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1 Introduction

For years, in the field of cryptography, researchers
concern about applying game theory to cryptography.
This is because cryptography and game theory are con-
cerned with the study of interactions among mutually
distrusting players. Cryptographic protocols are de-
signed under the assumption that some players are
honest and faithfully follow the protocol, while some
players are malicious and behave arbitrarily. However
in game theory, all players are only considered to be
rational and behave in order to maximize their prof-
its. In traditional cryptography theory, if a player is
corrupted, it is considered to be dishonest and to even
take an unreasonable action that the other players can
not expect. However in game theory, almost as same
as real world, it is assumed that each player selects its
action in view of the profit it can receive even if it is
not honest.

One of the most important ideas in game theory is
equilibrium in which it is the best way for all player
to follow actions. Two kinds of equilibrium were pro-
posed. First, Nash equilibrium (named after John Forbes
Nash, who proposed it) is a solution concept of a game
involving two or more players, in which each player
is assumed to know the equilibrium strategies of the
other players, and no player has anything to gain by
only changing its own strategy([E94]). The other is a
correlated equilibrium which was proposed by Robert
Aumann [A74] and is a solution concept that is more
general than the well known Nash equilibrium. The
idea is that each player chooses its action according to
its observation of the value of the single public signal.
That signal is supposed to be sent by a third trusted
party called a mediator. It chooses the set of moves
according to the right joint distribution and privately
tells each player what its designated move is. Then the
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next question is ”can we remove the mediator by us-
ing some protocols”. In the case of a two-player game,
it is well known that in the standard cryptographic
models the answer is positive, provided that the two
players can interact(see [GMWS&T]), This positive re-
sult can be carried over to the game theory model as
well. Specially, we consider an extended game, in which
the players first exchange some messages (this part is
called ”cheap talk” in game theory), and then choose
their actions and execute them simultaneously as in the
original game. In [DHRO0], they suggested the concept
of punishment strategy which is a kind of rule for play-
ers not to abort in the cheap talk phase. If a player
aborts, the other players take actions that lead abort-
ing player’s utility low. So all player do not have in-
centive to abort in the cheap talk phase and deviating
from the action in the original game. In this paper, we
show an example of game in which a punishment strat-
egy does not work and suggest an improved definition
of a punishment strategy.

2 Preliminaries

2.1 Game theory

In game theory we assume players take actions and
have their own utility functions that is determined by
a set of all players’ actions. An n-player game I is
denoted by

I=({Aiisy {uidisy).

Aj; is a set of actions of each player i(P; from now on).
Player P; selects an action a; € A;. u; is a utility func-
tion of P;. N ={Py, Pa,...P,} is the set of all players.
The game is played by having every player takes ac-
tion a; € A; simultaneously. The payoff to P; is given
by w;(a), where a is the tuple of each player’s action
(a = (ai,...,a,)). P; prefers outcome a to outcome @
iff u;(a) > w;(a). We say P; strictly prefers outcome
to outcome & if u;(@) > w; (&) and P; weakly prefers o
to a if u;(a) > u;(&). We assume that information of
all players’ possible actions A=A; x ... x A,, and util-
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Figure 1: Two player game.

ity functions u = u; X ... X u, are common knowledge
among the players.

We show an example of two-player game in Figure
1. It can be represented in a matrix form by labeling
actions of A; to rows and A, to columns.

The entry in the cell at row a; € A; and column as €
As contains a tuple (uq,us) indicating the payoffs to Py
and P,, respectively, given the outcome a = (aj,as).
The example in Fig.1 represents a game where A; =
{A,B,C}, Ay = {A,B,C} , and e.g., ui(A, 4) = 11
and uy(A, A) = 6.

2.2 Nash equilibrium

If players play a game and P; knows the actions the
other players will take, P, will select an action aq € A
that maximizes ui(a). If a1 is the best way a; is called
a best response of P; to the actions of the other players.
If for every player’s action a; is the best response to
the other actions, we call the tuple of actions (a =
(a1,....;an) € A) a Nash equilibrium. Formally, we
define a—_; = (a1,..,a;-1,0i4+1, .., ar) and let (d;,a—_;)
denote (a1, ..., @i—1, @i, Qig1y ey Qp)-

In a Nash equilibrium each player can not receive
an additional profit by deviating its strategy. In the
example in Fig. 1, P; may think that P, select A to re-
ceive the maximum payoff 12 ( (a1,a2) = (C,A)), so P,
may select strategy A to receive the maximum payoff
11 under the assumption that P, will take A. However,
if P, thinks that P; takes this strategy, C becomes a
better strategy for Ps.
ul(A7B:) < ul(Bvl?) > ul(chi)

UQ(B,A) S’U,Q(B,B) ZUQ(B,C) ,
So B is the best response to actions of P, and B is
the best response to actions of P;. In this case, the
set of actions (B, B) fulfills the condition of a Nash
equilibrium w;(d;, a—;) < u;(a) for all i.

2.3 Correlated equilibrium

0 The concept of correlated equilibrium is suggested
in [A74]. It may give a better payoff than Nash equi-
librium for every player P;. A correlated equilibrium
can be described by means of a joint distribution over
the strategy sets.

LetT' = ({4;}7;,{u;};) be an n-player game. a €
Ay x ... x A, denotes the set of n-tuple strategies of
I'. We assume the existence of external party M called
the mediator and define a mediated version of I which
relies on M.

The game is now played in two stages: first, the me-
diator chooses a tuple of actions a = (a1,...,a,) €

A according to some known distribution D, and then
hands the recommendation a; to player P;. The players
then play I' as before by choosing any action in their
respective action sets. Players are supposed to follow
the recommendation of M, and it is the best response
for each player to realize a correlated equilibrium. To
formally define this notion, let w;(d;, a—;|a;) denote the
expected utility of P;, given that it plays action a; af-
ter having received recommendation a; and all other
players play their recommended actions a_;.

Definition 1 Let T' = (4;,u;). A distribution D €

A(A) is a correlated equilibrium if for alla = (ay, ..., ay)

in the support of D, all i, and all d; € A;, it holds that
ui(d;, a—ila;) < uiala;).

2.4 Realizing correlated equilibrium with cheap
talk

Consider some n-player game I' = (A;,u;) in normal
form, along with a correlated equilibrium D. We then
define the extensive form game I'cr in which all play-
ers first communicate in a cheap talk phase before the
original game I'. Following the game-theoretic conven-
tion, all players must play some actions in I (i.e., we
do not allow player P; to abort in I' unless this is an
action in A;). On the other hand, following the cryp-
tographic convention we allow players to abort during
the cheap talk phase. In case players abort in the cheap
talk phase, we have to consider new idea for each player
to move properly.

3 Punishment strategy

Punishment strategy was suggested as a kind of rules
that prevents players from aborting in the cheap talk
phase. If a player aborts, the other players take ac-
tions that make aborting player’s utility low. So all
player do not have incentive to abort in the cheap
talk phase and deviating from an action in the orig-
inal game. The initial result of punishment strategy
was shown in [DHROO], that examines the case of two-
player game. The basic idea is as follows: Let D be a
correlated equilibrium in a two-player games I' in ',
the two players run a protocol II to calculate (aj,asg)
«— D, where player P; receives a; as an output. This
protocol II is secure-with-abort (cf.[G04]), which infor-
mally means that privacy and correctness holds, on the
other hand, fairness does not; in particular, we assume
it is possible for P; to receive its output even though P»
does not. After running II, each player plays the action
it received as the output in II; if P, does not receive
an output from II then it plays the minimax profile
against P;. The minimax profile against P; is an ac-
tion a_; € A_; that minimizes maz,,ca, ui(ai,a_;).
Katz generalized this punishment strategy from two-
player to n-player in [K08]. Assume that some play-
ers select actions following the recommendation from
the outputs of II, while some collude with each other
(which is called coalition C') and deviate from recom-
mendation. C' prefers ¢ to ¢ only if every player in



C weakly prefers o to ¢ and some player in C' strictly
prefers o to 4.

Definition 2 Let I' be an n-player game with corre-

lated equilibrium D. A strategy vector p is a t-punishment

strategy with respect to D if for all C C N with | C'| <
t, and all 6¢ it holds that for alli € C
ui(6c, p—c) < ui(D).

We introduce another definition of punishment strat-
egy in [ADHO08|. In [ADHO8] they considered the case
with k-immune which tolerates to Byzantine failure
players (If there is nothing that players in a set T' of
size at most k can do to give the rest of players a worse
payoff, even if the players in 7' can communicate with
each other). For simplicity of discussion, this paper as-
sumes that k=0, that is, there is no Byzantine failure
players. They also consider type t; which is an input
given to each player at the beginning. This paper does
not consider type t;, that is, there is a single type for
every player. The example in this paper can be easily
extended to the cases where there are multiple types
for players.

Definition 3 If T is an underlying game with a medi-
ator M, a strategy profile p in I' is a t-punishment if
for all subsets C' C N with | C' | < t, all strategies o in
I’ with a cheap talk CT(C) among players in C, and
all players i € C u;(T',0) > u; (T + CT(C), 00, p-c)

A remarkable difference between Definition 2 and Defi-
nition 3 is allowing equal utilities or not. In this mean-
ing, Definition 3. requires the stronger condition. In-
tuitively, for any set C| even if all players in C' collude
and communicate each other with the cheap talk, no
player in C' can obtain a better payoff than the cor-
related equilibrium if the rest of the players select the
punishment strategy. In [ADGHO06], they showed that
for six-player games with a 2-punishment strategy, any
Nash equilibrium can be implemented even in the pres-
ence of at most one malicious player.

4 Cheating player’s action against pun-
ishment strategy

This section shows an example that the punishment
strategy does not prevent the players in C' aborting in
the cheap talk phase. N = {Py, P5, P35, Py, Ps},t = 2,
A; = {a},a?,a},at} for 1 < i < 5. The utility u; is
shown in Figure 2 and 3. Let us consider the case when
P; and P, abort in the cheap talk phase. The punish-
ment strategy for C = (Pp, P,) is (a3, a},a3). After
aborting the protocol, they declare that they will take
actions a} and a2, the rest of players are supposed to se-
lect the punishment strategy (a3,a},a3) and each player
will receive a payoff (u,us,us,uq4,u5) = (4,4,4,4,4). In
game theory, all players are considered to be rational,
so if there are better a set of actions for P3, Py, and Ps,
it is natural for them to select better actions than Nash
equilibrium. The rest of players P;, P, and Ps know
the actions which P; and P, take. They know P; and

P, are rational and P; and P, know they are rational,
The utility for (Ps, Py, Ps) of the punishment strategy
is worse than that of the other strategy. If the players
are honest, they will select a punishment strategy even
if they receive worse payoff than the other strategies.
However the players are rational and all players know
they are rational. Thus the aborting players thinks
they will not execute the punishment strategy. This is
called as ”empty threat” [DHRO0].

In this example, in P3’s view, a} is the dominant
strategy given that P, and P take ai, a3. Thus Py
and Ps will think P3 take action ai. And given a set
of actions (a},a3,al), a} is the dominant strategy for
P,. So the last player Ps have to select as to receive a
maximum profit under assumption that all players are
rational. Ps is supposed to select an action a}. So, (ai,
a3,a},a3,at) is the equilibrium for the all players. And
in this case, even if P; and P, abort in the cheap talk
phase, the other players will not punish them, rather
help them for receiving more payoff to get more payoff
than the punishment strategy.

5 Observation

The reason a punishment strategy does not work is
that definitions in [KO08] and [ADHO08] do not care
about punishing players’ utilities. In [DHRO0], it was
shown that for two-player games, a min-max strategy
may be "empty threat” without proper setting. For
multiple player games, the above example shows that a
punishment strategy does not work. To avoid the cases
shown above, we suggest new definition of a punish-
ment strategy which considers punishing players’ utili-
ties.

Definition 4 Let I' be an n-player game with corre-
lated equilibrium D. A strategy vector p is a t-punishment
strategy if for any C C N such that | C' | < t, any strat-
egy vector 6¢ for C, and any strategy vector p for —C,
it holds that for alli € C and j ¢ C,

ui(6c,p) < ui(D), and

uj(éc,p) < u;(6c,p),

where 6¢ satisfies the condition u;(D) < u;(6¢, p") for
some i € C and some strategy vector p”’ for —C.

If there is a punishment strategy that satisfies this defi-
nition, when players abort in the cheap talk and declare
actions which they will take in order to receive more
payoff than correlated equilibrium D, for the rest of
players, taking a punishment strategy is better than
following their temptation.

6 Conclusion

O We showed that there are cases when a punish-
ment strategy does not work. We suggested a new sug-
gested new definition of punishment strategy to avoid
the cases.



References

[E94]

[A74)

[GMWS7]

[DHR00]

[ADHO8]

[Go4]

[KO8]

[ADGHO6]

E. Rasmusen. ”Games and In formation :
An Introductionto Game Theory” Black-
well Publishing 1994.

R. Aumann. ”Subjectivity and correlation
in randomized strategies”. J. Mathematical
Economics”, Vol. 1, No. 1, pp.67-96, 1974.
O. Goldreich, S. Micali, and A. Wigderson.
"How to play any mental game”. In Pro-
ceedings of the 19th ACM Symposium on
Theory of Computing, pages 218-229, 1987.
Y. Dodis, S. Halevi and T. Rabin ”Cryp-
tographic Solution to a Game Theoretic
Problem”. Crypto 2000, LNCS Vol.1880,
pp.112-130, 2000.

I.Abraham. D. Dolev, and J. Y. Halpern.
"Lower Bounds on Implementing Ro-
bust and Resilient Mediators”. Theory
of Cryptography Conference(TCC), LNCS
Vol. 4948, pp.302-319, 2008, full version
http://arxiv.org/abs/0704.3646v2.

O. Goldreich. ”Foundations of Cryptogra-
phy, vol. 2: Basic Applications”. Cam-
bridge University Press, 2004.

J. Katz. ” Bridging Game Theory and Cryp-
tography: Recent Results and Future Di-
rections”. Theory of Cryptography Confer-
ence (TCC), LNCS Vol.4948, pp.251-272,
2008.

I. Abraham, D. Dolev, R. Gonen, and J.
Y. Halpern. ”Distributed computing meets
game theory: Robust mechanisms for ra-
tional secret sharing and multiparty com-
putation”. In Proc. 25th ACM Symp. Prin-
ciples of Distributed Computing, pages 53-
62, 2006.



WY YYY|(S VeIV T YEYE)| T YeD) «qm ((aaaaiiaazadi(aazaliiaaanrl <<m ((aaaadiazasdlitaadaidliiaazng) qqm Yy v (€| Ty vy |y rer) «qm
FYY v )| (EEVED)FYEYE)(EVSTY) vnm eeee)| FYerY)|(FYEYe)|(G6TIY) ﬁm WYYry)| Yery)|(Fy'eae)| (§69Y) vmm (222202 E 221K A2 A 2 NCERZ A7) vnm Se
(a2 422CE 2R 22]CR A A TN (AA A7) Om YvYe)| WY eEr)|(ECYE| (VY eD) ﬁm WYYy e)| W yy'ey)|(F'ev'e9) (Grye) vwm FYvYy)| (Y ery)| (E€V' 6| rYeY) Om v
WYYy y)|(E€eYe)|(Seery)(hraet) ﬁw ('Y rv'e)| (G'6G'SA)|(ECTYY)| (Y rv'ea) Q_m YYYe)| (VSYED|(EEYYY)| (VY'6v'6) v_m Ty rve)|(EV'EeQ)| (ECECr)|(Fri'eTr) ﬁw
((aaaasiCaaarlaazaiaaaiy] vqm (CaaadilicaaanilCaaairiaasi) «vm YYyy)| (YY) |(€eeae) (Vriea) vvm FYYED)| Y veD)| Wy vey)|(rri'ea) vqm

WY Yyy|(ECeTEe)|FTEYE)(EeerE) «mm WYYy FY eV Y EYe)| (Y rEYe) Jm WYYy | Y EVe|(Eeryo)| (Vr'ev'e) qmm (E'CEVE) W PEVE)| (WY EVV)|FYEYE) «mm S e
FYYv'e)|(EVY'6'9)|(EV'Y'aa) (Eryae9) vum W'SYYe)| (VY eV (€€ VG| (EEYE9) Um (V'SYYe)| (EVYSa)|(GYaYe) (Eere9) vum (EVY'69)|(EVYEG)| PV ErY)(EeYS9) v«& €
Y'Y Yo €Ty y)|(GEer )| (ECTYY) ﬁm (ECEECRN(VYYIT|(EVEY )| (EVEYY) ﬁ_m (ETCECEE)N(CECEYN|F YY) (EVEYY) v_m ECYYY)|(GECY)|(P VIV |(EVEYY) ﬁm
WYYy |(F Y Yea)|(ECeey)|FrreD) vvm WYYy Y| (Y veo)|(ryves )| (v ey) Jm YYED) | PV ED|(ECYYe)| (EY'GEE) Jm FYvYv)|(ECCED)| Y YeED)|(FYY'EY) Jm
WYYy | Y ere)|(ECere)|(Fyaey) ﬁnm WYYy FYEYE) (Y ES)(VEYYE) Jm WYYy (Y er|(E'eeaes) (v rv9e) vnm FYrrv)|(ECCTE)| (ECCYENGSY YY) ﬁm S e
WY YYeeer s rery)(Gser) «Nm Yvry)| (EEV'6|r v e (v roeh) QNm Yvye)| (P r'esh)|(€ere9) (§61'6e) qua YYYye)| W vrevy)| EvYs| ey «Nm ¢
WYY e|Erery)|F v vy (STEY) ﬁm WYYy e)| (EVEY V)WYV eED)| (VYY) ﬁ_m Yy ye)|(GaYYI|(ECEYD) (ECEEY) v_m WYvye)| v vry)| (E€YYy)| (v v'avo) ﬁm
(') (Y y'eD)|(€€'eae)rret) JN (E'e'e'ee)| (E'eE'Ge)(ECEEE)| (VY Y'IT) Jm WYYy | YV ED|(Frres) (Eeee) Jm (22222 aaa32liaaaalCaazal JN
(EEERN(E YY) TV EYY)| (TP EYE) vnm (ECEEE)N (ECYTIECTYY)|(TSYED) «mm (ECEEE)NWYEYY)|(EEEYE) (WPT9€) vmm (222221223221 A2 2 NCERA M) vnm Se
EVECE)|FVYED)|FEEYY)|(EVY'6S) «Nm (V'SYY'e)| (SY'SV'e)(EETSN| (VYY'IT) <Nm WYYve)| (Prevry)|(Ee'e9)| (6'6e'S'9) qmm 'SYYe) | W rery)| (VY69 Wsrer) «Nm _
FYY Ve v i'eye)|(Ev'era)(Seett) ﬁm W'SYYe)| VY'Y EY )| (ETEYTY) ﬁm W'SYYe)| WY EVE)NEYEYY)| (ECEYY) v_m (E'€CECE) | (W YIGY)| (EVEYY)|(FY'GT') ﬁm

nvm mnm nwm m_m vd/8d mﬁm mmm nNm Jm "q/8d mwm nmm mNm Jm v4/8d Jm wnm nwm m_m v4/8d  d 1
Nmm 2y
WYY vYY|(SYEIN|FYEYE)| T Y rED) ﬁm YYY )| (ECCEN|F Y YY) | (VY ED) «vm WYYy Y Y ey |Fvyey)| v rver) Jm FYYY )| Y YeD)| Fvven)|(yrv'er) ﬁm
WYY vY|(ECVED)|FYEVE)|(EVS YY) «mm WYYy (VST Y|P rere)| (G Y9Y) qwm WYYy FYery)|FYer'e)| (€61 6Y) qma (222222232 KCAZATICE A N)) qmm s e
Y'Yy y)|(GSE YY) (E€Yee) 'y ret) va YvYy)| (PP EYY)|(ECYE| (VY ED) Um YYye)| W Yer)|(Eeyae9) vrieh) vum (22222223 2R A NCEaZ 27 va v
WYY vy)|(ECeY)|(GSEYY)|(FYSeY) Jm YvYe)| (EVECHECEYY)| (WYY ED) <_m Yvye)| W rvve)|(Eeyyy)| (vrv'es) v_m FYyve)|FSyen)| (ECyyy)|(rv'ava) Jm
FYY vy | v r'ee)|Frr'e )|y r'et) Jw WYYED)| T YV ED| Y YED)| (VY v'ea) va WYYy Yy ey |y ves)| ryes) Jm FYvvy)| Py r'ey)| (E€€'6e)|(Fri'ea) Jw
WYYy | Y ere)|(ECeTe)| 'y ere) ﬁnm (ECEVE)N WY EVE)N WY EY D) (VY'EVE) «wm WYYy Y EvY)|(FYeEYe)| (E7'E9E) vmm (22222223222 2[(a2 2] ﬁnm Se
FYrv'e)|(Eev'e9)|(EvY's9)|(EYras) «Nm (EYY'S| (EYY'SA|WYEYY)|(E€YE9) qwm STV | (Y'Y erh)|(Eer'e9) (E€Y69) qua W'SYYe)|(EVP'ae)| (S ye)|(Eer's9) qwm €
FYYve)(EVEYY)|(ECYYY)|(GEETY) ﬁm ECYYY)| (GEEYV(VYIGY)|(EVEYY) ﬁm (ECEEE)WYETH|(EYEYY)| (EVEYY) v_m (E'€CCE)(GECYY)| WYV vI)|(EVEYY) ﬁm
FYYvy)|(rvv'e)|(Eeeey)| (v retl) Jm Y vrv)| (ECCEN| YV ED) | (VT ED) Jm WYYy P YYee)|Fvesy) Gryey) Jm FYYeED)| (P Y veD)| (E€VYE)|(EYEEE) Jm
(2222 2CEaa22][CR XA CRAR 4] «mm Yvrv)| (EEETE)NEEETE) (G YY) qwm ((aaaadiazaadllCasaailiCraas) qma (22222232 NCEE RN CAZ R ES) qmm S e
Y'Y ve) (v v'er)|Fr'er'y) (v r'e9) q~m (CaaaaiicazaaiCaazaiCasanyl «Nm WYYy (€Y Ty yaes) b r9oeh) vum Y yve)| (Fv'e'ay)| (E€¥'69)|(S'6Y'SE) va ¢
WYY Yevrsyo|F vy (ECryy) ﬁm Yvye)| Fr v v v)|(ECYy )| (v r'Sr9) d\_m WYY ye) EVEIN|FYYEY) (VT 9Y) v_m Py yye)|(GGYY9)| (ECCYY)|(ECEEY) ﬁm
(E'EEe)|(ECETE)NF VY ED)| (Y YEY) ﬁm (CaaaailicananilCaaaniliCaasii) «vm (E'EEEE)|(E'EE'GE)|(ECEEE)| (VYY) Jm (22222 aa2 3 A2 2N CE X7 ﬁm
(E'ECEe)FYEYY)|FYEVE)| FY'SEY) «mm WYYy (VY er )|V r'ere)| (6 9Y) qwm (E'CCEL)|(ECYVI|(E YY) (VGV99) qma (E'CE) (WPEVI| (VP EVE) WY YIE) qmm -
(EVEEe)|FEECY Y| (€YY (SGYEY) Om STV WY EYY|(EYY'G)|(VSYEY) ﬁm STV (SYYYe)|(EeYE9) (Wri9T) vwm FYrYe)| (v ery)| (E€¥'69)|(56€69) Om '
WY vye)|(Erero)|(Geery)|(GSer) Jm (E'CEEE)| WYYV Y|(E YY) | (Y Y'SY9) q_m W'SYYe) | WYy o|(Fv'ery)| (€6 YY) q_a 'Sy y'e)|(G'6'esa| (EVEVY)|(EECE YY) Jm
mvm mmm mum m_m vd/%d mqm mmm mum nfm vq/8d ﬂm nnm mum nfm vd/%d nwm mmm mum m_m vd/8d Sd 1
N_m z
_qm 'd _nm q _Nm L __m I

An example of game that a punishment strategy does not work(1)

Figure 2



WYY Y|(EYEIY)|FYEYE) TV YED) Jm Y YYY|(EYEIN) Y YEVE) (WYY ED) Jm (CazaalChatiilicasaariiasany Jm FYYYv)|(GYEIV)|FYEYE)| PV v'EY) Jm
Y YYY|(ECTED)|FYEYE)| (EVS YY) ﬁmm Y YY) (ECYED) (Y YEVE)| (EV'STY) qmm WYY vY|(ECTED)| PV EYE) (EYSTY) qmm FYYr)|(ECVED)|FYEYE)| (EVSTY) qnm Se
WYV y)|(Q'Sery) (E€Tee)| Wy i'eD) qum WYYy (GGEY)|(ECYee)| VY v'eD) Um (CazaalCEnaalCEaZiiaaan)) qwm TV rYv)|(GSerY)|(ECT6e)| Py v'eD) «Nm v
WYY rY)|(ECEYE)|(GTEYY) FYEEY) v_m Yy Yy )| (ECEYE)|(GGEYY)| (VY'GEY) q_m WYYy (ECEY6)|(SGEYY)| (VY'SeD) v_m FYyrv)|(E€CYE)|(GGEYY)| (PY'SEY) v_m
((a2aasilCaada2lCaazAINaazi)) qqm FYYYY| (Y Y ED|FYYEY) WY YEY) Jm ((azaadiCaazRIlCaazaIlaaair qu (22242122232 24222 aa2272 qu
(224220223 2(CR 2222122 2] Nm YYY Y| rEVE)(EEEYE) (VYEYE) wmm (CazaalCRaaarlazaaiiCrEaay vmm FYYY )PV ere)|(ECere)| (Py'Sey) vmm se
WYYy eEYYSe)| Ty YeED) (EVYEs) Nm YY) (€eYS|(EYYS9)| (EYYEE) qu WYY ve)|(Erya9)| (EYy'ea) (Erv'e) qu FYYre)|(Evyaa)|(€rve9|(aeyey) qwm ¢
((A222NCEEA22] CAZRANNCEE2A)) q_m WYY Yve)|ErEYD|ECTY)| (GEeYT) w_m WY vYe)|(ECr YY) |(SEEYY) | (ECTYY) q_m Ty rve)|(Geery)|(ECYh)| (ST EY) .\_m
GYYY Y|V YEr)|(ECCEY) Y vED) «vm WYYy Y| Y Y eD)|(ECEeY)| (WYY eD) «vm YYDy | Y vea) | (ECeey)| Y veD) Jm FYYY )| Y reD)|(ECeeh)| v veD) vqm
FYYYY|Frere)|(Eeere)| €eere)| e FYYYy|(G STy y|Eeere) Eeere)| e FYYYY|Frere)|(€eere)|Freey)| '® FYYYr|Eeere)|(Eeere)| rreve) ' e
WYYy eEYYee)| Ty ey (Evre9) Um WYYy e Wy v e | (Y v erh)| (€v169) Um Y YYe)|(EeYS| Y eV (GEYED) vum FYYYe)|(Evy'e)|Fvery)| (Evv'ae) va ¢
WYYy e (S EEYD)| T v vy (E€TYY) ﬁ_m WYYy e)| Wy sy vy vy (ECyyY) q_m WYYy e|EYEYy)| (FY YY) (6T EY) q_m FYYre)|(EErr )|y v yh)| (GECTY) q_m
(e'e'e'e'e)|(e'e'e'e’e) (W' ev'e)| (Vvv'ea) Jm (E'eee)|(ECLTe)| WY Y'eED)| (VY Y'ED) Jm (ECEECE)|F VY ED)|(ECETE) (VYY'ED) Jm (€)Y Y'eQ)| Ty r'eD)| (E€€6E) wm
(ECELRNFVEYY)|FYEYE) Y EYE) «mm (ECECR)NWYEYY) (W YEVE) (WY'GEY) «mm (ECEEDN(GTYYY)| PV EYY)| (FYEYE) vmm (€€ YEYE)N(GSYYY)| (PYEYY) vmm se
(EV'eee)(Weehh)|(Eer'aa) (Eeys9) qwm (EP'eee) (e )|(EYY'aae) (S6Y'EY) Jm (EVECE)N|FVYED)|(FEEYY) | (EYY'SE) q% (EV'EEe)(ECYSN| TV YED)| (FEEYY) qmw :
WYYy e (EVEYS)|(GSEYY) (EVEYY) ﬁm Yy ye)|(€VEYE)|(GEEYY)| (GG EY) w_m WY vye)|(Fy'ev9)|(EVeYa)| (SEEYY) v_m FYYYe)|(EVEYY)|FY'STo)| (EVEYE) v_m

mwm nnm nwm m_m *q/8d mﬁm nmm nNm nﬁm vd/8d nqm nmm mNm n_m vd/8d nvm mnm nwm m_m v4/8d mn:

qu g

YYYY|(SYEIY)|FYEYE) Y YED) «vm WYYy Y YeEy)| Y Y eD)| (VY eY) ﬁm (222222 3221(a4242]CAA22)) Jm FYYYe|FYven)|Fvvey)| v vey) Jm
WYV y)|(EEYeD) WV eEYe)| (EV'S YY) qmm WYYy | Y ey )| r'e'ae)| (§6v'9T) qmw (CazaalCaxsailiCazaaiiCiaais qmm e WYEYY)|FYEYE)(SSY YY) wmm se
Y YYY)|(GGEYY)|(ECYEs) Y reED) Um WYYy ey ey)|('aye9)| (GYveD) vwm YYDy | Y ery) | (E€Y'6)| (Y veD) va FYYYe) Ty ery)|(ECveo)| Py v'ey) qum v
FrYry)|(ECEYe)|(SSEYY)| (F'eer) <_a WYrve)| (SYen|(E ey (Vr'she) q_m WY vYe)|(Evees)|(ECery)| (T reD) q_m Wy'r'v'e)|(6'6'6'S'9)|(Erv'y)| (P r'v'ea) q_m
YV v )Y yey)| v ey Yy v'er) Jm WYYy | (Y YED)|(Eeeae)| (Vryea) Jm (CazaadlCaazBillCaazaiiiasays _@m FYYYv)|FYrey)| v v'es)| (Fy'v'es) wm
WYYy )|V EYe)|(ECeYe) FY6eD) «mm Y YY) (EVEIG|(ECYY)| (VTEVE) «mm (ECEYEFYEYE) WY EYY)| (P YEYE) vom FYYYv)|FYEry)|FYEre)| (PY'ere) vmm se
WYvv'e) (€Y P'eae) (€169 (58 T'EY) qum 'SYve)| (€Y Y'ea)|(Grshe) (E€v'e9) quw (EVY'G|(EYYS| (Y EYY)|(EETS) qum WSYYe)|Wrer) (€eh'e9) (€€h'69) wum ¢
WYYy e)(SEEYY)|(ECYYY) (SGTEY) ﬁ_m (ECEE)N(EEEY )WY YY) (EVEYY) q_m (ECYYY)|(GCEYY)| (FY96T) | (EVEYY) q_m (ECCEENTYITY)|(EVEYY)| (EVEYY) q_m
WYV vy | r'ey) | (E€eey)| v i'er) qqm WYYED)| (Y veD)|(EevYe) (56'666) qvw WYYy y|(E )T YV ED)| (VY r'eD) Jm WYYy Y| rv'es)| Fveey) v rver) Jm
WY Yr)|(ECEYE)(ECEYE) T EYE) Nm Y YY Y| (Y erY)|(ECEYE) (VP'G9€E) wmm YY) (ECEYE)(ECEVE)(GEY YY) vmm (22222122320 A2 X2 A 2 a2 vmm Se
WYV ve)(EVy'ee) W v'ery)| (Evv'ea) qum WYrve)| (Pr'e'sr)|(€ev'a9)| (§6Y'ae) quw ((azadilCaasadliCrazidiaaziy qum WY YYy)|(ECY'e9)| T ry'es) voey) wum ¢
WYYy eEETYY)| v vy (SECYY) ﬁm Yy ye)| (G Yy 9)|(ECEYY)| (ETEEY) v_m WYY ve)| Ty yyy) | (ECvyy)| (b r'S o) v_m FYYYe)|EVEYY)| TV Y ED)| (PYv'9Y) q_m
(E'CCEE)|FYv'ee)| (Fr'v'er)| (E€E6E) <va Y YYv| v ey (Y ry'ee)| (€€ eh) qqm WYYy e|Fvrey)|FYre)| (VY r'e) qqm (e'g'e'e'e)|(e'e'e’se)|(Ee'eee)| (P r'v9'Y) qqm
(') FYEYE) (QSVYY)| (Y YEYY) Nm (E'CEEL)|(ECTEN|WYEYE)| (VT T'9€) wmm (CazaadlcaasaidliazaaiiCrnais vmm (€'€°e'ee)|(EC VY9 |(ECSTY)| (GGV'EY) «mm se
(EVECENCEYT|FYYEY) FECYY) «Nm WYYy e)| (W rery)|(EeYa9)| (66€G69) <~m W'SYYe)|FYery) (€Y v'e9)| (e r'e) vwm F'SYYe)(GY'STEe)|(EEYE| Py YY) vwm f
WYYy eEVEYY) (VY'ST'9)| (EV'EDQ) q_m W'SYYe)| (WY ery)|(EVEY )| (ECEYY) q_w (ECEECE)|F VISV (EVEYY)| (VY'SY'9) q_m WSYYE)|W vy y)|(Fv'ery) (ECerY) w_m

m¢m nmm aum m_m vq/8d n.‘m mmm num mfm vd/%d nvm mmm mNm n_m vd/%d mvm nmm aum m_m vd/8d Sd 1

Nom z
_wm q _nm 'q _Nm d __m 1

An example of game that a punishment strategy does not work(2)

Figure 3



