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1. INTRODUCTION

A normd form game can be played using a corrdation device. The corrdation device first
sends private messages to each player according to a probability digribution and then the players
play the origind normd form game The origind game is therefore extended. In this extended
game, a pure drategy for any player is a mgp from the sat of messages to the st of pure strategies
of the origind game. A corrdation device is cdled direct or canonical if the set of messages is
identicd to the set of pure draegies of the origind game, for each player. A (direct) correated
equilibrium (Aumann, 1974, 1987) can best be described as a mediator whose recommendations the
players find optima to follow obediently. In other words, for a corrdated equilibrium, the srategy
of following the mediator’ s recommendations condtitutes a Nash equilibrium in the extended game.

Consder for example, the twoplayer game (Chicken) in Figure la Each of the two players

has two drategies, namey, Aand P.

A P
A |00 |72
P |27 |66

FHgure 1a

The direct corrdaion device in Figure 1b is indeed a corrdated equilibrium for this game,

i.e, the obedient strategy profile* (AP, AP) is aNash equilibrium in the canonica extended game.

A P
A |15 |25
P 125 |0

Haure 1b

It is well known that an extended game, extended by a (direct) corrdation device, may have

AP representsthe strategy of playing A when the recommendation is Aand playing P when the recommendation is P.
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equilibrium other than the obedient one Frs of dl, babbling equilibrium aways exids i.e,
ignoring the messages from the device dtogether and playing a Nash equilibrium of the origind
game condtitutes trividly a Nash equilibrium in any such extended game. For example, @A, PP) is
a Nash equilibrium in the extended game in the aove example. There may dso be non-babbling
Nash equilibrium in which players do not follow the mediator's suggesions. In the above example,
the profile PA, PA) in which the players play exactly the opposite of the recommended drategies is
dso a Nash equilibrium in the extended game The other eguilibrium may even dominate the
obedient one, i.e, by playing the other Nash equilibrium, al players can obtain a higher payoff.
Indeed, in the above example the equilibrium (PA, PA) dominaes the obedient equilibrium. A
direct correlation device or a mediator therefore may face this multiple equilibrium problem? The
question thus arises whether it is possble to find a device that can implement the given outcome,
however, does not suffer from this multiple equilibrium problem.

One should certainly mention here the recent advancement in the literature on mediated and
unmediated (chegp) talk thet can generate any corrdated equilibrium of a given game (Aumann and
Hat, 2002; Barany, 1992; BenPorath, 1998, 2002, Forges 1990; Gerardi, 2000, 2001; Goser,
1998; Gosner and Vielle 2001; Lehrer, 1996; Lehrer and Sorin, 1997; Urbano and Vila 20023,
2002b, 2002c). This literature uses sophigticated communication protocols or unmediaied chegp tak
that can take the place of a mediaor. The centrd theme of this literature is that, depending on the
specific conditions any corrdated equilibrium can be obtaned by a Nash eguilibium of a
communication scheme. None of these papers however addresses the multiple equilibrium problem.

This paper dmply tekes the fird dep towards undersanding the multiple equilibrium

problem by redricting the atention to a paticular type of multiple equilibrium problem and a

> The multiple equilibrium problem is well undersood in other contexts, such as, implementation theory (Pafrey,
1992), principa-agent theory (Mookherjee, 1984), differentia-information economies (Podtlewaite and Schmedler,
1986), mechanism design (Demski and Sappington, 1984). There dso exists an extensve literature on mechanism
design exploring mechanisms that can uniquely implement an outcome (Ma, 1988; Ma, Moore and Turnbull, 1988).
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particular communication scheme. In a recent work Ray, Serrano and Vohra® formaly address and
dudy the issue of (full and virtud) implementation of corrdaied equilibrium digributions. This
paper dudies a specific twoperson game (Chicken) and looks a a spedific foom of multiple
equilibium problem, involving disobedience. A player adopts a disobedient drategy if he dways
chooses the action that is not recommended by the mediator. A corrdated equilibrium is sad to
auffer from the multiple equilibrium problem if the disobedient drategy profile is dso a Nash
equilibrium of the extended game and it generates (weskly) higher (ex-ante, expected) payoffs for
both players. This paper asks the question whether there exits a communication scheme, more
goedificdly, a non-canonical corrdation device that can implement a corrdated equilibrium and
does not suffer from this multiple equilibrium problem.

This exercie is dealy different from identifying an efficent corrdaed equilibrium (Ray,
1996a) or characterisng efficiency (Myerson, 2002). This paper tries to implement an equilibrium
that is dealy not optimd in the fird place One might criticise the basic mativation of this research
by asking: why should the players be interesed in implementing such a sub-optima outcome? The
players should dways sdect a corrdaion device that does not suffer from the multiple equilibrium
problem (possbly usng the concepts in Ray, 1996a Myeson, 2002). One response to this far
criticiam is that the corrdated equilibrium that needs to be implemented could be the desre of a
third party, or even the mediator.

Although any communication scheme can be thought of to avoid the multiple equilibrium
problem in this context, this paper consders only non-direct mediators or non-canonical devices. A
nondirect mediator or a non-canonica device is a device in which the messages are not the
drategies o the origind game. The paper offers three different non-canonica sructures (one with
and two without a public message or a sunspot) each of which, together with a particular Strategy

profile of the noncanonicd extended game induces the direct correated equilibrium in

3 Private communication; work in progress.



congderdtion. The non-canonical devices are characterised by certain parameters. For each of the
non-canonica devices, one can precisdy find the range(s) of the characterisng parameter(s) such
that the non-canonica extended game has the equilibrium that induces the corrdated equilibrium,
but not the other that corresponds to the disobedient equilibrium.

The paper is organised as follows. The next section presents a couple of examples of non-
canonicd devices to motivate this study. Section 3 collects dl the rdevant definitions. Section 4

presents the basic game, the correlation devices, and dl the findings. Section 5 concludes.

2. EXAMPLES OF NON-CANONICAL DEVICES

Consider the non-canonica device' in Figure 2, in which the message sets for two players

are, repectivey, { a, b, ¢} and {d, e, f}.

b |V7 |37 |0

c (27 |0 0

Fgure 2a

Suppose this device is used to play averson of Chicken, asin Figure 2b.

A P
Al 4343 |72
Pl27 55

Fgure 2b

Each player first gets a private message from the non-canonical device, and then plays the

game. A pure strategy of a player in the extended game is a map from the set of messages to the set

“ First appeared in Ray (1996b).



of pure dtrategies of the origind game.
It is easy to check that the drategy profile (PAP, APA) is a Nash equilibrium in this non-
canonicd extended game This equilibrium drategy profile induces a probability digtribution over

the outcomes of the origind game, asillustrated in Figure 2c.

A P
A | Y7 |37
P |37 |0

Fgure 2c

The didribution in Figure 2c can now be identified as a direct corrdaion device It is well
known as the revelation principle (Myerson, 1982, 1985) that this induced (direct) device is ds0 a
(direct) corrdated equilibrium for the game in Fgure 2b. However, note that, this corrdated
equilibrium suffers from the multiple equilibrium problem, a indeed, the disobedient drategy
profile (PA, PA) is ds0 a Nash eqguilibrium of the (canonicd) extended game and it generates higher
payoffs than the doedient equilibrium. It is more important to note that the non-canonica device in
Fgure 2a (that induces the canonicd didribution in Fgure 2c), does not suffer from this problem,
as the drategy profile (APA, PAP), that corresponds to the disobedient profile in the canonical game
isnat an equilibrium in the non-canonical extended game.

The above example shows that it is possble to generate the obedient equilibrium and at the
same time avoid the multiple equilibrium problem if one consders a non-caronicd device such as
the one in Figure 2a One now might be interested in the dtructure of such non-canonica devices
that would get rid of the multiple equilibrium problem. The device in Figure 2a does have a specid
dructure. It is evident that the message profile @, f) in this device is a public message or a sungpot.
Introducing a public message or a sungpot in the non-canonica device is however not the only way
to do thisjob, as the following example shows.

Condder for example, the game in Figure 2b and the corrdated equilibrium in Fgure 2c.



One can induce the corrdated equilibrium usng the non-canonicd device in Fgure 2d that involves
no sunspot. It is essy to veify that in this non-canonica extended game, the Strategy profile AAP,
AAP) B an equilibrium and it induces the direct corrdaed equilibrium in Figure 2c. However, the
drategy profile (PPA, PPA) that corresponds to the disobedient equilibrium in the canonicd game

isnot an equilibrium of this non-canonical extended game.

d e F

alo V14 | 314

b| 114 |0 14

cl27 (17 |0

Fgure 2d
It is important to redise that the above non-canonicd dtructures (as in Figures 2a and 2d)
may not work to get rid of the multiple equilibrium problem for dl such games For example, for
the game in Fgure la and the corrdated equilibrium in Fgure 1b, one cannot find any non-
canonica device, gructurdly smilar to that in Figure 2a or Figure 2d, tha does not suffer from the

multiple equilibrium problem, as shown later in this paper.

3. FORMALITIES

Fix any norma form game, G = [N, {S}ii n, {ui}ii n] With st of players N ={1,...., n}, finite

pure strategy s&ts: Sy,...., S S= Ot n'Si, and payoff functions: uy,...., Un; U S® A, forali.

Definition 1. (i) A correlation device is an fi+1)-tuple d = (My,...., M, M) where, Mi is afinite st

of messages for player i and mis a probebility digribution over M (= Ojin M;). The device sdlects a

message profilem (= (My,...., My)) according to m and send the private message m to each player i.



(i) The extended game Gq is the game where the corrdation device d selects and sends messages to
the players, and then the players play the origind game G. A pure® drategy for player i in the game
Gq isamap si; M; ® S and the corresponding (ex-ante, expected) payoff is given by, u;i (S1,...., S)
= Smim (M) ui(s 1(M),...., S(my)).

(ii) A direct correlation device, d, is a corraion device where M; = S;. For such adevice, d would

aso denote the probability distribution over S= Oii N Si.

Definition 2. In a given corrdaion device, a message profile m (= (m,...., my), is cdled a public

messageor asunspot if mm) > 0, and theconditional probabilityf ((mi)) given m is1 for dl i.

Definition 3. (i) A correlated equilibrium of the game G is a pair @, (Si)ii n), Where the (pure or
behaviord) dtrategy profile (S 1,...., Sn) isaNash equilibrium of the extended game Gai.

(i) A direct correlated equilibrium d of the game G is a corrdaed equilibrium where M; = S;, ad
si istheidentity map, for dl i. The corresponding payoff to playeri isgiven by Sg s d(S) ui(s).

(ii) A correlated equilibrium distribution of the game G is a probability digribution on S which is

induced by a corrdated equilibrium (d, (Si)ii n)-
Remark 1. A direct corrdated eguilibrium can be identified with an element of 295). Clearly, it is
dso a corrdaed equilibrium digribution, induced by itsdf. Let C(G) denote the sat of dl corrdated

equilibrium digributions for the game G.

Remark 2. Any Nash equilibrium and any convex combination of severad Nash equilibrium of a

® One can dso think of behaviord drategies in the game Gy A behavioral strategy for player i is a map from M, to ?8)
and the (ex-ante, expected) payoff for player i corresponding to a behaviora drategy vector is given by, ui*(sl ...... S) =
S m AM)[Sg (Pji nSi(SYM))U(SL--» SH}]- Let us restrict ourselves to pure strategies only.

6 Using the standard nation of conditional probability.



given game G, corresponds to a direct corrdated equilibrium. Let N(G) denote the set of dl
digributions that correspond to aty Nash eguilibium and lee CONV(G) denote any convex
combination of severd Nash equilibrium. Clearly, N(G) I CONV(G) | C(G). Let G be the st of dll
games for which CONV(G) | C(G). Let us consider games only in G, i.e, games for which the set
of corrdated equilibrium is drictly bigger then the convex hull of Nash equilibrium outcomes.’
Also, let us condder corrdated equilibrium digributions that are outsde the convex hull of Nash

equilibrium outcomes, i.e, d T C(G)\CONV(G).

Definition 4. Given any game G 1 G, and a direct corrdated equilibrium® d T C(G)\CONV(G) for
G, the setof inducible distributions I(d), is the st of dl digributions over S that are induced by

some (pure or behaviora) Nash equilibrium grategy profile (S 1,...., Sp) of the extended game G

Remark 3. Clearly, any distribution in I(d) is a correlated equilibrium for the game G. Thus, 1(d) |

C(G), for anygame’ G T G, and adirect correlated equilibiumd I C(G)\CONV(G).

Remark 4. As d T C(G)\CONV(G) is a direct corrdated equilibrium for the game G, the obedient

strategy profile forms a Nash equilibrium extended game Ga. Hence, d T 1(d).

Remark 5. For any given game G 1 G and for any given direct device’® d T C(G)\CONV(G), the
drategy profile (of the extended game) that induces a (pure or mixed) Nash eqguilibrium of the
origind game, is adso a Nash equilibrium of the extended game. Paticulaly, for any gane G 1 G,

and a direct corrdated equilibium d T C(G)\CONV(G) for G, N(G) 1 1(d). Note however that

" Certain games are hereby excluded, such as, Prisoners Dilemma, Cournot Duopoly (see Yi, 1997). Also see Moulin
and Vid (1978) in this context.

8 Definition 4 and Remaks 3-5 are valid for any corrdated equilibrium distributiondi C(G).

% Remark 3isvalid for any game G.

1O Remark 5 isvalid for any canonical or non-canonicd device d.



CONV(G) E I(d), as not dl convex combinaion of Nash equilibrium points can be induced from a

given diribution d. Clearly, N(G) 1 1(d) C CONV(G).

Remark 6. Following Remak 5, for any given game G 1 G and for any given device d 1
C(G)\CONV(G), let us concentrate only on I(d){I(d) C CONV(G)}, the set of induced corrdated

equilibrium other than the inducible convex combinations of Nash equilibrium of the origind game.

Definition 5. A direat corrdlated equilibrium d T C(G)\CONV(G) of agame G 1 Gis sad to suffer
from the multiple-equilibrium problem if there exigs an induced corrdaed equilibrium digtribution

del I(d)\{I(d) C CONV(G)}, such that Sg sds) ui(s) 2 Sgsd(9 ui(s for a i, with & least one

drict inequdlity.

This paper andyses 2x2 games only and a paticular form of multiple equilibrium problem

Therefore the following two definitions are the only two required notions for the rest of the paper.

Definition 6. (i) For a2x2 game G T G, and for a direct corrdated equilibium d T C(G)\CONV(G),
the disobedient srategy profile in the extended game Gq is the profile in which each player dways

chooses the action thet is not recommended by the mediator.

(i) For a2x2 game G 1 G a direct corrdated equilibrium d T C(G)\CONV(G), is sad to suffer
from the multiple equilibrium problem if the corrdaed digribution, induced by the disobedient
strategy profile, d¢T 1(d){1(d) G CONV(G)}, and Sqsd¢€s) ui(s) 3 Sq s d(s) ui(9 for dl i, with at

least one drict inequdity.

Definition 7. Suppose for a given 2x2 game G T G, a non-canonical corrdation device induces a

10



direct corrdaed equilibrium that suffers from the multiple eguilibrium problem. We would say that
the non-canonica device itsdf does (does not) suffer from the multiple equilibrium problem as
wel, if the dtrategy profile that corresponds to the disobedient equilibrium of the direct extended

gameis (is not) an equilibrium in the non-canonica extended game

4. ANALYSIS

This section dudies a generd verson of the twoperson game of Chicken as the basic game.
Motiveted by the example in the Introduction, it consders a paticular direct corrdation device

which is characterised by asingle parameter, p.

The Game: Chicken

Condder the two-player non-cooperative game of Chicken as in Figure 3a, where? 0< a <
b < c< d. Each of the two players has two drategies, namely, Aand P. This game has two pure
Nash equilibrium, namdy, @, P) and P, A) and a mixed equilibrium in which each player plays A

with probehility (d-c)/{ (d-c) + (b-a)} .

FHgure 3a

The Canonical Correlation Device

Motivated by the examples in the Introduction, we here present a particular form of a direct

M There always exists such a strategy profile and can be easily identified by combining two maps.
2\We have chosen strictly positive payoffsjust for the sake of smplicity in calculations.
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correlaion device asin Figure 3b. The device is characterised by one parameter, p; O<p < 1.

A P

Alp (Ip)2

Pl (Zp)y2] O

FHaure 3o
Fix a game of Chicken (i.e, fix vadues of a, b, cand d in the game in Figure 3q).
Suppose now this game is played usng a corrdation device as in Figure 3b. Clearly for certan
vaues of the parameter p, both the obedient and the disobedient srategy profile will be equilibrium
of the canonica extended game. Note that, by the dructure of the device and the payoffs in the
origind game (Chicken), the disobedient drategy generates higher payoffs than the obedient one,
for both players. Thus, for a fixed game of Chicken, one can find a precise range of the parameter p,

for which this correlated equilibrium suffers from the multiple equilibrium problem.

Proposition 1. The (direct) corrdation device in Figure 3b is a corrdated equilibrium and aso
auffers from the multiple equilibrium problem if 0< p £ Min [x, y], where, x = (d-c){(d-c) + 2(b-
a)} andy = (b-a)f (b-a) + 2(d-c}}.

Proof. Assuming that the other player is following the drategy AP, it is obvious (by the symmetric
dructure of the device and the payoffs of the origind game) that a player will play P when the
recommendeation is P and when the recommenddaion is A, will play Aif ap + d(1-p)2 3 bp + c(1-
p)2, ie, if p £ x. Thus the obedient profile (AP, AP) is a Nash equilibrium of the canonicd
extended game if p £ x. Smilar argument shows that the disobedient profile (PA, PA) is a Nash

equilibiumif p £y. QED

To understand the above Proposition, let us consider the examples aready discussed earlier.



Example 1.1. Congder the game in Figure 1a Here, a =0, b =2 c=6and d = 7. For these
parameter vaues, x = 1/5 and y = Y2 Therefore, any direct device as in Figure 3b will suffer from
the multiple equilibrium problem if 0 < p £ 1/5. As noticed earlier, for this game, the device in

Figure 1b, which ischaracterised by p = 1/5, does suffer from the multiple equilibrium problem.

Example 2.1. Condder thegame in Figure 2b. Here, a=4/3, b =2, ¢c=5 d=7,x=35and y = 1/7.
Any direct device as in Fgure 3b will suffer from the multiple equilibrium problem if O < p £ 1/7.
As noticed earlier, for this game, the device in Figure 2c, which is characterised by p = 1/7, does

suffer from the multiple equilibrium problem.

For the ret of the paper, let us hereby fix a game of Chicken (i.e, fix vaues of a, b, cand
d). Also, let us redirict ourselves to direct devices as in Figure 3b, with p £ Min [x, y] only, so that
the corrdated equilibrium in question does suffer from the multiple equilibrium problem.

Let us now consder three different non-canonical correlation devices In esch of these
devices, the message sets are respectively, {a, b, ¢} and {d, e, f}. The devices are characterised by
certain parameters. In each of these non-canonica extended games, there is a drategy profile that
induces the direct corrdated equilibrium in congderation and there is ancther drategy profile that
corresponds to the disobedient equilibrium, (PA, PA) in the canonical extended game. Let us
precisdy find the range(s) of the characterisng parameter(s) of the non-canonicad devices for which
the firg gdrategy profile is an equilibrium of the non-canonicd extended game but the second profile

isnoat (i.e, the non-canonica device does not suffer from the multiple equilibrium problem).

The Non-Canonical Device #1 (With a sunspot)

Condder the non-canonical device in FHgure 4. This device is motivated by the one in the

Introduction (Figure 2a) and is characterised by the parameter e > 0. The device is a combination of

13



private messages and a sunspot as (a, f) isa public message or a sunspot.

d e f
alo 0 e
b|p Ip)210
c|(@-p)2-e |0 0

Fgure 4

Note that in the noncanonicd extended game, the drategy profile (PAP, APA) induces the
direct corrdation device in Figure 3b and the drategy profile (APA, PAP), corresponds to the

disobedient equilibrium in the canonica extended game.

Proposition 2. (i) Suppose p £ x < y. There does not exist any non-canonicd device as in Fgure 4
for which the drategy profile (PAP, APA) is an equilibrium but the profile (APA, PAP) is nat (i.e,
the device does not suffer from the multiple equilibrium problem).

(i) Suppose p £ y < X. The non-canonicd device as in Figure 4 does not suffer from the multiple
equilibrium problem if 0.5(1— ply) £ e £ 0.5(1 — p/X).

Proof. Let us fira check if and when the drategy profile PAP, APA) is a Nash equilibrium of the
nortcanonical extended game. Fix the drategy APA of player 2. Now, for player 1, playing P is
optima when the message is a. When the message is b, playing A isoptimd if ap + d(1-p)/2 3 bp +
c(1-p)/2, ie, if p £ x which is indeed the case (recdl that p £ Min [x, y]). Findly, when the
message is ¢, playing P is optimd. Now fix the strategy PAP of player 1. For player 2, playing A is
optima when the message is f. When the message is e playing P is optimd. Findly, when the
message is d, playing A isoptimd if ap + d((1-p)/2- €) 3 bp + c((1-p)/2- e), i.e,if e £05{1— p/x}.
Therefore, PAP, APA) is an equilibrium if e £ 05{1 — p/x}. Smilaly, the srategy profile APA,

PAP) is not an equilibrium if 05{1 — ply} £ e. If p £ x < vy, then it is essy to check tha both

14



conditions can not be met smultaneoudy. For p £ y < X, one has the desired result. QED

Let usillugrate the above Proposition using the earlier examples.

Example 1.2. Condder the game in Figure 1la and the corrdated equilibrium in Figure 1b. Here p =
x = 1/5 < y = % Therefore, one cannot find any non-canonica device as in Figure 4 that does not

suffer from the multiple equilibrium problem.

Example 2.2. Condder the game in Figure 2b. Here, x = 35 and y = 1/7. As noticed exlier, any
corrdaed eguilibrium as in Fgure 3b with 0 < p £ 1/7, would suffer from the multiple equilibrium
problem. One can find a non-canonica device as in Figure 4, with e T [(1-7p)/2, (3-5p)/6], thet
would get rid of this problem. Note that the direct device in Figure 2c has p = 1/7. For such a
device, the dedred range of e in the non-canonicd device is (0, 8/21]. The device in Fgure 2a has e

= 1/3 and therefore does not suffer from the multiple equilibrium problem, as noticed earlier.

The Non-Canonical Device #2 (Symmetric, Without any Sunspots)
Congder the noncanonicd device in FHgure 5, which is charecterised by the dngle
parameter a 1 (0, 1). Clearly, this device does not have any sungpots;, dso, there is an amount of

structura symmetryinit.

d e f
alo ap a(1-p)/2
b| (1-a)p 0 (-a)(1p)/2

c| (Ta)2p)2 | a(lp)2 |0

Figure 5
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Note thet in this noncanonical extended game, the drategy profile (AAP, AAP) induces the

direct corrdation device in Figure 3b and the drategy profile (PPA, PPA), corresponds to the

disobedient equilibrium in the canonica game.

Proposition 3. Forany p £ Min [x, y], a noncanonica device as in Figure 5 dways suffers from the
multiple equilibrium problem.

Proof. Let us firg check whether the profile (AAP, AAP) is a Nash equilibrium of the non-canonicd
extended game or not. Fix the strategy AAP of player 2. Now, for player 1, when the message is a,
playing A is optimd if ap + d(1-p)2 2 bp + c(1-p)/2 i.e, if p £ x. Also, when the message is b,
playing A is optimd if p £ x. Findly, when the message is ¢, playing P is optimd. By the symmetry
of the game and the device, the above argument holds for player 2 and hence, the profile AAP,
AAP) is an equilibium if p £ x. Smilar argument shows that the profile PPA, PPA) is dso an

equilibriumif p £ y. Hence the result holds. QED

The Non-Canonical Device #3 (Asymmetric, Without any Sunspots)

Condder the non-canonical device in Figure 6, which is characterised by two parameters, a
adb,a! bad botha and b T (0, 1). The structure of this device is motivated by the one in
Figure 2d. Clearly, this device, like the device #2, does not have any sungpots, however, unlike the

device #2, it is not symmetric.

d e f
alo ap a(1-p)/2
b| (1-a)p 0 (-a)(p)2

c | (Tb)(@p)2 | b(Lp)2 [0

Figure 6
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Note that, here as well, the strategy profile AAP, AAP) induces the direct correlation device

in Fgure 3b and the trategy profile (PPA, PPA), corresponds to the disobedient equilibrium.

Proposition 4. For any p £ Min [, V], the non-canonica device as in Figure 6, does not suffer from
the multiple equilibrium problem if ak; £ b £ aky + (1 - k) but not ak, £ b £ aks + (1 - ko), where,
ki={p(b-a)} / {(p)(d-c)/2} and k2= {p(d-c)} / {(Tp)(b-a)/2}.

Proof. To check whether the profile AAP, AAP) is a Nash equilibrium, fix the strategy AAP of
player 2. It is essy to verify that for player 1, playing AAP is optimd if p £ x, which is indeed the
case. Now fix the strategy AAP of player 1. For player 2, playing P is optima when the message is
f. When the message is d, playing A is optimd if a(1-a)p + d(1-b)(2:p)/23 b(l-a)p + c(1-b)(1-p)/2,
i.e,if b £ aky+ (1 - k). Findly, when the message is e, playing A isoptimd if aap + db(1-p)/2 3
bap + cb(1p)/2, i.e, T aks £ b. Therefore, the profile AAP, AAP) is an equilibrium if ak1 £ b £
aki + (1 - ky). Smilar argument shows that the profile PPA, PPA) is dso an equilibrium if ak, £ b

£ ak2+ (1- k2). Thus, the result holds. QED

Let usrevigt the earlier examplesto illudrate the above Proposition.

Example 1.3. Congder the game in Figure 1a and the corrdaed equilibrium in Figure 1b. Here p =
15, k; =1 and k, = 1/4. Therefore, one cannot find any a and b which would stify the conditions
in Proposition 4 and hence, for this example, it is not possble to condruct a non-canonica device

asin Fgure 6 that would not suffer from the multiple equilibrium problem.

Example 2.3. Condder the game in Figure 2b and the corrdated equilibrium in Fgure 2c. Here p =

17, k; = 1/9 and ko = 1. It is therefore easy to construct a non-canonica device as in Figure 6,
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(following the condition in Propogtion 4) that would get rid of the multiple equilibrium problem.
Any a and b suchtha bt a and b T [a/9, a/9 + 89] would generate the desired result. For
example, one can condder a = Y2 and any b 1 [1/18, 17/18], other than 2 Note that, the device in
Figure 2d is characterised by a = %2 and b = 1/3 and as noticed ealier, it indeed gets rid of the

multiple equilibrium problem.

5. REMARKS

This paper dudies the multiple equilibrium problem in normd form games played using
corrdlation devices and asks the question whether there exits a communicaion scheme, more
gpecificdly, a noncanonical corrdation device tha can implement a corrdaed equilibrium and
does not suffer from the multiple equilibrium problem. A couple of early examples do suggest thet
it is indeed the case. The quedtion that then arises is what kind of non-canonicad devices one needs
to achieve this. One possble way is to include a sunspot in the non-canonicd device, as one of the
examples indicates. However, one perhgos can do the same job without a sunspot, as another
example confirms. This paper andyses three different non-canonical structures, one with and two
without a sunspot, to understand this problem.

The paper does not provide any generd result. It only consders a 2x2 game (Chicken) and a
goecific form of multiple equilibrium problem usng a paticular disobedient drategy. In  this
framework, sunspots in the non-canonica device turn out to be neither sufficient nor necessary to
solve the problem. For some parameter vaues, device #1 (with a sunspot) does help, however, not
for dl games Device #2 (without any sungpots) on the other hand, never gets rid of the problem,
while device #3, which is an asymmetric verson of the device #2, manages to do the job for some
parameter vaues. There exis however, games and corrdated equilibrium (Example 1) for which

none of the non-canonical dructures discussad in this pgper would be enough to get rid of the
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problem. One definitdy needs a different Structure, possibly with larger message sats for each
player, for these games.

It is worthwhile to mention that Ray (2001) has dso discussed the multiple equilibrium
problem in corrdation devices to explan the falure of the reveaion principle for codition-proof
corrdated equilibrium. Usng some conditions presented in that paper, Ray explaned exactly how
and where the multiple equilibrium problem becomes rdevant.

For future research, one might consder a couple of different directions. Fird, as mentioned
ealier, it is now wel known that mediated and unmediated (chegp) tak can generate any correated
equilibrium of a given game Paticulaly, any corrdaed equilibrium can be generated by a (one-
ghot public) mediaged tak (Lehrer 1996, Lehrer and Sorin 1997) or preplay unmediated
communicetion (Ben-Porath 1998). Both these schemes are valid for 2x2 games. It would therefore
be interesting to andyse the games and the corrdated equilibrium didtributions discussed in this
paper in ther framework. Second, one reckons that the non-canonicd dructures (particulaly, the
device #1) discussed here might be ussful to modd and andyse communication between (two)
agents in any group decison problem in the bounded raiondity literature (Chepter 6, Rubingein

1998).
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