
11Principles of Game Theory

This chapter covers . . .

� game theory as a mathematical method for analyzing situations of strategic inter-
dependence.

� the basic definitions and solution concepts of games.
� how games can be used to analyze complex social interactions.
� how games can be used to help one understand real-world problems, like the

decision of firms to enter a market, the economicmechanisms underlying climate
change, the political incentives to engage in tax competition, etc.

11.1 Introduction

I am willing to take life as a game of chess in which the first rules are not open to discussion.
No one asks why the knight is allowed his eccentric hop, why the castle may only go straight
and the bishop obliquely. These things are to be accepted, and with these rules the game
must be played: it is foolish to complain of them. (W. Somerset Maugham (1949))

Game theory addresses the analysis of strategic interdependencies between the ac-
tions of different decision makers. Many of the early contributions to game theory
dealt with the analysis of parlor games. Two of the most important works on game
theory of the early 20th century were Ernst Zermelo’s “Über eine Anwendung der
Mengenlehre auf die Theorie des Schachspiels” (On an Application of Set Theory
to the Theory of the Game of Chess, 1913) and John von Neumann’s “Zur Theorie
der Gesellschaftsspiele” (On the Theory of Parlor Games, 1928). The term game
obtained a totally different meaning, referring to all kinds of situations where indi-
viduals interact. Game theory is, by now, an indispensable tool in many scientific
disciplines, apart from economics, mostly in political science and finance, but also
in biology, law and philosophy. The goals of game theory are various and reach
from explaining societal phenomena, to predicting individual decision making, to
providing consultation.

255© Springer International Publishing AG 2017
M. Kolmar, Principles of Microeconomics, Springer Texts in Business and Economics,
DOI 10.1007/978-3-319-57589-6_11



256 11 Principles of Game Theory

Many economistsB would even state that it was the development of game the-
ory that made economics a scientific discipline of its own. Traditional economic
reasoning has been based on more or less informal theories or on models, which
were frequently adapted from physics. The analysis of imperfect competition on
markets, bargaining, conflicts between individuals and groups, and competition be-
tween states are only some of the fields in which techniques from game theory are
successfully applied. In the course of the appearance of game theory, economists
developed a subfield called “market design.” This discipline has strong similarities
to engineering, because it applies scientific theories to design market mechanisms
that help to facilitate structured transactions and improve efficiency. Market design
became known to a wider audience because of the auctioning of UMTS telecom-
munications licenses, for which many countries used auction formats that had been
developed by economists using methods from game theory. Another example for
market design is the development of algorithms facilitating organ donations and
labor markets. For instance, in some countries, they are used to facilitate kidney
exchanges or to allocate doctors to hospitals. Game theory is also the backbone of
behavioral economics, a field of research in which economists study the structure
of cooperative behavior and the limitations of rational decision making.

A classic field of study within economics, in which game theory is often used, is
the analysis of oligopoly markets. The central characteristic of those markets is that
firms have some control over prices, similar to a monopolist, but the existence of
competitors restricts this control and makes the optimal price and quantity decision
dependent on each firm’s expectations about the behavior of the competitors and,
hence, the decisions are interdependent. In order to study these interdependencies
and, thus, be able to make predictions about these market types (as well as many
other societal phenomena), I give a short introduction to game theory in this chapter.

11.2 What Is a Game?

A “game” describes a situation of strategic interdependence. The involved decision
makers, for example individuals and firms, are called “players.” Strategic interde-
pendence in the game-theoretic sense is given, if the actions of players potentially
influence one another. Here is a simple example that illustrates the problem. As-
sume there were no rules about on which side of the road one should drive. Two
cars, moving in opposite directions, meet. The driver of each car wants to go on
driving without an accident. If both stay on their right or left lane, then no harm is
done. However, if one goes left and the other one goes right, then the result is an ac-
cident. Probably, everybody knows similar situations from crowded market places
and sidewalks, where people go in opposite directions and try to avoid bumping into
each other. A good way to navigate through the crowds depends on the actions of
all the others and, hence, this is a situation of strategic interdependence.

Another illustrative example is the “rock-paper-scissors” (RPS) game. Two play-
ers face each other and have to choose one of the following gestures: ‘rock’, ‘paper’
or ‘scissors.’ ‘Rock’ beats ‘scissors’, ‘scissors’ beats ‘paper’, and ‘paper’ beats
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‘rock’. If both players choose the same gesture, then nobody wins and the game
ends in a draw. If a player wants to win the game, then his optimal gesture de-
pends on the gesture of his opponent. If the other player chooses ‘rock’, then one
optimally chooses ‘paper’; if the other chooses ‘scissors,’ then ‘rock’ would be the
optimal gesture.

11.3 Elements of Game Theory

In order to analyze a situation of strategic interdependence using game theory, it
is necessary to (1) systematically describe a game, (2) to form hypotheses about
players’ behavior and (3) to apply a so-called solution concept.

The description of a game � usually starts with listing the involved decision
makers, the players. The set N D f1; 2; : : : ; ng denotes all n 
 1 players involved
in a game. In the example of RPS, this set is N RPS D f1; 2g, i.e. the set listing
players 1 and 2.

Next, one has to specify what the players can do. An action of a player is called
a strategy. The set of all, mi , possible strategies of a player, i 2 N , is denoted
by Si D ˚

s1
i ; s2

i ; : : : ; s
mi

i

�
, and s

j
i , j 2 f1; 2; : : : ; mi g denotes one specific strategy

from this set. In the example of RPS, both players have the same strategy sets:
SRPS

1 D SRPS
2 D frock; paper; scissorsg.

A strategy profile assigns a strategy to each player and is denoted by s 2 S D
S1 	 S2 	 � � � 	 Sn (the mathematical operator ‘	’ refers to the Cartesian product of
the sets Si , i D 1; 2; : : : ; n). S is the set of all possible strategy profiles. In RPS,
it is equal to the set of all combinations of the form .s1 2 SRPS

1 ; s2 2 SRPS
2 /, which

is the set with the elements .scissors; scissors/, .rock; scissors/, .paper; scissors/,
.scissors; rock/, .rock; rock/, .paper; rock/, .scissors; paper/, .rock; paper/, and
.paper; paper/.

Each strategy profile is a possible course of the game. Starting from the strategy
profiles s 2 S , one can determine the possible outcomes of a game induced by
the different profiles. The outcome function, f W S ! E, assigns to each strategy
profile s 2 S an outcome e, from the set of potential outcomes E. In the example of
RPS, the set of possible outcomes is ERPS D fplayer 1 wins; player 2 wins; drawg.
The function f .s/ determines an outcome e 2 E for every s 2 S . For example if, in
RPS, the strategy profile is s D .scissors; rock/, then the function f .s/ determines
the outcome ‘e D player 2 wins.’ If s D .paper; paper/, then the outcome is ‘e D
draw.’

Finally, in order to be able to determine what the players will do, one has to
connect the outcome of a game with the players’ evaluations of this outcome. The
functions ui.e/ assign an evaluation for each player and for each possible outcome,
namely ui W E ! R for player i . Economists use the convention that larger num-
bers are assigned to preferred outcomes. This convention suggests that one calls
ui player i’s utility. In RPS, if one assumes that players prefer winning to having
a draw, and having a draw to losing, then any assignment of numbers to outcomes
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with the following property is consistent with this evaluation:

ui .player i wins/ > ui.draw/ > ui .player i loses/:

For example, each player could assign 1 to the outcome ‘win,’ 0 to the outcome
‘draw,’ and �1 to the outcome ‘lose.’

The above elements describe a game and can be summarized in the following
way:

� D fN; S; f; fui giD1;:::;N g :

It is often quite useful to sidestep the somewhat lengthy definition by directly
conditioning the players’ utilities on strategy profiles instead of outcomes. This
is possible, because a strategy profile determines an outcome, which in turn de-
termines utilities: S ! E ! R. One can therefore skip the step in the middle
and assign utilities directly to strategy profiles: ui W S ! R. This shortens the
description of a game and one gets:

� 0 D fN; S; fuigiD1;:::;N g :

This representation of a game will be used in the remainder of this chapter. How-
ever, it loses some of the societal content of the situation that is being analyzed:
one no longer knows why players prefer this strategy over that strategy. This is not
relevant from a technical point of view, but it may be important for understanding
the social context that is represented by the game. In RPS, one only knows that
a player prefers .rock; scissors/ to .scissors; rock/, if one specifies � 0. The more
lengthy specification � allows one to answer why this is the case: because the
player wins with the first strategy profile and loses with the second.

In order to be able to make predictions about the way players play the game, one
needs a hypothesis about the players’ behavior and the way this behavior is coordi-
nated. Usually, economists work with the so-called (expected) utility-maximization
hypothesis, which states that each player chooses a strategy to maximize her (ex-
pected) utility. If the players are competing firms and if utility can be identified
with profits, then the already familiar profit-maximization hypothesis is an exam-
ple. However, altruistic or even malevolent motives can also be taken into account,
if one uses the more general concept of utility. For example an altruistic player
prefers a distribution of profits (5,5) to a distribution of profits (10,0), whereas a
profit maximizer always prefers (10,0), irrespective of the other player’s profits.

Knowing this, one can assign the optimal reaction of a player to the strategies of
the other players. This information is contained in the so-called reaction function.
Let si 2 Si denote a strategy of each player, i 2 N , and let the strategy profile of
all players except i be denoted by s�i 2 S�i (‘�i’ refers to the set of all players
except i). Player i’s best responses to the other players’ strategy profile s�i specifies
the subset of strategies that maximize player i’s utility, given strategy profile s�i .
The reaction function of player i collects this player’s best responses to all possible
strategy profiles of the other players. The idea can again be exemplified by using



11.4 Normal-Form Games 259

RPS. If player 2 chooses ‘scissors’, then the best response of player 1 is to choose
‘rock’. If player 2 chooses ‘rock’, then player 1’s best response is ‘paper’.

I Definition 11.1, Reaction function A strategy, s�
i 2 Si , that maximizes a player’s

utility, ui.si ; s�i /, given the strategies of all other players, s�i 2 S�i , is called his
or her best response to s�i :

ui.s
�
i ; s�i / 
 ui .si ; s�i / for all si 2 Si :

A function that specifies a best response for all possible strategy profiles of all other
players is called the reaction function of player i .

The concepts ‘best response’ and ‘reaction function’ are convenient for solving
a game. A particular kind of best response is called a dominant strategy, which
means that a strategy is a best response to all the other players’ possible strategy
profiles:

I Definition 11.2, Dominant strategy A strategy, sd
i 2 Si , is called a dominant

strategy, if it is a best response to all possible strategy profiles, s�i 2 S�i :

ui.s
d
i ; s�i / 
 ui .si ; s�i / for all si 2 Si and for all s�i 2 S�i :

If a player has a dominant strategy, then her best response is the same for all s�i .
Therefore, a dominant strategy is a borderline case of strategic interdependence,
because the strategies of all other players, s�i , may influence the utility of player
i , but do not impact which strategy she optimally chooses. However, dominant
strategies often do not exist, as in the example of RPS.

11.4 Normal-Form Games

In a so-called normal-form game, all players choose their strategies simultaneously
and are not allowed to alter them during the course of the game. If there are only
two players with only a few strategies, then a normal-form game can be represented
in matrix form, see Table 11.1 for an example. The m1 strategies of player 1 are
represented by the different rows of the matrix, and the m2 strategies of player 2 are
represented by the different columns. Each field of the matrix represents a strategy
profile and displays the corresponding utility levels. For example, u2.s

2
1 ; s

m2

2 / is
player 2’s utility level from the strategy profile .s2

1; s
m2

2 /, which is implemented, if
player 1 chooses strategy 2 and player 2 chooses strategy m2.

The best-response function tells us what each player is expected to do when
confrontedwith the other players’ strategy profiles. What is not known, at this point,
is how these best responses are coordinated. In order to be able to make predictions
about the way people are playing games, one has to make an assumption about
how they coordinate their behavior. Such an assumption is called an equilibrium
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Table 11.1 Matrix represen-
tation of a game

s1
2 . . . s

m2

2

s1
1 u1.s1

1 ; s1
2/, u2.s1

1 ; s1
2 / : : : u1.s1

1 ; s
m2

2 /, u2.s1
1 ; s

m2

2 /

s2
1 u1.s2

1 ; s1
2/, u2.s2

1 ; s1
2 / : : : u1.s2

1 ; s
m2

2 /, u2.s2
1 ; s

m2

2 /

:
:
: . . . . . . : : :

s
m1

1 u1.s
m1

1 ; s1
2 /, u2.s

m1

1 ; s1
2 / : : : u1.s

m1

1 ; s
m2

2 /, u2.s
m1

1 ; s
m2

2 /

concept. The most important equilibrium concept for normal-form games is called
a Nash equilibrium, which is named after the US mathematician John F. Nash. A
Nash equilibrium is defined in the following way:

I Definition 11.3: Nash equilibrium A strategy profile, sne D fsne
1 ; : : : ; sne

n g, is
called Nash equilibrium, if the strategies of all the players are best responses to
the equilibrium strategies of all the other players:

ui .s
ne
i ; sne

�i / 
 ui .si ; sne
�i / for all si 2 Si and for all i 2 N:

The idea behind a Nash equilibrium is relatively easy to grasp. Assume there are
two players. Player 1 has two strategies, going to the movies or going to a bar, and
player 2 has two strategies, as well: going to the movies or going to a bar. Each
player i assumes that the other player will stick to his strategy no matter what player
i does. This allows i to determine reaction functions (in which they treat the other
players’ strategies as parameters).

However, the players do not only have to figure out what they, but also what the
other player will do. Assume that it is the best response of player 1 to go to the
movies, if player 2 goes to the movies, and to go to a bar, if player 2 goes to a bar
(he wants to meet the other player). What should player 1 do? In order to answer
this question, he has to get into the head of player 2. Assume that player 2 will go
to the movies no matter what 1 is doing. Then, player 1 knows that he should go
to the movies if player 2 does so, and that player 2 will go to the movies no matter
what: thus, the best responses are mutually consistent. The conjecture that player 2
will go to the movies induces player 1 to go there as well and it is a best response
of player 2 to stick to his plan. This mutual consistency is the missing link between
individual reaction functions and the outcome of the game. A Nash equilibrium is
nothing more than such a consistency condition. To see why, focus on the other
possible conjecture that player 1 could make, namely that player 2 will go to a bar.
In that case, the best response would be to go to a bar, as well, to which player
2 reacts by going to the movies, which is not consistent with the conjecture that
player 2 will go to the bar.

The above argument✍ shows that the players have to be able to figure out the
planned equilibrium strategies of the other players and that they have to believe that
deviations in their own strategy will not cause deviations by any other player (which
is why they can treat their strategies as parameters). However, this is not all. At this
point a player can figure out his or her best strategy for some strategy profile of the
other players and also the best strategies of the other players for some given strategy
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profile. What is missing is that the players know that the other players will use this
logic to solve the game and furthermore that the players know that the other players
know that they will use this logic, and so on. The term common knowledge refers to
a situation where the players have this special kind of knowledge about the beliefs
of the other agents.

There is common knowledge of some state, z, in a group of players, N , if all
players in N know z, they all know that they know z, they all know that they all
know that they know z, and so on ad infinitum. The next digression illustrates why
common knowledge is important.

Digression 30. A Tale about the Importance of Common Knowledge
On an island in the South Seas, there live 100 blue-eyed persons. The rest
have a different eye color. They are perfect logicians and never talk about eye
color. An old custom, to which all citizens adhere, demands that, as soon as
a citizen knows that he or she has blue eyes, he or she will leave the island
during the subsequent night. However, because the citizens never talk about
their eye color and because there is no reflecting surface on the island, no one
knows his or her eye color. Consequently, no one ever leaves the island.

One day, an outsider comes to the island. He is allowed to stay and soon
acquires a reputation for being completely trustworthy. After a while, a ship
lands and the outsider leaves the island again. At the time of his departure, all
citizens gather at the harbor and the last thing the outsider tells the citizens is:
“By the way, there is at least one blue-eyed person on the island!”

What happens during the subsequent nights? Additionally, what does all
this have to do with the concept of common knowledge? The answer is that,
during the 100th night after the announcement, all the blue-eyed people will
leave the island.

Why does the announcement of the outsider make a difference? Before
his announcement, each islander knew that there are blue-eyed persons on the
island, but she did not know that the other islanders knew it as well, knew
that she knows it, etc. Thus, the knowledge that there are blue-eyed islanders
was not common knowledge. This changed with the announcement by the
outsider. From that moment on, the existence of blue-eyed persons became
common knowledge.

Why does it make a difference? To see this, one can use an inductive ar-
gument. If there is exactly one person with blue eyes, that person knows that
there is no other person with blue eyes on the island. Before the announce-
ment of the outsider it was a possibility that there is no one with blue eyes on
the island, so there was no need to leave. However, given the information by
the outsider, the blue-eyed person learns that she must have blue eyes, so she
leaves at night one.

Next, assume that there are two persons with blue eyes. There is no need
for any of them to leave during the first night, because there is a possibility
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that there is only one person with blue eyes and that it is the other person.
Thus, both will still be around the next day. However, given that both are still
around the next morning, they have to realize that both of them must have
seen another person with blue eyes. Given that there is no one else around, it
must be herself. Therefore, both will leave during night two.

The same argument holds if there are n blue-eyed persons: induction states
that no one will leave during the first n � 1 nights. However, given that ev-
eryone is still around after night n �1, each blue-eyed person has to conclude
that there are n persons with blue eyes in total, one of them being him- or
herself.

Thus, the rather innocuous-sounding announcement by the outsider allows
the islanders to eventually figure out the color of their eyes.

To further illustrate, take the game represented in Table 11.2 as an example. In
this game, two players i D 1; 2 have two strategies each. The game has one Nash
equilibrium, .U; L/. First, one has to show that this strategy profile is, in fact, an
equilibrium. Suppose player 2 chooses ‘L.’ Player 1’s best response is then to
choose ‘U ’ because 4 > 2. Hence, ‘U ’ is a best response to ‘L.’ If it is a Nash
equilibrium, then ‘L’ must also be a best response to ‘U ,’ which is indeed the case,
because 3 > 2. Thus, no player has an incentive to unilaterally deviate from this
strategy profile. The strategies are mutually best responses and .U; L/ is a Nash
equilibrium.

There is an easy procedure to determine the set of Nash equilibria for games
in matrix form. First, one successively goes through all the strategies of player 1
and marks the respective best response(s) of player 2. Then one repeats the whole
procedure with the strategies of player 2 and marks player 1’s best responses. If
there are fields in which there are marks for both players, then the strategy profile
associated with that field is a Nash equilibrium.

A Nash equilibrium is a prediction about the outcome of a game, but why should
a game actually be played in such a way? One could argue that an important
property of a Nash equilibrium is stability in the following sense: no player has
an incentive to unilaterally deviate from the equilibrium strategy profile, because
strategies are, by definition, best responses to each other. Players do not regret their
choices of strategies once they find out what the other players are doing. This idea
of consistency sounds plausible and rather innocuous. A potential problem is, how-
ever, that players make their choices simultaneously, that is without observing the
strategies of all other players, and can commit to the strategies while the game is

Table 11.2 An example for a
matrix game

L R

U 4,3 3,2
D 2,1 1,4
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Table 11.3 Dominant-
strategy and Nash equilibria

L R

U 2,2 1,1
D 1,1 1,1

being played. Hence, each player has to be able to not only determine her own
optimal strategy, but also the optimal strategies of the other players, and therefore
to understand and solve the utility-maximization problems of these players. The
concept of a Nash equilibrium requires both a large extent of implicit agreement
between players that they are in fact seeking to find a Nash equilibrium, as well as
strong cognitive abilities to be able to think through all the different strategic situ-
ations from the perspective of all the players. For instance, in the above example,
player 2 needs to ponder which strategy player 1 will choose. If player 1 chooses
‘D’ instead of ‘U ’, then her best response would not be ‘L,’ but ‘R’. She needs to
conjecture that player 1 will actually assume that a Nash equilibrium will be chosen
and must then put herself into player 1’s position. In the example, complexity is
reduced, though, because player 1 has a dominant strategy. Because ‘U ’ is always
a best response, it is the best choice player 1 can make, independent of player 2’s
decision. Player 2, being aware of that, is able to predict that 1 will always choose
this strategy, if she is rational. Hence, she will always choose ‘L’ herself. If a given
player, i , has a dominant strategy, then the complexity of the game is significantly
reduced, because it is easier for all the other players to make predictions.

One can conjecture that the predictive power of Nash equilibria is better in sit-
uations that are not very complex and if players are more experienced with the
situation with which they are confronted.

As this subchapter has shown, the problem of cognitive overload can be reduced
significantly, if the solution concept is not a Nash, but a ‘dominant-strategy equilib-
rium.’ In such an equilibrium, each player follows a dominant strategy and hence
no player needs to conjecture about the strategy choices of all the other players,
because her own optimal choice does not depend on the strategies of all the others.

I Definition 11.4, Dominant-strategy equilibrium A strategy profile, sds D fsds
1 ;

: : : ; sds
n g, is called a dominant-strategy equilibrium, if the strategy of each player is

a dominant strategy:

ui.s
ds
i ; s�i / 
 ui.si ; s�i / for all si 2 Si ; for all s�i 2 S�i and for all i 2 N:

Unfortunately, dominant-strategy equilibria exist only for a very limited class of
games, such that it is rarely possible to predict the outcome of a game based on this
equilibrium concept. Hence, using this concept instead of a Nash equilibrium does
not really solve the problem.

A dominant strategy equilibrium is always a Nash equilibrium, but not vice
versa. This property is exemplified by the game in Table 11.3.

This game has two Nash equilibria, .U; L/ and .U; R/, and each player has a
dominant strategy, namely ‘U ’ for player 1 and ‘L’ for 2. Therefore, .U; L/ is also
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Table 11.4 The game “Rock,
Paper, Scissors” in matrix
form

R P S

R 0; 0 �1; 1 1; �1

P 1; �1 0; 0 �1; 1

S �1; 1 1; �1 0; 0

a dominant-strategy equilibrium, while .U; R/ is not. ‘U ’ is only a best response if
player 2 chooses ‘R,’ and similarly ‘R’ is only a best response if player 1 chooses
‘U .’

Digression 31. Existence of a Nash Equilibrium
As we have seen when we have analyzed the game in Table 11.3, it is often not
easy to predict the outcome of a game because there may be multiple equilib-
ria. Another problem, which is at least as fundamental as the multiplicity, is
the (non-)existence of Nash equilibria, a potential problem one already knows
from the subchapter covering dominant strategies. Is it possible that a game
has no Nash equilibrium? If so, then what would be a good prediction of the
game’s outcome?

An example for a game in which no Nash equilibrium exists is RPS. A
matrix representation of the game can be found in Table 11.4. Whenever a
player chooses a best response to the strategy of her opponent, the opponent
must end up with a payoff that is smaller than the one that could be achieved
by a different strategy, yielding her a utility of -1. Hence, there cannot be
a profile of strategies that are mutually best responses and, thus, no Nash
equilibrium exists.

A game that does not have an equilibrium is quite unsatisfactory, because
this means one cannot make a prediction about the way people play it, which
was why we started with game theory in the first place. Consequently, re-
searchers started searching for a way out of this problem and found one in
the idea of “mixed strategies.” The idea is quite simple: put yourself in the
position of a player in RPS. It is immediately clear that you want to avoid
the other player knowing what you will do, because she could then exploit
this knowledge, which would guarantee you a payoff of -1. Hence, how can
you ensure that she does not know what you will do and is not able to pre-
dict it, either? One possibility is to delegate the strategy choice to a random
generator that chooses each strategy with a given probability that you deter-
mine at the beginning. This is precisely the idea underlying mixed strategies.
A mixed strategy is a probability distribution over the (as they will be called
from now on) pure strategies at your disposal. If one allows players to choose
probability distributions over pure strategies, then one increases the set of
possible strategies, because each probability distribution over pure strategies
also becomes a strategy – a mixed strategy. A Nash equilibrium, in which at
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least one player uses a mixed strategy, is called a mixed strategy Nash equi-
librium.

However, what is the point of this exercise? In games like RPS, no Nash
equilibrium exists in pure, but only in mixed strategies. In RPS, the equilib-
rium is easy to find: each player chooses a pure strategy with the probability
of 1/3. For example, if player 1 chooses a pure strategy with that probability,
then player 2 receives the following expected utility from each of her pure
strategies:

u2

�
R; .1

3
; 1

3
; 1

3
/
� D 1

3
� 0 C 1

3
� .�1/ C 1

3
� 1 D 0;

u2

�
P; . 1

3
; 1

3
; 1

3
/
� D 1

3
� 1 C 1

3
� 0 C 1

3
� .�1/ D 0;

u2

�
S; . 1

3
; 1

3
; 1

3
/
� D 1

3
� .�1/ C 1

3
� 1 C 1

3
� 0 D 0:

Player 1’s mixed strategy makes player 2 indifferent between all of her pure
strategies and, thus, each of her pure strategies is a best response. This is, in
turn, the precondition for her to be willing to randomize herself. If she ran-
domizes herself with the same probabilities, then player 2 is also indifferent
between all her pure strategies and each pure strategy, as well as the mixed
strategy, is a best response. Therefore, it is a Nash equilibrium in mixed
strategies, if both players randomize and choose each pure strategy with a
probability of 1/3.

As the example shows, one can come up with a clear prediction of the
game’s outcome, if one allows for a more comprehensive concept of a strat-
egy. It was one of John Nash’s seminal contributions to show that such an
equilibrium exists under very general conditions.

Result 11.1, Nash’s theorem Every game with a finite number of players
and a finite number of pure strategies has at least one Nash equilibrium in
mixed strategies.

This result of Nash’s theorem is of fundamental importance, because it
guarantees that a prediction about the outcome of a game, based on the con-
cept of a Nash equilibrium, is possible under very general conditions. I omit
the proof of the theorem, because it involves advanced mathematical meth-
ods.

Another example of a game in which no Nash equilibrium exists in pure
strategies is the penalty kick in soccer. The goalkeeper decides which part of
the goal to defend, while the kicker simultaneously decides where to place
the shot. If the goalkeeper conjectures the kicker’s strategy correctly, then
she successfully defends the shot; otherwise the kicker is successful. In or-
der to be able to analyze this situation one can simplify and assume that each
player has the pure strategies ‘left,’ ‘middle’ and ‘right.’ The game has a Nash
equilibrium in mixed strategies, in which each player randomizes by choos-
ing among the pure strategies with a probability of 1/3. Economists studied
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the behavior of goalkeepers and kickers based on data from the Italian and
French professional soccer leagues. They found that the observed behavior
was consistent with theoretical predictions.

11.4.1 Multiple Equilibria

This chapter has shown so far that some games, for example the one in Table 11.3,
have multiple Nash equilibria. There are at least two problems caused by the mul-
tiplicity of equilibria. First, the predictive power of a theory that makes several
predictions is limited and, second, it is only of limited use in supporting players
with identifying optimal strategies. The problems are dramatic in the game repre-
sented by Table 11.3 because any strategy of a player can be rationalized, even if
there are only two equilibria. The players have to, somehow, coordinate on one of
the two equilibria in order to exclude some kinds of behavior as implausible. With-
out such a coordination, a formal analysis of the game is useless, from the point
of view of the predictive power of the theory as well as from the point of view of
giving advice how to play it.

One solution to this problem is to employ a stronger solution concept, for exam-
ple an equilibrium in dominant strategies. The game in Table 11.3, for example, has
two Nash equilibria, but only one equilibrium in dominant strategies. As argued be-
fore, not many games have equilibria in dominant strategies and, among them, there
are some that have more than one.

Another possible solution to the problem of multiple equilibria is to hypothe-
size that players can coordinate on so-called “focal” strategies. The term focal was
coined by Schelling (1960) and implies that some equilibria are, in a sense, more
“salient” than others. However, the concept of focality is weak. It is not quite clear
how to precisely define what makes an equilibrium focal and whether or not an
equilibrium is focal depends on many things, such as the context of the respective
game. In Schelling’s own words (p. 57): “People can often concert their inten-
tions or expectations with others if each knows that the other is trying to do the
same. Most situations – perhaps every situation for people who are practiced at
this kind of game – provide some clue for coordinating behavior, some focal point
for each person’s expectation of what the other expects him to expect to be ex-
pected to do. Finding the key, or rather finding a key – any key that is mutually
recognized as the key becomes the key – may depend on imagination more than
on logic; it may depend on analogy, precedent, accidental arrangement, symmetry,
aesthetic or geometric configuration, casuistic reasoning, and who the parties are
and what they know about each other.” The idea of focal points is, therefore, not
a full-fledged theoretical concept, but merely a heuristic one that helps determine
how players behave in certain situations. Here is an illustrative example. Assume
that you and another player have to pick one out of three numbers. If you pick
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Table 11.5 Meeting in New
York

GCT ESB WS

GCT 3; 3 0; 0 0; 0

ESB 0; 0 1; 1 0; 0

WS 0; 0 0; 0 1; 1

identical numbers, then everybody wins CHF 10; otherwise, nobody gets anything.
In that game, each pair of identical numbers is a Nash equilibrium and dominant-
strategy equilibria do not exist. Now, assume the set of numbers you can pick from
is 0.73285, 1 and 1.3857. In this situation, many people intuitively pick the integer
1. All pairs, f0:73285; 0:73285g, f1; 1g and f1:3857; 1:3857g, are Nash equilibria,
but only f1; 1g is focal, although it is very difficult to theoretically identify why.

In some games with multiple equilibria, the equilibria can be ranked according to
the payoffs or utilities that the players receive. If one equilibrium makes everyone
better off than all the others, it is a strong candidate for a focal point.

I Definition 11.5, Pareto dominance A Nash equilibrium is Pareto dominant, if
each player’s utility is strictly larger in it than in all other Nash equilibria.

An illustrative example for such a situation is depicted in Table 11.5. The basic
story underlying this payoff matrix goes as follows. Two businessmen are planning
to meet at noon in New York City, but have forgotten to fix a meeting point. The
possible meeting points are the information desk at Grand Central Terminal (GCT),
the main entrance to the Empire State Building (ESB), and the bull and bear statue
at Wall Street (WS). If they do not meet, they get a utility of zero each. If they meet
at ESB or WS, both of them get a utility of 1. However, because their favorite cafe
is close to GCT, they get a utility of 3, if they manage to meet there.

The game has three Nash equilibria: all the strategy profiles where the busi-
nessmen go to the same place. However, since there are multiple equilibria, it is
not possible to predict what the businessmen will end up doing on the basis of
this solution concept alone. In addition, there are no equilibria in dominant strate-
gies. However, the equilibrium .GCT;GCT/ Pareto improves the others and, hence,
might be focal. Using the idea of Pareto improvements as a means to select be-
tween equilibria is promising, because it can be assumed that people have a strong
tendency to coordinate on the better ones.

Still, it has to be taken into account that, while the concept of Pareto dominance
may often be helpful in predicting the outcome of a game, this is not always the
case. First, it may be the case that equilibria cannot be ranked according to Pareto
dominance, such that the concept is not applicable to these games. Second, there
may be multiple Pareto dominant Nash equilibria. In these games it may be possible
to reduce the number of plausible Nash equilibria, but the multiplicity problem
cannot be overcome completely. If, for example, the utility of meeting at the ESB
is also 3 for each player, then it is possible to exclude (WS;WS) as a “likely”
equilibrium, but a prognosis about the game’s outcome is still not possible; both the
(GCT;GCT) and the (ESB;ESB) equilibria are Pareto dominant.
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It is even possible for players to coordinate to play out a Pareto-dominated equi-
librium, even though each of them would prefer a different outcome? Even the
worst equilibrium (in utility terms) is an equilibrium and unilateral deviations are
not beneficial. An example for such a situation is inefficient production standards,
like the so-called QWERTY keyboard, which stems from the arrangement of letters
on the (US) keyboard that begins with the sequence q,w,e,r,t,y. The arrangement
of the letters on a keyboard was determined in the times of the mechanical type-
writer. The purpose of its design was to maximize an effective typing speed. With
mechanical typewriters, there is always the risk that the typebars will entangle, if
one’s typing is too fast. For that reason, the arrangement of letters on the QWERTY
keyboard did not maximize the potential, but instead the effective typing speed.
With the invention of the electric typewriter, the problem of entangled typebars was
solved, but the then inefficient QWERTY arrangement remains in use until today.
The standard is inefficient, but it is also an equilibrium. In that example, one of
the reasons why it is hard to coordinate on another, more efficient equilibrium is
that the expectations of the players are shaped by history. The new, more efficient
equilibrium is counterfactual and it lives only in our imagination, whereas the other,
less efficient equilibrium has been played out for years and decades. History can,
therefore, be a more powerful focal mechanism than Pareto dominance is.

Another important example for multiple equilibria is public transportation. Sup-
pose creating and maintaining a public transportation system has fixed as well as
variable costs per user. In order to cover the fixed costs, users must pay taxes that
equal the fixed costs divided by the number of users and the variable costs (for ex-
ample as user fees). If the number of users is small, the costs per user are high,
which implies that it is individually rational to rely on private transportation. If the
number of users is high, costs per user are low and this can create a virtuous circle
where people rely heavily on public transportation. Switzerland is an example for a
country with a dense, reliable and affordable public transportation system, whereas
most metropolitan areas in the USA heavily rely on private transportation.

Digression 32. The Economics of Social Media
The QWERTY keyboard may seem like an odd example for inefficient stan-
dards that is without much relevance for the functioning of the economy. The
conclusion that coordination problems are only of secondary relevance would
be premature, however, because the problem of multiple equilibria underlying
the choice of inefficient production standards is at the heart of a lot of digital
technologies. Take social media as an example. The attractivity of websites
like Facebook or AirBnB depends on the number of users. The more users
these websites have, the more attractive they are. This phenomenon is called
a network externality. Network externalities can easily dominate quality dif-
ferences between the different sites, like user friendliness, transparency or
privacy. A platform that offers poorer quality may nonetheless survive (and
even thrive), simply because it is used by a larger number of customers.
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When one looks at these industries, one finds a typical pattern. In the
early stages, there are usually several competing platforms, like Facebook,
Friendster, MySpace or Xanga, and it is, ex ante, unclear which one will
succeed. In the language of game theory, the game has multiple equilibria:
one where the majority of users coordinate on Facebook and others where
they coordinate on any one of the other platforms. Objective differences in the
quality of the different platforms are a poor predictor for their future success.
The number of users, however, is. The fastest-growing platforms are usually
the ones that will outcompete the others and, once they dominate the market,
it is very hard for new entrants to succeed, even if they offer much better
quality. The large quantity of users protects the incumbent against market
entries.

11.4.2 Collectively and Individually Rational Behavior

Another important topic that is, by now, better understood, because of game theo-
retic reasoning, is whether or not one should expect that self-interested behavior of
individuals leads to outcomes that benefit a group’s welfare. Game theory can play
an important role in answering these questions by identifying mathematical struc-
tures that lead to certain equilibria. The structural characteristics of such a game,
which lead to certain types of equilibria, can help social scientists to detect patterns
that help them to interpret and grasp situations in the real world.

In order to illustrate this point, I will introduce one of the most famous games:
the prisoner’s dilemma. What is the historical background of this game? I discussed
the First and Second Theorem ofWelfare Economics in Chap. 5. According to these
theorems, market equilibria are Pareto-efficient under certain conditions. The Coase
Irrelevance Theorem has generalized these conditions and opened a perspective for
a better understanding of the factors that explain differences between institutions:
transaction costs. Way into the 20th century, many economists were convinced that
the “invisible hand,” as Adam Smith had coined it, is reality: if man follows his or
her self-interest, then the interests of the rest of society are taken care of and there
is no tension between individual self-interest and societal welfare.

This vision of a frictionless society can be illustrated by the following “invisible-
hand game given in Table 11.6:” In this game, the two players have two strategies,
M; F , each and both have a dominant strategy to play F . Hence, .F; F / is a unique
Nash, as well as a dominant-strategy, equilibrium. It is, at the same time, Pareto-
efficient.

Table 11.6 Invisible-hand
game

M F

M 3; 3 5; 5

F 5; 5 10; 10

http://dx.doi.org/10.1007/978-3-319-57589-6_5
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Table 11.7 Prisoner’s
dilemma

M F

M 3; 3 10; 1

F 1; 10 7; 7

The “invisible-hand game” reveals no deeper truth about our social reality; in
the end, it should not surprise one that it is possible to tinker with utilities such
that a unique, Pareto-efficient equilibrium exists. The really important question is
whether the game is meaningful to describe the social world.

Now that one has started to tinker with utilities, one will most likely end up
with the game given in Table 11.7. Together with the invisible-hand game, this
game became the most famous metaphor for the logic of social interactions. It was
developed by the mathematicians Merrill Flood and Melvin Dresher. The name
“prisoner’s dilemma” is due to Albert W. Tucker, who adapted the game by Flood
and Dresher, but framed it in a different context where two individuals have com-
mitted a crime and can either confess or not. (Both are better off collectively, if
they do not confess, but each person is individually better off confessing. Hence,
the name prisoner’s dilemma.)

The game is a parable applicable to many economically relevant situations, for
example the tragedy of the commons that was discussed in Chap. 6. Table 11.7
shows a prisoner’s dilemma in matrix form. Two players can choose between two
strategies, ‘M ’ and ‘F .’ The central characteristic of the game is that it is optimal to
choose ‘M ’ for each player individually; that .M; M / is a dominant-strategy equi-
librium. However, in a concerted effort, both players could increase their respective
utility by choosing ‘F .’ Applied to the example of the tragedy of the commons, one
can interpret the game as follows: two fishermen live on a lake, where they catch
fish to make a living. While going out to catch fish, they have the choice between
catching many fish (‘M ’) or just a few (‘F ’). If both choose ‘F ,’ both can sell only
a smaller quantity, but at higher prices and the fishing grounds stay intact, which
guarantees future income. One normalizes the utility associated with this strategy
to 7. If both choose ‘M ’, they can sell a lot, but prices are low and fish stocks dwin-
dle due to overfishing. This leads to utilities of 3. If one fisherman chooses ‘M ,’
while the other chooses ‘F ,’ the fish stocks also dwindle, but to a lesser extent. The
fisherman choosing ‘M ’ sells a lot at moderate prices, while the other sells a small
quantity. In this situation, the fisherman choosing ‘M ’ gets a utility of 10, while the
other receives only 1.

Because both players have the dominant strategy to choose ‘M ,’ it seems clear,
if one believes in invisible hands, that the equilibrium should have good welfare
properties. But this is wrong. If both players could coordinate and play ‘F ,’ then
both would be better off. The decentralized decisions of the players are individually,
but not collectively, rational.

http://dx.doi.org/10.1007/978-3-319-57589-6_6


11.4 Normal-Form Games 271

11.4.3 Simple Games as Structural Metaphors

Coming back ˆto the starting point of this chapter, the analysis of two-player two-
strategy games reveals a lot about the fundamental problems that can exist when
individual decisions are mutually dependent. These simple games illustrate the
problems societies are confronted with in a nutshell.

� There can be situations with a unique equilibrium that is also efficient. In such a
situation, there is no tension between individual and collective rationality.

� There may be a unique equilibrium that is inefficient. In such a situation, there
is tension between individual and collective rationality. Situations of this type
are referred to as “cooperation problems,” because individual incentives impede
beneficial cooperation.

� Multiple equilibria may exist. Situations like these are called “coordination prob-
lems,” because they represent the fundamental challenge to coordinate on an
equilibrium.

The above classification of potential problems is useful, because it provides a
framework for interpreting problem structures in many different societal contexts.
Chapter 6 already analyzed the problem of overfishing (the tragedy of the commons)
and showed that it is inherently a cooperation problem. It can also be argued that
the social and economic causes of anthropogenic climate change are unresolved
cooperation problems.

Digression 33. Cooperation Problems and Externalities
This is a good point to hint at an important link between different concepts
that have been discussed in this book. I discussed the concept of external-
ities in Chap. 6. An externality exists, if the acts of an individual, A, have
an impact on the well-being of another individual, B , that A does not take
into consideration: it is a non-internalized interdependency. Looking at co-
operation problems, like the prisoner’s dilemma, one sees that it is exactly an
externality that is at the heart of the problem: the rational behavior of one in-
dividual makes the other individual worse-off, but the individuals do not find
a way to internalize this effect. Hence, cooperation problems are metaphors
for situations with mutual externalities, like anthropogenic climate change.

I also discussed the ontology of money in Chap. 3 and one can now interpret it
in the context of a simple game. Money has no intrinsic value and its value, as a
medium of exchange and storage of wealth, relies on a convention: an agreement
between people to accept money as a medium of exchange. If everybody complies,
the simplified exchange of goods has positive effects on the economy and this is also
an equilibrium. If a single individual stops accepting money, nothing bad happens
for the rest of society. However, if nobody accepts money as a medium of exchange,

http://dx.doi.org/10.1007/978-3-319-57589-6_6
http://dx.doi.org/10.1007/978-3-319-57589-6_6
http://dx.doi.org/10.1007/978-3-319-57589-6_3
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it is rational for each individual to not accept money, either, and the economy has
to rely on barter. The important fact is that both, a monetary and a barter economy,
are equilibria. Due to the multiplicity of equilibria, one of the central challenges
of an economy that relies on some abstract medium of exchange is to stabilize
peoples’ expectations, such that they believe in the convention and are willing to
accept money. The stabilization of expectations is not always easy, as can be seen
in times of economic crises when there a the danger of so-called “bank runs.” A
bank run is a situation in which many people lose trust in a bank’s solvency and
try to get back their savings. If enough people do that, then the belief becomes a
self-fulfilling prophecy and the bank actually gets into trouble. Many phenomena
on financial markets have a similar structure and are better understood once they are
interpreted as coordination problems. Bank runs and financial crises are examples
of why game theory is important in macroeconomics and finance and why it came
to new fame during the global financial crises in recent years.

The three classes of problems described above are, in principle, prototypes for
most of the problems that one will encounter during one’s studies. If one keeps
them in mind, it will be easier to understand the fundamental structure underlying
the different theories.

Digression 34. The Cold War as a Gameˆ

Deterrence is the art of producing in the mind of the enemy the fear to attack. (Stan-
ley Kubrick, Dr. Strangelove)

During the Cold War, the United States and the Soviet Union were in a nu-
clear stand-off. Thus, the RAND Corporation (a major US think tank) hired
some of the world’s top game theorists to study the situation. At the time,
both nations had the same policy, “If one side launched a first strike, the other
threatened to answer with a devastating counter-strike.” This became known
as Mutually Assured Destruction, or MAD, for short. Game theorists got wor-
ried about the rationality and, thereby, the credibility of MAD. The argument
goes like this, “Suppose the USSR launches a first strike against the USA. At
that point, the American President finds his country already destroyed. He
doesn’t bring it back to life by now blowing up the world, so he has no in-
centive to carry out his original threat to retaliate, which has now manifestly
failed to achieve its point. Since the Russians can anticipate this, they should
ignore the threat to retaliate and strike first. Of course, the Americans are
in an exactly symmetric position, so they too should strike first. Each power
will recognize this incentive on the part of the other, and so will anticipate an
attack if they don’t rush to preempt it. What we should therefore expect is a
race between the two powers to be the first to attack.” (Don Ross 2016)

This analysis led the RAND Corporation to recommend that the United
States take actions designed to show their commitment to MAD. One strategy
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was to ensure that “second-strike capability” existed. A second strategy was
to make leaders appear irrational. The CIA portrayed President Nixon as
either insane or a drunk. The KGB, which appears to have come to the same
conclusion as RAND, responded by fabricating medical records to show that
General Secretary Brezhnev was senile.

Another strategy was to introduce uncertainty about the ability to stop a
counterstrike, for example by building more nuclear missiles and storing them
in numerous locations (which made it less likely that the President could stop
all of them from being launched in the event of a Soviet attack). A third
strategy was to make MAD credible by creating “doomsday machines”: tech-
nologies that carry out a counterstrike automatically, without the ability of
human beings to interfere. The USSR went so far as to create Perimeter,
or Dead Head, which was the closest thing this world has ever seen to such a
doomsday machine. It can automatically trigger the launch of intercontinental
ballistic missiles, if a nuclear strike is detected by seismic, light, radioactivity
and overpressure sensors.

It is commonplace to suggest that the strategic situation during the Cold
War was a case of the prisoner’s dilemma. However, it is far from obvious that
the leaderships in either country in fact attached the necessary payoffs in their
utility functions – preferring the destruction of the world to their own unique
destruction – that would have been required for their situation to actually have
been a prisoner’s dilemma.

11.5 Extensive-FormGames

Up until this point, one has not been able to analyze situations where players choose
their strategies sequentially instead of simultaneously. Many social phenomena
cannot be adequately described as simultaneous-move games, because timing plays
an important role.

If the order ✍of play is important, then games are usually not depicted in matrix
representation but with the help of a game tree. A game tree describes what actions
any given player has at the different points in time and how these actions influence
the further course of the game. Formally, a game tree is a directed graph with
nodes as positions in a game, where the players have to make decisions and edges
represent the possible decisions (moves). The nodes are also called decision nodes
in game theory.

As an example for such a game tree, take Fig. 11.1. The game is a version of the
so-called centipede game (it is called that, because the game tree looks a bit like a
centipede, if there are enough decisions that the players have to make). There are
two players, i D 1; 2, and three decision nodes, T D f1:1; 2; 1:2g. Player 1 has to
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Fig. 11.1 Centipede game

make a decision at nodes 1.1 and 1.2, while player 2 only decides at node 2. Both
players have a choice between the same actions at every node, At

i D fa; f g, t 2 T .
The concept of a strategy✍ is more complex than before. A strategy is a rule

that determines an action for every potential node in the game. Because player 1
has to make a decision at two decision nodes, a strategy assigns an action to both,
irrespective of whether both nodes are reached during the course of the game or
not. This complete list of actions, one for each decision node where a player has to
make decision, is called an action profile.

One has to specify a complete contingency plan for each player, because oth-
erwise it would not be possible to solve the game. If a player contemplates her
optimal strategy, she has to be able to figure out how the game ends, if she goes for
this or for that strategy. This is only possible, if all players specify what they will
do at each decision node.

The set of possible strategies of a player equals the set of possible action profiles.
Player 1’s strategy set is S1 D faa; af; fa; ff g where, for example, s1 D af is
interpreted as player 1 choosing a at decision node 1:1 and f at decision node 1.2.
Because player 2 decides only once during the game, at node 2, her strategy set
equals the set of actions she has at this node, S2 D A2

2 D fa; f g.
As in normal-form games, each strategy profile leads to an outcome, which is

represented by the players’ utilities. For instance, the strategy profile .af; f / im-
plies that the game ends immediately and that players’ utilities are u1.af; f / D 1

and u2.af; f / D 0.
Solution concepts are defined by means of an analogy to normal-form games

and, hence, extensive-form games can basically be solved in the same way as games
in normal-form once the strategies are defined. However, due to the more complex
structure, there may be some problems related to the concept of a Nash equilibrium
that did not exist before: Nash equilibria can be based on so-called “empty threats.”
In order to see what that means, take a look at the game in Fig. 11.2, the chainstore
game (or market-entry game). Two firms, i D 1; 2, are potentially competing in a
market. If firm 1 does not enter the market, NE, then the incumbent firm, 2, has
a monopoly. If firm 1 enters, E, then firm 2 has two options: to start a price war,
P W , or to accommodate, A. The game has two Nash equilibria in pure strategies:
NE; P W and E; A. Because no player has a dominant strategy and no equilibrium
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Fig. 11.2 Chainstore or market-entry game

is Pareto dominant, the concepts that were discussed thus far are of little help in
determining the game’s outcome.

However, one can use the sequential structure of the decisions to distinguish
between the different equilibria. Because firm 1 makes her decision before firm
2, firm 2’s choice ‘P W ’ is not credible. If firm 1 enters the market, firm 2’s best
response is ‘A.’ The threat to start a price war if firm 1 enters is not credible, because
it relies on the assumption that firm 1 does not enter. However, .NE; P W / is still a
Nash equilibrium, since unilateral deviations are not beneficial for any firm.

A concept ✍that will help one to identify such non-credible strategies is called
backward induction. Intuitively, backward induction can be described as “think-
ing ahead and reasoning backward:” In a first step, one determines the individual
“subgames” of a game, i.e. the parts of the game tree that can be interpreted and an-
alyzed as independent games. For example, the chainstore game has two subgames:
one starting with firm 2’s decision node and another that is the whole game.

In a next step, one looks at the terminal subgames and determines the optimal
actions chosen at these nodes. A subgame is a terminal subgame, if the game ends
thereafter, no matter what the player who makes a decision does. In the chain-
store game, the subgame that starts at firm 2’s decision node is a terminal subgame,
whereas the whole game is not because, if firm 1 enters the market, the game goes
on and firm 2 makes a decision.

Once the optimal decisions at the terminal nodes have been determined, then
the terminal subgame is replaced by the utilities the players get from the optimal
play. For example, in the chainstore game, the terminal subgame starts at decision
node 2 and firm 2’s best action is to choose ‘A,’ because this yields a higher utility
than starting a price war ‘P W .’ Hence, in this step, the last subgame is replaced
by the utilities achieved through this action, (2,1). Replacing the terminal subgame
with the utility vector makes the game tree “shorter” and there are new terminal
subgames. This procedure needs to be repeated until the start of the game is reached.
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In the chainstore example, this is the case after replacing node 2, when firm 1 faces
the decision to enter the market, which gives her a utility of 2, or to stay out of
the market, which gives her a utility of 1. Since entering the market gives her a
greater utility, she will do exactly this and choose ‘E.’ Therefore, only one Nash
equilibrium remains after backward induction, .E; A/, and the other equilibrium,
.NE; P W /, which contained the empty threat to start a price war, is eliminated.

By solving the game from its end, one can reduce its complexity step by step.
Players who need to determine their optimal choices at earlier nodes can rely on a
continuation of the game that is always (at every decision node) optimal for each
player.

Digression 35. Chess and the Existence of Backward-Induction Equilibria
One of the first formal game theoretic studies was Ernst Zermelo’s analysis
of the game of chess. Chess can be interpreted as an extensive form game
between two players, but the game’s complexity makes it impossible to write
down the players’ strategies, to draw a game tree, or to solve it (at least with
today’s means). However, Zermelo was able to show that there is an optimal,
deterministic way to play chess. This result also illustrates why backward-
induction equilibria must exist, if each player has a finite number of strategies.

Certain rules in chess guarantee that it cannot go on forever (see Article
5.2 of the official Fide chess rules) and, thus, every player has finitely many
strategies. The conditions that Zermelo found to be necessary in his proof are
hence met and it is, therefore, proven that either white has a winning strategy,
or that black has a winning strategy, or that both can force at least a draw.

Until now, nobody has been able to find out whether white or black has
a winning strategy or whether each player can force a draw. Therefore, of
course, nobody knows the optimal strategy to play chess. Zermelo’s result is,
in this respect, a rather strange mathematical theorem: one knows that there
is an optimal way to play chess, but one does not know what the optimal
strategies are. Fortunately, one might say, because this is why the game of
chess remains interesting.

Zermelo’s theorem has important implication for other games, as well.
First, it reveals that, under quite general conditions, a pure strategy equilib-
rium exists when players move sequentially. Furthermore, it shows that this
equilibrium is not based on empty threats. These two points are of importance
for the ability to predict the outcomes of extensive-form games.

11.6 Summary

One has seen that game theory is an analytical tool that helps one to analyze situa-
tions of strategic interdependence. This method has proven to be extremely versatile
and has generated interesting insights far beyond the narrow field of economics,



11.6 Summary 277

ranging from political science, law and business administration to evolutionary biol-
ogy. A topic that I have not covered in this chapter is that the insights of game theory
also paved the way for behavioral economics and neuroeconomics. Even in simple
games, the required cognitive abilities for the players to find a Nash equilibrium
are so high that it became apparent that rational-choice models of decision-making
have poor predictive power in a number of situations. In addition, problems like the
prisoner’s dilemma spurred literatures on the cultural and genetic roots of coopera-
tive behavior, which has been generating fascinating insights into the evolutionary
and cultural forces that have shaped our brains and our perceptions of reality.

Digression 36. Games as Structural Metaphors: Further Examples ˆ
This chapter has already clarified that game theory is a method and that games
with specific sequences of moves and payoff structures are problem struc-
tures, which are not tied to specific interpretations, but that can be used as
metaphors for a wide array of social phenomena. This versatility is one of
game theory’s strengths, because it allows one to understand the strategic
similarities between, apparently, very different social spheres. Here are some
examples for social phenomena that have aspects of the chainstore game:

� Military conflicts: Situations that are very similar in their logic to the
market-entry problem can be found in many military conflicts. Often,
one party in a conflict threatens to attack another party, should that party
continue with some provocative action. However, if there were an actual
attack, both parties would be worse off.

� Bailouts: The state has an interest in ensuring that its major banks are
managed in a way that makes situations of serious financial stress unlikely.
However, if a major bank gets into financial trouble, the economic conse-
quences for the rest of the country are so severe that the state bails it out.
If banks anticipate this incentive, they know that they are at least partially
insured against failure and so they have an incentive to invest in riskier
strategies, which increases the likelihood that a bailout will become nec-
essary. The major challenge for a state is, therefore, to make a no-bailout
strategy credible. This is, of course, the exact situation that Switzerland,
the USA and other European countries faced during the financial crises that
started in 2007, and it also illustrates some of the EU’s problems regarding
institutional reforms in some of its member states.

� Legalization of illegal immigrants: Countries want to restrict and control
illegal immigration. Therefore, it is in their best interest to signal a tough
policy towards potential illegal immigrants in order to prevent them from
attempting to migrate. It is in light of this background that the debate about
the legalization of illegal immigrants in the USA can be understood. The
Obama administration was largely in favor of legalizing this group of peo-
ple. President Barack Obama said in a press conference on September 06
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2014 that, although his “preference is to see Congress act,” he intended to
take unilateral action in order to give illegal aliens “some path” to “be
legal,” if Congress did not enact the sort of immigration legislation he
wanted (at that time congress was being controlled by a Republican major-
ity that was mostly against legalization). Advocates of the pro-legalization
camp typically use two types of arguments to support their views: human-
itarian and economic (illegal immigrants are, for example, an important
part of the Californian agricultural industry). Opponents often argue that
legalization sends the wrong signals, because it encourages immigration.

� Touchiness can pay off: Now, it is time to get to the really important stuff.
Think of a typical situation in a partnership. You can stay home for the
night with TV and crackers (your partnership has reached a mature stage)
or you can go out with friends, but without your significant other. You
think the latter alternative is much more fun, but only if your significant
other does not create a scene the next morning. Your partner would be
jealous if you go out without him or her, but he or she also shies away
from making a scene. Thus, if you actually went he or she would give in
and make the best out of the evening. However, he or she would profit
from a reputation of being touchy.

The art and craft of a social scientist is to boil complex social phenomena
down to their essential strategic structures. This is not always easy, as the
discussion of the Cold War as a prisoner’s dilemma game has shown, and a
reconstruction of the above situations as chainstore games may be wrong or
misleading in a given situation. Everyone is well aware that, if one has a
hammer, everything looks like a nail and it is the same with game theory: if
one has, for example, the prisoner’s dilemma as a device for making sense of
things, then suddenly everything looks like a cooperation problem.

Fascinating as these topics may be, it is now time to come back to the analysis
of prototypical markets, which is why I had to cover game theory in the first place.
Markets rarely fit to the ideals of perfect competition or monopoly and, next, I
will apply the methods from game theory to creating a better understanding of the
functioning of oligopoly markets. Usually, firms have some control over prices.
However, that is limited by the existence of competitors. Thus, there are important
strategic interdependencies that have to be taken into account, if one wants to make
meaningful predictions about the functioning of these markets. Game theory is the
analytical toolbox for achieving this.
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