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Welcome

Dear Friends,

Welcome to the Faculty of Engineering of the University of Porto and to the ECCO XIX —
CO 2006 Joint Meeting, which gathers together the yearly conference of the European Chapter
on Combinatorial Optimization (ECCO XIX) and the biennial International Symposium on
Combinatorial Optimisation (CO 2006).

We wish you a pleasant stay at Porto, a city with a rich 1,000-year history. Porto Historic
Centre has been classified by UNESCO as World Heritage, due to the outstanding universal
value of its urban fabric and many historic buildings. Porto is an ancient historical city, with a
lot of interesting sites and monuments, leisure facilities, and very good well-known gastronomy
(it is also famous for the excellent wines produced in the region, mainly Port wine). Porto
is the centre of a culturally and naturally rich region that gathers together history, arts and
nature (sea and mountains); it is a perfect starting point for tourist excursions (of various
durations and flavours).

The ECCO XIX — CO 2006 Joint Meeting keeps the high quality standards of the previous
meetings, showing the diversity and the scientific potential of the Combinatorial Optimization
area. In this meeting we will have four plenary sessions, by leading researchers in this area, and
a total of 59 presentations in parallel sessions, grouped under 9 streams: Routing, Scheduling,
General Combinatorial Optimization, Meta-Heuristics, Graphs, Manufacturing, Cutting and
Packing, Integer Liner Programming and Location. We hope that this meeting will provide a
fruitful exchange of scientific ideas and experiences.

Finally we would like to thank our sponsors, the members of the Program and Organizing
Committees and the people that helped us with the Meeting organization, in particular Rosário
Macedo.

José Fernando Oliveira - Program Committee Chair

Maria Antónia Carravilla - Organising Committee Chair

António Miguel Gomes - Information Technologies Chair

Porto, Portugal, May 11-13, 2006
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Information for Conference Participants

Meeting Venue
The meeting will take place at Faculdade de Engenharia da Universidade do Porto (FEUP),
the School of Engineering of the University of Porto. FEUP is located at the Asprela Campus
in the heart of the main research and academic district of Porto. The Asprela Campus is served
by the yellow metro line (line D, direction Hospital São João - station IPO). This line connects
the Asprela Campus to the city centre in less than 10 minutes and the average time between
trains is less than 10 minutes. Please note that not all of the trains will go to the end of line D
(Hospital de São João). Some of the trains finish the trip on station Pólo Universitário. You
should look at the train destination before boarding. See Asprela map for details. The campus
is also served by several buses lines. Please check the STCP site (http://www.stcp.pt).

Accessing FEUP from the conference hotels

• City Centre and Albergaria São José: walk to any metro station of line D (Trindade,
Aliados or São Bento); if you walk to Bolhão station take the metro to Trindade (lines
A, B, C and E, in the opposite direction of Estádio do Dragão) and there change to line
D (map: City Centre).

• Hotel Ibis: walk directly to FEUP (map: Asprela).

• Hotel Fénix and Hotel Tuela: walk to the metro station Casa da Música and take the
metro to Trindade (lines A, B, C and E, direction Estádio do Dragão) and change to line
D (map: Boavista).

• Hotel Meridien: take a taxi directly to FEUP or bus 21 to Casa da Música (it is a 20
minutes walk from Hotel Meridien to Casa da Música station) and there take the metro
(map: Boavista).

Conference Rooms
To access the area where the conference rooms are located, it is necessary to climb the stairs
on the right side of the main entrance (see FEUP map for details on rooms locations). Please
note: room B120 is located on the 1st-Floor, while rooms B032 and B035 have access both
from Ground-Floor and 1st-Floor. Room B034 only has access from the Ground-Floor.

Equipment of the Conference Rooms
All rooms are equipped with an overhead projector, video projector and a PC computer with
Adobe Acrobat 7.0 and MS Powerpoint 2003 (800x600 resolution recommended). It is also
possible to connect laptops to the video projectors. Authors should check presentations before
their sessions.
We suggest that you bring your own computer and/or transparencies as a back-up.

Porto, Portugal, May 11-13, 2006
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Length of Presentation
20 minutes for each talk, including discussion. Please note that we are running on a very tight
schedule. Therefore, it is essential that you limit you presentation to the time which has been
assigned to you. Session chairpersons are asked to make sure that speakers observe the time
limits.

Lunches
Lunches on May 11 and 12 (Thursday and Friday) are included in the conference fee. Lunches
will be served on FEUP’s canteen (map: Asprela) and it is necessary to present the participants
badge at the canteen entrance.
Several restaurants offering meals and snacks are available at the shopping center in the Asprela
Campus.

Registration
Registration will be on room B120 starting at 8:30 on Thursday morning. Please arrive early
to avoid queues.

Coffee Breaks
Coffee, refreshments and biscuits will be provided during scheduled coffee breaks on room
B120.

Cocktail Party
An informal cocktail party (Porto de Honra) is scheduled to Thursday evening, May 11, at
18:00 at the meeting venue.

Minho Tour and Conference Dinner
On Friday afternoon and evening is scheduled a tour to Minho and the conference dinner.
Departure will be at 14:30 from the conference venue (main entrance) to visit Guimarães, the
nation’s “birthplace”. The tour includes a visit to the Ducal Palace and a walking guided tour
in the historical centre, ending at Pousada de Santa Marinha for the conference dinner. The
buses will return to the conference hotels after dinner.

Internet access
FEUP is covered by a wireless network and the use of laptops to access the internet is possible.
However the connection is restricted to the http e https protocols (this means surfing the
internet with a browser and read email through webmail). To offer a simple and easy access to
internet services for all participants, a low security policy has been implemented and we advise
the use of the https protocol. Participants should connect to the SSID “guest-e-U” and follow
the instructions for conference participants (SSID: guest-e-U; login: ecco; password: eccofeup).
There will be also available two PCs on the room B120 to access internet .

Arriving at the airport
The city of Porto is easily accessible from abroad. Several airlines offer direct service to F. Sá
Carneiro International Airport (http://www.ana-aeroportos.pt/ANAIngles/Porto/HomePage
.htm), located about 12 Km from the City Centre.

• The AeroBus – The AeroBus (http://www.stcp.pt/en/alugueres/aerobus.htm ) is a ser-
vice of STCP (http://www.stcp.pt) that assures a fast linking between the Airport and
the city centre (Av. dos Aliados), passing by the main Hotels of Porto, and the maximum
travel time is 40 minutes (all hotels served except Hotel Ibis). Just inform the driver of

Porto, Portugal, May 11-13, 2006
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your destination. It is convenient, fast and cheap service at the arrivals terminal. There
are buses every 30 min, all week, between 7 a.m. and 8 p.m. with specialised drivers
and modern buses fitted with air-conditioning. The ticket is just 4.00 e and can be
bought inside the bus, and it is valid on any STCP line until the end of the day. TAP
Air Portugal offers this service free of charge to its passengers, just show your boarding
card to the Aerobus driver. The trips back to the Airport begin at Av. dos Aliados.
Passengers can board the bus at the stop on Av. dos Aliados, but all other stops require
prior booking, via Internet or by telephone, so that the AeroBus makes the shortest
possible journey

• Taxi services – A taxi ride to the conference hotels is around 20.00 e. Volumes exceeding
55x36x20cm needing to be carried in the luggage compartment are charged 1.50 e.

• Metro – We regret to inform you that the Metro line E which connects the airport to
the city centre will not be operating by the time of the meeting.

Moving Around
The metro system is the most convenient way to move around in Porto. Inside the city limits
you need a Z2 ticket (0.85 e for 1 trip, 8.5 e for 11 trips, 3.00 e for all trips in the following
24h). The ticket, called Andante, is rechargeable, individual and needs to be validated at the
entrance of every station (the ticket is valid for one hour). The Andante ticket is also valid
on the bus lines marked with the Andante sign. Please check STCP for details. Participants
who wish to visit museums should consider the acquisition of the cultural pass ticket (Passe
Porto). With this pass you have discounts or free admittance on museums and use all public
transports in Porto (metro, bus, ...). 1 day: 7.5 e; 3 days: 15.5 e. Taxis are not very expensive
and, within the city limits, the rates charged are those shown in the meter at the end of the
ride. For other areas the fare is calculated at 0.35 e per km after leaving the city limits. Any
tolls (round trip) are paid by the client. On Saturdays, Sundays and national holidays, and
Monday to Friday between 10 p.m. and 6 a.m., a 20% additional rate applies to normal fares.

Touristic Highlights
Porto is an ancient historical city, with a lot of interesting sites and monuments, leisure facili-
ties, and very good well-known gastronomy (it is also famous for the excellent wines produced
in the region, mainly Port wine). Porto is the centre of a culturally and naturally rich region
that gathers together history, arts and nature (sea and mountains); it is a perfect starting
point for tourist excursions (of various duration’s and flavours).

• Historical centre: the old part of the town and the main monuments are classified as
World Heritage by UNESCO.

• Serralves: Museum of Contemporary Art and Park.

• Museu Nacional de Soares dos Reis: Palácio dos Carrancas, sculptures and paintings
from the XIX and XX centuries.

• Casa da Música: The building, whose name literally means ”House of Music”, was de-
signed by the Dutch architect Rem Koolhaas. Port wine cellars

• Cruises in the Douro River : to see Porto World Heritage or the Douro Valley.

Porto, Portugal, May 11-13, 2006
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Messages
Messages for conference participants and accompanying persons can be left at the conference
secretary on:

Telephone: +351 22 508 1920 (Rosário Macedo)
Fax: +351 22 508 1443

Porto, Portugal, May 11-13, 2006
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Program Overview

Porto, Portugal, May 11-13, 2006



12 ECCO XIX – CO 2006 Joint Meeting

Porto, Portugal, May 11-13, 2006



ECCO XIX – CO 2006 Joint Meeting 13

Scientific Program Schedule

Thursday (May 11)
9:40 – 10:00

Opening Session (B032 )

10:00 – 11:00

Plenary Session 1 (B032 )
Chairperson: Alain Hertz

Combinatorial Optimization and Green Logistics

Richard Eglese

11:30 – 12:30

Session 1a: Routing 1 (B032 )
Chairperson: Silvano Martello

1a.1 Exact and Heuristic Approaches for the Aircraft Fleeting and Routing Problem

Mohamed Haouari, Najla Aissaoui, Farah Zeghal

1a.2 A Tabu Search Algorithm for Fleet Size and Mix Vehicle Routing Problem

José Brandão

1a.3 Vehicle routing problems with two- and three-dimensional loading constraints

Silvano Martello

Session 1b: Scheduling 1 (B034 )
Chairperson: Jorge Pinho de Sousa

1b.1 Late work minimization in two-machine shop systems

Jacek Blazewicz, Erwin Pesch, Malgorzata Sterna, Frank Werner

1b.2 Scheduling of 1- and 2-processor UET multiple tasks on dedicated machines with limited avail-
ability

Krzysztof Giaro, Marek Kubale

1b.3 Cyclic Scheduling

Peter Brucker, Thomas Kampmeyer

Porto, Portugal, May 11-13, 2006
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Session 1c: General Combinatorial Optimization 1 (B035 )
Chairperson: Jakob Krarup

1c.1 A software model of combinatorial optimisation problems

Cristina C. Vieira, Carlos M. Fonseca

1c.2 Lower bounds from a natural formulation for the part families with precedence constraints prob-
lem

Ĺıdia Lampreia Lourenço, Margarida Vaz Pato

1c.3 OR Projects: Knowledge Sharing Framework Strategy for Competitive Advantage

Ednea Maria Cochrane

14:00 – 15:00

Plenary Session 2 (B032 )
Chairperson: Vitaly A. Strusevich

Unweighted set cover: beat the computer!

Jakob Krarup

15:10 – 16:10

Session 2a: Routing 2 (B032 )
Chairperson: Richard Eglese

2a.1 On a time-dependent formulation for routing problems

M. Teresa Godinho, Lúıs Gouveia, Thomas Magnanti, Pierre Pesneau, José Manuel Pires

2a.2 A Genetic Algorithm for the Rural Postman Problem

Maria Rosário Moreira, José Soeiro Ferreira

2a.3 Multicriteria Selection of Attractions and Hotels for Sightseeing Tours

Jean-Marc Godart

Session 2b: Scheduling 2 (B034 )
Chairperson: Van-Dat Cung

2b.1 Universal Scheduling Problems

Horst W. Hamacher, Marcel T. Kalsch

2b.2 Lower Bounds for Tardiness Minimization on a Single Machine with Family Setup Times

Imed Kacem

2b.3 Scheduling with Controllable Processing Times to Minimize the Maximum Job Cost

Natalia V. Shakhlevich, Vitaly A. Strusevich

Porto, Portugal, May 11-13, 2006
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Session 2c: Meta-Heuristics 1 (B035 )
Chairperson: El-Ghazali Talbi

2c.1 Hyper-ellipse landscape approximation for large combinatorial optimization instances
Emilia Tantar, Clarisse Dhaenens, El-Ghazali Talbi

2c.2 Two hybrid methods based on genetic algorithms for decision making in project management
applications

Rachid Chelouah, Claude Baron, Samuel Rochet

2c.3 Ant colony optimization for multi resources allocation problem in project management (with case
study)

Amir Hossein Meimand Kermani, Hesam Adin Zegordi

16:40 – 18:00

Session 3a: Graphs (B032 )
Chairperson: Alain Hertz

3a.1 On edge orienting methods for graph coloring
Bernard Gendron, Alain Hertz, Patrick St-Louis

3a.2 Collective Decisions for Graph Algorithms

Ulrich Pferschy, Christian Klamler

3a.3 On the k-clique polyhedra

Jean Francois Maurras

3a.4 Using Graph Partitioning and Tabu Search to solve the Transit Network Design Problem

Nicolas Teypaz, Van-Dat Cung

Session 3b: Scheduling 3 (B034 )
Chairperson: Chris Potts

3b.1 A guaranteed clustering algorithm for large communication delay model
Johnatan Pecero-Sanchez and Denis Trystram

3b.2 A Tabu Search Algorithm for Job Scheduling on Computational Grids

Fatos Xhafa

3b.3 On-line Service Scheduling

Zhenbo Wang, Wenxun Xing, Bo Chen

3b.4 On-line Algorithms for Single Machine Scheduling with Family Setup Times

C. N. Potts, V. A. Strusevich, J. D. Whitehead

Session 3c: General Combinatorial Optimization 2 (B035 )
Chairperson: Carlos M. Fonseca

3c.1 Combinatorial auctions with transformation in procurement
Dolores Romero Morales, Reinder B. Lok, Richard Steinberg

3c.2 New approach for Partial Digest Problem

Piotr Lukasiak, Jacek Blazewicz, Maciej Antczak, Grzegorz Palik

3c.3 Substitutes and Complements in Network Flows Viewed as Discrete Convexity

Kazuo Murota, Akiyoshi Shioura

Porto, Portugal, May 11-13, 2006
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3c.4 Two Phase Method with Three Objectives Applied to the Assignment Problem

Anthony Przybylski, Xavier Gandibleux, Matthias Ehrgott

Friday (May 12)
9:00 – 10:20

Session 4a: Meta-Heuristics 2 (B032 )
Chairperson: Thomas Stuetzle

4a.1 Self-tuning of the noising methods

Irène Charon, Olivier Hudry

4a.2 Attribute Guided Search

Ian M. Whittley, George D. Smith

4a.3 A Relax-and-Cut RAMP Approach for the Linear Ordering Problem

Dorabela Gamboa, César Rego, Fred Glover

4a.4 F-races: A tool for the automatic configuration of stochastic local search algorithms

Mauro Birattari, Thomas Stuetzle

Session 4b: Manufacturing (B034 )
Chairperson: Maria Antónia Carravilla

4b.1 Exact Methods for Design of Unit-Head Machines

Nikolai Guschinsky, Alexandre Dolgui, Genrikh Levin

4b.2 Modeling Operations of Electronic Component Placement Machines

Ekrem Duman

4b.3 An interactive heuristic for bicriteria olive oil production planning problem

Kristina Soric, Visnja V. Rosenzweig, Olivera Koprivnjak

4b.4 Flexible scheduling in cells of a workshop

M. Labane, A. Soukhal, J-C. Bilaut

Session 4c: Cutting and Packing 1 (B035 )
Chairperson: Rafal Walkowiak

4c.1 Lower bounds and heuristics for the variable sized bin packing problem

Mohamed Haouari, Mehdi Serairi

4c.2 Solving the Variable Size Bin Packing Problem with Discretized Formulations

Isabel Correia, Lúıs Gouveia, Francisco Saldanha-da-Gama

4c.3 1DBP - parallel metaheuristic approaches to the problem

Rafal Walkowiak

4c.4 1DBP with different costs and sizes of bins - the ideas and results

Rafal Walkowiak

Porto, Portugal, May 11-13, 2006
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10:50 – 11:50

Session 5a: Integer Liner Programming (B032 )
Chairperson: Catherine Roucairol

5a.1 Finding the nearest point in a polytope according to any metric

João Soares

5a.2 An Integral Basis Method for the Quadratic Assignment Problem

Yuusuke Kounoike, Tetsuya Fujie, Yuji Shinano

5a.3 On lower bounds of the Quadratic Assignment Problem

Catherine Roucairol, Bertrand Le Cun

Session 5b: Scheduling 4 (B034 )
Chairperson: Mohamed Haouari

5b.1 Tight Bounds for the Identical Parallel Machine

Mohamed Haouari, Anis Gharbi, Mahdi Jammeli

5b.2 Scheduling Parallel Dedicated Machines with the Speeding-Up Resource

H. Kellerer, V.A. Strusevich

5b.3 MultiObjective Parallel Machine Scheduling using Memetic Algorithms

Felipe Baesler, Luis Ceballos, Milton Ramirez

Session 5c: Cutting and Packing 2 (B035 )
Chairperson: Hiroshi Nagamochi

5c.1 A neighbourhood structure, based on visibility graphs, for the two-dimensional packing problem

Eduarda Pinto Ferreira, José Fernando Oliveira

5c.2 Clustering irregular shaped pieces for lattice packing

M. Teresa Costa, A. Miguel Gomes, José F. Olilveira

5c.3 An iterated local search algorithm based on nonlinear programming for the irregular strip packing
problem

Takashi Imamichi, Mutsunori Yagiura, Hiroshi Nagamochi

12:00 – 13:00

Plenary Session 3 (B032 )
Chairperson: Chris Potts

Metaheuristics in Combinatorial Optimization: flexibility and decision support

Jorge Pinho de Sousa

Porto, Portugal, May 11-13, 2006
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Saturday (May 13)
9:30 – 10:50

Session 6a: Meta-Heuristics 3 (B032 )
Chairperson: Laetitia Jourdan

6a.1 Application of a Structured Multiobjective Evolutionary Algorithm to the Design of Screws for
Polymer Extrusion
M.A. Felismino, A. Gaspar-Cunha, C.M. Fonseca

6a.2 Solving the Combinatorial Optimisation Twin-Screw Design Problem Using Meta-Heuristics

C. Teixeira, R. Faria, J.A. Covas, A. Gaspar-Cunha

6a.3 Selection of Solutions in a Multi-Objective Environment: Application to Polymer Extrusion and
Injection Molding

J.C. Ferreira, C.M. Fonseca, A. Gaspar-Cunha

6a.4 Mono and Multi-objective continuous optimization for conducting polymer composites

Laetitia Jourdan, Thomas Legrand, El-Ghazali Talbi, Jean Luc Wojkiewicz

Session 6b: Location (B034 )
Chairperson: Stavros Zenios

6b.1 Improved Complexity Results for Several Multifacility Location Problems on Trees
Jörg Kalcsics

6b.2 Network Flows and Location (FlowLoc): The Source Location Problem

Horst W. Hamacher, Dwi R. Poetranto

6b.3 The multiple-period, multiple-capacities facility location problem MPMCFLP: background, dif-
ferent approaches and challenges

Miguel Ortega-Mier, Alvaro Garćıa-Sánchez, Eva Ponce-Cueto

6b.4 Capacity investment under uncertainty: multiobjective decisions with multiobjective local search

João Claro, Jorge P. Sousa

11:20 – 12:20

Plenary Session 4 (B032 )
Chairperson: Silvano Martello

Financial Products with Guarantees: Applications, Models and Internet-based services
Stavros Zenios

12:20 – 12:30

Closing Session (B032 )

Porto, Portugal, May 11-13, 2006
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Plenary Sessions Abstracts

Plenary Session 1
Combinatorial Optimization and Green Logistics

Richard Eglese

The field of logistics has been an area which has generated many hard combinatorial optimization
problems of practical importance, such as the Vehicle Routing Problem. Traditional approaches have
tended to concentrate on the objective of cost minimization for production, distribution and collection
activities. However in recent years there has been a greater emphasis on the environmental impacts
of these activities. New problems have emerged from new approaches such as reverse logistics and the
increased importance of recycling. Relevant objectives may involve not only minimization of cost, but
also minimizing pollution and other environmental measures. The paper will examine some of the new
problems that have emerged in this area and the contribution that combinatorial optimization models
can make.

Plenary Session 2
Unweighted set cover: beat the computer!

J. Krarup, J. Villadsen

For a 0-1 matrix DELTA = deltaij , column j is said to cover row i if deltaij = 1. A cover is a subset of
columns covering all rows. Unweighted SET COVER (USC) is the problem of finding a cover containing
as few columns as possible. A seemingly innocent brain teaser was published in a Danish journal in 2003.
Not much reflection is needed to realize that the solution of a highly structured instance DELTA of USC
will answer the question posed. The instance DELTA or rather, the family of instances DELTA(n) is a
square matrix of size 3n, n = 1, 2, . . . . Provided that DELTA(1) is known, the fractal-like structure of
the matrices allows for DELTA(n) to be constructed recursively for any value of n. Let omega(n) be the
number of columns in an optimal solution to DELTA(n). Some preliminary investigations have enabled
us to determine omega(n), n = 1, 2, 3, 4, and to show that omega(5) must be either 12 or 13. 12 or 13?
Unfortunately LP-based bounds take us nowhere in this case since the optimum is flat as a pancake. It
offers some consolation though that experiments with CPLEX were not too encouraging either. For n =
5, DELTA(5) is a matrix of size 243x243. Nothing was returned after 24 hours CPU time. Eventually,
upon an investment of 72 hours CPU time, CPLEX managed to come up with omega(5) = 12. The
original problem asks for omega(12), that is, an optimal solution to a square matrix of size 531,441.
After a week the originator of the problem, using an invalid argument, announced his own answer,
omega(12) = 512, and cashed the award. We have so far shown that omega(12) is bounded to belong
to the interval [210, 377]. We also need to conclude that no brute force approach such as further
experiments with CPLEX is likely to work whereas paper and pencil may suffice in providing the final
result.

————————

The text above is a slightly extended version of the abstract used when a few preliminary results for
n < 6 were presented at meetings in 2004 and 2005. State-of-affairs as per today: the transition from
patches to tiles in the investigation of feasible solutions has reduced the dimension by a factor of 34. In

Porto, Portugal, May 11-13, 2006
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terms of tiles a full-scale verification of the optimal solution found for n = 6 (729x729) occupies only a
single A4 sheet. Moreover, n = 7 has lead to new insight into an important notion called compatibility,
to the corresponding STU forms, to the concept of even/odd keys, to the distinction between E- and X-
keys, and to the discovery of matching cliques. Furthermore, paper and pencil have been supplemented
by a puzzle with pieces of transparent strips showing three or six letters each. Part of the puzzle is
readily solvable within a few minutes, for example, on an overhead projector. The puzzle has so far
been instrumental in laying bare the unexpected structure of the solution to the n = 7 (2,187 x 2,187)
instance and is believed to represent a significant step ahead towards the general “n -> n+1” (recursive)
solution procedure aimed for. Although the lower bounds are provably tight for all n < 8 we can at
most conjecture that this property applies for all values of n. If true, however, omega(12) = 210.
Disregarding the distant and, for our purpose, largely irrelevant familiarity with the “Coupon Collector
Problem”, nothing useful whatsoever has been found in the literature that we are familiar with. Thus,
if the nut can be fully cracked, the visible result will presumably become an indeed self-contained paper
as reflected by the total absence of references.

Plenary Session 3
Metaheuristics in Combinatorial Optimization: flexibility and decision

support
Jorge Pinho de Sousa

Metaheuristics have been successfully used in a large range of Combinatorial Optimization problems.
This success is partly due to their flexibility, as they easily incorporate new constraints or objectives,
with no need for structural changes in software. Although algorithms such as Simulated Annealing
or Tabu Search are quite used in practice, the development of other metaheuristics, as well as their
hybridization, is leading to the identification of more fundamental common characteristics and compo-
nents that may form a general conceptual framework, useful for the design of new high performance
algorithms. This is particular useful in the case of multi-objective metaheuristics. We will analyze some
of these features, and present a few practical examples. In fact, recent research on metaheuristics has
provided innumerous contributions for the design of software platforms integrating generic components
that are easily adaptable and re-usable. These “frameworks” are able to articulate different models and
techniques creating flexible, configurable systems whose architecture can be dynamically changed. This
seems to be fundamental for the practical success of this type of approaches, and is potentially the basis
for their progressive integration in commercial software. Moreover traditional heuristic procedures are
extremely dependent on the instance features, and parameter tuning and algorithm customization is
often a rather time consuming task. An important research line is based on this concern, and special
approaches have been developed to handle this specific issue. Successful examples of these approaches
will also be presented. Finally it should be noted that in practice, these techniques are only meaningful
if they are embedded in broader Decision Support Systems. This should also be viewed as a way to
overcome the strong limitations of the “optimization paradigm” arising from the limitations of models,
from the complexity of real problems and from their lack of structure. Additional strong requirements
are also associated to the fact that decision environments are extremely dynamic. That is why a well
designed interaction with the decision-maker may play an important role in the process, particularly in
what concerns the key issue of dealing with multiple objectives. We will present a couple of practical
applications of these ideas, and discuss some related potentially interesting research topics.
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Plenary Session 4
Financial Products with Guarantees: Applications, Models and

Internet-based services
Stavros Zenios, Andrea Consiglio

Endowments with a minimum guaranteed rate of return appear in insurance policies, pension plans
and social security plans. In several cases, especially in the insurance industry, such endowments also
participate in the business and receive bonuses from the firm’s asset portfolio. In this paper we develop
a scenario based stochastic optimization model for asset and liability management of participating
insurance policies with minimum guarantees. The model allows the analysis of the tradeoffs facing an
insurance firm in structuring its policies as well as the choices in covering their cost. The model is
applied to the analysis of policies offered by insurance firms in Italy and the UK. While the optimized
model results are in general agreement with current industry practices, inefficiencies are still identified
and potential improvements are suggested. The modeling tools developed for the management of
insurance policies are also used to develop a web-based system for individual investors. Investor’s goals
and risk profiles are addressed in an integrated fashion. The requirements for real-time modeling by the
average investor must be reflected in the model, and this issue will be discussed as well. The practical
experience with this model will be discussed.
References:
A. Consiglio and F. Cocco and S.A. Zenios, “Personal Asset Allocation”, Interfaces, Vol. 34(4), pp.
287–302, July–August 2004.
A. Consiglio, D. Saunders and S.A. Zenios, “Insurance League: Italy vs. UK”, Journal of Risk Finance,
pp. 1–8, Summer 2003.
A. Consiglio and F. Cocco and S.A. Zenios, “The PROMETEIA model for managing endowments
with guarantees”, Handbook on Asset and Liability Management, S.A. Zenios and W.T. Ziemba (eds.),
Elsevier Science B.V. (forthcoming).
A.Consiglio, F. Cocco and S.A. Zenios,“The value of integrative risk management for insurance products
with guarantees”, Journal of Risk Finance, pp. 1–11, Spring 2001.
S.A. Zenios et. al. , “Dynamic models for fixed-income portfolio management under uncertainty”,
Journal . of Economic Dynamics and Control, 22: 1517–1541, 1998.
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Parallel Sessions Abstracts

1a.1
Exact and Heuristic Approaches for the Aircraft Fleeting and Routing

Problem
Mohamed Haouari, Najla Aissaoui, Farah Zeghal

Given a schedule of flights to be flown, the Aircraft Fleeting and Routing Problem (AFRP) consists of
determining a minimum cost route for each aircraft so as to cover each flight by exactly one aircraft
while satisfying maintenance requirements and other activity constraints. A solution to this problem
specifies the individual aircraft, characterized by its fleet type, assigned to each flight as well as the
sequence of flights to be flown by each aircraft. The cost of assigning an aircraft to a flight includes
operating costs (fuel, taxes, etc.), deadhead (or positioning) costs, and opportunity costs induced by
losing “spilled passengers” due to excess demand. We propose two valid formulations for the AFRP
using integer programming models and we present a column generation algorithm as well as an effective
optimization-based heuristic. Computational results with real-life data from TunisAir are presented.
Keywords: routing

1a.2
A Tabu Search Algorithm for Fleet Size and Mix Vehicle Routing Problem

José Brandão

1 Introduction In this paper we study the fleet size and mix vehicle routing problem (FSMVRP),
which is a variation of the classical vehicle routing problem (VRP). In the VRP the objective is to
define a minimum cost set of routes in order to service a set of customers with known demands and
locations. Each route is assigned to one vehicle that starts from the depot and returns to it after
visiting the customers in the sequence defined by the route. In the FMSVRP a heterogeneous fleet of
vehicles is considered (contrary to what happens in the VRP), with different capacities, fixed costs and
variable costs. The objective is to define the size of the fleet, the types of vehicles and the routes in
order to minimize the total cost. The FMSVRP is a NP-hard problem and therefore only approximate
algorithms are suitable for solving practical problems. There are in the literature several versions of the
FMSVRP, which include vehicle independent variable costs like Golden et al.[5] and Salhi et al.[7], a
fixed number of vehicles of each type, time windows constraints on the customers and on the depot, or
even more realistic cases considering owned and hired vehicles, multiple trips per vehicle as it happens
in Brandão[1]. Here we study the more common version appearing in the literature that assumes an
unlimited number of vehicles of each type, fixed costs, variable costs, and no time windows. Some
authors that have studied this problem are Gendreau et al.[3], Gheysens et al.[4], Osman and Salhi[6],
and Salhi and Rand[8]. 2 The tabu search algorithm The Tabu Search Algorithm (TSA) is based on
two types of neighbourhood move. The first is an insertion and the second is a swap. In an insertion
move, a customer is removed from its current route and a trial insertion is made in any other route
between any two other customers or the depot. The swap move is 1 Introduction In this paper we study
the fleet size and mix vehicle routing problem (FSMVRP), which is a variation of the classical vehicle
routing problem (VRP). In the VRP the objective is to define a minimum cost set of routes in order
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to service a set of customers with known demands and locations. Each route is assigned to one vehicle
that starts from the depot and returns to it after visiting the customers in the sequence defined by the
route. In the FMSVRP a heterogeneous fleet of vehicles is considered (contrary to what happens in
the VRP), with different capacities, fixed costs and variable costs. The objective is to define the size
of the fleet, the types of vehicles and the routes in order to minimize the total cost. The FMSVRP is a
NP-hard problem and therefore only approximate algorithms are suitable for solving practical problems.
There are in the literature several versions of the FMSVRP, which include vehicle independent variable
costs like Golden et al.[5] and Salhi et al.[7], a fixed number of vehicles of each type, time windows
constraints on the customers and on the depot, or even more realistic cases considering owned and
hired vehicles, multiple trips per vehicle as it happens in Brandão[1]. Here we study the more common
version appearing in the literature that assumes an unlimited number of vehicles of each type, fixed
costs, variable costs, and no time windows. Some authors that have studied this problem are Gendreau
et al.[3], Gheysens et al.[4], Osman and Salhi[6], and Salhi and Rand[8]. 2 The tabu search algorithm
The Tabu Search Algorithm (TSA) is based on two types of neighbourhood move. The first is an
insertion and the second is a swap. In an insertion move, a customer is removed from its current route
and a trial insertion is made in any other route between any two other customers or the depot. The
swap move is similar. Two candidate customers are selected from two different routes and interchanged
and their place in the destination route is defined by the least insertion cost. The trial move chosen
depends on the effect of the move on the objective function. This objective function includes fixed and
variable costs, and includes also a term that penalizes infeasible solutions in terms of capacity, which
are also allowed. A conventional tabu list is constructed to prevent the reversal of accepted moves for
the next t iterations, where t is the length of the tabu list. The length of the tabu list is fixed and after
some experimentation has been set to N/4, where N is the number of customers. The tabu restriction
may be overridden if the move will produce a solution that is better than what has been found in the
past. This is referred to as the aspiration criterion. In the TSA, a trial move is regarded as admissible
if: i) it is not currently on the tabu list; ii) or it is tabu and infeasible, but the cost of the resulting
solution is better than the best infeasible solution yet found; iii) or it is tabu and feasible, but the cost
of the resulting solution is better than the best feasible solution yet found. At each iteration in the
TSA, the best admissible solution from the candidate moves is selected. At the end of each iteration,
the GENIUS procedure, developed by Gendreau et al.[2], is applied to the two individual routes that
have been changed to try to reduce their costs further. 3 Computational results In order to evaluate the
performance of our algorithm we used twenty test problems proposed by Golden et al.[5]. The results
obtained so far are quite good although we have only performed preliminary experiments. References
[1] Brandão, J., and Mercer A (1997): “A tabu search algorithm for the multi-trip vehicle routing and
scheduling problem”. In: Eur. J. Opl. Res., 100, 180-191. [2] Gendreau M, Hertz A and Laporte
G (1992): “New insertion and post-optimization procedures for the traveling salesman problem”. In:
Operations Research, 40/6, 1086-1094. [3] Gendreau M, Hertz A. and Laporte, G (1994): “A tabu
search heuristic for the heterogeneous fleet vehicle routing problem”. In: Computers and Operations
Research, 26, 1153-1173. [4] Gheysens, F. G., Golden, B., and Assad, A (1986): “A new heuristic
for determining fleet size and composition”. In: Mathematical Programming Studies, 26, 233-236. [5]
Golden, B., Assad, A., Levy, L., and Gheysens, F. G. (1984): “The fleet size and mix vehicle routing
problem”. In: Computers and Operations Research, 11, 49-66. [6] Osman, I. and Salhi, S. (1996):
“Local search strategies for the vehicle fleet mix problem”. In: Rayward-Smith, V., and Osman, I.,
Reeves, C. and Smith, G. (eds.): Modern heuristic search methods. Wiley, Chichester, 131-153. [7]
Salhi, Said, Sari, M., Saidi, D., and Touati (1992): “Adaptation of some vehicle fleet mix heuristics”.
In: Omega, 20, 653-660. [8] Salhi, Said, and Rand, Graham (1993): “Incorporating vehicle routing into
the vehicle fleet composition problem”. In: Eur. J. Opl. Res., 66, 313-330.
Keywords: routing, meta-heuristics
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1a.3
Vehicle routing problems with two- and three-dimensional loading

constraints
Silvano Martello

We review recent researches on combinations of the capacitated vehicle routing problem with two-
and three-dimensional loading constraints. For the two-dimensional case the demand of a customer
consists of a certain number of two-dimensional weighted rectangular items. The problem calls for the
minimization of the cost of transportation, sub ject to the traditional weight constraints and to the
existence of a feasible two-dimensional loading of the items assigned to each vehicle. We consider two
variants of the problem: an unrestricted one and a sequential one. In the latter variant we additionally
impose to each vehicle a constraint on the unloading sequence. For the three-dimensional case the
demand of a customer consists of three-dimensional weighted rectangular items. In addition to the
previous weight, packing and sequence constraints, we include the possibility of considering operational
constraints (often encountered in real-world applications) that allow to handle fragile items and to
ensure the stability of the loading when items are superposed.
Keywords: routing, cutting and packing

1b.1
Late work minimization in two-machine shop systems
Jacek Blazewicz, Erwin Pesch, Malgorzata Sterna, Frank Werner

The paper presents a survey of results obtained for scheduling problems with two dedicated machines,
a common due date (d) and the late work performance measures (Y, Yw). The late work criterion
penalizes the number of tardy units regardless of the quantity of the delay for totally late activi-
ties. The research contained a theoretical analysis of the computational complexity of weighted and
unweighted cases (i.e. NP-hardness proofs and pseudo-polynomial time approaches), as well as com-
putational experiments with exact, heuristic and meta-heuristic methods. In the unweighted case, the
two-machine open shop problem, O2|di=d|Y, is the only one, which can be solved in polynomial time
O(n), where n denotes the number of jobs. The solution method is based on Gonzalez and Sahni’s
approach proposed for O2||Cmax. According to a recent result by Kubiak and Pesch, the flow shop
problem F2|di=d|Y is NP-hard. In consequence, the job shop problem, J2|di=d|Y, being its generaliza-
tion, is classified as intractable too. Moreover, some dominance relations for F2|di=d|Y were proven,
involving Johnson’s algorithm originally proposed for the problem F2||Cmax. In the weighted case, all
scheduling problems under consideration are NP-hard. The NP-hardness proofs are based on a trans-
formation from the partition problem. Moreover, because these scheduling problems (O2|di=d|Yw,
F2|di=d|Yw, J2|di=d|Yw) can be solved by dynamic programming methods with pseudo-polynomial
time complexities (O(n3d2), O(n2d4), O(nd11)), they are classified as NP-hard in the ordinary sense.
The computational phase of the research was devoted to the flow shop problem F2|di=d|Yw. Two exact
approaches were implemented and evaluated: dynamic programming and enumerative ones. The test
results showed that the pseudo-polynomial complexity O(n2d4) might be a worse choice than a purely
exponential one O(n2n). However, in practical applications of scheduling theory, an optimal solution of
a problem rarely needs to be determined. Thus, in our research, we also implemented the list scheduling
method, whose good performance encouraged us to embed this heuristic approach within an additional
search mechanism, and to construct meta-heuristic strategies. Three algorithms were proposed and
tested: simulated annealing, tabu search and variable neighborhood search. These methods used two
different neighborhood definitions, shifting or exchanging jobs, based on some special features of the
problem under consideration. Computational experiments, proceeded by an extended tuning process,
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showed that exploring the solution space by metaheuristics made a further improvement of a list solu-
tion possible. Moreover, computational results enabled an interesting comparison of particular solution
approaches and an analysis of the influence of a problem instance on their efficiency.
Keywords: scheduling

1b.2
Scheduling of 1- and 2-processor UET multiple tasks on dedicated

machines with limited availability
Krzysztof Giaro, Marek Kubale

In the talk we address a generalization of the classical 1- and 2-processor problem of scheduling unit
execution time tasks on dedicated machines. In our scheduling model the machines are available in time
windows only while tasks may appear repeatedly. Our approach is based on reducing the scheduling
problem to list-cost coloring of the edges of associated graph. The versatility of our approach makes it
possible to generalize all known classical criteria of optimality as well bicriteria. Under these constraints
we show that the problem of optimal scheduling of sparse instances can be solved in pseudopolynomial
time.
Keywords: scheduling

1b.3
Cyclic Scheduling

Peter Brucker, Thomas Kampmeyer

Cyclic versions of job-shop (or flow-shop) scheduling problems with special features like positive and
negative time-lags or blocking and non-blocking situations are considered. Furthermore, transportation
may be taken into account. The objective is to minimize the cycle time. The model covers different
cyclic versions of the job-shop problem found in the literature, robotic cell problems, and the single
hoist scheduling problem. It is shown that all these problems can be formulated as mixed integer linear
programs which have a common structure. Small instances are solved with an LP-solver. For larger
instances tabu search procedures have been developed. The same concepts can be used to solve cyclic
scheduling problems with identical parallel machines and tool transportation between the machines,
and computer pipelining problems.
Keywords: scheduling, heuristics, manufacturing, integer linear programming

1c.1
A software model of combinatorial optimisation problems

Cristina C. Vieira, Carlos M. Fonseca

A key issue in promoting the adoption of optimisation methodologies in the real world is the ability to
separate, at the implementation level, the problem description from the method used to solve it, while
preserving an appropriate matching between problems and solvers. Arguably, much of the optimisation
software available today is geared either towards solving a well-defined class of problems, and doing it as
efficiently as possible using tried-and-tested solvers, or towards approaching broad classes of problems
with “softer” algorithms, such as the various types of meta-heuristics, in which case the myriad of
not-so-problem-independent algorithm configurations typically becomes mixed with some aspects of
problem specification. In particular, comparing different types of optimisers in order to select the most
well-suited to a given practical setting becomes difficult, and the apples-to-oranges argument often
applies to the comparison. In this work, a software model of combinatorial optimisation problems
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is proposed. Starting with a very general definition of optimisation, contemplating local and global,
discrete and continuous, single-objective and multi-objective optimisation, the relevant entities of an
abstract optimisation problem are identified along with the relationships between them. These are then
aggregated and structured to arrive at the software components of the model, in an object-oriented way.
In order to provide suitable matching between problems and solvers, the model interface is designed
to reflect, not the details of the optimisation problem itself, but the properties which it may possess
and on which solvers may depend. For example, a local optimisation problem may not be defined
without specifying a neighbourhood structure. Then, to reflect its existence, and to allow, say, a local
search algorithm to use it according to its own policy, the model of the problem must supply suitable
mechanisms, or methods, such as neighbourhood enumeration. To illustrate how adopting the proposed
model may allow solvers to be implemented in much more problem-independent ways, examples based on
the application of local search and evolutionary algorithms to some classical combinatorial optimisation
problems will be presented.
Keywords: heuristics, meta-heuristics, general combinatorial optimisation

1c.2
Lower bounds from a natural formulation for the part families with

precedence constraints problem
Ĺıdia Lampreia Lourenço, Margarida Vaz Pato

The part families with precedence constraints problem (PFP) arises in industry, when flexible man-
ufacturing systems are designed within a group technology approach. The aim of this problem is to
group parts into families by imposing capacity constraints, concerning both the number of parts and
processing times, besides precedence constraints in the building of families. A natural formulation was
used in order to solve a wide variety of instances of PFP. However, the standard software applied was
not able to find the optimal solution for the medium and large dimension instances of this difficult
NP-hard problem. Moreover, the lower bounds for the optimal value of the PFP obtained from the
linear relaxation of the above mixed binary linear programming formulation were very weak, frequently
null. Some classes of valid inequalities, based on properties of the problem, were deduced with the
objective of strengthen the linear relaxation, and hence generating better lower bounds. In fact, these
bounds significantly improved the ones resulting from the original linear relaxation. One may conclude
that this can be used to enforce the performance of a branch-and-bound for the PFP. Keywords: part
families problem; precedence constraints; mixed binary linear formulation; valid inequalities.
(Research partially supported by POCTI/ISFL 152-1.)
Keywords: general combinatorial optimisation

1c.3
OR Projects: Knowledge Sharing Framework Strategy for Competitive

Advantage
Ednea Maria Cochrane

With the increasing complexity of Public Sector Services in the new global economy, there is a crucial
need for OR Consultants to take into consideration quantitative and qualitative issues when they are
developing projects. Successful OR projects depend on understanding the needs and desires of the
customers and it is achieved by integrating expertise, technology and business process. In this ever-
changing market, organisations have been constantly striving to remain profitable and to gain or exploit
a competitive market advantage over their competitors; so organisations have felt the need to examine
their knowledge and now view it as a key ingredient to their success. With the increasing complexity
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of Public Sector Services in the new global economy, there is a crucial need for OR Consultants to take
into consideration quantitative and qualitative issues when they are developing projects. Successful OR
projects depend on understanding the needs and desires of the customers and it is achieved by integrat-
ing expertise, technology and business process. This paper introduces complexity and systems thinking
into the “KM arena”, by understanding organizations as complex systems where dynamic patterns can
be discovered and by extending KM initiatives over time and beyond organizational domain. It brings
a holistic perspective to view “Knowledge organizations” as a combination of structures, patterns and
events, rather than just the events themselves. We will discuss a novel framework, called Evolutionary
Knowledge Systems Thinking, which views KM holistically through Critical Systems Thinking and
incorporates new domains such as Knowledge customer and Knowledge market. An integration of
Customer Relationship Management (CRM), Data Mining (DM) and KM concepts will be applied in
a case study. This paper presents a Holistic Framework, which was developed to the public sector in a
developing country, in particular it was implemented to deal with both hard and soft aspects of a large
OR project within a Social Security Service. In this project, the hard aspect was related to solving a
complex combinatorial optimisation problem and the soft aspects were related to Customer retention
and the use of knowledge sharing initiatives during the life cycle of the project This approach can be
adapted to other real-world problems faced by OR consultancy companies.
Keywords: general combinatorial optimisation

2a.1
On a time-dependent formulation for routing problems

M. Teresa Godinho, Lúıs Gouveia, Thomas Magnanti, Pierre Pesneau, José Manuel Pires

In this paper we discuss the use of time-dependent formulations for routing problems. In particular we
discuss: i) A computational comparison between multicommodity flow formulations and time dependent
formulations for the traveling salesman problem with and without flow costs (with emphasis on the so-
called cumulative traveling salesman problem as well as for the capacitated vehicle routing problem.
ii) We produce a formulation combining features of the two previous classes of models and show that
this formulation is more effective for the CTSP rather the either the TSP or the CVRP. iii) We present
results given from a cutting plane approach developed for the CTSP which is based on time-dependent
formulations enhanced with valid inequalities. iv) We produce some inequalities which result from
projecting the feasible LP set of the Picard and Queyranne (both for the TSP and CVRP) into the
space of i) flow and design variables and ii) design variables alone.
Keywords: routing, integer linear programming

2a.2
A Genetic Algorithm for the Rural Postman Problem

Maria Rosário Moreira, José Soeiro Ferreira

The Chinese Postman Problem (CPP) consists of finding a minimum cost circuit covering all the edges
in a connected graph. The Rural Postman Problem (RPP) is a generalisation of the CPP: if E is the set
of edges of the graph, and Er (Er E) represents the required edges, the objective is to find a minimum
cost circuit such that each edge of Er is traversed at least once. The RRP is known to be NP-complete
and so heuristic solution procedures should be a good option. A new Genetic Algorithm (GA) is applied
to solve the RPP. The authors are aware of only one publication using GAs. The paper describes the
new algorithm and presents the computational results. A new practical application of the RPP will
also be included.
Keywords: heuristics, general combinatorial optimisation
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2a.3
Multicriteria Selection of Attractions and Hotels for Sightseeing Tours

Jean-Marc Godart

This research focuses on “sightseeing tour planning”, which can be defined as “selecting and combining,
in a sightseeing tour, the most appropriate tourism products (e.g. attractions and hotels) considering
a tourist’s personal values, wishes and constraints”. Selecting attractions to visit and hotels to stay
overnight can be quite intricate and time-consuming, given the countless travel products which are
available, the multiple criteria to be taken into account, and the need to combine the selected items in a
consistent way. The selection process underlying sightseeing tour planning can be seen as the problem
of choosing among numerous combinatorial assemblages (of travel products) and hence the tools of
combinatorial optimization are very appropriate for modeling in this matter. Based on successive
improvements of the TSP, a new problem was previously defined specifically for trip planning. This
multiple objective problem was nicknamed“trip planning problem” (TPP). The TPP can play a central
part in trip planning, just like other extensions of the TSP do in various fields (e.g. the vehicle routing
problem to plan delivery rounds). Because of the assumptions on which the TPP relies, this problem is
especially appropriate for basic trip planning. However, it is a good starting point to provide effective
assistance in selecting attractions and hotels for sightseeing tours. In this research, an improved model is
proposed for the multicriteria selection of attractions and hotels, based on the TPP, and the assumptions
are discussed for its application to real life sightseeing tour planning. The underlying multiple objective
combinatorial optimization problem is not easy to solve, because of its computational complexity and
its numerous objectives. Therefore, a specific meta-heuristic algorithm is proposed to solve this problem
in an efficient way and its results are presented. The results show that combinatorial optimization can
be used to design a valuable decision support system (DSS) to help tourists to select attractions and
hotels for sightseeing tours. Such a DSS can be useful, in lots of different situations, to assist people
in planning customized sightseeing tours: the independent traveler on the Internet, the travel agent
making tailor-made arrangements, the tour operator packaging sightseeing tours, etc.
Keywords: routing, approximation algorithms, meta-heuristics

2b.1
Universal Scheduling Problems
Horst W. Hamacher, Marcel T. Kalsch

The Single Machine Universal Scheduling Problem (1-USP) is a unification of classical scheduling prob-
lems, such as the makespan and total completion problem with release dates. It can be used to model
new problems of practical interest. Several modelling possibilities as well as a mixed-integer program-
ming formulation are presented. Additionally, new solution procedures for particular cases of the 1-USP
are proposed.
Keywords: scheduling, integer linear programming

2b.2
Lower Bounds for Tardiness Minimization on a Single Machine with Family

Setup Times
Imed Kacem

In this paper, we consider the scheduling of N jobs on a single machine with family setup times in
order to minimize the total tardiness. The set of jobs is divided into F families. Between two jobs of
the same family, we have not to stop the machine. However, when switching from family to another,
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a setup is required. Each family is characterized by a setup time independent of the sequence. We
propose a set of approaches to compute lower bounds for the tardiness criterion. These approaches are
analyzed and tested on a large set of numerical experiments in order to identify the dominant lower
bounds. 1. Lower bounds for the tardiness minimization without setup times First, we present a set
of lower bounds for the particular problem without setup times. These lower bounds will be used
and/or generalized to the original problem with family setup times. Other bounds from the literature
are proposed too. 1.1. Lower bound based on the SPT schedule (lb1) 1.2. Lower bound based on the
SPT schedule and the interchange of due dates (lb2) 1.3. Lower bound based on a linear constrained
formulation (lb3) 1.4. Szwarc et al.’s lower bound based on the EDD sequence (lb4) 1.5. Kondakci
et al.’s lower bound (lb5) 1.6. Souissi et al.’s lower bound (lb6) 1.7. Potts and Wassenhove’s lower
bound based on a lagrangian relaxation (lb7) 2. Lower bounds for the tardiness minimization with
family setup times In this section, we present a set of lower bounds for the tardiness minimization
problem with family setup times. The lower bounds presented in the previous section is used and/or
generalized to this problem. Two classes of bounds can be distinguished: The distributive class and
the non-distributive class. 2.1. Distributive lower bounds The principle of distributive bounds was
introduced by Crauwels and used by other researchers (Dunstall and Wirth, Webster and Azizoglu)
for the weighted flowtime criterion. It is based on the transformation of the original problem in a
modified problem without setup times. The transformation is established by splitting the setups into
pieces and by adding these pieces to the processing times. Then a new instance without setup times is
obtained. As a consequence, we can apply the different lower bounds of the previous section (lb1 to lb7)
to the new instance with the modified processing times to compute valid lower bounds for the tardiness
minimization with setup times. These obtained bounds are respectively noted LB1, LB2, LB3, LB4,
LB5, LB6 and LB7. 2.2. Non-distributive lower bounds Lower bound based on a linear constrained
formulation (LB8) Lower bound based on a relaxation of a mixed linear model (LB9) Lower bound
based on a Lagrangian relaxation (LB10) we extend the excellent lower bound proposed by Potts and
Wassenhove for the weighted tardiness minimization without setups. A. Allahverdi, J.N.D. Gupta, T.A.
Aldowaisan. A review of scheduling research involving setup considerations. Omega 27 (1999) 219-239.
M. Azizoglu, S. Webster. Scheduling parallel machines to minimize weighted flowtime with family setup
times, International Journal of Production Research 41 (2003) 1199-1215. H.A.J. Crauwels, A.M.A.
Hariri, C.N. Potts, L.N.V. Wassenhove. Branch and bound algorithms for single machine scheduling
with batch setup times to minimize total weighted completion time, Annals of Operations Research
83 (1998) 59-76. S. Dunstall, A. Wirth. A comparison of branch and bound algorithm for a family
scheduling problem with identical parallel machines, European Journal of the Operational Research 167
(2005) 283-296. H. Emmons. One-machine sequencing to minimize certain functions of job tardiness,
Operations Research 17 (1969) 701-715. S. Kondakci, O. Kirca, M. Azizoglu. An effecient algorithm
for the single machine tardiness problem, International Journal of Production Economics 36 (1994)
213-219. C. Potts, L.N.V. Wassenhove. A branch and bound algorithm for the total weighted tardiness
problem. Operations Research 33 (1985) 363-377. A. Souissi, I. Kacem, C. Chu. New lower-bounds for
minimizing total tardiness on a single machine with sequence-dependent setup times. PMS’04, April,
26-28, Nancy, France, 2004. W. Szwarc, F. Della Croce, R. Tadei, A. Grosso. Solution of the single
machine total tardiness problem, Journal of Scheduling 2 (1999) 55-71.
Keywords: scheduling
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2b.3
Scheduling with Controllable Processing Times to Minimize the Maximum

Job Cost
Natalia V. Shakhlevich, Vitaly A. Strusevich

We study a problem of scheduling jobs on a single machine with the objective of minimizing the maxi-
mum job cost. Unlike traditional models of deterministic scheduling in which all processing requirements
are fixed and known in advance, here the processing times are controllable and can be chosen by the
decision-maker. Formally, for each job we are given the ’standard’ processing time that can be com-
pressed to the minimum value. Job compression may decrease completion times but incurs additional
costs. The objective is to minimize the maximum job cost that depends on job completion times to-
gether with the linear compression cost function. The problem with controllable processing times and
the maximum job cost objective has received considerable attention (see, e.g., [1-4]). A typical algo-
rithm starts with maximum processing times and then considers the jobs one be one compressing their
processing times. Unlike earlier research, our solution approach is essentially based on the concept of job
decompression from the minimum processing time. In spite of seeming similarity of the two approaches,
our technique leads to faster and more simple algorithms that are easier to analyze and justify. The
advantages are especially significant for bicriteria problems that involve simultaneous minimization of
scheduling and resource consumption objectives. References [1] Hoogeveen, H., Woeginger, G.J. (2002)
Some comments on sequencing with controllable processing times, Computing 68, 181-192. [2] Janiak,
A., Kovalyov, M.Y. (1996) Single machine scheduling subject to deadlines and resource dependent
processing times, European Journal of Operational Research 94, 284-291. [3] Tuzikov, A.V. (1984) A
Bicriterion Problem of the Scheduling Theory Taking the Variation of Servicing Time into Account,
USSR Computational Mathematics and Mathematical Physics 24, 191-194. [4] Van Wassenhove, L.N.,
Baker, K.R. (1982) A bicriterion approach to time/cost tradeoffs in sequencing, European Journal of
Operational Research 11, 48-54
Keywords: scheduling

2c.1
Hyper-ellipse landscape approximation for large combinatorial optimization

instances
Emilia Tantar, Clarisse Dhaenens, El-Ghazali Talbi

Multiobjective combinatorial optimization implies finding compromise solutions, provided by the Pareto
front. The inconvenient of the few exact methods (Parallel Partitioning Method, WCN derived methods,
Two Phase Method) that exist in the literature is given by the incapability of treating large problem
instances. To overcome this problem a study over the minimal surface enclosing the discrete points -
that represent the feasible solutions, in the objective space - represents a valuable information. The
computed solutions surface is based on the influence of generators - used in academic testing - over the
solutions space. Methods of computing minimal surfaces by covariance matrix adaptation are detailed.
The provided approximation surface of the entire feasible solutions space is used in order to construct
an approximation of the Pareto front. Considering the fact that nonconvex functions can be convexified
while maintaining the optimality of their global optima, and that convexity permits optimization also
of discrete problems, our approach supposes the use of an hyper-ellipse for approximating the Pareto
front. The method is an approximating method of the second order, as stated by Ruzika and Wiecek.
In order to reach a good approximation of the Pareto front a norm based error analysis technique is
used. The interest for this technique is given by the fact that it should contribute to solve efficiently
large instances in reasonable time. The contribution of the paper resides in using techniques intended
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for continuous cases in combinatorial optimization, in particular the use of hyper-ellipse. The technique
is tested having as case study the bi-criteria permutation flowshop problem. A biobjective linear model,
based on Wagner’s model (1983), is proposed, along with an extension of the MPS de facto standard
format for the multi-objective case.
Keywords: scheduling, approximation algorithms, general combinatorial optimisation

2c.2
Two hybrid methods based on genetic algorithms for decision making in

project management applications
Rachid Chelouah, Claude Baron, Samuel Rochet

An actual challenge consists in strengthening the links between product design and project management
processes. This question relies on the perfect control of methods, tools and know-how, on the technical
side as well as on the organisational side. Our work aims at providing a support to decision-making
to the project manager, allowing him to define, follow and adapt a looking plan for his project and to
consider several options of possible organizations. The project manager has to choose an organization
to conduct the project which will allow to respect the constraints fixed by the objectives of the project
in terms of costs, times, risks, etc as closely as possible, but also to consider the constraints resulting
from the design (performances, safety, etc). To help him to make this choice and to offer him to explore
and evaluate several possible options to organize the project, we developed and experimented a heuristic
based on an evolutionary algorithms. In the current strongly competing economic context of product
design, manufacturers need, to anticipate the risks, to capitalize the knowledge and know-how, etc.
in order to master the process and to reduce their costs. We propose an approach and to build and
formalize the design process simultaneously with the management of the project; we offer a unified
vision of the two processes to engineers and to decision makers, that we propose to carry out jointly,
in the most coherent possible way. This vision relies on sharing the functional and non functional data
used by the various project; it favors the exchanges between both processes, thus allowing to reduce
the risks of incoherence decisions and to reduce the time to market. A major difficulty to couple of
these processes relies on the identification and the representation of the numerous scenarios to organize
the project and to take into account, on the design side, the existence of multiple options in the choice
of technologies, architectures, suppliers, etc. We propose an original approach to make the product
design and the project management processes cooperate. In this context, our first objective is to help
the project manager to define, follow and adapt a working plan for the project. Our second objective
is to make the process of project management more robust and adaptive in front of disturbances of
technical, social or economic nature, on the project, in order to respecting the defined target for the
project as closely as possible. We proposed a first methodology relying on an evolutionary algorithm.
The problem of the selection of a set of good; scenarios being a strongly combinatory problem, by
exploiting the specific characteristics of our problem, we showed that a heuristic could help to define
and explore rather quickly a large search space, while producing solutions of acceptable quality. This
article presents two possible hybridizations of this heuristic by the algorithm of taboo search and
greedy algorithm, in order to accelerate the convergence of the research strategy, and to reduce the cost
engendered by the evaluation procedure.
Keywords: scheduling, heuristics, meta-heuristics, general combinatorial optimisation

Porto, Portugal, May 11-13, 2006



ECCO XIX – CO 2006 Joint Meeting 33

2c.3
Ant colony optimization for multi resources allocation problem in project

management (with case study)
Amir Hossein Meimand Kermani, Hesam Adin Zegordi

The multi resources allocation problem is known as one of the famous problem in project management
process specially in planning phase, this problem addresses the important issue which seeks to find an
optimal allocation of limited amount of resources to a number of activates for optimizing a linear or
nonlinear objective function over the given resources constraints. Relevant literature had been focused
just on single resource allocation. In this paper at first we will model this problem according to its
application in project management and then present a modified version of ant colony optimization
algorithm for dealing with multi resources allocation with nonlinear objective function; the main point
of modification in our paper includes: 1-Modify the mechanism of pheromone updating 2-Simplify the
probability calculation 3-Proposed an efficient method of desirability calculation according to the math-
ematical model. The experimental results will be presented to approve the efficiency and effectiveness
of proposed algorithm in comparison with original ACO and also other algorithm and finally a case
study of construction project management resources allocation will also be presented demonstrating
effectiveness of proposed algorithm in reality.
Keywords: meta-heuristics

3a.1
On edge orienting methods for graph coloring

Bernard Gendron, Alain Hertz, Patrick St-Louis

We consider the problem of orienting the edges of a graph so that the the length of a longest path in
the resulting digraph is minimum. As shown by Gallai, Roy and Vitaver, this edge orienting problem is
equivalent to finding the chromatic number of a graph. We study various properties of edge orienting
methods in the context of local search algorithms for graph coloring, and give potential search directions
based on computational experiments.
Keywords: graphs, meta-heuristics

3a.2
Collective Decisions for Graph Algorithms

Ulrich Pferschy, Christian Klamler

Social choice has recently received increasing attention from Computer Scientists and Mathematicians
with dedicated workshops and conferences. In this contribution we combine elements of Social Choice
Theory, which aggregates preferences by individuals into a common decision, with classical problems of
Combinatorial Optimization. In particular, we take the Traveling Salesman Problem and the Minimum
Spanning Tree Problem and investigate the outcome of algorithms based on social choice decision
mechanisms. Instead of assigning cost coefficients to edges and perform arithmetics, we consider the
different total orderings of the edges by n individuals. We analyze greedy-type algorithms where the
decision in every step follows from the outcome of a social choice rule applied to the set of eligible
edges. It can be distinguished between local and global decisions depending whether all edges or only
a local subset of edges are included in the aggregation rule. Widely used rules which were studied in
our work are the Borda Count, Approval Vote, Plurality Rule and Simple Majority Rule. For the TSP
it can be shown that both the local and the global algorithm can each be pairwise dominated by the
other, in the sense that every individual would prefer the decision of the converse rule. For MST the
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global algorithm dominates the local one in contrary to the classical numerical approach. Directions
for future research conclude the contribution.
Keywords: general combinatorial optimisation

3a.3
On the k-clique polyhedra

Jean Francois Maurras

We study the neighbourlicity of the polyhedron P 2
kn of the k-cliques of the complete graph Kn with

n vertices. We prove that this polyhedron is 3-neighbourly. Following a remark of Pierre Duchet we
generalize partially this result to the k-clique polyhedra of r-uniforme complete hypergraphs, P r

kn. We
study a linear programming model which give the neighbourlicity of a given P r

kn. We are than able
to give an upper bound of neighbourlicity of any P r

kn. The proof of this result uses an interpretation
of a minimum set of cliques non defining a face of P r

kn in term of a particular maximum stable set of
the edge graph of the unit hypercube in (r + 1) dimensions. [1] J.F. Maurras, The Line Polytope of a
finite Affine Plane, Discrete Mathematics 115, 1993. [2] J.F. Maurras and R. Nedev, On the convex
hull of projective planes, submitted to publication. [3] J.F. Maurras and R. Nedev, Connectivity of the
k-clique polyhedra, in preparation.
Keywords: graphs, general combinatorial optimisation

3a.4
Using Graph Partitioning and Tabu Search to solve the Transit Network

Design Problem
Nicolas Teypaz, Van-Dat Cung

The transit systems raise a multitude of optimization problems. One of the most complex problems
involved is the transit network design, e.g. the design of the routes of bus, tram and subway in a
city. The transit network design is made up of a graph (representing the road network) and a origin-
destination matrix (representing the demands between two nodes of the graph). The first study in
this area settles back to 1979 [1] with Mandl’s Swiss network which is thereafter used by all the other
authors as a benchmark. In our previous works [2], we identified the good criteria to design a good
solution maximizing the satisfaction of the users’ transit demands with the minimum of resources
needed. We developped an efficient Tabu Search algorithm for the instances having until 200 nodes.
But the computation times become extremely long for the data instances tested, e.g. 1.5 hours for
Austin’s network with 177 nodes [3], because a small modification (a move in the neighborhood) of the
current solution resulted in a full evaluation. In this work, we propose to partition the network graph
in order to solve the transit network design. We present two methods to decompose the graph into
subgraphs : the first consists in building some independent sets of nodes, and the second in building
some sets of nodes in which each set of nodes contains an additional node for each other set in order to
take into account the external demands of each subgraph. Then, we solve each subgraph with our Tabu
Search algorithm and we puzzle together the obtained solutions by linking some routes to satisfy the
maximum demands between different parts of the whole network. The results obtained on the Austin
and Miami benchmark networks will be presented. We will compare these results with those obtained
by the same Tabu Search without graph partitioning techniques. [1] Christoph E. MANDL, Applied
Network Optimization, pp.141–167, 1979. [2] Nicolas TEYPAZ, Van-Dat CUNG, A Linear Model for
the Transit Network Design Problem, ECCO XVIII, Minsk, p.72, 2005. [3] Mao-Chang SHIH, Hani
S. MAHMASSANI, A Design Methodology for Bus Transit Networks with Coordinated Operations,
technical report, Center for Transportation Research, University of Texas at Austin, 1994.
(This work is supported by a Bonus Qualité Recherche (BQR) project of INP Grenoble.)
Keywords: graphs
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3b.1
A guaranteed clustering algorithm for large communication delay model

Johnatan Pecero-Sanchez and Denis Trystram

The task clustering problem is used as a compile time preprocessing step in the scheduling of precedence
tasks graphs on parallel and distributed architectures. Task clustering correspond to assign tasks to
clusters where each cluster runs on a single processor. This paper presents a recent approach for solving
the task clustering problem based on a recursive decomposition of the precedence tasks graph. This
approach which has nice properties is called Convex Clustering. It has been introduced in 2001 in IPDPS
symposium. The principle of the convex clustering is to determine two sets of independent tasks as
large as possible that can be executed simultaneously without communications and to apply recursively
this decomposition on each set. Therefore, the partitioning problem is central in this approach. Our
main contribution in this paper is to make an extension of Convex Clustering taking into account any
execution time and large communication delay. We show that the final clustering in convex sets remains
guaranteed from an optimal clustering. Another contribution is to apply Genetic Algorithms to solve
the partitioning problem preserving the convex cluster properties. There remains a problem to solve:
which is the right ordering of tasks inside a given cluster. All the tasks that belong to the same cluster
are executed by the same processor. But if dependencies do not induce a total order within the cluster,
we must define such a total ordering. We implemented two strategies. The first based on top level and
the second based on bottom level. The top level represents the earliest possible time of a task while
the bottom level represents a lower bound of the remaining execution time once starting its execution.
Of course in the computation of bottom and top levels we include only the communication costs that
are not internalized. Finally, the convex clustering approach with the proposed genetic algorithms is
assessed by simulations run on some families of random tasks graphs. The comparison with the well-
known DSC (Dominant Sequence Clustering) algorithm and another efficient genetic algorithm applied
to solve task clustering problem assessed emphasizes its interest.
Keywords: scheduling, heuristics

3b.2
A Tabu Search Algorithm for Job Scheduling on Computational Grids

Fatos Xhafa

In this paper we will present a Tabu Search (TS) algorithm for the problem of job scheduling on com-
putational grids. This problem consists in efficiently assigning user/application jobs to grid resources.
This is a multi-objective optimization problem, the two most important objectives being the minimiza-
tion of the makespan and the flowtime of the grid system. This problem is much more complex than its
version on traditional distributed systems (e.g. LAN environments) due to its dynamic nature and the
high degree of heterogeneity of resources. Moreover, due to the large number of resources and the large
number of jobs submitted by different applications, job scheduling on computational grids is a large
scale problem. Since the introduction of the computational grids by Foster et al. 1998, this problem is
increasingly receiving attention of researchers due to the use of grid infrastructures in solving complex
problems from many fields of interest such as optimization, simulation, etc. Moreover, the continu-
ous construction of grid infrastructures is making possible the development of large scale applications
that use the large amount of computing resources offered by computational grids. However, scheduling
jobs submitted/generated by users and/or applications to the grid resources is a main issue. From a
computational complexity perspective, job scheduling on computational grids is computationally hard.
Therefore the use of heuristics is the de facto approach in order to cope in practice with its difficulty.
Thus, the meta-heuristic research community has already started to examine this problem (Abraham
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et al. 2000, Buyya et al. 2000, Martino and Mililotti, 2004 and Zomaya and The, 2001.) In this work
we present a Tabu Search algorithm for the problem that considers both a hierarchic and simultaneous
approach to deal with the multi-objectivity of the problem. The proposed algorithm is implemented in
C++ using a generic approach, namely an algorithmic skeleton for TS method. The implementation
has been extensively tested, on the one hand, to identify a set of appropriate values for the parameters
that conduct the search and, on the other, to compare the results with the best known results for the
problem in literature. To this end we have used the benchmark of Braun et al. 2001, which is known to
be the most difficult benchmark for static instances of the problem. Our experimental study shows that
the results obtained by the TS implementation outperforms the results of a Genetic Algorithm by Braun
et al. 2001 as well as those of an hybrid algorithm ACO+TS by Ritchie G. 2003, for all considered
instances. Despite the very good performance of the TS scheduler on static instances, our ultimate goal
is the grid scheduler be efficient and effective in a realistic grid environment, thus, the experimenting
should be done in such environments. For this to be done, one has basically two alternatives: either
use a real grid environment or use any simulation package that simulates as much as possible a real
grid environment. The first alternative seems not appropriate at the present time due to its cost and
lack of flexibility in changing the configuration of Grid nodes. Hence, we have considered the second
alternative, i.e. using a Grid simulation package. To this end we have developed a prototype of grid
simulator that extends the HyperSim open source package that enables the experimental study of the
performance of meta-heuristics for job scheduling on computational grids. We have used the simulator
as a tool for testing our implementation by plugging the simulator into the implementation and also
for tuning purposes. It should be mentioned that experimenting in a dynamic environment is raising
issues not addressed so far in the meta-heuristic research community.
(Research supported by ASCE Project TIN2005-09198-C02-02 and Project FP6-2004-IST-FETPI (AE-
OLUS).)
Keywords: meta-heuristics

3b.3
On-line Service Scheduling

Zhenbo Wang, Wenxun Xing, Bo Chen

This paper is concerned with a scheduling problem occurred in service systems. In such a system,
customers are classifed as “ordinary” and “special” according to their needs. Ordinary customers can
be served on any service facility, while special customers can be served only on the fexible service
facilities. Customers arrive dynamically over time and their needs are unknown until their arrivals.
We assume any service, once started, will be carried out to its completion. In this paper, we study
the worst-case performance of service policies used in practice. In particular, we evaluate three classes
of service policies: policies with priority, policies without priority, and their combinations. We obtain
tight worst-case performance bounds for all service policies considered.
Keywords: scheduling, approximation algorithms

3b.4
On-line Algorithms for Single Machine Scheduling with Family Setup Times

C. N. Potts, V. A. Strusevich, J. D. Whitehead

The paper considers an on-line single machine scheduling problem where the goal is to minimize the
makespan. The jobs are partitioned into families and a setup is performed every time the machine
starts processing a batch of jobs of the same family. The scheduler is aware of the number of families
and knows the setup time of each family, although information about a job only becomes available
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when that job is released. We give a lower bound on the competitive ratio of any on-line algorithm.
Moreover, for the case of two families, we provide an algorithm with a competitive ratio that achieves
this lower bound. As the number of families increases, the lower bound approaches 2, and we give a
simple algorithm with a competitive ratio of 2.
Keywords: scheduling

3c.1
Combinatorial auctions with transformation in procurement

Dolores Romero Morales, Reinder B. Lok, Richard Steinberg

We consider a procurement scenario consisting of a buyer requiring over a planning horizon a product
that can be delivered by a number of suppliers, where deliveries are assigned to the suppliers via a series
of one-period auctions. The buyer is considering running instead a joint auction for all the periods,
in which the suppliers are each permitted to submit bids not only for individual periods, but also
package bids for two or more periods. At first glance, the joint auction might be viewed as being a
standard combinatorial auction. However, we will illustrate with an example that the objects, namely
the demands in each period of the planning horizon, being auctioned can be transformed into other
objects. By holding a joint auction, the buyer can more efficiently fill out his demand schedule due
to the information advantages, allowing him the flexibility of being able to purchase units in advance
of when he requires them. However, a joint auction will also convey an advantage to the suppliers,
since such an auction will allow the suppliers to incorporate more information about their costs (e.g.,
economics of scale of production) and capacities when submitting their respective bids, and thus they
will be able to compete more efficiently against the buyer. Indeed, when submitting bids, suppliers will
solve an extension of the well-known lot-sizing problem where purchasing decisions are incorporated.
In this talk, we show that the buyer will pay in the joint auction at most what he pays in total in the
separate single-period auctions if the suppliers do not face capacities. However, we will illustrate with
an example that this is not the case when suppliers are subject to capacities. We will derive sufficient
conditions ensuring that the buyer will be better of when organizing a joint auction.
Keywords: manufacturing

3c.2
New approach for Partial Digest Problem

Piotr Lukasiak, Jacek Blazewicz, Maciej Antczak, Grzegorz Palik

Exploration of knowledge of human DNA structure has been a great challenge for humanity since
long time. DNA molecule, which can be found in all cells of any organisms on our planet, includes
information of its structure, particular features and many others. Based on that one can say that this
field of science is so fascinating for scientists and important for human being. Understanding details of
machinery of human organism, which is inherent feature of mankind, involves simultaneously evolution
of many field of sciences and cooperation between them. That cooperation can support recognition
and interpretation of DNA structure. The process of determining the relative location of genes in a
particular genome is genetic mapping. By mapping the relative location of several genes, one can develop
a map of the entire genome of a particular species e.g. humans. The Partial Digest problem is perhaps
the classic combinatorial problem from computational biology with applications in DNA sequencing.
Despite considerable research efforts in the past twenty years, its computational complexity is still
an open problem. In the Partial Digest problem one is given a multiset D of distances and is asked
to find coordinates of points on a line, i.e., a point set P, such that D is exactly the multiset of all
pairwise distances of these points. Partial Digest is a well-studied problem with important applications
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in physical mapping of DNA molecules. Its computational complexity status is open. Input data for
Partial Digest from real-life experiments are always prone to error, which suggests to study variations of
Partial Digest that take this fact into account. The goal of the research was to construct and implement
new effective algorithm (RMEX — Restriction Map Experiment) for restriction map construction to
solve a partial digest problem (PDP). The main feature of proposed solution was to find a set of all
possible and attainable restriction maps for any problem input instance. The proposed approach with
and without errors has been analyzed. To improve efficiency of proposed approach parallel algorithm
has been also constructed. Such algorithm is a pioneer solution in this area and can give opportunity
for deepest analysis of existing solutions. Sequence version of the algorithm has a very good time
performance for ideal data case. During research, random data, including even 130 restriction points,
have been generated. For noisy data instances, where percent of relative measurement errors indicator
has been placed in range from 0 to 5.0% and grouping indicator was set in range from 0 to 2.5%, time of
processing partially has been gone up, but there was still at the good level. Along with growth of percent
error indicator of processing time of algorithm and number of found solutions grew also. However, in
the case of growing value of grouping indicator, processing time decrease and number of found solutions
has been increased. Parallelization of sequence algorithm version for both ideal data and noisy data
instances, according to expectations, gave good correction of obtained results. Observed execution time
has been smaller and number of found solutions has been greater than in sequential case. It is possible
to conclude from experiments that parallelization of algorithm caused considerable improvement of its
efficiency. Additionally, proposed approach gives an impressive progress in finding solution of PDP.
(Research supported by KBN grant nr 3T11F00227.)
Keywords: exact algorithms, general combinatorial optimisation

3c.3
Substitutes and Complements in Network Flows Viewed as Discrete

Convexity
Kazuo Murota, Akiyoshi Shioura

We study combinatorial properties of the optimal value function of the network flow problem. It is
shown by Gale-Politof (1981) that the optimal value function has submodularity and supermodularity
w.r.t. problem parameters such as weights and capacities. In this talk we shed a new light on this result
from the viewpoint of discrete convex analysis to point out that the submodularity and supermodularity
are naturally implied by discrete convexity, called M-convexity and L-convexity, of the optimal value
function.
Keywords: networks, integer linear programming, general combinatorial optimisation

3c.4
Two Phase Method with Three Objectives Applied to the Assignment

Problem
Anthony Przybylski, Xavier Gandibleux, Matthias Ehrgott

The two phase method was first introduced by Ulungu and Teghem (1995) to solve the bi-objective
assignment problem. It is a general method to solve multi-objective combinatorial problem. The
principle of this method is to preserve the problem structure at all times in order to intensively use
well-known efficient algorithms for the single objective case. In Phase 1, supported efficient solutions
are computed using Geoffrion’s theorem. The purpose of Phase 2 is to compute the non-supported
efficient solutions. However, there is no theoretical characterisation of the nonsupported solutions,
which allows to obtain these solutions easily without modifying the problem structure. The second
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phase of the method is therefore based on an enumeration of solutions in the search area bounded by
the supported solutions. In the bi-objective case the search area consists of triangles defined by two
adjacent supported solutions. Despite the fact that most of the exact methods which are able to generate
a complete set are derived from the two phase method, no generalization to more than two objectives
has been proposed. The main issue of a problem with more than two objectives is that the natural
order of non-dominated points is lost. This implies that the set of supported solutions is difficult to
determine, and then the search area is difficult to describe, and so to explore. The former difficulty has
been described by Przybylski, Gandibleux and Ehrgott (2005) and an algorithm for finding all supported
solutions has been proposed; it can be used for a generalization of the phase 1. This paper concerns a
generalization of the phase 2. The supported solutions beeing computed, it remains to determine the
search area. Ehrgott and Gandibleux (2001, 2006) have introduced the use of lower and upper bound
sets for combinatorial optimization problem with multiple objectives in various contexts. This allows to
define the search area with feasible points. We propose a procedure to construct another set of points
not necessary feasible for delimiting the search area, in order to obtain a suitable description. Then it
remains to explore the search area. To reduce the needed enumeration, we propose a strategy to assign
a search direction to a subset of the search area. This gives an exploration to examine. Like in the
bi-objective case, this exploration must be problem specific. To reduce the enumeration, we use the
explored solutions as soon as available for updating upper bound values. We propose a specialization
of this method for the assignment problem with three objectives. The performance of the proposed
method is discussed.
Keywords: exact algorithms, general combinatorial optimisation

4a.1
Self-tuning of the noising methods

Irène Charon, Olivier Hudry

The noising methods constitute a family of metaheuristics and generalize the simulated annealing and
the threshold accepting methods (see for instance [1]). One main difficulty with noising methods and
more generally with metaheuristics relies in the necessity to tune several parameters. This talk details
a way to design noising methods which can tune their parameters themselves, so that there remains
only one parameter that the user provides: the CPU time that he or she wants to spend in order
to solve his or her problem. Experimental results got for four problems (the clique partitioning of a
weighted graph, the linear ordering problem, the travelling salesman problem (TSP) in the general case
— weights are not necessarily distances —, and the Euclidean TSP) show that these self-tuned noising
methods succeed in finding good tunings and in providing good results to the studied problems. [1]
Irène Charon, Olivier Hudry, “The noising methods: a generalization of some metaheuristics”, European
Journal of Operational Research 135 (1), 2001, 86-101.
Keywords: meta-heuristics

4a.2
Attribute Guided Search

Ian M. Whittley, George D. Smith

The Attribute Based Hill Climber (ABHC) is a deceptively simple, parameter free, search meta-heuristic
that has been successfully applied to the Quadratic Assignment Problem, the Capacitated Vehicle
Routing Problem and the Traveling Salesman Problem. In this paper we will be reviewing the principles
of the ABHC and introducing a related algorithm, the Attribute Based Tree Search (ABTS), based
upon similar principles. The ABHC defines the value of an attribute to be equal to the value of the
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best solution visited that contains it. At each step of the search it moves to the best solution in the
neighbourhood that has a value that is better than that of at least one of the attributes it contains.
As each step of the search is measurably improving the algorithm cannot cycle. The algorithm also
naturally maintains a balance between intensification and diversification as whenever an attribute has
been introduced any improving move that retains it will be acceptable. If there are none then a new
attribute will be introduced which can then be ‘improved’. The ABTS defines the potential of an
attribute to be equal to the value of the best solution encountered that contains it whether or not it
has been visited. For each attribute with an unrealised potential the algorithm implicitly retains the
solution that defined its potential. The algorithm then performs a repeated steepest ascent hill climb
selecting a fresh solution from the elite solution store as its starting point for each. In their canonical
form, as presented above, both algorithms are parameter free and have been successfully applied to
a variety of QAP, CVRP and TSP instances. The ABHC also has the benefit that its conceptual
simplicity is mirrored in its implementation. The ABTS, however, requires careful treatment if it is to
be applied effectively. Both algorithms were developed as part of an analysis of the Tabu Search meta-
heuristic and demonstrate the power of a reductionist approach to the design of local search algorithms.
If the success of the algorithms can be replicated over a wider range of problem areas they provide an
interesting counterpoint to the current trend in algorithm design as exemplified by the“hyper-heuristic”
movement whilst also providing powerful components for use in such approaches.
Keywords: heuristics, meta-heuristics

4a.3
A Relax-and-Cut RAMP Approach for the Linear Ordering Problem

Dorabela Gamboa, César Rego, Fred Glover

This paper proposes an effective RAMP (Relaxation Adaptive Memory Programming) algorithm for the
solution of the Linear Ordering Problem (LOP). The algorithm combines cross-parametric relaxation
embedded in a relax-and-cut framework (in the dual side) with scatter search (in the primal side) to
create a primal-dual RAMP approach. Computational results obtained on a classical set of benchmark
problems show that the proposed RAMP algorithm outperforms current state-of-the-art algorithms for
the LOP and discloses new best known solutions for a significant large number of instances in the
testbed.
Keywords: meta-heuristics

4a.4
F-races: A tool for the automatic configuration of stochastic local search

algorithms
Mauro Birattari, Thomas Stuetzle

Stochastic local search (SLS) methods such as simulated annealing, tabu search, iterated local search
(ILS), ant colony optimization, or memetic algorithms require the fine-tuning of a number of imple-
mentation choices and parameter settings if they are to reach high performance. In fact, the design
of an effective SLS algorithm is a time intensive process that typically requires considerable expertise
and a significant amount of time is spent in tuning the overall configuration of the algorithm like the
choice of appropriate perturbations, acceptance criteria, or local search algorithms in the case of ILS
algorithms or the setting of specific parameters like the tabu tenure in tabu search algorithms. Re-
cent research has shown that tools for the automatic configuration and tuning of SLS algorithms can
help to reduce this bottleneck. F-race is a racing algorithm that has proven to be particularly useful
for these tasks. F-race considers many candidate configurations for an SLS algorithm that are tested
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simultaneously on benchmark instances in an iterative way. As soon as significant statistical evidence
against some configurations is gathered, these are eliminated from the race. The race finishes if either
only one configuration remains or some other stopping criterion (like a maximal computational time)
is met. (The “F” in F-race stands for the Friedman test, which is used to check whether there exists
a statistically significant difference among the candidate configurations.) In the talk we give a short
introduction to F-race and we illustrate its working at some example applications. Next we give an
overview of previous applications of F-race including its use in industrially relevant settings. We also
discuss extensions of the F-race and different application possibilities that will further increase its ap-
plicability in a semi-automatic engineering process of SLS algorithms.
Keywords: heuristics, meta-heuristics

4b.1
Exact Methods for Design of Unit-Head Machines

Nikolai Guschinsky, Alexandre Dolgui, Genrikh Levin

Unit head machines are widely used in mechanical industry. Designing such machines is a very complex
problem due to manufacturing and design constraints and to the large number of possible decisions.
This paper deals with a problem of the optimal design of manufacturing processes for two types of
such equipment: unit-head machines with a rotary and mobile tables. In such a unit head machine,
a part is machined on m working positions and is moved from one position to the next one using a
rotary or a mobile table. The first position is used also for unloading the part after machining and
loading the billet. At the k-th working position, a subset Nk, k=1,...,m of operations of the given set
N of all operations is performed. Each set Nk is uniquely partitioned into nk subsets (Nkl, l=1,...,nk)
of operations. The operations of each subset are simultaneously performed by one spindle head. Such
a partition is possible since each operation corresponds to one “side” of the part. Indeed, only the
operations of the same side can be performed by one spindle head. Moreover, different sets cannot
include operations corresponding to the same side. Spindle heads of each working position are activated
simultaneously. Parameters of the kl-th spindle head and its execution time depend both on the set Nkl
of operations and their cutting modes. At the preliminary design stage, the following decisions must
be made: the partitioning of the given set of operations into subsets (each subset is performed at one
working position) and the choice of cutting modes for each spindle head. It is assumed that cutting
modes (the feed per revolution and the cutting speed) for each operation are uniquely defined by the
accepted feed per minute of the corresponding spindle head. On the other hand, the execution time of
a spindle head is defined by the length of its working stroke and its feed per minute. Both parameters
depend on executed operations and their feasible cutting modes. The execution time of all the sets
Nkl of operations, l=1,2,...,nk, at k-th working position (the position time) is equal to the maximal
execution time among its spindle heads. The cycle time is defined by the sum of position times for the
unit-head machine with a mobile table and by the maximal position time in the second case. A number
of known technological factors (such as fixed sequences of operations for machining part elements, the
presence of roughing, semi-finishing and finishing operations, etc.) determine precedence constraints on
the set N. The required precision (tolerance) of mutual disposition of machined part elements as well as
a number of additional factors imply the necessity to perform some groups of operations from N at the
same working position or even by the same spindle head for each group (inclusion constraints). At the
same time, mutual influence of combining operations, possibility of tool location in spindle head can
forbid the execution of operations from N at the same working position or by the same spindle head
(exclusion constraints). The problem consists in minimizing the total number of working positions and
spindle heads, while reaching a given cycle time and satisfying the above constraints. The problem is
formulated as a special partition problem. To solve it, two exact methods are developed. One of them
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consists in a transformation of the initial problem into a constrained shortest path problem. Algorithms
for generation of the digraph and for searching an optimal path are derived. Some dominance rules for
decreasing the size of the graph are proposed. The second approach reformulates the initial problem in
terms of MIP model and uses CPLEX software.
(This work is financially supported by ISTC project B-986 and INTAS Project 03-51-5501.)
Keywords: manufacturing, exact algorithms

4b.2
Modeling Operations of Electronic Component Placement Machines

Ekrem Duman

There are various placement machines having different architectures that are used to place electronic
components on printed circuit boards. These machines are quite fast and make reliable and error free
placements. However, to get the maximum utilization from these machines one has to solve the inherent
optimization problems effectively. The underlying problems depend mainly on the architecture of the
machine used. In this study we undertake two types of machines where the optimization problem can
be modeled as a combination of the traveling salesman problem (TSP) and the assignment problem
(AP). In the first type of machine, the board carrier and the feeder mechanism are fixed but the head
is movable and it is responsible for picking up the components from the feeder, carrying them over the
board and making the placement. In the second type all three units: board carrier, feeder mechanism
and the head are fixed and in this case, components to be placed are brought to the head by a shuttle
mechanism. For the former machine, there have been researchers who have modeled the problem as a
TSP-AP but for the latter, the feeder configuration problem and thus the AP part of the problem is
ignored. We will discuss the problem definitions and provide problem formulations.
Keywords: manufacturing, integer linear programming, general combinatorial optimisation

4b.3
An interactive heuristic for bicriteria olive oil production planning problem

Kristina Soric, Visnja V. Rosenzweig, Olivera Koprivnjak

The problem considered in this work is a practical problem of a Croatian olive oil producer. In the
Croatian region considered in this paper, Istra, individual farmers harvest their olives from the middle
October till the end of December. After this operation the olives are transported to the olive oil
producer for the production called olive oil extraction process. The best case would be to process the
olives immediately. But, in the practice could happen that the harvested olives should wait for the
production or should be stored causing the additional cost that we call the storage cost. If the producer
decides not to store the olives but to leave them stored inappropriately, this way of storing the olives
can last for a few (2-3) days. Otherwise the olives are not good enough for the production of extra
virgin olive oil. Also, some olives are of good quality, some of them not causing the different qualities of
the olive oil produced (extra virgin and virgin olive oil). So, the producer has to clean the machine very
carefully every time when the machine switches from one kind of olives to another. This process requires
sequence dependent setup times of the machine called decanter having a certain capacity. In order to
keep customers loyal and to be competitive at the market the producer wants to satisfy the demand
with the minimum overtime cost and minimum setup, storage, waiting and production cost. Thus, the
producer has two objectives. Minimum overtime cost will satisfy the customer’s wish to produce their
olives as soon as possible while the minimum setup, storage, waiting and production cost will keep the
producer’s costs as low as possible. These two criteria are in the conflict. Namely, larger over time
allows smaller setup and production costs and vice versa. In order to solve the considered optimization
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problem we have to solve two problems, we have to schedule the harvest and the production. The
problem is modeled as a bicriteria quadratic mixed integer programming production planning problem.
The problem is an NP-hard problem and for solving it an interactive heuristic based on tabu search
method and Lagrangean relaxation is proposed. First we fix the harvest schedule considering the fact
as it follows. Since the different types of olives are harvested in the different periods (which overlap for
some subperiods) we can solve a problem for every type separately relaxing the constraints considering
the sequence dependent setup times (the capacity constraints) and minimizing only the setup, storage,
waiting and production cost. After that, we check the capacity constraints, look at the one having
the largest overtime and take the coresponding period. We fix the setup times for the olive types
produced in the considered period. With these fixed setup times we minimize the overtime cost. Thus,
some overtime cost will be transformed in the storage or waiting cost doing tradeoff between these two
criteria. In order to construct the neighborhood we fix the harvest again shifting some harvests starting
moments, and repeat the whole procedure.
Keywords: heuristics

4b.4
Flexible scheduling in cells of a workshop

M. Labane, A. Soukhal, J-C. Bilaut

Some workshops are organized in manufacturing cells, where each cell is a set of machines, under the
responsibility of a cell’s manager. This person has in charge the management of his cell and the sched-
ule of the tasks on its machines. Each cell’s manager has his own objectives and his own information.
The problem is to assign operations to cells and to propose a flexible schedule for each of them. The
flexibility is given by using the concept of group of permutable operations, that leads to a sequential
flexibility, that means some choices for the cell’s manager in the processing order of some jobs. Three
criteria are considered: the maximum lateness, the provided flexibility and the load balancing between
cells. We search for a compromise solution. The problem presented here is issued from a collaboration
with OSYS company (www.osys.fr), that is a French company specialized in production control which
proposes hardware and software solutions to help in managing workshop activities. The interest of a
manufacturing cells organization is to give responsibilities to employees who are often more qualified
to answer in real time to unexpected events than a central manager who has only a global view of
the workshop. The aim of this study is to provide a scheduling tool for this company. We denote by
J = J1, . . . , Jn a set of n jobs to schedule. Each job Ji is composed of ni tasks Oi,j characterized by a
duration pi,j . Each job Ji is also characterized by a release date ri and a due date di. The workshop
is composed of K cells denoted by Ik. These cells form a partition of M = M1, . . . ,Mm, the set of
workshop resources. An operation Oi,j can be processed on any machine that belongs to subset of M

denoted by Ri,j . If two successive operations Oi,j and Oi,j+1 of a job Ji are processed on two different
cells Ik and I ′

k respectively, we consider that a transportation time δ(k, k′) is required between the
completion time of Oi,j and the starting time of Oi,j+1. First, we propose a greedy algorithm to solve
the assignment of operations to cells and the scheduling problem inside each cell, without flexibility.
In a classical problem instance, 5000 operations have to be scheduled. The solution returned by this
algorithm is improved by a Tabu search algorithm, both in terms of quality (lateness) and in terms of
load balancing. Then, an algorithm is applied to group operations on machines and thus to provide
sequential flexibility, without decreasing the quality of the solution. Algorithms and computational
results will be presented during the conference.
(This article is written for my thesis with the collaoration of OSYS - ZA des Bordagers - 53810
CHANGE-LES-LAVALS - FRANCE.)
Keywords: scheduling
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4c.1
Lower bounds and heuristics for the variable sized bin packing problem

Mohamed Haouari, Mehdi Serairi

We investigate the one-dimensional variable sized bin packing problem (VSBP) which is defined as
follows. Given a set of items where each item has a positive integer weight and a set of bins that have
different sizes and different costs. The problem is to minimize the overall cost of bins used for packing
the items. We describe several lower bounds as well as an effective heuristic. We present the results of a
computational study, comparing the tightness of the various bounds for randomly generated instances.
Keywords: cutting and packing

4c.2
Solving the Variable Size Bin Packing Problem with Discretized

Formulations
Isabel Correia, Lúıs Gouveia, Francisco Saldanha-da-Gama

In this paper we study the Variable Size Bin Packing Problem (VSBPP) which is a generalization of the
Bin Packing Problem where bins of different capacities (and different costs) are available for packing
a set of items. The objective is to pack all the items minimizing the total cost associated with the
bins. We discuss applications of the VSBPP and propose and discuss one generic (non-linear integer
programming) formulation as well as two linear integer programming formulations. One of these for-
mulations overcomes the non-linearity of the original model by simply adding explicitly the class of the
bin used. The other, less straightforward, uses a so-called discretized model reformulation technique
already proposed for other problems, and shows that we need not use explicitly the information on the
type of bin used provided we know the amount packed in it. These two models are, then, compared
in terms of the linear relaxation bounds. New valid inequalities suggested by the decision variables of
the discretized models are also proposed to strengthen the original linear relaxation bounds. Compu-
tational results are presented showing that the valid inequalities proposed not only enhance the linear
programming relaxation bound but may also be extremely helpful when using a commercial package
for solving the VSBPP to optimality.
Keywords: integer linear programming

4c.3
1DBP - parallel metaheuristic approaches to the problem

Rafal Walkowiak

The problem consists in packing a set of items into a set of containers. There are types of containers
characterized by the size and the cost. The goal is to minimize the total cost of containers used. A set
of parallel metaheuristic approaches to the problem in question is applied. The presentation is devoted
to description of the methods and comparison of the results obtained while different metaheuristics and
parallel computation schemes were used.
Keywords: meta-heuristics, cutting and packing
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4c.4
1DBP with different costs and sizes of bins - the ideas and results

Rafal Walkowiak

The problem consists in packing a set of items into a set of containers. There are types of containers
characterized by the size and the cost. The goal is to minimize the total cost of the containers used. The
influence of different variants of the cost/size assignments on the complexity of the problem is discussed.
The polices for the cases considered are proposed. The methods applied use dynamic programming,
branch and bound and different metahuristic approaches. Comparison of methods is done using real-life
test data sets taken from application in logistics.
Keywords: meta-heuristics, cutting and packing

5a.1
Finding the nearest point in a polytope according to any metric

João Soares

A terminating algorithm is developed for the problem of finding the point of smallest norm in the
convex hull of a given finite point set in a finite dimensional space. The proposed algorithm mimics Ph.
Wolfe’s algorithm (Wolfe’76) developed for the Euclidean norm and shares all of its basic properties.
The proposed algorithm has potential to evolve into a numerical mechanism to generating consecutive
deepest split cuts in integer programming.
Keywords: integer linear programming

5a.2
An Integral Basis Method for the Quadratic Assignment Problem

Yuusuke Kounoike, Tetsuya Fujie, Yuji Shinano

The integral basis method is a primal algorithm for integer linear programming (ILP) problems, recently
proposed by Haus, Koeppe, and Weismantel (2001, 2003). Given a feasible solution, the algorithm finds
a better solution or proves optimality. In this paper, we study an application of the algorithm to the
quadratic assignment problem (QAP). The QAP is known as one of the most difficult combinatorial
optimization problem, hence a certificate of optimality is a hard task even if solutions with such a high
quality could be obtained by efficient heuristics. It is the motivation of this paper to apply this new
algorithm to the QAP. An another motivation is to propose some improving techniques of the integral
basis method, which are applicable to general ILP problems. In this paper, we use the ILP formulation of
the QAP proposed by Kaufman and Broeckx (1978). We first construct a basis form (tableau) of a given
solution and then apply the integral basis method with a discrete relaxation called the strengthened
knapsack relaxation. In the integral basis method, it iteratively generates the irreducible solutions set
to the discrete relaxation. Our preliminary experiments showed, however, that a naive application of
the algorithm fails because the size of the irreducible solutions set tends to increase quite rapidly as the
size of the QAP increases, which is caused by the problem-specific structure. The main result of this
paper is to propose some classes of valid inequalities to derive useful discrete relaxations which help
reduce the size of the irreducible solutions set. These inequalities are easily obtained by solving linear
assignment problems. We also propose to take “implicit” generalized upper-bound (GUB) constraints
into consideration. GUB constraints play an important role in efficient implementations. We solved 17
problem instances in the literature and our computational result shows that these improvements work
effectively in reducing the number of reformulations of the basis form for all of the 17 instances and in
reducing the computing time for 11 instances.
Keywords: exact algorithms, integer linear programming
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5a.3
On lower bounds of the Quadratic Assignment Problem

Catherine Roucairol, Bertrand Le Cun

It is well known that the QAP is a very difficult Combinatorial Optimization problem to solve exactly.
The main difficulty is due to the lack of a sharp and efficient lower bound technique in the Branch
and Bound method. It is hard to find a good trade-off between the quality of the lower bound and
the time to perform it. We will review and discuss about several lower bounds both in term of qual-
ity and computational time needed: linearization techniques, Convexe Quadratic Programming, SDP
(SemiDefinite Programming), TDB (triangle decomposition bound). Last results with new bounds
based on Linearization Techniques (called Level 1 RLT, Level 2 RLT formulation) and derived from
the Dual procedure introduced by Hahn and Grant, will be also presented.
Keywords: integer linear programming, general combinatorial optimisation

5b.1
Tight Bounds for the Identical Parallel Machine

Mohamed Haouari, Anis Gharbi, Mahdi Jammeli

We address the problem of minimizing makespan on identical parallel machines. We propose new lower
bounding strategies and heuristics for this fundamental scheduling problem. The lower bounds are based
on the so-called lifting procedure. In addition, two optimization-based heuristics are proposed. These
heuristics require iteratively solving a subset-sum problem. We present the results of computational
experiments that provide strong evidence that the new proposed lower and upper bounds consistently
outperform the best bounds from the literature.
Keywords: scheduling

5b.2
Scheduling Parallel Dedicated Machines with the Speeding-Up Resource

H. Kellerer, V.A. Strusevich

In this paper we consider the problem of scheduling jobs on parallel identical dedicated machines, pro-
vided that the processing of jobs can be speeded up by allocating an additional resource. We are given
a set N = 1, 2, . . . , n of jobs and m processing machines M1,M2, . . . ,Mm. The machines are parallel
and dedicated. Set N of jobs is in advance partitioned into m subsets, N1, N2, . . . , Nm, so that the
jobs of set Ni and only these are processed on machine Mi 1 ≤ i ≤ m. No machine processes more
than one job at a time and preemption is not allowed. A job may consume an additional renewable
resource. There is exactly one unit of the resource available at any time. A job j is associated with
two values, pj and πj , where pj ≥ πj . If a job j is not given the resource, its processing time is equal
to pj ; otherwise, the processing time reduces to pj − πj . Extending standard notation for scheduling
problems with resource constraints, we denote the problem of minimizing the makespan on m paral-
lel dedicated machines by PDm|speed-res111|Cmax. If the resource allocation is known in advance,
the resulting problem is denoted by PDm|res111|Cmax. As shown in [1], problem PD2|res111|Cmax
is solvable in O(n) time, problem PDm|res111|Cmax is NP-hard for any fixed m ≥ 3 and problem
PD|res111|Cmax with a variable number of machines is NP-hard in the strong sense. We show that
problem PD2|speed-res111|Cmax is NP-hard in the ordinary sense, develop a dynamic programming al-
gorithm for its solution and convert it into a fully polynomial-time approximation scheme (FPTAS). For
problem PD|speed-res111|Cmax with a variable number of machines we present a two-stage (3/2+eps)-
approximation algorithm: in the first stage an approximate resource allocation is found by solving a

Porto, Portugal, May 11-13, 2006



ECCO XIX – CO 2006 Joint Meeting 47

number of linear knapsack problems by FPTAS, and in the second stage a (3/2)-approximation algo-
rithm from [1] is used to find a heuristic schedule. For problem PDm|speed-res111|Cmax with a fixed
number of machines we design a polynomial-time approximation scheme (PTAS). [1] H. Kellerer and
V.A. Strusevich, Scheduling parallel dedicated machines under a single non-shared resource, European
Journal of Operational Research, 2003, 147, 345-364.
Keywords: scheduling, approximation algorithms

5b.3
MultiObjective Parallel Machine Scheduling using Memetic Algorithms

Felipe Baesler, Luis Ceballos, Milton Ramirez

This paper presents a new approach based on memetic algorithms for solving multiobjective scheduling
problems. The algorithm was tested against Multiobjective configurations of genetic algorithms and
simulated annealing metahueristics, on a real life scheduling problem composed of two identical ma-
chines with setup times dependence. Different instances in terms of the number of jobs were solved.
This particular application corresponds to one step of a sawmill process representing the bottleneck of
the whole system. The objective functions selected for this application were the minimization of the
maximum completion time, (Cmax) and the minimization of the total tardiness of the jobs. The results
showed that the proposed approach is able to offer a much better solution than the one generated by
the company. As well the memetic approach was able to outperform the behavior of the other meta-
heuristics used for comparison. The next steps for future research includes the resolution of literature
tests problems, the extension in terms of number of objectives and the adaptation of the approach for
solving multiobjective flowshop problems.
Keywords: scheduling, meta-heuristics

5c.1
A neighbourhood structure, based on visibility graphs, for the

two-dimensional packing problem
Eduarda Pinto Ferreira, José Fernando Oliveira

The problem of cutting a rectangle into smaller rectangular pieces of given sizes is known as the two-
dimensional packing problem. In this paper we introduce different neighbourhood structures, based on
visibility graphs, for local search methods. These neighbourhoods are evaluated in terms of number of
neighbours, both feasible and infeasible, feasibility repair mechanisms and infeasibilities characteriza-
tion. Some of the defined neighbourhood structures were further studied under a simulated annealing
implementation. Finally, we present computational results of the implemented algorithm.
Keywords: cutting and packing

5c.2
Clustering irregular shaped pieces for lattice packing

M. Teresa Costa, A. Miguel Gomes, José F. Olilveira

Nesting irregular shaped pieces is a 2D cutting and packing problem that arises in industrial production
processes where raw material has to be cut from a given limited stock sheet, while minimizing the waste.
The lattice packing problem is a variant of the general nesting problem, where congruent copies of a few
small pieces are periodicly placed. We propose a two stage approach to tackle nesting problems with a
large number of pieces of relatively few different types: groups of small pieces are packed together in
compact clusters, followed by a lattice packing algorithm to pack the clusters. The focus of this talk
focus is on the first stage: the clusters creation.
Keywords: cutting and packing
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5c.3
An iterated local search algorithm based on nonlinear programming for the

irregular strip packing problem
Takashi Imamichi, Mutsunori Yagiura, Hiroshi Nagamochi

The irregular strip packing problem is a combinatorial optimization problem that asks to place a set
of 2-dimensional polygons within a rectangular container so that no two polygons overlap each other
and no polygon protrudes from the container, where each polygon is not necessarily convex. The
container has a fixed width, while its length can change so that all polygons are placed in it. The
objective is to find a layout that minimizes the length of the container. This problem has many
applications in material industry such as paper and textile industries, where raw materials are usually
given in rolls. We propose a new separation algorithm based on nonlinear programming, which moves
all polygons simultaneously and minimizes the total amount of overlap and protrusion. We formulate
the overlap minimization problem as an unconstrained nonlinear programming problem in which we
define the amount of overlap by using the penetration depth. We show that it is possible to compute
the amount of overlap and its gradient efficiently, and applies the quasi-Newton method to the overlap
minimization problem as our separation algorithm. We also propose an algorithm that swaps two
polygons in a sophisticated way; it tries to find their positions with the least overlap among the vertices
and the edge intersections of the no-fit polygons provided that the positions of other polygons are
fixed. This algorithm always finds a minimum overlap position with no overlap if any. We incorporate
these algorithms as components in an iterated local search algorithm for the overlap minimization
problem and then develop an algorithm for the irregular strip packing problem using the iterated local
search algorithm. Computational comparisons on representative instances disclose that our algorithm
is competitive with other existing algorithms. Moreover, our algorithm updates several best known
results.
Keywords: meta-heuristics, cutting and packing

6a.1
Application of a Structured Multiobjective Evolutionary Algorithm to the

Design of Screws for Polymer Extrusion
M.A. Felismino, A. Gaspar-Cunha, C.M. Fonseca

Polymer extrusion is one of the most relevant manufacturing technologies of plastics parts. It is generally
used to make products such as films, sheets, pipes, profiles, electrical wires and filaments. The extrusion
process consists basically of an Archimedes-type screw rotating at constant speed inside a heated barrel.
Usually, solid polymer in pellet form is fed in the hopper, flowing by gravity into the barrel. Then, the
action of the screw rotation drags the polymer forward, where it melts progressively and is pressurized.
This pressurization forces the melted polymer to flow though the die that gives the final shape to
the product. The performance of this process is strongly dependent on the operating conditions of
the machine (screw speed and set barrel temperature profile) and on the system geometry. In order
to overcome some important limitations of the conventional screws (CS) typically used, namely in
what concerns their melting efficiency, barrier screws (such as the Maillefer Screw (MS), the Barr
Screw (BS), the Dray and Lawrence Screw (DLS) and the Kim Screw (KS)) were developed. Their
aim is to increase the contact area between the solids and the metallic walls of the extruder, and to
separate the melt from the solids in order to improve process performance and stability. However,
these improvements on melting efficiency and process stability are strongly dependent on the type of
barrier screw and on the specific geometrical parameters used, i.e., are dependent on the screw design.
The design of screws for polymer extrusion can be seen as a multi-objective optimization problem
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involving two types of decision variables: i) the type of screw (discrete) and ii) the corresponding
geometrical parameters and operating conditions (continuous). This must be made in order to maximize
the extruder performance, which is usually quantified through the maximization of the mass output and
the mixing degree and the minimization of the length of screw required for melting, the temperature at
die exit and the mechanical power consumption. In order to optimize this process, a Multi-Objective
Evolutionary Algorithm (MOEA) was selected, since it allows the simultaneous optimization of several
objectives without requiring an aggregating function. The application of a MOEA to the design of
screws for polymer extrusion must take into account the different numbers of parameters needed to
describe the diverse types of screws (CS, MS, BS, DLS and KS), leading to chromosomes of variable
length. In this work, a structured chromosome representation is adopted. Such a chromosome has a
hierarchical representation composed of different levels, where the expression of the genes at the lower
levels (associated with the geometrical parameters) is controlled by genes at the higher levels (associated
with the type of screw). In this work, the choice of chromosome structure in a situation such as where
different types of screws possess similar geometrical parameters is considered. The results obtained
shed additional light into the design of MOEA for polymer extruder design, and demonstrate their high
application potential in polymer extrusion practice.
Keywords: meta-heuristics, general combinatorial optimisation

6a.2
Solving the Combinatorial Optimisation Twin-Screw Design Problem Using

Meta-Heuristics
C. Teixeira, R. Faria, J.A. Covas, A. Gaspar-Cunha

Co-rotating twin-screw extruders are well adapted to compounding and reactive extrusion purposes,
mainly due to a number of constructive and functional responses. Because these reasons this type of
extruders are widely used in the polymer industry with a great degree of success. Generally, in this
process the polymer and/or the additives are feed in the hopper with a constant rate, then due to the
screws rotation the polymer is transported forward where it melts and is mixed and homogenised, and
in the case of reactive extrusion, the chemical reactions occur. Finally, the polymer is forced to pass
trough a die that gave the final shape to the product. The performance of these machines is strongly
dependent on the operating conditions (output, screw speed and barrel temperature profile) and on
screws geometry/configuration. As a consequence, the definition of the best screws configuration and/or
geometry as well of the best operating conditions must be made carefully. Previous studies demonstrated
that the Twin-Screw Configuration Problem (TSCP) is a combinatorial optimization problem and can
be formulated as a Traveling Salesman Problem TSP. In this situation the cities are the screw elements
and the polymer is the traveling salesman, the aim being to define the sequence of screw elements that
maximize the process performance. Due to the combinatorial and discrete nature of this problem, two
different Multi-Objective (MO) optimization methodologies will be applied, one based on Evolutionary
Algorithms (EA) and the other based on ANT Algorithms. These types of algorithms, especially ANT
algorithms, are generally used to solve TSP with excellent results. The performance of the process is
estimated using a global modeling software, which models the process from hopper to die and takes
into account solids conveying, melting and melt conveying. This software has as input data the system
geometry, operating conditions and polymer properties and the outputs are the performance measures
of the process, such as mass output, degree of mixing, melt temperature, consumption of energy and
residence time distribution. In this work a comparative study of the performance of both algorithms
(MOEA and MO-ANT) on the TSCP will be performed. Far that purpose the algorithms will be
applied to a case study, where the objective is to determine the screw configuration yielding the best
global performance in terms of exit melt temperature, mechanical and thermal energy consumption,
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mass output, degree of mixing and average residence time.
Keywords: meta-heuristics, general combinatorial optimisation

6a.3
Selection of Solutions in a Multi-Objective Environment: Application to

Polymer Extrusion and Injection Molding
J.C. Ferreira, C.M. Fonseca, A. Gaspar-Cunha

One of the most important challenges when dealing with multi-objective optimization problems is the
selection of the optimal solution to be used in a specific situation. Decision making in this type of prob-
lems depends strongly on the process under consideration and, also, on the subjectivity of the decision
maker. Thus, the definition of computer-based decision methodologies is of great interest, since these
methodologies may avoid some of the subjectivity introduced by the decision maker and would make
the decision process more systematic. Recent research activity on the optimization of some polymer
processing technologies, which are combinatorial optimisation problems, on the definition of the optimal
processing conditions and/or on equipment design, has enabled the development of sophisticated tools
based on Multi-Objective Optimization Algorithms. However, the difficult problem of systematically
selecting a single solution from the set of Pareto solutions obtained by these types of algorithms re-
mains unsolved. This difficulty is more pertinent when the aim is to design equipment, since it is only
possible to use a single geometry. The selection of the best solution in a Multi-Objective environment
becomes more difficult as the number of criteria increases. Thus, the study of the interrelation between
the criteria and the optimization parameters can facilitate this task. In a conflicting situation, the
improvement of the performance in one criterion implies the deterioration of the performance of other
criterion. Moreover, if the relation between the criteria is of harmony, improvements in one criterion are
associated with improvements in the other criterion. Criteria may also be independent, i.e., a change
in one criterion may not affect performance according to another criterion. If two specific criteria are
in conflict or harmony, it will be important to establish the level of this interrelation. This will allow
determining in more detail the relationships between criteria in a specific problem and, consequently,
the increase of the performance of the optimization algorithm, as well of the process of selecting a single
solution at the end of the optimization. The aim of this work is the study of the interrelations between
the criteria for the polymer extrusion and injection molding processes, as a function of the parameters
to be optimized, i.e., the operating conditions (screw speed and set barrel temperature profile) and the
screw geometrical parameters. The results obtained show that some criteria may be joined together
without affecting the final optimization results. These results will be applied to the single and twin-
screw extrusion and to the injection molding processes, and constitute a first step on the development
of a complete Decision Making System to be applied to the problems under study.
Keywords: meta-heuristics, general combinatorial optimisation

6a.4
Mono and Multi-objective continuous optimization for conducting polymer

composites
Laetitia Jourdan, Thomas Legrand, El-Ghazali Talbi, Jean Luc Wojkiewicz

Nowadays, the electromagnetic interferences (EMI) become an important problem as there is a prolif-
eration of commercial, military, scientific electrical devices and equipments in high frequencies. To be
protected against the incoming and potentially disturbing radiation from penetrating into the equip-
ment, electronic devices must be shielded. The interaction’s mechanisms of an electromagnetic wave
with a material can be divided in three mechanisms: reflection, absorption and multiple reflections
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inside the material. In this work we are particularly interested in new protecting materials that show
high conductivities, lightweight and then appear as an alternative to metals. Among these new mate-
rials, Polyaniline (PAni) has a lot of potential applications in electronic and micro-electronic industry
for its electric properties and good environmental stability. To be realised, the PAni must be as thin
as possible in order to be realised as a paint. In this paper, we propose a mono-objective model and a
multi-objective model to find the properties of the conducting polymer. This polymer will be consti-
tuted of different layers of different materials (in our case PAni and Kapton). To model our problem, we
take different properties into account: - the reflection of the material, - the absorption of the material,
- the mass percentage of each leayer, - the thickness of the material. There are two variables for each
layer: the thickness and the conductivity. Each variable is a real value which is contained into bounds.
The bounds are fixed by a specialist of the domain and are parameters. In a first study, we realise a
continuous mono-objective genetic algorithm that takes into account only the physical properties of the
material. We test different encodings and operators. The GA allows us to give a realisable solution with
good reflection properties. As the collaborators of the project are interested in the possibility of chosen
between different solutions in function of the application of the protection (for example in military use,
the reflection is most important than cost, but it is still preferable to have the thickest material), we
propose a multi-objective genetic algorithm (MOGA) that deal with the previous modelization. The
MOGA has been developed on Paradiseo (PARAllel and DIStributed Evolving Objects) framework
enables the easy and fast development of the most common parallel and distributed models of hybrid
metaheuristics. The obtained result are very interesting as we can propose a set of solutions with dif-
ferent physical properties to our collaborators. All the proposed solutions are physically realistic. The
next step is to adapt and test the model with other conducting polymer than PAni.
Keywords: meta-heuristics

6b.1
Improved Complexity Results for Several Multifacility Location Problems

on Trees
Jörg Kalcsics

Although multifacility location problems are usually NP-hard on arbitrary networks, for trees often
polynomial time algorithms can be found. We will present a dynamic “leafs to root” programming
algorithm for the p-facility ordered median problem. This problem is a generalization of many well
known location problems, like the median, center, centdian, and k-centrum problem. The algorithm
improves on a previous result for the absolute and the node restricted ordered median problem by a
factor of O(n3) each, n being the number of nodes. By the same factor, this algorithm also reduces
the best known complexity for the absolute and the node restricted p-facility k-centrum problem to
O(pk2n4) and O(pk2n2), respectively. Moreover, complexity results for the ordered median problem on
a path graph and the unweighted problem will be derived.
Keywords: location

6b.2
Network Flows and Location (FlowLoc): The Source Location Problem

Horst W. Hamacher, Dwi R. Poetranto

Network flows and network location are well known problems in combinatorial optimization. In the
minimum cost flow problem (MCF), the sets of sources are given with their supplies and sinks with their
demands, and flow is sent from sources to sinks in a capacitated network, such that the transportation
costs are minimized. Polynomial algorithms for solving MCF are known (see, e.g., Ahuja et al. (1993)).
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In (classical) network location, the edges of the network are uncapacitated and all nodes are demand
nodes. The problem is to determine optimal location(s) of one or several facilities to satisfy these
demands, under appropriately defined objective functions. In most of the case, the problem is NP-hard
(see, e.g., Daskin (1995)). FlowLoc, in particular the source location problem, is an aggregation of
these two problems. Given an undirected, capacitated network, we want to determine the location of
sources, such that the demand of all nodes in the capacitated location network can be satisfied. As
in MCF, the goal is to minimize the total transportation cost. We consider the non-simultaneous and
simultaneous case. In the first problem, the set of sources is required to send the flow individually to
each of the customer at a time. In the latter problem, the demands from all customers have to be
satisfied simultaneously. It will be shown that the source location problem in FlowLoc can be reduced
to a combinatorial optimization problem, since it has the node dominance property: Only subsets of
nodes need to be considered to find an optimal set of sources. The problem can nevertheless be shown
to be NP-hard. We analyze the structure of the source location problem and present solution methods,
in particular, for the special case where the capacitated location network is a tree.
Keywords: location, networks

6b.3
The multiple-period, multiple-capacities facility location problem

MPMCFLP: background, different approaches and challenges
Miguel Ortega-Mier, Alvaro Garćıa-Sánchez, Eva Ponce-Cueto

Both setting the capacity and the location of facilities (or a set of them) have been considered two key
issues in the design of productive systems in Industrial Management. There is a nexus between capacity
and location, and and this has been emphasized by researchers. Nevertheless these two decisions have
been solved separately, mostly, from the point of view of modelization and quantitative methods. In
spite of the previous remarks, there are cases in which capacity and location are tackled simultaneously.
One example where this occurs is the Capacitated Facility Location Problem (CFLP). In order to be
more realistic, the CFLP can be modeled so that facilities take a discrete capacity (within a range of
possible values) instead only one. In this new problem there are some decision variables that stand
for the capacity of each facility. This problem has been presented like Multiple Capacitated Facility
Location Problem (MCFLP) and has been solved with simulated annealing with satisfactory results.
The complexity of the MCFLP problem increases when considering a multiple-period horizon instead
a simpler single-period one. In this communication the authors present a literature review of multiple
period location of facilities with discrete capacities and describe the different approaches found. After
this review, authors formulate the Multiple Period Multiple Capacitated Facility Location Problem
(MPMCFLP). In this case, since a great number of integer and binary variables are necessary, the
problem becomes very complex, which is the motivation to use non-exact methods. An approach based
in using genetic algorithms is presented to solve the MPMCFLP and, which is more interesting, to
provide robust solutions for a range of input values representing a realistic range of scenarios.
Keywords: location, approximation algorithms, meta-heuristics, general combinatorial optimisation
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6b.4
Capacity investment under uncertainty: multiobjective decisions with

multiobjective local search
João Claro, Jorge P. Sousa

The time and size of capacity investment is an important decision in operations strategy. The long
range implications of these decisions require that uncertainties in the evolution of a firm’s environment
are considered in the planning process. To support this type of decisions we consider a stochastic
multi-stage multi-resource capacity expansion model. This model includes the evolution of dynamic
demand and investment costs through a scenario tree, as well as two capacity “frictions”: economies
of scale, through fixed-charge cost functions, and lumpiness, through discrete capacity. This problem
has usually been formulated with a risk-neutral expected value objective function. We extend this
formulation to include a second objective function consisting of a risk measure. An approach based on
multiobjective local search was designed, to find good quality approximations to the mean-risk efficient
set in reasonable computational times.
Keywords: logistics, manufacturing

Porto, Portugal, May 11-13, 2006



54 ECCO XIX – CO 2006 Joint Meeting

Porto, Portugal, May 11-13, 2006



ECCO XIX – CO 2006 Joint Meeting 55

List of Participants

Baesler, Felipe Fabian
Universidad del BioBio
Chile
fbaesler@ubiobio.cl

Brandão, José Soares
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Faculté polytechnique de Mons
Belgium
godart@mathro.fpms.ac.be

Godinho, Maria Teresa
Escola Superior de Tecnologia e Gestão do Insti-
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