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Preface

With its fourth edition, the ANTS series of workshops! has changed its name.
The original “ANTS - From Ant Colonies to Artificial Ants: International Work-
shop on Ant Algorithms” has become “ANTS - International Workshop on Ant
Colony Optimization and Swarm Intelligence”. This change is mainly due to the
following reasons.

First, the term “ant algorithms” was slower in spreading in the research
community than the term “swarm intelligence”, while at the same time research
in so-called swarm robotics was the subject of increasing activity: it was therefore
an obvious choice to substitute the term ant algorithms with the more accepted
and used term swarm intelligence.

Second, although swarm intelligence research has undoubtedly produced a
number of interesting and promising research directions?, we think it is fair to
say that its most successful strand is the one known as “ant colony optimiza-
tion” . Ant colony optimization, first introduced in the early 1990s as a novel tool
for the approximate solution of discrete optimization problems, has recently seen
an explosion in the number of its applications, both to academic and real-world
problems, and is currently being extended to the realm of continuous optimiza-
tion (a few papers on this subject being published in these proceedings). It is
therefore a reasonable choice to have the term ant colony optimization as part
of the workshop name.

As mentioned above, this is the fourth edition of the ANTS workshops. The
series started in 1998 with the organization of ANTS’98. On that occasion more
than 50 researchers from around the world joined for the first time in Brussels,
Belgium to discuss swarm intelligence related research, and a selection of the best
papers presented at the workshop was published as a special issue of the Future
Generation Computer Systems journal (Vol. 16, No. 8, 2000). Two years later the
experience was repeated with the organization of ANTS 2000, which attracted
more than 70 participants. The 41 extended abstracts presented as talks or
posters at the workshop were collected in a booklet distributed to participants,
and a selection of the best papers was published as a special section of the
IEEE Transactions on Evolutionary Computation (Vol. 6, No. 4, 2002). After
these first two successful editions, it was decided to make of ANTS a series of
biannual events. Accordingly, the third edition was organized in September 2002,
in Brussels, Belgium. The success of the workshop and the quality of the papers
presented in the second edition had also made it clear that it was the right
time to have an official workshop proceedings: the ANTS 2002 proceedings was

! http://iridia.ulb.ac.be/~ants/

2 Think, for example, in addition to the already mentioned swarm robotics, of al-
gorithms for clustering and data mining inspired by the ants’ cemetery building
behavior, of dynamic task allocation algorithms inspired by the behavior of wasp
colonies, of particle swarm optimization, and so on.



VI Preface

published by Springer as Volume 2463 of LNCS, and contained 36 contributions:
17 full papers, 11 short papers, and 8 extended abstracts, selected out of a total
of 52 submissions.

The Ant Colony Optimization and Swarm Intelligence field is still growing,
as testified, for example, by the success of the 1st IEEE Swarm Intelligence Sym-
posium, held in 2003 in Indianapolis, Indiana, US; or by the steady increase we
are observing in the number of submissions to ANTS workshops, which resulted
in the 79 papers submitted to ANTS 2004. This relatively high number of sub-
missions allowed us to set the acceptance threshold for full and short papers at
approximately 50%, which guaranteed a fairly high quality of the proceedings,
and, at the same time, a reasonably dense workshop program?®. We are sure that
the readers of these proceedings will enjoy the quality of the papers collected in
this volume, quality that somehow reflects the growing maturity of the swarm
intelligence field.

We wish to conclude by saying that we are very grateful to the authors who
submitted their works; to the members of the international program committee
and to the additional referees for their detailed reviews; to the IRIDIA people for
their enthusiasm in helping with organization matters; to the Université Libre
de Bruxelles for providing rooms and logistic support; and, more generally, to
all those contributing to the organization of the workshop. Finally, we would
like to thank our sponsors, the company AntOptima* and the Metaheuristics
Network®, who financially supported the workshop.

June 2004 Marco Dorigo
Mauro Birattari

Christian Blum

Luca M. Gambardella

Francesco Mondada

Thomas Stiitzle

3 In addition to the accepted papers, a small number of posters were selected for
presentation: these are works that, although in a rather preliminary phase, show
high potential and are therefore worth discussing at the workshop.

4 More information available at www.antoptima.com

5 A Marie Curie Research Training Network funded by the European Commission.
More information available at www.metaheuristics.org



Organization

ANTS 2004 was organized by IRIDIA, Université Libre de Bruxelles, Belgium.

Workshop Chair

Marco Dorigo IRIDIA, ULB, Brussels, Belgium

Technical Program Chairs
Luca M. Gambardella IDSIA, USI-SUPSI, Manno-Lugano, Switzerland

Francesco Mondada ASL, EPFL, Lausanne, Switzerland
Thomas Stiitzle Intellektik, TUD, Darmstadt, Germany

Publication Chairs

Mauro Birattari IRIDIA, ULB, Brussels, Belgium
Christian Blum IRIDIA, ULB, Brussels, Belgium

Program Committee

Tucker Balch Georgia Tech, Atlanta, GA, USA

Christian Blum IRIDIA, ULB, Brussels, Belgium

Eric Bonabeau Icosystem, Boston, MA, USA

Oscar Cordén Universidad de Granada, Spain

David Corne University of Reading, UK

Jean-Louis Deneubourg CENOLI, ULB, Brussels, Belgium

Gianni di Caro IDSIA, Manno-Lugano, Switzerland

Dario Floreano ASL, EPFL, Lausanne, Switzerland

Michel Gendreau Université de Montréal, Canada

Deborah Gordon Stanford University, CA, USA

Walter Gutjahr Universitat Wien, Austria

Richard Hartl Universitat Wien, Austria

Owen Holland University of Essex, Colchester, UK

Holger Hoos University of British Columbia, Vancouver, Canada
Paul B. Kantor Rutgers University, New Brunswick, NJ, USA
Joshua Knowles MIB, UMIST, Manchester, UK

Sven Koenig Georgia Tech, Atlanta, GA, USA



VIII  Organization

Vittorio Maniezzo
Alcherio Martinoli
Chris Melhuish
Ronaldo Menezes
Daniel Merkle
Peter Merz
Martin Middendorf
Stefano Nolfi

Ben Paechter

Van Parunak
Andrea Roli

Erol Sahin
Michael Sampels
Guy Theraulaz
Franco Zambonelli
Mark Zlochin

Publicity Chair

Andrea Roli

Universita di Bologna, Italy

EPFL, Lausanne, Switzerland

University of the West of England, Bristol, UK
Florida Tech, Melbourne, FL, USA

Universitat Karlsruhe, Germany

Universitat Tlibingen, Germany

Universitat Leipzig, Germany

CNR, Rome, Italy

Napier University, Edinburgh, UK

Altarum Institute, Ann Arbor, MI, USA
Universita degli Studi G. D’Annunzio, Chieti, Italy
Middle East Technical University, Ankara, Turkey
IRIDIA, ULB, Brussels, Belgium

Université Paul Sabatier, Toulouse, France
Universita di Modena, Italy

Weizmann Institute, Rehovot, Israel

Universita degli Studi G. D’ Annunzio, Chieti, Italy

Local Arrangements

Max Manfrin
Carlotta Piscopo

Additional Referees

Ashraf Abdelbar
Christian Almeder
Erkin Bahceci
Levent Bayindir
Leonora Bianchi
Gilles Caprari
Karl Doerner
Alberto V. Donati
Frederick Ducatelle
Michael Guntsch

IRIDIA, ULB, Brussels, Belgium
IRIDIA, ULB, Brussels, Belgium

Rubén Ruiz Garcia
Jirgen Schmidhuber
Alena Shmygelska
Kevin Smyth
Krzysztof Socha
Onur Soysal
Christine Strauss
Emre Ugur

Markus Waibel

Julia Handl

Stephane Magnenat
Marco Mamei
Roberto Montemanni
Alberto Montresor
Luis Paquete

Yves Piguet

Andrea Emilio Rizzoli
Daniel Roggen
Martin Romauch

Sponsoring Institutions

AntOptima (www.antoptima.com), Lugano, Switzerland

Metaheuristics Network (www.metaheuristics.org), a Marie Curie Research
Training Network of the Improving Human Potential Programme funded by the
European Commission



Lecture Notes in Computer Science

Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison

Lancaster University, UK
Takeo Kanade

Carnegie Mellon University, Pittsburgh, PA, USA
Josef Kittler

University of Surrey, Guildford, UK
Jon M. Kleinberg

Cornell University, Ithaca, NY, USA
Friedemann Mattern

ETH Zurich, Switzerland
John C. Mitchell

Stanford University, CA, USA
Moni Naor

Weizmann Institute of Science, Rehovot, Israel
Oscar Nierstrasz

University of Bern, Switzerland
C. Pandu Rangan

Indian Institute of Technology, Madras, India
Bernhard Steffen

University of Dortmund, Germany
Madhu Sudan

Massachusetts Institute of Technology, MA, USA
Demetri Terzopoulos

New York University, NY, USA
Doug Tygar

University of California, Berkeley, CA, USA
Moshe Y. Vardi

Rice University, Houston, TX, USA
Gerhard Weikum

Max-Planck Institute of Computer Science, Saarbruecken, Germany

-

3172 .



Lecture Notes in Computer Science

For information about Vols. 1-3052

-

please contact your bookseller or Springer-Verlag

Vol. 3172: M. Dorigo, M. Birattari, C. Blum, L. M. Gam-
bardella, F. Mondada, T. Stiitzle (Eds.), Ant Colony, Op-
t‘imization and Sv_vann Intelligence. XII, 434 pages. 2004.

Vol. 3158: I. Nikolaidis, M. Barbeau, E. Kranakis (Eds.),
Ad-Hoc, Mobile, and Wireless Networks. IX, 344 pages.
2004.

Vol. 3157: C. Zhang, H. W. Guesgen, W.K. Yeap (Eds.),
PRICAI 2004: Trends in Artificial Intelligence. XX, 1023
pages. 2004. (Subseries LNAI).

Vol. 3156: M. Joye, J.-J. Quisquater (Eds.), Cryptographic
Hardware and Embedded Systems - CHES 2004. X111, 455
pages. 2004.

Vol. 3153: J. Fiala, V. Koubek, J. Kratochvil (Eds.), Math-
ematical Foundations of Computer Science 2004. XIV,
888 pages. 2004.

Vol. 3152: M. Franklin (Ed.), Advances in Cryptology —
CRYPTO 2004. XI, 579 pages. 2004.

“Vol. 3148: R. Giacobazzi (Ed.), Static Analysis. X, 393
pages. 2004.

Vol. 3146: P. Erdi, A. Esposito, M. Marinaro, S. Scarpetta
(Eds.), Computational Neuroscience: Cortical Dynamics.
X1, 161 pages. 2004.

Vol. 3144: M. Papatriantafilou, P. Hunel (Eds.), Principles
of Distributed Systems. XIII, 235 pages. 2004.

“Vol. 3143: W. Liu, Y. Shi, Q. Li (Eds.), Advances in Web-
-, Based Learning - ICWL 2004. XIV, 459 pages. 2004.

Vol. 3140: N. Koch, P. Fraternali, M. Wirsing (Eds.), Web
Engineering. XXI, 623 pages. 2004.

Vol. 3139: F.Tida, R. Pfeifer, L. Steels, Y. Kuniyoshi (Eds.),
Embodied Artificial Intelligence. IX, 331 pages. 2004.
(Subseries LNAI).

Yol. 3138: A. Fred, T. Caelli, R.P.W. Duin, A. Campilho,
D.d. Ridder (Eds.), Structural, Syntactic, and Statistical
Pattern Recognition. XXII, 1168 pages. 2004.

Vol. 3133: A.D. Pimentel, S. Vassiliadis (Eds.), Computer
Systems: Architectures, Modeling, and Simulation. XIII,
562 pages. 2004.

Vol. 3131: V. Torra, Y. Narukawa (Eds.), Modeling De-
cisions for Artificial Intelligence. XI, 327 pages. 2004.
(Subseries LNAI).

Vol. 3130: A. Syropoulos, K. Berry, Y. Haralambous, B.
Hughes, S. Peter, J. Plaice (Eds.), TEX, XML, and Digital
Typography. I, 123 pages. 2004.

Vol. 3129: Q. Li, G. Wang, L. Feng (Eds.), Advances
in Web-Age Information Management. XVII, 753 pages.
2004.

Vol. 3128: D. Asonov (Ed.), Querying Databases Privately.
IX, 115 pages. 2004.

sl

Vol. 3127: K.E. Wolff, H.D. Pfeiffer, H.S. Delugach (Eds.),
Conceptual Structures at Work. X1, 403 pages. 2004. (Sub-
series LNAI).

Vol. 3126: P. Dini, P. Lorenz, J.N.d. Souza (Eds.), Service
Assurance with Partial and Intermittent Resources. XI,
312 pages. 2004.

Vol. 3125: D. Kozen (Ed.), Mathematics of Program Con-
struction. X, 401 pages. 2004.

Vol. 3124: J.N. de Souza, P. Dini, P. Lorenz (Eds.),
Telecommunications and Networking - ICT 2004. XX VI,
1390 pages. 2004.

Vol.3123: A. Belz, R. Evans, P. Piwek (Eds. ), Natural Lan-
guage Generation. X, 219 pages. 2004. (Subseries LNAI).

Vol. 3121: S. Nikoletseas, J.D.P. Rolim (Eds.), Algorith-
mic Aspects of Wireless Sensor Networks. X, 201 pages.
2004.

Vol. 3120: J. Shawe-Taylor, Y. Singer (Eds.), Learning
Theory. X, 648 pages. 2004. (Subseries LNAI).

Vol. 3118: K. Miesenberger, J. Klaus, W. Zagler, D. Burger
(Eds.), Computer Helping People with Special Needs.
XXIII, 1191 pages. 2004.

Vol. 3116: C. Rattray, S. Maharaj, C. Shankland (Eds.), Al-
gebraic Methodology and Software Technology. XI, 569
pages. 2004.

Vol. 3115: P. Enser, Y. Kompatsiaris, N.E. O’Connor, A.F.
Smeaton, A.W.M. Smeulders (Eds.), Image and Video Re-
trieval. XVII, 679 pages. 2004.

Vol. 3114: R. Alur, D.A. Peled (Eds.), Computer Aided
Verification. XII, 536 pages. 2004.

Vol. 3113: J. Karhumiki, H. Maurer, G. Paun, G. Rozen-
berg (Eds.), Theory Is Forever. X, 283 pages. 2004.

Vol. 3112: H. Williams, L. MacKinnon (Eds.), Key Tech-
nologies for Data Management. XII, 265 pages. 2004.

Vol. 3111: T. Hagerup, J. Katajainen (Eds.), Algorithm
Theory - SWAT 2004. XI, 506 pages. 2004.

Vol. 3110: A. Juels (Ed.), Financial Cryptography. XI, 281
pages. 2004.

Vol. 3109: S.C. Sahinalp, S. Muthukrishnan, U. Dogrusoz
(Eds.), Combinatorial Pattern Matching. XII, 486 pages.
2004.

Vol. 3108: H. Wang, J. Pieprzyk, V. Varadharajan (Eds.),
Information Security and Privacy. XII, 494 pages. 2004.
Vol. 3107: J. Bosch, C. Krueger (Eds.), Software Reuse:
Methods, Techniques and Tools. XI, 339 pages. 2004.
Vol. 3105: S. Gobel, U. Spierling, A. Hoffmann, I. Turgel,
O. Schneider, J. Dechau, A. Feix (Eds.), Technologies for

Interactive Digital Storytelling and Entertainment. XVI,
304 pages. 2004.



Vol. 3104: R. Kralovic, O. Sykora (Eds.), Structural In-
formation and Communication Complexity. X, 303 pages.
2004.

Vol. 3103: K. Deb, e. al. (Eds.), Genetic and Evolutionary
, Computation — GECCO 2004. XLIX, 1439 pages. 2004.

Vol. 3102: K. Deb, e. al. (Eds,), Genetic and Evolutionary

Computation - GECCO 2004. L, 1445 pages. 2004.

Vol. 3101: M. Masoodian, S. Jones, B. Rogers (Eds.),
“ Computer Human Interaction. XIV, 694 pages. 2004.

Vol. 3100: J.E. Peters, A. Skowron, J.W. Grzymala-Busse,

B. Kostek, R.W. Swiniarski, M.S. Szczuka (Eds.), Trans-

actions on Rough Sets I. X, 405 pages. 2004.

Vol. 3099: J. Cortadella, W. Reisig (Eds.), Applications
wand Theory of Retri Nets 2004. XI, 505 pages. 2004.

Vol. 3098: J. Desel, W. Reisig, G. Rozenberg (Eds.), Lec-
tures on Concurrency and Petri Nets. VIII, 849 pages.
2004.

Vol. 3097: D. Basin, M. Rusinowitch (Eds.), Automated
Reasoning. XII, 493 pages. 2004. (Subseries LNAI).

Vol. 3096: G. Melnik, H. Holz (Eds.), Advances in Learn-
ing Software Organizations. X, 173 pages. 2004.

Vol. 3095: C. Bussler, D. Fensel, M.E. Orlowska, J. Yang

(Eds.), Web Services, E-Business, and the Semantic Web.

X, 147 pages. 2004.

Vol. 3094: A. Niirnberger, M. Detyniecki (Eds.), Adaptive

Multimedia Retrieval. VIII, 229 pages. 2004.

Vol. 3093: S.K. Katsikas, S. Gritzalis, J. Lopez (Eds.),
« *Public Key Infrastructure. XIII, 380 pages. 2004.

Vol. 3092: J. Eckstein, H. Baumeister (Eds.), Extreme Pro-

gramming and Agile Processes in Software Engineering.

XVI, 358 pages. 2004.

Vol. 3091: V. van Qostrom (Ed.), Rewriting Techniques

and Applications. X, 313 pages. 2004.

Vol. 3089: M. Jakobsson, M. Yung, J. Zhou (Eds.), Applied
. Cryptography and Network Security. XIV, 510 pages.
2004.

* Aol. 3087: D. Maltoni, A.K. Jain (Eds.), Biometric Au-
thentication. XIII, 343 pages. 2004.
Vol. 3086: M. Odersky (Ed.), ECOOP 2004 - Object-
“Oriented Programming. XIII, 611 pages. 2004.
Vol. 3085: S. Berardi, M. Coppo, F. Damiani (Eds.), Types
for Proofs and Programs. X, 409 pages. 2004.
Vol. 3084: A. Persson, J. Stirna (Eds.), Advanced Infor-
mation Systems Engineering. XIV, 596 pages. 2004.
Vol. 3083: W. Emmerich, A.L. Wolf (Eds.), Component
Deployment. X, 249 pages. 2004.
Vol. 3080: J. Desel, B. Pernici, M. Weske (Eds.), Business
Process Management. X, 307 pages. 2004.
Vol. 3079: Z. Mammeri, P. Lorenz (Eds.), High Speed
Networks and Multimedia Communications. XVIII, 1103
pages. 2004.
Vol. 3078: S. Cotin, D.N. Metaxas (Eds.), Medical Simu-
lation. X VI, 296 pages. 2004.
Vol. 3077: F. Roli, J. Kittler, T. Windeatt (Eds.), Multiple
Classifier Systems. XII, 386 pages. 2004.

Vol. 3076: D. Buell (Ed.), Algorithmic Number Theory.
XI, 451 pages. 2004.

Vol. 3074: B. Kuijpers, P. Revesz (Eds.), Constraint
Databases and Applications. XII, 181 pages. 2004.

Vol. 3073: H. Chen, R. Moore, D.D. Zeng, J. Leavitt
(Eds.), Intelligence and Security Informatics. XV, 536
pages. 2004.

Vol. 3072: D. Zhang, A K. Jain (Eds.), Biometric Authen-
tication. XVII, 800 pages. 2004.

Vol. 3071: A. Omicini, P. Petta, J. Pitt (Eds.), Engineer-
ing Societies in the Agents World. XIII, 409 pages. 2004.
(Subseries LNAI).

Vol. 3070: L. Rutkowski, J. Siekmann, R. Tadeusiewicz,
L.A. Zadeh (Eds.), Artificial Intelligence and Soft Com-
puting - ICAISC 2004. XXV, 1208 pages. 2004. (Sub-
series LNAI).

Vol. 3068: E. André, L. Dybkj@r, W. Minker, P. Heis-
terkamp (Eds.), Affective Dialogue Systems. XII, 324
pages. 2004. (Subseries LNAI).

Vol. 3067: M. Dastani, J. Dix, A. El Fallah-Seghrouchni
(Eds.), Programming Multi-Agent Systems. X, 221 pages.
2004. (Subseries LNAI).

Vol. 3066: S. Tsumoto, R. Stowiriski, J. Komorowski, J.W.
Grzymata-Busse (Eds.), Rough Sets and Current Trends
in Computing. XX, 853 pages. 2004. (Subseries LNAI).

Vol. 3065: A. Lomuscio, D. Nute (Eds.), Deontic Logic in
Computer Science. X, 275 pages. 2004. (Subseries LNAI).

Vol. 3064: D. Bienstock, G. Nemhauser (Eds.), Integer
Programming and Combinatorial Optimization. XI, 445
pages. 2004.

Vol. 3063: A. Llamosi, A. Strohmeier (Eds.), Reliable
Software Technologies - Ada-Europe 2004. XIII, 333
pages. 2004.

Vol. 3062: J.L. Pfaltz, M. Nagl, B. Bohlen (Eds.), Applica-

tions of Graph Transformations with Industrial Relevance.
XV, 500 pages. 2004.

Vol. 3061: EF. Ramos, H. Unger, V. Larios (Eds.), Ad-
vanced Distributed Systems. VIII, 285 pages. 2004.

Vol. 3060: A.Y. Tawfik, S.D. Goodwin (Eds.), Advances in
Atrtificial Intelligence. XIII, 582 pages. 2004. (Subseries
LNAI).

Vol. 3059: C.C. Ribeiro, S.L. Martins (Eds.), Experimental
and Efficient Algorithms. X, 586 pages. 2004.

Vol. 3058: N. Sebe, M.S. Lew, T.S. Huang (Eds.), Com-
puter Vision in Human-Computer Interaction. X, 233
pages. 2004.

Vol. 3057: B. Jayaraman (Ed.), Practical Aspects of
Declarative Languages. VIII, 255 pages. 2004.

Vol. 3056: H. Dai, R. Srikant, C. Zhang (Eds.), Advances in
Knowledge Discovery and Data Mining. XIX, 713 pages.
2004. (Subseries LNAI).

Vol. 3055: H. Christiansen, M.-S. Hacid, T. Andreasen,
H.L. Larsen (Eds.), Flexible Query Answering Systems.
X, 500 pages. 2004. (Subseries LNAI).

Vol. 3054: 1. Crnkovic, J.A. Stafford, H.W. Schmidt, K.
Wallnau (Eds.), Component-Based Software Engineering.
XI, 311 pages. 2004.

Vol. 3053: C. Bussler, J. Davies, D. Fensel, R. Studer

(Eds.), The Semantic Web: Research and Applications.
XIII, 490 pages. 2004.



Table of Contents

A Comparison Between ACO Algorithms for the Set Covering Problem ... 1
Lucas Lessing, Irina Dumitrescu, and Thomas Stitzle

A VLSI Multiplication-and-Add Scheme
Based on Swarm Intelligence Approaches................c.ccouuueeoi.... 13
Danilo Pani and Luigi Raffo

ACO for Continuous and Mixed-Variable Optimization ................. 25
Krzysztof Socha
An Ant Approach to Membership Overlay Design ...................... 37

Vittorio Maniezzo, Marco Boschetti, and Mark Jelasity

An Ant Colony Optimisation Algorithm for the Set Packing Problem . .. .. 49
Xavier Gandibleuz, Xavier Delorme, and Vincent T’Kindt

An Empirical Analysis of Multiple Objective Ant Colony Optimization
Algorithms for the Bi-criteria TSP ...........uuueiene ., 61
Carlos Garcia-Martinez, Oscar Cordén, and Francisco Herrera

An External Memory Implementation in Ant Colony Optimization . ... ... 73
Adnan Acan

BeeHive: An Efficient Fault-Tolerant Routing Algorithm Inspired

by Honey Bee Behavior .......... ... ... .. . . 83
Horst F. Wedde, Muddassar Faroog, and Yue Zhang

Competition Controlled Pheromone Update
for Ant Colony Optimization .................ouiuuieunninnennnn .. 95
Daniel Merkle and Martin Middendorf

Cooperative Transport of Objects of Different Shapes and Sizes.......... 106
Roderich Grof8 and Marco Dorigo

Deception in Ant Colony Optimization . ...............c.ouvuuuuennnnn... 118
Christian Blum and Marco Dorigo

Evolution of Direct Communication
for a Swarm-bot Performing Hole Avoidance........................... 130
Vito Trianni, Thomas H. Labella, and Marco Dorigo

Gathering Multiple Robotic A(ge)nts with Limited Sensing Capabilities. . . 142
Noam Gordon, Israel A. Wagner, and Alfred M. Bruckstein



X Table of Contents

Improvements on Ant Routing for Sensor Networks.....................
Ying Zhang, Lukas D. Kuhn, and Markus P.J. Fromherz

Integrating ACO and Constraint Propagation .........................
Bernd Meyer and Andreas Ernst

Logistic Constraints on 3D Termite Construction ......................
Dan Ladley and Seth Bullock

Modeling Ant Behavior Under a Variable Environment .................
Karla Vittori, Jacques Gautrais, Aluizio F.R. Araijo,
Vincent Fourcassié, and Guy Theraulaz

Multi-type Ant Colony: The Edge Disjoint Paths Problem ..............
Ann Nowé, Katja Verbeeck, and Peter Vrancz

On the Design of ACO for the Biobjective Quadratic
Assignment Problem ........... ... ...
Manuel Lépez-Ibdnez, Luis Paquete, and Thomas Stiitzle

Reasons of ACO’s Success in TSP .. ... ovt it
Osvaldo Gémez and Benjamin Bardn

S-ACO: An Ant-Based Approach to Combinatorial Optimization
Under Uncertainty ...........oouiiiiinni et
Walter J. Gutjahr

Time-Scattered Heuristic for the Hardware Implementation

of Population-Based ACO .......... ... ...
Bernd Scheuermann, Michael Guntsch, Martin Middendorf,
and Hartmut Schmeck

Short Papers

Ad Hoc Networking with Swarm Intelligence ..........................
Chien-Chung Shen, Chaiporn Jaikaeo, Chavalit Srisathapornphat,
Zhuochuan Huang, and Sundaram Rajagopalan

An Ant Colony Heuristic for the Design
of Two-Edge Connected Flow Networks ...............................
Efstratios Rappos and Eleni Hadjiconstantinou

An Experimental Analysis of Loop-Free Algorithms
for Scale-Free Networks .. ...,
Shigeo Doi and Masayuki Yamamura

An Experimental Study of the Ant Colony System
for the Period Vehicle Routing Problem...............................
Ana Cristina Matos and Rui Carvalho Oliveira



Table of Contents XI

An Extension of Ant Colony System
to Continuous Optimization Problems ............. ... ... ot 294
Seid H. Pourtakdoust and Hadi Nobahari

Ant Algorithms for Urban Waste Collection Routing ................... 302
Joaquin Bautista and Jordi Pereira

Ants Can Play Music: «csssvincivimsimssvims amsnsisr swamasmmemesms oo 310
Christelle Guéret, Nicolas Monmarché, and Mohamed Slimane

Backtracking Ant System for the Traveling Salesman Problem ........... 318
Sameh Al-Shihabi

Colored Ants for Distributed Simulations ............. ... .. .. ... .... 326
Cyrille Bertelle, Antoine Dutot, Frédéric Guinand, and Damien Olivier

Dynamic Routing in Mobile Wireless Networks Using ABC-AdHoc . ... ... 334
Bogdan Tatomir and Leon Rothkrantz

Fuzzy Ant Based Clustering «:ms suswmins swsmosmsnsime soswmssss e wese 342
Steven Schockaert, Martine De Cock, Chris Cornelis,
and Etienne E. Kerre

How to Use Ants for Hierarchical Clustering........................... 350
Hanene Azzag, Christiane Guinot, and Gilles Venturini

Inversing Mechanical Parameters of Concrete Gravity Dams
Using Ant Colony Optimization.......... ... ..., 358
Mingjun Tian and Jing Zhou

Large Pheromones: A Case Study with Multi-agent Physical A* ......... 366
Ariel Felner, Yaron Shoshani, Israel A. Wagner,
and Alfred M. Bruckstein

Near Parameter Free Ant Colony Optimisation ........................ 374
Marcus Randall

Particle Swarm Optimization Algorithm

for Permutation Flowshop Sequencing Problem ........................ 382
M. Fatih Tasgetiren, Mehmet Sevkli, Yun-Chia Liang,
and Gunes Gencyilmaz

Search Bias in Constructive Metaheuristics and Implications
for' Ant ‘Colony Optimisation; . «s.«iwsiasimsnmivsansasigsess susapinsnis 390
James Montgomery, Marcus Randall, and Tim Hendtlass

Task Oriented Functional Self-organization of Mobile Agents Team:
Memory Optimization Based on Correlation Feature.................... 398
Sorinel Adrian Oprisan



XII Table of Contents

Towards a Real Micro Robotic Swarm ..................ooooooo 406
Ramon Estania, Marc Szymanski, Natalie Bender, and Jorg Seyfried

Posters

A Hybrid Ant Colony System Approach
for the Capacitated Vehicle Routing Problem ........................ .. 414
Lyamine Bouhafs, Amir Hajjam, and Abderrafiaa Koukam

A Swarm-Based Approach for Selection of Signal Plans

in Urban Scenarios ...............oooooiuiinn o 416
Denise de Oliveira, Paulo Roberto Ferreira Jr., Ana L.C. Bazzan,
and Franziska Kligl

Ant Colony Behaviour as Routing Mechanism to Provide Quality

OF BBEVICE: 15000 85 050w 0 w203 2805 8K 536815 5§ e s e 418
Liliana Carrillo, José L. Marzo, Lluis Fabrega, Pere Vila,
and Carles Guadall

Applying Ant Colony Optimization

to the Capacitated Arc Routing Problem .................. .. ... ... . 420
Karl F. Doerner, Richard F. Hartl, Vittorio Maniezzo,
and Marc Reimann

Dynamic Optimization Through Continuous Interacting Ant Colony.. . ... 422
Johann Dréo and Patrick Siarry

Hypothesis Corroboration in Semantic Spaces with Swarming Agents . . . .. 428
Peter Weinstein, H. Van Dyke Parunak, Paul Chiusano,
and Sven Brueckner

Mesh-Partitioning with tl}e Multiple Ant-Colony Algorithm ............. 430
Peter Korosec, Jurij Sile, and Borut Robi&

Author Index ........................................... 433



A Comparison Between ACO Algorithms
for the Set Covering Problem

Lucas Lessing!, Irina Dumitrescu?, and Thomas Stiitzle!

! Intellectics Group, Darmstadt University of Technology
llessing@gmx.net, stuetzle@informatik.tu-darmstadt.de
2 Canada Research Chair in Distribution Management, HEC Montreal
irina@crt.umontreal.ca

Abstract. In this paper we present a study of several Ant Colony Op-
timization (ACO) algorithms for the Set Covering Problem. In our com-
putational study we emphasize the influence of different ways of defining
the heuristic information on the performance of the ACO algorithms.
Finally, we show that the best performing ACO algorithms we imple-
mented, when combined with a fine-tuned local search procedure, reach
excellent performance on a set of well known benchmark instances.

1 Introduction

The Set Covering Problem (SCP) is an N'P-hard combinatorial optimization
problem that arises in a large variety of practical applications, for example in
airline crew scheduling or vehicle routing and facility placement problems [9,
12,18]. Two Ant Colony Optimization (ACO) approaches for the SCP based
on Ant System have been proposed so far [8,10]; however, their computational
performance is relatively poor compared to the state-of-the-art in SCP solving.

In this paper we present the results of a computational study comprising
several ACO algorithms including MAX-MIN Ant System (MMAS) [16],
Ant Colony System (ACS) (3], a hybrid between MMAS and ACS [17], as
well as Approximate Nondeterministic Tree-Search (ANTS) [14]. Many of the
best ACO computational results have been achieved using these algorithms and
therefore they serve as good candidates for tackling the SCP. (For details on the
full study we refer to [11].) We study the influence of different ways of defining
the heuristic information on the performance of the algorithms. We distinguish
between the usage of static and dynamic heuristic information. In the static
case, the heuristic information is computed when initializing the algorithm and
it remains the same throughout the whole run of the algorithm. In the dynamic
case, the heuristic information depends on the partial solution available, hence
it has to be computed at each step of an ant’s walk. Therefore, it results in a
higher computational cost that may be compensated by the higher accuracy of
the heuristic values.

The paper is structured as follows. In the next section we introduce the
SCP and lower bounds to it. In Section 3, we present some details on the ACO
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algorithms we applied, while in Sections 4 and 5 we give details on the local search
and the heuristic information. We present experimental results in Section 6 and
conclude in Section 7.

2 Set Covering Problem

The SCP can be formulated as follows. Let A = (a;;) be an m x n 0-1 matrix
and ¢ = (c¢;) a positive integer n-dimensional vector, where each element cy
of c gives the cost of selecting column j of matrix A. We say that row i is
covered by column j, if a;; is equal to 1. The SCP consists of finding a subset
of columns of minimal total cost such that all the rows are covered. The SCP is
usually formulated as an integer program. Let N = {1,...,n} be the index set
of the columns and M = {1,...,m} be the index set of the rows. The integer
programming (IP) formulation of the SCP can be given as follows:

zZscp =min Z ciT;

JEN
s.t. Z ajjz; >1,Vie M (1)
JEN
z; € {0,1}, Vj e N. 2)
We now introduce the Lagrangean relaxation of this problem. For every vector
u = (U1,...,Un) € RT we define the Lagrangean relaxation to be:
[
zrr(u) = ngl’ll ) Z cTi + Z ui(1 — Z ai;x;) (3)
=e{0.1} | jeN €M jEN
= min 1Y o)z + Y wil, (4)
=€{0,1} jeN ieM

where ¢;(u) = ¢; — Y, psaijus are called Lagrangean costs. The Lagrangean
relaxation provides a lower bound on the optimal solution of the SCP, i.e.
zpr(w) < zsep, Yu > 0. The best such lower bound on the optimal solution of the
SCP is obtained by solving the Lagrangean dual problem, z;,p = max,>o zLr(u).
In our experiments, the Lagrangean dual was solved by the subgradient method
(7], stopped after at most 100 - m iterations as proposed by Yagiura et al. [19].

When we consider the IP formulation, a solution to the SCP is a 0-1 vector.
However, when we refer to a solution, we sometimes refer to the set of indices of
the variables fixed to one. This should be clear from the context.

3 Ant Colony Optimization for the SCP

Artificial ants in ACO algorithms can be seen as probabilistic construction
heuristics that generate solutions iteratively, taking into account accumulated
past search experience: pheromone trails and heuristic information on the in-
stance under solution. In the SCP case, each column J has associated a phero-
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procedure ACOforSCP
initializeParameters;
while termination condition is not true do
for k :=1 to m, do
while solution not complete do
applyConstructionStep(k);
endwhile
eliminateRedundantColumns(k);
applyLocalSearch(k);
endfor
updateStatistics;
updatePheromones;
endwhile
return best solution found
endprocedure ACOforSCP

Fig. 1. High-level view of the applied ACO algorithms. (For details, see text.)

mone trail 7; that indicates the learned desirability of including column j into
an ants’ solution; 7; indicates the heuristic desirability of choosing column j.

In all ACO algorithms an ant starts with an empty solution and constructs
a complete solution by iteratively adding columns until all rows are covered. It
does so by probabilistically preferring solution components (columns in the SCP
case) with high associated pheromone trail and/or heuristic value. Once m,
solutions are constructed and improved by local search, the pheromone trails
are updated.

The application of ACO algorithms to the SCP differs from applications to
other problems, such as the TSP. First, the solution construction of the individual
ants does not necessarily end after the same number of steps for each ant, but
only when a cover is completed. Second, the order in which columns are added to
a solution does not matter, while in many other applications the order in which
solution components are added to a partial solution may be important. Third, in
the case of the SCP the solution constructed by the ants may contain redundant
solution components which are eliminated before fine-tuning by a local search
procedure. This latter feature is also present in two earlier applications of ACO
algorithms to the SCP [8,10]. However, the computational results obtained in
[8,10] are relatively poor, which may be due to the type of ACO algorithm
chosen (i.e., Ant System, which is known to perform poorly compared to more
recent variants of ACO algorithms). Here, we present the application of more
recent ACO variants that exploit a large variety of different types of heuristic
information. All these algorithms follow the algorithmic outline given in Figure 1.

3.1 MAX-MIN Ant System

MAX-MIN Ant System (MMAS) [16] is at the core of many successful ACO
applications. In MMAS solutions are constructed as follows: an ant k (k =
1,...,mq) chooses column j with probability



