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Akaike information criterion (AIC) 194

b

Barabasi— Albert model

bare winding number 22

Bayesian networks

— conditional probability 78

— information contents 80—83

— probability distribution 77

— topological ordering 77

— entropy production 83-84

— generalized second law of thermodynamics
84-86

bibliometric datasets

— cluster analysis 261

— co-authorship graph

185,191

measures 270, 271
— collaboration properties 267, 268
— data-integrity problems 260
— database coverage 272
— entropy measures 260

— graph-theoretical and statistical techniques
260, 261
— heterogeneous data sources
— methods 266, 267
— network topology and analysis
— parametric graph entropy 269
— performance evaluations 272
— toplogical information content and
parametric graph entropy distributions
268
block entropy 11, 12, 14, 22
Bonchev-Trinajsti¢ indices 211, 212
Brégman’s theorem 105
Bradfort’s law of scattering
of information 260

260

261
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chemical graph theory 146

citation-based graphs 265

chaotic-band reverse bifurcation process 15

circulant-matrix theory 3

class partial information content (CPIC)
238, 239, 256

collaboration-based graphs 264

collaboration-styles, bibliometrics 266

complementary information content (CIC)
234, 237-239, 242

complex networks theory 2

complex and random networks

— generalized entropy See generalized mutual

entropy

— network entropies 42

— open network 53

— social networks 41

content/topic-based graphs 265

contrast-based segmentation methods

convex corner entropy 107-108

235,

214

counting problem 104—107
d

data mining applications 262
— disadvantage 262

— graph invariants 262

— high-precision extraction of biomedical
events 262

image annotation methods

— mining measures 262

and ontology 262

— solution methods 262

— subgraph isomorphism 262

discrete Fourier transform (DFT) 6

discrete Shannon entropy 184
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entropy 102

— conditional entropy 103

— of a convex corner 107

— ofagraph 108

— joint entropy 103

— relative entropy 104

Erd6s—Rényi random graph 185, 186

extremal properties, graph entropy

— degree-based and distance-based graph
entropies 153-157

- If1(Q), If 2 (G) If 3 (G) and entropy bounds

for dendrimers 157-163

— information inequalities 166-171
— sphere-regular graphs 163-166

f

feedback control

— multiple measurements 89-91

— single measurement 86-89
Feigenbaum graphs 15, 21
finite undirected graph 134
fractional Brownian motions 9

fractional chromatic number 116-118
g
Gephi tool 263

generalized graph entropies

— definition 171

— vs. graph energy 175

— vs. graph matrix 171, 172, 174, 176, 177
vs. spectral moments 171, 175

vs. topological indices 171, 179
generalized mutual entropy

— cluster differentiation 51

— corollary of theorem 46

— R-type matrix 48

— S-type connectivity matrix 46

— scale-free network 50

semi-log plot 49

— sub-network size 48

— network entropy techniques 53

— scale-free network 47

geodesic active contours (GAC)

— contrast-based segmentation 214

— evolution, grayscale images 214, 215

— force terms 215,216
— multi-channel images
— numerics 216, 217
Gilbert random graph 185, 189
graph entropy

— applications 134

— bicyclic graph 134

— CHF patients 9

216

classical measures 135

complex networks 3

convex corner 107-108

counting problem 104-107
definition 133

deterministic category 133
extrinsic probabilistic category 133
financial applications 9
fractional chromatic number
graph-based systems 133
hurricanes 8

integral 136

intrinsic probabilistic category 133
joint distribution 109

local clustering coefficient 3
macroscopic parameters 42
max-flow min-cut theorem 113
multidimensional scaling 3
natural and horizontal visibility

116-118

algorithms 4-6
networks, definition and properties 43-45
optimization and critical points 19-26

parametric measures 135, 136

probability distribution 136

properties 3,110-112

random variable 102-104, 117

relative entropy and mutual information
104

seismicity 8-10

structural complexity 135

symmetric graphs 119-120

turbulence 9

unicyclic graph 134

visibility graph  10-13

graph entropy, inequalities

computational complexity 143

discrete joint probability distribution 145

discrete probability distribution 144

edge entropy 146

information functions 141-143

information theoretic measures of UHG
graphs 143-146

maximum joint entropy 145

multi-level function 143

and parametric measures 139-141

parameterized exponential information
functions 148-153

rooted trees and generalized trees, bounds
146-148

time complexity 143

vertex entropy 144, 146

graph spectral entropy

definition 189
empirical graph spectral entropy 191



— of brain networks 200

— structure 189

graph spectrum

— empirical spectral density 188

— predictability of random variable outcomes
188

— spectral density estimators

— spectral graph theory 187

— spectral_density 188

— structure 188

graph-entropy-based texture descriptors

— application, graph indices 209

— Bonchev and Trinajsti¢’s mean information,
distances 212,213

— Dehmer entropies 213, 214

189

— entropy-based graph indices 211-214
— fractal analysis 223-225

— graph construction 210, 211

— Haralick features 209

— image processing algorithms 209

— infinite resolution limits, graphs 222, 223

— information functionals, rewriting 221,
222

— Shannon’s entropy 212

— theoretical analysis 209

greedy search based approach 262

Gutenberg—Richter law 8

h

hierarchical graph 146
horizontal visibility (HV) graph
hurricanes 8

hyper-Wiener index 175
hypothesis test, graph collections
— bootstrap procedure 196, 197
— Jensen—Shannon divergence

— Kullback—Leibler divergence 196
— null and alternative hypotheses 197
— of functional brain networks 200

— random resamplings 196

— ROC curves 186,197-199

18,22

196

1

image analysis, graph models

— transfer image processing methods

— graph morphology 205

— pixel-graph framework 205

inductive database based approach 262

inductive logic programming based approach
262

information content (IC) measures

— finite discrete system 236

— molecular graph 244

— negentropy principle

205

237
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on shortest molecular path 251, 252

on vertex degree 245, 246

— Shannon’s information 237, 243

— shortest path 244

— theoretical definitions 243, 244

— topological architecture, molecule 243

— topological distances 246-250

— topological indices 243

— vertex weighted graph  251-253

information theoretical topological indices
(ITTI) 235,243

information theory 188

information thermodynamics

64—-65

information-theoretical methods 141
J
Jensen—Shannon divergence 192

k

Karush—Kuhn-Tucker (KKT) optimality
conditions 119

kernel function based approach 262

knowledge discovery, bibliometrics

— graph complexity measures 264

— information functionals 264

— information-theoretic measures

— network entropies 263

— partition-based entropy 264

— partition-based measures 264

— structural information content 263

Kolmogorov—Sinai entropy 11, 12, 16

Kullback—Leibler divergence 104, 192, 194

263

I
linear combination of graph invariants (LCGI)
254

local graph invariants (LOVI) 249
Lotka’s law 260
Louvain-clustering 271

m

Markov chain networks 137,271
Markovian dynamics 86—87

— energetics 72
— entropy production and fluctuation theorem
73-76

— information exchange 91-94

— time evolution, of external parameter 71

mathematical graph theory based approach
262

Matthew effect 260

Maxwell’'s demon 64

model_selection_and_parameter_estimation

— definition 193
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model_selection_and_parameter_estimation
(contd.)

— Kullback—-Leibler divergence 194
— model selection simulation 195
— protein—protein networks 199

— spectral density 193

mutual information 68-69, 104

n

natural visibility algorithm (NVa) 4-6
negentropy principle 234, 237
network dimensionality 260
nonlinear signal analysis 2
non-negative Borel functions 137

normalized information content (NIC) 237,
239

o

open network

— inter-cluster connections 57
— scale-free network 56

— sizeof 57

open source graph visualization tool
organic compounds, physical entropy
— applications 235

— graph theoretical models 234
— information content measures

263

236
— information theoretical measures 235
— molecular graph models 236

— multigraph model 234

representation and characterization 256

— statistical predictive model 256

p

parametric complexity measures 138
parametric graph entropies 267

partial information content (PIC) 235, 238,

239
partition-based graph entropy measure 267
path graph 134
perturbation theory of linear operators 3
Pesin theorem 12, 19
physical entropy
— applications 233
— biological functions 253
— gas phase thermal entropy 233
— graph-theoretical concepts 253
— information theoretical approaches
— information theory 233
— interpretation 233
— measures 233
— regression equation model 254
— thermodynamic property 253

253

— using information theoretical indices
254—-256

positive integer partition, IC measures

— cardinalities 240

— Shannon’s IC  240-243

— Shannon’s information 240

power law distribution 185

probability density 107

q
quantitative graph theory

— abruptness 204

— description 204

— discrimination power 204, 205
— graph index values 204

— inexact graph matching 204
statistical methods 204

— structure sensitivity 204
quasi-periodicity 22, 35

r

Rényi entropy 137, 185

Randi¢ index 176-178

random graph model

— biological networks

— description 184

— spectrum-based concepts

random Poisson process 8

random networks 3

random variable

— conditional entropy 103

— joint entropy 103

— joint probability distribution 104

— probability density function 102

recurrence matrix 3

redundant information content (RIC)
238,239

relative entropy 67 -68

— and mutual information 104

relative non-structural information content
(RNSIC) 238

renormalization group (RG) method

— entropy extrema and transformation

34-36
— network RG flow structure” 28
— period doubling accumulation point
31-32

— quantum field theory” 26

— quasi periodicity 32-34

— self-affine structures 26

— tangent bifurcation 29-31

Rényi entropy 42

rooted isomorphism 136

rooted networks 137

185

187

234,
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Scientometrics See bibliometric datasets
seismicity 8

Shannon entropy 11, 42-43, 66, 68, 133, 235
short-citation half life 260

shortest molecular path, graph 244
Silverman’s criterion 190

simple random walk 137

statistical methods, graphs

— differential entropy 184

— graph theory 183

structural information content (SIC)
symmetric graphs  119-120

234,237

t

tangent bifurcation 29-31

text mining

— dependency graphs 262

— graph-theoretical approaches

text mining See also data mining

texture segmentation, images

— complementarity, texture and shape

— adaptive and non-adaptive patches

— GAC method 204, 219

— graph models 205

— graph-entropy-based texture descriptors
218

— morphological amoeba image filtering 217

— precision, segmentation 218

262

206
217

Index

— quantitative measures 204, 205

— real-world images, zebra 220, 221

— synthetic images 207, 217-219

— texture models  207-209

TopoChemical Molecular Descriptor (TCMD)
244

TopoPhysical Molecular Descriptor (TPMD)
244

total information content (TIC)
239, 242

transfer entropy 66, 69—-70

tree entropy 136, 137

234, 237,

u
unified medical language system (UMLS)
unit corner 107

262

v

vertex packing polytope 107

vertex weighted molecular graph 244, 251
visibility algorithm 4-9, 36
visibility graph 8

- EEGs 10

— entropy 10-13

— horizontal visibility graphs 26-36
w

Watts —Strogatz models
Wiener index 175

183, 185, 186, 191
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