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Résumé

A cause de leur aspect stratégique et des divers challenges qu’ils représentent en termes de
modélisation et de résolution, les problemes de localisation et de conception de réseaux ont été
largement étudiés par les spécialistes en recherche opérationnelle. Par ailleurs, bien que les études
de cas dans ce domaine soient rares dans la littérature, plusieurs travaux récents ont intégré certains

aspects opérationnels afin de rendre ces problemes d’optimisation plus réalistes.

L’objet de notre projet de recherche est le développement d’'un modele de conception d’un
réseau de distribution prenant en compte plusieurs aspects opérationnels inspirés d’une étude de
cas dans le domaine de I’automobile. Bien que nos choix de modélisation soient motivés par cette
étude de cas, ils restent applicables dans d’autres secteurs industriels. Le réseau de distribution
considéré se compose de trois niveaux : les usines au premier niveau, les centres de distribution
(CD) au deuxiéme niveau et les clients au dernier niveau. Nous supposons que le nombre et la
localisation des usines ainsi que le nombre et la localisation des clients sont connus. Etant donné
la demande des clients et une liste de CD potentiels, I'objectif est de déterminer la localisation des

CD a ouvrir et d’y affecter les clients de maniére a minimiser le cott total.

Nos contributions par rapport aux travaux existants concernent la modélisation et la résolution
du probleme ainsi que les tests numériques effectués. En termes de modélisation, nous considérons
divers aspects opérationnels qui ont été pris en compte séparément dans la littérature mais ja-
mais combinés dans un méme modele. Plus particulierement, nous introduisons un ”clustering” en
prétraitement afin de modéliser les tournées de camions. Nous intégrons également des contraintes
de volume minimum sur les axes de transport pour assurer l'utilisation de camions pleins, des
contraintes de volume minimum et de capacité maximale sur les centres de distribution, des con-
traintes de distance de couverture maximale et des contraintes d’uni-affectation. Par ailleurs, nous
étudions une extension multi-périodes du probléme en utilisant un ”clustering” dynamique pour
modéliser des tournées de camions multi-périodes. En termes de résolution, comme le probleme
étudié est NP-difficile au sens fort, nous proposons différentes méthodes heuristiques performantes
basées sur la relaxation linéaire. A travers les tests effectués, nous montrons que ces méthodes
fournissent des solutions proches de I’'optimale en moins de temps de calcul que 'application directe
d’un solveur linéaire. Nous analysons également la structure des réseaux de distribution obtenus
et nous comparons les résultats issus de plusieurs versions du modele afin de montrer la valeur

ajoutée du "clustering” ainsi que de I’approche multi-périodes.

Mots clés: supply chain, conception d’un réseau de distribution, localisation-routing,

contraintes de volume minimum, relaxation linéaire, industrie automobile






Abstract

Facility location and network design theories have been widely studied by OR researchers
during the last decades. This interest might be explained by the strategic importance of these
problems for industrial companies as well as by the research challenges to be tackled to model and
solve them. Although real-life case—studies reported in the academic literature are rather scarce,
several recent works have focused on improving the practical relevance of facility location models

by considering operational features.

The purpose of our research project is to develop a distribution network design model taking
into account many realistic features arising from a case—study in the field of car distribution. Our
modeling choices were motivated by our practical application but can be relevant in other industrial
contexts. The overall network structure consists of three levels: plants in the first level, distribution
centres (DCs) in the second one and customers in the third one. We assume that the number and
location of the plants as well as the number and location of the customers are fixed. Given the
demand of customers and a list of potential DCs, our main concern is to locate DCs and to assign

customers to them in such a way as to minimize the total distribution costs.

Our contributions relate to the modeling of a real-life problem, the development of efficient
solution methods and the analysis of the obtained numerical results. In terms of problem modeling,
we integrate various operational features that were considered separately in the literature but have
never been combined in a same model. Namely, we introduce a clustering—based approach to
model vehicle routing, minimum volume constraints to ensure full truckload transport, minimum
and maximum throughput constraints on DCs, maximum covering distance constraints and single
sourcing restrictions. Furthermore, we study a multi—period extension of the problem using an
original dynamic clustering to model multi-period vehicle routing. In terms of solution method,
as the problem we study is NP-Hard in the strong sense, we propose efficient heuristic procedures
based on various types of linear relaxation. Through our numerical experiments, we show that the
implemented heuristics offer near—optimal solutions with less computational effort than applying an
exact MIP solver. We also analyze the structure of the obtained networks and compare the results
of several versions of the model, highlighting the value of integrating a pre—processing clustering

step and of using a multi—period approach.

Keywords: supply chain, network design, location-routing, minimum volume con-

straints, linear relaxation, automotive industry
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Chapter 1

Introduction

The objective of logistics is to deliver products to customers at the best service level and the
lowest possible cost, in other words to be the ” better, faster, cheaper, closer” [Christopher, 2005].
Logistics deals with the management of activities related to procurement, inventory, transport
and distribution. Supply chain could be considered as an extension of logistics integrating flows
from the n'* tier supplier to the final customer. Two main concepts are closely linked to supply
chain: supply chain management (SCM) and supply chain planning (SCP). Several definitions of
SCM were suggested over the extensive literature devoted to this research field. For instance,
[Christopher, 2005] defines it as ” the management of upstream and downstream relationships with
suppliers and customers to deliver superior customer value at less cost to the supply chain as a
whole” .

SCP consists in anticipating the future requirements in order to balance supply and demand
and to deliver customer orders at the lowest possible cost. It aims at answering some questions
that could be asked by a supply chain manager when thinking of the planning of its supply chain:
where to manufacture this new product? Where to locate my warehouses? when and how to
deliver the demand of this customer? To help industrial professionals optimizing their supply chain,
researchers and software providers have been proposing SCP tools, also referred to as advanced
planning systems (APS). Most of these software are structured into modules, each one covering
a specific planning task. These tasks are themselves classified according to three planning levels
[Anthony, 1965]: long—term (strategic), mid—term (tactical) and short—term (operational). Fig.
1.1 shows a possible illustration of the supply chain planning matrix, based on two dimensions:
the planning horizon and the supply chain process.

The focus of the present work is on distribution network design which is a problem occurring at
the strategic/tactical planning level as it involves mid to long—term decisions (location of facilities
and assignments of customers to facilities). In this introductory chapter, we first present the
industrial context of the study, namely the automotive supply chain with a focus on car distribution.

Then, based on the main features highlighted from the industrial context, we describe the content



Introduction

Iong-term materials program + plant location + physical distribution » product program
« supplier selection + production system structure + strategic sales
« cooperations planning
s £ N Y
U ! I
mid-term [« personnel pianning + master production
* material requirements, | scheduling ) 3] -+ distribution planning <=/ * mid-term )
planning + capacity planning sales planning
« confracts
-
i I i i
short-term - lotsizi .
+ personnel planning lot sizing . warehouse « short-term
+ ordering materials [+ machine schedulingle replenishment +| sales planning
+ shop floor control + transport planning
fiow of goods information flows
b '

—

Fig. 1.1 Supply chain planning matrix. Source [Fleischmann et al., 2008]

of this research as well as the major scientific contributions as compared to the existing literature.

We finally detail the outline of the present dissertation composed of five chapters.

1.1 Industrial context

1.1.1 The automotive supply chain

1.1.1.1 General overview

Modern cars are complex technological products involving a large number of mechanical and
electronic sub—components. Accordingly, the automotive industry uses a large variety of production
units (forge, foundries, mechanics, assembly, etc) but the car manufacturer outsources many of
these activities to its suppliers. The resulting supply chain network is thus very complex due to
the introduction of many levels of suppliers (1%¢ tier, 2"? tier, 3" tier and even more) in addition to
assembly plants, logistical compounds and customers. The members of this network should work
as partners and efficiently coordinate flows in order to ensure high—quality products and good
customer service while remaining economically competitive.

From the car manufacturer point of view, the supply chain is composed of three levels: inbound
supply chain, manufacturing and outbound supply chain (see Fig. 1.2).

Inbound supply chain consists of flows and operations for parts from 1% tier supplier plants
to assembly plants. The collection of components from suppliers can be done through direct flows
or using milk—run deliveries, i.e. consolidation of parts from several suppliers in one round trip
(see Fig. 1.3). Once collected, parts are delivered to inbound distribution centres then sent to
assembly plants where cars are manufactured. Each plant is designed to operate at a particular

production rate measured using the number of vehicles produced per hour. For instance, Tangier
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Fig. 1.2 Automotive supply chain from the car manufacturer point of view

Renault plant which produces Dacia Lodgy and Dacia Dokker has a current rate of 30 vehicles per

hour and 170000 cars per year.

Overseas parts

Supplier A
Consolidated
delivery | yehicle
Supplier B ,— assembly
Milk-run _ plant

collection,

-

Supplier C L detivery

pirec

Fig. 1.3 Inbound supply chain process Source [Miemczyk and Holweg, 2004]. Cross—docking is a well-
known practice in logistics, consisting in unloading materials from ingoing trucks and loading them in

outgoing trucks with little or no storage in between.

Outbound supply chain consists of flows and operations for finished cars from assembly plants
to car dealers which are the major end customers of the whole automotive supply chain. Other
customers could include car rental companies and other public or private companies. All finished
products wait on factory compounds (see Fig. 1.4 for an example of factory compound) to be
loaded in trucks (see Fig. 1.5), trains (see Fig. 1.6), barges (see Fig. 1.7) or vessels (see Fig. 1.8)
then routed to outbound distribution centres. They are then transported by truck to the final

customers.

1.1.1.2 The example of Renault

Renault is a leading European car manufacturer producing more than 40 car types. The com-

pany is present all over the word through manufacturing sites, logistical compounds and commercial
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Fig. 1.4 Factory compound of Renault Flins (France)

Fig. 1.5 Auto transport by truck

subsidiaries, Fig. 1.9 shows the assembly plants of Renault in the world (or those of the partner
Nissan used by Renault).

The initial strategy of the company was to specialize plants by product but in order to conquer
new markets, it was necessary to produce cars near the location where they will be commercialized.
For instance, the Brazilian factory manufactures many car types which are already produced in
European plants (Logan, Sandero, Duster, Megane2, Master). The company uses a mixed build—
to—order (BTO) / build-to-stock (BTS) strategy, depending on the market and its specificities
(refer to appendix A for a further discussion about BTO, BTS and the history of the automotive
industry). In the sequel, we focus on the European continent as our practical application is related

to this region (see Fig. 1.10). In European countries, inventories related to build—to—stock products
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Fig. 1.6 Auto transport by train

Fig. 1.7 Auto transport by barge

are mainly managed by car dealers either on their own locations or on storage compounds they
rent to have more space.

Within the supply chain management department of Renault there is a team devoted to out-
bound logistics. The objective of this team is to deliver cars on time, at the least cost and without
any damage. Its short-term (operational) missions consist in the tracking of the distribution pro-
cess and the control of costs. Its mid and long-term missions comprise among others developing
and improving the distribution schemes, defining outbound logistics strategies and working on op-

timization/simulation tools. Cost reduction was identified as a major driver in the strategic plan of
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Fig. 1.8 Auto transport by vessel

Fig. 1.9 Assembly plants of Renault in the world (or those of the partner Nissan used by Renault)

the company ”Renault 2016: Drive the change”. As inbound and outbound logistics costs account
for 6% of the total delivery cost! of a finished car and as the only turnover of outbound logistics is
estimated to hundreds of millions of euros, improving the supply chain performance through the
optimization of the supply chain planning (SCP) seems to be a necessity for the company. In this
context, comes the present work which focuses on the design of distribution networks taking into

account the main specific features of car distribution.

1.1.2 Specific features of car distribution

The objective of outbound automotive supply chain is to deliver finished cars from assembly

plants to car dealers. We show in Fig. 1.11 an example of outbound supply chain process for

ITotal delivery cost of a product is the cost of manufacturing and delivering it.

10



Introduction

.
Sandouville
Maubeuge

[Novo Mesto| [ Romania |

[ Batilly |
*

Valladolid PP Koper | /
N\
Barcelona

Fos sur mernSG
Marseille

® [Assembly plant P SN Port

Fig. 1.10 Assembly plants supplying the European countries and main maritime ports

build-to—order cars. When build—to—stock inventories are managed by car dealers (as it is the case
for Renault in European countries), the related distribution flows can also be managed through
the process illustrated in Fig. 1.11 using the addresses of storage compounds instead of those of

car dealers. In the sequel of the study, we will thus focus on build—to—order products.

Primary transport Secondary transport
Overseas Customer 1
assembly -

Plant A
Distribution mlk\i
HK-run
/ Centre (DC) {_distribution DCustomer 2
Port i-a Customer 4 | | Customer 3
Assembly
Plant B

Fig. 1.11 Outbound supply chain process for build—to—order cars

The whole distribution process is mainly split into two sub—processes: primary transport from
plants to distribution centres (DCs) and secondary transport from distribution centres to car
dealers. One of the main advantages of using distribution centres is the consolidation of flows in
order to make the best possible use of transport capacities. The main volume routes are from plants
to distribution centres as these flows correspond to the aggregation of many customer demands

transiting through intermediate DCs. This is why high—capacity modes of transport such as vessels

11
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and trains could be used, especially when manufacturing sites are scattered over several countries.
In addition to their non—polluting reputation, these modes are known to be inexpensive and reliable
for long distance, high volume flows. Once arrived at distribution centres, build—to—order cars are
not stored but only held for a short transit time (typically a few days) before being sent to car
dealers. In this second step (secondary transport), only trucks are used to deliver cars to car
dealers as the corresponding transport routes are short and usually in urban areas.

The management of distribution centres as well as the preparation and handling activities are
usually outsourced. In that case, distribution centres are owned by third party—logistics so that,
from the car manufacturer point of view no heavy installation costs are incurred when using new
distribution facilities. Only a unit transit cost has to be paid to the supplier each time a car goes
through a DC. The determination of this unit cost is done during the establishment of the contract
between the car maker and the logistics supplier through a commercial negotiation process. It
depends on the total throughput that has to be handled in the given DC and only applies if this
throughput is between a minimum volume and a maximum capacity.

Another distinctive feature of car distribution is the particularity of the transported products.
In fact, cars are expensive, fragile and bulky products transported by dedicated trucks with limited
capacities (see Fig. 1.5). Typically, a truck can carry up to 8 Renault Clio or 10 Renault Twingo.
This implies a difficult backload? management with great impact on costs. In order to minimize
empty kilometres, backloads have to be arranged by carriers either by contacting other competitors
or by considering other flows for the same car manufacturer. Moreover, dealing with voluminous
products results in the fact that load efficiency is a key parameter in car distribution. Thus, making
the best possible use of transport capacities and in particular ensuring full truckload transport is
one of the priorities of automotive outbound logistics. To show the impact of load efficiency on cost,
we illustrate in Fig. 1.12 an example of the unit transport cost as a function of the transported
volume when the frequency of shipping trucks is one week. In this illustration, we do not include
the storage cost of the cars waiting to be loaded on trucks. This cost is indeed negligible as
compared to the transport cost.

The unit transport cost is computed by dividing the cost of a truck (here we set it to 1000
Euro) by the load of the truck, i.e. the weekly volume on the transport link. Fig. 1.12 shows
that the unit cost sharply increases when the weekly transported volume is less than the maximum
capacity of a truck (10 in the example). For instance, if the truck transports only one car, the unit
cost raises up to 1000 Euro, which is a significant amount as compared to the sale price of a car.
When the weekly volume is equal to the maximum capacity of one truck (10), the unit cost reaches
its minimum value (100 Euro). When the volume exceeds the maximum capacity of one truck, the

unit transport cost is computed by dividing the cost of shipping n trucks (if n trucks are needed)

?Backloads are loads transported on the return journey of a delivery truck in order to reduce empty

kilometres.
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by the weekly transported volume, which leads to the dashed line in Fig. 1.12. In that case, we
notice that the cost slightly increases but as it remains very close to 100, we consider it as equal to
100, which leads to the solid line in the same figure. This is indeed the assumption usually made

by practitioners when designing a car distribution network.

1000 -

200 -
Cost of a truck on the transport link = 1000
Maximum capacity of a truck = 10

600 |

400 4

Unit transport cost {(euros)

200

D T T T T T T T 1
0 5 10 15 20 25 30 35 40

Weekly volume on the transport link {units)

Fig. 1.12 Unit cost as a function of the weekly transported volume on a given transport link.

It is thus of high importance to consolidate enough volume on each opened transport link in
order to ensure full truckloads within the allowed waiting time. For primary transport from plants
to distribution centres, this involves reducing the number of transport links starting at a given
plant. However, for secondary transport from distribution centres to car dealers, this is not always
possible. The demand of some car dealers could be indeed below the threshold corresponding to
reaching full truckload within the maximum waiting time allowed at a distribution centre. This is
why it is necessary to group deliveries: a given truck starting from a distribution centre may have
to visit two or three customers before coming back to the distribution centre. This is a general

practice in car distribution and in many other industries.

1.2 Research focus and main contributions

1.2.1 Research focus

In the present work, we focus on modeling and solving a multi—product distribution network
design problem taking into account the operational features discussed in §1.1.2. By introducing
these operational features, we intend to develop a detailed model in terms of costs and constraints.
Thus, we limit the scope of the distribution network to three levels: plants, distribution centres and

customers. In case the transport from plants to distribution centres involves maritime shipping
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and several transshipments, we consider the port of arrival as the sourcing point instead of the
originating plant. We use a mid—term planning horizon (typically one year) and we assume that
the number and location of the plants as well as the number and location of the customers are
fixed. Given the demand of each customer for each product, our main concern is to locate the DCs
and to assign customers to them in such a way as to minimize the total distribution costs. In a first
MIP (Mixed Integer Programming) model presented in chapter 3, the input demand is considered
as static over the whole planning horizon whereas in chapter 5, we study, through a multi—period
network design model, the robustness of location and assignment decisions when demand varies
over time—periods according to some seasonality pattern.

One of the major issues addressed in the DNDMVD model presented in chapter 3 is truck
loading. As we previously mentioned, due to the great impact of load efficiency on car transport
costs (see Fig. 1.12), it is of primary importance to make the best use of transport capacities. Thus,
deliveries from distribution centres to customers have to be grouped in order to optimize truck
loading while ensuring acceptable lead times. This is introduced in our model through a two—step
location—routing approach. The first step is a pre—processing clustering procedure whose main
objective is to construct groups (clusters) of close customers meeting a minimum required volume
(see chapter 2). Based on the results of this clustering, a distribution network design problem is
formulated and solved in the second step of the approach. Using pre-—processing clustering is a
way to model routing in a supply chain network design problem while keeping a manageable size
for the optimization problem. This allows dealing with real-life instances involving a large number
of customers. The DNDMVD model also involves minimum volume constraints conditioning the
opening of transport links. By carefully setting the minimum volume values, we will ensure that
full truckload transport will be possible at the operational level and will thus contribute to the
reduction of transport costs. Finally, we incorporate in our DNDMVD model several additional
constraints, namely the total throughput of an opened distribution centre should be between a
minimum volume and a maximum capacity, all transport demands having the same source and
same destination are routed through the same distribution centre and the route distance between
a distribution centre and any cluster of customers it serves should be less than a given limit called

the maximum covering distance.

The main difference between the DNDMVD model developed in chapter 3 and the extension
introduced in chapter 5 is demand variation. In fact, in the latter case, we assume that demand
varies from period to period according to some seasonality pattern (the number of periods should
be determined according to the context of the industrial application). The implemented model
could also be used to express demand uncertainty through discrete scenarios with fixed probabilities
of occurrence. The approach we propose is indeed very similar to the one employed in two—stage
stochastic location problems where location decisions are made at the first stage and assignment

decisions occur after random parameters become known.
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1.2.2 Main contributions

The distribution network design problem we consider is inspired by a case-study in the au-
tomotive industry. Thus, one of the main contributions of our work is to provide some practical
results in the field of facility location applied to supply chain management. Namely, as mentioned
in [Melo et al., 2009a], there is a lack of real-life applications reported in the related literature.
This could mainly be explained by the difficulty of data collection and the reluctance of managers
to accept using quantitative models in the process of strategic planning.

The model we propose in chapter 3 shares common features with the classical problems of
facility location and supply chain network design. It is however significantly different due to the
introduction of various extra constraints needed to model real-life requirements (constraints are
detailed in §3.2). Although many of these constraints were considered separately in the literature,
we could not find any work combining them in a same model (see the detailed literature review
in §3.1). Moreover, it was pointed out in [Melo et al., 2009a] that literature about multi-period
facility location problems for supply chain is rather scarce as more than 80% of the papers surveyed
by the authors deal with single—period problems. Thus, another contribution of the present work is
the introduction of a multi—period distribution network design problem in chapter 5. More precisely,
we propose an original way of modeling multi—period location—routing through a dynamic clustering
procedure (see §5.2.1.2 for a detailed description of this procedure). There are in fact only a few
papers simultaneously addressing routing and multi—period aspects in facility location and supply
chain network design problems (some references are cited in §2.1.2) whereas static location—routing
problems are more extensively studied. The choices that we made in our model were motivated
by our case-study in the field of car distribution (see §1.1.2 for more details) but we would like to
point out that they can be relevant in other contexts of application. In fact, routing, optimization
of truck loading, maximum covering distances or multi-period demand are relevant features to
take into account when modeling a generic distribution network design problem.

Furthermore, we develop in §3.3.4 a complexity analysis that shows that the studied problem
is NP—complete in the strong sense. We thus propose efficient heuristic procedures with the aim
of reducing computation times when dealing with large-size instances. We implement various
types of linear relaxations in order to determine location and assignment variables, both sets of
variables being required to be binary. The implemented heuristics are applied to the model based
on static demand as well as to its multi—period extension. In the literature, we survey only a few
works dealing with linear-relaxation based heuristics to solve facility location problems subject
to minimum volume constraints (see §3.1). Moreover, most of these works study single—period
models and mainly focus on rounding location variables either because assignment variables are
not problematic in the solution procedure or because they are continuous.

Finally, in order to investigate computation times and to analyze the structure of the obtained

networks, we carry out several numerical experiments based on industrial data from our practical
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application in the field of car distribution. Various tests show that obtaining optimal solutions
using a state—of-the—art MIP solver sometimes requires extensive computation times and may
run out of memory due to the difficulty of the problem. In these cases, it is interesting to apply
the proposed heuristics, which provide good quality solutions within short computation times.
Moreover, the use of a highly constrained model either in the case of static demand or in the
case of seasonal demand leads to several trade—offs between conflicting constraints. This is why
we propose a thorough qualitative analysis: in chapter 3 (§3.2.6), we discuss the influence of
the various constraints on the specialization and the number of the opened DCs as well as on
the existence of a feasible solution. In chapter 5, we analyze the main trade—offs resulting from
demand variation in a highly constrained supply chain network design problem and show how to
overcome the resulting ”infeasibilities”. We also study the outputs of the multi-period problem
as compared to its single—period version (§5.4.1.2) and highlight the advantages of using static

assignment decisions (§5.4.1.3).

1.3 Dissertation outline

We now present the general structure of the dissertation, which is summarized in Fig. 1.13.

Dynamic
Pre-processing
clustering -.=._§t_atic
. ' & e '§'E ....................................................... . )
Chapter2 i [ Chapter3 Chapter4 { { Chapter5
Modeling location- Modeling a Solving the distribution | Modeling and solving a
routing through a H distribution network network design problem 1 dynamic extension of the
pre-processing H design problem developed in chapter 3 i distribution network
clustering. : taking into account based on a case-study in H design problem
i several operational the automotive industry H presented in chapter 3
features. (exact and heuristic 1 (exact and heuristic
solutions). 1 \_solutions).
Static demand Multi-period demand

Fig. 1.13 General structure of the dissertation.

e Chapter 2: This chapter deals with a location—routing approach based on a pre—processing
clustering. We first provide a general overview of location—routing problems (LRP) and
propose to classify them according to their way of integrating routing in the main strategic
problem of facility location. Then, we detail the three steps of the sequential location—
routing approach we propose. For the clustering step, we present two methods: an exact
one and a heuristic one which can be used when the exact method does not apply due to
prohibitive computation times. Each of these methods is illustrated through numerical tests

based on our practical application in the field of car distribution.

e Chapter 3: This chapter presents the main considerations taken into account when modeling
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the distribution network design problem under study (DNDMVD). A literature review is
proposed on facility location and supply chain network design problems with minimum
volume and distance constraints as these two types of constraints are among the major
characteristics of the implemented model. We then discuss into detail the features that
motivated our modeling choices in terms of product representation, transport routes and
various constraints. We also provide a qualitative analysis of the main trade—offs to be
achieved in the problem. Finally, we present the mathematical formulation of the problem

using a Mixed Integer Program (MIP).

Chapter 4: This chapter is devoted to solving the DNDMVD problem described in chapter
3. We first present the case-study and the test instances we use. Then, we analyze the
solution obtained with a state—of-the—art MIP solver on the reference dataset and study
the impact of varying the main parameters of the problem on computation times. We show
that in some cases, computation times can significantly increase and the program may even
run out of memory. Thus, we propose MIP—-based heuristic procedures and demonstrate
through extensive numerical experiments their performance as compared to a commercial

solver applied to the original MIP.

Chapter 5: This chapter considers an extension of the DNDMVD model addressed in chapter
3 where demand varies over time—periods according to some seasonality pattern. In the
first section of the chapter, we provide a literature review on dynamic facility location and
supply chain network design problems. In the second section, we introduce a new aggregation
approach and a dynamic pre—processing clustering in order to evaluate delivery routes and
costs in each time—period. We present in the third section the mathematical formulation of
the multi—period problem before providing in the fourth section a numerical study using a
state—of-the—art commercial solver and based on a case—study in the field of car distribution.
Finally, we introduce a MIP—based heuristic procedure to solve the multi—period problem

and prove its efficiency as compared to the straight application of a state—of-the—art solver.

17






Chapter 2

Modeling location routing

The main objective of our work is to optimize the design of a distribution network featuring
three levels: plants, distribution centres and customers. Final decisions include the location of
distribution centres (DCs) and the assignments of customers to the selected DCs. Our work is
thus related to strategic supply chain planning as location of distribution centres are mid to long—
term decisions. In this context, one of the major difficulties is to define the perimeter of the study
and its limitations, i.e. to identify which operational and tactical features should be taken into
account and which are less important. When the problem is derived from a real-life case—study,
this difficulty is more noticeable because decision—makers usually want to model every operational
detail in the same optimization tool. However, this would lead to the formulation of mathematical
models which are likely to be very challenging to solve, especially for the large size industrial
instances we would like to tackle. We thus have to wisely select the features that could influence
the main target of the study, i.e. DC locations and customer assignments to DCs.

An important feature that we propose to consider in our problem is vehicle routing, i.e. defining
delivery routes from DCs to customers. In real-life operations, the demand of some customers
could be insufficient to ensure full truckload transport within the maximum allowed waiting time
at distribution centres. In this case, we may resort to grouping deliveries to avoid less—than—
truckload transport: a given truck starting from a distribution centre may have to visit several
customers before coming back to the distribution centre. Through delivery grouping, the demand
of many customers is consolidated and thus truck loading can be optimized and unit transport
cost reduced. The unit transport cost is indeed evaluated as the total cost on a given transport
route divided by the load of the truck. If the truck is not fully loaded, then the unit cost per
transported product could significantly increase. This observation is even more important for
supply chains where products are voluminous like car distribution. In the introduction of the
present work (§1.1.2), we discussed into details the importance of load efficiency in car distribution
and its impact on delivery costs (see Fig. 1.12).

We have then to answer the following question: which customers to serve together in the same
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route? This leads to a Vehicle Routing Problem (VRP aims at determining the best delivery routes
to serve customers using multiple vehicles). This problem as well as the problem of facility location
(FLP) are rather classical and well-studied topics in the literature (FLP consists in locating sites
in a given space, according to certain criteria, in order to satisfy the demand of customers). In this
chapter, we aim at integrating these two issues into a more complex problem called the location—
routing problem (LRP). The resulting model not only aims at locating sites and assigning demand
points to them but also at determining the delivery routes from facilities to customers in such
a way as to minimize the whole distribution cost. We thus propose a location—routing approach
based on a pre—processing clustering procedure. The main objective of clustering is to construct
clusters of customers in such a way as to minimize distribution costs and to ensure full truckload
transport within acceptable waiting times.

By introducing a clustering approach, we intend to develop a detailed representation of costs
and constraints in order to make the right location and assignment decisions that allow at the
operational level to construct routes meeting all the transport constraints. Furthermore, using a
clustering—based sequential approach instead of explicitly modeling routes through binary variables
enables us to reach a good trade—off between a detailed representation of routing in the model and
its computational tractability. Accordingly, we can deal with large size multi—product industrial
instances either in the first model based on a static customer demand (chapter 3) or in the second
model using a multi—period customer demand (chapter 5).

The present chapter is organized as follows: in the first section, we propose a literature review
on location—routing problems (LRP) including a classification of LRP based on their approach
of integrating routing in the master location problem. In the second section, we present the
clustering—based location—routing approach that we intend to use before detailing in the third and

fourth sections exact and heuristic clustering methods.

2.1 Literature review on location-routing problems (LRP)

2.1.1 General overview of location—routing

Integrated models combine decisions at different planning levels (strategic, tactical and op-
erational) and aim at studying the trade—off between interdependent logistical components. In
the case of a strategic facility location problem, [Shen, 2007] and [Daskin et al., 2003] point out
that neglecting some operational aspects can lead to sub—optimality and thus to more expensive
solutions. [Salhi and Rand, 1989] was among the first works to study the effect of ignoring routes
when locating depots. However, few works addressed the effective economic impact of jointly mod-
eling operational and strategic decisions. Exceptions could be found in [Shen and Qi, 2007] and
[Javid and Azad, 2010].

In the present work, we focus on location-routing problems (LRP). The reader is referred
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to [Min et al., 1998] for an early comprehensive literature review on this topic. [Min et al., 1998]
provide a two—way classification: first in terms of general problem features (single vs two-stage
levels, deterministic vs stochastic demand, number of facilities, single vs multi-period, etc.) then in
terms of solution methods (exact vs heuristic one). They point out that about 3/4 of the reviewed
works concern deterministic models. Moreover, most of them deal with static problems and only
one reference for dynamic LRP is mentioned in the paper ([Laporte and Dejax, 1989]). A more
recent survey of location—routing problems can be found in [Nagy and Salhi, 2008]. The authors
indicate that LRP ”aims at solving a facility location problem (the master problem), but in order
to achieve this, we simultaneously need to solve a vehicle routing problem (the subproblem)”.
They propose several classification criteria but their main focus is on exact/heuristic solution
methods and dynamic/stochastic problems. Furthermore, they note that application—oriented
papers account for a fifth of the LRP literature. They mention case—studies in consumer goods
distribution, health, military, communications but not in the automotive industry.

In the context of our work, we will also consider the use of a set—partitioning formulation (see
§2.3 below). Set—partitioning is a classical way of formulating vehicle routing problems (VRP).
Tt consists in two steps: a first step generating all subsets (potential routes) of a given customer
set then a second step to select the subsets optimizing the objective function while meeting the
routing constraints. [Laporte, 1992] points out that a set—partitioning approach leads to two
difficulties: the large number of binary variables in most real-life applications and the difficulty of
computing route costs as this often involves solving traveling salesman problems (TSP). Among
others, [Taillard, 1999] and [Baldacci et al., 2008] use set—partitioning formulations to solve VRP.
In the location—routing literature, we could not find many works dealing with a set—partitioning
formulation. [Berger, 1997] is the only reference we could find using this approach. The author
formulates an integrated location-routing problem where a delivery vehicle may not be required
to return to the distribution center after the final delivery is made. Although the problem does
not involve other constraints, the author reports a difficulty in solving it and implements a column

generation procedure as complete enumeration of all possible columns of the problem is prohibitive.

2.1.2 Classification of location—routing problems

In this subsection, we propose a classification of LRP works based on their way to integrate
routing in the main strategic problem of facility location or network design. From the review of
[Nagy and Salhi, 2008] and the literature relative to LRP, we can mainly identify three modeling

approaches:

1. Using continuous approximation: A literature review on continuous approximation models
in freight distribution is provided in [Langevin and Mbaraga, 1996]. The authors present
continuous approximation as "relying on concise summaries of data and analytic models”

whereas mathematical programming ”relies on detailed data and numerical methods”. In
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[Daganzo, 1984], continuous approximation in the context of traveling salesman problems
(TSP) is presented as ”a descriptive effort attempting to give length formulas under differ-
ent conditions” as opposed to ”prescriptive research efforts attempting to derive algorithms
for the construction of optimal or near-optimal tours”. For instance, continuous approx-
imation uses continuous functions to describe demand point distribution rather than the
exact location of each demand point. We can cite among others the formula developed by
[Beardwood et al., 1959] in order to estimate the length L of a traveling salesman visiting
N points uniformly and independently scattered in a region of area A: L = kv/AN, where
k is a constant and IV has to be large enough. In the field of location—routing, we can refer
to [Shen and Qi, 2007] who use continuous approximation to estimate the optimal routing
costs. The major disadvantage in this case is the need to resort to strong assumptions such

as uniform demand distribution in order to simplify the resulting complex expressions.

2. Explicitly modeling the choice of routes as decisions in the optimization problem (see e.g.
[Wu et al., 2002, Yu et al., 2001, Zarandi et al., 2013]): this usually results in the formula-
tion of large size mixed integer programs, often leading to computational difficulties. This
might explain why the literature on multi—-product and multi—period LRP is scarce. We only
could identify three papers addressing multi—product location—routing: [Yi and Ozdamar, 2007,
Sajjadi, 2008, Afshar and Haghani, 2012] and five papers dealing with multi—period location—
routing: [Yi and Ozdamar, 2007, Afshar and Haghani, 2012, Albareda-Sambola et al., 2012,
Laporte and Dejax, 1989, Prodhon, 2011]). The scarcity of multi-product and multi-period
models could be explained by the fact that LRP is already a complex problem and thus
introducing several products or several time—periods leads to prohibitive computation times
when using state—of-the—art commercial MIP solvers. Table. 2.1 presents the largest compu-
tational instances presented by the above-mentioned multi—product and multi-period LRPs.
To tackle large size problems, four of the six papers illustrated in the table resort to heuris-
tic methods. Notice that the location—routing problem is known to be NP—hard as it is the

combination of two NP-hard problems (facility location and vehicle routing).

3. Using a pre—processing clustering method (cl