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FOR THE ABANDOWMMENT OF SYMMETRY IN THE

THEORY OF COOPERATIVE CAMES

T. C. Schelling

The first part of this paper argues that the pure, "moveless”
bergaining game amalysed by Nash, Harsanyi, Luce and Raiffa, and
others, may not exist or, 1f it does, is of a different character
from vhat has been generally supposed; the point of departure for
this argument i{s the operational msaning of agreement, a concept
that is almost invariadbly left undefined. The second part of the
peper argues that symmetry in the sclution of bargaining games cannot
»e supported on the notion of "rstiomsl expectations”; the point of
departure for this argument is the opersational identification of

irretional expectations.

Part I

The logical structure (move structure) of a zero-sum game {8
eampletsly defined by the game's payoff metrix or function; and, if
ome is attracted to the minimax solution, the payoff matrix contains
everything significant in the game. For the tacit (non-cooperative)
DOR-Sero-sul game, though not all of the essentials of the same are
ascessarily contained in the payoff matrix, the entire move structure
1. There are no "moves” in this game, except the unilaters]l selec-
tica of strategies, and the timing of such selection {s immaterial
6in0e there is no outcoms until both players have selected. But the

sen-tacit (cooperstive) non-tero-sum game s not defined by its
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payoff matrix; the opsretions by vhich choices are made must still be
specified. Commonly thsse operations are skstched in by reference to
the notion of "binding agreemsnts,” together vith the notion of free
communication in the process of reaching agreement. Thus to say that
tvo players may divide $100 as soon as they can agree on how to divide
it, and that they may discuss the matter fully wvith each other, is
generally considered sufficient to define a g,l...

A game of this sort {s symmetrical in its "move” structure, even
though it may be asymmetrical {n the configurstion of payoffs. The
tvo players have identical privileses of communication, of refusing
offers, and of reaching agreement. If instead of Adividing $100 the
players are to asree on values X ard Y contained vithin a boundary,
the payoff function may not be symmetrical but the move structure i{s.
Harsanyi, to emphasise this, has even added explicitly the postulate
of symmetrical moves: "The bargaining parties follov identical
(symmetric) rules of behsviour (vhether becsuse they follow the same
principles of rational behaviour or becsuse tkey are subdject to the

[ ]
same psychological lavs).”

.Lucc and Raiffa, in effect, define cooperstive tvo-person games by
reference to & payoff mstrix and the folloving three stipulations:
(1) Al]l preplay messages formulated by one player are trans-
mitted vithout distartion to the other player.
(11) All sgreements are binding, and they are enforceable by
the rules of the gams.
(111) A player's evaluations of the outcames of the game are not
disturbed by these preplay negotiaticns.
Ceames and Decisions, p. 11k.

*e
John Harsanyi, "Approaches to the Bargainins Probvlem Before and
After the Theory of GCames...,” Bconametrica, Vol. 24, April 175¢,
p. 1kg.




5 )
.

.

P-1386
5-29-58

FOR THE ABANDONMENT OF SYMMETRY IN THE

\ THEORY OF COOPERATIVE GAMES
\ T. C. 8chelling

~
The first part of this paper argues that the pure, "moveless

bargaining game analyzed by Nash, Harsanyi, Luce and Raiffe, and

others, may not exist or, if {t does, 18 of a different character

from vhat has been generally supposed; the point of departure for
thies argument is the operational meaning of spgreement., a concept
that is elmost invariatliy left undefined. The second part of the
peper argues that symmetry in the solution of bargaining games cannot
be supported on the notion of "rational expectations”; the point of
dsparture for this argument is the operstional identificatiom of

irretional expectations.
Part I

The logical stfucture {(move structure) of a zero-sum game is
campletely defined by the game's payoff metrix or function; amd, {f
one is attracted to the minimax solution, the payoff matrix contains
everything significant in the game. PFor the tacit (non-cooperstive)
non-sero-sum game, though not sll of the essentials of the game are
necessarily contained {n the payoff matrix, the entire move structure
6. There are no "moves” {n this game, except the unilatersl selec-
tion of stretegies, and the timing of such selection i{s immaterial
eince there is 30 outcome until both players have selected. But the

aon-tacit (ecoperstive) non-tero-sum game is not defined by its

=
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What I want to 4o nov is to look at this notion of "agreemsnt” om
the asswumption of perfect symmetry in the move structure of the game,
paying close attention to the "legal details” of the bargaining process.
We Bust also look at the meaning of "nonagreement.” 6Since any vell-
defined came sust have soms rule for its owvn termination, let us look
at the rules for termination first.

If ve are to avoid adding a wvhole nev dimension to our payoff
matrix, in the form of discount reates, ve must suppose that the game
is terminated soon enough so that nothing like the interest rate enters
the picture. We do not want to have to consider the time st vhich
agreement is reached, in addition to the agreement itself. This s
not only a matter of convenience; the game ceases to be "moveless”
except in very special cases, unless ve make this stipulation. Por if
the players' time rreferences taks any shape exocept that of a contin-
uously uniform discount rete, the game itself changes vith the passage
of time and & player can, in effect, change the gams iteelf by falling
to reach agreement. The notion of a continuously uniform discount
rate is far too special and unrealistic to use as & basic postulate;

60 ve must assume that the game is somehovw gotten over with.

Perhaps the simplest vay to terminate the game {s to have a bell
rins at & specified t‘=s known {n advance. Tlere are other vays, such
as having the referee roll dice every fev minutes, calling off the game
vhenever he rolls boxcars. (We might have t!e gmme terxinate after s
specified number of offers rave dbeen refused, but this vould change the
character of the game by making cer‘ain kinds of cammunication "real

moves’' that leave the game differen: from vist it vas before, and
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perforce leed us into such tactics as the exhaustion of offers.)

Por simplicity, suppose that the game vill be terminated at a
specified time, mown {(n advance to the players, and for convenience
of discussion let .s call that final moment "midnight.” If agreement
exists vben the midnight bell rings, the players divide the geins in
the vay they have sgreed; if no agreement exists, the players receive
nothing.

Bext, vhat do ve mean by "agreew:nt’"” Por simplicity, suppose
that each player keeps (or may keep) his current "Official’ offer
recorded in some manner that vill be visidle to the referee vhen the
bell rings. Perhaps he keeps {t written on a bvlackboard that the other
player can see; perhaps he keeps {t in a sealed envelope that (e
surrendered to the referee vhen the bell rinss; perhapse he keeps [t
punched into a private keyboard that records his current offer in the
referee's roam. When the bel. rings, the blackioard 1s photogrephed,
the envelope surrendered, cr “he ksyboard locked, 4o that the referee
only needs to inspect the two "current’ offers as they exist at mid-
aight to see vhether they sre campatible or not. If they are compatible,
the gains are divided {n accoraance vith the "agreemen:.’; (f the two
players have Jointly claimed more than !s avallavle, ‘disagreement”
exists and the players get nothing. (Defer, for a moment, rullng on
vhat happens i{f the tvo players together have claimed less than the
tots]l available, vhether they get as much as the; 'ave c.aimed or pe:
nothing for lack of proper agree =nt. Aal, {n vhat follovs, (t will
o0t matter vhether an exhaustive agsreemen: reached bvefore midnisht --

1.0., compatidility of the current of.ers occurring before aidnight --
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terminates the game.)

There are other vays of defining "egreement” i{n terms of the
operstions by which {t is reached or recorded; but if we adhere to tle
notion of a symmetrical move structure they will generslly, I think,
rave the rrorerty that I am trying to single out for attention. That
property is this. There must be same minimm length of time that 1t
tekes a prlayer to make, or to change, his current offer. (For simplic-
ity again, let us suppose that the same operation either makes an offer

'

or chanzes 1t, sc that ve may alvays assume that a "current offer”
exiets.) There mus® then be gome critical moment in time, a finite
period before the midnight bell rings, that {s the last moment at vhich
8 rlayer can begin the operations that record his final offer. Trat {s,
there {s some las:t moment before the bell rings, beyond which {t {e too
late tc change one's exis*lng offer. Under the rules of tle game and
the rationality poatulate ootn players know this. And by the rule of
symre‘ry this moment rust. be the same for both players.

Prom this follcws the si{gnifican: feature. The last offer that {t
{e rhysically possibie Zor a player to make is one ‘hat he necessarlly
makes vi<hout kiving what the other player's final offer (s foing to
be; and tre iast Ooffer tust @& player can make is one that the other
;iayer cannct poesibly respond to in the course of the came. Prior to
that penultimn'e mument, no offer has any finallty; and at that last
moment ;laye~s e!°her ciange or do not' change their current offers, and
vhatever they 4o {8 4dcone ir camyplete ignorance of vhat each other f{s

[ ]
doing, and (s finel.

.Incidnnully, tle argument is unaffected by supposing that a rlayer
can ~'ange l.is offer " instantanecusly as long as ve keep the symmetrical

rule t'at both can éo i "equally (nstantansously” as the final bell rings.
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This must be true. If either got a glimpse of the other's final
offer in time to do anything about {t, or if either could give the other
8 glimpee of his owvn final offer in time for the other to respond, it
vas not -- and is known to be not -- s fimal otf.r..

But nov ve have reached an isportant conclusion about the perfectly
move-symastrical bargaining ¢ame. It is that it necessarily gives way,
&t some definite penultimate mament, to r tacit (non-cooperstive)
bargaining game. And each player knows this. The most informative wvay
to charecterise the game, then, is not that the players must reach overt
apeement by the time the final bell rings or forego the revards alto-
@other. It {s that they must reach overt agreement by a particular (and
vell 1dentified) penultimate moment -- vhen the "warning bell” rings --
or else play the tacit game vith the same payoff matrix.

Bach player must be assumed to knov this and may, if he wvishes, by
simply avoiding overt agreement, elect to play the tacit rame {nstead.
80 {f we assume for the moment t!at the tacit (ame has 8 clearly
recognised solution, and that the soluticn {s efficient, each player
has & puie mainimax behavior stretesy during the =arlier stage. Either
can enforce this tacit soluticn by abstaining fram agreement until the
varning-bel) rings; neither can achieve anythings better from a rational
opponent by verbal bargmining.

Prom this it follows that the snlution ¢f the coorerstive pame must

.‘nnn is & mechanical assumption lere that {n the ;process of makin,
@ nev offer one can stop and start over. The casse {8 slightly ocre
camplicated 1f an offer started one and one-half minutes before mldnight
is necessarily the last offer bLecause “he process cannot be s‘arted
again until & minute has passed and by then the cri*ical ;oint has been
passed. This case vill be locked at ssain below.
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be identical vith that of the corresponding tacit game, if the latter
has a predictable and efficient solution. It must, because the tacit
gABRe caonts as an inevitsbtle, mechanical sequel to the cooperative game.
At th.s point {t looks as though the cooperstive feature of the game is
irrelevant; the players really need not showv up until 11:59, in fact
they do not need to show up at all. The "preplay communication” and
abil ty to reach "binding sagreements,” which wvere intended to character-
ize the game, prove to be irrelevant; the "cooperative gsame” as a distinet
came from the tacit game does not oxin...

But this conclusion i{s unvarranted. VFirst, a tacit game may not
have a confidently predicted efficient solution. More than that, certain
details of the cooperstive game that maight have seemed to be innocuous
fram the point of viev of explicit negctiation may affect the charecter
of the tacit ¢ame; eimilarly, preplay communication that has no binding
effect on the players themselves may also affect the claracter of the
tacit same. Just for example, consider the following variant to the
cooperative came.

Instead of saying that the players may divide a set of rewards if

.In hie 1993 article, "Tvc-person Cooperstive GCeames,” J. P. Nash
presents a model *hat (s explicitly tacit {n {ts final stage. The
model's relation to the cooperative game wvas heuristic: {t vas to
help to discover vhat mi{ght cons*itute "raticnal exjyectations” (end
hence thre indicated rational outcame) {n the corresponding coopere-
tive gane. The aircumen: of the present paper i{s that tle relation
ie likely to be mechanical rether than intellectual {f a symmetrical
move-structure is strictly adhered to, and that with strict symmsetry
{t {s Aifficult, perhaps impossible, to define the corresponding non-
tacit game that wvas the ultimate subject of study. (Rash, Bconometrics,
Vol. 21, pp. 12--140.)




they can reach agreement on an exhaustive division, let us say that the

players may divide a set of revards to ‘re extent that they have reacled

agreemsent on & division; they may 4ivide suck portion of “he svailable
revards as they have already reached agreement on by the time the bell
rings. If, for example, there ure one hundred indivis!ble ctlects anc
they have reached agreement on hov to divide eiglty cf thex vhen the
bell rings, the tventy items in disju'e rever: to the house while the
eighty on vhich agreemen: wvas reached wvill le divided in accordance
vith the ammnt..

Now, in the cocperstive case, {{ we rad already concluded there
vas an efficient solution to this ,ame {.e., trat the ;layers would
in fact reach an exhaus'ive u,reemer’ - we chould ;rotexly lave

)

considered this reformulation of the provler {nconsequent:ial. [t ornly
eays, in effect, that bergaining shculd take the form .7 eacl ;laver's
vriting dovn <he tctality cf nie claim anc the® conceseions snall take
the form of each rlayer's cde.einz {(*cms froc tisé lis. of Cluims, wi*h
full agreement's being reachec vhern nc rure {*ems are n crnflic* on

the liste of claims. Bu: when wr !ock &' *he 'aci®. case, *he rane &
drestically altered by *"is reformula‘!'n. The ‘ac!* ,am ncv has o

perverse incent!ve s ruct.re. Tlere (s .o mMtiona. reascr. fcr e‘ther

player to demand less than ‘he vic.e 7 "he ava..able redarc; each &n.vs

this and knovs that the otler kross i There 8 n. ‘ncerti.e SC recuce

.
In the case of a single divisibie ' ec* l'ke =mcney, *he “Crres--nd-
ing rule might bYe that they divide *re money in acc rdance wit! thelr

offers after the house has removed <he "(veria; ~ PFacl :layer or:alrs
@8 much as the other {mplici*ly acc rds lix, [f cne (s Zemarniin, '‘ . er
cent of tbe money at the end .f *he ,are. ard *‘te “ler © ATCE, Ve

second has been accorded 3¢ (ercen' and °*l'e {irst « cercen’, ‘lese
amounts are outside the ran,e of die; ute and - nptitite e Ta reezent .

"
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one's claim because any residual dispute costs the player no more than
he would lose {f he reduced his claim to eliminate the dispute. The
single equilibrium point yields zero for both players. Thus the
variant game, whicl. seemed to differ inconsequentially, {s drestically
different fram the oriyinal yame; but {t does not appear so unti] ve
have {dentified the terminal taci! vame as & dominating mrluencc..

To take anotter example, suppose there are 100 individual ob 'ects

to be divided and that, althougl they are fungidble as far as value is

concerned, the agreement must J4jecify rrecisely vhich individual items

£O0 to vhich {ndividual rlayers. If the rules require that full and
exhausti-/e agreement be reached, then {(n the taci{t (ame the players
are dependen' on their abili*y not only to divide the total value of
the ob'ects in coordinated f{asih.ion bu* to sort out the 100 {ndividual
ot Jects into *wc 7illes in {den‘ical fastion. 1If, then, one of the
layers 'as demanded s:ec!fic !‘ems vorth 'U nercent ¢f the to‘al and

e o°'er tlayer rae refused, the former has an advantaye {n the tac!:

c®

. BDe The only extant rropceal fcr 4{viding the 10C obt jects {8 the one

[
tmivht seem tha® wve can drav & bty-;roduct from tre analysis 'ere,

namely, "'w olserva'i-n tha* {(n order to se' up & "truly” cooperstive
(nn-*arts) ,ame. ‘e 'e.a. defini*ion -7 asreement must be such as °C
make ‘'e Ul''ma*e cac!t same rerverse, 80 *ha*t the :layers must reach
{pdin., ssreemert tefore e varnin, 'e.l or suffer complete loss. Bu*
‘ere (s stil! A ‘roblem. Assumins *ha* t'e :layers themselves can
define "a, reemen’ ¢ r :urj.ses ‘! a,reemen' :ricr to the final ball,
and <hat t'e ;erverse r.le only .~verns 'he definition of "agreement”
a' terxina‘ion {f no :rior a.reement exis's, we mus® nov provide (or
assume the layers to ;rovide) an cjera*!ona. definition of agreement.
If 1+ ‘s like our ear.ler defin!{*icn, al. they accom;lish {s 0 make
the rerverse cooperstive came n*c a beni.n cne., one minute storter,
vhich !s equivalent to & tac!{: ,awe 'vo minutes shorter than the
vriglal, and the solution tc the taci*® ,ame ,overns if it s
conf{dently fcreseen and efficlen'.
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player's specification of 30 that would satisfy him; the chances of
their concerting identically on any other division cf ithe 100 cb 'ects,
equal or unequal between them, may be so small -hat they are forced for
the sake of agreemen: in'o acceyp'in, *‘he cnly extant proposal in spit
of its blas. Trus preplay communication nas tactical significance {n
that {t can affec: ‘te means of ccoordination once ‘e tacit s-ase Of
the game has been reached.

If nov, in cons!derins the tac<.ica! implications of tiis last : ~{n*,
ve insist on & rule of symetrical belavior, ve must conclude <has (f
either player opened his mouth to drown oL® w'at *he s-hier was about
to say, he would alvays find the other ;layer also with his moutl. ojpen,
both knowing that {f either spoke the other would be found to be sneak-
ing, neither adble to hear the other, and sc on. In otler words, “he
asswmption of camplete symmetry of behavior as & recocnited foreyone
conclusion seems to preclude the very kind of action *ha*t might 'ave
seemed tO enrich the gcame at the stage of ;re; lay communication.
But by nov ve have certainly rressed the ;erfec* move-symme‘'rical

L 2
oame a8 far s is vorthwh!le. we ccu.d -s0 on *o analyze *:ls game (n

.&n detai)l may be vor:t rursuilng, in line wit! an earl!ler fo *no‘e
Suppose that {t takes one ma‘nute tC make .r crance ar.  {fer and (irn
centrest to the earlier version) tha* the :rocess of recordins a new
offer, once started, canno. be stopped nefore (* (s cumpleted. Under
this procedure, any offer iritiated during the next *o last minu‘e cf
the gams {s one's final offer. If this floa) offer cannot be camunicated
te the other player before the expiration of *he mimute, the yame !s
essentially the same as defore, "simultanecus’ nov means vithin a
Rinute of each other for practicel purposes, and agai{n neither can see
the other's fimal offer as hLe in.tia‘es his ovn, no ma‘*‘er vhat ".me curing
the fima) minute the offers are ini{tiated. Bu: suppose one runcles !is
offer inte & visidle board viich remai{ns .ocked for one minute w:..le tre
offer is recorded, so that the >ther player can see one's offer {n a lev
soconds although one cannc: initiate a chanse until *he minute's delay {8
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more cdetail, considering such tiings as altermati{ve vays of zerminatiny
the ranme or o! defining 'agreemen‘, etc.; ! seems more wcriiwhile,
Lowever, o0 raise at this point the quees-ion Cf whether tne perfectly
"moveiess’ or '‘move-syrmectricel” ;ame .s a yroritatle one 10 study. e
the nondlscriminatory, move-symmelrical came & ceneral game, one i..at
Fets avay from specia. cases. OUr is {t 8 special, limiting case in
wvhich the most (nterestin. a3jecté 37 the cocpera ! /e Jame ra.e vaanlzied?

I+ shonla e ermplagtizes trat <rhe fruitful alternative o symmetry s

not the assumption cf asymee:ry, vt ‘ust nonsvmmelry, acdxisting dboil

sysmetlry ant as mmetry Az ;o83ibilities wittout te'np camitied o elilter
as A fCregcne conclusich

Ar. Lllsstraticn may help SLFpC3e ve were ) nnelyze the e !n
whirh *ere {s $10C A tre en’ 5 the roe: fcor the rlayer ¢ho can get
trere Tirse. T!ls .ape of skil. {8 not 'ard *o ana.yze: thLe mOhey §Ooel

*C t'e !as‘est, tarring eaccilentsand randoe elements. we can predic:e

rational bera.!or (runnin, ) and ‘he cutcome (mcney %o tne fastest). Ties

up i tile case, (f tie two Offers dur.rs vhat fina. minute are not
s‘mu.'anenus, *he : layer w'c moves sec-nd makes nis final offer {n full
knovl!ecyse Of tle other's, ancd since {8 on.y crance of winnins anytriay

{n tc ac~ep* {*t re mua' ace * wA*ever ‘'le ~°ler has offered. Thus
"seconc move loses (! the !!ret mOver Knovs “IAl the Oother (s waitin..

Je NOWw rave a .ame ‘'Aa° car te crAareacterited as ‘n.lows: °ne nlayers

da .y around for <! nours minutes Anc tren play a Jame lastin, oOoe
Tinte, *"is ame allowin, each p.ayer one ané only 'ne >{fer wvhicr he

can nake a' any 'ime durin. °"he minute. Tis ,ame Offers, 1n effect,
*hree s°rate.i{ee ‘c a rlaver, namely, () assumr *he cther vi.l veit,

anc demand /- percent; (¢) asseme 0'h vi.. make simul-aneous offers,

ard iemand vhAa'ever ts (niicaced tv *re “racie” came; (1) watt. If voth
vait, the (ame (s 8i.! to be rlayed. [ trere is a8 finite numver of
ncteptial ‘wvaita, ' ve have atrateyiss of wvalt-once-thern-demand- ’/-percent,
walt-once-then-demand-taci{®-solutiorn, val‘'-tv.ce-deman.- /J-percent, wai.t-
twice -desand-*aci*-golutian: e*c, ‘s game (the “tacit super;sme” con-
sls%in, of al. s'ra‘esies for playins the one-minute ,ame) i then Ll
~ame, arnt 1t ‘as, '? we wish ‘0 accep* {*, (ts own "so0lution ‘n the strict
sense’ vhich c nsists of all etretegies (al. lengohs of vaits) tra end {n
demands *-at correspond *o the solutice ©f the *acit iame.



P-138
5-29-58
-12-

vill occasionally occur; but they will occur at the end of a race and vill
not be taksn for granted at the outset. VWe need an auxiliary rule to
cover tiee, but {t would not dominate either the rmme or _he analysis.
Consider t!s same game played in a populetion in vhich evervbodv can
run exactly as fast as anybody else, and everybody knowe it. Now vhat
happens? Bvery race ends in a tie, so tre auxiliary rules {s all that
aatters. But since s tie is foregsone conclusion, why wvould they bother
to run?
T™he perfectly moved-symmetrical cooperative .ame seems a little like
that foot race. Barga'ning in the -ne case is as unavai{!i{ny as les-work
ir the other; every player knows in advance t!at all moves and tactics
are foredoomed to neutreiization by the symmetrical jotential!*ies aval:-
able to kis opponent. The (nterestin; elements tha* we mi,/ht ‘n'ect In
the bargaining fame are asani{nsless {f perfec' symme'ry, And (ts acceptance
es inevitadble ty both players, are {(Eposed on ‘e rame %Hy {°s defin{tlon.
Whet etould wve add to the . ,ame to enricl {t {f the assuvwption °f
eymmetry is dropped’ There are many "moves  '“at are cfter availatle,
but not necessarily equally available tc bntk rlayers, ‘o actual yame
situation. "Moves” would include commi{t'men's, ‘''rea‘s, promises; ‘amperin,
vith the communicati{on ssstea; i(nvocation -7 ;enalties on prozises, come{t-
ments, and threats; conveysnce ¢ true information, eself-lient{f{ At on,
and the injection ¢’ contex'ual letall tra* za, -~ nstrain ex,wcaticnas,
particularly vhen cammunicaticn (s incamplete.
To 1llustrete, suppose (L 'le earlier (dcperative ,Ame * .ere (s &
turnstile that perxits a player to lesve but not to return; -!s current
offer as he goes '.:~ugl the ‘urnstile reme . ns cor the tocks un*{! tle

dell rings. Nov ve have s zeart vy vhich e ;layer car aake a “final”



cffer, a "commi{tment;” vhoever can record an offer favorable to himself
and knovn to the other, and leave the room, has the vinning tactic. Of
course {t may vin for either of them; but this may wean that we end up
vith some-hing like a foot race, and the one closest t0 the turnstile vins.
By analysing the tactic, and {ts institutional cr physical arranyements,
ve my determine vho can make first use of {t.

We have not, {t rhould be noted, converted the same of strategy into
e ;same of skill by letting them race for the turnstile. It remains true
that one wins vhen he rets to the turmstile first only through the other's
cooperstion, only by constreining the other player's choice of stretery.
Re does not vin legmlly or physically by going tlrough the turnstile; he

vins strategically. He makes the other player choose in hLis favor. It ie

a tactic in a yame of stretegy, even though the use of it may depend on
skill or locational sdvantase.

We can even put a certain kind of symmetry intoc the /ame nowv, vithout
des‘royin, {¢t; we car flip @ coin to see vho is nearest the turnstile vhen
the ;ame berins, or let the players be similarly lccated and similar of
s;eed but vith random elements to dstermine vho gets to the turnstile

firet. Thouyh tlwe . ame is nov non-discriminatory, the cutcome would estill

be asymme‘rical ‘ecause each player has ean incenti{ve to run to the turn-

stile, leavine berind a standing offer (n his cwn favcr.

L]

We can {nclude same risk of "tile,” especislly if there are tvo
turnstiles and the vlayers might 70 to them simultaneously. This consti-
tutes "symme*ry” as an {nteresting possi®ility, dut not ss a foregone

conclusion; stalemate and the anticipation of {t became interestins

possitilities {f the actions and {nformmti{on structure are in fact
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conducive to ties. But vith non-symmetry as our philosophy, wve 4o not
need to bde odesessed with the possidility of ties.

Again, 1{f one player can make an offer and destroy commmication, he
Ay theredby vin the ensuing tecit game by having provided the only extant
offer that toth players can converge on vhen they badly need to coucert
their choices later during the {inal tacit stage. To be sure, wve can
consider vhat happens vhen identical capacities for destruction of com-
mmication are present, and botk players must recognize that they may
simultanecusly destroy commmmication vithout getting messages across; but
this interesting case seems to be a special one, not the general case.

In summary, the perfectly “moveless” or "move-symmetrical” cooperative
@me 1o not a very fruitful one to study, but retner a limiting case that
may degensrete into an ordinary tacit game. The cooperative game is rich
and meaningful onl, vhen “moves” are admitted; and even much of the
significence of the moves vill vanish if camplete symmetry ir the avail-
ability to the players is stamped into the definition of the game. It {s
the moves that are interesting, not the game vithout moves; and it ig the

potential asymmetry of the moves that makes them significant.

Part II

Symmetry i{s not only cammonly imposed on the move-structure of games
Sut adduced as & plausible characteristic of the eolution of the game or
of the retiomal behavior vith vhich the solution must be consistent. Nash's

theory of the two person cooperative game explicitly postulates symmetry,
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as does Bl.ru.nyi'l.. The symmetry postulate is certainly expedient; {t
often permits one to find & "solution” to u game and to stay -- if he
vishes t0o -- vithin the realm of mathematics. There are fev similarly
potent concepts that campete vith it as bases for solving a game. But
the justification for the symmetry postulate has not been Just that it
leads to nice results; {t has been Jjustified omn grounds that the contradic-
tion of symmetry would tend to contredict the rationality of the twvo players.
This 1s the underpinning that I wvant to attack.

What I am going to argue is that though symmetry is consistent with
the rutionality of the players, it is not possidble to demonstrate that
asymmetry is inconsistent wvith their ratiocnality. I shall argue that the

identification of symmetry with retionality constitutes "implicit theorizing"

vith non-operational concepts. I then wvant to offer vhat I think {s an
argument {n favor of symmetrical solutions, vhich tends to make it dut ane
of many potential influences on the outcome vith no prima facle claim to
pre -emainence.

Explicit statements of the relation between symmetry and rationality
have been given by John Harsanyi. He says, "The bargaining problem has
an obvious determinate solution in at least one specilal case: vir., in
situations that are completely symmetric vith respect to the tvo bargaining
parties. In this case {t 1s pDatural to assume that the two parties vill

tend to share the net gain equally since neither would be prepared to grant

* It i{s not alvays clear vhether symmet ical behavinr, as prescribdbed
for example in the earlier qQquoltation from Rarsanyi, is to be considered a
rule of the gamr under analysis or a behavior poetulate separate fram the
definition of the game; but for the purpose of the present argument {t
vill not matter.
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the other better terms than the latter would grant him.® In a later paper
he refers to the symmetry axiom as the “fundamental postulate” and says,
"Intuitiveiy the assumption underlying this axiom is that a rational bar-
@ainer will not expect a retional opponent to grant him larger concessions
then he would make himself under similar conditions.”

Nov this "intuitive” formulation involves twvo postulates. Pirst, that
one bargainer vill not concede more than he would expect to get if he
himself were in the other position. B8econd, that the only basis for his
expectation of vhat he would concede if he were in the other poeition is
his perception of symmetry.

The intuitive formlation, >r even a careful formulation in psychological

terms, of vhat it 1is that a rational player "expects® in relation to another

rational player, poses & problem in sheer scientific description. Both

* John C. Barsanyi, "Approaches to the Bargaining Problem Before and
After the Theory of Oamee: A Critical Discussion of Zeuthen's, Ricks', and
Bash ‘s Theories,” Bconamstrica, Vol. 24, No. 2, April, 1956, p. 147. He
goes on to say, "For Instance, everybody will expect that two duopolists
vith the same cost functions, size, market conditions, capital resources,
perecnalitiss, etc., vill reach an agreement giving equal profits to each
of them.®

*s The full quotation deserves to be given: “What the Zeuthen-Nash
throry of bargaining essentially proposes to 4o is to specify vhat a.e
the expectations that two reticnal bargainers can consistently entertain
a8 t0 each other's bargaining stretegies if they knov each other's utility
fimctions. The fAmdamental postulate of the theory {5 a symmset:ry axiom,
vhich states that the functions defining the tvo parties' optimal strategles
in terms of the data (or, equivalently, the furctions 4efining the two
parties’' final payoffs) have the same msthematical form, except that, of
course, the variables associated vith the two parties have to be inter-
changed. Imtuitively the assumption unde: ying this axiom {s that a
retional bdargainer will not expect a rationa. opponect to grant him larger
oonceesions than he would make himself under similar conditions."

Barsanyl, "Bargaining in Ignorance of the Opponent's Utility Punc-
tion,® Covies Poundation Discussion Paper No. b, December 11, 1957.
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players, being rational, must recognise that the only kind of "rational®
expectation they can have is & fully shared expectation of an outcome. It
is probably not quite accurate -- as a description of the psychological
phenomenon -- to say that une expects the second to concede something or
to accept samething; the second's readiness to concede or to accept is

only an expression of vhat he expects the first to accept or to concede,
vhich 4in turn is vhat he expects the first to expect the second to expect
the first to expect, and 80 on. To avoid an "ad infinitum” in the descrip-
tive process, ve have to say that both sense a shared expectation of an
outcame; coe's “expectation” is a belief that both identify the same outcome
as being indicated by the situation, hence as virtually inevitable. Both
players, in effect, accept a common authority -- the power of the game to
dictate its own solution through their intellectual capacity to perceive

it -- and vhat they "expect® 1s that they both perceive the same ooluticn..

°* Viewved in this vay, the intellectual process of arriving at “retional
expectations® in the full-commmication bargaining game is virtually iden-
tical vith the intellectual proceess of arriving at a coordinated choice 1in
the tacit game. The actual solutions might be different because the game
contexts might be different, vith 4ifferent suggestive details; but the
pature of the twvo solutions seems virtually identical since dboth depend on
an agreement that is reached by tacit consent. This is true because the
explicit agreement that 1s reached In the full-commmication game corres-
ponds to a priori expectations that wre reached (or in theory could have
been reached) Jolntly but independently by the two players before the bar-
galining started. And it 1s a tacit "agreement” in the sense that both can
hold confident rational expectations only if both are avare that both accept
the indicated golution in advance as the outcome that they both knowv they
both expect. [Any serious (non-ritualistic) attempt to get more than this
solution could almost be described as “"vilful breech of contrect® {f 1t
occurs on the part of & retional player with retional partner!/

There {s & qualificatior to this point. With full i{nformmtion about
each other's value systems and a hamogenous set of gains to be divided,
there may be an infinity of equivalent solutions, all yielding the same
values to the tvo players, but no 4ifficulty {n agreeing on an arbitrery
choice among this indifferent set. But tacit bargaining often requires a
further degree of coordination, namsly, & coordinated choice even among
equivalent divisions of the gains. Negotiation over a boundary line in
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In these terms the first (explicit) part of the Harsanyi hypothesis
might be rephresed: that there is, in any bargaining-game situation (with
perfect information about utilities), a particular outcome such that a
retional player on either side can recognire that any rational player on
either side would recognire it as the indicated "solution®. The second
(implicit) part of the hypothesis is that the particular outcome 8o recog-
nited is determined by mathematical symmetry. The first wve might call the
"ratiocoa) -selution” postulate; it is the second that constitutes the
“symmetry” postulate.

The question to be explored, nov, is vhether the symmetry postulate {s
derived from the players' 1ationality -- the rationality of their expecta-
tions -- or must rest on other (perhaps empirical) grounds. Additionally,
1f 4t reste om other grounds, vhat are they and hov firm 1is the support?

To pursus the first question, vhether symmetry can be deduced from the
retionality of the players' expectations, ve can consider the ratiomality
of the two players Jjointly, and inquire vhether a jointly expected non-
symmetrical outcome contradicts the rationality postulate. If tvo players
confidently believe they share, and do share, the expectation of a parti-
cular outcame, and tlat outcome is not symmetrical in a mathematical sense,
can ve demonstrete that their expectations vere irretional, hence that the

retionality postulate i{s contredicted? B8pecifically, suppose that tvo

homogenous territory is thus different from the simultaneocus dispatch of
troops to take up positions representing "claime®; such claims may overlap
and cause trouble even though the terrain values claimed are consistent.
Hhus the coordination problem is different; and there 1s no & priort
assurance that the solution to *he tacit game (or %o games \r{tﬁ somevhat
incemplete commmication, information, etc.) would be in the set of equi-
valent selutions to the fully explicit game.
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players may have $100 to divide as soon as they agree explicitly on how

to divide {t; and they quite readily agree that A shall have $80 and

B shall have $20; and we knov that dollar amounts in this particular case
are proportionate to utilities, and the players 4o too: can we demonstrate
that the players have been irretional?

We must be careful not to make symmetry part of the definition of
rationality; to do so would destroy the empirical relevance of the theory,
and simply make symmetry an independent axiom. VWe must have a plausibdble
definition of raticnality that does not mention symmetry, and skov that
asymmetry in the bargaining expectations would be inconsistent vith that
definition. JFor our present purpose ve must suppose that tvo players have
picked $80 and $20 by agreement, and see vhether ve can ident' %y any kind
of intellectual error, misguided expectations, or disorderly self-interest,
on the part of one or both of them, in their failure to pick a symmetrical
point.

Specifically, vhere is the “error” in B's concession of $30 to A? He
expected -- he may tell us, and suppose that w have meaas to check his
veracity (s modest supposition if full information of utilities 1s alreedy
assumed!) -- that A wvould "demand® $80; he expected A to expect to get
$80; he knev that A knev that he, B, expected to yleld $80 and be con-
tent vith $20; he knev that A knev that he knev this; and so on. A ex-
pected to get $80, knev that B was psychologically ready because he, B,
knev that A confidently expected B to be ready, and so on. That {s,
they both knev -- they tell us -- and both knewv that both knev, that the
outcame would ineluctably be $80 for A and $20 for B. Both were correct

in every expectation; the expectations of each were internally consistent



and consistent vith the other’'s. We may be mystified about hov they
reached such expectations; but the feat claims admiration as euch as com-
tempt. The “"ratiomal-sclution” postulate is beautifully borne out; the
game seems to have "dictated” a particular outcome that both players con-
fidently perceived. If, at this point, ve feel ve ourselves wvouldn't have
perceived the same outcome, wve can conclude that one of four hypotheses

1s false: (1) the rational-solution postulate, (2) the rationality of A
and B, (3) our own rationality, (&) the {dentity (in all essential respects)
of the game that ve introspectively play vith the came that A and B have
Just played. But ve cannot, o the evidence, declare the second %o be the
false one -- the retionality of A and B.

Note that i{f B had insisted on $50, or 1f A had been content to
demand §50, claiming to be rational and arguing in terms of confidence in
e shared expectation of that outcome, both players would have bee:n in
error” and we cannot tell, on the evidence, vhich ane is {rretional or
vhether they bvoth are. Unless ve mmke symmetry the definitior of rat!i.n-
ality ve can only conclude that At least one of the players is {:ratfonal
or that the retiocoal-solution postulate does not hold. WwWhat ve have (s a
single mscessary conditiom for the rationality of both players Jjointly;

v have no sufficient conditior, and no necessary conditioa that can be
applied to a single pleyer.

Bor can wve catch them W if ve ask them hov they arrived at thelr
expectaticns. Any grounds that are consistent wo'Jd do, since any grounds
that each expects the other confidently to adopt are grounds that be cannot
retiomally eechev. Consistent stories are all they peed; anéd !f they say

that a sign on the blackboard said A-$80, B-$20, or that they sav in a




bulletin that two other players, named A' and B', split $80-$20, anl

that they confidently perceived that this wvas clear indication to both of
them of vhat to expect, that this vas the only “expectable® outcome, ve
cannot catch them in error and prove them irrational. They may be irrational;
but the evidence vill not shov {t.

There i{s, however, a basis for denying my present argument. 8ince ]
have not actually applied an independent test of rationality to tvo players,
given them the game to play, and observed the 80,/20 split that I Just
mentioned, but have only posed it as a possidility to see vhether it would
ixply irrationality 1f 1t occurred, one could raise the obJjection that 1t
could not poesibly occur. And the argument wvould rest cn the problem of
coordination; it vould run as follows.

If tvo players jointly expect & priori the same outcame, and confidently
recognite it as their common expectation, they must have the intellectual
power to pick a particular point in common. If the wvhole $100 can be
divided to the nearest penny, there are 9,999 relevant divisions to com-
sider, one of vhich wvould have to be picked simultaneocusly but separeately
by both players as their expectations of the outcome. But howv can two
people concert thelr selections of one item out of 5,999, in the sense that
their expectations focus or converge on it, except wvith odds of 9,999 to 1
against thea?! The ansver must be that they utilize some trick, or clue,
or coordinating device that presents {tself to them. They must, consciously
or unconsciously, use a selection procedure that leads to unique results.
There must be somehing adout the point they pick that distinguishes {t --
i1f ot 1in their conscious reasoning, at least in our conscious analyeis --

fram the continuum of all possible alternatives.



Nov, 18 it possible for twvo rational pliyers, through anyth other
than sheer coincidence or magic, to focus their attention on the same par-
ticular outcome and “rationally” be confident that tnae other i{s focussed
on the same outcome vith the same appreciation that it is mutually expected?
And, 1f so, hov can they?

The ansver is that they can; this vas demonstrated by the fact that
in a sample of over 0 people, instructed to concert tacitly on picking the
same positive number from among the infiaity of positive numbers, LO%
picked the same sumber; and that, instructed to concert tacitly on picking
e single cell froma 3 x 3 matrix or a b x L matrix, a sudbstantial majority
managed to 4o 80 in spite of enormous odds against them in & random sense.
How can they?! By using any means that {s available: any clue, any sug-
gestion, any rule of elimination, that leads to an unambiguous choice or
e high probability of concerted choice. And one of these rules, or clues,
or suggestions, {s mathematical symmetry. *

In a game that has absoclutely no details tut i{ts mathematical struc-

ture, in vhich no insdvertent contextual matter can make itself appreciated

by & player as something that the other can appreciate too, there may be

* The basic {ntellectual premise, or vorking hypothesis, for rational
players in this game seems 10 be the premise that some rule must be used
1f success 18 to exceed coincidence, and that the best rule to be found,
vhatever ite reticoalzation, 1s consequently a retional rule. (Thise pre-
mise vould support, for example, J. P. Nash s model that vievs an "unsmootbed”
tacit game as the limit of a "smoothed” game as the smoothing approaches
30r0. While this viev of the unsmoothed game (s in no eense logically
B9Ces8Ary it is a powverfully s stive one that can, in the absence of any
better retiomales for converging on a s e point, command the attention
of payers in need of a common choice. The liaiting process provides s
& for picking one of the infinitely many equilibrium points that ac-
M exist in the wmsmoothed game. Of course, the premise equally sup-
ports ary other procedure that produces & candidate for election among the
iafinitely many potential choices.)
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nothing to vork on but a continuum of numbers. And all the numbers can be
sorted according to vhether they correspond to symmetrical or asymmetrical
divisions. If all numbers but one represent an asymmetrical split, then
sheer mathematical symmetry is a sufficient rule and a supremely helpful
one, in concerting on a common choice. And it may be possidle to set up
a game in su-h sanitary fashion, vith suppression of identity of players
and everything else, that there {s literelly no other visible basis for
concerting unless impurities creep in. :

In other vords, mathematical symmetry may focus the expectations of
tvo rational players because it does -- granted the other assumed features
of the game, like full information on each other's utility systems -- provide
one meens of concerting expectations. Whether it {s a potent means may
depend on vhat alternatives are availadle.

That there are other means of concerting, including some that may

substantially outweigh the notion of symmetry, seems amply demonstrated

* In this viev, the theory of Nash (leading to the maximm-utility-
product solution) is a response to the fact that even in the realm of
mathematics there are offhand too many types of uniqueness or symmetry to
provide an unambiguous rule for selection, hence a need to adduce plausible
criteria (axioms) sufficient to yield an unambiguous selection. Bruithwaite's
theory can be characterizel the same vay. The fact that the tvo salutions
conflict implies that mathematicians may not have a sufficiently common
mathematical esthetics to satisfy the first part of the Harsanyl postulate,
1.e., to coordinate their expectations on the same outcoms. (R.B. Braithwvaite,
Theory of Games as & Tool for Moral Philoeophy, Cambridge University Press,
1555, Braithwait~ ‘s solution i{s described in e and Raiffe, Gamss and
Decisions, Nev York: 1957, p. 1lks5 £r.)

Brajithvaite 's construction of the problem as & one-person arbitration
problem, and Luce and Raiffa’'s reformulation of Rash's theory in terms of
ar-{tration rather than strategy (pp. 121-15L), seem to emphasize that
intellectual coordination is at the heart of the theory. A legalistic
salution requires same retionalization of a unique outcome; pure casuistry
is helpful {f the altermative is vacuum.
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by same of the experiments reported in the article already referred to.
80 it is demonstredbly possidble to set up games in wvhich mathematical
symmstry does provide the focus for coordinated expectation, and demon-
strably possible to set up games in vhich some other aspect of the game
focusses expectations. (These other aspects are commonly not contaired
in the mathematical structure of the game but are part of the "opical
content”; 1.e., they usuclly depend on the "labelling®” of players and
strategies, to use the term of Luce and Raiffa.)

I have no basis for arguing vith vhat force, or in vhat percentage of
interesting games, mathematical symmetry does dominate "rational expecta-
tions®. But I think that the status of the symmetry postulate is quali-
tatively changed by the admissinn that symmetry has competitors in the role
of focussing expectations. Por if {t wvere believed that rational players’
expectations could only be brought {nto consistency Yy some mathematical
property of the payoff function, then symaetry might seem to have undisputed
claim, particularly {f it is possible to find a unique defirition of
symmetry that meets certain attractive axioms. but if one has to admit
that other things, things not necessarily part of the mathematical struc-
ture of the payoff function, can 4o vhat symmetry does, then there s no
& priori reason to swposee that vhat symmetry does s IR or 14 of she job.
T™he appeal of symmetry is no longer mathematical, {t is irtrospective;

end further argument is limited to the personal appeal of particular

focuseing devices to the game theorist as game player, or else recourse

mast be had to empirical observation.

® 9. C. Bchelling, "Bargaining, Commmication, and Limited War,"
Jourmal of Conflict Resolution, Vol. 1, March, 1957.
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Thus & normative theory of games, a theory of strategy, depending on
{ntellectual coordination, has a component that is inherently empirical,
{¢t depends on how people can coordinate their erpectations. It depends
therefore on skill and on context. The raticnal player must address
himself to the empirical question of how, in the particular context of his
ovn game, tve rational players might achieve tacit coordination of choices,
if he 1s to find in the game & basis for sharing an & priorl expectation

of the outcome vith his partner. The identification of symmetry vith

retionality rests on the assumption that there are certain intellectual
processes that rational players are incapable of, ramely, concerting choices
on the basis of anything other than mathematical symmetry, and that rational
players should know this; it {s an empirical question vhether rational
players can actually do better than such a theory predicts, and should cor-

sequently ignore the strategic principles produced by thLe theory.

Final Note

An {ntrospe~tive game, vhich could be submitted to experiment, may
{llustrate the point. Let us -- vhether or not ve are strongly attracted
to the symmetry postulste, and vhether or not ve are especially attracted
to the particular symmetry of the Nash solution -- put ourselves in a frame
b mind congenial to arcepting *he "Rash point® as the retional outcame of
an explicit bargaining game. And imagine a game 's potential payoffs as
consisting of all the points on or within some boundary in the upper-right
quadrant. We now -onsider some variants of thie game.

Fire:, ve are t0 play the same game {n tacit fOorm; each Of us picks a

point along his own axis, and {f tne resulting point is oo or vithin the



boundary, we get the amounts (utilities) denoted by the coordinates ve pick.
I conjecture that, in the frame of mind I have asked for, wve should pro-
bably pick the Kash point. Without asking precisely why, let us go on to
the next variant. This game 18 tacit too, but {t differs in that wve get
nothing unless the point vhose coordinates ve pick is exactly on the boundary.
We get nothing unless ve axhaust the available gains. Caution gets us
novhere; each must choose exactly as the oOther expects him to. Again I
propose that, in our present frame 0f mind, wve ought to take the Nash point.

Pinally consider another variant: we are shovn the diagram of the
game that has Jjust been played and told that wve are nov to be perfect
partners, vinning and losing together. Conscious of the fact that our
present game is modelled on & “"bargaining game” ve are to pick, without
camsunicating, coordinates of a point that lies exactly on the boundary;
if v 40, wve both vin prites -- the same prizes no matter vhat point we
succeed in picking together -- and 1f we fail to pick a point on the
boundary ve get nothing. In this pure coordination game, I conjecture
again that we ought (would) in our present frame of mind pick the Nash
point.

Why?! 8imply because ve need same ratiocnalitation that leads 0 &
unique point; and {n the context the bargaining analogy provides {t.
Unless there is a sharp corner (vhich is then likely to be the Nash point
anyway); or s simple "mid point® as vhen the boundary is a straight line
or circular arc (wvhich again coincides with the Nash point); or some
especially suggestive foru that seems to point tovards a particular point;
or unless there is an impurity (such as & dot on the boundary, from &

printer's error, or a single point vhose coordinates are vhole rumbers,



etc.); ve may be led to search for s “"unique”® definition of symmetry to
fall back or, Nash-type symmetry being as plausidble as any I can think of,
not as simple as some (like the intersection of a LS-degree line vith the
origin and others of that 1lk) but less ambiguous on its ovn level of
sophistication.

And if the MNash poirt appeals to us powerfully in the bargairing
game , {t must do 80 because ve are confident that it appeals equally to
our partner who in turn ve believe %0 be avare that nur vievs coincide;
it must therefore appeal to us in the pure-coordination game as & unique
point that the partner will consider to be obviously obvious.

what does this prove or suggest?! ! am not arguing for the Nash point.
I az arguing rether that the appeal of the Nasl point to a game theorist
(as introspective game player) may be the reverse of the sequence I have
Just run through. It may be the focal quality of the Nash-point {n the
pure coordination game -- the unequivocal usefulness Of & uniquely defined
symmetry concept, vhen no non-mathematical impurities are availabdle to
help -- that makes {t a controlling influence in the tacit and terridbly
cooperative boundary-line game; that {n turn makes it a reliable guide in
the less demanding tacit bounded-area game; and that in turn takes the
heart out of any player in the explicit game vho thinks expectations can
focus anywvhere else.

In other vords, by postulating the need for coordination of expectations,

ve seen 1O have a thecretical basis for something like the Nash axioms.
wWhat a theory like Nash's needs s the premise that a "sclution® exists;
it 1s the observable pheromenon of tacit coordination that provides

empirical evidence that (sometimes) rational expectations car be tacitly
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focussed on & unique (and perhaps efficient) outcome, and that leads one
to suppose that the same may be possible in a game that provides nothing
but mathematical properties to vorc« on. The Nash thecry {s vindication
nf this supposition -- complete vindication if {(t dominates all competing
mathematical solutions {n terms of mathematical esthetics. (The resulting
focal point 1s limited tc the universe of mathematics, hovever, which

should not be equated with the universe of game theory.)



