Preface

Artificial Life, unlike artifical intelligence, had humble beginnings. In the case
of the latter, when the word itself was born, the first breathtaking results were
already out, such as The Logic Theorist, a computer program developed by Allen
Newell, Herbert Simon and Cliff Shaw in 1955-56. In artifical life, for a long while,
amibition seems to have dominated over the results, and this was certainly true
for the first, formative years. It was a bit unclear what ezactly Artificial Life is. As
not uncommon in science, the first definition was attempted in the negative form,
just like when psychology (the study of the mental) was first defined as “anything
not physics” (meaning, not natural science) in the nineteenth century. A tempt-
ing early definion of Artificial Life was one that distinguished it from theoretical
and mathematical biology, modeling, evolution theory, and all the rest of what
consituted “an old kind of science” about life. This was not without grounds,
perhaps, and the parallel with artificial intelligence comes up again. Artificial
intelligence was conceptually based on “machine functionalism,” the philosophi-
cal idea that all operations, such as the mental operations of humans, are to be
captured as “mere functions,” or, in other words, as independent of their actual
physical realizations. Functionalism has put computers and algorithms in the fo-
cus of interest in all dealings with human intelligence, and artificial intelligence
was a computerized approach to the mind that was designed to capture human
mental operations in the functional sense. Now it was simply the case that the
functionalism of life was not yet born, and Artificial Life looked like the candi-
date that was needed for exactly that—to discover how computers can be used to
uncover the secrets of life. There were cellular automata, that John von Neumann
discovered back around 1950, that are capable of self-reproduction. Perhaps life
was just a step away. This and a new fascination with functionalism in Artificial
Life put computer scientists (who could technically master cellular automata
and computer math) into a central position—in Artificial Life as it could be.

But Artificial Life became different. Incidentally, the slogan “life as it could
be” was coined as a motto for Artificial Life, but now the same conditionals
apply to Artificial Life itself. The reason is that functionalism turned out to be
just one part of the story.

There is a well-known and much used (maybe over-used) phrase in biology,
called “Dobzhansky’s dictum,” which says that “nothing in biology makes sense
except in the light of evolution.” Evolution is, as rightly captured in the dictum,
central to the understanding of all things alive, and hence it is, and this had to be
discovered, central to the studies of Artificial Life as well. And soon it also turned
out that evolution cannot be readily reduced to algorithmic problems, or and
least not in that pure, detached sense as it was attempted in functionalism. Evo-
lution is complex in a sense recently acknowledged in the sciences of complexity:
there is no single principle, no simple set of rules, and no transparency. Instead,
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evolution is a combination of many heterogeneous, and sometimes contingent fac-
tors, many of which have to do with the complex ways of existence of organisms:
their body, their interaction, their development, their geo-spatial relations, their
temporal history, and so on. This brought biology and biologists back into the
equation, and Artificial Life has greatly benefited from that. Evo-devo (the in-
terplay between evolutionary and developmental biology), evolutionary robotics,
or systems biology are examples of fields where mathematical and algorithmic
thinking combined with “wet” reality started to produce new and fascinating
results. (Those who kept an eye on cognitive science and artificial intelligence
found that over all those years a similar process has taken place there as well.
Embodiment, or situated physical realization, has permeated and changed these
fields to the same extent, or even more, as it did Artificial Life).

Today, as a result of these processes, Artificial Life is a prolific field that com-
bines the best of computer science with the best of theoretical biology, math-
ematical modeling, and simulation. One way to express this is to say “Darwin
meets von Neumann” at last—where “real” biology and “pure” function are no
longer seen as contradicting, or even complementary. Rather, they permeate and
fertilize each other in a number of fascinating ways.

ECAL 2009 was the 10th Europan Conference of Artificial Life, which means
20 years of history. It was an occasion to celebrate the 20 years of develop-
ment of the field and also the new symbiosis referred to in the title. Famously,
2009 was also “Darwin year,” celebrating his 200th birthday and the 150 years
of the Origin of Species. Thus it was highly appropriate to dedicate the meet-
ing to Darwin—and von Neumann together. Five keynote lectures were deliv-
ered by eminent invited speakers, in the order of appearance they were: Peter
Hammerstein (Humboldt University, Berlin), Hod Lipson (Cornell), Nick Barton
(FRS, Edinburgh), Richard Watson (Southampton) and Eva Jablonka (Tel-Aviv
University)—their choice reflected the spirit of convergence alluded to above.

The conference featured 161 submissions, out of which 54 were accepted as
talks and 87 as posters (making up a total of 141 presentations). Adopting the
recent practice of many science meetings, submissions could be based either on
full papers or extended abstracts. The meeting was organized in a single track
over three days, with parallel (whole-day) poster sections, to give best visibility to
everyone’s work. We decided to publish all papers of the accepted presentations,
not making any difference between posters and talks. This resulted from different
factors: many excellent submissions had to be put into the poster section to keep
reasonable time limits for the talks, and often this included second or third papers
of some of the key speakers. Poster or talk was therefore not necessarily a quality
issue. But also, we decided to publish all poster papers because we wanted to
show the heterogeneity and the full spectrum of activities in the field, in order to
provide an authentic overview. The result is this volume in 2 parts, containing
116 full papers.

The conference was sponsored by the Hungarian Academy of Science in dif-
ferent ways, one of them the special rates we enjoyed when using the wonderful
historical building of the Academy in the very center of Budapest, just across
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the castle and the Chain Bridge. It is a building with a unique historical atmo-
sphere and one that has seen many major scientific events. The conference talks
were held in the Great Lecture Hall, which added to the impression that Artificial
Life—and ECAL—are coming of age. The other sponsor was Aitia International,
Inc., whose support is gratefully acknowledged. Aitia is the maker of MEME,
or Model Exploration ModulE, a platform for DoE (design of experiments) and
parameter sweeping, running on a cloud (https://modelexploration.aitia.ai/).
The publication process experienced several unexpected difficulties and de-
lays. The proceedings could never have been published without a final push by
Mark Jelasity, of Szeged University, a member of the Local Organizing Commit-
tee. It was his support and his offer for a hands-on contribution and equally his
expertise of IWTEX and prior experience with Springer LNCS publications that
made the essential difference that helped cross the line. Mark was offered but
declined to be an Editor, lacking a scientific contribution to this conference and
bearing a responsibility for the selection process, and this is a decision we had
to respect. Nevertheless, here is a “big thank you,” Mark. Several other people
provided important help in the production of the volume, of whom Balazs Balint
(Collegium Budapest) and Chrisantha Fernando (Sussex) need special mention.
We thank the TenSi Congress Ltd. for the seamless technical organization of the
meeting. In the evaluation phase, important help was given by several members
of the Program Committee and also by additional reviewers, listed separately,
whose contribution is highly appreciated. The conference and the proceedings
have been the work of several people, and we thank all of them for making it hap-
pen. Finally, we thank Anna Kramer of Springer for her support and patience.

February 2011 George Kampis
Istvan Karsai
Eors Szathméry (Editors)






Organization

Organizing Committee

George Kampis and Eors Szathmdry (Chairs)
Chrisantha Fernando, Mérk Jelasity, Ferenc Jordan, Andras Lérincz, and

Istvan Scheuring

Program Committee

Wolfgang Banzhaf
Xabier Barandiaran
Zoltan Barta,

Mark Bedau
Randall Beer

Seth Bullock
Philippe Capdepuy
Peter Cariani
Andy Clark

Tamas Czaran
Ezequiel Di Paolo
Dario Floreano
Inman Harvey

Takashi Tkegami
Istvan Karsai
Jozef Kelemen
Simon Kirby
Doron Lancet
Robert Lowe
John McCaskill
Bruce MacLennan
Federico Moran
Alvaro Moreno
Chrystopher Nehaniv
Stefano Nolfi
Charles Ofria

Additional Reviewers

Rose Canino-Koning
Arthur Covert
Tomassino Ferrauto
Sherri Goings

Heather Goldsby
Laura Grabowski
David Knoester
Anuraag Pakanati

Alexandra Penn
Daniel Polani
Luis Rocha
Matthias Scheutz
Thomas Schmickl
Peter Stadler
Elio Tuci
Andreas Wegner
Franjo Weissing
Larry Yaeger
Klaus-Peter Zauner

Bess Walker
Luis Zaman






Table of Contents — Part 1

Evolutionary Developmental Biology and Hardware

Self-organizing Biologically Inspired Configurable Circuits.............
André Stauffer and Joél Rossier

Epigenetic Tracking: Biological Implications .........................
Alessandro Fontana

The Effect of Proprioceptive Feedback on the Distribution of Sensory
Information in a Model of an Undulatory Organism ..................
Ben Jones, Yaochu Jin, Bernhard Sendhoff, and Xin Yao

Emerged Coupling of Motor Control and Morphological Development
in Evolution of Multi-cellular Animats .............. ... ... .........
Lisa Schramm, Yaochu Jin, and Bernhard Sendhoff

Evolution of the Morphology and Patterning of Artificial Embryos:
Scaling the Tricolour Problem to the Third Dimension................
Michat Joachimczak and Borys Wrobel

Artificial Cells for Information Processing: Iris Classification...........
Enrique Fernandez-Blanco, Julian Dorado, Jose A. Serantes,
Daniel Rivero, and Juan R. Rabunal

Digital Organ Cooperation: Toward the Assembly of a Self-feeding
OrganiSm . .. .ottt e
Sylvain Cussat-Blanc, Hervé Luga, and Yves Duthen

Distance Discrimination of Weakly Electric Fish with a Sweep of Tail
Bending Movements . ...
Miyoung Sim and DaeEun Kim

Adaptation in Tissue Sustained by Hormonal Loops . .................
Dragana Laketic and Gunnar Tufte

Embodiment of the Game of Life........... ... .. . ... ... ... ....
Kohei Nakajima and Taichi Haruna

Metamorphosis and Artificial Development: An Abstract Approach to
Functionality ... ...
Gunnar Tufte



XII Table of Contents — Part 1

Local Ultrastability in a Real System Based on Programmable
SPTIIES « . vttt 91
Santosh Manicka and Ezequiel A. Di Paolo

Acquisition of Swimming Behavior on Artificial Creature in Virtual

Water Environment . ....... .. . . . 99
Keita Nakamura, Ikuo Suzuki, Masahito Yamamoto, and
Masashi Furukawa

Evolutionary Robotics

Evolving Amphibian Behavior in Complex Environment .............. 107
Kenji Iwadate, Tkuo Suzuki, Masahito Yamamoto, and
Masashi Furukawa

Neuro-Evolution Methods for Gathering and Collective Construction ... 115
Geoff Nitschke

On the Dynamics of Active Categorisation of Different Objects Shape
through Tactile Sensors . ...... ... .. i 124
Elio Tuci, Gianluca Massera, and Stefano Nolfi

Evolving a Novel Bio-inspired Controller in Reconfigurable Robots . . ... 132
Jirgen Stradner, Heiko Hamann, Thomas Schmickl,
Ronald Thenius, and Karl Crailsheim

Functional and Structural Topologies in Evolved Neural Networks . . .. .. 140
Joseph T. Lizier, Mahendra Piraveenan, Dany Pradhana,
Mikhail Prokopenko, and Larry S. Yaeger

Input from the External Environment and Input from within the
Body ..o 148

Filippo Saglimbeni and Domenico Parisi

Towards Self-reflecting Machines: Two-Minds in One Robot ........... 156
Juan Cristobal Zagal and Hod Lipson

Swarm-Bots to the Rescue ...... ... .. . 165
Rehan O’Grady, Carlo Pinciroli, Roderich Grofs,
Anders Lyhne Christensen, Francesco Mondada,
Michael Bonani, and Marco Dorigo

Towards an Autonomous Evolution of Non-biological Physical

Organisms . .. ..ot 173
Roderich Grof$, Stéphane Magnenat, Lorenz Kiichler,
Vasili Massaras, Michael Bonani, and Francesco Mondada



Table of Contents — Part 1

Acquisition of Adaptive Behavior for Virtual Modular Robot Using
Evolutionary Computation . ........... ... i,
Keisuke Yoneda, Tkuo Suzuki, Masahito Yamamoto, and
Masashi Furukawa

Guiding for Associative Learning: How to Shape Artificial Dynamic
CogItion . .. oottt
Kristen Manac’h and Pierre De Loor

AlLife in the Galapagos: Migration Effects on Neuro-Controller

Design . .o
Christos Ampatzis, Dario Izzo, Marek Rucinski, and
Francesco Biscani

To Grip, or Not to Grip: Evolving Coordination in Autonomous
RObOtS ..
Christos Ampatzis, Francisco C. Santos, Vito Trianni, and Elio Tuci

Development of Abstract Categories in Embodied Agents .............
Giuseppe Morlino, Andrea Sterbini, and Stefano Nolfi

For Corvids Together Is Better: A Model of Cooperation in Evolutionary
Robotics .. ..o
Michela Ponticorvo, Orazio Miglino, and Onofrio Gigliotta

Protocells and Prebiotic Chemistry

Dynamical Systems Analysis of a Protocell Lipid Compartment . . . ... ..
Ben Shirt-Ediss

The Role of the Spatial Boundary in Autopoiesis.....................
Nathaniel Virgo, Matthew D. Egbert, and Tom Froese

Chemo-ethology of an Adaptive Protocell: Sensorless Sensitivity to
Implicit Viability Conditions .............. oo ..
Matthew D. Egbert, Ezequiel A. Di Paolo, and Xabier E. Barandiaran

On the Transition from Prebiotic to Proto-biological Membranes:

From ‘Self-assembly’ to ‘Self-production’ . ...........................
Gabriel Piedrafita, Fabio Mavelli, Federico Mordn, and
Kepa Ruiz-Mirazo

SimSoup: Artificial Chemistry Meets Pauling ........................
Chris Gordon-Smith

Elongation Control in an Algorithmic Chemistry .....................
Thomas Meyer, Lidia Yamamoto, Wolfgang Banzhaf, and
Christian Tschudin

XIIT



X1V Table of Contents — Part 1

Systems Biology, Artificial Chemistry and
Neuroscience

Are Cells Really Operating at the Edge of Chaos?: A Case Study of

Two Real-Life Regulatory Networks ......... .. ... ... .. .. ... . ... 281
Christian Darabos, Mario Giacobini, Marco Tomassini,
Paolo Provero, and Ferdinando Di Cunto

Cotranslational Protein Folding with L-Systems...................... 289
Gemma B. Danks, Susan Stepney, and Leo S.D. Caves

Molecular Microprograms .. ... .......oeuoueininennen e 297
Simon Hickinbotham, Edward Clark, Susan Stepney, Tim Clarke,
Adam Nellis, Mungo Pay, and Peter Young

Identifying Molecular Organic Codes in Reaction Networks ............ 305
Dennis Gérlich and Peter Dittrich

An Open-Ended Computational Evolution Strategy for Evolving
Parsimonious Solutions to Human Genetics Problems................. 313
Casey S. Greene, Douglas P. Hill, and Jason H. Moore

Gene Regulatory Network Properties Linked to Gene Expression
Dynamics in Spatially Extended Systems............................ 321
Costas Bouyioukos and Jan T. Kim

Adding Vertical Meaning to Phylogenetic Trees by Artificial

Evolution . ... .o e 329
Francesco Cerutti, Luigi Bertolotti, Tony L. Goldberg, and
Mario Giacobini

Transient Perturbations on Scale-Free Boolean Networks with Topology
Driven Dynamics ...... ... 337
Christian Darabos, Mario Giacobini, and Marco Tomassini

Agent-Based Model of Dengue Disease Transmission by Aedes aegypti
Populations . ... ... . 345
Carlos Isidoro, Nuno Fachada, Fdbio Barata, and Agostinho Rosa

All in the Same Boat: A “Situated” Model of Emergent Immune
Response . ... 353
Tom Hebbron, Jason Noble, and Seth Bullock

Multi-Agent Model for Simulation at the Subcellular Level ............ 361
M. Beurton-Aimar, N. Parisey, and F. Vallée

Visualising Random Boolean Network Dynamics: Effects of
Perturbations and Canalisation ............ ... .. .. ... .. .. ... .... 369
Susan Stepney



Table of Contents — Part 1 XV

RBN-World: A Sub-symbolic Artificial Chemistry .................... 377
Adam Faulconbridge, Susan Stepney, Julian F. Miller, and
Leo S.D. Caves

Flying over Mount Improbable......... ... ... .. ... ... .. ... ..., 385
Pietro Speroni di Fenizio, Naoki Matsumaru, and Peter Dittrich

Behaviors of Chemical Reactions with Small Number of Molecules. . .. .. 394
Yasuhiro Suzuki

Memory-Based Cognitive Framework: A Low-Level Association
Approach to Cognitive Architectures ....... ... .. .. ... .. ... ..., 402
Paul Bazter and Will Browne

Modelling Coordination of Learning Systems: A Reservoir Systems

Approach to Dopamine Modulated Pavlovian Conditioning ............ 410
Robert Lowe, Francesco Mannella, Tom Ziemke, and
Gianluca Baldassarre

Evolving Central Pattern Generators with Varying Number of
NeUTONS ..ot 418
Jeisung Lee and DaeEun Kim

The Evolution of Cooperation

Toward Minimally Social Behavior: Social Psychology Meets
Evolutionary Robotics . ... 426
Tom Froese and Ezequiel A. Di Paolo

Emergence of Cooperation in Adaptive Social Networks with Behavioral
Daversity . . o e 434
Sven Van Segbroeck, Francisco C. Santos, Tom Lenaerts, and

Jorge M. Pacheco

Evolving for Creativity: Maximizing Complexity in a Self-organized
Multi-particle System. .. ... ... 442
Heiko Hamann, Thomas Schmickl, and Karl Crailsheim

Evolving Group Coordination in an N-Player Game .................. 450
Enda Barrett, Enda Howley, and Jim Duggan

Combining Different Interaction Strategies Reduces Uncertainty When
Bootstrapping a Lexicon . ......... . . 458
Thomas Cederborg

A Chemical Model of the Naming Game ................. ... ... .... 466
Joachim De Beule

Evolving Virtual Fireflies .. ... . ... 474
David B. Knoester and Philip K. McKinley



XVI Table of Contents — Part 1

Selection of Cooperative Partners in n-Player Games ................. 482
Pedro Mariano, Luis Correia, and Carlos Grilo

Evolving Social Behavior in Adverse Environments ................... 490
Brian D. Connelly and Philip K. McKinley

Author Index . ... .. 499



Table of Contents — Part 11

Group Selection

Investigations of Wilson’s and Traulsen’s Group Selection Models in

Evolutionary Computation . ......... ... .. . . i i

Shelly X. Wu and Wolfgang Banzhaf

The Evolution of Division of Labor . ......... . ... i .

Heather J. Goldsby, David B. Knoester, Jeff Clune,
Philip K. McKinley, and Charles Ofria

A Sequence-to-Function Map for Ribozyme-Catalyzed Metabolisms. . . . .

Alexander Ullrich and Christoph Flamm

Can Selfish Symbioses Effect Higher-Level Selection? .................

Richard A. Watson, Niclas Palmius, Rob Mills,
Simon T. Powers, and Alexandra Penn

The Effect of Group Size and Frequency-of-Encounter on the Evolution

of Cooperation . ....... ...t

Steve Phelps, Gabriel Nevarez, and Andrew Howes

Moderate Contact between Sub-populations Promotes Evolved

Assortativity Enabling Group Selection .............................

James R. Snowdon, Simon T. Powers, and Richard A. Watson

Evolution of Individual Group Size Preference Can Increase

Group-Level Selection and Cooperation ............. ... .. .. .. ....

Simon T. Powers and Richard A. Watson

Ecosystems and Evolution

Implications of the Social Brain Hypothesis for Evolving Human-Like

Cognition in Digital Organisms ............... . ...

Suzanne Sadedin and Greg Paperin

Embodiment of Honeybee’s Thermotaxis in a Mobile Robot Swarm . ...

Daniela Kengyel, Thomas Schmickl, Heiko Hamann,
Ronald Thenius, and Karl Crailsheim

Positively versus Negatively Frequency-Dependent Selection ...........

Robert Morris and Tim Watson

10

19

27

37

45

93

61

69

(s



XVIII Table of Contents — Part 11

Origins of Scaling in Genetic Code ........... .. ..., 85
Oliver Obst, Daniel Polani, and Mikhail Prokopenko

Adaptive Walk on Fitness Soundscape . ........... ..o, 94
Reiji Suzuki and Takaya Arita

Breaking Waves in Population Flows .............. ... . ... ... .... 102
George Kampis and Istvan Karsai

Symbiosis Enables the Evolution of Rare Complexes in Structured
Environments ......... .. 110

Rob Mills and Richard A. Watson

Growth of Structured Artificial Neural Networks by Virtual

Embryogenesis. . ... ... 118
Ronald Thenius, Michael Bodi, Thomas Schmickl, and
Karl Crailsheim

Algorithms and Evolutionary Computation

The Microbial Genetic Algorithm ........ ... . ... ... ... . ..... 126
Inman Harvey

HybrID: A Hybridization of Indirect and Direct Encodings for

Evolutionary Computation . ........... ... i, 134
Jeff Clune, Benjamin E. Beckmann, Robert T. Pennock, and
Charles Ofria

An Analysis of Lamarckian Learning in Changing Environments .. ... .. 142
Dara Curran and Barry O’Sullivan

Linguistic Selection of Language Strategies: A Case Study for Colour ... 150
Joris Bleys and Luc Steels

Robots That Say ‘No’” ....... . . i 158
Frank Forster, Chrystopher L. Nehaniv, and Joe Saunders

A Genetic Programming Approach to an Appropriation Common Pool
GAINIE .ottt et 167
Alan Cunningham and Colm O’Riordan

Using Pareto Front for a Consensus Building, Human Based, Genetic
Algorithm. .. ..o 175

Pietro Speroni di Fenizio and Chris Anderson

The Universal Constructor in the DigiHive Environment .............. 183
Rafall Sienkiewicz and Wojciech Jedruch



Table of Contents — Part 11 XIX

A Local Behavior Identification Algorithm for Generative Network
Automata Configurations ............... ... ...l 191
Burak Ozdemir and Hiirevren Kilig

Solving a Heterogeneous Fleet Vehicle Routing Problem with Time

Windows through the Asynchronous Situated Coevolution Algorithm ... 200
Abraham Prieto, Francisco Bellas, Pilar Caamano, and
Richard J. Duro

Philosophy and Arts

Modeling Living Systems .. ..... ...t 208
Peter Andras

Facing N-P Problems via Artificial Life: A Philosophical Appraisal ... .. 216
Carlos E. Maldonado and Nelson Gémez

Observer Based Emergence of Local Endo-time in Living Systems:
Theoretical and Mathematical Reasoning ............. ... ... ... .... 222
Igor Balaz and Dragutin T. Mihailovic

Life and Its Close Relatives ......... .. ... . ... 230
Simon McGregor and Nathaniel Virgo

A Loosely Symmetric Model of Cognition ........................... 238
Tatsuji Takahashi, Kuratomo Oyo, and Shuji Shinohara

Algorithmic Feasibility of Entity Recognition in Artificial Life ......... 246
Janardan Misra

Creative Agency: A Clearer Goal for Artificial Life in the Arts......... 254
Oliver Bown and Jon McCormack

Optimization, Action, and Agent Connectivity

Agent-Based Toy Modeling for Comparing Distributive and Competitive
Free Market . . ... 262
Hugues Bersini

Swarm Cognition and Artificial Life .......... ... ... ... ... .. 270
Vito Trianni and Elio Tuci

Life Engine - Creating Artificial Life for Scientific and Entertainment
Purposes. . ... 278
Gongalo M. Marques, Antdnio Lorena, Jodo Magalhaes,
Tania Sousa, S.A.L.M. Kooijman, and Tiago Domingos



XX Table of Contents — Part 11

An Analysis of New Expert Knowledge Scaling Methods for Biologically
Inspired Computing . ...
Jason M. Gilmore, Casey S. Greene, Peter C. Andrews,
Jeff Kiralis, and Jason H. Moore

Impoverished Empowerment: ‘Meaningful’ Action Sequence Generation
through Bandwidth Limitation ............ ... .. .. ... .. .. ... ....
Tom Anthony, Daniel Polani, and Chrystopher L. Nehaniv

Influence of Promoter Length on Network Convergence in GRN-Based
Evolutionary Algorithms ... ......... .. .. . i
Paul Tonelli, Jean-Baptiste Mouret, and Stéphane Doncieux

Cellular Automata Evolution of Leader Election .....................
Peter Banda

Update Dynamics, Strategy Exchanges and the Evolution of
Cooperation in the Snowdrift Game ............ .. .. ... .. .. ... ...
Carlos Grilo and Luis Correia

Learning in Minority Games with Multiple Resources.................
David Catteeuw and Bernard Manderick

Robustness of Market-Based Task Allocation in a Distributed Satellite
SYSEEIML .o
Johannes van der Horst, Jason Noble, and Adrian Tatnall

Hierarchical Behaviours: Getting the Most Bang for Your Bit..........
Sander G. van Dijk, Daniel Polani, and Chrystopher L. Nehaniv

The Common Stomach as a Center of Information Sharing for Nest
Construction . .. ... ..ot
Istvan Karsai and Andrew Runciman

Economics of Specialization in Honeybees: A Multi-agent Simulation
Study of Honeybees ... ... ...
Thomas Schmickl and Karl Crailsheim

How Two Cooperating Robot Swarms Are Affected by Two Conflictive
Aggregation SPots .. ...t
Michael Bodi, Ronald Thenius, Thomas Schmickl, and
Karl Crailsheim

A Minimalist Flocking Algorithm for Swarm Robots..................
Christoph Moeslinger, Thomas Schmickl, and Karl Crailsheim

Networks of Artificial Social Interactions .. ...... ... ... ... ... ... .....
Peter Andras



Table of Contents — Part 11

Swarm Intelligence

An Ant-Based Rule for UMDA’s Update Strategy ....................
C.M. Fernandes, C.F. Lima, J.L.J. Laredo, A.C. Rosa, and
J.J. Merelo

Niche Particle Swarm Optimization for Neural Network Ensembles . . ...
Camiel Castillo, Geoff Nitschke, and Andries Engelbrecht

Chaotic Patterns in Crowd Simulation . .............................
Blanca Cases, Francisco Javier Olasagasti, Abdelmalik Moujahid,
Alicia D’Anjou, and Manuel Grania

Simulating Swarm Robots for Collision Avoidance Problem Based on a
Dynamic Bayesian Network ....... .. .. . .. .. . ..
Hiroshi Hirai, Shigeru Takano, and Einoshin Suzuki

Hybridizing River Formation Dynamics and Ant Colony
Optimization . . ... ..o
Pablo Rabanal and Ismael Rodriguez

Landmark Navigation Using Sector-Based Image Matching ............
Jiwon Lee and DaeFEun Kim

A New Approach for Auto-organizing a Groups of Artificial Ants ......
Hanane Azzag and Mustapha Lebbah

Author Index . ... ..

XXI







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


