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Acute lymphoblastic leukemia (ALL) 119,

129
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AdaBoost 318–344

AdaBoost machine 320, 323–324, 332
binary classifier 342
cascaded AdaBoost 320, 326–327
fast AdaBoost 323, 337
fuzzy AdaBoost 319
fuzzy weakness classifier 331–332
generating training set 332
meta algorithm 323
strong classifier 323, 337, 342
training algorithm 324
weakness classifiers (WCs) 322–327,

330–333, 342–344
weight-based AdaBoost 331

Advanced Encryption Standard (AES) 410,
427

Algorithmic game theory 287–309
adaptive routing 299
algorithmic mechanism design 287,

299–300
Bayesian routing game 295–296
complexity of computing equilibria 289,

305
congestion games 288, 290–293, 303, 308
coordination ratio 291
correlated equilibrium 307
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Nash equilibrium 287, 289–293, 305
network congestion games 290
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network security games 289, 303
noncooperative games 295, 300
pearls 292
price of anarchy (PoA) 288, 291–292
pricing mechanisms 289, 300
restricted selfish scheduling 298
selfish routing games 288–289, 293,

295, 297
Stackelberg games 289, 300–301
Stackelberg strategy 301
tax mechanism 302
unweighted congestion games 294
virus inoculation game 304
weighted congestion games 290,

293–294, 296
zero-sum game 290

Almost-Delaunay edges 99
Alpha helix 99–100
Amino acid 98–99
Approximate Nash equilibria 307
Artificial neural networks (ANNs) 101,

103–107
activation function 103
backpropagation method 103, 106
firing function 103
synaptic weights 103, 105–106

Association rules 219, 229–231, 239
Automatic frequency planning (AFP) 271,

275–277, 282–285

Backtracking 4, 6–7, 9–12, 39–83
Balaban index 94
Bandwidth utilization (BU) 466–467,
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Bayesian fully mixed Nash equilibrium 296
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Bayesian Nash equilibrium 296
Belousov-Zhabotinsky (BZ) medium

156–158, 160–161, 168
Belousov-Zhabotinsky reactor 164, 167
Belousov-Zhabotinsky solution 167
Belousov-Zhabotinsky system 149, 160–161
Belousov-Zhabotinsky vesicles 167
Bending energy 366
Beta strand 99–100
Biochemical modeling 92
Biochemical process 115
Bioinformatics 89
Biomolecules 89
Block cipher 374–394

Advanced Encryption Standard (AES)
391–394

Caesar’s cipher 390
Data Encryption Standard (DES) 381,

391–392
DES cipher 391
invertible mapping 389
permutation (or transposition) cipher 390
product cipher 390
round function 390
round key 393–394
r-round block cipher 389

Bootstraping 339
Bounding shapes 354–355, 348, 352

bounding circles 355
bounding ellipses 355
bounding rectangle 348, 352

Brouwer fixpoints 306
Byzantine game theory 304

Call admission control 465–483
Class I connection (traffic) 469, 473–474,

481
Class II connection (traffic) 474, 481–482
opportunistic resource management

scheme (OSCAR) 475–479, 481–483
performance evaluation 480–483
predictive allocation and management

scheme (Q-WIN) 473–474, 476,
478–483

refined call admission control strategy
(RADAR) 478–483

selective look-ahead allocation scheme
(SILK) 471–472, 476, 483

sliding window concept 469–470

Call admission strategy 467
Call blocking probability (CBP) 466–467,

480
Call dropping probability (CDP) 466–467,

469, 471, 480–482
Central dogma 116
Channel assignment problem 271
Chemical databases 89
Chemical genomics 89
Chemical graph theory 89
Chemical molecules 89
Cheminformatics 89–90
Chromosome aberrations 100
Chronic fatigue syndrome (CFS) 119
Cipher system 373
Ciphertext 374–375, 381
Circulation vectors 496
City block distance 349
Clar formula 73–77
Cluster 177–178, 212

degree of purity 212
silhouette width 212

Clustering 177–178, 203
agglomerative algorithm 178, 190, 200
centroid method 200
complete-link algorithm 198–199
exclusive 178
extrinsic 178
group average method 199
hierarchical 178, 190, 195, 200
hierarchical divisive algorithm 178
intrinsic 178
limitations 206
partitional 178
quality 210
single-link algorithm 195, 197, 201–202
supervised evaluation 210, 212
unsupervised evaluation 210
Ward method 200

Clustering algorithm 177, 213
Clustering function 206–211
Collision-based computing 157, 167
Combinations 1, 7–9, 30, 33–34
Combinatorial object 1–38, 46

adjacent interchange 3
constant average delay 2, 8, 10, 15
Gray code 3, 18–19, 27–29
large integers 2, 31–35
listing 1–38
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loopless algorithms 2, 4–5
minimal change order 3, 18–22
random generation 29–31
ranking 23–29
unranking 3, 23–29, 31–35
worst case 2

Combiner model 384
Common Best Response property 294
Communication networks 485
Computational chemistry 89, 95
Computer-aided drug designs 89
Computer-aided searching algorithms 89
Computer vision (CV) 317, 329, 343, 347
Computer vision system 347
Concentrated Nash equilibria 293
Connectivity index 94
Content-based image retrieval 347
Convex hull algorithm 355
Critical Assessment of Microarray Data

Analysis (CAMDA) 119, 141
Cryptanalysis 373
Cryptographic algorithms 373–404
Cryptography 373–374
Cryptology 373
Cryptosystem 373
Cybenko theorem 106

Data mining 347
Data mining algorithms 177–239
Data stream algorithm design 248–264

AMS sketches 254
approximation 262, 264
communication complexity 260–261
deterministic algorithm 260, 262
frequent items 249–251
lower bounds 260–261
probabilistic counting 252–254
randomization 261, 264
randomized algorithm 260, 264
randomized linear projections 254
reservoir sampling 248–249
sampling 248
simulation of PRAM algorithms 258–259
sketches 252
weight matching problem 256

Data stream algorithms 241–269
Data stream models 246–247

classical streaming 246
semi-streaming 246

stream-sort model 247
Decryption 374–375, 382
Delaunay tessellation 99
Derangements 1
Dissimilarity 179–181, 187, 192–194,

200–201, 204–207, 210–211
construction of ultrametrics 182
definiteness 179
evenness 179
metric 180
metric space 181
poset of ultrametrics 187
subdominant ultrametric 201–202
triangular inequality 179
ultrametric finite space 185
ultrametric inequality 179, 181–182,

185, 187
ultrametric space 181
ultrametrics 180–182, 185–190, 214

Distributed sensor networks (DSN) 407
DNA 89, 96–97, 115–116

Edge orientation histogram (EOH) 331,
337

Elementary transceiver (TRX) 271–272,
275–285

Encryption 374, 381–382
Equivalence relations 11–12
Euler theorem 42
Evolutionary algorithms (EAs) 271–272,

276–285
(λ + µ) algorithm 276–279, 279
fitness function 278
parameterization 282
perturbation operator 279
selection of frequency 281
selection of transceivers 279–280

Exhaustive generation 46, 50–51
Exhaustive search 3, 39

Feature space 102
Fitting shapes 355–358

circle and ellipse fits 358
ellipse fitting 355
Mallat’s method 357
rectangle fitting 355
sigmoid fitting 357–358
triangle fitting 355

FloatBoost 340
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Forgy’s algorithm 204–205
Fourier descriptors 365, 368
Frequency assignment problem (FAP) 271
Frequent item sets 219–239

µ-frequent item set 222–224, 228, 238
µ-maximal frequent item set 228
Apriori algorithm 224–225, 228, 231, 233
border of a set 231
graded poset 233, 237
hereditary subset of a poset 232
inclusion dependency 237
levelwise algorithms 231–235
partially ordered set 231
posets 231–235
ranked poset 233
Rymon tree 222–223
subset of a poset 232
transaction data set 220–231, 237–239

Fully mixed Nash equilibrium 302, 306
Fully mixed Nash equilibrium conjecture

291, 298

Gamma function 357
Gene 115–144

expression data 115
expression data distribution 121
expression level 116, 136
expression pattern 125
expression profile 133–137
functional annotation 130
good quality spots 120
low quality spots 120
ontology 130
problematic spots 120

Generalized Gaussian distribution 357
Generating function 87
Geometric moments 348
Global positioning system (GPS) 445,

470–471, 483
Global System for Mobile communications

(GSM) 273, 273–276
automatic frequency planning 273–276
base station controller (BSC) 274–275
base transceiver station (BTS) 274–274
broadcast control channel (BCCH) 276,

278
dynamic channel allocation (DCA) 275
fixed channel allocation (FCA) 275
frequency division multiplexing 271

hybrid channel allocation (HCA) 275
mobile terminals 274
time division multiplexing 271
traffic channel (TCH) 276, 278

Gordon–Scantlebury index 93
Graph theoretic models 85
Graph 85

as protein 98
bipartite 85–86
chemical 87, 91
chromatic number 513, 518
circular arc graph 518
connectivity 87, 91
cycle 85–86
degree of graph 87
densely connected 505
diameter 93
directed acyclic graph (DAG)

130–132
domination number 92
edge coloring 513
girth 87
Hamiltonian 92
hydrogen-depleted 91
isomorphic 85–86
k-factor 92
line graph 93
order of 87
path conflict graph 517
scale-free 505
sparse 505
spectrum of 94
vertex coloring 513
vertex eccentricity 93

Greedy Best Response (GBR) 294

Handoff with queuing (HQ) 467
Harsanyi transformation 295
Hexagonal system 40–83

boundary code 49, 52, 61–64
cage algorithm 57–60
Dias parameter 43
enumeration 49–52
id-fusenes 66
Kekule structure 68, 71
labeled inner duals 64–67
perimeter 41–42
rotations 53
symmetries 43–44, 53
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Hierarchy 182–186, 189, 199, 202
dendrogram 186, 199, 202
graded hierarchy 184–186
grading function 184, 189

Human Genome Project 89

Image processing 318–319
Image registration 347
Image segmentation 347, 351
Integer compositions 4–7, 12–15
Integer partitions 6–7, 12–15, 31

multiplicity representation 12
standard representation 13–15

Intersatellite links (ISL) 465
Isomorph-free generation 39–83
Isomorphism 48

K numbers 69–77
Key agreement protocol 397–404

cryptographic bilinear maps 400
decision hash bilinear Diffie–Hellman

(DHBDH) problem 400, 403–404
Diffie–Hellman (DH) key agreement 397
Hasse’s theorem 399
Schoof’s theorem 399
Tate pairing 398, 400
tree-based group key agreement using

pairing 401
Weil pairing 398, 400
Weil theorem 399
Weirstrass equation 398

Key predistribution 413–427
probabilistic design 415
block merging strategy (merging blocks)

415, 417, 424
block merging strategy 415
Chakrabarti–Maitra–Roy approach 417
combinatorial design 415–416
key exchange 426
Lee–Stinson approach 416–419, 422–424
randomized key predistribution 415
transversal design (TD) 413, 415

Kleinberg’s impossibility theorem 209
k-means algorithm 202–204
Knapsack problem 3
k-nearest-neighbor based method (KNN)

122
Koutsoupias–Papadimitriou (KP) model

291

Lance–Williams formula 194, 200
Least median of squares (LMedS) 356
LEO satellite networks 465–468, 470, 475,

483
footprint 466
spotbeams 466

Lexicographic order 2–38, 47
Linear feedback shift register (LFSR)

377–381, 384, 388, 429–434
Linear separability 101–102
Local least squares method (LLS) 122
Logical network abridgement (LNA)

489–494, 501–502, 505
abstraction, 491, 493
application 492
convergence 492
path diversity 490
procedure 489, 491

Low cost key agreement algorithms
412–413

bipartite key agreement protocol 412
contributory group key agreement

protocols (CGKA) 413
discrete logarithm problem (DLP) 412
group key agreement protocols 413

Low cost symmetric ciphers 427–435
A5/1 stream cipher 431
E0 stream cipher 429–430
grain stream cipher 432–433, 435
RC4 stream cipher 428

Low Earth Orbit (LEO) 465

Machine learning 318, 329–331
Macromolecules 92
Matching Nash equilibria 305
Matrix 94

adjacency 94
distance 94
eigenvalue 94
Laplacian 94

Microarray 115–125
data analysis 118–119, 125
dual-channel 117–119
experiments 115, 119, 121
single-channel 117, 119, 123
single-nucleotide polymorphism (SNP)
technology 116

Microarray data analysis 125–141
biomarker identification 138
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Microarray data analysis (Continued)
bootstrap approach to gene selection

128–129
bootstrapping analysis 137
bottom-up clustering 135
classical feature selection (CFS)

138–140
cluster validation 137–138
clustering of microarray data 135
correlation among gene expression

profiles 135
distance of gene expression profile

clusters 137
empirical Bayes analysis 128
false discovery rate (FDR) control

129–131
functional annotation of genes 130
gene ontology (GO) 130–133, 139–140
hierarchical clustering 135
identification of differentially expressed

genes 125, 129
kernel method 137
Kruskal–Wallis test 127–128, 139–140
Mann–Whitney U-test 127
mixture model approach 137
nonparametric statistical approaches 127
one-way analysis of variance (ANOVA)

126–128
parametric statistical approaches 126
Pearson correlation coefficient 137
principal component analysis (PCA)

138
random forest (RF) clustering 135
regression model approaches 128
RF predictor 135
sample t-test 126
self-organizing map (SOM) 135
shrinkage-based similarity procedure 137
significance analysis of microarray (SAM)

128
Student’s t-test 126
supervised methods for functional

annotation 134
support-vector machines (SVM) model

134, 140
unsupervised methods for functional

annotation 133
volcano plot 126
Wilcoxon rank-sum test 127

Microarray data preprocessing 115–124
between-chip normalization 123
data cleaning 119–120
data summary report 124
data transformation 119–121
distribution (quantile) normalization 123
handling missing values 121
identification of low quality gene spots

120
linear regression normalization 123
loess normalization 123
normalizations 122
reduction of background noise 120
row-column normalization 123
standardization normalization 123
statistical model-fitting normalization 124
within-chip normalization 122

Minimum area bounding rectangles 349, 355
Minimum bounding rectangles 348–354

convex hull 348, 355
measuring convexity 349–351
measuring orientability 352–354
measuring rectangularity 348–349
measuring rectilinearity 351–352
minimum area rectangle 348, 353
rotating orthogonal calipers 348, 353

Minimum perimeter bounding rectangle 349
Mobile ad hoc networks (MANETs) 488,

500
Mobile host (MH) 465–468, 470, 473, 476,

480, 483
location 467–468, 483
location database 470
speed 468

Molecular biology 86, 89, 116
Molecular descriptors 90–92, 95
Molecular graph 89
Molecular operating environment (MOE) 91
Molecular structure 87
Moments 358–365

geometric moment 358
Nth order central moments 361
shape elongation 362–363
shape encoding 358
shape identification 358
shape matching 358
shape normalization 358–359
shape orientation 359–360, 363
zeroth-order moment 359
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mRNA 115, 140
Multilayer feedforward network (MLF)

103–105
energy function 105
three-layer 103–105
training pattern 104
universal classifiers 105

Neighbor elimination schemes (NES) 440,
448–459

cone-based topology control (CBTC)
450–451, 459

counting-based method 451–452
Delaunay triangulation 454
Gabriel graphs (GGs) 452–453, 455–456
Local Information No Topology (LINT)

452
minimum energy communication network

(MECN) 449–450
MobileGrid approach 452
relative neighborhood graphs (RNGs)

452, 457–458
relay regions 449
small minimum energy communication

network (SMECN) 449–450
Network diversity 492–494

diversity index 494
local diversity index 494

NIH Molecular Libraries Initiative 90
Nonlinear feedback shift register (NFSR)

432–434
Normalized energy 366

Object classification 351
Object recognition 347
One-dimensional signature 347
Orbit 65

PAM algorithm 204–205
Pentagonal chain 72–73
Perfect matching Nash equilibria 305
Perfect matchings 68–77
Perimeter-based vision 355
Permutations 9–12, 19–22, 27, 30, 34–35, 53
Perpendicular distance 359
Personal communication services (PCS) 465
Pharamacogenomics 89
Plaintext 374, 381

Polyhexes 39–83
benzenoid hydrocarbon 40–41
circulenes 42
coronoids 42
fuzenes 42, 64–65

Polynomial Wardrop games 295
Private key (symmetric key) 374
Probability QoS (PQoS) 468
Projections 365
Protein property-encoded surface translator

(PPEST) 96
Public key cryptography (asymmetric

cryptography) 374, 394–397
Fermat’s theorem 396
public key cryptosystem 395
RSA algorithm 396
RSA cryptosystem 395
signature validation 395
signature verification 395

Pure Nash equilibria 298, 301, 305, 309

Quality of service (QoS) 272, 278, 465–466,
468, 471, 483, 500

provisioning 483
Quantitative structure-activity relationships

(QSAR) 95, 99, 101

Radio frequency (RF) 407
Radius function 366
RAG database 98, 107, 109
Reaction-diffusion 145–172

algorithms 145–172
cellular automaton model 150, 152–153,

155
chemical systems 167, 171
computational geometry 151–156
computationally universal 156
computer memory 161–164
computers 149–152, 171
hexagonal cellular automation 163
logical universality 156–161
process 150
processor 157
programmability 164–167
robot navigation and manipulation

167–171
Real-time object detection 317

car detection 329–334
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Real-time object detection (Continued)
detecting pedestrians 335
detecting penguins 335
downhill feature search 339
face detection 320–329
postoptimization 335
red eye detection 336
rotated features 335

Resilient recursive routing 485, 494–504
generic R3 algorithm 494–500

Reverse Weiner index 95
RNA 89, 96–99, 101, 107–109, 115–117
Rooftop networks 439
Roughness coefficient 366
Routing and wavelength assignment (RWA)

problem 510, 516–527
aggregate network capacity bound

517
edge avoidance routing 519
first-fit coloring 518
limiting cut bound 517
on rings 518–521
on tree of rings (TR) 523–527
on trees 521–522
wavelength assignment (WA) 517–525

Routing protocols 485–504
ad hoc on demand distance vector

(AODV) 488, 500
adaptive 485
Bellman–Ford algorithm 486–487
Dijkstra’s algorithm 486–487
distance vector 488
dynamic routing protocol 489
dynamic source routing (DSR) 488
equal cost multipath (ECMP) 487
link-state 487, 488, 496
loop-free 486
multipath 486
resilient recursive routing 485–504
static 485

Saturated hydrocarbon 87–88
Scale-free networks 500

Albert–Barabasi algorithm 500
Secure communication 407–412

denial of service (DoS) attack
411–412

digital signature 411
insider attack 411

models 409
outsider attack 411
public key cryptography 411
secure information agreement (SIA)

protocol 412
security issues 409
Sybil attack 412
symmetric key cryptography 411

Self-organizing feature maps (SOFM)
104

Set partitions 11–12
Shape measures 347–368

boundary-based convexity 350
circularity 348, 355
classification 347
contour grouping 347
ellipticity 355, 364
elongation 349, 367
image registration 347
orientation 349
pentagonality 367
rectilinearity 351
rectilinear shape 351
shape bias 347
shape partitioning 347, 351
shape representations 347
shape retrieval 351
skew correction 351
snakes 347
triangularity 355, 364, 367

Signal-to-noise ratio 440
Silhouette method 210–212
Single-commodity network 291
Sobel gradient mask 333–334
Sobel kernel 333–334
Square systems 51, 55
Standard fully mixed Nash equilibrium

298–299
Stream cipher 374–376, 388

asynchronous 381–382
autocorrelation test 377
Berlekamp–Massey algorithm 379–381
frequency test 377
Golomb’s randomness postulates 376
key scheduling algorithm (KSA) 382–383,

392
linear complexity 379–380
linear complexity properties 379
nonlinear filter generator 381
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poker test 377
pseudo-random generator algorithm

(PRGA) 382–383
pseudo-random sequence generator (PSG)

376, 383
randomness measurement 376
RC4 382–384
runs test 377
serial test 377
synchronous 381

Subsets 4–7, 25–26, 36
Gray code 18–19

Sum-of-squares partition 304
Support vector machines (SVMs) 101–104,

318
Symmetry group 44

Terrestrial wireless networks 465
Topological index 91, 94
Topology control model assumptions

444–448
direct power control 448
direction-based topology control 446
distance-based energy model 447
distance-based topology control 446
energy models 445
geographic topology control 445
geometric data 445
link-based topology control 445
localized power control 448
neighbor discovery 446
power control 448
unit disk graphs (UDGs) 447, 452–457,

460
Topology control objectives 441–444

angle-based direct planarization (ABDP)
456

connectivity 441
energy consumption 442
energy efficient (optimal) paths 442
explicit planarization 455
node degree 443
planar graph routing schemes 443
planarity 443
symmetric subtopology 444

Traffic grooming problem 512, 527–531
on arbitrary traffic graph 529–530
on unidirectional path switched rings 527

Tree 1, 16–18, 87
binary trees 16–18
B-trees 18
Euclidean minimum spanning tree,

456–457
local minimum spanning tree (LMST)

456–458
minimum spanning tree 456
spanning trees 49, 456
t-ary trees 6–18, 35–36

Triangular systems 51–55

Universal Mobile Telecommunication
System (UMTS) 271

Variations 1, 6, 36
Viola and Jone’s face detector 320–

328
image feature 321
integral image 328
sliding window technique 320

Voronoi diagram 151–156, 164–165, 172
continuous 152
discrete 152
planar Voronoi 151
Voronoi cell 151–152

Wardrop model 292
Wave-based computing 145
Wavelength division multiplexing (WDM)

networks 509–531
add-drop multiplexer (ADM) 510–512
aggregate capacity bound 517
all optical routing 509
demultiplexer (DEMUX) 511–512
dynamic (or on-line) routing problem

512
grooming factor 512
multiplexer (MUX) 511–512
one-to-one (or unicast) demand 512
optical add-drop multiplexers (OADM)

511–512
routing algorithms 509–531
routing and wavelength assignment

(RWA) problem 510, 516–523,
527

SONET ADM (SADM) 512, 527, 528,
531
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Wavelength division multiplexing (WDM)
networks (Continued)

static (or off-line) routing problem 512
synchronous optical network (SONET)

512
topologies 513
traffic grooming problem 512, 527–531
unidirectional path switched ring (UPSR)

527–528, 531
wavelength assignment (WA) problem

517–527

Wireless sensor networks 407–411
applications 407
attack models 408
basic goals 408
classification 408
requirements 408–409
security issues 409
security requirements 410–411

Worst-case Nash equilibria 293–294,
302


