IndexNote: definitions are found on bold pagescalculus of variations 1, 27, 356, 515a.e. 484 cancellation messages 257a.s. 484 Cantelli 50, 493Abramson 387capacity 396absolutely continuous 486 99, 479, 487, 515Cauchy 473 abstract valued random variable 485 central limit theorem 492 245, 251adapted 497 Cesari 525additive functional 505 change of measure 15, 493, 509 14, 27, 28,affine 477 43, 66, 68, 105, 106, 231, 398, 399,affine hull 477 405, 434, 435, 465, 512, 530, 537Aldous 417characteristic maximum 247 251Algoet 13Chebycheff 9, 14, 492, 529allocation 2, 245Chebycheff’s inequality 492 14, 79almost everywhere 484 Chernoff 14, 15, 22, 25, 27, 29, 30, 35, 37,almost surely 487 44, 181Aloha 3, 387Chernoff’s Theorem 14, 41, 45, 66, 69, 70,AMS model 3, 27, 325108, 245, 251, 279, 284Anantharam 2circuit-switched 2Anick 325, 328, 386Cleveland 6, 318Anick-Mitra-Sondhi model 325closed set 471 19, 31, 474approximation 63closed convex function 478 Arzel�-Ascoli 480closure 471 ATM 325closure of a convex function 478 attractor 129, 131Cohen 470Azencott 409coin 10, 37, 55, 173, 443collision 387ballot theorem 45, 46, 284color-blind 55barrier 51communication network 2batch arrivals 315compact 472 29, 472, 474, 475bathroom 459compact level set 25, 309Bayes’ Rule 490 complement, set 471 Bernoulli random variables 21, 55complete metric space 474 Biggins 50, 51complete separable metric space 474 29Billingsley 483composition 476 birth-death 25, 59, 65, 66, 72, 274, 275concave 478 bit dropping 363conditional expectation 490 Borel 485, 50, 472, 485, 493conditional expectation, properties 491Borel s-field 484 conditional probability 490 Borel measurable 485 constant coefficient 428Borel sets 484 continuity set 31 32, 180, 284Borel topology 472 continuous 475 Borel-Cantelli Lemma 493 50contraction 37boundary 471 2, 3, 69, 70, 286contraction principle 36 25, 35, 69, 273, 447bounded 472 control of ATM 361bounded convergence theorem 488 convergence 473 branching process 48 45, 51, 257convergence in distribution 487 branching random walk 49 48, 255convergence in probability 487 branching random walk with a barrier 258convergence w.p. 1 487 Breiman 495convex 479 18, 25, 85, 86, 201, 474, 477Brydges 28convex conjugate 478Bucklew 27convex hull 477 Buffalo 318convex transform 14551

552convexity 477essentially strictly convex 478 cost 135Ethernet 417countable dense subset 474Ethier 63, 483countably additive 483 Euclidean space 472 counting process 496 53Euler 521, 522, 525coupling 60 308, 309Euler conditions 515Courcoubetis 458Euler equation 274, 334, 356, 358Cover 13Euler necessary condition 516 Cram�r 14, 17Euler-Lagrange 294Cram�r transform 14Evans 27CSMS 474 event 483 cumulant generating function 14exit path 136, 150exit probability 145Day 26exit problem 132Dembo 2, 6, 15, 409exit time, length 136, 153dense 474 expectation 485 density 486 explosion 63derivative 487 exponential approximations 533Deuschel 2, 409exponential change of measure 530differentiable 487 exponential martingale 507 66, 75, 79differentiable a.e. 487 Exponential random variables 22digital 3exponential tightness 533 118, 216Dirac delta function 486exponential Chebycheff estimate 75distribution 486 exponentially close 117distribution function 486 exterior cone 133domain of a generator 57 Donsker 27factorial 477Donsker and Varadhan 535Fatou’s Lemma 101, 488drift 175 Fayolle 405drunkard’s walk 45Fenchel transform 14DuBois-Reymond condition 303Feynman-Kac 28, 509Dubois-Reymond equation 526 358, 517filtration 495 Dupuis 2, 27, 116, 120, 122, 409, 470,finite levels 3Dynkin’s formula 176finite levels process 192 flat boundary 361effective bandwidth 386flat boundary process 194 effective domain 478, 527 Flatto 4, 6, 453, 458, 459, 470Ellis 2, 27, 189, 409, 470, 528fluid limit 3, 78, 105, 314, 422Elwalid 27free process 179 261, 267empirical distribution 486 13, 77free time problem 519empirical measure 486 37Freidlin 2empty set 471 Freidlin-Wentzell 69, 129, 351, 352, 404entropy 38Fubini’s Theorem 489epigraph 477 functions 474equicontinuous 480 equivalent metric 482Galton-Watson process 48 equivalent bandwidth 386Gaver 405ergodic 498 generating function 17 14, 48, 401, 527ergodic transitions 170generator 57 59, 63, 64, 65, 69, 193Erlang 3, 350global attractor 129Erlang system 286good rate function 29 30—32, 36, 37, 71,essentially bounded 484 104, 200, 273, 309, 351, 439, 448,essentially smooth 478 518, 532

553Goodman 417Lagrange multiplier 43, 333graph 475 Lagrange multiplier Rule 356Gronwall’s lemma 78 Lagrange problem 525 334, 526Gunther 28Lagrange variational problem 335G�rtner-Ellis Theorem 527—532Laplace 12Laplace transform 509Hahn 4, 459, 470Laplace’s method 12, 181Heine-Borel 472, 529large deviations for random variables 9Holder’s inequality 489large deviations principle 32 3, 27, 29, 30,hyperbolic cosine 477 293, 33533, 36, 69, 70, 71, 200, 273, 290,hyperbolic sine 477 293, 335309, 351, 379, 439, 446, 448, 458,469, 532, 534, 535I-continuity set see continuity setlarge deviations upper bound 219i.i.d. 492 14, 19, 23, 38, 45, 46, 47, 54, 70,large deviations, finite levels 20075, 527large deviations, flat boundary 200Ibragimov 27large deviations, with boundary 191IFR 246 law of large numbers 9, 11, 12, 17, 37, 38,image 47545, 65, 75, 130, 492importance sampling 14, 28Lebesgue dominated convergence 488 improper closed convex function 478 Lebesgue integrable 485 incidence matrix 498 220Lebesgue integral 485 increasing failure rate 246 Lebesgue measurable set 484independent 490 Lebesgue measure 484 485independent identically distributed see i.i.d.left continuous 476 induced topology 472, 473 left limits 480 infinitely divisible 252Legendre transform 14Integral Lemma 33level crossing 515 269, 274, 380, 381, 515,intensity 53 520, 524interior 471 Level II large deviations 534 13, 29intersection 471 level set 33invariant distribution 164, 498level sets, compact 213inverse contraction 458linear martingale 506 508inverse image 475 linear Poisson process 401 403, 404irreducible 498 Linnik 27Ishii 27Lipschitz constant 475 Ising 27Lipschitz continuous 475 65Liptser 495Jensen’s Inequality 492 11, 15, 42, 85, 86local rate function 71 85, 196, 202, 316, 329,jump Markov process 56, 67, 498424, 438, 448, 463, 464, 466, 515jump process 496localization argument 63locally Lipschitz 483Kelly 13lower bound 14—19, 24, 31, 33, 37, 105, 202,Knessl 26242, 439, 529, 532, 533, 537Kolmogorov 38lower bound, finite levels 230Kolmogorov-Smirnov Theorem 38, 77lower bound, flat boundary 230Kullback-Leibler information 27lower bound, proof 112Kurtz 63, 483lower semicontinuous 475 19 , 25, 29, 31,Kurtz’s Theorem 76 75, 83, 105, 267, 290,36, 85, 86, 99, 100, 103, 201, 202,308, 397, 444, 451, 469212, 213, 214, 309, 475, 476, 478,Kurtz’s Theorem, boundary 233532Kurtz’s Theorem, proof 83Lubachevsky 51Kushner 116, 120, 122Lyapunov stability 134 145, 160, 167

554M/M/1 2, 3, 59, 61, 446, 504open ball 472Maier 417open cover 471 Malyshev 458, 470optimal allocation 252Markov chain 532optional sampling 496 Markov family 497 order statistic 401Markov inequality 492 50ordinary differential equation 482 Markov process 496 54orthonormal basis 80martingale 495 49, 61, 62, 63, 65, 66, 68,505packet 2, 387martingale convergence theorem 496 packet communication 325martingale inequality 496 79parallel computation 2, 255Matkowski 26parallel processors 245, 252, 459Maya 28pencil 337 344mean field coupling 76piecewise linear interpolation 117mean flow 78point process 496 53measurable 485 186, 497Poisson process 53 5, 20, 53—55, 57, 64—75measurable selection 522Poisson splitting 465measurable sets 483 Polish space 474 measurable space 483 positive cone 90, 208measurable stochastic process 495 positive recurrent 164measure 483 precompact 472 measure space 484 preemptive priority 436memoryless 54, 56prerequisites 5merging Poisson processes 55principle of optimality 525 305metric 472 213Principle of Smooth Fit 374 metric space 472 priority 2, 4, 419metric, equivalent 473 473probability measure 484 metric, stronger 473probability space 484 metric, weaker 473product 472, 489Min—Max Principle 479 product s-field 484 Minkowski’s inequality 489product measure 484 Mitra 6, 7, 27, 323, 325, 328, 386product space 484 472 modulus 481 product topology 482 modulus of continuity 475 projective limits 37monotone convergence theorem 488 proper 478 Morrison 26pure jump process 496 multidimensional jump processes 69multiple-access 2, 3, 387quasi-stability 3multiplicative functional 507 multirate service 316Radon-Nikodym 493 66, 67, 105, 494random variable 485 necessary conditions 518, 526random walk 45 47, 51, 504neighborhood 471 15rare event 1, 9, 13, 179Newark 318rate function 29 25, 30—32, 70, 71, 85,node 48197—199, 202, 262, 267, 269, 379,398, 411, 423, 428, 460, 535ODE 482rate of convergence 9ODE, continuous dependence 483RCLL 501 ODE, existence 482recurrent 164ODE, uniqueness 483reflection map 272offspring 48regular conditional distribution 491 one-dimensional processes 69regular conditional probability 490 open 471 18, 19, 31Reimann integral 485

555relative topology 473 stationary distribution 164, 498relative boundary 477statistical multiplexing 325relative interior 477 statistically independent 490 remedy 134steady state 61, 164, 166, 167, 276, 281,retry queue 387296, 458, 461, 470right continuous 480 63, 70, 78, 81, 212,steady-state probability 361476steep 532 right continuous with left limits 480step function 101, 122, 213, 217, 299right continuous, filtration 495 Stern 27Rockafellar 477Stirling’s formula 477 10, 20, 21, 40, 181,rollback 256 2, 51279, 285Rom 417stochastic process 495 routing 319stopped s-field 495 Ruget 409stopped process 63stopping time 495 498sample path 26, 420strictly convex 479 86Sanov vs. Chernoff 41strong Markov family 497Sanov’s Theorem 13, 29, 37, 39, 41, 534strong Markov process 497 scalar product 472 Stroock 2, 30, 409, 483scaled Poisson process 65sub s-field 490 scaled process 69 193subadditive 533 Schuss 26subdifferential 478 Schwarz inequality 490subgradient 478 semicontinuous see upper semicontinuoussubmartingale 495 or lower semicontinuoussup norm 480 separable 474 supermartingale 495 sequentially compact 474supporting hyperplane 478 set difference 471 Shepp 401Taylor expansion 66Shiryayev 495Taylor’s Theorem 76, 477Shwartz 51telephone 1Sidi 417telephone network 255sigma-algebra 483 throttling 376sigma-field 483 Tier 26sigma-finite 484 tight 487 simple function 102 tilted distribution 13, 16, 37, 183simplest problem 515 Tonelli 489simulation 1, 2, 28topological space 471 skip-free 177 topological vector space 474 Skorohod 480topology 471 33, 70, 472Skorohod topology 481 70 , 480topology, coarser 473 Smirnov 38topology, finer 473 smooth boundary 476 topology, stronger 473 topology, weaker 473 smoothing 491 Transient analysis 3Sondhi 325, 328, 386transversality condition 518 356Soner 27triangle inequality 472 space 471 trunk 289 3, 290, 313space of continuous functions 480 trunk reservation 319span 91twisted distribution see tilted distributionspeed of convergence 473twisted process 75speedup 252

TEX 6, 7splitting a Poisson process 55standard normal random variable 492uniform absolute continuity 87

556uniform convergence 473 uniformization 61, 67, 500uniformly integrable 489 union 471 union bound 492 80universal measurability 497upcrossing 167, 456, 461, 462upper bound 14, 15, 18, 19, 24, 33, 47, 114,215, 439, 527, 535upper bound for convex sets 24upper bound, finite levels 215upper bound, flat boundary 215upper bound, proof 125, 127upper bound, uniform 127, 128upper semicontinuous 475 Varadhan 2, 6, 7, 27, 29, 33, 483Varadhan’s integral lemma 29, 33variational 27, 434, 435, 463variational principle 129variational problem 27, 274, 275, 302, 333,356, 465, 467, 515, 518vector field 482 vector space 474 verification theorem 244via 318w.p. 1 484 watermark 363Watson 48weak convergence 487 weakly 487 Weiss 51well-posed differential equation 198 Wentzell 2, 409with probability one 484WKB 26Wright 4, 6, 459, 470Yule process 401Zeitouni 2, 6, 15, 409