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Adaptation, 34, 193, 239

Adaptive behavior, 22-23, 26, 87, 183, 249

Adaptive topography, 38—40, 52

Aggression (aggressive behavior), 38, 43

Akaike’s information criterion, 69

Altruism, 45-48

Artificial intelligence (Al), 1-3, 8, 10, 11,
13, 16-17, 21, 26, 71, 231-232,
256-257

Definition of, 1-3

Artificial life, 61-63, 84

Automatic control, 71

Axelrod, Robert, 198

Axon(s), 17

Babbage, Charles, 8
Analytical Engine, 5, 8
Difference Engine, 8
Back propagation, 20
Bandit,
K-armed, 120-121, 170
Two-armed, 119-120
Barricelli, Nils, 61-62
Behavior(s), 38, 40, 44, 200, 215, 256
Behavioral error, 250
Behavioral surprise, 24
Behavioral traits, 72
Belle, 9, 232
Benjamin, Joel, 10
Bienert, Peter, 71
Binary (bit) string(s), 76, 78-79, 107-110,
118, 147-149, 153, 158
Blondie24, 236
Blondie25, 236
Blitz98, 230-231
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Brain, 17-18, 250

In constant state of prediction, 250
Bremermann, Hans, 77, 83, 86
Building block hypothesis, 79-80

Calculator(s), 1
Checkers, 6-8, 215-231, 240-241, 252,
255-256
Alpha, Beta, 7
Number of possible positions, 218
Suicide, 231
U.S. Championship Tournament, 8
Chellapilla, Kumar, 222
Chess, 8-11, 15, 231-238, 240, 252,
255-257
United States Federation, 10, 222
Performance rating, 238
Chess 4.7, 9
Chessmaster 8000, 236-237
Chessmaster 9000, 237
Chinook, 8, 218, 241
Class, 60, 118
Classifier systems, 84
Coevolution(ary), 83, 193
Competition, 33, 43, 45, 52, 200, 250, 253
Female, 44
Male-male, 43-44,48
Complexity, 4041, 68, 75
Penalty for, 66
Computational intelligence, 1
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Conscious automata, 67
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Convergence, 7273, 79, 107, 114,
167-168
Asymptotic, 79, 107, 110, 114-117, 167
Complete, 117
Everywhere, 117
Premature, 80, 112114, 145, 148, 256
Rate(s), 72-73, 105, 128-130, 132-138,
142, 168
Geometric, 132-133, 168
Sublinear, 132
Cooperation (or cooperate), 195-196, 198,
200, 202, 206, 209, 211-212
Mutual, 206-207-208, 212
Copernicus, Nikolas, 256
Cornell University, 86
Corridor model, 129, 163
Countess of Lovelace, 5
Credit assignment, 118, 185, 255
Crossing-over, 42, 44, 83-84, 107, 110,
199, 253
Crossover, 69, 77, 79-80, 109, 111-114,
117,121, 139, 141-148, 150-159,
166-167, 169
As macromutation, 158-159, 167
Comparing to mutation, 150-158
Headless chicken, 158-159
N-point, 147
One-point, 77, 79-80, 108-109, 111,
142-147, 151
Random, 158
Two-point, 80, 108, 142-147, 154, 158
Uniform, 79-80, 108, 142147, 154
Crowding factors, 256

Darwin, Charles, 33

Decision-making, 6, 16, 21, 185, 198, 242
And goals, 22

Deep Blue, 10, 232

Deep Fritz, 241

Deep Junior, 10, 241

Deep Thought, 9-10

Defect (or defection), 195-196, 198, 200,

209, 211-212

Mutual, 206

Dendral, 12

Dendrite(s), 17

Dendritic tree, 17

Diversity
Genotypic and phenotypic, 42
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Dynamic parameter encoding, 80-81,
147-150, 156-157

Emergent behaviors, 63
Emergent patterns, 62
Emergent properties, 254
Environment, 4041
Organism interaction, 40
Epigenesis, 34-35
Epistasis, 43
Essentialism, 51
Ethology(ies), 38
Eukaryotes, 41, 45
Evaluation function, 8
Evolution, 22-25, 33, 3740, 46, 49, 51-52,
242, 249-250, 253, 257
And optimization, 33, 44-45, 51
As a learning process, 47, 249
Asexual, 82
As a unifying principle of intelligence,
249-250
Convergent, 37
Definition of, 49, 51
Essential processes of, 25
Macro-, 49-50
Micro-, 49-50
Neutral, 49
Nonregressive, 65
Of complexity, 40—41
Rectangular, 50
Saltational, 50
Simulated, 24-27, 5987, 185, 239, 242,
252-253
Strategies, 71-75, 86—87
(1+1),74
(L +N), (s M), 75
Theory, 33, 38, 51, 59, 249
Evolutionary adaptation, 34
Evolutionary algorithm(s), 78, 86-87,
105-107, 110, 112-115, 117, 121,
127-129, 138-140, 142, 149,
155-156, 159, 162, 167-168,
170-171, 183-184, 216, 220,
231-232, 239, 254-256
Evolutionary computation, 1, 27, 84-87,
105-106, 139, 185, 192, 215, 257
Theoretical and empirical properties of,
105-171
Evolutionary dynamics, 48
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Evolutionary modeling, 68
Evolutionary programming, 64—71, 74, 86,
157
Reviews of, 68-71
Parallelizing, 71
Evolutionary operation (EVOP), 59
Evolutionary stagnation, 68
Expert system(s), 11-17, 26
Brittle behavior, 14-15
Eye, image-forming, 37

Fabré, Jean Henri, 14
Feigenbaum, Edward, 7
Feldman, Julian, 7
Finite-state machine(s), 64—65, 67, 69, 106,
200-215, 240
Mutations of, 65
Number of, 69-70
Fitness, 35-36, 39, 46, 48, 69, 75-76, 78,
118, 121-122, 124, 128, 253
Definition of, 35-36
Distribution of search operators,
162-167, 171
Inclusive, 46
Maximizing individual, 46
Flight, 37-38
Distribution by parachute, 37
Evolved airfoil, 38
Gliding, 37
Fogel, David, 222
Fogel, Lawrence, 64—65
Fortman, Richard, 8
Founder effects, 63
Fraser, Alex, 77
Friedberg, Richard, 60-61
Fritz, 10
Fuzzy
Logic, 16
Operations, 16
Set(s), 15-16,
Systems, 1, 15-17, 26, 257

Game(s), 6, 83
Noncooperative, 195
Nonrandom, 6
Nonzero-sum, 195
Of perfect information, 6
Of strategy, 6
Poker, 83,118
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Prisoner’s dilemma, 193, 195-196,
198-215, 252, 255
Tournament, 198
Pursuit-evasion, 67
Tic-tac-toe, 6, 185-197, 216, 218, 240,
252,255
Tree, 7,9
Zero-sum, 6, 6768
Gamete(s), 42
Gaming, 67-68, 71
General problem-solving programs, 11
Gene(s), 44-45, 81, 118, 252-253
Definition of, 44-45
Harmful, 49
Hitchhiking, 49
Selfish, 45
Substitutions (average of), 118
Genetic(s), 36-38
Adaptive systems, 81
Algorithm(s), 75-84, 86, 113, 149-150,
154, 157
Beanbag, 37, 45
Death, 43
Defects (or errors), 43—44, 46, 48
Mechanisms, misplaced emphasis on,
252-254
One-gene, one-trait model, 36-37
Variation, 51
Genotype(s), 34-35, 38-39, 46
Unity of, 46
Goal-seeking behavior, 23
Gradient descent algorithm, 20

Herman, 60-61, 85
Heuristic programming, 11
Heuristic(s), 6, 113-114, 166, 192, 216
Hill-climbing, 68, 80, 113
Hitech, 9
Hoan, A. Joseph, Jr., 10
Holland, John, 75, 77
Host (program), 63
Human(s), 3, 18, 21, 25-26, 42, 231,
241-242
Expert(s), 6, 11-14, 16-17
Expertise, 11, 242, 257
Human behavior, 5, 17, 26
Mimicking, 5, 17
Hunting wasp (Sphex flavipennis), 14-15,
22
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Hyperparasite (program), 63

IBM, 10
IEEE, 86
Implicit parallelism, 78, 118, 121
Improvement, probability vs. expected,
163-164
Individual(s), 39, 41, 43, 46, 51, 75, 85,
113,215
Handicapped, 85
Induction, 24
Inductive inference, 239
Inference engine, 11, 12
Information
Genetic, 42
Maintenance, 42
Intelligence, 1-2, 16-17, 21-23, 26, 183,
185, 239, 241, 249-250, 256-257
Basic property of life, 26
Definition of, 21, 22, 24, 183, 257
Languagelike nature of, 250-252
Ontogenetic, 23
Phylogenetic, 23
Sociogenetic, 23
Theory of, 26-27
Unifying theories of, 21
Intelligent
Behavior, 21, 22, 26-27, 64, 183-242,
250,252,257
Machine(s), 1-2, 10-11, 21, 27, 106
Process, 24, 249
Program, 10, 17
System, 2, 21, 87, 185, 249
Interaction
Species and environment, 35
Internet gaming zone (www.zone.com),
222-223,225-226, 229
Intrinsic parallelism, 118-119, 142
Inversion, 69, 80, 151-154

Karpov, Anatoly, 9-10
Kasparov, Garry, 10, 232, 238
Knowledge, 11-12,
Base, 12, 16-17, 20, 26
Engineer, 13
Representation, 11,

Lady Lovelace, (objection), 5
Landscape (adaptive), 39, 85
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Language, 250-251-252

Larsen, Bent, 9

Learner, 6061

Learning, 23-24, 26, 47, 249
Ontogenetic, 24-25, 47, 249
Phylogenetic, 24-25, 47, 249
Rate, 24
Sociogenetic, 24-25, 47, 249

Levy, David, 9

Life span, limited, 73

Linear programming, 82

Linear systems of equations, 81, 151-153

Linnean Society of London, 33

LISP, 11

Machack VI, 9
Machine
Intelligent, 26
Thinking, 3, 5, 59
Machine learning, 3, 5, 241
Macroevolution, 48, 50
Majority logic mating, 65, 107
Male vigor, 44
Markov chain, 107, 109-111, 114115, 162
Mating schemes, 82
Meiosis, 42
Membership function, 15
Memory, 24
Mephisto, 10
Mesa phenomena, 85
Meta-stable state, 112—-113
Microevolution, 49, 50
Mimicry, 17, 26
Minimal predictive error, 39, 252
Minimax, 7, 9, 221, 230, 233
Alpha-beta algorithm, 9, 221, 233
Minimizing expected losses (error of),
117-124
Minimum description length principle, 69
Minsky, Marvin, 2
Missed opportunity cost, 122—-124
Mozart, Wolfgang, 251
Multicellularity, 38
Mutation(s), 3335, 42-43, 47, 63, 65, 75,
77,79-81, 83, 108-109, 111-112,
121, 130131, 139-141, 148,
150-161, 169, 171, 199-200, 206,
234-235, 250, 253
Beneficial and deleterious, 42-43

o



Mutation (continued)
Comparing to crossover, 150-158
Macro-, 49, 158-159, 167
Neutral, 49, 68
Mutual trust, 196

Natural evolution, 33-52, 87
Natural selection, 22, 34, 46, 51, 252-254,
256
Nealey, Robert W., 7-8, 241
Neo-Darwinian paradigm, 33
Neo-Darwinism, 33-34, 51
Challenges to, 49-50
Neural network(s), 1, 17-21, 26, 71, 75, 86,
106, 187, 192, 216, 219-220,
222-231,233-235, 237, 240-241,
257
Spatial, 227-228
Neuron(s), 17-18
New Mexico State University, 71
No free lunch theorem, 139-140, 142, 169,
171

Offspring, 65, 68, 7273, 83, 129, 155, 162,
187, 199, 215, 220, 232-234
Sacrificial, 215
Optimization, 44-45, 51, 71, 80-81, 84, 87,
105, 107, 150, 155, 162, 164, 167,
169, 189, 239, 253
Combinatorial, 71
Rate, 73
Organism(s), 22, 24, 34, 37, 41, 183184,
239,250, 252
Diploid, 41
Duality of genotype-phenotype, 34

Parasite (program), 63
Parent(s), 65, 68, 72-73, 83, 87, 106-107,
129, 155, 162, 187, 199, 201,
203-204, 208, 210-211, 213, 215,
220, 233-234
Path planning, 71
Pattern recognition, 20, 86
Payoff function(s) (or matrix), 64, 66, 108,
188, 193, 196, 198-199, 201, 207
Penalty
For complexity, 66, 68—69
For overfitting, 69
Persistence of excitation, 188
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Perceptron(s), 18-20, 185, 192
Computational limits of, 19-20
Multilayer, 19-20, 185

Phenotype(s), 34-35, 38-40, 42, 44, 46, 51,

68, 82, 253-254
Languagelike nature of, 41

Phyletic gradualism, 49

Plasticity, 24

Pleiotropy (pleiotropic), 36-38, 45, 62, 84,

151-152

Ply, 7

Pocket Fritz 2.0, 238

Poker, 6

Polygeny (polygenic), 36-38, 45, 62, 84

Population(s), 39-41, 43, 48, 63, 72, 75-76,

79-80, 85-86, 106109, 112—-114,
121, 124, 128, 139-141, 145,
148-149, 153, 155, 162, 171, 187,
190, 199-202, 204, 209, 216, 220,
223, 235-236

Homogeneous, 80

Power set, 15
Fuzzy, 16

Power systems, 71

Prediction, 41, 184-185, 239, 250-252

Prime number prediction experiments,

6667

Prisoner’s dilemma (see Game, prisoner’s

dilemma)

Probability theory, 15

Prolog, 11

Prospector, 12—-13

PUFF, 13

Punctuated equilibrium(a), 49—50

Quon, James, 238

Ramsy, 61, 85
Random search, 70, 139, 141, 171
Random variable
Gaussian, 72-74, 85
Randomness, 52
Rapoport, Anatol, 198
Recombination, 34-35, 41-42, 44, 48,
74-75, 82-83, 86, 112-113, 129,
131-132, 139, 151, 157, 167,
169-171, 253
Advantages of, 42, 48
Averaging (blending), 74, 107
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Recombination (continued)
For endogenous repair, 43
Majority logic, 77
Multiparent, 77
Uniform, 77
Rechenberg, Ingo, 71, 74
Reductionist, 36, 252
Reinforcement learning, 255
Representation(s), 75, 77-79, 113, 139,
142, 157,162, 170
Binary, (and criticism of), 75, 77-79,
118, 154-155, 170
Equivalence of, 79
Floating-point, 78
Reproduction, 33, 109, 250, 253
With emphasis, 108
Rosenblatt, Frank, 18-19, 86

Saddle point, 82
Samuel, Arthur, 6-8, 241
Schaeffer, Jonathan, 8
Schema(ta), 78, 87, 117-122, 124-127,
145, 153, 256
Theorem, 121, 170
Propagation in the presence of noise,
124-127
Schwefel, Hans-Paul, 71
Scientific method, 23-25, 239, 257
And nature, 24-25
Search, 7,9, 11, 75, 82
To quiescence, 7
Searle, John, 2
Selection, 22, 26, 33-35, 37-38, 40, 43-47,
49, 51-52, 72,79, 86, 106, 109, 113,
117, 127-128, 139, 150, 152, 154,
162, 168-169, 171, 215, 232, 239,
250, 252-253, 256
Acting on collections of traits, 37
Elitist, 79, 114-115, 168
Group, 47
Kin, 45-46
Proportional, 79, 86, 120-121, 127-128,
170
Ranking (and linear), 79, 128
Roulette wheel, 76, 79, 108, 111, 114,
168
Target of, 51
Tournament, 114, 128
Truncation, 86, 114, 128
Unit of, 4648
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Self-adaptation, 74-75, 83, 86, 130-131,
147, 159-161, 170-171, 220, 234
Gaussian vs. lognormal, 74, 161
Selfishness, 195, 200
Set theory, 15
Sex, 33,41
Sexual reproduction, 4143, 48, 85
Sexual selection, 33, 43-44, 48
Schank, Roger, 10
Shannon, Claude, 8-9
Shredder, 10, 241
Shredder 7.04, 237
Simulated annealing, 84, 140
Solar system, 256
Species, 35, 4041
Behavior, 35, 40
Sphere (quadratic) model, 129, 163
Squared error, 66
Stable strategy(ies), 195
Stimulus-response, 20, 22, 26
Surprise, 40, 184-185, 252
Symbolic expression, 106, 159, 240
Synapse(s), 17
System identification, 68, 75

Takeover time, 128

Teacher, 60-61

Technical University of Berlin, 71

Tierra, 63

Tit-for-tat, 198—199, 209

Trap phenomena, 82

Traveling salesman problem, 144, 164—166,
183

Turing, Alan, 3-5, 9

Turing Test, 3-6, 17, 26

Universal computing machines, 5
Universal function approximator(s), 20
University of Michigan, 75

Variation, 42, 51-52, 158-159, 167, 171,
216, 232,250, 253
Operations, 71, 86, 106, 113, 117, 139,
142, 162

Wallace, Alfred Russel, 33
Wright, Sewall, 38

X-band antenna, 183184
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