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Beyond Nash

We have seen that it is impossible to “learn” a Nash equilibrinum
if we insist on DRIP conditions. A resolution to this dilemma
can mvolve one or more of the following approaches:

I. Explore simpler requirements than Nash equilibria: e.g.,
undominated sets, rationalizable sets and correlated equi-
libria. (The first two correspond to minmax and maxmin
requirements. The last one requires some side information
and may make the system informationally dependent.)

2. Requirement of predictivity may need to be abandoned.

3. Requirement of rationality may need to be abandoned.

Correlated Equilibrium

This concept extends the Nash concept by supposing that the
players can build a “correlated device” that sends each of the
players a private signal before they choose their strategy.
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Main Ingredients: Predictions using only the assumption
that the structure of the game (i.e., the strategy spaces and pay-
offs, S;’s and u;’s) and the rationality of the players are common
knowledge.

Iterated Strict Dominance and Ra-

tionalizability
Definition Iterated Strict Dominance: Lel
SY =5, and ¥!=13;

i

Let for all n =0

—1 !
._C.’:_”l — {35 = ,_C,’:.”l | 'v'g;ez?_l Els_fESi,-_‘ u.g(,sf-._, 3_5) = H-g(O’i-._, 3_5)},,

(Thus s; dominates all the mized strategies for some strateqy
profile of the rivals) and define

(5 -1

NP = {crf- EXNi|oisi) >0=s; € ﬁ“}

Let

[

S = () s¢

=0
be the set of player 1 s pure strategies thal survive ilerated dele-

tion of strictly dominaled strategies.

Let

30 = {o‘i = mized strategy |

]

be the sel of player 1 s mized strategies that survive tterated dele-
tion of strictly dominated strategies.
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Example:

L | R
Ul13[20
M[20[1.3
D[0o1]01

Note that
SP={U,M,D} & XP={o (with full support) }.
Similarly,
SP={L, R} & X!={o (with full support) }.

Also note that

Tnw] 12 v1 v ) oo
§¥ =...=82=g81=8% & S§F=...=

¥ il T e

Note, however, that for all values p € (1/3,2/3) the mixed strat-
egy o, = (p,1 — p,0) is dominated by D. Thus,

S™ =87 xS x-S & BT

1. The final surviving strategy spaces are independent of the
elimination order.

2

s

A strategy is strictly dominated against all pure strategies
of the rivals if and only if it i1s dominated against all of their

3
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strategies. Thus, the following is an equivalent definition
of the undominated sets:

0 0
iE:"rE' — ‘Sfi_ a.-].].(:]. EE. — EE-

Sro= {Si- e St
!
VUEEZ?_l Els_,-ESL-—‘ ui(s;,s_;) = wi(ol, s_i-)}.

i

—1
$r = {afezﬁ |

VJ;EE;’_I Els_fESi:-_l u'i'(o-fﬁ's—f) = u‘z’(ggas—f)}-

feve] [l
L _ T TR - T‘le _ vn
§F = () sr & ¥E=()un

=0 =0
Definition A game is solvable by ileraled (strict) domi-
nance, if for each player i, S7° is a singleton, t.e., S = {s7}.
In this case, the strategy profile (s, s5, ..., s3) is a (unique)

Nash equilibrium.

Proof: Suppose that it i1s not a Nash equilibrinm: That is for
some i
sT &€ BRi(s™,)
Thus
ElS:'ES:' H-E'(S;', Siz’) = u.i-(sf-, Siz') .
But suppose s; was eliminated in round 7n: Then

EISEESF_I VS_;'ESETI 'II-E'(SI:jS_E') = u‘i’(shs—i)-

Since s*; € S, we have u,(s], s”;) = wu;(s;,s%;). Repeating in
this fashion we get a sequence of inequalities:

E3

u;(s7, s

=

| u.z-(,s';", s7) = u.z-(,s';, sT) = usi, st ),

i

resulting in a contradiction.
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Rationalizability

This notion is due to Bernheim(1984), Pearce(1984) and Au-
mann(1987) and provides a complementary approach to iterated

strict dominance. This approach tries to answer the following
question:

“What are all the strategies thal a rational player
cant play? 7

Rational plaver will only play those strategies that are best
responses to some beliefs he has about his rivals’ strategies.

Definition (Rationalizable Strategies) Lel

Vo v
__JE ._JE.

For n =0, lel
BT = {crz- e urh

- ) ) ) ) ! )
Elcr_iExj;.giCOﬂ.t!(NE;‘_l) VJ:EE:’_I 'li-;[icfh J—f) = H'E(O-z".- O-—E)}'

The rationalizable strategies for player 1 are

A strategy profile o is rationalizable if o; is rationalizable for

each player i. Let o = (o], o3, ..., 07) be a Nash equilibrium.

Note first, of & i?,, for all i. Next assume that o € =, 57 L.

i
Thus or € X771 and o7 € ><J.;1+_E-E;-1_l. Hence,

[
3

VJEEE;‘ 'H-z'(o-?a"jiz') = 'U-E'(J:'.- Jiz’) = o; €

Thus, o € R = =<, F;.

Hence,

Theorem Fuvery Nash equilibrium is rationalizable.
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