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Motivating and interpreting equilibrum.

1 Introduction

There are four main stories used to justify equilibrium in game theory, and in par-
ticular Nash equilibrium (NE).

1. Pre-play Negotiation.

2. The Big Book of Game Theory.

3. Introspection.

4. Learning/evolution.

I discuss these in turn.

2 Pre-play negotiation.

2.1 Pre-play negotiation.

Suppose that players meet prior to the start of play and agree on how they will play
during the game. For the agreement to work, it must be self-enforcing: it must be
that each player is optimizing, which is to say, the agreement must constitute a NE.
I find this motivation compelling, but there are subtleties.

The first subtlety is that if we believe that players can negotiate prior to the
start of the game, then the negotiation itself should, strictly speaking, be itself part
of the analysis: the game now has two stages, a negotiation stage followed by the
original game, which begs the question how equilibrium is reached in this larger
game.

The second subtlety is that if players can meet prior to play then they can change
the game itself. A simple example of this is that in a game like Battle of the Sexes
(Figure 1), the players can first toss a coin to determine which of the two pure

A B
A 8, 10 0, 0
B 0, 0 10, 8

Figure 1: A game box for Battle of the Sexes.
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A B
A 1/2 0
B 0 1/2

Figure 2: A correlated distribution over S for Battle of the Sexes.

strategy equilibria, (A,A) or (B,B), will be played. To an observer, the resulting
distribution will look correlated, as in Figure 2.

In effect, the players have constructed a new game in which nature moves first
and with equal probability sends a signal, either H or T , to the two players. In this
new game, it is a NE for the players to play (A,A) following signal H and to play
(B,B) following signal T (there are other NE as well; I am only saying that this is
one of them).

Note that the argument that a pre-play agreement must constitute a NE still
holds; the wrinkle is that the pre-play negotiation could change the game, and the
NE of the new game could look like correlated behavior in the original game.

2.2 Correlated equilibrium.

More broadly, pre-play negotiation is one way to motivate a solution concept called
correlated equilibrium, first introduced in Aumann (1974). Informally, a correlated
equilibrium is a distribution σc over S with the property that for each player i and
any strategy si, if si is played with positive probability then si is a best response to
the conditional distribution σ−i|si.

The set of correlated equilibria is a convex polytope in Σc; in contrast, the set
of NE need not even be connected. If σ is a NE mixed strategy profile then the
induced distribution over S is a correlated equilibrium in this sense. On the other
hand, as the Battle of the Sexes example illustrates, there are correlated equilibrium
distributions that cannot be generated by a NE. And even the Battle of the Sexes
example is misleading, because in it, the correlated equilibrium is randomizing over
NE distributions; formally the correlated equilibrium distribution is in the convex
hull of the NE distributions. The next example shows that correlated equilibrium
distributions can lie outside the convex hull of the set of NE distributions.

Example 1. The game in Figure 3 is inspired by “chicken,” perhaps most vividly
represented in the movie Rebel without a Cause: the players drive their cars toward
the edge of a cliff; the winner is the person who jumps last.

A B
A 6, 6 2, 7
B 7, 2 0, 0

Figure 3: Chicken

2



In the game as depicted, there are three NE, the pure NE (A,B) and (B,A) and
the mixed NE in which each player plays A with probability p = 2/3. This yields
the distribution over S given in Figure 4. �

A B
A 4/9 2/9
B 2/9 1/9

Figure 4: σc for the mixed NE of Chicken

But this game also has a correlated equilibrium distribution the distribution
given in Figure 5. This correlated equilibirium distribution cannot be generated by

A B
A 1/3 1/3
B 1/3 0

Figure 5: σc for a correlated equilibrium in Chicken

any distribution over NE distributions. �

3 The Big Book of Game Theory

The idea here is that society has settled on a correct way to play any game. The idea
is similar to pre-play negotiation, but now, in a sense, all games have been negotiated
for all players, in advance. Again, the argument is that for the prescribed play to
make sense, it must be that the prescribed play in any game is a Nash equilibrium.
The main example of a Big Book of Game Theory is Harsanyi and Selten (1988); it
is viewed more as a benchmark than as a practical description for how real games
are played.

4 Introspection

Instead of negotiating prior to play, players try to think through the game, which
includes thinking through logic of the sort, “I think that he thinks that she thinks
. . . .” Absent strong assumptions, arguments of this sort tend to support solution
concepts that are weaker than Nash equilibrium, notably rationalizability and cor-
related equilibrium. For a survey, see Brandenburger (2008).
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5 Learning and Evolution

Players play various games with various opponents over time and gradually ad-
just their behavior. The learning literature then asks what happens to behavior
asymptotically. The set of possible learning stories is very large, encompassing both
different environments (repeated play of the same game by the same players, play
on networks, and so on) and different models of player behavior (ranging from im-
itation to sophisticated Bayesian optimization). For some games, large classes of
learning stories all predict convergence to Nash equilibrium. For other games, pre-
dictions are more heterogenous, and involve weaker equilibrium concepts, such as
correlated equilibrium or rationalizable sets. For surveys, see Nachbar (2008) and
Sandholm (2008); for a more extensive, albeit older, treatment, see Fudenberg and
Levine (1998).
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