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1-norm, 15 analysis, 25
matrix, 17 stability, 52
vector, 15 band matrix, 27
2-norm, 15, 59 bandwidth, 27
matrix, 17 basis, 18, 35
vector, 15 matrix, 99
3-mode array, 91 orthogonal, 48
orthonormal, 36, 63
absolute error, 15 vector, 12, 165, 173
adjacency matrix, 158 bidiagonal matrix, 81, 197
Aitken extrapolation, 157 bidiagonalization
algebra, multi-linear, 91 Householder, 81
all-orthogonality, 95 Lanczos-Golub-Kahan, 80, 84, 85,
ALS, see alternating least squares 142, 145, 202, 207
alternating least squares, 106 partial, 207
angle, 16 bilinear form, 172
animation, 8 bioinformatics, 1, 107
approximation BLAS, 12, 207
low-rank, 62, 89, 109, 135, 139, breast cancer diagnosis, 103
144, 168 bulge, 196
rank-k, 135, 165
rank-1, 164 cancellation, 9, 41, 76
Arnoldi cancer, 103
decomposition, 203 centroid, 102, 114, 139
method, 157, 203, 204, 208 approximation, 145
implicitly restarted, 205 chemometrics, 92, 94
recursion, 203 Cholesky decomposition, 24, 28, 207
ARPACK, 70, 208 classification, 75, 114, 118, 127, 172—
array 174
n-mode, 91 cluster, 101, 114, 139
n-way, 91 coherence, 102
ATLAS, 207 clustering, 139, 165
authority, 157 coherence, cluster, 102
score, 158 column pivoting, 71, 166
column-stochastic matrix, 151
backward complete orthogonal decomposition, 71
error, 7, 44, 52 compressed column storage, 200
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compressed row storage, 199

computer games, 8

computer graphics, 8

concept vector, 139

condition number, 24, 32, 33, 67

coordinates, 12, 48, 89, 104, 165, 173

core tensor, 95, 170

cosine distance, 16, 114, 132, 136, 140,
141

data
compression, 62, 99, 175
matrix, 64
deflated, 65
quality, 35
reduction, 18
decomposition
Cholesky, 24, 28, 207
eigenvalue, 182, 200
LDLT, 23
LU, 22, 207
tridiagonal, 27
QR, 46, 161, 207
column pivoting, 71, 166
thin, 47
Schur, 182, 197, 200, 207
complex, 183
partial, 182, 204
real, 182
singular value, 55, 116, 135, 207
thin, 57
dense matrix, 29, 40, 179, 185
dependent variable, 75
determinant, 179
diagonal matrix, 10
digits, handwritten, 4, 91, 97, 113—
128
distance
cosine, 16, 114, 132, 136, 140, 141
Euclidean, 15, 114, 120
tangent, 121, 124
document
clustering, 107, 139
weighting, 132, 162
dominant eigenvalue, 152

e-business, 1
eigenfaces, 169
eigenspace, 182
eigenvalue, 150
decomposition, 182, 200
dominant, 152
perturbation, 181, 183
problem, 5
sensitivity, 180
similarity transformation, 180
eigenvector, 150, 196
perturbation, 181, 184
email surveillance, 107
equation, polynomial, 179
equivalent vector norms, 15
error
absolute, 15
backward, 7, 44, 52
backward analysis, 25
floating point, 7, 44, 51
forward, 7
relative, 7, 15
Euclidean
distance, 15, 114, 120
norm, 123
vector norm, 15, 17
explanatory variable, 75

face recognition, 172
FIFA, 2, 79, 105
finite algorithm, 190
floating point
arithmetic, 7, 44, 155, 190, 196
error, 7, 44, 51
operation, 6
overflow, 7, 156
standard (IEEE), 7
underflow, 7, 156
flop, 6
count, 43, 51, 196, 197
football, 2, 80, 110
forward error, 7
frequency, term, 132
Frobenius norm, 17, 38, 62, 92, 99
fundamental subspace, 60
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Gauss transformation, 21

Gaussian elimination, 21

generank, 159

Gilbert-Johnson-Keerthi algorithm, 8

Givens rotation, see plane rotation

Google, 2, 5, 80, 104, 109, 147
matrix, 154

Gram-Schmidt, 90

graph
Internet, 149
link, 5, 149

strongly connected, 152
GTP, see text parser

handwritten digits, 4, 91, 97, 113-128
classification, 4, 91
US Postal Service Database, 4,
97, 113, 114, 119, 122, 128
Hessenberg matrix, 197
HITS, see hypertext induced topic search
Hooke’s law, 29
HOSVD, 94, 170
thin, 96, 170
truncated, 175
Householder
bidiagonalization, 81
matrix, 41
transformation, 41, 44, 45, 51, 81,
188, 197
HTML, 132, 161
hub, 157
score, 158
hypertext induced topic search, 157

IEEE arithmetic, 7
double precision, 7
floating point standard, 7
single precision, 7

ill-conditioned matrix, 25

implicit Q theorem, 194

implicit shift, 194, 197

index, 130, 137
inverted, 130

infinity norm
matrix, 17

information retrieval, 1, 2, 104, 129,
133, 161, 200

initialization, SVD, 108

inlink, 5, 148, 158

inner product, 13, 15, 92

Internet, 1, 2, 5, 147, 164

graph, 149

invariant subspace, 182

inverse document frequency, 132

inverse iteration, 186, 196, 199

inverse matrix, 19, 29

inverted index, 130

irreducible matrix, 151

k-means algorithm, 101, 102, 139
Kahan matrix, 73
Karhunen-Loewe expansion, 56
Krylov subspace, 80, 89, 201, 203

Lanczos method, 70, 208
bidiagonalization, 84, 85
tridiagonalization, 206, 207

implicitly restarted, 206, 207

Lanczos-Golub-Kahan bidiagonalization,

80, 84, 85, 142, 145, 202, 207

LAPACK, 12, 70, 179, 190, 207

latent semantic analysis, 134

latent semantic indexing, 130, 134, 146

ITEX, 161, 163

LDL” decomposition, 23

least squares, 29, 85
alternating, 106
method, 30
non-negative, 106
normal equations, 31, 52
perturbation, 68
prediction, 75
problem, 30, 49, 66, 85, 117
solution

minimum norm, 69
QR decomposition, 49
SVD, 66

lexical scanner, 163

library catalogue, 129

linear independence, 18

linear operator, 3
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linear system, 21
over-determined, 21, 29, 30, 49,
66
perturbation theory, 24
under-determined, 69
link, 2, 148
farm, 154
graph, 5, 149
matrix, 5, 200
low-rank
approximation, 62, 89, 109, 135,
139, 144, 168
matrix, 61
LSA, see latent semantic analysis
LSI, see latent semantic indexing
LU decomposition, 22, 207
tridiagonal, 27

machine learning, 161
manifold, 124
mark-up language, 161
Markov chain, 150
Mathematica, 6, 208
MATLAB, 6
matrix, 2
2-norm, 17
adjacency, 158
approximation, 61-64, 116
band, 27
basis, 99
bidiagonal, 81, 197
column-stochastic, 151
dense, 29, 40, 179, 185
diagonal, 10
factorization
non-negative, 102, 106, 141, 145,
161, 165, 168
Google, 154
Hessenberg, 197
Householder, 41
ill-conditioned, 25
inverse, 19, 29
irreducible, 151
Kahan, 73
link graph, 5, 200
low-rank, 61

multiplication, 13, 92
outer product, 14
nonsingular, 19
null-space, 59
orthogonal, 37
permutation, 22, 71, 165
positive, 152
positive definite, 23
range, 59, 182
rank, 19
rank-1, 19, 153
rank-deficient, 68
rectangular, 21
reducible, 151
reflection, 41
rotation, 38, 45, 53, 198
sparse, 3, 132, 163, 185, 199, 200,
208
storage, 199, 200
symmetric, 23
term-document, 2, 91, 104, 130,
131, 135
term-sentence, 162
transition, 150
triangular, 21
tridiagonal, 27, 188, 197, 206
upper quasi-triangular, 181
upper triangular, 45
matrix norm, 16
l-norm, 17
2-norm, 59
Frobenius, 17, 38, 62
infinity norm, 17
matrix-vector multiplication, 11
max-norm, 15
vector, 15
medical abstracts, 129
Medline, 129, 136, 140, 142, 144, 145
microarray, 159
mode, 91
model, reduced rank, 77, 115
MPI, 208
multi-linear algebra, 91
multiplication
i-mode, 92
matrix, 13, 92
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matrix-vector, 11
tensor-matrix, 92

music transcription, 107

mutual reinforcement principle, 162

n-way array, 91
natural language processing, 161
netlib, 207
network analysis, 159
noise
reduction, 145
removal, 62
non-negative least squares, 106
non-negative matrix factorization, 102,
106, 141, 145, 161, 165, 168
nonsingular matrix, 19
norm
l-norm, 15
Euclidean, 123
matrix, 16
1-norm, 17
2-norm, 59
Frobenius, 17, 38, 62
infinity, 17
maximum, 15
operator, 16
p-norm, 15
tensor, 92
tensor, Frobenius, 92, 99
vector, 15
Euclidean, 15, 17
normal equations, 31, 52
null-space, 59
numerical rank, 61, 71, 76

operator norm, 16

orthogonal
basis, 48
decomposition, complete, 71
matrix, 37
similarity transformation, 179, 187
transformation, floating point, 44
vectors, 16, 36

orthonormal
basis, 36, 63
vectors, 36

outer product, 14, 57

outlink, 5, 148, 158

over-determined system, 21, 29, 30,
49, 66

overflow, 7, 156

p-norm, vector, 15
pagerank, 147-157, 161
parser, text, 132, 161, 163
partial least squares, see PLS
partial pivoting, 21, 28
pattern recognition, 4
PCA, see principal components anal-
ysis
PCR, see principal components regres-
sion
performance modelling, 133
permutation matrix, 22, 71, 165
Perron-Frobenius theorem, 152
personalization vector, 154
perturbation
eigenvalue, 181, 183
eigenvector, 181, 184
least squares, 68
theory, 24, 25, 180
plane rotation, 38, 44, 45, 53, 198
PLS, 80, 89, 142
polynomial equation, 179
Porter stemmer, 131
positive definite matrix, 23
positive matrix, 152
power method, 150, 155, 185, 201, 204
precision, 133
prediction, 75
preprocessing, 130
principal components, 56
analysis, 64, 169
regression, 78, 144
projection to latent structures, see PLS
pseudoinverse, 69
psychometrics, 92, 94

QR algorithm, 179, 180
convergence, 194, 199
non-symmetric, 197
symmetric, 190, 192
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QR decomposition, 46, 161, 207
column pivoting, 71, 166
thin, 47
updating, 53

gr function, 48

query, 3, 78, 129-147, 158
matching, 132-146

random

surfer, 150

walk, 150
range, 59, 182
rank, 19

numerical, 61, 71, 76
rank-1

approximation, 164

matrix, 19, 153
rank-deficient matrix, 68
rank-k approximation, 135, 165
ranking, 2, 147, 148, 158

vector, 148
recall, 133
rectangular matrix, 21
reduced rank model, 77, 115
reducible matrix, 151
reflection matrix, 41
regression, principal components, 78,

144

relative

error, 7, 15

residual, 75
reorthogonalization, 90, 204
residual

relative, 75

vector, 30, 117
rotation

Givens, 38

plane, 38, 44, 45, 53, 198
rotation matrix, 53, 198
rounding error, 7

saliency score, 162
SAS, 208
SAXPY, 12, 13
ScaLAPACK, 208

Schur decomposition, 182, 197, 200,
207
partial, 182, 204
search engine, 1, 5, 130, 147, 161
semantic structure, 134
shift, 186
implicit, 194, 197
Wilkinson, 191
SIMCA, 119
similarity transformation, orthogonal,
179, 187
singular
image, 116
value, 56, 163
t-mode, 95
tensor, 95
vector, 56, 163
singular value decomposition, see SVD
slice (of a tensor), 93
software, 207
sparse matrix, 3, 132, 163, 185, 199,
200, 208
storage, 199, 200
spectral analysis, 107
spring constant, 29
SPSS, 208
stemmer, Porter, 131
stemming, 130, 161
stop word, 130, 161
strongly connected graph, 152
subspace
fundamental, 60
invariant, 182
Krylov, 80, 89, 201, 203
summarization, text, 161-168
supreme court precedent, 159
surfer, random, 150
SVD, 55, 94, 116, 130, 135, 163, 165,
168, 169, 200, 207
computation, 70, 196
expansion, 57
Lanczos-Golub-Kahan method, 108,
207
outer product form, 57
tensor, 94
thin, 57
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truncated, 62, 78, 136
svd function, 58, 70
svds function, 70, 108, 207
symmetric matrix, 23
synonym extraction, 159

tag, 161
tangent
distance, 121, 124
plane, 124
teleportation, 153, 164
tensor, 9, 91-100, 169-176
core, 95, 170
SVD, 94
unfolding, 93
TensorFaces, 169
term, 130, 162
frequency, 132
weighting, 132, 162
term-document matrix, 2, 91, 104, 130,
131, 135
term-sentence matrix, 162
test set, 114-116
text mining, 104, 129-146
text parser, 132, 161
GTP, 131
TMG, 163
Text Retrieval Conference, 145
text summarization, 161-168
theorem
implicit Q, 194
Perron-Frobenius, 152
thin
HOSVD, 96, 170
QR, 47
SVD, 57
TMG, see text parser
trace, 17, 92
training set, 91, 114-116, 118, 128
transformation
diagonal hyperbolic, 127
Gauss, 21
Householder, 41, 44, 45, 51, 81,
188, 197
orthogonal, floating point, 44
parallel hyperbolic, 126

rotation, 125
scaling, 126
similarity, orthogonal, 179, 187
thickening, 127
translation, 125
transition matrix, 150
TREC, see Text Retrieval Conference
triangle inequality, 15, 16
triangular matrix, 21
tridiagonal matrix, 27, 188, 197, 206
truncated HOSVD, 175
truncated SVD, 62, 78, 136
Tucker model, 94

under-determined system, 69

underflow, 7, 156

unfolding, 93

unit roundoff, 7, 25, 44, 192, 196

updating QR decomposition, 53

upper quasi-triangular matrix, 181

upper triangular matrix, 45

US Postal Service Database, 4, 97, 113,
114, 119, 122, 128

variable
dependent, 75
explanatory, 75
vector
basis, 12, 173
concept, 139
norm, 15
1l-norm, 15
2-norm, 15
equivalence, 15
Euclidean, 15, 17
max-norm, 15
personalization, 154
ranking, 148
residual, 117
singular, 163
vector space model, 130, 145, 161
vectors
orthogonal, 16, 36
orthonormal, 36
volcanos on Venus, 1

web page, 2
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web search engine, see search engine
weighting

document, 132, 162

term, 132, 162
Wilkinson shift, 191

XML, 132

zip code, 113



