
Contents

Preface— V 

Acknowledgments— VII

1 Introduction to multigrid —  1
1.1 Notations for vectors and matrices —  1
1.2 Basic direct methods —  5
1.3 Basic iterative methods —  9
1.4 One-dimensional Poisson equation — 14
1.5 Two-dimensional Poisson equation —  25
1.6 Two-grid algorithm-----33
1.7 Classical multigrid methods —  43
1.8 Higher-order discretization —  47
1.9 Nonlinear problems —  53

2 Robust multigrid technique —  57
2.1 Motivation and terminology —  57
2.2 Analytic part of the technique —  59
2.3 Computational part of the technique —  61
2.3.1 Generation of the finest grid —  61
2.3.2 Triple coarsening-----62
2.3.3 Discretization on the multigrid structure —  68
2.3.4 Multigrid iterations-----75
2.4 Approximation of the boundary conditions —  77
2.5 A numerical illustration —  79
2.6 Convergence analysis and computational work—
2.7 Numerical experiments —  95
2.8 Unstructured grids-----105
2.9 Remarks on multigrid software —  111
2.10 Conclusions-----118

3 Parallel multigrid methods — 120
3.1 Algebraic approach to parallelization — 120
3.2 Geometric approach to parallelization — 128
3.3 Combined approach to parallelization — 134
3.4 Parallel V-cycle — 138
3.5 Conclusions-----142

http://d-nb.info/1127763563


4 Applications of multigrid methods in computational fluid dynamics —
4.1 Navier-Stokes equations — 143
4.2 Staggered grids — 147
4.3 Discretization of convection-diffusion equations — 151
4.4 Resulting SLAB-----159
4.5 Uzawa iteration — 161
4.6 Vanka iteration — 165
4.7 Simple multigrid algorithm for Navier-Stokes equations — 170
4.8 Formal decomposition of pressure — 175
4.8.1 Simplified Navier-Stokes equations — 175
4.8.2 Pressure decomposition — 178
4.8.3 Explicit schemes — 181
4.8.4 Implicit schemes — 185
4.9 Full multigrid algorithm — 188
4.10 Conclusions----- 194

Bibliography — 195

Index — 197


