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Preface

The 2nd International Conference on Evolutionary Multi-Criterion Optimiza-
tion (EMO 2003) was held on April 8-11, 2003, at the University of the Algarve
in Faro, Portugal. This was the second international conference dedicated enti-
rely to this important topic, following the very successful EMO 2001 conference,
which was held in Ziirich, Switzerland, in March 2001. EMO 2003 was co-located
with the IFAC International Conference on Intelligent Control Systems and Sig-
nal Processing (ICONS 2003), exposing EMO to a wider audience of scientists
and engineers.

The EMO 2003 scientific program included two keynote addresses, one given
by David Schaffer on optimization and machine learning in industry, and another
delivered by Pekka Korhonen on multiple-criteria decision making. In addition,
three tutorials were presented, one on multicriterion decision analysis by Va-
lerie Belton, another on multiobjective evolutionary algorithms by Kalyanmoy
Deb, and a third on multiple objective metaheuristics by Andrzej Jaszkiewicz.
The President of the Portuguese Innovation Agency, Prof. Jodo Silveira Lobo,
and the President of the Portuguese Foundation for Science and Technology,
Prof. Fernando Ramoa Ribeiro, attended the opening ceremony and the closing
ceremony, respectively.

In response to the call for papers, 100 full-length papers were submitted from
27 countries. Fifty-six papers were accepted for presentation at the conference
after thorough reviewing by members of the program committee and they are
contained in this volume.

April 2003 Carlos M. Fonseca, Peter J. Fleming, Eckart Zitzler,
Kalyanmoy Deb, and Lothar Thiele



Organization

EMO 2003 was organized by CSI (Centre for Intelligent Systems, University
of the Algarve, Portugal) with the support of EvoNet (European Network of
Excellence in Evolutionary Computing).

General Chairs

Universidade do Algarve, Portugal
University of Sheffield, UK
ETH Ziirich, Switzerland

Carlos M. Fonseca
Peter J. Fleming
Eckart Zitzler

Program Committee

University of Valladolid, Spain
University College London, UK
University of Karlsruhe, Germany
IIT, Kharagpur, India
CINVESTAV-IPN, Mexico
University of Reading, UK

Purdue University, US

Soliton Associates, Canada

IIT, Kanpur, India

University of Bremen, Germany
Helsinki University of Technology, Finland
Universidade do Minho, Portugal
John F. Welch Technology Centre, India
Fraunhofer Institute for Industrial
Mathematics, Germany

University of Valladolid, Spain
Northern Michigan University, US
Cranfield University, UK

Osaka Prefecture University, Japan
Honda R&D Europe, Germany
IRIDIA, Belgium

Enrique Baeyens
Peter Bentley

Jirgen Branke
Nirupam Chakraborti
Carlos Coello Coello
David Corne

William Crossley
Dragan Cvetkovic
Kalyanmoy Deb

Rolf Drechsler

Kary Framling
Anténio Gaspar-Cunha
Tushar Goel

Thomas Hanne

Alberto Herreros
Jeffrey Horn
Evan J. Hughes
Hisao Ishibuchi
Yaochu Jin
Joshua Knowles

Petros Koumoutsakos
Rajeev Kumar

Gary B. Lamont

Marco Laumanns
Daniel Loughlin

Carlos Mariano Romero

ETH Ziirich, Switzerland
IIT, Kharagpur, India

Air Force Institute of Technology, US

ETH Ziirich, Switzerland

MCNC Environmental Modeling Center, US

IMTA, Mexico



VIII  Organization

Martin Middendorf
Tadahiko Murata
Shigeru Obayashi
Pedro Oliveira
Geoffrey T. Parks
Ian C. Parmee
Amrit Pratap
Ranji Ranjithan
Katya Rodriguez-Vazquez
Giinter Rudolph

J. David Schaffer
Marc Schoenauer
Hans-Paul Schwefel
El-ghazali Talbi
Kay Chen Tan
Lothar Thiele

Dirk Thierens
Thanh Binh To

David Van Veldhuizen
James F. Whidborne

University of Leipzig, Germany
Kansai University, Japan

Tohoku University, Japan
Universidade do Minho, Portugal
Cambridge University, UK

University of the West of England, UK
California Institute of Technology, US
North Carolina State University, US
IIMAS-UNAM, Mexico

Parsytec AG, Germany

Philips Research, US

INRIA, France

Universitdat Dortmund, Germany
LIFL, France

National University of Singapore, Singapore

ETH Ziirich, Switzerland
Utrecht University, The Netherlands

Universitat-Otto-von-Guericke-Magdeburg,

Germany
Wright-Patterson AFB, US
Kings College London, UK

Local Organizing Committee

Carlos M. Fonseca, CSI
Anténio E. Ruano, CSI
Maria G. Ruano, CSI
Fernando Lobo, CSI

Pedro M. Ferreira, CSI
Daniel Castro, CSI
Susy Rodrigues, FEUA

EMO Steering Committee

David Corne
Kalyanmoy Deb
Peter J. Fleming
Carlos M. Fonseca
J. David Schaffer
Lothar Thiele
Eckart Zitzler

University of Reading, UK

IIT Kanpur, India

University of Sheffield, UK
Universidade do Algarve, Portugal
Philips Research, US

ETH Ziirich, Switzerland

ETH Ziirich, Switzerland



Organization X

Acknowledgements

Invited Speakers

We thank the keynote and tutorial speakers for their talks given at the confe-
rence.

Keynote Speakers

Pekka Korhonen Helsinki School of Economics and Business Ad-
ministration, Finland
J. David Schaffer Philips Research, US

Tutorial Speakers

Valerie Belton University of Strathclyde, UK
Kalyanmoy Deb IIT, Kanpur, India
Andrzej Jaszkiewicz Poznan University of Technology, Poland

Local Sponsors

Support by the following organizations and companies is gratefully acknowled-
ged.

Universidade do Algarve

— Reitoria

— Faculdade de Ciéncias e Tecnologia

Faculdade de Economia

— Departamento de Engenharia Electrénica e Informética

Fundagao para a Ciéncia e a Tecnologia
Fundagao Calouste Gulbenkian
Fundagao Oriente

Fundacao Luso-Americana para o Desenvolvimento
Camara Municipal de Faro

Camara Municipal de Tavira

Governo Civil de Faro

PROAIlgarve

Turismo do Algarve

Aguas de Monchique

Banco Portugués do Atlantico
Epaminondas

Illy Cafés

Parmalat S.A.

Refrige

SINFIC

Staples Office Center



Table of Contents

Objective Handling and Problem Decomposition

The Maximin Fitness Function; Multi-objective City and
Regional Planning . .......... ... i 1
Richard Balling

Conflict, Harmony, and Independence: Relationships in
Evolutionary Multi-criterion Optimisation................ .. ... ... .... 16
Robin C. Purshouse, Peter J. Fleming

Is Fitness Inheritance Useful for Real-World Applications? ............. 31
Els Ducheyne, Bernard De Baets, Robert De Wulf

Use of a Genetic Heritage for Solving the Assignment Problem
with Two Objectives .. ... e 43
Xavier Gandibleux, Hiroyuki Morita, Naoki Katoh

Fuzzy Optimality and Evolutionary Multiobjective Optimization . ....... 58
M. Farina, P. Amato

IS-PAES: A Constraint-Handling Technique Based on Multiobjective
Optimization Concepts ... .. ... ..ottt 73
Arturo Herndandez Aguirre, Salvador Botello Rionda,
Giovanni Lizdrraga Lizdrraga, Carlos A. Coello Coello

A Population and Interval Constraint Propagation Algorithm .......... 88
Vincent Barichard, Jin-Kao Hao

Multi-objective Binary Search Optimisation ......................... 102
FEvan J. Hughes

Covering Pareto Sets by Multilevel Evolutionary Subdivision Techniques . 118
Oliver Schiitze, Sanaz Mostaghim, Michael Dellnitz, Jirgen Teich

An Adaptive Divide-and-Conquer Methodology for Evolutionary
Multi-criterion Optimisation....... ... ... .. .. .. .. . ... ... 133
Robin C. Purshouse, Peter J. Fleming

Multi-level Multi-objective Genetic Algorithm Using Entropy to
Preserve Diversity .. ... ..o 148
S. Gunawan, A. Farhang-Mehr, S. Azarm

Solving Hierarchical Optimization Problems Using MOEAs............. 162
Christian Haubelt, Sanaz Mostaghim, Jirgen Teich, Ambrish Tyagi



XII Table of Contents

Multiobjective Meta Level Optimization of a Load Balancing

Evolutionary Algorithm. ... ..... ...

David J. Caswell, Gary B. Lamont

Algorithm Improvements

Schemata-Driven Multi-objective Optimization .......................

Skander Kort

A Real-Coded Predator-Prey Genetic Algorithm for

Multiobjective Optimization. ........ ... ... .. ..

Xiaodong Li

Towards a Quick Computation of Well-Spread Pareto-Optimal Solutions .

Kalyanmoy Deb, Manikanth Mohan, Shikhar Mishra

Trade-Off between Performance and Robustness: An Evolutionary

Multiobjective Approach ........ .. ... .

Yaochu Jin, Bernhard Sendhoff

Online Adaptation

The Micro Genetic Algorithm 2: Towards Online Adaptation in

Evolutionary Multiobjective Optimization............................

Gregorio Toscano Pulido, Carlos A. Coello Coello

Self-Adaptation for Multi-objective Evolutionary Algorithms ...........

Dirk Biiche, Sibylle Mdiiller, Petros Koumoutsakos

MOPED: A Multi-objective Parzen-Based Estimation of Distribution

Algorithm for Continuous Problems ............ .. ... ... ... ... .....

Mario Costa, Edmondo Minisci

Test Problem Construction

Instance Generators and Test Suites for the Multiobjective

Quadratic Assignment Problem .............. .. .. ... .. ... .. .. ... ...

Joshua D. Knowles, David W. Corne

Dynamic Multiobjective Optimization Problems: Test Cases,

Approximation, and Applications .............. .. .. .. ...

M. Farina, Kalyanmoy Deb, P. Amato

No Free Lunch and Free Leftovers Theorems for Multiobjective

Optimisation Problems . ........ ... ... i

David W. Corne, Joshua D. Knowles



Table of Contents XIII

Performance Analysis and Comparison

A New MOEA for Multi-objective TSP and Its Convergence
Property Analysis .........c.oiii i 342
Zhenyu Yan, Linghai Zhang, Lishan Kang, Guangming Lin

Convergence Time Analysis for the Multi-objective Counting
Ones Problem . ... ... 355
Dirk Thierens

Niche Distributions on the Pareto Optimal Front...................... 365
Jeffrey Horn

Performance Scaling of Multi-objective Evolutionary Algorithms ........ 376
V. Khare, X. Yao, Kalyanmoy Deb

Searching under Multi-evolutionary Pressures ........................ 391
Hussein A. Abbass, Kalyanmoy Deb

Minimal Sets of Quality Metrics ........ ... .. . i i 405
A. Farhang-Mehr, S. Azarm

A Comparative Study of Selective Breeding Strategies in
a Multiobjective Genetic Algorithm ........... ... .. ... ... . ...... 418
Andrew Wildman, Geoff Parks

An Empirical Study on the Effect of Mating Restriction on the
Search Ability of EMO Algorithms ....... ... .. ... . ... 433
Hisao Ishibuchi, Youhei Shibata

Alternative Methods

Using Simulated Annealing and Spatial Goal Programming for
Solving a Multi Site Land Use Allocation Problem .................... 448
Jeroen C.J.H. Aerts, Marjan van Herwijnen, Theodor J. Stewart

Solving Multi-criteria Optimization Problems with
Population-Based ACO .. ... .. 464
Michael Guntsch, Martin Middendorf

A Two-Phase Local Search for the Biobjective Traveling
Salesman Problem . ...... ... .. 479
Luis Paquete, Thomas Stiitzle

Implementation

PISA — A Platform and Programming Language Independent
Interface for Search Algorithms ........ ... . ... . ... i 494
Stefan Bleuler, Marco Laumanns, Lothar Thiele, Eckart Zitzler



X1V Table of Contents

A New Data Structure for the Nondominance Problem in
Multi-objective Optimization .. ......... .. .. .. ... 509
Oliver Schitze

The Measure of Pareto Optima ........ ... .. ... .. ... .. ... ....... 519
M. Fleischer

Distributed Computing of Pareto-Optimal Solutions with
Evolutionary Algorithms ............. i 534
Kalyanmoy Deb, Pawan Zope, Abhishek Jain

Applications

Multiobjective Capacitated Arc Routing Problem .................... 550
P. Lacomme, C. Prins, M. Sevaux

Multi-objective Rectangular Packing Problem and Its Applications ..... 565
Shinya Watanabe, Tomoyuki Hiroyasu, Mitsunori Miki

Experimental Genetic Operators Analysis for the Multi-objective
Permutation Flowshop ... ... ... ... .. . 578
Carlos A. Brizuela, Rodrigo Aceves

Modification of Local Search Directions for Non-dominated

Solutions in Cellular Multiobjective Genetic Algorithms for Pattern

Classification Problems . .............0o i 593
Tadahiko Murata, Hiroyuki Nozawa, Hisao Ishibuchi, Mitsuo Gen

Effects of Three-Objective Genetic Rule Selection on the
Generalization Ability of Fuzzy Rule-Based Systems................... 608
Hisao Ishibuchi, Takashi Yamamoto

Identification of Multiple Gene Subsets Using Multi-objective
Evolutionary Algorithms ....... ... ... .. 623
A. Raji Reddy, Kalyanmoy Deb

Non-invasive Atrial Disease Diagnosis Using Decision Rules:
A Multi-objective Optimization Approach............................ 638
Francisco de Toro, Eduardo Ros, Sonia Mota, Julio Ortega

Intensity Modulated Beam Radiation Therapy Dose Optimization with
Multiobjective Evolutionary Algorithms ............ ... .. ... . ...... 648
Michael Lahanas, Eduard Schreibmann, Natasa Milickovic,
Dimos Baltas

Multiobjective Evolutionary Algorithms Applied to the

Rehabilitation of a Water Distribution System: A Comparative Study ... 662
Peter B. Cheung, Luisa F.R. Reis, Klebber T.M. Formiga,
Fazal H. Chaudhry, Waldo G.C. Ticona



Table of Contents XV

Optimal Design of Water Distribution System by Multiobjective

Evolutionary Methods ........ .. .. 677
Klebber T.M. Formiga, Fazal H. Chaudhry, Peter B. Cheung,
Luisa F.R. Reis

Evolutionary Multiobjective Optimization in Watershed Water
Quality Management . ... ... ......uuuuntuntnne i 692
Jason L. Dorn, S. Ranji Ranjithan

Different Multi-objective Evolutionary Programming Approaches for

Detecting Computer Network Attacks .......... ... ... ... . .. ... 707
Kevin P. Anchor, Jesse B. Zydallis, Gregg H. Gunsch,
Gary B. Lamont

Safety Systems Optimum Design by Multicriteria
Evolutionary Algorithms . ....... ... .. . 722
David Greiner, Blas Galvan, Gabriel Winter

Applications of a Multi-objective Genetic Algorithm to
Engineering Design Problems .. ....... ... .. .. . ... . .. 737
Johan Andersson

A Real-World Test Problem for EMO Algorithms ..................... 752
A. Gaspar-Cunha, J.A. Covas

Genetic Methods in Multi-objective Optimization of Structures
with an Equality Constraint on Volume ............ .. .. ... .. ... ... 767
J.F. Aguilar Madeira, H. Rodrigues, Heitor Pina

Multi-criteria Airfoil Design with Evolution Strategies ................. 782
Lars Willmes, Thomas Back

Visualization and Data Mining of Pareto Solutions Using
Self-Organizing Map .. ... e 796
Shigeru Obayashi, Daisuke Sasaki

Author Index ... 811



	Evolutionary Multi-Criterion Optimization
	Preface
	Organization
	Acknowledgements
	Table of Contents

