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[62] Bonabeau, E.; Dorigo, M.; Théraulaz, G. (1999). Swarm Intelligence: From
Natural to Artificial Systems. Santa Fe Institute Studies on the Sciences of
Complexity, New York: Oxford University Press.

[63] Bonabeau, E.; Dorigo, M.; Theraulaz, G. (2000). Inspiration for optimization
from social insect behaviour. Nature 406, 39–42.

[64] Bonabeau, E.; Theraulaz, G.; Camazine, S. (1997). Self-organization in social
insects. Trends Ecol. Evol. 12/5, 188.

[65] Borgers, A.; Timmermans, H. J. P. (1986). City centre entry points, store
location patterns and pedestrian route choice behaviour: A microlevel simu-
lation model. Socio-Economic Planning Sci. 20, 25–31.

[66] Boseniuk, T.; Ebeling, W. (1988). Optimization of NP-complete problems by
Boltzmann-Darwin strategies including life-cycles. Europhysics Lett. 6, 107.

[67] Boseniuk, T.; Ebeling, W.; Engel, A. (1987). Boltzmann and Darwin strate-
gies in complex optimization. Phys. Lett. 125, 307–310.

[68] Boyarsky, A. (1975). A Markov chain model for human granulocyte move-
ment. J. Math. Biol. 2, 69–78.

[69] Brandt, K. (1997). Regional dynamic processes in the economy. In:
F. Schweitzer (ed.), Self-Organization of Complex Structures: From Individual
to Collective Dynamics, London: Gordon and Breach, pp. 489–500.

[70] Brooks, R. A.; Maes, P. (eds.) (1994). Artificial Life IV. Proceedings of the
Fourth International Workshop on the Synthesis and Simulation of Living
Systems. Cambridge, MA: MIT Press.

[71] Bruckner, E.; Ebeling, W.; Jimenez Montano, M. A.; Scharnhorst, A. (1994).
Hyperselection and innovation described by a stochastic model of technolog-
ical change. In: L. Leydesdorff; P. van den Besselaar (eds.), Evolutionary
Economics and Chaos Theory: New Directions in Technology Studies, Lon-
don: Pinter, pp. 79–90.
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Wärme geforderte Bewegung von in ruhenden Flüssigkeiten suspendierten
Teilchen. Annalen der Physik (Leipzig) 17, 549–560.

[133] Einstein, A. (1926). Investigations on the Theory of the Brownian Motion.
London: Methuen (edited by R. Fürth).

[134] Engelmore, R.; Morgan, T. (eds.) (1988). Blackboard Systems. Insight Series
in Artificial Intelligence. Reading, MA: Addison-Wesley.

[135] Epstein, J. M.; Axtell, R. (1996). Growing Artificial Societies: Social Science
from the Bottom Up. Cambridge, MA: MIT Press/Brookings.

[136] Erdmann, U. (1997). Ensembles von Van-der-Pol-Oszillatoren. Master’s
Thesis, Humboldt University, Berlin.

[137] Erdmann, U.; Ebeling, W.; Schimansky-Geier, L.; Schweitzer, F. (2000).
Brownian Particles far from Equilibrium. Eur. Phys. J. B 15(1), 105–113.

[138] Family, F. (1993). Fractal structures and dynamics of cluster growth. In:
P. J. Reynolds (ed.), On Clusters and Clustering. From Atoms to Fractals,
Amsterdam: North-Holland, pp. 323-344.

[139] Family, F.; Vicsek, T. (eds.) (1991). Dynamics of Fractal Surfaces. Singapore:
World Scientific.

[140] Feinberg, M.; Horn, F. J. M. (1974). Dynamics of open chemical systems and
the algebraic structure of the underlying reaction network. Chem. Eng. Sci.
29, 775–789.

[141] Feistel, R.; Ebeling, W. (1982). Models of Darwin processes and evolutionary
principles. BioSystems 15, 291.

[142] Feistel, R.; Ebeling, W. (1989). Evolution of Complex Systems. Self-
Organization, Entropy and Development. Dordrecht: Kluwer.

[143] Ferber, J. (1999). Multi-Agent Systems: An Introduction to Distributed Ar-
tificial Intelligence. Harlow: Addison-Wesley-Longman.
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replication 169, 273, 342
reproduction 267, 272, 276
– self- 272
rotation 110, 129, 130

Schrödinger equation 268, 274
scout 235, 237
screening effect 180, 192
segregation 18
selection 278

– difference 276, 279
– equation 156, 159, 341
– pressure 157, 225, 243
– process 259
– tournament 276, 279
self-assembly 175
self-driven motion 51, 56
self-organization 2, 3, 11, 13
self-repair 175
sensitivity 236, 239, 242, 245, 255, 270
separatrix 78, 107, 110, 368
settlement 295
– effective radius 306
simulated annealing 270, 272
simulation
– approaches 17
– particle-based techniques 4
– stochastic 141, 142
social
– force 247, 248
– impact 358, 360, 361
– temperature 360, 364, 373, 374
socioconfiguration 357, 359
sociodynamics 358
spatial dispersion 120, 124
spikes 167
spinodal decomposition 375
spirals 169, 170
spots
– traveling 170
stability
– analysis 146
stigmergy 16
stochastic force 43
– critical strength 89, 91
– optimal strength 90, 91
strategy
– Boltzmann 272, 288
– Darwinian 272, 275, 288
– Fisher–Eigen 276
– Haeckel 275
– Lotka–Volterra 275
– mixed 275, 276, 288
– thermodynamic 272
– tournament 276
structure
– dendritic 242
– Turing 173
subpopulation 262, 273, 336, 359, 367
– critical size 370
supersaturation 152
– local 153
swarm 16, 19, 115



420 Index

– free 117
– harmonic 119, 120
swarm intelligence 16
swarming 231, 232
switch 193
– delay 198, 201
symbolic reactions 25
symmetry
– breaks 180, 222, 250
Synergetics 2

taxis 133
temperature
– optimal 190
threshold 186, 189, 196
time
– lag 105, 244
– relaxation 247
tracks 221, 222
trail
– human 247, 252, 255
– system 245
trajectory

– phase-space 103
transport 92
trunk trail 232, 235, 240, 242
turning rate 216

urban evolution 300, 329
urbanization 295

Van-der-Pol oscillator 63
velocity distribution 59, 118
– crater-like 97
– Maxwellian 95–97
– non-Maxwellian 100
– unimodal 88, 97

walker
– communicating 209
– orientation 212
waves 170, 171
way system
– direct 261
– minimal 260, 261




