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Abstract

This paper explores the significance of renewed interest in bounded rationality for the present state
of game theory. The reason for the past disinterest of economists in this approach is examined. I
argue that the resurgence of this approach in game theory is inevitable. I survey the state of art of this
approach in 4 fields: (1) eductive approach and (2)evolutive approach to equilibrium, (3)equilibrium
reduction using machine games, and (4)other economic applications. I then argue that research
in these direction calls for further exploration, which can be of significance to the development of
economics.
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Most of my views on bounded rationality expressed in this paper has emanated from the discussion and collaboration with
Takashi Shimizu.



1 Introduction

Most people, even most economists, would agree
that true economic agents have only limited ratio-
nality and do not act like the agents in the usual
economic models, where the agents are supposed al-
ways to behave completely rationally in the face of
well-defined mathematical programming problems.
The last decade has seen a growing body of new
literature on bounded rationality in economics, es-
pecially in the field of game theory. The intuition
stated above might seem to suffice to explain this
interest in bounded rationality. However, this inter-
est is actually not new; even since the second world
war we had heard the case for bounded rational-
ity several times, but each time that it came to the
fore, it faded away with no substantial progress.

This situation inevitably poses several related
questions. Firstly, why has economics stuck to the
rationality approach in spite of the fact that eco-
nomic agents are only boundedly rational? Sec-
ondly, why has bounded rationality approach failed
to revolutionize the traditional economics? Thirdly,
can we expect the renewed interest in bounded ra-
tionality approach will bring about anything sub-
stantial this time?

The first two questions are answered in the next
section. In answering the question, I would like to
explain how economists usually think, what kind of
result economists want of the bounded rationality
approach, since most of the readers of this essay is
supposed to be non-economists. Sections thereafter
together aim to answer the third question, which is
the main part of this essay. In section 3, I begin
with the history of game theory. The 1980’s were
the turning point from fully rational approach to
the boundedly rational one. I explain the driving
force behind this shift, which at the same time will
set some goals for bounded rationality approach in
the game theory. I proceed to show some tentative
results in this line of research in section 4. I divided
the current research themes into 4 classes; eductive
approach for explaining equilibrium, evolutive ap-
proach for explaining equilibrium, equilibrium re-
duction using machine games, and other applica-
tions. Finally I conclude.

2 Economics and Bounded

Rationality

As I have stated in the Introduction, economists
have used rationality models to explain economic
phenomena, although they know that in reality
agents are only limitedly rational. Milton Fried-
man, a Nobel laureate, gives an eloquent answer to

this apparently paradoxical situation. Friedmman
(1953) asserts that whether assumptions of a the-
ory are 'realistic’ or not is irrelevant for the validity
of the theory. The validity of a theory should be
evaluated according to the predictive power of the
theory, namely, relative fitness of implication de-
duced from the theory with the reality. Suppose
we assume leaves of a tree can decide their posi-
tions freely so as to maximize the quantity of sun-
light they receive. Of course this is an unrealistic
assumption. Leaves cannot do such complex cal-
culation. However, even this assumption can give
reasonable explanation to wide-ranging phenomena
concerning density of leaves on a tree.

Friedman goes on to argue: In economics, it is
assumed that consumers maximize their utility and
firms their profits. These might not be the actual
case. These assumptions, however, help give the
economic theory consistency and considerable ex-
planatory power. It is entirely erroneous to reject
these assumptions simply because they are unrealis-
tic. We have to evaluate their validity by examining
the validity of the theory’s prediction.

In a sharp contrast, another Nobel laureate, Her-
bert Simon argues for the importance of reality of
assumptions. According to Simon (1963) unrealis-
tic assumptions are only ”a necessary evil - a con-
cession to the finite capacity of the scientist that
is made tolerable by the principle of continuity of
approximation.”

1 do not intend to delve into this controversy here.
I would just like to comment that most economists
today can be mostly said to belong to the Fried-
man’s camp in their methodological position. Re-
ality for the sake of reality is considered unneces-
sary. Although Simon received the Nobel prize, the
bounded rationality approach he proposed did not
revolutionize economics. The reason is twofold. On
the one hand, economists have been largely satis-
fied with the traditional approach. On the other
hand, researches in bounded rationality have not so
far provided us with anything of great significance
to economics.

Then what can be the motivation for studying
bounded rationality in economics today? It mustn’t
be simply that bounded rationality models are more
realistic description of human behavior, but that
modelling boundedly rational human behavior pro-
vides a more plausible explanation to phenomena
that could not be fully explained by the traditional
rationality approach. As far as I know, at least in
game theory, the impasse of rationality approach
has been widely recognized, and there is room for
the bounded rationality approach to fill this gap.
To see this situation concretely, I would like to look
back the history of game theory.



3 Limits of Rationality Ap-
proach in Game Theory

Since the publication of von Neuman and Mor-
genstern (1944), game theorists had taken it for
granted that game theory deal with strategic inter-
action between fully rational players. In this tra-
ditional approach, players are assumed to have as
much intelligence as an outside analyst, namely, a
game theorist. Nash, Harsanyi and Selten received
the Nobel prize in 1994 due to their theoretical con-
tributions that made game theory more applicable
to economics. Their works were largely in the tra-
ditional rationality approach.

In 1980’s, as game theory became more appli-
cable, many economists learned game theory and
applied it to many fields of economics, such as in-
dustrial organization, bargaining, contracts and or-
ganizations, which had been kept relatively unex-
plored because of the analytical difficulties involv-
ing strategic interaction. Nash equilibrium seemed
to provide us with the unified framework in which to
deal with these subjects. Most of these application
adopted rather naively the by then already devel-
oped solution concepts like Nash, subgame-perfect,
perfect, and/or sequential equilibria.!

However, serious critiques began to emerge in
the middle of 80’s. On the one hand, experimen-
tal game theory began to report that actual behav-
iors observed in laboratories significantly differ from
those predicted by these equilibrium concepts. Ex-
amples include finitely repeated prisoners’ dilemma,
ultimatum game, centipede game and so on.? On
the other hand, theorists gradually became aware
of their theories’ deficiency even from introspective
view point. See Rubinstein (1991) for a notable
example.

I assort the problems posed by these theorists
from my own point of view as follows.

1. Why and how do we play equilibrium strategies.
This problem is important because we have
multiple equilibria in many games. Without
knowing how players reach some equilibrium,
we can’t hope to answer the question raised by
multiplicity.

2. When is the equilibrium analysis appropriate?
Why do ezperimental results significantly dif-
fer from the prediction of equilibrium analy-
si1s? While we cannot immediately do away

1The notion of Nash equilibrium is due to Nash (1951).
the concept of subgame-perfect equilibrium and perfect equi-
librium are due to Selten (1965, 1975). The sequential equi-
librium was developed by Kreps and Wilson (1982b).

2See for example Roth, Prasnikar, Okuno-Fujiwara, and
Zamir (1991).
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Table 1: Pure Coordination Game

with equilibrium analysis, some expeirmental
results suggest its inadequacy in some impor-
tant cases.

3. Which equilibrium is most likely to be played,
when there are multiple equilibria? Only a
slight complication of a game is know to be
enough to bring about multiple equilibria. Ex-
amples include signaling games and repeated
games.

4. How do we settle for a specific form of proto-
cols? Game theory hitherto has concentrated
on the analysis of well-defined games. How-
ever, as in the bargaining process, very im-
portant, classes of strategic interaction involve
some ambiguity of protocols. Moreover, as
economists formulate and analyse institutional
arrangements as games, the question of how we
forge some institution has come to the fore.

In the remainder of this paper, I will only deal
with the first three questions, because almost noth-
ing has been tried out as to the fourth question.
At first, game theorists tried to answer these three
questions by refining equilibria with the hope that
imposing further rationality requirement would re-
duce multiple equilibria to the unique one. In the
end of 1980’s, however, there was disillusionment
with this research program and attention gradually
went to boundedly rational approach. It should be
noted that some game theorists had obtained some-
what favorable, albeit not decisive, results using
boundedly rational models already, such as Ney-
man (1985).

4 Game-Theoretic Models of
Bounded Rationality

4.1 Eductive Approach

At first we are mostly concerned with the first ques-
tion, namely, "how do we play equilibrium?” It is
already well known that there are two approaches
to this problem; deductive and evolutive, to use Bin-
more’s terminology (Binmore 1987/88).

Suppose player A and B play a pure coordination
game as in figure 1, once and for all. There are two



pure Nash equilibria and one mixed equilibrium in
this game. Think of the equilibrium (C, C). Its self-
enforcing nature does not tell us why players choose
(C,€) and not (D, D). Suppose player A does not
know player B intends to play C. Then she cannot
choose C with confidence. It has for long been ar-
gued informally that equilibrium strategies are com-
mon knowledge when players play them. The need
for rigorous formulation and analysis is obvious.
Moreover when we discuss equilibrium play of a
game, we have made it a rule to assume that struc-
ture of the game (payoff, information set, strategy
space etc.) is common knowledge, and that the ra-
tionality of the players is also common knowledge.
The condition for an event to be a common knowl-
edge is, however, too strong and in many actual
cases hard to be satisfied.> Then we should ask
whether we can relax the condition about the play-
ers’ knowledge while guaranteeing that they play
equilibrium strategies. This problem became espe-
cially important because Rubinstein (1988) gave
an ingenious example in which players’ action under
”almost” common knowledge is completely different
from the play under common knowledge.
Bernheim (1984) and Pearce (1984) gave the
first analysis to this problem. They showed that
if we only require the game and rationality of the
players to be common knowledge, the play of the
game must be ’rationalizable strategies.” In such a
special case as the two-player Cournot competition,
rationalizability requirement gives a sharp predic-
tion, but in general this requirement is too weak to
say something meaningful about the play of a game.
Alternative approach to this problem was made
by Aumann (1987). Aumann constructed a model
where each state of the world already specifies ac-
tions for each player. This is contrary to the com-
mon practice game theorists have made that strate-
gies are decided endogenously. He assumed com-
mon prior over the set of states of the world, how-
ever. Moreover, the strategy of each players is as-
sumed to be measurable with respect to the in-
formation partition of the player. In this setting,
Aumann showed that if it is common knowledge
that players are Bayesian rational, then the play of
the game forms a correlated equilibrum. While this
model was the first attempt to explain equilibrium
play by using decision-theoretic framework, the as-
sumption of common prior and Bayesian rationality
of each player at each state of the world already em-
braced the factors generating equilibrium.
Aumann and Brandenburger (1995) extended

3See Aumann (1976) for a formal definition. But Au-
mann’s definition does not capture the common knowledge
of the information partition of players. Modelling knowledge
formally always involves this kind of problem.

this model by admitting states of the world where
players can hold “erroneous” conjectures and play
"irrationally”. Then, by examining properties of a
state where players choose Nash equilibrium strate-
gies, they could give epistemic contidions for the
equilibrium play of a game. The sufficient condi-
tions they derived was weaker than those we have
commonly made in arguing equilibrium, but only
by a slight margin. Their result virtually suggests
players play Nash equilibrium because they are in
an equilibrium-like situation. What seems impor-
tant to me is that they could not dispense with com-
mon knowledge of conjectures. If we need common
knowledge of conjectures to play some equilibrium,
how do we reach it? They didn’t give any answers
to this question. We will see that in most models
pursuing "how do we play equilibrium?” nearly the
same problem arises.

Binmore (1987/88) raised a related question
whether there exists any algorithm for playing
games that guarantees equilibrium play in the face
of any opponent and any game. Behind the educ-
tive approach lies the idea that players simulate
their opponents’ thought process to conclude how
to play a game. Binmore’s question is not about
knowledge (information) of players, but about their
reasoning process. Suppose that Turing machines
play a game, where each Turing machine is fed as
inputs with its own Godel number, opposing ma-
chine’s Godel number and the structure of the game
(appropriately coded into a natural number). This
situation is deliberately constructed to eliminate
problems arising from knowledge. If this question
were answered affirmatively, this result would have
a prescriptive meaning, namely, that we should use
such an algorithm to play games.

In this setup, Anderlini (1990) considered the
two-person game with at least one pure strategy
Nash equilibrium and without dominant strategies.
4 He showed that there exists no algorithm that
always halts and predicts the other player’s play
correctly, a fortiori, plays the best response. This is
caused by the existence of ’diagonalizing algorithm.’
This result is somehow related to the *halting prob-
lem’ that is well known in the recursive function
theory. Restricting the algorithms we consider to
the set of rational machines’ does not help. Ra-
tional machines are defined such that if they both
halt, they necessarily play a Nash equilibrium. For
any rational machine, however, there exists a ratio-
nal machine that prevents the former from halting.
Anderlini attributes this result to the fact that it is
not decidable whether a given machine is rational or
not. The trick is that, contrary to the apparent situ-

4See also Canning (1992).



ation of common knowledge of ’thinking process’ in
this formulation, it cannot actually be known that
both players are rational. If the rational machine
is given by some outside observer the information
whether the opponent is rational, they can always
play Nash equilibrium.

I think this negative result suggests that ”proce-
dural rationality” on the part of players does not
imply equilibrium. Some a priori "common knowl-
edge”, like convention or culture, between players
seems to be required to attain equilibrium play.
This is a similar result to that obtained in Aumann
and Brandenburger (1995).

I now turn to the alternative approach with the
question in mind whether learning or evolutionary
process alleviates this problem.

4.2 Evolutive Approach

Generally speaking, learning approach attempts to
argue that if some plausible learning rules are im-
posed, players will eventually learn to play equilib-
rium strategies. At the same time, obtained result
might select some particular equilibrium.

Although evolutionary models are similar to
learning models, the former differ from the latter
in that explicit learning process is woven into some
given dynamics in the former. Evolutionary mod-
els examine the implication of the stability of such
dynamics. From the modelling point of view, while
learning models consider a fixed match, evolution-
ary models consider the interaction in a population
of players.

Learning approach dates back at least to Brown’s
fictitious play (Brown 1951), although it was re-
garded not as a learning process but as a thinking
process of computing Nash equilibrium; thus called
fictitous play.” It is already well known that while
fictitous play generally leads to Nash equilibrium
(viewed as the product of empirical marginal dis-
tributions) , some cycle can arise in the course of
play. Moreover such cycles might bring the players
payoffs that are substantially less than those ob-
tained in the equilibrium play of the game. This
demonstrates the main difficulty of studying learn-
ing models. Since the player in the model is as-
sumed not to have the right model generating such
cycle, she must settle for less in a sense. However,
since we expect that real agents will soon realize
the regularity of the path of play and respond cor-
rectly, something is thought to be missing in this
story. A series of recent research, such as Fuden-
berg and Kreps (1993) and Fudenberg and Levine
(1995), has alleviated the problem with the classi-
cal fictitious play by introducing some perturbation
into the learning process, with the implication that

experimentation is important to the learning pro-
cess. This is parallel to the result obtained in the
evolutionary models that mutations have a very im-
portant role in selecting a reasonable equilibrium as
in Kandori, Mailath, and Rob (1993).

While most of the learning (evolutionary) litera-
ture has concentrated on the analysis of combina-
tion of naive assessment rule and myopic players, it
seems to me that more attention should be paid to
more sophisticated learning rules. When players are
patient and they condition their play on histories
of play, they may try to manipulate the opponents’
learning process. Then we are essentially back to
the strategic interaction between players.

Kalai and Lehrer (1993) gives sufficient condi-
tions for the players playing a repeated game to pre-
dict the future path of play in the Bayesian frame-
work. When playing the repeated game, players do
not know the others’ actual strategies a prior: and
they update their beliefs on the plausible set of op-
ponent’s strategies as the game unfolds. Essentially
the condition they gave is the absolute continuity
condition first discovered by Blackwell and Dubins
(1962). Kalai and Lehrer then showed that if (1)
players learn to predict the future path of play and
(2) they play optimally with regard to their beliefs,
then their strategies eventually converge to an e-
Nash equilibrium. This result looks good at first
sight. However, even apart from the usual critiques
against Bayesian learning, the absolute continuity
condition has turned out to be problematic in the
learning framework.

Nachbar (1996) showed that the above condi-
tions (1) and (2) are hard to be satisfied at the
same time. The intuition is simple. When players
act optimally as Bayesian learners, their strategy
might be easily forced out of the plausible set. Fu-
denberg and Levine (1996) interpret this result as
showing the weakness of Bayesian approach. How-
ever, I think the same problem arises naturally in
general learning rules. I conjecture that the logic
behind this result parallels that obtained in An-
derlini (1990) and Canning (1992). I think that
by formulating a general learning rule as a Turing
machine, we can extract the essence of the prob-
lem. My intuition is that even if we consider more
sophisticated learning rules, this does not generally
help.

On the other hand, Anderlini and Sabourian
(1995a) obtained a positive result by considering
the ”evolution of algorithmic learning rules.” The
main difference between the negative and the pos-
itive results is, I think, that while the interaction
of learning rules between players does not escape
from the mutual ”diagonalization,” the existence of
some objective "rule” guiding players, such as the



evolutionary dynamics that determines the relative
‘fitness, might mitigate the strategic interaction con-
siderably. Shimizu and Takizawa (1996) explores
this issue in more detail.

4.3 Equilibrium Reduction

We now turn to the third question. As the experi-
mental game theory develops, we have come to re-
alize that actual play can be significantly different
from the prediction of theories. Moreover, in many
actual cases, rational approach alone cannot give a
sharp prediction as to which equilibrium is most
likely to be played. Can imposing some limited
computability assumption explain these phenom-
ena? In contrast to the two approaches we have
seen, we want some concrete and positive result
here.

4.3.1 Irrationality

Before proceeding to models of bounded rationality,
1 would like to give several examples of "irrational-
ity models” that proved to be usuful for narrowing
down the set of equilibria. The so-callled ”equilib-
rium refinement” arguments are usually supposed
to be ”super-rationality” approach, since they de-
mand rationality off the equlibrium path, while
Nash equilibrium demands rationality only on the
equilibrium path. However it should be noted that
they are all derived from introducing some ”trem-
bles,” which is obviously some departure from ra-
tionality. As Aumann (1986) argues, this is not
surprising, because you have to be ”super-rational”
to cope with irrationality of the opponents. ”Thus,
a more refined concept of rationality cannot feed on
itself only; it can only be defined in the context of
irrationality.”

Also related to the equilibrium refinement litera-
ture are the reputation models, pioneered by Kreps
and Wilson (1982a) and Milgrom and Roberts
(1982). Reputation models consider consequences
of long-run interaction between players, assuming
some of the players (usually one long-run player)
may be of ”irrational” or ”crazy” type with small
probability. The “irrational” type is defined not
behave optimally but be committed to some fixed
strategy. Then the rational type can exploit this
uncertainty to attain equilibria that are more fa-
vorable to her. This leads to significant equilibrium
reduction in repeated games. For example, Kreps,
Milgrom, Roberts, and Wilson (1982) showed that,
in finitely repeated prisoners’ dilemma, if there is
small probability that one of the players is com-
mitted to ” Tit-for-Tat” strategy, players cooperate
until almost the end of the game in any sequential

equilibrium. By restricting the set of perturbation
strategies to automata with bounded recall, Au-
mann and Sorin (1989) showed that Pareto-efficient
payoff vector is the unique equilibrium outcome in
the repeated common interest game.

4.3.2 Automaton Game

One way to consider the implication of bounded ra-
tionality in games is to explore the consequence of
taking account of the complexity cost of strategies
players use in games. The most familiar way to do
this has been to represent a strategy in the repeated
game by a finite automaton, more precisely a Moore
machine. Kalai and Stanford (1988) study the gen-
eral problem of complexity of strategies in repeated
games.

Repeated game models are know to be plagued
by the multiplicity equilibria result called the " Folk
Theorem.”  Rubinstein (1986) and Abreu and
Rubinstein (1988) succeeded in reducing the set of
equilibria of two-player repeated games by restrict-
ing the players’ strategies to those implementable
by finite automata. Actually this is a one-shot ma-
chine game where players choose a finite automaton
to implement their repeated game strategy. Players
care lexicographically about how much they obtain
in the repeated game and about the complexity cost
of the automaton, which is defined as the cardinal-
ity of the automaton’s set of internal states.

Binmore and Samuelson (1992) also considered
the automaton game with complexity cost consider-
ation, but, unlike Abreu and Rubinstein, explored
the appropriately modified equilibrium notion of
ESS (Evolutionarily Stable Strategies).  They
showed that, in the repeated prisoners’ dilemma
game, cooperation is the unique equilibrium out-
come.

4.3.3 Turing Machine Game

Automaton models are useful for considering com-
plexity cost because its measure of complexity is
very simple. But, this complexity measure is not
without question. At the moment, economists have
not agreed on the economically meaningful measure
of complexity and do not like to impose some ad hoc
bound on complexity. Thus in some cases, it may be
more appropriate to utilize Turing machine, which
by nits nature is not limited in the memory it uses
and whose operation is supposed to cover anything
that can be done with algorithms due to Church’s
Thesis.

We have already seen the models developed by
Binmore, Anderlini and Canning. These models
capture the idea that any human thinking process



can be expressed by some algorithm, namely a Tur-
ing machine. The nagative nature of their results
at least partially justifies the use of Turing ma-
chines, since their results states that any sophis-
ticated thinking process cannot solve the problem.

On the other hand, Anderlini and Sabourian
(1995a, 1995b) and Anderlini (1995) utilize Tur-
ing machines to derive more positive results. An-
derlini and Sabourian (1995a) studies the infinitely
repeated two-person common interest game with in-
complete information, when players are restricted
to using computable strategies, showing that the
Pareto-efficient payoff vector is the unique equilib-
rium outcome. The logic behind this result is es-
sentially the same as that of Aumann and Sorin
(1989). What differentiates between the two is that,
in  Anderlini and Sabourian (1995a), the Turing
machine communicates its intention to play coop-
eratively by appropriately choosing its actions in
the early stages of the repeated game, forcing the
opponent to Bayesian update his prior belief. The
setting of repeated game is not essential for this
logic to work. Anderlini (1995) thus obtains the
same result by studying one-shot common interest
game played by Turing machines where a finite se-
quence of pre-play communication is allowed.

We have already mentioned Anderlini and
Sabourian (1995b) in the context of learning mod-
els. They think that a learning rule is representable
by a Turing machine and study the consequence of
(computable) evolutionary dynamics where learn-
ing rules interact one another. Due to the second re-
cursion theorem, given some computable evolution-
ary dynamics, there exists an algorithm which com-
pletely simulates and calculates the consequence of
dynamics and behave as the top performer at each
stage.> Then the s-m-n theorem assures the exis-
tence of the algorithmic learning rule (the ”smart
type”) that behaves completely in the same way as
the above algorithm, thus continues to be the top
performer at each stage. If the evolutionary dy-
namics are such that the top performer does not go
extinct and the smart type is born at some stage,
then the smart type will eventually prevail. Regard-
ing a learning rule as an algorithm is very appealing.
However, the main defect of this approach is that,
in spite of the positive result, their model does not
provide us with any insight on what kind of learning
rules performs relatively well.

4.3.4 Perceptron Game

While there are many bounded rationality models
using automaton and Turing machine, as far as I

5Note that the consequence of the dynamics is affected by
the existence of such an algorithm. Hence recursion theorem.

know, there are few models utilizing perceptron as
the model of boundedly rational agent. Cho (1994)
studies the infinitely repeated prisoners’ dilemma
game played by perceptrons. However, the obtained
result is the traditional folk theorem and fails to
refine the set of equilibrium payoffs.

Another model using perceptron is Rubinstein
(1993). We mention this model later as an economic
application of bounded rationality models.

4.3.5 Interpretation of the Results

There can be several different interpretations for the
machine game models. Firstly, one may argue that
a machine represents the cognitive process of hu-
man beings. But this view is too naive. If we adopt
this interpretation, we have to think about how we
choose an optimal machine and then we have to
think about how to choose how to choose...and so
on and so forth. Note that as the tier becomes
deeper, the problem is getting more complicated
and difficult. Lipman (1991) correctly pointed out
that in any bounded rationality models we have un-
timately to assume a substantively rational player
choosing the optimal boundedly rational procedure.
He ’solved’ this problem by finding conditions un-
der which a fixed point exists in this infinite regress
problem. But I think in actual cases this kind of
infinite regress problem does not bother us.

Second interpretation is that these models repre-
sent situations in which a principal with substan-
tive rationality delegate her job to an agent with
limited ability to compute. Imagine a routine job
in the firms. Rubinstein (1986) and Abreu and
Rubinstein (1988) fit well with this interpretation.

Third interpretation, which I prefer to the others,
is that the computable behavior rules in these mod-
els are just a metaphor of human behavior. In our
everyday life, we seems to use some simple behav-
ior rules. Then where do such behavior rules come
from? It may have come from some evolutionary
process. This interpretation fits relatively well with
Binmore and Samuelson (1992).

Fourthly, one may be interested in these models
just because they represent an idea that we may
choose to commit ourselves to some fixed simple
strategy in our daily life. Actually, in machine
games, players commit themselves to a fixed strat-
egy and analyst examines the equilibrium of this
commitment game.

SIn this regard, the idea of Matsui (1989) is interest-
ing. He examines the consequence of allowing the player
to change her once committed repeated game strategy with
exogenously given small probability.



4.4 Other Applications

I have emphasized the importance of constructing
models that help us understand phenomena that
could not be explained by rationality approach.
However, the models we have so far seen are rather
abstract and far from explaining concrete economic
phenomena.

Today we have only few models of bounded ratio-
nality applied to concrete economic phenomena, but
such models are now emerging. The growing litera-
ture on incomplete contracts could also be counted
as application of bounded rationality. The models
of incomplete contracts study the consequence of
human inability to write contracts covering all the
conceivable contingencies, but do not impose any
restriction to the agents’ ability to expect those con-
tingencies and compute rational options. For this
reason, I do not explain this literature in details.

Rubinstein (1993) studies the consequence of dif-
ferent (limited) ability to process information be-
tween players. Specifically he considered a situa-
tion where a monopolist with full rationality faces
many consumers with bounded rationality. Ba-
sically the setting is that of Stackelberg’s leader-
follower model. The monopolist set a price and the
consumers decide whether to buy or not a unit of a
perishable good. The consumers’ ability to process
information is assumed to be limited such that the
number of sets in the partition of the price space
is finite. Different types of consumers are assumed
to have different number of partition sets. Rubin-
stein showed that in equilibrium the monopolist can
exploit this difference in the information process-
ing ability among consumers to increase her profit.
He also examined the model where the difference
of consumers’ ability to process information is ex-
pressed by the order of perceptrons they employ,
obtaining essentially the same result.

Fershtman and Kalai (1993) study the behavior
of a firm operating in many markets at the same
time. They used the concept of strategic complex-
ity as measured by a finite automaton and studied
the consequence of bounded rationality of the firm’s
manager. They showed that an entry to one market
may induce the firm to exit from another market to
concentrate on the market where entry occurred.
For different parameters, the firm may exit from
this market to specialize in the other markets. In
both cases the results obtained there could not have
been obtained in the full rationality approach.

Anderlini and Felli (1994) considered the
bounded rationality foundation of incomplete con-
tracts. They formulated a contract as a mapping
from the state of the world to the set of prescribed
outcomes. Specifically they considered a sharing

rule between two agents who have state-dependent
utility functions. Thus the optimal sharing rule is
in general sensitive to changes in the state of the
world. However, in reality we usually write incom-
plete contracts. They explained this phenomena by
requiring the written contract to be computable in
order to be enforceable. However the optimal con-
tract can be approximated arbitrarily closely by a
sequence of computable contracts. They then intro-
duce a Turing machine which selects the "better”
computable contracts to show that the selected con-
tract must be necessarily incomplete (even consid-
ering convergence) in some situation.

Radner (1993) studies a model where limited
ability to process information is represented explic-
itly by time. The models we have seen so far almost
entirely ignored this issue. Complexity cost mea-
sures such as computation in polynominal time or
something like that measure complexity in terms of
time. But I don’t think there is a wide consensus to
this approach at least in the economic professions.
Radner’s approach is very intuitive, however. Rad-
ner restricted an agent’s ability such that she can do
(associateve) operation only once in a unit time pe-
riod in the face of numbers that flow in continually.
An organization is formed in order to process the
inflow of numbers, whose goal is to finish calcula-
tion as fast as possible. But since employing agents
is costly, the organization seeks to accomplish the
goal by employing as less agents as possible. Rad-
ner examined the optimal organizational structure,
to find that hierarchy is "nearly” optimal.

5 Conclusion

About a decade has passed since game theorists be-
gan to explore bounded rationality models inten-
sively and extensively. How has it fared with this
approach? What do the results obtained so far in-
dicate? Has this approach made a genuine progress
in understanding human interaction?

My conclusion must be rather tentative. Before
restating the gained insight, however, I would like
to emphasize the possibility of paradigm change in
economics. In the early part of this essay, I said that
bounded rationality approach will not be widely
accepted unless it brings about something new to
economics. This will continue to be true in the
future. However, it should also be noted that a
prevalent paradigm always restricts our attentions
to problems that are solvable within this paradigm.
In this regard, it seems to me, economists are
now increasingly becoming aware of the fact that
there are many economic phenomena that cannot be
explained by the traditional rationality approach.



This might be a symptom for a genuine paradigm
change.

I assort what I have seen in this essay in two
parts. Results obtained in the research program for
explaining equilibrium play of games, whether educ-
tive or evolutive, mainly suggest that there should
be something in common a priori for us to play
some equilibrium. This in turn suggests, it seems
to me, the importance of conventions, culture, focal
points and whatever may help us coordinate our be-
liefs. The question of how we come to such a state
of consensus calls for further research.”

The results obtained in the analysis of machine
games show us that complexity cost consideration
about the strategies players use might provide a
sharper prediction about the play of games. Un-
fortunately, at the moment, there exists no consen-
sus as to what constitutes the economically signif-
icant measure of complexity cost. Accumulating
good models that are widely applicable in economic
context would promise the future of this approach.
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