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Préface

Après la réussite des quatre premières éditions de la conférence internationale IEEE Gestion 
Opérationnelle de la Logistique, nous voici aujourd’hui entrain de réussir notre pari en 
organisant la 5

ème
 édition à l’ENSIAS de Rabat. Cette édition marquée par la pandémie Covid 

19 qui touche tous les pays du globe, vise à réunir, à distance, chercheurs et professionnels 
concernés par la logistique au sens large autour de thématiques relevant des sciences 
de l’ingénieur, des STIC ainsi que des Sciences Humaines et Sociales. Cette rencontre 
multidisciplinaire est l’occasion de dresser un état des lieux des nouvelles pratiques de 
gestion opérationnelle des différents flux logistiques. 
La conférence, coorganisée avec l’université Sidi Mohamed Ben Abdellah de Fès et l’université 
du Havre Normandie, en partenariat avec l’Aassociation Marocaine de la Chaîne Logistique 
(AMCLog) se tient du 28 au 30 Octobre 2020 avec la participation d’une centaine d’enseignant-
chercheurs et industriels venant de 13 pays: Algérie, Allemagne, Canada, Émirats Arabes 
Unies, États Unis d’Amérique, France, Maroc, Oman, Pakistan, Romanie, Russie, Rwanda et 
Tunisie.
En plus des quatre conférences plénières de cette édition, les communications sont réparties 
en 14 sessions thématiques aussi diverses que la gestion de la chaîne logistique, les tournées 
des véhicules, la gestion des risques, les technologies mobiles, les systèmes de transport, la 
logistique inverse, la logistique portuaire, la logistique hospitalière, la production, les systèmes 
d’information, la modélisation et la simulation. Nous tenons à remercier les conférenciers 
invités ainsi que tous les participants. 
Pour cette 5

ème
 édition, nous avons reçu un 74 articles et nous n’avons retenu que 62 ayant 

reçu une moyenne positive des évaluateurs choisis parmi les membres du comité scientifique. 
Tous les articles retenus sont publiés dans ces actes de la conférence et ceux répondant 
aux critères de IEEE Xplore seront proposés pour publication sur son cite. Comme à chaque 
édition, nous sommes heureux de proposer, pour GOL’20, un numéro spécial dans chacune 
des revues suivantes: «International Journal of Supply and Operations Management» et 
«International Journal of Logistics Systems and Management».
Pour l’organisation de la conférence, nous avons bénéficié du soutien financier de l’ENSIAS, 
du CRNST et de l’Aassociation Marocaine de la Chaîne Logistique (AMCLog). Nous tenons 
à leur exprimer notre profonde gratitude pour leur soutien précieux. Nous tenons aussi à 
remercier la Directrice de l’ENSIAS de son soutien continu ainsi que le corps administratif et 
le personnel de leur aide tout au long des préparatifs. 
Enfin, le comité d’organisation a décidé que la 6

ème
 édition de GOL soit organisée à la FST de 

Fès en 2022. 

Youssef Benadada
Président de la conférence GOL’20
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Ammar Oulamara, Faculty of Science and Technology, Lorraine University, France 

Title : “Ecosystem of Electric vehicle: from smart grid to logistics”

Abstract: 
Electric vehicles have a positive impact on the economy and the environment since 
they use alternative energy sources.  They reduce dependence on oil, decrease gas 
emissions and improve air quality. Although the acquisition cost is still high, this cost 
is nevertheless offset by the use of these vehicles, where the operating cost is very 
low compared to combustion engine vehicles, mainly due to the price of electrical 
energy and reduced maintenance costs. Although the available electric vehicles 
meet the needs of professionals, nevertheless three weaknesses remain in the 
use of electric vehicles, namely, limited range, charging time and the availability of 
charging infrastructures, and are part of the research and development challenges 
of all car manufacturers and public research centers. In this talk we review the 
different challenges related to the use of electric vehicles in transport and mobility. 
More precisely, we introduce several optimization problems of the ecosystem of the 
electric vehicle, from smart grid to logistics.

Short Biography:
Ammar Oulamara is a Professor in the Faculty of Science and Technology, Lorraine 
University, France. He received a Ph.D. degree in Computer Science from the 
University of Grenoble. He then joined the Mines school of Nancy where he served 
as an associated professor in the Department of Industrial Engineering until 2012. 
In 2012 he joined the university of Lorraine as Professor in Computer Science. His 
research interests are in operation research and combinatorial methods applied to 
scheduling, transportation, logistics and mobility. He has published papers in many 
operational research journals. His research work has enabled technology transfer and 
the creation of the route optimization software, antsroute.com 
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Agostino G. Bruzzone, Professor in DIPTEM, University of GENOA, 
agostino@itim.unige.it www.itim.unige.it

Abstract : Logistics and operations are complex systems where well know & critical VUCA 
factors (Volatility, Yncertainty, Complexity and Ambiguity) are present and generate challenges 
in management and operations. Due to these reasons the use of innovative approach such as 
Strategic Engineering is crucial to support decisions.
In this sense to develop new architectures as component of a modern Strategic Engineering 
approach based on combined use AI, M&S and Data Analytics provides a competitive 
advantage. Indeed, Modeling and Simulation (M&S) is crucial, in combination with AI, to find 
solutions of many actual problems in various fields, starting from training of personnel and 
up to strategic planning and management. In this invited speech, it is proposed to develop 
the concept of Strategic Engineering and related Simulations to create new capabilities in 
strategic decision making including preparation of new generations of M&S developers and 
users, capable to utilize these new approaches for problem solving and strategic planning.
Nowadays, the world faces numerous problems caused by Geo-political situations and fast 
evolution of society, which affect humanity in different ways; logistics is heavily impacted 
by this elements while technology advances provides new opportunities serving as enables 
of new processes and way to operate. For instance, changing the economic and political 
situation is otherwise causing alternation of approaches to public safety and security: in 
August 2015 we had the terrible accident in Tianjin port followed this year by the tragedy of 
Beirut port: same cargo explosion due to different reasons resulting in a disaster. At the same 
time, many of the great opportunities of changes are introduced by recent technological 
advances, which could be observed in virtually all fields, starting from communication and 
interconnectivity and up to IoT (Internet of Things), Big Data and AI (Artificial Intelligence). 
Obviously, new technologies and approaches create new challenges, however, in case of 
proper understanding of their potential they could be seen also as opportunities, which 
would allow to analyze, foresee and solve critical strategic several issues of the modern 
world. In facts, the necessity of proper Strategies in Logistics in order to succeed is well 
known, however, the understanding of its indispensability in management and control 
should be outlined and supported by innovative methodologies. For instance, according to 
Jomini, «Strategy is the art of good direction» («La Stratégie est l›art de bien diriger», Jomini, 
Prècis de l›Art de la Guerre, 1838) and in the same time period Von Clausewitz stated that 
“we need a philosophy of strategy that contains the seeds of its constant rejuvenation, a 
way to chart strategy in an unstable environment” (Vom Kriege, 1832). These concepts are 
still cornerstones and valid in general operations, management and, obviously in logistics; 
so they need to be reviewed based on new technologies, in order to succeed today, so it 
is critically important to rely on strategic planning and strategic management, which in its 
turn requires Artificial Intelligence, Intelligent Agents, new Simulators and Models capable to 
deal with the current level of complexity of the world. In particular the Intelligent Agents are 
fundamental to create realistic scenarios taking care of high number of entities and players 
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that act, interact and react to boundary conditions evolution, among themselves and to our 
decisions. Obviously, in order to create and utilize properly such technologies it is necessary 
to apply proper approaches and engineering methodologies. In this context it is important 
to highlight a new simulation paradigms which allows to partially solve the mentioned issues 
by improving interactivity of simulation and involving more regular users. In fact, this speech 
proposes to develop a Cooperation in Operations, management and Logistics on the Strategic 
Engineering in terms of promoting Education in Academia, Professional Development of 
Experts, Development of Solutions, Simulation and Exercises applying Strategic Engineering 
as well as to Develop Experimentation and Training in this context by creating and utilizing 
new models, highlighting importance of preparation of personnel responsible for strategic 
decision making.

Biography:
Full Professor at DIME, University of Genoa, Italy, Prof.Bruzzone is actively involved in the 
scientific community from early 90’s and served as Director of the McLeod Institute of Genoa 
(MITIM), Associate Vice-President and Member of the Board of the SCS (Society for Modeling 
& Simulation International), President of the Simulation Team, President of the Liophant 
Simulation, VicePresident and Member of the Board of MIMOS (Movimento Italiano di 
Simulazione), Director of M&S Net, President Simulation Team, President of the Master in 
Industrial Plant Engineering and Technologies of Genoa University, Industrial Relation Chair 
in SCS Europe, Italian Point of Contact for the ISAG (International Simulation Advisory Group) 
and Sim-Serv. He was General Chair of European Simulation Symposium 1996 (Genoa), 
Websim1999 (San Francisco), Summer Computer Simulation Conference (20032006-, 
Montreal, San Jose’, Philadelphia, Calgary), Summersim (20102012- Ottawa, The Hague, 
Genoa), I3M (20042012-, Genoa, Marseille, Barcelona, Bergeggi, Campora SG, Tenerife, Fes, 
Rome, Wien) He served as Project Leader M&S for NATO Science & Technology Organization 
for M&S at CMRE - Centre for Maritime Research and Experimentation establishing the new 
NATO R&D track on Simulation that is still active.

He is currently President of MIPET – Master in Industrial Plant Engineering and Technologies 
(Master Universitario di II Livello) and Council Chair of STRATEGOS, the MSc in Engineering 
Technology for Strategy and Security (1st Laurea Magistrale in Strategic Engineering in Italy 
and among first ones world wide) in Genoa University
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Elkafi Hassini, Professor in McMaster University, Canada

Title : “Optimization with big data: Applications to supply chain management”

Abstract: 
With the increasingly wide availability of big data, our ability to process or solve 
complex optimization problems is limited even with the state-of-the-art solvers such 
as Cplex. In this talk we present SparcPlex, a new big data optimization platform that 
integrates the strengths of Cplex and the popular Apache Spark big data platform. 
We will describe the main features of our new platform and discuss two industrial 
case studies that motivated this research with two major Canadian logistics and retail 
companies

Short Biography: 
Elkafi Hassini is a professor and chair of Operations Management at the DeGroote 
School of Business. He is also Vice Chair of the Smart Freight Centre, and Research 
Director for Supply Chain Analytics at the MiSCAN Lab, and an associate faculty 
member of the School of Computational Science & Engineering, and the eHealth 
program. He currently serves as a coEditor-in-Chief of the journal INFOR: Information 
Systems and Operational Research, the flagship journal of the Canadian Operational 
Research Society (CORS). Among his current research projects are big data optimization 
is supply chains and last mile freight distribution and warehouse management
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Issmail El Hallaoui, Professor at Polytechnique Montreal, Canada

Title : “PIP Solver 2.0: Theory and Applications”

Abstract: 
In this talk, I will introduce the version 2.0 of the PIP (for Primal Integer Programming) 
solver, which finds at each iteration a descent direction leading to an improved 
integer solution, most of the time with no branching at all, until a near optimal integer 
solution is found. The solver can integrate primal exact and heuristic techniques in a 
highly fluid manner and thus we conciliate both communities. The theory behind 
will be discussed and illustrated. A good part of the talk will be dedicated to the 
implementation and architecture of the solver and also to discuss some of its 
successful applications to transportation problems.

Keywords:  integral simplex using decomposition, primal integer programming, 
primal heuristics, transportation.
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Abstract— For several decades, New Information and 
Communication Technologies (NICTs) have been developing 
rapidly in the healthcare sector. They are now more and more 
present in the healthcare system and in particular in Home 
Health Care (HHC). Our study focuses on oncology which is 
among the most commonly treated diseases in HHC. Oncology 
techniques are ranked second in terms of stays in HHC, of 
which cancer chemotherapy is a part. Cancer treatment with 
chemotherapy is complex, cumbersome and very expensive. It 
requires drugs that are very expensive and they are very 
chemically unstable with usually a lifetime of a few hours, so 
any prolonged delay between the time of their preparation and 
the time of injection to the patient involves their destruction. 
This implies safe transport and administration of the drug 
within a time frame compatible with the validity of the drug. In 
this paper, we are interested in improving the quality of 
treatment service of chemotherapy in HHC by optimizing the 
delivery of anticancer drugs to patients. Our work is divided 
into two parts, first, we propose a new MIP Model for nurses 
scheduling. Our model aims to minimize the delivery time of 
drugs. In the second part, we propose a new learning approach 
based on Genetic Fuzzy System. It is applied for the first time in 
the field of health care and in particular in HHC. This approach 
is used to deal with the problem of uncertainty for the quantity 
of drug to be delivered. 
 

Keywords— Home Health Care, Cancer Treatment by 
Chemotherapy, MIP Model, Machine Learning, Fuzzy Logic, 
Genetic Algorithm, Optimization 

 
I. INTRODUCTION 

Home Health Care (HHC) has great development, it 
allows to provide important medical and paramedical care 
in the patient's home, for a fixed period but renewable 
according to the evolution of his state of health. Its purpose 
is to avoid or shorten hospitalization in an institution. 

Among the diseases most often treated in HHC, we can 
mention oncology, neurodegenerative diseases, 
hematology, cardiovascular diseases and infectious 
diseases. Chemotherapy has shown success in treating 
cancer. It uses cytotoxic drugs to kill cancer cells and 
prevent them from growing and multiplying. The type of 
treatment by chemotherapy is determined after an initial 
consultation with an oncologist and evaluation by a 
multidisciplinary team. 

                                                      
1 https://www.atih.sante.fr/ 

According to annual key numbers of Home Health Care, 
and HHC for chemotherapy, published by the Technical 
Agency for Information on Hospital Care 1(ATIH), the 
number of patients hospitalized in HHC increases from year 
on the other. From 2015 to 2016, the number of patients 
hospitalized in HHC increases by 5000 patients. The 
number of patients hospitalized in HHC as part of a 
chemotherapy treatment increases by 800 patients from 
2015 to 2016. According to ATIH, we observed in Table 1, 
that number of patients hospitalized in HHC in 2017 is 
higher than that of 2015 of 11000 patients. Also for patients 
in chemotherapy, 1500 more patients in the two-year 
period (2015-2017). 

TABLE I. ANNUAL KEY NUMBERS OF HHC 
Year Number of 

hospitalized 
patients in HHC 

Number of patients in 
home chemotherapy 

2015 105 000 7 000 
2016 110000 7800 
2017 116000 8500 

 

The main operating process of HHC companies can be 
summarized as follows [12]: 

- In the first stage, HHC collects information from 
patients. This information may include: patient's name, sex, 
age, address, types of illness, symptoms, expected length of 
service, and other necessary information. 

- Next, it designs the planned routes taking into account 
the information collected. While ensuring the provision of 
high-quality home health care services (for example, 
helping patients on time and providing them with the 
appropriate amount of drugs), the planned route should also 
be designed to minimize transport costs. . 

- In the last step, nurses must visit patients. Each nurse 
is assigned to a planned itinerary and must perform all 
service related activities for that itinerary. In case of lack of 
drugs the nurse must return to the depot, load more drugs 
into the vehicle and continue to treat the remaining patients 
until all patients are taken care of. 

Healthcare institutions are historically structured around a 
logic of cost reduction and optimization of resources, they 
must today reinvent themselves to achieve modernization 
and performance goals [10]. 
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For several decades, New Information and Communication Technologies (NICTs) 
have been developing rapidly in the healthcare sector. They are now more and more 
present in the healthcare system and in particular in Home Health Care (HHC). Our 
study focuses on oncology which is among the most commonly treated diseases 
in HHC. Oncology techniques are ranked second in terms of stays in HHC, of which 
cancer chemotherapy is a part. Cancer treatment with chemotherapy is complex, 
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Abstract—The Home Health Care (HHC) is a wide range of
health care services provided in patients’ homes in case of illness,
aging or injury. Each caregiver has to visit assigned patients while
respecting the schedule given by the decision maker. Deterministic
models ignore the uncertainty that could happen, which will cause
to not respect the schedule fixed by the decision maker and
tardiness of services operations could be occurred at patients. In
this work, a stochastic programming model recourse (SPR model)
is proposed to deal with the Home Health Care Routing and
Scheduling Problem (HHCRSP) with stochastic travel and service
times. The objective is to minimize the transportation cost and the
expected value of recourse caused by patients’ delayed services
and caregivers’ extra working time. Monte Carlo simulation is
used to estimate the expected value of recourse. The deterministic
model is implemented and tested using CPLEX IBM, the Genetic
Algorithm (GA) based heuristic is coded and tested using the
language C++. Computational results show the complexity of the
SPR model in terms of CPU running times.

Index Terms—Genetic Algorithm , Home Health Care ,
Routing and Scheduling , Mathematical Modeling, Stochastic
Programming Recourse Model.

I. INTRODUCTION

The HHC is an evolving search area that has received
increasing attention in the last years due to low birth rates and
increasing life expectancy. On average, people are expected to
live to age 77, 15 of these years would be spent with some
form of disability (world report on ageing and health 2015).
The proportion of older people is increasing in European
countries and is predicted to rise still further in the next
decades [30]. In addition, family members live more often
separated from each other, for example, because children move
to other cities in order to find jobs or continue studies while the
parents stay in the hometown [20]. The HHC will help older
adults live independently for as long as possible, even with an
illness, injury or disabling disease. It covers a wide range of
services, may include medical care such as occupational and
physical therapy, speech therapy, and nursing. It may involve
helping older adults with activities of daily living, such as
dressing, bathing, and eating. It can also include assistance
with cleaning, cooking and other housekeeping. The HHC
company has to satisfy patients’ demands and preferences
using the limited resources (e.g., caregivers), assign qualified
caregivers and define for each one a route.

Most studies only consider deterministic models and meth-
ods, these studies are not only from the perspective of social
and medical techniques, but also from the viewpoint of opti-
mization [28]. Mankowska et al. [20] have focused their work
on temporal dependencies of services, a mathematical model
and a heuristic were proposed to deal with double synchro-
nization as well as pairwise temporal precedence between jobs.
Liu et al. [18] have proposed a branch-and-price algorithm
for the HHCRSP with lunch break requirements, which has
to be scheduled on each tour of the care workers. Rest et
al. [26] and Hiermann et al. [13] have focused their works
on scheduling of home health care considering multi modal
transportation. Redjem et al. [25] defined a heuristic dealing
with a simultaneously visits and possibly in a predefined order
where patients are supposed to be assigned to caregivers. Ras-
mussen et al. [24] have proposed a dynamic column generation
approach embedded into a branch-and-price framework for
the HHCRSP taking into consideration temporal dependencies
between the start times of visits. Bazirha et al. [1] have studied
the HHCRSP with multiple availability periods of patients,
a mathematical model and a general variable neighborhood
search (GVNS) based heuristic are proposed to solve the
problem.

Deterministic models and methods are usually less robust.
In case of any possible changes in practical situations, the
planned scheduling must be redone. Travel and service times
are critical elements in the planning, any change could affect
the whole planning and service quality would be quite poor or
even risky. The uncertainty of the travel time is due to common
factors, like varying road conditions, weather conditions and
driving skills. However, the service time is not always fixed
as estimated due to practical reasons, such as diagnosing time,
as well as parking situations [27].

Laporte et al. [16] have studied the vehicle routing problem
with stochastic travel times. A chance constrained model and
a stochastic programming model recourse are proposed and
solved using general branch-and-cut algorithm. Li et al. [17]
have proposed a chance constrained model and a stochastic
programming model recourse for the vehicle routing problem
with stochastic travel and service times, and time window
constraint for each customer. A Tabu Search based heuristic
is proposed to solve the problem. Marinaki et al. [21] have

Abstract 
Abstract—The Home Health Care (HHC) is a wide range of health care services 
provided in patients’ homes in case of illness, aging or injury. Each caregiver has to 
visit assigned patients while respecting the schedule given by the decision maker. 
Deterministic models ignore the uncertainty that could happen, which will cause
to not respect the schedule fixed by the decision maker and tardiness of services 
operations could be occurred at patients. In this work, a stochastic programming 
model recourse (SPR model) is proposed to deal with the Home Health Care Routing 
and Scheduling Problem (HHCRSP) with stochastic travel and service times. The 
objective is to minimize the transportation cost and the expected value of recourse 
caused by patients’ delayed services and caregivers’ extra working time. Monte Carlo 
simulation is used to estimate the expected value of recourse. The deterministic 
model is implemented and tested using CPLEX IBM, the Genetic
Algorithm (GA) based heuristic is coded and tested using the language C++. 
Computational results show the complexity of the SPR model in terms of CPU running 
times.
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Abstract— the assignment of nurses to shifts is a crucial 

problem in hospitals. It requires a good scheduling to ensure the 
minimization of overall hospital costs and to take into 
consideration the preferences of the nurses. We propose a new 
mathematical formulation for the nurse scheduling problem 
(NSP) where we integrate some new constraints. In addition to 
the deterministic model, we also propose the robust version for 
dealing with uncertainties using the worst case criterion. The 
solution approach and a real application will be the subject of a 
future work.  

 
Keywords— nurse scheduling problem, robust optimization, 

worst case criterion, nurse preferences 

I. INTRODUCTION  
In past years, many papers in the literature have been 

dealing with scheduling problems; this is because of their 
efficiency that maximizes the profitability of organizations.  

As far as the matter of health care is concerned, nurses take 
a lot of responsibilities in hospitals because they take care of 
patients to improve their satisfaction, this may lead to spending 
overtime work, and job dissatisfaction which can affect 
negatively the hospital profit. 

The nurse scheduling problem (NSP) is to create weekly 
schedules by assigning several nurses to several shifts, to 
satisfy the working contracts and hospital’s demand. 

    The main objectives of NSP are the minimization of the 
overall hospital cost, and the maximization of nurses’ 
preferences while taking into account the hospital 
governmental rules. 

      In this paper, a proposed model for the NSP is 
presented on one hand and on another hand a robust 
optimization model for nurse scheduling problems for dealing 
with uncertainties in the number of nurses in each period.  We 
take into account minimizing the overall hospital cost and the 
overtime cost per day. Three terms are considered in the 
planning horizon: the time is covered by a plan, the day is 
divided into time slots called shifts and a day off which is a day 
when a nurse has no work. 

      The planning horizon is several days (usually 
considered as a week), each day is divided into 12 shifts, and 
each shift is 2 hours. So, each day is 4-morning shifts, 4-
afternoon shifts, and 4-night shifts. Moreover, each shift has 

several nurses that should be satisfied. Three grades of nurses 
are considered; the normal nurses (grade 1), the specialists’ 
nurses (grade 2) and the head nurses (grade 3). Due to hospitals 
standards, many constraints must be taken into consideration: 

 Each nurse must work a specific number of 
afternoon and night shifts 

 Each nurse must have a day off 

 Each nurse has a minimum and maximum 
numbers of shifts to work in the planning horizon  

 Each nurse should not work the next morning if he 
works the night shift on a day.  

 Each nurse should not work all night shifts of a 
day if he works morning/afternoon shifts on the 
same day 

The main aim of this paper is to present a new formulation 
of the NSP and taking into account the availability of nurses on 
each shift. We present a robust model using the worst-case 
criterion and the uncertainties in demand of nurses in each 
shift. The solution obtained is robust because it guarantees for 
all eventualities that can be realized. 

 

II. LITERATURE REVIEW 
 
There are several articles which use different methods to solve 
the NSP, we cite exact and approached techniques. For exact 
techniques, [1] have presented a mathematical model that 
minimizes nurses total time using a numerical example, while 
[2] studied the scheduling for two types, regular teams, and 
float teams. Jafari et al. [3] proposed a mathematical model 
that maximizes preferences of nurses; the authors used 
simulated annealing approaches to solve the problem in a 
reasonable time. Liang et al. [4] developed two multi-
objective models that aim to minimize the total nurse overtime 
and to minimize the total patient waiting time, the first model 
was a functional care delivery model, and the second was 
primary care delivery model. Ali El Adoly et al. [5] presented 
a new formulation for the NSP, which used on the multi-
commodity network flow model; the proposed model was 
verified using hypothec instances, and then applied to a real 
case study in an Egyptian hospital. Other authors have used 
approximated approaches to solve the NSP. Dowsland et al [6] 
presented a genetic algorithm approach to the NSP arising at a 

Abstract 
the assignment of nurses to shifts is a crucial problem in hospitals. It requires a good 
scheduling to ensure the
minimization of overall hospital costs and to take into consideration the preferences 
of the nurses. We propose a ne wmathematical formulation for the nurse scheduling 
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Abstract—Including an active participation of stakeholders 
along the transport decision-making process is widely 
recognized as a precondition to ensure effective outcomes. 
Appropriate techniques and tools are needed to manage 
stakeholder participation process towards well-thought and 
shared solutions. This paper provides a state-of-the-art 
overview of techniques and practical tools to determine who 
should participate in the decision making process, when and 
how. An illustrative example of managing stakeholder 
engagement in deciding on the appropriate transport network 
design option for the Moroccan pharmaceutical supply chain is 
presented. 

Keywords—Stakeholder participation process, transport 
decision-making process, management of stakeholder 
participation process. 

I. INTRODUCTION  

Decision-making is a process that we encounter in every 
aspect of our lives. Decision-making becomes more 
challenging when dealing with multi-stakeholder decisions 
due to the existence of conflicts among them and the 
diversity in their expertise [1]. 

Transport decision making is considered as a highly 
complex process, requiring the participation of multiple 
concerned stakeholders with different interests, expectations 
and varying perceptions [2]. Stakeholder participation along 
the transport decision making process is increasingly 
recognized as a necessary condition for reaching successful 
and high quality decisions [3].  

However, the involvement of various stakeholders 
seldom yields consensus and mutually acceptable outcomes 
[4]. In fact, the diverse interests and concerns of 
stakeholders could be conflicting and mismanaging these 
can have devastating consequences to the success of the 
decision making process [5]. Thus, in order to avoid 
potential conflicts among stakeholders and ultimately 
improve the quality of the decisions, it is extremely 
important to effectively manage stakeholders from the 
beginning and all along the decision making process [3]. 

Stakeholder management is regarded as an effective 
approach to accommodate conflicting stakeholder interests  
and to improve  the  quality  of  decision-making  processes  
by identifying and systematically taking into consideration  

the legitimate interests  and  concerns  of  the different 
stakeholders [6, 7]. 

This paper discusses the role of stakeholder management 
for improving the quality of the transport decision making 
process. It provides a state-of-the-art related to stakeholder 
management theory in general and also review methods and 
techniques used for managing stakeholders in transport 
related decision making processes. We also present an 
illustrative example of managing stakeholder engagement in 
deciding on the appropriate transport network design option 
for the Moroccan pharmaceutical supply chain. 

The remainder of this paper is organized as follows.  In 
the next section, we discuss and review the stakeholder 
management theory. Section 3 consists of reviewing the use 
of stakeholder management techniques in deciding on 
transport problems. An illustration example of managing 
stakeholder engagement in making the appropriate decision 
for selecting the appropriate transportation network design 
option for the Moroccan pharmaceutical supply chain is 
presented in section 4. Finally, conclusion and future 
research follow. 

II. STAKEHOLDER MANAGEMENT THEORY 

In this section, we discuss the stakeholder engagement 
concept and the different procedures involved, in existing 
literature, for managing stakeholder in a decision making 
process. 

A. Stakeholder Engagement 

Following Freeman’s original definition [8], stakeholders 
are referred to as those who are affected by or can affect a 
decision. They can be internal or external stakeholders. 
Internal or primary stakeholders are the stakeholders who 
have a formal or an official relationship with the organization 
or they are directly involved in an organization’s decision 
making processes [9]. External or secondary stakeholders are 
those who are not directly involved in the decision making 
process but they are perceived to be affected by the 
organization decisions [10]. 

Stakeholder engagement is considered as the process of 
involving stakeholder concerns, needs and values in the 
decision-making process, with the goal of achieving more 
informed, transparent and efficient decisions [11]. Several 
researchers have pointed the importance of involving the 

Abstract 
Including an active participation of stakeholders along the transport decision-making 
process is widely
recognized as a precondition to ensure effective outcomes.
Appropriate techniques and tools are needed to managesta keholder participation 
process towards well-thought and shared solutions. This paper provides a state-
of-the-art overview of techniques and practical tools to determine who should 
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design option for the Moroccan pharmaceutical supply chain is presented.
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Abstract—In transportation systems, there is a need of 
Machine Learning (ML) to create intelligent solutions for many 
issues. In port’s studies, there has been a long focus on 
optimization and simulation modeling, but still, ML served in 
building more complex decision support systems for better 
management of port’s operations. To evaluate the contributions 
in the application of ML for port’s operations, we conducted a 
Systematic Literature Review (SLR) to select and characterize 
the most relevant papers. This paper, reports the applied 
research protocol and its results, and highlights the gaps that 
could be addressed in future works.  

Keywords—ports, machine learning, shipping, analytics, 
systematic literature review 

I. INTRODUCTION  
The application of Machine Learning (ML) techniques has 

revolutionized  transportation systems [1]. Particularly, 
intermodal transportation systems which face several 
challenges due to the considerable number of actors and 
complex processes they enfold. Ports as an intermodal 
transport system is an interesting case of study offering some 
attractive research opportunities by its very complex network. 
In this study, we review the implementation of ML in 
overcoming some issues related to port’s operations and we 
underline the emerging limitations that could be considered in 
future works.  

 This Systematic Literature Review (SLR) has been 
conducted according to the procedure advised by Kitchenham 
[2]. The proposed procedure is adapted to the software 
engineering community and would suit better our review. The 
research will be carried out through three main phases: 
planning the review, conducting the review and reporting the 
review. The planning phase includes the identification of the 
need for a review and the definition of a review protocol. The 
second phase of conducting the review consists of the 
identification of research questions, selection of primary 
studies, study quality assessment, data extraction and 
monitoring and data synthesis. The last phase of reporting the 
review consists of communicating the results in technical 
reports, PhD thesis, journals or conference papers.  To the best 
of our knowledge, this paper is the first SLR related to the use 
of ML for port’s operations efficiency. The remainder of this 
paper is organized as follows: section 2 will provide the 
background for this research, section 3 will describe the 
research methodology, section 4 will present and discuss the 
main results, and section 5 will conclude our paper.  

II. BACKGROUND: 
Today, intelligent systems that can assist port managers 

in their day-to-day work are required. For that, the application 
of operations research in solving port’s issues especially for 

container terminals, has been abundant and several papers 
proposed relevant reviews in this field [3]-[12]. In addition to 
the very widespread use of mathematical modelling, 
simulation has been an important tool that served to develop 
more than 200 models for ports and container terminals [13]. 
The existing literature has considered many issues ranging 
from resource and equipment allocation and scheduling to 
performance evaluation, including policies, traffic, logistics, 
and many more. Besides optimization and simulation models, 
data-driven approaches help analyzing the effect of some 
variables on the port’s performance, namely machine 
learning techniques. It would be worth investigating the 
integration of machine learning, optimization and simulation 
methods, to gain insights from the available data and better 
understand the port system. The growing volume of trade has 
pushed terminal port’s actors to adopt digitalization to 
improve the efficiency [14]. The digitalization of maritime 
logistics have served in constantly monitoring and controlling 
operations. This development has led to the generation of 
important data in terms of volume and utility serving in the 
design of predictive systems by the mean of machine learning 
methods. These systems can help in limiting variations of 
important parameters. 

Today, Business Intelligence helps industries develop 
their operational efficiency, and put the available data to 
better use in solving complex problems. Data access, 
reporting and analytics constitute the main subfields of 
Business Intelligence [15]. Analytics are meant to pilot 
decisions and actions using statistical analysis, forecasting, 
predictive modeling and optimization. Machine learning can 
boost the prediction in order to assist human decisions or 
build totally automated decisions.  The relationships between 
analytics and optimization has been discussed in [16] as a 
future merging field and a single integrated discipline. They 
also acknowledged the potential of mixing analytics and 
operations research for achieving positive results in real case 
applications. 

Through this SLR, we aim to report the contributions on 
the application of ML for port’s operations and determine 
further research directions that would help in better 
understanding port system features and executing operations. 

III. REVIEW PROTOCOL 
The lack of reviews related to the application of ML 

techniques for port’s operations is the principal motivation 
behind conducting this work. Therefore, the objective of this 
review is to provide a formal comparison between the 
existing works through the collection and evaluation of 
relevant studies. Hereafter, we describe the methodology 

Abstract 
In this paper we construct an algorithm based on morphological filters, for large 
scale global optimization, for optimizing functions in big dimensions, we introduce 
firstly the theory of morphological filters, secondly, we will construct an algorithm 
based on this theory before implementing it. A panel of various benchmark problems 
with different properties were used to assess the performance of the proposed 
Optimization morphological filters (OMF) algorithm. The obtained results has shown 
the scalability of the algorithm in contrast to optimization algorithms encountered 
in the literature. Moreover, in comparison with some state-of-the-art metaheuristics 
(PSO, CuCkoo, Bat...), the computational results revealed that the proposed OMF 
algorithm is an effective and efficient optimization algorithm
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Abstract –. Nowadays, Business Intelligence (BI) plays 
a key role in the decision-making chain because of what it 
offers in terms of data availability, structuring, analysis 
and presentation in the form of dashboards or Key 
Performance Indicators (KPI) to assist decision-making. 
Despite its advantages in terms of historicizing the 
company's activity, traditional BI tools do not allow us to 
project our business into the future and evaluate the 
impact of a decision on the entire activity of a company. 
Given this consideration, What-if analysis positions itself as 
a data-intensive simulation to examine the impact of a 
decision. In this article, we intend to highlight the role that 
simulation techniques can play in prescriptive analysis. 
Then, we present the different architectures that combine 
the use of simulation in an analytical environment. Finally, 
we also provide an idea of the future perspectives and 
challenges in simulation-based analytics. 

Keywords: Business Intelligence, Business Analytics, 
Decision Support Systems, simulation what-if, Simulation-
based analytics. 

I. INTRODUCTION 

Making intelligent and efficient decisions is the 
ultimate goal of every decision-maker. A targeted and 
well thought-out decision will allow the company to win 
its economic battle against its competitors and grow its 
competitive advantage. Decision Support Systems (DSS) 
had played a crucial role for giving decider a wide range 
of methods and tools to support theirs decisions. It was 
based on the use of computer technologies to solve 
complex problem [1]. DSS was introduced in order to 
give top management a clear view of the management 
activities consisting of strategic planning (executive 
decisions concerning the mission and overall objectives), 
management control (middle managers guiding the 
organization towards objectives) and operational control 
(front-line supervisors directing specific tasks). 

A decision support system is a human-machine 
decision process, integrated into the decision chain of an 
organization. It is a system with information processing 
capabilities that intervene in strategic, tactical or 
operational decisions. The aim is to make decision-
making more efficient and rapid. DSS as it appears since 
1960, it was being centered about notions of data-driven, 
model-driven and knowledge-driven [22]. 

Data driven DSS includes all data available in any 
form: files, structured data, geographic data... Data-
Driven DSS emphasize access to and manipulation of 
large databases of structured data and especially a time-
series of internal company data and sometimes external 
data. 

Model driven DSS uses models and methods from 
the field of Operations Research and Management 
Science (OR/MS). Model-Driven DSS emphasize access 
to and manipulation of a model. It is a layer that helps 
decision-makers to analyze situations and solve complex 
problems. 

Knowledge driven DSS is a layer based on 
knowledge and the suggestion of recommendations to 
decision-makers. It uses business rules and knowledge 
bases. In general refer to the use of data mining to 
explore the knowledge hidden in the databases. 

 

 
Figure 1: Knowledge pyramid of DSS. 

With the massive use of decision support tools in 
the business world, the impact that could be created on 
scalability and competitiveness in the market and the 
increase in the data generated had posed new challenges 
in the management and exploitation of DSS for this 
purpose and since the 1990s the concept of Business 
Intelligence has begun to emerge. Since it appears, 
Business intelligence (BI) system is commonly known as 
a suite of technological solutions that facilitates 
organizations to amass, integrate and analyze vast stocks 
of data in order to understand their opportunities, 
strengths and weaknesses [23]. BI concept is a broad 
category of technologies, applications, and processes for 
gathering, storing, accessing, and analyzing data to help 
its users make better decisions [24]. It is centered about 
the notion of data warehousing which consists of a 
complete process beginning with the extraction of data 
from operational databases, transforming and making 
them more usable, loading them into data warehouses 
and ultimately their exploitation via reporting, ad hoc 
query or OLAP analysis [2]. 

Business Intelligence (BI) has presented some 
limitations in exploring future trends as it was mainly 
limited to reporting activities via KPI and dashboards. 

Abstract 
Nowadays, Business Intelligence (BI) plays a key role in the decision-making chain 
given the possibilities offered in terms of data availability, structuring, organization 
and reporting to facilitate decision-making. Despite its advantages in terms of 
historicizing the company›s activity, traditional BI tools do not allow us to project our 
business into the future and evaluate the impact of a decision on the entire activity 
of a company. With this in mind, What-if analysis positions itself as a data-intensive 
simulation to examine the impact of a decision.
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Abstract- The current supply chain ecosystem benefits 
from a great dynamic: the digitalization of companies 
and exchanges. For all the players in the sector, this is a 
real revolution, and machine learning is at the heart of 
this revolution. It has radically transformed companies: 
the evolution of communication media, the automation of 
many processes, the growing importance of information 
systems, etc. However, this fundamental transformation 
of work environments and organizational modes is far 
from over. In the current economic context of 
globalization of trade and increased competition, the 
greatest attention is focused on the objective of 
continuously reducing cost prices. Optimization requires 
efforts from all links in the supply chain to ensure very 
fine management. In this context, machine learning and 
the data on which it is based, is a real opportunity. In 
more recent years, a series of practical supply chain 
applications of machine learning (ML) have been 
introduced. By interconnecting the ML methods applied 
to the SC, the document indicates current SC 
applications and visualizes potential research gaps. In 
this article, we examine the applicability of machine 
learning techniques to the supply chain. The main 
objective of this paper is therefore to study how Machine 
Learning can be integrated into the range of tools 
available to Supply Chain decision-makers to take 
advantage of the increase in the volume of available data, 
through these tools particularly adapted to this type of 
processing. 

Keywords:  Supply chain, Machine Learning , Digital 
Transformation 

I. INTRODUCTION : 

In this new environment, the digital transformation 
of the supply chain is needed today more than ever. The 
Digital Transformation has become a significant topic 
of concern and a strategic issue for all organizations 
[48]. It offers new opportunities for companies, beyond 
their traditional activities, by accelerating their growth 
and creating sustainable competitive advantages and 
security of operations. 

Until now, the task of the supply chain has been 
simple and cost efficiency is one of the most important 
factors in the procurement strategy. Today, the 

information flows are just as critical as the flow of 
goods, thus, the companies need to adapt to the speed 
and accuracy of data that is critical to achieving 
business goals. In addition, it turns out that 
collaboration is more important than ever, even 
essential. 

Today ubiquitous in our daily lives, digital is more 
developed in companies. The supply chain, a strategic 
function of the company, does not escape this 
observation. Digital technologies offer different 
solutions that meet the supply chain challenges of 
companies and market expectations [49]. Numerous 
significant digitalization trends could be applied in a 
supply chain to significantly improve the future, and 
“Machine learning” is one of them. 

The term Machine Learning ‘ML’ remains a 
confusing field because there are many different 
conceptual and especially theoretical approaches and 
the possible potential and dangers remain unclear [46].  
The applications of ML by companies seem infinite in 
terms of quantity and complexity beyond the barriers of 
the different industries. 

Supply Chain are among the most suitable functions 
for integrating ML techniques. The Supply Chain field, 
being flooded by data, will take advantage of Machine 
Learning's outcomes to automate and streamline 
processes, forecast future operations and optimize 
costs. For example, ML makes it possible to forecast 
demand [16][34][45] in such a way as to ensure optimal 
management of logistics flows and consequently ensure 
an immediate response to customer needs. 

It allows systems to make intelligent decisions and 
perform tasks in an automated way that does not require 
human intervention[44]. While in other fields, ML is 
still in the fiction stage, in the Supply Chain, it 
permeates each year a little more the different facets of 
operations. With real and strategic benefits, ML 
appears to be a promising solution. 

Beyond the simple fashion effect, it is enough to 
look at the many cases of application of this technology 
to understand that we are facing a trend destined to 
revolutionize our daily lives. More and more companies 
with very large supply chains and a large number of 
orders are now using machine learning to automate 

Abstract 
The current supply chain ecosystem benefits from a great dynamic: the digitalization 
of companies and exchanges. For all the players in the sector, this is a real revolution, 
and machine learning is at the heart of this revolution. It has radically transformed 
companies: the evolution of communication media, the automation of many 
processes, the growing importance of information systems, etc. However, this 
fundamental transformation of work environments and organizational modes is far 
from over. In the current economic context of globalization of trade and increased 
competition, the greatest attention is focused on the objective of continuously 
reducing cost prices. Optimization requires efforts from all links in the supply chain 
to ensure very fine management. In this context, machine learning and the data on 
which it is based is a real opportunity. In more recent years, a series of practical supply 
chain applications of machine learning (ML) have been introduced. By interconnecting 
the ML methods applied to the SC, the document indicates current SC applications 
and visualizes potential research gaps. In this article, we examine the applicability of 
machine learning techniques to the supply chain. The main objective of this paper is, 
therefore, to study how Machine Learning can be integrated into the range of tools 
available to Supply Chain decision-makers to take advantage of the increase in the 
volume of available data, through these tools particularly adapted to this type of 
processing.
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Abstract 
Ces dernières années, le problème de tournées de véhicules dynamique (DVRP) et 
ses variantes, sont de plus en plus étudiés et plusieurs approches de résolution ont 
été proposées. L’objectif de ce travail est de faire une comparaison entre les résultats 
de trois différentes approches conçues pour le problème de tournées de véhicules 
dynamique multi-tour avec overtime (MTDVRPOT). La première approche se base 
sur une méthode exacte, la deuxième est un système de colonies de fourmis hybride, 
tandis que la troisième est un algorithme mémétique. Les tests sont effectués sur des 
instances de petites tailles, et les résultats montrent la supériorité de l’algorithme 
mémétique.
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Abstract—Ces dernières années, le problème de tournées 
de véhicules dynamique (DVRP) et ses variantes, sont de plus 
en plus étudiés et plusieurs approches de résolution ont été 
proposées. L’objectif de ce travail est de faire une 
comparaison entre les résultats de trois différentes approches 
conçues pour le problème de tournées de véhicules dynamique 
multi-tour avec overtime (MTDVRPOT). La première 
approche se base sur une méthode exacte, la deuxième est un 
système de colonies de fourmis hybride, tandis que la 
troisième est un algorithme mémétique. Les tests sont 
effectués sur des instances de petites tailles, et les résultats 
montrent la supériorité de l’algorithme mémétique. 

Keywords —, DVRP, multi-tour, overtime, Système de 
Colonies de Fourmis, Algorithme mémétique, méthode exacte 

I. INTRODUCTION  
Après plus d’un demi-siècle de la première introduction 

du problème de tournées de véhicules (VRP) [1], plusieurs 
sous-classes de ce problème ont été définies. À l’intérieur 
de chaque sous-classe, on trouve plusieurs variantes qui 
chevauchent, parfois, avec d’autres sous-classes. Le 
problème de tournées de véhicules dynamique (DVRP) [2] 
est l’une des sous-classes les plus récentes du VRP. Le 
caractère principal du DVRP est le dynamisme de ses 
entrées et ses sorties. C’est-à-dire que le plan de routage 
initial est susceptible d’être changé si on reçoit des 
modifications concernant les requêtes ou bien les routes. On 
peut résumer les modifications possibles dans les trois 
points suivants :  

• Modifier la quantité ou le type demandé d’une 
requête déjà planifiée 

• Ajouter ou annuler une requête au plan de 
routage de la journée en cours 

• Changer les routes planifiées par d’autres 
routes pour échapper à la congestion du réseau. 

Le DVRP inclut aujourd’hui un large nombre de 
variantes et sous-variantes selon la classification adoptée 
([3], [4]). Parmi les variantes les moins étudiées du DVRP, 
on trouve le DVRP multi-tour. Ce problème considère le cas 
où on a besoin d’affecter plusieurs tournées au même 
véhicule. C’est généralement le cas des petites entreprises 
qui ont des flottes limitées. La version statique de ce 
problème a été largement étudiée dans la littérature ([5], [6], 
[7], [8], [9], [10]). Cependant, les études sur le DVRP multi-
tour sont encore très minimes ([11], [12]).  

Un point qui parait commun entre les études traitantes le 
VRP multi-tour, que ça soit dans la version statique ou 
dynamique du problème, est la permission d’avoir un temps 
supplémentaire « overtime ». L’utilité de l’overtime se 
manifeste dans le cas où on n’arrive pas à terminer tout le 
service durant le temps normal du travail. La permission 
d’avoir un overtime donne, alors, plus de flexibilité aux 
managers pour répondre aux besoins de leurs clients le plus 
tôt possible. Or, l’utilisation de l’overtime présente elle-
même un coût additionnel pour l’entreprise en termes de 
payement des conducteurs et des surveillants des dépôts. 
Plusieurs études sur le VRP multi-tour statique ont 
considéré la notion du LTR [8] qui est le ratio du temps du 
plus long voyage d’une solution par rapport à l’horizon 
normal de planification, pour qualifier les solutions qui 
utilisent l’overtime. Pour les études traitant le cas 
dynamique, elles basent leurs évaluations, directement, sur 
la valeur de l’overtime maximal performé [13]. 

A notre connaissance, on était les premiers à traiter le 
DVRP multi-tour avec overtime (MTDVRPOT) dans deux 
publications précédentes et une troisième soumise. La 
première publication présente une approche à base du 
système de colonies de fourmis hybride (ACSH) [12]. La 
deuxième est basée sur un algorithme mémétique (MA) 
[13]. Alors que la troisième est basée sur une méthode 
exacte itérative. La première et la deuxième approche ont 
été testées sur des instances de grande taille alors qu’on a 
testé la troisième approche sur des instances de petite taille. 
Dans cet article on présente une brève description de 
chacune de ces approches avec les résultats des tests des 
trois approches sur les instances de petite taille.  

Dans le cas général, les métaheuristiques sont testées sur 
des instances de grandes tailles puisque l’objectif principal 
d’opter pour une métaheuristique est de pouvoir résoudre 
des problèmes de grandes tailles. Les méthodes exactes ne 
supportent, généralement, que des tailles minimes en 
garantissant l’optimum. Dans cet article on utilise une 
heuristique basée sur l’application itérative d’une méthode 
exacte (HEM). Le caractère dynamique du problème ne 
permet pas de garantir l’optimum avec l’HEM. L’objectif 
de cet article est, principalement, de comparer les 
métaheuristiques avec l’HEM sur le MTDVRPOT. 
Toutefois, l’HEM ne peut pas être testé sur des grandes 
instances puisqu’elle est basée sur une méthode exacte. En 
conséquence, on applique les métaheuristiques sur des 
petites instances pour pouvoir réaliser cette comparaison.  
Ainsi la contribution principale de cette étude est : la 
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Abstract 
The Production Routing Problem (PRP) is concerned with coordinating the production, 
inventory, distribution, and routing decisions to meet customer demands with an 
objective to minimize the production, holding and routing costs over a planning 
horizon.
In this work, we introduce a particular PRP that considers several plants (producers) 
in the supply chain, which have to distribute their products to a set of customers. 
Producers are also in charge of collection of used items from customers. Deliveries 
and pickups must be carried simultaneously, since a customer cannot be visited 
more than once per period. Each partner (plants and customers) has a storage area 
composed of both delivery products and returns, as characterized by initial levels, 
maximum storage capacity and safety stocks.
For a given planning horizon, the desired outputs are twofold. On the production side, 
the solution should provide a detailed production schedule involving the following 
decisions for every time period: the production rate in each plant and the amounts 
of products stored. On the distribution side, tactical decisions regarding plant-
to-customer allocation; hence, we determine the amounts of delivered products 
distributed from each plant to each customer and the assignment of vehicles to 
routes.
We propose a mixed-integer linear program (MILP) which captures all critical 
operational and tactical constraints involving a production scheduling and a vehicle 
routing models. The MILP is developed and tested with CPLEX on small-scale instances.
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Abstract— The integration of reverse logistics into production 
routing problems can favorite and coordinate the implementation 
of sustainable development for supply chains. This study aims to 
study the multiple plant version of incorporating reverse logistics 
into production routing problems. A mixed-integer programming 
model is proposed for the integrated Multi-Plant Production 
Routing Problem with Simultaneous Delivery and Pickup (MP-
PRPSDP).  

Keywords—multiple plant, production routing problem, 
simultaneous delivery and pickup, reverse logistics 

 

I. INTRODUCTION  
Environmental issues about production and logistic 

activities have recently largely risen. The current competitive 
environment has led manufacturers in most areas to organize 
their production by developing new operational logic, while 
increasing benefits and customer satisfaction. 

In a typical supply chain that includes an ordered sequence 
of activities such as production, storage, and distribution, these 
operations are typically processed sequentially, so that each 
individual activity is planned and optimized using 
predetermined decisions from its previous activity. For example, 
a production plan contains lot sizing decisions for purposes of 
minimizing production and inventory costs at the plant. These 
decisions are thereafter used as inputs in the distribution 
planification. Since, in each planning stage, decisions are limited 
by the previous process plan, it was necessary to develop new 
integrated supply chain operational planning approaches, in 
which key supply chain planning decisions are optimized 
simultaneously and in a coordinated way, which can lead to an 
important cost savings. As real examples of this kind of 
succeeded industrial implementation, we find in the literature the 
case of Kellogg Company (Brown, et al., 2001), which have 
developed an operational and a tactical versions of their planning 
system (KPS); the operational KPS has led to reduce global costs 
(production, inventory, and distribution) by approximately $4.5 

million in 1995, while the tactical KPS's savings came up to $35 
to $40 million per year. Frito-Lay (Çetinkaya, et al., 2009) is 
another concrete example that validates this approach. 

Among the integrated supply chain planning problems, the 
Production Routing Problem (PRP), also called the Integrated 
Production Inventory Distribution Routing Problem (IPIDRP), 
is the most exhaustive and complete one since it takes into 
account production, inventory, distribution, and routing 
decisions simultaneously. 

Figure 1, given by (Adulyasak, et al., 2012), illustrates 
different integrated production distribution problems resulting 
from operational supply chain planning:  

 The Lot Sizing Problem (LSP) is a recurring problem in 
the industries, production plan and inventory decisions 
are established on the basis of forecasts and firm orders, 
over a given planning horizon (see (Brahimi, et al., 
2006)).  

 The vehicle routing problem (VRP), introduced for the 
first time by (Dantzig, et al., 1954), is the problem of 
designing vehicle routes, for a fleet of vehicles based in 
a depot, to satisfy customers' requests in each period. 

 In the Lot Sizing Problem with Direct Shipment 
(LSPDS), the production lot sizes are determined over a 
planning horizon while minimizing production, setup, 
inventory, and direct shipment costs (see (Adulyasak, et 
al., 2015)). In this problem, finished products are directly 
carried from the plant to the customers. 

 The Inventory Routing Problem (IRP) consist of 
determining the quantities to issue to the customers and 
routing decisions over a planning horizon (see (Coelho, 
et al., 2013); (Campbell, et al., 2002)). It includes the 
routing side but omits production lot sizing decisions. In 
the IRP, the production amounts are supposed to be 
known in advance.  
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Abstract—In this paper, we studied a fundamental optimization
problem encountered by most distribution companies. The Dy-
namic Vehicle Routing Problem with Simultaneous Delivery and
Pickup (DVRPSDP) is an important and special variant of the
VRP, in which new customers arrive when the working day has
already started, and a number of vehicles have started their tours,
in a way that each customer requires simultaneous delivery and
pickup. These new customers must be included in the planned
tours in real time minimizing the total travel distance.
A rich literature review of the problem is carried out. A
mathematical model has been formulated for the DVRPSDP, and
it is tested with cplex to provide optimal solutions for small
instances. A memetic algorithm has been applied to solve it, the
proposed algorithm is a combination of the genetic algorithm
with a local search procedure.

Index Terms—DVRP, Reverse logistics, VRPSDP, Optimal
model, memetic algorithm.

I. INTRODUCTION

The transportation of goods is a main component of the
supply chain; transport costs occupy a significant part of the
total cost of the product, which is why companies are seeking
to design an efficient distribution system that guarantees the
minimization of transport costs while meeting the constraints
of customers who require very short service times.
In recent years, reverse logistics has become an increasingly
important part of corporate logistics services, so leading
companies, large and small, are seeking to adopt a
more environmentally friendly approach by integrating
environmental preservation into all stages of supply chain
management. Among the measures taken by these companies
are the collection of reusable or recyclable packaging, empty
packaging and end-of-life products.
On the other hand, with the rapid development of e-commerce
new customers are received throughout the day, so companies
must meet the needs of these new customers while respecting
their requirements, then this has become possible thanks to
modern means of communication and geographical location,
because the dispatcher can track on his computer the position

of vehicles, which facilitates the task of integrating new
customers into already planned tours.
By creating a distribution logistics that combines both aspects,
i.e. the environmental protection aspect and the dynamic
aspect, we end up with a dynamic and inverse distribution
logistics that aims to optimize the delivery of goods to
customers and the simultaneous pickup of empty packaging
or end-of-life products in order to recycle them, in a context
where new customers who have a demand for delivery and
collection appear when the working day has already started,
which requires their integration into planned tours or creating
new tours.
In this context, a very important variant of the VRP is created
and studied: The Dynamic Vehicle Routing Problem with
Simultaneous Delivery and Pickup (DVRPSDP).

In this paper, we first present a rich literature review, pro-
pose a mathematical model of our problem and its resolution
with cplex, and then apply a memetic algorithm for this special
variant of the VRP. The rest of this paper is organized as
follows: Section II presents a detailed and relevant literature
review of our problem. In section III the description of our
problem is introduced. A mathematical model of our problem
is presented in Section IV. Section V deals the resolution
of the mathematical model by Cplex. Section VI describes
the principle of application of the algorithms that we have
proposed for solving our problem.

II. LITERATURE REVIEW

Vehicle routing problem (VRP) is a general name given
to a problem of operational research and combinatorial
optimization. It consists of determining the routes for a set
of vehicles available at the depot to serve a set of customers
dispersed geographically, and each vehicle begins its tour
from the depot and returns to the same depot.
With the application of the classic VRP in the real world, it
has been faced with several characteristics and objectives of

Abstract 
In this paper, we studied a fundamental optimization problem encountered by most 
distribution companies. The Dynamic Vehicle Routing Problem with Simultaneous 
Delivery and Pickup (DVRPSDP) is an important and special variant of the VRP, in which 
new customers arrive when the working day has already started, and a number of 
vehicles have started their tours, in a way that each customer requires simultaneous 
delivery and pickup. These new customers must be included in the planned tours in 
real time minimizing the total travel distance.
A rich literature review of the problem is carried out. A mathematical model has been 
formulated for the DVRPSDP, and it is tested with cplex to provide optimal solutions 
for small instances. A memetic algorithm has been applied to solve it, the proposed 
algorithm is a combination of the genetic algorithm with a local search procedure.
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Abstract— Daily, vehicles overload the road networks. 
Starting from this worldwide issue, we can see the necessity of 
finding solutions for travel times improvements. Many solutions 
arise if we look at the lowest possible level in traffic modeling. 
At microscopic level, we can have the best overview of the 
vehicle’s interactions, about their velocity, acceleration or lane 
change behavior. This paper proposes a new approach of lane 
choice prediction using an AI (Artificial Intelligence) based 
gaming strategy. Having a piece of road with the lane change 
action modeled as Markovian process, for a chosen vehicle, this 
paper aims to find the best decision considering the desired 
destination and the involved costs. The lane change action will 
be described as a game where is involved the vehicle that 
initiates the action, together with parameters as traffic 
destination volumes, intermediary traffic volumes associated 
with distinct lanes and the placement of lanes splitting points. 
The comparison with the Dijkstra’s algorithm, known as the 
optimal for route choice problem solving, proves the efficiency 
of the proposed approach. The similar results obtained as 
destination volumes by comparing with the mentioned optimal 
algorithm consists of a validation step in this paper proposal. 

Keywords— artificial intelligence, gaming strategy, lane 
choice, Markov, destination volumes, minimax. 

I. INTRODUCTION 
Traffic jams affect the daily road traffic through the big 

number of vehicles that are involved in the movement, 
restriction of access to certain lanes caused by road repair 
works or by non-compliance with traffic rules. Sometimes, a 
simple lane change action can lead to a traffic jam. The target 
lane chosen by a driver can be overloaded and the drivers from 
that lane do not give priority to the vehicle that initiated the 
lane change maneuver. In these cases, the lane change action 
will produce a traffic jam on its initial lane until the initiated 
action will succeed.  

This paper starts with an overview of some relevant topics 
and trends in ITS (Intelligent Transportation Systems). The 
highest interest will be on lane change behavior modeling, 
including the techniques and methods for lane choice 
prediction. A literature overview will show how some “smart” 
solutions can bring benefits to traffic congestion reduction by 
improving traffic conditions. Moreover, a presentation of 
some approaches related to the minimax gaming strategy will 
highlight its general features and application cases. 

The next section will present some details related to driver 
behavior modeling (DBM). Further, a theoretical overview 
about the minimax gaming strategy creates a framework that 
facilitates the usage of this strategy in road traffic monitoring 
and control actions. The construction of a general model for a 

game tree with n layers illustrates the minimax strategy 
application. Moreover, the paper proposes a new architecture 
for a system combining the markovian traffic modeling with a 
minimax gaming strategy for lane choice prediction. The 
proposed approach will highlight how important is the usage 
of this strategy in the estimation process of lane change 
actions, and how this can influence the destination volumes. 
Further, will be defined a validation strategy for the proposed 
approach considering road traffic specific metrics. 

The last two sections present the results obtained by using 
the minimax strategy in lane choice prediction. Outputs will 
consist of destination volumes associated with the reachable 
destination directions after leaving the crossroad. The next 
step ensures the comparison of the obtained values with the 
results obtained by applying other relevant algorithms, like 
Dijkstra optimal algorithm for route choice. The conclusions 
extraction regarding the novelty and benefits of our proposed 
approach uses these comparisons results. More than that, this 
paper suggests some possible directions of research starting 
from the proposed minimax gaming strategy application in the 
field of road traffic issues. 

II. LITERATURE OVERVIEW 
Closely linked to the current trends in ITS (Intelligent 

Transportation Systems) are the smart city and the IoT 
(Internet of Things) [1] concepts application for traffic 
monitoring and control. The research in this domain aims to 
reduce road traffic congestion by defining various prevention 
strategies. A good strategy in the traffic signals control can use 
al algorithm based on forcing the number of vehicles on not 
overtaking the capacity of the lane [2]. 

 The field of VRP (Vehicle Routing Problem) is another 
direction in ITS research and has an impact on creating a 
sustainable transportation system. VRP aims to bring 
improvements in road traffic monitoring through the usage of 
AI, such as hybrid algorithms based on the ACO (Ant Colony 
Optimization) algorithm [3] or genetic algorithms [4]. The 
influence of new requests received as time progresses 
represents a challenge in VRP because already planned routes 
shall dynamically incorporate them as soon as possible. This 
direction provides methods with high computational 
efficiency, some of them having a modern view on problem 
definition and solving (e.g. using GPU – Graphics Processing 
Units) [5]. 

 An interesting approach also included in our proposal is 
the application of different game strategies [6] to solve real-
life problems. Part of this category is the minimax algorithm 
[7]-[8] that previously application solved another 
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Abstract—This work proposes an ABC-XYZ-type analysis 
modified with an observed merchandise deficit. The deficit 
is determined by right censoring. This manuscript proposes 
to account for right censoring in the ABC-XYZ analysis. This 
modified ABC-XYZ analysis updates many important 
quantities: the projected income, the coefficient of variation, 
and a nonparametric Kaplan-Meier estimate. An illustrative 
example shows that the classical ABC-XYZ algorithm 
underestimates the merchandise value where the deficit was 
observed; the magnitude of the coefficient of variation is also 
underestimated. The new method mitigates this issue and 
recalculates the overall profit and the coefficient of variation, 
taking into account not just the actual observed sample but the 
estimated overall market demand. 

Keywords—ABC-XYZ analysis, logistics, marketing, 
shortage, censorship, Kaplan-Meier estimator 

 

I. INTRODUCTION 
Logistics and supply chain management suggest multiple 

optimal merchandise and supply classification schemes as 
well as their timely management [1]. In [2], Analytic 
Hierarchy Process (AHP) was suggested for classifying a 
complex inventory combining multiple qualitative criteria 
including subjective judgments. In [3], authors applied a 
generic algorithm for inventory classification and compared 
their findings with the results of AHP-classification using 
two real datasets. In [4], inventory classification was 
completed simultaneously across four different criteria using 
artificial neural networks (ANN); [5] used fuzzy C-means 
clustering.  

Nevertheless, ABC analysis continues to be the most 
known and widely popular method for supply classification, 
elucidating most important merchandise groups [6]. ABC 
analysis proved to be so effective that it is currently used 
almost everywhere. This effectiveness prompts researchers to 
continue their effort towards extending ABC analysis to new 
and more complex applications. One extension focuses on 
multidimensional classification. In [7], inventory 
classification was completed with the use of a cross 
tabulation matrix. Some research [8-11] suggested using a 
super-criterion, a linear combination of multiple different 
criteria. In [12], the FNS (functional, normal, and small) 
algorithm was developed, which combined the classical ABC 
categorization with a new grouping strategy. This algorithm 
simultaneously used a multidimensional input (handling 
frequency, lead time, contract manufacturing process time, 
and specialty) to produce an inventory classification. 

But almost every retailer uses its sales data in ABC-XYZ 
analysis for monitoring the company’s profit and stability 
of demand, and making related decisions [1, 13]. It is often 
clear that the results of ABC-XYZ analysis do not always 
reflect real demand, as these results do not account for 
additional information potentially related to ABC and XYZ 
grouping. In [14, 15] authors suggested a modified with a 
known quantile ABC-XYZ analysis, which results in a more 

accurate grouping. In [16], a notorious effect of short-term 
outlying demand fluctuations was suppressed with Grabbs 
criterion. 

Specifically, the ABC-XYZ analysis does not use 
information such as when certain merchandise is fully sold 
out and some potential customers simply did not have a 
chance to make their purchase because of the deficit. In fact, 
this situation can be conveniently described by right 
censored data, which require certain statistical techniques for 
data analysis. The use of traditional statistical approaches not 
accounting for censoring often leads to seriously biased 
findings, and consequently, to related profit reduction [17]. 

In this work, an ABC-XYZ analysis accounting for right 
censoring is suggested. A plug-in estimator was used 
to estimate the mean and the coefficient of variation, where 
the Kaplan-Meier estimator was used to estimate the 
unknown cumulative distribution function. 

II. ABC-XYZ ANALYSIS IN THE PRESENCE OF DEFICIT 
The ABC method [6] is based on the Pareto principal and 

classifies merchandise assortment into three non-overlapping 
groups depending on the importance of the merchandise 
for the retailer. The classification criterion is a customary 
choice but predominantly, it is either the overall profit 
or overall revenue.  

Without loss of generality, we use product revenue 
,iR ,,1 Мi   during a predetermined time period as 

the optimality criterion, where M denotes the total number 
of products for sale. 

The classical ABC-analysis consists of four stages: 

1. All revenues are sorted out in a decreasing order  

,...21 MRRR  

2. For Мi ,1 , the ratio  






M

i
i

i
i

R
Rd

1



 is calculated. 

3. For Мi ,1 , the cumulative ratio  

,1 iii dSS   

 is calculated with S0 = 0. 

4. Finally, the decision is made:  

a. If  

,8.0iS 
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account for right censoring in the ABC-XYZ analysis. This modified ABC-XYZ analysis 
updates many important quantities: the projected income, the coefficient of variation, 
and a nonparametric Kaplan-Meier estimate. An illustrative example shows that the 
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Abstract—The newsvendor problem is a popular inventory
management problem in supply chain management and logis-
tics. Solutions to the newsvendor problem determine optimal
inventory levels. This model is typically fully determined by
a purchase price, a sale price, and a distribution of random
market demand. From a statistical point of view, this problem
is often considered as a quantile estimation of a critical fractile
which maximizes anticipated profit. The distribution of demand
is a random variable and is often estimated on historic data.
In an ideal situation, when the probability distribution of the
demand is known, one can determine the quantile of a critical
fractile minimizing a particular loss function. Since maximum
likelihood estimation is asymptotically efficient, under certain
regularity assumptions, the maximum likelihood estimators are
used for quantile estimation. Then, the Cramer-Rao lower bound
determines the lowest possible asymptotic variance. Can one find
a quantile estimate with a smaller variance than the Cramer-
Rao lower bound? If relevant additional information is available,
then the answer is yes. Additional information may be available
in different forms. This manuscript considers minimum variance
and minimum mean squared error estimation which incorporates
additional information for estimating optimal inventory levels. A
more precise assessment of optimal inventory levels leads to a
higher expected profit.

Index Terms—Newsvendor model, additional estimation, quan-
tile estimation, minimum variance, minimum mean squared error

I. INTRODUCTION

The newsvendor model, first formulated by [1], is a popular
inventory management model which continues to attract re-
searcher attention in economic and logistic literature [2]–[5].
This model depends on two simple quantities, the purchase
price of a single unit of a product c and the price when it
is sold, p. The overall profit is fully defined by the critical
fractile (= (p− c)/p). If F is the distribution of the random
demand, D, then the optimal amount of product to order is
Q = F−1 ((p− c)/p), where F−1 is an inverse of F . This
solution secures the highest expected profit.

The distribution of the random variable D is often estimated
using historic data. Hayes [6] considered exponential and
Gaussian models to minimize Expected Total Operating Cost
in the newsvendor problem. A Bayesian approach was used
to improve the estimation. Similarly, Bayesian methodology
was used to solve inventory problems in [7] and [8]. In more
recent literature Bayesian frameworks are also very popular.

Liyanagea and Shanthikumar [9] suggested using direct
profit maximization which simultaneously incorporates both
parameter estimation and expected profit maximization.

Quantile estimation methods range from maximum likeli-
hood estimators to more robust methods minimizing specific
risk functions: Koenker’s quantile regression [10] minimizes
the sum of absolute deviations of residuals; the sum of signs
of residuals minimization is suggested in [11]. All of these
methods are directly applicable to solving the newsvendor
problem as well.

In a situation where a family of probability distributions
of the demand is known, a maximum likelihood estimation
can be applied to quantile estimation as maximum likelihood
estimators (MLEs) are asymptotically efficient under certain
regularity assumptions. Then, asymptotically, MLEs reach the
Cramer-Rao lower bound for variance, and no other estimator
has an asymptotically smaller variance. Can a quantile estima-
tor with a smaller variance than the Cramer-Rao lower bound
be found? If relevant additional information is available, then
the answer is yes.

Many of the above mentioned statistical methods to solving
the newsvender problem lead to estimators regular enough
to have two finite moments. If the two moments exist, then
additional information can be combined together with external
information (for example, an averaged sales from another
store with similar characteristics) known with a degree of
uncertainty (for example, a standard error of this average
is known as well) [12]. This approach assumed that the
additional information is unbiased, meaning that averaged
sales for both stores are about the same. A similar assumption
was made in [13]. It is possible that additional information
can be biased, then minimum mean squared error (MSE)
can be considered instead [14], [15]. The use of additional
information known up to a few distinct values is considered in
[16]–[19]; the minimum MSE criterion was also used in these
papers. Zenkova and Krainova [20] considered the use of a
known quantile for estimating expectations. The net premium
using a known quantile for voluntary health insurance was
used as an illustrative application.

This manuscript considers minimum variance and mini-
mum MSE estimation for incorporating additional information.
Section III presents methodology for combining empirical
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Abstract—In the current industrial world, companies are under
great pressure from their customers who demand good quality
products and services at the lowest possible costs. To do this, it has
become a prerequisite to ensure good care of the production assets
in order to grant the greatest equipment availability at the best
performance while respecting the budget allocated. Due to the
lack of flexibility and automation of equipment, enterprises are
confronted on using excess quantity of raw materials to recover
those lost during the production processes and this becomes a
great burden to the companies because they are obliged to fix
the price to a high level. Or nowadays, the automotive market is
full of great competitiveness and the act of elevating the product
price represents a main root cause of the loss of customers and
market share to a company. The work presented here, has been
carried out in the enterprise COFICAB KENITRA in 2018 to
improve the production processes in the metal department whose
activities are focused on metal part of the wires manufactured
in this company especially in Twisting zone.

Before launching the manufacturing, the enterprise makes
budget of the quantity of raw materials to be used while twisting
copper strands, but due to the lack of flexibility of the current
Twisting machine , the mechanical tension applied to each
copper strand during the process is not the same, there is a
great variability of the characteristics of the products. Moreover,
there is a waste of raw materials due to the friction of copper
strands along some pieces composing the systems. So, it is in
this connection, the enterprise undergoes variations between the
raw materials used and that should be used and then, the cost
of cable manufacturing increases. Finally, to recover this cost
rising, the product price is highly fixed, which is a risk and a
threat on the development of this company. The mission of this
research was to develop and conceive a twisting system able to
minimize the variability of the mechanical tension applied to the
copper strands by at least 80% and to minimize the friction of
those strands and some system pieces by 100%. To arrive on a
such mission, we adopted a very effective method to improve the
industrial problems, it’s about the DMAIC (Define, M: measure,
A: analyze, I: improve and C: control).

After implementing the first part of the solution, we were able
to attend zero friction of the strands along pebbles and the tension
variability has been reduced by 70% in the whole production
process. The new system we conceived was named ”Satellite
Dispatching System” because the motion of cable strands crossing

it resembled to the one of a satellite, and finally the project has
been called ”conception of Twisting Satellite Dispatching System
(TSDS)” for automotive cables manufacturing. In the first step,
we made preliminary studies of the research using mathematical
tools to provide a model of what was our proposition and then
we made its design and simulation using CATIA V5. After
implementing our solution including the one for the second part,
the whole system became 70% more stable, precise, flexible,
automatic and its productivity was increased by 6.2%. This
paper is a summary of practical guide to the innovation and
development of the industrial world machines especially ARH630
and D632, built by NIEHOFF and are highly used in wiring
companies.

Index Terms—Continuous improvement, PLC, Mechanical ten-
sion, strands guider, strands distributor, Mass, dis-connector,
circuit breaker, transformer, contactor.

DEFINITIONS OF SOME KEYWORDS

• PLC as in [13]:
A programmable logic controller (PLC) is a special
form of microprocessor-based controller that uses pro-
grammable memory to store instructions and to imple-
ment functions such as logic, sequencing, timing, count-
ing, and arithmetic in order to control machines and
processes.

• Mechanical tension as in [14]
When a rope attached to an object is pulling on the object,
the rope exerts a force T on the object, and the magnitude
T of that force is called the tension in the rope.
It is also the pulling force transmitted axially by
the means of a string, cable, chain, or similar one-
dimensional continuous object, or by each end of a
rod, truss member, or similar three-dimensional object;
tension might also be described as the action-reaction pair
of forces acting at each end of said elements.

• Strands Guider as in [1]:
It is the sliding plate that holds pebbles along ARH630
through which the copper strands pass.
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recover this cost rising, the product price is highly fixed, which is a risk and a threat 
on the development of this company. The mission of this research was to develop and 
conceive a twisting system able to minimize the variability of the mechanical tension 
applied to the copper strands by at least %80 and to minimize the friction of those 
strands and some system pieces by %100. To arrive on a such mission, we adopted 
a very effective method to improve the industrial problems, it’s about the DMAIC 
(Define, M: measure, A: analyze, I: improve and C: control).
After implementing the first part of the solution, we were able to attend zero friction 
of the strands along pebbles and the tension variability has been reduced by %70 in 
the whole production process. The new system we conceived was named ”Satellite 
Dispatching System” because the motion of cable strands crossing it resembled to 
the one of a satellite, and finally the project has been called ”conception of Twisting 
Satellite Dispatching System (TSDS)” for automotive cables manufacturing. In the first 
step, we made preliminary studies of the research using mathematical tools to provide 
a model of what was our proposition and then we made its design and simulation 
using CATIA V5.After implementing our solution including the one for the second 
part, the whole system became %70 more stable, precise, flexible, automatic and its 
productivity was increased by %6.2. This paper is a summary of practical guide to the 
innovation and development of the industrial world machines especially ARH630 and 
D632, built by NIEHOFF and are highly used in wiring companies.
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Résumé—This paper is devoted to construct an algorithm
based on morphological filters, for global optimization of func-
tions in big dimensions. A panel of various benchmark problems
with different properties were used to assess the performance
of the proposed Optimization morphological filters (OMF) al-
gorithm. The obtained results has shown the scalability of the
algorithm in contrast to optimization algorithms encountered in
the literature. Moreover, in comparison with some state-of-the-art
metaheuristics (PSO, CuCkoo, Bat ...), the computational results
revealed that the proposed algorithm is an effective and efficient
optimization algorithm.

Index Terms—Morphological filters, Global Optimization, Me-
taheuristics, Test functions

I. INTRODUCTION

Nature provides inspirations for solving many challenging
scientific and technological problems. In this paper, a com-
putational methodology is developed for the morphological
optimization (MO), One of the fields in which MO is applied
is digital image processing DIP [1]. DIP is the use of computer
to process digital images through an algorithm, in this field,
many algorithms are used, to treat the pixels of an image
and turn the physical sens of pixels into mathematical beings.
In the most cases we use Meta-heuristics [2]. In computer
science and mathematical optimization, a meta-heuristic is a
higher-level procedure or heuristic designed to find, generate,
or select a heuristic (partial search algorithm) that may pro-
vide a sufficiently good solution to an optimization problem,
especially with incomplete or imperfect information or limited
computation capacity. Most of these algorithms are based
on natural phenomena. such as the PSO ( Particle Swarm
Optimization) which is based on behavior of animals in their
swarms, we can find also the Genetic algorithm known as
GA, it is inspired from evolutionary process. in the other
hand, we can find some meta-heuristics based on musical
phenomena, like Harmony Search Algorithm [3]. In the other
hand, mathematical morphology is a methodology for studying
geometric structures in images and it has been receiving
growing attention in recent years. This is evident by the
many industrial applications that have been developed and are
currently being developed. These range from measurements
of particles in microscopic images to analyses of identifiable
features in earth resources satellite systems. We use mathe-
matical morphology because it quantifies many aspects of the
geometrical structure of images in a way that agrees with
human intuition and perception. This seems suitable for our

problem, in fact, in field of medicine the pathologist can
not always explain why he reaches a particular diagnosis,
but he takes his decisions based on experience acquired
by observation of past cases. Mathematical morphology has
produced an important class of non linear image processing
and analysis operators. Morphological operators are simple,
and the morphological filters arising from these operators
have proved to be powerful tools and have found a range of
applications, giving excellent results in areas such as noise
reduction, edge detection and object recognition [2] [4]. So the
main purpose of this paper is to present morphological filters
in image processing because all existing optimization methods
are especially oriented to be used in other fields, but in image
processing the use of morphological filters sounds interesting,
thanks to its performance and adaptability in the choice of
the optimal filters ready to use. This paper is organized as
follow : in the first part we will introduce the concepts of
mathematical morphology and its operators, in the second part,
we will treat the notion of morphological filters and their use
in the field of image processing, next, we will be presenting
the algorithm and its main idea, to finish with a comparative
between famous optimization algorithms and the optimization
with morphological filter.

II. A BRIEF HISTORY OF MATHEMATICAL MORPHOLOGY

The mathematical morphology was developed for the first
time at the École des mines de Paris by the collaborative work
of Georges Matheron and Jean Serra in 1964, G. Matheron
supervised the PhD thesis of Serra, devoted to the quantifi-
cation of mineral characteristics from thin cross sections, and
this work resulted in a novel practical approach, as well as
theoretical advancements in integral geometry and topology
[6] [5]. In 1968, the Centre de Morphologie Mathmatique was
founded by the École des Mines de Paris in Fontainebleau,
France, led by Matheron and Serra.

III. THE MATHEMATICAL ASPECT OF MORPHOLOGICAL
FILTERS

Morphological operations are defined in terms of set theory.
One of the basic operation of morphological image processing
is the opening. The basic effect of an opening operator is to
remove some of the foreground (bright) pixels from the edges
of regions of foreground pixels. As with other morphological
operators, the exact operation is determined by the structuring
element. The effect of the operator is to preserve foreground
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the scalability of the algorithm in contrast to optimization algorithms encountered 
in the literature. Moreover, in comparison with some state-of-the-art metaheuristics 
(PSO, CuCkoo, Bat...), the computational results revealed that the proposed OMF 
algorithm is an effective and efficient optimization algorithm
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Abstract— Today, to give the customer a multiple 
choice of products, the market tends towards 
diversity and increasing variation of products, this 
phenomenon is applied also on the automotive 
sector. Several luxury options are added, cars are 
becoming more and more intelligent... the thing 
that increases the profits and competitiveness of 
companies. 
From a marketing view, the variation of the 
products is an advantageous opportunity, whereas 
the complexity resides in the realization and the 
management of this variation all along the supply 
chain, mainly in the production planning process, 
considering the fact that in the automotive industry 
the demand is constantly changing following a 
make to order strategy. 
This leads us to introduce the subject of this paper 
which deals with the issue of the dynamic 
production planning considering the diversity of 
the products and the impact of these on their 
quality in the scope of the automotive industry in a 
tactical planning horizon. To carry out our 
research we started by understanding the planning 
process components and how it’s managed by 
referring to the literature review including the 
international quality management system standard 
IATF 16949, and the company’s generic planning 
process. And as a result, we concluded that the 
quality indicators are not included in the 
production planning process elements. However 
this one is very important part of the supply chain, 
since the product quality is a critical factor, as any 
defective product may impact the safety of the end 
customer (car driver), also the not compliant 
product impact the production planning as we are 
not delivering the desired quantities at the right 
time.   
 For this reason, the key performance indicators of 
dynamic production planning must be aligned with 
those of quality, which is to satisfy the customer's 
order on time while delivering a product of desired 
quality, for that we present a case study on an 
automotive company, where we elaborate a model 
of production planning in the tactical horizon and 

included the quality factor which represent the 
uniqueness of our study as we are studying the 
planning process considering the productivity and 
quality performance, we worked with a linear 
model that includes the cost of non-quality, cost of 
production, stock level, product manhour and 
customer demand in order to define the necessary 
production orders. Our model is simulated and 
gives satisfying results and we could demonstrate 
that the production orders are more real according 
to the production constraints.  
 
Keywords— Dynamic Production planning, Quality, 
Automotive industry, Diversity, Tactical horizon, 
Mathematical model 

I. INTRODUCTION   
Recently, the automotive industry is considered one of 
the most attractive sectors in the economy point of 
view, as in 2018, around 86 million cars were sold in 
the top 54 world markets[1], the competition between 
automotive companies grow significantly, and to 
attract customers, the companies tends toward 
customization of product,[2] this requires to correctly 
manage product manufacturing by mastering the 
complexity of all the supply chain processes, from 
designing the product until delivery, targeting the 
customer satisfaction.  
The customer satisfaction is based on the 3 main 
pillars: product quality, cost and delivery.  
- In term of quality, the product must respect all the 

customer requirements, mainly the OEM require 
from its suppliers to be certified IATF 16949 [3], 
which is the new international standard that 
includes all clauses relative to the quality 
management system in the automotive industry.  

- In term of delivery, the OEM‘s suppliers must 
satisfy the requested production volumes desired 
by its customers even if the EDI is variable, 
therefor the companies are working on a flexible 
production planning[4].  

- Once the company did not satisfy the quality or 
the delivery requirements, additional cost are 
added, relatively lower become the company‘s 
performance. 

Abstract 
Today, to give the customer a multiple choice of products, the market tends towards 
diversity and increasing variation of products, as well as the decrease of products’ 
life cycle, since the customers think quickly that the product is not more fashionable.
This phenomenon is applied also in the automotive sector. Several luxury options are 
added, cars are becoming more and more intelligent... the thing that increases the 
profits and competitiveness of companies.
From a marketing view, the variation of the products is an advantageous opportunity, 
whereas the complexity resides in the realization and the management of this 
variation all along the supply chain[1]. This leads us to introduce our subject of the 
thesis which deals with the issue of the dynamic production planning considering the 
variation of the products and the impact of these on their quality in the automobile 
industry[2]. Since this is a very important and critical factor, as any non-compliant 
product may impact the safety of the end customer (car driver), quality indicators are 
considered as very important element acting directly on the customer satisfaction. 
For this reason, the objectives of dynamic production planning must be aligned 
with those of quality, that is, satisfy the customer›s order on time while delivering a 
product of desired quality.
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Abstract— There are a number of great benefits to electric 
vehicles. For this reason, electric vehicles (EVs) have become 
increasingly popular as a mainstream transportation solution, 
opportunities to recharge the vehicle away from home have 
become a critical issue, and it needs a long waiting time. The 
wireless charging EV is one of emerging transportation systems 
in which the EV’s battery is charged via wireless power transfer 
technology. Wireless charging EV is a type of EV in which 
charging is done using wireless power transfer technology, which 
does not require any physical contact in the process of 
transferring electric energy. The high cost of this technology 
requires an optimal location of the infrastructure along the route. 
For this, the main contribution of this works is to propose the 
strategic location of inductive power transmitters especially when 
there are several routes between an origin and a destination, 
which allows each vehicle to go from the origin to the destination 
and to return to the origin. Our goal is to find a compromise 
between the cost of installing the inverters and power segments 
and the cost of the battery while maintaining the quality of the 
vehicle routing. 

  
 Keywords— Electric vehicles, Multi trip, Wireless charging, 
Mathematical programming. 

I. INTRODUCTION 
There are many reasons to say that electric vehicles are the 
future in the transport area. Responsible environmental 
management, reduced fuel costs and energy independence are  

 

 

compelling reasons to invest in this area. Recently, many 
countries are trying to limit global warming due to the 
increasing concentration of greenhouse gases in the 
atmosphere and one of the main productive activities is the 
road transport. 

The use of electrical vehicles is one of the main solutions 
proposed. Nevertheless, this solution requires a good planning 
due to the high cost of the battery. The electric battery is the 
main unit of electric vehicles. The weight, cost, short life and 
environmental cost of its production and recycling, reduce on 
the one hand the economic equation and on the other hand 
limit the autonomy of the vehicle [14]. 

However, the advantages of pure EVs may be offset by their 
limited driving range and speed, long recharging time and 
high cost. Even charging with the fastest charger still requires 
at least 30 minutes [15] In order to address this drawback, 
wireless charging EVs that use wireless power transfer 
technology have been introduced, and the most advanced 
wireless charging technology can transfer power while a 
vehicle is moving. The main tasks to override the high cost of 
this technology is to determine economically how to allocate 
the power transmitters on the given routes and how to evaluate 
the right battery capacity for the vehicle. The allocation of the 
power transmitters and the size of the battery capacity directly 
affect the initial infrastructure cost. 

Abstract 
There are a number of great benefits to electric vehicles. For this reason, electric 
vehicles (EVs) have become increasingly popular as a mainstream transportation 
solution, opportunities to recharge the vehicle away from home have become a 
critical issue, and it needs a long waiting time. The wireless charging EV is one of 
emerging transportation systems in which the EV’s battery is charged via wireless 
power transfer technology. Wireless charging EV is a type of EV in which charging is 
done using wireless power transfer technology, which does not require any physical 
contact in the process of transferring electric energy. The high cost of this technology 
requires an optimal location of the infrastructure along the route. For this, the main 
contribution of this works is to propose the strategic location of inductive power 
transmitters especially when there are several routes between an origin and a 
destination, which allows each vehicle to go from the origin to the destination and to 
return to the origin. Our goal is to find a compromise between the cost of installing 
the inverters and power segments and the cost of the battery while maintaining the 
quality of the vehicle routing.



39

The 5th edition of the IEEEE International Conference on Logistics Operations Management - GOL’20   	 Rabat, October 28 - 30 2020

 

 

Impact of maintenance 4.0 on the performance of 
the production function: Application to the 

automotive industry in Morocco 
 

1Hakim NISSOUL,2Taoufiq EL HARROUTI, 3Driss SERROU  ,4ABOUABDELLAH abdellah 
1&3Research laboratory 

Higher Institute of Transport and Logistics 

Rue Capitaine Vuillanier - Route de Rabat Quartier Aïn Sebaa, 

Casablanca-MOROCCO 
2&4 Systems Engineering Laboratory, National School of Applied Sciences - 

Ibn Tofail University in Kenitra - MOROCCO 

 
 
 

Abstract— The Digital transformation in the manufacturers is 
a real opportunity for the development of the manufacturing 
sector and economic growth in Morocco. Our study aims at 
showing the impact of maintenance 4.0 on the performance of the 
production function through cost benefits.  The first part of the 
article describes the value of maintenance 4.0 and shows previous 
research on industry 4.0.  Deals with the second one present our 
methodology for measuring performance with maintenance 4.0. 
The third part is the subject of an application of our new 
methodology to a practical case in the automotive sector. We end 
with a conclusion and research perspectives. 

Keywords— Digitalization, Industry 4.0, Maintenance 4.0, 
Lean management, Functional analysis, Performance indicators. 
 

▪ Abbreviations: 
• Classic Maintenance: CM 

• Maintenance 4.0: M 4.0 

• SYR: Synthetic Yield Rate 

• OEE  :Overall Equipment Effectiveness 

I. INTRODUCTION  
In a competitive and complex environment, the company 

must face various risks and ensure a high level of performance 
by adopting a flexible strategy while being committed to a 
continuous improvement approach. In this sense, digital 
technologies play a decisive role in creating the winning 
conditions for the competitiveness of any [1]. The evolution of 
the competitive environment, experienced in several countries, 
among others, through accessibility and awareness of the 
potential of technologies, was one of the first elements that led 
to the development of the notion of Industry 4.0 (Blanchet, 

2016). Thus, the concept of "industry 4.0" was born at the 
International Industrial Technology Fair in Hanover in 2011 
following a discussion between representatives of industry, 
research, trade unions and the state [8].  

This concept includes a set of initiatives to improve 
processes, products and services that enable decentralized 
decisions based on real-time data acquisition [6]. It aims to 
synchronize flows in real time in order to achieve unitary and 
customized product manufacturing (Kohler & Weisz, 2016) 

By taking advantage of digital technological innovations, 
the evolution towards industry 4.0 is happens at all levels, 
particularly the maintenance function, which is a 
competitiveness factor that plays a fundamental role in the 
performance of companies. Indeed, the move towards 
maintenance 4.0 allows companies to improve efficiency and 
productivity while improving worker safety and reducing 
pressure and stress at work [7][10][13][5]. Likewise, 
industries have a significant impact on energy and resource 
consumption, on emissions into the environment and, in 
general, on society. The implementation of maintenance 4.0 
will make maintenance operations more efficient, thus 
contributing to sustainable development (Franciosi & al, 
2018).  

In addition, since the cost of maintenance and support 
represents 60-75% of the total life cycle cost of a production 
system, maintenance actions should only be performed when 
required and maintenance 4.0 allows this [3]. 

Also, according to McKinsey & Company research, 
maintenance 4.0 reduces plant equipment maintenance costs 
by 10% to 40%, as well as downtime by 50% [2]. 

The first part of the paper describes the role of 
Maintenance 4.0 and presents previous research on Industry 
4.0. The second deals with our performance measurement 

Abstract 
The current economic context is characterized by an increasingly volatile and 
unpredictable demand, an ever-increasing variety of products, and managers 
generally use new organizational and operational methods. To this end, the imperative 
of business survival depends to a large extent on the development of several 
alternatives aimed at generating added value. Digital transformation, also known as 
industry 4.0 or fourth industrial revolution, is transforming the business and bringing 
radical changes not only to systems and processes, but also to management methods, 
business models and the workforce. The effects of this transformation will have to be 
mastered through a global vision, a digital strategy, a redefinition of the business 
lines, as well as the integration and optimal use of digital tools. This transformation of 
manufacturers is a real opportunity for the development of the manufacturing sector 
and economic growth in Morocco.
Our study aims at showing the impact of maintenance 4.0 on the performance of the 
production function through cost benefits. The first part of the article describes the 
value of maintenance 4.0 and shows previous research on industry 4.0. Deals with The 
second one presents our methodology for measuring performance with maintenance 
4.0. The third part is the subject of an application of our new methodology to a practical 
case in the automotive sector. We end with a conclusion and research perspectives.
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Abstract— The process of selecting material handling (MH) 
models as well as evaluating related MH systems is a milestone 
for the design of manufacturing and logistics facilities. In order 
to support managers towards this process, we propose a new 
methodology, based on data envelopment analysis (DEA), and 
deploying over two stages.  In the first stage, the best MH models 
are selected on the ground of the MH manufacturer’s technical 
specifications and market prices.  In the second stage, alternative 
MH systems are produced through combinations of best MH 
models picked in preset numbers, from different category pools, 
according to a set of criteria.  For both stages, we develop a DEA 
cross-evaluation framework that exploits the voting system 
embedded under the cross-efficiency matrix and integrates the 
manager’s subjective judgment as an essential component of the 
decision making process.  The proposed procedure is illustrated 
using a sample of MH equipment collected from catalogues of 
MH manufacturers and vendors.   

Keywords— Material handling equipment; Data envelopment 
analysis; Cross-efficiency, Design evaluation 

 

I. INTRODUCTION 
The process of selecting material handling (MH) models 

as well as evaluating related MH systems is a milestone for 
the design of manufacturing and logistics facilities. In order 
to support managers towards this process, we propose a new 
methodology, based on data envelopment analysis (DEA), 
DEA is a non-parametric approach used to assess the 
performance of similar decision making units (DMUs) based 
on relative efficiency measures. Unlike the stochastic frontier 
analysis (SFA), DEA does not impose functional forms on 
the data nor does it need to use probability [1]. Furthermore, 
DEA has the potential to evaluate the efficiency of DMUs 
that employ multiple inputs (resources) to produce multiple 
outputs (products and/or services) and, hence, enable an 
explicit segregation of these DMUs into efficient and 
inefficient units [2]. The performance of inefficient DMUs 
can be improved through either input reduction or output 
expansion.  In the latter case, the DEA model is said to be 
output-oriented, while it is input oriented in the former.  

DEA has been widely applied as an efficiency evaluation 
tool in different areas of manufacturing/logistics, including 
selection of robots [3], evaluation of alternative flexible 
manufacturing systems (FMS) [4], evaluation of computer 
numerical control (CNC) machines [5], identification of the 
best layout of a facility among several alternatives [6], 
measuring the efficiency of warehouses [7], and selecting 
dispatching rules [8-9].  The application of DEA to material 
handling (MH) is rather recent, with the study in [10] for the 
evaluation of expert systems used to select MH equipment 
and, more recently, the approach in [11] for designing 

efficient MH systems. Building on the latter approach, we 
develop a two-stage procedure that deploys as follows.  In 
the first stage, the best MH equipments are selected on the 
ground of the MH manufacturer’s technical specifications 
and market prices.  In the second stage, alternative MH 
systems are produced through combinations of best MH 
models picked in preset numbers, from different category 
pools.  The selection of the best MH equipments is handled 
within a DEA cross-efficiency (CE) framework [12] that 
integrates the manager’s subjective judgment as part of 
decision making through an aggregation process based an 
Ordered Weighted Averaging (OWA) operator [13].  The 
optimal design of the MH system is provided by an integer 
linear program (ILP) that selects the MH equipments to 
purchase so that the overall efficiency of the system is 
maximized under the current budgetary constraints.  A 
sample of MH equipment, collected from catalogues of MH 
manufacturers and vendors, is used to illustrate the proposed 
methodology.   

The remaining of the paper unfolds as follows.  Section 2 
presents the methodological tools of the study, including 
DEA self- and cross-efficiency models, as well as an 
overview of the OWA model used for the aggregation 
process.  Section 3 elaborates on the approach developed for 
ranking MH equipment. In Section 4, we present a new 
mathematical models to selecting the best MH models based 
on a maximum performance measure of the prospective MH 
system.  Section 5 is devoted to an application. Finally, we 
highlight the main findings and recommendations in 
Section 6.. 

II. METHODOLOGICAL BACKGROUND 

Assume a set of K MH equipment, each using N inputs x to 
yield M outputs y. The performance of each MH d, identified 
with the values of its inputs idx  ),,1 ( Ni   and outputs jdy  

),,,1( Mj  can be evaluated through its self-efficiency 

score *
ddE  or the cross-efficiency (CE) scores *

pdE  allocated 
by its peers p, for dp ,…,Kp=   ,1 , as explained in the next 
section.   

A. Self- and peer evaluation models  

 The earliest LP formulation of a DEA self-evaluation 
problem is the CCR model [14] whose input oriented 
multiplier form follows. 

 

Abstract 
The process of selecting material handling (MH) models as well as evaluating related 
MH systems is a milestone for the design of manufacturing and logistics facilities. In 
order to support managers towards this process, we propose a new methodology, 
based on data envelopment analysis (DEA), and deploying over two stages. In the 
first stage, the best MH models are selected on the ground of the MH manufacturer’s 
technical specifications and market prices. In the second stage, alternative MH 
systems are produced through combinations of best MH models picked in preset 
numbers, from different category pools, according to a set of criteria. For both 
stages, we develop a DEA cross-evaluation framework that exploits the voting system 
embedded under the cross-efficiency matrix and integrates the manager’s subjective 
judgment as an essential component of the decision making process. The proposed 
procedure is illustrated using a sample of MH equipment collected from catalogues 
of MH manufacturers and vendors.
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Abstract — Prefabrication is a construction method based on 
components processing in a factory. This construction method is 
based on strong industrialisation and robust logistics. This article 
describes the characteristics of the prefabrication industry for 
multistorey buildings using steel or concrete as the main material. 
Based on a literature review, it presents the industry in three ways: 
value chain, products and processes. By explaining the solutions 
implemented along these three main axes, the article highlights 
how this industry stands out from the traditional construction and 
how it is moving towards efficiency. This article aims to highlight 
the challenges and complexities of this industry while emphasizing 
the most innovative solutions to overcome them. 

Résumé — La préfabrication est une méthode de construction 
reposant sur une fabrication de composants en usine. Cette 
méthode constructive repose sur une industrialisation forte et une 
logistique robuste. Cet article détaille le fonctionnement de 
l’industrie de la préfabrication pour le multiétage utilisant l’acier 
ou le béton comme matériaux principaux. S’appuyant sur une 
revue de la littérature, il présente l’industrie selon trois axes, soit 
la chaîne de valeur, les produits et les processus. En détaillant les 
solutions mises en place suivant ces trois principales avenues, 
l’article permet de mettre en évidence comment cette industrie se 
démarque de son homologue traditionnel et comment elle tend 
vers l’efficience. Cet article veut ainsi faire la lumière sur les 
enjeux et complexités de cette industrie tout en soulignant les 
solutions les plus innovantes pour mieux y faire face. 

Keywords — prefabrication, value chain, products, processes, 
litterature review. 

Mots clés — préfabrication, chaine de valeur, produits, 
processus, revue de littérature. 

 

I. INTRODUCTION 
 

Dans le domaine de la construction, la préfabrication n’est 
pas une technique nouvelle, mais l’intérêt est grandissant pour 
le domaine du multiétage [1]. Au Québec, l’industrie de la 
préfabrication procure tout près de 12000 emplois directs avec 
un marché mondial évalué à 110 milliards de dollars [2]. Le 
Québec tend d’ailleurs à devenir un chef de file mondial en ce 
qui concerne l’exportation de composants préfabriqués à hauteur 
de 3 milliards de dollars. Cette industrie représente donc une 
opportunité de recherche intéressante et porteuse d’avenir. 

La préfabrication représente beaucoup d’avantages par 
rapport à la construction traditionnelle. Son utilisation facilite en 
effet la satisfaction des attentes en termes de qualité, de respect 
du budget et de rapidité d’exécution, en plus d’assurer une 
régularité dans la production [3]. Dans un contexte mondial de 
développement durable, la construction préfabriquée permet 
également de réduire énormément les déchets [4]. Pour le bon 
déroulement d’un projet, l’ensemble de la chaîne de valeur doit 
travailler ensemble et de manière efficiente. C’est d’ailleurs une 
des clés de la réussite des projets de construction pour 
promouvoir l’intérêt de la préfabrication [5]. Cette collaboration 
demeure toutefois difficile à mettre en place et nécessite le 
recours à des outils performants [6]. De plus, il semble que la 
préfabrication pour la construction multiétage soit le plus 
souvent exécutée à partir de l’acier et du béton à travers le 
monde [7]. Un certain nombre de techniques ont donc émergé 
de l’expérience faite à partir de ces matériaux. Cependant, on 
voit de plus en plus le bois comme matériau d’avenir pour des 
raisons environnementales, économiques et de durabilité. Au 
Québec, le bois représente une ressource importante et sous-
exploitée dans le domaine du multiétage [8]. Néanmoins, le 
recours à ce matériau, bien que très attirant, se retrouve à être 

Abstract 
Prefabrication is a construction method based on components processing in a 
factory. This construction method is based on strong industrialisation and robust 
logistics. This article describes the characteristics of the prefabrication industry 
for multistorey buildings using steel or concrete as the main material. Based on a 
literature review, it presents the industry in three ways: value chain, products and 
processes. By explaining the solutions implemented along these three main axes, 
the article highlights how this industry stands out from the traditional construction 
and how it is moving towards efficiency. This article aims to highlight the challenges 
and complexities of this industry while emphasizing the most innovative solutions to 
overcome them.
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Résumé— Dans l’industrie canadienne du bois d’œuvre, on 
observe souvent une décentralisation de la prise de décision 
stratégique. Tous les départements administrent leurs opérations 
afin de maximiser leurs indicateurs de performance respectifs : les 
unités de sciage tentent de maximiser l’utilisation de leurs 
équipements et de minimiser les pertes de matière; les unités de 
finition tentent de maximiser la valeur actuelle nette des produits 
générés; le transport tente de minimiser ses coûts, alors que les 
ventes tentent de maximiser le chiffre d’affaires. La 
problématique est alors de concilier les objectifs, parfois en 
opposition, des différents départements. Cet article évalue les 
retombées de la coordination interdépartementale sur la 
performance globale d’une entreprise forestière canadienne de 
façon à ce que la production, la logistique et les ventes soient 
impliqués dans le processus de livrer les bons produits, au bon 
moment et à moindres coûts. L’effort est concentré sur la 
coordination entre l’unité de finition, le transport et les ventes. 
Dans ce contexte, un modèle de programmation linéaire en 
nombres entiers est développé afin de réduire les coûts en allouant 
la production projetée et les produits en stock aux commandes 
réalisées. Un second cas, dans lequel la prise de décision pour 
l’unité de finition, le transport et les ventes est centralisée de même 
que le point de pénétration de la commande déplacé, est aussi 
étudié à l’aide du modèle d’allocation de la production. 
L’application du modèle pour le cas à l’étude démontre qu’une 
coordination production-ventes accrue permettrait d’obtenir une 
réduction des coûts de transport de l’entreprise de plus de 11%.  

Mots-clés—Modélisation mathématique en nombres entiers; 
Allocation de la production; Coordination; Industrie forestière 

I. INTRODUCTION 
La croissance de plusieurs compagnies forestières 

canadiennes s’est réalisée par une stratégie de fusions et 
d’acquisitions. La dualité entre la collaboration d’entreprises 
consolidées et la performance individuelle de celles-ci ajoute 
donc de la pression à l’ensemble de leur chaîne de valeur. Ainsi, 
l’un des plus grands enjeux actuels de ces entreprises forestières 
est de coordonner les activités de leurs multiples entités. 

De même, les avancées en matière de prévision de la récolte 
dans l’industrie forestière ainsi qu’une plus grande connectivité 

entre les acteurs soulèvent un intérêt envers la transition d’un 
mode de production sur stock (MTS) vers la production à la 
demande (MTO). Cette tendance de déplacer le point de 
découplage vers les zones d’approvisionnement soulève 
toutefois des enjeux en termes de coordination 
interdépartementale. 

La plupart des articles de la littérature se sont concentrés sur 
l’optimisation d’une opération spécifique ou la coordination de 
l’ensemble des activités d’un réseau. Cet article présente plutôt 
une méthode d’allocation de la production permettant une 
réduction des coûts de transport par une meilleure coordination 
entre trois départements d’une même organisation. Le 
mécanisme de coordination appliqué se base sur une approche 
centralisée de planification en amont pour des entités 
spécifiques de la chaîne, permettant d’assurer une cohérence 
entre les entités et une amélioration de la performance globale. 
Plus particulièrement, il aborde un problème réel de 
coordination entre la production, les ventes et le transport d’une 
entreprise forestière canadienne. Il s’agit d’un problème multi-
produits, multi-sites et multi-véhicules visant à minimiser le 
coût total de transport en fonction des capacités de production, 
de la demande des clients, des types de transport, des 
disponibilités des produits et des capacités de production. Le 
modèle est formulé en utilisant la programmation linéaire en 
nombres entiers afin de répartir la production des différents 
produits aux centres de finition et de les expédier aux différents 
centres de transbordement et clients de manière à optimiser le 
coût de transport. Le modèle a été testé à l'aide de données 
réelles et les résultats ont montré un potentiel d'économies non-
négligeables. 

Dans la suite de cet article, une revue des méthodes 
d’allocation de la production et une description des activités 
liées à la production de bois d’œuvre sont présentés. La section 
III décrit le modèle mathématique développé pour optimiser la 
coordination entre la production, le transport et les ventes. Les 
résultats obtenus de la résolution du modèle et de la comparaison 
avec la situation réelle à l’étude sont présentés dans la section 
IV. Une conclusion complète l’article. 

Abstract 
Dans l’industrie canadienne du bois d’œuvre, on observe souvent une décentralisation 
de la prise de décision stratégique. Tous les départements administrent leurs 
opérations afin de maximiser leurs indicateurs de performance respectifs : les unités 
de sciage tentent de maximiser l’utilisation de leurs équipements et de minimiser les 
pertes de matière; les unités de finition tentent de maximiser la valeur actuelle nette 
des produits générés; le transport tente de minimiser ses coûts, alors que les ventes 
tentent de maximiser le chiffre d’affaires. La problématique est alors de concilier les 
objectifs, parfois en opposition, des différents départements. Cet article évalue les 
retombées de la coordination interdépartementale sur la performance globale d’une 
entreprise forestière canadienne de façon à ce que la production, la logistique et les 
ventes soient impliqués dans le processus de livrer les bons produits, au bon moment 
et à moindres coûts. L’effort est concentré sur la coordination entre l’unité de finition, 
le transport et les ventes. Dans ce contexte, un modèle de programmation linéaire 
en nombres entiers est développé afin de réduire les coûts en allouant la production 
projetée et les produits en stock aux commandes réalisées. Un second cas, dans lequel 
la prise de décision pour l’unité de finition, le transport et les ventes est centralisée de 
même que le point de pénétration de la commande déplacé, est aussi étudié à l’aide 
du modèle d’allocation de la production. L’application du modèle pour le cas à l’étude 
démontre qu’une coordination production-ventes accrue permettrait d’obtenir une 
réduction des coûts de transport de l’entreprise de %11,7.
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Abstract— Facility location problems can be considered as a 
century-old science. Studies on this subject began in the 1950s and 
are still relevant today. In 2016, a new variant of the location 
problems, called “budget constraint multi-capacitated location 
problem” (BMCLP), is published to generalize the p-median one. 
In this work, we proposed a generalization of the BMCLP into a bi-
level location problem (plants-depots and depots-customers) in 
order to take into account the modern supply chain constraints. We 
therefore established a mathematical formulation for the new 
problem, named “bi-level multi-capacitated facility location 
problem” and we created data instances adapted to this new 
formulation based on semi-random factors and certain generation 
methods available in the literature. In order to validate the latter 
formulation, we proposed Branch & Cut solving method used by 
CPLEX. Finally, we presented the obtained computational results, 
which prove the efficiency of the new formulation for the tested 
instances.

Keywords— Facility location; multi-capacity; bi-level, Branch 
& Cut, generalization.

I. INTRODUCTION 

Location of facilities is one of the most problem widely 
studied in the literature, it consists in finding the optimal 
locations for new facilities so as to minimize the related costs 
between facilities and customers. In the capacitated p-median 
facility location problem CPMP, facilities are characterized by 
a predefined capacity which not effectively corresponds to the 
assigned customers’ demands. However, in some industrial 
situations it is often necessary to consider different capacities 
for each facility. El Amrani et al. [1] [2] [3] introduced the 
BMCLP which consists in assigning capacity levels for each 
facility and whose mathematical formulation is as follows:

Min � � dicijxij
j ∈ Mi ∈ N

(1)

� xij
j ∈ M

= 1 i ∈  N (2)

� dixij  ≤ � ukyjk
 k ∈ L

 
i ∈ N

j ∈  M (3)

xij ≤ � yjk
k ∈ L

i ∈  N, j ∈  M (4)

� yjk ≤ 1
 k ∈ L

j ∈  M (5)

� � fkyjk ≤ B
k ∈ Lj ∈ M

(6)

xij  ∈  {0,1} i ∈  N, j ∈  M (7)

yjk  ∈  {0,1} j ∈  M, k ∈  L (8)

Where:
• 𝑁𝑁𝑁𝑁 the set of customers.
• 𝑀𝑀𝑀𝑀 the set of facilities.
• 𝐿𝐿𝐿𝐿 the set of capacity levels.
• 𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖 demand of customers i, i ∈  N.
• cijassignment cost of the customer i to the facility j,

 i ∈  N, 𝑗𝑗𝑗𝑗 ∈  M. 
• uk capacity of level k. 
• f k opening cost of the operated level k.
• B allocated budget on the sum of the opening costs.

Decision variables:

• 𝑥𝑥𝑥𝑥𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖   = �1,  if the customer i assigned to the facility j
0,  otherwise  

• 𝑦𝑦𝑦𝑦𝑖𝑖𝑖𝑖𝑘𝑘𝑘𝑘 = �1,  if the facility is opened and used at level k 
0,  otherwise  

The objective function (1) is to minimize the assignment
costs. The constraints (2) ensure that each customer is assigned
to only one facility. The (3) are capacity constraints.
Constraints (4) are used to prohibit the assignment of a 
customer to an unused facility. The constraints (5) impose 
facilities to be opened to one level at most. The constraint (6) 
is used to set a budget limit on the opening costs. Finally, (7) 
and (8) are the integrality constraints.

Although this generalization of the CPMP into several 
capacity levels allows to optimize the capacity management, it 
is still only valid for very limited industrial models. It 
represents a single supplier-customer relationship, called an 
"assignment level". However, in the current context of 
globalization, the finished product is never produced from end-
to-end by the same company (or by the same industrial unit 
within a single company), it generally passes through several 
aligned companies participating in the process of the product 
manufacturing (raw materials, processing, production, 
warehousing, delivery, etc.).The entities (circles) presented in 
“Fig. 1” can refer to industrial units within one factory or can 
be align factories forming what is commonly known as 
extended enterprise, each relationship between two entities 
represent one level. Multi-level facility location problems are 

Abstract 
Facility location problems can be considered as a century-old science. Studies on this 
subject began in the 1950s and are still relevant today. In 2016, a new variant of 
the location problems, called “budget constraint multi-capacitated location problem” 
(BMCLP), is published to generalize the p-median one. In this work, we proposed 
a generalization of the BMCLP into a bi-level location problem (plants-depots and 
depots-customers) in order to take into account the modern supply chain constraints. 
We therefore established a mathematical formulation for the new problem, named 
“bi-level multi-capacitated facility location problem” and we created data instances 
adapted to this new formulation based on semi-random factors and certain generation 
methods available in the literature. In order to validate the latter formulation, we 
proposed Branch & Cut solving method used by CPLEX. Finally, we presented the 
obtained computational results, which prove the efficiency of the new formulation 
for the tested instances.
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Abstract—In recent years, the Hub location problems (HLPs)
have been expanded to handle uncertain data, giving rise to
Robust HLPs. In a Robust HLP with discrete scenarios, the
unique set of requests is replaced by a set of discrete scenarios.
For example, a scenario can be the collection of requests observed
between nodes at given periods of the year. In a robust optimiza-
tion approach, making appropriate decisions for all scenarios
is time-consuming, especially for large size HLP instances. The
purpose of this study is to show that such problems can be solved
in a reasonable computing time and with high quality solutions,
using the computing power of the GPU graphics card. So, we
present a GPU-based approach for solving large Robust HLP
with discrete senarios. The proposed parallel genetic algorithm
returns a robust solution based on the min-max lexicographic
criterion that minimizes the worst cost on all scenarios. Due to
the performance of our GPU implementation we solve instances
up to 4000 nodes in a few seconds on an Nvidia Quadro P6000
(3840 cores).

Index Terms—The robust HLP, discrete scenarios, genetic
algorithm, GPU.

I. INTRODUCTION

Hub location problems models arise in several areas such
as transport and telecommunications and have a wide range
of applications. Many postal delivery companies can deliver
millions of parcels a day. Sending packages directly from
origin to destination is neither economical nor convenient
for these companies, as they locate several trans-shipment
facilities, called hubs, to aggregate and separate requests
between each origin-destination pair. The network structure
of these consolidation-based transport systems is primarily
star-shaped, allowing the system to benefit from economies
of scale [1]. A decision that is made in conjunction with the
location of hubs is the allocation of non-hub nodes to selected
hubs. Reviews and synthesis classifications on models and
methods used in the literature on different variants of the
HLP can be found in [2]–[8]. Different variants of hub
location problems have been defined and classified according
to the method of allocation into two main categories. The
single allocation, where each non hub is assigned to exactly
one hub while the multiple variant enables the non-hubs to
be allocated to several hubs. When the number of hubs p is
given, the problem is called p-Hub Median Location Problem,

otherwise the problem is said to be hub location problem.
In this last case, the number of hubs and their locations
are decisions that must be defined. This is formulated by
adding an additional term as an objective function, aiming
to minimize the fixed cost of installing hubs. Other variants
are treated where the hubs have capacity limits to handle the
flow between nodes [9]).

The traffc in the network consists of collection (from origin
nodes to hubs), transfer (between hubs) and distribution (from
hubs to destination nodes). The corresponding transportation
costs are multiplied by χ, α and δ respectively, where α is
used as a discount factor to provide reduced unit costs on arcs
between hubs to reflect economies of scale, so α < χ and
α < δ. In recent years, the HLP has been expanded to handle
uncertain data, giving rise to the Robust HLP (RHLP).

A. Robustness in optimization

In practice, the data for an optimization problem can be
uncertain, inexact, noised, or likely to change in future. An
optimal solution computed using current parameters can
be strongly affected by perturbations, becoming suboptimal
or even infeasible. A robust solution is a solution resisting
as much as possible such perturbations. Robustness can be
addressed via stochastic optimization when uncertainty has
a probabilistic description. According to [10] the decision-
maker constructs a solution that is optimal for any realization
of the uncertainty in a given set of scenarios. Choosing an
uncertainty set and a robustness criterion are critical when
dealing with a robust optimization problem. The uncertainty
set can be defined by an assignment of plausible values to
each model parameter, called scenarios. In discrete scenarios,
considered here, the possible values are explicitly listed. In
practice, most companies record archives or historical data
which can be mined to provide realistic scenarios.

Consider a minimization problem with a feasible set X and
a set S of discrete scenarios. Let f(x, s) be the cost of solution
x under scenario s, x∗

s an optimum for scenario s, and f∗
s its

Abstract 
Hub location problems (HLPs) are network design issues that are solved as part of 
a strategic decision-making process. In recent years, the HLP has been expanded to 
handle uncertain data, giving rise to the Robust HLP (RHLP). In the RHLP with discrete 
scenarios, the unique set of requests in the HLP is replaced by a set of discrete 
scenarios (a scenariocan be the demand observed between nodes at given periods 
of the year). In a robust optimization approach, making appropriate decisions for all 
scenarios can be time-consuming, especially with the availability of HLP instances 
that persist on hundreds of nodes, they become difficult to resolve in a reasonable 
amount of time using computers conventional. The the aim of this paper is to show 
that such problems can be solved in reasonable time with high quality approximate 
solutions, using the computing power of the GPU graphics card. We present a GPU-
based approach to solve large size instances of the RHLP. The proposed approach 
solves all senario (in parallel) using a genetic algorithm and gets the robust solution 
according to the min-max lexicographic principle; the worst cost on all scenarios 
being minimized in parallel. We evaluated its effectiveness on large size instances up 
to 4000 nodes on a GPU Quadro Pro P24( 6000GB and 3840 cores).
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Abstract—Within the context of Kriging model-based optimiza-
tion, an efficient way called infill sampling criteria is used to
select better additional sampling points to refine the Kriging
model and gradually predict the optimum value at each iteration.
Most of them either use one criterion or combine various
criteria into one numerical formula. However, this idea does
not simultaneously ensure the local exploitation of the model
and the exploration of the search space. In this paper, we
propose an optimization approach based on Kriging surrogate
model and a multi-objective infill sampling (MIS) strategy that
considers simultaneously the predicted mean (local exploitation)
and the approximation uncertainty (global exploration) as two
conflicting criteria. Internally, an evolutionary algorithm using
reference point-based non-dominated sorting algorithm (NSGA-
III) is used to optimize this criterion. Also, an algorithm based
on fuzzy set theory is used to extract the best solution from the
Pareto front. Numerical experimentations are performed on a
large set of analytical benchmark to highlight the robustness and
efficiency of the presented strategy.

Index Terms—Expensive function, Infill sampling criteria,
Kriging, Non-dominated sorting, Surrogate model.

I. INTRODUCTION

MANY real-life optimization problems are characterized
by black-box functions arising from computationally

expensive computer simulations. Black-box functions refer to
functions that have no analytical expression or form of the
objective function and whose number of function evaluations
is severely limited by time or cost. In this paper, we consider
minimization problems of the general form:

Minimize
x

f(x)

subject to xl ≤ x ≤ xu

(1)

where: f : IRd −→ IR, is a deterministic, expensive black-box
function, xl and xu are the lower and upper bounds of the
decision variables.

In the vast optimization literature, many approaches have
been used to find the global optimum for (1). Among the
most popular are gradient-based methods [12], [19]. Gradient-
based methods rely on a step by step search for an optimum
design using the method of steepest descent on the objective
function according to a convergence criterion. For this type
of method, the derivative of the objective function is needed.
When the derivative of the objective function is not available,
it can be approximated by finite-difference methods. However,
finite-difference methods are unreliable when the function to
be optimized is non-smooth.

For this reason, derivative-free optimization methods [5]
and metaheuristic optimization algorithms [22] such as ge-
netic algorithms, particle swarm and ant colony optimization
became popular in the last few decades. Notice that these
algorithms are essentially population based methods, i.e., they
make use of multiple candidate solutions at each step of their
iteration, requiring a large number of fitness evaluations before
they can locate the global optimum or a near-optimal solution.
However, many black-box optimization problems involve com-
putationally intensive numerical simulations, which can take
a few minutes, hours or even days of CPU time to evaluate
the performance of candidate solutions [21]. For example,
the crashworthiness analysis in automotive industry takes on
average 98 hours for one evaluation and 1024 analyses will
take close to 12 years to complete [11].

Under these circumstances, researchers have developed
methods based on approximation techniques to replace the
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Within the context of Kriging model-based optimization, an efficient way called infill 
sampling criteria is used to select better additional sampling points to refine the 
Kriging model and gradually predict the optimum value at each iteration.
Most of them either use one criterion or combine various criteria into one numerical 
formula. However, this idea does not simultaneously ensure the local exploitation 
of the model and the exploration of the search space. In this paper, we propose 
an optimization approach based on Kriging surrogate model and a multi-objective 
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Abstract: The financial supply chain involves the flow of cash throughout the physical network. These financial flows are still 
performing as they did in the past thirty years. The management of the flow of money is complex since the delivery or receipt of a 
product or service does not necessarily give rise to an immediate collection or disbursement of money. This delay of 
synchronization impacts significantly the working capital and forces the companies to look for nearly the same visibility in their 
financial flows as in their physical ones. Different supply chain strategies can be used to improve the working capital. Companies 
can either manage their inventory more efficiently or reduce the Days Sales Outstanding (DSO) and payment terms from 
customers or Increase Days Payable Outstanding (DPO) by paying suppliers on later terms.  
We address in this the paper the problem of scheduling invoice payments in order to improve working capital performances. We 
model the problem using a GA and develop a metaheuristic to solve it conduct experiment analysis. 

 
 

I. INTRODUCTION 
Supply chain consists of coordination and corporation among 
business partners to deliver a product or information from the 
point of raw material to the final customers [1].Two flows is 
usually defined on the supply chain: the product flow flowing 
downstream toward customers and cash flow flowing 
upstream towards the raw material suppliers [1]. However, 
one of the main differences between the cash flow and 
product flow may happen during the normal operation where 
the product flow operates normally within the supply chain 
while the cash flow may not. Moreover, keeping product in 
stock imposes holding cost to the firm and decreases profit 
while keeping cash may increase profit by earning interest 
[2].Obviously, it is critical to manage both flows on the 
supply chain simultaneously to have a smooth supply chain 
and to increase supply chain profitability [3]. 

Historically, the cash management has been very distinct 
from supply chain management within the domain of the 
accountant. Nowadays business contexts and technology 
evolution has allowed that situation to evolve as managers 
are now embracing the whole of the purchase to pay process 
and thus appreciating the connection between cash 
management and supplier relationship management. 

The integration of SC operational flows is also becoming 
a common topic in literature, because of its impact on the 
entire supply chain performance. But, There are also rare 
studies examining financial planning. In general, these 
studies assume that the incomes and costs associated with the 
material flow are given. Gupta & Dutta (2011)  investigated 
the financial flow for a supply chain member who received 
money from downstream partners and made payments to 
upstream partners. Scheduling of all payments was 
determined subject to the receipt of money where a penalty 
was considered for delay in payments [3]. In another study, 
effects of financial risks on the gains of a supply chain’s 
members were addressed by Liu & Cruz (2012) from a 
network perspective. The authors used a variational 
inequality equilibrium model to determine the optimal supply 
chain prices, profits, and implicit equity values of the supply 
chain’s members under financial risks and economic 

uncertainties [4]. Liu & Cruz (2012) introduced concepts of 
financial supply chain management in a global business 
environment. They used Motorola’s global financial supply 
chain as a real case study to explain these concepts. More & 
Basu (2013) illustrated different challenges that the supply 
chain finance faced. They found that the most critical 
challenges that the supply chain finance is facing is the lack 
of common vision among firms, unpredictable cash flows 
resulting from delays in financial transactions, and lack of 
knowledge and training [5]. Wuttke et al. (2013) introduced a 
theoretical foundation for financial supply chain management 
(FSCM) [6]. 

We address in this the paper the financial issues of supply 
chain management. We consider the particular problem of 
scheduling invoice payments cash collection in order to 
improve working capital performances. We model the 
problem and provide a genetic algorithm-based heuristic to 
solve it conduct experiment analysis. 

II. SUPPLY CHAIN PERFORMANCE UNDER TRADE CREDIT 
CONSIDERATIONS  

Firms are involved in supply chains and their sustainable 
performance is inevitably affected by the behavior of their 
partners. Management of cash is of great importance for all 
supply chain actors. It involves providing sufficient funds to 
run the business and to meet various requirements at the right 
time such as bank loans payments, taxes and wages 
payments, purchases of raw materials, inventory funding etc.  

Trade credit is one of the most used sources of liquidity 
by firms. In many countries, notably the USA, it is used in 
two basic forms: a simple delay in payment, or a two-part 
term policy (also known as cash discount policy), in which 
the supplier allows the buyer to settle payment within a short 
term (e.g. 10 days) in exchange for a discount (e.g. 2%), or 
within standard payment terms for the total nominal value 
[7]. 

Every company must balance its outflows and inflows of 
cash to ensure the optimal capital amount needed to operate. 
For mangers, this is a continuous preoccupation that involves 
activities related to encashment and disbursement of the cash 
flow company [16], and whose objective is to ensure to the 
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The financial supply chain involves the flow of cash throughout the physical network. 
These financial flows are still performing as they did in the past thirty years. The 
management of the flow of money is complex since the delivery or receipt of a product 
or service does not necessarily give rise to an immediate collection or disbursement 
of money. This delay of synchronization impacts significantly the working capital and 
forces the companies to look for nearly the same visibility in their financial flows 
as in their physical ones. Different supply chain strategies can be used to improve 
the working capital. Companies can either manage their inventory more efficiently 
or reduce the Days Sales Outstanding (DSO) and payment terms from customers 
or Increase Days Payable Outstanding (DPO) by paying suppliers on later terms. 
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to improve working capital performances. We model the problem using a GA and 
develop a metaheuristic to solve it conduct experiment analysis
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Abstract—Visiting mines has become the focus of attention for
many countries which actually called Mining Tourism. In this
paper, the objective is to give an example of a tourist route of real
data of Moroccan mine sites. This route crosses several Moroccan
regions that have an interesting mines number. We indicate how
mining tourism can be modeled as an orienteering problem. We
propose combinatorial optimization solving approaches to solve
this problem by using the genetic algorithm, and the Ilog Cplex
Optimization Solver.

Keywords—Mining Tourism, Orienteering Problem, Combi-
natorial Optimization, Genetic Algorithm, CPLEX.

I. INTRODUCTION

Mining tourism is a type of tourism for both specialists
and the general public, visitors are allowed to visits mine
sites, museums, and cultural-historical monuments related to
mining activity and life of miners [1]. Mining tourism brings
economic prosperity to local communities [2]. Mining tourism
could not be viewed only from an economic perspective but
has many other dimensions: geological, historical, social, and
environmental. Underground and surface old mines over the
world have become transformed into tourist attractions which
include not only geoheritage but also an emphasis on cultural
and industrial heritage [3]. Morocco can build strong mining
tourism due to its large mining wealth and the existence
of nearly 200 abandoned mines [4]. In Mining tourism, the
tourist attractions or the points of interest (POIs) are the mine
sites. Accordingly, we are dealing with the tourist trip design
problem (TTDP). Vansteenwegen et al. [11] said: ”the best
basic model for the TTDP is the Orienteering problem (OP). It
is also used by far the most in literature. The main objective is
to maximize the total collected profit from visited POIs within
a given time budget”. The Orienteering Problem (OP) is a
combinatorial problem. It belongs to the category of routing

problems. However, its name introduced by Tsiligirides [5] is
inspired by an outdoor sport. Golden et al. [12] prove that
the OP is an NP-Hard problem. Accordingly, different combi-
natorial optimization solving techniques are proposed. Exact
approaches such as branch and cut [6]. Metaheuristics, such
as Genetic Algorithm [9], Particle Swarm Optimization [7],
Greedy Randomized Adaptative Search with Path Relinking
[8], An adaptive large neighborhood search algorithm [10].
In the OP’s book [19], a review of the most techniques and
approaches that have been used to solve the OP to date are
presented. In addition to OP’s application in logistics and
tourism, OP has multiple applications in real life, such as
mobile crowdsourcing [13], DNA Sequencing Problem [14],
home fuel distribution [15], Ring Network Design Problems
[17], Robot Navigation [18]. In this paper, we adopt a genetic
algorithm (GA) approach for solving the orienteering problem
by giving a travel route of a real Moroccan mines site data.
We present also a modelization of the Mining Tourism as an
Orienteering Problem. Further, the Ilog Cplex solver is used to
validate the results provided by the GA. The remainder of the
paper is organized as follows. In Section II, the mathematical
formulation of the OP and the modelization of Mining tourism
as an OP are presented. The approach used for solving the
problem is described in Section III. The used data sets and
the obtained results are presented in Section IV. Finally, we
conclude this paper by a conclusion and give some future
work.

II. MATHEMATICAL PROGRAMMING MODEL

In this section, the modelisation of the mining tourism as
an OP will be described. Also the mathematical formulation
of the Orienteering Problem is presented.

Abstract 
Visiting mines has become the focus of attention for many countries which actually 
called Mining Tourism. In this paper, the objective is to give an example of a tourist 
route of real data of Moroccan mine sites. This route crosses several Moroccan 
regions that have an interesting mines number. We indicate how mining tourism can 
be modeled as an orienteering problem. We propose combinatorial optimization 
solving approaches to solve this problem by using the genetic algorithm, and the Ilog 
Cplex Optimization Solver.
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Abstract—In the recent years, sustainability has 
becoming an important topic in agro-food supply 
chain. Moreover, these supply chains are more 
vulnerable due to different interrelated risks from 
man-made and natural disasters. However, most of 
the previous studies consider less about interrelation 
in assessing sustainability risks. To solve this problem, 
this paper presents an integrated rough-DEMATEL 
method to assess the sustainability related risks in 
agro-food supply chain. The literature was reviewed 
and the main risks are identified. The methodology is 
implemented in a real case company in order to 
evaluate its applicability and performance. The 
detailed implications and main limitations are 
presented as conclusions remarks. The proposed 
method can be used as an effective approach to 
identify the main sustainability interrelated risks. 

Keywords—sustainability, risk assessment, interval 
rough numbers, DEMATEL, Agro-food supply chain. 

I. INTRODUCTION 
    Agro-food supply chain (AFSC) is a network of 
heterogenous activities including farming, 
processing, transportation, distribution that satisfy 
customer’s demand. In general, The AFSC is a set 
of different important indicators such as food 
quality, weather variability and limited shelf life 
[1]. Due to the increase of food demand related to 
the population growth and the increase of concerns 
related to food quality and safety, the concept of 
sustainability is becoming important in agro-food 
sector [2]. According to the UN World Commission 
on Environment and Development, sustainability is 
defined as a balance between social, economic and 
environmental objectives to meet the needs of the 
present world without neglecting the ability of 
future generations to meet their own needs. 
Besides, these supply chains are increasingly 
becoming exposed to different risks from man-
made and natural disasters [3]. These risks may 
negatively affect directly and indirectly the 

performance of the whole chain. In addition to 
investment for improving sustainable strategies, it 
is necessary to take into consideration the 
uncertainty and risks. However, according to [4], 
there is a research gap in examining the connections 
of supply chain risks and the sustainable supply 
chain management (SSCM). Furthermore, there are 
different categories of risks related to SSCM such 
as economic, environmental and social risks and 
most of these risks are interrelated in practice [5]. 
For example, economic risks such as price volatility 
and inflation can affect the uncertainty in demand 
and supply, which in return increase the product 
waste problem. These interrelations between 
different SSCM risks may affect the decision of 
prioritization [5]. In this context, some authors 
proposed a decision-making and trial evaluation 
laboratory (DEMATEL) method to manipulate 
complex interrelationship between different risks. 
The DEMATEL is a comprehensive method to 
explore the complicated causal relations with 
direct-relation matrices. In addition, the expert 
judgements are usually related to vagueness, 
imprecise and subjectivity [5]. However, there are 
lacks of studies that explain uncertainty in the 
sustainability and risk management [4].Therefore, 
the objective of this paper is to identify and 
prioritize sustainability risks with a rough 
DEMATEL. The rough numbers is integrated in 
this study for dealing the vagueness and 
subjectivity of decision makers. The rest of this 
paper is structured as follows: the second section 
discusses the concept of sustainable supply chain 
risk assessment and different multi criteria decision 
making (MCDM) techniques suggested in the 
recent literature. The proposed methodology by 
identifying risks and using Rough DEMATEL is 
presented in the third section. The application of 
methodology in Tunisian agro-food industry is 
discussed in the fourth section. Finally, discussions 
and perspectives are presented in the last section. 

Abstract 
In the recent years, sustainability has becoming an important topic in agro-food supply 
chain. Moreover, these supply chains are more vulnerable due to different risks from 
man-made and natural disasters. These risks are interrelated in practice. However, 
there is a little knowledge in assessing sustainability risks by considering interrelation 
between them. To this end, this paper presents an integrated rough-DEMATEL method 
to assess the sustainability related risks in agro-food supply chain. The literature was 
reviewed and the main risks are identified. The methodology is implemented in a real 
case company in order to evaluate its applicability and performance. The detailed 
implications and main limitations are presented as conclusions remarks.
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Figure 1: (Q, R) and (T, S) policies taken from the reference [11] 
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Abstract— This paper deals with the problematic of 
dynamic stocks in automotive industry. Considering the 
fluctuations of demand within the hard constraints of 
management (firm, forecast, transit time, Incoterm, batch 
size…) from the procurement up to the delivery. This work will 
present a helping decision making tool to define the minimum 
and maximum, nominal stock of each reference in the 
warehouse considering the constraints of management, adding 
also the decisions of top management. In addition to the alerts 
of stock, the tool developed will allow the managers to specify 
the needed surface for each reference in the warehouse. 

 

Keywords— Stock management, Segmentation, Supply chain, 
Dynamic dimensioning. 

I. INTRODUCTION  
To align with the requirements of the automotive market 

and keep its competitiveness, all companies directs its 
objectives towards quality, cost and delivery (QCD), 
ensuring a quality product, meeting the standards, while 
controlling the cost and respecting the deadlines 
recommended by the final customer. 

Inventories are the main logistical data for making 
several decisions that affect the tactical and operational 
aspects, even strategic, the turnover as well as the days 
worked in a period define the minimum and maximum 
thresholds of the fixed cash that each company must have to 
master his cash without disrupting the logistics chain. As a 
result, inventory management is attracting the attention of 
many researchers and manufacturers who have defined 
inventory management policies for each context. In this 
article, we will try, given all the logistic management 
constraints, to set a dynamic stock definition tool for each 
period that will serve as a computerized decision support 
system, and as output, we will define the minimum and 
maximum alarms stocks as well as the corresponding storage 
area in order to better manage both space and the cash of the 
company. 

The rest of this article is organized as follows: we will 
cite some examples of dynamic inventory management in the 
state of the art. Then, we will define the constraints of 
logistic management which formulate our problem, develop 

this model on Excel VBA. Finally, a real case study from the 
field of the Moroccan automotive industry will be studied. 

II. STATE OF ART 
The literature on stock management shows a variety of 

approaches, the most treated are those of reorder point 
method (Q, R), it assumes that the quantity ordered equals to 
the quantity consumed within the leadtime, and define a 
quantity as a policy of calendar replenishment. The second 
method was introduced by [1]. It controls stocks through up 
to level ordering intervals (T, S).  

There are other policies, one of them is collaborative 
inventory model such as Continuous replenishment planning, 
efficient customer response, vendor managed inventory with 
or without consignment, the customer managed inventory. 
We find also the deterministic and stochastic demand 
assumption, and stock out assumptions if we lose the 
customer or there is a stock out cost to pay or assume. 

To the best of our knowledge, none of the models 
addressed in the literature, have treated the constraints of 
inventory management that we will approach all together. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract 
This paper deals with the problematic of dynamic stocks in automotive industry 
.Considering the fluctuations of demand within the hard constraints of management 
(firm, forecast, transit time, Incoterm, batch size…) from the procurement up to the 
delivery. This work will present a helping decision making tool to define the minimum 
and maximum, nominal stock of each reference in the warehouse considering the 
constraints of management, adding also the decisions of top management. In 
addition to the alerts of stock, the tool developed will allow the managers to specify 
the needed surface for each reference in the warehouse.



53

The 5th edition of the IEEEE International Conference on Logistics Operations Management - GOL’20   	 Rabat, October 28 - 30 2020

XXX-X-XXXX-XXXX-X/XX/$XX.00 ©20XX IEEE 

Technology Assessment for Designing Smart 
Logistics Zones  

 

Niels Schmidtke  
Otto von Guericke University,  

Institute of Logistics and Material 
Handling Systems,  

Magdeburg, Germany 
niels.schmidtke@ovgu.de  

 
Alina B. Rettmann 

Fraunhofer Institute for Factory 
Operation and Automation IFF, 

Magdeburg, Germany  
alina.rettmann@iff.fraunhofer.de 

 

Fabian Behrendt 
SRH Fernhochschule – The Mobile 
University Riedlingen, Germany; 
Fraunhofer Institute for Factory 
Operation and Automation IFF,   

Magdeburg, Germany 
fabian.behrendt@mobile-university.de 

Theresa Ansorge 
Fraunhofer Institute for Factory 
Operation and Automation IFF, 

Magdeburg, Germany  
theresa.ansorge@iff.fraunhofer.de 

Margarete Wagner 
Fraunhofer Institute for Factory 
Operation and Automation IFF, 

Magdeburg, Germany  
margarete.wagner@iff.fraunhofer.de  

This paper describes an approach how production and 
logistics can meet the challenge of a new industrial 
ecosystem through the intelligent networking and 
digitisation of participating resources of the value 
creation process. Intelligent networking in the sense of 
Industrie 4.0 and thus the abolition of rigid and physical 
system boundaries is postulated by the research approach 
of the "Smart Logistics Zone". This is defined as a scalable 
area of investigation and action for analysis, evaluation, 
planning, control, regulation and (re-) configuration of 
logistics solutions [1]. It encompasses the interaction of 
logistical objects, processes, systems and the 
infrastructure involved in regard to demand and 
situation. This approach implies an interactive design of 
the future of human-technology organisation. The 
procedure of the Smart Logistics Zone should support 
entrepreneurial decision processes purposefully and on 
the core idea of Industrie 4.0 and/or Logistics 4.0 in a 
preliminary way. In addition to the general research 
concept, this paper focuses on the application of the 
methodological approach to a reference scenario for a 
Smart Logistics Zone. 

 

smart logistics zone, logistics 4.0, technology assessment method, 
efficient logistics 

I. INTRODUCTION 
With its technological and data-driven components, the digital 
transformation of the industry has a direct influence on the 
orientation of production and logistics processes within 
companies as well as in entire company networks. The 
development, integration and interaction of new technologies 
is increasingly dissolving rigid corporate structures and 
control architectures. The vision ranges from decentralised 
networks of modular conveyor and storage technology to the 
application of autonomous transport units, which realise an 
optimised operational flow based on methods of artificial 
intelligence (especially machine learning). In the sense of 
holistic networking, there is a requirement to identify, locate, 
control and record the states of logistics objects in order to 

achieve goal-oriented interaction between all process actors 
involved. 

In this context, industrial and commercial enterprises are 
facing high investment costs, whereby a complete 
implementation of technology concepts usually does not take 
place immediately [2]. In the most situations existing plants 
or processes are successively digitally expanded, adapted or 
substituted. As a result, different forms of automation and 
digitisation interact in workspaces, so that agent-based 
autonomous transport units can be used alongside simple floor 
conveyors without electric drives. Cyber-physical systems 
(CPS), whose actions are based on algorithms and data 
structures, combine human emotional decision-making with 
action patterns. This human-technology organisation must be 
designed in such a way that a functioning working 
environment is created in which different technical facilities 
and the human factors interact directly with each other and as 
efficiently as possible in line with situational needs. For a 
successful implementation, it is therefore necessary to develop 
and use suitable technology concepts and methods, so that 
logistics can be handled accordingly to requirements and 
situations. At this point, the Smart Logistics Zone described in 
the following chapter II finds its approach [1], a concept that 
aims at a goal-oriented interaction of logistics systems, 
processes, objects and the (logistics) infrastructures involved. 
 
In the course of digitalisation, logistics is experiencing a 
reorientation of organisational and technological 
characteristics, which holds a high economic potential for 
companies. The development components shown in Fig. 1 
provide an overview of the new possibilities that emerge in the 
design of (partially) automated to autonomous logistics 
solutions in a Smart Logistics Zone. With regard to the 
logistics infrastructure, globalisation is leading to a worldwide 
distribution of logistics and production locations with the 
prerequisites of networked and demand-oriented resource 
planning and control. The complexity of customer 
requirements demands a flexible alignment of logistical 
processes and open communication along the entire supply 
chain, which can be realised through appropriate operating 

Abstract 
This paper describes an approach how production and logistics can meet the challenge 
of a new industrial ecosystem through the intelligent networking and digitization of 
participating resources of the value creation process. Intelligent networking in the 
sense of an Industrie 4.0 and thus the abolition of rigid, physical system boundaries 
is postulated by the research approach of the «Smart Logistics Zone». This is defined 
as a scalable area of investigation and action for the analysis, evaluation, planning, 
control, regulation and (re-) configuration of logistics solutions [1]. It encompasses the 
interaction of logistical objects, processes, systems and the infrastructure involved 
according to demand and situation. The approach implies an interactive design of 
the future of human-technology organization. The procedure of the Smart Logistics 
Zone should support entrepreneurial decision processes purposefully and on the 
core idea of an Industrie 4.0 and/or Logistics 4.0 in preliminary way. In addition to the 
general research concept, this paper focuses on the application of the methodological 
approach to a reference scenario of the Smart Logistics Zone.
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Abstract— The objective of this study is to analyze 
the situation of road transport in Morocco in terms of 
energy use. In this respect, the use of an approach that 
can solve some problems, such as the DMAIC 
approach for identifying the different sources of 
inefficiency and proposing recommendations to 
reduce them, was discussed. This approach is 
structured around five phases: define, measure, 
analyze, innovate and control. To ensure the effective 
use of this approach, there are many quality 
assessment tools such as the 5W’s & H method, the 
Ishikawa diagram, etc. 

Keywords— Supply chain; energy transition; road 
transport; sustainability; fuel 

I. INTRODUCTION  
 

The road transport sector in Morocco is the main driver for 
the national economy, representing 87% in 2010, including 
both passenger and freight mobility (see Figure 1). For this 
reason, it becomes a key factor in all aspects of safety and 
socio-economic and political development [1]. 
So, it is crucial to make an efficient road transport sector, 
which is based on fundamental reforms, to meet the 
challenge of energy performance. This requires a set of 
policies and financial measures to develop the economic, 
environmental and social potential in terms of energy use in 
the transport sector [2], [3]: 

− There is a very important role for local authorities 
in both passenger and freight mobility. 

− The promotion of renewable energy sources used 
in the road transport sector has a significant impact 
on respect for the environment, for example, the 
electrification for the transport sector as a means of 
limiting the use of conventional vehicles. 

− The development of road transport infrastructure, 
for example, the installation of high-tech and high-
quality service stations to ensure the traffic with 
zero-emission vehicles. 

The objective of this paper is to conduct a diagnosis of the 
road transport sector in Morocco in terms of energy use. In 
this paper, there are two parts: first, the energy strategy of 
the road transport sector in Morocco is highlighted. The 
second part presents the analysis of the transition to 

sustainable energy use in the road transport sector in 
Morocco using the "DMAIC" approach.  

Figure 1 Breakdown of transport used by transport modes 
in 2010 [4]  

Figure 2 Breakdown of energy consumption in the road 
transport sector in 2011 [4] 
 

II. THE ENERGY STRATEGY OF THE ROAD 
TRANSPORT SECTOR IN MOROCCO 

 
The road transport sector is one of the main contributors 

to climate change due to the use of fossil fuels that generate 
CO2 emissions, accounting for about 21% of global CO2 
emissions in 2010 and the use of oil as fuel consumed 
accounts for more than 62% [5], [6]. Moreover, in 2011, this 
sector contributes significantly to 35% and 27% of energy 
consumption used for passenger and freight vehicles, 
respectively (see Figure 2). Therefore, that sector needs to 
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Abstract 
The objective of this study is to analyze the situation of road transport in Morocco 
from the point of view of energy use. In this respect, the use of an approach that 
can solve some problems, such as the DMAIC approach for identifying the different 
sources of inefficiency and proposing recommendations to reduce them, was 
discussed. This approach is structured around five phases: define, measure, analyze, 
innovate and control. To ensure the effective use of this approach, there are many 
quality assessment tools such as the WWWWHW method, the Fishbone diagram, etc.
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Abstract— Physical Internet is a new system that aims to 
improve global logistics to be sustainable and efficient 
economically, environmentally and socially. it is based on the 
interconnection of logistics networks by a standardized set of 
means and standards. Therefore, it generates an intense wave of 
innovative changes in all nodes of the supply chain. 

This paper deals with the impact of Physical Internet on the 
way of realizing products. It addresses the issue of product 
realization using a hyperconnected mobile production mode, 
based on the dynamic deployment of production modules and 
resources sharing. Besides, a make-to-order optimization model 
for that kind of business is developed, and directions for future 
research are provided. 

Keywords—Logistics sustainability, Physical Internet, 
Hyperconnected mobile production, Dynamic deployment of 
production modules, Mathematical modeling  

I.BACKGROUND 
The logistics has seen substantial economic growth in the 

past few decades due to the availability of new technologies 
and international trade opportunities. Unfortunately, serious 
environmental problems have arisen from this economic 
growth. 

The way goods are flowed is hugely unsustainable. In 
most developed countries, it represents one of the largest 
emitters of greenhouse gases, energy consumer, polluter and 
wasteful of materials. The United States (U.S.) provides a 
vivid example despite the reductions in transportation’s air 
emissions due to many factors, including motor vehicle 
emissions controls and technological advancements such as 
electric vehicles. U.S. Department of Transportation (2017) 
denoted that transportation is the second-largest producer of 
greenhouse gas emissions (GHG), accounting for 27.0 percent 
of total U.S. emissions in 2015. The U.S. freight transportation 
system moved nearly 18.0 billion tons of goods valued at more 
than $19.1 trillion in 2015.  

Trucks carry 60.0 percent of the weight and 60.7 percent 
of the value of all goods shipped in the U.S. and they represent 
the predominate mode for shipments under 750 miles. Rail 
leads in tons and ton-miles for shipments of 750 to 2,000 
miles, while modal combinations account for the largest share 
of the value of shipments moved 2,000 miles or more. 
Therefore, freight transportation must be re-evaluated and 
better managed to reduce its negative effects on the 
environment and preserve the natural world. 

In fact, many  environmental defects are denoted in  the way 
goods are flowed (Montreuil 2011), they can be resumed in:  

• Empty travels: carrying just packaging or empty trips  

• Fast and reliable intermodal transport is still a dream 
or a joke: intermodal synchronization is so pitiful, 
interfaces so poorly designed, intermodal routes are 
often inefficient and risky in terms of cost and time 

• Unused installations: production and storage sites 
never or rarely used 

• Products never sold, never used: some of the 
manufactured consumer products never reach the 
appropriate market in time, ending up unsold or unused 

• Getting products in, through, and out of cities is a 
nightmare: most cities are not designed and equipped 
to facilitate the transportation, handling and storage of 
merchandise 

• Products unnecessarily move, crisscrossing the world: 
they travel thousands of miles that could have been 
avoided if manufactured or assembled closer to their 
place of use 

In addition to investing in the development of green 
products, we also need to work on improving the management 
of future manufacturing strategies to face these challenges. 
Therefore, preserving the environment while maintaining 
economic growth has become a top priority for many 
countries. Sustainability has increasingly become a central 
focus of business in times when most societies are aware of 
the influence of industry on both the environment and human 
health.  

A. Physical internet  
Environmental sustainability needs that every element in 

the corporate value chain is involved in minimization of the 
firm’s total environmental impact from start to finish of the 
supply chain (Wu and Dunn 1995). In this context logisticians 
have designed a new logistic system called the Physical 
Internet (PI), which aims to improve the way physical objects 
are transported, handled, stored, supplied, realized, and used 
so that they are sustainable and efficient economically, 
environmentally and socially. 

PI is defined as a global logistics system based on the 
interconnection of logistics networks by a standardized set of 
collaboration protocols, modular containers and smart 
interfaces for increased efficiency and sustainability (Ballot, 
Montreuil et al. 2014). 

In order to deal with the denoted defects concerning the 
environment and others related to economic and social ones, 
PI vision is defined through 13 characteristics described 
hereafter (Montreuil 2011): 

1- Encapsulate merchandises in world-standard smart 
green modular containers: the PI does not treat 

Abstract 
Physical Internet is a new system that aims to improve global logistics to be 
sustainable and efficient economically, environmentally and socially. it is based on the 
interconnection of logistics networks by a standardized set of means and standards. 
Therefore, it generates an intense wave of innovative changes in all nodes of the 
supply chain.
This paper deals with the impact of the Physical Internet on the way of realizing 
products. It addresses the issue of product realization using a hyperconnected mobile 
production mode, based on the dynamic deployment of production modules and 
resources sharing. Besides, a make-to-order optimization model for that kind of 
business is developed, and directions for future research are provided.
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Abstract—Maintenance logistics is a generic approach to 

manage maintenance activities and its resources.  Even though 
this new framework remains promising, its managerial aspect 
is still in need to focus more on the practical perspective. In 
this paper, we present a literature review of main maintenance 
management models based on maintenance policies/ strategies 
discussion to conclude the necessity to build a new sustainable 
model activating the human factor potential. Therefore we 
propose a Lean/REX model leading to a new practical 
standards conception inspired by the lean culture and 
experience feedback to seek new improvement opportunities in 
maintenance logistics.      

Keywords—maintenance logistics, lean culture, experience 
feedback, human factor, TIPM, 5S. 

I. INTRODUCTION  
Aiming at availability improvement to answer production 

systems challenges, maintenance management is no longer a 
simple mission. Sustainability and industrial context 
constraints are making of improvement alternatives a 
dynamic long-term deal. Nowadays maintenance alternatives 
are missing important sustainable improvement opportunities 
ignoring how to involve the most dynamic sustainability 
dimensions “the human factor”. 

In order to join sustainability path and reach perennial 
improvement in maintenance management, it stays of 
relevant importance to deal with maintenance and its 
management in a logistics vision to define a new framework 
for maintenance management “maintenance logistics”. 
Therefore it is primordial to study the existing maintenance 
policies and more generally management models having 
been deployed till the actual industrial era.     

II. MAINTENANCE MANAGEMENT 
Maintenance management, according to the European 

norm EN13306 is: All activities of the management that 
determine the maintenance objectives, strategies, and 
responsibilities and implement them by means such as 
maintenance planning, maintenance control and supervision, 
improvement of methods in the organization including 
economical aspects. [1]. 

Maintenance management is actually considered an 
important research concern for which a major interest has 
been noticed lately. Recently this discipline emphasises on 

maintenance role as a value contributor inside an industrial 
structure [2]. 

At the beginning of the 20th century, before the industrial 
revolution, corrective maintenance was the only need for a 
field production shrinking to the artisanal scale. It was at the 
initiation of the mass production that the need for preventive 
maintenance programs was expressed in order to improve the 
quality of processes and equipment required to deliver 
compliant products in large quantities [3].   

At the time of automation, the high estimated 
maintenance costs of 15% to 40% were enough to alert 
maintenance managers and draw their attention more to the 
concept of maintenance management [4]. Indeed, the fact 
that costs are rising due to insufficient efficiency of 
maintenance activities has been considered as a barrier to 
cost optimization in terms of management [5].Thus the 
production systems have shown more awareness of the 
rigidity and non-effectiveness of TBM (time based 
maintenance) as described by Macchi et al, to use diagnostic 
techniques introducing the first signs of change with 
Condition Based Maintenance (CBM) [3], [6]. in the first 
place, this policy was based on technical aspects which 
mainly concern the measurement of physical parameters as 
symptoms of degradation using the famous non-destructive 
control method: vibration analysis, oil analysis, 
thermography, etc. [3], and thus tracing the technical features 
of a maintenance called "predictive" which remains rather 
more exploited in some activity sectors than others. Current 
maintenance models require more than maintenance in the 
proper technical sense, to start thinking about models that 
take into account both technical and managerial aspects [7]. 
Currently, as reported by the authors Rausand[8], Auja and 
Khamba [9], Macchi et al [3], two success stories in two 
industrial sectors are at the origin of two prevalent 
methodologies RCM (Reliability Centred Maintenance) and 
TPM (Total Productive Maintenance) [3], [8], [9].  

The traditional vision of maintenance as a source of 
inevitable costs has subsequently evolved into a general 
business perspective that recognizes the strategic role of 
maintenance in targeting technical and financial efficiencies 
resulting from a multi-disciplinary approach that is based on 
a long-term strategic vision [10], [11]. Today, this 
perspective has been oriented towards the important concept 
of value creation by considering maintenance a source of 

Abstract 
Maintenance logistics is a generic approach to manage maintenance activities and its 
resources. Even though this new framework remains promising, its managerial aspect 
is still in need to focus more on the practical perspective. In this paper, we present a 
literature review of main maintenance management models based on maintenance 
policies/ strategies discussion to conclude the necessity to build a new sustainable 
model activating the human factor potential. Therefore we propose a Lean/REX 
model leading to a new practical standards conception inspired by the lean culture 
and experience feedback to seek new improvement opportunities in maintenance 
logistics.
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Abstract 

    Green supply chain refers to a closed-loop logistics network, including reverse logistics and regular supply chain ,and 
with  the Growing of environmental concerns , the decision makers was enforced to design their supply chains considering 
environmental impacts as well as economic objectives, Nowadays the medical waste management become one of the 
important issues that attracts  scientists , because of the potential environmental risks that can be generated by the 
mishandled of the medical waste .The proposed model aims to optimize: (i) the total cost of the network including, 
collecting, processing, recycling of medical waste and transportation between each level (ii) the environmental emissions  
generated by the whole system ,using artificial bee colony Algorithm hybrid multi-agent system 
 
 
 
Keywords:   Reverse logistics network, Green supply chain, Closed-loop logistics network, The medical waste 
management, the environmental emission. 
 
 
 
1. Introduction 
    Every year across the earth more then 2 million tons 
of medical waste, or infectious waste, is created in 
hospitals, laboratories, healthcare institutions and 
homes. This huge amount of waste has to go 
somewhere, and until recently most of it just went into 
landfills to be hidden and forgotten about.  
     According to the World Health Organization 
the waste produced by health care activities may lead to 
adverse health effects, some of this waste represent a 
higher risk to health (WHO, 2005). landfilling or 
incineration of heavy materials with high metal content 
can lead to the spread of toxic metals in the 
environment. Nowadays, across the world organizations 
such as the WHO, and some laboratories and research 
companies have been working hard at finding out more 
efficient ways to recycle medical waste, and in this few 
years  the scientists and the decision makers  have 
focused on the practicability of applying the concept of 
reverse logistics to the medical waste management, 
which may greatly improve the efficiency of medical 
waste management  and reduce the negative effect of 
the medical waste  impose on the environment (Lihong 
Shi, 2009),and for that they used Life-Cycle Assessment 
(LCA) based methodology for estimating environmental 
impacts and indicated different measures for each 
stage. Identifying the environment measures, the stages 
of the product's life cycle, and estimating the overall 
impact of products were presented the challenges of 
the LCA-based methodology (Dehghanian, 2009) . 
recently, LCA become the most reasonable 
methodology used to quantify the environment impact 

of product on its whole life cycle (cradle –to – grave 
perspective) , but its results cannot be directly used and 
still need to be interpreted,  that why a number of 
methods and techniques have been developed to 
simplified the use of LCA methodology . 
   The World Health Organization classified the medical 
waste into five different categories: infectious, Sharp, 
Pharmaceutical, Pseudo-house hold wastes, Paper. 
Table 1. In this paper we will focus on sharp waste: steel, 
plastic, glass. 
 
    To cope with the described problem, this study 
focuses on a multi-objective and multi-product model 
for a green reverse logistics network (collecting, 
processing, and recycling of medical waste).to illustrate 
the economic and environmental dimensions, our 
model seeks to optimize the cost of operations, 
processes, transportation, while minimizing the 
environmental emissions in the network. the main 
contributions of this paper can be outlined as follows: 

 Minimize the total reverse cost of the network; 
 Optimize environmental emissions in reverse 

flows. 
   The rest of this paper is organized as follows. In the 
next section the relevant literature is reviewed. the 
concerned problem of medical waste reverse logistic 
network is defined in section 3. the hybrid algorithms 
are presented with a brief reviews of multi-agent system 
and Artificial bee colony. Finally, Section 4, Conclude 
this paper. 
 
 

Abstract 
Green supply chain refers to a closed-loop logistics network, including reverse logistics 
and regular supply chain ,and with the Growing of environmental concerns , the 
decision makers was enforced to design their supply chains considering environmental 
impacts as well as economic objectives, Nowadays the medical waste management 
become one of the important issues that attracts scientists , because of the potential 
environmental risks that can be generated by the mishandled of the medical waste 
.The proposed model aims to optimize: (i) the total cost of the network including, 
collecting, processing, recycling of medical waste and transportation between each 
level (ii) the environmental emissions generated by the whole system ,using artificial 
bee colony Algorithm hybrid multi-agent system
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Abstract 
Sustainable procurement (SP) is an area that is given increasing 
attention within the academic community nowadays. The current 
article is concerned with a statistical approach involving latent 
and manifest variables applied in order to assess the 
organization's sustainable procurement performance (SPP). The 
main idea is to develop an assessment tool and a measurement of 
the SPP, enabling the company to characterize her performance 
regarding to the ISO 20400 standard's seven core subjects. For 
this, we conceptualize a structural equation modeling (SEM) 
which describes various causal connections between the 
sustainable procurement’s components. The SEM’s resolution is 
based on the Partial Least squares (PLS) method and the 
implementation is running in the XLSTAT software. 
Keywords: Sustainable Procurement, Performance Assessment, 
ISO 20400, Structural Equation Modeling, Partial Least squares. 

1. Introduction 

There was an increased awareness of the interactions 
between organisations, environment, and society that 
attracted the attention of both academics and practitioners. 
Within this context, the importance of the roles of 
organisations’ activities and interactions, in particular the 
role of procurement function has come to the fore. This 
phenomenon has brought about the increased recognition 
on the need of SP whereby a triple bottom line approach -
economic, environmental and social sustainability- is 
preferred. The trend highlights the need for procurement 
activities of both service receiver (e.g. the client) and 
supplier (e.g. the contractor) to be implemented in the way 
that address economic, environmental, and social issues 
while maintaining the viability of the organisations’ 
performance [38]. 
 
SP is a relatively recent agenda for academics as well as 
practitioners ([34] and [11]). There has been increasing 
public awareness regarding environmental and social 
issues, thereby encouraging organisations to implement 

sustainable practices in their operations. Procurement 
practitioners are expected to ethically source products and 
services that are economically viable and have a minimal 
environmental impact ([16], [22] and [28]). Furthermore, 
the procurement process needs to be compliant with set 
regulations and stakeholders’ expectations ([26] and [30]). 
 
To contribute to the improvement of the management of 
green supply chains, the International Organization for 
Standardization (ISO) published the standard ISO 20400 in 
2017 [15], which presents guidelines for SP practice. It 
sets out a framework and sound approach to the 
procurement of goods and services that contribute to 
sustainable development considering relevant impacts to 
the environment, society, ethics & economics. 
 
In the present paper, our objective is presenting a SEM 
using PLS approach ([18] and [19]), which enables a 
company to measure its SPP Index as the result of the 
different actions in the SP's seven core questions described 
in the ISO 20400 standard [15]. The main idea is to 
construct a performance index based on the evaluation of 
seven dimensions: Organizational Governance (OG) index, 
Human Rights (HR) index, Labour Practices (LP) index, 
the Environment (E) index, Fair Operating Practices (FOP) 
index, Consumer Issues (CI) index and Community 
Involvement and Development (CID) index. 
 
The remainder of this paper is structured in the following 
sections. Section 2 presents the related work. Section 3 
provides sustainable procurement and ISO 20400 standard. 
Section 4 gives an overview about structural equation 
modeling. Section 5 presents the sustainable procurement 
performance index model and finally Section 6 provides 
the conclusion and recommendations for future works. 

2. Related Work 

2.1 Sustainable Procurement 

Abstract 
Sustainable procurement (SP) is an area that is given increasing attention within the 
academic community nowadays. The current article is concerned with a statistical 
approach involving latent and manifest variables applied in order to assess the 
organization›s sustainable procurement performance (SPP). The main idea is to 
develop an assessment tool and a measurement of the SPP, enabling the company 
to characterize her performance regarding to the ISO 20400 standard›s seven core 
subjects. For this, we conceptualize a structural equation modeling (SEM) which 
describes various causal connections between the sustainable procurement’s 
components. The SEM’s resolution is based on the Partial Least squares (PLS) method 
and the implementation is running in the XLSTAT software.
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Abstract—Many manufacturers are currently making efforts
to adopt the remanufacturing options to take advantage of its
environmental and economic benefits. In this paper, we study an
optimization problem arising from the main steps defining the
remanufacturing process. Over a time horizon divided into non-
homogeneous predetermined periods, we aim to select, among a
set of identical items in use, the items to be recovered and reman-
ufactured to the best grade (equivalent to new product grade).
The proposed approach is based on products and components
performance evolution and the frequency of usage of customers.
A mathematical formulation of the problem is proposed, to
minimize the total cost and the total carbon footprint related to
recovery (transportation), storage, remanufacturing, and usage.
We proposed a constructive heuristic-based solution approach to
finding a feasible solution to the considered problem.

Index Terms—remanufacturing, heuristic, optimization, recov-
ery.

I. INTRODUCTION

Being part of the circular economy, the remanufacturing has
proven its benefits and efficiency in managing environmental
issues caused mainly by industrial and electronic waste, reduc-
ing the manufacturing costs and the selling prices considerably
[1]. It allows us to fill deficits identified in other ecological
end-of-life options such as the repair, the reuse, the recycling,
that are not as efficient as the remanufacturing to extend the
useful life of used products or their parts [2].
Remanufacturing is defined, in [3], as a process which brings
products to like-new condition through the following steps.
First, the collected products are cleaned, inspected, and sorted
according to their condition and quality. Then, a disassembly
process is applied to products to separate them into compo-
nents then, according to its condition, a component is stored or
repaired. Finally, the inspected and checked components are
reassembled to a remanufactured product.
According to [4], remanufacturing can save 50% of the energy,
30% of the labor force, and 80% of raw materials. A study
has been carried out to compare the environmental impacts
and energy consumption of a newly manufactured product and
a remanufactured one. The product considered is the diesel
engines and the data used for the study are from SINOTRUK
(a truck manufacturing company). The results of the energy
consumption analysis show that remanufacturing of the used

engine reduces the energy consumption by more than 2000
MJ compared to the manufacturing new engine.

II. RELATED WORKS

The versatility of remanufacturing allowed the researchers
to study it in managing different kinds of problems. Some
studies focused on the environmental and economic benefits
of remanufacturing, as in [5] where a tool was developed
to measure the economic and environmental impact of the
remanufacturing process in comparison to the manufacturing
of new components. In addition to the economic and envi-
ronmental impacts of remanufacturing, in [6] the authors take
into consideration the evaluation of the energy performance. In
[7], the authors proposed to analyze and reduce environmental
impacts, like resource consumption.

Other studies are oriented towards managing the marketing
issues encountered in remanufacturing. The main goal of the
remanufacturers is to meet the customers’ willingness and
requirement, for this purpose, the authors in [8] proposed to
examine the client position in buying remanufactured products
in China, with the knowledge of cost and quality. In [9],
an integrated model based on customer preferences over
price, quality, and sustainability were proposed. In [10], the
authors study the impact of offering renewing warranties on
remanufactured products to influence customer behavior and
encourage them to purchase the remanufactured products.

However, the remanufacturing process is facing several
uncertainties in operations scheduling, quality, and quantity
of returned products at different levels like inventory con-
trol, product design, and especially production planning. In
[11], the authors proposed to construct a remanufacturing
production scheduling model and as a solution approach for
the model, hybridization of a double fuzzy algorithm, BP
neural network, and genetic algorithm. In [12], a mathematical
model for remanufacturing considering the process planning
and scheduling problems is proposed and an effective hybrid
multi-objective evolutionary algorithm is presented to solve the
problem. The authors of [13] considered a lot-sizing problem
with the remanufacturing option under parameter uncertainties
imposed on demands and returns, three formulations of the
problem, and extensive computational analysis were proposed.

Abstract 
Many manufacturers are currently making efforts to adopt the remanufacturing 
options in order to take advantage of its environmental and economic benefits. In 
this paper, we study an optimisation problem arising from the main steps defining 
the remanufacturing process. Over a time horizon divided into non-homogeneous 
predetermined periods, we aim to select, among a set of identical items in use, the 
items to be recovered and remanufactured to the best grade (equivalent to new 
product grade). The proposed approach is based on products and components 
performance evolution and the frequency of usage of customers. A mathematical 
formulation of the problem is proposed, with the objective to minimize the total 
cost and the total carbon footprint related to recovery (transportation), storage, 
remanufacturing and usage. We proposed a constructive heuristic based solution 
approach to find a feasible solution to the considered problem.
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Abstract—Nowadays, inventory management is becoming more
difficult as supply chains are complex and involve many facilities
for different stages. The multi-echelon inventory management
permits to the supply chains to be more competitive by an
efficient control of inventories and a high responsiveness of the
whole system. As there is no single exact inventory management
policy, and there is a multitude of multi-level inventory models,
the selection of the most suitable alternative is not easy. There’s
few previous research done concerning the selection phase of
a multi-echelon inventory system in our knowledge. In this
paper , we try to contribute in the literature by using the
Analytic Hierarchy Process (AHP), a multi-criteria decision
making method (MCDM), that helps a Decision Maker (DM)
to choose and select the appropriate multi-echelon inventory
system. We focus in this research work on the case of distribution
inventory systems. We apply this framework to the Moroccan
public pharmaceutical supply chain.

Index Terms—Multi-echelon inventory system, Multi-criteria
decision making, Analytic Hierarchy Process, Selection, Distri-
bution inventory systems

I. INTRODUCTION

Supply chains nowadays are composed of many facilities
and production sites that are dispersed geographically. Compa-
nies are looking for an efficient control of inventories located
in different installations while handling the costs related to
this inventory and fulfilling the desired customer service level
in the same time.

Adopting single-echelon methods for managing inventory is
no longer efficient. In fact, controlling each installation inven-
tory without considering other supply chain stages cannot have
good results. More than that, many storage facilities operate in
the same system which make the call for integrated approaches
necessary. Modeling the system by those approaches is known
as “multi-echelon inventory management”.

In a multi-echelon inventory system, each echelon gathers
stages that can represent installations, products in stock or
under process. Upstream installations deliver orders to one or
multiple downstream installations [1].

Multiple suppliers and multiple customers for each stage
may be involved in a multi-echelon inventory system. In a

previous work [2] , we described in details the four major
structures of the multi-echelon inventory system.

The first type is the serial system. In such a system,
each installation deals with one supplier and one immediate
customer. Generally, this structure is the easiest one to control.
The second type is the distribution system. Each installation
has only one predecessor as a supplier and may have multiple
customers. The third structure is the assembly system where
inventory locations have only one successor as a customer
but can deal with multiple suppliers. Finally, any of the three
previous structures can be involved in the same system and
present what is known as “general multi-echelon inventory
system”. We focus in this paper on the case of distribution
systems.

There are many inventory policies connected to multi-
echelon inventory management. However, choosing the most
appropriate inventory management policies for a distribution
system remains an issue and presents a Multi-criteria decision
making problem.

The selection among multiple alternatives of multi-echelon
inventory systems is not yet investigated in our knowledge.
For that, this paper aims to provide an approach that will help
decision makers choose the inventory management policies
that correspond to their preferences and responds to their
needs. The principal objective of the approach is to select
among multiple choices the best one for a given distribution
inventory system structure. The framework is based on the
AHP methodology as an easy and useful MCDA method for
supply chain management areas.

This paper is composed of five sections. The next section
presents a review of multi-echelon inventory management in
distribution systems. Then, a review of MCDM methods and
the relevance of AHP for our decision problem is given. In
section 4, we propose an AHP based approach for multi-
echelon inventory system selection for the case of distribution
systems. After that, an application of the suggested framework
is provided for the Moroccan public pharmaceutical supply
chain.

Abstract 
Nowadays, inventory management is becoming more difficult as supply chains 
are complex and involve many facilities for different stages. The multi-echelon 
inventory management permits to the supply chains to be more competitive by an 
efficient control of inventories and a high responsiveness of the whole system. As 
there is no single exact inventory management policy, and there is a multitude of 
multi-level inventory models, the selection of the most suitable alternative is not 
easy. There’s few previous research done concerning the selection phase of a multi 
echelon inventory system in our knowledge. In this paper , we try to contribute in 
the literature by using the Analytic Hierarchy Process (AHP), a multi-criteria decision 
making method (MCDM), that helps a Decision Maker (DM) to choose and select the 
appropriate multi-echelon inventory system. We focus in this research work on the 
case of distribution inventory systems. We apply this framework to the Moroccan 
public pharmaceutical supply chain.
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Abstract: Fuel is considered as the energy driver of the 
economy. It is used intensively in every sector, therefore its prices 
are largely unpredictable, so Petrol Secondary Distribution 
companies try to minimize their stocks levels and work in tight 
flow. Against this increased demand and limited stocks, 
distributors companies must manage their limited logistical 
resources to avoid stockouts for their customers.  

In this paper we will focus our study on the process of petrol 
transportation from depots to petrol stations or other terminal 
customers which is called secondary distribution. we introduce 
and model a new problem closer to the daily reality, the objective 
is therefore to determine the optimal set of customers to serve, 
the quantities to be delivered for each one, the vehicles to be used 
and the routes to be carried out, respecting all safety and 
capacity constraints, so as to avoid any shortage and thereby 
maximize the customer satisfaction rate. 

Contribution: Modelization of a VRP with compartmented 
trucks, Multi-Depots, Multi-Products, Variable orders, 
insufficient stocks 

Keywords: VRP, Compartment, Fuel Distribution, TOP, 
Selective problem, dynamic problem,  

I.  INTRODUCTION 
 

Petroleum products such as gasoline, kerosene, gas oil and 
fuel are an important part on the development of any nation 
and are nowadays strategic products, therefore, they must be 
available at all times to satisfy the constant and immediate 
needs of consumers. This availability depends on a good 
distribution policy. It is precisely at this level that major oil 
distribution companies suffer from serious difficulties. 

   The purpose of this research paper is the study of a 
selective and dynamic transport problem, that is to say, the case 
where the fleet or stocks are insufficient to satisfy all customers 
needs and where urgent requests arise during the execution of 
the schedule, this is the most common case in the daily reality 
of each company. 

The delivery plan established by the dispatcher must be 
flexible and modifiable at any time during its execution, 
depending on the new data (new urgent orders received). 

Also, customers may be served partially or  not be served 
within the specified planning horizon due to the total capacity 

of available vehicles or insufficient of stocks, so the list of 
customers to be visited will be based on a set of criteria such as 
the criticality of the order. 

This problem of fuel distribution has attracted the interest 
of several researchers and has been the subject of several 
publication works in recent decades, as will be seen in section 
II. 

The article is organized as follows: Section II presents a 
review of the literature in the field of selective and dynamic 
fuel distribution problems. Section III is dedicated to the 
presentation of our specific problematic and the mathematical 
model. Finally, we will conclude with a summary and some 
perspectives to this problem. 

II. LITERATURE REVIEW 
 

Transportation Problem of Petrol Secondary Distribution has 
seduced, since the early 80s, several researchers. We present 
in the following a chronological review of the literature:  
 
In 1981, Brown and Graves [1], proposed a model that assign 
orders to trucks. The objective was to minimize the sum of 
travel costs and establish a penalty for drivers that exceed the 
allowable working hours per day, as well as those that had less 
than the required minimum working hours. 
 
In 1987, Brown et al. [2] developed a computerized assisted 
dispatch system for Mobil Oil Corporation in the USA. The 
dispatching procedure used by the system was an extension of 
the one presented by Brown and Graves [1] and allowed 
visiting more than one customer per trip. 
 
In 1990, Franz and Woodmanse [3] developed a rule-based 
semi-automated decision support system for a regional oil 
company, the objective was to determine the daily schedule of 
the drivers and the dispatching of the tank trucks. 
 
In 1995, Ronen [4] studied the dispatching problem. The 
objective was to set up a timely and economic delivery of 
petroleum or any liquid products by a fleet of vehicles.  
 

Abstract 
Fuel is considered as the energy driver of the economy. It has great influence directly 
or indirectly in all economic sectors. It is used intensively in every sector, therefore 
its price are largely unpredictable, so Petrol Secondary Distribution companies try to 
minimize their stocks levels and work in tight flow. Against this increased demand and 
limited stocks, distributors have to avoid stock outs for their customers using their 
limited fleet of compartmented trucks.
In all the papers that we have been able to see and study in literature in relation to 
this topic, the customer’s order is an untouchable given data of the problem, it is thus 
fixed and the program should find an optimal solution taking into account this data. 
In our paper we introduce and model a new problem, more interactive, indeed we 
give our program the ability to act on the customer›s order, so the order become a 
variable to be determined according to the available stocks and some others criterias, 
the objective is therefore to determine the optimal set of customers to serve, the 
quantities to be delivered for each client, the vehicles to be used and the routes to 
be carried out, respecting all the safety and capacity constraints, so as to avoid any 
shortage and thereby maximize the customer satisfaction rate and the quality of the 
company services.
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Abstract – Logistics is one of the major drivers of the 

supply chain (SC) and its performance has a significant 
impact on overall SC performance. Due to advancements in 
technology, collecting, storing, and analysis of data has now 
become easy. Nowadays organizations are competing with 
each other on the basis of their logistics performance. The 
purpose of this paper is to propose a prototype of a decision 
support system based on Fuzzy – AHP (FAHP) that 
incorporate decision-makers and managers’ knowledge and 
experience and evaluate overall logistics performance.    

 
Keywords – Logistics, Supply Chain Management, 

Decision Support System, Fuzzy, AHP, Performance 
Evaluation 
 

I. INTRODUCTION 
 

 Logistics is defined as the flow of materials from 
suppliers to manufacturing and from manufacturing to the 
end customer in order to meet customer requirements in a 
cost-effective manner [1]. In order to achieve reliability 
and accuracy in delivery, it is important to incorporate 
decision-makers’ knowledge and experience in evaluating 
overall logistics performance. Many real-world systems 
such as transportation and logistics now incorporating 
performance evaluation system right from the planning and 
design phase. 
 The organizations always pay great attention and put 
great efforts to manage logistics which have a competitive 
advantage. But, in many cases organizations decide to 
outsource logistics activities, because logistics providers 
have better resources, experience, and efficiency compare 
to the organizations' resources [2]. In today's business, 
logistics function may include the activities of "forecasting, 
procurement, production planning, inventory control, 
warehousing, transportation, customer service, and post-
sales support". Actually, for many companies, the cost of 
logistics activities and management can "exceed half of the 
value added by the firm" [3]. Therefore, evaluating the 
efficiency and effectiveness of logistics providers is 
important to ensure that logistics providers' service is at the 
organization's expected level.    
 Globalization and ease of importing and exporting 
goods across the globe make modern logistics more 
complex.  In addition to that, high competition between 
courier companies (UPS, DHL, Federal Express, etc.) 
requires 

 
fast shipment delivery to fulfill customer requirements [4]. 
Therefore, courier companies are in need of an effective 
and efficient logistics performance evaluation system to 
remain competitive. Moreover, in today’s competitive 
environment, logistics plays a vital role in the success and 
failure of any organization.  
The evaluation of logistics providers by using MCDM 
tools is very important because the decisions made can 
reflect the needs of the organization that lead to the 
effective result [2]. [5] stated that MCDM methodology 
represents a very good approach for giving acceptable 
solutions because it gives solutions that "compromise 
between a reliable solution and reasonable computational 
and human effort". In fact, the selection of or changing 
logistics providers is a complex decision and it needs to be 
investigated thoroughly before making a decision. 
Therefore, complex methodologies need to be used to 
support decisions making process before taking such 
decisions. However, a complex methodology means higher 
investment, which is not affordable in many organizations. 
Therefore, MCDM methodology is a very successful 
approach to make a decision that ensures the success of 
logistics activities. actually, the major advantage of the 
MCDM approaches is that it assisted decision-makers to 
think in a comprehensive way. [5]. The importance of 
MCDM approaches can be seen in the work of [6] as they 
stated that “over the last decade, a large number of research 
papers, certified courses, professional development 
programs and scientific conferences have addressed 
logistics and supply chain management (SCM). SCM is a 
multi-criterion decision-making (MCDM) problem 
because throughout its process, different criteria related to 
each supply chain (SC) activity and their associated sub-
criteria must be considered. Often, these criteria are 
conflicting in nature. For their part, MCDM methods have 
also attracted significant attention among researchers and 
practitioners in the field of SCM” [6]. 
 A fuzzy set is considered as one of the most, effective, 
and efficient applications in decision making compared to 
traditional set theory. The fuzzy set theory was developed 
by Lofti Zadeh in 1965 from the perspective of his interest 
to analyze complex systems. The fuzzy Logic concept was 
introduced by Lofti Zedah in 1965 [7] after his application 
of the fuzzy set theory, and by the help of Nicholas Shelbe, 
the concept of Fuzzy logic came into the real-life problems.
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 Abstract 

Logistics is one of the major driver of supply chain (SC) and its performance has 
significant impact on overall SC performance. Due to advancement in technology, 
collecting, storing, and analysis of data is now become easy. Nowadays organizations 
are competing each other of the basis of their logistics performance. The purpose of 
this paper is to propose a prototype of decision support system based on Fuzzy – AHP 
(FAHP) that incorporate decision makers and managers’ knowledge and experience 
and evaluate overall logistics performance. Initial results show that transit time 
indicator (%51.0) is the highest ranked main function.



65

The 5th edition of the IEEEE International Conference on Logistics Operations Management - GOL’20   	 Rabat, October 28 - 30 2020

 

XXX-X-XXXX-XXXX-X/XX/$XX.00 ©20XX IEEE 

Perishable food distribution in urban area based on 
real-road network graph 

 
 

 

Hanane El Raoui  
ESIN, TIC Lab 

Université Internationale de Rabat 
Rabat, Morocco 

Depto. de Ciencias de la Computación 
e I.A. 

Universidad de Granada 
Granada, Spain 

Modelling and Scientific Computing 
Laboratory  

Sidi Mohamed Ben Abdellah University 
Fez, Morocco 

hanane.elraoui@uir.ac.ma 

Mustapha Oudani 
ESIN, TIC Lab 

Université Internationale de Rabat 
Rabat, Morocco 

mustapha.oudani@uir.ac.ma 

Ahmed El Hilali Alaoui 
Euro-Mediterranean University  

Fez, Morocco 
a.elhilali-alaoui@ueuromed.org 

 

Abstract—Since their introduction, Vehicle Routing Problems 
(VRPs) have drawn attention of many researchers. Several 
variants of VRPs have been introduced for numerous 
applications. Most approaches found in the literature address 
VRPs on a customer-based graph, considering that each pair 
of points of interest (customers, depots, etc.), is linked by a 
single best path computed based on one criterion which is 
generally the distance. However, in real life applications, 
several attributes are defined on each road segment, hence 
alternative paths should be considered. In this study we 
propose a mathematical formulation to address the 
Capacitated Vehicle Routing Problem with Time Windows 
and multiple Paths denoted by CVRPTW-P for the 
distribution of perishable food in urban area. To handle the 
issue aforementioned, we adopt the real road network 
modeling approach considering alternative paths to find 
efficient routes based on real spatial data instead of 
mathematical equations which is commonly used in the 
literature. Computational experiment was conducted using 
CPLEX solver for random instances. Results prove that exact 
resolutions fail to solve large scale instances due to model 
complexity. 

Keywords: Vehicle Routing Problems, real road network, 
alternative paths, mathematical formulation, distribution of 
perishable food. 

 

I. INTRODUCTION 

Nowadays, the distribution of perishable food in urban 
area is increasingly seen as a challenge for suppliers due to 
customer’s requirement and the characteristics of these 
products. Foods can be labeled as highly perishable 
products, because their quality decay significantly fast over 
the time. Besides, customers generally require to be 
delivered during a specific time window, and a non-respect 
of the latter may impose a penalty on the supplier. 

        For an effective and efficient distribution planning, 
suppliers should schedule their delivery trucks through 

solving a Vehicle Routing Problem with Time Window 
(VRPTW). 

      Since their introduction by Dantzig and Ramser [1], 
Vehicle Routing Problems (VRPs) have been broadly 
explored in the literature, and a wide range of solution 
approaches have been proposed as stated in [2]. Although, 
most approaches are built on an assumption that each pair 
of nodes (customers, depots, etc.) is linked by one arc that 
represents the best origin-destination path computed 
according to a single criterion, generally the travel time or 
the distance, and hence, the problem can be addressed using 
a customer-based graph [3] [4]. Yet in real life, several 
attributes can be defined on each road segment (travel 
costs, distance, travel time, carbon emission, etc.). 
Therefore, each pair of nodes may be linked with a set of 
alternative paths, with compromises between the 
considering attributes. Consequently, representing the 
problem with a customer-based graph can discard good 
solutions and lead to bad optimization of the problem. 

        In VRPTW, if we consider that each road segment is 
defined by a traveling cost and time.in the literature, this 
problem is more often addressed on a customer-based 
graph. However, the best path for the attribute cost, which 
is the cheapest, is unlike to be the fastest due to the traffic 
congestion on this segment or the speed limitation for 
example. To illustrate this issue, let us consider a simple 
road network example composed of a depot and a customer 
presented in figure 1, to reach the customer, the transporter 
has two alternative roads, the first is the cheapest one with a 
cost equal to 5, but the second is the fastest with relatively a 
small cost difference.  

  Since we are dealing with a problem subject to time 
window, decision makers may prefer an expensive road 
segment to avoid congestion and deliver products at time. 

Abstract 
Since their introduction, Vehicle Routing Problems (VRPs) have drawn attention of 
many researchers. Several variants of VRPs have been introduced for numerous 
applications. Most approaches found in the literature address VRPs on a customer-
based graph, considering that each pair of point of interest (customers, depots, etc.), 
is linked by a single best path computed based on one criterion which is generally 
the distance. However, in real life applications, several attributes are defined on 
each road segment, hence alternative paths should be considered. In this study we 
propose a mathematical formulation to address the Capacitated Vehicle Routing 
Problem with Time Windows and multiple Paths denoted by CVRPTW-P for the 
distribution of perishable food in urban area. To handle the issue aforementioned, 
we adopt the real road network modeling approach considering alternative paths 
to find efficient routes based on real spatial data instead of mathematical equations 
which is commonly used in the literature. Computational experiment was conducted 
using CPLEX solver for random instances. Results prove that exact resolutions fail to 
solve large scale instances due to model complexity.
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Abstract ─ In this paper, we discuss a multi-compartment vehicle 
routing problem that occurs in the context of solid waste collection. 
Typically, in a city, different sources of waste are dispersed in a 
heterogeneous way, which increases the cost of collecting and 
transporting waste. In the waste management system, n numbers of 
sources are available in different municipalities of a city; each 
source generates different types of waste. The proposed system 
divides the entire integrated waste management system into three 
different parts. firstly transfer separated solid waste from different 
sources (households, markets, offices, etc.) to the 
compartmentalized transfer station, each compartment 
accommodating one or more supplies of the same type of product; 
then transport the solid waste separated from the transfer station to 
the treatment plants, each plant belonging to a specific specialty via 
a compartmentalised fleet; and finally transfer the waste produced 
from the treatment plants to the nearest landfill. our objective is to 
optimize the total cost of collecting and transporting different types 
of waste. 
Keywords─   𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 − 𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗, 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺  𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘,
𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪, 𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻,
𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 , 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝒆𝒆 𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐𝒐 . 
 

I. INTRODUCTION 

The rapid growth of the urban population leads to a 
spectacular increase in the production of the different types of 
solid waste which leads the decision-makers to externalize the 
problem, the companies that take care of the transport of the 
waste must optimize their human and material in particular the 
available flow.  
 
Waste management is a multi-disciplinary activity that 
includes the collection of waste from residential, commercial, 
institutional ... (houses, companies, offices ...), transportation, 
treatment, recovery, and finally the elimination. In general, 
collection and transportation is the most important and costly 
aspect of the process due to the large number of sources and 
the random use of vehicles in the collection and transportation 
process. 
 
In fact, there is more than one way to collect solid waste: 
waste collectors start the journey from a collection centre for 
collection of segregated waste and visit the various sources 
with a manual trolley, after the full fill the capacity of trolley, 
they conveyed the garbage to the nearest collection centre 
/transfer station, Or the waste is sent directly to the collection 
stations, ie each source converts its own waste to the nearest 
collection / transfer station. Similarly, different types of 
vehicles are used for collection and transport, these vehicles 
leave the depot to visit a number of collection centers, transfer 
stations and processing plants and ends at the depot, and then 
the waste is treated at the processing plants, in order to 
transport the waste extracted after the treatment to the 
charging stations. 
An integrated waste management system can improve the 
vehicle routing, dispatching, maintenance and management, 
the study of this system from the point of view of operational 

research involves modeling it through a logistics chain in 
which the following processes take place: the separation of the 
types of waste (cardboard, household, glass, plastic, ...) 
carried out at the source, collect the waste from the transfer 
stations and transfer the different types of waste to the 
different factories for treatment, each plant is of specific 
specialty, then to landfills. and in this paper, in order to 
optimize the total cost of transport, a scheme is developed for 
the collection and transport of solid waste: an optimization 
scheme is needed to reduce the total cost of waste collection 
and transport. 
 

II. LITERATURE REVIEW 

The problem of optimizing waste collection has appeared in 
research for a few years. The issue of waste management 
arises in all types of municipalities: Depending on the type of 
waste, it is necessary to determine the treatment routes to be 
implemented and the methods of collection to be carried out. 
The various existing works are intended to enable 
organizations in charge of this management to limit costs 
while ensuring a good quality of service and while limiting 
environmental impacts. 

The problem of waste management is fairly recent 
(approximately 30 years). Most articles in the literature focus 
on the operational problem more than the tactical and strategic 
problem. Most studies on the operational problem are based 
on two types of modeling: the one based on the VRP or the 
one based on the CARP, and we find also some studies based 
on variants of VRP: IRP or PVRP. 

The traditional objectives of waste collection are to minimize 
the number of vehicles required for this collection, to 
minimize the total collection time or the total distance traveled 
by the vehicles. we present below various collection 
optimization studies of which we are aware. 

In 1990 Ong et al [12], propose a heuristic "route first cluster 
second" to optimize collection in singapore, in 1993 Janssens 
[8], determines a mathematical model to calculate the optimal 
size of the fleet of vehicles in the particular case of the 
collection of dirty oils in Belgium. 

Kulcon in 1996 [10], proposes a model to elaborate collection 
strategies and in particular  the use of several depots for 
vehicles or incurs the use of several modes of transport (multi-
modal transport in an urban context). 

Bommunestty et al in 1998 [3], are interested in the collection 
of recyclable waste on a campus and use a periodic VRP 
modelization. In 2000, Tung et al [17] model their problem 
like a VRPTW. 

Abstract 
In this paper, we discuss a multi-compartment vehicle routing problem that occurs 
in the context of solid waste collection. Typically, in a city, different sources of waste 
are dispersed in a heterogeneous way, which increases the cost of collecting and 
transporting waste. In the waste management system, n numbers of sources are 
available in different municipalities of a city; each source generates different types of 
waste. The proposed system divides the entire integrated waste management system 
into three different parts. firstly transfer separated solid waste from different sources 
(households, markets, offices, etc.) to the compartmentalized transfer station, each 
compartment accommodating one or more supplies of the same type of product; 
then transport the solid waste separated from the transfer station to the treatment 
plants, each plant belonging to a specific specialty via a compartmentalised fleet; and 
finally transfer the waste produced from the treatment plants to the nearest landfill. 
our objective is to optimize the total cost of collecting and transporting different 
types of waste
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Abstract—The logistic resources pooling concept has 
become a subject of several researches in previous years, 
in various activity sectors (transport, warehouse, E-
commerce, etc.) in order to improve logistics chains 
performance in sustainable development context. 

The pooling resources (warehouses, transports, 
platforms, etc.) hydrocarbons supply chain purposes 
remains few discussed subject in research papers, due to 
data confidentiality and sector sensitivity. 

In this paper the "transport and storage pooling" 
concepts will be described, as well as a review of the 
literature about new organization strategies for 
sustainable logistics. 

We present the current supply chain petroleum 
products model in Morocco (diesel gasoil and gasoline 
products case), and a simulation of part of hydrocarbon 
supply chain (case of diesel gasoil) to understand and 
make clear different parameters. By simulation before 
and after resources pooling (using ARENA software) we 
could determine CO2 emissions variation rate to assess 
the environmental impact in the pooling resources case. 

Keywords—Logistics chain, sustainable development, 
pooling transport, environment, CO2 emissions. 

I. INTRODUCTION 
Despite of public subventions granted to renewable 

energies, fossil fuel part in the global energy mix remains 
very high until now (81% of world consumption in 2015). 

Although in Morocco, sustainable development policy 
through wind, hydraulic and solar renewable energies, is 
experiencing the same situation. Fossil fuels, especially 
petroleum products, occupy a prominent place (88% in 
2015) in the country's energy production. The production, 
distribution and consumption of these products being a 
major source of CO2 emissions, actions can be taken to 
reduce their environmental impact. 

Our study is focused on Moroccan hydrocarbons market 
through analyzing its logistics chain to build a model to 

assess the environmental impact of the various resources 
used, by comparative study between situations representing 
the major companies.  

 
The objective of this research is to evaluate the 

environment impact of resources pooling used by 
consolidation of the transport and storage on reducing CO2 
emissions from different trucks of the two companies 
studied. 

II. STUDY CONTEXT 
During 2016, Moroccan consumption of hydrocarbons 

reached 13 million tons, with 3% annual increase rate from 
2010 to 2018 and it continues to grow, as shown in TABLE 
I and Figure 1 [8]. 

The petroleum products consumption is proportional to 
Moroccan imports, and it’s characterized by the entire 
dependence on international hydrocarbon markets after the 
shutdown of the only Moroccan refinery (SAMIR) in 
August 2015. 

TABLE I.    CONSUMPTION EVOLUTION OF 
PETROLEUM PRODUCTS [8] 

Years Gasoline (Ton) 
x1000 

Diesel gasoil 
(Ton) x1000 

Total (Ton) 
x1000 

2010 549 4.543 5.092 

2011 565 4.830 5.395 

2012 569 4.903 5.472 

2013 554 5.098 5.652 

2014 540 5.197 5.737 

2015 608 5.479 6.087 

2016 672 5.666 6.338 

2017 691 5.889 6.580 

2018 692 6.108 6.800 

Abstract 
The logistic resources pooling concept has become a subject of several researches in 
previous years, in various activity sectors (transport, warehouse, E-commerce, etc.) 
in order to improve logistics chains performance in sustainable development context.
The pooling resources (warehouses, transports, platforms, etc.) hydrocarbons supply 
chain purposes remains few discussed subject in research papers, due to data 
confidentiality and sector sensitivity.
In this paper the «transport and storage pooling» concepts will be described, as well 
as a review of the literature about new organization strategies for sustainable logistics.
We present the current supply chain petroleum products model in Morocco (diesel 
gasoil and gasoline products case), and the simulation before and after resources 
pooling (using ARENA software) to determine CO2 emissions variation rate for an 
assessment of the environmental impact of the proposed resources pooling.
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Abstract — Composite indicators are frequently used for 
performance assessment in different fields. They are 
constructed by combining several components into a single 
index for describing a multi-dimensional issue. In this paper, we 
propose a mathematical programming approach to constructing 
composite indicators from a set of sub-indicators with mixture 
of precise and interval data. The proposed approach is an 
extended version of the conventional Zhou et al. [5,6] 
methodology for metrics aggregation initially developed for 
ratio data to mixed data.  The outcome of this study will allow 
the supply chain managers construct composite indicators to 
characterize several features of their supply chains. We apply 
the proposed approach to develop composite indicators for 
modelling the public pharmaceutical products supply chain in 
Morocco.  

Keywords—Performance assessment, health care supply 
chain, composite indicator, precise data, and interval data.   

 

I. INTRODUCTION 
 

      Composite indicators (also known as aggregated 
indicators or performance indices) are popular tools for 
assessing the performance of entities/ units depending on a 
multi-dimensional environment. Examples of well know 
composite indicators include the Environmental Performance 
Index [8], and the Human Development Index [7].  
Composite indicators are usually employed by public and 
private organizations, particularly state and federal 
organizations as aggregate performance indices for many 
purposes, including confidentiality protection, 
benchmarking, ranking, policy analysis and public 
communication. Composite indicators calculated from 
individual performance indicators are increasingly used to 
evaluate the performance of health care providers [1]. 
    Different approaches have been proposed to creating 
composite indicators [1,2,3,4,5,6,9,10,11]. However, one 
methodology have mainly attracted my attention. It’s a Data 
Envelopment Analysis (DEA) based approach proposed by 
Zhou et al. [5,6] for creating composite indicators from a set 
of underlying sub-indicators.  

     The conventional Zhou et al. [5,6] aggregation 
methodology assume that all indicators are exactly known. 
Nonetheless, this assumption may not always be true in real-
life situations. Some indicators are only known to lie within 
bounded intervals. Therefore, the purpose of this paper is to 
extent the formulation of the conventional Zhou et al. [5,6]   
aggregation method initially developed for precise data (ratio 
data) to mixed data. It must be noted that in the current 
research “mixed data” means that some data are only known 
to lie within bounded intervals (interval data) while others are 
exactly known (ratio data). 
     The main advantage of this methodology is that regardless 
the nature of the relations between sub-indicators, no prior 
knowledge of the weights for sub-indicators is required and 
there is no need to consider the normalization procedure 
before aggregation in applying the proposed approach to 
construct composite measures. 
     The paper is organized into five sections. The next section 
provides a brief description of the conventional Zhou et al.  
[5,6]   aggregation technique. Section 3 presents the model 
formulation for the extended version with mixed data. 
Section 4, applies the proposed methodology to aggregate a 
set of sub-indicators with mixed data into several composite 
indicators for characterizing several features of the public 
pharmaceutical in Morocco. Finally, section 5 discusses some 
potential extensions of the research, and at the same time 
summarizes some major concluding remarks.   

 

II. CONVENTIONAL METHODOLOGY FOR METRICS 
AGGREGATION 

 
     This section describes a methodology based on two DEA 
models for metrics aggregation. This method is widely 
inspired from the seminal work of Zhou et al. [5,6] for 
indicators aggregation. We consider the case where there are 
m* supply chains under evaluation. Suppose we have 
classified all the indicators into several categories and our 
aim is to aggregate each category into one indicator called 
aggregated indicator or composite indicator to evaluate the 

Abstract 
Composite indicators are frequently used for performance assessment in different 
fields. They are constructed by combining several components into a single index 
for describing a multi-dimensional issue. In this paper, we propose a mathematical 
programming approach to constructing composite indicators from a set of sub-
indicators with mixture of precise and interval data. The proposed approach is 
an extended version of the conventional Zhou et al. (2007a,b) methodology for 
metrics aggregation initially developed for ratio data to mixed data. The outcome 
of this study will allow the supply chain managers construct composite indicators 
to characterize several features of their supply chains. We apply the proposed 
approach to develop composite indicators for modelling the public pharmaceutical 
products supply chain in Morocco.
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Abstract: The main objective of this paper is to study the 
adequacy of the offer of the logistic service providers with the 
needs anticipated by the different national economic sectors. This 
study will allow us to appreciate the maturity of the LSP 
operating in Morocco, through the level of diversification of their 
logistics services offerings and thus the extent of their 
responsiveness. Nowadays the expansion in terms of service has 
become crucial for any implementation of a successful 
outsourcing strategy and to attract and convince contractors 
through efficient and well adapted services. This paper is 
structured mainly around three parts: the first part presenting 
the state of the art in the outsourcing of logistics activities in 
Morocco. The second part is a presentation of the Moroccan 
economy through the different national economic sectors. The 
third part concerns an exploratory study grouping, on the one 
hand, the various Moroccan sectors and their needs in logistics 
services, and on the other hand, the offers of a group of LSP 
operating in Morocco through several services they offer. This 
study will allow knowing the maturity of the market of the LSP 
operating in Morocco and its homogeneity with the existing 
sectors in the country. 

Keywords: LSP, Economic sectors, Logistics service offer, 
Outsourcing strategy, Contractors 

I. INTRODUCTION 

Since any company wishing to be competitive must 
necessarily and primarily outsource some of its activities, 
particularly those of a logistical nature, it would thus be 
focused on its core business [1]. In fact, by entrusting its 
logistics to a specialist will enable it to reduce the risks and the 
cost of these ancillary activities [2]. As such, it is obvious that 
a company must focus on its development (commercial and 
product) and its marketing strategy. But often, logistical 
problems take over and leave less time to develop the core 
business. Besides «the national strategy for the development of 
logistics competitiveness», has as its main objective the 
improvement of the performance of the logistics sector as a 
whole, which is currently at a stage requiring additional 
support and effort [3]. 

Through this paper, we propose to study the adequacy of the 
offer of logistics services with the potential demand of 

Moroccan companies. This study will be processed from 
several perspectives: first of all, we present the state of art in 
Morocco of the outsourcing activity through secondary data 
that we collect on the Logistics Service Providers (LSP) 
operating in the Moroccan territory. Quantitatively, the study 
concerns a set of 28 logistics service providers representing the 
top of their field, and qualitatively according to their types and 
services offered. Furthermore, a brief presentation of the 
Moroccan economic sectors will be given through their 
requirements for logistics services, estimated according to the 
needs of the fields comprising each of the sectors studied.   

 

II. LOGISTICS OUTSOURCING 

1.  Introduction 

The global economic situation has become increasingly 
competitive; a fact that requires the adoption of a strategy based 
on the optimization of the performance of logistics activities, 
having regard to its positive effect on the operational and 
commercial efficiency of companies [4]. This situation has been 
a favorable asset in the creation of flexible, decentralized 
industrial and economic structures adapted to an unstable 
economic environment. These structures have upset the 
traditional pattern of business partner relations, leading to the 
emergence of new organizations from the different forms of 
cooperation previously existing. 

As a result, companies adopt the strategy of "cooperating" to 
minimize costs and maximize the quality of services to improve 
performance [5],[6] and [7], based on the expertise of specialist 
providers. Among the different forms of strategic collaboration, 
we distinguish the outsourcing of logistics activities [8] and [9]. 

Thus, logistics outsourcing is defined as the act of entrusting all 
or part of a supply chain, previously carried out internally, with 
a possible transfer of resources, for a long-term period, to an 
external service provider, intending to achieve a performance 
target [10].  

Outsourcing is accompanied by a transfer of equipment and 
personnel to the provider. No domain, no function is currently 

Abstract 
The main objective of this paper is to study the adequacy of the offer of the logistic 
service providers with the needs anticipated by the different national economic 
sectors. This study will allow us to appreciate the maturity of the PSL operating in 
Morocco, through the level of diversification of their logistics services offerings and 
thus the extent of their responsiveness. Nowadays the expansion in terms of service 
has become crucial for any implementation of a successful outsourcing strategy and 
to attract and convince contractors through efficient and well-adapted services. This 
paper is structured mainly around three parts: the first part presenting the state 
of the art in the outsourcing of logistics activities in Morocco. The second part is 
a presentation of the Moroccan economy through the different national economic 
sectors. The third part concerns an exploratory study grouping, on the one hand, 
the various Moroccan sectors and their needs in terms of logistics services, and on 
the other hand, the offers of a group of LSP operating in Morocco through several 
services they offer. This study will allow knowing the maturity of the market of the LSP 
operating in Morocco and its homogeneity with the existing sectors in the country.
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Résumé : Les évolutions récentes dans le fonctionnement des 
chaînes logistiques en flux tendus, la recherche de productivité par 
une réduction continue des coûts et les exigences de flexibilité pour 
faire face aux aléas de la demande, exercent un impact direct sur le 
niveau de stress des salariés et sur la santé psychique et physique 
au travail. 
Cet article souhaite, donc, s’interroger sur les effets des exigences 
logistiques sur les conditions de travail des salariés.  L’objectif 
étant d’éclaircir les différents points de vue théoriques sur la 
question de la santé sécurité au travail en contexte logistique.  
Il tente, également, d’identifier les sources de stress dans les 
activités logistiques et mesurer leurs impacts sur la santé des 
salariés.  
 
Abstract : The recent evolutions of  just in time supply chains, 
the research of productiveness through continuous cost reduction  
and the requirements of suppleness to cope with demand 
fluctuations, have a direct impact on the stress level of employees 
and on psychological and physical health at work. 
Therefore, this article seeks to identify the impact of logistics 
performance requirements on employees' working conditions. 
The objective is to clarify the different theoretical points of view 
on the issue of health and safety at work in a logistic context. 
It also tries to identify sources of stress in logistics activities and to 
measure their impact on employees' health. 

 
 

Mots-clés : Chaine logistique, flux tendus,  stress,  conditions 
de travail, santé sécurité au travail. 

 
Keywords: Supply chain, just-in-time, stress, working 
conditions, health and safety at work. 

 
1. Introduction 

 
La recherche en logistique s’est beaucoup tardée à traiter 
les problématiques de santé sécurité au travail. 
L’article souhaite combler ce vide en étudiant le lien entre 
les exigences de performance logistique et la santé  sécurité 
au travail. 
En effet, la revue de littérature sur les  conditions  de travail 
dans les métiers du transport et de la logistique laisse 
apparaitre des spécificités particulières : 
- Une  activité  physique  importante, dans la mesure où les  
opérateurs logistiques (préparateurs de commandes, 
conducteurs, livreurs,…) sont amenés à soulever, déplacer 
et transporter des charges, sous pression de temps ; 
- Une  charge  mentale de plus en plus lourde en raison des  
modes d’organisation du travail (accélération du rythme de 
travail, modifications fréquentes des plannings, horaires de 
travail atypiques…) ; 
- Présence de nuisances physico-chimiques dans certains 
secteurs de la logistique (poussières, toxiques, vibrations, 
bruit, radiations, gestes répétitifs, positions de travail 
contraignantes, températures extrêmes…). 
Ces contraintes propres aux métiers du transport et de la 
logistique nous invite à formuler notre problématique de 
recherche comme suit : 
« Quel est l’impact des conditions de travail dans le 
secteur de la logistique sur la santé sécurité des 
travailleurs ? » 
De ce fait, notre objectif est, d’une part, mettre  en évidence 
le lien de causalité entre les conditions de travail dans le 
secteur de la logistique et la santé des travailleurs, 
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Abstract 
Les évolutions récentes dans le fonctionnement des chaînes logistiques en flux tendus, 
la recherche de productivité par la mise en place des démarches d’amélioration 
continue et les exigences de flexibilité pour faire face aux aléas de la demande 
exercent un impact direct sur le niveau de stress des salariés et sur la santé psychique 
et physique au travail.
Cet article souhaite, donc, s’interroger sur les effets des exigences de performance 
logistique sur les conditions de travail des salariés. L’objectif étant d’éclaircir les 
différents points de vue théoriques sur la question de la santé sécurité au travail en 
contexte logistique. Il tente, également, d’identifier les sources de stress dans les 
métiers du transport et de la logistique et mesurer leurs impacts sur la santé des 
salariés.
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Abstract— Information Technology (IT) is a game changer 
for all enterprises and sectors. Supply chain (SC) is no exception 
and IT has the potential to make the SC more agile, more 
responsive and cost effective. The SC information system (IS) 
implementation must be included, in general, within the 
enterprise strategy in order to have the optimal output. That’s 
why aligning IT strategy to SC strategy is crucial to achieve the 
overall value of the SC. Few research are done about how to link 
these two strategies. The paper aims to contribute to the 
literature and propose a Fuzzy TOPSIS based approach to align 
both SC and IT strategic objectives. These objectives come from 
COBIT (Control Objectives for Information and Related 
Technology) and SCOR (Supply Chain Operations Reference), 
which are standards, respectively, in the SC and IT domains. 
The proposed approach is illustrated by aligning the IT strategy 
for a pharmaceutical supply chain. 

Keywords— IT Governance, Supply chain, Fuzzy-TOPSIS, IT 
alignment, COBIT, SCOR. 

I. INTRODUCTION 
IT Governance is crucial to every organization. It allows 

to optimize the potential of IT in order to have a competitive 
advantage. Although many definitions exist [1], the aim 
remain the same: align IT to the business and having the cost 
and risk well managed. It strategy management appears 
among the crucial process to implement in order to achieve the 
alignment [2]. Many IT governance frameworks exist. Control 
Objectives for Information and related Technology (COBIT) 
is one of them. It is the most well-known framework and is 
considered as a standard. The industry sectors that use COBIT 
the most are the Education, Government and Financial sectors 
[3]. This study proposes to use the COBIT framework in a SC 
environment. 

SC is defined as a group of all parties that work together 
to fulfill a customer demand. These parties include 
manufacturers, suppliers, transporters, warehouses, retailers, 
and customers [4]. On the other hand, SC management is the 
process of planning and controlling all the needed functions 
that will permit to the parties to achieve the customer aims. IT 
acts as a strong enabler, like Radio Frequency Identification 
(RFID) [5], and supports all the functions within an 
organization. SCOR framework acts as a standard to describe 
the SC processes [6] and Key Performance Indicators [7] [8] 
[9].  

The question is how to align the SC strategy with all the 
other function especially the IT? With this goal in mind, the 
paper proposes a Multi-Criteria Decision Making (MCDM) 
based approach to align these two strategies. Fuzzy Technique 
for Order of Preference by Similarity to Ideal Solution 
(FTOPSIS) is a MCDM method that was developed by Chen 
in 1992 [10]. It permits the Decision Maker (DM) to evaluate 

with linguistic terms without limitations to the number of 
criteria and alternatives. The combination of FTOPSIS with 
COBIT and SCOR was not found in the literature.  

 

The rest of the paper is presented as follows: section 2 will 
present a literature review of the SCOR SC framework, 
COBIT 2019 IT governance framework and the Fuzzy 
TOPSIS MCDM method. The third section presents the 
proposed approach that aligns the IT strategic objectives to the 
SC strategy. The forth section presents an application of the 
approach for the Moroccan public pharmaceutical supply 
chain. Finally, conclusion is drawn with a word for future 
research. 

II. LITERATURE REVIEW 
This section presents a literature review of SCOR as a SC 

process model, of COBIT ITG framework and the Fuzzy 
TOPSIS method as a MCDM approach. 

A. SCOR 
Supply Chain Operation Reference (SCOR) model was 

first developed in 1996 by the Supply Chain Council (SCC). 
It’s a widely used framework for supply chain management. 
The 12.0 version, was published in 2017 by the American 
Production and Inventory Control Society (APICS) after its 
merge with SCC in 2014 [11]. SCOR provides a common 
view of processes that are linked with performance metrics, 
best practices and technology. SCOR can model complex SC 
making it a powerful tool to communicate and benchmark 
between SC. It is based on six primary management processes 
that are Plan, Source, Make, Deliver, Return and Enable “Fig. 
1”. The Plan domain is more strategic. It permits to define the 
requirements for each Source, Make, Deliver and Return in 
order to respond to the demand. Source regroups all the 
processes that permits to procure the necessary goods or 
services to meet the demand. Make are the processes that 
create added value product or service. Deliver represents the 
processes of the customer order management, including the 
transport and distribution management. Return refers to 
processes that proceed to the reception of goods from the 
customer or returning raw material to the suppliers. The last 
category ‘Enable’ permits the interaction and the alignment 
with other domains like financial, IT, human resources, 
facilities, sales, product design, portfolio management and 
support. 

SCOR permits to model and analyze any supply chain with 
the multi-level configuration “Fig. 2”. Level 1 defines the 
scope, content and performance targets of the SC. Level 2 
defines the operation strategy like ‘Make To Stock’ or ‘Make 
To Orders’. Level 3 defines the configuration of each process, 
which determines the competitiveness of the organization. 

Abstract 
Information Technology (IT) is a game changer for all enterprises and sectors. Supply 
chain (SC) is no exception and IT has the potential to make the SC more agile, more 
responsive and cost effective. The implementation an Enterprise Resource Planning 
(ERP) system or any Information System (IS) in general, must be included within 
the enterprise strategy in order to have the optimal output. That’s why aligning IT 
strategy to SC strategy is crucial to achieve the overall value of the SC. Few research 
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ABSTRACT

Recently, seaports have paid much attention to container transportation by rail to evacuate huge container flow received 
by sea. For this reason, more rail-road terminals are expected in upcoming years near urban regions in order to restrict the 
intensive use of roads and then achieve a better massification share of hinterland transportation. Indeed, containers are 
moved between seaports and inland terminals by trains whereas the last/first road mile to urban region is done by trucks. 
Thus, two main problems arise, firstly containers’ drayage by trucks and secondly handling operations management. This 
paper tries to give better answers to these problems by coupling an optimization model that combines a set of known and 
new constraints to determine the daily scheduling of trucks and a simulation model for container processing management, 
internal equipment scheduling and resource allocation. The paper introduces also the containers' availability times as a 
new concept to synchronize containers’ drayage by trucks and container processing within terminals. Finally, we evaluate 
different operating scenarios under the proposed solving approach based on real data sets.

Keywords: rail-road terminal, intermodal transport, container drayage, optimization, pickup and delivery problem.

1. INTRODUCTION

In contrast to rail and river modes, road transport is characterized by acceptable cost–time ratios, reliability, and an 
efficient ability to distribute small quantities of goods in various urban or rural areas with low geographical constraints. 
Moreover, the road system is well maintained, and the container-transportation price is fixed by road service provider. 
Nevertheless, to execute container transportation in an ecologically efficient way, increasing the share of container 
transportation by massified modes (train and barge) is a good solution not only to reduce greenhouse gas emissions 
caused by road, but also noise and road traffic congestion. Furthermore, since recent times, European Union encourages 
environmentally friendly transport mode as part of a long-term strategy that aims to reduce greenhouse gas emissions 
[29]. In this line, the port of Le Havre initiated a project called SFM or “Service Ferroviaire de navettes Modulaires”
with the aim of deciding on the combined transport facilities to use in order to increase the modal share of the rail
transportation. The latter is expected to be revised in order to move closer to customers and better answer to their 
requirements. Amongst the envisaged solutions, in this project, the construction of new inland terminals in the region 
where customers locate.

Thus, this paper aims to introduce two merged models to synchronize container processing in rail/road terminals.
The first model is called for optimizing drayage operations by trucks between customers and their inland terminals, while 
based on availability times of import containers inside these terminals. The objective of this model is to maximize the 
overall net revenue for the day. More specifically, one must determine a set of trips satisfying all orders at a minimal 
routing and service cost. As for the second model, it simulates the management of handling operations of both trucks and 
trains within rail/road terminals in terms of determining the optimal handling policy, inventory control policy and 
resource allocation, etc. Besides, the model takes as inputs the arrival times of trucks and at the end of each simulation 
run, the containers’ availability can be adjusted over the working day and then this generated data will be imported by the 
optimization model in the next iteration.

The rest of the paper is organized as follows. Section 2 describes the industrial context and provides problems 
description. Section 3 gives a brief literature review on related works. Section 4 explains the optimization model for 
containers' drayage by trucks. Section 5 exposes the designed simulation model and introduces the containers' availability 
dates as a new concept to synchronize containers’ drayage by trucks with container processing. Section 6 summarizes the 
obtained results and the last section highlights future works.

2. CASE STUDY AND PROBLEM DESCRIPTION

As shown in Figure 1, there are two distinct ways for container transportation between the port of Le Havre and 
customers. In the first service, called door-to-door (D2D), a container is transferred directly from a maritime terminal to a 
final customer by truck, and vice versa. In the other transport service, the import container is first transferred by a rail
shuttle from a maritime terminal to a multimodal terminal which locates in the port area, then transferred by train to an 

Abstract 
Recently, seaports have paid much attention to container transportation by rail 
to evacuate huge container flow received by sea. For this reason, more rail-road 
terminals are expected in upcoming years near urban regions in order to restrict the 
intensive use of roads and then achieve a better massification share of hinterland 
transportation. Indeed, containers are moved between seaports and inland terminals 
by trains whereas the last/first road mile to urban region is done by trucks. Thus, 
two main problems arise, firstly containers’ drayage by trucks and secondly handling 
operations management. This paper tries to give better answers to these problems 
by coupling an optimization model that combines a set of known and new constraints 
to determine the daily scheduling of trucks and a simulation model for container 
processing management, internal equipment scheduling and resource allocation. The 
paper introduces also the containers› availability times as a new concept to synchronize 
containers’ drayage by trucks and container processing within terminals. Finally, we 
evaluate different operating scenarios under the proposed solving approach based 
on real data sets.
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Abstract— In this work, we address the three-dimensional 
container stowage planning problem of inland vessels called 
barges. This problem consists in finding the most suitable 
location of each container in the barge in order to facilitate its 
retrieval in the chronology of ports to be visited, while satisfying 
the context-dependent structural and operational constraints 
related both to the barge and to containers. The main objective is 
to minimize the total number of unproductive loading/unloading 
movements, called “shiftings” while ensuring the longitudinal, 
transversal and vertical stability of the barge. This problem is 
treated on the basis of its relation with the bin-packing problem. 
Within this context, we propose a novel heuristic approach for 
solving container-on-barge stowage planning problem based on 
the First-Fit algorithm which is considered as one of the most 
basic bin-packing resolution methods.  

Keywords—stowage planning heuristic; shifting; loading; 
unloading; container; barge; stability; fragility; bin-packing 
problem; First-Fit algorithm. 

I.  INTRODUCTION 
Container on barge is a form of intermodal freight 

transport with a self propelled and flat-bottomed boat. As 
mentioned in [1]: “In regions well supported by waterway 
systems, fluvial transportation can be a privileged mode of 
shipment between economic activities. In fact, several 
industrial regions have emerged in along major fluvial axis as 
this mode was initially an important vector of 
industrialization. More recently, river-sea navigation is also 
providing a new dimension to fluvial transportation by 
establishing a direct interface between fluvial and maritime 
systems”.  

In container ports, the delay of barges can occur in 
different areas and can be caused by several factors [2]. 
However, the main activities affecting the time spent by the 
barge in each port are the unloading and loading operations of 
the containers. Indeed, a good loading plan in the initial port 
allows the reduction of the unloading time of the containers in 
their destination port, and consequently, the reduction of the 
overall transportation time. Another crucial factor to consider 
when planning loading plans is the stability of the barge, 

which has to do with how stable the barge is while performing 
loading and unloading operations.  

In its simplest version, the container stowage planning 
problem consists in organizing a set of containers on a 
container ship while minimizing the total number of shiftings 
movements. The containers being accessible only from the top 
of each stack, they are stowed according to the “Last In, First 
Out” policy, so that to unload a certain container, it is 
necessary to unload all the containers above, then reload them 
again into the stack, thus generating these unproductive but 
necessary movements called shifting which entails additional 
costs as well as a loss of time in the port.  

A very large number of studies on the container stowage 
planning problem have been carried out in recent years, 
mainly focusing on maritime transportation between container 
terminals using container ships. Different resolution methods 
have been applied, including mathematical programming, 
constraint programming, heuristics, meta-heuristics and 
simulation, we quote the works of [3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15]. Readers are referred to [10] for extensive 
literature reviews. Although considerable attention has been 
given in the literature to the container stowage planning 
problem in the case of maritime transportation, recently, an 
increasing interest has been given to the case of inland 
waterway transportation [16, 17, 18, 19, 20]. 

In this study, we tackle the container-on-barge stowage 
planning problem based on its relation with the bin-packing 
problem which is one of the major problems of operational 
research and combinatorial optimization. It presents very 
important industrial and economic issues, be it in terms of 
production, transport, schedule management, 
telecommunication, etc. [21]. The simplest version of the 
problem is to find the most economical storage possible for a 
set of objects in a set of bins respecting certain rules of 
placement. The main objective is to maximize the use of 
material and thus minimize the wasted area [22, 23, 24, 25]. 

This paper is divided into four sections. Following this 
introduction, the second section defines the container-on-barge 
stowage planning problem and identify its various 
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In this work, we address the three-dimensional container stowage planning problem of 
inland vessels called barges. This problem consists in finding the most suitable location 
of each container in the barge in order to facilitate its retrieval in the chronology of 
ports to be visited, while satisfying the context-dependent structural and operational 
constraints related both to the barge and to containers. The main objective is to 
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Abstract — International maritime transport has becoming 
an important and interesting way comparing to the land and the 
rail transport. This improvement have mainly reduced the 
travel time and the expected delivery time, except sometimes in 
difficult weather conditions where actual times may be slightly 
longer than expected. Containers terminals are considered as an 
interface between different maritime actors: ship owner, freight 
forwarder, consignee, containers terminal and port authority. 
In this paper, we focus our work on a part of the marine 
transportation, which is the transfer of containers by internal 
trucks inside a containers terminal. We solve this problem by 
proposing a new mathematical model and new resolution 
methods, the obtained results prove the effectiveness of the 
proposed approach, which help to improve the port efficiency. 

Keywords—Marine transportation, containers, Internal 
trucks, new mathematical model 

I. INTRODUCTION 
One of the main concerns of industrial companies is to 

improve the efficiency of their supply chain, in order to 
organize, at the lowest cost and the best service, the continuity 
and fluidity of the routing of their goods. While the 
globalization is affecting more and more the international 
volume of the exchanged goods and the organization of the 
companies, they need to optimize the costs of their logistics 
processes to keep the competitiveness against the other 
companies. One of the most important cost of the supply chain 
that affect the good cost if the one related to the transportation, 
its costs across the supply chain and during the sales process 
typically around 10 to 25% of the total cost of production. This 
represent more than 57% of logistics costs, surpassing storage 
(31%) and warehousing (8%) costs (UNTCAD 2014) [1]. 
Thus the acquisition of more efficient logistics tools and the 
combination with the operations research approach has 
become a major necessity to keep the port competitiveness and 
to meet the customers requirement. 

Maritime Transport is part of this approach since it is 
considered as the first preferred means of transport for 
international trade for retails and wholesales. It is considered 
as the most important link in the maritime logistics chain, 
which contains different actors who interact with each other. 
Maritime transport has known three major changes [2]: 

• Concept of containerization: introduction of the notion of 
"containers" by Mc Lean since the 1950s. 

• Multimodal transport: interaction between different modes 
of transport (maritime, road, river and rail). 
• Computerization and automation: which allowed shipping to 
accompany customer requirements to minimize the associated 
costs and the processing time of vessels. 
Naturally, during the handling operations, various problems 
can be raised by the container terminals. In the literature, 
Steenken et al’04 [3], Stahlbock et Vob’08 [4] have divided 
the different basic activities of a container terminal in two 
main areas: quay side and yard side. 

In the quay side, various optimization problems have been 
founded in the literature, they can be splitted in three main 
subclasses: 

• Berth Allocation Problem (BAP): In a container terminal the 
available berths are known in advance. The studies, which are 
dealing with this type of problem, are much more interested in 
optimizing the performance of a container terminal by 
reducing the costs associated to the waiting times and the risks 
associated to this operation. 

• Container Stowage: Once the vessel is docked, the next step 
is the handling operation which aims at stacking / unstacking 
the selected containers from / to the vessel, specifying their 
loading / unloading order and keeping the balance of the 
vessel. 

• Quay Crane Scheduling: Quay crane (QC), which is installed 
in the quay side and supports loading / unloading of containers 
from the vessel following the stowage plan. The question that 
arises is the number of QCs to be assigned per vessel and the 
optimization of the number of movements per hour to avoid 
unproductive movements. 

The yard side of a containers terminal is considered as a buffer 
zone for the storage of incoming and outgoing containers, and 
for transshipment. Existing papers in the literature can be 
divided into three subclasses: 

• Yard Crane Scheduling: Yard Cranes (YC) are installed in 
the storage area and contains a set of: blocks, each block 
contains a set of columns and lines that intersect to form stacks 
for loading, unloading and storage of containers in the yard 
area. YCs are considered to be the most crucial part in marine 

Abstract 
International maritime transport has becoming an important and interesting way 
comparing to the land and the rail transport. This improvement have mainly reduced 
the travel time and the expected delivery time, except sometimes in difficult weather 
conditions where actual times may be slightly longer than expected. Containers 
terminals are considered as an interface between different maritime actors: ship 
owner, freight forwarder, consignee, containers terminal and port authority.
In this paper, we focus our work on a part of the marine transportation, which is the 
transfer of containers by internal trucks inside a containers terminal. We solve this 
problem by proposing a new mathematical model and new resolution methods, the 
obtained results prove the effectiveness of the proposed approach, which help to 
improve the port efficiency.
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Université de Toulouse
IMT Mines Albi-Carmaux

Albi, France
cheik.ouedraogo@mines-albi.fr

2nd Sina Namakiaraghi
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Université de Toulouse

IMT Mines Albi-Carmaux
Albi, France

didier.gourc@mines-albi.fr

Abstract—Increasing flexibility and responsiveness are the op-
portunities smart logistics offers to companies. With the develop-
ment of the supply chain network (SCN) and big data processing,
a simple view at above two technologies separately has become
unadvisable. This work deals with the traceability and supply
chain risk management of containers during shipping expeditions
using real-time Data. The main objective of this article is to
analyse proposed solutions to improve the efficiency of the supply
chain by acting on risk management in containers transport.
A future approach to improve the real-time management of
shipments by taking into account random events is mentioned.

Index Terms—Smart Container, Traceability, Internet Of
Things, Supply chain risk management.

I. INTRODUCTION

Shipping is one of the key factors of globalization. 90%
of world trade is carried by sea transport [1] and 80% of
the goods transported by ships are actually transported in
containers [2]. This shows the influence of container shipping
on the international trade and multimodal transport. Fremont
et al. [3] sums it up all when claiming that without maritime
transport and containerization, there is no globalization possible.
However, container transport faces a large number of social
problems such as [4]:

• Transport of sensitive materials (cold chain, chemicals,
nuclear) that requires special conditions of transport to
avoid any risk.

• Lack of visibility regarding the position and shipping
conditions of containers during shipping which often leads
to theft, deterioration of goods and delays impacting all
supply chain.

• Difficulty to find fast and safe roads ensuring supply chain
efficiency while reducing the ecological footprint.

Most of the companies do not have a structured framework to
manage and mitigate their supply chain risks in multimodal

transport [5]. To increase their flexibility and responsiveness to
the growing demand, 90% of logistics and transport companies
are moving towards smarter logistics using Internet of Things
(IoT) solutions. The IoT offers new possibilities in terms
of visibility and permits to increase the performance of the
supply chain based on the amount of data gathered. The
development of internet of things permits to track containers
by using Intelligent tracking technologies. A large number of
technological and scientific solutions have been developed to
track and trace containers in order to deal with these problems.
The main objective of this article is to analyse scientific
methods, technologies and industrial solutions proposed to
ensure traceability and security of container during the shipment
in order to define a better method for supply chain risk
management in container transport. This work consists in
three stages, the first of which aims to define the context and
problems that are faced in the maritime transport of containers.
The second will present scientific works, project and industrial
solutions proposed to deal with the problems mentioned in
section one finally. Then the efficiency and effectiveness of
the solutions will be discussed, and a first direction is given to
address the problem of real-time data collection and exploitation
to help managing containers transport and its related hazards.

II. CONTEXT

Container transport gains more and more concern [6].
Stakeholders involved in maritime shipping, whether shippers,
transporters, logistic companies or even end customers, agree on
the need to develop some related functions around supply chain
risk management in order to take proactive actions. Surveys
that have been carried out as part of the projects to improve
the transportation and securing of materials have identified
needs around supply chain management and risk management.

Abstract 
Increasing flexibility and responsiveness are the opportunities smart logistics offers 
to companies. With the development of the supply chain network (SCN) and big 
data processing, a simple view at above two technologies separately has become 
unadvisable. This work deals with the traceability and supply chain risk management 
of containers during shipping expeditions using real-time Data. The main objective of 
this article is to make a state of the art of proposed solutions to improve the efficiency 
of the supply chain by acting on risk management in containers transport. A future 
approach to improve the real-time management of shipments by taking into account 
random events is mentioned.
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Abstract— One of the most important issues in the 21st century 
was the unpredictable, dynamic and ever-changing environment. 
In this context, companies, in general and those dedicated to 
manufacturing in particular, struggle to obtain a sustainable 
competitive advantage, or even to ensure their survival, which 
has created and introduced one of the last organizational 
concepts: agility.  

By putting the environment and the social issues at the heart of 
its concerns, the agile organization needs to reinforce these 
investments by developing the fundamental capabilities of the 
workforce in order to adapt in an agile way to the different 
changes in the environment. . Thus, workforce agility was 
considered as a second positive response to environmental 
uncertainty.  

This research explores companies' perceptions of the workforce 
agility in order to clarify this construct. To do this, we focus on 
the five foundational currents of workforce agility, namely: 
intelligence, competencies, collaboration, culture and information 
systems. Thus, in a qualitative approach, we seek to study the five 
agile capacities by exploring their content, in particular the 
practices related to these capabilities. As a result of this analysis, 
we will perform a classification in order to study companies’ 
groupings. 

Keywords-Organizational agility ; workforce agility ; 
intelligence ;  competencies ; collaboration ; culture and 
information systems . 

I.  INTRODUCTION  
Although the literature on the workforce agility is new and 

relatively conjectural compared to the generally accepted level 
of its importance for organizational agility [1], [2], agility 
literature generally agrees that an agile workforce is an 
essential facet of an organization's overall agility [1], [3]–[12]. 
Indeed, and according to Qin and Nembhard [12], several 
research needs for the workforce agility have been identified 
[12]. First, the acceleration of market and organizational 
dynamics has continuously altered workforce requirements [6], 
[12]–[19]. Now, having the right number of workers with the 
right knowledge and skills at the right time [7], [20], [21], [12], 
doing the right things the right way is a moving target that 
needs to be well managed with easy [7], [20], [21], [12], fast 
and cost-effective transitions [7], [20], [21], [12]. Second, 
research on workforce agility is in its infancy [12]. Indeed, the 
components of the workforce in agility literature are relatively 
rare and having special characteristics and capabilities is 

necessary for the agility of the workforce [12]. Third, results in 
the areas of organizational agility are not sufficient for direct 
use in acquiring [22], [2], [12], managing and maintaining 
workforce agility [22], [2], [12]. Thus, recent researches have 
defined the workforce agility from several perspectives and a 
precise theory or definition of the workforce agility has not 
been established [12], [22]–[24]. In such situations, the 
problem that has occupied the managers’ minds is how 
workforce agility can be achieved in organizations and what 
capabilities or resources do workforces need to achieve this 
agility. 

In this research, and in order to answer these two questions, 
we identify firstly and classify workforce agility capabilities, 
and then we identify all practices associated with each agile 
capability that an agile workforce is supposed to have.  

Our paper is structured as follows: It starts with a review of 
the workforce agility literature, followed by a definition of the 
agile workforce capabilities. Then the empirical approach is 
presented and the findings are interpreted. Finally, we conclude 
with a discussion of the study contributions, limitations and 
suggestions for future research. 

II. WORKFORCE AGILITY 
Different authors and researchers have defined the agility 

of the workforce from a specific capability or attitude or 
behavior demonstrated or required by workers in a volatile 
global environment perspective [24] (Table I). 

TABLE I.  WORKFORCE AGILITY DEFINITIONS FROM DIFFERENT 
PERSPECTIVES 

Perspective Author Definition 

Attitude Plonka  
[15] 

The agile workforce has a positive attitude 
towards learning and personal development 
[15], [24]; has a good problem solving 
skills [15], [24]; adapt to change [15], [24], 
new ideas and technologies [15], [24]; has 
the ability to generate and propose 
innovative ideas and to be always ready to 
accept new responsibilities [15], [24]. 

Dynamic 
capability 

Vanstone 
[25] 

The employees capability to solve problems 
on a daily basis [25], [26] and to respond 
strategically to uncertainty and the needs of 
companies because of the diversity of 
commercial and technical knowledge they 
have in all areas of their business [26]. 

Abstract 
One of the most important issues in the 21st century was the unpredictable, dynamic 
and ever-changing environment. In this context, companies, in general and those 
dedicated to manufacturing in particular, struggle to obtain a sustainable competitive 
advantage, or even to ensure their survival, which has created and introduced one of 
the last organizational concepts: agility.
By putting the environment and the social issues at the heart of its concerns, the agile 
organization needs to reinforce these investments by developing the fundamental 
capabilities of the workforce in order to adapt in an agile way to the different changes 
in the environment. Thus, workforce agility was considered as a second positive 
response to environmental uncertainty.
This research explores companies› perceptions of the workforce agility in order 
to clarify this construct. To do this, we focus on the five foundational currents of 
workforce agility, namely: intelligence, competencies, collaboration, culture and 
information systems. Thus, in a qualitative approach, we seek to study the five agile 
capacities by exploring their content, in particular the practices related to these 
capabilities. As a result of this analysis, we will perform a classification in order to 
study companies’ groupings.
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Résumé—Un dimensionnement suffisant des aires de 
livraison combiné avec leur disponibilité effective facilite la 
tâche des livreurs, fluidifie la circulation urbaine et améliore la 
qualité de vie en ville. Il est pourtant à noter qu’il n’existe 
toujours pas d’outil formel associé à une approche globale pour 
la conception et la gestion d’un réseau d’aires de livraison. Nous 
proposons d’étudier l’intérêt d’un système intelligent de 
stationnement urbain ayant la capacité de modifier, en temps 
réel, le statut des places de parking d’une aire de livraison à un 
emplacement ordinaire et inversement. Sa mission principale est 
de partager, équitablement entre les différents utilisateurs de la 
voirie, l’ensemble des infrastructures de stationnement. Dans 
cet article, nous nous concentrons sur l’analyse de la pérennité 
économique de notre solution à travers un outil simpliste de type 
Canvas dont la structure constitutionnelle permet d’illustrer la 
valeur du dit système aux yeux du client. Nous explicitons les 
multiples avantages en nature et/ou en espèces créés par notre 
proposition en faveur des différentes parties prenantes. 

Mots clés—logistique urbaine, aire de livraison, stationnement 
en ville, système intelligent, modèle économique Canvas 

I. INTRODUCTION 
Les livraisons de marchandises, dans les centres urbains, à 

destination des professionnels et des particuliers sont 
génératrices d’un trafic important de véhicules, des deux-
roues aux camions [1]. Elles engendrent des nuisances 
sonores, concourent à l’insécurité routière, consomment de la 
surface de voirie, émettent des polluants atmosphériques 
(oxyde d’azote, oxyde de soufre, composés organiques 
volatils…) et des gaz à effet de serre (dioxyde de carbone, 
méthane…) dont certains participent activement au 
réchauffement climatique [2], [3], [4]. Ces effets négatifs 
s’intensifient avec la croissance de la demande notamment 
due au phénomène d’urbanisation initié il y a quelques années 
et au développement du commerce électronique [5].  

Dans un secteur où la concurrence est très vive, les livreurs 
doivent respecter les délais de livraison pour maintenir et 
développer une clientèle fidèle. Pour raccourcir les temps de 
livraison face à une demande croissante, ils n’hésitent plus à 
stationner en double file en réquisitionnant une partie des 
voies de circulation pour l’exercice de leur activité. Ces 
pratiques illicites amplifient fortement les externalités 
négatives précitées. Elles réduisent la capacité du flux routier, 
ralentissent les vitesses d’écoulement, entrainent des temps de 

parcours plus longs et finalement, impactent la performance 
des autres transporteurs ! 

Pour éviter ces comportements, les municipalités 
proposent des aires de livraison. Il s’agit d’infrastructures 
légères dédiées à l’affectation d’une partie de la voirie au 
stationnement de véhicules pour le transport de marchandises 
[6] et généralement identifiées par un marquage. Ces 
équipements fixes sur site ouvert permettent d’améliorer le 
transit de marchandises et leurs relations entre la voirie et le 
lieu d’exploitation [7]. Ils sont des places d’arrêt momentané, 
et pas de stationnement dont la durée est limitée à 30 min pour 
la plupart des pays. La nuance n’est pas neutre puisqu’elle 
sous-entend un turnover important des véhicules utilisateurs. 
Ils existent deux types d’aires de livraison : celles réservées 
toute la journée pour la livraison et celles dont la destination 
évolue sur certaines périodes de la journée. 

Nous proposons une nouvelle vision du stationnement 
urbain écartant les méfaits associés au stationnement illégal 
des transporteurs. Nous soulignons et mettons en gras les 
différentes déficiences d’un réseau d’aires de livraison 
habituel. Nous discutons diverses approches suggérées et 
initiatives menées visant une meilleure aménagement et 
organisation des aires. Nous présentons, ensuite, la finalité de 
notre système, son principe et sa gestion des livraisons. Nous 
analysons, à travers le modèle économique Canvas, l’intérêt 
de notre solution, les architectures matérielles possibles, les 
stratégies partenariales potentielles et leur pilotage. 

II. AIRES DE LIVRAISON : UNE SOLUTION DE BASE 
Aujourd’hui, les aires de livraison ne constituent pas la 

solution ultime à tous les problèmes compte tenu du fait que 
ces problèmes sont rarement formalisés objectivement. Elles 
ne peuvent être efficaces que si leur aménagement spatial 
(nombre, emplacement et taille) est cohérent, leur organisation 
(temps plein/temps partiel) est optimale et le respect de leurs 
règles de gestion est assuré. Faute de quoi, les opérateurs font 
face à plusieurs difficultés dans l’accomplissement de leurs 
tâches : obligation de stationner sur une place gênante ou 
interdite si les aires dédiées sont occupées, déplacement de 
charges lourdes (jusqu’à 300 kg) au moyen des outils pas 
toujours compatibles et ce sur des distances relativement 
importantes (> 50 m) et parsemées d’obstacles (mobilier 
urbain, différences de niveau de la voirie, largeurs de trottoir). 

La réalité du terrain présente deux situations 
contradictoires : les aires peuvent être sous-employées si elles * Affilié aussi à la Fondation de Recherche de Développement et 

d’Innovation en Sciences et Ingénierie et à l’EIGSI.   

Abstract 
Un dimensionnement suffisant des aires de livraison combiné avec leur disponibilité 
effective facilite la tâche des livreurs, fluidifie la circulation urbaine et améliore 
la qualité de vie en ville. Il est pourtant à noter qu’il n’existe toujours pas d’outil 
formel associé à une approche globale pour la conception et la gestion d’un réseau 
d’aires de livraison. Nous proposons d’étudier l’intérêt d’un système intelligent de 
stationnement urbain ayant la capacité de modifier, en temps réel, le statut des places 
de parking d’une aire de livraison à un emplacement ordinaire et inversement. Sa 
mission principale est de partager, équitablement entre les différents utilisateurs de 
la voirie, l’ensemble des infrastructures de stationnement. Dans cet article, nous nous 
concentrons sur l’analyse de la pérennité économique de notre solution à travers un 
outil simpliste de type Canvas dont la structure constitutionnelle permet d’illustrer la 
valeur du dit système aux yeux du client. Nous explicitons les multiples avantages en 
nature et/ou en espèces créés par notre proposition en faveur des différentes parties 
prenantes.
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Abstract— Check-in is one of the most important formalities of 
the passenger’s airport flow; it is the first step of travel and one 
of the airport activities suffering from more congestion. 
Therefore, it is pushing all airport managers continuously to 
develop a solution to this problematic. This article aims to give a 
generic model to this sub-process to better understand it 
through a generic knowledge model. The case study was 
conducted on the Casablanca Mohammed V 
International Airport CMIA. The originality of this work lies in 
its use of the ASDI (Analyze, Specification, Design and 
Implementation), a methodological framework, commonly used 
in hospital logistics, and for the first time in the airport field. 
This framework is based on building dynamic and static 
modeling of the check-in subsystem and its decomposition into 
three subsystems (logical, physical and decision-making). The 
result model can be generalized and reused, on other terminals, 
other airport activities or even other international airports. 
 

Keywords: Check-in; Passenger flow; Modeling; 
Methodological framework; ASDI; UML; BPMN. 

I.  INTRODUCTION  

The main role of a terminal is to effectively process the 
passenger and its luggage. Therefore, it is essential to set up 
simplified and streamlined flow circuits to adjust this flow to 
the potential capacities of each installation. Thus, airports 
must be designed for the users and efficient for the operators. 
They must therefore resolve the equation of ensuring the 
fluidity expected by the passenger and manage the 
complexity and divergence of other airport processes; 
particularly the check-in process which is the most important 
process in the passenger circuit. Without a policy of 
accompanying the traffic growth, the saturation of the entire 
system is inevitable in the long run. The first step for such an 
action is the modeling and control of the system taking into 
account all its issues and constraints. 

The Casablanca Mohammed V International Airport 
(CMIA), the first and the largest Moroccan airport in terms of 
capacity, traffic, diversity of destinations and airlines, and 
ahead of the growth of its air traffic, year after year, will see 
its issues of managing flows more and more important. In 
fact, « Customers want speed, convenience and control and 
airlines want to use technology to offer new options as they 
improve service and cut costs » [1]. This challenge shows not 
only the need of additional investments entailing a huge 
financial cost, but above all, an urgent need for stream 

optimization and improvement, starting with analysis of the 
CMIA passenger circuit, especially its check-in activity, one 
of its most important formality operated on terminal 2.  
This article will present a generic knowledge model for the 
check-in process that has the option of "reusability" and 
"generalization" at other CMIA terminals or other airports. 

We will present in the second section of this article the 
different check-in modes. A brief state of the art of researches 
made in check-in modeling is given in next section. After that 
we present the methodological framework chosen to model 
airport process. Finally we apply the ASDI methodology to 
the CMIA check-in process and generate its generic 
knowledge model. 

II. PASSENGER DEPARTURE AND CHECK-IN SERVICE 

A. The end to end passenger departure circuit 

At any airport, there is the flow of passengers departing, 
arriving and connecting (in transit). In this article, we will 
focus on the departure circuit because it has the greatest 
impact on the operation of terminal passenger and other 
elements of the airport and requires much more time than the 
arrival circuit [2]. Thus, the departure circuit includes all the 
different activities carried out by the passenger from the 
moment of his arrival at the terminal until his boarding the 
plane. These activities can be purely aeronautical, ie, which 
are in close relation with the travel formalities, or non-
aeronautical (discretionary activities) [3] namely : free shops, 
restaurants, cafes, shops, car rental companies ..., Fig.1 
describes the aeronautical activities of departure and arrival 
circuits as defined by the International Air Transport 
Association (IATA) [4]. Steps cited by IATA distinguish five 
main key steps that each passenger must go through to 
validate his air travel formalities of departure: 01-arrival at 
the terminal, 02-check-in, 03-security check and Customs, 
04- immigration control and finally 05- boarding. 

 

Fig. 1. End to end passenger integrated departure process-IATA [4] 

Abstract 
Check-in is one of the most important formalities of the flow of airport passengers. 
This is the first formality of the trip and one of the points of the airport that suffer the 
most congestion. As a result, it represents a concern for all airport managers pushing 
them to develop this link continuously. This article aims to give a model to this sub-
process to better understand it through a generic knowledge model. It will be applied 
to terminal 2 of MIAC, the Mohammed V International airport of Casablanca. The 
originality of this work lies in its use, for the first time in the airport field, of the 
ASDI methodological framework, commonly used in hospital logistics. This results 
in a dynamic and static modeling of the check-in subsystem and its decomposition 
into 3 subsystems (logical, physical and decision-making). The resulting model can 
be generalized and reused on other terminals ; or even other international airports.
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ABSTRACT—This paper proposes a new car-
following model by taking into account the effect of 
short-term driving memory on the driver’s 
anticipation behavior. This effect has been considered 
in recent years as one of the important factors 
influencing driver anticipatory behavior. The linear 
stability condition of the proposed model is gained by 
applying the linear stability theory. By numerical 
simulation, the evolution of small perturbation is 
studied. The results show that the stability of the 
vehicle system can be effectively improved by taking 
into account the effect of a short driving memory on 
driver anticipation. All the results show that the 
proposed model has greater stability compared to the 
FVDM model and other existing car-following models. 

Keywords—Traffic flow, Car-following model, 
Anticipation driving behavior, driving memory, 
Simulation 

I. INTRODUCTION 
For a long time, increasing traffic problems have 
damaged people's living environment [1].Traffic in 
many cities is essentially in a state of stops and starts 
[2] [3] [4] [5] [6], which produces repeated cycles of 
acceleration and deceleration, and many other 
problems. For example, excessive emissions of 
greenhouse gases from vehicles cause environmental 
and noise pollution [7], mainly due to the behaviour 
of drivers and the uncomfortable situation of road 
users [3]. In addition, traffic congestion leads to 
excessive fuel consumption and wastes a lot of 
additional energy [8] [5] [6] [7]. Recently, traffic 
jams and a series of traffic jam problems are 
becoming more and more important. Research on 
congestion reduction is becoming more and more 
important. Therefore, Researchers have built various 
effective mathematical models to solve the 
phenomenon of congestion and study its formation 
mechanism [9].       Since 1934, researchers like 
Greenshields [10], have already started to study 
traffic flow models which are based on the 
assumption that there is some relation between the 
distance between vehicles and their velocity. So far, 
many traffic flow models have been offered, 
including the following categories: Car-following 
model [11] [12] [13], Continuum model [14], lattice 

hydrodynamic model [15], cellular automaton model 
[16]. Generally, there are two different conceptual 
frameworks for modelling traffic [17].  On the one 
hand, macroscopic models describe traffic as a 
continuum. On the other hand, microscopic models 
describe the behavior of individual vehicles, in 
which each vehicle is explicitly represented by a 
particle. the nature of the interactions between these 
particles is determined by how the vehicles influence 
each other's movements. In other words, the 
microscopic approach treats vehicular traffic as a 
system of interacting particles far from equilibrium 
[17]. The mesoscopic approach was developed to fill 
the gap between microscopic models and 
macroscopic models. It describes the behavior of 
vehicles in aggregate terms such as in probability 
distributions [18]. In fact, the macroscopic approach 
provides a good basis for avoiding or minimizing 
congestion phenomena. However, this approach has 
certain limitations which consist in their inability to 
take into account vehicle interactions such as 
discontinuity in the flow, conflicts between vehicles 
and non-homogeneity between adjacent lanes [19]. 
Nevertheless, microscopic models make it possible 
to overcome this shortcoming by offering real 
possibilities of representing interactions and 
conflicts between vehicles [19]. In this context, 
several microscopic models have been proposed: 
car-following, gap-acceptance, speed adaptation, 
lane-changing, ramp merging, Overtakes [20]. 
Otherwise, car-following models are the most 
widely used by academics and experts to describe 
traffic dynamics and reveal certain characteristics of 
traffic congestion from a microscopic perspective. 
Moreover, car-following models aim to translate the 
behavior of the driver of the vehicle into a flow of 
vehicles [19]. Since, Pipes [11] presented the first 
Car-Following Model, the basic idea of which is that 
the acceleration or deceleration of the vehicle in 
consideration is determined by the speed difference 
between this vehicle and its previous one, an 
increasing number of models have been offered. But 
Pipe’s model does not take into account the effect of 
the headway distance and only takes in consideration 

Abstract 
This paper proposes a new car-following model by taking into account the effects of 
driver anticipation and short-term driving of the preceding vehicle. Driver memory 
is presented as one of the factors influencing driver anticipation behaviour. Then, 
the linear stability condition of the proposed model is gained by applying the linear 
stability theory. By numerical simulation, the evolution of small perturbation is 
studied. The results show that the stability of the vehicle system can be effectively 
improved by the effect of a short driving memory and driver anticipation. The process 
of starting and changing vehicles passing through the signalized intersection is also 
studied. All the results show that the proposed model has greater stability compared 
to the FVDM model and other existing car-following models
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Abstract— the aim of this article is to present On-Demand 
transport services provided for persons with disabilities in 
France. The results presented in this article could help to know 
the services developed according to the need of handicaps and 
propose a roadmap toward new services in order to facilitate 
their integration into the society and their access to the cities 
infrastructure. 

Keywords— transport on-demand, disabled people, 
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I. INTRODUCTION 
The territories are urbanizing. Cities are more attractive than 
ever, whether culturally, economically or convenient with 
amenities and essentials nearby. According to INSEE in 
2010, 77.5% of the French population lived in urban areas. 
By 2030, 7.5 billion people will populate the Earth and about 
5 billion will be cities dwellers. Whatever the reasons for 
people to stay or join the cities, this growing trend goes hand 
in hand with many problems and opportunities, exacerbated 
as the years go by. 
People in special situations include disabilities (regardless of 
the type of disability: motor (with or without a wheelchair), 
physical, sensory, mental, psychic, cognitive, multi-
handicap, visual and auditory), the elderly people with 
disabilities, reduced mobility. The access of people in special 
situations to the whole of the ordinary living environment is 
a key issue to guarantee their participation and integration 
into the society and to avoid the isolation of this stratum of 
city dwellers, which has about 5 million people considered as 
disabled in France, including 2 million with reduced mobility. 
The law of February 11, 2005 “for equal rights and 
opportunities, participation and citizenship of people with 
disabilities” provides for the principle of widespread 
accessibility in all areas of daily life and social life, whatever 
the type of disability. It involves a change of outlook on the 
issue and taking into account the diversity of situations. The 
purpose of this law is to facilitate the access of persons with 
disabilities to the physical environment, transport, 
information and communication, equipment and services 
open to the public, schooling, employment, access to culture 
and recreation, etc. A comprehensive list of laws enacted in 
France in relation to the mobility of persons with reduced 
mobility is presented in Appendix1.  
In addition, the ministry in charge of health has identified 
major orientations by targeting health and medico-social 
establishments fixed around four axes:  

                                                           
1 Agence Nationale d’Appui à la Performance des établissements de santé 
medico-social) 
2 Établissements médico-sociaux (EMS) 
3 Centres d’Actions Médico-Sociale Précoces (CAM) 

 Fluidity people’s journeys 

 Facilitate knowledge of the health offer, decision 
support and management dialogue 

 Help improve the care and support of users 

 Optimize the organization of support and support 
functions. 

Centers for Persons with Disabilities respond to an important 
need and are central to the major social issues of our national 
community.  
To give an example, the ANAP 1  [1] assists healthcare 
professionals of health facilities and services and medico-
social in the development of their organization to improve the 
service rendered to the user. 
Transport is one of the pillars of support for people in special 
situations to help them to carry out an activity, to go to a 
school or a job, to reach their home, etc. The implementation 
of the project of life of the person and the logic of inclusion 
contribute thus to develop the displacements. In 2010, health 
transport became one of the top ten priorities of the Health 
Insurance Risk Management Plan due to the increased cost of 
these transports [1]. For homes nursing2 (EMS), the cost is 
often the second largest expense after the staff [2]. 
In France, several establishments have recently set up this 
type of service. Only for handicaps, there are currently about 
8,500 centers, divided in 3,000 centers for children and 
adolescents and more than 5,000 centers for the adults. 
  
Projects dealing with the “transport of persons with 
disabilities” address decision support for the choice of 
transport modes and their organization in order to find the 
best balance between the quality of transport and, of course, 
the service by taking account the constraints concerning the 
travel time and its cost. To give some examples for this type 
of organism, we refer to Centers for Early Medico-Social 
Actions3 (CAMSP) for children, the Departmental Homes for 
the Disabled People 4  (MDPH) and the Group for the 
Integration of Physically Disabled People5 (GIHP). The last 
one, GIHP, is known for its mission to animate this dynamic 
network, to bring to the National Authorities the needs and 
expectations of people with motor and sensory disabilities.  
  
In parallel with growing interest in private and public 
companies, academic researchers have also given a special 
attention to this subject and have proposed the innovative 

4 Maisons Départementales des Personnes Handicapées (MDPH) 
5 Groupement pour l’Insertion des personnes Handicapées Physiques 
(GIHP) 

Abstract 
The aim of this article is to present On-Demand transport services provided for 
persons with disabilities in France. The results presented in this article could help 
to know the services developed according to the need of handicaps and propose a 
roadmap toward new services in order to facilitate their integration into the society 
and their access to the cities infrastructure.
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Résumé— L’appropriation des plans de déplacement urbain 
qui traitent séparément la mobilité des passagers et des 
marchandises réduit énormément la durabilité et l’utilisation 
rationnelle des ressources. Ces phénomènes sont encore 
amplifiés dans les villes assez peu dotées en matière 
d’infrastructures logistiques mais qui connaissent pourtant une 
explosion du nombre de commerces de proximité nécessitant des 
livraisons. Les schémas intégrateurs, d’un point de vue des flux 
pourraient combler cet écart, cependant ils reposent sur une 
mutualisation à grande échelle. Ce papier a pour objectif de 
présenter comment le concept d’Internet Physique peut aider à 
cette mutualisation en supportant les alternatives de mixité 
voyageurs / fret au niveau des agglomérations urbaines. 

Mots clés— Internet Physique, logistique urbaine, transport 
des marchandises, mobilité mixte, mutualisation des ressources. 

I. INTRODUCTION  
Le transport des marchandises en ville (TMV) constitue un 

secteur support de l’activité économique et commerciale. Il 
connait une demande croissante qui poussent l’ensemble des 
acteurs à s’intéresser aux solutions de mobilité durable [6], 
difficiles à mettre en œuvre, compte tenu du nombre d’acteurs 
qui interviennent sur ces derniers kilomètres [39]. Ce nombre 
important rend difficile la concertation et la collaboration 
pourtant nécessaires à l’implémentation de solutions 
performantes qui répondraient aux nuisances générées par le 
transport de marchandises en ville de type pollution de l’air, 
pollution sonore, accidentologie, largement amplifiées aux 
heures de pointe qui sous-entendent un partage tendu de la 
voirie. 

Avec l’évolution des alternatives logistiques actuellement 
disponibles, les consommateurs du service logistique sont 
devenus plus exigeants et souhaitent se faire déplacer et livrer 
vite et moins cher. Cependant ce progrès technologique est 
souvent accompagné par un manque d’efficience, de 
rationalisation et de durabilité. Pour pallier à ces problèmes, 
les plans de mutualisation logistique et de transport 
multimodal en villes ont été développés trop vite. Ils ont 
permis d’organiser les opérations de transport par acteurs et 
par opportunités en vue de rejoindre des destinations 
communes. En résultante, les schémas préconisés ont pu 
revêtir différentes configurations mettant en commun les 
flottes, les infrastructures, la gestion mutualisée des 
approvisionnements et / ou de plateformes urbaines. 

La livraison du dernier kilomètre sous réseaux mutuels est 
susceptible d’évoluer encore dans l’avenir. Elle aboutit 
aujourd'hui à une myriade de concepts dont les retombées 

sculptent l'approvisionnement eu égard aux caractéristiques de 
la ville. Inspirée d’Internet, l’Internet Physique, de l’anglais 
Physical Internet (PI ou π), est un concept introduit par les 
travaux [9], [10], [11], [12], [43]. Il propose une vision plus 
durable et rationnelle en se basant notamment sur la 
mutualisation des ressources aujourd’hui sous-utilisées. Son 
principe s’appuie sur la manipulation des marchandises dans 
des hubs, comme c’est le cas pour la transmission des données 
via les réseaux informatiques [10]. En effet, PI propose une 
vision alternative des schémas d’approvisionnement pour une 
logistique plus durable qui vise :  

• Une meilleure utilisation des ressources logistiques  

• Une minimisation de pertes par rupture de charge. 

Dans les villes, les flux de passagers et de marchandises 
s’influencent mutuellement puisqu’ils partagent à minima une 
ressource commune, la voirie. Autant dire qu’une partie du 
parcours des passagers et du parcours des marchandises est 
commune. Néanmoins, les flux ne sont pas pour autant 
interconnectables. La contribution de cet article est 
d’identifier dans les propositions du concept de PI qui 
permettraient de pallier ce manque. Dans un cadre intégrateur, 
nous précisions une représentation logistique qui met en avant 
l’interdépendance entre les passagers et les marchandises de 
manière récurrente. Cette représentation repose sur les 
principes de l’approche PI et vise à explorer la fonction 
d’interconnexion universelle de prestations urbaines. 
L’objectif, en effet, est de relever ainsi le défi d’une logistique 
urbaine plus durable en poussant la mutualisation des 
ressources mobilité passagers / mobilité marchandises. 

Dans les sections suivantes nous développons notre 
problématique générale. Nous proposons, par la suite, 
d’étudier quelques exemples de mutualisation en matière de la 
logistique urbaine afin de débattre sur les synergies 
potentielles entre le transport mixte et le concept PI. Avant de 
conclure, nous ferons un focus sur le rôle potentiel des π-hubs 
dans les schémas de transport urbain mixte. 

II. PROBLÉMATIQUE 
La rationalisation de la mobilité urbaine et la réduction de 

la congestion sont des enjeux pour lesquels la recherche a 
apporté beaucoup de solutions : l’implantation des centres de 
distribution urbaine [41], l’optimisation des tournées des 
véhicules [27], le concept du dernier kilomètre synchronisé 
[42], etc. La mise en place des systèmes de TMV partagés 
entre les passagers et les marchandises sans détériorer la 
qualité du service, les délais et les fréquences du système de 
passagers est aussi une solution qui mérite d'être envisagée. *Affilié aussi à la Fondation de Recherche de Développement et 

d’Innovation en Sciences et Ingénierie et à l’EIGSI. 

Abstract 
L’appropriation des plans de déplacement urbain qui traitent séparément la mobilité 
des passagers et des marchandises réduit énormément la durabilité et l’utilisation 
rationnelle des ressources. Ces phénomènes sont encore amplifiés dans les villes 
assez peu dotées en matière d’infrastructures logistiques mais qui connaissent 
pourtant une explosion du nombre de commerces de proximité nécessitant des 
livraisons. Les schémas intégrateurs, d’un point de vue des flux pourraient combler 
cet écart, cependant ils reposent sur une mutualisation à grande échelle. Ce papier 
a pour objectif de présenter comment le concept d’Internet Physique peut aider à 
cette mutualisation en supportant les alternatives de mixité voyageurs/fret au niveau 
des agglomérations urbaines.
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Abstract— To manage the unbalance between the needs in 
expensive containers (such as refrigerated containers or 
‘reefers’) in some places, and the fact that the available empty 
containers of this kind are in another place, it is necessary to 
move these empty containers efficiently between places. In this 
paper, we use the empty carriers during their return trips after 
a delivery, to move the empty containers from the locations 
where they are, to the locations were they are needed. First, we 
use a method based on the Stepping Stone algorithm to 
compute a minimal cost list of moves in the associated 
transportation problem. Second, we use a heuristic to choose 
carriers during their return trips, and compute low cost 
possible path deviations that needed to accomplish these moves. 
A numerical example is presented at the end. 

Keywords— Physical Internet, Transportation Problem, 
Vehicle Routing Problem with Backhauls, Shortest Path 
Problem. 

I. INTRODUCTION 
The concept of a Physical Internet (PI) is grounded on the 

idea that it is possible to manage the transportation of 
physical objects, such as containers and the goods inside, 
with the same principles used to manage data packets on the 
Internet. This may help to efficiently move these physical 
resources thanks to concepts and solutions developed for data 
networks, such as encapsulation, routing and resources 
sharing. It also leads to concepts such as smart modular 
containers and their physical routing (π-containers, π-hubs...), 
and the management of carriers used to move them in a PI.  

There are several reference models for data networks (the 
most famous being the OSI reference model and the TCP/IP 
reference model). For a Physical Internet, there are at least 2 
different reference models: the OLI reference model of 
Montreuil [9] and the NOLI reference model [4, 5]. Table I 
below presents an overview of these reference models.  

TABLE I.  AN OVERVIEW OF SOME REFERENCES  MODELS 
FOR DATA AND LOGISTICS NETWORKS 

TCP/IP 
Layer Name 

(Internet) 

OSI reference 
Model 

Layer Name 
(electronic 
network) 

OLI  
Layer Name  

(logistic 
network) 

NOLI  
Layer Name  

(logistic 
network) 

 
Application 

7. Application  7. Logistics 
Web 

7. Product 

6. Presentation 6. Encapsulation 6. Container 
5. Session 5. Shipping 5. Order 

Transport 4. Transport 4. Transport 
Network 3. Network 4. Routing 3. Network 

3. Network 
Network 
Access 

2. Data Link 2. Link 2. Link 

Physical 1. Physical 1. Physical 1.Physical 
Handling 

All these reference models are divided into several layers. 
Each layer is in charge of managing one part of this problem. 
The layers are stacked, and a layer N uses the services 
offered by the layer N-1 below it, and offers services to the 
layer N+1 above it. So each layer includes a list of the 
services it has, or just may offer. It also includes a 
description of each standard interface that must be used to 
utilize these services.  

As one can see in Table I, the OSI, OLI and NOLI 
models all include seven layers. However, the 3, 4 and 5 OLI 
model layers are different from the 3, 4 and 5 OSI model and 
NOLI model layers. We argue in [4] that the original 3, 4 and 
5 layers in the OSI seem to be more appropriate, even for 
logistic networks, so we keep it this way in our NOLI model.  

Furthermore, the OLI model manages all physical 
components in its Layer 1. We argue in [4] that, although this 
is also the case in the OSI model, this cannot be kept this 
way in logistic networks. Physical containers, for example, 
are physical objects, while their equivalents are additional 
electronic data in the OSI model. So in our model, containers 
appear as physical objects in Layer 6 in our NOLI model. 
Layer 1 in the NOLI model just defines and manages objects 
that are equivalent to physical objects in the OSI model. 

For these reasons, we proposed our own NOLI reference 
model for logistics networks. 

Fig. 1 below presents the 7 layers of the NOLI reference 
model, with some functionalities for each layer. 

In our NOLI reference model, layer 6 defines the possible 
different types of physical objects that can be moved in this 
model, and describes all the different kind of π-containers 
that may be used to transport them. Layer 6 is also in charge 
of delivering empty π-containers to the places where they 
will be filled with physical goods, and to retrieve emptied π-
containers once they reach the delivery place. 

A more detailed explanation and discussion of the NOLI 
layers in Fig. 1 can be found in [4]. 

One aspect that is managed by layer 6 is the handling of 
the rare and expensive π-containers. These containers are 
more complex than basic containers, because they are used to 
move specific goods, or move some goods in specific 
situations. This includes refrigerated containers („reefers‟) for 
moving frozen food or medicinal products. 

Due to permanent or seasonal imbalances in trade, it is 
very common for these scarce and expensive containers to 
accumulate at delivery points (cities, ports, etc.) once 
emptied, and to be rarely available at the starting points (fruit 
and vegetable warehouses, pharmaceutical factories, etc.) to 
be filled. To ensure a good pooling of these resources (which 
is one of the goals of a Physical Internet), it is therefore 

Abstract 
To manage the unbalance between the needs in expensive containers (such as 
refrigerated containers or ‘reefers’) in some places, and the fact that the available 
empty containers of this kind are in another place, it is necessary to move these empty 
containers efficiently between places. In this paper, we use the empty carriers during 
their return trips after a delivery, to move the empty containers from the locations 
where they are, to the locations were they are needed. First, we use a method 
based on the Stepping Stone algorithm to compute a minimal cost list of moves in 
the associated transportation problem. Second, we use a heuristic to choose carriers 
during their return trips, and compute low cost possible path deviations that needed 
to accomplish these moves. A numerical example is presented at the end.
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Abstract— Industry 4.0 is a well spread research topic both 
in academia and industrial areas, the concept afflicts 
meaningful changes and modifications to known up to day 
traditional concept of Logistics by adopting Industry 4.0 key 
technologies such as wireless information transmission, big 
data and Internet of Things. 

 In the context of  fourth industrial revolution, 
technological innovation has become a necessity asset to 
production systems and scheduling, thus creating a direct 
influence on the concept of Logistics,  best given examples are 
the development and the widespread integration of information 
and communication technologies in applications over the last 
ten years such transport management systems, warehouse 
management systems and much more. 

Continuous variables decision-making processes such as 
scheduling have gained a huge interest recently especially with 
increasing shift to smart manufacturing where non linear 
optimization is not working in practice for large-scale planning 
and scheduling models. Dynamic scheduling may be considered 
an enhancer to logistics 4.0 under Industry 4.0 back end layer. 

Keywords— Logistics 4.0, Wireless sensors, Smart Factory, 
Optimization, Simulated Annealing Algorithm. 

I. INTRODUCTION  
A great number of manufacturing entities are inducing the 
shift to the adoption of information systems applications for 
better management of their supply chain. Technological 
advances have driven dramatic increases in industrial 
productivity since the dawn of the industrial revolution. 
Being within the context of Industry 4.0; the world is 
changing, pushing the economic environment to seek 
flexibility and quick adaptation. Many companies are 
feeling the impact of this change on their various links in the 
supply chain. This new market dynamic is driving 
companies to seek innovation, establish collaborations and 
redefine their key processes with high added value. In this 
drive, companies are incorporating various technologies to 
understand information and access connectivity between 
multiple players through the Internet of Things (IoT). 
Industry 4.0 has become a global trend; a concept that has 
emerged since the advanced manufactured countries defines 
the industrial Internet and the factories of the future as a 
new wave that can revolutionize production and related 
services, based on the emergence of IoT in the plant. 
The use of production process information is an integral part 
of smart factory concepts. Sensor information detects 
defective parts and provides automated guidance for process 

configuration. To take advantage of process information, it 
must be collected quickly in all plants. A centralized server 
then sends alarms to the operators if the process becomes 
unstable. The wireless transmission is therefore preferable, 
which avoids expensive modernization of the factories. 
This humble work is structured as follows:  the second 
section aim to present the interest of the topic and the 
related works in IoT context, with a quick view to its key  
technologies, layers and challenges. Then the third section 
addresses the concept of Logistics 4.0 and its main strata.  
The fourth section broaches in an overview some 
optimization techniques. The fifth section tackles most 
common gradient algorithms. The sixth section sets forth the 
modeling of the problem. Last section shows and discusses 
the results. 

II. INTEREST AND RELATED WORKS 

In a globalized context, the spread of information and 
communication technologies is very broad; the flow of 
information has become more important, varied and 
complex. The extent of the use of technologies, the speed of 
data dissemination and the ease of access is a compelling 
statement of globalization and technological progress, from 
which the phenomenon of connected knowledge results. 

The improvement of the company's performance is sina qua 
non to the involvement of information systems and latest 
technologies, which are recognized as major assets related 
to the survival of entities [1].  

 
The manufacturing industry has reached its fourth stage of 
evolution, and its main engine happens to be the Internet. At 
the level of this revolution, not only do the systems 
communicate with each other, but they cooperate with each 
other, with the operators, and the machines. All the relevant 
parts of the plant, from the employee, suppliers, product, 
customer, to the system are connected via the Internet [2]. 
 
One of the core goals of the fourth industrial revolution is to 
establish a well built environment where all the data within 
the shop floor all over the supply chain is monitored, 
captured in real time, transformed, enhanced and set as a 
pillar to optimization process to prevent machine failure or 
other discrepancies [3].  

A. Concept of Internet of Things  
 
The Internet of Things enables connectivity between several 
components based on sensory technologies, communication, 

Abstract 
In the context of fourth industrial revolution, technological innovation has become 
a necessity asset to production systems and scheduling, thus creating a direct 
influence on the concept of Logistics, best given examples are the development 
and the widespread integration of information and communication technologies in 
applications over the last ten years such transport management systems, warehouse 
management systems and much more.
Industry 4.0 is a well spread research topic both in academia and industrial areas, the 
concept afflicts meaningful changes and modifications to known up to day traditional 
concept of Logistics by adopting Industry 4.0 key technologies such as wireless 
information transmission, big data and Internet of Things.


