
Contents

Preface vii

1 The Four-Color Problem 1

1.1 Humble Beginnings . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Kempe, Heawood, and the Chromatic Number . . . . . . . . . 3

1.3 Heawood’s Estimate Confirmed . . . . . . . . . . . . . . . . . 12

1.4 Appel, Haken, and a Computer-Aided Proof . . . . . . . . . . 12

A Look Back . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

References and Further Reading . . . . . . . . . . . . . . . . . . . . 19

2 The Mathematics of Finance 21

2.1 Ancient Mathematics of Finance . . . . . . . . . . . . . . . . . 21

2.2 Loans and Charging Interest . . . . . . . . . . . . . . . . . . . 24

2.3 Compound Interest . . . . . . . . . . . . . . . . . . . . . . . . 26

2.4 Continuously Compounded Interest . . . . . . . . . . . . . . . 28

2.5 Raising Capital: Stocks and Bonds . . . . . . . . . . . . . . . 30

2.6 The Standard Model for Stock Prices . . . . . . . . . . . . . . 34

2.7 Parameters in the Standard Model . . . . . . . . . . . . . . . 37

2.8 Derivatives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

2.9 Pricing a Forward . . . . . . . . . . . . . . . . . . . . . . . . . 40

2.10 Arbitrage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

2.11 Call Options . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

2.12 Value of a Call Option at Expiry . . . . . . . . . . . . . . . . 45

2.13 Pricing a Call Option Using a Replicating Portfolio: A Single
Time Step . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

2.14 Pricing a Call Option Using a Replicating Portfolio: Multiple
Time Steps . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

xi



xii Contents

2.15 Black–Scholes Option Pricing . . . . . . . . . . . . . . . . . . 53

A Look Back . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

References and Further Reading . . . . . . . . . . . . . . . . . . . . 57

3 Ramsey Theory 59

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

3.2 The Pigeonhole Principle . . . . . . . . . . . . . . . . . . . . . 60

3.3 The Happy End Problem . . . . . . . . . . . . . . . . . . . . . 65

3.4 Relationship Tables and Ramsey’s Theorem for Pairs . . . . . 69

3.5 Ramsey’s Theorem in General . . . . . . . . . . . . . . . . . . 73

A Look Back . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

References and Further Reading . . . . . . . . . . . . . . . . . . . . 78

4 Dynamical Systems 81

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

4.2 Creation of the Mandelbrot Set . . . . . . . . . . . . . . . . . 82

4.2.1 Pseudo-Code to Generate the Mandelbrot Set . . . . . 86

4.3 Staircase Representation of a One-Dimensional Dynamical
System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

4.3.1 The Use of the Pocket Calculator . . . . . . . . . . . . 89

4.4 A Little Physics . . . . . . . . . . . . . . . . . . . . . . . . . . 91
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