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action law, 146
adaptability, 157

adaptive learning rule, 137
adaptive systems, 18
adjoint differential equation, 92
adjoint equation, 89
anti-lower projection, 169
anti-upper projection, 170
associative memories, 8, 44
asynchronous, 5
autoassociative, 5

back propagation learning rule, 77
back-propagation algorithm, 82
back-propagation formula, 87
bipolar, 176

bipolar theorem, 176

Boolean function, 9

Boolean functions, 6, 57
bounded-valued, 247

brain state in a box, 6

causalty relations, 190

cerebral motor activity, 144
cerebral space, 144

chaos, 217

characteristic function, 56
chemical communication, 143
circatangent, 235

circatangent cone, 235
circatangent derivative, 249
Clarke directional derivative, 115
Clarke epiderivative, 242

Clarke generalized gradient, 115
Clarke tangent cone, 235
classifies, 14

closed convex process, 177

closed convex set-valued map, 247
closed loop controls, 126

closed loop differential system, 130

closed set-valued map, 247

coalitions, 56

coalitons, 6

cognitive system, 152

compact-valued map, 247

composition product, 248

conceptual controls, 144

conceptually driven, 145

cone, 69

conjugate functions, 69

conjuncts, 6, 9, 56

constant growth rates, 202

constant organization, 199

constraint qualification assumption, 239

contingent cone, 120, 235

contingent derivatives, 128, 149, 249

contingent epiderivative, 234, 242

contingently epidifferentiable, 242

continuity of the solution map, 122

continuous automata, 10

continuous back-propagation learning
rule, 78, 92

continuous control systems, 88

continuous neural networks, 91

continuous-layer associative memories,
54

control space, 18

control systems, 125, 131, 133

controllability assumption, 217

convex, 177

convex function, 63

convex set-valued map, 247

core, 248

correspondence, 246

data driven, 145

differential inclusion, 119, 126, 129
discrete control systems, 82
disjunctive normal form, 10, 59
domain, 246
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dual confluence frame, 166

dual minimization problem, 27

dual scalar product, 25, 38

duality mapping, 25

duality product, 24

duality theory, 228
Dubovitsky-Miliutin tangent cone, 209
dynamical closed loop, 130

epiderivatives, 234

epigenesis, 155

epigraph, 63

episleek, 242

equilibrium, 120, 123, 200
Euler-Lagrange dual inclusion, 230
Euler-Lagrange inclusion, 230
evaluation functions, 19
excitatory, 6

exit function, 213

exit functional, 213

exit time, 213

exit tube, 215

extended function, 63

extension , 247

external algorithm, 255
external learning algorithm, 102

feedback set-valued map, 125
Fenchel’s inequality, 70
Fermat rule, 65, 242

final norm, 29

final scalar product, 29
fluctuation property, 125
forecasting problem, 18
formal neurons, 4
Fréchet-differentiable, 233
Frencel’s theorem, 219
fundamental matrix, 54, 89
fuzzy coalitions, 57

fuzzy conjuncts, 57

fuzzy sets, 56

fuzzy statements, 9

Gateaux differentiable, 233

generalized back-propagation learning
rule, 103

generalized gradient, 20, 79, 116

genrealization phase, 18

global error, 115

global flux, 199

gradient, 233

gradient algorithms, 19

gradient method, 76, 231

gradients of functionals on linear
operators, 37

graph, 246

Graves’ theorem, 179

Index

Hamiltonian system, 230
heavy algorithm, 32

heavy conceptual controls, 152
heavy learning algorithm, 21
heavy viable solutions, 131
Hebbian learning rule, 21, 76, 80, 137
heteroassociative, 5

hitting function, 213

hitting functional, 213

hitting time, 213

hitting tube, 215

image, 246

imprint, 158

indicator, 63, 70

inertia principle, 131, 151, 155
infinite-layer networks, 17
inhibitory, 7
input-output pairs, 5
internal algorithm, 258
inverse image, 247, 248
inverse map, 246

inward area, 211
isomorphism theorem, 34

keys, 18
knowledge, 6
Kuhn-Tucker multiplier, 230

Lagrange, 230

Lagrange multiplier, 27
landmarks, 190

large confluence frame, 166
learning algorithm, 19
learning problem, 20

learning process theorem, 149
learning processes, 147
learning rule, 79
least-squares methods, 79
limit set, 123

linear growth, 120

linear growth rates, 202
Lipschitz set-valued map, 179
locally viable under F, 120
lower projection, 170
Lyapunov functions, 191

making and matching, 158
Marchaud maps, 120
McCulloch-Pitts neurons, 10
membership function, 56
memorized data, 18

metaphors, 145, 157
metaregulation law, 129
Michael’s selection theorem, 127
minimal selection, 127, 131
minimal viability domains, 120
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minimization problems with constraints,
231

Minover algorithm, 73

monotonic cells, 189

motivational systems, 154

multifunction, 246

multilayer associative memories, 51

multilayer discrete networks, 85

multilayer networks, 16

multivalued function, 246

negative polar cone, 69

neural network, 1

neuronal trace, 144

neurons, 9

neurotransmitters, 143

Newton algorithm, 78, 95

Newton algorithm for continuous-layer
neural networks, 97

Newton algorithm for multilayer neural
networks, 95

Newton learning rules, 94

nonsmooth optimization, 79

nontrivial (function), 63

normal cone, 73, 186, 222

ombre(Poincaré), 124

one layer networks, 16

optimal synaptic matrices, 44

orthogognal spaces, 68

orthogonal left-inverse, 30

orthogonal projection on subspaces of
matrices, 42

orthogonal projector, 30

orthogonal right-inverse, 27

orthonormal, 26

outward area, 211

parallel distributed processes, 4
partial differential inclusion, 129
patterns, 5, 18

perception, 154

perception law, 146

perceptron, 13

perceptron algorithm, 14
permanence property, 125
point-to-set map, 246

pointwise inverse-mapping theorem, 180
polar cone, 69

positively homogeneous function, 63
prechaotic situation, 208
preprocesses, 6

probability simplex, 73, 198
propagation function, 76

proper, 63

properties of conjugate functions, 222
pseudo-Lipschitz set-valued map, 179

pseudoinverse, 31
pseudoinverses of tensor products, 38
punctuated equilibrium, 131, 153

QSIM algorithm, 198

quadratic minimization problem, 27

qualitative cells, 165, 190, 203, 209

qualitative duality, 176

qualitative equation, 181

qualitative equilibrium, 192, 195

qualitative frame, 164

qualitative frame (strict), 165

qualitative inclusion, 183, 184

qualitative operations, 171

qualitative repeller, 192, 196

qualitative solutions to linear problems,
175

quantitative equation, 168

recognition mechanism, 145, 158
recognized, 18

redundancy, 157

regulation law, 126

regulation map, 126

repeller, 124

replicator system, 199
restriction, 247

retina, 5

Rosenblatt, 13

scalar products, 25

Schmidt algorithm, 48
selection procedure, 127, 128
semipermeable, 124
sensorimotor states, 144
separable, 14

separation theorem, 14, 69
set of equilibria, 190

set of minimizers, 72
set-valued map, 246
set-valued qualitative duality, 178
shadow (Poincaré), 124
signal, 5

singular, 208

sleek (set-valued map), 249
sleek subset, 126, 237

slow variable solutions, 95
slow viable solutions, 127
smooth viable controls, 128
Sobolev space, 121

solution map, 122

square product, 248
stabilization problems, 137
standard projection, 168
strict, 246

strict confluence frame, 166
strict qualitative frames, 165
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strictly filterable, 197

strictly Fréchet- differentiable, 233

subdifferential, 65, 72, 79, 234

subdifferential calculus, 225

subgradient algorithm, 66

subregulation map, 129

subset viable under a set-valued map,
120

successor, 192, 212, 216

support function, 69, 70

support zone, 73

synapses, 1

synaptic matrix, 6, 49, 135

synaptic weights, 6

synchronous, 5

tangent cone to a convex subset, 73, 222
tangent cones to sleek subsets, 237
teaching set, 18

tensor products of linear operators, 36
tensor products of vector spaces, 36
thresholds, 10, 12

training sequence, 14

training set, 6, 18

transitions, 192

transpose, 24, 54, 68

transpose of a process, 178
transversality condition, 207, 238

uniform external algorithm, 113, 116,
255

upper envelope, 226

upper graphical limit, 151

upper projection, 169

value, 246

variational equation, 89
variational inequalities, 186
viability constraints, 145
viability domain, 120

viability kernel, 123, 124
viability property , 120
viability property (global), 120
viability property (local), 120
viability theorem, 122

viable, 119

viable control of a cart-pole system, 105
viable equilibrium, 123

viable learning processes, 148
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