
Lecture Notes in Computer Science 6140
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

Alfred Kobsa
University of California, Irvine, CA, 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
TU Dortmund University, Germany

Madhu Sudan
Microsoft Research, Cambridge, MA, USA

Demetri Terzopoulos
University of California, Los Angeles, CA, USA

Doug Tygar
University of California, Berkeley, CA, USA

Gerhard Weikum
Max-Planck Institute of Computer Science, Saarbruecken, Germany



Andrea Lodi Michela Milano
Paolo Toth (Eds.)

Integration
of AI and OR Techniques
in Constraint Programming
for Combinatorial
Optimization Problems

7th International Conference, CPAIOR 2010
Bologna, Italy, June 14-18, 2010
Proceedings

13



Volume Editors

Andrea Lodi
Michela Milano
Paolo Toth
DEIS
University of Bologna
Viale Risorgimento 2, 40136 Bologna, Italy
E-mail: {andrea.lodi,michela.milano,paolo.toth}@unibo.it

Library of Congress Control Number: 2010927799

CR Subject Classification (1998): G.1.6, G.1, G.2.1, F.2.2, I.2, J.1

LNCS Sublibrary: SL 1 – Theoretical Computer Science and General Issues

ISSN 0302-9743
ISBN-10 3-642-13519-6 Springer Berlin Heidelberg New York
ISBN-13 978-3-642-13519-4 Springer Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer. Violations are liable
to prosecution under the German Copyright Law.

springer.com

© Springer-Verlag Berlin Heidelberg 2010
Printed in Germany

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India
Printed on acid-free paper 06/3180



Preface

The 7th International Conference on Integration of AI and OR Techniques in
Constraint Programming for Combinatorial Optimization Problems (CPAIOR
2010) was held in Bologna, Italy, June 16-18, 2010.

The conference is intended primarily as a forum to focus on the integration
and hybridization of the approaches of constraint programming (CP), artificial
intelligence (AI), and operations research (OR) technologies for solving large-
scale and complex real-life combinatorial optimization problems. CPAIOR is
focused on both theoretical and practical, application-oriented contributions.

The interest of the research community in this conference is witnessed by the
high number of high-quality submissions received this year, reaching 39 long and
33 short papers. From these submissions, we chose 18 long and 17 short papers
to be published in full in the proceedings.

This volume includes extended abstracts of the invited talks given at CPAIOR.
Namely, one by Matteo Fischetti (University of Padova) on cutting planes and
their use within search methods; another by Carla Gomes (Cornell University)
on the recently funded NSF “Expedition in Computing” grant on the topic of
computational sustainability and on the potential application of hybrid optimiza-
tion approaches to this area; a third by Peter Stuckey (University of Melbourne)
on the integration of SATisfiability solvers within constraint programming and
integer programming solvers.

Two days before CPAIOR, a Master Class was organized by John Hooker on
“Experimental Study of Algorithms and Benchmarking”. The Master Class was
composed of two parts: in the first, two leading researchers gave overview talks in
the area. Catherine McGeoch (Amherst College) discussed statistical methods,
and Carla Gomes (Cornell University) discussed the scientific use of experimen-
tation. In the second part of the Master Class, software vendors described how
they do benchmarking. The Master Class was intended for PhD students, re-
searchers, and practitioners. We are very grateful to John, who brought this
excellent program together. Finally, a rich program of one-day workshops was
organized on June 15.

We warmly thank Zeynep Kiziltan for her work as Publicity Chair, Fabio
Parisini for managing the conference website, and Enrico Malaguti for the man-
agement of the EasyChair System. We are very grateful to Meinolf Sellmann,
who acted as Workshop Chair and put together an exciting program with five
half-day workshops. Managing submissions and conference proceedings by means
of the EasyChair System made our work a lot easier and we warmly thank Easy-
Chair for this.

Many thanks to the members of the Program Committee, who reviewed all
the submissions in detail and discussed conflicting papers deeply. We warmly
thank the external reviewers as well.
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Special thanks go to Marco Gavanelli and Andrea Roli, the Conference Chairs
who took care of the many details concerning the organization, and to Vanessa
Grotti (Planning Congressi), for her work on budgeting, planning and booking.

Finally, we would like to thank the sponsors who made it possible to orga-
nize this conference: the ARTIST Design, Network of Excellence, the Institute
for Computational Sustainability (ICS), the Cork Constraint Computation Cen-
ter, the Association for Constraint Programming (ACP), the Optimization for
Sustainable Development (OSD) Chair, IBM and FICO.

A special mention should be made of FONDAZIONE DEL MONTE - 1473
for its generous support of the publication of these proceedings and of ALMA
MATER STUDIORUM - Università di Bologna for the continuous help and
support of the organization of CPAIOR 2010.

June 2010 Andrea Lodi
Michela Milano

Paolo Toth
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Narendra Jussien École des Mines de Nantes, France
Thorsten Koch ZIB, Germany
Laurent Michel University of Connecticut, USA
Barry O’Sullivan University College Cork, Ireland
Laurent Perron Google, France
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Michel Rueher, and Willem-Jan van Hoeve

Characterization and Automation of Matching-Based Neighborhoods . . . 45
Thierry Benoist

Rapid Learning for Binary Programs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Timo Berthold, Thibaut Feydy, and Peter J. Stuckey

Hybrid Methods for the Multileaf Collimator Sequencing Problem . . . . . . 56
Hadrien Cambazard, Eoin O’Mahony, and Barry O’Sullivan

Automatically Exploiting Subproblem Equivalence in Constraint
Programming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

Geoffrey Chu, Maria Garcia de la Banda, and Peter J. Stuckey

Single-Facility Scheduling over Long Time Horizons by Logic-Based
Benders Decomposition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

Elvin Coban and John N. Hooker

Integrated Maintenance Scheduling for Semiconductor Manufacturing . . . 92
Andrew Davenport



X Table of Contents

A Constraint Programming Approach for the Service Consolidation
Problem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

Kanika Dhyani, Stefano Gualandi, and Paolo Cremonesi

Solving Connected Subgraph Problems in Wildlife Conservation . . . . . . . 102
Bistra Dilkina and Carla P. Gomes

Consistency Check for the Bin Packing Constraint Revisited . . . . . . . . . . . 117
Julien Dupuis, Pierre Schaus, and Yves Deville

A Relax-and-Cut Framework for Gomory’s Mixed-Integer Cuts . . . . . . . . 123
Matteo Fischetti and Domenico Salvagnin

An In-Out Approach to Disjunctive Optimization . . . . . . . . . . . . . . . . . . . . 136
Matteo Fischetti and Domenico Salvagnin

A SAT Encoding for Multi-dimensional Packing Problems . . . . . . . . . . . . . 141
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