
Contents

Preface page ix

1 Numerical error 1
1.1 Types of error 1
1.2 Floating point numbers 1
1.3 Algorithms and error 6
1.4 Approximation error vs. algorithm error 13
1.5 An important example 16
1.6 Backward error 17
Problems 19

2 Direct solution of linear systems 22
2.1 Gaussian elimination 23
2.2 Pivot selection 30
2.3 Errors in Gaussian elimination 36
2.4 Householder reduction 43
2.5 Cholesky decomposition 49
2.6 The residual correction method 52
Problems 54

3 Eigenvalues and eigenvectors 56
3.1 Gerschgorin’s estimate 57
3.2 The power method 62
3.3 The QR algorithm 70
3.4 Singular value decomposition 81
3.5 Hyman’s method 89
Problems 91

4 Iterative approaches for linear systems 93
4.1 Conjugate gradient 93
4.2 Relaxation methods 103
4.3 Jacobi 105
4.4 Irreducibility 109
4.5 Gauss–Seidel 111

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-02108-2 - Numerical Analysis for Engineers and Scientists
G. Miller
Table of Contents
More information

http://www.cambridge.org/9781107021082
http://www.cambridge.org
http://www.cambridge.org


vi Contents

4.6 Multigrid 115
Problems 123

5 Interpolation 125
5.1 Modified Lagrange interpolation and the barycentric form 128
5.2 Neville’s algorithm 129
5.3 Newton 131
5.4 Hermite 136
5.5 Discrete Fourier transform 138
Problems 148

6 Iterative methods and the roots of polynomials 153
6.1 Convergence and rates 153
6.2 Bisection 155
6.3 Regula falsi 157
6.4 The secant method 159
6.5 Newton–Raphson 162
6.6 Roots of a polynomial 168
6.7 Newton–Raphson on the complex plane 172
6.8 Bairstow’s method 175
6.9 Improving convergence 179
Problems 180

7 Optimization 182
7.1 1D: Bracketing 182
7.2 1D: Refinement by interpolation 183
7.3 1D: Refinement by golden section search 184
7.4 nD: Variable metric methods 185
7.5 Linear programming 191
7.6 Quadratic programming 201
Problems 211

8 Data fitting 213
8.1 Least squares 213
8.2 An application to the Taylor series 217
8.3 Data with experimental error 219
8.4 Error in x and y 225
8.5 Nonlinear least squares 230
8.6 Fits in other norms 230
8.7 Splines 235
Problems 241

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-02108-2 - Numerical Analysis for Engineers and Scientists
G. Miller
Table of Contents
More information

http://www.cambridge.org/9781107021082
http://www.cambridge.org
http://www.cambridge.org


Contents vii

9 Integration 243
9.1 Newton–Cotes 243
9.2 Extrapolation 252
9.3 Adaptivity 257
9.4 Gaussian quadrature 259
9.5 Special cases 271
Problems 273

10 Ordinary differential equations 275
10.1 Initial value problems I: one-step methods 275
10.2 Initial value problems II: multistep methods 278
10.3 Adaptivity 287
10.4 Boundary value problems 292
10.5 Stiff systems 298
Problems 300

11 Introduction to stochastic ODEs 302
11.1 White noise and the Wiener process 303
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