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Index

a
A-posteriori Probability 206
Acoustic models 206
AdaBoost 316, 317, 328
Adjacency matrix 254
Affine transformations 288
Almost periodic function 33
Associated operator 189
Associative memories, neural 207
Asymptotic power series 84
Atom optics 406–409, 425–428
Attractor 163
Automated troubleshooting agents

220, 221, 225, 239
Automorphic form 39, 43
Axon 138

b
Bag of words 225–228, 230, 232, 235
Basin of attraction 163
Basis element 447
Basis representation 447
Bayes’ Rule 206
Bayesian network 161

– dynamic 161
BBM 315, 327
Bifurcation 386
Black body 1, 8–10, 12–14, 18
Boltzmann 16
Boltzmann constant 12
Boltzmann–Maxwell law 11
Boolean classifier 172
Boolean network 157

– probabilistic 164
– random NK 165

Boosting 311
– by filtering 316
– by majority 315
– by resampling 316
– by reweighting 316

Bose–Einstein statistics 15
Boundary regularity 55, 63
Boundary value problem 57
BrownBoost 320, 329
Brownian motion 321

c
C0-semigroup 188
Canonical labeling 436
Capacity 62
Carleman’s function 41
Carleman’s law 8, 38, 40, 42
Carmichael numbers 399
Cascade 323
Cell 159
Cellular automata 165
Channel

– additive white Gaussian noise,
AWGN 358

– binary symmetric, BSC 358
Chaotic systems 36
Character 440
Characteristic 447
Chi-square test 175
Chinese remainder theorem 398,

414–418, 423
Classical limit 12
Classification 311
Cluster analysis 245

– biclustering 255
– gene-based clustering 246
– hierarchical clustering 246, 248
– – agglomerative hierarchical

clustering 248
– – divisive hierarchical clustering

248
– – UPGMA 247
– model-based clustering 253
– partitional clustering 245, 250
– – fuzzy-c-means 251
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– – k-means 247, 250
– – self organizing feature maps

247
– – self-organizing feature maps

252
– sample-based clustering 246
– semi-supervised clustering 259
– spectral clustering 254
– – graph clustering 254
– – mincut 254
– – Ncut 254
– – non-negative matrix

factorization 255
– – random-walk 255
– – RatioCut 254
– – spectral bisection 254

Co-occurance 284
Code

– algebraic–geometric 360
– Gilbert–Varshamov bound 357
– Hamming bound 357
– Hermite 363, 367
– linear 355
– Reed–Solomon 362, 367
– Singelton bound 356

Complete reducibility 184
Computational neural models 142
Computer Vision 273, 274

– background from Computer
Vision 275

Concept 311
– class 312

Confinement and asymptotic freedom
104, 109

Confluent hypergeometric system 74
Congruent domains 60
Connes, Alain 50
Consistency problem 170
Contingency table 257
Convolution 348
Cosmic Microwave Background

Radiation (CMB) 112, 276, 286,
287, 303, 305
– CMB anisotropy 112
– fluctuations of the CMB 276

Counting function 3, 19, 40
Covariance and correlation 282
Covariance matrix 253
Covariant derivative, parallel transport

and gauge principle 104
Cramér 31, 32
Critical line 47
Cryptography 395

Curse of dimensionality 245
Curvature

– centroids 306
– gaussian 300
– mean 300
– principal radii 300, 302
– tensors 306

d
δ-function 405, 407, 428

– square root of 428
Decoding

– bounded minimum distance
365

– Dorsch 376
– Feng-Rao 365
– hard-decision 360, 368
– interpolation-based 368
– maximum a posteriori, MAP

359
– maximum likelihood, ML 359
– of Reed–Solomon codes 368,

372
– power 372
– soft-decision 360, 373, 376
– Sudan 368

δ-random source 462
Dendrite 138
Dendritic tree 138
Density of states 10, 13
Deoxyribonucleic acid 159
Detection rate 323
Deterministic chaos 38
Differential equation 161

– partial 162
Diffusion equation see Heat equation
Dipole of neurons 382
Dirac distribution 346
Dirichlet L-series 29
Dirichlet boundary condition 3
Dirichlet regular domain 54, 57
Dirichlet’s theorem 342
Dissipativity of a system 388
Distance 249

– inter-cluster distance 249
– – centroid 250
– – complete linkage 250
– – group average 250
– – median 250
– – single linkage 250
– – unweighted average 250
– – Ward’s method 250

Divide and Conquer 455
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DM-profile 127
DNA see Deoxyribonucleic acid
Domain approximation 59
Dual group 441
Dynamic-Threshold model 146
Dynamical system 382

e
Eigenfunction 55, 60, 338
Eigenvalue 55, 60, 338
Einstein 7, 10, 15, 17, 18
Elliptic curve method 435
EM algorithm 254
Energy conservation 112
Entangled photons 411
Entanglement 396, 401, 408–411
Entanglement and quantum

teleportation 102
Entropy 174, 458
Equilibrium point 385
Error

– empirical margin 318
– generalization 318
– training sample 317

ETSI DSR front-end 202
Euclidean algorithm 395, 398, 400,

401, 420
Euler Characteristic (EC) 299
Euler constant 47
Euler’s φ-function 398, 414, 417–421
Euler-Lagrange equations 111, 118
Example oracle 312
Excursion set 299
Exponential ansatz of Magnus 76
Exponential speedup 396, 397, 409,

410

f
Faber–Krahn inequality 62
Factor ring 447
False positive rate 323
Feature

– compression 203
– enhancement 380
– extraction 202, 222–238

Feedforward and feedback neural
processing 380

Fermat’s little theorem 399
Fermi constant GF 113
Feynman-Dyson series 78
Filtering Process 290
FiltEx 316
Finding ring automorphism 448

Firing-rate model 146
Fix-automorphism 446
Fixed-Point, arithmetic 204
Flavor 105
Floquet exponents 93
Floquet theory 92
Fluctuating part of the counting

function 30
Fourier coefficients 341
Fourier descriptors 297
Fourier series 341
Fourier transform 22, 284, 285, 437,

440
– distribution 346
– function 345

Fourier-Bessel transform 23
Friedmann–Lemaître universes 115,

276
– Robertson–Walker (RW) metric

124, 128
– – Friedmann–Lemaître equations

128–130
Functional determinant 29
Functional genomics 244
Fundamental matrix 75

g
Gabor filter 292
Gabor filter bank 293
Gating mechanism 381
Gauge bosons 104, 113
Gauss circle problem 20, 30, 32
Gauss sum 398, 410, 429
Gauss–Bonnet theorem 300
Gaussian 290
Gene regulatory network 157
General number field sieve 435
General Relativity (GR) 111, 276

– Einstein field equations 101,
118, 122–124, 276

– – Poisson equation 126
– Hilbert–Einstein action 101,

116
– horizon singularity 125
– Schwarzschild metric 125

Generalised Logical networks 161
Gevrey asymptotics 85
Grand Unified Theory (GUT) 118
Graph isomorphism 433, 435
Graph Laplacian 254
Gravitational coupling G 111–113,

119, 121, 122, 126
Gravitational mass 110
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Gravitational strength 115, 116, 120,
122

Green function 5
Gutzwiller trace formula 54

h
Hadamard-Gutzwiller model 37, 38
Hamilton principle 101, 118
Hardy conjecture 21
Harmonic oscillator 402, 404, 409
Heat equation 57, 63
Heat maps 247
Hebbian learning rule 208
Heisenberg’s uncertainty relation

102
Hidden Markov models 206
Hidden subgroup problem 439
Higgs field equation 118, 120, 121,

125, 126, 128
Higgs gravitation 110, 114
Higgs potential 109, 116, 119, 121
Higgs-like fields 114

– Compton length scale l 121,
125, 126

– ground state value 113, 119, 122
– scalar field excitation 120, 123

Hilbert 2, 8
Hilbert space 396, 409, 410

– dimensionality of 396, 409
Hilbert–Polya conjecture 50, 51, 53
Hilbert–Schmidt operator 56
Hilbert-Polya conjecture 49
Hill equation 93
Histogram 282
Hoare, C.A.R. 455
Hodkin–Huxley model 140
Hubble parameter H 129
Huber’s law 51
Hyperbola billiard 53
Hypergeometric system 73
Hypothesis 311
Hypothesis boosting problem 312

i
Image analysis 273
Image Registration 287
Inertial mass 110
Infinite matrix 191
Inflation 115, 131
Inhibitory kernel 381
Input filtering 381
Integer factorization 433, 434
integrable billiards 36

Integral geometry 302
Integrate-and-Fire model 146
Interference 396–410, 427–429
Invariant subspace 189
Inverse spectral problem 59
Isospectral domains 59, 61

j
Jeans 7, 14–17
Joint histogram 283

k
k-summability 86
Kac 2, 18, 26
Kaluza-Klein’s theory 111
Kernel 55, 56, 58
Kirchhoff 1, 8, 9

l
Language

– Model 207
Laplace–Beltrami operator 28, 29,

38, 42
Laplacian of Gaussian 292
Laplacian on the torus 19
Lateral connections 380
Lattice point problem 20
Leaky integrate and fire model 143
Learn 313, 326
Learnable

– strongly 312
– weakly 312

Learner 311
Learning 211

– supervised 311
Length spectrum 24, 25, 44
Likelihood 253
Linearization 387
Lorentz 1–15
Low-pass filter 335, 336

m
Maass waveform 43
Mach’s principle 110, 112
Machine learning 172
Majority vote 314
Majority vote game 315
Margin 318
Mathieu equation 93
Maximum principle

– parabolic 57
Maxwell 9, 11, 16, 17
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Measurement problem of QM 101,
102

Median-of-three QuickSort 459
Memory

– autoassociative 208
– heteroassociative 207

Method of stationary phase 397, 407,
408

Microarray 170, 244
Minkowski Functionals (MFs) 301,

305
Minkowski Valuations (MVs) 301,

303, 307
Mixture model 253
Mode function 396, 406–409,

425–428
Modular exponentiation 395, 398–

400, 408, 409, 412, 417, 420,
429

Morphological Filtering 294
Morse theorem 300
Multi-summability 89
Multi-Threading 204
Multiple channel model 143, 144,

146
Multiplexing 337
Mutual information 174

n
Naïve Bayes classifier 223, 233–239
Nearest neighbor classifier 227, 236,

237
Nearest-neighbor classifier 232, 235,

239
NEM see Nested effect models
Nerve Cell, Soma 138
Nested effect models 161
Neumann boundary condition 4
Neuron 379
Nobel prize 103, 104, 106, 112
Noise 319
Number theory 395, 396, 398, 414

o
Objective function 246, 250
Observable 101
ODE 73

– confluent hypergeometric 74
– Hill 93
– hypergeometric 73
– Mathieu 93
– periodic 92
– system 73

One-step retrieval strategy 208
Order 437
Order isomorphism 64
Orthogonality relation 441
Overfitting 318

p
PAC 312
q̂ parameter of the fermionic coupling

118
Partition function 25
Pattern recognition 222–224
PDE 90

– heat equation 74
– Schrödinger equation 79, 95

Penrose-Hawking energy condition
131

Periodic boundary conditions 19
Periodic ODE 92
Periodic orbits 24
Periodicity 398–429

– mapping of 396, 401, 403
Perturbation

– linear 91
– regular 79
– singular 79

Phase distribution 404, 405, 407
Phase factor 429
Phase grating 395, 396
Phase space 408, 409

– interference in 408, 409
Phase state 404
Physical Cosmology 273, 274

– background from Physical
Cosmology 275

Plancherel’s theorem 345
Planck 2, 7, 8, 12, 14, 15, 17
Planck’s constant 3, 12
Planck’s law 9, 12–16
Poincaré

– -disk model 37
– rank 91
– recurrence map 50
– upper half plane 42

Point neuron 142
Poisson summation formula 21, 348
Polar set 62
Pollard’s ρ-method 435
Polynomial representation 448
Polynomial ring 447
Power series 80
Power spectrum 285
Pre-trace formula 23, 38, 39



470 Index

Prime geodesic theorem 51
Prime number 399, 418, 421–423,

434
Prime number theorem 51, 399, 434
Primitive root 395, 398, 419–423
Principle of equivalence 110
Probability amplitude 397, 405,

407–409, 427, 428
Problem of definite outcomes 102
Problem of the preferred basis 102
Projection

– Mollweide 279
– perspective 278
– stereographic 279

Projective measurement 396, 406,
407

Pseudorandom number generator
456

Pure tones 60

q
Quadratic forms 434
Quantization 336
Quantization condition 47
Quantum

– chaos 38, 80
– computation 395
– Fourier transform 437
– graph 186
– information theory 102
– mechanical implementation

395, 396, 406, 410
– mechanics 396, 400, 404, 409
– query model 444
– state 397, 402–405, 409, 426
– system 396, 397, 401, 404–406,

409
– walk 445, 446

Quarks and hadrons 103, 104
QuickSort 455

r
Rabin’s probabilistic primality test

399
Rall model 139
Rall’s linear cable model 140
Raman–Nath approximation 396,

426
Random QuickSort 456
Rayleigh 1, 2, 14–18
Rayleigh’s law 10–12, 15
Rayleigh–Einstein–Jeans law 11–16,

18

Regular perturbation 79
Regular point 80
Residue 398, 411, 413, 414, 416, 421
Residue classes 411, 415, 417, 418
Resolvent 46
Resolvent kernel 5, 39
REVEAL 174
Reverse engineering 170
Ricci curvature scalar R 119, 123
Riemann hypothesis 47, 49
Riemann surface 25, 29, 37, 38, 44,

45, 52
Riemann zeta function 29, 37, 47,

49, 51
– zeros 49–51, 53

Riemann–Roch space 363
Riemann–von Mangoldt formula 49
Ring 447
Ring automorphism 448
Ring isomorphism 447, 448
Robin boundary conditions 5, 52
Ruelle zeta function 50

s
Sampling theorem 333, 340
Scalar-tensor theory (STT) 111

– action with Higgs potential 116
– Bergmann–Wagoner (BW) class

112, 115
– Bergmann–Wagoner action 115
– Brans-Dicke’s theory 110, 112
– Einstein and Jordan conformal

frame 112, 116
– Jordan’s theory 111
– Jordan-Brans-Dicke action 112
– massive fields in STTs 113
– Zee’s broken-symmetric

gravitation 113
Scattering of atoms 395, 397, 407,

409
Schwartz function 344
Scientific maxims 100
Selberg trace formula 19, 25, 37,

42–52
Selberg zeta function 37, 45–50, 54

– zeros 47
Self-organization 165
Semantic analysis 219, 220
Semantic term classes 227–231, 239
Semigroup 55, 58
Series

– asymptotic 84
– Feynman-Dyson 78
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– power 80
Shah-Function 347
Shannon, C.E. 457
Shapefinders 304, 306, 307
Shor’s algorithm 395, 398–405, 409,

410, 429
Sieve methods 435
Signal 334

– analog 333, 335
– band-limited 333, 335
– digital 335, 336
– discrete-time 335
– elementary 336
– processing 336
– transmission 336

Simple Dynamic-Threshold model
146

Simple firing-rate model 146
Simulation 161
Sine cardinal 334, 340, 347
Singular perturbation 79
Singular point

– first kind 81, 82
Slightly random source 462
Sommerfeld–Lorentz conjecture 1,

2, 5–7
Sommerfeld-Lorentz conjecture 7,

10, 11
Sorting 455
Special Relativity 101, 103
Spectral

– function 22, 40
– geometry 25
– zeta function 28

Spectrum of the Laplacian 25
Speech recognition, automatic 200
Spherical symmetry 115, 124
Spike Counter model 149
Spike-Response model 146
Spike-Timing dependent plasticity

152
Spiking Neurons 143
Spoken language dialog systems

219, 220
Spontaneous Symmetry Breaking

(SSB) 109, 113, 119
– Higgs–Kibble mechanism 103
– Higgs-Kibble mechanism 110,

118
– Nambu-Goldstone mechanism

109, 120
– Wigner-Weyl mode 109

Standard Model (SM) 103, 109–122,
276, 286

Star (graph theoretical) 192
State space 162
Statistical joint central moments 297
STDP 152
Stefan–Boltzmann law 9, 12
Stereography 298
Stochastic geometry 301
Structure tensor 295
Summation rule 403, 410
Superconductivity 109
Supersymmetry 106
Surface area 60
Symbol alphabet 337
Symbol interval 337, 338

t
Table representation 447
Tauberian theorem 26, 53, 57
Tempered distributions 344
Term weighting 222, 233, 236, 237,

239
Theorem of Hartman–Großman 387
Thermodynamical limit 13
Tonic input 382
Topological entropy 51
Topology 299
Trace

– formula 19, 54
– – on the torus 22, 23
– of the heat kernel 25, 44
– of the resolvent 45

Two-point correlation function 285

u
Unbounded quantum billiards 53
Unitary group 188
Unitary operation 401, 402, 409
Universe composition

– dark energy
– – cosmic acceleration 131
– – cosmological constant 107,

116
– – cosmological function 108,

112, 113, 115, 116, 119, 123, 130
– – quintessence 107, 125
– – super novae of type Ia (SNeIa)

108, 130
– dark matter 106, 107
– – flat rotation curves 108
– density parameters Ωi 108, 130
– hadronic matter 105
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– non-hadronic matter 105
Utterance classification 220–239

v
Validation 257

– Fowlkes and Mallows index 258
– Jaccard index 258
– MCA index 258
– Rand index 258

Vector space model 233, 237, 239
Vertex classification 436
Voltage-based neural models 138

w
Wave equation 60
Wave function 183

WeakLearn 313
Weil’s explicit formula 49
Weyl 2–5, 7, 8
Weyl’s law

– bounded domain 55, 59
– for the torus 26

Whittaker–Hill formula 94
Wien’s displacement law 9, 17
Wien’s law 8, 10, 12, 14, 17
Willshaw model 148, 208
WMAP 108, 277, 286
Wolfskehl lectures 7

y
Yang-Mills theory 103
Yukawa theory 103, 104




