
Contents

Preface v

Chapter 1. C om binatorics and C alculus for P robability  1
1.1 Factorials and binomial coefficients............................ 1
1.2 Basic results from ca lcu lus............................................  7

C hapter 2. B asics o f P robability  11
2.1 Foundation of p ro b a b il i ty ............................................  12
2.2 The concept of conditional p ro b a b ili ty .....................  21
2.3 The law of conditional probability ................................  26
2.4 Bayesian p ro b a b ili ty ......................................................  29
2.5 The concept of random v a riab le ..................................  40
2.6 Expected value and standard dev ia tion .....................  42
2.7 Independent random variables and the square root law 51
2.8 Generating fu n c tio n s ......................................................  55
Appendix: Proofs for expected value and v a r ia n c e .................. 58

C hapter 3. U seful P robability  D istributions 63
3.1 The binomial and hypergeometric distributions . . . .  63
3.2 The Poisson d is trib u tio n ...............................................  70
3.3 The normal probability d e n s i ty ..................................  74
3.4 Central limit theorem and the normal distribution . . 80
3.5 The uniform and exponential probability densities . . 85
3.6 The bivariate normal d e n s i t y .....................................  93
3.7 The chi-square t e s t .........................................................  97
Appendix: Poisson and binomial p robab ilities......................... 101

vii



viii Contents

C hapter 4. R eal-Life E xam ples o f  P oisson
P robabilities 103

4.1 Fraud in a Canadian lo t te r y ...............................................103
4.2 Bombs over London in World War I I ...............................105
4.3 Winning the lottery t w i c e .................................................. 107
4.4 Santa Claus and a baby w h is p e re r .................................. 108
4.5 Birthdays and 500 O ldsm ob iles........................................ 110

C hapter 5. M onte Carlo S im ulation and P robability  113
5.1 In troduction ............................................................................ 113
5.2 Simulation tools ...................................................................116
5.3 Applications of computer s im u la t io n ...............................123
5.4 Statistical analysis of simulation o u t p u t ........................ 127
Appendix: Python programs for s im u la t io n ........................... 135

C hapter 6. A  P rim er on M arkov C hains 137
6.1 Markov chain m o d e l ............................................................137
6.2 Absorbing Markov c h a i n s .................................................. 144
6.3 The gambler’s ruin p ro b le m ...............................................148
6.4 Long-run behavior of Markov c h a in s ...............................150
6.5 Markov chain Monte Carlo s im u la t io n ........................... 153

Solutions to  Selected  P rob lem s 159

Index 173


