
434   Index

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

Index

Symbols

4-tuple busy beaver  9
4-tuple variant  19

A

ACO meta-heuristic  150,  151
action selection  282,  297
activity packet  405
adaptation  97,  140,  164,  231,  248,  304,

348,  407
adaptive vision  207
Adleman’s experiment  137
affinity maturation  107,  346
affinity threshold  328, 353
aiNET  118,  120
AIS as a reaction-diffusion system  133
AIS as noisy channel  130
Amdahl’s law  171
anchoring  249
animat research  271
ant algorithms  177,  184
ant brood sorting  387
ant clustering algorithm  207, 210,  212,  216
ant colony optimization (ACO)  148,  150,

181,  182,  183
ant Lasius niger  210
ant Leptothorax unifasciatus  211,  387
ant Leptothorax tuberointerruptus  382

ant Otontomachus  387
antibodies  107,  346
antigen  105, 107,  130,  346
antigen presenting cells (APC)  107
antigen selection  114
antigenic affinity  118,  346
antigenic determinant  108
approximate algorithms  149,  185
arithmetization  68
arithmetized turing machine  68
artificial ants  153,  218
artificial chemistry  310,  323
artificial endocrine system (AES)  343, 350,

353
artificial homeostasis  340, 348, 353, 355
artificial immune systems (AIS)  3,  105,

140,   343,  352
artificial insects  218
artificial intelligence  236,  250,  340
artificial life (ALife)  1,  3,  140,  271,  301
artificial neural networks (ANNs)  3,  343,

349,  398
artificial neuron  401
artificial recognition balls (ARB)  353
associative learning  288
attractor neural networks (ANNs)  404,  406
autocatalytic (positive feedback) mecha-

nism  183
autonomous robotics  217



Index    435

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

B

backward ant movement  195
bad candidate solution  134
basic ants  217
basic processing element  401
bee colony  210
behavior-based approach  282
behavioural gene  330
best-worst ant colony system  164,  167
binary genetic algorithms  257
binary particle swarms  257
binary space  258
bioinformatics  120,  137,  177
bioinspired algorithms  149
bioinspired meta-heuristics  151
biological clonal selection  107
biological evolution  83
biological immune system  139
biological inspiration  367,  393
biological terminology  161
biologically faithful modeling  400
biologically inspired collective robotics

367
biologically inspired computing (BIC)  1,  2,

140,  231,  340,  396
black seek promoting  360
blast cell  346
box-pushing  373
Brazilian National Institute for Space

Research  52
breast cancer  99
busy beaver problem  11
busy beavers  9

C

cancer  82
caution promoting  360
cell cytoplasms  325
cell-mediated responses  105
cell receptor gene  329
cellular automata (CA)  4,  15,  107,  243,

313,  322,  341
cellular population  109
cellular response  107
chromosomes  83, 87,  91,  161

classical two-point crossover  32
CLIGA  120, 122
clonal expansion  107, 114
clonal selection  104, 106
clonal selection algorithms  112
clonal selection principle  104,  106,  112,

136
CLONALG  117, 122
cloning  92,  106,  114,  355
cluster definitions of life  305
clustering  118,  209,  211,  244,  368,  388
cognitive dissonance  239,  250
coherent box-pushing behavior  376
collective box-pushing  367,  371
collective construction  367
collective robot sorting  370,  387
collective robotics  217,  367,  371
complex behavior  30
complex information machines  133
complex optimization  181
computational biology  137
computational complexity  115, 118, 122
computational immunology  105
computational intelligence (CI)  141,  343
computational neuroscience  400
computationalism  307
computer program evolution  82
concentration level  326
concentration threshold  328
concept of life  302
construction algorithms  149
continuous attractor neural network

(CANN)  398,  400,  404,  406
convergence  58,  114,  214,  224,  252
cooperative group transport  372
creatures  3,  271,  279,  306
creatures in operation  291
creatures’ minds  282
crisp topology  245
cross-reactivity  107
crossover operator  34

D

daemon actions  154
Darwin  83,  107,  161,  314
data-centric routing  181,  186



436   Index

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

data-centric routing tree  186
decentralized algorithm  182
decentralized environment  182
decoding  17,  87,  162,  400,  410
deoxyribonucleic acid (DNA)  136
desirability  183
diffusion  262
discrete events dynamical systems (DEDS)

277
discrete particle swarms  258
DNA algorithm  104
DNA computing  137
dualism  307
dynamic clonal selection algorithm  120
dynamic environments  184

E

earth radiation  53
East African vervet monkeys (Chlorocebus

aethiops)  270
effector cells  108
endocrine mechanisms  361
endocrine system  345
entropic spike  132
environment gene  329
epitope  108,  346
equivalence classes  14
evaluative space  247
evolution  3,  9,  41, 61,  82,  92,  106,  148,

224,  235,  261,  293,  303,  320,  330,
405

evolution of computer programs  10,  82
evolution strategies (ES)  141,  161,  261
evolutionary algorithms (EAs)  3,  82,  92,

114,  161,  235
evolutionary computation (EC)  10,  148,

150,  161
evolutionary operators  71
evolutionary programming (EP)  15,  161,

261
evolutionary threshold  86
evolutionary turing machines  9
exact algorithm  149
exploitative algorithm  183
exploratory algorithm  183
exploratory-exploitative approach  183

expression trees (ETs)  87
exteriorized particle swarms  259
external boundary  358
external heat loads  53, 55
extremal optimization (EO)  4,  41,  43

F

feed-forward network  403
finite states automaton (FSA)  63
fitness  10,  44,  73,  86,  113,  161,  173,  249,

310,  333,  353
forward ant movement  194
fractal chemistry  325
fractal gene regulatory networks  320
fractal geometry of nature  2
fractal protein  4,  321,  323,  324
fractal sampling  330
fully-informed particle swarm (FIPS)  256

G

Gaussian particles  260
gene expression programming  82,  85,

91, 92,  94, 102
gene recombination  99
gene regulatory networks (GRNs)  321
gene transposition  97
generalized extremal optimization (GEO)

41, 43,  46
genes  17,  86,  88, 90, 161,  311,  320,  327
genetic algorithm (GA)  16,  41,  71,  83,  150,

161,  183,  257,  310,  330,  341
genetic operators  28, 92,  331
genetic programming (GP)  29, 61,  84,  100,

161,  321
genotype/phenotype systems  82
genus Macrotermes  210
GEP chromosomes  98
gland cells  350
global optimization algorithms  42
gradient-based methods  42
grafting  83
grand view  353
graph based crossover  29
graph coloring  132
graph coloring problem (GCP)  123
graph crossover  33



Index    437

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

graph representation  78
group transport behavior  372

H

halting condition  70, 73
hamming distance  127
heat loads  53
Hebbian rules  403
heuristic information  153
homeostasis  304,  340
hormones  345,  350
human learning  239
hypermutation  107,  114,  346
hypothalamus  348

I

immune algorithms (IA)  4,  106,  113,  349
immune computing  133
immune memory  107, 346
immune response simulation  109
immune system  3,  42,  104,  343,  346
immunocomputing  105
immunological algorithms  104
immunology  105
In Silico  104,  105,  400
In Vitro Computing  104,  136
indirect social interactions  210
initial population  86
innate artificial endocrine system  357
innate artificial immune system  357
innate neural system  356
insertion sequence  95
intelligent material  137
inter-robot communication  378
inversion  95
IS transposition  96

J

job shop scheduling (JSP)  152

K

Karva language  86

L

language classifier  79
larval sorting  210
learning algorithms  349
Libchaber’s experiment  138
linear chromosomes  85
local search algorithm  42,  149,  156
local search optimizer  165
long-term depression (LTD)  407
long-term potentiation (LTP)  407
lymphocytes  106, 107,  346

M

Mandelbrot Set  323
mapping genes  332
master/slave scheme  172
membrane receptors  350
memoristic information  153,  170
memory cells  107,  346
meta-heuristic  2,  41,  148,  182
minimum hitting set problem (MHSP)  115
minimum rate tree  186
molecular biology technology  104, 139
molecular computing  4
molecule  4,  83,  105,  136,  138,  305,  320,

347,  382
multicellular organism  320
multigenic chromosomes  91
multilayer perceptrons  399
multi-mission platform  52
multimodal random problem generator

(MRPG)  257
multiobjective optimization (MO)  255
multiobjective particle swarm optimization

(MOPSO)  256
multiple character recognition  126
multiple graph coloring  135
multiple interacting programs (MIPs)  79
multiple learning  126
multiple problem solving  126
multiple-realizability  307
multiple robots  367
multi-source single-destination data-centric

routing (MSDR)  186
multi-tape turing machines  66



438   Index

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

mutation  15,  83,  94,  109,  150,  258,  331,
346

mutation rate  21,  34

N

N-methyl-D-aspartic acid (NMDA)  408
natural automata  105
natural computing  1,  105,  139
natural evolution  41
nervous system (NS)  107,  263,  344
neural bench  100
neural networks  3,  308,  321,  341,  349,  398
neurocomputing  398
neurosemiotic analysis  274
neurotransmitters  402
NMDA stabilization   408
noisy channel  130,  132
non-coding regions  88
non-halting machines  14
NP-hard  148,  155

O

offline algorithms  182
offline pheromone trail update  154
one-point recombination  97
online algorithm  182
online delayed pheromone trail update  154
online step-by-step pheromone trail update

165
open-ended evolution  320
open reading frames (ORFs)  88
operational closure  304
operational temperature limits  55
opt-aiNet  120
optimal coloring (OC)  132
optimization  4,  15,  35,  41, 42,  106,

123, 148,  161,  180,  209,  235

P

parallel ACO algorithms  170
parameter space  238
parent chromosomes  98
particle swarm  140,  183,  235,  237, 239,

242,  245,  252,  258
path-integration  412

pattern formation mechanism  133
Peircean semiotics  270,  272
perceptron  399
petri nets  277
phase transitions  303
phenotype threshold  86
pheromone  151,  184,  207,  218
pheromone deposition  183,  199
pheromone evaporation  154, 184
pheromone heuristics  221,  226
pheromone trail  150,  153,  154,  165
point attractor network  404
polymerase chain reaction (PCR)  137
population-based incremental learning

(PBIL)  163
predators’ control architecture  283
prey’s cognitive architecture  284
primitive actuation  373
problem solving  5,  82,  104,  208,  236,  370
progressive vision  218, 226
protein concentration levels  327
pruning  83
pseudorandom proportional rule  158
punctuated equilibrium  44
pushdown automaton (PDA)  63

Q

q-machines  376
quadratic assignment problem (QAP)  152
quantum bits  4
quantum computers  4
quantum computing  1
quantum mechanisms  4
quantum theory  4

R

random pairs scheme  172
reaction diffusion systems  104,  130
reactive behavior  370
realizations  301,  308
receptor  108,  132,  324,  345,  408
recombination  11,  29,  97,  161,  261
recurrent network consisting of trees (RTN)

61,  62,   64
recurrent networks  403
regulatory gene  329



Index    439

Copyright © 2005, Idea Group Inc. Copying or distributing in print or electronic forms without written
permission of Idea Group Inc. is prohibited.

resource constraint problem  128
ring structure  172
robot control  331
robot interaction  378
robotics  207,  367
robots  320
root transposition  96

S

satellite thermal design  41,  52
selection environment  86
selective sensitivity  361
self-organising computational behaviour

341
self-organized criticality (SOC)  43
self-organizing feature maps (SOM)  231
self-reference  304
semionic agents  277
semionic networks (SNs)  276
semiotic artificial creatures  270
semiotics  273
sensitivity analysis  223
sensor network routing  192
sensor networks  181
sensorial data  289
simulated annealing (SA)  3,  41,  150
simulator  332
small sample problem  306
social network  235
“social network” structure  235
socialization  235
sociocognition  235,  238
sociocognitive solution  236
sociometric space  242
solar radiation  53
somatic hypermutation  107
stagnation  157, 373
stagnation recovery behavior  377
standard ant clustering algorithm (SACA)

212
standard GP  62,   63,  66
standard GP individual  63
standard RTN  68
Steiner trees  181,  187
stigmergy  183, 209,  377
strong artificial life  301,  344

structural organization of genes  90
swarm intelligence  3,  182, 207, 208,  231
swarm systems  208
swarm-based robotics  217
symbol grounding  271
synthetic ethology  271

T

tabu list  183, 190
tabu search  183
taxis-based action  372
telecommunication networks  207
termite nest building  211
termites  211,  368
tiredness endocrine cell  360
TNF interpretation  28
Tomita language  80
training algorithms  399
transposition  95
traveling salesman problem (TSP)  152,  182
tree based graph theoretic computations

181
tree computation  181
tumor immunity  105
tuning parameters  116
Turing-complete representation  61
Turing-completeness  78
Turing machine (TM)  9,  37,  63,  80,  302
Turing test  341
twin deadlocks of strong artificial life  302
two-point crossover  11,  29
two-point recombination  98

V

variables of mind  238
vehicle and network routing  152
Vervet monkey  274
virtual environment  3,  272,  279

W

wandering behavior  283,  288
white seek promoting  360


