Index

A-coupling event, 149 A-identical, 149 ε-coupling, 178, see Epsilon-couplings distributional, 179 inequality, 181 maximality, 187 nondistributional, 179 successful, 72 σ-algebra

exchangeable, 243 generated by, 78, 79 induced by, 78, 79 invariant, 161, 174, 221, 232 post-t, 153 remote, 247 smooth tail, 161, 188 tail, 156, 161, 246 trivial, 196 σ-finite, 214

Absolutely continuous, 82 Age process, 69, 339 Almost sure (a.s.), 81, 87 Aperiodic, 42, 47, 344

strongly, 47

Bell inequality, 27, 479 Biasing

exponential-biasing, 442 length-biasing, 70, 250, 259, 284, 341, 345 length-debiasing, 250, 259, 284 volume-biasing, 310, 323 volume-debiasing, 316 Birth and death process, 33 Borel

equivalence, 88 equivalent, isomorphic, 88 set, 78 Brownian motion, 97, 128, 242, 336 Can be close to, 57 Canonical, 78 Cartesian product, 79 Cemetery, 132 Censoring state, 132 Classical coupling, 34, 385, 399 Common probability space, 81 Complete metric space, 86 Component, 94 common component, 104 Condition in, 88 Conditional

-ly i.i.d., 91 distribution, 87 expectation, 87 independence, 87, 90, 91 probability, 87 Conditional distribution, 87 regular, 88 version of, 87 weak-sense-regular, 135 Convergence, 35

Cesaro total variation, 161, 167, 288, 331, 345 dominated, 26 from-the-past, 338, 422 geometric rate, 46 in distribution, 23, 118, 184, 185, 269 in the path space, 183–185 in the state space, 183–185, 195 plain total variation, 143, 266, 351, 361, 378 pointwise, 21, 118 smooth total variation, 161, 182, 267, 354, 362 taboo limit, 436 time-average total variation, 167 to-the-future, 338, 422 uniform, 46, 146, 168, 183, 401 weakly, 118 Convergence rate, 409

exponential order ρ, 144 geometric order ρ, 144 moment-order φ̇, 145 order φ, 144 power moment-order α − 1, 168 power order α, 144, 168 uniform, 406 Copy, 1, 78

Coupling, 1, 79, 125, 161, see εcoupling, see Epsilon couplings, see Exact coupling, see Shift coupling, see Transformation coupling canonical version, 80 classical, 34, 338 decoupling, 484 distributional, 140, 142 epoch, 34, 137 event, 7, 106 event inequality, 7, 9, 14, 112, 141 from-the-past, 338, 428 i.i.d., 2 impossible, 27, 479 independence, 2, 79 index, 113, 115, 116 index inequality, 113, 115, 116 indicator, 106 maximal, 7, 9, 10, 106, 141 maximal w.r.t. A, 151 Ornstein, 48 permutation, 243 quantile, 3 radius inequality, 247 regenerative processes, 349, 376 remote, 247 rotation, 243 self-, 2 site inequality, 246 strong stationary time, 481 successful, 35 time, 34, 137 time inequality, 35 Cycle, 53, 252, 340, 438

one-dependent cycles, 366 Cycle-length, 252, 340, 438 Cycle-stationary, 249, 250, 254, 259, 284, 295, 341

Defined on, 78 Delay, 53, 340, 438 Delay time, 62 Delay-length, 341

Deleting

a null event, 82 an inner null set, 82, 84 Depends on . . . only through, 91 Diagonal, 44 Distribution, 78

initial, 34 joint, 80 marginal, 79 stationary, 37 Distributionally unique, 118 Domination

in distribution, 4 pointwise, 4 stochastic, 4, 146, 168, 183, 401 Drift, 67

EPR, 27, 479 Epsilon-couplings, 125, 161, 178 maximally successful, 192 regeneration, 354, 362 success probability, 178 successful, 178 Event, 81

coupling, 7 coupling event, 106 null, 81 shift-coupling, 219 Exact coupling, 125, 137, 161 coupling epoch, 137 coupling time, 137 coupling time inequality, 35 distributional, 125, 137 maximal, 147 maximal at time t, 146 maximally successful, 157 random fields, 245 regeneration, 351, 361 success probability, 137 successful, 137 time inequality, 143 time-inhomogeneous reg., 378 Exact transformation coupling, 244 Exchangeability, 243

Expectation, mean, 86

conditional, 87 Extension, 80

conditioning, 89 consistency, 85 independence, 85 product space, 83 proper, 83 reduction, 82, 84 splitting, 94 transfer, 92, 135

Følner averaging sets, 220, 227, 240 Future-independent time, 481

Generalized inverse, 3 Greatest common divisor, 42

Harmonic function, 195

harmonic, 207 smooth space-time, 209 smoothed version, 209 space-time harmonic, 205 Harris chain, 364

i.i.d. coupling, 2 Independence coupling, 2, 79 Independent stationary background, 302, 305 Induced by, 78 Initial position, 47 Inspection paradox, 70 Invariant σ-algebra, 161, 174, 221, 232, 281, 320 Ionescu Tulcea theorem, 89 Irreducible, 33, 39 Ising model, 470

Jordan Hahn decomposition, 112

Kolmogorov extension theorem, 86

Lattice, 57, 343, 351, 361 Lebesgue interval, 122 Lorentz transformations, 244

Markov chain

continuous-time, 39 coupling from-the-past, 467 discrete-time, 42 regular, 45 simulation, 467 time-homogeneous, 39 Markov jump process, 39 Markov process, 201 conditional stationary, 214 initial distribution, 202 regeneration set, 364, 365 space-time process, 375 stationary distribution, 213 stationary measure, 213 strong, 44, 365 taboo regenerative, 440 time-homogeneous, 201 transition probabilities, 201 uniform nullity, 214 version, 202 Markov property, 39 strong, 44, 364 Maximal

coupling, 7, 9, 10 coupling event, 7, 9 Measure dependent, 82 Measure-free, 251 Mixing, 195

Cesaro mixing, 199 mixing, 196, 351, 361, 378 smoothly mixing, 200, 354, 362 Moment

α-moment, 45, 167 φ-moment, 144 classical coupling time, 406, 409 Mutually singular, 107

Nonexplosion, 33 Nonlattice, 57, 354, 362 strongly, 61 Nonlocality, 27, 479

Ornstein coupling, 48

Outcome, 81

Palm theory, 250

associated Z and S, 253 coincidence of duals, 290, 335 cycle-stationary, 254, 259, 284 duals, 263 ergodic case, 291 inversion formula, 264 length-biasing, 250, 284 length-debiasing, 250, 284 Palm characterization, 308, 316 point process, 293, 296 point-at-zero duality, 250, 259, 323 point-stationary, 295, 299, 304, 305, 323 point/site, 297 point/time, 251 process and points, 251 randomization, 317 randomized-origin duality, 250, 284 regenerative, 262 sequence space (L, L), 251 stationary, 254, 259, 284, 295, 298, 304, 323, 337 version, 263 volume-biasing, 310, 323 volume-debiasing, 316, 323 Voronoi cells, 308 Part, 94 Poincaré transformations, 244 Point of increase, 57 Point-map, 300

extended, 303 Point-shift, 283, 300

bijective, 302, 304 extended, 304 Point-stationary, 295, 299, 304, 305, 323 Palm characterization, 308 randomization, 317 Poisson process, 299, 376 Polish space, 85

Post-t σ-algebra, 153 Power set, 88 Probability

conditional, 87 kernel, 88 mass function, 7 Product σ-algebra, 79 Product probability space, 85 Product space, 79 Projection mapping, 79

Quantile

coupling, 3 function, 3 Quantum physics, 27, 479 Quasi-stationary, 467 Queue GI/GI/1, 347 Queue GI/GI/k, 369, 376 Queue M/GI/k, 376 Random

point, 251, 297 site, 218, 297 time, 78, 251 transformation, 223 variable, 78 Random element, 78

conditional, 89 external, 81 independent, 85 orginal, 81 transferred, 92 Random field, 218

exact coupling, 245 random site, 218 rotation invariant, 244 shift-coupling, 218, 219 shift-map, 218 site set, 218 Random walk, 47

ladder heights, 360 Randomized stopping time, 349 Recurrence time, 62, 347 Recurrent, 35

null, 37 positive, 37 Regenerative process, see Taboo regenerative, see Timeinhomogeneous regenerative classical, 337, 346 discrete time, 344 epsilon-couplings, 354, 362 equilibrium process, 486 exact coupling, 349, 351, 361, 376 inter-regeneration times, 347 lag-l, 358 lag-l+, 359 regeneration times, 346, 358 renovating event, 487 sequence space, 339 stationary, 348 two-sided, 262 version, 348, 359 wide-sense, 337, 358 zero-delayed, 341, 348 Relative age process, 69, 339 Relative position U, 252, 253 Relativity, 244 Renewal process, 62, 347

epsilon-couplings, 64 exact coupling, 103, 419 intensity measure, 104 taboo, 442 Renewal theorem

Blackwell’s, 64 total variation on [0, h], 103 total variation on [0, ∞), 419 Representation, 1, 78

splitting, 11 Residual life process, 69, 339

Scheffe’s theorem, 111 Self-coupling, 2 Self-similarity, 242 Separable metric space, 86 Set inner probability one, 82 outer null, 81 outer probability one, 82 Shift-coupling, 57, 125, 161, 162, 345 distributional, 163 events, 219 in Palm theory, 289, 330 inequality, 165, 220 maximality, 170 maximally successful, 175 nondistributional, 163 random fields, 218, 219 success probability, 162 successful, 162 times, 162 Shift-map, 130, 218, 251, 340 joint, 340 Signed measure, 109 Simulation, 272, 326

acceptance–rejection, 272, 326 birth and death process, 477 coupling from-the-past, 338, 467 imperfect, 279, 326 initial transient problem, 272, 326 perfect, 272, 326, 338, 467 perfection probability, 279 quasi-stationarity, 467 S-s-inventory system, 276 stationarity detection, 489 Site-shift, 298, 303 Smooth tail σ-algebra, 161, 188 Span of a lattice, 74, 343 Splitting, 99, 365

element, 95 extension, 94 indicator, 94 representation, 11, 94 variable, 95 Spread out, 98, 351 Standard space, 88 Starts anew, 44 State space, 33 Stationary, 70, 72, 249, 250, 254, 259, 284, 295, 298, 304,

323, 337, 341, 348, see Cycle-stationary, see Pointstationary, see Taboo stationary asymptotically, 37, 383 conditional, 214 distribution, 37, 213 intensity, 255, 317 measure, 213 nonstationary, 429 Palm characterization, 316 periodically, 343 simulation, 467 stochastic process, 143 vector, 36 Stein’s method, 479 Step-lengths, 47 Stochastic process, 33, 126 birth, 132 canonically jointly measurable, 130 cemetery, 132 censoring state, 132 Cesaro mixing, 199 distribution, 127, 128 exchangeable, 243 index set, 126 jointly measurable, 129 killing, 132 mixing, 196 path process, 359 path set, 128 path space, 128 paths, 127 real valued, 127 self-similar, 242 shift-map, 130 shift-measurable, 130, 252 smoothly mixing, 200 space-time process, 163 standard settings, 128 state space, 126 stationary, 143 trivial, 196 Strassen’s theorem, 479

Strong stationary time, 481 Strong uniform time, 481 Successful coupling, 35 Supported by, 78

Taboo regenerative, 338, 436, 438 acceptance–rejection, 468 lag-l, 439 regeneration times, 438, 439 simulation, 468 taboo limits, 338 taboo region, 338 taboo stationary, 338, 454 taboo time, 438, 439 time-inhomogeneous reg., 441 under taboo, 439 version, 439 wide-sense, 439 zero-delayed, 439 Taboo stationary, 338, 451, 452 characterization, 453 coupling from-the-past, 467 periodically, 466 simulation, 467 taboo regenerative, 454 taboo time, 452 under taboo, 451 version, 459, 461 Tail σ-algebra, 156, 161, 246 Time

coupling, 34 parameter, 33 random, 78 randomized stopping, 349 shift-coupling times, 162 sojourn, 33 stopping, 44, 349 Time-inhomogeneous regenerative, 337, 373 classical coupling, 338, 385, 399 exact coupling, 378 lag-l, 373 lag-l+, 373 nonstationary, 338 of type p(·|·), 373 recurrence distribution F_s, 374 regeneration times, 373 taboo renewal process, 442 time-homogeneous, 374, 383 up to time zero, 432, 433, 441 version, 373 wide-sense, 373 Topological transformation group, 238 amenable, 240 Haar measure, 238 locally compact, 238 second countable, 238 Total life process, 69, 339 Total variation, 12, 109

measure, 112 Trace, 82, 128 Transfer, 92, 100, 120, 135 Transformation coupling, 223, 239 coupling transformations, 223 distributional, 223, 239 exact, 244 inequality, 226, 240 maximality, 228 maximally successful, 232 nondistributional, 224, 239 success probability, 223 successful, 223, 240 Transformation semigroup, 222 acts jointly measurably, 222 Følner averaging sets, 227 group, 222 invariant measure, 225 inverse-measurable group, 223 jointly measurable, 222 measurable, 222 random transformation, 223 Transient, 40 Transition

jointly measurable, 203 matrix, 34 probabilities, 201 semigroup, 34 Triviality, 195, 196

Unconscious probabilist, 85 Uniformly integrable, 381

Version, 63, 202

differently started, 34, 202 independent, 34 Voronoi cells, 308

Waiting time paradox, 70 Wiener process, 97, 128, 242

Zero-delayed, 63, 341

Notation

R = (−∞, ∞) and R+ = [0, ∞) Z = {. . . , −1, 0, 1, . . . } and Z+ = {0, 1, . . . } X^D= Y = X and Y have the same distribution a := b = a is defined to be b f ≡ g = for all x it holds that f(x) = g(x) 1_A = the indicator function of the set A #A = the number of elements in the set A a ∨ b, a ∧ b = maximum and minimum of a and b a^+, a^− = a ∨ 0 and −a ∧ 0 [x] = inf{n ∈ Z : n 6 x} = integer part of x x mod h = x − [x/h]h = the remainder when x is divided by h f(x−) = lim_{y↑x} f(y) = left-hand limit μ ∧ λ = the greatest common component of the measures μ and λ (μ − λ)^+, (μ − λ)^− = positive and negative parts of μ − λ μ ⊥ λ = the measures μ and λ are mutually singular μ|_A = restriction of the measure μ to the sub-σ-algebra A D→ = convergence in distribution tv→ = convergence in total variation ‖ · ‖ = the total variation norm dot-convention: f(·) = f = the function with value f(x) at x, for all x σ(·) = the σ-algebra generated by · i.i.d. = independent and identically distributed