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absorbing state, 363

acceptance–rejection method, 273, 387

accessibility, 362

addition rule, 29

almost-sure convergence, 331

aperiodicity, 376

array method, 457

axioms of probability, 5

balance equations, 377, 420

detailed, 390, 432

balls and bins model, 64, 102, 293, 326

Bayes’ rule, 67, 295

Bayes, T., 78

Bayesian credible interval, 298

Bayesian inference, 77, 294

Benford density, 201

Bernoulli distribution, 118

Bernoulli trial, 118

Bernoulli, J., 1, 329

Bernstein’s inequality, 327

beta distribution, 179

binomial coefficients, 440

binomial distribution, 119, 305

normal approximation, 185

birth-and-death process, 426

birthday problem, 28, 41, 308

birthday-coverage problem, 102, 131

bivariate normal distribution, 239, 318

Boole’s inequality, 25

Borel–Cantelli lemma, 24, 54

boy–girl problem, 76

branching process, 311

Buffon’s needle problem, 17

Cardano, G., 120

Cauchy density, 225, 229, 242, 313

Cauchy–Schwarz inequality, 236

central limit theorem, 184, 318

multidimensional, 250

chain rule, 48

Chapman–Kolmogorov equations, 357

Chebyshev’s inequality, 321

Chebyshev, P. L., 322

Chernoff bounds, 321

chi-square test, 257

chi-squared distribution, 194, 223, 317

Chow–Robbins game, 309

Chuck-a-Luck, 121

closed set, 373

coincidences, 29, 133, 138, 519

combination, 9, 440

complement rule, 27

complementary event, 25

complementary set, 444

compound experiment, 19

compound Poisson distribution, 306

conditional expectation, 276

law of, 277

conditional probability, 43

law of, 54, 269

conditional probability density, 264

conditional probability mass function, 262

confidence interval, 197, 458

conjugate prior, 297

continuity property, 23

continuous random variable, 148

continuous-time Markov chain, 403

equilibrium equations, 420

first-passage time probabilities, 416

irreducible, 420

limiting probabilities, 420

Markovian property, 404
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reversible, 432

time-dependent probabilities, 414

transition rates, 404

convergence in distribution, 332

convergence in mean square, 332

convergence in probability, 331

convergence with probability one, 23

convolution formula, 116, 221, 304

correlation coefficient, 234

countable, 5, 445

countably infinite, 4, 445

coupon-collector problem, 40, 102,

131, 292, 363

covariance, 233

craps, 62, 366

cumulative distribution function, 149

De Méré, C., 133

De Moivre, A., 116, 185, 302

De Morgan’s laws, 444

discrete random variable, 86

discrete-time Markov chain, 351

equilibrium equations, 377

equilibrium probabilities, 377, 378

Markovian property, 351

reversible, 390

time-dependent probabilities, 357

disjoint events, 6

distribution function, 149

doubling strategy, 96

drunkard’s walk, 117, 190, 243, 349

in dimension three, 246

in dimension two, 243

Ehrenfest model, 352, 378

empty set, 444

Engset loss model, 437

entropy, 205

equilibrium distribution, 375

equilibrium equations, 377, 420

equilibrium excess distribution, 346

Erlang delay formula, 429

Erlang delay model, 428

Erlang distribution, 170, 178, 317

Erlang loss formula, 425

Erlang loss model, 425

Euler, L., 302, 450

event, 4, 6

excess life, 343

expectation, see expected value

expected value, 90

continuous random variable, 156

discrete random variable, 90

of sum, 99

exponential distribution, 167, 203, 223

exponential function, 447

extinction probability, 312

failure rate, 406

failure-rate function, 202

fair game, 96

Fermat, P., 1, 119

first-step analysis, 58, 308

flow-rate-equation method, 422

fundamental principle of counting, 438

Galilei, G., 13

gambler’s ruin problem, 57, 286

gamma distribution, 177, 316

gamma function, 177

Gauss, C. F., 181

Gaussian distribution, 181

generating function, 302

geometric distribution, 141

geometric probability model, 15

geometric series, 449

Gibbs sampler, 399

Gosset, W., 196

harmonic series, 449

hit-or-miss method, 387

hundred prisoners problem, 36

Huygens, C., 1, 89

hypergeometric distribution, 135

importance sampling, 389

inclusion–exclusion rule, 36, 104

independent events, 52

independent random variables, 113, 221

indicator random variable, 102

insensitivity, 425, 428

interchangeable random variables, 136

intersection of events, 25

intersection of sets, 443

inventory systems, 434

inverse-transformation method, 198

irreducible, 373, 384, 420

Jacobian, 228

Jensen’s inequality, 107

joint probability density, 212

joint probability mass function, 210
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Kelly betting, 194, 335

Kolmogorov differential equations, 415

Kolmogorov, A. N., 290, 329, 446

Kruskal count, 461

Laplace density, 318, 496

Laplace model, 7

Laplace, P. S., 2, 78, 185

law of the iterated logarithm, 333

law of the unconscious statistician, 106

Leibniz, G. W., 13

likelihood ratio, 68

linear predictor, 237, 282

Little’s formula, 430

lognormal distribution, 193, 316

marginal density, 219

Markov chain Monte Carlo, 386

Markov chains, 348, 403

Markov’s inequality, 321

Markov, A. A., 321, 348, 382

Markovian property, 350

Marsaglia’s polar method, 230

matching problems, 37, 132

mean, see expected value

mean residual lifetime, 204

median, 143, 158, 182

memoryless property, 168

Metropolis–Hastings algorithm, 393

minimum error predictor, 282

mixed random variable, 104

moment-generating function, 314

Montmort, P. R., 132

multinomial distribution, 124

multiplication rule, 47

multivariate normal distribution, 248

simulating from, 250

mutually exclusive events, 6

natural logarithm function, 447, 450

negative binomial distribution, 142, 305

newsboy problem, 110

Newton–Pepys problem, 122

normal density, 229

normal distribution, 180, 222, 315

bivariate, 239

multivariate, 248

o(h), 405

odds, 67

odds form of Bayes’ rule, 67

one-stage-look-ahead rule, 92

optimal stopping, 92, 287, 289

order statistics, 231

p-value, 81

page-ranking algorithm, 380

Pareto density, 164

Pascal, B., 1, 89, 119

Pearson, K., 258

Penney Ante game, 371

percentile, 182

periodicity, 376

permutation, 439

permutation cycle, 106

Poisson arrivals see time averages, 423

Poisson distribution, 109, 117, 124, 304, 306

normal approximation, 185

Poisson heuristic, 130

Poisson process, 170, 232, 347, 407

Poisson, S. D., 124

Poissonization trick, 290

positive semi-definite, 237

posterior probability, 67, 79, 295

principle of maximum entropy, 205

prior probability, 67, 79, 295

probability density function, 149

probability mass function, 86

probability measure, 5

probability space, 6

problem of points, 119

queues, 425, 427, 428, 436

random number, 147, 165, 452

random permutation, 106, 456

random point, 16, 217, 451

random process, 339

random variable, 86

random walk, 57, 65, 243

random-number generator, 452

rare event, 168

rate, 404

Rayleigh distribution, 246

records, 306

recurrent state, 381, 384

regeneration cycle, 339

regression curve, 281

regression to the mean, 238, 283

reliability function, 202

reliability modeling, 169, 179, 283, 341, 411

renewal equation, 342
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renewal function, 342

renewal process, 342

renewal–reward process, 339

renewal–reward theorem, 340

reversible, 390, 432

sample mean, 117, 458

sample space, 3

sample variance, 117, 458

set theory, 443

sigma algebra, 445

Simpson trial, 71

simulation, 267, 273, 386, 387, 451

accuracy, 457, 459

square-root law, 116

St. Petersburg game, 96

standard deviation, 107

standard normal distribution function, 181

statistical equilibrium, 375

Stein–Chen identity, 134

Stirling’s approximation, 10

stochastic optimization, 287

stochastic process, 339

strong birthday problem, 135

strong law of large numbers, 23, 328

Student-t distribution, 195, 231

subjective probability, 7, 79, 295

substitution rule, 106, 226

success runs, 58, 308, 364

tabu probability, 368

transformation rule, 228

transient state, 381, 384

transition probabilities, 352, 357

transition rate diagram, 422

transition rates, 405

triangular distribution, 166

uncorrelatedness, 234

uncountable, 5, 445

uniform distribution, 111, 140, 147,

165, 225

uniformization method, 419

union bound, 25

union of events, 25

union of sets, 6, 443

variance, 107, 160

waiting-time paradox, 343

Wald’s equation, 118

weak law of large numbers, 323

Weibull distribution, 178, 203

Wright–Fisher model, 367
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