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3.2 Properties of the Fréchet Derivative . . . . . . . . . . . . . . . . . . . 57
3.3 Bounding the Condition Number . . . . . . . . . . . . . . . . . . . . 63
3.4 Computing or Estimating the Condition Number . . . . . . . . . . . 64
3.5 Notes and References . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

4 Techniques for General Functions 71
4.1 Matrix Powers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
4.2 Polynomial Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . 72
4.3 Taylor Series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
4.4 Rational Approximation . . . . . . . . . . . . . . . . . . . . . . . . . 78

4.4.1 Best L∞ Approximation . . . . . . . . . . . . . . . . . . . . . 79
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8.5 The Padé Family of Methods . . . . . . . . . . . . . . . . . . . . . . . 203
8.6 Scaling the Newton Iteration . . . . . . . . . . . . . . . . . . . . . . . 205
8.7 Terminating the Iterations . . . . . . . . . . . . . . . . . . . . . . . . 207
8.8 Numerical Stability and Choice of H . . . . . . . . . . . . . . . . . . 209

Copyright ©2008 by the Society for Industrial and Applied Mathematics. 
This electronic version is for personal use and may not be duplicated or distributed. 
 
From "Functions of Matrices: Theory and Computation" by Nicholas J. Higham. 
This book is available for purchase at www.siam.org/catalog.



x Contents

8.9 Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210
8.10 Notes and References . . . . . . . . . . . . . . . . . . . . . . . . . . . 213

Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216

9 Schur–Parlett Algorithm 221
9.1 Evaluating Functions of the Atomic Blocks . . . . . . . . . . . . . . . 221
9.2 Evaluating the Upper Triangular Part of f(T ) . . . . . . . . . . . . . 225
9.3 Reordering and Blocking the Schur Form . . . . . . . . . . . . . . . . 226
9.4 Schur–Parlett Algorithm for f(A) . . . . . . . . . . . . . . . . . . . . 228
9.5 Preprocessing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230
9.6 Notes and References . . . . . . . . . . . . . . . . . . . . . . . . . . . 231

Problems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231

10 Matrix Exponential 233
10.1 Basic Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
10.2 Conditioning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 238
10.3 Scaling and Squaring Method . . . . . . . . . . . . . . . . . . . . . . 241
10.4 Schur Algorithms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 250

10.4.1 Newton Divided Difference Interpolation . . . . . . . . . . . . 250
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