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adjoint transpose, 23
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algorithm

classical Gram-Schmidt, 21
Crout, 63
exchange, 67
Gauß-Jordan, 66, 67
Gaussian elimination, 97
Givens, 92
Gram-Schmidt, 52, 77, 184
Householder, 78, 91
modified Gram-Schmidt, 22, 168
Thomas, 72

angle, 25
ansatz space, 137
approximation property, 197
arithmetic complexity, 56
arithmetic operation, 56
Arnoldi (1917–1995), 165
Arnoldi basis, 168
Arnoldi relation, 169

backward substitution, 55, 59
Banach space, 15
band matrix, 7
band type, 70
band width, 71
basis

orthogonal, 20
orthonormal, 20

best approximation, 20
bilinear form, 17
Burgers equation, 178

Cartesian basis, 1
Cauchy sequence, 14
central difference quotient, 141
characteristic polynomial, 28, 95
Chebyshev (1821–1894), 5
Chebyshev equalization, 5
Chebyshev polynomial, 119, 135
Cholesky (1975–1918), 75

Cholesky decomposition, 62, 75, 106
coarse-grid correction, 195
column pivoting, 57
complex arithmetic, 185
condition number, 46
conditioning, 45
contraction constant, 104
coordinate relaxation, 127
correction equation, 64
Crout (1907–1984), 63

defect, 5, 26, 29, 64, 76
defect correction, 64, 65, 99
defect equation, 191
definiteness, 13
Descartes (1596–1650), 1
descent direction, 126
descent method, 147
determinant, 23
deviation

maximal, 5
mean, 4

difference approximation, 6
difference equation, 6
discretization, 6
dyadic product, 79
dynamic shift, 183

eigenspace, 3, 28
eigenvalue, 3, 28

deficient, 29
eigenvalue equation, 28
eigenvalue problem

full, 29
partial, 29

eigenvector, 3, 28
generalized, 30

energy form, 189
equalization parabola, 5
exponential stability, 38

fill-in, 8
finite difference discretization, 206
fixed-point iteration, 99, 145
fixed-point problem, 99
forward substitution, 55, 59
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Frobenius (1849–1917), 33

Galerkin (1871–1945), 131
Galerkin equation, 131
Galerkin orthogonality, 104
Gauß (1777–1855), 56
Gaussian elimination, 55, 56, 91
Gaussian equalization, 4
Gerschgorin circle, 50, 53
Gershgorin (1901–1933), 49
Givens (1910–1993), 92
Givens transformation, 91
Gram (1850–1916), 21
grid transfer, 195

Hölder (1859–1937), 17
half-band width, 7
Hessenberg (1904–1959), 49, 88
Hessenberg normal form, 91
Hestenes (1906–1991), 131
homogeneity, 13
Householder (1904–1993), 79
Householder transformation, 79, 91

identity
parallelogram, 20
Parseval, 20

identity matrix, 23
inequality

Cauchy-Schwarz, 17
Hölder, 18
Minkowski, 14, 18
Young, 18

inverse iteration, 155, 185
iteration matrix, 99

Jacobi (1804–1851), 105
Jordan (1838–1922), 30
Jordan normal form, 30, 89

Kantorovich (1912-1986), 128
kernel, 23
Kreiss (1930–2015), 40
Kronecker symbol, 1, 23
Krylov (1879–1955), 132
Krylov matrix, 167
Krylov space, 132, 184

Lagrange basis, 206
Lanczos (1893–1974), 165
Lanczos algorithm, 185
Lanczos relation, 171
Laplace (1749–1827), 6
line search, 126
linear mapping, 22
linear system, 2

overdetermined, 2
quadratic, 2
underdetermined, 2

load vector, 190
LR decomposition, 55, 59, 62, 72, 97

M-matrix, 149
machine accuracy, 62
mass matrix, 190
matrix, 22

irreducible, 145
band, 70, 141
consistently ordered, 114, 141
diagonalizable, 32, 90, 156
diagonally dominant, 72
Frobenius, 56
Hermitian, 24
Hessenberg, 49, 88
ill-conditioned, 48
inverse, 23
irreducible, 109, 141
Jacobi, 142
lower triangular, 71
normal, 24, 54
of nonnegative type, 149
orthogonal, 25
orthonormal, 25, 77
permutation, 56
positive definite, 24, 73, 124
positive semi-definite, 24
rank-deficient, 85
reducible, 109
regular, 23
similar, 31, 88
sparse, 72
strictly diagonally dominant, 73
symmetric, 24, 124
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triangular, 55
tridiagonal, 49, 71, 88
unitarily diagonalizable, 32
unitary, 25
upper triangular, 71

matrix norm
compatible, 33
natural, 33

mesh-point numbering
checkerboard, 8
diagonal, 8
row-wise, 8

method
gradient, 149
Jacobi, 145
ADI, 107
Arnoldi, 165, 167
bisection, 96
CG, 131, 143, 149, 207
Chebyshev acceleration, 146
Cholesky, 75
cordinate relaxation, 147
damped Richardson, 147
descent, 126
direct, 3
finite element, 104
finite element Galerkin, 206
Gauß-Seidel, 9, 105, 108, 113, 142, 145
gradient, 127, 143
Hyman, 92
ILU, 106
iterative, 3
Jacobi, 9, 105, 108
Jacobi-Davidson, 158
Krylov space, 137
Lanczos, 165
Least-Error Squares, 26
LR, 159
multigrid, 187
optimal SOR, 148
PCG, 139
power, 153
projection, 132
QR, 159
reduction, 89

Richardson, 99, 187
SOR, 106, 111, 142
SSOR, 124
two-grid, 193

minimal solution, 27, 86
Minkowski (1864–1909), 18
Mises, von (1883–1953), 153
multigrid cycle, 191
multiplicity

algebraic, 29
geometric, 28

Navier-Stokes equation, 10
neighborhood, 14
nested multigrid, 194
Neumann (1832–1925), 36
Neumann series, 36
nodal basis, 189, 206
norm

l1, 14
l∞, 14
lp, 14
Euclidian, 13
Frobenius, 33, 87
maximal row-sum, 34
maximum, 14
spectral, 33
submultiplicative, 33

normal equation, 27, 76, 148
normal form, 31
normed space, 13
null space, 23
null vector, 1
numerical rank, 84

operator
5-point, 6
7-point, 7
coarse-grid, 195
divergence, 4
gradient, 4
Laplace, 4, 6, 140, 157, 204
nabla, 4
two-grid, 196

orthogonal
complement, 19
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projection, 19
system, 20

Ostrowski (1893–1986), 112
overrelaxation, 111

Parseval (1755–1836), 20
Penrose (1931–), 87
perturbation equation, 38
pivot element, 57, 67
pivot search, 57
pivoting, 61
point, 1

accumulation, 16
isolated, 16

Poisson problem, 206
post-smoothing, 191
power method, 183, 208
pre-smoothing, 190, 192
precondition

diagonal scaling, 208
preconditioner, 99
preconditioning, 136, 138

diagonal, 139
ICCG, 140
SSOR, 139, 149

product space, 16
prolongation, 191
pseudo-spectrum, 41
pseudoinverse, 87

QR decomposition, 77
QR method, 183

range, 23
Rayleigh (1842–1919), 29
Rayleigh quotient, 29, 154
reflection, 79, 91
Reich (1927–2009), 112
relaxation parameter, 106
relaxation step, 111
residual, 64, 104
resolvent, 28
restriction, 191
Richardson (1881–1953), 99
Ritz (1878–1909), 166
Ritz eigenvalue, 166

rotation, 25, 91
row sum criterion, 108, 110
Rutishauser (1918–1970), 159

saddle point system, 147, 148
scalar product, 16, 53

Euclidian, 16
semi, 17

Schmidt (1876–1959), 21
Schur (1875–1941), 89
Schur complement, 147
Schur normal form, 89
Seidel, von (1821–1896), 9
sequence

bounded, 14
convergent, 14

sesquilinear form, 17, 53
set

closed, 14
compact, 16
open, 14
resolvent, 28
sequentially compact, 16

similarity transformation, 31
singular value, 83
singular value decomposition, 82
smoother, 194
smoothing operation, 194
smoothing property, 196
Sobolev (1908–1989), 189
Sobolev space, 189
solution operator, 39
spectral condition number, 47, 53
spectral radius, 53, 100, 102
spectrum, 28, 52
step length, 126
Stiefel (1909–1978), 131
stiffness matrix, 190
stopping criterion, 103
Sturm (1803–1855), 95
Sturm chain, 95
Sturm-Liouville problem, 177
system matrix, 190

test space, 137
theorem
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Banach, 100
Cauchy, 15
Gerschgorin, 50
Kantorovich, 128
multigrid complexity, 200
multigrid convergence, 199
nested multigrid, 201
norm equivalence, 15
Pythagoras, 20
two-grid convergence, 196

Thomas (1903–1992), 72
total pivoting, 57, 61
trace, 23, 53

underrelaxation, 111

V-cycle, 193
Vandermonde (1735–1796), 5
Vandermondian determinant, 5
vector, 1

norm, 13
space, 1

W-cycle, 193
Wielandt (1910–2001), 155
Wilkinson (1919–1986), 62

Young (1863–1942), 17




