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184, 244, 294, 364
Inner product 233, 260, 391
Integrability 94, 234, 236, 389–390



Index 425
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122–123, 171, 209, 212, 221, 340, 363
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42–43, 48, 58, 62, 146–147, 259, 291,
350–354, 377

Interpolation 14, 32, 121, 201, 212,
214–216, 231, 235, 267, 288, 380
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Itô integral 35–36, 63, 110, 150–151
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Itô–Taylor expansion 115–116
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Jacobi method 387–388
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287–288, 331, 336, 344
Jump diffusion 55–58, 65, 120, 330,
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Koksma–Hlawka bound 97, 100, 102
Kurtosis 64
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Lagrange polynomial 220, 380
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Lax–Wendroff scheme 299–302, 309,
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Levenberg–Marquardt method 392
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330–335, 339–340, 345
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122–123, 280, 335, 359
Long position 2, 4, 26, 352
Low discrepancy 97, see Discrepancy
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Madan 59, 343
Malliavin 143
Market model, see Model of the Market
Market price of risk 42, 259, 376
Markov Chain Monte Carlo 102
Markov process 31, 54
Marsaglia method 88–89, 101, 104,

148
Martingale 29, 31, 36, 42, 57, 149,

332–334, 358, 373–377
Maruyama 63
Mass matrix 238, 242, 268
Maturity (expiration) T 1, 3, 6, 58,
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Maximum of a Wiener process 149
Mean reversion 43, 45, 58, 146
Mean square error 127
Measurable 135, 367, 373
Merton 9–10, 55–56, 61, 142, 275,

277, 330, 333–336, 339, 345, 347, 399
Mersenne twister 82
Method of lines 156, 201, 206–209,

216, 224–225, 243
Milstein 118–119, 130, 152
Minimization 140, 188, 221, 247, 261,
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Mode, see Fourier mode
Model error 195
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Model of the Market 8–11, 31, 36,
41–42, 54, 57–58, 65, 195, 315–322,
351, 363, 374–376
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– −u′′ = f 241, 260, 265
– ut + aux = buxx 291, 295
– ut + aux = 0 294, 301
Modulo congruence 76
Moment 64, 70, 113–114, 119–120,
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Moneyness 202
Monotonicity of a numerical scheme

300–301, 309, 326–329
Monte Carlo method 45, 75, 92–97,

100–102, 105, Chapter 3, 170, 215,
275, 277, 279–280, 309–310, 333, 339,
377

Multifactor model 43–45, 140, 142,
227, 229, 274–277

Multigrid 221, 279

Negative price 74
Neumann boundary condition 255
Neumann stability analysis 292–296,

308, 310
Newton’s method 67, 84, 200, 303,

306–307, 326, 344, 382–383, 391–392
Niederreiter sequence 100, 102
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Nitsche 266
No–arbitrage principle 5, 351–352,

see Arbitrage
Nobel Prize 61, 64
Node 17–20, 22, 25, 50–51, 62, 74,
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315–329, 346, 394
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Numerical dissipation 295, 301, 309
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– Asian 8, 127, 275, 280–288,
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– Barrier 8, 11, 18, 62, 121, 127,

149, 153, 212, 229–230, 236, 251–252,
258–259, 268, 270, 275, 307, 309, 318,
321–322, 330, 344

– Basket 8, 141, 229–230, 251,
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– Bermudan 49–50, 138–139, 155
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– Chooser 274
– Compound 274
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– Exotic 3, 8, 13, 127, 132–133, 251,

273–276, 308–310
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171, 187, 195–196, 217, 219, 222,
226–227, 244, 254, 260–267, 286, 292,
294–296, 299–302, 306, 309, 311, 317,
342, 382, 392

Ornstein–Uhlenbeck (OU) process 43,
45, 73

Oscillations 193, 217, 220, 289–291,
293, 296–298, 300, 308, 380

Overfitting 60

Parallelization 101, 149
Parameterization of a curve 205,

253–256
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Pareto 64, 215
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Partial integro-differential equation
(PIDE) 57, 330, 334, 359
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Path (Trajectory) 3, 8, 18, 30, 38–40,
45, 53, 109–113, 123–124, 126–127,
129, 132–136, 138–141, 144–147, 153,
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Pathwise sensitivity 143–147
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293–295, 308
Penalty method 181, 217, 221, 269,

303–307, 309, 313, 322–324, 330, 339,
344

Period of random numbers 76–81
Phase shift 298
Pliska 374
Poincaré inequality 265
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Poisson process 53–56, 331–333, 373
Pole behavior 84, 381
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263, 267, 269, 293, 380–381, 293, 401
Portfolio 26–29, 32, 62, 65, 72–73,
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106, 114, 120–123, 154, 270, 331–332,
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Pseudo–random number 75, 82, 99
Put, see Option
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356, 362, 397, 399
Put–call symmetry 198, 362

Quadratic approximation 204–206,
214–215, 220

Quadrature 50–51, 66, 97, 102, 123,
272, 277, 342, 381, 399

Quasi Monte Carlo 100, 147
Quasi–random number 148

Radial basis function 64
Radical–inverse function 98–99, 106
Radon–Nikodym 374
Random number 32, 38, 45, 54,

56, Chapter 2, 126, 129, 133, 137,
142–143, 148–149, 392

Random variable 29–31, 35, 54, 70,
75, 82–91, 102, 104–105, 114, 117,
119–120, 124, 128–129, 135, 151–152,
331, 358, 367–370, 373

Random walk 63, 287
RANDU 80
Range of volatility 319–322
Rannacher 194
Rational approximation 84, 381,

401–402
Rayleigh–Ritz principle 263, 267
Regression 138–142, 149–150, 203,

212, 393
Relaxation parameter 189, 219, 387
Replication portfolio 62, 212, 315,

317, 354–355, 357, 376–377
Residual 229–234, 252–253,
Return 29, 38–42, 45, 51–52, 64,

70–71, 277, 320–321, 349, 352, 382
Riemann–(Stieltjes–) integral 33, 37
Risk 1–2, 4–6, 42, 53, 60, 64, 94, 259,

315, 319–320, 349–358, 376
Risk free, risk neutral 6, 16–17, 20,

26–29, 36, 41–42, 48, 50, 57, 59, 62,
65, 69, 109, 122–124, 139–140, 176,
291, 316, 332–334, 340, 349, 354

Root mean square error (RMS) 213
Ross 43–45, 61, 73
Rounding error 14, 67, 100, 148,

163–165, 195, 308
Rubinstein 61
Runge–Kutta method 118

Sample 51, 56, 60, 75, 77, 83, 93–95,
102, 106, 111–113, 123, 127, 136, 153,
281, 287, 367, 370

Sample variance 51, 61, 66, 71, 77
Sampling error 126–127, 133, 142,

148, 342
Samuelson 64
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Schöbel–Zhu model 65
Scholes 9, see Black
Schwartz 190, 213, 219, 226
Schwarzian inequality 262, 265, 272,

391
SDE, see Stochastic Differential

Equation
Secant method 84, 210–211, 226, 383
Seed 76, 78, 82, 112, 124, 126
Self–financing 62, 73, 317, 351,

354–357, 374–377
Separation of variables 242–244, 247,

260, 283, 288
Semidiscretization 15, 139, 159,

206–207, 224, 243, 247
Sensitivity analysis 11–12, 25,

143–147, 194
Short position 4, 26, 65, 352–353
Short sale 353
Shuffling 81
Similarity reduction 308
Simple process 36–37
Simpson sum 345
Simulated Annealing 392
Simulation 13, 32, 38, 53, 55, 57, 75,

92, Chapter 3, 275, 279, 333, 377
Singular matrix 101, 241
Smooth, see Differentiable
Smooth pasting 178, 218, 224, see

High contact
Snell envelope 62
Sobol sequence 100, 102, 221
Sobolev space 261–263, 390
Software 12, 101, 259, 400, 402
Soner 318, 344, 345
SOR 188–193, 223, 226, 250, 387–388
Sparse grid 102, 123, 279
Sparse matrix 235, 263
Spectral decomposition 107
Spectral method 221, 267
Spectral radius 164, 386
Spline 235, 262, 269, 399
Spot market 3, 349
Spot price 6, 14, 19, 193, 349, 353
Spread 72, 277, 321–323, 346
Spurious 273, 289, 291, 296–298, 300,

308
Square integrable 94, 262, 389
Square root process 43, 345
Stability 13–14, 60, 148, 158, 163–

170, 173, 195, 217–218, 222, 268,
292–296, 299–300, 306–308, 310–311,
326, 329, 344

Staggered grid 299
Standard deviation 6, 32, 94, 369
State–price process 374–377
Stencil 161, 166–168
Step length 38, 110, 121, 126, 146,

148, 152–153, 160, 165, 193–194, 210,
219, 254, 287, 292, 299, 306–307, 343

Stiffness matrix 242, 268, 271
Stochastic differential equation (SDE)

13, 37–48, 52, 55, 63, 70, 73, 109–126,
142–148, 152–154, 224, 286, 310,
333–334, 373–377

Stochastic integral 32–37, 44, 63, 119
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