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Acoustic model emulation, 61
Actuators, in robotic design, 4
Adaptation, 93-94, 117, 128-129
Adaptive critics, 119

Adaptive dynamic programming (ADP),

119-120
Adaptive intelligence, 247
Adaptive resonance theory (ART), 268
Agent:
character, 214
personlike, 214
Algorithms, generally:
alternating optimization, 153—-154
evolutionary, 247

gene replacement genetic (GRGA), 193

genetic (GAs), 4, 207
intelligence measurement, 37
NeuroLinear, 100-101, 107-109
numerical optimization, 83

REFANN, 37, 100-101, 106-107, 109-111

rule extraction, 99111
shortest path (SPA), 255
Alternating optimization (AO):
algorithm, 153-154
applications, generally, 149-150
benefits of, 154—155
existence, 152-153
explicit, 157
global convergence of, 160—162
implicit, 157
local convergence of, 158—160
solutions, 150, 152—-153, 155-158
uniqueness, 152—153
Amazon deforestation, 234
Angiogenesis, 229
Animal learning, 118
Annealing, simulated, 247
Antidiuretic hormone (ADH), 239
Antitrust legislation, 245
Approximate reasoning, 140

Approximation, see Best robust approximation;

Universal approximation

Architecture, see Chips; Cognitive architecture

Artificial and natural neural systems, 66

Artificial intelligence (Al), characteristics of, 25,

118, 209
Atrtificial neural networks (ANN5):

characteristics of, 117, 225-226, 228,

238
unsupervised learning, 219-241
Artistocrat utility (AU), 253-254, 257
Auditory model, 49-51
Auditory system, 49, 53
Automated sonar controller, 61

Backpropagation:
basic, 265
cerebellum, 265
error critic (EC), 265
forwards, 264
future research directions, 268—-269
history of, 264
implications of, generally, 117, 207
ordered derivatives, 263-265
simultaneous, 264
stochastic, 264
for supervised learning, 265-268
truncation, 264-265
vanilla, 261-267
Baldwin Effect, 184—187
Ball:
closed, 37
open, 37
Bankruptcy prediction, 107-109
Banners, 214
Bar attendance problem, 256
Bayes’ theorem, 250
Behavior-based robotics, 122, 127
Bell-Sejnowski-Amari-Oja (BSAO)
space-invariant ICA, 240

27



272 INDEX

Best robust approximation: Center-average defuzzifier, 167
abstract neural network, 83 Central equation, 250
abstract power series, 85 Chess, 34
characteristics of, generally, 66, 81 Chips:
deF dimension, 87 analog evolvable hardware, 197-198
exemplary inputs/exemplars, 83 clock-timing adjusting, 199-200
functional artificial neural networks, 83 data compression evolvable hardware,
functional synaptic weight, 83 194-196
input-output data constraints, 81 for gate-level hardware evolution, 193
instantaneous learning, 83 large-scale integration (LSI), 193, 196,
minimum norm problem, 82 198-199
numerical optimization algorithms, 83 Chromosome register, 199
point evaluation functionals, 83-84 Clamping, 253-254
prior uncertainty ellipsoidal set, 81 Classifier, 214
radial basis functions model, 86—87 Clock skew, 198
sequential (adaptive/evolutionary) learning, 83 Clock-timing adjusting chip, EHW-based:
shifted Sigmoids model representation, 84—85 architecture, 199-200
Biomorph, 211 characteristics of, generally, 198—199
Birds, intelligence in: simulation study, 200-201
corvids, 29-30 Cluster-detection-and-labeling (CDL) network, 95
parrots, 29 Cluster-first-route-second approach, 142
pigeon, 27-28 CMAC, 268
Blackbody radiation, 229 Coevolution, 2-3
Blind source separation (BSS), 219 Coevolutionary computation (CEC), 125-126
Body-brain coevolution, 2 Cognitive architecture:
Boltzmann entropy, 225 classic view, 180-181
Boltzmann-Shannon entropy, 228 connectionist view, 181
Braess’ paradox, 255 embodied cognitive view, 182
Brain: evolutionary view of, 182—-183
cerebellum, 265-266 implications of, generally, 179—180
complexity of, see Brain complexity modules, 180—182
evolution, 186 theories of, 180
mammalian, 115, 262 Cognitive science, 179—180
neocortex, 53 Collective intelligence:
Brain complexity: design of, 247-255, 257-258
computing technology, 53-54 motivation and background, 245-247
neuroscience, 48—53 tests of mathematics, 255-257
nontechnical issues, 54-55 COllective INtelligence (COIN) techniques, 250,
overview, 45—-48 255
reverse engineering, 46 Combinatorial optimization, 140
subsystems, 48-53 Communication:
Breast imaging, see Mammography with partner robots, 132—-136
Bush, Vannevar, 34 wireless, 95
Compactification, 140
Cancer: Complementary metal-oxide semiconduction
diagnostic tools, 36, 40 (CMOS), 197
ductal carcinoma in situ (DCIS), 233-234 Complex adaptive systems, 116
medical diagnostic imaging, 229, 232-233 Computational intelligence (CI):
Cellular phones, analog evolvable hardware characteristics of, generally, 65-66, 122
chip: cluster-detection-and-labeling (CDL) network,
characteristics of, 196—-197 95
chip architecture, 197-198 combined adaptation and evolution, 93-94

yield rate, 197—-198 discovery, 94-95



emerging synthesis of, 125-126
humanized, 207-210
in logistics, see Logistics
mixed continuous/discrete systems, 91
MOI (mixed OI) net, 69, 93
MOS (mixed OS) net, 69, 93
Maxnet, 93
Computer-aided design (CAD), 3—4, 40, 42

Computer-aided design (CAD)/computer-aided

manufacture (CAM), 8
Computer graphics, lighting design, 211
Computing performance, 53-54
Conditional probability, 39
Connectionism, see Neural networks
Connectivity, 132
Consciousness, 32
Consumer robots, 209
Controller:

design, 165
neural network, 214
synthesis, see Controller synthesis

Controller synthesis, fuzzy dynamic systems:

characteristics of, 170-173

simulation examples, 173-176
Convergence:

global, 160-162

local, 158-160

Lyapunov, 239

g-linear, 158
Cooperative technology, 207
CPU performance prediction, 109—-111
Critics:

adaptive, 119

error (EC), 265
Curse of dimensionality, 118
Cybernetics, 121

Darwin, Charles, 28, 184
Data compression evolvable hardware chip:
image data, 194-195
pixel value predictions, 195-196
Data migration, 246
Data mining, 209
Decision trees, 99
Deep Blue, 34, 42
deF dimension, intrinsic dimensionality,
87
de Fiegueiredo-Dwyer-Zyla (dFDZ) space,
75
Degree of rationality, 248
Degrees of freedom, 1
Delay generators, 199
Dendrite ion channels, 235

INDEX

Derivatives, ordered, 263-265
Descent of Man (Darwin), 28
Development time, 155
Diagnostic imaging, see Mammogram/
Mammography; Medical imaging

Difference utility, 253
Direct Rambus, 200
Divide and conquer, 223-224
Driving behavior, 141
Drug design, computer-aided, 36
Dual logic, 140
Ductal carcinoma in situ (DCIS), 233-234
Duda-Hart book, 239
Dynamic environments, 129-130
Dynamic programming:

adaptive, 119-120

approximate, 119

importance of, 118
Dynamic samples weight (DSW), 204

Education, 215

Electromechanical systems, robotics, 4—5
Electromyogram (EMG) signals, 192
Electromyography (EMG), 191
Embryonic electronics, 203

Embryonics, asynchronous, 203
Emotion, 32, 214
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Emotional intelligence quotient measures (E-1Q),

238

Enabling technologies, 45
Encoding design, in robotics, 5-8
Entropy information theory, 225-228, 241
Error critic (EC), 265
Evolution:

of altruism, 188

in biology, 182

of brains, 186

cognitive, 179-180

of language, 187—188

learning and, 184-186
Evolutionary algorithms, 247
Evolutionary computation (EC):

alternating optimization, 155

applications, generally, 139

artificial neural networks (ANNSs) and,

119

cognitive science and, 180, 183-184

interactive, 207
Evolutionary programming (EP), 207
Evolutionary robotics, 122
Evolutionary strategy (ES), 207
Evolvable femtosecond laser, 202
Evolvable fiber-alignment system, 202
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Evolvable hardware (EHW):
analog chip for cellular phone, 196—-198
clock-timing adjusting chip, 198-201
current research, 203-204
data-compression chips, printing image data,
194-196
defined, 191
evolvable optical systems, 201-202
myoelectric prosthetic hand controller with,
191-193
Evolvable interferometer, 202
Evolvable optical systems:
advantages of, 202
characteristics of, 201
defined, 201
types of, 202
Exaptation, 183
Expert systems technology, 140

Factories, 144
Fatigue, 211, 215-216
Feasible region, 149
Feature extraction, 212
Feedforward, 70-71, 83, 102, 263
Fiber, generally:
alignment, 202
nonlinear dynamical systems, 95
Field-programmable transistor array (FPTA),
203-204
Filters:
image-enhanced, 212
intermediate frequency (IF), 196, 198
Laplacian, 213
Financial risk, 262
Fireworks, 215
First-order necessary conditions, 150
Fleet management, 142—-143
Force histograms, 12—-16, 22
From tanks to tumors, 229
Fully automated design (FAD), in robotics, 3
Function(s):
assessment, 38
constraint, 149
intelligence, 37
objective, 149
problem, 149
Fusion technology, 207
Fuzzy classifier, 214
Fuzzy control, 141-142, 214
Fuzzy dynamic systems:
controller synthesis, 170-176
defined, 166
piecewise-quadratic stability, 166—170

Fuzzy linear programming, 141, 143
Fuzzy logic:
characteristics of, generally, 16, 268
control (FLC), 165
rules, 214
Fuzzy set theory, 140, 142
Fuzzy systems (FS), 207
Fuzzy technology, 139-140

Game-playing, 119

Game theory, 251

Gaussian thermal diffusion, 229

Generalization, 268

Gene replacement genetic algorithm (GRGA),
193

Genetic algorithms (GAs), 4, 207

Genetic programming (GP), 204, 207, 211

Genetic redistribution, 186—187

Glial cells, 238-239, 241

Global coordinates, 250, 252

Globally exponentially stable, 169

Global stability, 166

Gradient ascent, 247

Gradient-based descent, 155

Gradient vector, 156

Hamilton-Jacobi-Bellman equation, 119
Hearing-aid, fitting, 212
Hebb, 241
Hebbian synaptic memory, 238
Helmbholtz free energy, 225-226, 229-230,
239
Hessian matrix, 156
Hidden unit activation, neural networks:
approximating, 105-106
discretization of, 103—104
Histograms:
applications, generally, 11-12, 39
of angles, 12
force, 12-16, 22
Hodgkin, 235, 241
Holder triangle-inequality identity, 228
Homeostasic, 239
Homeostasis learning, 240-241
Hopfield, 207
Human reasoning, 140
Human-robot dialog, 16—19
Human-robot systems, 14
Huxley, 235, 241
Hypertext markup language (HTML), 215

IA, see Intelligence, amplification (IA)
IEC fitting, 212



Image(s)
echocardiographic, 213
enhancement, 212
magnetic resonance, 213
Imitation Game, 25, 33
Independent components analyses (ICA), 219,
223,237
Industrial design, 211
Industrial robots, 209, 214
Inference, types of, 127, 131-132, 140, 167
In-house logistics, 143—146
Intelligence:
adaptation, 117
amplification (IA), see Intelligence
amplification (IA)
animals, 25
artificial, 25
computational, 25
interaction, 25
learning, 117
measurement of, 25, 35
reasoning and, 118
Intelligence amplification (IA):
characteristics of, generally, 118
defined, 25
estimation of, 26—-33
future directions in, 41-43
measurement of, 35-41
Turing Test, 33-35, 43
Intelligent control, 262
Intelligent learning, 69, 93-94
Intelligent robotic system, 122—123
Interactive evolutionary computation (IEC):
characteristics of, 208, 210-211
computer graphics, 211-212
control, 213-214
fitting, 212
interface research, 215-216
Internet, 214-215
signal processing, 212-213
Intermediate frequency (IF) filters, 196, 198
International Conference on Evolvable Systems
(ICES), 203
International Standards Organization (ISO),
194
Internet, IEC-based, 214-215
Intuitive inference, 127, 131-132
Iteration function, 155-156
Iterative optimization, 149-152

Job migration, 246
Joint-pdf density factorization, 240
Jumping, in robotics, 5
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KANSEI engineering, 210
Kasparov, 34

Labeling, linguistic scene description, 14
Lagrange constraint neural networks (LCNN),
229, 231-232, 235, 237-238
Lagrange multipliers, 225, 235, 238
Lamarckian inheritance, 184
Landsat 7, 234-236
Language, 187-188
Laplacian singular heat concentration, 229
Large-scale integration (LSI) chip, 193, 196,
198-199
Laser radar (LADAR), linguistic description,
14-15
Law of Accelerating Returns, 54
Layered-perceptron neural net, 61
Layers, backpropagation, 266
Learnability, 252
Learning:
adaptation and, 117
animal, 118
evolutionary computation, 184—186
gradient, 262
homeostasis, 240-241
instantaneous, 83
intelligent, 69, 93-94
one-trial, 268
probability distribution, 262
reinforcement, 119, 247-249,
256-257
sequential, 83
supervised, 262-263
unsupervised, 219-241
Lego robot, 213
Lighting design, 211
Limbic, 239
Linear matrix inequality (LMI), 165
Linear programming, 141, 143
Linear time-invariant (LTI) systems, 68
Linguistics, 140, 146. See also Language
Linguistic spatial computational models:
force histograms, 12—16, 22
future directions for, 21-22
human-robot dialog, 16—-19
scene matching, 15-16
sketched route map, 19-21
Locomotion cycle, robotics, 5—-8
Logical inference, 127, 131-132
Logistics:
fleet management, 142—143
in-house, 143-146
traffic management, 141-142
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L-system, 211
Lyapunov convergence, 239

Macromodeling, 188
Magnetic resonance image (MRI), 213
Mammalian brain, 115, 262
Mammograms/mammography, 36, 40, 229,
232-233
Maxnet, 93
Mean absolute error (MAE), 111
Meaning, 140
Medical imaging:
diagnostic, 95, 229, 232-233
multispectral, 229-234
Medium transfer function (MTF), 219-224
Memory, 29, 31
Mendel, Gregor, 184
Metric, intelligence measurement, 37
Metric space, 37
Microcalcifications, 229
Micromodeling, 188
Microsoft, 35
Minimizer:
global, 150
local, 150
strong local, 150
weak local, 150
Minimum resolvable temperature difference
(MRTD), 231
Minority game, 256
Model-free approach, 118
Modularity, in robotics, 6—8
MOI (mixed OI) net, 69, 93
Moore’s Law, 46
MOS (mixed OS) net, 69, 93
Motion, generally:
directives, 19
planning, 123
Multi-agent systems (MASs), 247-248
Multiple robotic systems, 124
Multivariate discriminant analysis (MDA), 108
Myoelectric prosthetic hand controller:
background, 191-192
general purpose chip for gate-level hardware
evolution, 193
learning method, 192-193
performance, 192—193

Nash equilibrium, 248-249, 251

Naval Research Laboratory, 18

Neher, 235

Neural network control:
adaptive, 119

intelligent, 116

optimal, 118

robust, 119
Neural networks:

artificial (ANN), see Artificial neural networks

(ANNs)
characteristics of, generally, 139, 155
cognitive architecture and, 118
control, see Neural network control
hidden unit activation, 103-106
Lagrange constraint (LCNN), 229,
231-232
problems with, 99
pruning, 102
rule extraction, 101-107
three-layer feedforward network, 102
traffic management, 146
Neural Network Society, 267
Neural space, 69
Neurodynamic programming, 119
Neurofuzzy systems, 208—-209
Neuroidentification, 262
NeuroLinear algorithm:
bankruptcy prediction using, 107-109
defined, 100-101
Neurons, in robotic design, 4
Neuroscience, 48-53, 95, 115, 263
Newton’s law of physics, 238
No Free Lunch Theorem:
characteristics of, 25, 36
performance, 39
problem, 39
Nonlinear dynamical system models:
analytic functional, 72
characteristics of, 65, 69
continuous-time-parameter (CTP) system,
69-73
discrete-time-parameter (DTP) system,
69-73
feedforward models, 70-71
nonlinear convolution, 72
recurrent models, 71-72
state-space models, 7273
Nonlinear dynamical systems:
automated manufacturing, 95
best robust approximation, 81-88
best estimate, 66
cable, 95
control of, 68
Euclidean space, 65
feedforward model, 70-71, 83
fiber, 95
Hilbert space, 65



homogeneous Hilbert-Schmidt (H-S)
polynomial, 74
input-output data constraints, 81
medical diagnostics, 95
models of, see Nonlinear dynamic system
models
neural space, 69
neuroscience, 95
nonlinear adaptive time-series prediction, 95
nonlinear equalization, 95
nonparametric models, 65
OMNI (optimal multilayer neural interpolating)
net, 69
optimal combined structural and parametric
modeling, 88-90
optimal interpolating (OI) neural network, 69
optimal smoothing (OS) neural network, 69
OSMAN (optimal smoothing multilayer
artificial neural) net, 69
prior uncertainty, 66, 81
radial basis functions (RBF), 69, 86-87
recurrent models, 71-72
reproducing kernel Hilbert space (RKHS), 65,
68
reproducing kernels, 76
sigmoid functions, 69, 77-80
state-space models, 72-73
symmetric Fock space, 75
system design, 65
system identification, 65
system modeling, 65
system realization, 65
Volterra functional series (VS) shortcomings,
66-67
white Gaussian noise (WGN), 67-68
Wiener-Bose model, shortcomings of, 67
Winner-Take-All layer, 88, 93
wireless communications, 95
wireline, 95
Nonlinearly contrained optimization problem
(NCOP):
alternating optimization compared with,
154-156
existence, 152-153
defined, 149-152
uniqueness, 152—153
Nonlinear systems, 165
Normal distribution, 150

Object recognition, 17-18, 21
Oblique decision hyperplanes, 100
Observations, 116

OCR systems, 262
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Office of Naval Research (ONR), 57-58
OMNI (optimal multilayer neural interpolating)
net, 69
Open systems, 225-228
Optimal combined structural and parametric
modeling, 88-90
Optimal control, 116, 118
Optimal interpolating (OI) neural network, 69
Optimal smoothing (OS) neural network, 69
Optimization:
alternating, 149-156
combinatorial, 140
explicit AO, 157
implicit AO, 157
iterative, 149-152
methods, 140
non-linear, 149-156
numerical, 83
unconstrained, 156
Orb web spider, 26-27
Orders of magnitude, 256
ORG, 62
OSMAN (optimal smoothing multilayer artificial
neural) net, 69

Packet routing, 255
PalmPilot, 19
Parallax, 221
Partitioning:
refined, 151-152
of variables, 150
Partner robots, 132-136
Path planning, 123
Pattern recognition, 262
Perceiving-acting cycle, 134
Perception-based robotics, 134
Perceptron, Generalized Multilayer (GMLP),
265
Performance, generally:
computing, 53-54, 109-111
functions of, 39
improvement (PI), 40
No Free Lunch Theorem, 39
underwater sensors, 59-60
Personal-assistant robots, 22
Personal digital assistant (PDA), sketched route
map, 19-20
Piecewise-quadratic-Lyapunov function, 165-170,
176
Pit vipers, 30
Pixels:
computer graphics, 212-213
EHW-based data-compression, 194—-196
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Pixels on target (POT), 224
Portia spider, 26-27, 32

Power of pairs, 220-225
Preserving, 140

Prior knowlege, 117

Priors, 117

Private utility, 245-246, 249-258
Problem diversity space, 25
Product inference, 167
Programmable logic array (PLA), 193
Prototypes, in robotics, 2

Quale, 30-31

Qualia:
characteristics of, 25, 29-33
insight, 41

Radial basis functions (RBF), 69, 86-87, 268
Radiologists, functions of, 40
Random set, intelligence measurement, 39
Reasoning, 140. See Human reasoning; Spatial
reasoning; Symbolic reasoning

Recognition technology, 21
Recurrent, simultaneous network (SRN):

cellular neural networks, 265

defined, 264
REFANN:

CPU performance prediction using,

109-111

defined, 100-101

intelligence, 37

regression rules, 106—107
Reinforcement learning, 119, 247-249, 256-257
Relative mean absolute error (RMAE), 111
Relative root-mean-square errors (RRMSE), 111
Relaxation, 140
Remote sensing, multispectral, 234-235
Reverse engineering, 46
Roboeconomics, 1-2
Robot(s), generally:

arm path, 213-214

arm-wrestling, 214

care, 214

cognitive architecture, 182, 188

consumer, 209, 214

controller, 209

industrial, 209, 214

language, 17-18

Lego, 213

pet, 214
Robotics, see Robotic systems

behavior-based, 122, 127

coevolution, 2-3

electromechanical systems, 4—5
encoding, 5-8
evolutionary, 122
roboeconomics, 1-2
simulators, 3—4
Robotic systems:
adaptation, 128-129
evolution, 129-130
information, 126—128
learning, 128-129
representation, 126—128
search, 129-130
structured intelligence, 130-136
Root-mean-square errors (RMSE), 111
Route choice, 141
Route-first-cluster-second approach, 142
Route map, 19-21
Rule-based fuzzy systems, 155
Rule-extraction algorithm:
components of, 99-100
classification rules, 104—105
neural network training and pruning, 102
NeuroLinear applications, 107-109
REFANN applications, 109—111
regression rules, 106—107
Run time, 155

Sakmann, 235
SAS, 111
SBART, 211
Scaling, in robotic construction, 3
Schur complements, 169, 172
Second law of thermodynamics, 225
Second Look™, 35-36, 40
Segmentation, linguistic scene description, 14
Self-awareness, 30-31
Self-organizing maps (SOMs), 268
Sensitivity, 40
Sequential (adaptive/evolutionary) learning, 83
Shannon’s entropy information theory, 225-228,
241
Shifted Sigmoid model representation, 84—85
Shortest Path Algorithm (SPA), 255
Sigmoid functionals:
applications, generally, 77-78
backpropagation, 265
Bernoulli number, 80
defined, 66
Euler number, 79
exponential activation functional, 78-79
hyperbolic tangent, 79-80
modified exponential, 79
shifted model representation, 84—85
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Signal processing:
auditory-based, 212
characteristics of, 209, 212-213
visual-based, 212
Signal-to-noise properties, 249, 251-252, 258
Simulators, in robotics, 3—4
Simultaneous recurrent network (SRN), 264
Singleton fuzzifier, 167
Skinner, B. F.,, 27
Smoothing, 69
Smoothness, 117 Uncertainty modeling, 140
Solution: Underwater sensors:
existence, 152-153 acoustic model emulation, 61
global, 150 characteristics of, generally, 58-59
local, 150 computational intelligent processing, 60—61
uniqueness, 152—153 development of, 57
Sonobuoys, 59, 63 future directions in, 63—-64
Space-variant, 219 geoacoustic condition estimation, 62
Spatial reasoning, 22 layered-perceptron neural net, 61-62
Spatial relationships, significance of, 11 performance challenges, 59-60
Speech, see Language; Linguistics Universal approximations, 268

supervision, 141
Tragedy of the Commons (TOC), 245
Training set, 262
Trajectory planning, 123
Traveling salesman problem (TSP), 140, 142, 144
Truncation, 264-265
T-S fuzzy model, 166
Turing Test, 25, 33-35, 43
Turning rate, route map, 20-21

recognition, 52 Unlabeled data, 239
synthesis, 214 Unsupervised classifications, space-variant,
Spider: 219-220

Australia jumping, 26
Orb web, 26-27
Portia, 26-27, 32

Unsupervised learning:
benchmarks, 229
biological relevance, 235-239

Stability: entropy information theory to open systems,
analysis, 165 225-228, 241
global, 166 multispectral medical imaging, 229-234

global exponential, 169
importance of, 118
quadratic, 119

multispectral remote sensing, 234-235
power of pairs, 220-225
unsupervised classifications, 219-220

universal, 119 Utility function, 116, 118
Stationary points, 158
Statistics, maximum likelihood, 117 Vehicle, 214

Steepest descent, 268 Very large-scale integration (VSLI), 203
Stochastics, 116, 118 Virtual aquarium, 215

Subsumption architecture, 122, 127-128 Virtual Lagrange contraint forces, 227
Subsymbolic computation, connectionist view, 181  Virtual reality (VR), 213-215
Surveillance, automated, 22 Visualized IEC, 212

SVD, 240 Visual system, 53

Symbolic reasoning, 118 Volterra functional series (VS):
Symbolic systems, classic view of, 180—181 abstract power series, 66

Symbol processing, 140, 144 control, nonlinear dynamical system, 68
Gram-Schmidt orthogonalization, 67
Hermite functions, 67

Laguerre functions, 67

minimum mean-square estimate, 68

Task planning, 123
Thermodynamics, free energy, 223-225, 241
Thermoplastic, in robotic, 4-5

Thinking, 31 non-Gaussian input, 68
Traffic, generally: nonlinear map, 66
control, 142 shortcomings of, 66—68

management, 141-142 white Gaussian noise (WGN), 67-68
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Volterra functional series (VS): (Continued)
Wiener-Bose model, 67
Wiener G-functions, 68

‘WaveNet, 240

Web banners, 214

White Gaussian noise (WGN), 67-68

Wiener-Bose nonlinear functional series model,
67

Wiener series, shortcomings of, 66

Winner-Take-All layer, 88, 93

Wireless communications, 95. See also Cellular
phones

Wonderful Life Utility (WLU), 253-256

World utility, 245-246, 249, 256

X-ray mammography, 233. See also Mammogram/
mammography



