure and the necesslty of baiancing the cooperation 

exchange). Slmultaneously, the value of 131 is in such a case as 

given in the proposition of the Theorem. In order to complete the 

proof we should demonstrate yet that 

a BII 
lł1 = ~ - G 

BII 
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0 · 01 0II ą 01 <:>II 0 
··-. where: /31 = 131 .+ /31 and /32 = 132 + /32 = '12131 1s . .the overall 

consumption of: bbth sides in case of: lack of: cooperatlon, that 

means - when each slde maximizes c~ consumptlon independently. As 

we know (see·p.3} _ - in case of: autarchie economy each side can at 

most reach the following levels of consumptlon: 

el 
. /3 = 
. 1 

ell 
/3 . 

1 

01 . el 
132 = 72131 

under the pr-oductlon strategies, respectively: 

AI 
0I l 01 2 
Cl = A ... Cl ·-

2 2 1 AI 
1 

II 
01I _ All ell Ai 
«2 - 2 - «1 ·-1-1 . . A . 

1 

As can easlly be .verlfled the pair of strategles 

satisfles the relation -

' D 
= BIi .-

slnce 

Thl s . p.air ful flll also the second r e l atlon: 

SS 

• 

+ ·AIIbll 
2 2 1 



0 

G .+ f31 

= . . BII .· 

which i t is somewhat more difficult . to demonstrate via ,formal 

algebraic transfonnatlons, but . which can be. proved 1.n the 

following way: 

Th 1 th i f t . t i (el 011 ) is· . extremąl from us, name Y, .. e par o sra eg es «1,«1 
the definition and is · feasible from the · point of view of 

cooperatlon for i t satlsfles the equatlons 

I Il ,. o 
"1 + "1 

. I + II 
"2 µ 2 "'o 

I Il I II 
since µ1 = µ 1 ="z• µ2 = O from the definition, and 

a 
liz 
- .. 'l e 2 
lł1 

It can be concluded on the basis of the above that the pair 
el all . . . (c:tr «h) as one of the feasible, pairs of cooperatlon strategies . 

C«1,«2 ) has to satlsfy also the second relatlon . . By comparingthe 

two relations by sides we obtain the equatlon: 

and • the formula 

e 
D G + lł1 

. BIi = 7I 
21 

· a B11 
21 · 

. fł1 • :u° - G . 
B . 
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(ltD. 

From · 1;he .conte.nts . of .the . above theorem · a conclusi.on can · be 

drawn, very i_mportant from the point of view- of practice, · nam~ly: 

. · . I I I I and. ·All . A!I . bil bil of 
1. . If characteristics A1, Ai'. b21 • b12 . 1, · .. · -,f . 21 ' 12 . 

both enterprises (economies ) fulfill the equation 

then there does not exi.st a . cooperation . strategy ensuting the 

possib111ty of inci-easlng the overal.l conSUlllJ)tion above the 

quantity which can be attained iri case . when each side is 

maximizing Hs consumption lndependenuy; Thus, cooperaUon does 

no.t give -· advantages not only. when charac:tetistics of both 

enterprises (economies) are identic,-1, .but also When they fulfUl 

the equation given before. 

Simul taneously, . lt is obvlously true that 

2. The greater the difference 

c5 z 

the more advantageous, . fro11 the . poińt of view of values /31 ·. and 

. f32=rił1 , · coo~ęraUon of both enterprises (economies). ·. In this, · 
. · I II · I li . 

there ·1s f31=f31+f31 and f32=f32+1ł2 . 

The latter ' ·- conclusion has. also ... important .. pracUcal 

significance, fo~ H allows to choose ~ng the numeróus potentlal 
' ' 

variants of cooperation . the one which promises to be ihe most 

profltable for both sideą. Simpllcity of the . fonilula defining c5 
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malceś i t possible to quickly order ·· all the var i ants of 

cooperatlon, wh~se set has qulte highcardin~lity (when the set of 

partlcular values of cooperatlon parameters . and .the set of 

eliglble palrs · of commodltles being · the . potentia.I · objects of 

. t::ooperatlon are poth of high cardinallty). 

We should explaln in more detall what is understood by "most 

advantageous" in case of cooperation as described here. Thus, we 

understand by · this such a vai"iant, for whlch one obtains · the 
. . . I II 

greatest increase of the overall consumptlon, 131=131+'31 , tł2=-r2łł 1 , 

of both the . commodities considered, "1" and az". Thus, the 

advantage from cooperation for each of the sides depends yet upon 

the manner in which they . share the lncrease inentioned, and more 

precisely - upon the manner of divlding .the summary consumption '31 
· I II .. 

into two parts - '31 and '31. The di vision could ~ unfalr for one 

of the sldes, so that, for . instance, the part ~1 accrulng to the 
. . el 

side I could be smaller than the quan.tl ty 131, whlch this slde 

would be able of ensurlng for itself independeńtly. 

We shall tum to this question in the subsequerit point. 
. . 

Similar reservations concern the first concluslon . . It .is namely 

so that altłiough the sa.Usfactlon of the equatlon mentioned there, 

whlch can also be wrltten down in the fona of 

I II does not lead to the increase of the quantity 131 = łł 1 +łł 1 , stlll, 
I el . II eII in the case when «1 -«1 (and "i -«1 ) , 1. e. when cooperatlon does 

take place, there also arlses the nec.essi ty of · dl vidlng the · 

quanti ty łł 1 obtalned lntó two . parts: lłi and lłil. Thls di vision 

depends upon the prices c1 and c2 adopted in the exchange, and so 

lt can brlng advantage to one of the sides, of course, at the cost 

of the other, .for the .value of 
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is constant. . · 

The . subsequent chapter is · devoted, in particular, · to the 

question of sharing. 
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