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Preface

Dear colleagues and friends,

It  was a great pleasure and honor for us in organizing the 4 th edition of IESM, being a vehicle in 
bringing  together  the  international  scientific  community  of  industrial  engineering  and  system 
management. Fifty sessions have been planned, with nearly half under the following five main tracks:

* Supply chains,
* Maintenance and reliability,
* Advances in optimization for vehicle routing problems,
* Intelligent Manufacturing & Services Systems,
* Health Care Systems Management and Engineering.

The IESM 2011 has also comprised regular sessions on both the classical and innovative emerging 
topics.  We  were  proud  to  have  three  keynotes –  from the  renowned  researchers  with  profound 
knowledge and deep experience in their respective fields which concern Optimisation, Metaheuristics 
and Manufacturing  problems.  We chose  the plenary of  Duc Truong PHAM  to be presented  in this 
document.  He  talked  about  Intelligent  Optimisation  regarding different  formulations  of  the  Bees 
Algorithm. The comparison of the effectiveness of the Bees Algorithm to that of three state-of-the-art  
biologically inspired search methods.

In  its  continuing journey of  improvement  and  success,  IESM has  initiated  and  implemented  the 
following key processes in this 4th edition:

• Complementing to the regular calls for papers, special sessions are organized for the first time, 
with topics suggested by the international community;

• In order to  guarantee the  consistency of  the conference topics  and the impartiality of the 
review process we have organized the evaluation of papers without the help of the sessions 
chairs;

• For papers with major revision needed, we have asked for a response to reviewer, implying a 
final acceptance under the respect of the review;

• Every paper  has  been tested for  possible  plagiarism.  Several  papers  have been submitted 
without  any consideration paid for other scientists’ works.  This unforgivable behavior has 
systematically led to a clear reject with the proofs of the plagiarism.

You have in hand the official edited version of the proceedings. More than 220 papers were submitted  
and 160 are published for this edition of IESM.

We are grateful to the international scientific committee for the objective and constructive evaluation 
of the submissions. We would like to acknowledge the authors, reviewers, and organizing committee 
members for their sincere efforts and valuable time to make IESM 2011 a reality. Special thanks to  
Etienne, Maryline and Chantal for their meticulous work and seamless coordination.

Long live IESM!

http://www.iesm11.org/ 

Lyes Benyoucef, Damien Trentesaux
Abdelhakim Artiba, Nidhal Rezg
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Huichao SUN, Rémy HOUSSIN, Mickael GARDONI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 418

Eco-design of complex products using system engineering

Ioana DENIAUD, Christophe LERCH, Emmanuel CAILLAUD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 427

Introduction of an eco-design process within an SME to design product ranges

Pierre-Antoine MICHEL, Nicolas MARANZANA, Patrice DUBOIS, Frédéric LESAGE, Dominique SEIGNARD . 437

Combining organisational performance with sustainable development issues: empirical evidence from lean and green

project.

Boris Asse ANGOUA, Bertrand ROSE, Hakim REMITA, Emmanuel CAILLAUD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 448

Research orientations in design for recovery applied to composite parts

Nicolas PERRY, François-Xavier KROMM, Stephane POMPIDOU, Olivier MANTAUX . . . . . . . . . . . . . . . . . . . . . . . 458

SysPEM: a sysML and SPEM based process modeling language for systems engineering

Abdeslam JAKJOUD, Abderrahmane AYADI, Claude BARON, Maria ZRIKEM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 467

Standards for information and knowledge sharing in the collaborative design of planning systems within the forest

products industry: a survey and roadmap

Riadh AZOUZI, Sophie D’AMOURS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 477

A model-driven approach for the management of workflow patterns

Ahmed NAIT-SIDI-MOH, Mohamed BENJELLOUN, Jaafar GABER, Maxime WACK . . . . . . . . . . . . . . . . . . . . . . . . . 487

Proposition of a framework for consistency management between digital factory simulations

Vincent CHEUTET, Samir LAMOURI, Ronan DERROISNE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 497

Forecasting returns in reverse logistics: application to catalog and mail-order retailing

Malek MASMOUDI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507

A new multicriteria approach for EOL product strategy

Diala DHOUIB, Sonda ELLOUMI, Sid-Ali ADDOUCHE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 517

Reverse logistics optimization : application to reusable containers

Guillaume GOUDENEGE, Zied JEMAI, Chengbin CHU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 527

A two-stage production/inventory system with admission control of product returns

Samuel VERCRAENE, Jean-Philippe GAYON . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 537

Support of business processes flexibility in PLM systems using services based approach
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V. PRABHU

Distributed Control of Manufacturing and Service Systems 

In this  talk we  will  review distributed  control  algorithms that  have  been  developed for  real-time 
decision-making in manufacturing and service systems. The talk will  focus on a class of feedback 
control  algorithms  that  use  continuous  variables  for  controlling  discrete-event  timing.  These 
algorithms can potentially be used for  unified decision making across  multiple  functions  such as  
production scheduling, maintenance scheduling, inventory management, and transportation. Moreover, 
because of their non-combinatorial nature and inherent parallel/distributed nature they offer scalability.  
The talk will  briefly review some the mathematical techniques for modeling and analysis of these 
control systems using discontinuous differential equations and control theory.

Professor Prabhu works in the area of distributed control systems with a focus on manufacturing and  
service enterprises. The goal of his research is to develop a unified mathematical and computational  
framework  that  enables  engineering  of  distributed  control  systems  consisting  of  discrete-events,  
physical  processes,  and  service  processes.  The  science-base  of  this  work  includes  theories  of  
discontinuous differential equations, Lyapunov stability, adaptive control, and nonlinear control for  
studying distributed algorithms.

D.T. PHAM  

Intelligent Optimisation 

This plenary is developed hereafter.

Many real-world engineering problems require the manipulation of a number of system variables in 
order to optimise a given quality parameter such as the reliability or accuracy of a process, or the cost 
or performance of a product. Optimizations will become even more important as resources diminish.  
The Bees Algorithm models the foraging behavior of a swarm of honeybees in order to solve complex 
optimisation problems. The algorithm performs a combination of exploitative neighborhood search 
and random explorative search. In this presentation, we will review different formulations of the Bees 
Algorithm together with other swarm-based optimization algorithms and compare the effectiveness of 
the  Bees  Algorithm to that  of  three state-of-the-art  biologically inspired search methods.  We will 
explain the search mechanisms of the Bees Algorithm and the three control methods, and highlight  
their differences, strengths, and weaknesses. 
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E. TALBI 

Metaheuristics: A unified view 

This talk provides a complete background on metaheuristics and presents in a unified view the main  
design  questions  for  all  families  of  metaheuristics  and  clearly  illustrates  how  to  implement  the  
algorithms under a software framework to reuse both the design and code. The key search components 
of metaheuristics are considered as a toolbox for: 

• Designing  efficient  metaheuristics  (e.g.  local  search,  tabu  search,  simulated  annealing, 
evolutionary  algorithms,  particle  swarm  optimization,  scatter  search,  ant  colonies,  bee 
colonies, artificial immune systems) for optimization problems 

• Designing efficient metaheuristics for multi-objective optimization problems 
• Designing hybrid, parallel and distributed metaheuristics 

El-ghazali Talbi is a full Professor in Computer Science at the University of Lille (France) and head  
of the optimization group of the Computer Science Laboratory (L.I.F.L.). His current research interests  
are in the fields of metaheuristics,  parallel algorithms, multi-objective combinatorial optimization,  
cluster and grid computing, hybrid and cooperative optimization, and application to bioinformatics,  
networking, transportation and logistics.  He is the founder of the conference META (International  
conference  on  metaheuristics  and nature  inspired  computing)  and is  head of  the  INRIA Dolphin  
project dealing with robust multi-objective optimization of complex systems.
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Abstract  

 

Intelligent Optimisation is optimisation inspired by natural processes.  Intelligent Optimisation approaches tend to be 

heuristic and stochastic.  This paper reviews the main Intelligent Optimisation approaches, and discusses their similarities 

and differences.  The paper concludes with a brief discussion of a way to enhance an intelligent algorithm by combining it 

with a deterministic local search tool.  

 

Key words: Intelligent Optimisation, Swarm Intelligence, Bees Algorithm, Difference of Convex Functions  
 

1 Introduction  

The capability of biological systems to solve complex optimisation tasks is shown in many remarkable examples, 

such as the adaptation of species to the natural environment, the food gathering process of social insects, the 

ability of the human immune system to respond to different and constantly new kinds of bacterial infections, etc.  

Conceived in the 1960s, Evolutionary Algorithms (EAs) [27], [8], [10], [26] were the first optimisation methods 

to mimic the collective search process of a population of biological agents. The problem domain is represented 

by a fitness function, which is used to provide feedback on the performance of the candidate solutions. Through 

the iteration of cycles of mutation, crossover, and selection, EAs evolve a population of artificial agents towards 

meeting some desired fitness measure(s). Initially slowed down by the limited processing power of early 

computers, EA research achieved dramatic progress and notoriety starting from the middle-1970s. EAs have 

become nowadays a main branch of Intelligent Optimisation, and represent a field of active and wide-ranging 

investigation [13]. 

                                                 
*
 This paper was not presented at any other revue. Corresponding author Duc Truong Pham, Tel. +44 (0)29 20874429 

Email addresses: phamdt@Cardiff.ac.uk (Duc Truong Pham), Marco.Castellani@bio.uib.no (Marco Castellani), email 

lethi@univ-metz.fr (Hoai An Le-Thi). 
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Regular sessions – S1 to S18

  S1: Production systems design: performances evaluations and optimization - I

  S2: Exact methods for planning and scheduling - I

  S3: Production/Inventory Management Problems in Manufacturing Systems - I

  S4: Exact methods for planning and scheduling - II

  S5: Production/Inventory Management Problems in Manufacturing Systems - II

  S6: Production systems design: performances evaluations and optimization - II

  S7: Recent advances in Modelling and Optimization Techniques for Intelligent Computing 
in IESM - I

  S8: Production systems design: performances evaluations and optimization - III

  S9: Recent advances in Modelling and Optimization Techniques for Intelligent Computing 
in IESM - II

  S10: Complex project planning and management

  S11: Metaheuristic and complex shop scheduling problem 
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  S13: Integration of environmental aspects into product design and development
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  S16: Extended Product Lifecycle Management approach

  S17: Physical Internet and Supply Webs

  S18: Advanced optimal control for manufacturing systems

11



 

 

International Conference  

on Industrial Engineering and Systems Management  

IESM’ 2011 

May 25 - 27, 2011 

METZ- FRANCE 

 

 

Value/Risk based Performance Evaluation of Integrated 

Product and Process Design*
 

Liaqat SHAH 
a,c

, Alain ETIENNE
 a
 

Ali SIADAT
 a
, François VERNADAT

 b 

 a
LCFC, Arts et Métiers ParisTech, Centre de Metz, F-57070 Metz France 

b
LGIPM, Université Paul Verlaine de Metz, F-57045 Metz France 

c
Higher Education Commission H-9, Islamabad, Pakistan 

 

 

Abstract  

 

A value/risk based performance evaluation framework is proposed for manufacturing process planning at the industrialization 

phase of product development. Various risk factors are identified from a Failure Mode and Effect Analysis (FMEA) of the 

manufacturing process. A process modelling method (e.g. IDEF3) is used to model the process plans as well as the risk 

factors identified in the FMEA. Subsequently, a so-called Risk Embedded Manufacturing Process Plan (Risk-Embedded 

MPP) is obtained that provides an efficient environment for evaluating the performance of the manufacturing process plan 

and the impact of each risk on the overall performance. Performance is then evaluated in terms of risk and value, an 

aggregation of cost, quality and time by means of Arena. Alternative scenarios are developed, simulated and compared with 

reference scenario. The methodology is illustrated by means of a case study 

 

Key words: Manufacturing process modelling, Process performance, Risk, Value, Simulation  
 

1. Introduction  

In a competitive environment, the development of new products and processes is a cornerstone for sustainability. 

Manufacturing may result in unnecessarily long design cycles that consequently waste time and money, leading to 

products less competitive in a global market. This led to the development of concurrent engineering, integrated 

product and process design and computer-aided simulation tools that could provide the customer with a high 

quality product at reasonable cost in a timely manner. To properly evaluate the performance of product 

development activities, particularly manufacturing process performance while using these techniques, there is a 

need for performance measurement systems (PMS) to facilitate the decision making process [1].Many 

performance measurement systems have been developed so far to meet the growing demand of evaluating the 

performance in decision making processes. Among them is Activity-Based Costing (ABC) promoted by Kaplan 

and Cooper [12] and Brimson [3]. It focuses on the identification of activities and processes which create value 

in the company and the factors which induce this value creation process. It assigns resource costs to cost objects 

                                                 
* This paper was not presented at any other revue. Corresponding author Liaqat Shah. Tel. +33 615798440.  

Fax. +33 387 37 54 70. 

Email addresses: liaqat.shah@ensam.eu (Liaqat Shah), alain.etienne@ensam.eu (Alain Etienne), ali.siadat@ensam.fr (Ali 

Siadat), Francois.Vernadat@eca.europa.eu (Francois Vernadat) 
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Abstract  
 
A robotic assembly system which consists of seizing products and assembling them on deposit points is 
considered in this paper. This type of systems has been extensively applied recently in assembly systems and is 
known as robotic assembly lines. The problem studied in this paper is a robotic assembly line balancing (rALB-
II) problem, in which the assembly tasks have to be assigned to robotic workstations and with the objective of 
minimizing the cycle time and to define the gripping strategies for each robot within a bounded time. For that 
purpose, we develop an efficient algorithm based on ant colony optimization which defines the best combination 
of assigned assembly tasks and products for each robotic workstation. To assess the quality of our method, we 
compare the results to the optimal solutions of the tested instances that are obtained by applying a full 
enumeration method based on a mathematical formulation of our problem. The computational experiments show 
the efficiency and the reliability of our method within a short computational time. 
 
Key words: Robotic systems, Ant colony optimization, Assembly line balancing. 
 

1 Introduction  

In nowadays industries, robotic systems are an essential part in many automated manufacturing process. In 
practice, robots are usually guided by computer or automated controllers, and are thus able to do tasks on their 
own. There are different types of robots. In this work, we are interested in a robotic assembly system which 
realizes pick and place operations. Recently, robotic pick and place operations have been widely applied on 
automated equipments, electronics and press fabrication industries as they could satisfy some special 
performances requirements. Therefore, the evaluation and the optimization of pick and place robotic assembly 
systems by minimizing the cycle time are considered in this paper.  

                                                 
* This paper was not presented at any other revue. Corresponding author S. DAOUD. Tel. +003 33 25 71 39 00. Fax +003 33 
25 72 93 72. 
Email addresses: slim.daoud@mwv.com (Slim Daoud), farouk.yalaoui@utt.fr (Farouk Yalaoui), lionel.amodeo@utt.fr 
(Lionel Amodeo), hicham.chehade@utt.fr (Hicham Chehade). 
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Abstract 
 
Workshops within job-shop-systems are mostly composed of single machines with identical or similar function yet differing 
machining capabilities and characteristics. Against the background of changeable manufacturing and reconfigurable 
manufacturing systems, machine-driven diversity of capacity supply will increase. However, research lacks a detailed 
investigation about the impact of machine-related capacity constellations within workshops on the dynamics and on the 
performance of the production system. In this article we examine varying workshop configurations within discrete-event 
simulation and investigate their influence on inventory evolutions and logistic key figures. In addition to a quantitative 
analysis based on logistic objectives we derive recommendations to support the design of capacity constellations of 
workshops within job-shop-systems. 
 
Keywords: Job-Shop-System, Capacity Constellation, Configuration, Performance 
 

1 Introduction 

Job-shop-systems are characterized by the concentration of machines of identical or similar function in 
organizational and spatial units [20]. These production units are called workshops. Although similar in function, 
each machine within a workshop features its own characteristics. Especially in production systems which 
evolved over time we often find a mixture of machines which differ in numerous properties like size and 
material of machinable parts, controlled axes, deployed control systems, maintenance requirements and mean 
downtimes [5]. Furthermore, we find qualities which are machine-specific as well as part-specific like set-up 
times, cutting speeds and feasible axial feeds. Especially the data on specific times and rates determines the 
overall processing time for a given order. This has further consequences for the available machine-oriented 
capacity and therefore for the aggregated capacity supply of the associated workshop. Even though all machines 
within a workshop are traditionally designed to perform equal machining tasks, this results in capacity 
constellations in terms of machine-specific processing times. In addition, we must consider the increasing trend 

                                                 
* This paper was not presented at any other revue. Corresponding author C. Toonen. Tel. +49-0421-2185572. Fax +49-0421-
2185640 
Email addresses: bsr@biba.uni-bremen.de (Bernd Scholz-Reiter), too@biba.uni-bremen.de (Christian Toonen), 
lap@biba.uni-bremen.de (Dennis Lappe). 
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Abstract

The general m-machine permutation flowshop problem with the total flow-time objective is known to be NP-hard
for m ≥ 2. The only practical method has been branch-and-bound algorithms which use Depth-First and/or Best-First
Search to find an optimal schedule. In this paper, we present an improved algorithm which is based on a strict alternation
of Generation and Exploration execution modes as well as Depth-First/Best-First hybrid strategies. The experimental
results show that the proposed method exhibits improved performance compared with the algorithm in [3]. Furthermore,
our model can be easily extended and implemented with lightweight threads on multicore parallel systems to speed up
the execution times.

Key words: Branch and Bound, Search Strategies, Parallel Processing, Multithreaded Programming,
Permutation Flowshop

1 Introduction

In the permutation flowshop problem, each of n jobs has to be processed on machines 1 . . . m in that order. The
processing times of each job on each machine are known. At any time, each machine can process at most one job
and each job can be processed on at most one machine. Once the processing of a job on a machine has started,
it must be completed without interruption. The usual objectives are the minimization of the make-span, flow
time, tardiness, lateness, and the number of jobs late. For a review of the general flowshop problem, see [1],
and more recently [6]. The application of the flowshop scheduling research can be found in the areas such as
chemical process industry and manufacturing systems, especially flexible transfer or assembly lines in which a
wide range of parts are manufactured [4].

Schedules where each job must be processed in the same order at every machine are called permutation schedules.
When m ≤ 2, the restriction to permutation schedules is harmless; however, when m > 3, there may exist a
schedule whose total flow is strictly less than the total flow of any permutation schedule. Finding such a schedule

? This paper was not presented at any other revue. Corresponding author C. Chung. Tel. +1-216-6874793.

Email addresses: c.chung@csuohio.edu (Chia-Shin CHUNG), j.flynn@csuohio.edu (James FLYNN),
sang@cis.csuohio.edu (Janche SANG).
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Abstract

We consider a weekly transportation problem in forestry which arises when transporting logs from forest sites to wood
mills. We develop a decomposed approach in order to solve the weekly problem in three phases. In the first phase we use
a constraint programming enumeration to generate a large set of feasible routes equivalent to one driver work shift..

In the second phase, we solve a set covering problem and then a mixed integer problem to select a set of routes, by
truck and by home base, that satisfy the demands of all mills. Finally, we schedule all sets of routes using a constraint
programming (CP) solver. These approaches are implemented using COMET2.0, which embeds a local solver, a mixed
integer programming (MIP) solver and a CP solver. We test our method on an industrial case problem from an Eastern
Canadian forest company.

Key words: transportation, forestry, industrial case, constraint programming enumeration, constraint programming
(CP) solver

1 Introduction

Transportation planning in forestry involves many decisions which are commonly managed according to four time
horizons: strategic (up to 5 years), tactical (1/2 to 5 years), operational (1 to 180 days) and real-time (< 1 day).
We refer to [21], [11] and [8] for an exhaustive survey. In the studied industrial problem, three main decisions
occurring at the operation planning level must be addressed: i) allocation, ii) routing and iii) scheduling. We
describe each of them, as well as their respective explicit (i.e. required) and implicit (i.e. “desirable”) objectives.

? This paper was not presented at any other revue. Corresponding author N. El Hachemi. Tel. +212 - 537 77.26.47. Fax
+212 - 537 77.88.53.

Email addresses: jean-francois.audy@cirrelt.ca (Jean-Francois AUDY), nizar@crt.umontreal.ca (Nizar EL
HACHEMI), ldm@engr.uconn.edu (Laurent MICHEL), louism@crt.umontreal.ca (Louis-Martin ROUSSEAU).
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Abstract  
 
This paper considers a parallel machine scheduling problem because of its extended applications in today’s practicing firms. 
This problem is investigated under deterministic circumstances for identical machines, in which the processing times are 
completely controllable. Likewise, the developed mathematical model is enriched with different operational times so that the 
scheduling conditions can be more flexible. In order to enhance the scheduling plan, we consider that the jobs can be 
processed in the compressed time, if required. The objective function (OF) minimizes the total tardiness and the penalty 
associated with the total amount of compressed jobs. Finally, a heuristic solution algorithm is proposed for the problem and 
the formulation is tested by some different-sized problems, whose data are created randomly. The comparisons between the 
exact and heuristic solution methods indicate that the heuristic one can outperform efficiently. 
 
Key words: Parallel machine scheduling, tardiness, compression, completion time 
 

1 Introduction  

Scheduling parallel machines has been concentrated within the last years as an important manufacturing method 
[15]. As a general rule, a set of independent jobs are to be scheduled and processed in parallel machine 
scheduling so that the objective functions (OF) associated with time completion are fulfilled. Minimizing the 
total tardiness is dealt with as one of the most critical issues in satisfying the customers’ needs. It is concentrated 
on the papers much and less because of its broad usages in different industries. Referring to last researches, the 
parallel machine scheduling problem (PMSP) is divided by three distinctive categories including identical 
parallel machine, unrelated parallel machine, and uniform parallel machine [3]. An identical parallel machine 
issue is characterized by a set of machines that serve similar services with similar features [1]. The uniform 
parallel machine problem is associated with the practicing machines that are thoroughly the same with respect to 
operational qualities [16]. The scheduling problem of unrelated parallel machines is represented by machines 
that perform the similar functions in spite of having different capabilities or capacities [15]. In fact, it is a 
generalization of the other two categories. 

The presented mathematical model is supposed to be run in deterministic conditions, in which the practitioners 
are to utilize identical machines. Regarding the available literature, there are many researches on deterministic 
parallel machines. However, we develop the model so that it is not bounded by inflexible issues caused by strict 
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Abstract  

 

This research focuses on the problem of positioning empty containers in a port area with multiple depots. Three options are 

considered to prepare the required extent of positioning: positioning from other overseas ports, inland positioning between 

depots, and leasing. The policies for empty-container management are as follows: a coordinated (s, S) inventory policy for 

overseas positioning, (ri, Ri) policy at each depot for inland positioning; and a simple leasing policy with zero lead-time. For 

inland positioning policy, four different methods are proposed to reposition empty containers between depots. Customer 

demands and returning containers in depots and lead-time for positioning from overseas are considered as uncertain factors. 

The objective is to obtain the optimal policy in order to minimize the expected total cost including inventory holding, 

overseas positioning, inland positioning and leasing costs. Different optimal policies are obtained corresponding to different 

methods of inland positioning and they are then compared with those of non-inland-positioning (NIP) policy so as to prove 

the effectiveness of the proposed approach. A simulation-based genetic algorithm is developed to find the optimal policies. 

Numerical examples are given to demonstrate the results.  

 

Key words: Empty Containers, Inventory Policies, Simulation, Genetic Algorithm.  
 

1 Introduction  

Empty containers are important logistical resources in light of the changes in the international logistics 

environment and have been received much more attention for recent years. Since the beginning of 

containerization, the industry has seen a general increase in productivity, efficiency, safety, and reduction in cost 

and service time. A decision factor for shipping companies’ competitiveness is the availability of containers at a 

particular place and time to meet customer orders, avoiding immobilization costs. Thus, shipping companies need 

to plan how containers can be repositioned in order to take advantage of future transportation opportunities. 

In the line of empty container repositioning problem, Cheung and Chen [2] considered a two-stage stochastic 

network model for the dynamic empty containers allocation problem. Li et al. [8] and [9] developed a new (u, d) 
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Abstract

This work deals with single-level lot sizing decisions with capacity constraints. Lot sizing decisions give rise to the problem
of identifying when and how much of an article to produce such that setup, production and holding costs are minimized.
Setting up the machine for producing a product different from the previous one, would cause a changeover cost due, for
example, to clean or install the appropriate tools for the machine. We focus on the Continuous Setup Lot Sizing Problem
(CSLP) which allows partial capacity usage, in the multi-item case. Only a single item can be produced per period per
resource. In the literature and to our knowledge, the problem of number of change limited is not addressed. Thus, we
developed an extension of the typical model in the multi-item, multi-resource case and solved the problem with a genetic
algorithm (GA) and an ant colony optimization (ACO).

Key words: lot-sizing, meta-heuristics, GA, ACO, multi-product, capacity constraints

1 Introduction

Production planning is an activity that considers the best use of production resources in order to satisfy
production goals over a certain period named the planning horizon. Production planning typically encompasses
three time ranges for decision making: long-term, medium-term and short-term. In our study, we focus on
medium-term production planning and especially on single-level lot sizing decisions with capacity constraints.
Lot sizing decisions give rise to the problem of identifying when and how much a product has to be produced
such that setup, production and holding costs are minimized.

As Jans and Degraeve [9] explain, several models have been proposed for lot sizing problems. The classification
of lot sizing problems is based on several criteria as number of machines, number of production stages (levels),
capacity constraints and their nature (fixed or variable), nature of the demand, length of production periods.

The first developed model is the Economic Order Quantity (EOQ), developed by Harris in 1913 (as explain in
[6], [13]), which is a continuous time model with an infinite time horizon. It considers a single item and imposes

⋆ This paper was not presented at any other revue. Corresponding author J. Rubaszewski Tel. +333 25 71 80 90.
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Abstract

We address line balancing under uncertainty and propose a robust optimization model that assumes interval uncertainty
for operation times. Our main objective is to design assembly lines that are protected against disruptions. Specifically,
we deal with the simple model assembly line problem with cycle time minimization objective (SALBP-2). In order to
solve the robust model to optimality, we propose a decomposition based algorithm and to solve large scale instances,
we integrate some enhancement strategies. We also test the efficiency of the algorithm and present some experimental
results. We believe that the modeling approach and solution algorithm of this research serves as a basis to develop
decision support systems on this subject.

Key words: assembly line balancing, uncertainty, robust optimization.

1 Introduction

Assembly lines are flow-line production systems that have been commonly used in many industries to produce
large amounts of standardized products efficiently. They contain serially located workstations that process
operations of a product continuously. On the other hand, line balancing problems mainly deal with assigning
the tasks among the stations considering some objectives and precedence relations. Mostly, capacity related
objectives such as minimizing the number of workstations given a required cycle time (type 1 problem) or
minimizing the cycle time given the number of workstations (type 2 problem) have been investigated in the
literature.

Scholl [11] classifies the assembly line balancing problem into three with respect to number of product models
: simple model, mixed model and multi model. Simple model assembly lines produce a homogeneous product,
whereas in mixed model lines, several models of the same product are assembled. If the product families require
dissimilar production processes, set-ups are usually required, and these lines are grouped into multi-model lines.

Among these line types, we will address the simple model assembly line problem with cycle time minimization
objective (SALBP-2). The cycle time of the line is defined by the maximum of the station times (total execution

⋆ This paper was not presented at any other revue. Corresponding author Öncü Hazır. Tel: 00-33-477426640. Fax:
00-33-477426666
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Campus des Cézeaux, 63177 Aubière

Abstract

In this paper, we discuss supply chain optimization. The financial constraints are included to model the cash flow
exchanges between suppliers, retailers and manufacturers. The supply chain is modelled as a job where each production
unit is considered as a machine. The job-shop problem, which is called ”job-shop with financial constraint”, is defined
as a job-shop problem with explicit consideration of machine specific resource requirements and constraints. In order
to understand the physical and financial exchanges between the different production units, a linear program is done.
A linear program is useful to obtain optimal solutions on small and medium industrial instances. Tackling financial
considerations permits to consider the proper coordination of production units and financial constraints when optimizing
the supply chain operational planning in order to obtain the smallest production duration. The modelling of the supply
chain is novel in the sense that the model encompasses specific financial resource per machine i.e. per production unit.
In fact each production unit has each own limited budget. An experiment is done on a set of modified instances coming
from the Laurence’s job-shop instances.

Key words: supply chain, job shop, financial constrain, linear program

1 Introduction

1.1 Supply chain management and financial operational problems

A global production system of a supply chain can be represented as a set of existing or potential, warehouses,
suppliers, production units and distribution centres, with multiple supply configurations and customers with
demands. All these facilities can be located in different regions of the world where different tax are applied and
various currencies are used. Modelling a supply chain as a job-shop gives the opportunity to address the proper
coordination between production units and financial considerations. Typically, scheduling decisions are made in
the short term (several weeks or months) and financial decisions follow to satisfy the required base-stock levels
and human resources. Operational planning in scheduling [14] has the same horizon term as cash management

? This paper was not presented at any other revue. Corresponding author S. KEMMOE. Tel. +33473177739. Fax
+33473177701.
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Abstract  
 
In this paper, we consider a flowshop scheduling problem with mixed blocking constraints. This production system is 
prevalent in industrial environments where buffer space capacities between successive machines may be unlimited, limited or 
null. In flowshop scheduling literature, many studies and researches were realized about classical flowshop problem and also 
about some problems with only one blocking constraint between all machines. But only few works have dealt with different 
blocking constraints in a same flowshop scheduling problem. After a problem description and different blocking constraints 
definitions, a mathematical model and a lower bound for flowshop scheduling problems with mixed blocking constraints are 
proposed and numerical results are presented and discussed.  
 
Key words: Scheduling, flowshop, mixed blocking constraints, I.L.P model, lower bound, makespan.  
 

1 Introduction  

In industrial environment, if there is not enough space for carrying stock after a job has finished its operation on 
a machine and following machine in process is not yet available, it is said to be a blocking situation. In literature, 
different blocking constraints are considered, therefore scheduling models differ on used technology and 
constraints applied in system. The most common scheduling problem is classical flowshop where buffer space 
capacity between machines is considered as unlimited. Other problems are characterized by only classical 
blocking constraint (RSb) where storage capacity is limited or null and others by a specific blocking constraint 
(RCb or RCb*). In this paper, general case is presented and modeled as a flowshop problem subject to several 
types of blocking constraints, considering makespan as optimization criterion. 

First article dealing with a flowshop problem was published fifty years ago [9]. Since, many authors focused on 
different aspects of this problem. We can cite articles [1] and [2] for flowshop classical problem with two 
machines and [12] and [4] for general case with multiple machines. For greater size problems, some heuristics 
and metaheuristics have been proposed [8], [16]. 

For problems with classical blocking constraint (RSb), an heuristic for multi-stage flowshop problem, with and 
without storage capacity respectively is proposed in [14] and [15]. A hybrid genetic algorithm for flowshop 
scheduling with limited buffers has also been developed [18]. Other articles dealing with flowshop problems 
with RSb constraint like [3] and [13] can also be cited. 
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Abstract  
 
Several studies have been made concerning the control and the flow optimisation in car assembly plants in order to satisfy 
the expectations and customer needs. But investigations of the same nature were not observed so far in component 
manufacturing plants. That is why we propose in this paper to study the production management problem in an engine plant, 
in particular the scheduling problem of an engine assembly workshop. Firstly, we present the characteristics of an engine 
plant. Secondly, we provide an integer linear model, which helps the manager to take the best decisions for the scheduling of 
the engines. This optimisation model tries to group and sequence the engines so that all the workshop constraints, required 
by the production manager and the customers, are satisfied. We apply this tool to real data, coming from an engine assembly 
workshop, and the obtained results are compared to the current manual schedules. 
 
Key words: Scheduling, batching, linear programming, assembly engine plant 
 

1. Introduction  

In order to stay competitive, car industries have to adapt constantly to the changing market, thus giving answers 
to the changing expectations and customer needs. Several studies have been made, dealing with the control and 
the flow optimisation in car plants to follow the market evolution. But studies of the same nature were not 
observed so far in component manufacturing plants. 

Regarding a car assembly plant, one of the most studied problems in the literature is the car sequencing problem 
(see [1], [7] and [12]). The basic question is: What is the optimal production ordering of the vehicles that takes 
into account all assembly constraints? Some years ago, several tools have been proposed to answer this question. 
But the same question arises in component manufacturing plants (engines, gearboxes, running gear, etc.), for 
which no tool has been developed so far. The French car manufacturer, PSA Peugeot Citroën, wanted to 
examine this question. Studies were realized, inside the group, to define the scheduling mode for all the 
assembly workshops of component manufacturing plants. The objective is to standardize information systems in 
all the mechanical plants of the group and not only in engine assembly workshops. 
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Abstract

We treat a practical application of scheduling jobs on flexible machines. The company in analysis is a metal working
industry where a single flexible machine is used to manufacture precision parts. The machine is assisted by computer
aided manufacturing softwares and allows automatic changing between two different jobs. The machine has to be stopped
and human intervention occurs when a job requires at least one tool which is not already in the tool magazine. Thus, the
job scheduling and tool switching problem to minimize overtime and weighted tardiness costs consists of deciding the
jobs to be processed in each day of the horizon, along with their processing order, given that the required tools to start
a job must be on the limited capacity tool magazine. We propose an integer programming model for the problem. We
present numerical results on real data instances, and significant gains were obtained with respect to the firm’s practice.
Results show the potential to the use of the optimization model in the real-life setting and encourage to the development
of heuristic approaches.

Key words: Scheduling, Flexible Machine, Overtime, Tardiness

1 Introduction

A flexible machine is a computer-controlled machine equipped with automated material handling systems. The
machine allows automatic changing between two different jobs, given that tools required to perform both jobs do
not exceed its limited capacity tool magazine. This gives rise to the job scheduling and tool switching problem
(SSP) where one seeks to sequence jobs and assign the required tools to the magazine in order to minimize
the number of tool switches. The SSP is an NP-Hard problem (see [Crama et al., 1994]), and it has been
systematically studied since the works of Bard [Bard, 1988] and Tang and Denardo [Tang and Denardo, 1988].
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Abstract

When a retail firm locates a new facility in a network and begins attracting customers in an existing market, it will
typically stimulate certain reactions of other firms offering the same goods. To maximize its market share by optimizing
its location and design decisions, the entering firm must anticipate the reactions of the facilities already present in the
market. Since the relocation of an existing facility is expensive, the competitors usually improve their qualities to compete
with the new firm so as to minimize their market share lost.

In this paper, we develop a new method that takes into account the reactions of the facilities already present for
a discrete competitive facility location and design problem. The method proposed uses a genetic algorithm to search
for optimal or near-optimal locations of new facilities and uses Nash equilibrium to determine the best quality of each
facility.

Key words: Discrete competitive facility location and design, Game theory, Nash equilibrium, Genetic Algorithm

1 Introduction

For a retail firm, one important strategy decision is the choice of the locations of its retail facilities from which
goods are sold to customers. Although the location decision is critical for such firm, it is very complex because
of the existence of other facilities of competitors. As the facilities offering the same goods are already present
in a market, the new facilities will have to compete for the market with the existing facilities. Such decision
problem is referred to as a competitive facility location and design problem, which deals with the decisions of
locating new facilities to provide goods to customers in a given geographical area and designing their service
qualities.

It is generally agreed that the first paper on competitive facility location is Hotelling’s paper [13] on duopoly in a
linear market. Hakimi [10], [11] and [12] formulated the problem in a network. Drezner [4] solved a single facility
location in a continuous space. Their formulations are based on the assumption that each customer patronizes
its closest facility. A more realistic approach was introduced by Huff [14] and [15], in which a more reasonable
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Abstract  
 
This paper analyses the performances of a supplier who, besides his own products, has the possibility to accept or not the 
production of a personalized product for a customer who may be a new one. The contract with this customer specifies the 
demand arrival rate, the sale price and the backorder cost. Face to this proposition, the supplier has to decide whether to 
accept or not the contract and how to manage his production system: which products must be produced according to make-
to-order policy? Which quantity of finished goods must be kept in the stock for those to produce under make-to-stock policy? 
We characterize analytically and through numerical examples the structure of the optimal decision with regard to the 
questions quoted above. We extend the analysis to the case where the supplier can choose between several new product 
proposals. 
 
 
Key words: Subcontracting, Make-to-stock, Make-to-order, queuing models. 
 

1 Introduction  

New ways for dealing with production environments have been appearing, in order to reduce lead times, to 
improve reactivity and to fight constant change and complexity imposed by actual markets. In fact, competition is 
characterized by volatile demand, less production costs and emergence of more customized products. This new 
reality naturally leads companies to network with other companies and incites to cooperation through different 
axes, namely subcontracting.  

On the other hand, companies that face several propositions of new items production, have to choose among 
them which proposals to accept according to the new item’s parameters. The choice is generally based on the 
evaluation of the total profit ensured upon accepting each combination of proposals.  The idea is that companies 
don’t accept any series of products if there is no more benefits resulting, and look for proposals which add the 
highest benefit as well.    
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Abstract

We present in this paper the problem of planning the production of various capillary products in a real shampoo
industry. The overall production system consists of three services: the making, the temporary storage and the packing
services. Everyday, the packing service of the company transmits to the making service plans of orders to be produced
(also called batches). Each plan corresponds to the work that has to be performed by one packing line for the next
production horizon. The making service gathers several making units and is in charge of producing the batches that
will later on be packed in bottles by the packing service. The aim of this scheduling problem is to assign the batches to
the making units and to schedule them on their resources. The objective is to minimize the number of cleanings of the
making resources. We model the problem on one making unit as a three stage Hybrid Flowshop with a common server of
setups. We also present experimental results of decomposition heuristics that we have developed to solve this problem.

Key words: Hybrid Flowshop, Family dependent setup times, Common server, Greedy algorithms.

1 Introduction

We address a scheduling problem occurring in a real-world industry of capillary products production. The overall
production system consists of three services: the making, the temporary storage and the packing services.
The production process is led by the packing service in which production targets are fixed on the planning
horizon according to known deterministic market needs. The planning of the packing service is done under the
assumption of enough making and storage capacities. The making service is in charge of producing the products
that will later on be packed in bottles by the packing service. The storage service is the interface between the
making and the packing services: whenever a product is produced by the making service, it is delivered to the
storage service before being sent for packing.
Every day, the packing service plans the production for the next 24 hours for each packing line. After that, it
transmits the planning of orders to be produced (also called batches), one for each packing line, to the making
service. Several making units compose the making service and have to produce and transfer the batches to the
storage facility. A batch within a storage tank is supplied to the intended packing line according to its planning.

A batch is a fixed and indivisible amount (12 tons) of akind of shampoo product (also called a family). Here,
”indivisible” means that each batch has to be entirely produced by one making unit, stored in one tank and
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Abstract  
 
This paper presents the first results of a PhD thesis developed in collaboration with the company ST-Mictroelectronics. The 
overall objective is to anticipate the impact of business activity changes on the capacity of the physical resources of a 
complex semi-conductor manufacturing information system (IS). Our intention is to build a systemic model, allowing the 
integration of complex business workloads, in order to test and anticipate business scenario changes. In that perspective, an 
iterative method is proposed: through two interrelated exploratory and explanatory phases, both mixing qualitative and 
quantitative analyses, we suggest a way to create a n-parameters tree-structured regression model of the IS considered. 
 
Key words: information system change scenario, complex system modeling, information system capacity planning, data 
analysis, regression models, semi-conductor industry 
 

1 Introduction  

This paper discusses the first results of a research work developed by a PhD thesis in collaboration with the 
company ST-Microelectronics. The general research objective is to anticipate the impact of business activity and 
manufacturing system changes on the capacity of the resources (servers, databases …) of a complex information 
system (IS). This work is carried out within a semi-conductor factory and considers its manufacturing IS. It is 
commonly accepted that IS is crucial to the performance of semi-conductor production systems [15] and its 
capacity needs to be carefully sized, to provide optimal performance while limiting costs. However, managing 
such an IS is a challenging task, due an extremely changing production activity (production ramp-ups, 
deployment of automated processes, technology evolutions…). ST-Microelectronics IS managers look for a 
method aimed at evaluating predicatively “what if” scenarios, so as to better anticipate how business activity 
changes could impact IS performance. The current paper only focuses on a first step on this research, which 
consists in building an IS model, with good capabilities of prediction. 

                                                 
* This paper was not presented at any other revue. Corresponding author M. Lutz. Tel. +33 4 38 92 21 98. Emails: {lutz, 
boucher, roustant, girard}@emse.fr 
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Due to constant technological change and fierce competition, companies shall ensure to quickly adjust to changes 

and transformations imposed by markets smaller and more difficult to penetrate. Thus, to remain competitive, the 

main concern of each entrepreneur is profitable operations aiming at the highest yield on its production system 

which typically represents a significant investment in an industrial project. Thus, it is necessary to meet 

production forecasts and profitability, as any deviation from these forecast results in an increase in the production 

costs. Hence, it is important to use effective methods for the analysis of the performance of production systems.  

In multistate production lines, machines can be subject to different kinds of failures which occur at different 

frequencies and require different amounts of time to be repaired [1][5][10]. In another type of multistate 

production lines, also called reconfigurable systems [7], service continuity under failure may be allowed, on the 

basis of a reduced level of functionality. Such a system is considered as a set of equipments partitioned into a 

subset of essential equipments and a subset of non-essential equipments. An essential equipment is one whose 

failure causes the entire system shut-down. In contrast, at the failure of a non-essential equipment, the service is 

allowed to continue but implies the degradation of production. This continuity of service may be accomplished 

elegantly, rather than just by throwing money at the problem with brute-force redundancy. 

                                                 
 This paper was not presented at any other revue. Corresponding author Mustapha Nourelfath. Tel. +1418 656-2131 

ext.12355. Fax +1418 656-7415 
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Abstract

This paper deals with a multiobjective hybrid �owshop scheduling optimization problem. Due to the di�culty to develop
a mathematical model of the studied problem in order to solve it with an analytical approach, an e�cient simulation
with ARENA is applied to model the considered �owshop. We have proposed a special pre-emption structure to ensure
that the job sequence in each machine corresponds to the solution encoding of the resolution method. The latter is a well
known multiobjective genetic algorithm NSGA-II which is applied to optimize the makespan and the total tardiness of
the production. The results of the NSGA-II algorithm are compared with industrial solutions and an exact method for
small size problems to prove the e�ciency and the feasibility of the proposed algorithm.

Key words: Hybrid Flowshop, Multiobjective optimization, NSGA-II, Simulation, ARENA, Assembly line

1 Introduction

A hybrid �owshop consists of several stages of machines, and at least one stage must have more than one
machine in parallel. This type of workshop is a typical problem for several production and service industries
such as electronics manufacturing, petrochemical production and textile production. The real world scheduling
problems are always considered in a multiobjective way where several di�erent criteria are optimized simulta-
neously. Multiojective optimization consists of �nding a set of non-dominated feasible solutions (Pareto optimal
solutions) that optimize the considered objectives instead of one optimal solution. This is du to the fact that
no single solution can be better than any other one with respect to all objective functions.

There are many approximated methods to solve the multiobjective optimization problems (MOPs). Recently,
the researchers have focused on the use of multiobjective genetic algorithms based on Pareto dominance relation-
ship. The Pareto based approaches are widely applied for solving MOPs, such as Multiple Objective Genetic
Algorithm (MOGA) [7], Niched Pareto Genetic Algorithm (NPGA) [8], Non-dominated Sorting Genetic Al-
gorithm (NSGA-II) [5], Strength Pareto Evolutionary Algorithm (SPEA-II) [16], Pareto Archived Evolution
Strategy (PAES) [12], Pareto Envelope based Selection Algorithm (PESA) [4].

? This paper was not presented at any other revue. Corresponding author Xiaohui Li. Tel. +33 325715693. Fax +33
325715649.

Email addresses: xiaohui.li@utt.fr (Xiaohui LI), hicham.chehade@utt.fr (Hicham CHEHADE),
farouk.yalaoui@utt.fr (Farouk YALAOUI), lionel.amodeo@utt.fr (Lionel AMODEO).
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Abstract  
 
One of the problems encountered in industry is how to arrange the machines on the surface of the workshop, which is 
commonly called a layout problem. At this design stage, the workshop is not in phase of production yet and production data 
used to optimize the placement of machines (e. g. part mix, operating time) are often rough estimates, which can be more or 
less accurate. Unfortunately, most approaches that try to solve this type of problems, consider that the required data are 
available with enough certainty. If good forecasts about what is to be produced in the next weeks can be relevant, they will 
obviously become more and more unreliable as the considered period of time will increase, so that layout found using 
classical approaches can turn out not to be relevant on the medium or long term. We propose an approach to design a layout 
in a context where information degrades over time, which is usually the case for real applications. We propose a resolution 
approach based on a fuzzy evolutionary algorithm, which includes vague considerations. Our experimental results show the 
importance of the consideration of the degradation of the information. 
 
Key words: Layout problem, Fuzzy data, Degradation of information, Evolutionary algorithm. 
 

1 Introduction  

Layout problems are generally addressed using optimization approaches [7]. Unfortunately, at the time when a 
system is designed, the information required for this optimization about the production to be carried out by the 
future system is not known with certainty. This is typically the case for the production demand of each part. 
Forecasts can be used but, if they can be accurate on the short term, they turn out to be much more difficult to 
obtain on the medium terms and can even become inaccurate on the long term. Indeed, it is known that the 
markets are subjected to strong fluctuations and the customers’ demand can change over time. As noted in [10] 
and [16], 1/3 of USA companies undergo major reorganization of the production facilities every 2 years and on 

                                                 
* This paper was not presented at any other revue. Corresponding author:A. Drira. Tel. +216-71703829. Fax +216-71704329. 
Email addresses: Amine.Drira@ifma.fr (Amine Drira), Henri.Pierreval@ifma.fr (Henri Pierreval), 
Sonia.Gabouj@insat.rnu.tn (Sonia Hajri-Gabouj). 
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Abstract 
This paper addresses engineering problems modelled as analytic equations. The analytic model based method aims to 
describe both multi-physic behaviour and economic characteristics of the product. This model is processed as a global 
constrained optimization program. We propose to adapt a particle swarm optimization algorithm to solve this constrained 
model. Indeed, we introduce a mechanism to handle constraints in PSO algorithm based on a model reformulation and on a 
feasibility-based rule. In order to show the performance of the constrained PSO proposed, several experiments are performed 
on well-known used benchmark and on the optimal design of electrical actuators.  
 

Key words: preliminary design, analytical model, global optimization, particular swarm optimization, constraint-handling  
 

1 Introduction  

The objective of this paper is to develop powerful optimization algorithms enough to handle complex 
engineering problems. An engineering optimization problem consists of a set of analytic equations describing the 
physical behaviour of the product and dealing with several engineering fields (mechanics, heat, electrical…). 
These equations must be strongly fulfilled and has several complexity levels. They can either be explicit, implicit 
or including functional equations (ODE, integrals). They are mostly continuous, non-linear and non-convex. 
Global optimization is an important issue in the field of product engineering allowing to reduce costs, to improve 
product performance, reliability and shorten design time. The analytic models related to the engineering design 
applications are assumed available. Thus, this paper deals only with the optimization step. 

The selection of the solving algorithm is extremely important. This will be guided by the problem formulation 
and the expected results. Nowadays, there are two kinds of methods to solve global optimization problems: 
deterministic methods and stochastic methods. Many deterministic algorithms exist to solve problems with 
particular structures: convex optimization for convex functions, simplex algorithm for linear programs, quadratic 
programming for quadratic functions. The engineering problems we solve belong to a large and complex class of 
optimization problems with non-linear and non-convex functions. Therefore, it is difficult to find exact global 
optima in a reasonable runtime. The above shortcoming may be avoided through the use of evolutionary 
algorithms which may not be able to guarantee that the global optima have been found. The objective function 
and the constraints are not required to be differentiable, continuous, or even explicit. Moreover, evolutionary 
algorithms have a good global search ability.  

In this paper we are interested in attempting the capabilities of the particle swarm optimization (PSO) to solve 
real engineering problems. PSO is an evolutionary global optimization method mainly dedicated to continuous 
problems. It was introduced by Kennedy and Eberhart in 1995 [18] and based on the observation of the social 
behaviour of a population of animals (birds, fishes). This algorithm is useful to optimize engineering problems. 

                                                 
* This paper was not presented at any other revue. Corresponding author K. Hadj-Hamou. Tel. +33 4 765 748 11. Fax +33 4 
765 748 95.  
Email addresses: ali.torkamani@grenoble-inp.fr (Ali Torkamani), khaled.hadj-hamou@grenoble-inp.fr (Khaled Hadj-
Hamou), jean.bigeon@grenoble-inp.fr (Jean Bigeon). 
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Abstract

Nowadays the wireles networks are becoming an inovative business environment in which new values can be created by
competing as well as collaborating enterprises through innovation. Power control is typically used in wireless cellular
networks in order to optimize the transmission subject to quality of service (QoS) constraints. It has been shown earlier
that the power control problem in the wireless cellular network framework can be efficiently solved using the so-called
geometric programming. However, in order to enable the application of geometric programming to solve the throughout
maximization or weighted sum of data rates maximization problems, SINR + 1 has to be approximated as SINR where
SINR is the signal to interference-and-noise ratio. Such change of the original problem formulation is obviously imprecise
and might be very loose, especially at low SINR regime which is an usual scenario for systems with CDMA applications.
In this paper, based on difference of convex functions (DC) programming and DC Algorithm (DCA), we investigate a new
solution method for solving the aforementioned problems. Albeit sub-optimal, the numerical simulations are compared
with geometric programming show that the proposed algorithm is an efficient approach.

Key words: wireless communications, quality of service (QoS), DC programming, DC Algorithm.

1 Introduction

The technology and business of wireless communication system have been developed dramatically since 1990s.
With new mobile satellites coming on line, business arrangements, technology and spectrum allocations make it
possible for people to make and receive telephone calls anytime anywhere. Today, the mobile telephone success
story calls the wireless communications community to turn its attention to other information services, most of
them in the category of ”wireless data” communications. Wireless technology is a truly revolutionary paradigm
shift, enabling multimedia communications between people and devices from any location. It also underpins
exciting applications such as sensor networks, smart homes, telemedicine, and automated highways. Wireless
networks continue to develop, usage has grown in 2010. Cellular phones are part of everyday wireless networks,
allowing easy personal communications. Inter-continental network systems use radio satellites to communicate
across the world. Emergency services such as the police utilize wireless networks to communicate effectively.
Individuals and businesses use wireless networks to send and share data rapidly, whether it be in a small office

? This paper was not presented at any other revue. Corresponding author M.Ta Anh Son Tel. +33-645348970.

Email addresses: anh.ta@insa-rouen.fr (Anh Son TA), lethi@univ-metz.fr (Hoai An LE THI),
pham@insa-rouen.fr (Tao PHAM DINH).
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Abstract

We investigate a new application of DC (Difference of Convex functions) programming and DCA (DC Algorithm) in
solving the constrained two-dimensional non-guillotine cutting problem. This problem consists of cutting a number of
rectangular pieces from a large rectangular object. The cuts are done under some constraints and the objective is to
maximize the total value of the pieces cut. We reformulate this problem as a DC program and solve it by DCA. The
performance of the approach is compared with the standard solver CPLEX.

Key words: DC Programming, DCA, Constrained two-dimensional non-guillotine cutting.

1 Introduction

The field of combinatorial optimization involves many challenging problems. Different practical applications of
these problems, motivates the researchers to develop new methods in order to solve them as efficiently as possible.
One of the important classes of combinatorial optimization problems is the class of the cutting and packing
problems. The constrained two-dimensional non-guillotine cutting problem (NGC) is one of the cutting and
packing problems that have been studied by several researchers ([1,2,12,18]). The constrained two-dimensional
non-guillotine cutting problem consists of cutting a number of rectangular pieces from a large rectangular object.
The cuts are done under some constraints and the objective is to maximize the total value of the pieces cut.

This problem arises in several practical applications, such as cutting the steel or glass plates into required sizes,
cutting the wood sheets to make furniture etc. [1]. The optimal solution of this problem minimizes the amount
of wastes produced (see Fig. 1).

In this study, we consider the constrained two-dimensional non-guillotine cutting problem and we investigate a
deterministic approach based on DC programming techniques to solve it. The particular interest of the work
is in the design of the algorithms called DCA (DC Algorithm). This approach is a local deterministic method
based on DC (Difference of Convex functions) programming. The DC Algorithm (DCA) was first introduced,

? This paper was not presented at any other revue. Corresponding author Mahdi MOEINI. Tel. +33-141131388. Fax
+33-141131272.

Email addresses: mahdi.moeini@ecp.fr (Mahdi MOEINI), lethi@univ-metz.fr (Hoai An LE THI).
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Abstract

In this paper, we proposed local and global DC (difference of convex functions) programming approaches for solving the
mixed integer convex quadratic programs (MICQP). We develop a DC programming formulation of the mixed integer
program via the continuous reformulation techniques for integer set, this DC program can be solved by an efficient
local optimization algorithm - DCA (DC Algorithm). Combining DCA with a Branch-and-Bound scheme, we proposed
a global optimization method (GOA-DCA). Some preliminary numerical simulations comparing DCA, GOA-DCA and
CPLEX will be reported which show the good performance of our approaches.

Key words: Mixed integer convex quadratic programs (MICQP), DC Programming, DCA, Branch-and-Bound,
GOA-DCA

1 Introduction

Considering the optimization problem:

(MIQCP ) min{f(x, y) := xTQ0x+ yTP0y + cT0 x+ dT0 y : (x, y) ∈ C, x ∈ Rn, y ∈ Zm}

C = P ∩ Q is assumed to be a nonempty compact convex set, where P := {(x, y) ∈ Rn × Rm : Ax + By ≤
b, Aeqx + Beqy = beq, x ∈ [x, x̄], y ∈ [y, ȳ]} is a set of linear constraints (including linear equalities, linear

inequalities and box constraints); Q := {(x, y) ∈ Rn ×Rm : xTQix+ yTPiy+ cTi x+ dTi y ≤ si, i = 1, . . . , L} is a
set of convex quadratic constrains (i.e., all matrices Qi and Pi are positive semidefinites). This problem is called
Mixed Integer Quadratic Convex Program (MIQCP) which is a nonconvex program since the integer variables
destroy the convexity of the constraints.

Many classical combinatorial optimization problems are in fact one special case of this formulation, such as
the mixed 0-1 linear program (M01LP), the mixed integer linear program (MILP), the mixed integer quadratic
convex program (MIQCP) etc. Many application problems in Financial Optimization, Telecommunication, Data
Mining, Bioinformation, Cryptography... are MIQCPs (see [1],[2],[7],[11] and [16–18]). Therefore, solving MIQCP
is very important both on theoretical and practical aspects. However, it is well-known that MIQCP is a NP-Hard
problem and difficult to find its global optimal solution especially for large-scale problem. The existing methods
such as Branch-and-Bound method can only solve small-scale problems. In this paper we propose to reformulate
the MIQCP as a DC program and then solving it via continuous optimization approach in DC programming.

? This paper was not presented at any other revue. Corresponding author Y. S. Niu.

Email addresses: niuys@insa-rouen.fr (Yi-Shuai NIU), pham@insa-rouen.fr (Tao PHAM DINH).
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Abstract 

Industrial companies have to continuously improve their performance, which is defined in terms of numerous and multi-
level criteria. According to the Deming wheel principle, decision-makers need to be provided with sound and pragmatic  
improvement  methodologies,  supplying  operational  tools  for  the  objectives’  definition,  the  action  choice  and  the  
performance  expression.  Based  on the  generic  PETRA methodology and using an established  performance  model  that  
expresses  overall  performance  by  aggregating  elementary  ones,  this  article  is  a  contribution  to  the  decision-makers’  
information needs. By considering performance as a satisfaction degree of a given objective, we particularly focus, here, on 
the improvement of an overall performance, and thus on the choice of the right opportunity viewed as the best subset of  
relevant actions among the set of potential actions. Therefore the notion of action impact on the elementary performances is 
defined. Then the problem of the impact of a subset of actions on the elementary performances is posed and several ways  
are proposed to deal with it. Lastly the subset of actions impact on the overall performance is defined by a performance  
aggregation model. The proposed approach is applied to a case study submitted by an automation component manufacturer.

Key words: Industrial Performance, Actions impact, Set of actions impact, Aggregation, Improvement approach

1 Introduction 

In the current context of financial crisis and economic globalisation, the performance continuous improvement  
needs a strong synergy between the company strategy, the defined objectives and the launched actions. This is 
the purpose of improvement philosophies such as Kaizen [17], the Total Quality Management [22], the Lean  
Manufacturing [26], 6 Sigma [23]… All these improvement approaches are based on the Plan – Do – Check – 
Act  (PDCA)  cycle.  Namely,  improvement  actions  are  first  planned  knowing  the  associated  expected 
performance measures, before they are implemented, then checked according to both the fixed targets and the  
considered  performances,  and  corrected  if  necessary,  and  so  on  as  long  as  some  improvements  are  still  
achievable [9].

*This paper was not presented at any other revue. Corresponding author V. Clivillé. Tel. +33 450 096 585. Fax 
+33 450 096 559

  Email addresses: vincent.cliville@univ-savoie.fr (Vincent Clivillé), . lamia.berrah@univ-savoie.fr (Lamia 
Berrah), jacky.montmain@ema.fr (Jacky Montmain), gilles.mauris@univ-savoie.fr (Gilles Mauris).
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Abstract  

 

This paper studies random storage in a very high density storage system where products are stored multi-deep. Although such 

storage systems are still rare, they are increasingly used, for example in automated car parking systems. Each load is 

accessible individually and can be moved to a lift on every level of the system in x- and y-directions by a shuttle as long as an 

open slot is available next to it, comparable to Sam Loyd’s sliding puzzles. A lift moves the loads across different levels in z-

direction. We derive the expected travel time of a random load from its storage location to the input/output point. We 

optimize system dimensions by minimizing the retrieval time.  

 

Key words: Logistics, warehousing, very high density storage system, random storage  

  

1 Introduction  

Storage facilities, including warehouses, distribution centers and container terminals, can be found everywhere 

in supply chain networks. They form the key nodes in supply chain networks decoupling demand from supply in 

time and quantity. Over the past decades, these facilities have evolved towards higher storage density, more 

automation, and more intelligent control. This development is particularly attractive as (1) land becomes more 

scarce and expensive in many densely populated areas, like the Netherlands, or when space is scarce, like within 

ships or aircrafts; (2) costs of technology-based systems are decreasing, and (3) system response times have to be 

shortened to earn customers. As a result, a new generation of storage systems is emerging: dense, autonomous 

and intelligent (DAI) storage systems, also called puzzle-based compact storage systems or very high density 

storage systems. In a puzzle-based compact storage system, every load is accessible and can be moved between 

storage locations and input/output (I/O) point. Each unit load can move in x- and y-directions as long as an 

empty slot is available next to it. In such a system, unit loads are stored in a grid in which at least one location is 

open, and so the location utilization can reach (n−1)/n, where n is the number of storage cells in the grid [5]. 

Compared to traditional storage facilities where unit loads are stored single deep with many transport aisles, very 

high density storage systems need less space. 

The random storage policy is studied broadly in the literature ([1,2,6,7] ). Random storage requires the least data 

since no product information is used in determining storage assignment [3].In many studies, e.g., Hausman et al. 

[6], and Lee and Elsayed [7], it is used as a benchmark to measure the improvements of other storage policies.  

                                                
*
  This paper was not presented at any other revue. Corresponding author N. Zaerpour. Tel. +31 10 408 2619. Fax 

+31 10 408 9014  Email addresses: nzaerpour@rsm.nl (Nima Zaerpour), yyugang@rsm.nl (Yugang Yu), rkoster@rsm.nl 
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Abstract

In the present paper we focus on multi-aisle Storage/Retrieval systems. In this kind of systems, we often face
dimension constraints of the premises used to house the AS/RS. We end up with one or two dimensions of the
fixed system, and we have to find the optimal values of the others. We consider the case where only one
dimension is fixed, and we determine the optimal values of the other two, for a minimal cycle time. In order to
start this work, we used analytical expressions of a multi-aisle AS/RS cycle time, established by Ghomri et al [2],
[3]. These expressions have got three real variables that correspond to displacement times in the horizontal
direction (th), the vertical direction (tv) and between aisles (tp). Each time, we suppose that one of the
displacement times is constant, and we calculate the optimal values of the other two.

Key words: Optimization, Multi-aisle AS/RS, AS/RS storage/retrieval.

1 Introduction

One of the most important objectives of Flexible Manufacturing Systems (FMS) is to minimize all the factors that
may lead to additional costs without providing any additional values to the products. Storage is one of these
factors. During this operation, the product undergoes no transformation and, consequently, acquires no increase
in value.
Furthermore, it becomes costly in time and money. For this reason, the best storage policy in Flexible
Manufacturing Systems would be «no storage at all». It is nevertheless obvious that this statement – though
sensible – is not controllable for as much. Storage still remains necessary for a good functioning of
manufacturing systems. In an assembly line, for instance, if a part – however small and cheap it is – would be
missing, it could paralyze the whole line.
Therefore, the storage system must be reduced to its minimum without being totally annihilated (this would
consist in minimizing the initial investment, the number of stored products, storage times…).

* This paper was not presented at any other revue. Corresponding author Sihem KOULOUGHLI Tel. +213 -7 75-847204.
Fax +213-43-285450
Email addresses: kouloughli_sihem@yahoo.fr, zaki_sari@yahoo.com, tewfik.sari@uha.fr
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Abstract

This paper deals with minimizing the cost of setup, transportation and inventory of a multi-stage manufacturing system
with the presence of a bottleneck. The considered optimization model is a mixed integer nonlinear program. We propose
an approach based on DC (Di�erence of Convex) programming and DCA (DC algorithm) to solve the problem. The
mixed integer nonlinear problem is �rst reformulated as a DC program. Afterward, DCA is developed to solve the
resulting problem. For evaluating the goodness of the solution furnished by DCA, we �nd a lower bound of the optimal
value by solving a convex relaxation problem. The numerical results show that DCA is a fast and scalable algorithm for
�nding a good approximation solution: it realizes well the tradeo� between the e�ciency and accuracy.

Key words: DC Programming, DCA, Multistage manufacturing problem, Lot size, Unequal batches, Bottleneck.

1 Introduction

Multistage manufacturing system is a system in which a product is produced in a sequence of separated man-
ufacturing operations. An important goal is lot sizing while minimizing the cost of setup, transportation and
inventory. In the literature, a huge number of di�erent models have been developed. In [14], the author proposed
a model where a lot Q is divided in b batches of equal size (1 ≤ b ≤ Q). The e�ect of dividing the production
of Q units in b batches is to reduce the manufacturing cycle time and the process inventory. In [2], the author
gave a model for the problem of two stages where an uniform lot size and the unequal batch sizes that follow
geometric series have been used. His approach leads to lower costs than those obtained by equal size batches
(ref. [2],[3],[15]). In 2001, Bagaschewsky et al. extended this model for the problem of multistage production [1].
They adopted an uniform lot size through all stages with a single setup cost and without interruption at each
stage. The batches can be transported to the next stage upon completion and the number of the batches can
be di�erent across stages. Here the authors assumed that the production rates of all stages are greater than the
demand rate.

In [6], Hsiao et al. proposed an extension of the model given in [1] by considering the presence of a bottleneck
(bottleneck appears in a serial supply chain if the minimum production rate at all stages is smaller than the
demand rate). Two di�erent uniform lot sizes are produced: one is pulled through the upstream stages from the
bottleneck, and another is pushed through the downstream stages from the bottleneck. The proposed model is
a mixed integer nonlinear programming problem (MINLP). It is divided into pull and push sub-models. The

⋆ This paper was not presented at any other revue. Corresponding author Duc Quynh TRAN. Tel. +33 3 87 31 57 29.
Fax +33 3 87 31 53 09.
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Abstract

Job Shop Scheduling Problem (JSSP) is a Combinatorial Optimization Problem (COP) with NP-hard nature [14].
Hence, finding an optimum solution for a JSSP with large scale of data and constraints is complicated. This paper
presents a generic Bee Colony Optimization (BCO) framework for solving JSSP. The proposed BCO framework realizes
computationally the foraging behaviour and waggle dance performed by bees. It is also integrated with mechanisms such
as elitism, local optimization and adaptive pruning. The framework is designed using the object-oriented approach where
it contains a set of domain independent classes and abstract classes. The framework can be extended to solve other
COPs and any enhancement added to the proposed framework will be applicable across all other COPs. A set of 82 JSSP
benchmark instances were employed as the testbed and the results show that the proposed BCO framework is able to
solve 54% of them to an average deviation percentage of ≤ 1% from known optimal or known upper bound.

Key words: Bee Colony Optimization, Job Shop Scheduling Problem, bio-inspired computation, metaheuristic, soft
computing.

1 Introduction

Bees are highly organized social insects. The survival of the entire colony depends on every individual bee
carrying out its tasks in a cooperative manner. Bees practise a systematic task segregation among themselves
to ensure a continued existence of its colony. They perform various tasks such as foraging, reproduction, taking
care of young and constructing hive. Of these, foraging is one of the most important activity as bees have to
ensure an undisrupted supply of food to the colony. When a bee found a new food source, upon flying back to
its hive, the bee would perform an informative waggle dance to its hive mates [32]. Its intention is to attract
more bees towards the newly discovered food source. Via the waggle dance, important information about the
newly discovered food source (e.g. direction and distance) is conveyed to other bees. The waggle dance serves
as an important communication medium among bees.

Various bees-inspired algorithms that apply the bee foraging behaviour and waggle dance model have been
attempted in different domains [12,31]. Among them are the Bees Algorithm proposed by Pham et al [21], the

⋆ This paper was not presented at any other revue. Corresponding author L. P. Wong. Tel. +65-67904121. Fax +65-
67926559.
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Abstract  

 

The multi-stage deep drawing is a widely used process in the manufacturing industry for parts that require several stages, in 

particular different combinations of drawing, redrawing and ironing in order to achieve the required shape and dimensions. 

The key problem here is optimising the main process variables in order to determine the resolution of the multi-stage deep 

drawing process. This paper presents the use of the “Bees Algorithm” applied to the deep drawing process to find the near 

optimal solution for the process which minimises the process time and cost. The bees algorithm is a swarm based 

optimisation method that mimics the food foraging behaviour of honey bees. The results obtained in this study show that the 

“Bees Algorithm” is able to optimise the deep drawing process, and perform better than the “Deep Drawing Tool” which uses 

a numerical method to optimise the process time and cost.   

 

 

Key words: Bees Algorithm, Optimisation, Deep drawing, Deep Drawing Tool, Redrawing, Ironing 
 

1 Introduction  

The manufacturing industry is under constant pressure to improve its processes and reduce costs. The multi-stage 

deep drawing is a widely used process in the manufacturing industry for parts that require several stages of 

different combinations of drawing, redrawing and ironing in order to achieve the required shape and dimensions. 

The key problem here is optimising the main process variables in order to determine the resolution of the multi-

stage deep drawing process.  

In the literature one can find ways of optimising this process, such as the work done by Choi et al. [2] where an 

intelligent design support system is used for this purpose. In the case of Colgan and Mohaghan [4] they used the 

finite element method but focused on drawing and redrawing process without considering the ironing process. 

Padmanabhan et al. [9] looked to optimise the costs through the finite element and Taguchi methods. In general, 

the contributions made by specific studies in the literature relate to some key parameters or aspects of the 

process such as the limiting drawing ratio (LDR) [3], [7], [15]. [16], and [1], the redrawing operation [3] or the 

initial blank design [6]. Hence, the literature lacks a broader model with capacity to design the three processes of 

drawing, redrawing and ironing are of industrial interest and necessary for optimising the deep drawing process. 
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Abstract  
 
The objective of the present work is to estabilish a robust approach for the resource-constrained project scheduling problem 
(RCPSP) under uncertainties with the special case of activities durations variability. The proposed approach is based on a 
Genetic Algorithm (GA) which incorporates both performance and robustness mesures. Several robustness metrics were 
proposed and discussed in the litterature. We adopt minmax and minmax-regret objectives to study the compromise between 
the makespan and the robustness criteria. The goal is to analyse and compare robustness values and their impact on the 
solution quality.  
 
Key words: RCPSP under uncertainty, disturbed modes generation, evolutionary algorithm, robustness criteria  
 

1 Introduction  

Project scheduling under uncertainty consists of the allocation of activities overtime to scare resources in an 
uncertain environment. Uncertainty can be the result of uncertain problem data or unexpected events occurring 
during the execution time which lead to schedule disruptions. In most of the real cases, deterministic schedules 
do not support disturbances, during execution and become then invalid. 

Recently, many researchers reflects are concentrated on dealing with uncertainties during scheduling process by 
establishing new scheduling approaches. We distinguish two basic classes of approaches. The first class 
concerns reactive approach that aims to find the best strategies and scheduling policies to accommodate current 
solutions to dynamic disruptions. Thus, schedules may be modified during their execution. Proactive approaches 
work offline and no change of schedule is permitted during execution. The goal of the last approaches is to 
generate robust schedules with the guarantee of performance solution. The schedule robustness [3] can be 
defined as the capability to absorb unexpected system variability with the minimum cost. 

In project scheduling area, RCPSP represents a general model of large real world applications which is classified 
as an NP-hard problem [5]. In fact, the search space exploring to find the optimal solution having the minimal 
project duration (makespan) leads to combinatorial explosion. The robustness problem tackled in a disturbed 
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Abstract  
 
Overlapping activities is widely used to accelerate project execution. Overlapping consist in executing in parallel two 
sequential activities by allowing a downstream activity to start before the end of an upstream activity based on preliminary 
information. In companies, overlapping is examined in resource constraints scheduling without considering interaction 
between activities and rework caused by alteration of information exchanged until finalized information is available at the 
completion of the upstream activity. By contrast, most papers deal with overlapping of couple of activities without 
considering a whole project with resource constraints. We here investigate the resource-constrained project scheduling 
problem with different feasible modes of overlapping including associated rework. We formulate the optimization problem 
as an integer linear programming problem. An example of a 30 activity project is provided to illustrate the utility and 
efficiency of this model. An optimal solution is reached within reasonable computation time. Our results also highlight the 
closed interaction between resource constraints and overlapping modes and confirms the relevance of jointly consider them.  
 
Key words: Activity overlapping, Concurrent engineering, Project management, Project scheduling  
 

1 Introduction  

The RCPSP (Resource-Constrained Project Scheduling Problem) has been addressed in numerous papers. 
Various models attempt to minimize project time completion while considering limited resources [6]. Among 
extensions addressed in the literature, overlapping activities is one of the most applied strategies to accelerate a 
project either in its early stage when the schedule baseline is set up or following project delay during its 
execution. Overlapping is inherently risky as it entails that downstream activities start before the information 
they require is available in a finalized form. However, additional workload required to accommodate the 
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Abstract

The state space of stochastic activity networks becomes quickly unmanageable with increase of the number of activities.
A ‘tunneling’ heuristic, labeled T-k, is proposed that is akin to the ‘filtered beam’ approach in branch-and-bound search
trees, in which k out of the m ≥ k ‘active’ activities are selected for completion. When k = 1 the heuristic reduces to
branching from the activitiy with the least expected duration. We demonstrate that the worst case performance bound
of this heuristic is unbounded, meaning that it can be arbitrarily bad.

Key words: Activity Networks, State Space, Tunneling

1 Background

The CPM/PERT analysis (Critical Path Method/Program Evaluation and Review Technique), introduced in
1959 [4],[6], modeled the activities in projects as directed acyclic networks with deterministic (in the case of
CPM) or stochastic (in the case of PERT) activity durations. This inaugurated the field of Activity Networks
(AN’s) in project planning and management (PP&M). Under stochastic conditions it has been known for some
time that progress in the project execution can be represented by tracing over a ‘state space’ that is generated
from the original AN based on which activity among the ‘active’ (i.e., on-going) ones finishes first. Kulkarni
& Adlakha [5] capitalized on this idea, and assuming that the duration of all the activities are exponentially
distributed, succeeded in modeling the problem as a continuous time Markov chain (CTMC) and in securing a
recursive formula for the non-central moments of the completion time of the project – or, for that matter, any
subset of the activities. Sobel, Szmerekovsky and Tilson [8] used the same idea to determine the start time of
the activities so as to optimize a given criterion function. Elmaghraby & Ramachandra [1] and Elmaghraby &
Rudolph [2] used the CTMC model in the allocation of a resource to the activities so as to optimize an economic
objective function composed of the cost of resource usage and a penalty for tardiness beyond a target completion
time. More recently, Elmaghraby et al [3] proposed the extension of all suggested procedures to non-exponential
distributions via the device of ‘Phase-Type distributions’.

The Achilles’ heel of all these studies is the vast expansion of the state space with the number of activities,
especially when their majority are in parallel: A project with n activities in parallel would give rise to n! states,
which renders exact analysis un-achievable.

⋆ This paper was not presented at any other revue. Corresponding author S. E. Elmaghraby. Tel. +919 515-7077. Fax
+919 515-5281.
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Abstract

This paper presents a generic model for an industrial project scheduling problem. This problem is an extension of the
RCPSP and the MultiSkill RCPSP. The main differences with RCPSP are that both preemptive activities and non-
preemptive activities are considered and resources requirements of activities are given in term of skills. This model and
its resolution methods aim to be used into OFBiz open source ERP, and then have to satisfy some industrial constraints.
One of these constraints is the use of a rule based engine to build solutions. Thus this paper has two objectives (1)
propose a general model for this problem and (2) evaluate the impact of the use of a rule based engine to get solutions.
We first propose an ILP formulation. Then to evaluate the benefit or the drawback to use a rule based engine for solving
this industrial problem. Hence, preliminary results are presented comparing a method using a rule based engine and a
method based standard programming. In the best of our knowledge, there is no implementation of the RCPSP muti-skill
algorithms inside ERPs, in general the ERPs refer to another scheduling software to retrieve the result of scheduling
algorithms. In OFBiz, time execution limit for web services is user-defined so we can say that there is no time constraints
related to environment.

Key words: Project scheduling, multi-skill, preemption.

1 Introduction

Project scheduling problems are among the most studied scheduling problems in the literature. Resource Con-
strained Project Scheduling Problem is the most classical version of these problems. In the RCPSP, a set of
non-preemptable activities have to be processed. Activities require a given amount of each resource to be pro-
cessed. Resources are available in limited amount. Activities are submitted to classical end-to-start precedence
relationship. This problem is known to be NP-Hard [5] and several states of the art can be found dealing
with RCPSP [7]. Resource modeling has been one fruitful research direction for new project scheduling models.
Resources can be renewable, non renewable or doubly constrained. Moreover resource requirements of activi-
ties may differ from one mode to another. These types of resources are modelled in the Multi-Mode Resource
Constrained Project Scheduling problem [12,8]. Several methods for solving MM-RCPSP have been proposed
including exact methods such as branch-and-bound and heuristics. Recently, authors have proposed to enlarge
RCPSP model to take into account the notion of skills, i.e, staff members involved in the project realization
can contribute only to a given subset of activities. This is kown as the Multi-Skill Project Scheduling Problem
[4,2]. Resources considered are human resources, i.e. staff members, each of them are able to perform more
than one kind of activities. This model is useful in several industrial contexts, and for instance in the context
of IT companies where human resources are the most constrained resources. Moreover availability periods are
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Abstract  
 
This paper proposes a simulated annealing (SA) algorithm for the quay crane (QC) scheduling and assignment problem, 
namely QCSAP, whose objective is to minimize the sum of completion time of loading and unloading containers on vessels. 
The efficiency of the proposed SA is compared with the genetic algorithm (GA) proposed by Tavakkoli-Moghaddam et al. 
[14] considering the statistical analysis. The solution results show that our proposed SA has better efficiency than the GA in 
terms of the computational time; however, in overall the GA outperforms the SA in terms of the objective function value.   
 
Key words: Quay crane scheduling; Assignment; Container terminal; Simulated Annealing; Genetic algorithm. 
 

1 Introduction  

The container terminals play an important role in cargo transportation chain during last decades, and utilizing of 
container rapidly increases, in which the terminal container’s productivity is the main objective of port 
operations. In container terminals, productivity is measured with two factors: 1) ship operations where containers 
are unload/load from and onto a vessel and 2) receiving and delivery operations where containers are transferred 
to and from outside trucks [5]. There are several decision points in each container terminal that are influenced 
together as berth planning, quay crane (QC) or work scheduling and unload/load sequencing. The berthing time 
and the berthing position of a container ship on a dock should be determined during the process of berth 
planning. The bays sequencing in a vessel by each QC and the time schedule for the services are determined by 
QC scheduling. The necessary data for QC scheduling are stowage plan of a ship, the ready time of each QC, and 
a yard map showing the storage locations of containers bound for the ship. Ultimately, during unload/load 
sequencing, the unload/load sequence of each containers are determined based on a QC schedule. This paper 
focuses on the QCSAP that is related to the second stage of ship operation planning. 

Minimizing the makespan of vessels is the main objective of a QC scheduling problem. Kim and Park presented 
a mathematical model for a QC scheduling problem [5]. In this paper, we extend their model incorporating with 
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Abstract  

 

The present article deals with the parallel machine scheduling problem to minimize the total tardiness when jobs have 

different release dates. In this case, each job has its own release date, processing time and due date. The machines are 

identical (all the machines have the same speed) and they are available during the entire scheduling period. The schedule can 

not include preemption or splitting. This problem is considered NP-hard. To our knowledge there are no publications about 

this particular problem. In this article three approximate solution methods are proposed to solve the problem: a heuristic 

method adapted from the BHG (Biskup, Heremann and Gupta) heuristic; an Ant colony algorithm; and a Genetic algorithm. 

The mathematical formulation of the problem is also included. At the end, these different methods are tested on 1125 

instances and the obtained results are compared. 

 

Key words: Parallel machine, scheduling problem, total tardiness, meta-heuristics  
 

1 Introduction  

This article presents the scheduling problem of n jobs on m identical machines with the objective to minimize the 

total tardiness of jobs. The scheduling is built without preemtion or splitting and each job has its own processing 

time, due date and release date. Here the machines are supposed to be identical and available during all the 

scheduling period; this leads the processing time of a job to be the same in any of the m machines. As the 

problem dealt here includes release dates, a job i can only be scheduled in a machine j at a time t if  irt   where 

ir  is the release date of the job i. Only one job can be processed at once in the machine j. A job is late when its 

completion time is greater than its due date. The tardiness is the positive difference between the due date and the 

completion time of a tardy job. The problem can be represented following the Lawler’s [7] representation as 

problem  ii TrPmP //: .  
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Abstract

We consider a general two-stage scheduling problem in which n identical jobs with given due dates are batch processed by
one first-stage processor and then, in the second stage, the completed jobs need to be batch delivered to a pre-specified
customer by a capacitated transporter. Delay is not allowed. Moreover, it is supposed that a job which is finished before
its delivery date or arrive at the customer before its due date will incur an earliness penalty which is equivalent to the
corresponding inventory cost. The objective is to find a coordinated schedule of production and transportation such that
the sum of setup, production, inventory and delivery cost is minimized. We firstly proposed a branch and bound (BBP)
algorithm based on some properties for solving this problem. Then in order to improve the time efficiency, we proposed
a heuristic-greedy algorithm (G). Computational results indicate the efficiency of the proposed algorithm.

Key words: Production scheduling, Greedy, Branch and Bound, Batch Scheduling

1 Introduction

In recent years batch scheduling problems with delivery consideration have gained new importance with the
development of supply chain management. The relevant models can be divided into two variants depending on
two different assumptions. The first is batch availability, under which a job only becomes available when the
complete batch to which it belongs has been processed. The second is job availability under which a job becomes
available once it has been processed. This paper adopts the assumption of batch availability.

Most of research on batch scheduling with delivery considerations implicitly assume that the production batch
size is limited by the transporter capacity (See, for example, paper [2] and [4]). However, in real life applications,
when high setup cost exist, large production batches will have the advantage of lower operation cost. But a
large production batch may exceed the capacity of the transporter when the transportation resources is scare,
(for example, single transporter). Motivated by the above instance, this paper explicitly relax the constraint
that the production batch size is limited by the transporter capacity.

The integrated scheduling problems is very important within the framework of supply chain management and
has been studied by many of researchers. Several survey papers on scheduling and batching problems are
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Abstract  
 
Production scheduling is generally considered to be the one of the most significant issues in the planning and operations of a 
manufacturing system. There are different systems of production scheduling including flow shop in which jobs are to be 
processed through series of machines for optimizing number of required performance measures. Classical flow shop 
scheduling problems are mainly concerned with completion time related objectives, however, in modern manufacturing and 
operations management, on time delivery is a significant factor as for the reason of upward stress of competition on the 
markets. Hence, there is a requirement of multi-objective scheduling system through which all the objectives can be achieved 
simultaneously. This paper considers the multi-objective flow shop scheduling problems by considering the weighted sum of 
total weighted squared tardiness, total weighted squared earliness, makespan and the number of tardy jobs. Different Hybrid 
Genetic Algorithms (HGAs) have been proposed and their analysis have been made upto 200 jobs and 20 machines sequence 
dependent set-up time (SDST) flow shop scheduling problems. Initial seed sequence of genetic algorithm has been obtained 
by four despatching rules and six modified NEH heuristics to form ten HGAs for approximate solutions in a reasonable time. 
Computational experiments carried out with the benchmark problems of Taillard shows that the proposed modified NEH 
heuristic based HGAs provide solutions superior to those obtained by others.   
 
Key words: Hybrid Genetic Algorithm (HGA), total weighted squared tardiness, makespan, number of tardy jobs, sequence 
dependent setup time (SDST).  
 

1 Introduction  

Production scheduling is generally considered to be the one of the most significant concern in the planning and 
operation of manufacturing system. Several production related problems including low machines utilization can 
be assigned to inadequate scheduling. Better scheduling system has significant impact on cost reduction, 
increased productivity, customer satisfaction and overall competitive advantage. In addition, recent customer 
demand for high variety products has contributed to an increase in product complexity that further emphasizes 
the need for improved planning and scheduling. Scheduling in manufacturing systems is classically associated 
with scheduling a set of jobs on a set of machines in order minimize several regular and non-regular performance 
measures. A common flow shop problem consists of n jobs {j1, j2, j3 --------- jn} to be processed through m 
machine {m1, m2, m3 ----------- mm} such that each job visit each machine once in a particular order. For a 
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Abstract

In this paper we describe a generic scenario in which a manufacturing company must provide due dates for a set of jobs
representing (potential) incoming orders. We analyse two different cases: 1) a set of incoming jobs belonging to the same
order and the objective is to set a common due date for these new jobs ; and 2) the incoming jobs belong to different
orders, and the objective is to set different due dates. Jobs previously scheduled in the system are called old jobs. We also
consider two cases: they have committed a common due date and each old job has a different due date. In both cases the
due dates must not be violated. Different problems can be identified. The aim of this paper is to analyse these problems
in order to identify a number of insights from the viewpoint of order management. The analysis of the problems shows
that applying rescheduling is the best option, since better due dates for the new order can be committed. However, the
results also prove that the resulting rescheduling problems are (statistically) much more difficult than considering other
options.

Key words: permutation flowshop, due date setting, arrival of new jobs

1 Introduction

In this paper we focus our attention in a critical scheduling area: i.e. the due date setting problem. This problem
is closely related to order management in production companies, and to the quality of the service offered to the
customer, since determining a suitable due date for customer’s orders is a key issue to maintain the credibility
of a production company. Among the different shop floor layouts, we focus onto the permutation flowshop. We
analyse a scenario where we can distinguish two sets of jobs: the old jobs belong to previously scheduled orders,
denoted as the set JO with nO jobs, and a set of new jobs, JN , with nN jobs. We consider two different cases:

• Common due date case. The due date is the same for all jobs in each set. This case represents a situation
in which the jobs belong to a single customer, or are produced in a single batch. As jobs in JO have been
scheduled, their common due date, denoted by d, has been already set. The objective is to set a common due
date for jobs in JN without violating the common due date for jobs in JO.

• Different due date case. Each job belongs to a different customer, or are produced in different batches. Jobs
in JO have different due dates, denoted as dj , which have been already set. The objective is to set a due date
for each job in JN (a different one for each job) without violating the due dates for jobs in JO.

⋆ This paper was not presented at any other revue. Corresponding author P. Perez-Gonzalez. Tel. +34-95-4487214. Fax
+34-95-4487229.

Email addresses: pazperez@esi.us.es (Paz PEREZ-GONZALEZ), framinan@us.es (Jose M. FRAMINAN),
jmolinap@esi.us.es (Jose M. MOLINA-PARIENTE).
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Abstract 
 
The Two-dimensional Bin-Packing Problem (2BP) is a classical problem for which several exact and approximation methods 
were proposed. In real life applications, such as in Hazardous Material transportation, transported items may be partially 
incompatible, and have to be separated by a safe distance. This complication has not yet been considered in the literature. 
This paper introduces this extension called the Two-dimensional Bin-Packing Problem with Partial Conflicts (2BPPC) which 
is The a 2BP with distance constraints between given items to respect, if they are packed within the same bin. The problem is 
NP-hard since it generalizes the BP, already NP-hard. This study presents a mathematical model and a genetic algorithm for 
this new problem. The initial solutions are obtained with an adaptation of the Bottom-left-fill heuristic classically used for the 
BP. A local search is called to improve the quality of the generated solutions. 
 
Key words: bin-packing, distance constraint, conflicts, genetic algorithm. 
 
 
 
1     Introduction 
 
Packing problems form an important class of combinatorial optimization problems that have been studied under 
different variants (see [2] for a survey). Generally, they consist in placing objects in bins with one, two or three 
dimensions. This paper deals with the two dimensional problems. Many packing problems involve the insertion 
of rectangular items in rectangular bins. They mostly differ on the objective function to minimize. Among these 
problems, we find the Two-Dimensional Bin Packing Problem (2BP) that consists in packing a set of rectangular 
items into a minimum number of identical rectangular bins. 
 
Several extensions have been studied in scientific publications, including but not limited to rotation of items, 
limitations on the total weight and/or item costs, incompatibility between items. The Two-Dimensional Bin 
Packing Problem with Partial Conflicts (2BPPC) is a 2BP with distance constraints between given items to 
respect, if they are packed within the same bin. 

________________ 

* This paper was not presented at any other revue. Corresponding author: K. Hamdi-Dhaoui. Email: 
{khaoula.dhaoui, nacima.labadie, alice. yalaoui}@utt.fr  
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Abstract 

 

The concept of cellular manufacturing system and cell scheduling have been widely used to meet various production needs. 

The CMS is a particular case of group technology applied to improve the production efficiency and reduce operational costs. 

This work addresses the machine/part grouping. The cell formation problem has long been recognized as the most 

challenging problem in realizing the concept of cellular manufacturing. It belongs to the class of NP-hard problems. To solve 

this problem an Extended Great Deluge approach algorithm is employed. The results of the proposed approach show a major 

improvement when compared with the results of one of the so far best algorithms presented by other researchers. 

 

Key words: Extended Great Deluge, Meta-heuristic, Cellular manufacturing system, cell formation, Simulation, 

Optimization. 
 

1 Introduction  

Group Technology (GT) is an industrial philosophy who profit the components similarities to improve the 

productivity of industrial systems. An industrial system based on the group technology (GT) is known under the 

name “cellular manufacturing system” (CMS). The cellular manufacturing system is a compromise between the 

flow shop and job shop; it is greater flexibility and efficiency for small and medium series [12]. The CMS can 

treat a limited number of different job types and provide an opportunity to reduce setup time, trim work-in-

process (WIP) and shorten manufacturing lead and through put times [5].In a cellular manufacturing system, the 

parts are classified into families based on similarity of process requirements, and machines are grouped into 

machine cells based on the requirements for operation of part families. The design and planning of the CMS 

require cell formation, layout of CMS, production planning and scheduling in CMS [10]. 

The formation of manufacturing cells has long been recognized as the most difficult problem to realize the 

concepts of cell formation. It belongs to the class of problems NP-hard, which means that increasing the size of 

the problem will increase exponentially the computational time for all the optimization techniques answered.  

Current literature includes several approaches to cell formation problems which can be classified according to 

different perspectives. These perspectives go from exact methods (mathematical approaches) to heuristics and/or 

metaheuristics techniques. However, faced to several weaknesses such as time or duration of convergence and/or 

the quality of the solutions, other metaheuristics approaches based on the neural networks and genetic algorithms 

have been investigated. Miltenburg and al. [8] paint a picture of many approaches used for cell formation 

problem. In spite of high performance of solution, a major fact with these approaches remains: for big size 

industrial problems, theses approaches are not satisfactory because the solution is not always possible and/or 
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Abstract  
 
In a manufacturing system, machining efficiency is easily influenced by the kind of tool selected at each cutting process. 
One of the most complex problems for tool selection is that of estimating the life of the tool under a given cutting condition 
as accurately as possible As the quality of the cutting tool is directly related to the quality of the product, the level of tool 
wear should be kept under control during machining operations. Automatic cutting tool wear monitoring is an important 
aspect in the improvement of production systems. 
In this paper, a procedure for the processing of cutting tool images detected during turning tests is presented. Images with 
standard size and pixel density were produced by elaborating tool image files obtained during machining tests.  
A methodology to design artificial neural networks for automatic tool wear recognition using standard images of cutting tool 
is proposed. 
 
Key words: Cutting tool wear, Image processing, Neural network  
 

1 Introduction  

The technology of metal cutting is in permanent evolution and is a field of much interest in terms of computer 
applications. Cutting tool wear detection and monitoring is a fundamental aspect in the evolution of production 
techniques. As the quality of the cutting  tool is directly related to the quality of the product, the level of tool 
wear should be kept under control during machining operations. 

The recognition of the general conditions of a cutting tool has a major role in the optimisation of machining 
processes, since the accurate prediction of the exact moment for tool change results in many cases in an effective 
economy: a longer cutting tool life can be achieved, tolerances can be under control and rejection of pieces by 
deterioration of the tool conditions can be prevented [1]. 
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Abstract 

This paper deals with the scheduling of logistic flows in a hospital environment. This work is based on a study proposed by 
the CHRU of Clermont-Ferrand, which wants to organize the transport of meals, linen and medicines for internal and external 
hospitals. The objective is to schedule the activities under precedence constraints, release dates and due dates. Moreover, the 
realization of each activity requires containers. The number of available containers is limited and known. Some steps require 
in addition to the containers, production line, loading bay, unloading bay and cleaning area. We have modeled our problem as 
a PDP-TW with resource constraints. We propose to solve it with a combination metaheuristic - simulation. The simulation 
model  allows  to  carry  the  complexity  due  to  the  use  of  multiple  resources  and  the  metaheuristic  allows  to  solve  the 
scheduling problem. The results are given for the instances corresponding to the study proposed by the CHRU. 

Key words: combination, metaheuristic, simulation model, pickup, delivery

1 Introduction 

The CHRU of Clermont-Ferrand sees lot of modifications: the building of new hospital, the reorganization of the 
care units, the closing down of a hospital, the centralization of the meal production and services to the external  
hospital. In this study, we work on the transport of meals, linen and medicines. Before the reorganization, 5  
drivers and 3 vehicles were used for the 41 activities per day. In the future, the number of drivers and vehicles 
must allow to realize 86 activities per day. The drivers work according to a planning. This planning is called a  
shift defined by a beginning date, an end date and a mealtime, so a shift is composed of two slots. Some other  
resources such as the production lines, loading bays, unloading bays and cleaning areas are available in limited 
number. These resources must be taken into account for the preparation and the loading, before the delivery, and 
for the unloading and the cleaning, after the pickup. In a week, the number of activities per day fluctuates but the  
weeks are similar. 

The objective is to propose a decision making aid tool which allows to share the activities for a day between the  
drivers and to schedule these activities under precedence constraints, release dates and due date, for a given 
number of resources and given slots for each drivers.

*This paper was not presented at any other revue. Corresponding author: N. Grangeon. 
Email addresses: {andre,grangeon,norre}@moniut.univ-bpclermont.fr, fphilippe@chu-clermontferrand.fr
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Abstract  

 
This paper aims at optimizing the vehicle brake drum assembling process. Considering the crucial role of the Axle unit, 
especially its vehicle brake drum which is related to the safety of the passengers, the study of the producing and assembling 
processes and conducting the quality control experiments during these stages is of great importance. With regard to the great 
significance of three main factors, namely, seal-oil spindle diameter, seal-oil internal diameter, and nut lock torque as 
independent variables, the present research attempts to optimize the rotatory torque of the automobile brake drum getting 
help from the discussions in the response surface methodology (RSM) and the unsteady of the automobile brake drum getting 
help from fuzzy regression using least absolute deviation estimators. Finally, the optimal solution is perused by a nonlinear 
programming model and a simulated annealing (SA) algorithm using one of multi-objective existing methods (LP-metric). 
Comparing the two optimization methods is shown that our proposed SA has better performance rather than nonlinear 
programming model. 
 

Key words: Design Of Experiment, Response Surface Methodology, Fuzzy Regression, Simulated Annealing. 
 

1 Introduction  

The design of experiment is one of the powerful means for refining and improving the producing processes 
operations. The design starts with determining the goals of the experiment and selecting the process factors. In 
mathematical words, the goal is to find k operational conditions or factor levels (X1, X2, … , Xk) so that r 
response variables (Y1,Y2,…,Yr ), depending on the type of the problem, become minimized or maximized. In 
other words, the goals in the design of experiments and response surface methodology which are often conducted 
sequentially consist of extracting the elements or variables which are effective on response and adjusting their 
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Abstract  
 
The design of a product is usually simply based on the consideration of product functions and structures, while product’s 
behaviour in use and user’s behaviour are not completely considered during the design phase. Based on the analysis of the 
existing approaches, a global view of behavioural design approach is proposed as a feasible solution to improve product 
performance from the design. In order to improve the product performance, our research aims to achieve a better integration 
between product’s behaviour and user’s behaviour during the design phase. This paper is mainly focus on the using tasks and 
user’s behaviours. The concept of “Use Plans” is proposed to realize the mapping between the manual functions and user’s 
behaviour. 

 

Key words: behavioural design, using tasks, user’s behaviour, Use Plans 

1 Introduction  

In order to improve the product performance, our research aims to achieve a better integration of product’s and 
user’s behaviour during the design phase. In our case, a product could be a production system, a machine or any 
tools handled our used by a user (correlative working team). The using tasks are directly proposed by design 
results, which are also the major factor for improving the product performance. We define using tasks as all 
action, or movement that the product and its user well do to fulfill the product function. The combinations of 
using tasks elicit the using behavior. To illustrate our problem, we quote here two examples observed in the real 
companies.  
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Abstract 
 
Eco-design is a key element of sustainable development. The particular complexity of this type of design project requires 
developing a specific approach. This approach must be able to cover needs definition, product design and realization, while 
integrating the viewpoints of all stakeholders. 
We propose an eco-design approach for creating innovative products. This approach takes into account requirements related 
to the product itself, to the design process and to company organization. To these requirements we will add those that arise 
from interactions with the external environment. We propose a requirements management model based on a System 
Engineering approach and the UML formalism. This model will allow us to show the co-evolution of the design problem and 
its solution. We will emphasize the importance of going beyond different types of contradictions to develop innovative 
products that are environmentally friendly. This implies being able to clarify and/or to modify the initial project requirements 
and allowing new requirements to emerge. 
 
Key words: Eco-Design, innovation, system engineering, requirements, complexity. 
 

1 Introduction  

Due to the pressure of customer demands, companies are increasingly obliged to offer products that meet the 
requirements of sustainable development. Mastery of the product design process and the product’s innovative 
potential is thus a major factor in company strategy. 

The concept of sustainable development, or “development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs” [33] (as defined in 1987 by the World 
Commission on Environment and Development, also known as the Brundtland Commission), originated at the 
Stockholm conference in 1972 but has taken on worldwide significance only since the Rio de Janeiro conference 
in 1992. According to Jansen [21], although the optimization and improvement of existing products and 
processes can be envisaged for the short term, the design of new products and processes will be the key strategy 
in the coming decades. Sustainable development is thus directly tied to innovation based on needs. 

                                                
* This paper was not presented at any other revue. Corresponding author I.Deniaud Tel. +601804499. 
Email addresses: {name}@unistra.fr  

427



International Conference 
on Industrial Engineering and Systems Management 

IESM’ 2011
May 25 - 27, 2011

METZ- FRANCE

Introduction of an eco-design process within 
an SME to design product ranges *

Pierre-Antoine MICHEL a, Nicolas MARANZANA a, Patrice DUBOIS a, 
Frédéric LESAGE a, Dominique SEIGNARD b

a Arts et Métiers ParisTech, LCPI, 151 boulevard de l’Hôpital, 75013 Paris, France

b mulTiroir-Controlec, 10, route de Brie-Comte-Robert, 94520 Périgny-sur-Yerres, France

Abstract 

Nowadays, in order to face increasing competition, businesses must differentiate through innovation, but also crucially by  
positioning themselves with respect to environmental concerns,  in order to improve brand image. SMEs are particularly 
plagued with a lack in human, financial, and time resources to integrate such aspects to design. In this paper, we propose a  
dynamic approach (short- medium- and long-term) to initiating an eco-design process to design ranges of products in SMEs.  
This process, based on a state of the art, comprises four stages: analysis, sensitization, eco-design strategy and sustained 
improvement. An early experimentation, carried out within an SME (mulTiroir-Controlec) has allowed us to perform early  
environmental evaluations (checklist) regarding the design of a product range (hospital carts). This first analysis will allow 
us, in the medium- to long-term, to develop a strategy for integration of eco-design within SMEs.

Keywords: eco-design, product design, environmental aspects, company strategy, SMEs

1 Introduction

As the regulatory frameworks become more stringent, all companies are gradually expressing more and more 
concern with respect to eco-design. Taking into account environmental constraints within the scope of product 
design is an industrial truism, but one which is mastered to varying degrees [10,11].

However, the stakes for companies are numerous. There are strong impacts of these environmental aspects, for  
example, on economic gain, brand image and market differentiation [13]. From a more pragmatic point of view, 
the issue is clearly to better understand the risks and the costs related to product life cycles, to identify nascent 
expectations in stakeholders and consumers who are increasingly sensitive to environmental concerns, as well as 
to turn the environment into a new factor of competitiveness and innovation in processes of creative product 
design,  by stimulating  designer  creativity,  better  mastering  project  costs,  and  opening  up  new commercial  
opportunities.

Many methods, however, have proven to be too lengthy and expensive in the field. Therefore, few SMEs have 
really committed to using them [3].

* This paper was not presented at any other revue. Corresponding author: Nicolas MARANZANA, Tel: +33 (0)1 71 93 65 
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Abstract  
 
To become and to remain competitive, companies must adopt evolution strategies. Lean Manufacturing thinking 
is one of the strategies used in several industrial companies. Lean Manufacturing thinking is based on the 
identification and elimination of waste in various production processes such as reducing energy, waste 
generation, etc. To this, we added environmental aspects of resource management by a Green approach. Thus, 
the Lean and Green approach that we want to introduce place is intended to eliminate unnecessary in terms of 
environment. This is an additional approach in terms of eliminating waste, and thus gains for the company. This 
paper shows the results of the Lean and Green approach applied within 21 Alsatian industrial companies. 
 
Key words: Lean Manufacturing thinking; Green approach; sustainability, Environment. 
 

1 Introduction  

1.1 Lean today – The wave of sustainable development 

A lot of companies have actually implemented Lean Manufacturing thinking in their programs. The Lean 
manufacturing thinking or "Lean" is a practice that helps companies to identify and eliminate waste through 
continuous improvement. That continuous improvement involves controlling the Lean tools. Lean identifies 
seven wastes: Overproduction, Waiting, Transportation, Defect, and Inappropriate processing, Unnecessary 
Inventory and Unnecessary Motion. Eliminating those wastes aims to increase efficiency, to reduce costs, to 
improve customer response time, and contribute to improve quality, greater profitability, and enhanced public 
image [1]. 
Nevertheless, actually, the efficiency of companies should be reached not only by implementing practices such 
as Lean, but also by improving the environmental impact of the company. Then, Green approach, or "Green", 
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Abstract 

The composite use in industry increases. Despite, composite end of life solutions are still under development. We proposed  
to address a combined definition of both composite design and composite recycling process. This paper will discuss the  
needs of multi-disciplinary skills in order to take into account recycling possibilities in the design, and to asset recycling 
product capabilities by the design requirements. This paper highlights the relation between functional approach by designer,  
characterization for material and mechanics behavior and recycling process limits, constrains and opportunities.

Key words: Design for recycling, Eco-design, Composite recycling, Design for environment

1 Introduction 

Today, the key focus for the transport  industry is to make lighter  vehicles.  Reduction in  weight  leads to a  
decrease in energy consumption and CO2 emissions. Reducing greenhouse gases and pollution is one of our 
society's main challenges as it strives for sustainable development. Composites provide good opportunities for  
combining  high  modulus  materials  with  free definitions  of geometry.  As a  result,  their  use in  industry is 
increasing.  The  aerospace  and  aeronautics  sectors  have  integrated  composites  at  different  levels  for  their  
products  (organic  matrix  based  for  cold  applications  and  metallic  or  ceramic-based  composites  for  hot 
applications).Today,  in  the automotive industry,  the limits  of the use for the composites are their  potential  
recyclability. Indeed, a global and eco-friendly approach analyzes and takes end of life solutions for systems  
into account at an early stage of their development process. Moreover, in the case of automotive, regulations  
imposes a 95% ratio of recycling of an out of use vehicle. The term “de-manufacture” has become more and  
more common, especially in  the electronics industry.  It  characterizes the process of recycling materials and  
products, including end of life strategies and logistics in product development [3][11]. Design engineers have to 
balance safety, energy efficiency and cost. Unfortunately, they rarely get to the point of thinking about what  
will happen to the product at the end of its useful life [12][2\5].

However, as time goes by and new materials and technologies are developed, the challenge that recyclers face 
in safely and economically recycling those products grows ever more difficult [6]. Recycling a product means:  
(i)  have a  recycling  technology available,  (ii)  get  dismantle  solution  and  access for  the  product,  and  (iii),  

* This paper was not presented at any other revue. Corresponding author N.Perry. Tel. +33 (0) \5 56 84 79 78
Email addresses: nicolas.perry@u-bordeaux1.fr, francois-xavier.kromm@iut.u-bordeaux1.fr,  
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Abstract  
 
The evolution of industry through a competitive environment resulted in a need for optimizing the manufacturing processes. 
Many studies focalized on this topic, especially in the case of software engineering processes, which leaded to the definition 
of a standard for development processes (SPEM) by the OMG (Object Management Group), and a race to implement it 
through different languages and meta-models. Even if there is a huge similarity between software engineering and systems 
engineering, the standard and its different implementations are still insufficient to fulfill the requirements expressed through 
systems engineering standards such as EIA 632. 
In this paper a meta-model keeps the fruitful approach of the Software Process Engineering Meta-model (SPEM) combined 
with some useful concepts from the System Modeling Language (SysML). This model was validated through some 
predefined criteria and the specification of the EIA 632 standard. 
 
Key words: Systems Engineering, Process, Meta-model, SPEM, SysML 
 

1 Introduction  

In a highly competitive environment, it is capital to master up and optimize the different processes participating 
to product manufacturing [13]. In fact systems engineering is a hybrid field, and each discipline participating to 
this field has achieved its own maturity. Thus, it is inevitable to discuss the coherence and collaboration of such 
disciplines and processes. 

On the other hand the consolidation of the best approaches and practices concerning software development has 
leaded to the elaboration of a standard for software process modeling known as SPEM (Software Process 
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Abstract  
 
Forest products value chains (FPVC) are complex networks of units with different goals and beliefs. These units need to 
work together to generate the different values. In order to study these value chains, a common representation and 
understanding of the different components of a value chain must be gained. This will permit evaluating forest and industry 
strategies, supply chain configurations and planning approaches using simulations. Agent-based modelling (ABM) is favored 
to facilitate the assessment of different scenarios, however, the information and knowledge sharing (IKS) in a collaborative 
modeling context remains an issue. This paper discusses the need for collaborative modelling and simulation of the FPVC, 
and surveys the literature about the most significant standardization initiatives for IKS and ABM platforms with focus on the 
FPVC. Then the key findings are explained, and a roadmap toward defining a standard for value chain modeling is proposed. 
 
Key words: Information and knowledge sharing, standardization, value chain, agent-based modelling, forestry  
 

1 Introduction  

Canadian academic researchers, in collaboration with FPInnovations, a national forest research institute, are 
proposing to build a strategic research network on value chain optimization (VCON) that aims to provide the 
industry and policy makers with new advanced planning and decision support systems to design and deploy 
optimized forest bioeconomy networks. The network should develop and maintain virtual business test-benches 
providing data sets and rich business contexts to aid demonstration of the potential benefits of the different 
integration and synchronization methods. It has favored an agent-based approach to facilitate the assessment of 
different scenarios, however, the sharing of information and knowledge in a collaborative modeling context 
remain a key theme. This paper is focused on this issue. It surveys the literature about the most significant 
standardization initiatives for IKS and ABM platforms with focus on the FPVC, and it proposes a roadmap 
towards defining a collaborative knowledge-based platform (CKBP) to support researchers within the VCON. 
The paper is organized as follows. Section 2 discusses the collaborative design of planning systems within the 
forest products industry. Section 3 presents the literature review. It begins with an overview of the components of 
a typical architecture for information and knowledge exchange in value chain followed by a review of the most 
significant standardization initiatives and ABM platforms in value chain. Then, the focus is on the 
standardization initiatives and ABM platforms that were specifically developed for the forestry. This section 
terminates with a summary of the key findings. Finally, section 4 presents the proposed roadmap. 
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Abstract

Modeling and performance analysis in one of the most important issue in business processes. Built on top of Web protocols,
Web services are emerging as a framework to provide application-to-application interaction and interoperability. An
important challenge is their integration in order to provide new composite services, allowing consequently Business-to-
Business relationships. In the context of web services modeling, the existing formalisms and standards have failed to define
formal semantics required to apply mathematical techniques and resulting evaluation method on the proposed models.
To address this issue, this paper provides a mapping from workflow patterns to Petri net models. More precisely, we
propose a Petri nets formalization of control-flow patterns for service composition. In doing so, a high-level class of Petri
nets with the capability to describe, within an alone model, the behavior of a given scenario while taking into account all
possible operating modes and interaction between involved services is proposed. Translation rules from workflow patterns
into Petri net models are provided.

Key words: Business processes, Workflow patterns, Web services composition, Petri net, Modeling, Verification and
validation.

1 Introduction

Business-to-Business (B2B) relationships allow organizations to share costs, resources and skills by sharing their
knowledge and combining their applications. As Web services have imposed themselves as a technology for orga-
nizations to provide their know-how on the Internet, many researches focus on Web services composition [9,4].
In such composition, already defined services are joined together to achieve a common goal, resulting in a new
composite and value-added Web service. A such composition may be seen as the composition of the workflow
patterns. A common Web service composition approach relies on the elaboration of a scenario of workflow
patterns which coordinates Web services interactions.

⋆ This paper was not presented at any other revue. Corresponding author A. Nait-Sidi-Moh. Tel. +33-3-84583075. Fax
+33-3-84583342.

Email addresses: ahmed.nait@utbm.fr (Ahmed NAIT-SIDI-MOH), Mohamed.Benjelloun@utbm.fr (Mohamed
BENJELLOUN), jaafar.gaber@utbm.fr (Jaafar GABER), maxime.wack@utbm.fr (and Maxime WACK).
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Abstract  
 
The Digital Factory aims to design, simulate and optimize production systems as early as possible in the product 
development process, by taking advantage of available software tools and 3D digital representations. Nevertheless, the 
multiplicity of simulation models and representations induce heterogeneity of available data and information, which 
complicates the management of information consistency. This article proposes a framework based on a semantic model 
representing a production system at the various necessary scales, to ensure consistency between simulation models. This 
framework is partially validated with a first use case adressed by an industrial partner. 
 
Key words: Digital Factory, information consistency, ontology, interoperability 
 

1 Introduction  

In a context of increasing competition and pressure to reduce time-to-market, the Digital Factory was born to 
design and simulate production systems throughout the product design process. It can be defined as a set of 
software tools and methodologies allowing the design, simulation, initiation and optimization of production 
systems [4], [6] and [17]. This approach, originating from concurrent engineering and from Computer Integrated 
Manufacturing (CIM), aims to reduce validation loops by ensuring, as early as possible in the product lifecycle, 
integration of the product manufacturability and productibility with business constraints. This approach takes 
part of a Product Lifecycle Management (PLM) approach that aims to share information relative to a product in 
each stage of its lifecycle [8]. 

One purpose of the Digital Factory is to support the planning process, when alterations are made to production 
processes (introduction of a new product or a new workcenter, alteration of the production rate, etc.) with a 
series of tools, such as, e.g. 3D modeling programs or simulation programs. Using these tools the planner or 
planning team can create a digital image of individual workplaces or even a complete factory, along with the 
respective production processes. Using simulations, investigations of possible weaknesses in the planned system 
can be carried out. Thus, dynamic factory occurrences can be played, analyzed and improved. Necessary 
structural changes can also be carried out and changed directly in the computer model. 
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Abstract  
 
An efficient management of returned items is the last way to keep an unsatisfied customer. For Catalog and Mail-Order 
Retailers, as more than ninety percent of the returned items go back to stock, returns can be concerned as the first supplier. 
Quality managers study the returns as they reflect the opinion of customers against the product’s quality. Thus, a precise 
forecast of the returns and indicators of returns is compulsory in order to optimize the supply chain and improve the service 
quality. 
The returns rate, ratio between returned and sent items, is a strategic indicator often used by several departments in catalog 
and mail-Order retailers. It’s used to improve the Supply chain control by well forecasting the quantity of work and reducing 
the outstanding goods. It’s also used to estimate the budget and define which items from the current season can be carried 
forward for the next season, and which items will need improvements. 
This paper presents a study of a real returns phenomenon. A new way to estimate the returns rate is provided and a study of 
forecasting models is explained. A phased approach to forecast returns rate is provided for distance selling sector. 
 
Key words: Reverse Distribution, Forecasting, Returns, Phasing, Returns indicators, Mail-order retailing. 
 

1 Introduction  

Distance selling sector has been generally stagnant or even declining for many years ago. Because of the 
increased supply, the market has become more volatile and the competition extends now beyond the selling 
distance. 

The logistical chain, as the customer relationship, is a priority where mail-order companies are relying on in their 
strategies in order to be able to stay competitive in the market and to increase their market share as well. 
Recently viewed as one of the logistical chain issues, the subject of returns management becomes increasingly 
important and regarded as a strategic business element. 

In order to satisfy their clients, Distance Selling actors afford the opportunity of returning the product at almost 
any time even if it is specified on each sale support a return date limit for each item category. This strategy 
generates a very important stream of returns of around 25% in average sale in terms of quantity [8] which 
explains the consideration of returns as the leading supplier. Consequently, returns prediction has become the 
paramount importance. 

Through this article we present a phased approach in order to predict the return rate early in the current season. 
This work was developed mainly for quality managers to provide them with a better visibility of customers’ 
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Abstract  

The End-of-Life (EOL) is one stage of the life cycle having gained the attention of the market. Due to several factors 
including stricter regulations, technological growth and environmental impacts, the choice of the best strategy for EOL 
product have become a major concern. This study proposes an integrated methodology that relies on multi-criteria analysis, 
takes into consideration both quantitative and qualitative criteria while respecting mutual interactions between them. This has 
been performed by introducing the 2-tuple linguistic representation model dealing with non-homogeneous information data 
and the Choquet Integral modelling interaction between criteria into the PROMETHEE method. Although it has been 
developed for EOL selection problems, this proposed method applies to all kinds of decision-making problems with 
heterogeneous information. As this work demonstrates, multi-criteria analysis can offer a technical-scientific decision making 
support tool to validate their  own choices so clearly and reliably in the EOL product sector.  

Key words: Environment, PROMETHEE method, 2-tuple model, Choquet integral, End-Of-Life product. 

 

1 Introduction  

Due to stricter product recycling regulations, such as electronic and electrical equipment (WEEE) and the rapid 
technological growth that has dramatically increased environmental pollution, EOL product strategy 
determination has become important [24]. The governments put more efforts in policy making of product 
recycling. For example, in Tunisia, the laws have been passed by some states to mandate the use of recycled 
materials in electronic products. It has issued the directives such as waste of WEEE, and the restrictions on 
hazardous substance guidelines in electronic and electrical equipment (EEE). Waste-disposal alternatives such as 
incineration and ocean dumping will no longer be acceptable with government regulations calling on product 
manufacturers to ensure the minimal environmental impact of their manufactured durable goods [25]. The 
objectives and criteria in the best EOL product strategy selection are often in conflicts and it involves trade-offs 
amongst decisive factors such as the energy performance, the cost, operating environment, health-related 
impacts, resources depletion, greenhouse effect, human toxicity, etc. This paper presents an integrated approach 
for the multi-criteria optimization of the EOL product strategies. It tries to provide a simple and quick solution 
for the questions of how to determine recycling strategy for a product by taking into account interactions 
between criteria. For this, it develops a new methodology based on PROMETHEE II method that integrates the 
2-tupple fuzzy linguistic representation model [12] like an easier way to replace the six preference functions and 
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Abstract  

Reverse Logistics is now considered as an interesting source of economies in supply chain management. Through different 
activities, this logistics has received increasing attention from researchers and practitioners. In this paper, we are interested in 
a tactical problem by focusing on the optimization of return flows of reusable containers, while considering an existing 
network. This situation is very encountered by third part logistics companies. The optimization model we propose is a MILP 
which minimizes the total cost of these return flows. In order to be realistic, we want to use this model on large size 
networks. The key point is the computation time which exponentially increases with the size of the problem. A simple 
heuristic is also proposed in order to reduce this computational time. Finally, a numerical experiment is presented to 
demonstrate the performance of the developed model as well as the efficiency of the proposed heuristic. 

Key words: Reverse Logistics, Optimization Model, Heuristic, Reusable containers  
 

1 Introduction  

Since a few decades, supply chain management has received more and more attention from researchers and 
practitioners. Most of the time, this term was mainly related to “traditional” logistics management, which deals 
with material flows from producers to consumers. In recent years, more and more researchers and practitioners 
are interested in the management of reverse flows (from customers to producers) called “Reverse Logistics” 
(RL). This new logistics has been paid increasing attention because it is now considered as a source of economies 
and a way to reduce the environmental impact of the supply chain activities. Moreover, new legislations oblige 
companies to better manage their returns such as electronic waste for instance. Reverse logistics network is 
necessary because of several factors. Some economies, like the revalorisation or remanufacturing of used 
products, the reuse of returnable items, the recycling of some products or raw materials and some environmental 
bounded to the management of waste. This RL can also be very interesting for consumers who know that the 
return of their products is well managed (in the sector of after sale service for example). In this paper, we first 
present a comprehensive review of the literature on reverse logistics and particularly on the reuse activity which 
is the problem we consider in this paper. After that, we present our model of a large scale reverse logistics 
network for reusable container and some computational results. The last section concludes this paper with 
relevant future directions. 
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Abstract

We consider a two-stage production-inventory system. Each stage is made of an exponential production server and an
output inventory. The downstream inventory faces a Poisson demand and each inventory receives product returns that can
be either accepted or rejected. The objective is to find a production/admission policy minimizing the expected discounted
costs over an infinite horizon. We consider linear holding, backorder, production, admission and rejecting costs. We show
that the optimal policy is characterized by state-dependent base-stock levels and state-dependent disposal thresholds. We
also obtain monotonicity results for these switching curves. Interestingly, our results can be transposed to an hybrid single-
echelon system with a production facility and a remanufacturing facility, both with exponential leadtimes. Finally, we
design heuristics to control production and disposal and we carry out a numerical study to investigate their performances.

Key words: Multi-echelon, Reverse logistics, Production/Inventory system, Optimal Control, Remanufacturing

1 Introduction

Products are more and more returned in supply chains. Customers can return products a short time after
purchase due to take-back commitments of the supplier. The proportion of returns is particularly important
in electronic business where customers can not touch a product before purchasing it. Customers might also
return used products a long time after purchase. This type of return has increased in recent years due to new
regulations encouraging waste reduction, especially in Europe. Some industries also encourage it for economical
and marketing reasons.

Returns constitute a reverse flow, from the customer to the supplier, which complicates inventory control.
A recent review of literature on reverse logistics is provided by Ilgin and Gupta [8]. Inventory management
constitutes a part of this review, and we can see that an abundant literature is devoted to the inventory
control of single echelon systems. In several situations, the structure of the optimal policy is similar to the case
without returns. For instance, Fleischmann and Kuik [6] consider a single inventory with stochastic demand
and stochastic independent returns. To model the returns, they consider a demand that can be both positive
or negative. They show average cost optimality of an (s, S) policy.

In this paper, we consider a two-stage production /inventory system with returns of products at each stage and
a disposal option upon arrival of returns. Before presenting in detail our model, we briefly review the related

⋆ This paper was not submitted to other journals or conferences. Corresponding author S. Vercraene. Tel. +33-4-76-57-
48-06. Fax +33-4-76-57-46-95.

Email addresses: samuel.vercraene@grenoble-inp.fr (Samuel VERCRAENE),
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Abstract  
 
Industrial companies collaborating to develop new products need to implement an effective management of their design 
processes and product information. Unfortunately, PLM (Product Lifecycle Management) systems which are dedicated to 
support design activities are not efficient as it might be expected. Indeed, design processes are changing, emergent and non 
deterministic whereas PLM systems, based on workflow technology, don’t support process flexibility. So, needs in terms of 
process support flexibility are necessary to facilitate the coupling with the business reality. Furthermore, Service Oriented 
Architectures (SOA) enhances flexibility and adaptability of composed solutions. Systems based on SOA have the ability to 
inherently being evolvable. This paper proposes an approach to deal with business process flexibility in PLM systems by 
making profiles from SOA. The objective is to specify, design and implement business processes in a very flexible way so 
that business changes are rapidely considered in PLM solutions. 
 
Key words: PLM system; Business processes; flexibility; SOA 
 

1 Introduction  

Current manufacturing industry is facing an increasing challenge to satisfy customers and compete in market. To 
stay competitive, they are adopting Product Lifecycle Management (PLM) systems which have the goal to foster 
collaboration among different actors involved in product design processes [20]. Furthermore, design processes 
have become increasingly important in many industries since they determine the procedure for developing and 
distributing added value for the enterprise. PLM systems play an essential role by managing product information 
in all phases of its lifecycle (design, industrialization, manufacturing, delivery, recycling, etc) and facilitating 
collaborations. Thus, each PLM system (1) provides a database to store product definition information and the 
whole functions necessary to the management of this stored information and (2) integrates a tool to model, 
execute and control business processes associated to product design. A business process organizes the creation, 
circulation, use and development of products information in order to control their creation and evolution (like 
document validation process, change management process, etc.). Most PLM systems are adopting workflow 
technology to cope with business processes. This technology usually does not handle dynamic behaviours, such 
as dynamic changes on running workflows instances [3]. Nevertheless, brakes analysis of design processes 
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Abstract 

Companies have to constantly innovate and introduce new products to the market to win the current pressure they are facing  
in the globalization era. New Product Development (NPD) Process is becoming crucial, and its performances determine the  
success  of  the  whole  enterprise.  Most  efforts  have  been  dedicated  to  improve  the  phase  using  different  tools  and 
methodologies. Particularly some are trying to apply lean product development to foster the efficiency and effectiveness of  
their NPD. Though literatures show its success, its implementation is complex and asks for relevant efforts to get benefits out 
of it. The contribution of this work is to understand if the application of Lean in NPD is currently diffused in Italy. In order to  
do  this  we  analyzed  the  development  phases  of  eleven  SME and  large  Italian  companies  working  in  mechanical  and 
electronics sector. \As a methodology a direct interview has been conducted using semi\-structured questioner consists of 39  
questions divided into 5 sections. The first section was about lean product development process, the second section was about  
lean product design, the third section was about knowledge based engineering, and fourth was about cost estimation and the  
last  part  consists  of  additional question about the challenges  to  implement  lean in  product  development.  The  interview 
personnel were project managers, product designers and technical directors. From the study it is found out that most of the  
companies seldom integrate lean thinking in their product development. Moreover, the early involvement of suppliers in NPD 
is low, rather the traditional concurrent engineering practice is seen to be adopted by many of the companies interviewed by  
integrating for example manufacturing starting from concept phase to launch phase. However, the study is a fact finding  
research, and it is neither intended to be exhaustive nor to be accurate to draw complete conclusions about lean adoption in 
Italian manufacturing industries. 

Key words: Lean NPD process, lean product design, set-based concurrent engineering, knowledge based engineering, value 
stream mapping.

1 Introduction to Lean Product Development 

In The machine that changed the world, Womack, Jones and Ross (1990) introduced Lean Thinking [14]. Even 
if they discuss the application of Lean to NPD, they focalize on Lean in manufacturing. For years the core of 
Lean thinking has been on production. So, most of the effort in standardization and modelling was on this field.  

* This paper was not presented at any other revue. Corresponding author Monica Rossi Tel. +39\-02\-23994837 Fax +39-02-
23992700 
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Abstract  

Faced to a constant evolving environment, enterprises install tools derived from methods which aim at increasing operational 

agility. These methods have shown their relevance by promoting axes of improvement in specific sectors without however 

measuring the global impact of the modifications on the rest of the enterprise. In this article, we focus on two approaches, 

Product Lifecycle Management (PLM) and Lean, in order to analyze their complementarities regarding this search of agility.  

If the contribution of Lean to the agility is obvious, that of PLM is less. First, because PLM evolves in a world different from 

that of Lean (Production world for Lean / Engineering world for PLM). Second, because of current vision and industrial 

practice of PLM, restricted to PLM tools which are heavy to deploy, deeply structuring even fossilizing information assets. 

The aim of this paper is to show how the PLM contributes to the enterprise agility. To approach the question, and since that 

Lean is obviously contributing to enterprise agility, we analyze the complementarities between Lean and PLM. 

 

Key words: Product Lifecycle Management, Lean, ambivalence paradigm, enterprise agility 
 

1 Introduction  

Nowadays, a company has to face with faster and faster evolutions of its environment (globalization of the 

market, fast change of the demand, transformation of the social environment, etc.). This environment favors 

permanent reorganizations, partnerships and fusions. Confronted to these pressures, any company must gain 

operational agility to face with customer demands that are more and more immediate as well as changes in its 

environment and its own functioning. Operational agility assesses improvements made on the production tool by 

the effects on cost, quality and time after implementation. This triplet "Cost, Quality, Time" (CQT) represents 

key indicators as companies use them as targets in order to get new market shares or simply to keep those that are 

already acquired. 
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Abstract

As a new paradigm for logistics, the Physical Internet is an open global logistics system leveraging interconnected
supply networks through a standard set of collaborative protocols, modular containers and smart interfaces for increased
efficiency and sustainability. If realized, adoption of the PI will result in much greater logistics system efficiency through
increasing the utilization of trailers on the road and decreasing the number of miles driven. In the U.S. alone, even
modest reductions in fuel consumption, pollution, greenhouse emissions, and packaging waste would save billions of
dollars annually. Before being realized, fundamental research is needed to establish the logistics system gain potential.
As part of establishing this potential gain, the objective of our research is to address the following questions: (1) what
are the preferred sizes of PI containers and (2) how will the PI change how loads are distributed across the freight
distribution network. In this paper we define a research program to achieve this objective.

Key words: Logistics, Distribution, Sustainable, Package Sizing, Network Flow Models

1 Introduction

Our current logistics system is unsustainable from economic, environmental, and social perspectives [14]. In
response, Montreuil [15] has issued the Global Logistics Sustainability Challenge and described his vision where
the challenge is addressed with the Physical Internet (PI). For the purposes of this paper, the PI is an open global
logistics system leveraging interconnected supply networks through a standard set of collaborative protocols,
modular containers and smart interfaces for increased efficiency and sustainability. In this context, logistics is
viewed broadly and encompasses transportation logistics (between facilities) and facility logistics (at and within
facilities).

The impact of such a system is far reaching. In the U.S. alone, the freight transportation industry accounts for
10% of GDP [12] and reductions in fuel consumption, pollution, greenhouse gas emissions, and packaging waste
would save billions of dollars annually.

? This paper is not in review by another body and is based, in part, on a proposal funded by the United States National
Science Foundation. The authors are grateful for the support of the National Science Foundation under awards 1032062
and 1031956 and our partner organizations. Any opinions, findings, and conclusions or recommendations expressed in
this paper are those of the authors and do not necessarily reflect the views of the National Science Foundation or our
partner organizations. Corresponding author R. D. Meller. Tel. +1-479-575-6196. Fax +1-479-575-8431.

Email addresses: rmeller@uark.edu (Russell D. MELLER), kpellis@vt.edu (Kimberly P. ELLIS).
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Abstract  
 
The topology of the logistic networks that constitute contemporary logistics is minimally examined or challenged in the 
assessment and improvement of the performance of supply chains, logistic networks and freight transportation. We show in 
this paper that the topology of logistic networks has a major performance impact and that it can be significantly improved if 
the actual organization of flows is substituted by an organization founded on the universal interconnectivity of logistic 
networks: the Physical Internet. Given the exploratory nature of this work, the demonstration is achieved analytically by 
exploiting the continuous approximation method. The performance of contemporary vs. Physical Internet enabled network 
topologies is measured and contrasted through transportation throughput requirements, flow travel, and total costs.  
 
Key words: Physical Internet, Logistics, Transportation, Supply Chain, Network Topology, Efficiency. 
 

1 Introduction  

Logistic and transportation performance improvement is an old topic that has gone through numerous 
developments: location of warehouses and distribution centers, consolidation, and so on. There is currently a 
surge of renewed interest in the topic as there is a growing awareness of its environmental consequences: 
logistics and transportation combine to be among the most important greenhouse gas emission sources in 
industrialized countries. The search for more sustainable logistic systems involves numerous technical aspects, 
yet there is a void of visibility on systems capable of meeting the forthcoming energy and climatic requirements. 
The organization of logistics and transportation is another way for opening improvement perspectives, as shown 
in recent works on logistic pooling [2, 14] and multimodal transportation [4, 9, 11]. Yet these research works 
also highlight the implementation difficulties associated with such solutions. The improvements needed are not 
minor in any way. They require breakthrough approaches as the logistic and transportation flows keep growing 
while the targeted worldwide CO2 emission reductions are on the order of 20% by 2020 and 75% by 2050 [15].  

In this paper we present an alternative organization of logistics and transportation, the Physical Internet [7], and 
we emphasize the implied differences in terms of logistic network topology. Then we progressively study these 
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Abstract 

 

With the desire to offer decision support systems for a field of study as large as supply chain management when taking in 
consideration the supply web dimensions, it is necessary to combine concepts, methods, and approaches, capable of 
handling extreme complexity, into a multidisciplinary approach.  The paper introduces a conceptual framework that blends a 
variety of concepts into one consistent body of knowledge around the design of decision support systems for supply chain 
management. The framework is based upon a holistic approach to create, model, and build tools that takes in consideration 
the complexity inherited in supply webs to provide, at the end, an efficient non-programmed multi-dimensional decision 
support.  
 
Key words: Supply Web, Non-Programmed Decision Support Systems, Business Intelligence 
 

1 Introduction 

A Supply Web (SW) is defined as “... a network of interrelated supply networks, each embedding interlaced 

supply chains, involving multiple organizations with collaborative or competitive supply relationships” [8]. 
This concept goes beyond the notion of supply network by highlighting the importance of taking in 
consideration the interactions of multiple distinct supply networks and the mutual influence occurring between 
them. The supply web concept suggests that managers should be able to handle the supply web complexity and 
that the design of decision support systems for supply chain management should integrate the supply web 
dimensions by considering granulated levels of detail, and multi-dimensional decision perspectives in order to 
maximize the potential benefits generated by inter-organisational collaboration.  

In a series of papers [21; 8; 9], we introduced the concept of supply webs and discussed various software 
solutions that support a holistic approach to address supply operations issues within supply web contexts. These 
software tools help managers to be aware of dynamics in their supply environment, to gain an enhanced 
understanding of interactions influencing their operations and to make decisions based on comprehensive 
analysis of complex and large volume of data. Building on learning from our works on formalising the supply 
web concept as well as our works on conceptualizing and prototyping software solutions for supporting 
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Abstract  
 
Just in Time (JIT) is a management philosophy that favorates improvement through inventory reduction by producing only 
the right quantity at the right time. A kanban system is an important element of JIT philosophy. However, whereas kanban 
system is suitable when demand is stable, it should to be adjusted when demand is a significantly variable to be efficient. In 
addition, some works have proved that Petri nets are useful to model a kanban loop. Then, the objective of the present work 
is to exploit the analytical relation of Petri net models in order to improve the control of kanban system by using the real data 
provided by the system or by the product. This approach is based on the use of a continuous approximation of a discrete Petri 
net model in order to exploit a strategy of command based on gradient descent. In the present paper, two continuous 
approximations are proposed and compared.  
 
Key words: Kanban, Petri net, gradient, just in time  
 

1 Introduction  

The Just in Time (JIT) philosophy has appeared during the seventies in Japan [9], [18], [27]. In a JIT system, a 
good is produced with the right quantity at the right time [2]. In order to drive a JIT system, a kanban system is 
needed. Kanban means card in Japanese. In a kanban system, cards are used systematically to control the 
production within stations and the movement of parts between stations. A kanban card is attached to each product 
(or to each batch). Then, consumption of one product (or batch) frees the kanban card which can be attached to a 
new product (or batch) to product. This release of kanban card leads to a new manufacturing order. The kanban 
system is a pull control system, which can be represented by using stage notion [9]. Pull systems are most 
successful in production environments with stable demand and lead time [28]. In this case, a kanban system uses 
a constant number of cards which can be allocated to a product (or batch) or free. In an instable environment 
(high variation of demand), such a system is inefficient in such context leading to modifying and adjusting its 
parameters to avoid starving or high stock level. Usually, two approaches can be used. First, the number of 
kanban cards present in the system may be adjusted. Second, the number of products associated to a kanban card 
may be modified. This is an adaptive kanban system [25], [28].  

Petri nets (PN) are useful for the discrete event systems (DES) and hybrid systems (HS) modelling [6], [17], [30] 
because they combine, in a comprehensive way, intuitive graphical representations and powerful analytic 
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Abstract 
 
Worldwide competition, the move to ever smaller geometries in manufacturing processes, and the increasing of complexity in 
High-Mix semiconductor plants led to the introduction of numerous controls at different manufacturing stages. However, 
with the costs associated to metrology, i.e. non added value operations, it becomes increasingly important and challenging to 
reduce the number of controls for delivering products at high yield and at minimal costs. This has aroused a huge interest for 
dynamic sampling techniques. 
 
 In this paper, an Integer Linear Programming model is proposed in order to determine key parameters for an optimal 
dynamic sampling plan. These key parameters correspond to the maximum risk that can be tolerated for each production tool 
while taking into account the metrology capacity and the current control plan. The key parameters are chosen to optimize the 
number of controls, reduce risks on production tools, and use metrology tools efficiently. The Integer Linear Programming 
model has been tested on real instances and validated through a smart sampling simulator prototype.  
 
 
Key words: Integer Linear Programming, Risk, Control plan, Dynamic sampling 

 

1 Introduction  

Because of the increase of international competition in modern semiconductor manufacturing, the constant quest 
for cost reduction and yield increase forces companies to constantly search for new ways to remain competitive 
by ensuring the best possible quality to customers. Because they are considered as “non added value” (see e.g. 
[9] and [13]), metrology operations are seen as a good opportunity to reduce costs since they are not completely 
integrated in the estimation of the return on investment [5] [8]. 
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Abstract  
 
Motivated by the importance of congestion in air traffic problem and its bad effects on airlines companies and passenger’s 
security, we have implemented a decision support framework for flight rescheduling in air traffic management based on 
ground delay, rerouting and flight canceling. This approach is based on using Time Petri Nets (TPN) to model air traffic 
networks. We introduce a Binary Decision Diagram based tool to represent the state space of Time Petri Nets. This tool, 
called Time Ordered Binary Decision Diagrams (TOBDDs) is able to represent a large state space of a TPN with a small data 
structure and enable the efficient manipulation of this set. In what follows, we developed a technique, based on a Boolean 
function, to build the TOBDDs associated to a TPN. TOBDDs allow an efficient manipulation of the state space, in order to 
explore all flight plans. We defined a simple and efficient cost structure. An exact algorithm based on branch and bound 
technique is used to minimize the cost function and determine the optimal flight plan according to time, routing and capacity 
constraints.  
 
Key words: Air traffic management, discrete event systems, time Petri nets, time ordered binary decision diagrams, 
optimization. 
  

1 Introduction  
 

During the last years, the growth in commercial air services continues to outstrip the available capacity of 
Network Air traffic System (NAS). However, the market recovered between 2012 and 2017 the number of 
passengers travelling will be increased of 3,5 per cent in Europe and in 2,8 per cent United States. Meanwhile 
the capacity of NAS has practically remained unchanged. Besides, its capacity is usually affected by adverse 
weather conditions (wind, fog, stormy weather,…). 
Air traffic increase and adverse weather conditions are among the main factors of congestion in the air traffic 
network. The congestion problem is considered differently in Europe and in United States. On one hand, in 
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Abstract  

 

The Hoist Scheduling Problem occurs in many production systems, e.g. electroplating production lines. The problem is to 

create schedule for automated hoists, which transport products between workstations. We are interested in hoists, because the 

hoists schedule is sufficient to create schedule for workstations. Besides sequencing of transport operations, allocation of the 

resources, solution must also decide about routing of the hoist. Hoists can be controlled almost freely with respect to their 

physical constraints, so routing algorithm has a lot of possibilities to manage hoist route. Hoist route consists of picking item 

from workstation up, putting item down and moving along single constant axis. The feasible hoist route does not allow 

collisions of hoists. This paper describes universal hoist routing algorithm, which is applicable both to cyclic and dynamic 

instances of the problem.  

 

Key words: hoist scheduling problem, electroplating, flexible manufacturing systems. 
 

1 Introduction  

An electroplating production line is a production system, which is used for production of variety types of items, 

by processing them by a number of chemical treatments. The items are usually covered in some noble metal 

coating by process of galvanization. An electroplating production line, consists of a number of workstations, 

mainly tanks filled with appropriate chemicals or other material processing devices. Workstations are arranged in 

a line and create axis for hoist movement. A hoist is an automaton, capable of moving above workstations and 

transporting products by picking items and putting them down. Due to the chemical processing it is assumed that 

the processing in the workstation begins when item is plunged into the tank and finished when it is removed from 

tank. Other result of chemical processing is that a technological process is defined as a series of product 

exposures to baths in workstations. The technological process defines a sequence of workstations, which item 

must be exposed to in order to be successfully finished. Each stage has quality constraints defined. Quality 

constraints are in fact minimum and maximum times of item processing time (time of lying in tank exposed to 

chemicals) – an interval of acceptable exposure time. In case an item is exposed too much it is treated as failed, 

e.g. too long exposure to acid caused not only grease removal, but also damage to the item itself. Similarly in 

case an item is exposed too little, the item does not achieve proper qualities. A production line usually produces 

more than one item type. A type of item defines a type of technological process to be performed on the item. 

Each item can have its own number of stages, sequence of workstations and exposition times. Items may share 

the workstations they use during the processing, but each workstation can process only one item at time.  
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Abstract  
 
The ARIMA(0,1,1) demand model has been analysed extensively by researchers and used widely by forecasting practitioners 
due to its attractive theoretical properties and empirical evidence in its support. However, no empirical investigations have 
been conducted in the academic literature to analyse demand forecasting and inventory performance under such a demand 
model. In this paper, we consider a supply chain formed by a manufacturer and a retailer facing an ARIMA(0,1,1) demand 
process. The relationship between the forecasting accuracy and inventory performance is analysed along with an 
investigation on the potential benefits of forecast information sharing between the retailer and the manufacturer. Results are 
obtained analytically but also empirically by means of experimentation with the sales data related to 406 Stock Keeping 
Units (SKUs) from a major European superstore. Our analysis contributes towards the development of the current state of 
knowledge in the areas of inventory forecasting and forecast information sharing and offers insights that should be valuable 
from the practitioner perspective. 
 
Key words: Inventory, Forecasting, ARIMA Demand, Supply Chain, Information Sharing  
 

1 Introduction  

The classical approach of inventory forecasting considered by researchers and practitioners alike consists of 
selecting an accurate forecasting method that is subsequently used for stock control purposes. However, it 
should be noted that this approach tends to look at demand forecasting and inventory management as two 
independent stages without interactions, which may lead to a sub-optimal performance of the whole system [17]. 
In fact, previous research has shown that forecast accuracy is to be distinguished from the performance of the 
forecasts when utility measures are employed, especially in an inventory management context where the 
interactions between forecasting and stock control are not yet fully understood [2]. So, an accurate forecasting 
method does not necessarily imply inventory cost savings and/or a service level increase.  
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Abstract

In this paper,we develop a two-stage stochastic programming approach for distribution supply chain design under demand
uncertainty. We describe a realistic distribution supply chain, and a model for uncertain demand. Then, we construct
a two-stage stochastic model, where the objective is to minimize the sum of investment costs and expected costs of
operating the supply chain. The first-stage decisions are strategic location decisions, whereas the second stage consists of
production and distribution decisions. This stochastic programming model, is applied to a representative real distribution
supply chain network problem from the European textile industry. The models are solved by commercial software Cplex
12.1.0 and the computational results are compared .

Key words: Distribution Supply Chain Design, Two–stage stochastic programming, Demand uncertainty.

1 Introduction

A supply chain is a network of suppliers, manufacturing plants, warehouses, and distribution channels orga-
nized to acquire raw materials, convert these raw materials to finished products, and distribute these products
to customers. (Santoso et al.[17]). Strategic level supply chain design involves deciding the configuration of the
network: How many manufacturing plants should be implemented? How many distribution centres should be
implemented? Where should they be implemented? How much capacity should we have? Which customer zones
to target? Which production plant should be supplied by each supplier? Which customer should be supplied
by each distribution center? How much goods should be transported throughout the supply chain network?
Which transportation mode should be used? The interested reader can find these strategic questions in some
important reviews on supply chain network design ReVelle and Eiselt[16], Daskin et al.[10], Bouzembrak et
al.[6], Bouzembrak et al.[7], Vila et al.[20], Martel [13], Klose and Drexl.[12], Arntzen et al.[4], Cordeau et al.[9],
Amiri [2], Amrani et al.[3].
Managing uncertainty is a main challenge within supply chain management. The future business environment
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Abstract  

 

Supply chain design has emerged as one of the major areas for companies to gain a competitive edge.  Designing a supply 

chain effectively is a complex and challenging task, due to the increasing outsourcing, globalization of businesses, 

continuous advances in information technology, and product life cycle uncertainty. Indeed, uncertainty is one of the 

characteristics of the product life cycle. In particular the strategic design of the supply chain has to take uncertain information 

into account. This paper attempts to present a strategic analysis model of a supply chain design with product life cycle 

uncertainty considerations 

 

Keywords: supply chain design, product life cycle, uncertainty, stochastic programming 

 
 

1 Introduction 

The Product life cycle describes the stages a product goes through from beginning to end. The competitive 

criteria generally differ during the different phases of product life cycle; for instance, availability and technology 

are needed at the „„introduction‟‟ phase, and cost, quality and speed are needed at the „„maturity‟‟ phase [3]. 

Consequently, a firm should select the effective supply chain partners and dynamically match the supply chain 

strategies so as to satisfy product requirements across multiple criteria and to maximize competitiveness over 

time. 

When the product is introduced, sales will be low until customers become aware of the product and its benefits. 

The distribution is selective and scattered as the firm commences implementation of distribution plan. During the 

introductory stage the firm is likely to incur additional costs associated with the initial distribution of the 

product. These higher costs coupled with a low sales volume usually make the introduction stage a period of 

negative profits. 

After, sales volume grows as more the customers become aware of the product and its benefits and additional 

market segments are targeted. An improvement of the product quality may be considered. The distribution 

becomes more intensive and trade discounts are minimal if wholesalers show a strong interest in the product. 

The growth stage is a period of rapid revenue growth. 

666



 

International Conference  
on Industrial Engineering and Systems Management  

IESM’ 2011 

May 25 - 27, 2011 

METZ- FRANCE 

 

 

How to Incorporate Sustainability Criteria into 

Operations Management Models? 

The Sustainable Order Quantity Example*
 

Yann BOUCHERY a, Asma GHAFFARI a, 
 Zied JEMAI a, Yves DALLERY a 

a Laboratoire Génie Industriel, Ecole Centrale Paris 

Grande Voie des Vignes, 92290 Chatenay-Malabry, France 
 

 

Abstract  
 
Even if sustainable development (SD) is nowadays a must-have for operations management (OM) literature, model-based 
research that includes SD criteria is scarce. This paper thus presents a novel approach for integrating sustainability criteria 
into operations management models based on two main observations. First of all, the definition of SD requires formulating 
the problem as a multiobjective optimization one. Moreover, decisions may be taken several times a day in the OM context. 
In this setting, the procedure should quickly end up with a unique solution. To do so, the firm may provide preference 
information that can be added to the model based on multi-criteria decision analysis methods. Our contribution is thus 
twofold. First, the proposed interactive procedure provides a strong support to include SD criteria into OM models. 
Moreover, the procedure is a new combination of multi-criteria decision analysis techniques.  
 
Key words: Sustainable operations management, Green logistics, Sustainable order quantity, Interactive multiobjective 
optimization. 
 

1 Introduction   

Sustainable development (SD) is becoming a key issue for companies worldwide. Facing government, customers 
and other stakeholders’ pressure, the firms are undertaking initiatives to reduce their environmental and social 
impacts while continuing to be profitable. Following this trend, the literature dealing with SD and operations is 
significant; see [23, 9, 22, 30] for reviews. However, the papers dealing with quantitative models have up till 
now mainly focused on reverse and closed-loop logistics or on waste management; see [29] for a review. 
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Abstract  
 
Over the last few years, the fight against climate change has become one of the main topics of international debate. Hence, 
consumer behaviour has begun to change as they have started to assess the environmental impacts of the products and 
services they buy. The aim of this work is to measure and to analyze the carbon footprint of the global supply chain of a 
Company belonging to the agro-industrial sector. The basics of the Greenhouse Gas (GHG) protocol were used to measure 
carbon footprint, together with adopted subjective weights depending on the reliability of data sources. Results were analyzed 
to provide the Company with more insights about the efficiency that can be achieved by reducing CO2 emission over its 
global supply chain. Benchmarks were also considered, despite the difficulties for this comparison due to limited amount of 
information available and differences in calculation methodologies for several other beverage, food or agricultural 
companies. 
 
Key words: Carbon footprint, Supply Chain, Greenhouse Gas Protocol, Case Study, Agro-industry 
 

1 Introduction 

Over the last few years, the fight against climate change has become one of the main topics of international 
debate, and is now identified as one of the greatest challenges humanity has ever faced [12]. The main cause of 
climate change has been identified as the emission of Greenhouse Gases (GHG) connected to human activities 
[14]. The international community has started several initiatives leading to the drafting of the Kyoto Protocol 
[12], that involves both industrialized and developing countries with market economies, and aims to reduce GHG 
emissions on a global scale. Together with the international community’s increased attention on this matter, 
consumer behavior has begun to change: consumers have started to assess the environmental impacts of the 
products and services they buy [9,11,12]. As a matter of fact, enterprises now play a key role in the achievement 
of GHG reduction goals. Hence, an important way of progress for industrial organization is to adopt green 
supply networks. 
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Abstract  
 
Relocation is chosen by companies which want to use foreign or/and external resources to meet their requirements such as 
low cost, new markets and skills. Nowadays, some companies which have already relocated their production activities are 
forced to make successive relocations. In the context of globalization, all the relocation decisions could have a long-term and 
great influence on the environment and society. How to make these decisions which should achieve social, environmental, 
and economic goals at the same time is the research question of this paper. Based on a literature review, we clarify global 
relocation strategies from two dimensions and summarize the progress made in the business and academic fields. We propose 
a MILP (mixed integer linear programming) model with sustainable development thinking integrated to support decisions on 
location selection. Simulated experiments are carried out with Lingo software.  
 
Key words: strategic planning, relocation, sustainable development, optimization and decision support 
 

1 Introduction  

Under the background of international production sharing and globalization, global relocation which means 
moving activities out of their current locations is a concern of many companies. Global relocation asks for the 
reallocation of the resources worldwide, which can have a long-term impact on the environment and society. 
With more and more public awareness on sustainable development, how to make relocation decisions without 
causing unwanted environmental and social consequences is our research question in this paper. 

Our paper consists of seven sections. After the introduction of the two terms: sustainable development and 
relocation in Section 2, related works and research questions are discussed in Sections 3 and 4. Section 5 is our 
main contribution with a MILP model proposed which is based on classical models but with sustainable 
development issues integrated. Experiments are carried out with Lingo software in Section 6 to illustrate the 
model. Finally, a conclusion and perspectives are presented in Section 7. 
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Abstract  
 
For the past twenty years, there has been an increasing interest in the literature for studying the complexity and uniqueness of the 
fashion industry. Fashion consumers are demanding more variety, better quality and service, including both reliability and faster 
delivery. These pressures have brought academics and industrials to investigate new methods in order to achieve effectiveness 
across the fashion supply chain. As such, the concepts of agile supply chain, flexible systems, and quick response have emerged 
and been adopted in several ways in the fashion industry.  Despite their recognitions, these concepts are often confused in the 
literature. To avoid those issues, this paper aims at proposing a formal framework for conducting a literature review of the agility 
initiatives and models developed for the fashion industry. The proposed framework identifies key dimensions related to supply 
chain agility.   
Key words: Fashion industry, agility, supply chain, network, integration, market sensitivity  
 

1 Introduction  

For the past twenty years, there has been an increasing interest in the literature for studying the complexity and 
uniqueness of the fashion industry. The fashion market is characterized by a short life cycle, high volatility, low 
predictability, high impulse purchase customer behavior, and a long and heterogeneous supply process [8] [9] [16] 
[42].  In addition, the industry is now increasingly facing global competition and rapid technology advances, which 
bring new challenges and opportunities. Customers are also demanding for more variety, better quality and service, 
including both reliability and faster delivery [18]. 

These pressures have brought academics and industrials to investigate new methods to improve the effectiveness of 
the entire fashion supply chain. O'Marah [37] pointed that today’s market competition is no longer based on 
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Abstract  
 
This paper proposes a risk modeling approach and a design model formulation for the Supply Network (SN) problem under 
uncertainty. It recognizes that the future SN environment is characterised by random factors and network disruptions. The 
three phases risk modeling process is based on the modeling of multihazard exposure levels, the estimation of an arrival 
process, and the assessment of multihazard consequences. A Monte-Carlo approach is also proposed to generate samples of 
plausible future scenarios. A stochastic programming formulation to the SN design problem is provided, and solved using the 
sample average approximation method. A realistic case is developed to illustrate the approach and to underline major issues 
to consider in the design of SNs under uncertainty.   

Key words: Supply Networks, Scenarios Planning, Risk modeling  
 

1 Introduction  

Supply network (SN) design problems involve strategic decisions on the location of a set of facilities (sales 
points, distribution centers, plants…) and on their mission, in order to serve a set of customers on a daily basis. 
Since these decisions shape the structure of the SN, their impact is felt during several years. However, when 
these decisions are made, customers’ future demands as well as potential network disruptions are not known 
with certainty. At that point in time, the best that can be done is to anticipate future network operations in order 
to design effective SNs, and to characterize adequately the future business environment in order to design 
resilient SNs. Recently, several events such as the 9/11 terrorist attacks on WTC, the US blackout in 2004, 
hurricane Katrina in 2005 and Chile’s earthquake in 2010, showed how risky the future business environment 
can be. Several deterministic models ([12][3]) and a few stochastic models ([15],[17]) were proposed in the 
literature to deal with supply chain design problems under random business-as-usual factors. A few robust 
optimization [20] and stochastic programming ([20],[21],[13],[11]) models were also proposed to deal with 
location problems under the risk of failure for some network nodes and/or links. In these papers, the emphasis is 
on showing the effect of supplier and/or retailer failures on location decisions, and on building more reliable 
networks by introducing flexibility constructs into the design model. However, the risk modeling aspects are 
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Abstract  
 

As supply chains are complex, dynamic and consequently unstable, it is inevitable that the involved actors have to react to 

unforeseen events. Adaptive manufacturing strategies, also known as responsive manufacturing, address this issue by aiming 

at profitably replenishing the supply chain while dynamically adapting to change. This paper intends to present an aggregated 

adaptive strategy integrating production, replenishment and supplier selection activities. Based on previous findings and two 

case studies, involving up to three suppliers, the obtained results show clearly that it is always profitable to consider multiple 

suppliers to make replenishment and production decisions. We also discuss the generalization of the proposed strategy for 

more than three suppliers.  

 

Key words: Stochastic optimal control, supplier selection strategy, production control, simulation.  
 

1 Introduction 

Outsourcing of logistics operations to third parties is one of the common practices adopted nowadays by 

companies to cope with the complexity of supply chain management. This outsourcing allows companies to 

focus on their niches, reduce operational costs and increase sales. In return, companies become dependent of 

their product/service suppliers and the performance of the whole supply chain may be considerably affected if 

poor decisions are made. These decisions are of three levels: long-term, mid-term and short-term and may 

concern, for example, supplier selection, supplier management , replenishment strategies, etc. [2]. Cooperation 

and integration of information exchange systems are also fundamental to reach company objectives ([9], [1]). 

This paper addresses the problem of supplier management in a manufacturing context within a mid-term or a 

short-term perspective. It considers a joint replenishment and production control problem for an unreliable 

manufacturing system supplied by multiple unreliable suppliers. More specifically, we assume that, for a given 

class of a product, a set of potential suppliers have been pre-selected. When receiving a new order, the 

manufacturer should respond to a series of questions: (1) from the pre-selected set of suppliers, who can respond 

efficiently to the current order? (2) What is the order quantity to place? (3) At what time should the order be 
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Abstract

Competitive  international  business  environment  has  forced  many  firms  to  focus  on  supply  chain  management  to  gain  
competitive  advantages.  During recent  years,  supplier  selection process in  the supply chain has become a key strategic  
consideration because most of the firms have been spending considerable amount of their revenues on purchasing.  However,  
In general, many quantitative and qualitative factors such as quality,  \Price, flexibility and delivery performance must be  
considered to determine suitable suppliers. This means that the nature of supplier selection decisions usually is comple\x and  
unstructured. 
This paper is aimed to present a fuzzy decision-making approach to deal with the supplier selection problem. We generalize  
TO\PSIS to fuzzy multiple-criteria decision-making.  TO\PSIS is one of the well-known and widely accepted methods for  
multiple  criteria  decision  making  (MCDM).  We  use  triangular  fuzzy  numbers  to  e\xpress  linguistic  values  of  e\xperts' 
subjective preferences. The application process has been demonstrated with a real case study in an automobile manufacturing  
company. The study was followed by the sensitivity analyses of the results.

Key words: Supplier selection, TO\PSIS, Multiple criteria decision making (MCDM), Fuzzy set theory

1 Introduction

In today’s highly competitive environment, it is impossible for a company to successfully produce low cost, high  
quality products without satisfactory suppliers [31]. Among the issues of supply chain management concerning 
purchasing decision, supplier selection is the most important activity of a firm’s purchasing department because  
the purchasing decisions have a direct effect on cost reduction, profitability and the flexibility of the company.  
Practically supplier selection decision consists of several criteria such as price, quality, on-time delivery, after-
sales services, supplier location, and supplier’s financial status. Supplier selection is a multi criteria decision 
problem, which includes both quantitative and qualitative criteria. It  is necessary to make trade-offs between 
these tangible and intangible criteria which may conflict with one another to select the best suppliers [22].

MCDM methods  are  formal  approaches  to  structure  information  and  decision  evaluation  in  problems with 
multiple, conflicting goals. MCDM can help users understand the results of integrated assessments, including 

* This paper was not presented at any other revue. Corresponding author Roohollah Khodaverdi, Tel: (+98) 02188770011-13 
Fa\x : (+98)02188770017,
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Abstract  
 
Decision about outsourcing core products is one of the subtlest and most important decisions made by a purchaser. It is a 
two-edged sword decision that can be the source of huge competitive advantage, such as cutting fixed costs while improving 
quality and giving access to innovation, but can also be the beginning of company disaster. Indeed, outsourcing a strategic 
product to an inappropriate contract manufacturer might provoke not only huge financial losses, and corporate image 
humiliation but can also lead to company bankruptcy. Therefore these decisions must be made with a high level of vigilance. 
Suppliers must be selected in a way to minimise the risks such as loss of intellectual property, and ethical issues and to 
maximize potential rewards. The evaluation of suppliers against qualitative and intangible as well as quantifiable criteria is 
therefore essential and the use of model that facilitates this is highly desirable, leading to better informed decisions. This 
paper demonstrates the practical application of such a framework in Staedtish, a company faced with the decision regarding 
the outsourcing of a core product to collaborative supplier. 
 
Key words: Supplier selection, outsourcing, core product, collaborative relationship, purchasing framework, framing, 
decision on stages, MCDA, practitioners  
 

1 Introduction  

Outsourcing, that refers to the practice of a firm entrusting to an external entity the performance of an activity 
(manufacturing of a good or performing of a service) [14], is a phenomenon that expanded from a simple 
externalization of non-strategic activities, such as canteen or cleaning, to core activities, such as production and 
research and development. Outsourcing has been widely discussed by academics, practitioners and consulting 
companies. Wide range of outsourcing synonyms can be found in literature such as externalizing, contract 
manufacturing or subcontracting. To express the choice between outsourcing and in-house production 
(performing activity inside boundaries of the firm) terms such as ‘make or buy’ are frequently used. Multiple 
companies are tempted by huge opportunities of outsourcing, such as quick reduction of operations costs that 
reflects directly in financial sheet; access to new human capital; and increase of flexibility. Numerous are 
examples of so called ‘virtual corporations’ [10] i.e. vertically disintegrated manufacturers that focus on 
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Abstract 

This paper presents an analysis methodology for establishing the stability of the planning environment faced by a company 
and the impact on the stability from changes to sales order lines. The methodology focuses on three critical planning parame-
ters derived from customer orders: product mix, volume and order sizes. Furthermore, the methodology links the delivery  
performance of a company to the changes made to sales orders.  Based on a test case application of the methodology,  it is 
concluded that by accepting changes, the demand faced by the case company has become more unstable on product mix, vol-
ume and the number of order lines per period. Furthermore, it is found that the stability of the order sizes is not improved sig-
nificantly. Ultimately, by applying the methodology to the case company it is found that by changing the sales orders the 
company does not improve the delivery performance. 

Key words: Business Intelligence, Diagnostics, Decision Support Systems, Performance Improvement Systems

1 Introduction

The main challenge in today’s businesses is not getting enough information to make qualified decisions, but 
rather structuring the information already available, in a manner that facilitates pro- and reactive actions to im-
prove the performance of the business. The motivation for this research is the long-term development of a com-
plete diagnostic methodology that considers and enables diagnosis of the manufacturing planning and control 
system, by examining the inputs and changes to the system. In this context, the paper presents a step towards de-
veloping a comprehensive analysis methodology for identifying root causes for poor delivery performance. The 
paper focuses on three critical planning parameters; product mix, volume and order sizes and presents a number 
of methods to analyze these areas. Specifically, the analysis methodology focuses on establishing the stability of 
the planning environment faced by the company in the form of demand and the impact of changes to sales order  
lines on the stability.  A stable planning environment is in this context considered to have the following at-
tributes: 

- The product mix is stable i.e. the product mix does not vary from planning period to period.
- The demand is stable, i.e. the demand is constant in volume from planning period to period.
- The order sizes are constant or follow a symmetric distribution. 

The paper likewise introduces three different On-Time-in-Full delivery performance measures that give a ratio of 
order lines, volume and revenue respectively satisfactorily delivered On-Time-In-Full. These measures are cho-

* This paper was not presented at any other revue. Corresponding author P. Nielsen. Tel. +45 99408932
Email addresses: peter@m-tech.aau.dk (Peter Nielsen)\, the@m-tech.aau.dk (Thomas \Eriksen).
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Abstract

The single-vehicle cyclic inventory routing problem (SV-CIRP) is concerned with a repeated distribution of a product
from a single depot to a selected subset of retailers having stable demands. If a retailer is selected for replenishment, the
supplier collects a retailer-related fixed reward. The objective is to determine the subset of retailers to cyclically replenish,
the quantities to be delivered to each, and to design the vehicle delivery routes so that the expected total distribution
and inventory cost is minimized while the total collected rewards from the selected retailers is maximized. The resulting
distribution plan must prevent stockouts from occurring at each retailer. The underlying optimization problem for this
SV-CIRP is formulated as a mixed-integer program with linear constraints and a nonlinear objective function. In this
paper, an iterated local search algorithm (ILS) is developed to solve the SV-CIRP. The proposed approach is tested on
some randomly generated problems and the obtained results are compared with the results from an efficient insertion
heuristic approach. Computational results show that the proposed iterated local search algorithm is more competitive
and superior to the known heuristic approaches for the single-vehicle cyclic inventory routing problem.

Key words: Inventory-Routing, Nonlinear Mixed-Integer Programming, Heuristics, Iterated Local Search

1 Introduction

The cyclic inventory routing problem (CIRP) is one of the important and practical problems in logistics. The
problem involves the integration of inventory management and vehicle scheduling and routing policies. In prac-
tice, policies such as ‘Vendor Managed Inventory’ (VMI) have proven that this kind of inventory and distribution
integration improves considerably the overall performance of the supply network. VMI is an agreement between
a vendor and his customers according to which customers agree to the fact that the vendor decides the timing
and size of the deliveries. In other words, the vendor is granted full authority to manage inventories at his
customers’. The CIRP is an underlying optimization model for the VMI policy when customer demand rates
are stable.

The single-vehicle cyclic inventory routing problem (SV-CIRP) arises naturally as a sub-problem, when branch-
and-price or a column generation based approach is used to solve the CIRP (see e.g. [2] and [20]). The purpose of
the SV-CIRP is to design an optimal distribution plan in which the inventory at each one of the selected retailers
is replenished on a cyclical basis. The quantity of the product to be delivered to each retailer and the vehicle
routes must be determined so that the resulting total distribution and inventory cost is minimized and the total

? This paper was not presented at any other revue. Corresponding author E. H. Aghezzaf. Tel. +32-9-2645500. Fax
+32-9-2645847.
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Abstract  
 
Hub location problems (HLP) are synthetic optimization problems that appear in telecommunication and transportation 
networks where nodes send and receive commodities (i.e., data transmissions, passenger transportation, postal deliveries, 
etc.) through special facilities or transshipment points called hubs. Hub location problems are related to finding the location 
of hub facilities and the allocation of non-hub nodes to those located hub. In this paper, the capacitated single allocation hub 
covering location problem-CSAHCLP over complete hub network is studied. In order to minimizing the transportation cost 
through the hub network, a mixed-integer programming (MIP) model will be presented so that each hub has limited capacity 
of serving received flows. Due to the computational complexity of the resulted model, a meta-heuristic algorithm based on 
Genetic Algorithm to find near optimal solution of the problem is proposed. 
 
Key words: Hub covering problem, Network design, Capacity constraints, Genetic algorithm  
 

1 Introduction  

A basic task of any traffic network is establishing the flow from a set of sources to a set of destinations by 
providing cost effective means. Hub-and-spoke networks have a lot of application in transportation and 
telecommunication system including passenger travel through an airline’s network of airports, to postal delivery, 
communication, cargo and public transportation networks where several origin/destination points send and 
receive some products. The key feature of these networks is to route products via a specific subset of links, rather 
than routing each product with a direct link from its origin to its destination point. So, the main duties of hubs 
are to consolidate and to reroute the flows received from located nodes through hub network.  

In the hub covering location problem (HCLP), the number of hubs is not given and the objective is to find the 
best location of hubs in the network and allocation of nodes to hubs such that the total cost of locating the hubs is 
minimized. The HCLP contains cover constraints, which limit the number of non-hub nodes that can allocate to 
each hub. Three coverage criteria for hubs have been defined as follows [5]. The origin destination pair (i, j) is 
covered by hubs k and m if: 
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Abstract  
In this paper, we propose a branch and bound algorithm (B&B) for the problem of scheduling N production jobs on M 
parallel machines. Each machine should be maintained once during the planning horizon. The maintenance resources 
ensuring the preventive maintenance activities are not sufficient. For this reason, the maintenance tasks should be 
continuously run during the planning horizon. We aim in this study to find a schedule composed of the production jobs for 
which the total sum of the job’s weighted completion times is minimized such that the preventive maintenance periods are 
not known in advance. 
 
Key words: Branch and Bound, Lower Bound, Upper Bound. 
 

1 Introduction  

Preventive maintenance operations are usually required in manufacturing shops to keep processing equipments in 
well working conditions. Sometimes, the maintenance resources ensuring the preventive maintenance activities 
are very expensive which implies their limited number in the shops. In such a situation, most preventive 
maintenance policies try to continuously execute the preventive maintenance tasks during the planning horizon. 
This fact obliges the execution of some preventive maintenance tasks to be early or tardy. Since delaying or early 
execute a preventive maintenance task increases the preventive maintenance cost, it is suggested to check the 
preventive maintenance tasks’ executions during the planning horizon in order to get a minimal preventive 

                                                 
* This paper was not presented at any other journal. Corresponding author: I. Kacem. Tel: +33387315257. Fax: 
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Abstract  
 
Supply chain designers encounter facility disruptions and in most cases, facility location decisions are expensive to change. 
Therefore, managers prefer to prevent failures or at least reduce the number of disruptions. A narrow research area is 
dedicated to reliable facility location models during the last decade. We consider a known reliable fixed-charge location 
problem (RFLP) proposed by Snyder and Daskin [17] to solve. The model is a bi-objective one, in which decreasing in one 
objective (i.e., transportation cost) results in increasing the other objective (i.e., fixed cost). Despite of the fact that the 
problem is a multi-objective NP–hard problem, no researcher has applied meta-heuristic approaches for this model. We apply 
a non-dominated sorting genetic algorithm (NSGA-II) in order to obtain Pareto front non-dominated solutions for the first 
time. Finally, experimental results clarified that the NSGA-II is an efficient algorithm for achieving non-dominated solutions 
in this problem. 

Key words: Reliable facility location, Disruption, Non-dominated sorting genetic algorithm (NSGA-II)  
 

1 Introduction  

Facility location models have been widely used in real-world cases, such as warehouses, emergency services, 
communication networks, airports and distribution centers in supply chain. In these models, the goal is to locate 
the facilities among candidate sites and to assign customers to facilities in a way that minimizes the total cost [5], 
[10] and [14]. Primary models considered that facilities never would fail or they were completely reliable, but in 
recent papers, researchers have focused on revising the previous models into improved version, in a way that 
they provide the possibility of considering failure probabilities for facilities. In real cases, facilities may face up 
with disruptions with different failure probabilities. 

In general, reliability of the system increases by applying the following approaches: 1) using facilities that are 
more reliable, 2) using non-failable facilities and 3) is a combination of both methods. The purpose of applying 
reliable facility location models is to imply that the system operates properly even if failure happens. Supply 

                                                           

* This paper was not presented at any other revue. Corresponding author R. Tavakkoli-Moghadam. Tel. +98 21 82084183. 
Fax +98 21 88013102. 
Email addresses: s.shiri@ut.ac.ir (Somayeh Shiri), tavakoli@ut.ac.ir (Reza Tavakkoli-Moghaddam), m.taslimi@ut.ac.ir 
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Abstract: 

The Analytic Hierarchy Process (AHP) is a useful method but it is not often applied for supplier selection, especially when  
the number of candidates is high. Therefore, AHP would not be able to solve supplier base reduction problems. This paper 
presents AHPSort, a new variant of the AHP, used for sorting alternatives. A real case study confirming or dismissing  
suppliers is used to evaluate our approach. However useful, two conditions are missing for a full adoption by the studied  
company:  the explanation of the mathematics  behind the method and the implementation in an integrated procurement 
system.

Keywords: AHP, AHPSort, MCDA; supplier base reduction, outsourcing

1. Introduction

The Analytic Hierarchy Process (AHP) is a multi-criteria decision method with an impressive record of success 
stories  compiled  in  several  papers [19],  [21],  [26],  [33],  [37],  [50],  [61],  [67],  [68],  [72],  [84]. The  core 
ingredient of the AHP is the pair-wise evaluation of alternatives and criteria, which offers a more precise result  
than a direct evaluation as in a traditional weighted sum [43], [57], [58], [60], [76]. Supplier selection is seen as 
extremely important for companies (e.g. see recent surveys [38-40]), however the AHP is not the main method 
adopted for such exercise. Most companies still prefer to use a simple weighted sum. The aim of this study is to  
understand the barriers for adopting the AHP. In the first part of our study, a literature review highlights that the  
AHP has been used only when the number of potential suppliers is small. Therefore, AHP is not adapted for 
supplier base reduction. In order to tackle this problem, the AHPSort has been developed as a sorting method. A 
case study is then used to illustrate AHPSort. We have observed that our approach is appreciated and reliable,  
but it cannot be adopted straightaway as it is not integrated with the current IT system in place and the company  
requires explanation on the mathematical background of the method.

2. Literature review

Supplier selection is a complicate exercise as several, often conflicting criteria have to be considered in the  
decision making process.

* This paper was not presented at any other revue. Corresponding author Alessio Ishizaka. Tel. +44 (0)
2392844171. Email Alessio.Ishizaka@port.ac.uk
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Abstract  

 

Flexibility and speed are the hall marks of success in the modern supply chains; traditional supply chains with long lead times 

and inferior product variety are no longer feasible. Supply chains are becoming more integrated through improved integration 

and through improved standardization among the enterprise control systems, e.g. Manufacturing Execution Systems, 

Enterprise Resource Planning Systems etc; and through improved information sharing among the supply chain partners, like 

in the case of Vendor Managed Inventories. These technologies provide never before seen flexibility and speed to modern 

supply chains, but their implementation is not cheap. We provide a substitute for small and medium enterprise to benefit from 

the standardized reference models created for the aforementioned technologies. We provide implementation for the proof of 

concept of utilizing ontologies as a decisional support tool for improved awareness of the decision makers at the interactions 

locus of the networked supply chain. The modelled ontology, in its scope integrates the product with its material 

requirements, and the quality assurance requirements, but the business rules defined by the authors have the limiting scope of 

material and its corresponding integration to the product. As the ontology is modelled on standardized reference integration 

models its can be further be extended to integrate product life cycle management models but this is beyond the scope of this 

paper. 

 

Key words: Decision support system, enterprise ontology, IEC 62264, STEP-PDM (product data model), DL (Description 

logic), SWRL (Semantic Web Rule Language), Protégé, JESS (Java Expert System Shell), model driven architecture, 

inference rules. 
 

1 Introduction  

Recently the dramatic increase in the product variety and mass customization have presented with new 

challenges in enterprise integration, these challenges range from product design strategies, production planning 

and the corresponding supply chain management strategies [6]. These challenges have also resulted in the 

competition among the supply chains and impacted the supply chain structure from central tight knitted 

organizations with defined hierarchies, towards more collaboration oriented structures. The competitive 

advantage, in the above circumstances is in improving the integration and coordination among the associated 

partners and in modelling decision support systems that can provide increased supply chain awareness to the 

decision makers and their associated partners at key interaction locus in supply chain.  

                                                 
*
 This paper was not presented at any other revue. Corresponding author F. Amjad. Tel. +33-0-611811038 
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Abstract  

 

Outsourcing some of logistics activities is a useful strategy for companies in recent years. This makes possible firms to 

concentrate their main issues and processes, presents facility to improve logistics performance, to reduce costs and to 

improve quality. Therefore provider selection and evaluation in third-party logistics becomes an important activity for 

companies.  Making a strategic decision like this is significantly hard and crucial. In this study we proposed a Fuzzy MCDM 

(Multi Criteria Decision Making )approach to effectively select themost apropriate provider. First we identify the provider 

selection criteria and build the hierarchical structure of decision model. After building the hierarchical structure we 

determined the selection criteria weights by using Fuzzy AHP (Analytical Hierarchy Process) technique. Then we applied 

Fuzzy VIKOR (Vise Kriterijumska Optimizacija I Kompromisno Resenje) to obtain final rankings for providers. And finally 

an illustrative example is also given to demonstrate the effectiveness of the proposed model.  

.  

 

Key words: Fuzzy MCDM, Fuzzy AHP, Fuzzy VIKOR , Third-party Logistics  
 

1 Introduction  

Supply chain management involves the design and management of seamless, value-added processes across 

organizational boundaries to meet the real needs of the end customer [9], [11], [12]. Logistics plays a significant 

role in integrating the supply chain of industries. However, as the market becomes more global, logistics is now 

seen as an important area where industries can cut costs and improve their customer service quality [23]. 

Logistics outsourcing and third-party logistics originated in the 1980s as important means of improving supply 

chain effectiveness [19].  

Estimates indicate that the proportion of companies in the US implementing this approach has increased by 5–8% 

annually between 1996 and 2004 [1]. Moreover, in 2005 no less than 80% of the Fortune 500 Companies stated 

that they relied on TPL [16]. Current predictions indicate growth rates in the range of 15–20% between 2009 and 

2011 in bothWestern Europe and the US [10], [13]. 
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Abstract  
 
Supplier selection is a common problem for acquiring the necessary materials for firms or organizations. On the 
other hand, it is a hard problem in which multiple criteria need to be carefully examined. The paper introduces the 
Correspondence Analysis method to a stochastic multicriteria group decision problem in order to provide solutions 
for the suppliers’ selection process. The method is applied to an initial set of categorical data and interprets the 
ranking of suppliers by means of a new family of weighted hyper-criteria. In case where an aggregation procedure 
is requested, a synthetic approach based upon the general concept of outranking relations is introduced. 
 
Key words: supplier selection, correspondence analysis, categorical data, stochastic multicriteria group decision-
making 
 

1 Introduction  

The term “Supply Chain Management (SCM)” arose in the late 1980s and came into widespread use in 
the 1990s.  Accoring to Caneshan & Harisson [12] “a Supply Chain (SC) is a network of facilities and 
distribution options that performs the functions of procurement of materials, transformation of these 
materials into intermediate and finished products, and the distribution of these finished products to 
customers”. SCM can be defined as a coordination process  concerning decision making in five areas: 
production, invertory, location, transportation and information. Its main goal, which can be described 
as the “increase  throupout while simultaneously reducing both invertory and operating porocess” [8], 
is purely analyzed  in terms of actions such as:  reduction of SC risk , reduction  of production costs, 
maximazation of revenue, optimazation of invertory levels, business processes and cycle times, 
improvment of customers service and increasment of competitiveness, satisfaction and profitability 
[15]. 

Nowadays, the global competition has imposed tremendous pressure on product and service practices. 
Quality and time delivery  factors  add a new level of complexity, especially for the part of the 
purchasing process. Under this point of view, the purchasing function is increasingly seen as a strategic 
issue in  companies or organizations. One major aspect of this function refers to the selection of a 
competent group of suppliers for aquiring the necessary materials to support all types of business 
enterpises. Supplier selection (choice) can be defined as the process by which suppliers are reviewed, 
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Abstract  
 
To face turbulent environment, enterprises need to adapt their procedures to uncertainty and respond accurately 
and rapidly to various hazards. Therefore, they need to orient their control system on the use of information in 
real time, allowing visibility and tracing throughout the supply chain. Modeling the supply chain allows us to 
understand its mechanism, to analyze performance and behaviour in order to enhance performance or to validate 
the decision to implement a new organization. This paper aims to analyze existing modeling tools in order to 
highlight those which are liable to model a supply chain’s dynamic performance. Our analysis will be based on 
real-time information use allowing flexibility and reactivity in managing volatile environments.  
Key words: Real-time information, supply chain, model, and dynamic. 

 

1 Introduction  

A supply chain is a network of partners based upon mutual interference and collaboration, whose overall goal is 
to satisfy customers with low cost [28]. This objective remains a competitive asset for any business wishing to 
secure its durability in a particularly volatile context characterized by strong competition, versatile consumers, 
emerging technologies, and a shorter product lifecycle. Supply chain management has become more and more 
complex. A supply chain cannot longer be seen as a succession of stable and sequenced operations, but is more 
similar to a dynamic network which is able to adapt itself to change and uncertainty. 

 
In this context, supply chain management relies on its capability to adjust its functions and respond quickly and 
accurately to a volatile environment. Therefore, businesses need to ensure the reactive monitoring of the physical 
and informational flows in a system, based on the use information in real-time. The instant recognition of 
disruptive events allows the perception of alterations in resources or products, of machine breakdowns, of 
demand variations [3] while improving planning, control, process management, and cost reduction. 
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Abstract  

 

The environment complexity in which supply chain members are evolving leads them to adopt opposite strategies in a 

constructive way. In this sense companies tend to create value by cooperation and, at the same time, capture value by 

competition. This ago-antagonistic behavior generates a relational dynamics in which companies perform on a set of factors 

to improve their position within the chain. This enables them to progress towards common interests while ensuring on their 

own ones. In the present paper, this dynamics is analyzed by using ago-antagonistic system theory, which integrates an 

economic exchange orientation with a social exchange perspective in order to come up with a framework permitting to 

better understand and justify information sharing antecedents according to supply chain members‟ behavior.   

 

Key words: Supply chain, information sharing, relational dynamics, Transaction cost theory, Social exchange theory, Ago-

antagonistic system.  

  
 

1 Introduction  

The exceptional growth experienced by the global economic environment in recent years has greatly contributed 

to increased consumption, which in turn resulted in bigger sales. This meteoric rise, coupled with the opening 

of markets, the shrinking of product life cycles, the acceleration of trade, the unprecedented development of 

information and communication technologies, the increased demanding customers and also the expansion of 

transportation networks, represent major consequences of amplification of flows complexity between different 

actors of the economic system. This meant that these flows have become difficult to rationalize prompted 

companies to focus on their core competencies, by outsourcing non-generating value activities to face a number 

of constraints when managing their processes that deal with the product (or service) from its design to its 

commercialization, incorporating returns and recycling. To handle such constraints, firms implement new 

business models and organizational configurations integrating the notion of networks. These were achieved by 

the advent of „supply chains‟ which represent central organizing units in nowadays‟ industries [38]. 
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Abstract 
 
A carriers’ collaboration problem in less than truckload transportation with pickup and delivery requests (CCPLTL) is 
studied, where multiple carriers form an alliance to share their vehicle capacities and delivery requests. CCPLTL has two 
important issues which are the optimal reallocation of transportation requests among carriers to maximize the total profit of 
the alliance and the fair allocation of the profit among carriers to maintain the stability of the alliance. In this study, the 
second issue is addressed under the assumption that the optimal reallocation of transportation requests is realized by using a 
centralised approach. We propose a fair or nearly fair profit allocation mechanism which takes account of the contribution of 
each carrier both in offering requests and in serving requests. The mechanism ensures that the allocation is in core or γ-
budget balanced. Numerical experiments on randomly generated instances demonstrate the effectiveness of the mechanism. 
 
Key words: Collaborative logistics, Carriers’ collaboration, Less than truckload, Profit allocation mechanism 
 

1 Introduction 

In collaborative logistics, multiple carriers may form an alliance to share their vehicle capacities and delivery 
requests in order to optimize their transportation operations. The objective of the collaboration is to eliminate 
empty back hauls, to raise vehicle utilization rates, and thus to increase the profit of each carrier involved. Driven 
by cost reduction requirement due to fierce competition in the transportation market and increased environmental 
concerns, improving operational efficiency through resources sharing and collaborative transportation planning is 
becoming a new business model for transportation industry [6]. 

In practice, two types (modes) of transportation are often performed: truckload (TL) transportation and less than 
truckload (LTL) transportation. Until now, more studies in collaborative logistics were focused on TL 
transportation [7], [8], [14] and [15]. For carrier collaboration with TL mode, Kwon et al. [14] proposed an 
integrated multi-round combinatorial auction framework for TL transportation procurement, where shippers 
receive bids on packages of lanes and solve a winner determination problem (WDP) to assign lanes to carriers, 
and carriers solve a bid generation problem [15] for maximizing their profits and discovering profitable lanes to 
bid at each round. Price information derived from the solution of WDP in the current round is used by bidders in 
identifying profitable lanes in the next round. The results showed that by using their framework, shippers can 
reduce costs of procurement of services and carriers are able to identify alternative valuable packages of lanes. 

                                                 
* This paper was not presented at any other revue. Corresponding author B. Dai. Tel. +0033-0325718564. 
Email addresses: bo.dai@utt.fr (Bo Dai), haoxun.chen@utt.fr (Haoxun Chen). 
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Abstract  
 
This paper deals with the integrated supply chain management problem in the context of a single vendor-single buyer system 
for which the production unit is assumed to randomly shift from an in-control to an out-of-control state. Two different 
strategies, integrating production, shipment and maintenance policies, are proposed and compared to satisfy the buyers order 
at a minimum total cost rate. The first strategy is based on a classical production policy for which the buyer’s order of size 
nQ is manufactured continuously and shipped by lots of size Q. The second strategy suggests that the same buyer’s order 
should be produced and shipped separately by equal sized lots Q. For both strategies, a corrective or preventive maintenance 
action is performed at the end of each production cycle, depending on the state of the production unit, and a new setup is 
carried out. The total integrated average cost per time unit is considered as the performance criterion allowing choosing the 
best policy for any given situation. 
 
Key words: supply chain management, production, inventory, maintenance, quality, single-vendor single-buyer 
 

1 Introduction  

The Economic Lot Sizing problem has been widely and differently treated in single context (EOQ: Economic 
Order Quantity from the buyer side, EPQ: Economic Production Quantity for the vendor side) as well as in joint 
context (JELS: Joint Economic Lot Sizing for both the buyer and the vendor). Since Harris’s classical EOQ, 
researchers have relaxed assumptions, such as the perfect production process, making models more and more 
realistic.  

A multitude of individual models related to the case of imperfect production process have been developed. For 
example, Rosenblatt and Lee [19], Cheng [6], Lin [14] and Khouja and Mehrez [11] developed models assuming 
that at the beginning of each production run, the production facility is in an in-control state. After a period of 
time during the production run, the facility shifts to an out-of-control state. They tried to optimize the total cost 
but didn’t suggest any solution to counter the unreliability problem. On the other hand, many authors have 
integrated differently inspection and/or maintenance policies in order to stop or minimize the production of non-
conforming items, such as Lee and Srinivason [13], Lee and Park [12], Ben-Daya and Khursheed [4], Ben-Daya 
[3] and Aghezzaf et al. [2]. Recently, Yang et al. [21] proposed a new method for the scheduling of maintenance 

                                                 
* This paper was not presented at any other revue. Corresponding author: Anis Chelbi Tel. +216-71-392591. Fax            
+216-71-391166 
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Abstract

This paper tackles the difficult problem of joint family product and supply chain design. This issue attracted more
and more attention in the recent years. In this paper, we propose a Mixed Integer Linear Program (MILP) model
which integrates product, sub-assembly and component substitution possibilities to a supply chain design model. First,
the problem is described, notions of supply chain and product substitution are explained. The concept of substitution
is discussed and illustrated. Then we present the MILP which includes joint product and supply chain optimization.
Finally, experiments characterize the complexity of the problem through the comparison of the resolution length and
efficiency with and without substitution.

Key words: Supply chain design, Product family, Mixed Integer Linear Programming

1 Introduction

In a highly competitive business environment, companies must diversify their offers to meet customer’s demands.
This diversity affects conception, production and distribution processes in decreasing economies of scale. In this
conditions, the question is how to offer a wide variety of products that meets customer’s needs, while controlling
production and logistical costs? Leverage actions that are considered in this paper are the supply chain design
and the product family design through sub-assembly substitution.

Works on product family design usually take into account production and logistical constraints. Mass customiza-
tion [10] is now a well spread conception technique to achieve large variety of product designs at minimum cost.
This allows focusing on the optimization of the product family, considering that assembly constraint are more
flexible. Many problematics arise as determining the product family variety [3] or the module optimization [1]
to minimize production costs.

? This paper was not presented at any other revue. Corresponding author B. Baud-Lavigne.

Email addresses: bertrand.baud-lavigne@grenoble-inp.fr (Bertrand BAUD-LAVIGNE),
bruno.agard@polymtl.ca (Bruno AGARD), bernard.penz@grenoble-inp.fr (Bernard PENZ).
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Abstract

Schedules have implications that are experienced collectively by a number of di�erent persons with di�erent responsi-
bilities. It is, therefore, reasonable to make scheduling decisions in such a way that satis�es the considerations of all the
involved partners. Unfortunately, even though there is a vast body of literature on production scheduling, the existing
research generally concentrates on generating schedules that optimize one or more performance measures and does not
address the problem of how to �nd a schedule that can be found acceptable by several users. Moreover, the considerations
of the users may not be fully known in advance, can be implicit or qualitative, and therefore may not be included in the
initial problem de�nition. In this study, we tackle with this problem and propose an approach that aims at determining
a schedule that is the result of an agreement between di�erent partners rather than at imposing an optimal solution
to everyone. To alleviate di�culties, we suggest that it is �rst necessary to �nd a set of di�erent schedules that can be
considered e�cient by everyone. The solutions can afterwards be passed on to the users to decide on the most appropriate
schedule according to their priorities. The proposed two-step approach is illustrated on a hybrid �ow shop environment.
We propose a multimodal genetic algorithm to solve the �rst sub-problem. Our computational experiments on a set
of benchmark problems from the literature indicate not only that the proposed algorithm is very competitive when
compared to the existing exact or heuristic state-of-the-art methods, but that it is also quite promising in obtaining a
diverse set of e�cient (mostly optimal) alternative schedules. We address the second sub-problem using a multiplicative
variant of the popular analytic hierarchy processing(AHP) technique, which does not su�er from dependence on irrelevant
alternatives as the original version.

Key words: multimodal optimization, hybrid �ow shop, genetic algorithm, production scheduling, group decision
making, AHP, preference aggregation

1 Introduction

Scheduling is a decision making process that is far from being isolated. It is in interaction with other decision
making processes such as production planning, order review/release, due date quotation, lot sizing, multi-plant
coordination, etc. Schedules are not just time/machine/operation assignments, but they are also programs
that guide purchasing of raw material, negotiation of due-dates with the customers, tool, �xture and operator
assignments, determination of work-force and overtime levels, transportation of raw material and �nished goods,
etc. Note that the implications of a schedule are not even con�ned within the borders of the company. It is
increasingly becoming common for the companies to share their production schedules with their suppliers with

? This paper was not presented at any other revue. Corresponding author H. Pierreval. Tel. +33(0)4 73 28 81 06. Fax
+33(0)4 73 28 81 00.
Email addresses: Selcuk.Goren@ifma.fr (Selçuk GÖREN), Henri.Pierreval@ifma.fr (Henri PIERREVAL).
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Abstract  
 
This paper presents a new decision making approach for automatic fuzzy based knowledge acquisition, which clubs supplier 
selection process with order allocation for dynamic supply chains to cope market variations. More specifically, the developed 
approach imitates the knowledge acquisition and manipulation in a manner similar to the decision makers who have gathered 
considerable knowledge and expertise in procurement domain. As per this concept, those decision criteria for supplier 
selection are considered first through four classes (CLASS I: Performance strategy, CLASS II: Quality of service, CLASS 
III: Innovation and CLASS IV: Risk), which are qualitatively meaningful. Thereafter, using fuzzy logic, the criteria 
application is quantitatively evaluated. As a result, the approach generates decision-making knowledge, and thereafter, the 
developed combination of rules for supplier selection with order allocation can easily be interpreted, adopted and at the same 
time if necessary, modified by decision makers/managers. 
 
Key words: Supplier selection, fuzzy AHP, fuzzy TOPSIS, knowledge, multi-criteria 
 

1 Introduction  

In many settings, supplier selection is a crucial strategic sourcing decision that has long-term impacts on a 
company’s profitability and efficiency. Recently, Van der Rhee et al. [10] explored how executives’ trade-off 
amongst various dimensions when selecting a supplier. An empirical study is presented to assess the marginal 
trade-off for cost, delivery performance, flexibility, and value-added service/support in a supplier selection 
process using a market utility-based approach (DCA). Specifically, the three objectives are: (i) how do managers 
trade-off between price and other competitive criteria in supplier selection process, given acceptable quality?, (ii) 
what is the relative importance of value-added service and support when selecting suppliers, given acceptable 
quality?, and How do trade-offs in the supplier selection process differ across cultural/national regions?. 
 
Sanayei et al. [9] proposed an integrated approach using multi-attribute utility theory (MAUT) and linear 
programming for rating and selecting the best suppliers, and defining the optimum order quantities among 
selected ones in order to maximize the quantity of purchase from the desired suppliers.  Moreover, Wu et al. [13] 
proposed a two-stage integrated multi-objective decision-making approach using analytic network process 
(ANP) and mixed integer programming (MIP) to select suppliers when the bundling strategy existed.  
 

                                                 
* This paper was not presented at any other revue. Corresponding author A.ZOUGGARI. Tel. +33-387547297. Fax +33-
387315455 
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Abstract  

 

We propose to position the product architecture as the driver for carbon footprint, cost and lead time minimization in a global 

supply chain. With data from an industrial case, we show the implications of the product architecture decisions on the supply 

chain performance measures, including carbon footprint levels. Our results point to the importance of the product 

architecture as a customization platform to supply globally while optimizing different performance measures for different 

contexts.  

 

Key words: Carbon Footprint, Supply Chain Optimization  
 

1 Introduction  

Sustainability and carbon footprint (CF) concepts are becoming increasingly important for companies to 
incorporate into their business practices [14]. Consumers are more aware of their impact on the environment and 
are pressuring companies to produce sustainable products [13].  It is anticipated that the government will 
legislate cap and trade policies for greenhouse gas (GHG) emissions [14].  In fact, trial programs have already 
been enacted globally for assessing and reporting the life cycle GHG emissions of products and services [5]. 
Denmark has CO2 taxes in place, which motivates industry to move away from fossil fuels [6]. The International 
Organization for Standardization (ISO) also is developing a standard on the carbon footprint of products [5].  
 
Some companies are tracking and reducing GHG emissions before laws are enacted, so they are less likely to 
incur anticipated fines, and more likely to keep and expand their customer base through a green image. Given 
that the international CF of manufacturing products in 2001 was 13% of the entire carbon footprint, and that 
wealthier nations’ consumers purchase more manufactured goods, efforts toward producing more sustainable 
products are critical [7,8]. 
 

                                                 
*
 This paper was not presented at any other revue. Corresponding author G.E. Okudan Kremer. Tel. +1 814 8631530. Fax 

+1814 8637229.  
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Abstract 

In this article, a demand analytics decision support system is presented, which is an integration, visualization, mapping and 
assessment system using direct-from-customer product trial demand data. It allows analysts and decision-makers to explore 
efficiently large quantities of data from different information systems about the products and their trial demand within a  
supply network based on forward relationships. The system allows a visual mining and representation of relations existing 
between  multiple  products  (present  and  past)  as  well  as  forecasts  according  to  a  customizable  time  window.  These 
representations are done through multi-dimensional summarizing diagrams. These diagrams take the form of relationships 
graphs, chronological graphs, dashboards, Pareto and forecasts interfaces. The data that feeds these diagrams come from 
product trial demand and sales recorded directly in the information systems of the various sales points. The article presents a 
prototype developed in our laboratories and tested on a large scale case in the retailing of fashion shoes and articles.

Key words: Demand Analytics, Customer Data Integration, Business Intelligence, Mining Tools, Multidimensional Mapping, 
Interactive Viewers, Visual Analytics, Trial Demand

1 Introduction 

During the past decades, the retail industry has undergone major changes with the introduction of demand and 
supply chain management information systems [10] where relevant data about customers represent a competitive 
advantage. New technologies of information and communication supporting such systems allow the exploration 
of  new perspectives  for  analyzing  in  real  time  market  evolution,  supply  activities,  financial  performances,  
inventory levels, store traffic and customer behaviors/preferences/requirements. The retail industry business is 
particularly affected by an increasing consumer demand for product variety. To remain competitive it appears  
essential for retail industry to possess and exploit advanced technologies in order to fully apprehend customer 
demand.  The  retail  companies  develop  technology  defined  as  strategic  to  manage  information  and  make 
decisions.  In  such  a  context  decision-makers  need  accurate  and  well  adapted  demand  analytics  systems  to 
support their day-to-day activities, but a question arises\: \How can the information about the demand be collected  
and used? Indeed, managers are confronted with more raw data than they can handle and there is a need for  
developing systems to represent and synthesize the information to support decisions in multiple dimensions and 
perspectives.

* This paper was not presented at any other revue. Corresponding author M. Audet. Tel. 1-418-656-2131 ext. 
8308. Mathieu.Audet@cirrelt.ca, Benoit.Montreuil@cirrelt.ca, Olivier.Labarthe@cirrelt.ca
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Abstract 

Logical Analysis of Data (LAD) is a supervised learning data mining technique that possesses distinctive advantages which 
can be of use in Condition Based Maintenance (CBM). The ability of LAD to generate interpretable patterns serves to  
reinforce the theoretical knowledge or to uncover new knowledge about a certain diagnostic problem in CBM. This paper  
discusses three scenarios where LAD has been used as a classification tool for fault diagnosis in CBM. In each of these  
scenarios  expert  knowledge  is  elicited in  different  forms  and used  in  the diagnostic  decision.  The  paper  describes  the  
advantages of using LAD for fault diagnosis in each of these three scenarios and concludes that the combination of LAD  
with expert elicitation permits the use of the former in an unsupervised environment.

Key words: Logical Analysis of Data, Condition Based Maintenance, Expert Elicitation, Pattern Generation 

1 Introduction 

Condition based maintenance  (CBM) is defined  as  the  use of engineering  and  technical  skills  in  order  to 
continuously monitor the health  of an asset (or equipment), using certain indicators, and issue the necessary 
maintenance actions should the state of the asset require so. A CBM strategy is composed of three steps: data  
acquisition, data processing, and decision making. Data acquisition entails the collection of data that could be  
useful  to detecting  the  health  of the  equipment.  This  data  may consist  of anything  from visual  inspection  
reports,  to performance parameters  and  historical  failure records,  to signals  collected from sensors  such as  
accelerometers and  gas sensors.  The following step entails  processing the collected data in  order  to extract 
meaningful information in the form of data features. Different processing techniques can be used depending on  
the nature of the data collected in the previous step. The final part of a CBM strategy is the decision making  
step, where a decision model is used to analyse the processed data and decide on which maintenance action to 
take if necessary. 

Different fault classification approaches have been discussed in the literature for the design of decision models  
in  CBM.  Jardine  et  al.  [6] describes  different  statistical,  Artificial  intelligence  (AI),  and  model-based 

* This paper was not presented at any other revue. Corresponding author S. Yacout. Tel. +15143404711-(ext 4517). Fax 
+15143404086.
Email  addresses: mohamad-ali.mortada@polymtl.ca  (Mohamad-Ali  Mortada),  soumaya.yacout@polymtl.ca  (Soumaya 
Yacout).
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Abstract  
 
The primary objective of the maintenance strategies, i.e. reactive, preventive and Condition-based maintenance, is to keep the 
machines and tools in good health for smooth production and to minimize machine downtime due to catastrophic breakdown 
of machine. The consequences of catastrophic breakdown of machine are significant in terms of loss of production, delay in 
delivery of finished products and finally the cost of production. Condition based maintenance is primarily intended as a 
maintenance strategy for continuously monitoring the health of machines and perform the need based maintenance. This 
strategy can be applied for monitoring the energy consumption during the production and perform the maintenance when the 
consumption of energy exceed the expected consumption. As the production processes are expected to consume the specified 
amount of energy during a production cycle. Increase in the consumption of energy indicates the trend of degrading 
performance of the machine or components attached to it. There are various reasons of increase in energy consumption i.e. 
increased friction among moving parts, air leakage through the very small holes in the rubber fittings of the machine.  The air 
leakages in the pneumatic components of the machines are difficult to diagnose because of very small size of the holes 
(diameter in mm) and effect of the leakage is not reflected as other indicator e.g. increase in vibration due to increased 
friction. The cumulative effect of these small holes is significant. If not ratified proactively, it may lead to the breakdown of 
the machine and complete production halt or increased energy consumption during production and finally the increased cost 
of production and large carbon foot print. In this paper a case study about the application of condition based monitoring and 
maintenance for achieving energy efficiency of machine using pneumatic components is described. Depending on the level of 
leakage, condition based maintenance can be performed. On time notification of leakage and subsequent maintenance thus 
helps in controlling the energy consumption consequently improves the energy efficiency. 
 
Key words: Condition based maintenance, Energy efficiency, Sensors, ERP Systems 
 

1 Introduction  

Maintenance is an integral part of daily life of each and every organization in this world irrespective of their size 
and geographical location for example maintenance is required in homes, in big industrial plants, even at 
research centers in Antarctica. Depending on the frequency of breakdowns, impact of catastrophic break down 
on the production processes and cost of production etc. most suitable maintenance strategy is followed. The 
maintenance strategies can be broadly categories as reactive maintenance, preventive maintenance and condition 
based (or predictive) maintenance. The reactive maintenance [10] is to perform maintenance after the breakdown 
occurs or there are visible sign of deterioration of machines. For example in case of home appliances (self) 
maintenance operation is performed or maintenance service is sought after the breakdown of appliances e.g. 
refrigerator, television. If the appliance is not repairable then replacement takes place. Thus there is significant 
lapse of time and monetary expenses in getting appliances back to working condition but it saves maintenance 
planning and scheduling time. 

                                                
* This paper was not presented at any other revue. Corresponding author: Deepak Agrawal Tel. +49 351 4811 6141. Fax +49 
622778  52257 Email addresses: Deepak.Agrawal@sap.com 
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Abstract 

This paper deals with a condition based maintenance policy for a series system made of two components subject to gradual 

deterioration and whose failures are not self-announcing and can be detected only through inspection. An inspection consists 

in measuring one control parameter for each component and comparing the obtained value with a predefined corresponding 

alarm threshold level. At this point, a decision should be made based on the inspections results, doing preventive or 

corrective replacements respectively when one component threshold level is exceeded or when it is found in a failure state, or 

do nothing in case neither of the two alarm thresholds is found above the corresponding alarm threshold level. A preventive 

replacement of a component is performed in case the other one has to be replaced. A mathematical model and a numerical 

procedure are developed in order to generate a nearly optimal inspection sequence (inspection instants) which minimizes the 

average total cost per time unit induced by both inspection and maintenance actions over an infinite horizon. Numerical 

results are presented and discussed. 

 

Key words: Inspection strategies, condition based maintenance, multi-components systems. 
 

 

1. Introduction 

A variety of equipment such as stand-by productive systems and alarm and detection systems often do not 

display any apparent symptoms indicating a failed state or the imminence of failure. They are called non-self-

announcing-failure systems. Such equipment need to be inspected in order to determine their state or to assess 

the level of degradation in order to take the appropriate decision in terms of maintenance actions to be 

performed. Generally, inspections consist either in assessing if the equipment is working or in a failed state 

(direct inspection) or in measuring predetermined control parameters and comparing the measured values to 

predefined threshold levels (indirect inspection) in order to assess the equipment condition and eventually take 
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Abstract  
 
In this paper, we deal with the problem of integrated maintenance with take into account the return of product by customer 
(withdrawal right). The manufacturing system consists of a machine M that produces a single product in order to satisfy a 
random demand d under given service level constraint.  
First, we establish an economical production plan which minimizes the total inventory and production cost taking into 
consideration the withdrawal right. Secondly, using this optimal production plan and based on the functional age concept, we 
derive an optimal maintenance plan which minimizes the total maintenance cost. Finally, a numerical example is studied in 
order to apply the developed approach. 
 
Keywords: random demand, service level, stochastic model, withdrawal right, functional age, maintenance strategy. 
 

1 Introduction  

An integrated approach of maintenance and production policies has recently become an important research area. 
In deed the development of an optimal production/maintenance plan which minimizes the total cost including 
production, inventory and maintenance is among the important actions of a hierarchical decision manufacture 
process. Surely, this is complex to solve since the various uncertainties; the knowing of the random demand 
evolution by period, the material availability and Failures rate variation. On the other hand, maintenance becomes 
even more significant with the production control policies implementation like Just-in-Time, which require the 
availability of machines at the right time. In this context, Abdelnour et al. [1], and Chan et al. [3] proposed a 
simulation model to evaluate the performance of a production line operating in push system. Rezg and Al. [7] 
presented a common optimization of the preventive maintenance and stock control in a production line made up 
of N machines. In the same context of integrating maintenance and production Rezg and al.[8] presented a 
mathematical model and a numerical procedure which allows determining a joint optimal inventory control and 
age based preventive maintenance policy for a randomly failing production system. New maintenance/production 
strategies by taking into account the context of subcontractor are studied by Dellagi, S. et al. [4].  
They developed and optimize a new maintenance policy with taking into account a machine subcontractor 
constraint and they studied the case of several subcontractor machines and developed an optimal switching 
strategy between the subcontractor machines.  
 
 
 
 
* This paper was not presented at any other revue. Corresponding author Z. Hajej. Tel. +33.387346900 Fax +33.387315455 
Email addresses: hajej@enim.fr (Zied Hajej), dellagi@enim.fr (Sofiène Dellagi), rezg@enim.fr (Nidhal Rezg). 
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Abstract  

 

In this paper, an approach is developed to solve the integrated production planning and maintenance problem. It is a heuristic 

based on Dantzig-Wolfe decomposition [5]. The Dantzig-Wolfe Decomposition principle reformulates the original model and 

Column generation is then used to deal with the huge number of variables of the reformulated model. A simple rounding 

heuristic and a smoothing procedure are finally carried out in order to obtain an integer solution. Computational experiments 

are carried out to show the results obtained by the approaches and by a commercial solver, afterwards, results are analyzed in 

detail. 

 

Key words: Production planning, Maintenance, Heuristic, Dantzig-Wolfe decomposition, Columns generation. 
 

1 Introduction 

Maintenance is a task closely related to production scheduling in industrial settings. It is the function that allows 

maintaining or restoring equipment to a specific state and guaranteeing a given service. Both activities conflict 

since, as it is known, maintenance is generally a secondary process in companies that have production as their 

core business. Indeed, preventive maintenance activities are often carried out in hours or days out of service. 

Therefore, the number of unplanned breakdowns increases and the availability of the production equipment are 

reduced. We notice then that production planning and maintenance are addressed separately in the literature and 

also in the industry. As a remedy to this problem, maintenance planning should be an integral part of the overall 

business strategy and should be coordinated and scheduled with manufacturing activities. So, we should consider 

maintenance as an integral part of the production plan rather than as interruptions to that plan. Any violation of 

the maintenance schedule is treated as a violation of the production plan integrity. 

In this paper, a new integrated production and maintenance planning problem is studied considering a single 

production line at the tactical level. In the core of production planning, the single stage multi item capacitated lot 
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Abstract  
 
This paper deals with an industrial problematic of a manufacturing system called to satisfy a random demand during a finite 
horizon with a given service level. The manufacturing system production rate is limited. To respond to this demand, the 
manufacturing calls upon subcontracting. The problem is to determine first an optimal production plan minimizing 
production and inventory costs. We then derive an optimal integrated maintenance production plan minimizing 
simultaneously, production, inventory and maintenance cost,  taking into account the influence of the production rate on the 
manufacturing system failure rate. 
 
Key words: Optimization, integrated maintenance/production, failure rate, variable production rate, production plan, service 
level. 
 

1 Introduction  

The integrated maintenance has been the subject of several studies in recent years. It has been proven that the 
maintenance management is closely linked to both, production structure and demand nature. Buzacott. [6] among 
the first authors who treated the problem of maintenance and production, he studied the role of buffer stock on 
increasing the system productivity. In the JIT context, Abdelnour et al. [1], and Chan et al. [7] proposed a 
simulation model to evaluate the performance of a production line operating in push system. Van Brachte [16] 
proposed a preventive maintenance policy considering the machine age and the stock capacity between two 
machines. 

Concerning subcontracting, it has grown in the industrial world in virtually all domains as noted by Amesse et al. 
[2]. This practice is not always justified by production costs. It is part of cooperation logic and coordination 
based on technological incentives, to satisfy customers in terms of quantity and delay. The above was treated by 
Andersen. [3] and Bertrand et al. [5]. Recently, in the context of integrated maintenance, Dellagi. et al. [9] 
developed a maintenance strategy integrating a subcontracting constraint. They treated a production system 
represented by a machine producing a single product type to satisfy a constant demand during time. The machine 
calls upon the sub-contracting represented by a second machine to complete the entire demand exceeding the 
maximum machine capacity. Following the results obtained by Dellagi et al. [9], the authors Dellagi et al. [10] 
continued in the same context to address the problem but with two subcontractors. They defined a policy of 
switching between sub-contractors. The optimization of this strategy is sequential. It consists in determining first, 

                                                 
* This paper was not presented at any other revue. Corresponding author Souheil AYED. Tel. +33(0)387346900-5449.      
Fax + 33(0)387346935. 
Email addresses: ayed@univ-metz.fr (Souheil AYED), Dellagi@univ-metz.fr (Sofiene DELLAGI), rezg@univ-metz.fr 
(Nidhal REZG).  

988



 

 

International Conference  

on Industrial Engineering and Systems Management  

IESM’ 2011 

May 25 - 27, 2011 

METZ- FRANCE 

 

 

A Preliminary Integrated Model for Optimizing Tactical 

Production Planning and Condition-Based Maintenance*
 

Bruno CASTANIER
a
, David LEMOINE

a 

a 
IRCCyN, Ecole des Mines de Nantes 

4 rue Alfred Kastler 

B.P. 20722 - F-44307 NANTES Cedex 3, France  

 

 

Abstract  

 

The inclusion of production and maintenance objectives in an overall decision-making approach remains as well an academic 

challenge as a response to a real industrial need. Based on the observation of mutual dependence between production 

planning and the stochastic variability of the system production performance due to degradation, we propose in this paper a 

strategy for optimizing both tactical production planning and maintenance under feasibility constraint. The strategy is driven 

by an iterative two-unit algorithm. The first unit performs the Master Production Schedule optimization whereas the second 

unit provides an estimation of the feasibility indicators via a stochastic simulation-based approach. Mathematical framework 

and the proposed iterative algorithm are directly integrated in friendly-user interface software for optimizing the 

methodology usability in an industrial context. 

Key words: Tactical planning, Maintenance, Performance Threshold, Stochastic Simulation base approach, Software tool 
 

1 Introduction  

Production management deals with a set of decisions in order to ensure company continuity. These decisions 

have to allow the production of customers demand, at the right due date and with the lowest costs. Thus, 

production management must find a compromise between the satisfaction of customers demand and production 

criteria such as logistic costs, production times and products quality. Usually, this set is divided into three 

decisional levels [8]: the strategic level (long-term: more than 18 months), the tactical level (midterm: from 6 to 

18 months) and finally the operational level (short-term: from daily to weekly). Each level can be characterized 

on the one hand by the horizon on which decisions are taken and, on the other hand, by the costs that these 

decisions can bring about. It defines a framework for the next lower level. 

Transversely to these decisional degrees, a major problem can be underlined in production management: the 

industrial planning. Thus, this problem can be also divided into three hierarchical levels: the strategical, tactical 

and operational plannings. 

1. Strategical planning (long-term) deals with, for instance, the elaboration of the Supply Chain Network 

(facilities or warehouses locations etc.) and provides a framework for the tactical planning. 
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Abstract 

The classical analysis of tolerance chains, which is an essential part of tolerance calculation, computes the tolerance of the 
fitment of two or more components by means of convolution. Using convolution has the advantage of being unambiguous  
for linear cases. The disadvantage is the limited applicability when analyzing non-linear coherences of functions such as 
slackness  and  furthermore,  when  analysing  a  huge  amount  of  components.  These  coherences  can  not  be  represented 
analytically for non-linear cases or only with a lot of effort when analyzing many components. For these cases the statistical  
analysis using Monte-Carlo-Simulation is an established method to describe, link and analyse such tolerances

Key words: Monte-Carlo-Simulation, Tolerance Chains, Reliability analysis, Circuit board, Manufacturing

1 Introduction 

New technical and mechanical assemblies are featured by an increasing amount of components in connection 
with decreasing dimensions. Therefore, complying with given tolerances is necessary for producing new assem-
blies. When regarding the mechanical case mostly dimensions such as the length or width of components are  
focused. For other technical assemblies, e.g. containing electronic parts attributes like the capacity of a capaci -
tor or the resistance of a resistor have to be regarded. Thus, there is a need to conform to given attributes for  
producing reliable assemblies and to avoid high costs due to scrap or field returns. Therefore, a tolerance calcu-
lation using tolerance chains has to be made in an early stage of development. The classical methods like linear  
tolerance calculations or the worst case method are well known and used in industry, compare [5]. 

Linear tolerance calculations can lead to satisfying results when having mechanical assemblies with attributes 
which can be summed up easily. By using validated distributions of the attributes an exact analytical result for 
occurring deviations of tolerances can be achieved. Unfortunately, the linear  approach is only applicable for  
simple cases with few components. Thus this method is not reasonable for complex assemblies as they are used  
nowadays.

* This paper was not presented at any other revue. Corresponding author: F. Plinke. Tel: +49-202-4392086, 
Email addresses: plinke@uni-wuppertal.de (Fabian Plinke), braasch@uni-wuppertal.de (Andreas Braasch),  
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Abstract   

The aim of this paper is to develop a new policy of maintenance of drinking water networks. For this, one determines the  
probabilistic safety factors for cast iron water pipes exhibiting surface defects such as gouges. The pipes are located in a 
water  network which consists  of a pump,  a reservoir  and five pipe sections.  The water  pipes are  subjected to a water  
hammer phenomenon which is considered as the loading condition. The overpressure due to water hammer is calculated for  
each pipe connection with a software programme. The circumferential stress induced by the overpressure is then evaluated.  
Probabilistic  safety  factors  associated  with  low  failure  probability  are  determined  using  a  Notch  Failure  Assessment  
Diagram (NFAD). Fracture toughness, yield stress and gouge depth are assumed to be randomly distributed to allow the  
determination of safety factors by Monte-Carlo and FORM methods.  For the studied water network,  we show that  the  
probabilistic safety factor is acceptable because its value is lower than 2.

Key words: Probabilistic Safety Factor, NFAD, Pipe, Water Hammer, Cast Iron, Monte-Carlo, FORM method.

1 Introduction 

The early design methods against the risk of failure were based on the concept of permissible stress design (in  
the  US  design  more  commonly  called  allowable  strength  design)  which  is  a  design  policy  used  by  civil  
engineers. The designer ensures that the stresses developed in a structure due to service loads do not exceed the  
strength  limit.  But  the  knowledge  of  the  service  loads  is  not  sufficient:  it  is  necessary  to  think  of  an 
inappropriate use such as:  carelessness of the user,  accidental  overload, failure of a component,  unforeseen  
external  events,  etc.  For  that  one  uses  a safety factor  usually  noted.  The method is usually  determined by 
ensuring that permissible stresses  remain within limits through the use of the safety factor and the strength 
limit. The strength limit is generally the yield stress for conservative reasons: 

σ ad=
σ y

f s
(1)
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Abstract 
 
Dependability has a determining role in making and design systems. The normal or degrade operating modes will condition 
the performance of these systems and the effective management of these modes will evaluate the performance in order to 
achieve the required objectives.  
In Morocco, the railway network of the “Office National des Chemins de Fer” (ONCF) has more than 580 level 
crossings(LC) which 82% are not guarded, and records an average of ten serious incidents per year. 
The elimination of level crossings and their replacement with elevation bridges is a project to achieve in long-term by the 
Directorate of ONCF because it generates considerable costs and time relatively long for study and accomplishments. In this 
context, this work aims to develop within this establishment, a tool for evaluating the performance of level crossings based 
on the Bayesian approach, which is a dynamic analysis, thus taking into account behavioral and temporal aspects of the 
system (events related to material or human factor, random events of accidents, uncontrolled consequences of accidents etc..). 
It also allows for a forecast based on data collected from the past (feedback).  
 
Keywords: Level Crossing, Performance, Bayesian Networks, Railway Safety. 
 

1 Introduction  

The Bayesian approach in the evaluation of dysfunction and quantification of the risks of Level Crossings of 
Railways is a dynamic analysis, thus taking into account the behavioral and temporal aspects of the system 
(events related to human or material factor, random events of accidents, uncontrolled consequences of accidents 
etc.). 

The Bayesian approach based on conditional probabilities and derived from Bayes theorem allows a prediction 
based on data gathered from the past (feedback). To this end, this model requires as input a perfect knowledge of 

                                                 
* This paper was not presented at any other revue. Corresponding author M. A. Bouchiba. Tel. +33 2 4122 65 31. 
Email addresses: bouchiba_anass@hotmail.com (Anass Bouchiba), cherkaoui_a@yahoo.com (Cherkaoui Abdelghani), 
abdessamad.kobi@univ-angers.fr (Abdessamad Kobi), mihaela.barreau@univ-angers.fr (Mihaela Barreau) 

1029



 
 

 

International Conference  
on Industrial Engineering and Systems Management  

IESM’ 2011 

May 25 - 27, 2011 

METZ- FRANCE 

 

 

An integrated production/quality/maintenance 
strategy for an unreliable production system: case 

of perishable products * 

Mehdi RADHOUI a, Wided MHEDHBI b, Anis CHELBI b, 
 Nidhal REZG c 

a Centre de Recherche en Productique (CEREP), École Supérieure de Technologie et d’Informatique, Tunis, 
Tunisia 

b Centre de Recherche en Productique (CEREP), École Supérieure des Sciences et Techniques, Tunis, Tunisia 
c Laboratoire de Génie Industriel et de Production de Metz (LGIPM), Metz, France 

 

 

Abstract  
 
This study suggests a joint production-maintenance strategy for unreliable production systems producing conforming and 
non-conforming items which are perishable with time. The production system may randomly shift to an “out-of-control” 
state. It is submitted to an age-based preventive maintenance policy. A mathematical model and a numerical procedure are 
developed to determine simultaneously the optimal values of the lot size Q and the age T for performing preventive 
maintenance, minimizing the expected total cost per time unit over an infinite horizon.  We show, through a numerical 
example, the effects of scheduling a preventive maintenance on quality and inventory related costs. 
 
Key words: Inventory, Lot size, Preventive maintenance, Quality, Perishable products 
 

1 Introduction  
 

Industrial systems are submitted to various disruptions which steadily reduce their performance.  Major 
complexities reside in sudden stop of the production system due to unforeseen factors such as random 
breakdowns and the production of non-conforming products. Several researches have dealt with the issue of 
performance assessment of production systems submitted to random failures. Such failures may lessen the 
system’s effective capacity and may induce high operating costs. In this context, preventive maintenance (PM) 
strategies have been widely exhibited in the literature. Implementing PM can be effective in a way to extend 
failing units lives, hence improving the equipment reliability and reducing operating costs.  Gupta et al. [10] 
linked PM implementation to the performance of production systems. Chelbi et al. [5] proposed a joint strategy 
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Abstract  
 
This paper describes technique for using censored life data from extreme value distributions to construct prediction bounds 
or intervals for future outcomes. In particular, new-sample prediction based on a previous sample (i.e., when for predicting 
the future failure time of an unit in a new sample there are available the failure data only from a previous sample), within-
sample prediction based on the early-failure data from a current experiment (i.e., when for predicting the future failure time 
of an unit in a  sample there are available the early-failure data only from that sample), and new-within-sample prediction 
based on both the early-failure data from that sample and the data from a previous sample (i.e., when for predicting the future 
failure time of an unit in a new sample there are available both the early-failure data from that sample and the data from a 
previous sample) are considered. In order to construct prediction bounds or intervals for future outcomes, the invariant 
embedding technique representing the exact pivotal-based method is used. 
 
Key words: Extreme value distribution, Type II censored data, Pivotal quantities, Predictive inferences 
 

1 Introduction  

The problem of modeling extreme or rare events arises in many areas where such events can have very negative 
consequences. Some examples of rare events include extreme floods and snowfalls, high wind speeds, extreme 
temperatures, large fluctuations in exchange rates, and market crashes. To develop appropriate probabilistic 
models and assess the risks caused by these events, business analysts and engineers frequently use the extreme 
value distributions (EVD). Extreme value distributions are usually considered to comprise the following three 
families:  

Type 1, (Gumbel distribution): 
















 −−=>
σ

µx
xX expexp}Pr{ ,   −∞ < x < ∞,                                                                                        (1) 

where µ is the location parameter, and σ is the scale parameter (σ > 0). The shape of the Gumbel model does not  
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Abstract

This paper presents a maintenance policy for a production system to reduce both the environment degradation and
the production losses due to failures. To maintain the system, a preventive maintenance action is performed according
to statistical knowledge of environment degradation level; while a corrective maintenance action is executed at system
failures. Each preventive maintenance action is planned after inspection, which reveals that the value of environment
degradation exceeds a specified threshold level. The purpose of this work is to find an optimal vector of inspection times
in order to minimize the expected total maintenance and inspection costs per time unit. A mathematical model of the
problem is proposed and conditions under which inspection and maintenance dates exist are derived. Numerical examples
are given for illustration.

Key words: Average cycle cost, Environment degradation, Inspection, Maintenance policy

1 Introduction

Currently, companies must meet the requirements standards for the protection of the environment. To respect
and to respond to such standards, companies must adopt new maintenance strategies developed in order to
maximize profit while considering their impact on the environment. The system degradations can have multiple
impacts on the environment, for example, air pollution, water pollution, noise and microwave pollutions. Indeed,
such impacts are more important especially in cases of transportation as well as petrochemical systems.

In the existing literature, there are several research papers which deal with system inspection and maintenance
problems. Early works are those initiated by Barlow and his co-authors [2]. The authors in [2] proposed two
preventive maintenance policies for a system subject to random failures and whose state is assumed to be
known at any moment. In [2], an optimization model is developed where the objective is either to minimize
the total cost generated by maintenance activities, or to maximize availability. Barlow and his co-authors [3]
introduced an inspection policy where the objective is to minimize the average total cost of inspection activities.
An algorithm based on a recurrence relation is proposed to calculate the optimal dates of inspection. Several

⋆ This paper was not presented at any other revue. Corresponding author H. Chouikhi. Tel. +33-387-346-900. Fax
+33-387-346-935.

Email addresses: chouikhi@univ-metz.fr (Houssam CHOUIKHI), khatab@enim.fr (Abdelhakim KHATAB),
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1060



International Conference 
on Industrial Engineering and Systems Management 

IESM 2011

May 25 – May 27, 2011

METZ - FRANCE

Hybridization of Bayesian networks and belief 
functions to assess risk.

Application to aircraft deconstruction. *

Éric VILLENEUVE a, Cédrick BELER a,
 François PERES a, Laurent GENESTE a

a Université de Toulouse – École Nationale d'Ingénieurs de Tarbes (ENIT) – Laboratoire Génie de Production

Abstract 
This paper aims to present a study on knowledge management for the disassembly of end-of-life aircraft. We propose a 
model using Bayesian networks to assess risk and present three approaches to integrate the belief functions standing for the  
representation of fuzzy and uncertain knowledge.

Key words:  Bayesian networks, belief functions, risk assessment, knowledge management, aeronautical deconstruction.

1 Introduction 

1.1 General overview

The disassembly of end-of-life aircraft shows nowadays a rapid growth for several reasons. Firstly, the aircraft  
fleet ageing raises substantially the number of aircraft arriving at their end-of-life period. In addition, the recent  
changes in regulations significantly increase the manufacturer liability regarding the management of the end of 
life of their aircraft. Finally current environmental concerns encourage aircraft manufacturers to integrate the 
environmental dimension in their industrial strategies.

This paper aims to present a study on knowledge management for the disassembly of end-of-life aircraft. Our 
work is part of a project called “DIAGNOSTAT”. This project, supported by the Aerospace Valley cluster, is 
funded  by  the  “Fond  Unique  Interministériel”  (FUI).  In  this  context  we  wish  to  develop  decision-support  
mechanisms using the experience feedback to perform risk assessments on critical areas of an aircraft.

1.2 Problematic

The DIAGNOSTAT project  focuses  on  two specific  aspects  of  aircraft  deconstruction  which  are,  first,  the 
recovery  and  the  certification  of  parts  for  reuse  as  spares,  and,  secondly,  the  knowledge  capitalization  on  
airplane status (in particular its critical areas) to improve aircraft design and maintenance.

In  this  context,  we  focus  specifically  on  the  capitalization  of  the  knowledge  generated  during  aircraft  
deconstruction. We aim the establishment of an information system to facilitate knowledge management used in 
the aircraft deconstruction and particularly during the inspection phase of the plane. We first planned to build an 

* This paper was not presented at any other revue. Corresponding author E. VILLENEUVE Tel. +33 (0)5 62 44 27 00.
Email addresses: Eric.Villeneuve@enit.fr (Éric VILLENEUVE), Cedrick.Beler@enit.fr (Cédrick BELER), 

Francois.Peres@enit.fr (François PERES) and Laurent.Geneste@enit.fr (Laurent GENESTE).
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Abstract  

The study of five aircraft disassembly and dismantling companies (DDCs) showed that there is no unique dismantling 

method established in the end-of-life aircraft industry. Depending on capabilities, know-how and experience, DDCs perform 

various depths of dismantling before scrapping. However, a DDC usually uses the same strategy for every aircraft. This paper 

proposes a model aiming at allowing them to adapt that strategy to each aircraft, according to various factors such as the 

added value brought by a further depth of dismantling (from an economical and environmental perspective), time available 

and economies of scale due to scrapping several aircraft at a time. 

 

Key words: end-of-life aircraft, disassembly, dismantling, scrap metal, spare parts 
 

1 Introduction  

Until recently, most product manufacturers focused their efforts on design, production, marketing and sales: once 

a product left the factory, the only further contact between the manufacturer and its customer were related to 

after sales service. At the present time, environmental concerns, new regulations, corporate imaging, production 

cost reduction, among others, are more and more forcing companies to take care of their products when the 

customer is ready to dispose of them according to the “polluter pays principle”. Those issues affect a lot of 

industry sectors, including automotive, consumer appliances, electronic, etc. Aircrafts are a little particular, in 

the sense that the volume of EOL aircrafts remains small compared to the volume of obsolete products relevant 

to the above mentioned domains. Further, unlike the automotive sector, the asset value of components and 

materials contained in retired airframes can be very considerable depending on the technologies employed. They 

are made of high quality alloys and very valuable spare parts can be removed such as engines and landing gear. 

Between 6,400 and 8,500 aircraft will reach the end of their life cycle over the next 20 years. Multiple reasons 

may explain an airplane retiring from service, including: increased maintenance cost as the aircraft gets older, 

high fuel cost due to a high consumption combined with the increasing price of oil, various legislation motives 

like expensive technology upgrade requirements, and the difficulty of acquiring older spare parts. Storing these 

aircrafts to wait for an alternative use is not a viable long term option.  Although this practice is still done to a 

large extent, new options must be found. Legislation all over the world, and especially in Europe, is becoming 

tougher regarding the environment. Therefore, for these new solutions to last, they self-evidently have to be 

economically profitable in order to allow companies to run their business properly, but soon they will also have 

to be environmental-friendly to meet legislation requirements. 

                                                           
*
 This paper was not presented at any other revue. Corresponding author Pierre Baptiste. Tel. +1 514 340 4711 
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Abstract 

The paper  describes  the  maintenance  process  applied  to  an  aircraft  part  along  periodic  maintenance  operations  and/or  
failure repairs. This paper deals with the assessment of RFID (Radio Frequency IDentification) technology contribution to  
the follow-up of  aircraft  parts.  The  construction  of  a simulation  model  and  validation  of  the  study  are  based on both 
experts’ knowledge and data on flight and maintenance operations. Each stage of the maintenance process is modelled in  
terms  of  time  (average  times  and  boundaries)  and  the  transition  probability  between  stages.  The  impact  of  RFID  
technologies in the overall  maintenance process is assessed. The main use of the analysis is the evaluation of different  
maintenance strategies and a first quantification of the impacts related to introducing RFID in maintenance processes. It  
should be helpful to support the decisions on RFID integration. The model could be used to design a decision support tool  
for maintenance designers and managers.

Keywords: Maintenance, RFID, Helicopter, Part tracking, Process modelling  

1 Introduction 

For a global maintenance process analysis,  \various parameters,  i.e.  the use of human  resources,  spares and  
equipment ha\ve to be combined to ensure that the entire s\ystem is properl\y modelled. The aim of this paper is  
not to model the complete detailed maintenance process, but rather to ha\ve a first rele\vant overview. Details 
concerning  maintenance  are  studied  and  mapped  when  necessary,  i.e.  when  RFID  (Radio  Frequency 
IDentification) technologies may play a significant role.

The benefits of RFID integration are assessed and quantified on the maintenance process through the model.  
This  will  lead to a  global  estimation  of the process impacts.  The purpose of the study in  this  paper  is  to 
emphasize the benefits in  terms of a\vailability impro\vement  and cycle time reduction.  The resulting  model 
could  help  the  flight  and  maintenance  policy planners  for  the  identification  of maintenance  performance  
impro\vements more thoroughly. The model is aimed at pro\viding an experienced user, such as a maintenance 

* This paper was not presented at an\y other re\vue. Corresponding author C. JIMENEZ. 
Email  addresses: charlotte.jimenez@eurocopter.com  (Charlotte  Jimenez),  dauzere-peres@emse.fr  (Stéphane  

Dauzère-Pérès), christian.feuillebois@eurocopter.com (Christian Feuillebois), eric.pauly@eurocopter.com (Eric Paul\y)
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Abstract

Aircraft maintenance costs are becoming an important issue in the aeronautical industry. In this paper we present a
tactical planning model for an helicopter maintenance center. The objective is to guarantee a good service level, i.e.
to limit aircraft visit duration. Difficulties come from the numerous uncertainties on maintenance activities: additional
activities, procurement delays... To cope with these uncertainties, a fuzzy multiproject planning model is proposed. From
the task fuzzy dates and durations, a periodic load chart can be established. Then a parallel algorithm is adapted to this
model in order to solve capacity problems.

Key words: Maintenance, Multiproject, Fuzzy, Capacity planning

1 Introduction

Aircraft maintenance is a highly regulated activity, due to the potential criticality of the failures. Aircrafts must
follow a maintenance program in which several levels of inspection appear, from light maintenance that can be
performed daily at the aircraft’s basis, to heavy maintenance that can last several months and requires specific
equipment. Our work focuses on the organization of a helicopter maintenance center where heavy maintenance
visits (HMV) are performed.

An HMV contains planned maintenance tasks and also corrective maintenance tasks because problems are
discovered during the inspection of the helicopter at the beginning of the visit. Even planned tasks may differ
from one helicopter to another, according to equipment, conditions of use, etc. Precedence constraints exist, due
to technical or accessibility considerations. Hence a HMV may be seen as a project involving various resources
as operators, equipment and spare parts. Minimizing the overall visit duration give a competitive advantage to
the company. Consequently, the management of a maintenance center is viewed as multiproject management,
where every project duration should be minimized while respecting capacity constraints. A particularity of
these project is the level of uncertainty, mainly due to unexpected failures that induce additional work and
procurement delays. In case of important homogeneous fleets, a global optimization of maintenance visits can
be done, guaranteeing a general helicopter availability level [8]. This is not the case in our project dedicated to
civil customers whose mean number of helicopter is between two and three, with a great heterogeneity in the
equipments and conditions of use.

? This work is granted by the Helimaintenance project (FUI-Aerospace Valley). This paper was not presented at any
other revue. Corresponding author M. Masmoudi.

Email addresses: malek.masmoudi@isae.fr (Malek MASMOUDI), alain.hait@isae.fr (Alain HAIT).
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Abstract  

 

A possible legislation for aircrafts‟ end-of-life treatment is anticipated by the aircrafts manufacturers because of the 

emergence of environmental legislations. It is important to make sure that the aircraft dismantling process is profitable. In 

this research project an algorithm is proposed in order to minimise the time needed to determine the best dismantling 

operations sequence according to the knowledge of the employee assigned to this task while maximizing the aluminum 

valorization and minimizing operational costs. A linear and binary program model is developed to enable the optimisation of 

the dismantling sequence which is in one of the main steps of the algorithm. The mathematical model presented optimizes the 

profitability of aircraft dismantling process by determining which airframe entities must be sheared and sorted prior to shred 

its components or which entities must be directly shredded. The model also identifies which shredded components should be 

sorted in order to upgrade recovered materials composition. The model proposed here is aircraft-oriented and is not only 

based on assembly connection types and fasteners classification which are considered as being too restrictive. Analysing the 

program utilization with the software AmplStudio and its behaviour, it is justified to conclude that the mathematical model 

and the implemented program reach to the objectives mentioned.  

 

Key words: Aircraft disassembly and dismantling, product value recovery, material recovery, end-of-life aircrafts, 

mathematical optimization. 
 

1 Introduction  

According to the Engineering and Physical Sciences Research Council (EPSRC) report 2007, “Over the next 20 

years, approximately 5000 commercial airliners are expected to be withdrawn from service at a rate of 

approximately 250 per year”. In another side Boeing has determined that about 7,200 civil airplanes will be 

retired in the next 20 years without considering military equipment. More than half of these aircrafts end up their 

life abandoned in desert or in warehouse because of the lack of dedicated infrastructure and profitable 

recycling process. For the aerospace sector, this becomes image and economical issues. Actually, about 300 

                                                 
*
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Abstract  
 
Due to increasing customer requirements, the price and quality of products are becoming more and more important sales 
criteria. As a result of the severe competition in the automotive industry, companies are therefore interested in providing a 
maximum level of quality while keeping their costs as low as possible. 
Quality and price are significantly influenced by the production of the vehicle itself as the quality, later to be experienced by 
customers, is generated here. Furthermore, a large proportion of the production costs are caused in vehicle assembly. 
As a result of the fast-changing automotive market driven by continually changing versions of models, the assembly is 
carried out manually to a large extent in automotive production. The individual person who performs the assembly is very 
important since he or she directly affects the quality of the products. To ensure high quality the production system must be 
extremely reliable, which is determined by human reliability. Therefore it is very helpful to know which human actions or 
tendencies may reduce the quality of, or create a defect in, the finished product. 
The aim of this study is to create an approach, which shall provide a quantitative prediction of human reliability in manual 
assembly. At present the known methods for predicting human reliability, which use for their assessment task-, time- or PSF- 
(Performance Shaping Factors) related quantification principles, are not practicable for vehicle production. 
The assessment tool developed by this study is an operation-based model which uses available standardised documents from 
manual assembly, which allows an early application of the relevant calculations in the product development process. 
Thereby, a continuous and early adaptability of the created tool in the development process is guaranteed, so that preventive 
measures can be introduced to raise human reliability and therefore product quality by an optimised product and process 
design. 
 
Key words: Human reliability, manual assembly, prediction, quality control 
 

1 Introduction 

The enduring stability and success of a company in a given market is primarily influenced by the price and 
quality of the products it delivers. That is why most companies strive to increase their quality level while 

                                                 
* This paper was not presented at any other revue. Corresponding author B. Günnel. Tel. +49-202-4392058. Fax +49-202-
4392030 
Email addresses: c.guennel@uni-wuppertal.de (Benjamin Günnel), meyna@uni-wuppertal.de (Arno Meyna), 
martin.haueis@daimler.com (Martin Haueis), marco.schick@daimler.com (Marco Schick), valentin.betz@daimler.com 
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Abstract  
 
This paper compares a centralized approach of diagnosis with a decentralized approach for Discrete Event Systems. It 
introduces a notion of independent codiagnosability for the discret manufacturing systems by using an approach based on 
components. The system is represented by models of its elements called « Plant Elements » (PEs). Temporal constraints are 
added for every PE to construct local diagnosers. To check independent between components, a notion of independent 
codiagnosability is defined. An example of two tanks is used to illustrate the approach.  
 
Key words: Diagnosis, Discrete Event Systems, Manufacturing Systems, Modelling 
 

1 Introduction  

Manufacturing systems became more and more complex owed to technological evolution. This complexity and 
the new requested such as availability, reliability and safety demanded the development of systematic approaches 
of diagnosis. Detection and isolation of faults in these systems are not an easy task. For it, a study of the 
problems of diagnosis and diagnosticability became necessary [13]. Discrete event system (DES) is a dynamic 
system with discrete state which changes only by discrete events [2]. 

Diagnosis of DES consists to determine if the behaviour of the system is normal or not by using observations. 
However, in DES, Boolean information is only available and its observation alone does not often allow to detect 
the fault occurrences and to isolate the responsible elements. Several approaches have been developed to solve 
the Fault Detection and Isolation (FDI) problem with different notion of diagnosability for centralized 
approaches [5, 12, 15] or codiagnosability for decentralized approaches [4, 7, 11, 14].  

In the centralized structure, a global diagnoser performs one decision based on a global model, about the normal 
and/or abnormal functioning of a system. A diagnoser is a special case of an observer that carries fault 
information by means of labels. Consequently, the major drawback of centralized structure is the combinatory 

                                                 
* This paper was not presented at any other revue. Corresponding author A. Philippot. Tel. +33326918616. Fax 
+33326913106 
Email addresses:, alexandre.philippot@univ-reims.fr (Alexandre Philippot), veronique.carre@univ-reims.fr (Véronique 
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Abstract 

In this paper we study the opportunity provided by adopting a two-dimensional extended warranty for the manufacturer as 
well as for the consumer of randomly failing products. The buyer has to decide to pay or not for the extended warranty when 
purchasing the product. The total expected cost incurred by each side during the product’s life cycle is expressed in order to 
determine the maximum extra cost the consumer should pay and the minimum price at which the manufacturer should sell 
the extended warranty. This is done under different options in terms of maintenance strategies adopted during the product’s 
lifecycle.  
 

Key words: two-dimensional warranty, extended warranty, preventive maintenance 
 

1 Introduction 

Several works in the literature tackled the issue of warranty contracts and warranty policies for randomly failing 
products. Most of the studies on this subject consider the well known one-dimensional warranty which considers 
only the age of the products. Different review papers are available on this topic of warranty policies, they deal 
with various aspects related to product warranty (warranty vs maintenance, warranty vs cost analysis over the 
product lifecycle, etc). We mention the following: Murthy D.N.P [13], Murthy and Bilshke [14], Murthy and 
Djamaludin [16]. 

In many practical situations such as in the automotive and aeronautic industry, warranty contracts are based a 
two-dimensional warranty; such a warranty is generally characterized by a two-dimensional region with one axis 
representing product’s age and the other representing its usage. This region is usually a 
rectangle[ ] [ ]LwKw ,0,0 × , the warranty ceases when the sold item reaches the ageKw , or earlier if the usage 
exceedsLw .  
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Abstract

In this paper, we introduce and study the shape and the behaviour of the failure rate of a mixture of two subpopulations
with the same distribution but different ages. This type of mixture is encountered in industrial settings when new and
reconditioned systems are mixed together in remanufacturing or maintenance operations. It is shown that a proper
mixture of components can result in the delaying of maintenance actions and that cost-optimal mixture strategies can
be derived.

Key words: Mixture, New and used components, Increasing failure rate, Bathtub failure rate, Maintenance.

1 Introduction

With the introduction of legislation to force the collection and recovery of end-of-life products, and electronics
in particular, original equipment manufacturers are finding themselves with a non-negligible source for compo-
nents that can be reconditioned to be reused on assembly lines or in maintenance activities. This new source
for components raises many interesting research problems which have been studied by several researchers. Fleis-
chmann et al. [5], Teunter [10] and many more have addressed the determination of the optimal inventory control
models. Others like Richter et al. [8], and Vlachos et al. [11] have focused on the remanufacturing production
planning aspect. Very few papers have however directly dealt with the reliability and maintenance aspects of
the reconditioned spare parts (see [1], [4]). The heterogeneous population resulting from this mixture of new
and aged components can be described with the statistical concept of mixture of distributions as studied by [3],
[7] and [12].
Many authors have used the general concept of mixture distribution to study reliability and maintenance issues
and they always mix two or several distributions with known parameters. Jiang and Jardine [6] use the mixture
of two Weibull distributions to find the optimal burn-in preventive replacement model. Scarf et al. [9] also use
a mixture of two Weibulls to determine the aged-based inspection and replacement policy for heterogeneous
components.
In this study, we consider that only similar components are mixed together. Hence, it is reasonable to assume

? This paper was not presented at any other revue. Corresponding author C. Diallo. Tel. +1-902-494-3054. Fax +1-902-
420-7858.

Email addresses: cd@dal.ca (Claver DIALLO), Daoud.Aitkadi@gmc.ulaval.ca (Daoud AIT-KADI).
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Abstract 

Many  lost  of  performance  and  sometime  accidents  happened  because  of  different  unforeseeable  situations.  These  
unforeseeable situations engender some stops of system to guaranty user-safety required by standards. We noted that the  
real system operational availability is different from that estimated at design stage. The aim of this work is to provide an  
approach for safety-based availability assessment. In this purpose, we consider all stop events that could happen during the  
utilization of production  system and may influence its  availability  like Accidents,  Preventive maintenance activities  or 
Failures. We use Markov chains to illustrate our model. This paper proposes a generic approach, to improve the system’s  
performance by analyzing the influence of accidents and preventive maintenance tasks, in routine design. Such an approach  
will provide the systems’ stops traceability and their causes. to know how we could reduce it by understanding: What is the  
principal  cause of  stop? On what  designer  must  work? And what  designer  requirement  in  data,  in  information  and or 
perhaps in expertise?
The comparison of our simulation with an industrial case study shows a good agreement of the influence of safety on the  
availability of system. 

Key words: Product performance, Safety-based Availability, Safety, Maintainability, Use conditions, routine design.

1. Problematic 

Availability represents the probability that a system is in an operational  state at an instant  t. It  is one of the 
crucial  characteristics that  strongly influence customers’ final  choice decision between concurrent  products.  
Evaluating availability at early design stage is of great  importance to determine ways to improve a system’s 
performance for its future version. Actually, availability is determined using statistical failure data for existing  
products. Form these data the type of stop could be identified (accident stop, failure stop, maintenance stop) and  
its influence on system performance could be evaluate.  In  function of major stop type designer  could know 
where and on what he could react. Most of literature works do not consider safety constraints when human  
intervention is required for setting-up, operating and maintaining the system. However, if an accident happens  

* îThis paper was not presented at any other revue. îCorresponding author R. HOUSSIN. Tel.: 0033388144700 / Fax :  
0033388144799 

Addresses: remy.houssin@insa-strasbourg.fr   and    amadou.coulibaly@insa-strasbourg.fr  
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Abstract 

The estimation of the failure density of equipments in operation is difficult in practice due to events coincidences that disrupt 
the data collection. In this paper we propose to couple nonparametric statistical methods for better estimating the probability 
density failure of equipments subjected to systematic preventive maintenance actions based on operating hours. Through this  
study, we complete training data with the predicted failure beyond of the preventive maintenance. The estimated samples 
have allowed us to build the behaviour law models without any a priori on the probability law of failures. On simulations, we 
showed that  when the variation of  standard deviation of  samples  is  negative,  the constructed  samples  provide the best 
estimations of the probability density failure.

Keywords: density function, estimation, kernel, prediction

1. Introduction

Production  facilities  are  often  subject  to  corrective  maintenance  actions  after  failures .  Also,  preventive 
maintenance actions can improve the life of machineries by avoiding the machines failures or by slowing down 
their degradation speed. In  practice,  the extraction of the failure process model of an in operation machine,  
especially  of  complex and  multi-component  systems,  (e.g.  generator),  is  difficult  because  of  the preventive 
maintenance actions, which enact effects of censure on the failures events data .

During operation, two important factors should be considered for improving the quality of the behaviour models: 
the reliability function extracted from failure data and the corresponding times to failures data censored by the  
scheduled systematic preventive maintenance actions.

The random aspect of the events complicates their management, and it becomes difficult to integrate them for  
modelling machines failures by using a parametric model. This problem was introduced in Brown  Fontenot & 
Proschan  ,  Wang & Pham  .  These  authors  proposed  probabilistic  approaches  for  integrating  the quality  of 
maintenance  actions.  Pham and Wang   carried  out a  detailed bibliography study on imperfect  maintenance 
concept with various solutions. As for the effect of preventive maintenance plans, there are many approaches in  
the literature devoted to the processing of failures data, and there are many assumptions addressing the issue of  
maintenance quality.  Data may be incomplete, omitted or censored. One will often encounter three kinds of 
*This paper was not presented at any other revue. Corresponding author, I. B. Sidibe.  Tel. +0033601377338. 
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Abstract  

 

The article presents an optimization modeling approach for allocating protection resources among a system of facilities so 

that the disruptive effects of possible intentional attacks to the system. This article considers the uncapacitated fixed charge 

location problem (UFLP) to deal with defence resource allocation. The vulnerability of each facility is determined   by an 

attacker-defender contest success function. The article considers a two-period min-max game where the defender invests in 

the first period, and the attacker moves in the second period. This means that the defender selects a strategy in the first period 

that minimizes the maximum loss that the attacker may cause in the second period. The loss incurred by the defender is 

evaluated of the increasing in transportation cost, and the cost necessary to restore the disabled facility.  

 

Key words: facility location, attack, protection, loss, games theory, optimization     
 

1 Introduction  

Due to the complex interaction amongst its components, supply chains are subject to a variety of risks. Also, 

there are the risks of, financial instability, cargo loss due to theft, natural disasters, terrorism, and so on.  In 

October 2001, anthrax spores were discovered at the United States Postal Service (USPS) processing facility in 

Brentwood (Washington, D.C) [16]. Terrorist acts were believed to be responsible for this incident. This led to 

the closure of the facility that was 633,000 square feet. Due to this shut down, USPS lost the capacity of a huge 

facility. This case shows how supply chains can be vulnerable to disruptive events such as terrorist attacks. There 

are also many instances where intentional disruptions, have caused disruption in the supply chain.  

The facilities of the supply chain network constitute critical infrastructures which are potentially vulnerable to 

the disruption caused by the intentional attacks. These disruptions have negative impacts on the performance of a 

supply chain network. Failure of a facility means that the facility is no longer available to serve its customers. 

When these facilities fail, the concerned organization has to find alternate sources of supply chain to provide 

service to the customers and/or reroute shipments that were initially intended to go to a particular facility or 

incur large penalties. It is therefore important to protect against this type of attacks at the design stage. This 

article considers the uncapacitated fixed charge location problem (UFLP) to deal with defence resource 

allocation. The UFLP is a classical location problem and forms the basis of several location models. In this 

model used for the optimization of the location of the facilities, we have not considered limits on the ability of 

facilities. Snyder and Daskin [4] and [18] present deterministic formulations for locating facilities for the UFLP. 

                                                 
* This paper was not presented at any other revue.  Corresponding author. Tel +14186562131x12355.  Fax+14186567415.  
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Abstract  
 
The two-echelon location-routing problem (LRP-2E) is a problem arising from the actual design of transportation networks 
and particularly in city logistics. It involves two sets of vehicle trips: first-level trips serve from a main depot a set of satellite 
depots, which must be located, while second-level trips visit customers from these satellites. Two algorithms to solve this 
problem are proposed: a memetic algorithm (MA) and a memetic algorithm hybridized with simulated annealing (SAMA). 
The good results are obtained not only on LRP-2E, but also on the LRP single echelon special case.  
 
Key words: memetic algorithm, simulated annealing, two-echelon location-routing problem, vehicle routing, facility location.  
 

1 Introduction  

The two-echelon location-routing problem (LRP-2E) combines two NP-hard problems: the two-echelon facility 
location problem (FLP-2E) and the two-echelon vehicle routing problem (VRP-2E). Generalizing from 
distribution or collection networks, the LRP-2E involves two sets of vehicle trips: first-level trips serve from a 
main depot a set of satellite depots, which must be located, while second-level trips visit customers from these 
satellites. In this paper, the LRP-2E can be defined as follows. One main depot stores the goods and a fleet of 
first-level vehicles, while smaller depots called satellites share a fleet of second-level vehicles. Each customer is 
served by one route coming from one of the satellites. The vehicles at the first level perform tours to supply 
satellites. However, customers may be delivered directly from the main depot, using a virtual satellite located at 
the depot. Thereto, satellites may also act as customers, by adding a virtual customer on the satellite. The LRP-
2E can also model collection problems, by reversing the direction of flow. Figure 1 depicts one example of 
feasible solutions of the LRP-2E. 

The objective is to determine the set of satellites to be opened and the routes for the two levels, to minimize the 
total cost which includes the total distance travelled, one fixed cost for each vehicle used, and one opening cost 
for each satellite used.  
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Abstract

We present a heuristic column generation for the truck and trailer routing problem (TTRP) in which the routes of
the local optima of a GRASP/VNS are used as columns of a set-partitioning formulation of the TTRP. This approach
outperforms the previous state-of-the-art methods and improves the best-known solutions for several test instances from
the literature.

Key words: Truck and trailer routing problem (TTRP), matheuristics, set-partitioning problem, greedy randomized
adaptive search procedures (GRASP), variable neighborhood search (VNS).

1 Introduction

In the last years a new generation of hybrid optimization methods known as matheuristics has emerged.
Matheuristics combine elements of exact mathematical programming algorithms and metaheuristics in a cooper-
ative way [3,10,12]. Recently, Villegas et al. [17,18] presented a very effective GRASP/VNS with path relinking
for the solution of the truck and trailer routing problem (TTRP). In their experiments a GRASP/VNS that
uses path relinking as post-optimizer offered a good trade-off between solution quality and running time. This
shows that GRASP/VNS is able to generate diverse high-quality solutions for the TTRP that can be used as
input of a post-optimization phase. Therefore, in this paper we solve the TTRP using a hybrid method that
combines a GRASP/VNS metaheuristic and a set-partitioning formulation of the problem.

The remainder of this paper is organized as follows. Section 2 describes the TTRP and gives a brief literature
review of the methods to solve it. Section 3 presents a set-partitioning formulation of the TTRP. Section 4
describes the elements of the proposed matheuristic. Computational results are presented in Section 5 followed
by the conclusions in Section 6.

⋆ This paper was not presented at any other revue. Corresponding author J. G. Villegas. Tel. +574-2195575.

Email addresses: jvillega@udea.edu.co (Juan G. VILLEGAS), christian.prins@utt.fr (Christian PRINS),
caroline.prodhon@utt.fr (Caroline PRODHON), amedagli@uniandes.edu.co (Andrés L. MEDAGLIA),
nvelasco@uniandes.edu.co (Nubia VELASCO).
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Abstract

This paper deals with the Fleet Size and Mix (FSM) Vehicle Routing Problem. The FSM generalizes the classical Vehicle
Routing Problem (VRP) by allowing the existence of an unlimited heterogeneous fleet of vehicles. Each type of vehicle is
associated with a distance-dependent and/or fixed cost. The objective is to determine the best fleet composition as well as
the set of routes that minimize the travel costs. The proposed hybrid algorithm is composed by an Iterated Local Search
(ILS) based heuristic and a Set Partitioning (SP) formulation. The SP model is solved by means of a Mixed Integer
Programming (MIP) solver that interactively calls the ILS heuristic during its execution. The developed algorithm was
tested on benchmark instances involving up to 100 customers. The results obtained are highly competitive since the
hybrid approach was always capable to find or improve the best known solutions reported in the literature.

Key words: Fleet Size and Mix, Vehicle Routing Problem, Matheuristics, Iterated Local Search, Set Partitioning

1 Introduction

The Vehicle Routing Problem (VRP) is one of the most studied problems in the fields of Operations Research
and Combinatorial Optimization. The importance of this problem can be verified by observing the huge number
of works that had been proposed over the last 50 years. Motivated by applications that arise in real-life, a

? This paper was not presented to another journal. Corresponding author Anand Subramanian. Tel. +55 21 2629-5665.
Fax +55 21 2629-5666.
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Abstract

The Dial-A-Ride Problem (DARP) consists in determining and scheduling routes serviced by a set of vehicles in order to
satisfy transportation requests from pickup points to delivery points. This paper introduces a variant of the DARP where
the client can be transferred from one vehicle to another on specific points called “transfer points”. Solving this variant
of the DARP yields new algorithmic difficulties. In this paper, we investigate checking efficiently whether a modification
of the current solution through a local search is feasible or not. The method has been embedded into a tabu search
algorithm and evaluated over generated and real instances.

Key words: DARPT, feasibility, STP

1 Introduction

This study is motivated by a practical case of school bus routing for handicapped children in France. Contrary
to the classic school bus routing problem, the objective is to perform door-to-door transportations. Each request
is a trip from home to school. As each school may receive only a few handicapped children, this problem can
be considered as a Dial A Ride Problem (DARP) rather than several separated Vehicle Routing Problems.
Furthermore, as often for the DARP, the legislation limits the maximum ride time of the users.

In practice the transportation plan are often performed by school directors or their assistant. One usual technique
is to gather some geographically spread children to a predetermined location, from where they can be transported
to their school by an unique vehicle. Technically, this problem can be modeled as a DARP where requests can
be transferred from one vehicle to another at some specific predetermined locations, called transfer points. This
problem is called the Dial A Ride Problem with Transfers (DARPT).

In the DARP, the aim is to determine a set of minimum cost routes that services a set of transportation requests
[1]. These requests emanate from users who ask for a ride between an origin location and a destination. Several
users can share a vehicle as far as its capacity is respected. The transportation of handicapped people [1] is
a common application of the DARP. As the DARP deals with the transportation of persons, the quality of

? This paper was not presented at any other revue. Corresponding author Renaud MASSON. Tel. +33 2 51 85 83 17.
Fax +33 2 51 85 83 49.
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Abstract

The Dial-a-Ride Problem (DARP) is a complex combinatorial optimization problem with many real-world applications
in transportation of persons. It consists in routing an heterogeneous �eet of vehicles based at a common depot in order
to satisfy users' transportation requests. Each request consists in a number of persons, a speci�ed pickup location, a
destination location and desired departure and arrival time windows. In this paper we investigate a new and general
model for the transportation of persons. It involves three objective functions that have to be optimized in order to
measure the potential e�ciency of the DARP solution on di�erent aspects: the cost for the transportation operator, the
quality of service for users and the impact on the environment.

Key words: Dial-a-Ride Problem, multiobjective optimization, evolutionary algorithms.

1 Introduction

The Dial-a-Ride Problem (DARP) belongs to the general class of Vehicle Routing Problems with Pickup and
Delivery (VRPPD). It consists in scheduling a set of transportation request on a �eet of vehicles, i.e deter-
mining a routing for each vehicle. Each request in picking up and delivering users within user speci�ed time
windows between origin and destination locations. In practice, the transportation requests of the DARP are
usually booked in advance, so in this paper we consider the static version of the problem [6]. More precisely
we consider a novel model aimed to be closer to real-life situations since we consider not only the reduction
of the transportation costs, which only re�ects the transportation operator desires, but also criteria related to
the users and the ecological impact of vehicle routings. The later is of high importance, mainly for societal and
environmental reasons. The three criteria we consider are the following:

• Minimizing the transportation cost,
• Maximizing the quality of service provided to the users (or equivalently, minimizing the user's dissatisfaction),
• Minimizing the CO2 quantity emitted by the vehicles.

The DARP, when only the aim is to minimize the transportation cost, turns out to be NP-hard. Consequently,
the tricriteria problem tackled here is so.

? This paper was not presented at any other revue. Corresponding author M. A. Atahran Tel.: +33 247 361 423. Fax :
+33 247 361 422.

Email addresses: ahmed.atahran@etu.univ-tours.fr (Ahmed ATAHRAN a,b), christophe.lente@univ-tours.fr (
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Abstract

The Vehicle Routing Problem with Time Windows is a particular case of the classical Vehicle Routing Problem in which
the demands of each customer should be met within an established time window. Due to the combinatorial complexity of
the problem its resolution by pure exact methods is, in many cases, computationally impractical. This fact motivates the
development of heuristic algorithms, which are usually faster but do not guarantee the best solution for the problem. This
work proposes a hybrid algorithm that combines the metaheuristic Iterated Local Search, the Variable Neighborhood
Descent procedure and an exact Set Partitioning model. The latter mathematical procedure is periodically activated
in order to find the best combination of the routes generated along the execution of the algorithm. The computational
results demonstrate that the proposed hybrid approach is quite competitive, since out of the 56 test problems considered,
the algorithm was found capable to improve the best known heuristic/hybrid solution in 12 cases and to equal the result
of another 27.

Key words: Vehicle Routing Problem, Hybrid Algorithms, Iterated Local Search

1 Introduction

The Vehicle Routing Problem with Time Windows (VRPTW) is a well known optimization problem and it has
received a lot of attention in operational research literature. In this problem, a fleet of vehicles must leave the
depot, serve customer demands, and return to the depot, at minimum cost, without violating the capacity of
the vehicles as well as the time window specified by each customer.

There are two main reasons (operational and theoretical) for investing in research to develop new algorithms
for the efficient resolution of this problem. From the practical/operational point of view, the costs related to
transporting people or merchandise are generally high, with a tendency to increase, motivated by the actual
expansion of commerce of all types [3]. Researchers calculate that 10% to 15% of the final cost of the merchandise
commercialized in the world is due to its transport [10]. From the theoretical aspect, since the VRP and most
of its variants, including the VRPTW, are NP-hard problems [13], the efficient resolution of these problems
represents a challenge for researchers, who, in general, opt for heuristic approaches. The size of this challenge
is demonstrated by the great number of articles dealing with this type of problem.

? This paper was not presented to another journal. Corresponding author Sabir Ribas. Tel. +55 21 2629-5665. Fax +55
21 2629-5666.
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Abstract

This paper deals with the bi-objective variant of the multiple Traveling Salesman Problem (m-TSP). This problem
generalizes the classical TSP with profits (TSPP). Depending of the nature of the objective function, three well known
kinds of problems constitute the TSPP family: the Orienteering Problems (OP), the Profitable Tour Problems (PTP)
and the Prize Collecting TSP (PCTSP). In the bi-objective m-TSP considered here, the aim is to build m cycles covering
a subset of potential customers so that the total collected profit is maximized and the overall traveling distance is
minimized. This paper presents an effective evolutionary algorithm to solve this problem.

Key words: multiple TSP, multi-objective optimization, evolutionary algorithm

1 Introduction

Multi-objective combinatorial optimization (MOCO) is a an important research field prospering mainly since
the last two decades. In many practical applications of the combinatorial optimization problems, the decision
makers must deal with multiple – often opposite – criteria. The purpose of MOCO is thus to provide a set of
non-dominated solutions rather than a single solution with only one objective or a weighted sum of multiple
objectives optimized.

This paper presents the first study for the bi-objective multiple Traveling Salesman Problem (m-TSP). The
problem is an extended variant of the Traveling Salesman with Profits (TSPP), where a fixed number m of
tours must be used in the solution. In the TSPP, each customer is associated with a nonnegative profit, which is
collected at the first customers’ visit. It is thus by nature a bi-objective combinatorial optimization problem with
two opposite optimization objectives, the first objective forces to extend the tour and collect as much profit as
possible while the other instigates the traveler to reduce the length of the tour. In that case the decision maker
must give the priority to a subset of customers. Among practical applications can be mentioned for example
scheduling of traveling salesman visits to the most profitable customers [15] or an intelligent tourist travel guide
system proposing to the user a subset of the most interesting tourist sites that can be visited within a given
time horizon [13,16,18].

? This paper was not presented at any other revue. Corresponding author J. Melechovský. Tel. +33-(0)3-25717600. Fax.
+33-(0)3-25717676.
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Abstract

This paper considers the optimization of a vehicle fleet to cyclically repeat a given set of routes, whose cycle times can
be adjusted if necessary. The objective is to minimize the overall cost rate, consisting of fixed vehicle costs, route-specific
costs and holding costs at the customers being cyclically replenished, where these latter two cost components obviously
depend on the selected cycle times of the routes. First, this fleet design problem is formally described in a mathematical
model. Then, several heuristic solution methods are proposed: two variants of a constructive insertion heuristic, a remove-
and-reinsert local search procedure, and an ejection chain local search procedure. The performance of these heuristics is
evaluated in a design of experiments.

Key words: Fleet sizing, Cyclic planning, Inventory routing.

1 Introduction

‘Vendor Managed Inventory’ (VMI) or ‘Supplier Managed Inventory’ (SMI) [8] aims at seamlessly integrating
distribution and inventory management. Through information sharing, the supplier is able to integrate decisions
about whom to replenish when with decisions about vehicle routes. If customer demand rates are constant over
time, a cyclic planning approach is highly appropriate, and the resulting integrated optimization problem is the
so-called “Cyclic Inventory Routing Problem” (CIRP) [5,6].

With constant demand rates and a cyclic planning approach, the same solution will be reiterated over the
long term. In that long term, the available fleet size for making the replenishment routes is no longer a given
parameter as in most short-term routing problems studied in the literature, but becomes a decision variable
instead. Thus, solving the cyclic inventory routing problem comprises two major subproblems, namely designing
a set of efficient routes, and then deciding on the required vehicle fleet that is needed to repeatedly perform
these routes. In this paper, we will focus on this second subproblem.

Once customers are assigned to routes, a schedule has to be constructed that assigns the routes to vehicles. At
this moment, better solutions can be obtained if the individual cycle times of the routes can be modified. A
short example illustrates this issue. Consider two routes, both taking a full day to complete, with individual
optimal cycle times of 2, respectively 3 days. When these cycle times are fixed, both routes have to made on

? This paper was not presented at any other revue.
Corresponding author B. Raa. Tweekerkenstraat 2, 9000 Gent, Belgium. Tel. +32(0)9/264.3477.
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Abstract  

 

We study the problem of designing and demand routing, at minimum cost, in Intelligent Networks (IN). The problem consists 

of, simultaneously, locating Service Switching Points (SSP), assigning calls to SSP, determining transmission capacities on the 

links and routing the calls through the network. The present work is an extension to our previous paper on the same topic where 

we modeled the problem as a Hub Location for a particular telecommunication operator. However, the model is not suitable for 

large networks, due to the compact structure of the arc-node formulation. To cope with this weakness on the previous model, we 

develop another graph based model in order to transform the initial problem into a Multi-commodity Flow problem. Then, we 

derive a linear mathematical program that integrates all the sub-problems mentioned above into a simpler formulation that is 

more convenient for large networks. 

 

Key words: Intelligent Networks, Telecommunication, Multi-commodity flow 
 

1 Introduction  

The intelligent network (IN) is intended to process, in a central way, the services that a telecommunication operator 

offers to its customers such as Freephone, Virtual Private Networks (VPN), Calling Card Services, Reverse 

Charging, etc.. All these services are hosted in a set of collocated servers called Service Control Point (SCP). These 

servers run software and data for processing the requests of any customer for a given service.  

In order to access any service managed by the SCP, any call must be transferred, first, to a Service Switching Point 

(SSP), which is a software entity installed on an exchange to which the customers are connected. When a customer 

requests for a given IN service, the SSP sends queries, through signaling protocol, to the SCP on how to process the 

call in accordance to the service logic in the SCP. Upon reception of the response, the call is transferred to its 

destination through the transmission links of the telecommunication networks. (see [2], [4], [6] and [7] for technical 

details) 

A typical telecommunication network is composed of two layers, namely, access layer and transit layer, as 

illustrated in figure (1). The access layer connects the terminals of the customers, via radio or copper links, to the 

local exchanges. Each demand consists of a source exchange, a destination exchange and the calls that must be 

established between these exchanges. The transit layer is made up of transit exchanges that are in charge of 
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Abstract  
 
Mobile sensors are now used to capture stochastic events and collect data in complex environments. To ensure a given high 
probability of event capture, the time between two consecutive visits to each point by a mobile sensor must be less than or 
equal to a critical time depending on event occurrence frequency (probability) of the point. In this paper, we study the routing 
of mobile sensors in this context of event capture to minimize the total energy consumption of all sensors concerned. This 
problem can be formulated as a cyclic vehicle (sensor) routing problem with non uniform visiting frequencies and inter-visit 
time constraints of nodes. We present an optimization approach based on column generation to solve the problem. In the 
approach, the LP relaxation of the set partitioning formulation of the problem is solved by column generation, where the 
pricing problem, which is an elementary shortest path problem with resource constraints, is solved by a dynamic 
programming labeling algorithm. A partial branch-and-bound algorithm with the branching strategy suggested by Ryan and 
Foster is used to obtain a high quality near-optimal feasible (integer) solution of the problem. The performance of this 
approach is evaluated by numerical experiments on randomly generated instances. 
 
 
Key words: mobile sensor networks, event capture, vehicle routing and scheduling, column generation 
 

1 Introduction  

Wireless sensor networks (WSNs) have been applied in environment monitoring, safety surveillance, battlefield 
target tracking, and chemical attack detection [12]. In traditional sense, sensors in a network are static; they are 
randomly distributed over a sensor field with high density to communicate with others. However this kind of 
sensor deployment approach has some disadvantages, one disadvantage is that it will greatly increase the 
deployment and operating cost of the network. 

To alleviate this disadvantage of static sensor networks, various applications begin to adopt mobile sensors. 
Mobile sensors are becoming a viable choice for sensing applications mentioned above. Many researchers have 
made great efforts to find effective methods for motion planning of mobile sensors in order to cover more area 
than stationary sensors[3],[7] .Our work is motivated by these works.  

                                                 
* Corresponding author: WenHua Zhao. Tel. +0033-0325718074. This paper was not presented at any conference or journal. 
Email addresses: wenhua.zhao@utt.fr  (Wenhua Zhao), haoxun.chen@utt.fr (Haoxun Chen).  

1280



International Conference
on Industrial Engineering and Systems Management

IESM’2011
May 25 - May 27

METZ - FRANCE

Two objective functions for a real life Split Delivery

Vehicle Routing Problem ?

Marc ULDRY a, Marino WIDMER a, Alain HERTZ b

aDecision Support & Operations Research, Department of Informatics, University of Fribourg
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Abstract

Different products have to be delivered by trucks. Due to the trucks capacity, each order is split into one or more deliveries
supplied from a main depot or from local depots. Simple and complex constraints have to be satisfied as drivers and
trucks availability or the fact that only specific trucks can be loaded in local depots. The problem is formulated as a MIP
and considers two different objective functions. The first one defines a vehicle routing problem where the total travel
time is minimized while the second one defines a VRP where the number of different trucks supplying each individual
customer is minimized.

Key words: Vehicle Routing Problem, Split Deliveries, Mixed Integer Programming

1 Introduction

In the classical Vehicle Routing Problem (VRP), a fleet of vehicles has to supply a set of customers from a
depot with the objective of minimizing the total traveled distance. Each customer has to be visited exactly once
and the total demand of customers visited by a vehicle must not exceed its capacity. An overview of resolution
methods can be found in [12] and [5]. Extensions of this problem, named Split Delivery Vehicle Routing Problems
(SDVRP), are studied for over 20 years and were first introduced in [8]. In this seminal paper, Dror and Trudeau
split deliveries such that each customer can be visited by more than one vehicle. Due to the complexity of the
problem (it is NP-hard), a two-stage algorithm including five interconnected subroutines is developed, but it
does not guarantee an optimal solution. The relaxation results in savings in the total traveled distance and in the
number of vehicles used in the solution. An empirical study is presented in [1]. A similar heuristic is implemented
in [13] to solve a feed distribution problem formulated as a collection of split delivery capacitated rural postman
problem with time windows on arcs. In [7], the Split Delivery Vehicle Routing Problem is formulated as an
integer linear program including constraints on subtours elimination and is decomposed in subproblems solved
by simplex and branch and bound methods. A mathematical formulation and a heuristic are presented in [10]
which include grid network distances and time window constraints. A lower bound based on a polyhedral study
of the problem is proposed in [3] and a branch and price approach is presented in [9]. In [11] and [2], Tabu
Search metaheuristics using a memory-based search strategy which give quickly good results are implemented.
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Abstract  
 
Over the last years the Vehicle Routing Problem (VRP) has been enriched by different complicated constraints encountered 
in the real-life. In this paper, we tackle a rich VRP namely the Multi Compartment Multi Commodity Heterogeneous Fixed 
Fleet Vehicle Routing Problem with hard Time Windows (MCMCHFFVRPTW). The objective of the problem is to 
determine an assignment of the non-intermixable products into vehicle compartments of different sizes and a set of vehicle 
routes of total minimum distance and minimum waiting time such that the customer demands are satisfied. The main 
contribution of this paper is to identify the most relevant instance factor for this problem. Thus, we develop a generic 
parameterized mathematical model and a data set generator able to produce a great variety of instances based on various 
service policies and fleet characteristics. New sets of instances were generated by systematically varying design parameters. 
First, an exact resolution for four models using CPLEX 10.0 is provided. Second, we carry out a D-optimal factorial design 
using the Design Expert 7.0 software to select from five factors, the factors which lead to significant variations of  the 
objective value (OV). The statistical study shows that the fitted model is adequate to analyze the effect of the retained 
parameters on the OV. 
 
Key words: VRP with compartments, Experimental design, New sets generator, Flow meters, Depots location. 
 

1 Introduction  

The Multi Compartment Vehicle Routing Problem (MCVRP) consists of designing a set of minimum cost routes 
to serve the demands for multiple products of a set of geographically scattered customers. A distinct feature of 
the problem is that products are incompatible and must be transported on independent vehicle compartments. 
The use of multiple compartments is relevant, when the vehicles transport several commodities which must 
remain separated during transportation. The MCVRP naturally arises in several practical situations. For instance, 
dairies often use vehicles with multiple compartments to collect milk of different types (e.g., from cows and 
goats) and qualities (e.g., different suckling dates) [14]; public utilities use trucks with compartments to perform 
selective waste collection; and food companies distribute in compartmentalized vehicles groceries that require 
different levels of refrigeration. Furthermore, [1] mention the distribution of cattle food to farms during which 
sanitary rules recommend to always use the same compartment for some species. Similar examples of product 

                                                 
* This paper was not presented at any other revue. Corresponding author Rahma Lahyani. Tel. +33.3.20.33.54.55  
Email addresses: rahma.lahyani@ec-lille.fr (Rahma Lahyani), mahdi.khemakhem@fss.rnu.tn (Mahdi Khemakhem), 
habib.chabchoub@fsegs.rnu.tn (Habib Chabchoub), frederic.semet@ec-lille.fr (Frederic Semet). 
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Abstract  

 

In this paper we studied an adaptive version of the vehicle routing problem for logistic of valuable goods. This problem is 

motivated by the need to reduce the predictability of the service. The objective is to minimize the total cost of a set of 

solutions but with not exceed a similarity degree in the set. The temporal similarity aspect is a very important factor of 

predictability but has never been take into account at the best of our knowledge. A new mathematic formulation is then 

proposed by introduced specifics constraints which avoid to create similar routes. The model was tested in modified 

Solomon's instances for the vehicle routing problem with time windows and results are discussed. Finally, two heuristics are 

proposed and compared both with an exact method and together. 

 

Key words: vehicle routing, security, model 
 

 

1 Introduction 

The vehicle routing problem originally proposed by Dantzig and Ramser [1] is one of the most studied 

combinatorial problems today. This problem consists in finding a set of trips with the minimum total cost, to 

deliver fixed amounts of goods to customers with a fleet of identical capacity vehicles. Each trip must depart and 

end at the depot, each client must be visited exactly once and the capacity of a vehicle must not be violated along 

the trip. This problem is known as NP hard and has many variants that can handle for example time windows 

availability at customers in VRPTW (Vehicle Routing Problem with Time Windows) or reverse logistics 

constraints (where the clients can also have a quantity of goods to return to the depot). For more details on these 

variants, interested reader is referred to the book of Toth and Vigo [9] or more recently Golden and al. [2]. 

We have chosen to focus here more specifically on security constraints. Security considerations in vehicle 

routing have been receiving a very little attention in the literature. Two major trends can be defined:  

                                                           
*
 This paper was not presented at any other revue. Corresponding author J. Michallet. Tel. +33 325 718 080. Fax + 33 325 

717 676 Email addresses: julien.michallet@utt.fr (Julien Michallet), christian.prins@utt.fr (Christian Prins), 

lionel.amodeo@utt.fr (Lionel Amodeo), farouk.yalaoui@utt.fr (Farouk Yalaoui), gregoire.vitry@nexxtep-technologies.fr 

(Grégoire Vitry). 
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Abstract: Robust optimization of inventory routing for bulk gas distribution

We address the ‘rich’ (i.e., with real-world features and constraints) inventory routing problem for bulk gas
distribution under uncertainty. We consider that the uncertainty occurs on the supply side and consists of outages at
the production plant. We propose a general methodology for generating, classifying and selecting ‘robust’ solutions:
solutions that are less impacted when uncertain events occur such asplant outages. This methodology is applied to
real data provided by the Air Liquide company in the context of bulk gas distribution, and we show that for a
relatively small increase in cost, the robustness of routes and schedules for the bulk gas distribution with regard to
possible plant outages is improved. Results show that we can reduce the extra cost induced by plant outage, while
only slightlyincreasing the cost in the cases where no outages occur.

Key words: Inventory Routing Problem, Uncertainty, Robustness, Supply Disruption

1 Introduction

Optimization models for transportation, distribution and supply chain problems are generally treated under
deterministic assumption where all the data about the problem is assumed known with certitude prior to its solving.
As a consequence, when uncertain events happen the ‘optimized solutions’ may become less efficient or even
infeasible, which may induce extra costs or a poor quality of service. Moreover, large parts of real world
optimization problems are subject to uncertainties occurring in the problem data and parameters. In order to cope
with such uncertainty, the notion of “robustness” has been proposed by authors such as Kouvelis and Yu [12].
Robust solutions ensure feasibility, and to a further extend good result, regardless of the realization of the
uncertainty.

The key objective of this research work is to propose a generic methodology for generating robust solutions for the
inventory routing problem (IRP) in an uncertain environment. The proposed methodology is applied to the specific

*
This paper was not presented at any other revue. Corresponding author: H.Dubedout Tel : +33 1 39 07 64 51.

Email adresses : hugues.dubedout@airliquide.com, van-dat.cung@grenoble-inp.fr, pierre.dejax@emn.fr,
nicoleta.neagu@airliquide.com, thomas.yeung@emn.fr.
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Abstract

A new era is coming with intelligent materials, which are able to provide diverse functionalities to users all along the product lifecycle,
during the design, manufacturing, use and dismantling phases. These materials can track their own evolution all along the Supply Chain,
which lead to gather helpful information and allow information continuum at all time and everywhere (synchronization of informational
and physical flows). Usually, these functionalities are fulfilled via the integration of specific electronic componentsinto the material
(wireless sensors, RFID). The present paper forms part of this framework. To go further in the interpretation of this paradigm, it
proposes an approach to design this kind of communicating material and its necessary communication architecture useful to enable
communication between textile and environment. Feasibility studies related to industrial processes, to usage and technology constraints
are handled within the paper too. A prototype is realized in which a huge number of tags are scattered. Afterwards, the physical limits
of the textile are evaluated and compared to a classic one. A digitizing tool is also introduced which allows getting dynamically the
location map of tags constituting the material.

Key words: Communicating material, Prototyping, Smart clothing, Supply chain management, Ubiquitous computing.

1 Introduction

A new era is coming with intelligent materials, which are able to provide diverse functionalities to users all along the
product lifecycle, during the use phase (medical sector [6,3], clothing [26], military [22], home automation [12, 2], .. . )
or during the design, manufacturing and dismantling phases. These materials can track their own evolution all along the
Supply Chain, which lead to gather helpful information and allow information continuum at all time and everywhere. As
a matter of fact, [5] showed the product needs technologies not only to carry data but both data and knowledge (e.g via
wireless sensors, RFID, . . . ). Both physical and informational flows being merged into the product, that kind of material
ensure a synchronization between them [23]. Works aboutintelligent products[30, 20] in the logistic field often consider
discrete products. In this context, each product disposes of a distinct informational part, located on an electronic tag.
Nonetheless, this concept already shows a certain number oflimits : discrete reading, risk of tag damage, problem of
information loss when cutting the product in several parts.[27] emphasizes the significant proportion of defective tags
and false reads (which has been as high as20− 50% in some pilot projects). The problems pointed out previously could
be resolved, if one imagines that all the material composingthe product has the property to be communicating. The
technology is inserted into the material during its initialproduction so as to be inseparable. Then, it is not a punctualpart
of the product which acquires and broadcasts information but the material in its wholeness. The product becomes ipso

⋆ This paper was not presented at any other revue. Corresponding author S. Kubler.
Email addresses:Sylvain.Kubler@cran.uhp-nancy.fr (Sylvain KUBLER),

William.Derigent@cran.uhp-nancy.fr (William DERIGENT),Andre.Thomas@cran.uhp-nancy.fr (André
THOMAS ),Eric.Rondeau@cran.uhp-nancy.fr (Éric RONDEAU).
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Abstract  

 

Intelligent Products are capable of collecting information and reacting on it proactively, e.g. estimating needs for 

maintenance or repair. With increased computing power and communication capabilities, products may also become pro-

active. We claim that when such products will have the means to communicate between themselves and with other systems, 

only then will the true potential of the Internet of Things concept have been accomplished. In this paper we describe a 

number of real-life applications that have been implemented using the Intelligent Product and Internet of Things concepts. 

These applications reveal some of the potential for the future of these technologies.   

 

Key words: Intelligent Products, Internet of Things, Closed-loop PLM, Product Instance, Middleware 
 

1 Introduction  

For Product Lifecycle Management using Smart Embedded Systems [13], the number and variety of information 

systems that need to communicate is greater than in most other application domains. Indeed, it is not one 

application domain; it is, rather, a collection of application domains that need to use and share partially identical 

information. The Internet of Things has been proposed as a concept that encompasses at least some parts of the 

application domains considered. The Internet of Things will be an extension of the Internet that makes it possible 

to access information about any tangible “thing” over the Internet. The Internet of Things concept was probably 

first coined by Ashton (2000) but other early and publicly accessible sources are e.g. [9] and [8]. Still, earlier 

concepts such as “Ubiquitous Computing” proposed in 1991 [21] and “Mirror Worlds” proposed in 1993 [7] 

contain many common elements with the Internet of Things concept.   

The notion of Intelligent Product is still rather undecided and we don’t currently have a single established 

definition [4]. However, there is an increasing need to treat products as instances due to mass customization and 

the efforts to invest in after-sales services. In each case, a specialization of the product occurs – whether it be in 

terms of different functionalities, different delivery paths, different usage modes – making it increasingly 

important to maintain information unique to each item in some way. Even two initially identical product items 

will have different owners or be used in different conditions. The product usage phase may even begin before it is 

sold because many products nowadays go through an individual initialization procedure where “normal” 

operation profiles are recorded and stored. The product’s control system can also be fine-tuned so that individual 
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Abstract  
 
Heterarchical Control Architectures (HeCA) have shown various benefits such as agility and reactivity, but have to face some 
drawbacks in order to be implemented in the industrial world. Precisely, one of the problems encounter in heterarchical 
systems is referred as the lack of a global view and reference of the whole system, to actually guarantee optimal decision-
making. This behavior had been labeled by some researchers as “Myopia”. This paper is intended to look for this kind of 
behavior in other domains, and then try to identify and set-up a classification scheme, appropriate to a production systems’ 
scenario.  Then, different methodologies attempting to solve this issue are shown and also classified according to the type of 
myopia they try to diminish, and their robustness.  In order to demonstrate specifically this matter, a case study is reported to 
exhibit the phenomenon and then a basic solution is implemented over the AIP-PRIMECA manufacturing cell located at the 
University of Valenciennes, France. Finally, some conclusions and challenges will serve as a mark for an interesting research 
path, aiming at the adoption and industrial deployment of HeCA. 
 
Key words: Manufacturing systems, FMS control, myopia, heterarchical systems, global performance  
 

1 Introduction 

In the second part of the last century, due to a relative stability of markets, products life cycles and complexity, 
hierarchical control architectures (HiCA) were widely accepted and deployed by industrials in manufacturing, 
since long term optimality was reachable. Besides, these static architectures allow information and power to be 
distributed in various levels, forming a pyramid in which leadership is taking by superior levels that make 
decisions based on their global view of the system, and operational levels remaining attentive to directions. In 
this way, global performance of processes is assured. Nevertheless, these types of organizations imply a high 
number of decision loops with non negligible associated lags with major issues concerning aggregation and de-

                                                 
* This paper was not presented at any other revue. Corresponding author G. Zambrano Tel. + (33) 3.27.51.13.20. University 
of Valenciennes and Hainaut-Cambrésis, Le Mont Houy, F-59313 Valenciennes cedex 09, France.  
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Abstract

This paper presents a novel approach towards proactive manufacturing control. The proposed solution combines an
innovative conceptualization of product-driven manufacturing based on a generic service description with recent results
on tractable predictive model-based diagnosis. We demonstrate the versatility of our approach on a flexible production
scenario for a user-configured product: While the product-driven approach naturally allows for small lot sizes and efficient
product change-over, predictive diagnosis of the production machinery facilitates autonomous compensation of partial
and complete machine failure by automatically restricting the set of services provided. The diagnosis module itself is
implemented as a software service, therefore integrating seamlessly into the proposed framework.

Key words: fault-tolerance, product-driven manufacturing, service-oriented architecture, semantics, model-based
diagnosis

1 Introduction

To address both, the growing demand for improved reactivity to market trends experienced by manufacturers and
the customer request for high individualization of products, an ongoing trend from supplier-driven to customer-
driven manufacturing can be observed. This results in higher flexibility requirements for manufacturing systems,
namely (i) provision of flexible but robust processes to enable small lot sizes and (ii) efficient change-over between
product variants. This customization of products particularly challenges traditional engineering approaches.
Examples for such products are manifold, ranging from traditional products such as cars and computers to
newcomers like personalized teas or mueslis.

State of the art large-scale production of goods is typically based on static production plans developed for specific
facilities, integrated into long-term scheduling plans to reduce the effort for (mostly manual) reconfiguration of
production facilities. Manufacturing of dynamically requested customized products can not be handled efficiently
by traditional systems due to their hierarchical control structure. Therefore, new concepts for eased adaption
of production systems have been developed in the last years. A number of projects explored new ways to
improve supply chains with adaptable processes [22] or reorganize automation systems e. g. with automatically
composable, modular assembly systems [21]. The ongoing trend towards intelligent mechatronic components
with enhanced capabilities additionally results in the development of approaches to ease their integration.

? This paper was not presented at any other revue. Corresponding author Christoph Legat. Tel. +49-89-636-43135.
Fax +49-89-636-49767.

Email addresses: christoph.legat.ext@siemens.com (Christoph LEGAT), thomas.hubauer.ext@siemens.com
(Thomas M. HUBAUER), ch.seitz@siemens.com (Christian SEITZ).
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Abstract  

 

Multi-agents systems and holonic manufacturing systems are suitable approaches to design a new and alternative class of 

production control systems, based on the decentralization of control functions over distributed autonomous and cooperative 

entities. However, in spite of their enormous potential they lack some aspects related to interoperability, migration, 

optimisation in decentralised structures and truly self-adaptation. This paper discusses the advantages of combining these 

paradigms with complementary paradigms, such as service-oriented architectures, and enhancing them with biologically 

inspired algorithms and techniques, such as emergent behaviour and self-organization, to reach a truly robust, agile and 

adaptive control system. An example of applying a stigmergy-based algorithm to dynamically route pallets in a production 

system is also provided. 

 

Key words: Multi-agent Systems, Holonic systems, Service-oriented systems, Self-organization  
 

1 Introduction  

Nowadays, manufacturing should adapt to strong changing conditions imposed by the markets. The greater 

variety of products, the possible large fluctuations in the demand, the shorter lifecycle of products expressed by a 

higher dynamics of new products are some challenges that manufacturing companies have to deal with to remain 

competitive. The traditional approach (i.e. centralised or hierarchical) to control complex systems (such as 

manufacturing systems or administrative systems) splits the overall problem into hierarchically dependent 

functions that operate within decreasing time-ranges, such as planning, scheduling and/or monitoring. This 

approach has produced interesting results and near optimal solutions, but only when hard assumptions are 

satisfied, for example, without the occurrence of external perturbations (e.g., urgent orders) or internal 

perturbations (e.g., machine breakdowns). However, a real (industrial) system is often complex with the 
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Abstract

Ambient intelligence applied to manufacturing systems will deeply transform approaches to production organization
and control. Infotronics technologies will enlarge the capabilities to interact, to react and to customize control systems
with innovative possibilities that should already be envisaged and thoroughly studied. Indeed, beyond identification,
traceability and security applications that are generally considered, these technologies offer the possibility to associate
to each entity, constituting a production system, a decisional intelligence. Autonomy properties are thus associated to
the entity. Under these new advances, a control system based on the holonic paradigm and an isoarchic architecture,
named PROSIS (Product, Resource, Order, Simulation Isoarchical System), was proposed. This approach provides a
range of ambient services to the holonic entities. The aim of this paper is to present the service oriented architecture
in the PROSIS control system. After presenting the holonic control system (PROSIS) model, the ambient services that
can be provided are described and the way these services could be delivered are presented.

Key words: Holonic control, Isoarchic architecture, PROSIS model, Ambient services, SOA

1 Introduction

Future production needs are already expressed through emerging paradigms, such as mass customisation, lean
approach, Six sigma approaches and product traceability. Mass customisation requires individualized and flexible
product tracking. Lean approach leads to drastic stock reduction and enhanced flow control. Six sigma ap-
proaches brings more rigor and requirements in the results to be achieved. In order to address these objectives,
new control approaches should be proposed, based on the use of emerging technologies that would allow their
operability in manufacturing sites. Traditional management and control methods show their limits against the
increase of production constraints, and it becomes essential to study new control approaches. An architecture
for the control of production systems, without any hierarchical decision-making dimension, was proposed. The
approach uses holonic paradigm and isoarchic architecture providing a range of ambient services to the holonic
entities. In the sequel, section two will introduce the new information technologies in manufacturing. Section
three describes the PROSIS control system. Section four describes, on one hand, the ambient services provided
to the holonic entities and on the other hand builds up the service oriented architecture (SOA) in PROSIS.
Finally section five provides our conclusions and future work.

? This paper was not presented at any other revue. Corresponding author M. Y. Dubromelle. Tel. +33(0)699277758.
Email addresses: yves.dubromelle@lsis.org (Yves DUBROMELLE), fouzia.ounnar@lsis.org (Fouzia

OUNNAR), jean-pierre@prunetwork.fr (Jean-Pierre PRUNARET), patrick.pujo@lsis.org (Patrick PUJO).
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Abstract  

 
The paper describes a solution for the automation of a flexible manufacturing system using the concept of product-driven 
automation. A semi-heterarchical control model based on the concept of holonic manufacturing is proposed which switches 
its operation mode from hierarchical to heterarchical in the presence of perturbations to ensure as long as possible global 
optimization and agility to changes in the production environment. In order to ensure this functionality a service oriented 
manufacturing environment is proposed and implemented, whose structure is described by and accessed through a 
decentralized fault-tolerant Resource Service Access Model. This mode is used to reduce the myopia of the scheduling 
system at the level of products in execution. Besides the design of a generic structural and dynamic model, a real 
implementation solution is proposed using a multi-agent framework. 
 
Key words: product-driven automation, holonic manufacturing, embedded devices, service orientation  
 

1 Introduction  

The present economy trends demand that production cells equipped with robotized workstations operate in an 
optimized manner and behave predictable over time. The only way that can guarantee this optimization is a 
hierarchical driving strategy, which executes an off-line generated schedule controlled by a central entity. 
Unfortunately, perturbations occur when driving such cells, such as resource failure or stock depletion of a 
workstation. This means that the entire cell needs to stop, at least until the planning is recalculated, with bad 
consequences on the production schedule. In order to avoid cell downtime, efforts have been made to 
decentralize production’s schedule and distribute the control scheme so that a perturbation will be properly 
handled for job continuity. So, to summarize, the control of production cells has two main implementation 
directions, the two having complementary advantages (A) and disadvantages (D): 
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Abstract  

 
Disruption management is a major issue in production systems monitoring and control. Existing architectures offer few 
concepts both specifically dedicated and sufficiently generic to allow handling a broad variety of disruptions such as resource 
failures, supply delays, rush orders, etc. Although biological immunity is naturally able to deal with threats endangering the 
host organism, to the best of our knowledge, it has not yet been applied to handle production system disruptions. Taking this 
system as a source of inspiration, we suggest an agent based approach, which involves functions specifically dedicated to 
deal with a variety of disruptions, such as detection, identification of consequences and reaction to disruptions. This 
architecture is intended to be embedded within industrial information and decision support systems, such as ERP 
(« Enterprise Resource Planning ») and MES (« Manufacturing Execution System »). A prototype implementation using the 
JADE platform and the JAVA language shows the relevance of the suggested agent-oriented approach. A simplified example 
illustrates the kind of support that can be provided to decision makers when dealing with an unexpected supplier 
unavailability. 
 
Key words: monitoring, control, disruption, biological immune system, artificial immune system, multi agent system. 
 

1 Introduction  

Today’s manufacturing companies are vulnerable to unpredictable events that may disrupt pre established plans 
and expected performances. Such disruptions include for example machine failures, tool breakage, workforce 
absenteeism or strikes, quality problems, rush orders, supply delays and several other possibilities. Unless some 
strategy to deal with a disruption is implemented, the production system is forced to stop or at least to deviate 
from its expected operation and performance. Disruption impacts refer to direct and indirect disruption 
consequences, which are related to questions such as: does the disruption affect the promised due dates or the 
starting and finish times for setup? Does the disruption impact one or multiple resources, parts or products? Does 
the disruption impact material availability or direct product cost? etc. [2]. In this respect, disruption management 
has become a major monitoring and control issue. To take into account such disruptions and assist in reducing 
their impact, industrial tools – such as manufacturing execution systems (MES) – and academic approaches – 
such as distributed scheduling and distributed monitoring and control – were designed. 
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Abstract 

The  paper  describes  a  modern  solution  for  controlling  a  complex  manufacturing  cell,  consisting  of  conveyors,  robots, 
stoppers and other devices, using a single programmable logical controller (PLC).  The objective was to design a control 
system for a Holonic Planned Manufacturing System running into an Intelligent Production Cell. In order to achieve this 
goal, each product processed in the manufacturing cell has to be identified and its own routing / workstation jobs schedule 
needs to be implemented without interfering with other products. The chosen solution was a special array of data structures  
that is used to easily access and manages the pallets processed at the four robotized stations of the cell. In addition, high  
performance communication protocols are implemented in order to allow PLC – Robot interaction, protocols that use both 
I/O lines and TCP/IP. 

Key words:  Intelligent  manufacturing system,  holonic  manufacturing system, flexible  and reconfigurable  manufacturing 
system, production activity control, supervisory control, PLC. 

1 Introduction

Traditional networked assembly structures have either a hybrid or a heterarchical architecture. The first type 
allows data exchange and co-operation between lower-level (robot) controllers. In this architecture,  a master 
initiates all the activities and then the subordinates cooperate to perform them. The second type of architecture is  
formed by a group of independent entities, usually called agents, which bid for orders based on their status and 
future workload [5]. The master-slave relationship is dismissed and due to this decentralized control architecture, 
the agents have a complete local autonomy and the system is able to react promptly to any event such as:  
resource failure, new customer’s order etc [7]. Global batch optimization it is however improbable, because the  
execution of one order depends on the features of other orders. The system’s performance is also unpredictable.

In  order  to  face  resource  break-downs,  job  shop assembly  structures  use  networked robot  controllers  with 
multiple-LAN communication facilities  allowing production data saving and automatic re-planning of  batch 
production using failure and recovery management [1].  

* This paper was not presented at any other revue. Corresponding author N.A. Ivanescu. Tel. +40214029314. Fax +4021
Email  addresses: nik@cimr.pub.ro  \(Nick  Andrei  Ivanescu\),  borangiu@cimr.pub.ro  \(Theodor  Borangiu\),  

andrei@cimr.pub.ro \(Andrei Rosu\), mihai.parlea@cimr.pub.ro \(Mihai Parlea\).
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Abstract  

Information transfer in the supply chain is complex and causes instability and unpredictable behavior, when information 

transferred is incomplete or incorrect. This instability is characterized by the Bullwhip Effect that represents concretization 

of entropy, namely the degree of disorder within a system. In this paper we assume that “complete” and “accurate” real-time 

information sharing concerning product and inventory levels through RFID reduces entropy and limits its effects on the 

supply chain. RFID can reduce information loss and increase accuracy. From the literature we show that RFID can improve 

visibility, reduce uncertainty and complexity of the supply chain permitting us to conclude that it represents a regulatory 

mechanism of informational entropy in the supply chain.  

 

Key words: Supply chain system, entropy, Bullwhip Effect, RFID 

 

1 Introduction  

In this last century, firms evolve in an extremely complex environment, constituted by open markets, 

globalization of sourcing, advancements in and intensive use of information technologies, decreasing product 

lifecycles, and increased demand. This complexity is intensified by consumers who are becoming increasingly 

demanding in terms of product quality and service. These pressures have led companies to focus on their core 

business, resulting in outsourcing of less profitable activities.  Most of these companies have opted for 

specialization and differentiation strategies, resulting in rapid new market growth and intensified flow between 

all actors. The intensity and ever increasing complexity of these flows has further destabilized the 

environment in which companies evolve. Globally the system has become extremely volatile, making planning 

and predicting quite difficult for all actors concerned. Streamlining processes and flows through the value 

creation system has also become rather problematic as a result. To cope with this complexity, firms have 

adopted new business models around the concept of networks.   

 

According to systems theory, supply chains can be considered as dynamic and complex systems composed of 

autonomous firms that interact with one another contributing to fulfilling a common goal. These firms’ 

behaviors are actually non-linear, varying between cooperation and conflict. Firms create value by cooperation 
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Abstract 

RFID (Radio  Frequency  Identification)  technology  is  a  rapidly  emerging  technology  that  can  be  used  to  enhance  the 
performance of the supply chain. Previous researchers have studied the benefits of the RFID technology in supply chain  
management.  Most  of  the  relevant  studies  focused  on:  i)  manufacturing  processes  aiming  at  ensuring  that  the  right 
components are putted into the right products, ii) warehousing processes aiming at reducing inventory errors and iii) reverse  
logistics processes aiming at increasing accuracy on the quantity of returned products. However, little research has been  
done on the benefits of the RFID technology in goods transportation processes. Most of the published work is dealing with 
the benefits of using this technology for the transportation of perishable goods within cold chains. The focus of this work is  
to provide a better understanding of potential benefits stemming from using the real-time information provided by the RFID 
technology in road-based goods transportation processes. Finally, we conclude with a discussion of some challenges of  
RFID implementation for road freight carriers.

Key words Goods transportation, Process modelling, RFID technology

1 Introduction and research background

A  supply  chain  consists  of  all  parties  involved,  directly  or  indirectly  such  as  suppliers,  manufactures, 
distributors, and retailers, in order to fill a customer request [7]. Supply chain management is considered as a  
lever to achieve the customer’s requirements with a more cost effective way through integration of all supply  
chain processes:  replenishment processes,  production processes and distribution processes.  There are several  
activities  in  the distribution  process.  The transportation  activity  is  among the  most  important  ones since  it  
directly impacts both supply chain costs and customer service levels. Indeed, it is the interface between the 
supply chain and the customer. 

* This paper was not presented at any other revue. Corresponding author A. Kombas. Tel. +33 5 54 42 01
Email  addresses: afifa.kombas@bem.edu  (Afifa  Kombas),  Mohamed-Zied.Babai@bem.edu  (Mohamed  Zied  Babai),  
bruno.vallespir@ims-bordeaux.fr (Bruno Vallespir).
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Abstract  
The recent developments in infotronics and in communication make it possible to develop intelligent Condition-Based 
Maintenance (CBM) systems. In this context, this paper proposes the concept of “activeness” and a modeling approach 
designed to increase the informational, communicational and decisional capacities of a system with a distributed architecture. 
This “activeness” concept is then applied to the advanced diagnosis of train doors in a railway application (i.e., the SURFER 
project led by BOMBARDIER). 
 
Key words: Augmentation concept, distributed systems, monitoring, diagnosis, conditional maintenance, railway 
transportation system 
 

1 Introduction  

As equipment becomes more complex and computerized, intelligent maintenance schemes must replace the old 
prescheduled, labor-intensive planned maintenance systems to ensure that the equipment continues to function 
correctly [18]. In this context, proactive maintenance or Condition-Based Maintenance (CBM) is vital for 
today’s complex systems in industry and transportation (e.g., the aviation, automotive, railway & shipping 
industries) [18, 15, 4]. The goals are to maximize equipment up-time, minimize maintenance and operating 
costs, reduce life-cycle total ownership costs (TOC) and improve the safety of equipment [18]. CBM identifies 
incipient faults before they become critical and identifies their causes in order to avoid additional imminent 
failures. 

CBM has evolved towards intelligent CBM [15, 5, 19], which was made possible with the advent of new 
information technologies and infotronic progress [10, 2]. Approaches based on remote maintenance [1], e-
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Abstract

This paper describes a modeling approach for product-driven systems based on the Viable System Model (VSM). A
general VSM description is presented, highlighting the pertinence of this approach for modeling intelligent product
systems, specifically when a compromise between control and autonomy is aimed. An application is also provided for
modeling a hybrid centralized/distributed production planning and control system. System modeling using the conceptual
framework provided by VSM, allows to handle the complexity of the planning and control functions, considering aspects
such as efficiency, flexibility, adaptability, scalability and reusability.

Key words: Product-Driven Systems, Viable System Model, Manufacturing Planning and Control Systems, Flexibility,
Adaptability.

1 Introduction

The reduction of the Product Life Cycle caused by the ever growing demand for customization and global
competitiveness, has imposed new challenges for many industrial sectors. These challenges force companies to
organize and structure themselves, adapting their internal processes towards a high changeable environment
and facing their own internal failures. In this context, centralized and hierarchical approaches applied to the
decision making process, can be inadequate, especially under conditions of disruption and long-term changes
[18,17]. An alternative approach to this conventional hierarchical organization is the concept of Product-Driven
System (PDS).

A PDS, changes the vision to a more interoperable and intelligent system, postulating the customized product
as the controller of manufacturing enterprise resources [23]. This leads to the design of an intelligent product
[21], which has been defined as an entity with a physical and information-based representation, able to influence
decisions which concern itself [19]. From a practical perspective, Radio-Frequency Identification (RFID) has
been widely accepted as a suitable technology linking information systems with the physical world [33,29].

Despite the increasing development of PDS [24,8,9], currently, there is no specific modeling framework for this
kind of systems. According to [22], an important condition for these new approaches is to contribute to the

⋆ This paper was not presented at any other revue. Corresponding author C. HERRERA.. Tel. +33 03 83 68 44 50. Fax
+33 03 83 68 44 59.
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Abstract  

 

In this paper, we develop dynamic models for production scheduling, machine maintenance planning, and machine capacity 

control. Specifically, differential equation based models are used to characterize real-time dynamics that span from 

controlling machinery capacity to production and maintenance planning. Based on these dynamic models, distributed 

feedback control algorithm which is performed upon discrete-event simulation using each part’s and machine’s local 

information is developed to determine the production and the machine maintenance event scheduling while controlling the 

machine capacity in a unified manner. 

 

Key words: Distributed feedback control, Manufacturing, Capacity, Maintenance  
 

1 Introduction  

A need for seamless process-flows while satisfying just-in-time requests for each production stage make the 

production processes more intelligent in terms of responding to various uncertain events such as urgent orders, 

changing due-date, and unexpected machine failures. Both traditional and new methodologies for intelligent 

production have continuously sought more economic and efficient way to handle these uncertainties, but most of 

efforts have treated each function in isolation. The typical problems in a production area are production 

scheduling and preventive maintenance planning which are usually made independently even though they 

closely affect each other. Although integrated approaches for those two objectives had been continuously 

developed [1, 2, 3, 7], maintenance plans were mostly considered as a given constraint for solving production 

scheduling. The problem here is that this ‘partially integrated’ approach can make one of their objectives 

deteriorated even though the other can be improved. 

Recently, optimization and heuristic approaches have been developed for both production and machine 

maintenance problems in an integrated manner. Such integrated models that simultaneously determine 

production scheduling and preventive maintenance planning decisions have been proposed to satisfy various 

objective functions such that minimizing job tardiness [2], minimizing production and maintenance cost [1], and 

minimizing total costs of inventory, repair, and preventive maintenance [3]. These approaches try to improve 

solutions for various objectives, but most of them assume that dynamic changes by uncertain disturbances do not 

occur while the system operates. In real manufacturing environment, however, various disturbances cause 
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Abstract  
 
We address the Operating Room Planning Problem (ORPP) for a surgery unit. This problem involves 
determining the number of surgeries to be carried out in a surgery unit for a given planning horizon together with 
the date of the surgery and the specific operating room in which each surgery will be performed. The objective is 
to maximize the service level of planned patients expressed as a function of the medical priority, number of days 
in the waiting list, and the resulting surgery date. To solve this problem, we present new constructive heuristics 
and several new local search algorithms. The performance of these methods is evaluated by generating a large 
set of instances based on an analysis of the literature.             
 
Key words: planning, operating room, heuristics, surgery, optimization  
 

1 Introduction 

The Operating Room Planning Problem (ORPP) deals about determining a surgery schedule for a given surgery 
unit, i.e. to establish which patients in the waiting list of this unit (each one with a different priority) are to be 
intervened in a given planning horizon, also specifying when (date of surgery) and where (OR) each surgery will 
be performed. We assume that each patient has been already assigned to a specific surgeon who will perform the 
surgery. This is a common policy that guarantees the continuity of care, i.e. each patient is operated by the 
surgeon who treated him/her since his/her arrival to the hospital. This problem can be formulated as an 
optimization problem where the objective function is to maximize the service level (i.e. the quotient between the 
priority and the planned date) of the planned surgeries. 

The problem under consideration can be fitted within the framework of OR planning and scheduling proposed by 
Cardoen et al. [1]. According to that reference, there are three levels of decisions problems (all of them general 
assignment problems, which are strongly NP-hard): speciality, surgeon or patient. In ORPP we consider two 
decision levels simultaneously, i.e.: surgeon and patient decision level. The surgeon decision level is considered 
since a surgery schedule specifies the block of OR time assigned in each OR-shift during a day to each surgeon. 
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Abstract  
 
The aim of this paper is to help in the management of the operating theatre in order to improve its functionality. Our research 
focuses on the daily scheduling of the surgical acts in an operating theatre. We also take into account specific human and 
material constraints that indeed exist like, for example, the surgeon’s preference for a specific operating room, a specific 
material or a specific team. However, it is obvious that the more the constraints, the more our problem will be complex to 
model and to solve. To solve this highly constrained scheduling problem, we take advantage of the constraint programming 
paradigm. Our constraint programming model optimizes the use of the operating theatre by minimizing the makespan, 
minimizing the overtime hours and maximizing the affinities between members of the surgical team. This model is 
instantiated on a real-life problem to present some results in this paper. 
 
Key words: Operating rooms, multi-objective scheduling, constraint programming 
 

1 Introduction  

According to the researchers who focus their study on dealing with operating theatre problems, the operating 
theatre is also known to be one of the most expensive items among all sectors of a hospital (Macario, 2006). 
Considering the importance of improving the efficiency of the operating theatre, increasingly more researchers 
have tried to optimize its functioning. In general, operating planning and scheduling methodology is fairly helpful 
to hospital managers (Macario, 2006), enabling them to use operating theatre as efficiently as possible by 
minimizing operating cost, satisfying the needs of patients and the preference of surgeons while taking into 
account some constraints on human and material resources.  

While some constraints on resources are linked to the limited number or the capacity of the resources (opening 
hours of the operating rooms, the availability of surgeons, nurses and anaesthetists but also of surgical equipment, 
free beds in the recovery room), some others depend on the competences of the resources like the versatility of 
the operating rooms, and the staff’s qualifications. Just like operating rooms can be destined to certain types of 
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Abstract  

 

This work focuses on operating room planning for elective cases by taking into account the uncertainties related to surgery 

durations. The objective is to fix the elective cases to be achieved in each operating room during each day of the week in 

such a way that the overall cost incurred by this decision is minimized. A stochastic mixed integer programming model is 

first proposed. The latter is then approximated by a deterministic mixed integer linear program. Operating room plans 

generated by the stochastic vs. the deterministic approach are evaluated and compared using simulation. The obtained 

results show the necessity of developing stochastic approaches for operating room planning. We particularly focus on the 

impact of stochastic surgery durations on the operating room performance and practice. 

 

Key words: Operating room planning, Integer stochastic programming, Sample average approximation, Performance 

evaluation. 
 

1 Introduction  

Operating rooms are considered among the most costly hospital facilities. They can consume more than 9% of 

a hospital’s annual budget [6]. Effective planning and scheduling of operating rooms, for the purpose of 

reducing costs while maintaining good quality of care, have become one of the major priorities for healthcare 

institutions. 

In this paper, we focus on operating room planning. The problem consists in determining the set of elective 

surgical cases to be achieved each day over a planning horizon of one or two weeks. This assignment problem 

has been extensively addressed in the literature over the past two decades. Much research has been conducted 

on the use of deterministic approaches [7][15][10][5][7][19]. In most of this literature, a two-step approach has 

been proposed for the operating room planning and scheduling [7][10][5]. First, elective patients are assigned 

to operating rooms (referred to as “operating room planning”); then scheduled on a daily basis (referred to as 

“operating room scheduling”). Mixed-integer programming models have been proposed for operating room 

planning and scheduling. However, this problem is known to be NP-hard. That’s why some recent papers have  

concentrated on finding good operating room plans and schedules in reasonable computing time rather than 

optimal ones obtained after a long time. The objective is to generate good solutions quickly for real life

                                                 
*
 This paper was not presented at any other revue. Corresponding author A. Jebali. Tel. +216 71 874 700. Fax +216 71 872 

729 

Email addresses: aida.jebali@enit.rnu.tn (Aïda Jebali), sana_aniba@yahoo.fr (Sana Aniba). 

1496



 

International Conference  
on Industrial Engineering and Systems Management  

IESM’ 2011 

May 25 - 27, 2011 

METZ- FRANCE 

 

 

An optimization method applied to the production 
planning of chemotherapy drugs in a hospital pharmacy* 

Ana Paula IANNONI a, Evren SAHIN a, 
 Ludovic VIDAL a, Brigitte BONAN b 

a Laboratoire Génie Industriel 
Ecole Centrale Paris 

92295 Grande Voie des Vignes, Chatenay Malabry, France 
b UPIO – HEGP Hôpital Européen  Georges Pompidou 

75980 Paris cedex 15, France 

 

Abstract  
 
In this study, we developed a simple approach to optimize the production scheduling of planned chemotherapy drugs. This 
work has been conducted in collaboration with an advanced chemotherapy pharmacy from a hospital for application to its 
real operation. One of the main problems faced by the managers of these pharmacies is the unbalancing of workloads among 
the workdays: there are days with low utilization, whereas other days with congestion. Usually, it occurs due to problems in 
planning the date of fabrication for planned (make to stock) and non-planned drugs along a period of time, which results in 
non-uniformity of workloads among the different days (or periods of the day). By solving the optimization problem and 
comparing the results with the data from the current organization of this system, we show that our method is promising in 
improving the utilization balancing among the workdays.  
 
Key words: production planning; scheduling; chemotherapy pharmacy; chemotherapy planned drugs 
 

1 Introduction  

The preparation of chemotherapy drugs corresponds to a specific and delicate process, involving expensive 
materials and substances. Moreover, the main constraint to the production in advance of these products is their 
durability (they are essentially perishable products), which is determined by the measure of stability of each 
substance component. In France, usually, the fabrication of these medications takes place at a chemotherapy 
pharmacy inside a hospital specialized in cancer treatments. In general, the service and operation in these 
pharmacies can be evaluated by the treatments and procedures with the prescriptions, reduction of loses of 
drugs, care with the patient administration, logistics and well utilization of the costly resources and material.  
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Abstract  
 
The emergency medical service in France (called SAMU - Service d’Aide Médicale Urgente) is a public service responsible 
for provision of basic life support to all emergency requests, essentially external from health units. This paper applies discrete 
simulation techniques to study the configuration and operation of a SAMU in France, analyzing the performance of the 
system and investigating alternative configurations and dispatching policies for its operations. In particular, we evaluate the 
fraction of calls are responded within a threshold time T (varying from 10 to 25 minutes), with special concern to cardiac 
arrest emergencies, and the utilization rates of medical equips. It is show that, modifications on the configuration such as 
decentralization of medical equips, and modifications on the dispatching can result in significant improvements for the 
performance measures under analysis. 
 
Key words: Emergency medical services, Ambulance deployment, Discrete simulation, Heath Care  
 

1 Introduction  

The emergency medical services (EMS) are considered efficient if they arrive in the emergency requests location 
as rapid as possible transporting specialized personal and equipment (e.g.; doctor, rescuers, medicines, 
oxygen…). In additional, an ambulance must be able to transport the patient to a suitable hospital or clinic. 
Conversely, EMS managers must often to balance the benefits of providing a suitable care as quickly as possible 
and their costs related to medical resources and capacity (more ambulances and specialists, stations, better 
training of personnel, improved equipments) in the system. In France, the main pre-hospital care operations 
external of health care units (hospitals, clinics) are under the management of the SAMU. One of the major 
concerns of these systems is related to response time (interval between the arrival of the request and the arrival 
of medical equip at the site where the emergency occurs). As mentioned in [8], other performance measures to 
an EMS are: the balance of ambulance workloads, the fraction of calls not serviced by the system (loss 
probability), and the fraction of calls serviced within a predetermined threshold (i.e., fraction of calls with 
response times not exceeding T minutes). In particular, one of the critical urgencies for the SAMU is the cardiac 
arrest. In this case the response time, and consequently the reasonable delay to restore the blood circulation is in 
order of few minutes, otherwise it can result in permanent cerebral sequels or death to the patient. One 

                                                 
* This paper was not presented at any other revue. Corresponding author  A.P.; Iannoni. Tel. +33 166997762.  
Email adresses: iannoni93@hotmail.com (Ana Iannoni), zied.jemai@lgi.ecp.fr(Zied Jemai), charlotte.chollet@hmn.aphp.fr 
(Charlotte Chollet), jean.marty@hmn.aphp.fr (Jean Marty)  
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Abstract

The outgoing service in hospitals is in charge of ambulatory care. With the introduction of home-based structures some
of these services, like chemotherapy, can be provided at home. This implies the creation of new roles, changes in actors’
behavior and new ways of organization. The rise of such structures has a strong impact on the global organization of
traditional ambulatory services in hospitals and on the health-care network organization. Two main questions arise:
(i) Are the home-based structures pertinent from the insurance’s economic standpoint, and (ii) What will be the changes
inside the hospitals due to the new offer? This article presents a new simulation model to evaluate the impact of home
chemotherapy on the organization and resource utilization of hospitals, and cost for the insurance system. The simulation
model takes into account the health condition and geographic location of patients. Numerical experiments based on field
data are performed to assess the overall costs and performance measures of different strategies of integrating the home-
based structure.

Key words: Discrete-Event Simulation, Chemotherapy, Home Care, Territorial Networks of Healthcare.

1 Introduction

This article will focus on chemotherapy ambulatory services. Such care can be delivered in the outgoing service
of a hospital or in a network-based organization. These network-based structures (we will refer to them as
RTS) are composed of two main components: (i) a network of freelance actors including, nurses, laboratories,
drugstores, doctors, and (ii) a coordination cell that will follow the patient’s treatment, contact the freelance
professionals and ensure the quality of service. In general, the medical procedure itself is delivered by staff
being outside of the structure. Thus the insurance will provide a budget for the coordination cell and every
professional will report his/her activity to the insurance to receive a payment according to established pricing
lists. The main advantage of this structure is that activities like planning routes or workload scheduling are
done by every actor. The main disadvantage is the coordination difficulty to ensure quality medical treatment
and training of human resources.

? This paper was not presented at any other revue. Corresponding author C. Rodriguez-Verjan. Tel. +33477499773. Fax
+33477420249

Email addresses: crodriguez@emse.fr (Carlos RODRIGUEZ-VERJAN), augusto@emse.fr (Vincent AUGUSTO),
xie@emse.fr (Xiaolan XIE), Valerie.Buthion@univ-lyon2.fr@emse.fr (Valérie BUTHION).
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Abstract  
 
In recent years, following a rapid development of Home Care Services (HCS) in France, chemotherapy at home (one of 24 
subsistent HCS schemes) is beginning to attract the interest of institutions dealing with cancer, and researchers in healthcare 
engineering. We study, through a comparative analysis, chemotherapy at home systems based on real world cases studies. 
The objective is to identify good practices which could be extended to other chemotherapy at home systems. The 
comparative analysis is composed of a qualitative analysis and a quantitative one in which experimentations are realized 
using discrete-event simulation.  
 
Key words: Home care services; Chemotherapy at home; comparative analysis; Performance evaluation; Discrete-event 
simulation  
 

1 Introduction  

The increased aging population is an important pressure to hospitals, which are heavily constrained by their 
resources to meet growing patient demands. Home care services has thus met a rapid development in France., It 
is considered by health professionals as an alternative to traditional inpatient stay, for reducing costs, smoothing 
the production of care and improving patient comfort.  

Technical care for cancer accounts for 19% of stays in HCS, and ranks second in terms of patient admissions. 
The most important technical care comes to cancer chemotherapy, which represents itself, 15.6% of stays in 
HCS [1]. Chemotherapy at home is starting to attract the interest of institutions dealing with cancer and 
researchers in healthcare engineering. 

We deal with this problematic of chemotherapy at home. An analysis, based on real world cases studies, is done 
in order to compare two types of organization for chemotherapy at home. Two HCS structures are concerned. 

                                                 
* This paper was not presented at any other revue. Corresponding author Tian Zhang. Tel. +33-477448155. Fax +33-
477448921 
Email addresses: tian.zhang@univ-st-etienne.fr (Tian Zhang), marcon@univ-st-etienne.fr (Eric Marcon), maria.di-
mascolo@g-scop.grenoble-inp.fr (Maria Di Mascolo). 
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Abstract.  

 

In an international increasingly competitive context, hospital systems, like any other system, constantly need to adapt and 

optimize their management and methods tools to improve service levels and reduce their cost. Particularly, the decision 

regarding the medical condition of a patient is evaluated based on the satisfaction level of the latter and the cost optimization 

in terms of consumption of pharmaceuticals. In this paper, we first define the patient empowerment process, which enables 

the medical decision sharing between the different actors involved, including the patient, then we present a comparative study 

of different software engineering methods in a multidimensional benchmarks framework, and finally, we conclude with the 

establishment of a methodology for modeling this process in the case of a patient with cancer and treated with chemotherapy. 

 

Keywords: Empowerment patient, Holon, multiagent system, medical decision making. 
 

1      Introduction  

Health remains the issue that concerns almost all citizens of a country. Its expenses often increase faster than the 

creation of wealth of a country. In Morocco, these expenses increased from 4.5% of GDP (Gross Domestic 

Product) in 1997/98 to 5% in 2001. To control these expenditures, the health system undergoes a reform process 

that takes into account the criteria of patient satisfaction (effectiveness) and cost optimization (efficiency). This 

new operation mode requires empowerment of the user behavior in his care health, and suited information to the 

patient and his entourage appears as a pre-requisite to a relay support to patient's home. 

This empowerment gives the patient the right to share with healthcare professionals the information that will 

lead him to participate in decision making about his health and also requires a therapeutic education to support 

his illness at home. Such education should be integrated into the care process and considered as an added value 

to the relationship care-receiver/care-giver. 

To address this empowerment problem, we adopted an organizational concept based on holonic systems. The 

concept of Holon is defined by Koester (see [6]) as the concatenation of two words “holos” meaning the whole 

and the suffix "On" suggesting a party as the proton. 

                                                           
* This paper was not presented at any other revue. Corresponding author A. Abouabdellah. Tel, +212 5377114081 

Email addresses: a.abouabdellah@um5s.net.ma (Abdellah Abouabdellah), aguezzou@univ-metz.fr (Aicha Aguezzoul), 
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Abstract 

This paper provides a state-of-the-art on the application of Location-Allocation (LA) problem in health care and Home Care  
(HC) systems. We propose a unified approach for the optimization of health care system and introduce a simplified version  
of LA problem called patient allocation problem. We discuss the criteria for applying this new approach and conclude its  
effects on the health care system.

Key words: Location-Allocation, Home Care, unified approach.

1 Introduction

The  Location-Allocation  (LA)  problem  determines  the  optimal  facility  locations  and  the  assignment  of 
customers to the selected facilities. The objective is to maximize the population accessibility and to minimize 
the costs. Home Care (HC) problem is the way of treatment in which a patient receives all his care at his home  
by health professionals. HC replaces the traditional hospitalization or helps in the early discharge of a patient.  
The objective of HC is to assign  health  professionals to patients at  minimum cost,  while satisfying various  
constraints.

Our  problem is to find a system which  can  deal  these two problems simultaneously.  We have presented a  
modified form of  LA problem.  This modified form is then used to define a unified approach for optimization 
of the health care system. 

This paper is organized as follows. Section 2 provides the detailed literature review relevant  to  Home Care 
Problem,  their  application  and  a comparison  study of traditional  hospitalization  and  home care.  Section 3  
proposes a unified approach for health care system and discusses the criteria, benefits of the proposed approach 
in real-world setting. In section 4 we find some combinatorial problems relevant to the new development of the 

* This paper was not presented at any other revue. Corresponding Author B. Bashir Tel. +33-473-407443. Fax +33-472-
40769.

Email addresses: bushra_gill@yahoo.com (Bushra Bashir), christophe.caux@ifma.fr (Christophe Caux),  
chabrol@isima.fr (michelle Chabrol), michel.gourgand@isima.fr (Michel Gourgand)
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Abstract  

 

According to the MEAH (2008), hospital bed management consists of managing as best as possible the 

welcoming capacity in order to take into account a volume activity, while respecting quality criterion (quality of 

cares, delays, duration, ...) under resources constraints. This research aims to help hospital bed manager, at a 

strategic level, and tries to give them tools that optimize bed management while integrating the whole patient’s 

trajectory. This paper will put the emphasis on the originalities of this research which can be categorized into 

three axis. Firstly, the project wants to work on strategic level within the framework of hospitals working in 

networks in order to better distribute and anticipate patients’ exits. Secondly, availabilities of diagnosis resource 

(e.g. scan) are also going to be taken into account. Thirdly, the decision-making tool that will be developed will 

integrate the whole patient’s trajectory i.e. the downwards as well as the upwards.  

 

 

Key words:  Decision-making tool, strategic hospital bed management, network of hospitals 

 
 

1 Introduction  

Nowadays, the hospital bed management evolves in an environment distinguished by the different mechanisms of 

hospital funding, linked to running costs, and by the need of delivering high quality cares to its patients. 

Healthcare establishments have generally decided to integrate inside their structure a department responsible for 

the hospital bed management while stimulating changes and systems improvements. Lots of hospitals have 

therefore decided to centre their organization on a best resources affectation and more precisely on one specific 

resource: the hospital bed. It is important to define the hospital bed management. Hospital bed management 

consists of managing as best as possible the welcoming capacity in order to take into account a volume activity, 

while respecting quality criterion (quality of cares, delays, duration, ...) under resources constraints. 

 

                                                 
µThis research is financed by the Interuniversity Attraction Poles Program – Belgian State – Belgian Science Policy 

* This paper was not presented at any other revue. Corresponding author D. Gossart. Tel. +32-65-323350.  
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