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1-P, 300 Cauchy distribution, 268
Cayley’s formula, 450, 461
agnostic learning, 379-382 Central Limit Theorem, 249
arithmetic coding, 294 chain hashing, 113-114
Azuma-Hoeffding inequality, 349 channel, 282
binary symmetric, 282
balanced allocation, 433-442 Chebyshev’s inequality, 51-52, 61, 143
ballot theorem, 345 pairwise independent variables, 396-397
balls and bins model, 99111 Chernoff bound, 68, 66-288
balls and bins with feedback, 216-218 geometric random variables, 92
Bayes’ law, 10 Poisson random variable, 104
Bernoulli random variable, 28 Poisson trials, 68-72, 93
expectation, 28 sum of {—1, +1} random variables, 73-75
variance, 51 weighted sum of Poisson trials, 93
Bernoulli trials, 68 commute time, 190
binary erasure channel, 296 complementary cumulative distribution function, 417
binary symmetric channel, 282 compression, 158-159, 278-281
binomial coefficients compression function, 279
bounds, 272-273 conditional density function, 210
binomial distribution, 28, 176 conditional entropy, 291
binomial identity, 29 conditional expectation, 29, 29-32, 140-142, 197
binomial random variable, 28, 31 random variable, 31
expectation, 29 conditional expectation inequality, 145147
variance, 51 conditional probability, 6, 30, 149, 174, 209
binomial theorem, 51, 272 confidence interval, 72, 397
birthday paradox, 97-99, 443 connectivity algorithm, 192
Bit-fixing routing algorithm, 87 convergence in distribution, 249
bit-fixing routing algorithm, 81, 87, convex function, 27
95 Correlation Coefficient, 254
Bloom filter, 116, 116-118, 407 count-min filter, 407-411
branching process, 32, 32 conservative update, 410
Bubblesort, 44, 63, 101 coupling, 317-335
Bucket sort, 101 coupon collector’s problem, 35-37, 53, 111-113, 125
Buffon’s needle, 312 expectation, 35
burst errors, 186 variance, 55
butterfly covariance, 49, 144, 396
wrapped, 85 cover time, 190, 191
routing algorithm, 87 cuckoo graph, 444, 452
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cuckoo hashing, 442462
cuts, 394-395

data stream model, 407
decoding function, 282
delay sequence, 88
density function, 206
conditional, 210
dependency graph, 148
derandomization, 135
conditional expectations, 140-142
pairwise independence, 394-395

discrete probability space, see probability space,

discrete

discrete random variable, see random variable,

discrete
distribution function, 206
joint distribution, 208
DNF formula, 300
approximating the number of satisfying
assignment, 300-304
Doob martingale, 342, 422
dynamic resource allocation, 442

edge-disjoint paths, 150

edge exposure martingale, 342

EM algorithm, 261

embedded Markov chain, 227

empirical, 13

empirical Rademacher average, 384

empirical Rademacher complexity, 384

encoding function, 282

entropy, 269, 269-290, 419

entropy function, binary, 269

(&, §)-approximation, 298, 299

e-net, 369, 369-373

e-sample, 370, 369-370, 377-379

e-uniform sample, 304

event, 3
set notation, 3
simple, 3

expectation, 24, 23-29, 137-140
Bernoulli random variable, 28
binomial random variable, 29
conditional, see conditional expectation
continuous random variable, 207
coupon collector’s problem, 35
exponential random variable, 214
geometric random variable, 34
linearity of, see linearity of expectations
Poisson random variable, 103
product of random variables, 49
uniform random variable, 211

exponential distribution, 213, 221
density, 214
distribution function, 213
memoryless property, 214
minimum, 215

INDEX

exponential random variable
expectation, 214
variance, 214
extracting random bits, 274-278
extraction function, 274, 292

factorial bounds, 100, 109, 166

fully polynomial almost uniform sampler (FPAUS),

304, 304-308

fully polynomial randomized approximation scheme

(FPRAS), 299, 302-308, 312

gambler’s ruin, 181-182, 344-345
geometric distribution, 33, 67
geometric random variable, 33, 67
expectation, 34
memoryless property, 33
variance, 53
girth, 143

Hamiltonian cycle, 121
algorithm, 123
harmonic number, 36
hashing, 113-119, 441-442
fingerprint, 115
perfect hashing, 404—406
universal hash functions, 399-406
heavy hitters, 411
heavy hitters algorithm, 407
hitting time, 190
Hoeffding Bound, 77
hypercube, 80
routing algorithm, 82

inclusion-exclusion principle, 4, 4, 19
independence, 6, 24, 208
k-wise, 393
mutual, 6, 24, 147, 392
pairwise, 393
independent set, 142—143
approximate counting, 304
sampling, 323-324, 332-335
indicator random variable, 28, 29

Jensen’s inequality, 26-27, 57

Kraft inequality, 294
k-SAT, 151-155, 158-161, 171

large cuts, 138-139

Las Vegas algorithm, 62, 137, 139
law of total probability, 9

leader election, 119

linear insertion sort, 44, 101

linearity of expectations, 25, 29, 36, 102, 146, 173,

197
Little’s result, 232
log-log plot, 417
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log-likelihood, 259

lognormal distribution, 427

Lovész Local Lemma, 147-157
algorithmic, 158-162
general case, 155, 157
explicit constructions, 152
symmetric version, 148—150

marginal distribution function, 208
Markov chain, 168, 168-226
aperiodic, 180
communicating states, 179
coupling, 320, 317-335
directed graph representation, 170
embedded, 227
equilibrium distribution, 182
ergodic, 181
irreducible, 179
Markov property, 169
memoryless property, 169
mixing time, 320
null recurrent, 180
path coupling, 332-335
periodic, 180
positive recurrent, 180
rapidly mixing, 320
recurrent, 179
skeleton, 227
state, 168
stationary distribution, 182, 182-187
time-reversible, 187, 200, 310, 311
transient, 179
transition matrix, 169
transition probability, 169
n-step, 169
Markov chain Monte Carlo method, 308
Markov processes, 227
Markov’s inequality, 4748, 174, 287
martingale, 341, 341-355
Azuma-Hoeffding inequality, 349
edge exposure, 342
stopping theorem, 344
vertex exposure, 343
Matthews’ theorem, 191
maximum a posterior estimation, 258
maximum cut, 140-142
maximum likelihood, 259
maximum log-likelihood, 259
maximum satisfiability, 139-140
mean, 24
median, 55, 55-57
median algorithm, 57-62
memoryless property, 33, 214
Metropolis scheme, 310
min-cut algorithm, 15-17
minimum cut-set, 15
moment generating function, 66, 66—68
Poisson distribution, 103

INDEX

moments, 48

monkeys typing randomly, 420, 430
monotone graph properties, 448
monotone graph property, 120
Monte Carlo algorithm, 62, 137, 413
Monte Carlo method, 297-312

Naive Bayesian Classifier, 12—15
negative binomial random variable, 42
normal Distribution, 242

normal distribution, bivariate normal 254

order statistics, 224
uniform random variables, 224

packet routing, 79-90
hypercube, 82
wrapped butterfly, 87
pairwise independence, 393
constructions, 393-396
sampling, 397-399
Pareto distribution, 416
moments, 416
Parrondo’s paradox, 193
PASTA principle, 232
perfect hashing, 404—406
permutation, 43
Poisson approximation, 107-112, 118
Poisson distribution, 102, 219
moment generating function, 103
Poisson process, 218, 218-226
combining, 222-224
interarrival distribution, 221
splitting, 222-224
Poisson random variable, 68, 102
Chernoff bound, 104
expectation, 103
sums, 103
variance, 104
Poisson trial, 68
power law, 416
with exponential cutoff, 428
power law distribution, 417
asymptotic, 417
preferential attachment, 420-425
prefix code, 279, 294
principle of deferred decisions, 9, 124
priority queue, 241
probabilistic analysis, xviii
probabilistic method, 135-157, 286
counting argument, 135-137
expectation argument, 137-140
Lovasz local lemma, 147-157
sample and modify, 142-143
second moment method, 143-145
probability function, 3
probability space, 3
discrete, 3
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Probably Approximately Correct (APC) learning, 374,  stochastic process, 168

374-377 stopping time, 343-346
symmetry breaking, 118-119
quantum mechanics, xvii 2-SAT, 171
queues, 188-189, 229-235 algorithm, 171-174
M/M/1, 230-233 3-SAT, 174
M/M/1/K, 233 algorithm, 176
M/M/oo, 233-235
notation, 229 tail index, 416
Quicksort, 3740 training, 12-15
pivot, 37 triangle listing, 425
Rademacher average, 385 unbiased estimator, 260
Rademacher complexity, 382, 385 uniform convergence property, 370
random graphs, 119-121, 342, 443 uniform distribution, 210, 224
threshold function, 144, 144-147 conditional probability, 211
random variable, 23, 23-29 density function, 211
continuous, 206, 205-210 distribution function, 211
discrete, 23 uniform random variable, 210
random walk, 189, 189-193, 430 expectation, 211
cover time, 190, 190 variance, 211
stationary distribution, 190 union bound, 4, 55, 136
randomized algorithms, xvii—xviii universal hash functions, 399-406
randomized routing, 79-90
hypercube, 82 Vapnik—Chervonenkis (VC) Dimension, 363,
wrapped butterfly, 87 364
range space, 363 variance, 48
projection, 364 Bernoulli random variable, 51
reservoir sampling, 43 binomial random variable, 51
Riemann zeta function, 418 continuous random variable, 207
exponential random variable, 214
sample space, 3 geometric random variable, 53
sampling, § sum, 49
pairwise independence, 397-399 sum of pairwise independent variables, 396
with replacement, 5 uniform random variable, 211
without replacement, 5 variation distance, 318, 324
satisfiability, 139, 151-155 verifying
second moment method, 143-145 matrix multiplication, 8—12
set balancing, 76 polynomial identities, 1-8
set membership problem, 115 vertex coloring
Shannon’s theorem, 281-290 sampling, 328-332
skeleton Markov chain, 227 vertex exposure martingale, 343
standard deviation, 48
stationary distribution, 196, 227 Wald’s equation, 346-349
continuous time Markov processes, 227-228 weak law of large numbers, 65
s—t connectivity algorithm, 192
Stirling’s formula, 177, 291 zeta distribution, 418
stochastic counting process, 218 Zipf’s law, 418
stochastic domination, 448 Zipf-Mandelbrot law, 418
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