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Thi s chapt er anal yzes t he possi bi l i t y of mani pul at i on i n f ut ur es mar ket s,

concent r at i ng on t he ef f ect s t hat mani pul at i on may have on t hei r i nf or ma-

t i onal ef f i ci ency . We use t he concept of mani pul at i on as i t ar i ses i n t he st udy

of noncooper at i ve games wi t h i mper f ect i nf or mat i on .

For war d and f ut ur es mar ket s i l l ust r at e shar pl y many of t he i ssues cen-

t r al t o t he economi cs of uncer t ai nt y and of i mper f ect i nf or mat i on . ) Cl ear l y,

f ut ur e economi c act i vi t y i s i n ar ea i n whi ch condi t i ons of uncer t ai nt y and of

i mper f ect i nf or mat i on ar i se qui t e nat ur al l y . Wi t h r espect t o uncer t ai nt y

about f ut ur e condi t i ons, t he exi st ence of , I Ful l set of f ut ur e mar ket s or t he

equi val ent i s seen as a pr econdi t i on I or at t ai ni ng al l ocat i ve ef f i ci ency . One

j

	

of t he maj or r ol es of such mar ket s i s t o al l ow agent s t o t r ade so as t o al l ocat e

r i sks opt i mal l y among t hemsel ves, accor di ng t o each agent ' s al t i t udes t o-

war d r i sk . I n t hi s vi ew, l ut ur es mar ket s exi st because t hey al l ow t r ader s wi t h

di f f er ent r i sk posi t i ons t owar d t he f ut ur e t o t r ade wi t h each ot her f or mut ual

gai n ( see, f or exampl e, I : ?dwar ds 1 1182) .

n second, ( I i f Ter ent . r ol e of I t i t ur es mar ket s i s aki n t o t hat of a gener al

f i nanci al mar ket . I n t hi s r ol e, t he f ut ur es mar ket i s seen as an i nst r ument f or

gat her i ng and di st r i but i ng i nf r nmat i on about f ut ur e mar ket condi t i ons t o

(

	

ot her par t s of t he economy ( Gr ossman 1977) . Thi s i nf or mat i on i s of i mpor -

t ance f or deci si on maki ng about i nvent or i es . out put s and i nvest ment , as wel l

'

	

as i n f i nanci al t r ansact i ons . ] ' l i e per f or mance of f ut ur es mar ket s i n t hi s sense

i s measur ed by t hei r i nf or mat i onal ef f i ci ency .

We ar e concer ned her e wi t h a par t i cul ar i ssue concer ni ng i nf or mat i onal

ef f i ci ency . t he mani pul at i on of f ut ur es mar ket s . Thi s subj ect has l ong been

'

	

of pr act i cal i mpor t ance, hi l l has not unt i l now commanded at t ent i on i n t he

l i t er at ur e . The i ssue of mani pul at i on ar i ses, f or i nst ance, i n t he st udy of what

ar e i nst i t ut i onal l y known as squeezes or cor ner s . I n bot h cases, i n i mpl i ci t

assumpt i on i s t hat some agent s cont r ol cer t ai n st r at egi c i nf or mat i on and t hat

t hey I nay use such cont r ol t o i nf l uence t he mar ket t o t hei r advant age- l or

t

	

i nst ance, t hr ough t hei r i mpact on pr i ces . We assume t hat agent s ar e not f ul l y

i nf or med about t he char act er i st i cs of al l ot her t r ader s ( such as t hei r de-
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mands) and t hat each agent may use hi s pr i vat e i nf or mat i on t o i nf l uence

pr i ces t o hi s possi bl e advant age . The cont ext i s t her ef or e t hat of games xvi t h

i mper f ect i nf or mat i on, and we expl or e t he possi bi l i t y of mani pul at i on when

agent s pl ay i n a noncooper at i ve f ashi on- t hat i s, t hr ough Nash equi l i br i um

st r at egi es . By mani pul at i on, I r ef er t o t he st r at egi c use of i nf or mat i on and

si gnal s t o obt ai n mor e advant ageous out comes . I shal l i l l ust r at e cer t ai n

exampl es of mani pul at i on, such i t s mar ket s( i ueezes : t he t empor ar y aber r a-

t i on of t he f ut ur es pr i ces and spot pr i ces f or st r at egi c advant age .

' The f i r st sect i on est abl i shes t he concept s of games wi t h i mper f ect i n-

f or mat i on and of mani pul at i on . A br i ef di scussi on of t he l i t er at ur e i s gi ven .

A cl ass of games i s t hen used t o expl or e t he ext ent t o whi ch t he pr obl em of

mani pul at i on i s l i kel y t o ar i se i n t hese mar ket s . One t heor em shows t hat

mani pul at i on ar i ses qui t e gener al l y, and wi t h i t , t he i nf or mat i onal ef f i ci ency

i n t hese mar ket s may decr ease . Usi ng t hese games as exampl es we t hen set

up t he pr obl emof mani pul at i on i n a r epeat ed game cont ext - t hat i s, games

wher e pl ayer s ar e assumed t o pl ay r epeat edl y wi t h each ot her t hr ough t i me,

even ad i nf i ni t um ( Heal 197( , ) . I n t hi s l at t er case, t he i nci dence of mani pul a-

t i on i s gr eat l y r educed . Fut ur es mar ket s become mor e ef f i ci ent i n t hei r

i nf or mat i onal r ol e .

We next exami ne t he ext ent t o whi ch a f ut ur es mar ket may be vi ewed as

r epeat ed games . Thi s vi ew depends on a number of f eat ur es, i ncl udi ng t he

degr ee of anonymi t y and of r est r i ct i ons on ent r y . 1 ar gue t hat t hese t wo

f eat ur es ar e r el at ed, i n t he sense t hat mor e anonymi t y may ease ent r y . On

t he ot her hand, anonymi t y may pr event t he f ut ur es mar ket f r om behavi ng as

a r epeat ed game, t hus maki ng i t mor e vul ner abl e t o mani pul at i on . 2

The pr obl em can be summar i zed as f ol l ows : di scl osur e t hat i s, l ess

anonymi t y) may pr event mani pul at i on and t her ef or e i mpr ove t he i nf or -

mat i onal ef f i ci ency of t he mar ket . On t he ot her hand, di scl osur e ( l ess

anonymi t y) may r est r i ct ent r y, and t her ef or e pr oduce an ef f i ci ency l oss .

Ther e i s, i n t hi s sense, a t r adeof f bet ween i nf or mat i onal ef f i ci ency and f r ee

ent r y .

I t i s of t en ar gued t hat t he ease of ent r y i n f ut ur es mar ket s i s a si gni f i cant

i mpr ovement f r om t he condi t i ons pr evai l i ng i n mor e t r adi t i onal f or war d

mar ket s . The r ol e of t he cl ear i ng houses, as di scussed i n Edwar ds ( 9) , i s i n

par t r el at ed t o pr eser vi ng as much anonymi t y as possi bl e i n f ut ur es mar ket s .

Anonymi t y and f r ee ent r y appear t o be r at her i mpor t ant f eat ur es of f ut ur es

mar ket s . I t f ol l ows t hat t he possi bi l i t y of mani pul at i on i s hi gher i n t hese

mar ket s because t hey do not easi l y sat i sf y t he char act er i st i cs of r epeat ed

games .

The concl usi ons ar e t hat a cer t ai n amount of mar ket mani pul at i on can

be expect ed i n f ut ur es mar ket because of t hei r i nf or mat i onal st r uct ur e, and

t hat mani pul at i on wi l l have some negat i ve ef f ect s on t he i nf or mat i onal

ef f i ci ency of t hese mar ket s . Sel f - pol i ci ng measur es i nvol vi ng some f or m of

Mani pul at i on and Repeat ed Games

di scl osur e coul d decr ease t o a cer t ai n ext ent t he i nci dence of mani pul at i on .
However , such measur es car r y a cost i n t er ms of bar r i er s t o ent r y and t he
accompanyi ng ef f i ci ency l osses . I t seems t her ef or e t hat an over al l appr oach
t o t he pr obl em i s t o seek an opt i mal t r adeof f bet ween t he t wo t ypes of
ef f i ci ency l osses : i nf or mat i onal i nef f i ci enci es and r est r i ct i ons t o ent r y .

The Concept of Mani pul at i on

195

The concept of mani pul at i on has been st udi ed now f or a number of year s

( Chi chi l ni sky and Heal 1982) . I t ar i ses most nat ur al l y i n t he cont ext of

noncooper at i ve games wi t h i mper f ect i nf or mat i on . Thi s sect i on summar i zes

t he concept ual i ssues i nvol ved and descr i be br i ef l y exi st i ng r esul t s .

Economi c Games

A game i s def i ned her e by speci f yi ng f our obj ect s :

I . The st r at egi es avai l abl e t o each pl ayer - t hat i s, t he st r at egy space S.

2 . The space of out comes, denot ed X.

3 . The payof f f unct i on ( or game f or m) g, a f unct i on whi ch assi gns an

out come t o t he st r at egi es pl ayed by t he i ndi vi dual s .

4 . I ndi vi dual char act er i st i cs, such as pr ef er ences over out comes, t hat

det er mi ne t he st r at egi c behavi or of t he pl ayer s .

The t er m " game wi t h i mper f ect i nf or mat i on" denot es a game i n whi ch

t he pl ayer s ar e not f ul l y i nf or med about one or mor e of t he aspect s of t he

game . For i nst ance, pl ayer s may be awar e onl y of some of t he st r at egi es

avai l abl e t o t hem, so t hey do not know t hei r st r at egy space S accur at el y .

Anot her t ypi cal i nci dence of i mper f ect i nf or mat i on i s when each agent i s not

f ul l y awar e of t he char act er i st i cs of t he ot her agent s . Thi s t ype of i mper f ect

i nf or mat i on wi l l be most r el evant her e and we di scuss i t i n some det ai l .

One i mpor t ant r ol e of f ut ur e cont r act s i s t o pr ovi de pr i ce si gnal s t hat

can be used by t he pr oducer s and di st r i but or s t o al l ocat e r eal r esour ces .

Mor e speci f i cal l y, f ut ur es pr i ces col l ect and i nt er pr et t he under l yi ng eco

nomi c i nf or mat i on about condi t i ons of suppl y and demand and so may

i nf l uence st or age and i nvent or y deci si ons . I n t he f ol l owi ng, we shal l di scuss

how t he i ssue of mani pul at i on i s l i nked wi t h t hat of t he ef f i ci ency of f ut ur es

mar ket s, and al so t he di f f er ent concept s of ef f i ci ency t hat emer ge .

The ext ent t o whi ch one can r el y on f ut ur es pr i ces conveyi ng accur at e

i nf or mat i on about t he mar ket ' s char act er i st i cs i s r el evant f or t he ef f i ci ency

of f ut ur es mar ket s ( Edwar ds' sect i on 5 and 6) . Agent s' char act er i st i cs, such
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t i l e out come

as pr ef er ences, i nf l uence demand, and demand af f ect s f ut ur es pr i ces .

' t her ef or e . when agent s' char act er i st i cs ar e unknown, each agent may gi ve

st r at egi c si gnal s t o t he mar ket about t hese char act er i st i cs, i n an at t empt t o

shape t he pr i ci ng st r uct ur e t o hi s advant age . For i nst ance, a net sal e may be

consi der ed a si gnal of an agent ' s pr ef er ence . An agent may choose t hi s si gnal

st r at egi cal l y t o i nf l uence pr i ces accor di ng t o hi s pr ef er ences . A st r at egy f or

each agent i i s t hen a net sal e s i . whi ch i s t aken as a si gnal f or t he agent ' s

pr ef er ence . Thi s si gnal wi l l af f ect mar ket pr i ces at t i l e equi l i br i um. One can

f or mul at e pr eci sel y i n t hi s cont ext t i l e i ssue of mani pul at i on . We say t hat a

game wi t h i mper f ect i nf or mat i on i s mani pul abl e when f or at l east some

pl ayer i , t he out come of t he game t hat obt ai ns when t hi s pl ayer gi ves a si gnal

s i t hat mi sr epr esent s hi s char act er i st i c s i ( pr ef er ence) i s bet t er ( accor di ng t o

i ) t han t i l e out come t hat obt ai ns i f he gi ves a cor r ect si gnal about hi s

pr ef er ence . That i s, denot e by

( S l ,

	

.

	

.

	

.

	

. . V i ,

	

.

	

.

	

.

	

, SO

a k - I t upl e of st r at egi es of al l pl ayer s but i , wher e A denot es t hat t he

cor r espondi ng st r at egy i s del et ed ; ' i denot es " pr ef er r ed t o" by t he i t h

pl ayer ; , t " i s t i l e out come space, and t he pl ayer ' s st r at egi es ar e i n S .

A gi nne , g i s mani pul abl e i f f or some st r at egy of pl ayer i , and some

k - I t upl e of st r at egi es of al l ot her pl ayer s but 1, denot ed

( . SI . . . . , Si , . . . . , Sk) FSF

. . . . . s i . . . . . s, ; )

	

g( sI . . . . , . 5 ; , . . . . SR)

\ %her e si i s t i l e t r ue char act er i st i c of t he i t h pl ayer , and s i : ~ si .

Thi s concept of mani pul abi l i t y f or mal i zes t i l e not i on t l l at i t i s i ndi vi du-
al l y opt i mal f or some pl ayer t o mi sr epr esent hi s char act er i st i cs, at l east i n
some cases . As al r eady not ed, i nf or mat i onal ef f i ci ency r equi r es t i l e accur at e
t r ansmi ssi on of i nf or mat i on by pr i ces . " Ther ef or e, i t i ndi vi dual decept i on
l eads t o di f f er ent pr i ces t han t hose r ef l ect i ng t he t r ue mar ket condi t i ons, i t

coul d t r ansl at e i nt o a l oss of ef f i ci ency f or t he mar ket i t s a whol e . The i ssue of

mani pul at i on i s t her ef or e l i nked t o t hat of mar ket ef f i ci ency . Thi s l i nk,

however , i s not si mpl e, and i s di scussed i n mor e dcf ai l i n f i r e f ol l owi ng

sect i ons . I n par t i cul ar , we shal l def i ne a cl ass of games al ong t i l e l i nes
di scussed her e and st udy t hei r mani pul abi l i t y i n t he l ast sect i on .

We now gi ve a br i ef over vi ew of exi st i ng r esul t s on t he mani pul at i on of
games t hat seem usef ul f or t he st udy of mani pul at i on i n f ut ur es mar ket s . The
f i r st r esul t s i n t i l e t heor y of mani pul at i on appear ed i n Gi bbar d ( 1973) . A
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cer t ai n t ype of game i s cal l ed " st r ai ght f or war d" when t i l e i ndi vi dual has no
i ncent i ve t o mi sr epr esent hi s char act er i st i cs i n hi s choi ce of st r at egy . ' The
i nf or mat i onal st r uct ur e of st r ai ght f or war d games i s such t hat pl ayer s do not
communi cat e at al l . We now di scuss br i ef l y t he concept of game sol ut i on i n
r el at i on t o t he degr ee of communi cat i on among pl ayer s because i t wi l l hel p
f or mul at e t he pr obl em wi t h pr eci si on .

I mper f ect i nf or mat i on may t ake sever al f or ms . An agent may be un-
awar e of t i l e ot her agent s' char act er i st i cs, but he may be abl e t o obser ve
t hei r st r at egi c moves . ' Thi s i s di f f er ent f r om a game wher e agent s ar e
unawar e of each ot her ' s char act er i st i cs and ar e al so unabl e t o obser ve each
ot her ' s moves .

The ef f ect s of di f f er ent i nf or mat i onal st r uct ur es i s seen mor e r eadi l y
t hr ough t he concept of sol ut i on or equi l i br i um. For exampl e, i n a game
wher e each pl ayer knows not hi ng al ul ut t he ot her ' s char act er i st i cs and i s al so
unabl e t o obser ve t hei r st r at egi c moves, t he t ypi cal concept of a sol ut i on i s
t hat of domi nant st r at egy equi l i br i um. I n t hi s concept , adopt ed by Gi bbar d,
each pl ayer i s pl ayi ng hi s domi nant st r at egy- t hat i s, pi f or t i l e i t h pl ayer ,
whi ch ensur es hi mof t he best possi bl e out come no mat t er what ot her pl ayer s
may he pl ayi ng . For ni al l v, s, i s a domi nant st r at egy f or i i f f or any k -

	

I t upl e

and f or al l st r at egi es s - ~ s i i n S, t hen

9( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA"SI " . . . , Si , . . . , SO - i S( SI , . . . , . S, . . . , SO

A st r ai ght f or war d game i s one i n whi ch gi vi ng t he cor r ect si gnal about
one' s char act er i st i c i s a domi nant st r at egy f or each pl ayer , and t hi s gi ves r i se
t o a domi nant st r at egy equi l i br i um of t he game . Gi bbar d' s t heor em

cal l
no\ \ ,

he si mpl y sunl nr ar i zed, even t hough a f ew def i ni t i ons ar e needed f or st at i ng
i t wi t h pr eci si on . For a wi de f ami l y of games, t he onl y st r ai ght f or war d games
ar e di ct at or i al . Di ct at or i al games ar e t hose i n whi ch t he out come i s al ways
i dent i cal t o t he pr ef er r ed out come st at ed by one of t he pl ayer s, cal l ed t he
" di ct at or . " Di ct at or i al games ( t o not pr ovi de i n adequat e r epr esent at i on of
mar ket s .

Thi s r esul t est abl i shes ( f l at most noncl i ct at or i al games ar e mani pul abl e,
i n t he sense of mot bei ng st r ai ght f or war d . The phenomenon of mani pul abi l -
i t y appear s t her ef or e r at her wi despr ead . I l owever , cl oser exami nat i on of
Gi bbar d' s r esul t shows t hat t he condi t i ons of hi s t heor em may l i e qui t e
r est r i ct i ve . I l i s games gener al l y have no domi nant st r at egi es . ' hher ef or e, i n
par t i cul ar , cor r ect si gnal i ng cannot he a domi nant st r at egy equi l i br i um.
" Ther ef or e, hi s games f ai l t o be st r ai ght f or war d may be because t hey do not
have Dmy equi l i br i um. I l i s r esul t may appear t o be most l y a st at ement about
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t he st r i ngency of t he concept of domi nant st r at egy equi l i br i um and of t he

assumpt i on t hat t her e i s absol ut el y no communi cat i on bet ween t he pl ayer s .

I n addi t i on, Gi bbar d assumes t hat no r est r i ct i on exi st s on t he pl ayer s' a

pr i or i pr ef er ences . '

Sever al l at er ar t i cl es vi ewed mani pul at i on r esul t s i n a wi der , and per -

haps mor e r eal i st i c per spect i ve ( Laf f ont and Maski n 198( 1 ; Chi chi l ni sky and

Heal 1981, 1982) . We dr aw f r om t hi s l at t er l i t er at ur e i n t hi s di scussi on . The

f i r st wi deni ng was t o r ecogni ze t hat pl ayer s do obser ve each ot her ' s st r at egi c

moves, even t hough t hey may i gnor e each ot her ' s t r ue char act er i st i cs .

Second, i t i s sel dom t he case t hat agent s have al l possi bl e char act er i s-

t i cs, so t hat i t suf f i ces t o st udy mar ket games wher e t he pl ayer s have

char act er i st i cs wi t hi n a subcl ass of al l char act er i st i cs .

The f i r st poi nt , about t he obser vabi l i t y of each ot her ' s st r at egi es, l eads

one i mmedi at el y t o a di f f er ent concept of sol ut i on ( or equi l i br i um) of t he

game . The concept gener al l y used i n games wher e i ndi vi dual s t ake i nt o

account each ot her st r at egi c moves i s t hat of a Nash equi l i br i um. A Nash

equi l i br i um i s def i ned as a vect or of st r at egi es

( s ; , . . . , s, . . . , sk)

wher e st r at egy p i s such t hat t he i t h pl ayer maxi mi zes hi s ut i l i t y gi ven al l

ot her pl ayer ' s st r at egi es . For mal l y :

For al l i , g( s` ; , . . . , s, , . . . , sk) =max{ ur ( g( s ; , . . . , s, . . . . s ' k) }

s ; FS

wher e i r ; i s a r eal val ued ut i l i t y f unct i on on out comes r epr esent i ng t he

pr ef er ence of t he i t h pl ayer .

A Nash equi l i br i um i s a f ami l i ar concept i n t he st udy of mar ket behav-

i or : i t i s usual l y r ef er r ed t o as i t noncooper at i ve sol ut i on . The concept i s

used, f or i nst ance, f or t he st udy of mar ket s whose agent s have some degr ee

of mar ket power , such as monopol i st i c compet i t or s . I n t hi s cont ext i t i s

cal l ed t he Cour not sol ut i on or Cour not equi l i br i um. Fr omnow on we shal l

adopt t hi s concept of a sol ut i on, whi ch appear s t o be mor e r eal i st i c i n t he

case of f ut ur es mar ket s .

Ef f i ci ency and Mani pul at i on

The exampl es i n t he l ast sect i on made an i mpl i ci t assumpt i on about mar ket

behavi or : t hat some agent s' suppl y/ demand behavi or r ef l ect s on mar ket

pr i ces . Obvi ousl y, i n i my gener al equi l i br i um model , mar ket pr i ces r ef l ect

t he aggr egat e suppl y and demand, whi ch i s obt ai ned by addi ng up i ndi vi du-
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i l l ' s suppl y and demand f unct i ons . An i ndi vi dual ' s behavi or t her ef or e af f ect s
t he equi l i br i um mar ket pr i ces . However , i t i s an assumpt i on of t he t heor y of

compet i t i ve mar ket s t hat each agent act s as i f he has no i nf l uence at al l on

pr i ces- t hat i s, no mar ket power . Our t r eat ment of f ut ur es mar ket s as

noncooper at i ve games wi t h i mper f ect i nf or mat i on t her ef or e devi at es f r om
t he st andar d compet i t i ve model i n t wo r espect s . One i s t he l ack of per f ect
i nf or mat i on . The second aspect i s t hat some of t he pl ayer s ar e awar e t hat
t hey may have some mar ket power and may be abl e t o i nf l uence pr i ces . The
concept of f ut ur es mar ket s used her e i s i n t hi s sense cl oser t o t hat used i n t he
chapt er s by Ander son and Sundar eson and by Kyl e i n t hi s book .

We now t ur n t o t he i ssue of ef f i ci ency di scussed i n t he l ast sect i on . We
expl ai ned t hat t he mani pul at i on of a f ut ur es mar ket may be used i n def i ni ng
t he ef f i ci ency of t hi s mar ket because t he mar ket pr i ces i n t hi s case may not

convey accur at e i nf or mat i on about mar ket condi t i ons . Ther e may be an-

ot her sour ce of i nef f i ci enci es, t hi s one r el at ed t o t he over al l al l ocat i on of

r esour ces . I f i ndi vi dual s pl ay t he mar ket st r at egi cal l y as a noncooper at i ve

game and r each a Nash equi l i br i um sol ut i on, t hi s sol ut i on need not be an

ef f i ci ent al l ocat i on of r esour ces, even when i nf or mat i on i s per f ect . I t i s wel l

known t hat Nash equi l i br i um sol ut i ons do not al ways yi el d Par et o opt i mal

al l ocat i ons among t he pl ayer s . I n t hi s chapt er , however , we concent r at e on

i nf or mat i onal ef f i ci ency, whi ch ar i ses mor e f r equent l y i n t he st udy of f i nan-

ci al as wel l as f ut ur es mar ket s .

Usi ng t he concept of a game i nt r oduced i n t he pr evi ous sect i on . we gi ve

a f or mal exampl e of t he behavi or of f ut ur es mar ket s as noncooper at i ve

games wi t h i mper f ect i nf or mat i on . Agai n, we assume t hat each agent an

nounces a net demand schedul e, whi ch i s char act er i zed by a number of

par amet er s, and can t her ef or e be vi ewed as a vect or i n eucl i dean space . Thi s

vect or i s a si gnal of hi s t r ue net demand f unct i on emer gi ng f r om t he

opt i mi zat i on of i ndi vi dual pr ef er ences . Each component of t he vect or may,

of cour se, be ei t her posi t i ve or negat i ve, dependi ng on whet her t he agent

buys or sel l s t he par t i cul ar commodi t y i ndi cat ed by t hat component .

We can assume wi t hout l oss of gener al i t y t hat t he i ni t i al net amount

t r aded when t he mar ket opens i s t he vect or qzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� i n R" " ' , wher e ni denot es t he

mi ni ber of del i ver y dat es, and n t he number of commodi t i es . Openi ng

f ut ur es pr i ces 1) � ar e t her ef or e descr i bed by a posi t i ve nr n di mensi onal

vect or . A si gnal f or agent i i s a net demand schedul e, a vect or denot ed Aq; . I t

i s conveni ent , but not essent i al , t o assume t hat q; al so has di mensi on

nr n- t hat i s, q ; FR" " ' . Because i n f ut ur es mar ket s no i mmedi at e payment

i s necessar y at t he moment of cont r act - t hat i s, t her e ar e no budget

const r ai nt s- i n pr i nci pl e a si gnal can he i my vect or i n Rwi t h some

coor di nat es posi t i ve and ot her s negat i ve . I n t he f i nal sect i on we shal l al so

r ef er t o cases wher e t he agent s have budget const r ai nt s, whi ch l i mi t t hei r

si gnal s t o a subset of R" " ' .
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I n i t s si mpl est and most gener al f or m, we concei ve of t i l e game as a

f unct i on t hat assi gns t o i ndi vi dual net
demand

schedul e si gnal s a mar ket

pr i ce, whi ch i s a posi t i ve vect or i n 11" " ' - t hat i s

g( Aq, , . . . , Agt i . ) = P r . R( " zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� , )

Equi val ent l y, we may consi der t he out come as a change f r om i ni t i al t o f i nal

pr i ces- t hat i s, we may r ewr i t e t he game i n t he f or m

g( Aq, . . . . , Aq A ) = Ap = h - hn

Thi s f or mal i zat i on i s usef ul because we obt ai n mor e synr nr ct r v . The st r a-

t egi es of t he pl ayer s ar e vect or s i n Rand t he out comes ar e vect or s i n

l Z" " ' as wel l . The game f or m or l ayof f f unct i on i s t hcr et or c a f unct i on

g : ( I l . . . . Y~~ l l � m

wher e k i s t he number of pl ayer s . I n gener al , of cour se, t he i mage of y wi l l be

a subset of R" " ' .

We now f ocus on one cl ass of games wi t hi n t hi s cont ext , whi ch i s used

l at er t o expl or e t he i nci dence of mani pul at i on . The goal of each pl ayer i s t o

at t ai n a pr i ce change as cl ose as possi bl e t o Ap*� t he i deal pr i ce change f ar

t hi s agent gi ven hi s t r ue ( cur r ent or expect ed) mar ket posi t i on . For exampl e,

assume t hat t her e ar e t wo per i ods and t hat each component of t he pr i ce

vect or denot es t i l e pr i ce f or t he same good i n each of t i l e t wo per i ods .

Assume t hat i n t he f i r st per i od t he agent goes l ong f or del i ver y of good u on

t i l e second per i od, and f ur t her mor e, t hat i t i s hi s pr i vat e i nf or mat i on t hat l i e

does not wi sh t o hol d good a on or af t er t he second per i od . Then i f t hi s agent

can i nduce by st r at egi c si gnal i ng a change i n mar ket pr i ces t hat keel s f ut ur e

pr i ces f ar good cr at t i l e f i r st per i od, demot ed as l aw as possi bl e, and

second- per i od sl ot pr i ces f or a, denot ed p 2 ( a) as hi gh as possi bl e, he may be

abl e t o squcezc t i l e mar ket f or del i ver y at t he second dat e, pr ovi ded i r e

pur chases enough i n t he f i r st per i od f or del i ver y at t he second . I l i s goal i s

t hen t o obt ai n t hat change i n pr i ce Ap* t hat maxi mi zes t i l e r at i o

hi ( r r )

p` ( ( r )

For i nst ance, i f t i l e agent ' s net posi t i on i s l ong, hi s i deal pr i ce r at i o i n t hi s

mar ket woul d he zer o . I n ot her cases- such as t hose wi t h t wo or mor e

del i ver y dat es- one may consi der t he i deal pr i ce as r epr esent i ng i nst ead

f ut ur es pr i ces at di f f er ent del i ver y dat es . I f an agent hol ds a por t f ol i o wi t h
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di f f er ent del i ver y el at es, t he i deal pr i ces f or t hi s agent wi l l i n gener al be a

vect or whose component s ar e posi t i ve . I l ow an agent may i nf l uence pr i ces

t o appr oxi mat e hi s i deal pr i ce i s descr i bed i n t he l ast sect i on .

We now assume t hat pr i ces ar e af f ect ed by t he behavi or of <t subset of

pl ayer s who have mar ket power / ' Pr i ces wi l l change i n t he same gener al

di r ect i on of t he excess demand vect or of t he pl ayer s i n 1' . Mor e pr eci sel y, i f

Aq, i s t i l e demand si gnal of t i l e i t h agent wi t h mar ket power , t hen Ap wi l l he

i n t i l e convex set of di r ect i ons det er mi ni ng t i l e si gnal s Aq; f or al l i i n P. I n

par t i cul ar . when al l quant i t y si gnal s ar e i dent i cal t o each ot her - f or exam-

pl e, t o Aq ( t hat i s, ever yone si gnal s t he same net demand) - t hen t i l e change

i n pr i ces wi l l al so he i n t he same di r ect i on . ' That i s

Ap = XAq

f or some posi t i ve number Jc .
We can now descr i be t he st r at egi c behavi or of t he pl ayer s . The opt i mal

Nash st r at egy of t he i t h pl ayer , gi ven t hat al l ot her pl ayer s_i n 1' ar e pl ayi ng

st r at egi es Aq, , f or j = I , . . . , k, j # i , i s t hat st r at egy Aq, t hat yi el ds a

pr i ce change as cl ose as possi bl e t o ; i n i deal out come Ah . For mal l y, t he

Nash st r at egy of t he i t h pl ayer i s Aq, i f

K( Agi ,

	

.

	

.

	

.

	

,

	

Aq ; , .

	

.

	

. Aq, , ) -

	

Ap % -

mi n ( g( Agr , . . . , Aq, . . . , Aq, , ) - Api )
Aq,

R

wher e / ' = { I , . . . , p) . and t he mi ni mum i s t aken wi t h r espect t o t he

st andar d eucl i dean di st ance i n R" " ' .

A Nash equi l i br i um set of st r at egi es ( Aq, * , . . . , Aq* , ) i s one i n whi ch

f or each pl ayer i , t he st r at egy Aq' ; i s opt i mal , gi ven t hat pl ayer j i s pl ayi ng

st r at egy Aq~, f or j = l , . . . , h, j

	

l . Ther e i s mani pul at i on onl y i f t i l e

Nash equi l i br i um st r at egy of agent i , Aq , whi ch he chooses st r at egi cal l y t o

at t ai n t he best out come i n t he game g, i s a mi sr epr esent at i on of i s net
demand Aq ; , obt ai ned under compet i t i ve assumpt i ons f r om ut i l i t y nr axi -

nr i zat i on at t i l e compet i t i ve equi l i br i um mar ket pr i ces . I f some pl ayer gai ns

by mi sr epr esent i ng hi s mar ket posi t i on- f or exampl e, i f i t i nf l uences pr i ces

t o move i n a di f f er ent way t han t hey woul d do i f l i e was t o r epr esent hi s

posi t i on accur at el y- t he i nf or mat i onal ef f i ci ency of f ut ur es pr i ces i n pr edi c-

t i ng subsequent spot pr i ces wi l l he di mi ni shed . I n t he l ast sect i on, we show

t hat i n t hi s t ype of mar ket game mani pul at i on wi l l t ake pl ace gener al l y- t hat

i s, each pl ayer wi l l i n gener al obt ai n a mor e f avor abl e pr i ce move by

mi sr epr esent i ng hi s posi t i on ( t heor em 2) . We ear l f ur t her r ef i ne t he r esul t by
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showi ng t hat when t he out comes of t he game ar e di r ect i ons of pr i ce changes,

t hen under t hese condi t i ons t her e exi st s al ways one pl ayer who can at t ai n

what ever di r ect i on of pr i ce change l i e desi r es by Mani pul at i on ( t heor em I ) .

The r esul t s of t heor ems I and 2 show t hat al t hough we have dr opped t he

r est r i ct i ons of Gi bbar d' s t heor em and consi der mor e pl ausi bl e games wher e

agent s do t ake i nt o consi der at i on each ot her ' s st r at egi c moves, t he pr obl em

of mani pul at i on i s st i l l pr esent . The next sect i on wi l l st udy al t er nat i ves t o t i l e

exampl es of games di scussed her e and expl or e t i l e r ol e of di scl osur e i n t he

cont ext of r epeat ed games .

Di scl osur e and Repeat ed Games

We have di scussed exampl es of t i l e i nci dence of mani pul at i on i n f ut ur es

mar ket s vi c%ved as noncooper at i ve games wi l l ) i mper f ect i nf or mat i on . I n

t hi s sect i on xvc anal yze t i l e st r at egi c behavi or t hat ar i ses when pl ayer s pl ay

t i l e game r el i cat edl y, even a( f i nf i ni t um. The i nci dence of mani pul at i on i s

l i kel y t o decr ease when t he game i s pl ayed by t he same agent s r epeat edl y

because each pl ayer ' s st r at egi c behavi or i s obser ved by t i l e ot her pl ayer s .

Once mani pul at i on i s exposed and t he pl ayer i s i dent i f i ed, f ut ur e si gnal s

f r om t hi s pl ayer may be i nt er pr et ed di f f er ent l y . I n par t i cul ar , i t i s possi bl e

t hat by pl ayi ng t i l e game r epeat edl y, t i l e mani pul at i ve pl ayer wi l l r eveal hi s

t r ue mar ket posi t i on t hr ough hi s st r at egi c behavi or . I f t hi s i s t i l e case, t i l e
l onger - r un i nf or mat i onal ef f i ci ency of t i l e f ut ur es mar ket as a r epeat ed game

may be r ecover ed, despi t e t he possi bl e i nci dence of mani pul at i on i n each

one- shot game .

Sever al f act or s may st and on t i l e way of t he f ul l di scl osur e of an i ndi vi -

dual ' s posi t i on t hr ough hi s st r at egi c behavi or . However , at l east i n cer t ai n

exampl es one can gi ve suf f i ci ent condi t i ons t o guar ant ee t hat an opt i mal

st r at egy i n a r epeat ed game i s t o r eveal one' s t r ue
mar ket

posi t i on . Such

exampl es wi l l be seen t o r equi r e some f or m or l di scl osur e or l oss of anonvr ni -

t y . I l owever . di scl osur e or l oss of anonymi t y may be associ at ed wi t h bar r i er s

t o ent r y, whi ch decr ease t he Mar ket ' s al l ocat i ve ef f i ci ency . Ther ef or e, ( l i e
gai ns f r om i nf or mat i onal ef f i ci ency of r epeat ed games may he accompani ed
by ef f i ci ency l osses f r om har r i er s t o ent r y . A mi xed pol i cy t o opt i mi ze t hi s
t r adeof f may he cal l ed f or .

I deal l y, we woul d consi der t he games di scussed i n t he l ast sect i on as
pl ayed r epeat edl y . However , t hi s vi ew woul d l ead t o games on i nf i ni t e

di mensi onal st r at egy spaces . Ther ef or e, we st udy now a si mpl er exampl e of

one- shot games t hat wi l l t hen he r epeal ed i ndef i ni t el y . ' [ ' hi s i s anal ogous but

di f f er ent f r om a one- shot game st udi ed by Aker l of f ( 19711) . An ext ensi on of

our game t o a super game- t hat i s, t he game obt ai ned by r epeat i ng t hi s

one- shot game ad i nf i ni t um- i s obt ai ned . A pr ecedent i s I l eal ( 1976) who
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ext ended Aker l of f ' s game t o a super game and pr oduced t he f i r st r esul t s i n
t he ar ea of i ncent i ves i n r epeat ed games . Because we r epeat t i l e game
i ndef i ni t el y, i t i s si mpl er t o assume t hat onl y t wo st r at egi es ar e avai l abl e t o
each pl ayer , one r epr esent i ng t r ut hf ul demand A and t he second mi sr epr e-
sent i ng i t f or cal cul at ed st r at egi c advant age B .

Our game di f f er s f r om t hose of Aker l of f and Heal i n sever al ways . Heal
r equi r es t hat a " good qual i t y" good obt ai ned t hr ough t r ade have an i nt r i nsi c
val ue f or t he pl ayer , a val ue t hat i s t he same f or bot h pl ayer s and i s
i ndependent f r om what t he ot her pl ayer ' s st r at egy i s . Thus, hi s game has
onl y f our par amet er s : t he val ue of obt ai ni ng a " good qual i t y" good, t he
val ue of depar t i ng f r om s) " good qual i t y" good, and t he same t wo val ues f or
" bad qual i t y" goods . Her e, we need i nst ead ei ght par amet er s because t her e

i s no i nt r i nsi c val ue her e t oi l t r ut hf ul st r at egy . Thi s val ue i s det er mi ned by

t he mar ket r esponse, whi ch depends of cour se on t he ot her pl ayer ' s st r at egy .
We assume t hat t her e ar e t wo pl ayer s, I and 2, and def i ne ei ght par ame-

t er s as f ol l ows . When pl ayer s I and 2 pl ay bot h st r at egy A, t i l e out come f or 1
i s a I I and f or 2 i s ( 3 1 , ; when I and 2 bot h pl ay B t he out comes ar e a22 and 022 ;
when I pl ays A and 2 pl ays B, t he out comes ar e a l e and 012, r espect i vel y,
and f i nal l y when 1 pl ays Band 2 pl ays A, t hey ar e a and 0 21 r espect i vel y . We
now def i ne t hi s game f or mal l y . The game f or m g i s a f unct i on

g : ( A, B12- - > ( ( a11zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" 011) ( a12 , 012) ( ( X21, 021) ( x22, 022) } C R2

wher e { A, B} i s t he set of st r at egi es of each pl ayer , consi st i ng of t wo

st r at egi es . A and B. The set of out comes i s cont ai ned i n R2 . Each di f f er ent

set of st r at egi es i s assi gned one out come- f or exampl e, by const r uct i on

g( A, B) = ( a 12 , 012)

We can r epr esent t i l e same game al so i n t he mor e f ami l i ar mat r i x f or m:

Pl ayer I

st r at egy A

st r at egy B

Pl ayer 2
st r at egy A

	

st r at egy B

al l I I

	

" 12
1' 12

( Y2I
P21

a22
022

- g

By anal ogy wi t h t he pr evi ous game we may assume t hat t he t r ut hf ul out come
( a , , , 011 ) i s Par et o- ef f i ci ent - t hat i s, t hat anv ot her out come whi ch has a

hi gher val ue f or one of t he pl ayer s wi l l necessar i l y have a l ower val ue f or t he

ot her . We shal l al so di scuss cases wher e ( a 1 , , 011 ) i s not Par et o- ef f i ci ent .

The next st ep i s t o f i nd t he non- cooper at i ve sol ut i ons of t hi s one- shot

game . We ar e concer ned wi t h t i l e cases wher e t he game can be mani pul at ed
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and wi sh t o i nvest i gat e how t he r epet i t i on of t hi s game may i mpr ove mat -

l cr s . The game can he mani pul at ed when t he out come of 1) l ; t yi ng sl r al egy 13

( decei t ) i s an i mpr ovement over t hat of pl ayi ng st r at egy A ( st at i ng one' s

t r ut hf ul posi t i on) . We may assume wi t hout l oss of gener al i t y t hat t he decei t -

f ul pl ayer i s l . Then i f

pl ayer 1 wi l l al ways pl ay st r at egy 13 ( decei t ) . Pl ayer 2 wi l l t her ef or e al ways

choose bet ween f 3=, and ( 322 onl y . Under t he assumpt i on t hat ) 3zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� > f i 2t

( t hat i s, i t i s pr ef er abl e t o r espond t o decei t wi t h decei t ) . t he onl y Nash

equi l i br i um of t hi s game i s t he pai r of st r at egi es ( 11, B) wi t h payof f ( eye � , f 3 � ) .

' I hi s wi l l happen even t hough t he t r ut hf ul ( A . / t ) st r at egy vect or may yi el d

a Pa r e I o super i or out come- t hat i s, even i f ( a � . [ i t I ) > ( ( e2= . f i 22) , wher e >

i s t he sI ; i ndar d vect or or der i n eucl i dean space R2 . The Nash e( I ui l i hr i t t m-

t hat i s, noncooper at i ve bel t avi r n of t he agent s- - may l ead t o Par et o i nf er i or

out comes i f each pl ayer has an i ncent i ve t o decei ve t he ot her i n t he one- shot

game . Such a mar ket woul d not l i e i nf or mat i onal l y ef f i ci ent because at t he

equi l i br i um, we expect decei t f ul behavi or of t he agent s .

Now assume t he game i s pl ayed r epeat edl y . Consi der t he f ol l owi ng

i nf i ni t e st r at egy I ' For pl ayer I : t o r eal hi s cor r ect posi t i on A i n t he f i r st

per i od, and i n t he I t h per i od t o pl ay B i f and onl y i f pl ayer 2 has been

decei t l ul i nsoni c pr evi ous per i od s < 1 . Def i ne d, t ol i et hesymmet r i c pol i cy f or

pl ayer 2 . We can now comput e t he di scount ed f ut ur e payof f of t hi s st r at egy

f or bot h pl ayer . ' I l i e pl ayof f of I ' t o pl ayer I i s 2 pl ays 11 i s

wher e 11 < A < I i s t he di scount f act or . Si mi l ar l y, t he payof f t o 2 of 11 i f I

pl ays T i s

Now. i t ' pl ayer 2 pl ays st r at egy 11, can pl ayer 1 benef i t by depar t i ng f r om

st r at egy A? Assume t hat f r om t = I t o I = T, I pl ays A, and f or 1 ~- T + I , 1

pl ays R. Then i f 2 f ol l ows st r at egy 11, 2 wi l l pl ay 11 f r om I = T + 2 onwar d,

and t her ef or e . t he best I can do i s t o pl ay B f r om t her e onwar d al so .

Ther ef or e, t he hi ghest payof f t o I of depar t i ng f r om st r at egy Tat t i me T + I

i s

cx t t V

	

A , + ( VI I

	

al l
r - 1. +2

al t > cY, i and a2> > c

( 6 . 2)

( 6 . 3)
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We can now compar e t he payof f t o st r at egy I ' f or pl ayer I , t o t he payof f t o

t hi s devi at i on f r om I ' . Thi s i s, we compar e equat i ons 6 . 1 and 6 . 3 . I t i s easy t o

check t hat t he payof f of equat i on 6 . 1 exceeds t hat of 6 . 3 i f and onl y i f

<
af t - al t

a22 - al t

" Ther ef or e, f or suf f i ci ent l y smal l di scount r at es A, t he pai r of st r at egi es f ' , 11 i s

al ways a Nash equi l i br i um of t he r epeat ed game . Thi s shows t hat f or smal l

di scount r at es- t hat i s, when pl ayer s val ue t hei r f ut ur e t r ades suf f i ci ent l y-

one possi bl e sol ut i on t o t hi s game i s t hat each pl ayer act s accor di ng t o hi s

t r ue posi t i on wi t hout at t empt i ng t o mani pul at e t he out come .

We t her ef or e may at t ai n i nf or mat i onal ef f i ci ency i f t he di scount r at e i s

suf f i ci ent l y smal l . Mor eover , i t can al so he shown t hat f or any di scount r at e,

a Par et o- ef f i ci ent sol ut i on of t he game i s i n equi l i br i um of t he super game .

Ther ef or e, t he t r ut hf ul st r at egy ( A, A) l eads t o a Par et o- ef f i ci ent al l ocat i on .

I t f ol l ows t hat i n such cases one may add Par et o ef f i ci ency of r esour ce

al l ocat i ons t o t he i nf or mat i onal ef f i ci ency of t he sol ut i ons .

An i nt er est i ng pr obl em ar i ses i n t hose cases wher e t he t r ut hf ul st r at egy

set ( A, A) i s i nf or mat i onal l y ef f i ci ent but not Par et o- ef f i ci ent . As di scussed

pr evi ousl y, t hi s may ar i se i n t he Nash equi l i br i umof noncooper at i ve mar ket

games even wi t h per f ect i nf or mat i on, such as games of monopol i st i c compe-

t i t i on . I n such cases, i t cannot be guar ant eed t hat gai ni ng mor e i nf or mat i on

about t he mar ket condi t i ons ( f or exampl e, t hr ough r epeat ed games) wi l l

i mpr ove t he out come . Mor e i nf or mat i on may l ead i n some cases t o al l agent s

bei ng wor se of f .

Fi nal l y, i t shoul d be poi nt ed out t hat , i n gener al , ; my Par et o- ef f i ci ent

al l ocat i on of a one- shot game wi l l he a Nash equi l i br i um of t i l e super game .

Thi s r esul t i mpl i es i n par t i cul ar t hat i f t he t r ut hf ul st r at egy ( A, A) i s Par et o

ef f i ci ent , i t wi l l al ways be a Nash equi l i br i um sol ut i on t o t he super game .

Ef f i ci ency Gai ns and Losses f r om Di scl osur e

The pr evi ous sect i on st udi ed a one- shot game wher e t he agent s have an

i ncent i ve t o mani pul at e t hei r si gnal s t o t hei r advant age . I t al so showed

suf f i ci ent condi t i ons f or t hi s i ncent i ve t o di sappear when t he game i s r e-

peat ed i ndef i ni t el y . The i nt ui t i ve r eason i s t hat when t he game i s r epeat ed,

t he pl ayer s bui l d i l l ) r eput at i ons and may t her ef or e i nt er nal i ze at l east some

of t he l osses t hat t hey may i nf l i ct on ot her s i n pr evi ous per i ods . The i ncen-

t i ve t o mani pul at e i s t her ef or e decr eased . We exhi bi t ed t wo suf f i ci ent

condi t i ons f or at t ai ni ng a mani pul at i on- f r ee out come . One i s t hat t he t r ut h-

f ul st r at egi es def i ne a Par et o- ef f i ci ent equi l i br i um. The ot her i s t hat t he

agent s have r el at i vel y l owdi scount r at es f or t he f ut ur e . Cl ear l y, t he ext ent t o
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whi ch f ut ur e t r ades mat t er wi l l he r el l ect ed by mor e concer n f or one' s

cur r ent commer ci al r eput at i on . These r esul t s l ead us nat ur al l y t o quest i on

t he condi t i ons under whi ch a f ut ur es mar ket can be consi der ed a r epeat ed

game . Thi s wi l l he t he f i r st subj ect of t hi s sect i on . The second wi l l he t o

expl or e t i l e i mpl i cat i ons of t hi s on ef f i ci ency .

One f act or t hat emer ged cl ear l y i n t he di scussi on i n t he l ast sect i on i s

t hat some f or m of st r at egi c r et al i at i on i s necessar y t o pr event r epeat ed

mani pul at i on . Cl ear l y . such a st r at egy woul d r equi r e t hat t i l e mani pul at i ng

agent s he i dent i f i ed . For exampl e, i f mani pul at i on i s f ol l owed by exi t f r om

t i l e mar ket , and per haps r eent r y under a di f f er ent br and name, mani pul a-

t i on may go unchecked and he r epeat ed i ndef i ni t el y .

To f or mal i ze t hi s concept . one r ef or mul at es t he r epeat ed game def i ned

pr evi ousl y t o t ake exi t i nt o account . Dependi ng on t he r et ur ns out si de of t i l e

gar ne, one may be abl e t o f or mul at e pr eci sel y t he opt i mal exi t pol i cy of a

mani pul at i ve agent . For exampl e, assume t hat t he r et ur ns out si de t he game

si r e . v dol l ar s per per i od . Consi der t he f ol l owi ng st r at egy ~ f or pl ayer 1 .

Pl ayer 1 pl ays t i l e game st r ai ght f or 7' per i ods, t hen i t mani pul at es i t cm

per i od 1
. .

and l eaves t i l e mar ket on per i od 7' + 1 . Then t he payof f t o I of

st r at egy : , under t i l e assumpt i on t hat pl ayer 2 wi l l not mani pul at e unl ess I

does ( t hat i s . st r at egy 11) i s

r 1

cr 11

	

~' + a 21 0~ - t - x

	

A~

I

	

r - . T
.

. 4 . I

t

We may nowcompar e t he payof f of st r at egy I ' f or pl ayer 1, wi t h t he payof f of

t wo ot her st r at egi es : mani pul at i ng and st ayi ng i n t he mar ket , and mani pu-

l at i ng and exi t i ng . Cl ear l y i t wi l l he pr ef er abl e f or 1 t o f ol l ow st r at egy l

r at her t han t i l e st r ai ght st r at egy 7' i f and onl y i f

>
oi l - a21

X - ( Y21

( 6 . 4)

( 6 . 5)

Not i ce t hat t he choi ce of cheat and exi t st r at egy becomes mor e at t r act i ve i n

t wo cases :

The hi gher i s t he r at e of di scount of t he f ut ur e payof f s .

The hi gher i s t he payof f x out si de t he mar ket , and t hi s i s i ndependent

f r om t he st oppi ng t i me .

Obvi ousl y . _r must be l ar ger t han cr 22 because ot her wi se pl ayer 1 woul d

never cont empl at e l eavi ng t he mar ket . Al so x must he smal l er t han a l I f or

t hi s pl ayer t o want t o pl ay at al l . Ther ef or e st r at egy t wi l l gener al l y he

pr ef er r ed t o mani pul at i ng f or ever and wi l l al so be pr ef er abl e t o pl ayi ng

st r ai ght wi t h hi gh r at es of di scount of f ut ur e payof f s .
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As a r esul t , t her e i s t i l e concer n t hat at any poi nt of t i l e game a pl ayer

may mani pul at e and t hen exi t . Unl ess a pl ayer can be f ul l y i dent i f i ed i n

t er ms of hi s hi st or y of t r ades, one cannot expect t he pl ayer s t o r eveal

t r ut hf ul l y t hei r mar ket posi t i ons so t hat newcomer s, who have no mar ket

hi st or y, woul d nor mal l y be suspect . Wi t h f ul l di scl osur e, a wedge i s dr i ven

bet ween ol dt i me pl ayer s and newcomer s, whi ch ef f ect i vel y r est r i ct s ent r y .

When mor e sophi st i cat ed st r at egi es ar e consi der ed, i t can be expect ed

t hat a nat ur al concept of ent r y f ee may ar i se- t hat i s, t he cost associ at ed

wi t h devel opi ng a good mar ket r eput at i on f or t he newcomer s . The f or mal

i zat i on of such a concept woul d seem usef ul t o comput e t i l e ef f i ci ency l osses

associ at ed wi t h r est r i ct ed ent r y ar i si ng f r om di scl osur e . Or , equi val ent l y, i t

may measur e t he ef f i ci ency gai ns f r om anonymi t y, i n t he f or m of f r ee ent r y .

Ther ef or e, a measur e of t he i nf or mat i onal ef f i ci ency gai ned by di scl osur e

( i n whi ch case we may have a r epeat ed and mani pul at i on- f r ee game) and t he

ef f i ci ency l osses due t o r est r i ct ed ent r y caused by f ul l di scl osur e woul d seem

r equi r ed .

Resul t s f or One- Shot Cames and Appl i cat i ons

i n t hi s sect i on we pr ove r esul t s on t he mani pul at i on of games wi t h i mper f ect

i nf or mat i on . At t he end of t he sect i on we shal l al so di scuss t hei r possi bl e

appl i cat i ons f or t i l e anal ysi s of f ut ur es mar ket s .

Let us assume t hat t her e ar e k>2 pl ayer s wi t h mar ket power . We shal l

exami ne t hei r Nash st r at egi es and t he cor r espondi ng out comes of a non-

cooper at i ve game . The game i s def i ned by a game f or m g, a st r at egy set S i n

R" f or each pl ayer , and an out come set X i n R" . Each st r at egy i s a vect or

r epr esent i ng a net demand schedul e f or i t commodi t i es . The game f or m i s

a cont i nuous f unct i on g : ( R" ) k
- - > X, whi ch assi gns t o each k- t upl e of

st r at egi es an out come t hat i s a di r ect i on of pr i ce change D, , i n R" , or el se

no change at al l - t hat i s, t he vect or ( 0, . . . , t l ) .

We shal l assume t hat each pl ayer knows g, X, and S, and t hat t hey

obser ve each ot her ' s moves, pl ayer i s pr ef er r ed di r ect i on of pr i ce change i s

denot ed D/ r ; . To pr ovi de a si mpl e pr oof of our next r esul t , we shal l l ook at

t i l e speci al case k = 2, n = 2 . The r esul t s i n t hi s sect i on hol d t r ue f or hi gher

di mensi onal cases, but t he pr oof s r equi r e mor e compl ex t ool s of al gebr ai c

t opol ogy .

THEOREM I . Consi der a gar neg : ( RT - - ~- R2 def i ned as above. Asst one t hat

pr i ces move i n t he di r ect i on of a convex combi nat i on of t he changes i l l net
demands of t he agent s . Ther e t hen evi st s a / ) l ayer n, l r o i . s al ways abl e t o secur e,
as a Nash equi l i br i t on ot i t cor ne, hi s pr ef er r ed di r ect i on of pr i ce change, f or

anv ( nonzer o) st r at egi es t he ot her i s pl ayi ng . To at t ai n t hi s out come, t hi s

pl ayer wi l l gener al l y mi sr epr esent hi s t r ue ( ne( ) demand, but hi s st r at egi c net

demand vect or need never have a hi gher absol ut e vaht e t han t hat of t i l e out er

pl ayer .
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PI - 00f . Because , g' 111apS St r at egi es i nt o di r ect i ons of pr i ce chat l ges, and such

di r ect i ons ar e i n a one- t o- one cor r espondence wi l l ] poi nt s i n ( l i e uni t ci r cl e

, S' of R̀ , we may consi der g :
( R2) 2

- > S' . We shal l now r est r i ct our sel ves

t o nonzer o st r at egi es, so we may l ook at g : ( R2 - ) M) ' ' 5'
We st udy next f i l e r est r i ct i on of t he sl ap g t o t he set ( S I ) 2 C ( R2 - 10} ) 2-

t hat i s

f ol l owi ng subset s :

and

and

g : ( S
1
)

2 , S1

We may def i ne f i l e degr ee of g r est r i ct ed t o f i l e di agonal set D = ; ( x, ,
r , ) e ( S

1
)

2
: x, = x 2 } , because D i s hor neonl or phi c t o t he ci r cl es S' i n R2

( Chi chi l ni skv 19 ; 11) .

The condi t i on t hat [ ) r i ce changes i n f i l e di r ect i on of posi t i ve l i near

cool di nat i or 1 demands i mpl i es t hat when al l i ndi vi dual demands ar e c, 1-

l i ncar , 111cy n1, we i n 111e same ( l i t ccl i , m. ' I l r 11sg r est r i ct ed t o I ) i s t he i del l t i l y

sl ap . So t hat deg, g/ D = I . Si nl i l ar l y we st udy t he degr ee of g , r 11 each of t he

T1 - =

	

{ ( - %,

	

r ) : x

	

_
. 1 n, yr S1 )

h2 = I ( X , Y) . 1' = 1' n, xr S I }

The degr ee of , g r est r i ct ed t o T, and t o T2 i s ei t her zer o or one, cl ue ( o f i l e

convexi t y condi t i on ( Chi chi l ni sky 1982b) - t hat i s

11 < ( l eg g/ T, < I

	

( 6 . 5)

( 1 < deg g/ T2 - r 1

	

( 6 . 6)

Now, because D i s hor not opi c t o T1UT2 Wi t hi n
( S

1
) ` ' , i t Fol l ows t hat

( l et , g/ D = deg gl T, UT2 = deg g/ T, +

	

deg g/ T2

	

( f ) . 7)

Si nce ( l eg g/ D = I , t hi s i mpl i es by equat i on 6 . 5 and 6 . 6 t hat of t he t wo

degr ees on ( 11e r i ght si de of equat i on 6 . 7, one must be zer o, and t he ot her

one .

Assume wi t hout l oss of gener al i t y t hat deg g/ T, = I and ( l eg g1T2 = ( l .

Thi s i mpl i es t hat when pl ayer 2 pl ays ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� i n . S 1 f or any out come D' ; , i n S1 t her e

exi st s an x( 1' , , ) i n S' such t hat g( x . v ( , ) = U" . By cont i nui t y of g, t hi s i s al so

t r ue f or any ot her r i n S1 , y - y, ' I hi s pr oves t hat t he f i r st pl ayer can al ways
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f i nd a Nash st r at egy t hat ensur es hi mof hi s pr ef er r ed out come, no mat t er

what st r at egy pl ayer 2 pl ays . The ar gument i s now easi l y ext ended t o

st r at egi es i n R2 .

For any y i n R2 , consi der t he ci r cl e . S' ( y) cent er ed i n t he or i gi n, passi ng

t hr ough y . Because g i s def i ned on R2 , i n par t i cul ar g i s def i ned on S1 ( y) ,

and t hus t he pr ecedi ng ar gument appl i es t o t hi s ci r cl e- t hat i s, t o t he map

/

	

: S' ( Y) XS1( Y) - S1
S1( Y) XS' ( Y)

Thi s pr oves t hat f or t he game g : ( R` ) ` __, . S1 , t he Nash r esponse f unct i on of

pl ayer I has al ways D' ' , as i t s out come- t hat i s, g( x( y) , y) = 1) ' J' � t i l l * / , i n

R2 . Because t he Nash equi l i br i um i s i n t he i nt er sect i on of bot h r esponse

f unct i ons of f i l e [ ) l ayer s, t he pr oof " of t he t heor em i s compl et e .

The f ol l owi ng i s an exampl e of a game g as i n t heor em 1 .

Exampl e l : A speci al case of Wal r us games of mi sr epr esent at i on of pr ef er -

c1u: c, s . Thi s ex( m[ ) I c dr aws ( ) i t t he l i t er at ur e on mar ket mani pul at i on ( see

l l ur wi cz 1972, 1979) . We consi der f i r st a pur e exchange mar ket wi t h t wo

per sons and t wo goods . Gi ven an i ni t i al endowment W; and a pr i ce p, each

agent det er mi nes a ut i l i t y- maxi mi zi ng bundl e z* ( p) . As t he pr i ce p var i es,

t he geomet r i c l ocus of z * ( h) i n t he commodi t y space const i t ut es t he of f er

cur ve of t hi s agent .

One may consi der t he game wher e each i ndi vi dual chooses st r at egi cal l y

an of f er cur ve t o maxi nl i ze hi s st r i ct l y convex pr ef er ence subj ect t o a budget

const r ai nt dependi ng on W; . Gi ven a pai r of such st r at egi es, denot ed / 1 1 and

11 2 , t he out come of t he Wal r as game i s def i ned by t he det er mi nat i on of t he

mar ket cl ear i ng pr i ces f or 11, and h 2 and t he subsequent sel ect i on of t he

cor r espondi ng Wal r as equi l i br i um al l ocat i on . I n t he case of mul t i pl e sol u-

t i ons, one i s chosen .

1- l ur wi cz has shown t hat t he set of Nash al l ocat i ons of t he pr ecedi ng

game, whi ch cor r esponds t o equi l i br i a i n Nash st r at egi es, coi nci des wi t h t i l e

i nt er i or of t he l ens L* const i t ut ed by t he t r ue of f er cur ves . I n gener al ,

t her ef or e, mani pul at i on of f i l e mar ket wi l l t ake pl ace, i n t he sense t hat t he

Nash sol ut i ons of t he Wal r as game when agent s pl ay st r at egi cal l y i s di f f er ent

f r om t he set of Wal r asi an equi l i br i um mar ket al l ocat i ons .

We consi der now a speci al case of t he pr ecedi ng game .

Gi ven i ni t al endowment s Wi and pr ef er ences U; , i = 1, . . . , k ( k
agent s) , l et E( Wi , Ui ) be t he set of Wal r asi an equi l i br i a of t he pur e exchange

economy descr i bed by ( Wi , Ui ) i = l , . . . , k . We assume t hat i ni t i al en

dowment s ( Wi ) ar e gi ven, and t hat t he pr ef er ences Ui , i = 1, . . . , k, may

var y over a f ami l y of pr ef er ences par amet er i zed by vect or s i n R" ( 11 goods) .
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Thi s i s a r est r i ct ed domai n assumpt i on . For exampl e, f or n = 3, k = 2 l et

U, = mi n( a, . r . b, y, c i z) and U2 = nl i n( ( I ' x, bw, c_' Z) , so ar i l U,
i s f ul l y descr i bed by t he t hr ee - - - - di mensi onal vect or ( a, , b, , c, ) and U, by

( a, , b, c, ) . Al t er nat i vel y consi der a f ai nl i l y of Cobb- Dougl as ut i l i t i es I U, _

( . r " , vt i , z ' ' ) } each ut i l i t y U; i ndexed by a vect or i n eucl i deai l sl r l ce, nai l l Cl y

We shal l assume t hat t her e exi st s a cont i nuous map ( ( ) f r om ut i l i t i es t o

equi l i br i a

wher e ch assi gns a Wal r asi an equi l i br i a t o each ut i l i t y U; i l l a cont i nuous

f ashi on . Because t he ut i l i t i es U; ' s ar e assumed t o be char act er i zed by vect or s

i n R" . t hen t he map ci r can l i e wr i t t en as

( ~ : ( R" ) ' - E( . : l V; ) ,

wher e

	

car

	

( r ; ,

	

.

	

.

	

.

	

, r ; , ,

	

.

	

.

	

.

	

, r ' ; )

	

i s

	

a

	

Wal r asi an

	

e( I ui l i br i a

	

el f

	

t he

	

pur e

exchange economy ( r i . . . .

	

, r ; , . . . .

	

, r r' , ; { W, } ) wi t h i ni t i al endowment s

{ I f ' , } and pr ef er ences { U; } r epr esent ed by t he nk vect or of par amet er s
i

I f we now consi der t he equi l i br i um pr i ce l r
, t

suppor t i ng t he Wal r asi an

eyui l i br i a al l ocat i on ( 1) ( r ; , { W; } ) , t hen we obt ai n f r om car a cont i n-

uous sl ap

g, : ( R" ) k , R"

assi gni ng t o ( r i , . . . , r ; , ) t he eyui l i br i a pr i ce of

Thi s map sat i sf i es t he condi t i ons st at ement of t heor em 1, def i ni ng a game

f or m , g' : ( R" ) k
- 4 I V. The st r at egy of t he Al l pl ayer i s t her ef or e an I t -

di mensi onal vect or . . . , r ; , ) i n R" r epr esent i ng hi s pr ef er ence, or

cor r espondi ng demand schedul e . Each i ndi vi dual vect or wi l l r epr esent a

var i at i on f r om an i ni t i al vect or of par amet er s ( 1
11

, , . . . , r ; ; ) . I ndi vi dual

st r at egi es ar e var i at i ons over a gi ven pr ef er ence or i ni t i al demand schedul e .

We now make t he f ol l owi ng addi t i onal assumpt i on :

Regul ar i f " v assnr npl i on : ' The equi l i br i um pr i ce p* var i es cont i nuousl y as

a f unct i on of i ndi vi dual demands i n t he di r ect i on of t he convex combi nat i on

of changes i n i ndi vi dual demands . Thi s condi t i on can he descr i bed i nt u

i t i vel y by sayi ng t hat t he equi l i br i um pr i ce moves i n a cer t ai n di r ect i on
whenever i ndi vi dual ut i l i t i es change so as t o assi gn hi gher ut i l i t i es t o
commodi t y bundl es i n t hat di r ect i on . ' ] ' hi s condi t i on can be weakened
si gni f i cant l y, f or i nst ance t o r equest t hat t he t r i al ) of f r om ( R" ) r <

i nt o R" has
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degr ee 1 over cer t ai n subset s . I n vi ew of our t wo assumpt i ons, t he game

f or m as cl ef i ned by t he Wal r as game sat i sf i es al l t he condi t i ons of t heor em 1,

and t her ef or e t he r esul t s of t heor em l appl y t o t hi s exampl e .

We may al so r ef er t o cases wher e, because of const r ai nt s, t he pl ayer s

may not pl ay al l possi bl e net demand vect or s as st r at egi es . I n t he t wo-

di mensi onal case, we may consi der t her ef or e t hat t he st r at egi es open t o each

pl ayer ar e r est r i ct ed t o a box i n R2 , denot ed Z2 . The mani pul at i on of such

games was st udi ed i n Chi chi l ni sky and Heal ( 1982) , and we quot e her e t hose

r esul t s .

TI l EOREM 2 . Let g be a r egul ar " gar ne wi t h st r at egi es i n Z2 f or each

pl ayer , and out comes i n a convex set of R2 ( t hat i s, t he pr i ce space) . Then g i s

nonmani pul abl e i n Nash equi l i br i um onl y i f g i s l ocal l y , si mpl e- t hat i s,

l ocal l y a const ant or l ocal l y di ct at or i al . Fur t her mor e, l ocal l y const ant or

di ct at or i al gat nes ar e nowher e dense i n t he f anci l y of cont i nuous game f or ms

g: Z2 - - > R2. Ther ef or e, gener i cal l y, games g: Z2 - - * R2 ar e mani pul abl e.

For a pr oof see t heor em 2 and pr oposi t i on 5 of Chi chi l ni sky and Heal ( 1982) .

We now gi ve a cor ol l ar y of t heor em I t hat wi l l be used i n t he f ol l owi ng

appl i cat i on t o f ut ur es mar ket s :

COROLLARY l . Let g : ( R
2) 2 - R2 be a gar ne as i n t heor em 1 . Then t her e

al ways exi st s a pl aner t hat can ensur e t hat t he pr i ce of one of t he goods wi l l

move i n t he opposi t e di r ect i on of hi s net demand vect or f or t hi s good, at l east

i n some r anges of hi s demand .

Pr oof . Thi s f ol l ows f r om t he pr oof of t heor em 1 . The f act t hat deg/ TZ = 0

i mpl i es, t oget her wi t h t he convex hul l condi t i on, t hat t he set of val ues of g on

t he set T2 , t hat i s

{ g( xo, Y) : YES, ( xn) }

does not cover TZ . That i s, as t he net demand vect or y of t he second agent

descr i bes cl ockwi se t he ci r cl e Si ( x ( j ) , t he out come must move count er -

cl ockwi se at l east f or some val ues of y . Ther ef or e, as net demand of pl ayer 2

i ncr eases f or one good, t he pr i ce change moves i n t he opposi t e di r ect i on .

Thi s compl et es t he pr oof .

We now expl or e an appl i cat i on of t heor em 1 and i t s cor ol l ar y 1 t o a

par t i cul ar exampl e of mani pul at i on of f ut ur es mar ket s, r el at ed t o what i s

somet i mes cal l ed a mar ket squeeze ( f or a di scussi on and def i ni t i ons, see f or

exampl e Kyl e, chapt er 5, t hi s vol ume) .

Exampl e 2: Mar ket squeezes and t he compet i t i ve f r i nge . For t hi s exampl e we

must speci f y i n mor e det ai l t he i nst i t ut i onal f r amewor k of t he pr obl em. We

shal l assume t hat t her e ar e t wo t ypes of agent s, t hose wi t h mar ket power and
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t hose wi t hout i t . The l at t er ar c cal l ed t he " compet i t i ve f r i nge . " TI ] cy ar e

di st i ngui shed i n oper at i onal t er ms by t he f act t hat when oper at i ons ar e

cont r act ual but not physi cal ( t hat i s, no physi cal goods ar e exchanged, onl y

cont r act s) , t i r e pr i ces ar e det er mi ned by t he nt ar kct behavi or of t l i c pl ayer s

wi t h mar ket power . I however , i f as del i ver y dal e ar r i ves physi cal del i ver i es

t ake pl ace, t hen t he pr i ce changes ar e i nl l ucnccd by t he pl i vsi cal vol umes of

demands and suppl i es of al l pl ayer s, i ncl udi ng t hose wi t hout mar ket power .

unt i l physi cal mar ket s cl ear . We shal l assume, as usual , t hat pr i ce changes

move i n t he same gener al di r ect i on as aggr egat e excess demands .

I n our exampl e . t her e i s one good a and t wo per i ods . We shal l consi der

t wo pr i ces : I r , ( a) denot es t he f ut ur es pr i ce of a at per i od 1 . and 1) 2 ( , , )

r epr esent s t he spot pr i ce of a
i l l

per i od 2 . Obvi ousl y, wi l l ] per l ect i nf or ma

t i on] and no mani pul at i on t hese t wo pr i ces shoul d he equal but f or st or age

cost s . As we wi l l see . however . wher e t her e exi st agent s wi t h mar ket power

i l l per i od I . i t wi l l be possi bl e ( under cer t ai n condi t i ons) t oo dr i ve a wedge

l l ct N\ r cn t hese t wo pr i ces t o t i l e advant age of t i l e mani pul at i ve agent .

\ 1' c shal l consi der a case wher e f i l e f i r st per i od i s ver y cl ose t oo t he

dcl i vci v dat e ( of second per i od) . So t hat t i r e c1car i ng mouse i s
not

abl e t o

cl ose f l u \ \ edg e t hr ough i t s per i odi c moni t or i ng oper at i ons . Assume t hat

t her e ar c t wo pl ayer s wi l l ] mar ket power denot ed I and 2 and a compet i t i ve

I r i nge of undet er mi ned si ze . Assume t hat t he di r ect i on of pr i ce change i s as

bef or e i n t he convex hul l of pl ayer 1 and pl ayer 2' s net f ut ur es cont r act

demand f or good a ( t o he del i ver ed at dat e 2) . Then cor ol l ar y 2 est abl i shes

t hat at l east f or one agent , say pl ayer l , i t wi l l be possi bl e i n some cases t o

i ncr ease i t s demand f or a ( t o he del i ver ed at dat e 2) and go suf f i ci ent l y l ong

wi t hout at t he same t i me i ncr easi ng, or even whi l e decr easi ng, t he f ut ur es

pr i ce at whi ch l i e cont r act s i l l per i od 1 .

An i nt ui t i ve expl anat i on of t hi s case coul d he as f ol l ows . I f i n pr evi ous

per i ods agent I had t r aded wi t h t i n agent wi t h mar ket power denot ed 2, and

2 went suf f i ci ent l y shor t , t hen i n per i od 1, t i l e second agent coul d pr event

t i l e f ut ur es pr i ce of a f r om r i si ng- f or exampl e, whi l e agent I goes l ong by

buyi ng onl y f r om t he compet i t i ve f r i nge . Because we assumed t hat unt i l

physi cal t r ade t akes pl ace, t he compet i t i ve f r i nge does not af f ect mar ket

pr i ces, f ut ur es pr i ces f or a r emai ns l ow, even as pl ayer I goes suf f i ci ent l y

l ong t hat hi s demand exceeds physi cal suppl i es i n per i od 2 . The mani pul a-

t i on i s mowcompl et ed . As per i od 2 ar r i ves, i f pl ayer I pur chased mor e t han

t i l e t ot al physi cal quant i t i es avai l abl e, t hen obvi ousl y t he spor t pr i ce of good

a wi l l r i se i n per i od 2 . Thi s i ncr ease wi l l gi ve a net gai n t o pl ayer I i f l i e

accept s monet ar y compensat i on f or t he l ack of del i ver y . Thi s gai n, of

cour se, wi l l onl y be meani ngf ul i f pl ayer I ( l i d not act ual l y buy f ut ur es i l l good

a because he needed good a i n per i od 2 ; cont r ar y t o what l i e expr essed about

hi s demand f or a i n per i od 1, he does not act ual l y need t o consume ( I i l l

per i od 2, so he can mat er i al i ze t i l e gai n of t he pr i ce wedge l i e pr oduced

t hr ough mani pul at i on .

Not es
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Thi s r esul t has t wo key el ement s . Fi r st , as pr ovi ded by t heor em I and

cor ol l ar y I , i l l per i od I t i ne agent may i ncr ease hi s f ut ur es demand f or good a

and get suf f i ci ent l y l ong wi t hout i ncr easi ng hi s f ut ur es pr i ce i n cont r act s at

per i od I . The compet i t i ve f r i nge t hat went shor t i n t he aggr egat e i l l per i od I

f or del i ver y i n per i od 2 wi l l af f ect spot pr i ces i n t he second per i od, because

t hen del i ver y i s enf or ced, so t hat t he ot her physi cal scar ci t y of quant i t i es

t r aded af f ect s spot pr i ces .

A cl oser l ook at agent I ' s st r at egy suggest s t hat t hi s agent may do wel l t o

buy f i r st f r om t hose agent s wi t h t he most mar ket power . I f t hey go shor t ,

t hey may hel p pr event i ncr eases i n f ut ur es pr i ces, t hus al l owi ng pl ayer I t o

cont i nue t o buy f r om t he compet i t i ve f r i nge at l ower pr i ces and i ncr ease hi s

l ong posi t i on si gni f i cant l y j ust i l l ) t o t he ( l at e wher e del i ver y must t ake pl ace .

1 . I - ooi wai d mar ket s do not ] nar k t o
mar ket

as f ut ur es mar ket s do .

2 . I - of an i nst i t ut i onal exampl e of t hi s I r adcoof f I 1cl t vecn case of cnl r y

and mani pul at i on . sec " Ant i t r ust St udy of U. S . 13ond Tr adi ng . " Yl r e New

Yor k l i mes, Apr i l d, 1983 .

3 . That i s, a pr i or i each pl ayer may have any possi bl e pr ef er ence among

di f f er ent commodi t i es . The game i s supposed t o be st r ai ght f or war d wi t h

r espect t o any ar bi t r ar i l y gi ven set of pl ayer s, each of whi ch may have onl y

possi bl e pr ef er ence .

a . A r egul ar game i s one whose game f or m g : R" - - ~ R" sat i sf i es ge-

ner i c t r ansvcr sal i t y condi t i ons ; sec Chi chi l ni sky and I I eal ( 1951) .
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