
Contents

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v
Preface to the Second Edition . . . . . . . . . . . . . . . . . . . . vii

1 Pricing by Arbitrage 1
1.1 Introduction: Pricing and Hedging . . . . . . . . . . . . . . 1
1.2 Single-Period Option Pricing Models . . . . . . . . . . . . . 10
1.3 A General Single-Period Model . . . . . . . . . . . . . . . . 12
1.4 A Single-Period Binomial Model . . . . . . . . . . . . . . . 14
1.5 Multi-period Binomial Models . . . . . . . . . . . . . . . . . 20
1.6 Bounds on Option Prices . . . . . . . . . . . . . . . . . . . 24

2 Martingale Measures 27
2.1 A General Discrete-Time Market Model . . . . . . . . . . . 27
2.2 Trading Strategies . . . . . . . . . . . . . . . . . . . . . . . 29
2.3 Martingales and Risk-Neutral Pricing . . . . . . . . . . . . 35
2.4 Arbitrage Pricing: Martingale Measures . . . . . . . . . . . 38
2.5 Strategies Using Contingent Claims . . . . . . . . . . . . . . 43
2.6 Example: The Binomial Model . . . . . . . . . . . . . . . . 48
2.7 From CRR to Black-Scholes . . . . . . . . . . . . . . . . . . 50

3 The First Fundamental Theorem 57
3.1 The Separating Hyperplane Theorem in R

n . . . . . . . . . 57
3.2 Construction of Martingale Measures . . . . . . . . . . . . . 59
3.3 Pathwise Description . . . . . . . . . . . . . . . . . . . . . . 61
3.4 Examples . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
3.5 General Discrete Models . . . . . . . . . . . . . . . . . . . . 71

4 Complete Markets 87
4.1 Completeness and Martingale Representation . . . . . . . . 88
4.2 Completeness for Finite Market Models . . . . . . . . . . . 89
4.3 The CRR Model . . . . . . . . . . . . . . . . . . . . . . . . 91
4.4 The Splitting Index and Completeness . . . . . . . . . . . . 94
4.5 Incomplete Models: The Arbitrage Interval . . . . . . . . . 97
4.6 Characterisation of Complete Models . . . . . . . . . . . . . 101

ix



x CONTENTS

5 Discrete-time American Options 105
5.1 Hedging American Claims . . . . . . . . . . . . . . . . . . . 105
5.2 Stopping Times and Stopped Processes . . . . . . . . . . . 107
5.3 Uniformly Integrable Martingales . . . . . . . . . . . . . . . 110
5.4 Optimal Stopping: The Snell Envelope . . . . . . . . . . . . 116
5.5 Pricing and Hedging American Options . . . . . . . . . . . 124
5.6 Consumption-Investment Strategies . . . . . . . . . . . . . . 126

6 Continuous-Time Stochastic Calculus 131
6.1 Continuous-Time Processes . . . . . . . . . . . . . . . . . . 131
6.2 Martingales . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
6.3 Stochastic Integrals . . . . . . . . . . . . . . . . . . . . . . . 141
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