
An Introduction to 
Game-Theoretic 
Modelling
Second Edition

Michael Mesterton-Gibbons

STUDENT  MATHEMAT IC AL  L IBRARY
Volume 11



Contents

Preface xiii

Acknowledgements xv

Agenda xvii

Chapter 1. Noncooperative Games 1

§1.1. Crossroads: a motorist’s dilemma 1

§1.2. The Hawk-Dove game 6

§1.3. Rational reaction sets and Nash equilibria 8

§1.4. Four Ways: a motorist’s trilemma 18

§1.5. Store Wars: a continuous game of prices 24

§1.6. Store Wars II: a three-player game 34

§1.7. Max-min strategies 43

§1.8. Commentary 45

Exercises 1 46

Chapter 2. Evolutionary Stability and Other Selection Criteria 51

§2.1. Harsanyi and Selten’s criterion 51

§2.2. Kalai and Samet’s criterion 55

§2.3. Maynard Smith’s criterion 57

ix



x Contents

§2.4. Crossroads as a continuous population game 66

§2.5. An example of population dynamics 72

§2.6. Discrete population games. Multiple ESSes 74

§2.7. Asymmetry of role: Owners and Intruders 80

§2.8. Spiders in a spin—a case of anti-Bourgeois? 92

§2.9. Commentary 94

Exercises 2 96

Chapter 3. Cooperative Games in Strategic Form 101

§3.1. Unimprovability: group rationality 102

§3.2. Necessary conditions for unimprovability 109

§3.3. The Nash bargaining solution 115

§3.4. Independent versus correlated strategies 120

§3.5. Commentary 124

Exercises 3 124

Chapter 4. Characteristic Function Games 127

§4.1. Characteristic functions and reasonable sets 128

§4.2. Core-related concepts 135

§4.3. A four-person car pool 140

§4.4. Log hauling: a coreless game 144

§4.5. Antique dealing. The nucleolus 147

§4.6. Team long-jumping. An improper game 157

§4.7. The Shapley value 160

§4.8. Simple games. The Shapley-Shubik index 165

§4.9. Commentary 167

Exercises 4 167

Chapter 5. Cooperation and the Prisoner’s Dilemma 173

§5.1. A laboratory prisoner’s dilemma 175

§5.2. A game of foraging among oviposition sites 178

§5.3. Tit for tat: champion reciprocative strategy 182

§5.4. Other reciprocative strategies 186



Contents xi

§5.5. Dynamic versus static interaction 200

§5.6. Stability of a nice population: static case 205

§5.7. Stability of a nice population: dynamic case 207

§5.8. Mutualism: common ends or enemies 211

§5.9. Much ado about scorekeeping 216

§5.10. The comedy of errors 218

§5.11. Commentary 221

Exercises 5 225

Chapter 6. More Population Games 229

§6.1. Sex allocation: a game with a weak ESS 230

§6.2. Damselfly duels: a war of attrition 231

§6.3. Games among kin versus games between kin 240

§6.4. Information and strategy: a mating game 245

§6.5. Roving ravens: a recruitment game 251

§6.6. Cooperative wildlife management 261

§6.7. Winner and loser effects 271

§6.8. Stomatopod strife: a threat game 286

§6.9. Commentary 298

Exercises 6 302

Chapter 7. Appraisal 307

Appendix A. The Tracing Procedure 315

Appendix B. Solutions to Selected Exercises 319

Bibliography 347

Index 363



Preface

This is the second edition of a short introduction to game theory
and applications from the perspective of a mathematical modeller,
and includes several original pedagogical games. It covers a range
of concepts that have proven useful, or are likely to prove useful, for
quantitative modelling in the life, social and management sciences. Its
approach is heuristic, but systematic, and it deals in a unified manner
with the central ideas of both classical and evolutionary game theory.
In many ways, it is a sequel to my earlier work, A Concrete Approach
to Mathematical Modelling [144],1 in which games were not discussed.
The mathematical prerequisites are correspondingly modest: calcu-
lus, a rudimentary knowledge of matrix algebra and probability, a
passing acquaintance with differential equations and that intangible
quantity, a degree of mathematical maturity. Naturally, the greater
one’s maturity, the more contemptuous one can be of formal prereq-
uisites, and the more one is able to proceed ad hoc when the need
arises.

Reactions to the first edition of this book have been positive and
pleasing. Although I haven’t fixed what isn’t broken, I have paid
attention to feedback: I have added a brand new chapter on pop-
ulation games, I have included some new examples and exercises, I
have corrected all known errors (and tried hard not to introduce new

1Bold numbers in square brackets are references listed on pp. 347-361.
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ones), and I have brought the references up to date. By design, the
references are selective: it would conflict with the goals of this series
to cite all potentially relevant published literature. Nevertheless, I
have tried to make the vast majority of it easily traceable through
judicious references to more recent work.2

There exist several excellent texts on game theory, but their ex-
cellence is largely for the mathematical purist. Practices that are de
rigueur to the purist are often merely distracting to the modeller—
for example, lingering over the elegant theory of zero-sum games
(nonzero-sum conflicts are much more common in practice), or prov-
ing the existence of a Nash equilibrium in bimatrix games (for which
the problem in practice is usually to distinguish among a superabun-
dance of such equilibria); or, more fundamentally, beginning with the
most general possible formulation of a game and only later proceeding
to specific examples (the essence of modelling is rather the opposite).
Such practices are therefore honored in the breach. Instead—and
as described more fully in the agenda that follows—the emphasis is
on concrete examples, and the direction of pedagogy throughout the
book is from specific to general. However bright or well motivated,
students often have limited appetites for rigor and generality, yet have
much still to gain from the mathematical experience of capturing ideas
and giving them substance—the experience, that is, of modelling. I
hope that such students will find that this book helps not only to
make game theory accessible, but also to convey both its power and
scope in a variety of applications.

2And for the very latest, there exists the internet; see [136, pp. 147-149] for links.
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