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Granular media equations, 478
Graph coloring, 8
Graph coloring model, 230, 232
Green formula (first type), 652
Green function, 741
Growth rate, 762
Growth-fragmentation models, 385

Hahn-Jordan decomposition, 156
Hamiltonian, 732, 806
Hamiltonian operator, 739
Hamiltonian systems, 731
Hard core model, 232
Harmonic function, 444
Harmonic oscillator, 745
Harris recurrent set, 219
Hawkes process, 307
Heat equation, 397

boundary conditions, 462
Heat-bath Markov chain sampler, 227, 416
Hedging, 833
Heighways dragons, 725
Hermite polynomials, 496, 746
Hessian matrix, 411
Hessian operator, 613
Hilbert space, 145
Hilbert-Schmidt inner product, 539
Historical process, 133, 254
Historical processes, 245
Hit-and-run samplers, 289, 460
Hitting time, 11, 172, 207
Holding time, 322
Hyperboloid, 578
Hypermanifolds, 579
Hyperparameters, 84
Hypersurfaces, 579

Implicit backward Euler scheme, 666
Importance sampling, 102, 530
Increment, 58
Independent Metropolis-Hastings sampler,

227

Indicator function, xlii
Individual based model, 26, 777
Individuals, 134
Infinitesimal generator, 316, 371, 403, 430,

463, 467, 468, 487, 513, 525, 583,
630, 735

Input-Ouput models, 109
Instrumental distribution, 77
Instrumental transition, 66
Integral operator, 244
Integration by part formula

divergence theorem, 661
Integration by parts formula, 411, 428, 454
Integration on manifolds, 645
Integro-differential equation, 56, 317
Integro-differential operator, 58
Intensity function, 307, 338, 351, 370
Intensity measure, 86
Inter-bank exchanges, 470
Interacting agents dynamics, 477
Interacting jump Langevin model, 479
Interacting jump process, 136
Interacting MCMC algorithm, 272
Interacting neurons process, 478
Interacting particle systems, 749
Invariant measures, 124, 351, 482
Inverse gamma distribution, 496
Inverse shuffle, 9
Inverse temperature parameter, 237
Inversion technique, 71
Irreducibility, 203, 697
Irreducible, 204
Ising model, 110, 232, 236, 361
Itō, Kiyoshi, 12, 50
Iterated random functions, 12, 705

Jacobi formula, 551
Jacobi process, 496
Jacobian, 74
Jarzinsky identity, 468
Jump diffusion process, 56, 57, 425
Jump integral operator, 58
Jump Langevin model, 467
Jump rate, 57, 322
Jump term, 58
Jump time, 57

Kac’s model of gases, 360
Kac’s random walk, 701
Kac’s theorem, 208
Kallianpur-Striebel formula, 518
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Kalman filter, 45
Kalman, Rudolf, 45
Kalman-Bucy filters, 280, 522
Kantorovich-Monge-Rubinstein metric, 169
Kantorovich-Rubinstein duality, 169
Kelly Criterion, 818
Kepler-22b, 15
Killed process, 440, 459
Killing transition, 242, 244
Kinetic parameters, 108
Klein-Kramers equation, 753
Knudsen random walk, 292
Knudsen stochastic billiard, 292
Kolmogorov equation, 781
Kolmogorov-Petrovskii-Piskunov equation,

780
Kramer-Moyal expansion, 358, 359
Kriging interpolation, 117
Kruskal’s count, 10, 177
Kushner-Stratonovitch equation, 520

Ladder chain, 235
Lagrange equations, 641
Lagrange identity, 649
Laguerre polynomials, 497
Landau-Stuart diffusions, 495
Langevin diffusion, 488, 665, 731, 734

kinetic model, 672
Metropolis-Hasting sampler, 416
Metropolis-Hastings sampler, 414, 415
on manifolds, 661
on Riemannian manifolds, 662

Langevin equation, 671
Langevin-McKean-Vlasov model, 472
Laplace’s rule of successions, 79
Laplace, Pierre-Simon, 79
Laplacian, 412, 562, 612, 614

Euclidian space, 412
invariance properties, 412
on catenoid, 625
on cone, 624
on ellipsoid, 624, 637
on helicoid, 638
on circle, 638
on cylinder, 638
on integer lattices, 321
on revolution surfaces, 624, 638
on simplex, 638
on sphere, 624
orthonormal transformation, 412
polar coordinates, 637

reflexion invariance, 418
Riemannian operator, 612
rotational invariance, 418
spectrum, 447
spherical coordinates, 637

Latitude, 675
Law of large numbers, 100
Lazy Markov chain, 204, 714
Lazy random walk, 698
Leap-frog algorithm, 734
Lebesgue integral, xli
Lebesgue measure, 82
Legendre polynomials, 499
Legendre, Adrien Marie, 46
Leibniz formula, 746
Lennard-Jones potential, 733
Levy’s characterization, 400
Lie algebra, 554
Lie bracket, 554, 560
Life function martingale, 836
Likelihood distribution, 80
Likelihood function, 84, 504
Limiting distribution, 124, 383
Linear Gaussian model, 45, 82, 90
Linear Markov chain model, 126
Linear quadratic control, 812
Linear quadratic optimization, 813
Lipschitz function, xliv, 170, 210
Local rate, 328
Log-Sobolev inequalities, 228
Logistic jump process, 780
Logistic process, 762, 780
Lotka-Volterra jump process, 781
Lotka-Volterra model, 765
Lyapunov function, 160, 487

M/M/1 queue, 360
M/M/m queue, 360
Macroscopic model, 698
Macroscopic telegrapher’s equation, 702
Mandelbrot, Benoit, 12
Many-body Feynman-Kac measures, 260,

261
Markov chain, 107, 121

embedding, 313
on circle, 696
on cycle, 695
on excursion spaces, 367
on graphs, 6, 176
restrictions, 276

Markov chain Monte Carlo, 110, 226
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Markov integral operator, 123
Markov policy, 798
Markov semigroup, 61, 130
Markov semigroups

series expansions, 456
Markov transition, 123
Markov, Anatoli, 121
Martingale, 28, 53, 56, 61, 178, 179, 346,

347
convergence, 197

Martingale decompositions, 184, 345
Martingale limit theorem, 196
Martingale optimality principle, 801, 803,

805
Martingale part, 346
Martingale systems, 788
Martingale with fixed terminal value, 183
Master equation, 44
Matching problem, 8
Mathematical finance, 60, 821
Matrix representation, xliii
Maximal coupling, 167
Maximal inequalities, 194
Maximum principle, 360
McKean model, 135, 469
McKean transitions, 136
McKean-Vlasov diffusion, 135, 464, 476, 523
MCMC within Gibbs, 292
Mean curvature, 626
Mean curvature vector, 547, 548, 580, 636,

673, 678
Mean field games, 470
Mean field particle models, 102, 134, 254,

278, 468, 479, 523
Mean reverting Brownian motion, 424
Mean value property, 444
Meeting time, 27
Memoryless property, 300
Merton jump diffusion model, 454
Merton, Robert, 60
Mesquita bacterial chemotaxis process, 389
Mesquita MCMC samplers, 390
Metamodels, 117
Metropolis, Nicholas, 44
Metropolis-adjusted Langevin model, 665
Metropolis-Hasting algorithm

diffusion approximation, 416
Metropolis-Hastings acceptance rate, 44
Metropolis-Hastings algorithm, 44, 66, 227,

262
diffusion approximation, 414, 415

Metropolis-Hastings ratio, 227
Metropolis-Hastings transition, 44, 237
Micro-local analysis, 228
Midas equation, 60
Migration process, 25
Mill’s inequalities, 103, 105
Milstein scheme, 424
Minorization condition, 160, 386
Molecular dynamics, 731
Monge parametrization, 578
Monotone stopping problem, 817
Monte Carlo integration, 99
Monte Carlo method, xxii, 44, 54, 584
Moran genetic model, 768
Multi-server queue, 335
Multidimensional diffusions, 409
Multidimensional function, xlii
Multidimensional Gaussian model, 82
Multilevel splitting, 253
Multinomial random variable, 74
Multiple target tracking, 85
Multivariate normal distributions, 686
Mutation, 253
Mutation transition, 137
Myopic stopping rules, 816

NASA Space Shuttle, 45
Nash embedding theorem, 681
Neuman boundary conditions, 447
Neutral financial market, 821
Newton’s second law, 731, 737
Nicholas Metropolis, 43
Nonlinear filtering, 276
Nonlinear jump diffusion process, 463
Nonlinear Markov chain, 132
Nonlinear Markov process, 463
Normal angle, 675
Normal curvature, 625
Normal derivative, 656
Normal vector fields, 578
Novikov theorem, 105
Nuclear repulsion, 741

Observations, 113
Occupation measure, 185, 221, 227, 257
Offsprings, 37, 772
OK Corral process, 139
One stage look-ahead stopping rule, 816
One step optimal predictor, 46, 280
Opinion dynamics, 477
Optimal k-steps to go value function, 799
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Optimal filter, 46, 520, 527
Optimal portfolio allocation, 812
Optimal stopping, 807
Optional stopping theorems, 187, 190, 349
Orbifolds, 589
Order statistics, 94
Ornstein-Uhlenbeck process, 421, 487, 658
Orthogonal group, 589
Orthogonal projection, 580, 596, 599, 623,

673, 678
Orthonormal, 146
Orthonormal basis, 537
Out of equilibrium virtual work, 468

Packet sniffer, 36
Packets, 36, 380
Page rank, 34
Pairings, 101
Parallel transport, 609, 615
Parameter estimation, 224
Parametric surface, 578, 623
Parametrizations and charts, 593
Pareto random variable, 92
Parking problem, 816
Parrondos’ paradox, 819
Partial differential equation, 56
Particle absorption models, 242
Particle filters, 49, 102
Particle Gibbs sampler, 269
Particle Markov chain Monte Carlo, 260
Particle Metropolis-Hastings algorithm, 271
Particle Metropolis-Hastings model, 261
Particle techniques, 110
Particles, 134
Partition function, 110, 488, 749
Partition of unity, 595
Path dependent payoff, 818
Path space models, 211, 254, 501, 742
Payoff function, 799, 826, 827
Pearson diffusions, 485
Perfect sampling algorithm, 237
Performance function, 799
Permutation, 8
Perron-Frobenius theorem, 143
Phase space, 734
Phase vector, 731
Piecewise deterministic processes, 363
Ping program, 36
Poincaré inequality, 361, 422, 667
Poincaré, Henri, 60
Poisson equation, 156, 185, 250, 443

Poisson point process, 85
Poisson process, 20, 299, 300, 352, 380
Poisson random variable, 85, 94, 97
Poisson thinning simulation, 309, 331
Poisson time rescaling, 308
Poisson, Siméon Denis, 17
Poisson-Gaussian clusters, 91
Polar coordinates, 597
Polygon, 176
Population dynamics, 45, 134
Portfolio, 62
Positive recurrent set, 219
Posterior distribution, 80
Power method, 35
Power utility function, 812
Predator-prey model, 765
Predictable part, 346
Predictable quadratic variation, 181
Prediction, 253
Principal curvature, 626
Prior distribution, 80
Projected diffusions on manifolds, 586
Projected Langevin equation, 672
Projection matrix, 537
Projection operators, 535
Proofreading problem, 817
Proportionality, xli
Propp and Wilson sampler, 233
Proton mass, 741
Pruning, 253
Pseudo random numbers, 8
Pull back

functions, 603
vector field, 597

Pure jump process, 337, 367
Push forward

mappings, 683
Pushed forward

curve, 594
functions, 602
mappings, 602
scalar product, 597
vector field, 601, 604

Put option, 62, 826
Pyramid betting system, 794

Quadratic variation, 181
Quantum Monte Carlo, 253
Quantum state, 737
Quantum systems, 473
Quantum teleportation, 253
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Quasi-invariant measure, 245, 246, 754
Quenched measures, 267
Queueing system, 359
Quotient manifold, 589

R.c.l.l. property, 314
Radar, 46
Radial integration, 444
Random direction sampler, 286
Random dynamical system, 126
Random particle matrix model, 257
Random process, xxi
Random transposition shuffle, 713
Random two-velocity model, 388
Random walk

in random environment, 138
on circle, 695
on graphs, 694
on hypercubes, 697
on lattices, 693
on weighted graphs, 116

Rank-based interacting diffusions, 477
Ranking algorithm, 34, 787
Rare event simulation, 103, 274
Rayleigh random variable, 92
Reaction rate, 389
Recurrent state, 206, 694
Recycling mechanism, 48
Reflected Markov chain, 138
Reflecting boundaries, 699
Reflection principle, 22, 139, 419
Regenerative processes, 388
Regression formula, 46, 81, 82
Reinforcement process, 28, 132
Reinforcement rate, 29
Rejection technique, 75
Rejection-free Monte Carlo, 252, 273, 390
Relative risk aversion coeeficient, 812
Renewal process, 300
Replenish, 253
Replicating portfolio, 63, 184, 832
Reproducing kernel Hilbert space, 117
Resampling, 253
Return function, 799
Return of assets, 824
Return times, 5
Reversed shuffle, 717
Reversibility property, 44, 125, 131, 228,

353
Reward function, 799
Riccati equation, 474, 522

Ricci curvature, 563
Riemannian directional derivative, 608
Riemannian gradient, 623

on cylinder, 623
on ellipsoid, 624
on paraboloid, 623
on catenoid, 625
on cone, 624
on revolution surfaces, 624
on sphere, 623

Riemannian Langevin equation, 672
Riemannian Laplacian, 613
Riemannian metric, 673, 678
Riemannian scalar product, 602
Riemannian second covariant derivative,

614
Riemannian structures, 599
Riemannian volume measure, 664
Riffle shuffle, 9, 716
Risk neutral financial markets, 514
Risk neutral measure, 61, 514
Riskless return rate, 55
Risky asset, 55
Robust filtering equation, 524
Rodrigues formula, 746
Rosenbluth, Arianna, 44
Rosenbluth, Marshall, 44
Rotation group MCMC, 290
Ruin process, 33, 41, 178

Scaling properties, 418
Schauder basis, 491
Scholes, Myron, 60
Schrödinger equation, 737
Schrödinger equation in imaginary time,

739
Schrödinger operator, 739, 743
Second covariant derivative, 612
Secretary problem, 820
Segments, 36, 380
Selection, 253
Selection transition, 137
Self avoiding walk, 277
Self interacting process, 132
Self-financing portfolio, 55, 62, 828
Semigroups, 61, 314, 338, 363, 395, 406, 426

regularity properties, 455
series expansions, 456
telescoping sum, 367

Sensor, 517
Sensor function, 517
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Sequential Monte Carlo, 102, 110
Shake-and-bake samplers, 291
Sherrington-Kirkpatrick model, 111
Shot noise process, 384
Shuffling cards, 7, 215, 712
Sierpinski carpet, 725
Sierpinski fractal, 14
Simple exclusion process, 695
Simple random walk, 4, 51, 139, 277, 393,

693
Simplex, xliii
Simulated annealing, 236
Singer radar model, 114
SIS model, 781
Slice sampling, 292
Small sets, 160
Smoluchowski equation, 753
Smoluchowski, Marian, 50
Snell envelope, 809
Soliton-like jump process, 333, 476
Sonar, 46
Spatial branching processes, 243

continuous time processes, 773
discrete time processes, 772

Spatial Poisson processes, 85
Spawning, 253
Spectral decomposition, 145, 146, 696, 743
Spectral gap, 146
Speed geodesic vector, 642
Sphere, 581
Spherical coordinates, 634, 672
Square field vector, 56, 344
Square of Ornstein-Uhlenbeck processes,

423
Square process, 56
Square root matrix, 663, 687
Square root process, 495
Squared Bessel process, 421
St. Petersburg martingales, 789
Stabilizing populations, 25
State space model, 129
Stationary population, 26
Stationary Schrödinger equation, 739
Steepest descent, 657
Stirling number of second kind, 709
Stirling’s approximation, 5
Stochastic approximation, 216
Stochastic billards, 291
Stochastic calculus, 50
Stochastic differential equation, 52, 401
Stochastic flow, 426

Stochastic gradient process, 487
Stochastic matrix, xliii, 125
Stochastic partial differential equation, 519
Stochastic process, xxi
Stochastic simulation, xxii, 44, 226
Stock option market, 50
Stock price, 55
Stock price models, 821
Stoichiometric coefficients, 389
Stopping times, 172, 346
Storage model, 385
Stratonovitch differential calculus, 584
Strike, 62, 826
Strong Markov property, 172
Strong stationary time, 45, 173
Student diffusion, 496
Student distribution, 496
Sturm-Liouville formulation, 484
Sub-martingale, 179, 347
Submanifold, 579
Subset sampling, 231
Sum of generators, 342
Super-martingale, 179, 347
Superposition of Poisson processes, 87
Surface measure, 647
Switching processes, 377, 387, 475

Tail distributions, 103
Tangent basis functions, 609
Tangent space, 579, 594, 599, 602, 673, 678
Tangential curvature, 625
Target measure, 226, 236
Taylor expansion, 52, 58
Taylor expansion on manifolds, 644
Tchebyshev polynomials, 498
Telegraph equation, 702
Telegraph signal, 22
Teller, Augusta, 44
Teller, Edward, 44
Temperature parameter, 467
Theory of speculation, 60
Thinning Poisson processes, 87
Time discretization schemes, 340, 361, 366,

373, 394, 401, 405, 428, 584, 665
Time independent Schrödinger equation,

739
Time mesh, 366, 373
Timeout, 36
Top-in-at-random shuffle, 712
Topological vector space, 160
Torsion, 543, 568
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Torus, 678
Total variation distance, 151, 166
Tradeable market, 61
Trading strategy, 66
Trait space, 777
Transient state, 206, 694
Transition diagram, 128, 699
Transmission control protocol, 36, 379
Transmission unit, 380
Traveling salesman problem, 111
Traveling waves, 737
Tree of outcomes, 128
Trial and guiding wave functions, 531
Triangular random variable, 93
Twisted distributions, 102
Twisted processes, 530
Twisted-guiding waves, 756
Two-state Markov model, 127, 141, 317

Ulam, Stanislaw, 43
Unbiased, 260
Uncertainties propagation, 109
Unfair game, 32, 193
Uniform distribution, 724
Uniform ellipticity condition, 516
Uniform Markov jump process, 314
Uniform random variable, 71
Uniform variable on the circle, 75
Unit vector representation, 356
Up and down martingales, 821
Updating, 253
Urn process

diffusion approximation, 704
Ehrenfest model, 699
Polya model, 700

USA Roulette, 32

V-norm contraction, 164
V-norms, 156
V-oscillation, 157
van der Waals bonds, 733
Variational principle, 756
Vasicek model, 421
Velocity vector field, 579
Verhulst-Pearl model, 762
Verification argument, 806
Verlet algorithm, 734
Vertex, 6
Volatility, 55, 824
Volume forms, 648
Volume measure, 647

von Neumann, John, 43
Voter process, 751

Wald’s identity, 189, 349
Walk on Sphere method, 702
Walkers, 253
Wasserstein metric, 169
Wealth increment, 62
Web page, 34
Web surfer, 34
Wedge product, 648
Weibull random variable, 93
Weighted Dirac measure, xlii
Weighted empirical measures, 102
Weingarten map, 626
Weingarten’s equations, 626
Whittacker martingale, 796
Wick rotation of the time, 739
Wick’s formula, 101, 105
Wiener measure, 507, 508
Wiener process, 395
Wiener space, 508
Wilkie inflation model, 836
Wonham filter, 528
Wright-Fisher diffusion, 704

Yaglom measure, 246
Yule process, 335

Zakai equation, 518
Zenith, 675


