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Claudio Arbib, Università degli Studi di L’Aquila

António Miguel Gomes, University of Porto

Organised by:

ESICUP— EURO Special Interest Group on Cutting and Packing

Sponsored by:

EURO — The Association of European Operational Research Societies
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Welcome

José F. Oliveira Claudio Arbib

Dear Friends,

Welcome to the 5th Meeting of ESICUP - EURO Special Interest Group on Cutting and
Packing. After Wittenberg, Southampton, Porto and Tokyo, our ascension got to the moun-
tains of L’Aquila.

Just a quick reading through the scientific program, and we can predict that our meeting
will be a success. Starting with an invited talk by such a well-known researcher as Andrea
Lodi, the program develops with 36 presentations organized into two parallel sessions, and the
expected quality of all presentations makes the choice of session attendance a hard decision
problem. In fact, whether to extend or not the duration of meetings in order to avoid parallel
sessions is an issue worth addressing in our future panel discussions.

But science can also be cultivated around a dining table or during a tour. Considering
what the Organizing Committee has prepared for us, we are sure that between Villa Feronia
Restaurant and Piazza Duomo, or between L’Aquila and S. Stefano di Sessanio, many coop-
eration activities will be set up and scientific joint work be discussed and started, possibly
triggered by a glass of Italian wine or a delightful landscape.

We would like to spend a word of gratitude to our colleagues, members of the Scientific and
Organizing Committees, for the their important contribution for the existence and success of
this meeting, and very special thanks to Fabrizio Marinelli and Miguel Gomes who have dealt
with every single detail of the organization.

With more than 50 participants, including a large group from Italy and many newcomers,
this meeting is once again achieving its goals: disseminating this field of research, bringing new
people to this scientific community, being a forum of discussion and intellectual stimulation
for all of us interested in these problems.

Our wish is that we may leave L’Aquila with many new research ideas and all be back at
the 6th Meeting to present the results.

Have a safe trip back home.
All the best.

José F. Oliveira Claudio Arbib
University of Porto, FEUP / INESC Porto Università degli Studi di L’Aquila

Program Chair Local Organiser

L’Aquila, Italy, April 20-22, 2008
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Information for Conference Participants

L’Aquila
Situated in the mountainous region of Abruzzo at a height of 750 metres above sea level,
L’Aquila administrates the Italian district with the largest percentage of territory devoted to
natural parks. The town has a medieval history and outstanding monuments, among which
are the imposing Basilica of St. Maria di Collemaggio, the Castle, the 99 Cannelle fountain
and the beautiful church of St. Bernardino. The wonderful landscape and mountains make
L’Aquila popular with tourists all the year round. The average temperature in April ranges
from 4.6 to 20◦C (40 to 68◦F).

Meeting Venue
The meeting will be held at Sala Celestiniana, a beautiful frescoed room which once used as
refectory of the monastery annex to the ancient basilica of Collemaggio.
Collemaggio is a hill placed south-west of L’Aquila, outside the XIII-century walls. The
basilica is a real masterpiece of Abruzzi Romanesque-gothic architecture for the beauty of its
interior, the perfect integration of the architecture with the surrounding landscape and the
unforgettable facade in red and white stones which stands out of a large, deep-green lawn.
The church dates back to the XIII century.

Registration
The registration desk will be held at Sala Celestiniana on Monday, 21th, from 9:00. The
conference fee is 60 eand must be paid in cash when registering in L’Aquila.

Notes on presentation

• Equipment
All conference rooms are equipped with an overhead projector and with a video pro-
jector and laptop computer. We suggest that you bring your own computer and/or
transparencies as a backup.

• Length of Presentation
22 minutes for each talk, including discussion. Please note that we are running on a very
tight schedule. Therefore, it is essential that you limit your presentation to the time
which has been assigned to you. Session chairpersons are asked to ensure that speakers
observe the time limits.

Social Program and Lunches

• Get-Together
An informal get-together will take place on Sunday, 20th April at 7:30 pm at Gran Caffè
Eden, close to Piazza Duomo in the old town. Refreshments, snacks and meals will
be served on a pay-yourself basis (indicative price for a drink with snacks is 5.00 e,
indicative price for a meal is 25.00 e).

Gran Caffè Eden
Corso Vittorio Emanuele II, 90

• Conference Dinner
Conference dinner will take place at the Villa Feronia Restaurant on Monday, 21st at

L’Aquila, Italy, April 20-22, 2008
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08:00 pm. Typical regional dishes will be served.
Villa Feronia Restaurant is located in the historic city centre a few meters from Piazza
Duomo, Piazza Palazzo, Corso Vittorio Emanuele and 5 minutes walking from Hotel
Castello. The restaurant operates in the old house of Iacopo Notar Nanni, one of the
richest merchants of L’Aquila in the second half of 1400’s. The building is one of the
most important and elegant of the city.

• Tour
The tour is optional and costs 40 euros per person, including dinner in a typical restau-
rant in S. Stefano. A minimum of 30 subscribers is required, or the tour will be cancelled
and replaced by a guided walk through the historical centre of L’Aquila.
We will leave from the conference site on April 22nd, immediately after lunch (about
2:30 pm).
Trip — L’Aquila - Campo Imperatore (mountain flats) - S. Stefano di Sessanio (first
stop to visit the village) - Calascio (depending on weather conditions, second stop and
walk up to the castle – the one depicted in the 5th ESICUP Meeting logo) - route back
to S. Stefano and dinner in a typical restaurant - back to hotel until 11:30 pm.
Details — altitudes reached: Campo Imperatore, about 2000 mt; S. Stefano and Calas-
cio, 1250 mt; Rocca Calascio, 1500 mt. Possibility of rain. Mountain-hiking dress rec-
ommended (a pullover, k-way or similar, trekking shoes or sneakers).
Views of places can be found at:

http://www.sextantio.it/
http://www.campoimperatore.net/
http://www.rifugiodellarocca.it/inglese.htm
http://www.icastelli.it/regioni/abruzzo/l’aquila/roccacalascio.htm

• Lunches
Buffet-style lunch on Monday and Tuesday.

• Coffee Breaks
Coffee and biscuits will be served during scheduled coffee breaks.

Internet Access
Unfortunately Sala Celestiniana hasn’t any internet connection.

Messages
Messages for conference participants and accompanying people can be left at the conference
desk or by telephone at +39 3355902287 or +39 3473612387.

Travel Information

• by car
L’Aquila is within easy reach of both Tyrrhenian and Adriatic coasts. Please, check on
google map to retrieve information on the best route.

• by plane
L’Aquila is well connected by bus (ARPA company regional lines) to both Rome and
Pescara airports. The ARPA bus timetable, Rome / L’Aquila and Pescara/L’Aquila,
are available on the 5th ESICUP Meeting website.

L’Aquila, Italy, April 20-22, 2008
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– from Rome airports

– from Pescara airport

L’Aquila, Italy, April 20-22, 2008
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Moving Around
The best way to move around L’Aquila is by regional bus lines (see Arpa company site).
In the town you can move by bus (Public bus lines of L’Aquila), but walking is the best
way to enjoy the old city centre. Small parking areas at a price of 0.50 e/h can be found
in the old town but it’s rather difficult to find an empty slot. The largest parking area is
located underground at the Collemaggio bus terminal. Finally, taxi service can be found at
the following numbers:

tel. +39 0862 22115 or +39 0862 27372

Accommodation
A limited number of rooms have been reserved at Hotel Castello. A special rate, including
breakfast, is reserved for the conference participants:

• 65 e/day/person for a double room - single use;

• 45 e/day/person for a double room (i.e., if the room is shared with another delegate).

Hotel Castello ∗ ∗ ∗
P.zza Battaglione degli Alpini
(historical centre, with garage)
67100 - L’Aquila (AQ)
Tel.+39 0862 419147
Fax +39 0862 419140
info@hotelcastelloaq.com
www.hotelcastelloaq.com
(check in - 14:00, check out - 10:00)

Hotel reservations will be accepted until March 20, 2008 and rooms will be assigned on
a first-come first-served basis. Reservation must be made in any case by sending the hotel
reservation form completely filled by email to the Conference Secretariat. Once registration is
completed, a confirmation mail will be delivered.

If booking a shared double room, each delegate must fill an individual reservation form
specifying the name of the other delegate. The payment will be made by the participant
directly at the hotel. If you change your plan after you have reserved, please let us know
immediately.

If you want to extend your stay for more days and/or want us to reserve a room at the
conference hotel after the 2nd March, please feel free to contact marinelli@diiga.univpm.it

Other Hotels in L’Aquila
If you prefer reserving your room at other hotels than the Hotel Castello, please contact them
directly. Hotels are ranked from the nearest to the farthest from the conference location.

L’Aquila, Italy, April 20-22, 2008



5th ESICUP Meeting 9

Hotel San Michele ∗ ∗ ∗
via dei Giardini, 6
Tel. +39 0862 420260
Fax. +39 0862 27060
info@stmichelehotel.it
http://www.stmichelehotel.it/

eng/index.html

Duomo ∗ ∗ ∗
Via Dragonetti 6
Tel. +39 0862 410893
Fax: +39 0862 413058
info@hotel-duomo.it
http://www.hotel-duomo.it

Federico II ∗ ∗ ∗ ∗
Via Strinella
Tel. +39 0862 21191
http://www.hotelfedericosecondo.it/
info@hotelfedericosecondo.it

Amiternum ∗ ∗ ∗
Bivio S. Antonio
Tel. +39 0862 315757
Fax: +39 0862 315987
http://www.hotelamiternum.it/en/default.php

Duca degli Abruzzi ∗ ∗ ∗
viale Giovanni XXIII, 10
Tel. +39 0862 28341
Fax: +39 0862 61588
http://www.ducadegliabruzzi.com/
htiduca@tin.it

en/index.html

Grand hotel del Parco ∗ ∗ ∗ ∗
C.so Federico II
Tel. +39 0862 413240
Fax: +39 0862 65938
http://www.grandhotel.it/ piotroi@tin.it

Canadian ∗ ∗ ∗
Località Casermette
Tel. +39 0862 317402
Fax: +39 0862 317398
canadian@canadianhotel.it
http://www.canadianhotel.it/nuovo/

L’Aquila, Italy, April 20-22, 2008
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Restaurants in L’Aquila
For those who prefer discovering and enjoying the regional cuisine we suggest the following
typical restaurants in the old town (centre):

Ristorante La Conca
Via Giacomo Caldora, 12
tel. +39 0862 405211

L’Osteria Nudo e Crudo
Via Cannella Fabio, 9
tel. +39 0862 404990

Trattoria Del Giaguaro
Piazza S. Maria Paganica, 1
tel. +39 0862 28249

Ristorante Ernesto
Piazza Palazzo, 22
tel. +39 0862 21094

Ristorante La Matriciana
Via Arcivescovado, 5/A
tel. +39 0862 26065

Trattoria Da Rino
Via San Marciano, 2
tel. +39 0862 25280

Ristorante Da Lingosta
Piazza S. Pietro a
Coppito, 19
tel. +39 0862 28662

Caffè Cavour,
wine & cocktail bar
Via Cavour, 16
tel. +39 3480958517

L’Aquila, Italy, April 20-22, 2008
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Program Overview
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Scientific Program Schedule

Monday, 21th April
9h30 – 10h30

Opening + Session 1 (Room A)
Chairperson: Claudio Arbib

Welcome

1.1 – 2-Dimensional packing problems in telecommunications (Invited Talk)

Andrea Lodi, Silvano Martello, Michele Monaci

11h00 – 12h30

Session 2 (Room A)
Chairperson: Gerhard Wäscher

2.1 – Research support tools in cutting and packing: a survey
José F. Oliveira, A. Miguel Gomes

2.2 – Extended Cutting Problems: A Review

Gerhard Wäscher, Sebastian Henn

2.3 – Non-Identical Circle Packing

Rym M’Hallah

2.4 – Cutting Stock with No Three Parts per Pattern: Work-in-process and Pattern Minimization

Claudio Arbib, Alessandro Aloisio, Fabrizio Marinelli

14h00 – 15h50

Session 3a (Room A)
Chairperson: Reinaldo Morabito

3a.1 – Theoretical investigations on maximal dual feasible functions
Jürgen Rietz, Cláudio Alves, Rita Macedo, J. M. Valério de Carvalho, Filipe Alvelos, T. M.
Chan, Elsa Silva

3a.2 – A branch & bound approach for the 1D contiguous cutting-stock problem

M. Mesyagutov, G. Belov, G. Scheithauer

3a.3 – The one dimensional cutting stock problem with usable leftovers and handling constraints: a
case study

Kelly Cristina Poldi, Gerhard Wäscher

3a.4 – A Local-Search Approach for Solving a Bin-Packing Problem with Secondary Objectives

Heinz Schmitz, Sebastian Niemann

3a.5 – An effective recursive partitioning approach for the packing of identical rectangles in a rectangle

Reinaldo Morabito, Ernesto G. Birgin, Rafael D. Lobato

L’Aquila, Italy, April 20-22, 2008
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Session 3b (Room B)
Chairperson: Yu. Stoyan

3b.1 – A proposal for a new scheme for No Fit Polygon using XML
Roberto Licari, Ernesto Lo Valvo

3b.2 – A Variant Beam Search Implementation for the Irregular Shape Bin Packing Problem

Xiang Song, Julia A. Bennell

3b.3 – A Mixed Integer Programming and Global Optimization approach for non-standard packing
problems with additional constraints

Giorgio Fasano

3b.4 – Packing of rotating circular segments and primary objects

T. Romanova, Yu. Stoyan, M. Zlotnik, E. Stupak

3b.5 – Packing identical spheres into a right circular cylinder

Yu. Stoyan, G. Yaskov

16h20 – 18h10

Session 4a (Room A)
Chairperson: Andreas Bortfeldt

4a.1 – New Heuristics for Two Dimensional Bin Packing Problem
Chan Tak Ming, Filipe Alvelos, Elsa Silva, J. M. Valério de Carvalho, Cláudio Alves, Rita
Macedo

4a.2 – An Approximation Algorithm for Rectangle Packing with Rotations

Rolf Harren, Rob van Stee

4a.3 – A Hyper-heuristic Approach to Strip Packing Problems

Q. Guo, E. K. Burke, G. Kendall

4a.4 – The Two-Dimensional Guillotine Bin Packing Problem with Multiple Bin Sizes and Costs

Sergey Polyakovskiy, Rym M’Hallah

4a.5 – A Tree Search Algorithm for Solving the Two-Dimensional Knapsack Problem

Andreas Bortfeldt, Tobias Fanslau

Session 4b (Room B)
Chairperson: Horacio Yanasse

4b.1 – An Adaptive Genetic Algorithm for the Pattern Sequencing Problem
Luigi De Giovanni, Ferdinando Pezzella, Gionata Massi

4b.2 – A heuristic for the cutting stock problem with a limit on the maximum number of open stacks

Filipe Alvelos, Chan Tak Ming, Elsa Silva, J. M. Valério de Carvalho, Cláudio Alves, Rita
Macedo

4b.3 – Solving exactly the Pattern Minimization Problem using a hybrid algorithm based on Integer
and Constraint Programming

Rita Macedo, Cláudio Alves, J. M. Valério de Carvalho

L’Aquila, Italy, April 20-22, 2008
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4b.4 – Exact methods for solving the open stack problem

Paolo Ventura, Luigi De Giovanni, Ferdinando Pezzella, Marc Pfetsch, Giovanni Rinaldi

4b.5 – A size reducing procedure for the minimization of open stacks problem

Horacio Hideki Yanasse

Tuesday, 22th April
9h00 – 10h30

Session 5a (Room A)
Chairperson: J. M. Valério de Carvalho

5a.1 – Improved Upper Bounds for the Two-Dimensional Guillotine Cutting Stock Problem
Mauro Russo, Antonio Sforza, Claudio Sterle

5a.2 – A Model for the Exact Solution of Two Dimensional Cutting Stock Problem

J. M. Valério de Carvalho, Cláudio Alves, Rita Macedo, Mehdi Mrad, Filipe Alvelos, Chan Tak
Ming, Elsa Silva

5a.3 – Exact Algorithms for the Two-Dimensional Cutting Stock Problem

Cláudio Alves, Rita Macedo, Mehdi Mrad, J. M. Valério de Carvalho, Filipe Alvelos, Chan Tak
Ming, Elsa Silva

5a.4 – A new integer programming model for the two-staged two dimensional cutting stock problem

Elsa Silva, Filipe Alvelos, J. M. Valério de Carvalho

Session 5b (Room B)
Chairperson: José Fernando Gonçalves

5b.1 – A Model for the Vehicle Routing with Time Windows and Loading Problem
Ana Moura, José F. Oliveira, Maria Antónia Carravilla

5b.2 – Transportation and Bin Packing Complex in Delivery Logistics

Nadezhda A. Gilmanova, Ural A. Karipov

5b.3 – A heuristic approach for a container loading problem with non-convex domain

Antonio Sforza, Claudio Sterle, Mauro Russo

5b.4 – A Maximal Space Multi-population Genetic Algorithm for the Container Loading Problem

José Fernando Gonçalves

11h00 – 12h30

Session 6 (Room A)
Chairperson: Gleb Belov

6.1 – LP-based branching in the interval graph algorithm for orthogonal packing
G. Belov, V. Kartak, H. Rohling

6.2 – An Exact Algorithm for the Two-Dimensional Strip Packing Problem

Marco Antonio Boschetti, Lorenza Montaletti

L’Aquila, Italy, April 20-22, 2008
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6.3 – A practical C&P application for cutting steel plates

Gesine Draeger, Andreas Bortfeldt

6.4 – A hybrid GRASP/VND algorithm for two and three-dimensional bin packing

F. Parreño, R. Alvarez-Valdes, J.F. Oliveira, J.M. Tamarit

12h30 – 12h40

Closing Session (Room A)
Chairperson: José F. Oliveira

Closing notes

L’Aquila, Italy, April 20-22, 2008
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Abstracts

1.1
2-Dimensional packing problems in telecommunications (Invited Talk)

Andrea Lodi, Silvano Martello, Michele Monaci
DEIS, University of Bologna

We consider 2-dimensional packing problems arising from telecommunications applications. In partic-
ular, according to WiMAX technology, information is sent to several users within the same frame, and
an efficient and fast way to send information and to recover it is required. This leads to interesting
packing problems for which different objective functions can be defined. For a simplified version of the
real-world problem we provide an approximation algorithm and different fast heuristics, which turn
out to be effective in practice. Finally, computational experiments on a set of real-world instances are
presented.
Keywords: 2D packing, telecommunications, applications

2.1
Research support tools in cutting and packing: a survey

José F. Oliveira, A. Miguel Gomes
Universidade do Porto, Faculdade de Engenharia / INESC Porto

In the last years the Cutting and Packing field has developed, as a specific combinatorial optimization
problem, with an increasing number of papers published in journals. Several tools to support research
in cutting and packing have also been developed but they seem not to be widely known and used.

On the one hand, when acting as reviewers it is still common to read papers in which the basic
literature is not cited, and probably not known, in which the computational experiments are not run
over the instances that are widely used as benchmarks and not compared against the best results and
approaches known for the problem.

On the other hand, a researcher wanting to enter this field may feel some difficulties in finding an
organized repository of material that can easy the initial steps in Cutting and Packing.

Although ESICUP web site presents a wide repository of research support tools and a major step
has been taken with the improved typology for cutting and packing problems recently proposed by
Wäscher et al, more resources, not widely known by researchers, are available.

In this talk a survey on research tools on cutting and packing will be presented. This will include
web sites, benchmark problem instances repositories, problem generators, organized literature, available
software code and problem typology. The aim is to support both researchers and journal reviewers in
their work.
Keywords: research support tools, benchmark problems, problem typology

2.2
Extended Cutting Problems: A Review

Gerhard Wäscher, Sebastian Henn
Otto-von-Guericke-Universität Magdeburg

The optimization of industrial cutting processes is not simply a matter of determining appropriate
cutting patterns which minimize the input (of large objects) or maximize the output (of small items),
but rather a complex planning problem in which additional aspects have to be taken into account.

L’Aquila, Italy, April 20-22, 2008
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In the typology of Wäscher, Haußner & Schumann (2007) cutting (and packing) problems of this
kind are categorized as extended problems.

In this presentation, the authors give a systematic overview of the state-of-the-art corresponding
to such extended problems. In particular, we focus on extensions related to setups, pattern sequencing,
usable trim loss, and lot-sizing. For each of the corresponding problem types we formulate a reference
model (based on the complete-cut integer programming formulation for the cutting stock problem) and
describe the solution approaches which have been suggested in the literature.
Keywords: extended cutting problems, set ups, pattern sequencing, trim loss, lot-sizing

2.3
Non-Identical Circle Packing

Rym M’Hallah
Department of Statistics and Operations Research, Kuwait University

The circular packing problem (CPP) consists of packing n non-identical circles of known radii into the
smallest containing circle C. The objective is to determine the coordinates of the center of each circle,
as well as the radius and center of C. CPP, which is a variant of the two dimensional open dimension
problem, is NP hard. It embeds two extremely difficult problems: a pure continuous optimization prob-
lem, and a combinatorial one. This paper provides computational evidence that the continuous and
combinatorial aspects of the problem should not be tackled independently, but rather simultaneously.
Subsequently, it presents an efficient adaptive algorithm that incorporates nested partitioning within
a tabu search and applies some diversification strategies to obtain a (near)global optimum. The tabu
search is to identify the circles’ ordering whereas the nested partitioning is to determine their positions.
Keywords: adaptive search, non-linear optimization, nested partitioning, circle packing

2.4
Cutting Stock with No Three Parts per Pattern: Work-in-process and

Pattern Minimization
Claudio Arbib∗, Alessandro Aloisio∗, Fabrizio Marinelli†

∗Università degli Studi di L’Aquila, Dip. di Informatica, Italy, †Università Politecnica delle Marche,
Dip. di Ingegneria Informatica Gestionale e dell’Automazione, Italy

The 1-dimensional Pattern Minimization Problem (PMP) consists in finding, among the optimal so-
lutions of a 1-dimensional cutting stock problem (CSP), one that minimizes the number of distinct
cutting patterns activated. The Work-in-process Minimization Problem (WMP) calls for scheduling
the patterns so as to maintain as few open stacks as possible.

In 1999 McDiarmid studied a special case of the PMP, that we here call PMP2, where any two part
types fit in a stock items, but not three do. Though the relevant CSP is trivial, the Author proves that
PMP2 is NP-hard in the strong sense, and one can solve PMP2 by a large scale set-packing formulation.

Although elegant, McDiarmid’s study seems more concerned with theoretical than with practical
issues. A weaker, more realistic assumption is that no more than two parts fit in a stock item.

Since any cutting pattern can be composed at most by two part types, we introduce a compatibility
graph G(I, E) where ij ∈ E if and only if a cutting pattern producing both part i and j is feasible. We
studied three cases: generic graph, threshold graph and split graph.
Generic graph – For a general graph, the PMP cannot be directly formulated as set-packing, and

the CSP and the WMP are less trivial than for the clique case. We show that for general graphs
the PMP cannot benefit from the theory developed by McDiarmid. For a general graph one can
formulate the CSP as an integer d-matching, that is strongly polynomial.

L’Aquila, Italy, April 20-22, 2008
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Threshold graph – In this case one can use an FFD like algorithm to find a CSP-optimal solution
in O(nlog(n)) time and uses at most 2 open stacks. For the PMP an upgraded set-packing
formulation can still be used. This approach can find a PMP-optimal solution in some cases, and
in the rest of the cases the value of the solution found can differ by 1 from the optimum. Another
important result is that, for a threshold graph, one can always find a PMP-optimal solution that
uses at most 2 open stacks.

Split graph – For the more general case split graph, the CSP can be formulated with polynomially
many inequalities as a linear network flow problem, but the CSP may not admit an optimal
solution with at most 2 open stacks. Also in this case, for the PMP we can use an upgraded
set-packing formulation (USP).

Using delayed columns generation, we computed the linear relaxation of USP for 99 instances generated
by CUTGEN, with n = 40; 60 part types and average demands d = 50; 100; 200. We compared the
results obtained with those computed through the linear relaxation of a standard formulation (GGS)
which adapts Gilmore and Gomory’s cutting stock model to pattern minimization by the addition of
activation variables. In our tests the USP linear relaxation showed to improve GGS from 13,25% to
38,72% (on average 25,97%) at root, and from -1,90% to 30,23% (on average 14,54%) considering the
best bound obtained by Cplex on GGS during branch-and-bound.
Keywords: cutting stock, setup minimization, open stack, split graph, threshold graph

3a.1
Theoretical investigations on maximal dual feasible functions

Jürgen Rietz†, Cláudio Alves∗†, Rita Macedo†, J. M. Valério de Carvalho∗†, Filipe Alvelos∗†,
T. M. Chan†, Elsa Silva†

∗Departamento de Produção e Sistemas, Universidade do Minho, 4710-057 Braga, Portugal, †Centro
de Investigação Algoritmi, Universidade do Minho, 4710-057 Braga, Portugal

Dual feasible functions are used to get valid inequalities or lower bounds for integer linear optimization
problems, especially the cutting stock problem. The aim of this presentation is the construction of a
wide range of dual feasible functions and the simplification of proving that a function has really these
properties.

Let F be the set of all functions f : [0, 1]→ IR+ with f(1) = 1 and
∑

x∈S f(x) ≤ 1 for any finite set
S of nonnegative real numbers with

∑
x∈S x ≤ 1. A function f ∈ F is called a maximal dual feasible

function (MDFF) if there is no other function g ∈ F with g(x) ≥ f(x) for all x ∈ (0, 1).
Theorem 1: A function f : [0, 1]→ IR+ fulfilling the following conditions is a MDFF:

f(1) = 1
1 = f(x) + f(1− x) for all x ∈ [0, 1/2]

f(x1 + x2) ≥ f(x1) + f(x2)∀x1, x2 with 0 < x1 ≤ x2 < 1/2, x1 + x2 ≤ 2/3

Theorem 2: If f : [0, 1]→ IR+ fulfills the first two conditions of Theorem 1 and is convex on [0, 1/2]
then f is a MDFF.

Besides these theoretical issues some computational results with data sets from our partners shall
be presented.
Keywords: dual-feasible functions, cutting stock problem
This research was done in Project SCOOP (Sheet cutting and process optimization for furniture enterprises),

funded by the EU.
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3a.2
A branch & bound approach for the 1D contiguous cutting-stock problem

M. Mesyagutov∗, G. Belov†, G. Scheithauer†
∗Ufa State Aviation Technical University, †Technical University of Dresden

Let us consider the problem of one-dimensional contiguous stock cutting (1CSC). Given m item types
with widths wi and demands bi for each type i = 1, m, the items should be cut from the minimum
number of stock pieces of width W . The cutting solution has to satisfy two restrictions:

1. It is only allowed to cut different items from a piece of stock.
2. There is a sequence of stock pieces so that each item type is cut contiguously: if an item was cut

from the stock but demand on it is not satisfied then it must be cut from the next stock.
The 1CSC problem has applications, e.g. in scheduling. The problem arises also as a relaxation of

the 2D rectangular strip packing problem (2SP).
We propose an exact approach to solve 1CSC. The approach is based on a branch & bound method

on permutations with depth-first strategy. It is quite similar to the one from Martello, Monachi and
Vigo (2003) where 1CSC (called 1CBP, 1D contiguous bin packing) was used as a lower bound for 2SP.
We discuss various branching strategies, dominance criteria and lower bounds for 1CSC, e.g., LP-based
bounds and etc.

Results of computational experiments are shown on test instances from the literature.
Keywords: 1CSC, branch & bound, linear programming

3a.3
The one dimensional cutting stock problem with usable leftovers and

handling constraints: a case study
Kelly Cristina Poldi, Gerhard Wäscher
Otto-von-Guericke-Universität Magdeburg

We address the one-dimensional Multiple Stock-Size Cutting Stock Problem (1D MSSCSP). The prob-
lem arises in a wood-processing company, where a set of pieces (items) must be produced by cutting
large stock objects. Such objects can be either of standard sizes or non standard sizes, i.e., objects that
are leftover of previous cuts. Moreover, stock objects are stored in different places (cassettes). The
demand for the items, the stock availability of (standard and non standard) objects and the cassette
where each object is stored are given. The total costs consist of the trim loss costs (material costs
of the unavoidable waste), the leftover costs (future costs if the residual pieces would be used again)
and handling costs (costs for moving the cassettes in and out of the warehouse). An integer linear
programming model is presented and a solution procedure based on the simplex method with column
generation is being developed.
Keywords: cutting stock problem, column generation, usable leftover

3a.4
A Local-Search Approach for Solving a Bin-Packing Problem with

Secondary Objectives
Heinz Schmitz, Sebastian Niemann

University of Applied Sciences, Trier, Department of Computer Science

This paper reports on a bin-packing problem that appears during the production process of wooden
door frames. For this, slats are sawn outof standard-sized wood panels and the main objective is to
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minimize the number of used panels. However, in the case at hand two more objectives need to be con-
sidered: The ordering of slats with the same width is crucial for machine-setup costs and final-assembly
costs in forthcoming stages of the production process. After a precise problem statement we present
local-search based algorithms that minimize the secondary objectives without increasing the number of
panels. It turns out that a selective neighborhood search is an efficient but yet effective way to achieve
this. Together with a standard algorithm for bin packing (FFD), our algorithms are implemented as
a software module that computes optimized production schedules. Tests with real-world data show
significant improvements - in comparison to a commercial optimization tool that has been used before.
Keywords: combinatorial optimization, bin packing with secondary objectives, industrial ap-
plication, local search, 1D SSSCSP

3a.5
An effective recursive partitioning approach for the packing of identical

rectangles in a rectangle
Reinaldo Morabito, Ernesto G. Birgin, Rafael D. Lobato

Universidade Federal de Sao Carlos, Brazil

In this work, we deal with the problem of packing (orthogonally and without overlapping) identical
rectangles in a rectangle. This problem appears in different logistics settings, such as the loading of
boxes on pallets, the arrangements of pallets in trucks and the stowing of cargo in ships. We present a
recursive partitioning approach combining improved versions of a recursive five-block heuristic and an
L-approach for packing rectangles into larger rectangles and L-shaped pieces. The combined approach
is able to rapidly find the optimal solutions of all instances of the pallet loading problem sets Cover I
and II (more than 50 thousand instances). It is also effective for solving the instances of problem set
Cover III (almost 100 thousand instances) and practical examples of a woodpulp stowage problem, if
compared to other methods from the literature. Some theoretical results are also discussed and, based
on them, efficient computer implementations are introduced. The computer implementation and the
data sets are available for benchmark purposes at http://www.ime.usp.br/∼egbirgin/packing/.
Keywords: cutting and packing, manufacturer’s pallet loading problem, woodpulp stowage
problem, non-guillotine cutting pattern, recursive algorithms

3b.1
A proposal for a new scheme for No Fit Polygon using XML

Roberto Licari, Ernesto Lo Valvo
Dipartimento di Tecnologia Meccanica, Produzione ed Ingegneria Gestionale – Università di Palermo

– Italy

The nesting of two-dimensional irregular shapes is a common problem which is frequently encountered
by a number of industries where raw material has to be, as cheaply as possible, cut from a given stock
sheet. A frequently recurring problem as far as cutting stock is concerned, is how to obtain the best
nesting of some pieces of flat patterns which occupy the minimal area.

There is a great number of efficient solutions when shapes are simple or convex, essentially based on
No Fit Polygon (NFP) concept and sliding operation between two shapes having a specific role within
the operation. If both polygons are convex, the NFP concept and realization are also quite easy and
fast to obtain, but a very significant drawback of this method is due to the difficulties in developing an
efficient and easy method to calculate NFP for non-convex polygons. Actually three main approaches
exist in literature: a) orbiting algorithm of Mahadevan; b) Minkowsky sum and c) decomposition into
convex polygons.
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Another common problem is that NFP-based methods cannot easily carry a solution out when NFP
is degraded to a single point or a simple line. Hence it is more proper to consider a track instead of a
polygon, so that in this paper a different point of view is used, introducing the No Fit Path (NFPh)
instead of the No Fit Polygon concept.

When, for instance, both an external track and a single point inside a hole of the stationary polygon
are valid for orbiting polygon positioning (like in jigsaw pieces cases), it is more proper to talk about
“No Fit Path”, because the positioning points series could be not only a simple polygon, but also
a not-always-continuous path. As a matter of fact, NFPh could be defined by: one or more simple
polygons; two or more overlapping segments; just some single points; all together these situations.

A smart procedure for the calculation of non-convex polygons “No Fit Path” is here presented.
Given two non-convex polygons, the algorithm is able to both efficiently decompose the polygons and
very quickly and without any approximation calculate their NFPh by a polygon clipping method.

Using No Fit Path concept, a data interpretation and sharing problem is here presented. One of
the most relevant effects of the great diversity of traditional approaches is that researcher teams cannot
easily read, modify or share their results, because of the great number of information and the different
origin and format of the obtained data.

As a matter of fact, a new data format, called NestingXML, has recently been proposed in order
to both overcome information fragmentation and make information sharing possible.

NestingXML is based on the XML format, which is easy to be read and understood by humans, but
has a hard limit when polygons and shapes generate a No Fit Polygon with overlapped edges or when
it becomes just a single point. The new proposal consists in changing also the NestingXML structure,
in order to add a new section where No Fit Paths can be completely stored.

In order to have a simpler and clearer data format, an efficient tool has been developed, able to
arrange all the information about NFPh in an XML file, easy to be managed and to be shared with
other researchers. Moreover SVG, an XML based graphic format, very simple to be used and able to
show animations and movements, has been adopted thanks to an easy-to-use interface, able to carry
an animated image out, showing both stationary and orbiting polygon and the resulting NFPh.
Keywords: cutting, nesting, NFP, no fit path, NestingXML

3b.2
A Variant Beam Search Implementation for the Irregular Shape Bin

Packing Problem
Xiang Song, Julia A. Bennell

School of Management, University of Southampton, Highfield, Southampton SO17 1BJ, United
Kingdom

Research into 2D irregular packing has largely focused on the strip packing version of the problem.
However, it can be argued that this is a simplification. Materials from which pieces are required to be
cut will ultimately have a fixed length either due to the physical dimensions of the material or through
constraints on the cutting machinery. This is especially the case in the metal cutting industry, where a
set of strongly heterogeneous irregular shapes need to be assigned to a set of identical large rectangular
sheets before the real cutting is initialized and the material wastage needs to be minimized. It should
be noted that on the last sheet the unused part of the rectangular sheet could be stored and reused
in the future, which won’t be considered as wastage. Under this scenario the 2D irregular shape bin
packing problem is obtained. According to the typology of cutting and packing problems from G.
Wäscher, H. Haußner and H. Schumann (2006), this problem is an irregular shape (Single Bin-Size
Bin Packing Problem) SBSBPP. The SBSBPP is classified as a class of NP-hard problem by Garey
and Johnson (1979). The irregular shape SBSBPP is far more complex due to the complexity of the
geometry shapes.

Although comprehensive research has been carried out and various approaches have been proposed
to solve the 1D SBSBPP and 2D rectangular shape SBSBPP [Dowsland, K.A. and Dowsland(1992),
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Valerio de Carvalho, J.M.(1999), Hopper, E. and Turton, B.C.H(2001), Lodi, A., Martello, S. and
Vigo, D.(2002), Vanderbeck, F.(1999)]. The research into the irregular shape SBSBPP is rare and
frequently reduces the problem to a 1D problem using a finite set of predetermined patters [Degraeve,
Z. and Vandebroek, M. (1998), Martens, J. (2002)]. In this work we wish to address the irregular shape
SBSBPP and include additional real industrial needs.

The approaches used for SBSBPP in the literature can be broadly classified into three methods:
heuristic placement routines, exact approaches/lower bounds and local search methods. The heuristic
placement routine has the advantage of finding a feasible solution quickly with different placement
strategies. The exact approaches only work well for small to medium sized problem instances due to
the complexity of the problem. Much of the works on the exact approaches for SBSBPP concentrate
on the one dimensional case. Real world applications which include up to 100 irregular shape items
have to be solved heuristically using placement rules and often local search methods. Examples of
local search methods applied to the 1D and 2D SBSBPP include Ant Colony Optimization, Genetic
algorithms, Tabu Search and Simulated Annealing. These local search methods have also been used to
solve irregular shape strip packing problem.

In this paper we will present implementations of beam search algorithm adapted to the irregular
shape bin packing problem. We implement a beam search algorithm to search over the packing order.
Beam search is analogous to branch and bound where the tree is searched breadth first and aggres-
sively pruned at each level. Using this approach many parallel partial solutions can be generated and
compared using the new constructive heuristic. This approach has been used successfully to solve the
irregular shape strip packing problem in J. Bennell & X. Song (2007) in contrast to other local search
methods mentioned in the last paragraph. We make a number of adaptations in order to implement
this approach to solve the bin packing problem. Computational results for benchmark problems show
that the algorithm generates highly competitive solutions in significantly short time.
Keywords: bin packing, irregular shape, beam search

3b.3
A Mixed Integer Programming and Global Optimization approach for

non-standard packing problems with additional constraints
Giorgio Fasano

CMath FIMA CSci, Thales Alenia Space Italy S.p.A.

Three-dimensional Single Bin Packing problem is considered and possible extensions to non-standard
packing problems with additional conditions, susceptible to a MIP(/MINLP) formulation, are taken
into account, including tetris-like items, convex (non-rectangular) domains with (rectangular/tetris-
like) forbidden regions or separation planes, static and dynamic balancing conditions. A heuristic,
aimed at overcoming the intrinsic difficulties of the (deterministic) MIP(/MINLP) approach is intro-
duced. It is a recursive procedure based on the concept of abstract configuration, concerning the relative
positions between items: the relative positions of items, determined by any abstract configuration, give
rise to a feasible solution in an unbounded domain. The heuristic generates a sequence of good abstract
configurations and solves, step by step, a reduced MIP(/MINLP) model by fixing items relative posi-
tions, corresponding to the current abstract configuration. In such a way, at each step, the difficulties
associated to the item-item non-intersection conditions are dramatically reduced.

Packing problems involving both convex and non-convex polygons are generally very complex.
Different approaches have been investigated (see e.g. Gones AM, Oliveira JF 2002). Daniels K et al.
(1994), Fischetti and Luzzi (2004) considered a MIP approach for modelling the placement of a given
set of pre-oriented simple polygons into a rectangular domain whose length has to be minimized. Stoyan
et al. (2004, 2007) have introduced the F-functions approach for modelling complex two-dimensional
packing problems and adopted local optimization.

The work proposed in this abstract, based instead on a (non-stochastic) GO point of view, is aimed
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at achieving a successive approximation procedure for solving the packing problem of both convex and
non-convex polygons into a convex domain, in the presence of additional conditions. The concept of
Multiple Special Ordered Set (MSOS) is introduced, generalizing those of Special Ordered Sets adopted
in a MIP framework, to improve the procedure computational effectiveness. A tetris-like formulation
can be achieved to look into a good initial (approximate) solution and the heuristic procedure, intro-
duced for parallelepipeds, properly extended to the case of polygons. Possible extensions are briefly
suggested, including some cases of non-simple polygons and more complex patterns, as well as addi-
tional conditions.
Keywords: MIP/MINLP, Lipschitzian GO, orthogonal packing, Tetris-like items, additional
conditions, polygons packing, balancing conditions

3b.4
Packing of rotating circular segments and primary objects

T. Romanova, Yu. Stoyan, M. Zlotnik, E. Stupak
Institute for Mechanical Engineering Problems of the National Academy of Sciences of Ukraine, 2/10

Pozharsky St., 61046 Kharkiv, Ukraine

We consider the following irregular shape packing problem. Given a collection of circular segments,
convex and nonconvex polygons and circles place into a rectangular region of variable length in or-
der to minimise the length. We allow continuous rotations of the polygons and circular segments.
In addition circular and polygonal prohibited areas are specified. The investigation further develops
phi-functions as an efficient tool for mathematical modeling of two-dimensional packing problems: we
derive phi-functions for circular segments and primary objects taking account of continuous rotations.
The phi-functions allow us to construct a mathematical model of the packing problem as a classical
mathematical programming problem. We consider characteristics of the mathematical model. The
problem is multiextremal and NP-hard. A solution strategy combines a fast initial placement of the
collection of geometric objects, local optimization and getting an approximation to a global minimum.
The solution strategy illustrated with examples is provided.
Keywords: circular segments, circles, polygons, rotations, packing, phi-function, optimisation

3b.5
Packing identical spheres into a right circular cylinder

Yu. Stoyan, G. Yaskov
Institute for Mechanical Engineering Problems of the National Academy of Sciences of Ukraine, 2/10

Pozharsky St., 61046 Kharkiv, Ukraine

We deal with the optimisation problem of packing identical spheres into a right circular cylinder of
minimal height. A mathematical model of the problem is constructed and its characteristics are con-
sidered. On the ground of the characteristics, a strategy of searching for an approximation to a global
minimum is offered. The strategy includes a special search tree construction, a modification of the Zou-
tendijk method of feasible directions to calculate local minima, and a modification of the decremental
neighbourhood method to search for an approximation to a global minimum. Numerical examples and
performance analysis of solutions are given.
Keywords: packing, sphere, cylinder, optimisation, modelling
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4a.1
New Heuristics for Two Dimensional Bin Packing Problem

Chan Tak Ming†, Filipe Alvelos∗†, Elsa Silva†, J. M. Valério de Carvalho∗†, Cláudio Alves∗†,
Rita Macedo†

∗Departamento de Produção e Sistemas, Universidade do Minho, 4710-057 Braga, Portugal, †Centro
de Investigação Algoritmi, Universidade do Minho, 4710-057 Braga, Portugal

In this work, we consider a two dimensional bin packing problem. In this problem a set of items with
given dimensions must be placed in bins in such way that each items is assigned to a specific bin, lying
entirely within its limits, and the items do not overlap. All the bins have the same width and height
and we intend to pack all the items with the objective of minimizing the number of used bins.

According to the typology of Wäscher et al. (2007) we are dealing with a two-dimensional rectangu-
lar single bin size bin packing problem, which is very similar to the corresponding cutting stock problem.
The difference is that in the latter problem a larger number of items have the same dimensions. In fact,
our problem has some constraints related with cutting operations: only guillotine cuts (cuts from one
border to the opposite one) are allowed. Additionally, rotation of items is not allowed. We consider
the two-staged and three-staged versions of the problem just described. In a cutting context, a stage
is defined as a set of horizontal or vertical cuts (but not both). In a two-staged problem, in the first
stage, the board is cut in (horizontal) stripes and then, in a second stage, the items are (vertically) cut
from the stripes. (Possibly, a third set of horizontal cuts may be required in order to separate the items
from waste.) In a three stage problem, the sequence of cuts corresponds to (horizontally) cut a board
in stripes which are (vertically) cut in stacks which are then (horizontally) cut in items. In a packing
context, we denote the stripes as shelves.

We propose two heuristics for each of the two and three stage problems. The first heuristic is a
constructive one and it is based on two concepts: objects and free rectangles. One object is a set of
items forming one stack or a set of stacks forming one shelf. One free rectangle is a specific place in a
specific bin in which one object can be placed. The first step of the heuristic is the generation of a set
of objects. (In the two stage problem, only stacks with one item can be considered.) In each iteration
of the algorithm, the assignment of one object to one free rectangle is made based on the largest ratio
between the area of the object and the area of the free rectangle. Of course, only feasible assignments,
according to the dimensions of the objects and the dimensions of the free rectangles, and also according
to the number of stages being considered, are candidates. In each iteration, the list of candidate objects
and the list of free rectangles are updated.

The second heuristic is based on local search concepts. In this heuristic, a solution is represented as
a set of bins, each bin having a set of shelves. In the two stage problem, each shelf has a set of items. In
the three stage problem, each shelf has a set of stacks and each stack has a set of items. Two types of
movements are defined: transfer and swap. Both types of movements can be applied to shelves, stacks
or items.

We present computational results on instances from two furniture companies and from the literature.
Keywords: two dimensional bin packing, heuristics, local search
This research was done in Project SCOOP (Sheet cutting and process optimization for furniture enterprises),

funded by the EU.

4a.2
An Approximation Algorithm for Rectangle Packing with Rotations

Rolf Harren∗, Rob van Stee†
∗Max-Planck Institute for Computer Science (MPII), Campus E1 4, D-66123 Saarbruecken,

Germany, †Department of Computer Science, University of Karlsruhe, D-76128 Karlsruhe, Germany

We consider the rectangle packing problem where a list I = {r1, . . . , rn} of rectangles of width wi ≤ 1
and height hi ≤ 1 is given. An unlimited supply of unit sized bins is available to pack all items from
I such that no two items overlap and all items are packed axis-parallel into the bins. The goal is
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to minimize the number of bins used. We consider the problem with rotations, i.e., items might be
rotated by 90 degrees and we present an algorithm for this problem with an absolute worst-case ratio
of 2, which is optimal provided P 6= NP. The problem is also known as two-dimensional orthogonal
bin packing and has many applications, for instance in stock-cutting or scheduling on partitionable
resources. In some applications, rotations are not allowed because of the pattern of the cloth or the
grain of the wood. However, in other applications, it is possible to rotate the items.

Most of the previous work on rectangle packing has focused on the asymptotic approximation
ratio, i.e., the long term behavior of the algorithm. In contrast, in the current paper we consider
the absolute worst-case ratio. Bansal, Caprara & Sviridenko [Improved approximation algorithms for
multidimensional bin packing problems (FOCS 2006)] gave the currently best algorithm for rectangle
packing with rotations, with asymptotic approximation ratio arbitrarily close to 1.525 . . ..

As the asymptotic approximation ratio of the algorithm of Bansal et al. is less than 2, there exists
a constant k such that for any instance with optimal value larger than k, the asymptotic algorithm
gives a solution of value at most 2OPT. We address the problem of approximating rectangle packing
with rotations within an absolute factor of 2, provided that the optimal value of the given instance is
less than k. In total we get an absolute approximation ratio of 2. As Leung et al. [Packing squares into
a square. J. Parallel Distrib. Comput., 10:271–275, 1990 ] showed that it is strongly NP-complete to
decide wether a set of squares can be packed into a given square, this is best possible unless P = NP.

We begin by applying the asymptotic algorithm from Bansal et al. If OPT > k, then the algorithm
outputs a solution of value at most 2OPT. Otherwise OPT ≤ k and we apply the following algorithm.

Let 0 < ε ≤ 1/68 and assume that all items are rotated such that wi ≥ hi. We separate the given
input according to the area of the items, so we get a set of large items L = {ri | wihi ≥ ε} and a set
of small items S = {ri | wihi < ε}. Since the number of large items in each bin is bounded by 1/ε
and their total area is at most k, we can enumerate all possible packings of the large items. Take an
arbitrary packing of the large items into a minimum number l ≤ k of bins.

If there are bins that contain items with a total area less than 1/2 − ε, we greedily add small
items such that the total area of items assigned to each of these bins is in (1/2 − ε, 1/2]. We use the
following lemma from Jansen & Zhang [Maximizing the total profit of rectangles packed into a rectangle.
Algorithmica, 47:323–342, 2007 ] to repack these bins including the newly assigned small items.

Lemma 1 If the total area of a set T of items is at most 1/2 and there is at most one item of height
hi > 1/2, then the items of T can be packed into a bin of unit size.

If we run out of items in this step, we found an optimal solution. Assume that there are still small
items left and each bin used so far contains items of total area at least 1/2 − ε. The following lemma
is crucial for showing an absolute approximation ratio of 2.

Lemma 2 Given a set T of items with area at most ε such that for all r ∈ T the total area of T \ {r}
is less than 1/2 + ε, we can find a packing of T into a single unit bin.

With a simple partition of the small items we can thus find a packing of the remaining small items such
that the total area of all but the last new bin is at least 1/2 + ε.

Theorem 1 There is an approximation algorithm for rectangle packing with rotations with an absolute
worst case ratio of 2.

Keywords: bin packing, rectangle packing, approximation algorithm, absolute worst-case
ratio
Research supported by German Research Foundation (DFG)
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4a.3
A Hyper-heuristic Approach to Strip Packing Problems

Q. Guo, E. K. Burke, G. Kendall
University of Nottingham, UK

In this paper we propose a hyper-heuristic approach to two dimensional strip packing problems (2SP).
In the classical 2SP, we are given a large container C, with width W and infinite height. We are
required to pack into C a set of non-overlapping small itemsL = (a1, a2, . . . , an) with (wi, hi) denoting
the width and the height for each i ∈ L. The objective is to minimize the total height of the packed
items. Many previous approaches (Hopper and Turton, 2001) utilise a search operator (typically a
genetic algorithm (GA)), together with a decoder (for example, bottom left fill (BLF)). The decoder,
usually a simple constructive heuristic, is able to provide an evaluation of each chromosome by packing
the items in the order specified by the GA. The GA is thus searching for the optimum permutation
of shapes that enables a decoder to return the optimal packing. However according to the No-Free-
Lunch theorem (Wolpert and Macready, 1997), there is a drawback of using only one such decoder: an
algorithm working well on some instances may not be good for some others with different distribution
functions. As we observed in 2SP instances there are some circumstances during a packing procedure
where applying BL is better than BLF; and sometimes the opposite is true. Therefore, we propose a
hyper-heuristic to tackle the problem of which heuristic should be chosen for a given piece and a partial
packing.

Hyper-heuristic approaches are motivated by the fact that one single heuristic may not be the best
heuristic to use at any given point in the packing and we propose to extend the algorithm so, instead of
a search for a permutation of objects, we are now searching for a permutation of objects as well as the
heuristic to pack that object. Therefore, each gene within the chromosome now contains details of the
object to be packed, along with the heuristic to be used to pack that object. More generally as described
in (Burke, Hart, Kendall, Newall, Ross and Schulenburg, 2003), (Burke, Kendall and Soubeiga, 2003)
and (Ross, 2005), hyper-heuristics can be thought of as high-level heuristics that intelligently choose
from a set of low-level heuristics. We hypothesise that this will combine the strength of different
heuristics, therefore making the proposed strategy more general and less problem instance specific.

In our approach, we pack each piece using a heuristic drawn from a set of packing heuristics. They
include BL, BLF, Best Fit (BF) etc., and each heuristic initially has an equal chance of being selected.
A GA hyper-heuristic is then applied to permute the order of the items to be packed, and award or
punish heuristics by updating their probability of being chosen. As the GA evolves, the procedure will
find which heuristics are more favourable for certain pieces. We hope that this will be a robust system
which can perform consistently well across different problem instances. We have designed a number of
new GA operators to accommodate this new approach. We are also considering further extensions to
this approach to further exploit the additional information in the search landscape.
Keywords: strip packing, hyper-heuristics
We would like to acknowledge the support of EPSRC (Engineering and Physical Sciences Research Council) for

supporting this work (Ref: EP/D061571/1).

4a.4
The Two-Dimensional Guillotine Bin Packing Problem with Multiple Bin

Sizes and Costs
Sergey Polyakovskiy∗, Rym M’Hallah†

∗ORSTAT (Operations Research & Business Statistics) Group, Faculty of Business and Economics,
Katholieke Universiteit Leuven, †Department of Statistics and Operations Research, Kuwait University

The two-dimensional guillotine bin packing problem with multiple bin sizes and costs (VS2BP) consists
in packing without overlap small rectangular items into large non-identical rectangular bins with the
items obtained via guillotine cuts. New lower and upper bounds –based on relaxations of the integer
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programming model for VS2BP– are developed for the weighted and unweighted VS2BP. In addition,
two new constructive heuristics are designed: an extended guillotine bottom left for the weighted
VS2BP and a reversed guillotine bottom left heuristic for the weighted VS2BP. The computational
investigation shows that the heuristics are reasonably efficient in finding near-optima in very reduced
computational time, and that the bounds are tight.
Keywords: bin packing, variable-sized bins, guillotine packing, greedy heuristics, lower
bounds

4a.5
A Tree Search Algorithm for Solving the Two-Dimensional Knapsack

Problem
Andreas Bortfeldt, Tobias Fanslau

University of Hagen, Germany

A tree search algorithm for the two-dimensional Knapsack Problem (2D-KP) is presented. The 2D-KP
requires packing a subset of a given set of rectangles into a larger rectangle such that the total value (or
area) of the rectangles packed is maximized. The orientation of the rectangles is fixed and a guillotine
cutting constraint may be stipulated or not. The tree search algorithm is based on three main concepts.
First, generalized blocks possibly including small gaps are used as packing units. Secondly, a special
variant of tree search is carried out, called partition-controlled tree search (PCTRS). This one makes
the search both efficient and divers caring for a sufficient search width as well as for a suitable degree of
foresight. Finally, different basic packing heuristics are employed that are tailored to the guillotine case
and to the non-guillotine-case, respectively. Excellent results were achieved, e.g., for the well-known
Hopper and Turton instances in very short computing times.
Keywords: packing, 2D knapsack problem, tree search

4b.1
An Adaptive Genetic Algorithm for the Pattern Sequencing Problem

Luigi De Giovanni∗, Ferdinando Pezzella†, Gionata Massi†
∗Dipartimento di Matematica Pura e Applicata, Università degli Studi di Padova – Italy,

†Dipartimento di Ingegneria Informatica, Gestionale e dell’Automazione, Università Politecnica delle
Marche, Ancona – Italy

We consider a Pattern Sequencing Problem (PSP) arising in the woodcutting industry, where a set of
semi-finished components (or items) have to be produced starting from wood panels of standard size.
Panels, as well as items, are in general rectangular and are cut according to one among many cutting
patterns, determined by solving a cutting stock problem, generally taking into account cost-related
objective functions (trim-loss minimization, panel cost minimization etc.). The cutting stock problem
determines the composition of each cutting pattern, in terms of pieces contained in it, and related
position, as well as the number of repetitions of each cutting pattern, in order to fulfill the required
number of pieces of each item. Each cutting pattern may contain one or more pieces of possibly different
items, and, conversely, pieces of the same item may be contained in more than one cutting pattern.
During the cutting process, panels are cut (one by one, or grouped in books of limited size) and the
produced pieces are unloaded from the sawing machine and stacked on pallets nearby. Operational
constraints impose that each pallet (or unloading station or stack) contains pieces of the same type. A
stack is opened when the production of a new piece type starts, that is, the first pieces of that class is
produced; the same stack is closed when the production of the related pieces ends (we assume that the
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number of pieces never exceeds the stack capacity). It follows that a stack is busy from the time the
first cutting pattern containing a given item is cut to the time the last of these patterns is processed.

We consider the objective of minimizing the maximum number of simultaneously open stacks
(MOS), which is closely related to overall performance of the cutting process: in fact, the handling
operations around the sawing machines represent one of the most relevant bottlenecks in a woodcut-
ting plant. The MOS is related to the sequence the patterns are processed, so that we have to determine
an optimal pattern sequence.

The literature on the PSP is rapidly growing-up in the last years. The first works present heuristics
and local search based methods (Yuen 1995, Faggioli et al. 1998). Most recently, advanced evolutionary
and machine-learning strategies have been proposed (Oliveira et al. 2003, Cambazard et al. 2007).
Also, (potentially) exact algorithms are available for reduced size instances, based on graph-theoretic
approaches (Becceneri et al. 2004), dynamic programming (de la Banda et al. 2006) and Integer
Programming (De Giovanni et al. 2007).

The algorithm we propose for the Pattern Sequencing Problem is based on a hybrid genetic-local
search approach with learning elitism. The algorithm starts from an initial population of solutions
and iteratively evolves the population itself, according to the principle of “natural selection”, that
is, survival of the fittest: during the run, parents are selected from the population and recombined
to obtain hopefully better offspring to include in a new generation of individuals. In particular, the
fitness is determined by computing a weighted sum of different performance indexes, as to differentiate
the most promising individuals among the ones with the same MOS. Also, weights are dynamically
changed, thus allowing intensification and diversification phases during the search.

The algorithm has been implemented and extensive tests have been performed (including bench-
marks from literature and several real instances) with good results, both in term of quality of the results
and computational time.
Keywords: cutting process optimization, pattern sequencing, minimization of open stacks,
genetic algorithm
This work has been financed by the EU Commission, within the Cooperative Research Project SCOOP (contract

n. 032998), coordinated by Università Politecnica delle Marche, Ancona, Italy.

4b.2
A heuristic for the cutting stock problem with a limit on the maximum

number of open stacks
Filipe Alvelos∗†, Chan Tak Ming†, Elsa Silva†, J. M. Valério de Carvalho∗†, Cláudio Alves∗†,

Rita Macedo†
∗Departamento de Produção e Sistemas, Universidade do Minho, 4710-057 Braga, Portugal, †Centro

de Investigação Algoritmi, Universidade do Minho, 4710-057 Braga, Portugal

We consider a two dimensional cutting stock problem with the additional constraint that the number of
open stacks must be less than or equal to a given value. In the classical two dimensional cutting stock
problem, a set of rectangular items with given widths and heights must be cut from a set of identical
rectangular boards, with the objective of minimizing the waste.

In some practical settings, besides having a good utilization of the boards, it is important to take
into account the work in progress. We consider the case in which for each item type (defined by the
width and the height of the item) that is cut for the first time, a stack is open, meaning that a physical
place is reserved for placing all the items of the same type. The stack of an item type remains open
until the last item of that type is cut. A measure of the work in progress at a given moment is the
number of open stacks.

One approach for obtaining solutions taking into account both conflicting objectives (minimizing
waste and minimizing work in progress) consists in sequentially solving two problems. The first problem
is the classical cutting stock problem in which a set of patterns to be cut are defined. Based on those
patterns a sequencing problem is defined, in which the objective is to minimize the maximum number
of open stacks.
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In our approach we treat the second objective as a constraint by limiting the maximum number of
open stacks. However, since in practical problems that constant is typically a small integer and since
our approach consists in a fast heuristic, we can always obtain an approximation of the Pareto efficient
frontier by solving the problem for different values of the maximum number of open stacks.

Following an idea of Claudio Arbib, our approach is based on defining a sequence of item types.
Our heuristic approach is based on local search and has two levels. In the higher level a sequence
of item types are considered and define a set of reduced cutting stock (sub)problems. A sequence is
evaluated in a lower level where the cutting stock problems are solved. The neighborhood structure is
based on swapping items in the sequence.

Initially, the sequence of item types defines a set of cutting stock (sub)problems in the following
way. The first cutting stock subproblem is made of the first k item types of the sequence, where k is
the maximum number of open stacks; the second subproblem is made of the next k item types of the
sequence and so forth until the item types in the sequence are exhausted. This procedure assures a
feasible solution. The next step is to try to improve the solution by identifying patterns in consecutive
subproblems with large waste, and create and solve new cutting stock (sub)problems, accordingly.

We note that any cutting stock solver (even for problems in other dimensions) can be used in our
heuristic. In our work we used a cutting stock solver for two and three stage two dimensional problems.

We present preliminary computational results for real instances of two furniture companies.
Keywords: two dimensional cutting stock, open stacks, local search, heuristic
This research was done in Project SCOOP (Sheet cutting and process optimization for furniture enterprises),

funded by the EU.

4b.3
Solving exactly the Pattern Minimization Problem using a hybrid

algorithm based on Integer and Constraint Programming
Rita Macedo†, Cláudio Alves∗†, J. M. Valério de Carvalho∗†

∗Departamento de Produção e Sistemas, Universidade do Minho, 4710-057 Braga, Portugal, †Centro
de Investigação Algoritmi, Universidade do Minho, 4710-057 Braga, Portugal

The Pattern Minimization Problem (PMP) is a 1-dimensional cutting problem that consists in finding
a cutting plan that minimizes both the waste and the number of different patterns. The problem is
also known as the setup minimization problem in cutting stock problems, since cutting a new pattern
implies setting up the corresponding cutting machine. McDiarmid (1999) proved that the PMP is
strongly NP-hard, as he showed that it is so even for the simplest nontrivial restricted problem that
only considers items such that any two fit in a stock sheet but no three do. Thus, most of the methods
described in the literature to solve this problem are heuristic approaches.

Haessler (1975) presented one of the first methods to handle the PMP. He proposed a sequential
heuristic procedure, where the cutting patterns are determined successively by an algorithm that tries
to find patterns with small wastes and high usage levels. Teghem et al. (1995) analyzed a real problem
concerning book coverings in the publishing industry, where all the covers are grouped in subsets of
homogeneous characteristics and one pattern corresponds to a plate where four covers of the same
subset can be placed. To solve this PMP the authors used a simulated annealing procedure. Chen et
al. (1996) also proposed a simulated annealing algorithm to solve the Cutting Stock Problem with a
model whose objective function considers both material and setup costs. Foerster and Wäscher (2000)
defined their approach as a generalization of Diegel et al. (1993) heuristic method of combining two
different patterns

To the best of our knowledge, very few exact approaches to solve the PMP were described in
the literature. Vanderbeck (2000) proposed an exact solution algorithm based on column generation,
branch-and-bound and cutting planes. The method was improved in Alves and Valério de Carvalho
(2007) by using stronger cuts and a branching scheme compatible with the pricing subproblems. Despite
the relative success of these methods, solving exactly medium size instances of the PMP remains an
open issue.
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In this presentation, we describe a new exact solution algorithm for the PMP based on Integer
and Constraint Programming. A new column generation model for the PMP is presented. The model
consists in an alternative decomposition of the non-linear model proposed in (Vanderbeck, 2000), and
it is stronger than any other model described in the literature. Furthermore, it can be easily improved
by considering simple constraints on the domain of the variables. Constraint Programming is used
to further restrict this domain, and also to increase the value of the lower bounds by considering
the following property of the solutions of PMP instances: any items demand must be expressed as a
linear combination of the patterns multiplicities. Finally, we search for integer solutions by using a
branch-and-bound procedure.

We report on computational experiments on the instances described in (Vanderbeck, 2000).
Keywords: pattern minimization problem, hybrid algorithms, column generation, constraint
programming

4b.4
Exact methods for solving the open stack problem

Paolo Ventura∗, Luigi De Giovanni†, Ferdinando Pezzella‡, Marc Pfetsch◦, Giovanni Rinaldi∗
∗Istituto di Analisi dei Sistemi ed Informatica “Antonio Ruberti” del CNR, †Dipartimento di
Matematica Pura ed Applicata – Università degli studi di Padova – Padova, ‡Dipartimento di

Ingegneria Informatica, Gestionale e dell’Automazione – Università Politecnica delle Marche –
Ancona, ◦Konrad-Zuse-Zentrum Fur Informationstechnik Berlin (ZIB)

The Cutting Stock Problem consists in supplying customers’ orders while minimizing waste. The
solution of this problem is a set of cutting patterns that show how the raw material has to be cut
into required sizes and quantities. Although this solution fulfils orders and minimizes waste, a further
problem arises in practical applications. This problem, usually know as the Pattern Sequencing Problem
(PSP) or pattern allocation problem, calls for sequencing the previously generated patterns in order
to minimize the number of customers contemporary waiting for their orders. In particular, consider
a production line where there are batches consisting of sets of items that are all released at the same
time. All items of the same type, say q, are collected into a single stack (buffer) b(q) that is “active”
in the time window defined by the release times of the first and the last batches containing an item
of type q. It is often the case that too many active stacks lead to inefficiency: for instance, in wood
panel sizing centers in the furniture enterprises, the maximum number of stacks is fixed by the plant
layout. Thus, when all of the stack places are used, the pieces not matching with the stacks must be
carried to the later operations. Different release orders of the batches define time intervals of different
lengths in which the individual stacks are “active”. The Open Stack Problem (OSP) consists in finding
a release sequence of the batches that minimizes the number of buffers that are simultaneously active.
This problem has been shown to be NP-hard by Linhares et al. (2002). The sequencing aspects of
cutting stock problems have been examined by different researches and the interest about this subject
has considerably grown in the last years. In particular, among the most relevant contributions on the
argument, we mention here Becceneri et al. (2004), M.G. de la Banda et al. (2006), Faggioli et al.
(1998), Linhares et al. (2002), Oliveira et al. (2003). An important contribution has been also given by
theConstraint Modeling Challenge 2005, that consisted in an international challenge for solving several
benchmark instances of OSP.

Here we present three new formulations in terms of Linear Integer Programming for the OSP
problem. In the first one (LOP), a Linear Ordering approach is used to model the sequence of the cutting
schemes. In the second formulation (C1P), we reduced the OSP problem to the one of minimizing the
maximum number of ones in each column of a 0/1 matrix which is required to have the “consecutive
ones property” for the rows. Such matrices have been first characterized by Tucker (1972) in terms of
forbidden minors; more recently, Oswald and Reinelt (2003) defined a linear relaxation of the convex
hull of the characteristic vectors of the matrices with the consecutive ones property, based on four
families of inequalities derived from the Tucker minors. In the third formulation we propose (LOP-
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C1P), the two previous approaches are merged together in order to define a single integer linear program
by adding an appropriate set of coupling constraints.

The three formulations defined above have been implemented and the lower bounds obtained by the
associated linear relaxations have been compared with the ones defined by the formulation proposed
by Baptiste (2005) that is, at our best knowledge, the only MIP formulation for the OSP problem
in the literature. The computational results gave evidence that, both in terms of computing times
and quality of the bounds, our formulations are more effective than the one by Baptiste. Finally, a
Branch-and-Cut code has been implemented for each of the three formulations (LOP, C1P, LOP-C1P).
The effectiveness of these algorithms have been tested on several sets of benchmark instances proposed
in the literature or coming from real world pattern sequencing problems in furniture enterprises. The
computational results obtained give evidence of the effectivenes of the proposed procedures in terms
of computing times and quality of the solutions. In particular, significant improvements are obtained
in all the cases, by using, in the Branch-and-Cut procedure, the upper bounds defined by the genetic
algorithm proposed by De Giovanni, Massi, and Pezzella (2007).
Keywords: pattern sequencing, open stack problem, integer linear programming
This work has been financed (or partially financed) by the EU Commission, within the Cooperative Research

Project SCOOP (contract n. 032998), coordinated by Università Politecnica delle Marche, Ancona, Italy.

4b.5
A size reducing procedure for the minimization of open stacks problem

Horacio Hideki Yanasse
National Institute for Space Research – INPE – Brazil / Associate Laboratory for Computing and

Applied Mathematics – LAC

We present a size reduction technique for the MOSP - minimization of open stacks problem. MOSP
arises in some cutting settings when patterns are cut in a saw machine. Each item type cut from a
pattern is piled up in a stack. Different item types form different stacks. A stack is open when an
item type is cut for the first time. A stack is closed when there are no more patterns left to cut with
the corresponding item type. The problem is to determine a sequence to cut the patterns in order to
minimize the maximum number of open stacks during the cutting process.

Given an instance of MOSP with N cutting patterns we propose a procedure that determines a
solution equivalent instance with N ′ patterns, with N ′ less or equal to N . This is potentially useful for
MOSP is NP-hard and the execution times of many of the algorithms for solving it are dependent on
the size of N .

The size reduction procedure is based on building the MOSP graph of a given instance. From the
MOSP graph, a solution equivalent instance with a potentially smaller number of patterns is generated.
Keywords: minimization of open stack problem, size reduction, pre-processing

5a.1
Improved Upper Bounds for the Two-Dimensional Guillotine Cutting

Stock Problem
Mauro Russo∗†, Antonio Sforza∗, Claudio Sterle∗

∗University of Naples “Federico II”, Italy, †Uniplan Software srl, Italy

In the two-dimensional guillotine cutting stock (TDGCS) problem, we are given a set of type of rect-
angular pieces and a rectangular stock, with integer dimensions. Each type is identified by the two
dimensions, the profit and the demand, all integer. The objective is to extract, from the stock, a subset
of pieces such that the sum of their area (un-weighted version) or the sum of their profits (weighted
version) is maximum. Only vertical and horizontal cuts can be used and they have to start from and end
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on the edges of the dissected rectangle, that is they have to be guillotine cuts. A solution corresponds
to the set of cuts used to dissect the stock, identified by their orientation and their coordinates with
respect to the bottom-left corner. This set is called cutting scheme.

The most popular solution approaches are classifiable as “top-down” or “bottom-up”. The top-
down approach recursively dissects the stock and the subsequent rectangles until to obtain the pieces.
The algorithms based on this approach follow a branch and bound scheme. In the root node the
partition is performed with respect to the coordinate and the orientation of the first cut used to dissect
the stock. In any internal node, more rectangles are present. One of them is chosen and the partition is
performed with respect to the cut used to dissect it. A special branch is related to the so called 0-cut,
which imposes the rectangle to contain at most one piece. In each node two kinds of upper bounds
are combined, one based on a one-dimensional relaxation and one based on an unbounded demand
relaxation. The first one considers only the area of the pieces and of the rectangles. The second one is
obtained supposing an unbounded demand for each piece type and so exploiting the so called knapsack
function (Gilmore and Gomory, 1966).

The bottom-up approach, on the contrary, starts from the pieces and combines them until to fill
the stock at the best. It generates an initial set of rectangles, also called meta-rectangles. Each one
of them corresponds to one of the piece types and contains only one corresponding piece. A couple of
meta-rectangles can be merged by adding a cut separating them, so generating a bigger meta-rectangle.
The merging can be so carried out only through a vertical or a horizontal cut.

Any meta-rectangle M is dropped if any combination of M with the other meta-rectangles cannot
generate a solution better than the current best known one. A strategy to verify this condition exploits
a table containing a value for each possible M , which represents an upper bound for the profit which
can be added to those of the pieces contained in M . This table is computed by using the knapsack
function, according to the formulation given by Viswanathan e Bagchi (1993).

Therefore both approaches massively use the knapsack function, which associates to any rectangle
R the best total profit obtainable from R by supposing unbounded piece type demands.

We propose an improvement of the knapsack function, based on the normalized coordinates (Christo-
fides and Withlock, 1977). For each one of the two axis, a coordinate is called normalized when it is
possible to exactly obtain it by the sum of the dimensions, corresponding to that axis, of a subset of
available pieces. Morover, a solution is called normalized when no piece and no cut can be shifted
leftward or downward without overlapping other pieces and respecting the guillotine cut.

The basic idea is to compute the knapsack function values still as the best profit obtainable by
supposing to have unbounded piece type demands, but only through cutting schemes associated to
solutions which are both normalized and feasible with respect to the bounded piece demands. However,
in general we are not able to avoid all cutting schemes which do not satisfy these criterions. To avoid
the most possible of them, we propose a reduction of the classical notion of normalized coordinates, so
introducing the reachable normalized coordinates.

We performed tests on literature instances from the PackLib2 library (Fekete and van der Veen,
2007) by verifying the reduction of the gap among the global upper bound value and the optimum. We
also measured the effects in the best exact algorithms of literature, through the increase of the number
of nodes implicitly explored and the reduction of the computation time. We obtained encouraging
results, in particular for the un-weighted problem version.
Keywords: guillotine cutting, knapsack function, normalized coordinates
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5a.2
A Model for the Exact Solution of Two Dimensional Cutting Stock Problem
J. M. Valério de Carvalho∗†, Cláudio Alves∗†, Rita Macedo†, Mehdi Mrad†, Filipe Alvelos∗†,

Chan Tak Ming†, Elsa Silva†
∗Departamento de Produção e Sistemas, Universidade do Minho, 4710-057 Braga, Portugal, †Centro

de Investigação Algoritmi, Universidade do Minho, 4710-057 Braga, Portugal

Gilmore and Gomory proposed a model, denoted as Model II in the sequel, for the solution of the linear
relaxation of the guillotine two-stage two-dimensional Cutting Stock Problem whose constraints can
be decomposed in two sets, one that describes how large rectangles are slit into strips and the second
that describes how final pieces (rectangles) are obtained from the strips. The first set of constraints
has as many constraints as the number of different strip sizes, while the second set has a number of
constraints equal to the number of different piece sizes.

Researchers have seldom used this model for research, preferring the model, which will be denoted
as Model I, in which columns describe the number of final pieces that can be obtained from the large
rectangles, and in which the subproblem generates attractive large rectangles composed by a set of
strips. Model I has the advantage of having a smaller number of constraints, one for each different
piece size.

Both models are equivalent. In Model I, the subproblems are knapsack subproblems, defined for
the different sets of constraints and strips. The master problem has a structure that makes it more
amenable for developing a suitable robust branching scheme for a branch-and-price algorithm.

In this presentation, we explore a basic heuristic based on the solution of the linear relaxation of
the model and rounding. We compare the computational results obtained for the two models. We also
present dual feasible functions and lower bounds for the problem. Computational results are presented,
with applications in real instances from the furniture industry.
Keywords: two-dimensional guillotine cutting stock, heuristics, dual-feasible functions
This research was done in Project SCOOP (Sheet cutting and process optimization for furniture enterprises),

funded by the EU.

5a.3
Exact Algorithms for the Two-Dimensional Cutting Stock Problem

Cláudio Alves∗†, Rita Macedo†, Mehdi Mrad†, J. M. Valério de Carvalho∗†, Filipe Alvelos∗†,
Chan Tak Ming†, Elsa Silva†

∗Departamento de Produção e Sistemas, Universidade do Minho, 4710-057 Braga, Portugal, †Centro
de Investigação Algoritmi, Universidade do Minho, 4710-057 Braga, Portugal

The present work was developed in the scope of the European SCOOP project (SHEET CUTTING
AND PROCESS OPTIMIZATION for furniture enterprises). This is an applied Research and Devel-
opment project involving Italian and Spanish Small and Medium Enterprises, and it is financed under
the VI Framework Programme on Research, Technological Development and Demonstration, Activity
“Specifics SME Activities – Co-operative Research”. It aims to develop a prototype decision support
software, for furniture industries, which should be able to integrate state-of-the-art optimization fea-
tures for the cutting stock, production scheduling and pattern sequencing problems, by developing
advanced software tools and optimization methods.

In this presentation, we will describe an exact solution method to solve the 2-Dimensional Cutting
Stock Problem (2D-CSP) with the guillotine constraint. A new branch-and-price algorithm will be
discussed. It relies on an Integer Programming model defined by Gilmore and Gomory and on a robust
branching scheme based on an equivalent arc-flow formulation. The model of Gilmore and Gomory is an
extension of their previous approach for the one-dimensional case (1D-CSP). These authors considered
the two-stage version of the problem, with the first stage corresponding to the cutting of the stock
sheets into strips (item heights), and the second stage corresponding to the cutting of those strips into
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the corresponding item widths. Recently, Valério de Carvalho proposed a linear programming arc-
flow model, formulated as a minimum flow problem, for the 1D-CSP, in which every cutting pattern
corresponds to a path in an acyclic directed graph. This model can be adapted to the 2D-CSP with
the guillotine constraint. In our algorithm, we use it to derive the branching scheme.

We report on computational experiments performed on a set of real instances provided by the
partners of the project.
Keywords: 2D-cutting stock problem, column generation, branch-and-bound
This research was done in Project SCOOP (Sheet cutting and process optimization for furniture enterprises),

funded by the EU.

5a.4
A new integer programming model for the two-staged two dimensional

cutting stock problem
Elsa Silva†, Filipe Alvelos∗†, J. M. Valério de Carvalho∗†

∗Departamento de Produção e Sistemas, Universidade do Minho, 4710-057 Braga, Portugal, †Centro
de Investigação Algoritmi, Universidade do Minho, 4710-057 Braga, Portugal

In a two dimensional cutting stock problem it is intended to cut a set of items from a set of plates
in such a way that the number of used plates is minimised. This problem is equivalent to the two
dimensional bin packing problem, in which it is intended to place the set of items in the plate (bin)
with the same goal.

This problem and its variants have application in many industries such as the textile, leather, paper,
furniture and sheet metal ones

We consider that (i) the items and the plates are rectangular; (ii) the number of available plates
is not limited; (iii) all the plates have the same dimensions (width and height); (iv) the items have a
fixed orientation, i.e, they cannot be rotated.

Only orthogonal guillotine cuts are possible, meaning that each cut must be from one edge to the
other and parallel to one of the edges of the plate. We also consider that a plate must be cut in three
steps. In a first step a set of horizontal cuts is performed resulting in a set of stripes (or levels, in the
bin packing terminology). In a second step the items of each stripe are separated by vertical cuts. A
third step may be needed to separate items from waste with horizontal cuts.

Summing up, our problem is a non-exact two staged cutting stock problem.
Several integer programming approaches for this problem have been proposed. In general, these

approaches are based on compact models or column generation models. In this presentation, advantages
and disadvantages of models of each one of these types will be discussed and we present a new integer
programming model.

The proposed model for the two dimensional cutting stock problem uses the basic idea of the (one
dimensional) Dyckhoff’s one-cut model. Each decision variable is associated with cutting one item from
a plate or from a part of a plate resulting from previous cuts (a residual plate). Constraints are related
with the demands of the items and with the definition of the residual plates.

We discuss computational results on instances from a furniture company and from the literature.
Some of those instances have large demands and a small number of different item types (cutting stock
instances), some have small demands and a few different item types (bin packing instances), and some
are a mix of the two.

Our preliminary computational results show that the new integer programming model is a promising
one when compared with other approaches.

We end the presentation by discussing extensions of the model for other variants of the two dimen-
sional cutting stock problem.
Keywords: 2D cutting stock problem, integer programming
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5b.1
A Model for the Vehicle Routing with Time Windows and Loading Problem

Ana Moura (1,2), José F. Oliveira‡, Maria Antónia Carravilla‡
∗Universidade de Aveiro, Portugal, †INESC-Coimbra – Instituto de Engenharia de Sistemas e

Computadores, Coimbra, Portugal, ‡Universidade do Porto, Faculdade de Engenharia / INESC Porto

The capacity constraints of the vehicles in the vehicle routing problem are often improperly used when
real-world applications are considered. The capacity constraint is not only related to admissible weight
but also to the vehicle’s volume dimensions. The routes designed for a given vehicle capacity, in terms of
weight limits, can lose their admissibility due to incompatibility of cargo dimensions, and vice versa. To
address loading issues in more detail in routing problems, one needs a richer model. Loading constraints
may seriously affect the nature of the problem. The integration of routing and loading problem calls
for tailored resolution procedures. This integration results in the VRTWLP – Vehicle Routing with
Time Windows and Loading Problem.

Let us consider in this problem a set of clients defined by their geographical coordinates and a fleet
of homogeneous vehicles. There is only one depot from where the vehicles start to visit the clients and
return at the end of the delivery. Each client has a demand to be satisfied by a single vehicle and a time
window that must be respected. All the clients’ demand must be satisfied even if another vehicle has to
be used. The vehicle loading order is the inverse of the clients visit order (LIFO strategy). The demand
of each client must be packed together inside of the vehicle in order to increase the efficiency of the
unloading operations. Vehicle capacity, defined in terms of weight and width, height and length of the
loading volume must not be exceeded. A demand is composed by a set of different box types. A type
of box is characterized by its physical dimensions, weight and orientation constraint. This means that
each type of box could have one, two or three possible orientations (the “This Side Up” constraint).
Each client is defined by the geographical coordinates, time window, demand (type of boxes and related
quantities per type), total weight of the demand and the service time.

The interdependency between the VRPTW and the CLP is greater when the number of clients
visited by each vehicle is small. This means that each client’s demand fills a significant part of the
container. Therefore, the inclusion or not of a client in a route has a major impact on the CLP, and
the CLP may become unfeasible by this decision. On the other hand, good volume utilization may lead
to long and unfeasible routes. When we have many clients per vehicle, the routing aspects dominate
the loading aspects, as the choice of clients to visit influences much more the routes than the loading
efficiency. Conversely, when one client completely fills a vehicle, the only problem is how to load the
cargo and the CLP dominates the VRPTW (that may end up just in one client per container). However,
with a relatively small number of clients per vehicle, and a weakly heterogeneous cargo, the integrated
resolution of the two problems becomes rather important for the final solution quality. The relevance
of the integrated resolution of the VRPTW and CLP problems is also dependent on the density of the
goods to transport. If the goods are very heavy and of small size, the weight constraint will usually
be the active constraint and there is no need to consider the CLP. Consequently, the study of the
VRTWLP is especially relevant when the number of clients is small and their demand represents a
weakly heterogeneous cargo.

The VRTWLP main goal, as for the VRPTW and for the multiple CLP (the problem that arises
when considering multiple vehicles), is to minimize the number of vehicles. The minimization of the
total travel time for each route (a typical VRPTW objective) is also considered as a subordinate
objective for the VRTWLP. So, in short, the VRTWLP’s basic idea is trying to serve with each vehicle
the greatest possible number of clients and pack their demand in a feasible way while considering also
the minimization of the total travel distance for each route. In this work a mathematical formulation
for the VRTWLP is presented.
Keywords: container loading problem, vehicle routing problem with time windows.
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5b.2
Transportation and Bin Packing Complex in Delivery Logistics

Nadezhda A. Gilmanova, Ural A. Karipov
Ufa State Aviation Technology University, Russia

Cutting and packing problems find a wide practical application in various branches of economy, in-
cluding the process of manufacturing and distribution of goods. Development of logistics companies
requires that optimization methods should be introduced into this area. The point in question in this
paper is the optimized bin-packing problem within the framework of a logistics system in an attempt to
solve the problems of efficient stowage of goods inside a carrier vehicle (CV) in the process of physical
distribution, i.e. products movement. However, the problem of bins stowage inside a CV should not be
considered and solved independently of or separated from the problem of routing because what each CV
contains is totally determined by a subset of destination points and the order in which these points are
reached. We assume that this paper aims at offering both a definition and an approach to solving the
problem of planning trips scheduled trucks to deliver orders to customers. Various models have been
designed and developed to solve transportation problems, however, the results of a solution obtained
separately from the problem of loading a CV prove unacceptable when applied to real life practices.

Let us assume that a logistics company uses trucks of the same type with a fixed load carrying
capacity and a maximum allowable volume of goods. Each customer files an order for a one-time
delivery of bins, truckload units, boxes, or crates having a rectangular shape to be shipped to one
destination point (delivery point). A trip is understood to be a traffic route to be covered by one
truck which begins at a warehouse and runs through some delivery points. We aim at obtaining a
set of truck trips with corresponding cargo stowage maps (showing goods placement) inside a truck.
The company should use a fewer number of trips, reasonably planned traffic routes, and closely packed
cargo to minimize the total operation costs. A step-by-step algorithm for the solution of the problem
is shown below:
Step 1. Acquisition of data related to customers’ orders. The order has two main features: the total
volume and the weight of goods contained in the order.
Step 2. Acquisition of data related to the location of delivery points, the presentation of transportation
traffic network in the form of an orgraph and the calculation of an incident matrix. We assume that
the estimated costs required for a truck to travel along each graph arc are proportional to the distance
between incidence vertexes.
Step 3. Separation of the set of delivery points into areas or zones. The zone is understood to be
a total of closely located delivery points to be serviced by one trip a carrier truck makes. The total
weight and the volume of orders for each area should not exceed the load carrying capacity of the truck
used and the inner volume of the truck’s cargo compartment. This step should contain some ways of
obtaining alternative zones for the subsequent metaheuristic search for the best solution.
Step 4. Solution of the traffic route problem for each zone. Obtaining the set of truck trips.
Step 5. Solution of the problem for the bin stowage inside a truck for each trip. Loading must be done
taking into account the results obtained for the trip in Step 4 so that the cargo intended for delivery to
one point should be easily available for unloading from the back side of the truck. We use the decoder
based on the multi-method technology as an algorithm for packing arrangement. The decoder at each
step of creating a packing makes a random choice of simple heuristics from a given set of algorithms.
The effect of each heuristics is in a deterministic selection and placement of an object not yet packed
which is the best in some sense. This decoder is better and more suitable to satisfy the conditions
of the ease of loading and unloading of goods being shipped. The one-point evolutionary algorithm
(1+1)-EA may be used to control the search for the best one out of allowable solutions.

Thus, the problem of packing is an important stage in the automation of planning physical dis-
tribution or movement of goods for the purpose of obtaining reasonable and efficient solution for the
problems of integrated transportation-and-bin packing model.
Keywords: transportation and packing model, packing, traffic routing, zoning, clustering,
multi-method technology, metaheuristics
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5b.3
A heuristic approach for a container loading problem with non-convex

domain
Antonio Sforza∗, Claudio Sterle∗, Mauro Russo∗†

∗University of Naples “Federico II”, Italy, †Uniplan Software srl, Italy

The orthogonal three dimensional packing problem has been widely treated in the last two decades.
Particular attention has been addressed to the Container Loading Problem (CLP) in its basic form
(Pisinger (2002)) and in the case of additional constraints, such as weight distribution (Davies and
Bischoff (1999), Eley (2002)), stability and orientation constraints (Bortfeldt et al. (2003), Terno
et al. (2000), Gehring and Bortfeldt (2002)), bearing strength (Bischoff (2006)), and box grouping
(Bischoff and Ratcliff (1995)). In Fasano (2003) and Fasano (2004) several exact formulations for non
standard packing problems are proposed, taking into account non-rectangular convex domain, balancing
constraints and tetris-like items.

To the best of our knowledge, the case of loading non-convex container/bin (in the following referred
as non-convex domain D), has never been treated, and also in Dyckhoff (1990) and Wacher et al. (2007)
taxonomies, the characterizations of the Cutting and Packing (C&P) problems don’t take into account
the possibility of having a non-convex domain.

We present a greedy heuristic for efficiently loading homogenous small boxes into a non-convex
domain D, highly irregular along its sides walls. Stability conditions or relative positions among boxes
are not considered, since we are just aimed to determine a good arrangement of these boxes, and so we
can imagine that empty spaces are filled, making feasible all the arrangements.

The boxes to be loaded have a particular shape. If d is the minimum size of the boxes, then they
have the following sizes: d× nd×md, with n and m integer values. No restrictions on the rotation of
the boxes are imposed, so they can be loaded into D using six possible positions.

The greedy heuristic assumes known the dimensions of D in a coordinate system. It starts with a
pre-processing of this information:

- Generation of parallelepiped P , which is the external envelop of the domain D.

- Filling P with cubes of dimension (d× d× d), starting from the inner left corner.

- Generation of a discrete coordinate system, positioned in the inner left corner of P , for the cubes,
using their position with respect to the axes x, y, z.

The cubes entirely contained into parallelepiped P , constitute a discrete representation P ′ of it
and similarly the cubes entirely contained into domain D, constitute a discrete representation D′ of it
(D′ ⊆ P ′). We note that these discrete representations allow us to identify planes of height d along the
three axes x, y, z.

We see that a binary matrix can be generated for each plane. More precisely, the generic element
of this matrix will assume value 1, if the generic cube c of the plane its internal to D′ , whereas it will
assume value 0, if is external to D′.

At this point the loading procedure consists of choosing a loading direction (x, y, z) and finding
groups of ones forming a box in each binary matrix, beginning from an opportunely chosen starting
position. At this aim, we need to properly aggregate n×m cubes of dimension d×d×d in order to form
a box in the plane. The grouping of the cubes is done finding m(n) adjacent elements equal to 1 or
n(m) successive rows in the same columns of a binary matrix. The loading procedure is applied to all
planes orthogonal to the first chosen loading direction and then it is repeated for the planes orthogonal
to the remaining ones, determining a feasible arrangement of the small boxes in D.

The main issues which affect the quality of the solutions provided by this heuristic are the following:

- Choice of a combination of the possible loading directions.

- Choice of a combination of the box orientations.

- Determination of the insertion points.
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Finally the results on real test cases are presented. These results show that the heuristic allows to find
a solution close to a known upper bound, with very low computation times.
Keywords: container loading, non-convex domain, homogenous boxes

5b.4
A Maximal Space Multi-population Genetic Algorithm for the Container

Loading Problem
José Fernando Gonçalves

Faculdade de Economia, LIAAD, Universidade do Porto, Rua Dr. Roberto Frias, 4200-464 Porto,
Portugal

This paper addresses a three-dimensional container loading problem (3D-CLP), where a subset of a
given set of rectangular boxes is to be loaded into a large rectangular container such that the packed
volume is maximized.

The proposed approach hybridizes a placement procedure with a multi-population genetic algorithm
based on random keys.

The genetic algorithm is used to evolve:
* the order in which the boxes are placed in the container;
* the orientation used for each box.

The different populations of the MPGA are evolved independently for a predetermined number of
generations after which there is an exchange of chromosomes (solutions) between all the populations.

The approach uses the concept of maximal-space and the difference process of Lai and Chan (1997)
to manage the set of empty maximal-spaces in the container.

To drive the optimization to better solutions a novel fitness function is also introduced. The new
fitness function is constructed in a way such that it assigns higher quality to solutions where the empty
spaces are more concentrated (i.e. a small number of large empty spaces is better than a large number
o small empty spaces).

The approach is compared with approaches from other authors on well-known 3D-CLP benchmark
instances and achieves excellent results which validate the effectiveness of the proposed approach.
Keywords: container loading problem, 3D knapsack problem, multi-population, genetic al-
gorithm, random keys

6.1
LP-based branching in the interval graph algorithm for orthogonal packing

G. Belov∗, V. Kartak†, H. Rohling∗
∗Dresden University, Germany, †Ufa Aviation University, Russia

Consider the d-dimensional orthogonal packing problem (OPP-d): given a set of orthogonal objects, n
items and a container, it is to answer if the items can be packed in the container. No rotation is allowed.
Fekete et al proposed to represent a feasible packing by a system of intersection graphs. Moreover, they
defined 3 sufficient properties for an arbitrary system of d graphs to represent a valid packing: each
graph should be interval (P1); each stable set of the k-th graph should have the sum of its weights
not greater than the container size (P2); the intersection of the graphs should be empty (P3). Fekete
et al proposed a combinatorial enumeration scheme to construct such a system or to state that none
exists. They used the so-called dual-feasible functions for bounds. This algorithm seems to be the most
effective exact algorithm today.

We propose to look for each k-th graph as a solution of a one-dimensional relaxation of the OPP. As
no integrality is imposed, each relaxation can be solved by LP with column generation (the continuous
Gilmore-Gomory model). It is known to provide a strong bound. Moreover, its solutions automatically
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satisfy P2. We discuss the main concepts of the algorithm (e.g., combinatorial preprocessing, branching
strategy) and provide numerical results. Using strong branching with variable fixing, we obtain new
lower bounds for 2D strip packing.
Keywords: packing, interval graph, branch and bound, linear programming, column genera-
tion

6.2
An Exact Algorithm for the Two-Dimensional Strip Packing Problem

Marco Antonio Boschetti, Lorenza Montaletti
University of Bologna

The Two-Dimensional Strip Packing Problem (2SP) appears in many industries (like steel and paper
industries) and consists of cutting a rectangular master surface, called strip, with a given width and
infinite height, into a number of rectangular items, each with a given size. The items must be cut with
their edges always parallel or orthogonal to the edges of the master surface (orthogonal cuts) and we
assume that items have a fixed orientation. The objective is to cut all the given items minimizing the
total height of the used strip.

In this paper we propose reduction procedures, lower and upper bounds and an exact algorithm for
the 2SP. The new lower bounds are both combinatorial bounds and derived from different relaxations
of a mathematical formulation of the 2SP. While, the new upper bounds are constructive heuristics
based on different strategies to place the items into the strip. The new exact method is based on a
branch and bound approach.

Computational results on different sets of test problems derived from the literature show the effec-
tiveness of the new lower and upper bounds and of the new exact algorithm.
Keywords: strip packing, heuristics, lower bounds, branch and bound

6.3
A practical C&P application for cutting steel plates

Gesine Draeger, Andreas Bortfeldt
University of Hagen, Germany

We report on a practical C&P application – called “Cutting Optimizer” – that was developed for an
Australian steel manufacturer. If the Cutting Optimizer is applied once, a single work order of an
individual customer has to be dealt with. The order comprises a set of steel plates of given dimensions.
The ordered plates are to be cut from so-called store plates of different formats that are kept in a
warehouse of the steel manufacturer. The Cutting Optimizer is responsible for generating a cutting
plan per order.

The inbuilt solution procedure works in two main steps. At first the 2D Bin Packing instance
derived from the customer order and the current supply of store plates is solved by means of a genetic
algorithm. For each ordered plate a store plate is selected and the position of the ordered plate within
the store plate is determined. Afterwards all cuts are defined by a special heuristic that are necessary
to saw the ordered plates from the selected store plates. There are two main optimization criteria. The
waste of the cutting process as well as the total length of all cuts is to be minimized.

By now the Cutting Optimizer software has been successfully applied for more than a year. Per-
formance data will be reported.
Keywords: genetic algorithm, heuristic, steel cutting application
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6.4
A hybrid GRASP/VND algorithm for two and three-dimensional bin

packing
F. Parreño∗, R. Alvarez-Valdes†, J.F. Oliveira‡, J.M. Tamarit†

∗University of Castilla-La Mancha. Department of Computer Science, Albacete, Spain, †University of
Valencia, Department of Statistics and Operations Research, Burjassot, Valencia, Spain, ‡University

of Porto – Faculty of Engineering / INESC Porto, Portugal

The three-dimensional bin packing problem consists of packing a set of boxes into the minimum num-
ber of bins. In this paper we propose a new GRASP algorithm for solving three dimensional bin
packing problems, which can also be directly applied to the two-dimensional case. The constructive
phase is based on a maximal-space heuristic developed for the container loading problem. In the im-
provement phase, several new moves are designed and combined in a VND structure. The resulting
hybrid GRASP/VND algorithm is simple and quite fast and the extensive computational results on
test instances from the literature show that the quality of the solutions is equal to or better than that
obtained by the best existing heuristic procedures.
Keywords: cutting & packing, heuristic algorithms, GRASP, VND
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Università Politecnica delle Marche
Italy
massi@diiga.univpm.it

Mesyagutov, Marat
Institute for Computational Mathematics,
Ufa State Aviation Technical University
Russia
mmesyagutov@googlemail.com

Monaci, Michele
Dipartimento di Ingegneria dell’Informazione,
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Wäscher, Gerhard
Otto-von-Guericke-Universität Magdeburg
Germany
gerhard.waescher@ovgu.de

Yanasse, Horacio Hideki
INPE - Instituto de Pesquisas Espaciais
Brazil
horacio@lac.inpe.br

Zacchino, Sandro
University of Lecce
Italy
sandro.zacchino@unile.it

L’Aquila, Italy, April 20-22, 2008





5th ESICUP Meeting 47

Notes

L’Aquila, Italy, April 20-22, 2008



48 5th ESICUP Meeting

L’Aquila, Italy, April 20-22, 2008



5th ESICUP Meeting 49

L’Aquila, Italy, April 20-22, 2008



50 5th ESICUP Meeting

L’Aquila Map

L’Aquila, Italy, April 20-22, 2008


