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additive Schwarz preconditioner, 73,
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algebraic multigrid, 95
coarse and fine grid, 101
AMG, see algebraic multigrid
Arnoldi factorization, 150
Arrow—Hurwicz, 120, 131, 241

Block Gaussian elimination, 66
block preconditioner, 249

Block preconditioners, 121
boundary elemenent method, vi

CG, see conjugate gradients

conjugate gradients, 3
minimization viewpoint, 3
preconditioned, 5, 14

Cuthill-McKee, 28, 37, 38

damping, 42

decay
off-diagonal blocks, 51
Singular values, 51

degree, 27

diagonal preconditioner, 121, 130

diagonally dominant, 32

Dirichlet—-Neumann method, 68, 81,
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Domain decomposition, 63
non-overlapping domains, 64
uniform discretization, 64

edge, 24
incoming, 24
outgoing, 24
weight, 99

field of values, 16
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fill-in, 23

finite difference, 44

first-order necessary optimality
conditions, 116

Fourier modes, 88-90, 106

full multigrid V-cycle, 95, 106

Gauss—Seidel, 19, 33, 154
convergence, 21
fixed-point, 20, 31

Gaussian elimination, 18

Generalized saddle point system, 116

Gershgorin theory, 153, 239

GMRES, 2, 3, 126, 133
convergence, 6, 15
flexible variant, 6, 7, 229, 242
min-max bound, 6, 151
minimization viewpoint, 2
transient phase, 9

graph, 24
adjacency matrix, 24
connected, 26
directed, 24
disconnected, 26
distance, 26
of a matrix, 25, 97
path, 25
separator, 37
undirected, 24

H-matrices, see hierarchical
matrices

Helmholtz equation, 42
damping, 42
eigenvalues, 46
oscillations, 42, 55
Sommerfeld condition, 46
weak formulation, 58

hierarchical matrices, 52

1LU, 29
modified, 39
ILU(p), 30, 31
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ILU(0), 29
incomplete LU, see ILU
interpolation, 94, see also
prolongation
iterative methods, 2
preconditioned, 4

Jacobi, 19
convergence, 21
fixed-point, 20, 31
Jacobi iteration, 32, 33, 154, 155
block, 70
damped, 88, 96, 106, 235
Jordan block, 139

KKT conditions, see first-order
necessary optimality
conditions

KKT-matrix, 123

Krylov subspace, 2, 115

Lagrangian, 116

Laplacian
graph, 80

left preconditioning, 4

LU factorization, 22
existence, 23
Fill-path, 31
fill-in, 23
interpretation, 23
level of fill, 30
reordering, 27

M-matrix, 17, 22, 30, 32, 95

min-max bound, 6

minimum degree ordering, 27

mixed preconditioning, 4

multigrid methods, 92

multiplicative Schwarz method, 71,
109

multiplicative Schwarz
preconditioner, 74

Nested iteration, 93
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node, 24
normal matrix, 139
nullspace method, 115

PCG, see conjugate gradients
perfectly matched layers, 46
PML, see perfectly matched layers
Poisson equation, 75, 81
profile, 28
projection, 94, see also restriction
prolongation, 103, see also
interpolation
direct, 104
Ruge—Stiiben, 105
weights, 104
pscont, 11, 141
pseudospectra, 10, 16
bound, 9, 15
definition, 9, 150
equivalent definitions, 10
properties, 10

QMR, 2

quadprog, 124-126, 228, 229

quadratic programming, 115, 124,
128, 231

reduced Hessian method, 115

regular splitting, 22, 30, 32, 96

residual equation, 93, 97

restarting, 3

restriction, 103, see also projection

reverse Cuthill-McKee, see
Cuthill-McKee

right preconditioning, 4

Saddle point systems, 116
constraint preconditioning, 118
Schur complement reduction,

117
solvability conditions, 117

satellite, vi, 15, 148

Schur complement, 50, 115, 236

shifted Laplacian, 45



INDEX

short-term-recurrence methods, 3
smooth error, 92
algebraically, 100
smoothing, 90
Sommerfeld condition, 47
SOR, 19
backward, 33
convergence, 21
fixed-point, 20, 31
symmetric, see SSOR
splitting method, 33
spy plot, 39, 114, 164, 165, 167, 168,
195, 235
SSOR, 20, 33
Steklov equation, 67, 77
discrete, 66
strongly depends, 99
strongly influences, 99
successive over-relaxation, see SOR
sweeping factorization, 48, 50
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two grids method, 44, 55
two-grid correction scheme, 94, 109
two-sided preconditioning, 4

uniform discretization, 64
Uzawa’s method, 119, 129, 235, 239,
241, 242
block, 133
inexact, 132
optimal parameter, 236
reformulation, 235

V-cycle, 95, 106

vertex, see node

W-cycle, 106
wavenumber, 42

Zarantonello bound, 6
zero pattern, 30



