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1.2345% (interval notation), xi
=, xi

A posteriori error analysis, 159

A posteriori estimate, 155, 171, 172, 206,
207

A priori error analysis, 151

A priori estimate, 155, 205

Absorbing boundary conditions, 203

Active set, 111

Aitken’s A%-method, 20, 244

Algebraic unit, 220

Alternating series, 19, 28, 66, 178, 210,
226

Alternation theorem, 107

Antilimit, 248

Appell’s summation algorithm, 56

Approximation in linear spaces, 119

Archimedes’ algorithm for 7, 228

Arithmetic-geometric mean, 137, 216

Aspect ratio, 204

Asymptotic expansion, 172, 206, 207

Asymptotic series, 226

Automatic differentiation, 179

BCH code, 166
Berlekamp—Massey algorithm, 166
Bernoulli numbers, 62, 117, 227
Bessel function, 135, 258, 282
Bias, 122
Billiards, 40, 44

dispersing, 44

on flat torus, 44
Binomial coefficients, 130
Brent’s method, 82
Brezinski—Havie protocol,

see E-algorithm
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Brownian motion, 200, 202
isotropy, 213
Butterfly effect, 34

Cancellation effect, 184, 197, 216, 222
Cauchy-Riemann equations, 109
Certificate, 3
CFL condition, 172
CG iteration, 154
Challenge text, 1
Chaos, 33
Characteristic polynomial, 165
Chebyshev approximation

abstract, 119

complex, 102

discrete linear, 110

real, 107
Chebyshev polynomial, 241
Checkerboard coloring, 126
Chinese remainder theorem, 164
Cholesky factorization, 150, 205

as a preconditioner, 158
Class field theory, 220
Class invariant, 220
Closed-form solution, 221
Cohen—Rodriguez—Villegas—Zagier

algorithm, see CRVZ algorithm
Combinatorics, 129
Complex approximation, discrete, 109
Complex integration, see Contour
integration

Complex multiplication, 219
Condition number, 152, 154, 205, 251
Conformal mapping, 213
Conformal transplant, 213
Congruential method, 164
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Conjugate gradient method, see CG
iteration

Contour integration, 21, 20, 26, 31, 66,

68, 182,211, 227
Convergence

exponentially fast, see Exponentially

fast convergence
linear, 226
logarithmic, 226
sublinear, 226

Convergence acceleration, 128, 173, 206,

207, 225
practical issues, 247
Courant number, 172
Cramer’s rule, 112, 163
Creative telescoping algorithm,
see Zeilberger’s algorithm
CRVZ algorithm, 241
Cubic lattice, 142

Daubechies scaling function, 284
Delves—Joyce integral, 144

Dense output, 170

Dependence phenomenon, 83
Determinant, 164

Diagnosis of sequences, 248
Diagonal preconditioner, 157
Dialectic mathematician, 229
Differential evolution, 82, 104
Difficulty of the problems, 15
Digamma function, 56, 113, 194, 196
Directional rounding, 138
Discretization error, 171

Divergent series, 26, 226

Dixon’s algorithm, 171

Dominant eigenvalue, 53

Donor, 8

Double-exponential formula, 68, 187
Dual optimization problem, 115

E-algorithm, 233

Elliptic integral, 136, 142, 214
Elliptic modular function, 219
Elliptic nome, 218

Energy norm, 154

Epsilon algorithm, 51, 55, 59, 128, 245
e-inflation, 97, 139, 180
Ergodic system, 44
Euclidean algorithm, 166, 167
Euler characteristic, 89
Euler’s constant, 117, 196
Euler’s transformation, 233
modified, 235
Euler—Maclaurin sum formula, 62
Evolutionary algorithms, 79, 104
Exact solution, 164, 221
Expected number of visits, 125
Exponentially fast convergence, 27, 70,
128, 133, 188
Extrapolation, 51, 128, 152, 171
Extrapolation methods
linear, 232
nonlinear, 232, 244
practical issues, 247
semilinear, 232, 243
susceptibility to round-off, 250

Fast multiplication, 30, 75

Fast Poisson solver, 205
Feigenbaum constant, 95
Filtration, 179

Finite difference method, 171
Finite element method, 170
Five-point stencil, 124, 203, 206
Fixed-point iteration, 187
Fourier analysis, 139, 174, 190
Fourier integral, 28, 189

Fourier series, 102, 140, 174, 209
Fourier transform, 70

Frobenius norm, 49

Functional equation, 285
Funnel, 72

Gamma function, 56, 113, 116, 143,
196, 227

Gauss—Jacobi quadrature, 183

General-purpose quadrature, 183

Generating function, 135

Gershgorin’s theorem, 163



Index

303

Green’s function, 176
Grid search, 78

Haar condition, 108

discrete, 111
Hadamard inequality, 165
Hankel matrix, 50
Harmonic measure, 204
Hausdorff’s theorem, 240
Heat equation, 169, 174
Hensel lifting, 167
Hierarchical iteration, 54
High-precision arithmetic, 29, 37, 54, 65,

75, 118, 138, 158, 179

Highly oscillatory integral, 18, 189
Hilbert matrix, 50
Hilbert space, 48
Hilbert’s 12th problem, 219
Holonomic recurrence, 131
Hurwitz zeta function, 257
Hyperbolic dynamics, 40
Hypergeometric function, 194, 195
Hypergeometric summation, 131
Hypergeometric term, proper, 132

IMT method, 68
Integer lattice, 125, 202
Integral

improper Riemann, 18, 21

Lebesgue, 18

oscillatory, 18, 190
Integration by parts, 24
Interval arithmetic, 40, 83, 138, 160, 178,

260

Interval bisection algorithm, 138
Interval minimization algorithm, 84
Interval Newton method, 92, 179
Interview

with Trefethen, 3

with winning teams, 11
INTLAB

tutorial, 272

web page, 272

Jacobi polynomials, 241
Jacobi’s elliptic sine function, 223

Jacobi’s imaginary quadratic
transformation, 217

JIT compilation technology, 50

Jumps in boundary condition, 171

Kahan’s algorithm for (e* — 1)/x, 192

Karatsuba multiplication, 29, 75

Keller’s letter, 2, 8

Kepler conjecture, 95

Killing rate, 122

Koch snowflake, 284

Krawczyk condition, 94

Krawczyk iteration, see Newton—
Krawczyk iteration

Krawczyk operator, 93

Kronecker tensor product, 124

Kronecker’s “Jugendtraum,” 219

Krylov space method, 153, 165

Laguerre polynomials, 258
Lambert’s W function, 22, 28, 31
Landen’s transformation, 217
Laplace’s equation, 203

n-dimensional, 200
Laplace’s first integral, 135
Laplace-Heine asymptotic formula, 135
Lattice Green function, 139
Legendre polynomials, 134, 241
Leibniz series, 211
Levin’s T-algorithm, 243
Levin’s U-algorithm, 52, 243
Levin’s W-algorithm, 243
Location of optimum

accuracy of, 114, 185
Longman’s method, 18, 28
Lorenz equations, 95
LU -factorization, 165

Matrix inverse, 148

Matrix recurrence, 127
Maximum principle, 102, 204
Meijer’s G function, 194
Method of lines, 170

Method — Oscillatory, 28
Midpoint rule, 181, 187
Minimal degree ordering, 150
Minimal polynomial, 165
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Minimax problem, 102
Mobius function, 226, 256, 282
Model for extrapolation, 231
Modular determinant, 165
Modulus of elliptic integral, 136, 214
Monte Carlo algorithm, 199, 200
mean quadratic error, 202
Morse theory, 89
Mortal walker, 122
Miihlbach—Neville—Aitken extrapolation,
see E-algorithm
Multiprecision arithmetic, see High-
precision arithmetic
Multigrid method, 205
Multiple exchange algorithm, 107

Near-circularity, 115
Nelder—Mead method, 82
Neville—Aitken interpolation, 236
Newton condition, 92
Newton operator, 92
Newton’s method, 82, 88, 113, 115
Newton—Krawczyk iteration, 94
Nonnegative matrix, 53
Norm

Frobenius, 49

operator, 48

spectral, 48

supremum, 102
Notation

=, xi

interval form 1.234533, Xi
Numerical conformal mapping, 223
Numerical differentiation, 196
Numerical instability, 164, 216
Numerical quadrature, 68

adaptive, 141
Numerical stability, 40, 151, 205, 250

Ooura—Mori method, 28, 31, 190
Operator norm, 48

Operator polynomial extrapolation, 239
Opportunistic evaluation, 92
Optimization algorithms, 104, 184
Optimum, accuracy, 114, 185

Ordinary differential equation, 170, 284

Oscillatory integral, 18, 189
Osgood—Carathéodory theorem, 213
Overflow, 130, 164, 188

Padé approximation, 166, 257

p-adic method, 167

Paley—Wiener theorem, 70

Parameter of elliptic integral, 136

PARI/GP, web page, 264

Partial difference equation, 123, 126, 139,
203

Partial differential equation, 170,203,284

Partial fractions expansion, 56

Path-following algorithm, 88

PCG iteration, 157

Perron—Frobenius theory, 53

Perturbation theory, 58, 162

Pochhammer’s symbol, 195

Poisson solver, fast, 205

Poisson summation formula, 70

Poisson’s equation, discrete, 124

Pélya’s theorem on random walks, 122

Positive definite matrix, 150

Positive matrix, 53

Potential theory, 203

Power iteration, see Power method

Power method, 51, 52, 54

convergence theory, 53
transformed, 61

Preconditioned conjugate gradient
method, see PCG iteration

Preconditioning, 156

Prime field, 165

Principal submatrix, 48

Principal value, 70, 282

Probability distribution, 44, 200

Probability of return, 121

ProductLog, see Lambert’s W
function

Proof without words, 213

Pseudolimit, 250

Psi function, 56, 113, 194, 196

Putnam Competition, 281

QR-algorithm, 155
Quadratic interpolation, 184
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Radical expression, 219
Ramanujan’s notebooks, 211, 221
Ramanujan’s singular modulus, 220
Random walk, 122, 202
biased, 122
recurrent, 122
transient, 125
on triangular array, 283
unbiased, 122
Rational number reconstruction, 167
Rational solution, 164
Reflection principle, 213
Regularity, 171
Remes algorithm, 107
Remes vs. Remez, 107
Residual, 154
Residue theorem, 66, 67, 211, 212
Reverse Cuthill-McKee ordering, 150
Rho algorithm, 52, 245
modified, 246
Richardson extrapolation, 70, 171, 197,
206, 208, 235
Riemann mapping theorem, 213
Riemann zeta function, 117, 226
Riemann’s prime counting function,
286
Romberg integration, 19, 25, 70, 183,236
Round-off error, 54, 59, 114, 128, 151,
158, 171, 173, 197, 205, 226
pseudorandom behavior, 185
Round-off error analysis
a posteriori, 159, 206
a priori, 151, 205
backwards, 40
running, 173, 208
Running error analysis, 173, 208

Salzer’s extrapolation, 237
modified, 238
Schwarz—Christoffel formula, 214
Secant method, 187
Separation of variables, 199, 208
Shadowing lemma, 40
Significance arithmetic, 37
Simulated annealing, 82, 104
Singular moduli, 219

Singular value, 49
Singular value decomposition, 51
Singular vector, 58
Sinh transformation, 69
Sobolev inequality, 283
Sparse linear solver, 124, 149, 205
Sparse matrix, 124, 148, 205
Spectral norm, 48
Spurious limit, 250
Stabilization, 216, 221
Step size, 68
Stiff integrator, 171
Stirling’s formula, 117, 135, 227
Stochastic calculus, 202
Stopping rule, see Termination criterion
Storage scheme, 148
Strebel’s summation formula, 63
Stride, 247
Structure function of a random walk, 140
Summation algorithm, 56
Summation by contour integration,
66, 227

Summation formula, 60

complex, 73

sampling points, 60

weights, 60
Supremum norm, 102
Symbol of a random walk, 140
Symmetric positive definite matrix, 150

Terminal accuracy, 226
Termination criterion, 154, 254
Theta algorithm, 246
Theta function, 176, 219
Three-term recurrence, 132
with random coefficients, 283
Toeplitz matrix, 282
Totally alternating sequence, 240
Totally monotonic sequence, 240
Transition probability, 122, 202
Trapezoidal rule, 27, 68, 187
truncation
threshold, 68
truncation point, 73
Truncation error, 178



306

Index

Underflow, 130, 164, 188
URL of web page for this book, ix, 263

Validation, 97, 160, 260
Vandermonde determinant, 112

W function, see Lambert’s W function
Walk on spheres, 200
Watson’s integral, 143
Web page for this book (URL), ix, 263

Weierstrassian ratio of periods, 216

Wiedemann’s algorithm, 165

Wiener measures, 202

Winners, 2

Wynn’s epsilon algorithm, see Epsilon
algorithm

Zeilberger’s algorithm, 132
Zeta function, see Riemann zeta
function





