Index

Absolute error 94, 105, 111-112, 196,
198, 200, 400, 402

Accuracy 13, 20, 22-26, 38, 59, 62,
72, 84, 94, 101, 111, 120, 126, 128,
129, 137, 142-143, 148, 160, 165, 187,
193, 198-199, 203, 206, 212-215, 217,
235-236, 256, 259, 263, 268, 302, 307,
339, 379, 382, 399-400

Adapted to a filtration 63, 347,
373-374

Adjoint method 143, 145-147

Algorithm 12

— American options 186, 191, 193

— Assembling 240

— Bermudan option = 49-51

— Binomial method 22, 68

— Box—Muller method 88

— Brennan—Schwartz 226

— Correlated random variables 91

— Crank—Nicolson 170

— Distribution function 66

— Euler discretization 38, 63

— Fibonacci generator 82

— Finite elements 249

— Implied volatility 67

— Interpolation 203

— Inversion of the standard normal
distribution 401

— Lax—Wendroff 300

— Linear congruential generator 76

— Milstein integrator 118

— Monte Carlo simulation

— Polar method 89

— Projection SOR 189

— Quadratic approximation 206

— Radical-inverse function 104

— Random walk 63

— Variance 66—67

— Wallace random numbers 101

— Wiener process 32

— Ziggurat 101

124-125

Analytic methods
226

Analytic solution formula 11, 52,
61, 70, 111, 125-127, 129, 133, 205,
356-357

Antithetic variates 101, 128-129

Arbitrage 5, 10, 17, 27, 42, 65, 72,
174, 178, 216, 224, 287, 317, 321,
332, 351-355, 374-376, 397

199-212, 220221,

ARCH 64

Assembling  239-240, 248, 258, 271

Autonomous  114-115, 117, 118, 143

Avellaneda 323, 330

Bachelier 30, 64

Backward difference 159, 166-167,
185, 187, 222

Backward difference formula (BDF)
159, 217, 225, 326, 328, 344, 347
Backward time centered space (BTCS)

166
Barles and Soner model
344, 345
Basis function 64, 140, 233-238,
242-243, 247, 257, 262-263, 267269,
288, 393
Basis representation
Bear spread 72
Behavioral finance 65
Benchmark 60, 212-213
Bernoulli experiment 53, 370-371
Bias 16, 125-129, 133, 141, 152, 153,
370
Bilinear form  261-264, 266—267
Binomial distribution 69, 371
Binomial method  14-26, 49, 61-62,
68-69, 71, 73-74, 122, 139, 213, 215,
275-276, 280, 309, 312-313
Bisection 84, 211, 383
Black—Merton—Scholes approach
9-10, 61-62, 64, 142, 277

318-319,

232, 242, 256
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Black—Scholes equation or model
9-11, 47, 59, 6566, 73, 109, 122-127,
134, 149, 153, 155-157, 167, 171-184,
201-211, 217-225, 242, 246-252, 272,
273-275, 279, 282, 288-294, 296, 298,
302-305, 308, 310, 311, 315-324, 330,
333, 344, 346, 347, 354-364, 376, 377,
395-396, 399

Black—Scholes formula 11, 21, 67, 68,
200-203, 206, 209, 215, 242, 356

Black—Scholes inequality =~ 180-183,
218, 305
Bond 6, 62, 73, 316-318, 349-352,

354-355, 382

Boundary conditions 11, 64, 158,
170-174, 178-179, 182, 184-186, 195,
207-208, 216, 218, 222-225, 230, 236,
241-243, 250, 254-256, 259, 260-261,
263, 267, 268, 275, 277, 279-280, 283,
286, 303-305, 308, 309, 324-326, 337,
347

Bounds on options 5, 7, 50, 72,
136-138, 153, 172, 202, 397-398

Box—Muller method  87-89, 148

Brennan 190, 213, 219, 226

Bridge 121, 149, 152, 309

Brownian motion  30-31, see Wiener
process

Bubnov 234

Bull spread

Butterfly spread
346

Business time 334

72, 346
72, 321-323, 330,

Calculus of variations 261

Calibration 43, 53, 5760, 67, 143,
391

Call, see Option

Cancellation 66

Carr 59, 343

Cauchy distribution 104

Céa  264-265

Centered time centered space (CTCS)
299

Central Limit Theorem 82, 93-94,
125-126, 370

CGMY process 334

Chain rule 46, 85, 114, 144

Characteristic function  331-332, 340

Cholesky decomposition  90-92, 101,

108, 146, 278, 280, 311, 385
CIR model 43, 45, 64, 65
Classical solution, see Strong solution

Collateralized mortgage obligation
(CMO) 93

Collocation 234

Commodities 349

Comparisons 60, 96, 102, 212-215

Complementarity ~— 182-184, 187,
190-191, 218, 221, 245-246, 272, 303,
304, 322, 339

Complete market

Complexity 227

Compound Poisson process
332-333

Conditional expectation
332, 373

Condition number 221, 379-380

Confidence interval 125, 150, 370

Conforming element 268

Congruential generator  76-82, 100,
103

Conservation law 299, 309

Consistency  326-327

Contact point 175, 178-179, 190, 224

Continuation region  175-181, 204,
246-247, 322, 359

Continuation value or function 21,
50, 139, 141, 150

315, 376
55-56,

16, 48, 139,

Continuum  13-14, 160, 230

Control variate 101, 128, 130-131,
149

Convection-diffusion problem  288-
298

Convergence 13, 18, 21-24, 32, 34,

51, 62, 93-96, 113-114, 118-119,
123-130, 140, 148, 189, 199, 215, 217,
230, 244, 263-267, 280, 307, 309,
326-330, 339, 344, 346, 371, 383,
386-387, 392, 394

Convergence in the mean
371

Convergence order, see Order of error

Convex 11, 67, 175, 188, 224, 318,
321, 363, 369, 399

Correlated random variable ~ 90-92

Correlation  44-45, 58, 77, 82, 90-92,
99, 105, 108, 129-130, 133, 143, 146,
154, 277-280, 307, 312, 344, 369, 371

Courant—Friedrichs-Lewy (CFL)
condition 295, 300

Courant number  293-294

Covariance  90-92, 107-108, 119,
129-131, 270, 277, 368-370

Cox  43-45, 61, 73

34-36, 117,



Crank—Nicolson method  167-170,
172, 185-187, 191, 194-195, 198, 217
222, 244, 248, 289, 303, 325, 329, 344

Cryer  188-189, 388

Curse of dimension
280

227, 277, 279,

DAX 59, 60, 107

Decomposition of a matrix  90-92,
101, 107, 166, 170, 190, 383-385

Delta 12, 25, 29, 62, 74, 143, 146,
194, 211, 220, 289-291, 318, 355, 357,
380

Density function  47-50, 70, 90, 104,
122, 143, 209, 340, 345, 368

Derivatives, financial 1, 350-352

Differentiable (smooth) 11, 22, 24
32, 46-47, 63, 65, 86, 94, 95, 101-102,
113, 121, 123, 137, 158, 168, 176,
178, 181, 187, 193, 198-199, 217218,
220, 224, 231, 235-236, 246247,
260-261, 265268, 302, 344, 359-361,
371, 380-381, 388-394

Diffusion  36-37, 55-57, 115, 158,
258, 288-295, 301-302, 309, 319, 331,
333, 358, 363-364

Dirac’s delta function

Dirichlet boundary condition
224, 242-244, 255-256, 260

Discounting 26, 28, 42, 62, 69, 133,
144, 147, 171, 332, 377

Discrepancy  95-100, 102, 105, 148,
149

Discrete dividend 26, 156, 176, 216,
218, 221, 356, 359, 362

Discrete monitoring 287

Discretization  13-15, 31-32, 37-38,
40, 54, 127, 139, 142, 144, 147, 153,
159-160, 167, 183, 185-187, 191, 198,
206, 214, 217, 224, 231, 243244, 247,
251, 254, 263, 267, 270, 277, 279,
287, 292-295, 305, 325-327, 337, 339

Discretization error 14, 110, 126, 129,
148, 168, 195, 199, 207, 211, 222, 230

Dispersion  297-298, 363

Dissipation, see Numerical dissipation

Distribution 30, 32, 40, 48, 53-57,
62-64, 66, 69, 70, 75, 77, 82-93,
102-106, 111, 114, 122-123, 133, 149,
201, 205, 209, 212, 256, 280, 331-335,
356, 359, 368-371, 399-401

Distribution function 368, see also
Distribution

234, 364
171,

Index 423

Divergence theorem 253

Dividend 5, 6, 10, 16, 26, 65, 74,
122-124, 156-157, 172, 175-177, 179,
204, 209, 213, 216, 218, 221-222, 251,
279, 290, 312, 334, 353, 356-357,
361-364, 397, 399

Doeblin 64

Double barrier  251-252, 258-259

Dow Jones Industrial Average 1, 30

Drift 31, 37, 38, 42, 48, 56, 63-64,
126, 149, 332-335, 373-377,

Drift correction 149

Drifted Brownian motion 31, 42, 48,
64, 332-333

Dupire  363-364

Dynamic programming 21, 50, 62,
139-140

Dynamical system 65

Early exercise 5, 7, 11, 21, 27, 49,
124, 156, 174, 204, 209, 215, 216,
281, 308, 398

Early—exercise curve (Free boundary)
Sy 7,24,62,136-138, 156, 174-181,
207-208, 212, 218-221, 359-362

Efficient market 31, 351

Eigenmode 292, see Fourier mode

Element matrix 240, 258, 269

Elliptic = 264-266, 270, 394-395

Empirical data 51, 64, 71, 345

Error control 13, 68, 125, 196198,
210

Error damping 164

Error function 66, 399

Error projection  264-266

Estimate 13, 40, 51, 64, 66, 71, 104,
105, 112-113, 124, 144, 195-199, 260,
370

Euler discretization method 38, 63,
110, 112-114, 117-118, 120, 126-130,
133, 144, 150, 152, 153, 217, 292, 325

EURIBOR 58

Excess return 41

Exercising an option  1-3, 5-7, 50,
134, 174-176, 223-224, 283, 350

Exotic option, see Option

Expectation 16, 28, 31, 39, 45, 47,
54, 63, 70, 82, 92, 107, 109, 113-114,
119, 122-124, 139, 331-332, 335, 340,
345, 347, 358, 368-371, 373, 377

Expiration 2, see also Maturity

Explicit method 110, 161-165, 185,
217, 292, 300, 306-307
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Exponential distribution 54, 86, 334

Exponential growth 18, 64, 227

Extrapolation 2224, 51, 71-72,
199-200, 208-209, 213-214, 226, 382

Factorization, see Decomposition

Fast Fourier Transformation (FFT)
59, 65, 311, 339-344, 386

Faure sequence 100, 102

Feller condition 64

Feynman—Kac theorem 149

Fibonacci generator  81-82, 100-101,

104, 106
Filtration 135, 347, 367, 373
Financial engineering 12, 230, 302,
350-352

Finite differences 25, 158-171, 177,
183, 185-187, 193-194, 200, 212-215,
217-221, 231, 244, 249-250, 255, 260,
288, 292-302, 306-307, 325-329,
337-339

Finite elements 199, Chapter 5

Finite-volume method 309

Fokker-Planck equation = 363-365

Foreign exchange 216, 353-354

Forward 350, 352-354

Forward difference 162, 166

Forward equation 364

Forward time backward space (FTBS)
294

Forward time centered space (FTCS)
292-296, 299, 311

Fourier mode  292-294, 297-298

Fourier transformation 292, 311, 331,
339-343, 347, 386

Fractal interpolation 149

Free boundary problem  173-187

Front fixing 179, 215, 218, 220, 225,
269

Fundamental theorem of asset pricing
42

Function spaces
388-391

Future 350

236, 260-262, 268,

Galerkin method
252-258, 269
GARCH 64
Gaussian process  30-31
Gaufi—Seidel method 223, 387-388
Geometric Brownian motion (GBM)
10, 38-43, 47-48, 51-53, 55-56,
58-59, 64, 122-123, 132, 153, 156,

229, 234-243

209, 250, 270, 273, 275, 277, 282,
315, 333-334, 354, 363, 376

Gerschgorin 169, 383

Girsanov 42, 374

Godunov 309

Greek 12, 25, 74, 143, 194, 211, 215
220, 357

Grid  13-15, 17-18, 49, 71, 95, 102,
110, 120, 121, 138, 159-160, 165, 171,
183, 194-199, 221, 227, 220-231, 236,
242, 247, 251, 256, 265, 270, 278
279, 292, 298, 299, 303, 305, 325,
337, 342-343

Halton sequence  98-100, 102, 148

Hat function  235-243, 248, 256-257,
262-263, 265-266, 268, 269

Harrison 374

Hedging 6, 26, 60, 62, 315-318,
350-351, 353, 355-358

Hermite polynomial 268

Hesse matrix, Hessian 188, 268, 392,
394-395

Heston’s model 45, 59-60, 65, 142,
154, 259, 345

Heston-Hull-White model 146

High—contact condition  178-179,
182, 205, 208, 212, 218, 221, 223-224

High resolution = 299-302

Hilbert space  390-391

Histogram  40-41, 51-52, 71

Hitting time 135, 153

Holding value, see Continuation value

Iiquidity 322

Implicit method  166-169, 217, 222,
254, 303, 306-307, 309, 325-329, 346,
347

Implied tree 78

Implied volatility 40, 59, 67, 363

Importance sampling 149

Incomplete market 315, 318, 355,
358, 376

Independent random variable — 31-32,
53-55, 75, 88, 90, 93, 103, 105, 119,
125, 143, 147, 149, 151, 279, 331-333,
358, 369-370

Ingersoll  43-45, 73

Initial conditions 47, 157158, 162,
184, 244, 294, 364

Inner product 233, 260, 391

Integrability 94, 234, 236, 389-390



Integral equation 37, 46, 210-212,
214-215, 221, 226, 252, 374

Integral representation  48-50,
122-123, 171, 209, 212, 221, 340, 363

Interest rate r 4, 6, 10, 16, 28-29,
4243, 48, 58, 62, 146-147, 259, 291,
350-354, 377

Interpolation 14, 32, 121, 201, 212,
214-216, 231, 235, 267, 288, 380

Intrinsic value 2, 4, 224

Inversion method  83-84, 87, 101,
106, 148, 400401

Isometry 36, 151

Iteration 59, 67, 84, 162-163,
188-191, 195, 200, 210-211, 220, 306,
309, 339, 383, 386388, 391-392

It6 integral ~ 35-36, 63, 110, 150-151

It6 Lemma or formula, see Lemma of
Ito

It6 process
374-376

It6—Taylor expansion

37, 46-47, 72, 110, 371,

115-116

Jacobi matrix 87, 120, 382

Jacobi method  387-388

Jensen’s inequality 202, 369

Jump 10, 26, 53, 64, 107, 216,
287-288, 331, 336, 344

Jump diffusion  55-58, 65, 120, 330,
333-336, 338, 345, 347, 357-358

Jump process  53-57, 316, 330-339,
376

Karush—Kuhn—Tucker theorem 188

Kim’s integral equation 209, 226

Koksma—Hlawka bound 97, 100, 102

Kurtosis 64

Lack of smoothness 193, 198, 217,
220, 230, 344, 394

Lagrange polynomial 220, 380

Landau 218, 382

Lattice method, see Binomial method

Law of large numbers 93, 370

Lax—Friedrichs scheme 295, 299,
301-302, 312

Lax—Milgram theorem 264

Lax—Wendroff scheme  299-302, 309,
312

Leap frog 309

Least squares
364, 391, 393

Lebesgue integral

58-59, 65, 140, 234,

37, 93, 389

Index 425

Lehmer generator 100

Leland  316-318, 324, 329, 344, 346

Lemma of Céa  264-265

Lemma of It6 4648, 63-64, 115-116,
151, 279, 282, 310, 317, 354-355, 357,
371, 375-376

Levenberg-Marquardt method 392

Leverage 380

Lévy—Khinchin representation 331

Lévy process 57, 101, 280, 309,
330-335, 339-340, 345

LIBOR 350

Limiter 302

Linear complementarity problem (LCP)
182, see Complementarity

Linear element 263, see Hat function

Liquidity 11, 322

Local discretization error 168, 222

Lognormal 48, 56, 64, 70-71,
122-123, 280, 335, 359

Long position 2, 4, 26, 352

Low discrepancy 97, see Discrepancy

LUBA method 212, 215

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,
349-354

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, 206209,
216, 224-225, 243

Milstein 118119, 130, 152
Minimization 140, 188, 221, 247, 261,
391-393

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

Model problem

- —u" = f 241, 260, 265

— Ut + aug = bug, 291, 295

—ur+augy, =0 294, 301

Modulo congruence 76

Moment 64, 70, 113-114, 119-120,
151-152, 368

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
227, 229, 274277

Multigrid 221, 279

43-45, 140, 142,

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
NIG process 334, 345

Nitsche 266

No-arbitrage principle 5, 351-352,

see Arbitrage

Nobel Prize 61, 64

Node  17-20, 22, 25, 50-51, 62, 74,
160-162, 216, 219, 227, 233, 236237,
257-258, 266, 268, 271, 280, 294, 299,
312

Nonconstant coefficients 52, 301, 357

Nonlinear 11, 57-58, 65, 100, 174,
179, 181, 190, 210, 220, 303-307,
315-329, 346, 394

Norm  264-267, 383, 386, 389-391,
393

Normal distribution 12, 31-32, 64,
66, 75, 84, 86-87, 90, 104, 201, 205,
333, 369, 399-401

Normal Inverse Gaussian (NIG)
345

Numerical dissipation

334,
295, 301, 309
Obstacle problem

244-246, 261
One—factor model

181-184, 218,

43, 50, 122

One—period model  26-29, 41, 122

Option 1, 350-351, 354-355

— American 2, 4-5, 7-8, 11, 21-22,
24, 49-50, 134-141, 172-194, 197
198, 201-214, 216, 218-220, 222-226,
246-249, 268, 272, 274, 280, 303-305,
308, 322, 324, 330, 339, 345, 359-362,
394, 397-399

— Asian 8, 127, 275, 280-288,
290291, 308, 310

— Average , see Asian option

~ 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,
276277, 303-305

— Bermudan  49-50, 138-139, 155

— Binary  132-133, 193, 225, 255256,
274

— Call 1-5, and all over

— Chooser 274

— Compound 274

— European 2-3, 5, 7, 9-10, and all
over

~ Exotic 3, 8, 13, 127, 132-133, 251,
273-276, 308-310

— Lookback  126-127, 275, 307, 309

— Path-dependent 8, 51, 126,
274-275, 280, 309, 317

— Perpetual 178, 223-224, 359, 399

— Put 1, 3-5, 7-9, and all over

— Rainbow  276-277

— Vanilla (standard) 1, 8, 11, 20,
50, 58, 72, 136, 155, 158, 201, 213,
242244, 274, 281-282, 305, 315, 321,
324, 340, 356, 397-399

Order of convergence or error 13, 22,
24, 46, 51, 69, 71-72, 94-95, 112-113,
116-120, 127-128, 148, 159, 167168,
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, 289291,
293, 296-298, 300, 308, 380

Overfitting 60

Parallelization 101, 149
Parameterization of a curve 205,
253-256



Parametric method

Pareto 64, 215

Partial differential equation (PDE)
9-13, 64, Chapters 4-7, p. 363-364,
394, 402

Partial integro-differential equation
(PIDE) 57, 330, 334, 359

Partition of a domain  33-34, 106,
150, 231-232, 236, 263, 269, 381

Path (Trajectory) 3,8, 18, 30, 38-40,
45, 53, 109-113, 123-124, 126-127,
129, 132-136, 138-141, 144-147, 153,
216, 274

Path—(in)dependent, see Option

Pathwise sensitivity — 143-147

Payoff  2-5, 7-11, 2022, and all over

Péclet number 216, 289-291,
293-295, 308

Penalty method 181, 217, 221, 269,
303-307, 309, 313, 322-324, 330, 339,
344

136-138, 150

Period of random numbers  76-81
Phase shift 298

Pliska 374

Poincaré inequality 265

Poisson distribution 53, 107, 371
Poisson process  53-56, 331-333, 373

Pole behavior 84, 381

Polygon 121, 237-238, 262-263
265-266, 380
Polynomial 113, 220, 231-232, 235

263, 267, 269, 293, 380-381, 293, 401

Portfolio  26-29, 32, 62, 65, 72-73,
224, 229, 277, 310, 316-317, 320, 346,
349, 351-352, 354-355, 357-358, 374,
376

Power method 108, 385, 388
Preconditioner  387-388
Premium  1-2, 4, 204, 209, 211, 315

350-352

Principal component analysis (PCA)
91, 108, 267

Probability  16-17, 26, 28-29, 41-42,
48, 53, 63, 69, 74, 77, 83, 89, 92, 102,
106, 114, 120-123, 154, 270, 331-332,
356, 363, 367-371, 374

Profit  4-5, 27, 176, 351, 353

Projection SOR 189, see SOR

Pseudo-random number 75, 82, 99

Put, see Option

Put—call parity 5, 65, 172, 206, 222,
356, 362, 397, 399

Put—call symmetry 198, 362

Index 427

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

Rannacher 194

319-322

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 4345, 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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Schobel-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, 210211, 226, 383

Seed 76, 78, 82, 112, 124, 126

Self-financing 62, 73, 317, 351,
354-357, 374-377

Separation of variables
260, 283, 288

Semidiscretization 15, 139, 159,
206-207, 224, 243, 247

Sensitivity analysis  11-12, 25,
143-147, 194

Short position

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, 387388

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

242244, 247,

4, 26, 65, 352-353

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

Stochastic process 6, 30-31, 36-39,
43-47, 53, 57, 63, 110, 114, 121, 135,
373

Stochastic Taylor expansion  114-117

Stopping time  134-138, 141, 176, 193

Stopping region  175-181, 193

Strangle 72

Stratified sampling 101

Stratonovich integral 63

Strike price K 1-8, 18, 22-23, 58, 65,
and many more

Strong convergence

Strong (classical) solution
148, 247, 260, 394-396

113-114, 118-119
111-112,

Subordinator 334, 345

Support  85-86, 106, 235, 257, 263,
269

Swap 350

Symmetry of put and call 198, 220,
362

Tail of a distribution 52, 64, 401

Taylor expansion 11, 46, 114-119,
159, 168, 230, 298, 317, 372, 379
Terminal condition 10, 66, 157, 204,

251, 288, 291, 303, 315
Test function, see Weighting function
Time 1-4, 6, 10, 15, 31, 106, 135,
157, 349
Time-changed process
Toeplitz matrix 337
Total variation diminishing (TVD)
300-303, 309, 312
Trading strategy
354, 374, 377
Trajectory, see Path
Transaction costs
316-319, 329, 346
Transformations 48, 51, 66, 85—89,
91, 104, 108, 151, 157, 172, 179, 187,

106, 334, 345

33, 316-317, 351,

3-4, 10-11,



216, 220223, 225, 270, 310, 323, 331,
336, 339, 362-364

Trapezoidal rule 210, 217, 244, 337,
381

Trapezoidal sum (composite rule) 95,
147, 210-211, 342, 381

Traveling wave 294

Tree method 143, 155, 217, 277-278,
307, see Binomial method

Trial function, see Basis function

Triangle as subdomain  231-233, 251,
257-258, 271
Tridiagonal matrix 162, 164, 166,

168-169, 224, 226, 240, 250, 338, 384
Trinomial model 26, 61-62, 217, 280,
307
Truncation error
337, 339, 342
Two-asset model  132-133, 250-252,
255-256, 270, 276278, 305, 312

64, 170, 172, 217,

Underlying

Uniform distribution
93, 95, 104, 106, 369

Upwind scheme  294-298, 300-302,

1-6, 8, 10-11
75-77, 82-89,

306, 311-312
Value at Risk 64, 149
Value function = 9-12, 47

Van der Corput sequence  98-100,
102

Van Leer limiter 302

Variable volatility 64, 272, 362-365

Variance 16-17, 31, 45, 47, 51, 63, 66,
71, 73, 77, 93-94, 101, 105, 113-114,
119, 127-129, 149, 331, 368-371

Variance Gamma process (VG) 334

Index 429

Variance reduction  128-131, 141-142,
149

Variation  33-35, 97

Variational problem
262-263

Vasicek model 43

Vieta 18

Viscosity solution 326, 328, 394-396

Volatility 6, 10, 17, 19, 38, 40, 43, 45,
51, 57-60, 64

— Implied 59, 67, 363

— Local 64, 362-364

— Variable 64, 272, 362

Volatility smile 67, 217, 363

Von Neumann stability, see Neumann
stability

184, 244-246,

Wallace algorithm 101
Wave 294
Wave number
Wavelet 269
Weak convergence
127, 130, 148
Weak derivative or version 230, 247,
252-257, 266, 268, 309, 389-390
Weak solution 111, 151, 247, 253,
260, 262-264, 394-395
Weighted residuals  230-234
Weighting function  233-234, 252
Wiener process (standard Brownian
motion) Wy  30-38, 41-47, 57-58,
63, 73, 106, 110-112, 120, 125, 133,
143, 147, 149-152, 154, 278, 331, 334,
345, 372-374
Writer  1-5, 351

292-293, 298

113-114, 119-120,

Ziggurat algorithm 101






