
ESSENTIALS OF GAME THEORY

A Concise Multidisciplinary Introduction

Kevin Leyton-Brown
University of British Columbia

http://cs.ubc.ca/~kevinlb

Yoav Shoham
Stanford University

http://cs.stanford.edu/~shoham

© all rights reserved

Draft of May 10, 2008

For use with the authors’ permission only.
Please do not distribute.

http://cs.ubc.ca/~kevinlb
http://cs.stanford.edu/~shoham


To my parents Anne and David Leyton-Brown. . . —KLB

To my parents Leila and Havis Stein. . . —YS

. . . with much love and thanks for all that you have taught us.



CONTENTS

Credits and Acknowledgments v

Preface vii

1 Games in Normal Form 1

1.1 Example: the TCP user’s game . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 Definition of games in normal form . . . . . . . . . . . . . . . . . . . . . 3
1.3 More examples of normal-form games . . . . . . . . . . . . . . . . . . . . 4

1.3.1 Prisoner’s Dilemma . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.3.2 Common-payoff games . . . . . . . . . . . . . . . . . . . . . . . . 4
1.3.3 Zero-sum games . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
1.3.4 Battle of the Sexes . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.4 Strategies in normal-form games . . . . . . . . . . . . . . . . . . . . . . . 7

2 Analyzing Games: From optimality to equilibrium 9

2.1 Pareto optimality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.2 Defining best response and Nash equilibrium . . . . . . . . . . . . . . . . 10
2.3 Finding Nash equilibria . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3 Further Solution Concepts for Normal-Form Games 15

3.1 Maxmin and minmax strategies . . . . . . . . . . . . . . . . . . . . . . . . 15
3.2 Minimax regret . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
3.3 Removal of dominated strategies . . . . . . . . . . . . . . . . . . . . . . . 20
3.4 Rationalizability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
3.5 Correlated equilibrium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.6 Trembling-hand perfect equilibrium . . . . . . . . . . . . . . . . . . . . . 27
3.7 ǫ-Nash equilibrium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
3.8 Evolutionarily stable strategies . . . . . . . . . . . . . . . . . . . . . . . . 29

iii



4 Games with Sequential Actions: The perfect-information extensive form 33

4.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
4.2 Strategies and equilibria . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
4.3 Subgame-perfect equilibrium . . . . . . . . . . . . . . . . . . . . . . . . . 38
4.4 Backward induction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

5 Generalizing the Extensive Form: imperfect-information games 43

5.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
5.2 Strategies and equilibria . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
5.3 Sequential equilibrium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

6 Repeated and Stochastic Games 51

6.1 Finitely repeated games . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
6.2 Infinitely repeated games . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
6.3 Stochastic games . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

6.3.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
6.3.2 Strategies and equilibria . . . . . . . . . . . . . . . . . . . . . . . . 56

7 Uncertainty about Payoffs: Bayesian games 59

7.1 Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
7.1.1 Information sets . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
7.1.2 Extensive form with chance moves . . . . . . . . . . . . . . . . . . 61
7.1.3 Epistemic types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

7.2 Strategies and equilibria . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
7.3 Computing equilibria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
7.4 Ex post equilibria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

8 Coalitional Game Theory 71

8.1 Coalitional games with transferable utility . . . . . . . . . . . . . . . . . 71
8.2 Classes of coalitional games . . . . . . . . . . . . . . . . . . . . . . . . . . 72
8.3 Analyzing coalitional games . . . . . . . . . . . . . . . . . . . . . . . . . . 74

8.3.1 The Shapley value . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
8.3.2 The core . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

History and References 81

Bibliography 85

Index 87


	Credits and Acknowledgments
	Preface
	Games in Normal Form
	Example: the TCP user's game
	Definition of games in normal form
	More examples of normal-form games
	Prisoner's Dilemma
	Common-payoff games
	Zero-sum games
	Battle of the Sexes

	Strategies in normal-form games

	Analyzing Games: From optimality to equilibrium
	Pareto optimality
	Defining best response and Nash equilibrium
	Finding Nash equilibria

	Further Solution Concepts for Normal-Form Games
	Maxmin and minmax strategies
	Minimax regret
	Removal of dominated strategies
	Rationalizability
	Correlated equilibrium
	Trembling-hand perfect equilibrium
	-Nash equilibrium 
	Evolutionarily stable strategies

	Games with Sequential Actions: The perfect-information extensive form
	Definition
	Strategies and equilibria
	Subgame-perfect equilibrium
	Backward induction

	Generalizing the Extensive Form: imperfect-information games
	Definition
	Strategies and equilibria
	Sequential equilibrium

	Repeated and Stochastic Games
	Finitely repeated games
	Infinitely repeated games
	Stochastic games
	Definition
	Strategies and equilibria


	Uncertainty about Payoffs: Bayesian games
	Definition
	Information sets
	Extensive form with chance moves
	Epistemic types

	Strategies and equilibria
	Computing equilibria
	Ex post equilibria

	Coalitional Game Theory
	Coalitional games with transferable utility
	Classes of coalitional games
	Analyzing coalitional games
	The Shapley value
	The core


	History and References
	Bibliography
	Index



