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Abs t rac t 

Game theory addresses a problem which i s c e n t r a l to economics. Y e t , 

a c c o r d i n g to the f o l k l o r e of economics, game theory has f a i l e d . Th i s paper 

argues that t h i s i s an i n c o r r e c t i n t e r p r e t a t i o n o f the game theory l i t e r a t u r e . 

When faced w i t h a w e l l - p o s e d prob lem, game theory p rov ides a s o l u t i o n . P r o c e 

dures f o r f a c i n g game theory w i t h w e l l - p o s e d problems are sugges ted , and examples 

o f economic a p p l i c a t i o n s p r o v i d e d . The a p p l i c a t i o n s a re Samuelson 's f i a t money 

mode l , P h e l p s ' c a p i t a l ove raccumu la t ion prob lem, m u l t i p l e r a t i o n a l expec ta t i ons 

e q u i l i b r i a , and a b a r g a i n i n g prob lem. 



Games and Economics: A Genera l S o l u t i o n and P a r t i c u l a r A p p l i c a t i o n s 

The game t h e o r e t i c c o n f l i c t i s a t the heart o f economics. Y e t , a c c o r d 

i ng t o the f o l k l o r e of economics, game theory has f a i l e d economics; i t has f a i l e d 

to p rov ide s o l u t i o n s t o the c o n f l i c t s i t u a t i o n . In the f i r s t s e c t i o n o f t h i s 

paper , i t i s argued tha t the s i t u a t i o n i s q u i t e the r e v e r s e . I t i s economists 

who have f a i l e d t o face game theory w i t h w e l l - p o s e d prob lems. Game theory has 

r e a c t e d a p p r o p r i a t e l y i n the c i r cumstance , i t has not p rov ided s o l u t i o n s . The 

f i r s t s e c t i o n conc ludes w i t h a d i s c u s s i o n o f procedures f o r f a c i n g game theory 

w i t h we l l - posed economic problems. The second s e c t i o n o f the paper , "Miniraax-

N a s h , " p resents one p a r t i c u l a r method o f s o l u t i o n and d i s c u s s e s i t s a p p l i c a t i o n 

to some important and wel l -known examples i n economics. The examples t r ea ted are 

Samuelson 's [6] o v e r l a p p i n g - g e n e r a t i o n s model o f f i a t money ( r e s u l t — t h e r e i s no 

unbacked f i a t money), P h e l p s ' [5l c a p i t a l overaccumula t ion problem ( r e s u l t — 

the re i s no c a p i t a l ove raccumu la t i on ) , and m u l t i p l e r a t i o n a l expec ta t i ons e q u i 

l i b r i u m g e n e r a l l y ( r e s u l t — t h e r e i s a unique e q u i l i b r i u m ) . The l a s t s e c t i o n , 

" F a b l e s o f S p e c i a l i z a t i o n and Trade by I n d i v i d u a l s : Some S o l u t i o n s to a B a r 

g a i n i n g P rob lem, " p resen ts s o l u t i o n s to a key ba rga in ing problem where Min imax-

Nash f a i l s . 
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1 . A Genera l Method o f S o l u t i o n f o r Game Theory  
and I t s Relevance fo r Economic T h e o r i z i n g 

The de te rm ina t i on o f the mechanism f o r o r d e r i n g s t r a t e g i e s i n a game 

t h e o r e t i c c o n f l i c t i s the keystone o f economic s c i e n c e , a t l e a s t i n s o f a r as 

economics i s to remain an outgrowth o f tha t (o the rw ise r e l a t i v e l y minor) s choo l 

o f E n g l i s h ph i l osophy , U t i l i t a r i a n i s m . A method f o r the s o l u t i o n of the gene ra l 

game i s presented i n thi3 s e c t i o n , and the i m p l i c a t i o n s f o r economic t h e o r i z i n g 

d i s c u s s e d . 

1.1 The S t r u c t u r e o f a Game 

F i r s t , l e t us t u r n to the problem o f game theo ry . Let A be the se t o f 

3tates o f the w o r l d , and l e t T be the s e t o f i n d i v i d u a l s . Fo r each teT, l e t X f c be 

the subset o f A f o r wh ich i n d i v i d u a l t has h i s unique complete p reo rde r i ng 

(p re fe rence o r d e r i n g ) > f c on p o i n t s i n X f c . In game theory i t i s u s u a l l y assumed 

tha t X. = X C A f o r a l l t . Now we get to the c o n f l i c t pa r t o f game theo ry . Fo r 

each teT, there e x i s t s a c o l l e c t i o n o f subse ts o f A, W , such tha t i n d i v i d u a l t 

can r e s t r i c t the s t a t e s o f the wor ld to be long to one o f the s e t s i n W f c, S t e W t . 

The s t r a t e g y o f the i n d i v i d u a l t i s cho ice o f a member o f W . In game theory i t 

i s t y p i c a l l y assumed tha t f o r any c o l l e c t i o n o f s e t s 

< st> 
teT 

such that S.eW. f o r a l l t , O S . i s a p o i n t i n X , and tha t f o r a l l t , S ew t t t e T t t t 

i m p l i e s S c X . The problem i n game theory i s to determine a p re fe rence o r d e r i n g 

on the s e t s S eW wh ich , i n an a p p r o p r i a t e sense , i s c o n s i s t e n t w i t h the p r e f e r -

ence o r d e r i n g >. on p o i n t s i n X . 

There i s , of cou rse , an obv ious e x t e n s i o n o f the p re fe rence o r d e r i n g on 

p o i n t s to pre ference o rde r i ngs on s e t s , dominance. For S ' , S " C X , S ' > S" i f 

s ' e S * , s " e S " i m p l i e s s ' >. s " . In p r a c t i c e t h i s ex tens ion i s not very u s e f u l , as 

dominance i s a very s t rong c o n d i t i o n . Moreover, dominance i s the on ly noncon-

t r o v e r s i a l ex tens ion o f the p re fe rence o r d e r i n g on p o i n t s . 
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The r e s o l u t i o n o f t h i s game t h e o r e t i c c o n f l i c t i s the keystone o f 

economics . Once one goes beyond the "Rob inson Crusoe economy," one i s i n a game 

t h e o r e t i c c o n f l i c t s i t u a t i o n . Whether one t r e a t s t h i s problem e x p l i c i t l y o r no t , 

o n e ' s model must somehow r e s o l v e the c o n f l i c t . 

One obv ious approach to the c o n f l i c t s i t u a t i o n i s s imp ly to s t a r t w i t h 

p re fe rences over s e t s . As we do not observe cho ices on p o i n t s i n X but on 3ets i n 

X anyway, p re fe rences on se t s can be our p r i m i t i v e . One f i r s t has to determine 

d e s i r a b l e p r o p e r t i e s f o r such p r e f e r e n c e s . However, one immediate ly con f ron ts a 

d isadvantage t o t h i s approach. Independence o f p re fe rence o r d e r i n g s i s not a 

d e s i r a b l e p r o p e r t y . In games that are s o l v a b l e by the t r a d i t i o n a l game t h e o r e t i c 

approach we know tha t s t r a t e g i e s chosen by an i n d i v i d u a l depend upon o ther i n d i 

v i d u a l s ' e v a l u a t i o n s o f t h e i r own s t r a t e g i e s . Moreover, the d e s i r a b l e p r o 

p e r t i e s o f the p re fe rence o rde r ings over s e t s may be e x a c t l y those produced by 

assuming p re fe rence o r d e r i n g s over p o i n t s i n X , and an app rop r i a te mechanism o f 

r e s o l v i n g the c o n f l i c t . In any case , we proceed w i t h the t r a d i t i o n a l game 

t h e o r e t i c approach and 3tart w i t h p re fe rences over p o i n t s i n X . 

1.2 R e s o l u t i o n o f the C o n f l i c t : Cons i s tency 

Game theory p rov ides one b a s i c approach to s o l v i n g the c o n f l i c t s i t u a 

t i o n , c o n s i s t e n c y . Any "mechanism" f o r r e s o l v i n g the c o n f l i c t s i t u a t i o n shou ld 

not b e , roughly speak ing , s e l f - c o n t r a d i c t o r y . I t shou ld be c o n s i s t e n t w i t h the 

p re fe rence o r d e r i n g s . Knowledge tha t the c o n f l i c t i s to be r e s o l v e d by the 

mechanism shou ld not g i v e the i n d i v i d u a l reason to d ive rge from the mechanism's 

i m p l i c a t i o n f o r the i n d i v i d u a l ' s own d e c i s i o n . Ra the r , the i n d i v i d u a l ' s best 

c h o i c e , g i ven the mechanism, i s to take pa r t i n the mechanism. Any mechanism 

shou ld obey a f i x e d - p o i n t p rope r t y . 
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For noncoopera t ive games, t h i s cons i s t ency p roper ty takes a s imp le 

fo rm, e q u i l i b r i u m . s e = fl f o r S®eW. f o r a l l t i s an e q u i l i b r i u m i f and on l y 
teT t 1 t 

i f f o r a l l t 

s e > ( n s j ) n s 
* veT v c 

vrft 

f o r a l l S eA. . 

A p p l i c a t i o n o f cons i s t ency t o coopera t i ve games i s not so o b v i o u s . 

Indeed, there i s no noncontrover3ial d e f i n i t i o n o f cons i s tency f o r the coopera 

t i v e game. As a r e s u l t , the coope ra t i ve game has proven i n t r a c t a b l e . There i s 

a lways one p o s s i b i l i t y worth c o n s i d e r i n g when a problem proves i n t r a c t a b l e . The 

problem i s i n t r a c t a b l e because i t i s not a w e l l - p o s e d prob lem. We now argue tha t 

t h i s i s t r u e f o r the coopera t i ve game. 

The coopera t i ve game i s , u l t i m a t e l y , n o n s e n s i c a l . Remember t ha t the 

game as a complete model i s taken to d e s c r i b e the e n t i r e r e l e v a n t env i ronment . 

In a game at a po i n t i n t ime a l l p l a y e r s dec ide wh ich S eW to r e s t r i c t the wor ld 

t o . At t h i s po i n t i n t ime a l l p rev ious c o n v e r s a t i o n s , agreements, and so on, are 

i r r e l e v a n t . There fo re coopera t ion i s i m p o s s i b l e . The f a c t o f having to make 

independent cho i ces a t a po in t i n t ime , the b a s i c s t r u c t u r e o f the game, i t s e l f 

r u l e s out coopera t i on i n t ha t c h o i c e . The coope ra t i ve game v i o l a t e s a b a s i c 

assumption o f U t i l i t a r i a n i s m , i n d i v i d u a l c h o i c e . 

Does t h i s u l t ima te nonsens i ca l ness o f the coopera t i ve game imply t ha t 

game theory cannot conf ront the e x i s t e n c e o f c o a l i t i o n s ? Not a t a l l . One can 

have a c o a l i t i o n i f i n d i v i d u a l s can b ind themselves to s t r a t e g i e s p r i o r to the 

d e c i s i o n po i n t o f a game. But tha t d e c i s i o n to b ind o n e s e l f must come a t a 

p a r t i c u l a r p rev ious p o i n t , a po in t o f t ime i n wh ich the d e c i s i o n to b ind can be 

ana lyzed as another noncoopera t ive game. C o a l i t i o n s appear i n a sequence o f 

noncooperat ive games i n wh ich d e c i s i o n s i n e a r l y games determine the W ' s o f 
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l a t e r games. The whole sequence o f games shou ld be ana lyzed a t the i n i t i a l po i n t 

as a noncoopera t ive super game. The f a c t tha t t h i s procedure i s concep tua l l y 

j u s t i f i e d does no t , o f cou rse , imply t ha t i n p r a c t i c e i t i s t r a c t a b l e . 

However, t ha t there may be many p o s s i b l e sequences o f noncoopera t ive 

games cor respond ing to a s i n g l e coope ra t i ve game does not i n v a l i d a t e t h i s p roce 

du re . Qu i te the c o n t r a r y . Ra the r , i t i m p l i e s t ha t a s e a r c h f o r a gene ra l 

s o l u t i o n to a coopera t i ve game i s m isgu ided , the coopera t i ve game i s not a w e l l -

posed prob lem. The coopera t i ve game p rov ides on l y a p a r t i a l d e s c r i p t i o n o f the 

r e l e v a n t env i ronment . Loose ly s p e a k i n g , i n removing the key assumpt ion o f i n d e 

pendent cho ice by a l l o w i n g b i n d i n g c o n t r a c t s , the coopera t i ve game renders the 

model i ncomp le te . A d d i t i o n a l s t r u c t u r e must be p rov ided to r e p l a c e the de le ted 

assumpt ion . 

There i s another p o s s i b l e s t r u c t u r e f o r the game tha t shou ld be c o n s i d 

e r e d . D e c i s i o n s are not made at a p o i n t i n t ime , but on an open s e t , be fore a 

po in t i n t ime . However, i t i s a b a s i c f a c t o f e x i s t e n c e tha t events always 

o c c u r , there i s no empty s e t . The re fo re , i n such a game there must e x i s t a n u l l 

s t r a t e g y o f not making a d e c i s i o n . Then the game can be viewed as an uncountable 

"sequence" o f games i n which s t r a t e g i e s , o r the n u l l s t r a t e g y , must be announced 

at each po i n t i n t ime . 

As a l l games reduce to the s imp le noncooperat ive game, t h i s i s what we 

cons ide r from now o n . We r e s t r i c t our a t t e n t i o n to e q u i l i b r i a . 

1.3 Nonuniqueness o f E q u i l i b r i a 

Any "mechanism" f o r r e s o l u t i o n o f the c o n f l i c t s i t u a t i o n shou ld be 

c o n s i s t e n t . T h e r e f o r e , i f t he re i s a unique e q u i l i b r i u m i n a game, i t must be 

the s o l u t i o n genera ted by any mechanism. Our s e a r c h f o r the r e s o l u t i o n of the 

c o n f l i c t i s , t hen , ove r . 
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For a wide c l a s s of games the re i s a t l e a s t one e q u i l i b r i u m , wh ich i s 

not s u r p r i s i n g g i ven the Brouwer f i x e d - p o i n t theorem o f a n a l y s i s . However, 

uniqueness o f the e q u i l i b r i u m i s much more s p e c i a l . The re fo re , we concen t ra te on 

the problem o f m u l t i p l e e q u i l i b r i a . 

The i n t e r p r e t a t i o n o f m u l t i p l e e q u i l i b r i a has not been r e s o l v e d . Y e t , 

the c r u c i a l problem i n game t heo ry , and t he re fo re i n economics, i s the r e s o l u t i o n 

o f the problem o f m u l t i p l e e q u i l i b r i a . We now t u r n to a d i s c u s s i o n o f s e v e r a l 

approaches to the r e s o l u t i o n o f t h i s prob lem. 

One approach i s to r e j e c t t r a d i t i o n a l theory e n t i r e l y . I t s imp ly 

cannot address a host o f i n t e r e s t i n g prob lems. 

A second approach i s t o r e s t r i c t o u r s e l v e s t o models w i t h a unique 

e q u i l i b r i u m , as be ing the on l y p o s s i b l e models t ha t desc r i be r e a l i t y . T h i s 

approach may be more p o s i t i v e than i t sounds. The need to produce a unique 

e q u i l i b r i u m may y i e l d u s e f u l r e s t r i c t i o n s on t e c h n o l o g i e s , f o r example, which i n 

t u rn generate s t r a t e g y s e t s o f the r e q u i r e d fo rm. 

A t h i r d , and common, approach i s to assume tha t any o f the e q u i l i b r i a 

i s p o s s i b l e . Th i s has the advantage tha t at l e a s t one w i l l d e s c r i b e the outcomes 

under a l l p o s s i b l e "mechanisms." 

Th is approach i s , o f cou rse , i ncomp le te , as i t does not show how any 

mechanism i s genera ted , nor determine which e q u i l i b r i u m o b t a i n s . In p a r t i c u l a r , 

t h i s approach leaves open the impor tant q u e s t i o n o f the s t a b i l i t y o f the s o l u 

t i o n . What, i f a n y t h i n g , might cause a s h i f t from one e q u i l i b r i u m to another? 

Nash has extended the n o t i o n of e q u i l i b r i u m to p rov ide a broader s o l u 

t i o n concept (see [5] , p. 106) . I f there are many e q u i l i b r i a , but w i t h i n t e r 

changeable s t r a t e g i e s , then the game i s s o l v a b l e . Suppose v£V indexes the 

V V V 
e q u i l i b r i a s = O S , S.eW , i s an e q u i l i b r i u m f o r veV. The game i s s o l v a b l e i f 
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f o r any 

\\} 
teT 

v 
t U V 

where v eV f o r a l l t , H S a l s o i s an e q u i l i b r i u m . However, un less s >. s and 
1 teT fc t 

s <. a f o r a l l u ,veV, and a l l t , thi3 e x t e n s i o n i s not a p p e a l i n g . I f t h i s 

i n d i f f e r e n c e does not h o l d , the re s t i l l i s a s u b s t a n t i v e i s s u e o f wh ich e q u i l i b 

r ium o b t a i n s . The Nash s o l u t i o n concept may, however, p rov ide a c r i t e r i o n f o r 

d e c i d i n g tha t the re i s no mechanism f o r r e s o l v i n g the c o n f l i c t s i t u a t i o n , and 

tha t theory p rov ides on ly a p a r t i a l d e s c r i p t i o n o f b e h a v i o r . 

More g e n e r a l l y , a f o u r t h approach i s t o take s e r i o u s l y the r e s u l t tha t 

there i s no s o l u t i o n . The i m p o s i t i o n o f r a t i o n a l i t y i s no t , by i t s e l f , enough t o 

determine economic a g e n t s ' d e c i s i o n s . We must l ook e lsewhere f o r a comple t ion o f 

the model . As behav io r does occu r , t h i s suggests t ha t comple t ion i s a necessary 

pa r t o f an economic model . Complet ion cannot be ducked on the grounds o f be ing 

ou t s i de the purv iew o f economics, as the c o n f l i c t s i t u a t i o n i s the essence o f 

economics. The i m p l i c a t i o n i s tha t a coherent economic model must i n c l u d e 

"noneconomic" e lements . 

A f i f t h approach i s to impose an ex t ra -mode l procedure f o r p i c k i n g a 

p a r t i c u l a r e q u i l i b r i u m . Th is approach has appeal from the po in t o f view o f 

p o s i t i v e economics. However, i t i s u l t i m a t e l y u n s a t i s f y i n g , as i t l eaves unan

swered the ques t i on o f how market p a r t i c i p a n t s a c t u a l l y get to t h i s r e s u l t . One 

can advocate a p a r t i c u l a r e q u i l i b r i u m on the grounds o f good p r o p e r t i e s wh ich i t 

e x h i b i t s . Th i s suggests tha t another agent , or the same agent3 a t a p rev ious 

t ime , set i n p l ace r e s t r i c t i o n s on s t r a t e g i e s tha t make the d e s i r e d e q u i l i b r i u m 

the unique e q u i l i b r i u m . Such r e s t r i c t i o n s s h o u l d , however, be i n c l u d e d i n the 

model . Moreover, the super game i n which those r e s t r i c t i o n s are imposed shou ld 

be e x p l i c i t l y a n a l y z e d . Perhaps t h i s i s expressed i n say ing tha t economics i s 

i n n a t e l y p o l i t i c a l economy.—^ 
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The most common tack taken i n economics i s the assumpt ion o f compe t i 

t i v e e q u i l i b r i u m . As compe t i t i ve e q u i l i b r i u m preceded game theo ry , i t i s no t 

c l e a r how t h i s assumption i s i n t ended . Perhaps i t s advocates i n t e n d tha t i t be 

used on l y i n games i n which i t i s i n h e r e n t l y a unique Nash e q u i l i b r i u m , but t ha t 

seems to c o n t r a d i c t i t s w idespread , casua l use . Ra the r , i t seems to be an e x t r a -

model r e s t r i c t i o n . In some unexp la ined manner s t r a t e g i e s are r e s t r i c t e d to make 

2 / 

compe t i t i ve e q u i l i b r i u m a Nash e q u i l i b r i u m , and the on l y Nash e q u i l i b r i u m . — 

The l a s t approach to r e s o l v i n g the c o n f l i c t s i t u a t i o n wh ich we c o n 

s i d e r i s a d d i t i o n a l assumptions on the i n d i v i d u a l ' s psyche beyond j u s t a p r e f e r 

ence o r d e r i n g on p o i n t s i n X . There i s a common theme running th rough the 

p reced ing d i s c u s s i o n of m u l t i p l e e q u i l i b r i a . M u l t i p l e e q u i l i b r i a e x i s t because 

the model i s i ncomp le te , i t i s u n d e r s p e c i f i e d . One obv ious p o s s i b l e i n c o m p l e t e 

ness i s t ha t p re fe rence o rde r i ngs on s t a t e s o f the wor ld a re j u s t not a complete 

d e s c r i p t i o n o f the i n d i v i d u a l as economic an ima l . Perhaps i t i s not a t a l l 

s u r p r i s i n g tha t a p re fe rence o r d e r i n g i s not a complete d e s c r i p t i o n o f the 

i n d i v i d u a l i n a c o n f l i c t s i t u a t i o n , and tha t as a r e s u l t e q u i l i b r i a are n o t , i n 

g e n e r a l , un ique . We shou ld not expect to p r e d i c t behav io r s o l e l y on the b a s i s o f 

o r d e r i n g s on s t a t e s o f the w o r l d . There s imp ly i s more to an i n d i v i d u a l i n a 

s o c i a l s i t u a t i o n than a p re fe rence o r d e r i n g . U t i l i t a r i a n i s m must be 

supplemented. 

Th is l a s t approach suggests two p o s s i b l e p rocedu res . One cou ld impose 

a d d i t i o n a l a t t r i b u t e s on the i n d i v i d u a l psyche. Th is i s not something wh ich 

economists have much exper ience w i t h , the re i s l i t t l e gu idance i n the economics 

l i t e r a t u r e as to what such a t t r i b u t e s shou ld be . Second ly , one cou ld s t a r t w i t h 

an observed e q u i l i b r i u m , and assuming conven t i ona l u t i l i t y f u n c t i o n s t r y t o 

c h a r a c t e r i z e the set o f a d d i t i o n a l a t t r i b u t e s tha t cou ld produce tha t 

e q u i l i b r i u m . 
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2 . Minimax-Nash 

There i s , however, some gu idance i n the game theory l i t e r a t u r e to 

u s e f u l r e s t r i c t i o n s on the i n d i v i d u a l ' s psyche . Indeed, the second major c o n t r i 

b u t i o n o f game t heo ry , a f t e r c o n s i s t e n c y , i s the recommendation o f an a d d i t i o n a l 

a t t r i b u t e o f the i n d i v i d u a l psyche . When a l l e l s e f a i l s , the i n d i v i d u a l max i 

mizes s e c u r i t y l e v e l . Th i s i s the concept o f minimax. 

I t i s wor th s t r e s s i n g tha t minimax i s a f u r t h e r a d d i t i o n a l d e s c r i p t i o n 

of the i n d i v i d u a l . I t i s , f o r example, t o t a l l y c o n s i s t e n t f o r the i n d i v i d u a l ' s 

p re fe rence o r d e r i n g to e x h i b i t r i s k p r e f e r e n c e , and f o r the i n d i v i d u a l to be a 

"max im ine r . " We now cons ide r the use o f the minimax concept to so l ve some 

c o n f l i c t s i t u a t i o n s . 

Recen t l y , much a t t e n t i o n i n economics has been focused on models which 

are not s o l v a b l e i n the sense of Nash. There i s more than one Nash e q u i l i b r i u m , 

and the s t r a t e g i e s o f these e q u i l i b r i a are not i n t e r c h a n g e a b l e . Th i s i s c o n s i d 

ered to be a severe prob lem, as i t i s taken to imply t ha t the d e c e n t r a l i z e d 

economy may e x h i b i t p a t h o l o g i c a l b e h a v i o r . We argue tha t the problem l i e s w i t h 

the s o l u t i o n concept , not the economy. The use of another s o l u t i o n concept i s 

sugges ted , one wh ich i n some r e l e v a n t economic models y i e l d s a unique e q u i 

l i b r i u m . The examples t r e a t e d are a f i a t money model , the c a p i t a l o v e r -

accumula t ion prob lem, and m u l t i p l e r a t i o n a l expec ta t i ons e q u i l i b r i a , g e n e r a l l y . 

In these examples we accept on f a i t h tha t the compe t i t i ve e q u i l i b r i a a r e , indeed, 

Nash e q u i l i b r i a . 

When a game does not have a unique Nash e q u i l i b r i u m , there i s a n a t u r a l 

approach to c o n s i d e r . In t h i s approach one t r e a t s a c o n t r a c t i o n o f the game i n 

which on l y s t r a t e g i e s of Nash e q u i l i b r i a are c o n s i d e r e d . S p e c i f i c a l l y , we assume 

tha t each i n d i v i d u a l i s i n v o l v e d i n a two-person game i n which the o ther " pe rson " 

i s a l l o the r economic agents who together p l a y any one of the Nash e q u i l i b r i a . 
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The i n d i v i d u a l h e r s e l f can p l a y any s t r a t e g y o f the o r i g i n a l game. F u r t h e r , we 

assume tha t the i n d i v i d u a l maximizes her s e c u r i t y l e v e l i n t h i s con t rac ted game, 

she i s a max iminer . The i n d i v i d u a l may p i c k one s t r a t e g y o r be i n d i f f e r e n t 

between a se t o f s t r a t e g i e s . C a l l i n d i v i d u a l i ' s chosen s t r a t e g y s e t S ^ . I f 

t he re i s an element e o f X S i wh ich i s a Nash e q u i l i b r i u m o f the o r i g i n a l game, we 

say e i s an e q u i l i b r i u m . I f a l l such e q u i l i b r i a have i n te rchangeab le s t r a t e g i e s , 

then we say the game i s s o l v a b l e . N a t u r a l l y , not a l l games a re s o l v a b l e . But the 

examples g i v e n below a r e . 

The i n t u i t i v e r a t i o n a l e f o r the above s o l u t i o n concept i s as f o l l o w s . 

We t r e a t Nash e q u i l i b r i a because we b e l i e v e t h a t the economy w i l l ach ieve one , 

and we b e l i e v e the i n d i v i d u a l b e l i e v e s t h i s as w e l l . But w i t h m u l t i p l e e q u i 

l i b r i a the i n d i v i d u a l has to decide which e q u i l i b r i u m the r e s t o f the economy 

w i l l get t o . As she has no i d e a what p rocess determines the chosen e q u i l i b r i u m , 

she maximizes s e c u r i t y l e v e l . Then she dec ides tha t everyone e l s e w i l l do the 

same. 

Now we t u r n t o our examples. We c o n s i d e r t h r e e : f i a t money, c a p i t a l 

ove raccumu la t i on , and m u l t i p l e r a t i o n a l expec ta t i ons e q u i l i b r i a . 

Our f i a t money example i s comple te ly unbacked f i a t money i n an o v e r 

l a p p i n g gene ra t i ons model as i n t r oduced by Samuelson [6] . In such models , t he re 

a re a lways a t l e a s t two Nash e q u i l i b r i a , one i n wh ich f i a t money has va lue and 

one i n wh ich i t does n o t . One cou ld assume tha t an i n d i v i d u a l of a g i v e n 

gene ra t i on s imp ly l ooks at what p rev ious gene ra t i ons have done to dec ide wh ich 

e q u i l i b r i u m o b t a i n s . Th i s approach has a t l e a s t two drawbacks. F i r s t , i t does 

not t e l l the economist wh ich e q u i l i b r i u m w i l l have o b t a i n e d . Second, i t i m p l i e s 

that e a r l i e r g e n e r a t i o n s ' d e c i s i o n s can b ind l a t e r g e n e r a t i o n s . E a r l i e r gene r 

a t i o n s cannot have made a mis take about wh ich e q u i l i b r i u m o b t a i n s . But t he re i s 

no th ing i n the s t r u c t u r e o f the problem which suggests such power. A more 
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reasonab le i n t e r p r e t a t i o n i s tha t the i n d i v i d u a l takes p rev ious d e c i s i o n s as 

i n i t i a l c o n d i t i o n s , and v iews h e r s e l f as p l a y i n g a game w i t h the r e s t of the 

cu r ren t and f u t u r e g e n e r a t i o n s . Then her maximin s t r a t e g y i s obv i ous . The worst 

she can do i s t rade goods f o r f i a t money and then have the next g e n e r a t i o n not 

t rade goods f o r f i a t money. So the i n d i v i d u a l does not t rade goods f o r f i a t 

money. W i th everyone p l a y i n g t h i s s t r a t e g y , the s o l u t i o n i s v a l u e l e s s f i a t 

money. 

Our c o n c l u s i o n i n the p rev ious paragraph i s t ha t comple te ly unbacked 

f i a t money has no v a l u e . Th is cou ld be taken to mean tha t Samuelson 's model 

e x h i b i t s an unso l vab le problem f o r the (a lmost ) d e c e n t r a l i z e d economy. T h i s , 

however, i s not the c a s e . F i a t money can be backed by a promise to tax f u t u r e 

g e n e r a t i o n s , f o r example. In many models, such a p romise , i f b e l i e v e d , never has 

to be e x e r c i s e d . Moreover, the va lue o f the money can exceed the va lue o f the 

p romise . Of c o u r s e , such a promise i s a promised a c t i o n o f some c o a l i t i o n ( the 

government) , and tha t the i ssuance o f t h i s b e l i e v a b l e promise i s the s o l u t i o n 

s t r a t e g y o f some coope ra t i ve game remains to be shown. 

Our second example i s the wel l -known c a p i t a l ove raccumu la t ion problem 

as i n t r o d u c e d by Phe lps [5] . The b a s i c d i f f i c u l t y i n the c a p i t a l overaccumu

l a t i o n problem i s tha t i n a compet i t i ve e q u i l i b r i u m the shadow p r i c e o f c a p i t a l 

may not obey the i n f i n i t e ho r i zon analog o f the t r a n s v e r s a l i t y c o n d i t i o n . How

eve r , i n such a w o r l d , our maximiner p i c k s the best s t r a t e g y f o r the lowest 

compe t i t i ve shadow p r i c e on c a p i t a l . Wi th everyone do ing t h i s , the lowest shadow 

p r i c e o b t a i n s , and i t i s the one which obeys the t r a n s v e r s a l i t y c o n d i t i o n . We 

conclude tha t the c a p i t a l overaccumula t ion problem does not o c c u r . 

L a s t l y , cons ide r m u l t i p l e r a t i o n a l e x p e c t a t i o n s e q u i l i b r i a , g e n e r a l l y . 

There a re d i f f e r e n t s e l f - f u l f i l l i n g p r i c e p r o c e s s e s . In t h i s wo r l d , our 

maximiner a c t s assuming the l e a s t f avo rab le p rocess from her (myopic) po i n t o f 
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v i e w . As these models t y p i c a l l y are symmet r i ca l , everyone has the same l e a s t 

f a v o r a b l e p rocess and i t o b t a i n s . Whether t h i s i s the l e a s t p r e f e r r e d Nash 

e q u i l i b r i u m i s another ma t te r , as we saw i n the p rev ious pa rag raph . 

What does happen i f "Min imax-Nash" does not produce a s o l u t i o n ? One 

can assume tha t the i n d i v i d u a l has a d d i t i o n a l a t t r i b u t e s o f her psyche wh ich do 

r e s u l t i n an e q u i l i b r i u m be ing chosen. The i n d i v i d u a l i s a "maximiner" on ly when 

tha t behav io r genera tes an e q u i l i b r i u m . For example, one can take max imiz ing 

s e c u r i t y l e v e l as more n e a r l y a b s o l u t e . The i n d i v i d u a l ' s psyche i s such tha t she 

maximizes s e c u r i t y l e v e l i n the con t rac ted game i f tha t y i e l d s e q u i l i b r i u m , but 

i f t ha t procedure does not y i e l d e q u i l i b r i u m , the i n d i v i d u a l maximizes s e c u r i t y 

l e v e l i n the o r i g i n a l game. T h i s i s , o f cou rse , a much s t r o n g e r i m p o s i t i o n o f 

"maximin" behav io r as i t o v e r r i d e s the cons is tency c r i t e r i o n . I t i s worth no t i ng 

tha t such a s t rong i m p o s i t i o n o f the minimax concept a l s o can be used to s o l v e 

games when there i s no e q u i l i b r i u m . We now tu rn to a key b a r g a i n i n g problem i n 

wh ich such a d d i t i o n a l a t t r i b u t e s a re i nvoked . T h i s problem a l s o i l l u s t r a t e s our 

approach to the coopera t i ve game. 
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3 . Fab les o f S p e c i a l i z a t i o n and Trade Between I n d i v i d u a l s : 
Some S o l u t i o n s to a B a r g a i n i n g Problem 

There i s a u n i f y i n g theme i n the f o l l o w i n g fou r f a b l e s o f s p e c i a l 

i z a t i o n and t r a d e . S p e c i a l i z a t i o n and t rade depend upon the d e t a i l s o f the 

a v a i l a b l e t echno log ies o f exchange and o f the s t r u c t u r e o f the economy. One 

common s t r u c t u r e i n the f a b l e s i s tha t the i n d i v i d u a l knows some s a l i e n t f e a t u r e s 

o f the o ther i n d i v i d u a l ( s ' ) behav io r , but l a c k s a complete d e s c r i p t i o n o f the 

o t h e r i n d i v i d u a l ( s ) . However, each f a b l e has i t s own m o r a l . The moral o f the 

f i r s t f a b l e i s tha t s p e c i a l i z a t i o n and t r ade do not occur i n a vacuum. The 

p o s s i b i l i t y o f t rade i s not by i t s e l f s u f f i c i e n t to engender t r a d e . The model o f 

the second f a b l e i s tha t even i f b ind ing c o n t r a c t s a re f e a s i b l e , s p e c i a l i z a t i o n 

and t rade need not o c c u r . The p o s s i b i l i t y o f t rade and o f b i nd ing c o n t r a c t s i s 

not s u f f i c i e n t to engender t r a d e . The moral o f the t h i r d f a b l e i s tha t the 

a b i l i t y t o make a f i n a l o f f e r can generate s p e c i a l i z a t i o n and t r a d e . However, 

the r e s u l t i n g a l l o c a t i o n i s no t , i n g e n e r a l , Pare to o p t i m a l . The moral o f the 

f o u r t h f a b l e i s t ha t a compe t i t i ve economic s t r u c t u r e and app rop r i a te exchange 

techno logy can y i e l d s p e c i a l i z a t i o n and t rade and an op t ima l a l l o c a t i o n . 

3.1 Fab le One 

Now we tu rn t o our f i r s t f a b l e . The wor ld i s as f o l l o w s . There are two 

i n d i v i d u a l s , one and two. There are two goods, app les and b l u e b e r r i e s . There 

are two f i e l d s , (a) and ( b ) . I n d i v i d u a l one i s i n f i e l d ( a ) , and i n d i v i d u a l two 

i 3 i n f i e l d ( b ) . F i e l d (a) can be used to produce 25 app les and 25 b l u e b e r r i e s o r 

100 a p p l e s . F i e l d (b) can be used to produce 25 app les and 25 b l u e b e r r i e s o r 100 

b l u e b e r r i e s . F i e l d s (a) and (b) are separa ted by a h igh f e n c e , except a t two 

c l i f f s . One c l i f f has f i e l d (a) on top and one has f i e l d (b) on t o p . F r u i t can 

be dropped from a c l i f f w i thout harm, but cannot be thrown up a c l i f f . These 

t e c h n o l o g i e s are known to both i n d i v i d u a l s . 
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I n d i v i d u a l behav io r i s d e s c r i b e d as f o l l o w s . Each i n d i v i d u a l a c t s to 

maximize her own independent u t i l i t y f u n c t i o n , wh ich has as domain her own c o n 

sumption o f app les and b l u e b e r r i e s . The i n d i v i d u a l ' s u t i l i t y f u n c t i o n i s known 

on l y to h e r s e l f . However, bo th u t i l i t y f u n c t i o n s are s t r i c t l y i n c r e a s i n g i n 

app les and b l u e b e r r i e s , and bo th put a h igher va lue on 25 o f each f r u i t than on 

100 o f one f r u i t and none o f the o t h e r , and these f a c t s are known to bo th 

i n d i v i d u a l s . Moreover, when faced w i t h a game t h e o r e t i c c o n f l i c t s i t u a t i o n , both 

i n d i v i d u a l s a re c o n s e r v a t i v e , and t h i s f a c t , t o o , i s known to bo th i n d i v i d u a l s . 

Let us de f i ne " c o n s e r v a t i s m " p r e c i s e l y . I f t he re i s a unique Nash 

e q u i l i b r i u m , t ha t i s the s o l u t i o n . Suppose the re are m u l t i p l e Nash e q u i l i b r i a . 

Then each p l a y e r p l a y s Min imax-Nash. I f the game i s not s o l v a b l e by the Min imax-

Nash s o l u t i o n concept , as i t i s not i n the f a b l e s , i n d i v i d u a l s maximize s e c u r i t y 

l e v e l . Moreover , suppose the re a re s e v e r a l s t r a t e g i e s w i t h the same s e c u r i t y 

l e v e l . I f t he re i s a s i n g l e one o f those s t r a t e g i e s such tha t i t genera tes an 

outcome above the s e c u r i t y l e v e l i n every c i rcumstance i n wh ich any o f those 

s t r a t e g i e s does s o , i t i s the chosen s t r a t e g y . 

Now we t u r n to the s o l u t i o n o f our b a r g a i n i n g prob lem. Suppose one o r 

bo th i n d i v i d u a l s s p e c i a l i z e d i n the p r o d u c t i o n o f a s i n g l e f r u i t . The s t r a t e g i e s 

o f t rade i n v o l v e u n i l a t e r a l l y dropping f r u i t o f f a c l i f f . The on l y e q u i l i b r i a i n 

t h i s se t o f s t r a t e g i e s i s d ropp ing no f r u i t . The re fo re , t rade does not o c c u r . 

Knowing t h i s , n e i t h e r i n d i v i d u a l s p e c i a l i z e s . 

M o r a l : S p e c i a l i z a t i o n and t rade do not occur i n a vacuum. 

3.2 Fab le Two 

Now we t u r n t o our second f a b l e . The wor ld i n the second f a b l e has the 

same s t r u c t u r e as the wor ld i n the f i r s t f a b l e . However, i n a d d i t i o n to the 

c l i f f s , t he re e x i s t s a dev i ce f o r l i f t i n g f r u i t ac ross the fence i n both d i r e c 

t i o n s i n f i x e d amounts ( o r , a l t e r n a t i v e l y , f i x e d p r o p o r t i o n s ) . The dev i ce i s 
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a c t i v a t e d on ly when both i n d i v i d u a l s se t i t f o r the same exchange (or 

p r o p o r t i o n ) . 

Now we tu rn to the s o l u t i o n o f our ba rga in i ng prob lem. Suppose one o r 

b o t h i n d i v i d u a l s were to s p e c i a l i z e . There are m u l t i p l e e q u i l i b r i a s e t t i n g s o f 

the d e v i c e , namely, every f e a s i b l e t r a d e . However, the " c o n s e r v a t i s m " o f i n d i 

v i d u a l s does not r e s o l v e which e q u i l i b r i u m s e t t i n g i s chosen. T h e r e f o r e , bo th 

i n d i v i d u a l s f ea r tha t the n u l l s t r a t e g y o f no t rade w i l l o c c u r , and t h e r e f o r e do 

not s p e c i a l i z e . N o t i c e tha t we cou ld a l s o assume tha t each i n d i v i d u a l has h i s 

own two-way exchange dev i ce and reach the same c o n c l u s i o n . 

M o r a l : Even i f b ind ing c o n t r a c t s are f e a s i b l e , s p e c i a l i z a t i o n and 

t r a d e need not o c c u r . 

3.3 Fab le Three 

Now we tu rn t o our t h i r d f a b l e . The wor ld i n the t h i r d f a b l e has the 

same s t r u c t u r e as the wor ld i n the second f a b l e . However, i n d i v i d u a l one has 

f i g u r e d out a way to jam her s e t t i n g o f the exchange dev ice so tha t she cannot 

change i t a f t e rwards . Moreover, i n d i v i d u a l one a l s o has f i g u r e d out a way to 

b ind h e r s e l f to s p e c i a l i z e i n apple p roduc t i on before i n d i v i d u a l two has to 

dec ide whether to produce on l y b l u e b e r r i e s o r bo th goods. For example, i n d i v i d 

u a l one can p lan t her t r e e s e a r l y , but i f she does s o , she cannot r e t u r n to the 

fence to r e s e t the dev ice o r she w i l l ge t no p roduc t . I n d i v i d u a l one can p lay 

S t a c k l e b e r g v i s - a - v i s i n d i v i d u a l two.—• 

Now we tu rn t o the s o l u t i o n o f our ba rga in i ng prob lem. Suppose i n d i 

v i d u a l one s e t s the exchange dev ice to t rade 25 apples f o r 74 b l u e b e r r i e s (o r 26 

app les f o r 75 b l u e b e r r i e s , depending on her t a s t e ) , and then commits h e r s e l f to 

s p e c i a l i z e i n apple p r o d u c t i o n . Then, the best tha t i n d i v i d u a l two can do f o r 

h e r s e l f i s to s p e c i a l i z e and t rade to get 26 o f one f r u i t and 25 o f the o t h e r . 

Moreover , i n d i v i d u a l two can be assured o f g e t t i n g t h i s outcome, as i n d i v i d u a l 
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one i s bound t o s p e c i a l i z e , and g iven tha t she has s p e c i a l i z e d , w i l l t r a d e . 

T h e r e f o r e , i n d i v i d u a l two s p e c i a l i z e s and t r a d e s . I n d i v i d u a l one r e a l i z e s t h a t 

t h i s w i l l be i n d i v i d u a l two 's d e c i s i o n . However, to be sure o f i n d i v i d u a l two, 

i n d i v i d u a l one does have to choose an exchange tha t g i v e s i n d i v i d u a l two an 

a l l o c a t i o n tha t dominates 25 o f each f r u i t . So our supposed s o l u t i o n i s indeed 

the s o l u t i o n . 

N o t i c e tha t i f i n d i v i d u a l two f i g u r e s out how to b u i l d a new exchange 

d e v i c e and jam i t a f t e r i n d i v i d u a l one has jammed the o r i g i n a l , she w i l l not do 

so (un less she can des t roy the o r i g i n a l d e v i c e ) . Fo r i f she d i d , no t rade i s a 

p o s s i b i l i t y , wh ich i s worse than her (25 , 26) a l l o c a t i o n . N o t i c e a l s o tha t the 

economy can c o n s i s t o f a l a r g e number o f such p a i r s o f i n d i v i d u a l s and y i e l d the 

same s o l u t i o n , even i f exchange between p a i r s i s p o s s i b l e . 

M o r a l : The a b i l i t y to make a f i n a l o f f e r can generate s p e c i a l i z a t i o n 

and t r a d e . However, the r e s u l t i n g a l l o c a t i o n i s n o t , i n g e n e r a l , Pare to o p t i m a l . 

3.4 Fab le Four 

Now we t u r n t o our f o u r t h and f i n a l f a b l e . The wor ld i n the f o u r t h 

f a b l e has a d i f f e r e n t s t r u c t u r e from the wor ld i n the t h i r d f a b l e , a compe t i t i ve 

s t r u c t u r e . There a re a countab le i n f i n i t y o f f i e l d s l i k e f i e l d ( a ) , i n h a b i t e d by 

one i n d i v i d u a l each , a l l having the same c h a r a c t e r i s t i c s as our i n d i v i d u a l s one 

and two above. Each i n d i v i d u a l o f type one ( i n a f i e l d ( a ) ) has an exchange 

dev i ce which she can jam to o f f e r any o f a s p e c i f i e d continuum o f t r a d e s . There 

i s the same s i n g l e i n d i v i d u a l two whose f i e l d (b) meets a l l the o the r f i e l d s i n 

the center o f a " p i e . " I n d i v i d u a l two can a l s o commit h e r s e l f to s p e c i a l i z e 

e a r l y , and can commit h e r s e l f to t rade w i t h on ly one o f the type one i n d i v i d u a l s 

by a l l o w i n g one exchange dev ice to be o p e r a b l e , and d e s t r o y i n g the o t h e r s . 

Now we tu rn to the s o l u t i o n o f our ba rga in i ng prob lem. Suppose each 

i n d i v i d u a l o f type one s e t s her exchange dev ice to y i e l d any f i n a l a l l o c a t i o n to 
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h e r s e l f tha t she j u s t p r e f e r s to 25 o f each f r u i t . I n d i v i d u a l two p i c k s the 

s i n g l e t rade dev i ce and p a r t i c u l a r t rade she wants, des t roys the o ther d e v i c e s , 

and s p e c i a l i z e s . Then the chosen i n d i v i d u a l one s p e c i a l i z e s and the o the rs do 

n o t . Th i s i s the s o l u t i o n . I n d i v i d u a l two cannot p i ck to t rade w i t h more than 

one i n d i v i d u a l , because she cannot guarantee tha t i t w i l l be i n her own i n t e r e s t 

to t rade w i t h more than one i n d i v i d u a l . No i n d i v i d u a l type one w i l l s p e c i a l i z e 

un less i n d i v i d u a l two i s c e r t a i n to t rade w i t h he r . The i n d i v i d u a l s of type one 

do not o f f e r a l e s s f a v o r a b l e t r a d i n g continuum to i n d i v i d u a l two, because they 

f ea r be ing undercut by the o ther type o n e ' s . The on l y e q u i l i b r i u m i s each type 

one o f f e r i n g the bes t d e a l she can . 

I f i n d i v i d u a l two would not choose to t rade w i t h more than one i n d i v i d 

u a l of type one i f she c o u l d , Pare to o p t i m a l i t y i s a c h i e v e d . Moreover , i f 

i n d i v i d u a l two can a l t e r the exchange dev ices so tha t any chosen one works on l y 

i f a l l chosen ones are used , then m u l t i p l e t rades are f e a s i b l e and Pare to o p t i 

m a l i t y o b t a i n s . N o t i c e tha t having on l y two f i e l d s l i k e f i e l d (a) o r having a 

f i n i t e number o f i n d i v i d u a l type two 's w i t h a peck ing o rde r f o r choosing i n d i 

v i d u a l type one '3 o f f e r s y i e l d s s i m i l a r r e s u l t s . 

M o r a l : A compe t i t i ve economic s t r u c t u r e and an app rop r i a te exchange 

techno logy can y i e l d s p e c i a l i z a t i o n and t rade and an o p t i m a l a l l o c a t i o n . 

3.5 A Conc lud ing Comment on the Fab les 

I t i s worth no t i ng that the l i n e a r "economy" which economists o f t e n 

seem to have i n mind i s not an economy a t a l l . I t i s j u s t a r e p l i c a t i o n o f 

Robinson Crusoes . The a l l o c a t i o n o f r en t s from s p e c i a l i z a t i o n , as i l l u s t r a t e d i n 

these f a b l e s , i s o f the essense o f economics. And the l e s s o n o f the f a b l e s i s 

tha t the re i s no g e n e r a l s o l u t i o n to the a l l o c a t i o n of these r e n t s . Ra the r , i t 

depends upon the d e t a i l s o f the a v a i l a b l e t echno log ies o f exchange and of the 

s t r u c t u r e o f the economy. 
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4 . Genera l Summary and Conc lud ing Comments 

Every c o n f l i c t s i t u a t i o n shou ld be modeled as a noncoopera t ive game. 

When the noncoopera t ive game does not y i e l d a unique e q u i l i b r i u m , t h i s shou ld be 

t r e a t e d as an incomplete s p e c i f i c a t i o n o f the game. To complete an incomple te 

model one may add more to the assumpt ions on the i n d i v i d u a l psyche than j u s t a 

p re fe rence o r d e r i n g , or a l t e r the model i n some o ther way. 

The keystone o f economics, the o r d e r i n g o f s t r a t e g i e s i n a game t h e o 

r e t i c c o n f l i c t s i t u a t i o n , i s c o n c e p t u a l l y f e a s i b l e u s i n g the above method, 

a l t hough i n p r a c t i c e i t may be d i f f i c u l t . T h i s method o f s o l u t i o n may i n many 

a p p l i c a t i o n s imp ly t ha t "economics" i s b e t t e r termed " p o l i t i c a l economy." 

P u r e l y , "economic" concepts do not make a complete economic model . Th i s f u r t h e r 

suggests tha t use o f t h i s method may put us w e l l on the way to the g o a l o f 

coherent " m i c r o - m i c r o " model ing o f p o l i t i c a l economy: models i n wh ich c r i t e r i a 

l i k e Pare to o p t i m a l i t y a re i r r e l e v a n t . That i s to say , any u s e f u l i n t e r p r e t a t i o n 

o f Pare to o p t i m a l i t y ho lds v a c u o u s l y . What i s i s what can be . 



Footnotes 

- See , f o r example, Bryant [2] . 

2 / 
— In f a i r n e s s to economis ts , i t shou ld be mentioned tha t f o r some 

models, as the number o f agents i n c r e a s e s the co re , a c o n t r o v e r s i a l d e f i n i t i o n o f 
c o n s i s t e n c y f o r the coope ra t i ve game, converges to compe t i t i ve e q u i l i b r i u m . That 
t h i s i s an inadequate defense f o r compe t i t i ve e q u i l i b r i u m i s t e s t i f i e d to by the 
f a c t tha t game t h e o r i s t s are wont to defend the core on the grounds tha t i t 
converges to compe t i t i ve e q u i l i b r i u m . 

— Use o f a S t a c k l e b e r g s t r a t e g y space to generate e q u i l i b r i u m appears 
i n Bryant [1] . 
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