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Preface

Multi-criterion optimization refers to optimization problems with two or more ob-
jectives expressing conflicting goals that are formulated within a mathematical
programming framework. The problems addressed may involve linear or nonlin-
ear objective functions and/or constraints, continuous or discrete variables, and
may or may not be affected by uncertainty in the data. This branch of multiple
criteria decision making (MCDM) finds application in numerous domains: engi-
neering design, health, transportation, telecommunications, bioinformatics, etc.

The concept of a unique optimal solution does not apply as soon as multiple
objectives are optimized simultaneously. The models and methods introduced
in multi-criterion optimization deal with the concept of a set of efficient (also
called Pareto optimal) solutions. Efficient solutions imply trade-offs between the
different criteria. The computation of the efficient solution set may be hard when
the size of the problem is large, when the problem is computationally complex,
when the data are not crisp. It is then often impossible to guarantee the compu-
tation of exact solutions. In that case, approximate solutions, i.e., sub-optimal
solutions computed with limited and controlled resources, such as available time,
are of interest. This is the domain of multi-objective metaheuristics, of which
evolutionary multi-criterion optimization (EMO) is definitely the most promi-
nent representative. The success of EMO is due to the simplicity of its concepts
and the generality of its methods, and is clearly expressed by the many impres-
sive success stories reported in the literature.

Research activities in EMO have boomed since the mid-1990s. Three gen-
erations of work are identifiable throughout the years. In the first generation,
research focused on the design of efficient algorithmic methods for the approx-
imation of efficient solutions. The second generation dealt with the problem of
measuring the quality of the approximations generated by the algorithms. The
current generation stresses the hybridization with other currents of optimization.
“Hot” questions concern the integration of a decision maker (interactivity, pref-
erences), the robustness of the generated solutions, and the coupling with other
optimization approaches (operations research, constraint programming, other
metaheuristics). Research in the area of EMO is evolving very fast, and con-
tinuously investigates new challenging open questions in order to enlarge and
refine its position of useful technology for multi-criterion optimization. Today
EMO algorithms are recognized as being among the most valuable and promising
methods for tackling complex and diverse multi-criterion optimization problems.

To capitalize on, and promote exchanges within, the growing community
of researchers involved in evolutionary multi-criterion optimization, an interna-
tional conference series devoted to EMO was launched in 2001. This confer-
ence brings together researchers and practitioners from different disciplines of
computer science, operations research, engineering optimization, mathematical
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programming and multi-criteria analysis. Theoretical results and algorithmic de-
velopments in the field of EMO are covered, including practice and applications
of EMO in real-life situations. After Ziirich (Switzerland) in 2001, Faro (Portu-
gal) in 2003, Guanajuato (Mexico) in 2005 and Matsushima-Sendai (Japan) in
2007, Nantes (France) hosted the 5th International Conference on Evolutionary
Multi-Criterion Optimization (EMO 2009). The conference took place at the
Faculty of Science of the University of Nantes during April 7-10, 2009.

To emphasize the current generation of EMO research, the subtitle of the
conference was “Where Optimization Technologies Meet Evolutionary Multi-
Criterion Optimization”. The conference was structured around invited speakers
(tutorial sessions, keynote sessions, industrial session) and selected presentations
(oral sessions and poster session). The EMO 2009 scientific program included
five invited talks given by Denis Bouyssou (France) on “Choice and Preferences,”
Kathrin Klamroth (Germany) on “Discrete Multiobjective Optimization,” Man-
ual Laguna (USA) on “Scatter Search and Path-Relinking,” Thomas Stiitzle
(Belgium) on “Ant Colony Optimization,” and Pascal Van Hentenryck (USA)
on “Constraint Programming.” The selection of contributed papers was based on
full-paper submissions, rigorously refereed by at least three members of the Inter-
national Program Committee. The EMO 2009 International Program Commit-
tee was composed of 118 international well-known researchers from 25 countries.
This volume includes the 39 research papers that were selected for presentation
at the conference, from the 72 submissions received. The papers published in the
volume represent the most recent developments on evolutionary multi-criterion
optimization, and cover a large spectrum of current research topics: applications,
algorithm development, theoretical analysis, performance analysis and compar-
ison, alternative methods, MCDM, many objectives, uncertainty and noise, and
the interface between EMO and MCDA.

We would like to express our appreciation to the keynote, tutorial and indus-
trial speakers for accepting our invitation. We also thank all the authors who
submitted their work to EMO 2009. Our sincerest gratitude goes to the members
of the International Program Committee for the considerable work they have in-
vested in the reviewing process and for their contribution to making this volume
an up-to-date reference in the field of evolutionary multi-criterion optimization.
The organizers are especially grateful to all the sponsors for financial support,
and to the members of the Local Organizing Committee for their investment in
the preparation of the conference, in particular, Valérie Coutand, the conference
secretary.

April 2009 Matthias Ehrgott
Carlos M. Fonseca

Xavier Gandibleux

Jin-Kao Hao

Marc Sevaux



Organization

EMO 2009 was organized by the Faculté des Sciences of the Université de Nantes
in cooperation with Ecole Centrale de Nantes, Ecole des Mines de Nantes, Uni-
versité d’Angers and Université de Bretagne-Sud.

Committees and Chairs

Conference Chairs Carlos M. Fonseca
(Universidade do Algarve, Portugal)
Xavier Gandibleux
(Université de Nantes, France)

Steering Committee David Corne

(Heriot-Watt University, UK)
Kalyanmoy Deb

(IIT Kanpur, India)
Peter J. Fleming

(University of Sheffield, UK)
Carlos M. Fonseca

(Universidade do Algarve, Portugal)
J. David Schaffer

(Phillips Research, USA)
Lothar Thiele

(ETH Ziirich, Switzerland)
Eckart Zitzler

(ETH Ziirich, Switzerland)

Local Organizing Committee  Vincent Barichard

(Université d’Angers, France)
Philippe Dépincé

(Ecole Centrale de Nantes, France)
Xavier Gandibleux

(Université de Nantes, France)
Jin Kao Hao

(Université d’Angers, France)
Fabien Le Huédé

(Ecole des Mines de Nantes, France)
Anthony Przybylski

(Université de Nantes, France)
Marc Sevaux

(Université de Bretagne-Sud, France)



VIII Organization

International Program Committee

Program Chairs Matthias Ehrgott
(University of Auckland, New Zealand)
Jin-Kao Hao
(Université d’Angers, France)
Marc Sevaux
(Université de Bretagne-Sud, France)
MCDM Track Chair José Figueira
(Instituto Superior Técnico, Portugal)

Program Committee

H. Abbass (Australia) A. Gaspar-Cunha C. Mariano (Mexico)

H.E. Aguirre (Japan) (Portugal) E. Mezura-Montes

R.T.F. Ah King G. Salvatore (Italy) (Mexico)
(Mauritius) D. Greiner (Spain) M. Middendorf

E. Alba (Spain) C. Grimme (Germany) (Germany)

S. Azarm (USA) T. Hanne (Switzerland) K. Miettinen (Finland)

V. Barichard (France) J-K. Hao (France) J. Molina (Spain)

M. Basseur (France) C. Haubelt (Germany) S. Mostaghim

V. Belton (UK) C. Henggeler (Portugal) (Germany)

N. Beume (Germany) A. Hernandez (Mexico)  T. Murata (Japan)
J. Branke (Germany) M. I. Heywood (Canada) H. Nakayama (Japan)
C.A. Brizuela (Mexico)  P. Hingston (Australia)  B. Naujoks (Germany)

R. Caballero (Spain) E. J Hughes (UK) A. J. Nebro (Spain)
C.A. Coello Coello C. Igel (Germany) S. Obayashi (Japan)
(Mexico) H. Ishubuchi (Japan) T. Okabe (Japan)
D.W. Corne (UK) A.j Jaszkiewicz (Poland) J. Olvander (Sweden)
L. Costa (Portugal) S. Jeong (Japan) I. Ono (Japan)
K. Deb (India) Y. Jin (Germany) A. Oyama (Japan)
X. Delorme (France) M. Jodo Alves (Portugal) L. Paquete (Portugal)
P. Dépincé (France) D. Jones (UK) G. Parks (UK)
K. Doerner (Austria) L. Jourdan (France) V. Pediroda (Ttaly)
R. Drechsler (Germany) N. Katoh (Japan) S. Poles (Italy)
M. Ehrgott J. Knowles (UK) R. Purshouse (UK)
(New Zealand) M. Koeppen (Japan) R. S. Ranjithan (USA)
M. Emmerich R. Kumar (India) P. Reed (USA)
(The Netherlands) M. E. Kurz (USA) M. Reyes-Sierra
R. Everson (UK) G. B. Lamont (USA) (Mexico)
J. Fieldsend (UK) D. Landa Silva (UK) P. Rockett (UK)
J. Figueira (Portugal) F. Le Huédé (France) K. Rodrguez (Mexico)
P. Fleming (UK) X. Li (Australia) T. Philip Runarsson
J. Fodor (Hungary) S. Louis (USA) (Ireland)
C.M. Fonseca (Portugal) J. Antonio Lozano J. Sakuma (Japan)

X. Gandibleux (France) (Spain) D. Savic (UK)



Organization X

M. Savill (UK) R. Takahashi (Brazil) A. Toffolo (Ttaly)

J. D. Schaffer (USA) E-G. Talbi (France) D. Tuyttens (Belgium)
H. Schmeck (Germany) K. Chen Tan (Singapore) D. Vanderpooten

M. Schoenauer (France) K. Tanaka (Japan) (France)

D. Seese (Germany) J. Teghem (Belgium) S. Watanabe (Japan)
B. Sendhoff (Germany)  J. Teich (Germany) L. While (Australia)
M. Sevaux (France) J. Antonio Tenreiro G. G. Yen (USA)

P. Siarry (France) (Portugal) Y. Yun (Japan)

K. Sorensen (Belgium) L. Thiele (Switzerland)  A. Zell (Germany)

R. Steuer (USA) A. Tiwari (USA) E. Zitzler (Switzerland)
T. Stiitzle (Belgium) V. Tkind’t (France)

Sponsoring Institutions

Université de Nantes

Université de Bretagne-Sud

Université d’Angers

Ecole Centrale de Nantes

Ecole des Mines de Nantes

Laboratoire d’Informatique de Nantes Atlantique (LINA)
Laboratoire d’Electronique des Systemes TEmps Réel (LABSTICC)
Laboratoire d’Etude et de Recherche en Informatique d’Angers (LERIA)
Fédération des laboratoires STIC nantais (AtlanSTIC)

EURO working group on metaheuristics (EU/ME)

Esteco (Ttaly)

Sirehna (France)

Support Institution

Institut de Recherche en Communications et en Cyberntique de Nantes

Scientific Sponsorships

Centre National de la Recherche Scientifique (CNRS)
Société frangaise de recherche opérationnelle et d’aide & la décision (ROADEF)
Groupe de travail frangais “programmation mathématique multiobjectif” (PM20O)



Table of Contents

Invited Talks

Scatter Search and Path Relinking .......... .. .. .. ... .. ... ...
Manuel Laguna

Ant Colony Optimization ...............iiiininiiinann..
Thomas Stiitzle

Constraint Programming.............. ... ...
Pascal Van Hentenryck

Discrete Multiobjective Optimization ............... .. .. ... ... ......
Kathrin Klamroth

Preference Models Used in Multiple Criteria Decision Making;:
Foundations and Assessment . ............. ...
Denis Bouyssou

Theoretical Analysis

Approximating the Least Hypervolume Contributor: NP-Hard in
General, But Fast in Practice.......... ... ... .. ...
Karl Bringmann and Tobias Friedrich

Effects of 1-Greedy S-Metric-Selection on Innumerably Large Pareto
Fronts . .o
Nicola Beume, Boris Naujoks, Mike Preuss, Gunter Rudolph, and

Tobias Wagner

Uncertainty and Noise

Noisy Multiobjective Optimization on a Budget of 250 Evaluations . . . ..
Joshua Knowles, David Corne, and Alan Reynolds

On Uncertainty and Robustness in Evolutionary Optimization-Based
MOCDM . .
Daniel E. Salazar Aponte, Claudio M. Rocco S., and Blas Galvdn

Algorithm Development

Feedback-Control Operators for Evolutionary Multiobjective
Optimization . ... ...
Ricardo H.C. Takahashi, Frederico G. Guimaraes,
Elizabeth F. Wanner, and Eduardo G. Carrano



XII Table of Contents

A Diversity Management Operator for Evolutionary Many-Objective
Optimisation . . ... ..o
Salem F. Adra and Peter J. Fleming

Enhancing Decision Space Diversity in Evolutionary Multiobjective
Algorithms . . ..o
Ofer M. Shir, Mike Preuss, Boris Naujoks, and Michael Emmerich

Solving Bilevel Multi-Objective Optimization Problems Using
Evolutionary Algorithms ... ......... . .. . i
Kalyanmoy Deb and Ankur Sinha

Application of MOGA Search Strategy to SVM Training Data

SElECtION .« o et
Tomoyuki Hiroyasu, Masashi Nishioka, Mitsunori Miki, and
Hisatake Yokouchi

On Using Populations of Sets in Multiobjective Optimization ..........
Johannes Bader, Dimo Brockhoff, Samuel Welten, and Eckart Zitzler

Recombination for Learning Strategy Parameters in the
MO-CM A-E S .
Thomas Vof, Nikolaus Hansen, and Christian Igel

Performance Analysis and Comparison

Multi-Objective Optimisation Problems: A Symbolic Algorithm for
Performance Measurement of Evolutionary Computing Techniques . .. ..
Sameh Askar and Ashutosh Tiwari

On the Effect of the Steady-State Selection Scheme in Multi-Objective
Genetic Algorithms . ....... o i
Juan J. Durillo, Antonio J. Nebro, Francisco Luna, and Enrique Alba

OCD: Online Convergence Detection for Evolutionary Multi-Objective
Algorithms Based on Statistical Testing............ ... ... ... ... ....
Tobias Wagner, Heike Trautmann, and Boris Naujoks

Spread Assessment for Evolutionary Multi-Objective Optimization . .. ..
Miging Li and Jinhua Zheng

An Improved Version of Volume Dominance for Multi-Objective

Optimisation . . ... .. e
Khoi Le, Dario Landa-Silva, and Hui Li

81

95

110

125

140

155

169

183

198

216

231



Table of Contents

Applications

Solving Bi-objective Many-Constraint Bin Packing Problems in
Automobile Sheet Metal Forming Processes .........................
Madan Sathe, Olaf Schenk, and Helmar Burkhart

Robust Design of Noise Attenuation Barriers with Evolutionary
Multiobjective Algorithms and the Boundary Element Method. ... ... ..
David Greiner, Blas Galvdn, Juan J. Azndrez, Orlando Maeso, and

Gabriel Winter

Bi-objective Optimization for the Vehicle Routing Problem with Time
Windows: Using Route Similarity to Enhance Performance ............
Abel Garcia-Najera and John A. Bullinaria

Multi-criteria Curriculum-Based Course Timetabling—A Comparison
of a Weighted Sum and a Reference Point Based Approach............
Martin Josef Geiger

Optimizing the DFCN Broadcast Protocol with a Parallel Cooperative
Strategy of Multi-Objective Evolutionary Algorithms ................
Carlos Segura, Alejandro Cervantes, Antonio J. Nebro,
Maria Dolores Jaraiz-Simon, Eduardo Segredo, Sandra Garcia,
Francisco Luna, Juan Antonio Gémez-Pulido, Gara Miranda,
Cristébal Luque, Enrique Alba, Miguel /fngel Vega-Rodriguez,
Coromoto Ledn, and Inés M. Galvdn

Evolutionary Multiobjective Optimization for Dynamic Hospital
Resource Management . ...
Anke K. Hutzschenreuter, Peter A.N. Bosman, and Han La Poutré

Multiobjective Decomposition of Positive Integer Matrix: Application
to Radiotherapy ....... .. ..
Thibaut Lust and Jacques Teghem

MCDM Track

Comparison of MCDM and EMO Approaches in Wastewater Treatment
Plant Design . ...
Jussi Hakanen and Timo Aittokoski

A Trapezoidal Fuzzy Numbers-Based Approach for Aggregating Group
Preferences and Ranking Decision Alternatives in MCDM .............
Alfonso Mateos and Antonio Jiménez

Multicriteria Relational Clustering: The Case of Binary Outranking
MatTiCes . . oot
Yves De Smet and Stefan Eppe

XIII



XIV Table of Contents

Towards the Early Diagnosis of Alzheimer’s Disease via a Multicriteria
Classification Model ... ... .. .. .
Amaury T. Brasil Filho, Plicido R. Pinheiro, and André L.V. Coelho

Many Objectives

Many-Objective Optimization by Space Partitioning and Adaptive
e-Ranking on MNK-Landscapes . ......... ... ..
Hernan Aguirre and Kiyoshi Tanaka

Online Objective Reduction to Deal with Many-Objective Problems . . ..
Antonio Lopez Jaimes, Carlos A. Coello Coello, and
Jesus E. Urias Barrientos

Adaptation of Scalarizing Functions in MOEA /D: An Adaptive
Scalarizing Function-Based Multiobjective Evolutionary Algorithm . . . ..
Hisao Ishibuchi, Yuji Sakane, Noritaka Tsukamoto, and
Yusuke Nojima

Combining Aggregation with Pareto Optimization: A Case Study in

Evolutionary Molecular Design .......... .. ... .. ... . ... ...
Johannes W. Kruisselbrink, Michael T.M. Emmerich, Thomas Back,
Andreas Bender, Ad P. IJzerman, and Eelke van der Horst

Many-Objective Optimization for Knapsack Problems Using
Correlation-Based Weighted Sum Approach .........................
Tadahiko Murata and Akinori Taki

Alternative Methods

An Elitist GRASP Metaheuristic for the Multi-objective Quadratic
Assignment Problem ........ ..
Hui Li and Dario Landa-Silva

Multi-Objective Particle Swarm Optimizers: An Experimental
COMPATISOIL .« . vttt et e e e e e e e e e e
Juan J. Durillo, José Garcia-Nieto, Antonio J. Nebro,
Carlos A. Coello Coello, Francisco Luna, and Enrique Alba

Adapting to the Habitat: On the Integration of Local Search into the
Predator-Prey Model . ....... ... .
Christian Grimme, Joachim Lepping, and Alexander Papaspyrou

EMO and MCDA

Multiobjective Distinct Candidates Optimization (MODCO):
A Cluster-Forming Differential Evolution Algorithm ..................
Peter Dueholm Justesen and Rasmus K. Ursem

393

407

423

438

453

468

481

495

510

525



Table of Contents

An Evolutionary Algorithm to Estimate the Nadir Point in MOLP ... ..
Maria Joao Alves and Joao Paulo Costa

Interactive Evolutionary Multiobjective Optimization Using Robust
Ordinal Regression .. ... ... i
Jiurgen Branke, Salvatore Greco, Roman Stowwiski, and
Piotr Zielniewicz

A Hybrid Integrated Multi-Objective Optimization Procedure for
Estimating Nadir Point .. ... ... . .
Kalyanmoy Deb, Kaisa Miettinen, and Deepak Sharma

Author Index . ... . .




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /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 /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /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 (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




