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Absolute-valued data, 326 search-based, 183
Adaptive grids, 258 single-link, 118
Adaptive Resonance Theory (ART), 262 sort-means, 166
Agglomerative hierarchical, 9, 207 Amplitude transformation, see
Akaike information criterion, see Transformation
Criterion Anchor point, 377
Algorithm AR, see Model
c-means, 158 Arithmetic average, 69
k-harmonic Means, 171 ARMA, see Autoregressive moving
k-means, 11, 38, 161 average
k-medoid, 246 ART, see Adaptive Resonance Theory
k—modes,’ 176 Association
k-probabilities, 179, 372 probability, 175
k-prototype.s, 18.1, 372. rule, 293, 298
agglomerative hierarchical, 94, Attribute, 5, 19, 94
109, 203 binary, 21
center-based, 161 >
categorical, 181
compare-means, 165
continuous k-means, 165 clasg, 1
density-based, 223 continuous, 80
depth-first search, 246 name, 328
divisive hierarchical, 94, 109 ordinal, 80
EM, 235 quantitative, 80
fuzzy k-means, 154 Autoregressive moving average
generalized k-harmonic means, 172 (ARMA), 288
graph-based, 203 average, 358
hard c-means, 159 Average
hard clustering, 109 compactness, 312
hierarchical, 109 distance, see Distance
link-based, 203 information, 313
model-based, 227 linkage, 326
nearest neighbor searching, 116 scattering, 307
partitional, 109 standard deviation, 308
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B-tree, 294 cDNA
Backpropagation, 59 clone, 323

Balance weight, 181
BANG, 214
Banner, 112, 146
Bayes
classification, 27
factor, 237
Bayes’s theorem, 238
Bayesian approach, 237
Bayesian information criterion (BIC),
228,238
B D-tree, 376
BIC, see Bayesian information criterion
Binarization, 25
Binary, 19, 80
data stream, 293
feature vector, 77
vector unit, 22
Biological process, 324
BIRCH, 31, 144, 252, 371
Bit vector, 93
Block, 212
Blurring process, 282
Bootstrap procedure, 315
Bootstrapping, 301
BRIDGE, 221
BS P-tree, 376

CACTUS, 204
Canberra metric, 75
Candidate hypothesis, 90
Cartesian
join, 82
meet, 82
product, 81
space model, 82
Cases by variables, 5
Categorical attribute, 19, 80
Categorical data visualization, see
Visualization
Categorization, 30
automatic, 37
cluster-based, 31
direct, 30

microarray, 323

sequence, 323
Cell function, 246
Cellular process, 324
Central-extreme principle, 27
Centroid, 97, 162

method, 116

weighted, 97
centroid, 358
CF, see Clustering feature
CF tree, 144
Chameleon, 203
chebychev, 357
Chernoff bound, 145, 255
Chi-square statistic, see Statistic
Chip manufacture, 323
Chord distance, see Distance
Cis-regulatory element, 325
City block distance, see Distance
cityblock, 357
CLARANS, 31
Class-preserving projection, see

Projection

Classification

likelihood, 227, 229, 233

unsupervised, 3
CLINK, 141, 296
Clipping, 288
CLIQUE, 244, 249, 371
CLM, 231
CLOPE, 295
CLTree, 244, 261, 371
cluster, 355
Cluster

analysis, 3

class, 6, 7

compact, 6

feature, 296

similarity measure, 306

validity, 299
Clustering

crisp, 8, 151, 305

extended, 252

feature, 144
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fuzzy, 8, 183, 271, 305
gene-based, 325
hard, 7, 8, 151, 183, 305
model-based, 237
sample-based, 325
scheme, 304
soft, 8
subsequence, 287
whole, 287
CluStream, 293
Coefficient
asymmetrical, 78
cophenetic correlation, 101, 303
Czekanowski, 75
dice, 78
of divergence, 75
general distance, 80
general similarity, 79
Hamann’s, 78
Jaccard, 78, 295, 303
Kulzinsky, 78, 79
Ochiai, 79
Pearson’s, 78
Rogers-Tanimoto, 78
Russell-Rao, 78, 79
Simple matching, 78
Sokal-Michener, 78
Sokal-Sneath, 78
Sgrensen, 79
symmetrical, 78
Yule, 78
Coexpressed gene, see Gene
Cofunction, 325
Combinatorial optimization, 185
Commutativity, 67
Compactness, 265
of the fuzzy c-partition, 318
Compactness-separation, 37
Complement, 22
complete, 358
Complete
data, 235
link, 97, 116, 142, 326
Computational complexity, 163
Concentrated loglikelihood, 233

Conditional
expectation, 237
information, 313
Configuration, 206
Conjugate gradient, 236
Connectedness method, 118
Contiguous, 34
partition, 148
Contingency table, 101
Continuous time series, see Time series
Contrast set, 241
Convergence, 206
Convex hull, 174, 307, 314
COOLCAT, 240
Cophenetic
correlation coefficient, see
Coefficient
matrix, 303
Coregulation, 325
correlation, 357
Correlation coefficient, 98
Pearson produce moment, 98
Correspondence function, 88
COSA, 244
cosine, 357
Cosine similarity measure, 93
Cost function, 157, 294
Covariance, 70, 285
matrix, 227, 230
CPU time, 9
Crisp clustering, see Clustering, 151,
305
Criterion
Akarke information, 170
function, 207, 295
new Condorcet, 181
Schwarz, 170
sum of square, 38
validity, 37
csvread, 344
csvwrite, 344
CUBN, 225
CURE, 31, 144, 371
Cut level, 61
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Data Distance

binary, 293 average, 74, 96

clustering, 3 between an object and a cluster, 94

file, 328 between partitions, 312

market basket, 23 between two clusters, 94

matrix, 43 chord, 74

mining, 4 City block, 71

multimedia, 223
parallelism, 258
point, 5
preprocessing, 324
scale, 19
stream, 289
transaction, 23, 93
transformation, see Transformation
type, 19
DBCLASD, 222
DBCIuC, 221
DBSCAN, 219
Decision
node, 261
tree, 261
DENCLUE, 32, 223
Dendrogram, 92, 109, 110, 138, 296,
358
Density index, 212, 215, 219, 223
Density-isoline figure, 214
DFT, see Discrete Fourier
transformation
Diameter, 146, 174, 307
DIANA, 138, 371
Dichotomization, 25
Dimension reduction, 243
Dimensionality, 5
Dimensionless, 43
Discrete Fourier transformation (DFT),
91
Discrete time series, see Time series
Discrete wavelet transformation (DWT),
91
Discriminability, 27
Discriminant analysis, 27
DISMEA, 147, 371
Dispersion measure, 306
Dissimilarity, 5, 6, 67, 68, 326

dimension-oriented, 255
Euclidean, 71, 118
farthest neighbor, 95
function, 67, 290
generalized Mahalanobis, 73
generalized Minkowski, 81, 82
geodesic, 74
index of association, 75
interclass, 59
intercluster, 37, 96, 307
intraclass, 319
intracluster, 37, 307
Mahalanobis, 72
Manhattan, 71
Manhattan segmental, 72, 248
maximum, 72
mean character difference, 75
measure, 271
Minkowski, 72, 84
nearest neighbor, 95, 118
point symmetry, 169
projected, 250
simple matching, 76, 177, 265
squared, 180
statistical, 96
sum of squared (SSD), 33, 147

Divide-by-zero error, 271

Divisive hierarchical, 9
monothetic, 138

dlmread, 344

dlmwrite, 344

DNA sequence, 323

DNF expression, 244

DOC, 244, 259, 371

Domain, 94

Dot-product, 250

Dunn family of indices, 307

DWT, see Discrete wavelet

transformation
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Dynamic
piecewise, 88
programming, 34
system, 205
time warping, 87

ECEF, see Extended cluster feature
Edit distance, 89
Eigenvalue, 47, 252, 285
Eigenvector, 47, 51, 252, 285
EM, see Expectation-Maximization
algorithm

Empirical distribution, 26
ENCLUS, 244, 253
Entropy, 65, 175, 240, 253
Equilibrium point, 282
Erosion operation, 225
Error function, 161
Error sum-of-squares (ESS), 132
ESS, see error sum-of-squares
EST, see Expressed sequence tag
Estimate

Andrew’s wave, 44

Huber’s, 44

Tukey’s biweight, 44
euclidean, 357
Euclidean

distance, 326

norm, 175, 271

space, 144

sum of squares, 180
Excited neuron, see Neuron
Expectation, 39
Expectation-maximization (EM)

algorithm, 235

Exponential histogram, 292
Exponential-family, 236
Expressed sequence tag (EST), 323
Expression

level, 323, 324

matrix, 324

pattern, 324

profile, 324, 325
Extended cluster feature (ECF), 249
External criteria, 299

Facility
clustering, 291
location problem, 290
FastMap, 65
fclose, 344
FCLUST, 65
Feature, 5, 325
extended, 249
selection, 243
space, 50, 55
tree structured, 81
vector, 78
FINDIT, 244, 255
Fisher’s suboptimization lemma, 34
Fit, 227
Flat pattern, 324
FLOC, 244
Fluorescent intensity, 323
Folkes and Mallows index, 303
fopen, 343
fprintf, 344
fread, 344
Free energy, 175
Frequency, 76
estimation, 290
table, 20, 265
FSC, see Fuzzy subspace clustering
fscanf, 344
FTS, see Fuzzy tabu search
Function
density, 223
Gaussian, 57
Gaussian influence, 223
indicator, 153
local density, 224
square wave influence, 223
Function M-file, see M-file
Fuzzifier, 271, 316
Fuzzy
c-means, 183
c-partition, 315
k-means, 183
k-partition, 8
clustering, see Clustering, 183,
270, 305
deviation, 318
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dimension weight, 271

dimension weight matrix, 270, 271

ISODATA, 183

membership, 270

number, 320

relation, 142

set, 152, 154

subspace clustering (FSC), 270

tabu search (FTS), see Tabu search
fwrite, 344

Gain criterion, 261
Gap statistic, 39
Gaussian
distribution, 227, 327
kernel, 281
mixture model, 230
GDBSCAN, 221
GDILC, 214
Gene
coexpressed, 324
expression data, 3
function, 324
informative, 325
irrelevant, 325
regulation, 324
Gene-based clustering, see Clustering
General similarity coefficient, see
Coefficient
Generalized Mahalanobis distance, see
Distance
Generative algorithm, 288
Genetic k-modes, see k-modes
Geodesic distance, see Distance
Gibbs distribution, 175
Global standardization, see
Standardization
Goodness measure, 207
GPP, see Graph partition problem
Gradient, 224, 295
vector, 55
Graph, 140, 203
k-nearest neighbor, 203
directed, 69
directed acyclic, 89
partition problem (GPP), 200

partitioning, 204
proximity, 69
similarity, 204
sparse, 203
undirected, 69
weighted, 69
Graphical representation, 60
Greedy technique, 247
Grid, 209, 212
GRIDCLUS, 212

H-BLOB, 65
H-means, 192
hamming, 357
Hard c-partition, 151
Hard clustering, see Clustering
Hard k-partition, 8, 271
Hard limiting, 288
Harmonic
average, 171
mean, 171
Hash table, 294
Height, 97, 111
Hessian matrix, see Matrix
Heuristic, 185
Hidden Markov model, 288
Hierarchical, 9
agglomerative, 109, 137
divisive, 109, 137
Hierarchy of clustering schemes, 303
Hill climbing, 185
Histogram, 258
Hk-means, 192
HPStream, 293
Hubert’s T statistic, 303, 305
Hybridization, 323
Hypercube, 224
Hypergraph, 203, 205
Hypersphere, 74
Hypothesis, 238, 301
random, 301
random graph, 301
random label, 301
random position, 301
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Icicle plot, 115
Incomplete data, 235
Incremental, 240, 293, 296
Index
Calinski-Harabasz (CH), 310
CD, 310
CH, see Calinski-Horabasz
cutting, 35
Davies-Bouldin, 305
Dunn’s, 307
Fukuyama-Sugeno, 316
fuzzy validity, 315
partition coefficient, 316
partition entropy, 316
R-squared, 310
Rand’s, 311
RMSSDT, 309
S_Dbw validity, 308
SD validity, 307
semipartial R-squared, 310
Indexing, 83
Information
retrieval (IR), 293
theory, 312
Informative gene, see Gene
Inherent sparsity, 243
Initialization, 293
Inner product, 57, 93
Input layer, 56
Integrated likelihood, 238
Interactive, 296
Interactive hierarchical display, 61
Interclass distance, see Distance
Interclass scatter matrix, see Matrix
Intercluster density, 308
Internal criteria, 299
Interval scale, see Scale
Intracluster variance, 308
IR, see Information retrieval
Irrelevant gene, see Gene
Item, 5

J-means, 190, 192
jaccard, 357

Jackknife correlation, 327
Joint probability, 240

k-modes
genetic, 195
Karhunen-Loeve transformation, see
Transformation
kd-tree, 167, 375
adaptive, 376
Kernel, 173
kmeans, 359
k-means, 147, 271, 275, 326
genetic, 192
global, 195
greedy, 195
parallel, 169
trimmed, 169
k-median, 290
Kohonen layer, 56
k-plane, 182
Kuhn-Tucker problem, 280

Lagrange multiplier, 47, 175, 275
Lance-Williams formula, 96, 117
Landmark
model, 91
similarity, 91
Largeltem, 294
Lateral distance, 57
LCS, see Longest common subsequence
Leaf node, 261
Learning rate, 56
Least squares, 32, 34
Level, 138
Likelihood, 90
Linear
scan, 289
trend, 86
Link, 207
Link-based similarity measure, 93
linkage, 355
Location measure, 44
Log ratio data, 326
Loglikelihood, 91, 237
Logtransformation, 324
Longest common subsequence (LCS),
88
Loop plot, 115
LSEARCH, 290
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M-file, 349 Mean standardization, see

function, 349 Standardization

script, 349 Mean-based initialization, see
MAFIA, 244, 258 Initialization

mahalanobis, 357
Main memory, 289
Manhattan distance, see Distance
Mapping
error, 54
nonprojective, 60
Sammon’s, 53
Market basket data, 93
Market segmentation, 4
Markov chain, 201, 288
MAT-file, 349
Matching criterion, 57
Matching distance, 88
MATLAB, 343
Matrix
between-clusters scatter, 70, 96
binary indicator, 178
covariance, 47, 70, 252
dissimilarity, 118
distance, 69
fuzzy, 183
fuzzy covariance, 155
Hessian, 55
interclass scatter, 59
proximity, 68
relation, 154
sample covariance, 47, 71
scatter, 69
semidefinite, 59
similarity, 69
sparse, 293
sum of squares, 69
unitary, 48
within-cluster scatter, 70
Maximum likelihood, 230
Maximum-entropy clustering (MEC),
175
MDL, see Minimal description length
MDS, see Multidimensional scaling
Mean, 44, 81, 161, 181
Mean shift, 173, 275

Mean-square contingency, 102
Measurement, 24
MEC, see Maximum-entropy clustering
Median, 44, 97, 290
method, 116
standardization, see
Standardization
median, 358
Medoid, 247, 256
Membership function, 152
Memory space, 9
Metric, 67, 68
Metric space, 290
MEX-file, 349, 351
Microarray
experiment, 323
technology, 323
Mini-max filter, 319
Minimal description length (MDL), 245
Minimal ultrametric relations (MUR),
142
Minimum distance/percentage principle,
91
Minimum method, 118
Minimum spanning tree (MST), 65
Minimum sum of squares clustering
(MSSCO), 190, 275
minkowski, 357
Minkowski distance, see Distance
Misclassification, 27
Missing value, 10, 324
Mixture likelihood, 227
Mode, 6, 176, 181
Model, 227
Autoregressive (AR), 289
polynomial mixture, 288
variable, see Variable
Model-based clustering, see Clustering
Monothetic, 138
Monotonic hierarchy, 117
Monotonicity, see Divisive hierarchical
Monte Carlo, 39, 259, 301, 302
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Moving average, 86 Order statistics, 290
MSSC, see Minimum sum of squares Ordinal scale, see Scale
clustering Orthonormal
MST, see Minimum spanning tree basis, 59
Multidimensional scaling (MDS), 54, 65 transformation, see Transformation
metric, 55 vector, 250

nonmetric, 55
Multivariate normal mixture, 229
MUR, see Minimal ultrametric relations

n-tree, 110
NCC, see Criterion
Nearest neighbor, 116, 118
Netlab toolbox, 343
Neural projection, 59
Neuron, 56, 57
Noise, 144, 223, 324
Nominal, 80

attribute, 19

scale, see Scale
Nonbhierarchical, 161
Nonprojective mapping, see Mapping
Norm estimation, 290
Normalization, 19, 43, 206
Normalized I" statistic, 303
Normalized point, 74
NP-hard, 138, 201
Null hypothesis, 301
Null model, 314

0OAK, 296
Object, 5, 325, 326
first-order, 23
function, 180
second-order, 23
Objective
evaluation, 92
function, 38, 271, 294
Observation, 5
Offset transformation, see
Transformation
Oligo, see Oligonucleotide microarray
Oligonucleotide microarray (Oligo), 323
OptiGrid, 210
Optimization, 162
ORCLUS, 244, 249, 372

Packed representation, 113, 114
Parallel coordinates, 60
PART, 244, 262
Partition function, 175
Partitional, 9, 161
Pattern, 5
recognition, 4
standardization, 324
PCA, see Principle component analysis
PCR product, 323
pdist, 355
Peak, 327
Pearson’s correlation coefficient, 326
Performance function, 171
Phenotype structure, 325
Pointer representation, 112, 138, 142,
296
Poisson
model, 314
process, 301
Polythetic, 138
Posterior probability, 238
Principal component, 46
Principal component analysis (PCA), 46,
243
Prior probability, 238
Probability
density function, 301
density-based, 230
model, 43, 227
PROCLUS, 244, 246, 372
Profile, 173
Projected cluster, 243, 249, 252, 262
Projection, 174
class-preserving, 59
Prototype, 165, 181
Proximal point, 236
Proximity, 19
index, 68
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level, 303 measure, 44
matrix, 302, 305 nominal, 25
relation, 54 ordinal, 25

p-values, 289

Quadtree, 376
Quantitative, 79
Quantization, 19
Quasi-Newton method, 236
Query sequence, 90

Quick sort, 32, 369

Radius, 174
Rand statistic, 303
Random position hypothesis, 314
Range, 44
Range standardization, see
Standardization
Rank, 46
Ratio scale, see Scale
Raw data, 43
Record name, 328
Reference variable, see Variable
Reflexivity, 67
Regularity condition, 238
Relation, 153
Relative
closeness, 203
criteria, 299, 304
density, 261
distance plane, 65
interconnectivity, 203
Relevance feedback, 85
Replicate, 324
Repulsion, 295
ROCK, 207

Sammon’s mapping, see Mapping
Sample mean, 281
Sample space, 235
Sample-based clustering, see Clustering
SARS, see Simulated annealing using
random sampling

Scale, 19, 25

conversion, 25

interval, 25

qualitative, 19
quantitative, 19
ratio, 25
transformation, 324
Scaled pattern, 326
Scanning process, 323
Scatter plot, 302
Schwarz criterion, see Criterion
Script M-file, see M-file
Segmentation analysis, 3
Self-organizing map (SOM), 56, 230,
326
architecture, 56
toolbox, 343
Semidefinite, 51
Separation, 265
of the fuzzy c-partition, 318
Set-valued variable, see Variable
seuclidean, 357
Shifting pattern, 326
Signal reconstruction, 290
Signal-to-noise ratio, 325
Silhouette plots, 115
Similarity, 5, 6
coefficient, 5, 67
dichotomy, 68
function, 68
measure, 5, 67, 326
trichotomy, 68
Simulated annealing, 183, 201, 202
using random sampling (SARS),
201
single, 358
Single clustering scheme, 303
Single link, 97, 116, 138, 325
Singleton cluster, 233
Singular value decomposition (SVD),
47,48
Skyline plot, 115
SLINK, 138, 141, 296, 372
Soft clustering, see Clustering
Solution space, 183
SOM, see Self-organizing map
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Soundness, 257
Sparse matrix, see Matrix
spearman, 357
Spearman’s rank correlation, 28
Spearman’s rank-order correlation, 28,
327
Spectral clustering, 208
Spot, 323
SSC, see Sum of squares criterion
SSD, see Sum of squared distance
Standard deviation, 44
Standard Template Library (STL), 363
Standard variance, 81
Standardization, 43
global, 43
mean, 44
median, 44
range, 44
std, 44
within-cluster, 43
Star coordinates, 61
State, 20, 180
Statistic
chi-square, 101
Statistical scatter, 69
Statistics Toolbox, 355
std standardization, see Standardization
Steepest descent procedure, 53
STING, 209
STL, see Standard Template Library
STREAM, 293
Stream model, 289
STUCCO, 241
SUBCAD, 264, 373
Subcell type, 325
Subclusters, 204
Subjective evaluation, 92
Subspace
clustering, 243, 264
information, 271
Substitution, 26
Substructure, 325
Subtree, 61
Subtype, 324
Sum of squared distance (SSD), 33
Sum of squares, 147, 309

Sum of squares criterion (SSC), see
Criterion
Summary, 204
Supervised
analysis, 325
learning, 261
training, 59
Support, 94, 294
SVD, see Singular value decomposition
Symbol table, 20
Symbolic data, 23
Synopsis structure, 290
Systematic variation, 324

Tabu, 185, 186
Tabu search, 183, 185, 186
Task parallelism, 258
Taxonomy analysis, 3
Temporal data, 24
textread, 344
Time, 24
Time indexed, 290
Topological neighborhood, 57
Total separation, 307
Trace, 59, 69
Transaction, 23
Transformation, 43, 46
amplitude, 85
data, 46
Karhunen-Loeve, 49
offset, 85
orthonormal, 50
Translation, 174
Tree, 140
binary, 110
dichotomous, 110
map, 61
minimum spanning (MST), 140
nonranked, 110
spanning, 140
valued, 110
Trend, 24, 86
Triangle inequality, 67, 165
Tuple, 5
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Ultrametric, 111, 117
minimal, 142
relation, 142

Uniform distribution, 26

Uniformity hypothesis, 314

Unimodal
function, 57
model, 314

Unsupervised
analysis, 325
competitive learning, 59
processing, 299

UPGMA, 122

Validity
criteria, 299
criterion, see criterion
index, 8, 37

Valley, 327

Variable, 5
asymmetric binary, 21
categorical, 30
modal, 23
neighborhood search (VNS), 186
nominal, 180
numerical, 30
reference, 30
set-valued, 23
symmetric binary, 21

Variance, 285
of a data set, 309
intracluster, 308
Vector
feature, 50
field, 65
Visualization, 60
categorical data, 62
VNS, see Variable neighborhood search

ward, 358
Ward’s method, 27, 97, 116
Warping
cost, 87
path, 87
window, 87
WaveCluster, 216
Wavelet transform, 216
Weight, 140, 206, 262, 271
vector, 57
weighted, 358
Weighted distance, 331
WGSS, see Within-group sum of squares
Winner-takes-all neuron, see Neuron
Within-clusters standardization, see
Standardization
Within-group sum of squares (WGSS),
158

x-means, 170

z-score, 44
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