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Abstract

We introduce a general study of routing mediators.
A routing mediator can act in a given multi-agent
encounter on behalf of the agents that give it the
right of play. Routing mediators differ from one an-
other according to the information they may have.
Our study concentrates on the use of routing media-
tors in order to reach correlated strong equilibrium,
a multi-agent behavior which is stable against de-
viations by coalitions. We study the relationships
between the power of different routing mediators in
establishing correlated strong equilibrium. Surpris-
ingly, our main result shows a natural class of rout-
ing mediators that allow to implement fair and ef-
ficient outcomes as a correlated super-strong equi-
librium in a very wide class of games.

Introduction

scratch in order to yield some desired behavior. The simplest
form of mediator discussed in the game theory literature is
captured by the notion of correlated equilibriddsumann,
1974. This notion was generalized to communication equi-
librium by [Forges, 1986; Myerson, 19B6Another type of
mediators is discussed [Monderer and Tennenholtz, 2004
However, in all these settings the mediator can not perform
actions on behalf of the agents that allow it to do so.

A powerful type of mediators, which can perform actions
on behalf of the agents who give the mediator the right of play
is considered ilMonderer and Tennenholtz, 200d his type
of mediators turns out to be a specific case of the mediators
discussed in this paper. Namely, in this restricted setting the
agents need to decide whether to give the mediator the right
of play, while the mediator does not possess any further in-
formation on the agents’ actions.

In order to illustrate the power of a reliable mediator con-
sider the famous prisoners dilemma game:

In many multi-agent systems it makes little sense to assume C D
that agents will stick to their parts when provided with sug-
gested strategies, if a deviation can increase their payoffs. C| 44 0.6
While for any multi-agent encounter, represented as a strate- ! )
gic form game, there always exists a strategy profile for which Dl 60 11
unilateral deviations are not beneficial, more demanding re- ! !
quirements are rarely satisfied. In order to tackle this issue we

consider in this paper the useroluiting mediatorsextending In this classical example we get that in the only equilibrium
upon previous work in game theory and Al. both agents will defect, yielding both of them a payoff of 1.

A mediator is a reliable entity that can interact with the However, this equilibrium, which is also a dominant strategy
players and perform on their behalf actions in a given gameequilibrium, is inefficient; indeed, if both agents deviate from
However, a mediator can not enforce behavior. Indeed, adefection to cooperation then both of them will improve their
agent is free to participate in the game without the help ofpayoffs. Formally, mutual defection is not a strong equilib-
the mediator. This notion is highly natural; in many sys-rium; it is not stable against deviations by coalitions. Indeed,
tems there is some form of reliable party or administrator thathere is no strong equilibrium in the prisoners dilemma game.
can be used as a mediator. Notice that we assume that theConsider now a reliable mediator who offers the agents the
multi-agent interaction (formalized as a game) is given, andollowing protocol: if both agents agree to use the media-
all the mediator can do is to perform actions on behalf of theor services then he will perform cooperate on behalf of both
agents that explicitly allow it to do so. The mediator's be-agents. However, if only one agent agrees to use his services
havior on behalf of the agents that give it the right of play isthen he will perform defect on behalf of that agent. Notice
pre-specified, and is conditioned on the information availabléhat when accepting the mediator’s offer the agent is com-
to the mediator on all agents’ actions. mitted to actual behavior as determined by the above proto-

This natural setting is different from the one discussedcol. However, there is no way to enforce the agents to accept
in the theory of mechanism design (ddackson, 20d1for  the suggested protocol, and each agent is free to cooperate
an introduction) where a designer designs a new game fromar defect without using the mediator’s services. Hence, the




mediator’s protocol generates a new game, which we call diators can be classified based on the information they can
mediated game access about the agents’ actions. In this paper, we formally
define routing mediators as a function of their available infor-
M C D ma:ion. We distinguish between two types of available infor-
mation:

M 4!4 5![] 1!1 1. Information about the actual action instantiations.
2. Information about the agents’ programs (i.e. correlated

5 ﬂ,ﬁ 4,4 D,ﬁ strategies).

D 11 6.0 11 As we will show, having full access to the agents’ actions
! ! ! may sometimes be more powerful than having full access to
their programs, and vice versa.

The mediated game has a most desirable property: in thi% Given the general setting of routing mediators, we prove
game there is a strong equilibrium; that is, equilibrium whichthat they can indeed significantly increase the set of de-
is stable against deviations by coalitions. In this equilibriumSiréd outcomes that can be obtained by multi-agent behaviors
both agents will use the mediator services, which will leadVhich are robust against deviations by coalitions. Namely, we
them to a payoff of 4 each! show that anyminimally fair game possesses a fair and effi-
Although the above example illustrates the potential powefi€Nt correlated super-strong mediated equilibrium. In a cor-
of a mediator who can act on behalf of agents who give hinf€lated super-strong equmbrlum_, correlated dew_anons by any
the right of play, the above mediator was very restricted. IrUPSet of agents can not benefit one of them without hurting
general, aouting mediatorpossesses information about the 2n0ther. A minimally fair game is a game in which all actions
actions taken by agents. Consider a router in a typical com@'® available to all agents, and all agents who select identical
munication network. Messages submitted to the system mu&Cctions get identical payoffs. A particular example of mini-
pass through this router. In addition, the router can suggest@2ly fair games are the symmetric games, but the family of
protocol to the agents who may wish to use its services alsBinimally fair games is much wider. In particular, our results
in selecting appropriate routes. Hence, in this situation it '€ applicable to symmetric congestion games and job-shop
most natural to assume that the router can observe selectggneduling, two major topics of study in the interface between
actions of all agents, and not only of those who give it thecOMputer science and game theory.
right of play. In order to illustrate the power of such routing

mediator consider the following example: 2 Preliminaries
2.1 Games in strategic form
A B C A game in strategic form is a tuplel =
Al 4.4 6.0 11 (N, (X;)ien, (ui)ien), Where N is a finite set of play-
! ! ! ers, X; is the strategy set of playér andu; : X — R is
the payoff function for playei, where X = x;cnX;. If
B D:E' 4:4 016 |N| = n, whenever convenient we assuiNe= {1,---,n}.
cl 11 6.0 11 I is finite if the strategy sets are finite.
! ! ! For everyS C N we denoteXg = x;csX;. When the set,

N is clear,X y\ s will be also denoted b s, and moreover,

Given the above game, assume we are interested in obtair—{;} Will be also denoted byx'_;. o
ing a socially optimal outcome, in which each agent gets a When we discuss subsets of a given set we implicitly as-
payoff of 6. It is easy to see that the column player canSUme non-emptiness unless we specify otherwise.YLbe
guarantee h|mse|f an expected payoﬂ: Of 6.5 by p|ayB]g a set. The set Of probablllty dIStI’I_butlonS W|th f|n|te Support
or C' with probability 0.5 each. As a result, a routing medi- OverY” is denoted byA(Y). That is, everye € A(Y) is a
ator who is not informed about the pure realizations of thefunctionc : Y — [0, 1] such that{y € Y|c(y) > 0} is finite,
column player’s strategies cannot implement any outcome iRNd>_, <y c(y) = 1. For everyy € Y we denote by, the
which that player gets a payoff less than 6.5. However, @robability distribution that assigns probability 1o Let I
routing mediator who can see the pure realizations of the dede a finite set, and let; € A(Y;), i € I, wherel is a finite
viating player and choose the punishment appropriately cafét of indexes, antf; is a set for every € I. We denote by
enforce the outcoms, 6) as a strong equilibrium! This can Xierc; the product probability distribution o = x;¢/Y;
be achieved, for example, by the following simple protocol: If that assigns to every € Y the probability[ [, ; ¢i(y:)-
only agent selects the mediator’s services, the mediator will Let I’ = (N, (X,):en, (ui)icn) be a game in strategic
copy the action of the other player, on behalf ofi; if both ~ form, and letS C N. Everyc € A(Xg) is called acor-
agents select to use the mediator’s services then the mediat@lated strategy fotS . A correlated strategy for the set of all
will perform C' on behalf of both agents. playersN is also called aorrelated strategyand for every
This example illustrates the important role of information ¢, a correlated strategy fdr} is also called anixed strategy
in the definition of a routing mediator. Indeed, routing me-for i. Letc € A(X) and letS C N, the marginal probability



induced byc on X is denoted by 5. That s, join a deviating coalition also in cases where such deviation
would leave their payoff unchanged, but would increase the
cs)(zs) = Z c(xg,x_g) payoff of at least one of the other coalition members.
r_s€X_s We say that € A(X) is acorrelated super-strong equi-
. librium (or super-strong equilibriumif there is noS C N
The expected payoff afwith respect to a correlated strat- 4, £ G( A( Xi)' such ?ha'?: 4 -

e is denoted by/;(c). That is,
dye Wile) 1.VieS U (fs,C[,S]) > U (c)

Ui(c) = ) ui(w)e() 2.3 €S U (s, crs) > Uile)
veX A super-strong equilibrium is, in particular, a strong equi-
For every:, and for everyr; € X;, the mixed strategy,, librium, but not vice versa.

is called apure strategy .
For everyS, the set of mixed-strategy profiles is denoted2-3  Information sets
by Qs. Thatis,Qs = x;csA(X;). We will useQ for Qy, LetY be a set. We say th& is aninformation set ort” if 2

andQ; for Q3. is a partition ofY".
The mixed extensionof the gameI is the game Lety € Y. By w(y) we refer to the equivalence classiof
(N, (Q:)ien, (wi)ien), Where for everyg € Q, w;(q) = inQ,i.e.toP € Qs.t.y € P.
Ui(qr X -+ X ¢n). We use these definitions in order to model situations in
which an elemeny € Y is chosen, and an agent has only
2.2 Strong equilibrium concepts partial information about the chosen element. It is assumed

LetI’ = (N, (X:)ien, (ui)icn) be a game in strategic form, that, if Q2 is the information set that is available to such agent,
and letz € X. We say that: is astrong equilibrium of type | ~ the agent is informed af(y).

[Aumann, 1959in T if the following holds: Let 1, be information sets o”. We say that(,
For every subsef of players and for everys € X there ~ refines, if for all 1,90 € Y if wi(y1) = wi(y2) then
existsi € S such thatu; (ys, z_s) < u;(x). u_zg(yl) = _wg(yg). That is, an agent with available informa-
Letq = (q1,- - -,¢n) be a profile of mixed strategies. tion 2, is mformed. at I_east as yvell as an agent v@tin .

We say that is astrong equilibrium of type Il il if ¢ The above relation is a partial ordering of the information

is a strong equilibrium of type | in the mixed extensioniof ~ sets, which forms a lattice: the maximal possible informa-
That is, ¢ is a strong equilibrium of type Il i if for every ~ tiononY is Q. = {{y}|y € Y'}; having such information
subset of players, and for every profile of mixed strategies Mmeans that for any choice gf € Y, , the agent knows ex-
(pi)ies there exists € S such thall;(x;esp; Xien\s ¢i) < actly which element was chosen. The minimal possible infor-

Ui (Xiengi)- mation onY is Qy = {Y'}; that means that the agent has no
Obviously, ifz € X, and(,,,- -, 65, ) is a strong equi- information at all about any chosen elemgnt Y.

librium of type Il in T" thenz is a strong equilibrium of type . .

I, but the converse does not hold. 3 Routing mediators

Letc € A(X). We say that is astrong equilibrium of  We now introduce routing mediators, a general tool for coor-
type lll, or correlated-strong equilibriumif for every subset dinating and influencing agents’ behavior in games. A rout-
of playersS , and for every correlated strategy f6r {5 € ing mediator is always assumed to be reliable, and he is en-
A(Xs) there exists € S such thal; ({5 x ¢j_g)) < Uj(e). dowed with a single ability: to play for the players who ex-

Letg € Q. Obviouslyq is a strong equiIiL)rium of type Il plicitly give him the right to play for them. The mediator
if g1 X g2 X --- X g, is a strong equilibrium of type Ill, but cannot enforce the players to use his services, neither can he
not vice versa. affect the players’ utility values. However, routing media-

Let z € X. The requirement that is a strong equilib- tors differ in the information they have on the strategy profile
rium of type Il seems to be acceptable in an environment irwhich is being chosen by the players.
which the players believe that they and others could not possi- Let I' be a game in strategic form. muting mediator for
bly correlate their behavior (e.g., when every player is sittingl" is a tuple(m, Q, ¥, (¢, ¢ )wen,pcw), Where the following
in a separate room, and there is no communication betweeolds:

the players_). However, every playgr can perform a private o ,, ¢ X, foralli € N. m denotes the new strategy
randomization. In an environment in which the players do that is now available to each player: to send a message

not correlate their strategies i, but they may fear/hope to the mediator, indicating that the player agrees to give
that such a correlation is possible, we expetd be a strong the mediator the right of play for hirh.

equilibrium of type Il in order to be believed/played by the
players. In the scope of this article, we will consider such cor-
relation possible, and therefore when we use the term strong
equilibrium, we refer to correlated strong equilibrium.

The above definitions assumed that a player would agree to
jOin a deViating Coalition Only |f the deViation W0u|d result in 1[Monderer and Tennenhonz’ de']ow that no power is added
a strict improvement of his payoff. A much stronger stability if the communication between the mediator and the players includes
concept is needed if we fear that players may be persuaded btore than one message type.

e () is an information set o, whereZ = x;cnZ;, and
Z; = X; U{m}. Q represents the information avail-
able to the mediator about each pure realization of the
players’ correlated strategy.



Q refinesQy.s:c, Which is defined as follows:
Givenz € Z, letT(z) denote{j € N|z; = m}. That

Qpasic: ¥ = Wpasic; i.€. they considered the case in which
the mediator is only informed of the players that chose to del-

is, T'(z) denotes the players who agree to give the mediegate him the right to play for them in step 2; he has no infor-

ator the right of play for them iz. Then,Qqs;c is the

mation about the actions of the other players, neither about

partition induced by the following equivalence relation the correlated strategy that was chosen in step 1.

onZ: z1 = 2z iff T(z1) = T(22) (Forw € Q we will
useT(w) to denotel’(z) for somez € w).

We think that there may be quite a few situations in real
life where it would be relevant to consid& # Qpqsic, OF

That is, we demand that in each pure realization of thel # ¥,,.;.. For example, a situation which can be mod-

agents’ strategy the mediator knows exactly which play-eled by¥ = U ,,;; = {{c}|c € A(Z)} is when the mediator

ers give him the right of play for them. doesn'’t decide/reveal its action before the game takes place,
e U is an information set o\ (Z), which represents the and players agree to dewate only if the_medlator cpo4si-

information available to the mediator about the corre-Ply harm anyone of them (i.e. they consider wherst caseof

lated strategy of the players. We place no restrictions ofihe unknown action). Another such situation might be when

¥, in particular¥ may equall,,.;. = {A(Z)}, mean-
ing that the mediator has no such information.

o foreveryw € Q¢ € ¥, ¢y y € A (Xp(,)). Thatis,

c is the conditional contract that is offered by the medi-
ator: it specifies exactly which actions the mediator will
perform on behalf of the players who agree to use hi
services, as a function of the information available to it;

about the strategy profile chosen by the agents.

Every mediatorM for T' induces a new gamB(M) in
strategic form in which the strategy set of playés Z;. The
payoff function ofi is defined for every € A(Z) as follows:

UM(e) =Y c(2)UilCuts)pie X (Xjenyr()3z,))
z€Z

The above definitions express the following interaction be-

tween the mediator and the players:
1. The players choose a profitec A(Z)

2. Ajoint coin flip is issued, determining a pure realization

z€ Zofe
3. The mediator is informed of(z) andi)(c)

4. The mediator issues a coin flip to determine a pure real-

ization 5T(z) of Cu(z),(c)

5. The payoff of each playef is given according to
w; (07(2), 2-7(2)

The payoffs of the players from the profileare assumed

to be their expected payoffs from both coin flips in steps 2,4.
The mediator is guaranteed to behave in a pre-specified
way, however this behavior is conditional on the actions of 2.

the other agents. For this reason, althodgtr) is well de-
fined for any profilec € A(Z), in particular for pure profiles
z € Z, Ui(c) does not necessarily equal .., U;(z)c(2),

unless¥ = Y,,... Nevertheless, the concepts of strong 3

equilibrium can still be applied t6(M).

LetI" be a game in strategic formy ¢ (J,cy Xi, 2 an
information set onZ, ¥ an information set omM\(Z). A
correlated strategy € A(X) is a strong mediated equi-
librium relatively to 2, ¥ if there exists a mediator for,
M = <m,Q,\I!, (Cw,¢)w€Q,w€W>: with Co(mN)p(mN) = G
for which m” is a correlated strong equilibrium F(M).
The notion ofsuper-strong mediated equilibriunan be de-
fined similarly.

Note that the above definition coincides with the one
[Monderer and Tennenholtz, 200# the case wher& =

the deviating players fear that an information leak might be
possible, i.e. the mediator will find out about their plan (dis-
cover the strategys) and respond accordingly. Lastly, it
could be that the correlated deviation is implemented using
a program which is submitted and executed on a server, and
the mediator is located on this server; in this case, the medi-

Sator indeed is fully informed about the correlated strategy of

he players.

Q # Qpasic Can be used to model all the situations in which
the mediator does indeed, as the name implies, "stand be-
tween” the players and the actual game, e.g. situations in
which the play is only available through the mediator. For
example, if the players’ strategies are messages in a network
and the mediator sits on the router, it might be reasonable to
assume tha = Q..

Lastly, we can imagine many situations in which the me-
diator is only partially informed, both in terms 6f and of

v,

Observations: Suppose: € A(X) is a strong (super-strong)
mediated equilibrium relatively t@, U.

1. Letw(c) = (w1,...,w,) be the payoff vector induced
by c. Then, for any’ € A(X) such thatw(c¢’) = w(c),
¢’ is a strong (resp. super-strong) mediated equilibrium
relatively to2, ¥. In light of this, we will sometimes use
the following notation: a payoff vectar can be imple-
mented as a strong (super-strong) mediated equilibrium
relatively toQ, U if there existsc € A(X) such that
w(c) = w andc is a strong (resp. super-strong) medi-
ated equilibrium relatively t62, .

If ¥ = Wy, c can be implemented as a strong (resp.
super-strong) mediated equilibrium relatively o ¥
even if the mediator is restricted to use only pure actions
(i.e. satisfies:,, y, € X7 ().

If Q' refines(?, thenc is also a strong mediated equilib-
rium relatively toQ)’, ¥

4. If ¥ refines¥, thenc is also a strong mediated equilib-
rium relatively toQ2, ¥’

Observations 3, 4 show that the possible value$)o¥
induce a four-end lattice of strong mediated equilibrium con-
cepts, where the strongest (most stable) concept is obtained

from Qpasic, Yoasic (Since it assumes nothing on the infor-

mation available to the mediator), and the weakest concept

ofis obtained fromt ¢,;;, ¥ ¢,,;. Part of this lattice is depicted

below (arrows mean increase in stability):



H.ﬁ : TI:I - (A, A) and(B, B) so that each of them will get a payoff of 6,
@Rey O making the deviation beneficial for them.
C s However, note that the playets2 were able to guarantee
themselves the payoff$, 6) as aresponséo any contract of-
Q : T Q T ! fered by the mediator. In a sense, the informationisgt,;.
bsicy Sl = meme mow m fulls Lhasie  means that the players are more informed than the mediator —
the strategy of the mediator in this setting is fixed, and cannot
\ / depend on the correlated strategy chosen by the players; while
v their correlated strategy can be a best response to the media-
Q T tor's strategy. When the information sét,,;; is considered,
ﬁtii; f”ﬂ the mediator becomes more informed than the players: he can
devise a response based on their correlated strategy. In this
A natural question to ask is whether there exists a generqﬁﬁ?ﬁ ele, Ig rg;eidlgtggsviv h: tlc? t%vgarreof?lfeafz fl))(?r: dp(rgb%lgllltles
relationship between the strong mediated equilibria concept@an alwgysyresp;ond b)?a pure srirate@y)r’B on behélf of
wﬂ;tcg?nbﬁ%ﬁécéifﬁggg?gfﬁgglfsiiﬁé;l;;gufﬁt'o.nf's' the third player in a way that will cause one of the players to
) P . g the Informag o 5 payoff less than 5, making the deviation not beneficial
tion available to him on each pure outcome, or increasing th or them
information about the correlated strategies? A formal proof of the above intuition is technically cum-
As it turns out, this question does not have a general ANy rsome. and therefore is left to the full version]]
swer: ’
Proposition 1 There exists a gam& and a strategy pro-
file ¢ which is a strong mediated equilibrium relatively to

4 The existence of strong mediated

Q ruits Yoasic, but not a strong mediated equilibrium rela- equilibrium

tively to€2asic, ¥ fuir- The following result in due tdMonderer and Tennenholtz,
An example of such game and such profile appears in th2008:

introduction. A less intuitive result is the following: Proposition 3 Every 2-person game has a strong mediated

Proposition 2 There exists a gam& and a strategy pro- equilibrium relatively todqsic, Ypasic-

file ¢ which is a strong mediated equilibrium relatively to  Thatis. all two-person games can be solved using a medi-
Qpasic, ¥ i, but not a strong mediated equilibrium rela- o0 in the strongest possible sense — even when the mediator

tively to€ fuir, Whasic- is completely uninformed.
Proof: (sketch) Lefl” be the following 3-person game: Before proceeding with other existence results, we need to
define the notion of symmetry.
A E O A permutatiorof the set of players is a one-to-one function
from N to N. For every permutation and for every action
A 12,0,0 0,00 0,00 profilgx € X we denote byrx the permutation of: by .
A E 0,00 (0,12,0(0,0,0 Thft |s,(gx)m = z; for every _pla;yen' EN.
et I" be a game in strategic forni: is asymmetric game
c| 000 000|555 if X; = X, foralli,j € N andu; (x) = ) (7z) for
Player 3 A E C every playeri, for every action profiler € X and for every
5 permutationr.
A|24,-12,0| 0,00 10,00 Needless to say that symmetric games are most popular in
B E 0,00 (0120|000 computerized settings. For example, the extremely rich lit-
c 0.0.0 000 000 erature on congestion games in computer science deals with
1 ™ 30

particular form of symmetric games. However, our main re-
sult requires a weaker notion of symmetry:

Letc = (C,C,A). In order to see that is not a strong Let " be a game in strategic forni' is aminimally fair
mediated equilibrium il relatively t0 Q i, ¥pesic, CON-  gameif for all .5 € N X; = X; and for every action
sider the possible actions of the mediator on behalf of playeprofilez € X x; = z; implies thatu;(z) = u;(z).

3 given the profile(A, A,m) € Z. The mediator has to That is, a game is minimally fair if players who play the
choose a strategy on behalf of player 3 without knowing thesame strategy get the same payoff. The exact value of the
correlated strategy of playefd, 2} that caused the realiza- received payoff may depend on the identities of the players
tion (A4, A). No matter what distribution betweethand B who chose the strategy, as well as on the rest of the profile. In
will the mediator choose, the total payoff of the deviatorsparticular, every symmetric game is a minimally fair game;
will be 12, with player 1 getting more than player 2; note however, minimally fair games capture a much wider class of
that the pure profil€ B, B) guarantees the deviators the pay- settings.

offs (0, 12); therefore, no matter what strategy the mediator Note that in a minimally fair game, unlike in a symmetric
will choose, playerg1, 2} will be able to randomize between game, the symmetric socially optimal payoff is not necessar-




ily feasible. In order to capture our notion of fair and efficient We define a payoff vectar” as follows:
outcomes in such games, we need to define the notion of lex- . . ,
icographic ordering on vectors of payoffs: W) if max {w;} < wj,

Let sort : " — R™ be a function that sorts the elements ew’ 4+ (1 — ) w otherwise
of real vectors in increasing order. Given two vectorsy’ €

R" we say thatv <; w’ (w is lexicographically smaller than - wheres € arg min{ _ Wenowi }
w') if there existsl < i < n such thatort(w); < sort(w’); dw! >w), Wi — Wit Wi 1 =Wy, 4y
andforalll <j <i sort(w); = sort(w’);. First, we note that(w/,...,w/) Pareto dominates

LetT" be a minimally fair game. We say that a vector (w1, ..., wg): if w’ = w this follows from the fact that
R is thefair efficient payofbf I if w is the lexicographically ~weakly benefits from the deviation that resultsuifi in the
maximal feasible payoff vector . Itis easy to see that such other case, the same holds siace 0.
vector always exists, and is unique. Also, such vector is, by Next, we note that the choice efensures that; < w//

definition, Pareto optimal. for j < k, i > k; combined with our previous observation,
The fairness criterion we use is in fact the well-known min- this implies thatv <; w”, contradicting our choice ab. |

max fairness criterion, following the work of Raw[Rawls, Below we present two additional results, that can be proven

1971 on fairness as justice. using similar logic as behind the proof of Theorem 1. The
We are now ready to state our main result: proofs of these results are therefore omitted due to lack of

space. Both results attempt to relax the requirements on the
Theorem 1 Let T be a minimally fair game. Then, the fair information set?, at the price of restricting attention to the
efficient payoff of" can be implemented as a super-strong class of symmetric games (Theorem 2) or considering strong
mediated equilibrium relatively @ r..;;, Upqsic- instead of super-strong equilibrium (Theorem 3).
The relaxation of the requirements éhis based on the
Proof: Letw be the fair efficient payoff vector af. Suppose idea that in order to "punish” a set of deviating agents, we

w.l.o.g. that the vectow is sorted in increasing order and the can do without seeing the actions of all of them; it suffices,
players inN are renamed appropriately. under some conditions, to observe only the action selected by

Let _Xi;. We define a routing mediator & Single deviator. . , :
M — {:1 gi ”U(EZV o (Co )it e >ags follows: Formally, 2 must satisfy the following: there exists
= y 3 fulls Fbasics \Cw,p )wEQ sy, Y EVpasic : i ! i

Whqsic CONtAINS a single element, therefore it suffices to definé" ordering<p on ;N such that ftcr): allz, 2" € Z,If
cu(») forallz € Z. Letz € Z. If T(z) = N, we definec,,(.) “max<p {N\T(2)} 7 Fmax <, {N\T(2)} enw.(z) 7w (_Z )

to be the strategy profile that implements Otherwise, let  That is, allows to distinguish between different actions of
T =T(z), leti = max {N \ T} (i.e. is the highestindexed the highest ranked player (byr) among the deviators.

player among those who don’p cooperate with the mediator ifrhegrem 2 LetT be a symmetric game, and suppose than an
z), and leta = z;. We then define,,.) = Xicrda. information sef) on Z satisfies the above property.

That is, the action of the mediator for each pure realization Then, the symmetric optimal payoff vector= (V,..., V)
of the correlated profile is to have all the cooperating playersn I can be implemented as a super-strong mediated equilib-
copy the action of the deviator with the highest payoffin rium relatively to€2, Uy ic.

LetS C N,&s € A(Zs). Let§ = &g x (XieN\S‘Sﬁn) b€ Theorem 3 Let T' be a minimally fair game, and suppose
the profile inI' (M) that is obtained from the deviation 6t than an information se® on Z satisfies the above property.
to&s. Suppose, for contradiction, théitveakly benefits from  Then, the fair efficient payoff 6fcan be implemented as a
deviating tos in I (M) relatively tom™; thatis,¥i € S strong mediated equilibrium relatively @, ¥y,

Let k& be the highest indexed player §1 In every pure 5 Further work

realizationz of £, all the players inV'\ S play the same action _ . . , . . .
ask: either begause c E}()Z/) or be\calﬁ)sé:yis in particular The general aim of this research is to find rich settings in

the highest indexed player i \ T (=). ThereforelJ; () = which routing mediators can help to achieve stability and/or
Uy (€) for every playerj € N \ S therefore, for every e efficiency. In this paper we concentrated on achieving sta-
(1,...k}\ 8, U, (€) > wy > w;, which means that all the bility against deviations by coalitions via the concept of cor-
playersinS’ = {1, .., k} can deviate to the correlated profile related strong equilibrium; other desirable solution concepts
¢, in which the players ins play by ¢ and the players in can be of interest, e.g. pure equilibria concepts (Nash, strong)

' the strat f playér ands’ Id al kly @andweakly dominant strategies. _
‘geﬁ*gfﬁ(}fgm ;?Sréjle?,%ign? aydr ands” would also weakly Other models of multi-agent interaction, e.g. repeated

Therefore, we can assume w.l.0.g. thiat: {1 k) for games, or games with incomplete information, are also un-
, J.0.0. s

somel < k < n. Letw’ be the payoff vector that is induced der consideration.
by £&. We know that for every: < j < n, w’; = w}, > wg. Ref
Sincew is Pareto optimal, we know that < n (otherwise, elerences

w’ would Pareto dominate); w.l.o.g. we can assume that [Aumann, 1959 R.J. Aumann. Acceptable points in general
W < Wt1- cooperative n-person games. In A\W. Tucker and R.D.
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