N

N

A supply chain network design problem under flow
consolidation constraints
Mouna Kchaou Boujelben, Céline Gicquel, Michel Minoux

» To cite this version:

Mouna Kchaou Boujelben, Céline Gicquel, Michel Minoux. A supply chain network design problem
under flow consolidation constraints. 9th International Conference on Modeling, Optimization &
SIMulation, Jun 2012, Bordeaux, France. hal-00728636

HAL Id: hal-00728636
https://hal.science/hal-00728636
Submitted on 30 Aug 2012

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00728636
https://hal.archives-ouvertes.fr

9™ International Conference of Modeling, Optimizatamd Simulation - MOSIM'12
June 06-08, 2012 — Bordeaux - France
“Performance, interoperability and safety for sus@ble development”

A SUPPLY CHAIN NETWORK DESIGN PROBLEM UNDER FLOW
CONSOLIDATION CONSTRAINTS

M. KCHAOU BOUJELBEN
LGI / Ecole Centrale Paris
Grande Voie des Vignes
F-92 295 CHATENAYMALABRY.
mouna.kchaou@ecp.fr

C. GICQUEL
LRI/ Université Paris-Sud
Bat 650 Université Paris-Sud 11
91405 Orsay Cedex France
celine.gicquel @iri.fr

M.MINOUX
Lip6 / Université Pierre & Marie
Curie
4, place Jussieu 75005 Paris
michel.minoux@lip6.fr

ABSTRACT: We consider a supply chain network design probksatufing a 3-level structure, which uses intermedi-
ate distribution centers, the number and locatiérwhich are to be determined. A facility locatioodsl is proposed,
including a special type of constraints called flomnsolidation constraints in addition to maximuavering distance
and limited capacity constraints. Our study is lthe@ a concrete application in the automotive indysnamely, the
outbound supply chain of a carmaker. Computatiamgleriments are carried out on industrial data undéferent
versions of the model. Our results show the benefiintegrating a clustering approach and sevegrafentialities in
terms of managerial scenarios analysis, such asrtue-off between distribution cost decrease aglildry time limit.

KEYWORDS: network design, flow consolidation, clustering,a@uabtive

1 INTRODUCTION

In order to be competitive on the market, any camgpa
has to improve its supply chain management in otaler
satisfy its customers at the best service level ted
lowest possible cost. It is therefore of key impade to
optimize the logistics flow at different levelsrategic,
tactical and operational. At the strategic levedtwork

Vehicles are produced at assembly plants and @& th
transported to intermediate distribution centesithary
transport”) where they are held for a short tratisite
(typically a few days) before being sent by truokttie
car dealers (“secondary or last-mile transport”}. éx-
plained in (Eskigun A. and .al2005), who discussed a
similar application, intermediate DCs are createabr-
der to “consolidate and distribute vehicles frorfiedent
plants to dealers”. The company chose this orgéioiza

design problems have been widely studied by OR re-to benefit from economies of scale for long-disesc

searchers, especially using facility location tlye@ver-
views of the related literature are provided amotigers
by (Owen and Daskin, 1998), (Daskin and al., 2GR}
(Melo and al, 2009). However, due to their varipos-
sible applications in real life, there are still myainter-
esting research issues to explore within faciligaltion
problems (FLP). In this context, we are studyingneo

transport from manufacturing sites to DCs. Name#ys
are voluminous products, which can be transportégd o
by specific, dedicated trucks of small capacity.néke
while designing the logistics network, it is of mary
importance to ensure that the use of full truckbl
possible at the tactical and operational levelsir @ain
focus in the present study is thus on designingnite

shipment consolidation strategies in connectionhwit work so as to enable transport flow consolidat@iven

facility location issues arising from a real lifppdication

the Supply Chain network described above and tee-av

in the automotive industry. The network under study age annual demand of each dealer, we aim at amgyveri

(Figure 1) consists of three layers: assembly planhthe
first one, distribution centers (DCs) at the secome
and customers or car dealers at the third level.

8
N
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Distr;bution

Centers @

“¢ Dealers

Figure 1: Outbound supply chain network of an
automotive company

the following questions:

(1) How many distribution centers (DCs) should be i
stalled, and where should they be located

(2) To which DC should each dealer be assignedf@nd
which product?

In order to provide an answer, we propose a multi-
product facility location model considering expligi
flow consolidation constraints together with distarand
capacity constraints. The remainder of this papeori
ganized as follows. In section 2, we provide aeevof

the related literature. In Section 3, we discussriodel-

ing of costs and constraints before formulating gheb-
lem in section 4. Section 5 is devoted to the asislpf
some computational experiments. Finally, Section 6
summarizes our conclusions and provides possible re
search perspectives.
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2 LITERATURE REVIEW

(Melo and al, 2009) listed different kinds of FLPpé-
cations in the context of supply chain management.
However, research works applied to the automotive i
dustry appear to be rather scarce. For instanskid&n
and al, 2005) implemented a capacitated network design
model using a non- linear waiting time whereas (@il

al., 2006) modeled economies of scale in a conéxt
vehicle distribution. Other works likéGrangeon and

al., 2010) and (Nozick and Turnquist, 1998) proposed
resolution methods and some results for integrated-
els. This consists in integrating tactical/openzdiodeci-
sions like inventory management or vehicle routing
problems with the main strategic decision, whichhis
network design issue. The major purpose in thig @ss
to study the trade-off between interdependent tmgik
components. This body of work includes the location
routing problem (LRP) defined by (Nagy and Salhi,
2007) as “an approach to modeling and solving loca-
tional problem” where “we simultaneously need ttveo

a vehicle routing problem” in addition to the glblaca-
tion problem. The authors proposed an extensieeaht
ture review about LRP and classified the LRP héoss
according to a scheme of three classes based orh®ow
location and the routing problems are related. Agnon
these works, we find those using clustering-basethm
ods such as (Srivastava and Benton, 1990), (Miag)1L9
and (Barreto and al., 2007). The clustering apgrdhat
we are using in the present paper is similar toahe
studied in the latter work. However, the majorifitteese
works were in a mono-product context: see e.qgjd8iqj
2008), (Gunnarsson and al., 2006) and (Yi and Ozdam
2007) for multi-product examples. Furthermore, $ran
port flow consolidation was seldom considered ia th
facility location literature. Authors usually preded
concave cost functions to show economies of scale,
e.g. (Shen, 2005), (Lin and al., 2006), (Bucci, 20®ut
few of them mentioned the trade-off between timd an
cost. Two papers (Guha and al., 2000) and (Kargdr a
Minkoff, 2000) introduced the facility location grtem
with lower bound constraints in the context of intg
access network design problem using caching stesteg
They presented essentially the same approximatgm a
rithm, which was improved by (Svitkina, 2010). In a
supply chain management context, we found only one
paper considering volume constraints in a transgiort
problem. (Lim and al., 2006) presented indeed aahod
where decisions involve allocation of cargos frous-c
tomers to carriers taking into account an Americsgu-
lation enforcing Minimum Quantity commitments
(MQC) for carriers, if chosen.

3 MODELING COSTSAND CONSTRAINTS

As our different decisions are based on a conarase
study, explaining the main assumptions underlyimg t
model is essential before presenting the probleitihena
matical formulation.

3.1 Product representation

As explained in the introduction, we deal here wath
multi-product network design problem: around 40iveh
cle types, without considering colors and optidmsye
to be distributed through the network. However gass
bly plants are mostly specialized, i.e. they camuniac-
ture various vehicle types but a given type is ligua
produced in a single plant. Moreover, transporisieas
starting from plants are taken according to thalfoes-
tinations of the vehicles and not to their typess lthus
meaningful to use an aggregate representation ef th
product types based on their sourcing plants: imtwh
follows, we will consider the different types pragd in

a same plant as a single product.

3.2 Modeling primary transport and transit costs

3.2.1 Modeling primary transport costs

As mentioned in the introduction, primary transpmh-
cerns the products moved from assembly plantsstoi-di
bution centers (DCs). It is easy to compute tha oba
truck starting from a given plant and going dirgdth a
DC, using fixed and kilometric components. However,
the evaluation of the unit delivery cost is lessight-
forward as it strongly depends on the truckloadsten
considered link and thus on the given volume ara th
targeted waiting time at the plant. Indeed, indregaghe
waiting time to improve the truck loading ratesdedo
transport costs decreasing but results in an adaiti
inventory cost and a poor service time. Figure @ush
the unit delivery cost on a plant-DC link as a fiimt of
the average daily volume to be distributed on timk.
We assume a truck capacity of 10 vehicles and a-max
mum waiting time (delivery frequency) of 5 days.

200

- - - - Total unitary cost

Waiting unitary cost

e Transport unitary cost

Unitary cost

X Average truckfiling rate

Truck load (number of vehicles)

000

A=Daily volume

Figure 2: Primary transport unitary cost as a fiamcof
daily volume

Using the numerical data from our case study, w&@o
that the inventory cost (in grey) is insignificacm-
pared to the transport cost (in bold black), teavhy we

do not consider it in the remainder of this papée. also
point out that the transport cost is steeply desinggfor
volumes less than the volume limit and then becomes
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constant. This volume limit consists in the minimum DPrima;!ytra;s'pon: f(ehccu}da;?ryrrans?:cn'rlsI
_ _ im: ; : "
average daily volume needed to consolidate a rfudikt e e I
load within the maximum waiting time of 5 days. For a A — Delivery

Plant Distribution
warehouse center

daily volume greater than this limit, deliverieg anade regien

using a full truckload. The unit delivery cost isus
equal to the cost of a truck divided by the truakacity
equal to 10 (crosses curve value equal to 10). Kese
less, in reality, trucks never leave the plantessithey  Figure 3: Combination of primary and secondarygran

are completely full. Therefore, to achieve a traffe- port
between the two conflicting objectives, namely havi
full truckloads (to decrease costs) and meetingitti- As for primary transport, the main challenge, insth

ery time, it is necessary to have much volume. dise  case, is to optimize the truckloads without inciregs
tribution network has thus to be designed so azut- delivery times. We have though an additional diffig
antee at least a volume equal to the volume liatiefich related to the vehicle routing problem (VRP) desedi

primary transport link. This is done in our mathéiowd in Figure 3. This is an operational issue that wendt

formulation by assigning a minimum volume constrain deal with in the present work but we have to cassitl

to each plant-DC link. while designing the network as it could have a ifiign
cant impact on location and assignment decisions.

However, as this kind of constraint can be diffictd Namely, as was shown by (Shen and Qi, 2007), there

meet (it can lead to an infeasible problem if camebi  could be a total cost reduction of more than 8% -com
with other constraints), it was necessary to inimed  pared to a sequential approach (i.e. network detsign

artificial variables aIIowing, (_Jnly in case of iafgbility, routes calculation), if using an integrated routidig-
to fall under the volume limit. A penalty parametes-  tance approximation method in an uncapacitated-loca
ing these variables, is added to the objectivetfandn tion-inventory problem. (Javid and Azad, 2010) mdv

order to measure the violation of the minimum vaodum that calculating the routes without approximatieads
constraints (see the model presented later in Bi)s, it to a cost improvement of 9-27% compared to Shen and
is possible to detect sources of infeasibility ey to Qi’s model. In classical facility location problsirsec-
adjust the volume limit, and therefore the maximum ondary transport costs are usually linear from s@uo
waiting time, per plant. In fact, in order to filie trucks,  destination and no effort is spent on how to getoor

it is tolerable to increase the waiting time at squtants, evaluate the unitary cost. In location-routing peohs,

namely those manufacturing low volume. the route decisions are explicitly modeled in tipgiroi-
zation problem, which results in large sized protde
3.2.2 Modeling transit costs usually heuristically solved. The clustering-based
In the situation under study, most of the distiituicen- method (Barreto and al, 2007) is a way to approtéma
ters and all the related activities (loading, udiog, the route lengths while keeping a simple and niesi

etc.) are outsourced. Hence, there are no fixeshioge  model using linear costs. Accordingly, we have emos
costs to be incurred before using a distributiontee this method for modeling our network design problem
However, each time a vehicle goes through a DCclwhi

is not belonging to the carmaker, a unitary costeda  3.3.1 The clustering-based method

transit cost is paid to the third-party logisti€is cost is The idea of the clustering-based method is to form
usually mentioned in a contract between the companygroups of customers, which will be allocated to shene
and the third-party logistics where the two paraggee  routes. In other words, we suppose that each titneck
upon a minimum and a maximum transit volume during leaves a distribution center to transport produots
the planning period. We thus impose in our mathemat tended for a group G, it stops at each customes ¢d
cal formulation minimum and maximum values for the deliver a part of the truckload. Although this ist rex-
annual transit volume through each DC if we det@e actly what happens in reality, as routes are dyoamd
use it. We assume that the transit cost is constard not fixed for all the planning period, we considbat

value situated between these two bounds. this static method provides us with a good estinudte
secondary transport distances. Figure 4 illustrales

3.3 Maodeling secondary transport costs clustering-based method that we can summarizeun fo
steps:

Secondary transport covers the transport of gobys, (1) Construct clusters of customers with a mini-

truck, from distribution centers to the final cusiers mum volume limit and other constraints.

over distances usually shorter than primary trarispo (2) Solve a Traveling Salesman Problem for each

distances. A given truck starting from a distribaticen- distribution route from DCs to clusters.

ter may have to visit several customers, as on®oEs (3) Compute the unitary cost per transported prod-

has not necessarily enough demand to receive a full uct for each route.

truckload within the allowed delivery time. Figueil- (4) Solve a facility location problem using clusters

lustrates the combination of primary and secondary as customers instead of original dealers

transport.
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Figure 4: The clustering-based method

Clusters

dealers) adresses

In step 1, we consider as input of the clusteritgp-a
rithm the total demand of each customer, includitg
the product types. This is due to the possible doaab
tion of different car models in a same secondasmgr
port truckload. In step 2, we use a simple enurmrdb
determine the shortest route starting from a DE&iting
all the customers of a cluster then coming backhto
DC. In fact, a particular feature of vehicle distrion is
that a route consists of a small number of custemer
(usually between one and four). This makes solvirg
TSP problem through enumeration possible. The fpeci
trucks dedicated to cars transport can carry up-1®
products, according to the load factor of the viehigpe.
Thus, it is theoretically possible to visit up &ntcus-
tomers but from experience, the number is almaoshyd
less than or equal to four. In step 3, we use Hraes
truck cost formula used for primary transport azstu-
lation in addition to a stop cost for each custowfethe
cluster.

3.3.2 TheClustering algorithm
The algorithm consists in clustering the close @usrs

in a way to group those who have low demand with

Find the couple of clusters
(p.q) such as distance(p,q)
is the minimum of the
distances matrix

Y
R

N

y

END <
First Phase,

Distance(p,q) >
maximum distance
Constraint?

In
Total number of points

of (p,q) > maximum number v
Constraint?

N
Total demand Y

of (p,q) > maximum demand
Criterion?

I

| Cluster p and q |

Forbid the clustering
Ofpandq

And m=m-1

!

Total demand
of (p,q) > minimum demand
Criteria?

N
—»

Remove pand g |Y
from clustering [«
m=m-1

Update the distances between
the cluster (p,q) and the other
Remaining clusters

Figure 5: First phase of the clustering algorithm

We chose the following distance definition betwéen
clusters p and q:

Distanceg p,¢= Mirﬁ Distande ),j .0 C [ q(}:
C, is the set of customers of the cluster p.
This is a proximity measure called the “single dgk”

measure; see (Barreto and al, 2007) for a discugsfio
other possible measures.

those who have important demand. The total deménd o After the first phase, a second phase has to bleedgp

a cluster has to be sufficient to fill in averagdeast one
truck within the allowed waiting time on the disttion
center (transit time). The clustering algorithm Has
meet, as far as possible, three constraints:

- A maximum distance between two customers (bweif
have no other choice, we ignore this constraint)

- A maximum number of customers per cluster

- A minimum and a maximum total demand for each
cluster

Input distances between customers are calculated as
Geographic Information System (GIS) to form a point
to-point distance matrix.

At the beginning of the algorithm, the cluster list
initialized to single-element clusters (i.e. eacistomer
corresponds to a cluster). Letbe the current number of
clusters remaining in the clustering algorithm, Ufigy 5
illustrates the first phase of the implemented atho.

order to consider the clusters discarded in tret fihase
due to different constraints. In the second phasly, the
minimum volume and the maximum number of points
constraints are imposed. We check that each clhate

a total demand greater than the minimum demand
required. If it is not the case for some clustahen we
attach each of its customers to the nearest clhaténg
fewer customers than the maximum allowed number of
customers.

3.3.3 Difficulties due to the multi-product, multi-
sourcing aspects

The main objective of a clustering algorithm acdaogd

to a minimum volume limit is to ensure full truckid
routes for secondary transport. As mentioned befoee
consider as an input of the clustering algorithime, tiotal
demand of each customer, including all the product
types. Thus, if we choose a single sourcing scenae.
each cluster is assigned to exactly one DC, thermn

of minimum volume will be met as done in (Barretaa
al, 2007). Nevertheless, if we consider a multgserc-

ing scenario, then the total demand of each clusield

be assigned to more than one DC. Thus, the minimum
volume limit could not be met and trucks would bet
full. As we are concerned by the second case, dhe s
tion that we chose to implement in our model isudl a
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minimum volume constraint to each of the DC-Cluster flows, and using a clustering method for grouping

links. This will limit the number of DCs associatéal
each customer and will therefore guarantee a seiffic
volume ensuring full truckloads within the maximum
waiting time fixed by the user.

3.4 Constraint analysis

In addition to the minimum volume constraints for
transport and transit flows, other constraints hvée
added in order to properly fit our concrete appiara
For instance, a truck driver delivering vehicles car
dealers has to go back to his distribution centetha

customers. As far as transport is considered, iteae a
trade-off between two conflicting objectives, nayel
maximum delivery time limits and distribution cost
decrease, it is necessary to have much volumeghtbec
idea of lower bounds for the primary and the seaond
transport volumes. We also include this kind of
constraint for the flows going through DCs instezd
using fixed costs as usually done in the literatdree
manufacturer does not pay fixed costs but the {handy
logistics managing each DC asks for a minimum
guaranteed volume to provide a transit area wigfvan
tariff.

end of the working day. The traveled distance per The clustering of customers into groups could dso

delivery trip should not thus be greater than aegiv
limit, allowing him to respect the legal daily drig

viewed as a way for flow consolidation becausesuits
in full truckloads in secondary transport. To thestof

time. This leads to a maximum covering distance our knowledge, the clustering method in a multicret,

constraint: assignment of customers to DC are diidm
if the corresponding distance is larger than amivaue.
Considering this additional constraint, togethethvihe

capacitated context with a multi-sourcing option (a
customer is not necessarily associated to exaatly o
DC) and minimum volume constraints has not been

lower bounds for primary transport flows makes the addressed in the literature yet.

location problem more difficult. Clearly, while the
volume constraint pushes for limiting the numbebéfs
linked to each plant, the distance constraint téndbe
opposite decision in order to be as close as pesgib
customers.

If we also use volume constraints for

We provide also a concrete application dealing vaith
facility location problem in a supply chain context
field for which application papers are scarce, aisited
out in (Melo and al., 2009).

secondary flows, the problem becomes even more4 PROBLEM FORMULATION

complex as each of the two volume restrictionsnfgry
and secondary) result in different decisions asafathe
network structure is considered. Targeting a mimmu
quantity for secondary transport links encourades t

Using the modeling decisions detailed in paragraph
we formulate the mathematical model.

decision of decreasing the number of DCs per daluste 41 Mathematical model

while the same constraint for primary transportieto

increasing this number. The former observation is Here we provide the problem formulation that wil the

intuitive but the latter is not, it was suggested b

computational experiments and a possible explamatio

was deduced. In fact, increasing volume on eachtpla

DC link leads to decreasing the number of DCs

associated to each plant. This means that all tis D
opened due to the distance constraint cannot dédakil/
the products. In this case, a cluster has to ldakany
centers in order to satisfy all its demand and fhidt
results in a higher number of centers per cluster.

In the field of logistics, there are also othereruthat
could be forced by third-party logistics or carsiein our
case, the vehicle distribution team has to copé it
“districting constraint”, that is, assignment démis are

basis for other modifications.

4.1.1 Data sets

1 set of plants (i=1..1)

J set of potential DCs (j=1..J)
Q set of clusters (g=1..Q)

4.1.2 Parameters

Dgi: Yearly demand of a clusterfor the product manu-
factured in plant
minCap: Yearly minimum volume of vehicles going

made on the basis of a given decomposition of thethrough DG if it is chosen

territory into districts and not for each singlestamer.
This leads to a slightly different version of the
mathematical model, which will be explained in
paragraph 4.2.

3.5 Statement of the proposed model

maxCap Yearly maximum volume of vehicles going
through D( if it is chosen

PTG;: Primary transport cost for a truck going from
planti to distribution centeyr

STG,: Secondary transport cost for a truck route stgrti

at DCj and visiting all the customers of cluster

TG: Unitary transit cost for the distribution cenggcon-

One of the contributions of this paper consists in giant for a volume betweeninCap andmaxCap)

providing an approach to consider

shipment \v: Average truck capacity for a truck starting itite

consolidation within a network design problem. Two from the plant (primary transport)

important ideas are studied in this context: inti@dg

W: Average truck capacity for a truck starting itaite

minimum volume constraints for transport and transi from any distribution center (secondary transport)
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M: Big value

NWD: Number of working days in a planning period
Tmax(i) Maximum waiting time at the plarit before
shipping is made to distribution centers

T: Maximum waiting time at a distribution center bef
shipping is made to dealers
Max_cap_distanceMaximum route distance between a
distribution center and a clustgr

PI: Plant-DC low volumes penalization amount

4.1.3 Decision variables
We introduce the following decision variables:

Binary variables:

_ |1 if distribution center j is selecte
710 if not

, = 1 if route [i] from plant i to DC j is selectes
" |0 if not

1 if cluster q is allocated to DC | for a
least 1 product
0 if not

Continuous variables:

X, = Proportion of the cluster g demand foe product
manufactured in plant i and delivered by DC j.

Xigi is defined only if:
Route j, < max_cap_distan

Vi,

constraints for primary transport links.

V' 2V, ()

V' < Vi)

With V.,

a full truckload within T, () from plant i to any DC.
W,

L___xNWD
Tmax( i)

V*,;: Artificial variables used to wi& minimum volume

(i) equal to the minimum yearly wame ensuring

= \Anm(o =

4.1.4 Constraints
Demand satisfaction constraint:

Oi0l dgOQ such as [ >oi x = @

Constraints (1) state that the demand of the alugsfer
the product manufactured in plant i is satisfied.

Minimum volume constraints in primary transportn

Q
OiOl G033 x, D=V, VY, 2)

q=1
Vi (1) X2 V' <M <z, 3)
V“ii = Vmin (I) xZij (4)

With M:min(maxCap ,Total Demar(d))i

Constraints (2) state that the total volume goirgmf
plant i to distribution center j is expressed abfference
between two continuous variables. Constraints (8) a
(4) mean that:

¢ If Z; = 0, then the link [ij] is not selected, thus
V', =0and V", =0

¢ If z; =1, then the link [ij] is selected, thus
V2V (i), vy sMand Vv <V (i)

ij —

V"ij is the allowed decrease of [i,j] volume compared to

the volume limitV,_. (i) . It will be minimized, null if

possible, as it is strongly penalized (see objectunc-
tion). In fact, variablesV"; and V*; are created to de-

tect the possible sources of infeasibility.

Distribution center maximum capacity constraint:

Q
> 2 Xiq XDy < y;xmaxCap (®)

|
0joJd
i=1 q=1
Constraints (5) stipulate that if the DC j is sédec
(y;=1), then the flows transiting by j must not excétsd
maximum capacity but, if the DC j is not selectgeQ),
then there is no flow transiting by it (all thgxare null).

Distribution center minimum capacity constraint:

e
0j0J > % %D, =y, xminCap (6)

i=1l g=1

Constraints (6) stipulate that if the DC j is sédelc
(y;=1), then the flows transiting by j have to be ¢rea
than its minimum volume limit but if the DC j is ho
selected (y0), then the quantity is positive or null.

Minimum volume constraints in secondary transport
links:

|
0j0J 0q0Q Zquixinzgx NWDx g, @)
i=1
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|
0j0J 0gO0Q ). x4 < Ixa,
i=1

Constraints (7) ensure that secondary transpormel
between warehouse j and cluster q is greater thaimia
mum volume (guaranteeing a full truckload withire th
maximum waiting time T) if the link between j and q
exists (g=1). Constraints (8) stipulate that all of thg x
are zero if the link between j and q does not €ggt0).

Logical constraints:

gOiglr goJ z; <y,

Constraints (9) stipulate that route [i, j] canrm se-

lected if the distribution center j is not selected

Integrity and non-negativity constraints:

0j0J vy, 0{0,3

0ol o z,0{0,3

0j0J 0q0Q a,0{ 0}
0j0J OgdQ Oidl x, 0[0,1

4.1.5 Objectivefunction

Min f(x)=Primary transport costs
+ Secondary transport costs
+ Distribution centers transit costs

+ Penalization of low plant-DC volumt
With:

I J Q :
primary transport COSEZZZTJ X P

Transit costsiii % B TC

j=1 g=1 i=1
and

1 J
penalization costs¥ > Rl Yy
i=1 j=1
V", are artificial variables

4.2 Other versions of the model

4.2.1 Adding thedistricting constraints

In the present work, we are dealing with a concegte
plication where the transport activities are outsed

and the carrier imposes to divide the geograplhiaceh
into districts using the zip codes. Assignment siecis
as well as prices are thus given per district aodper
single customer. It is therefore necessary todasther
version of the model, considering a “districtingneo
straint” which consists in applying three modificats to
the modeling approach already described above.h&n t
one hand, we have to use assignment variables dider
tricts instead of clusters and hence to const@istom-
ers of a same cluster to belong to the same dis@ic
the other hand, we must write the maximum distance
condition in such a way that the distance betwe&Ca
and all the clusters of a district is less thanrfaimum
allowed distance.

4.2.2 Using the sequential approach

In order to study the contributions of the clusigriap-
proach, we also implement a sequential method where
we first solve a facility location problem withorggard

to any clustering. We suppose that customers simply
correspond to districts (demand aggregation) amdaus
unique reference location as representing eachiadist
when calculating distances from DCs. Then, usirg th
location and assignment decisions, we apply thsteiu

ing algorithm to evaluate the route lengths for diediv-
eries allocated to each opened DC. Thus, we cdawev
the secondary transport costs considering the roddai
routes. Figure 6 summarizes the sequential approach

Considering DC-District distances

l Optimization output:
1. Network * List of opened DCs

optimization + Decisions of district allocation to apened DCs

« Secondary transport costs under-estimated

l.' * Route length
‘ 2. Clustering algo }_' calculation for each DC

* Secondary transport
cost recalculation

Figure 6: The sequential approach
5 COMPUTATIONAL TESTS
5.1 Casestudy description

Computational tests were carried out for one data s
related to the concrete application we are studyivith

17 plants, 52 potential DCs and 563 customers. @ve ¢
sidered a specific truck capacity (load factor) &ach
plant while calculating primary transport costs. e
contrary, we used the same truck capacity forhallstec-
ondary transport flows, as there is usually a nfixehi-

cle models in each truckload. This truck capacigsw
evaluated as the weighted average load factor using
product volumes as weights. After applying the ®us
ing algorithm according to the chosen grouping pera
ters (two truckloads as minimum volume, three truck
loads as maximum volume and four as the maximum
number of customers per cluster), we obtain 308tets
(294 clusters if the districting constraint is @pgd). For
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all the tests, the target waiting time at each tplees set  5.2.2 Cost analysis
to 5 days and the minimum volume on each DC-clusterThe decisions issuing from the three versions efdh-

link to one truckload. timization model have different implications on tteeal
distribution cost. For instance, considering thHet ais-
5.2 Numerical results signment decisions have to be identical for all ¢hes-

ters of a same district is very constraining. Thheye is
The program was implemented in C++ and solved usingan additional cost to pay if the manager choosess(o
ILOG Cplex academic version 12.1. All the tests aver obliged to choose) this alternative. This costéase is
carried out on a Pentium Core 2 Duo (2.53 GHz) with evaluated to 3.7% if testing the two model versiafith
1.92Go of RAM, running under Windows XP. We em- a maximum distance constraint equal to 460KM ard th
ployed a free batch (Batch géocodeur) to obtairgde same volume and waiting time constraints everywhere
spatial coordinates of the different points and e@lw  else.
known Geographic Information System (GIS) to calcu-
late route distances. We used the default settisfys As far as the clustering approach is concerned;hese
CPLEX solver for optimization. In the following ss#c- to compare the economic outputs of the integratetl a
tions, we present the results of the computatianal the sequential method, considering the districitog-
periments carried out to evaluate time, cost andage- straint. However, we face here a modeling diffigult

rial insights. concerning the maximum distance constraint formula-
tion. In fact, in the integrated clustering apptuait is
5.2.1 Timeanalysis possible to include the distance constraint usiegroute

We intend here to study how the computational time distances between DCs and clusters, whereas isethe
depends on the value of the maximum covering distan quential method, this is not possible, as clusteesnot
constraint. Although we are able to reach thenaplity integrated in the optimization step. Thus, we h@vase

in all the tests, we preferred to stop the alganitat a distances from DCs to the reference locations sgmrte
gap equal to 1%. In fact, proving the optimality some ing the districts, in the two cases, in order tmpare the
cases, is very hard and the computational timegsezkc two models under the same hypothesis. Moreover, we
the limit of a manageable duration (3hours). Figdre add to the objective function two weighting factoose
illustrates the results obtained for the case stiefined  for the primary transport cost and the other f@& sec-
above. ondary transport cost. This aims at detecting tik-

ence of the two costs proportions on the clustebiege-
80000 . . .
- 5 fits, the results are summarized in table 1.
30 q
£ £
2 2
g -+ 60000 Primary transport cost | Secondary transport cost | Secondary transport cost | Gain**
g 204 § factor factor proportion*
3 g 1 1 17.2% 1.68%
2 x 038 12 22.4% 2.08%
£ = 40000
S & 04 16 39.1% 4.60%
0.2 1.8 54.7% 6.02%
0.1 19 65.9% 6.96%
40 T 20000 0.08 2.2 71.2% 7.24%
0.06 24 75.3% 7.31%
0.03 2.6 80.3% 8.02%
0 0 Table 1: The economic impact of using an integrated
460 490 520 580 Maxdistance (KM) .
clustering approach
Computational time for model with districting constraint (mn) * Calculated using the outputs of the integrategrapch as secondary transport
e Computational time for model without districting constraint (mn) cost/objective function value
* Calculated using the objective function value (@equential model value -
integrated model value)/sequential model value
Number of assignement variables for model without districting constraint

Figure 7: Time and variables number as a functiche As we can see, using an integrated clustering-aopro

maximum distance constraint value leads to savings in the total distribution cost akhbe-
. ] ] ) come more significant when secondary transportscost
It is seen that as the maximum distance value #&®  account for the major part of the total cost. Tedsild

the computational time increases. This observationyecyr. for example, if distribution centers becortaser
seems to be obvious as increasing the distancésesu ¢, plants and farther from customers.

a greater number of assignment variables x andithas
problem of a larger size. However, it is worth givig 5.2.3 Managerial insights

out that, in the case of our specific applicatith prob-  ag the network design model that we are studying is
lem becomes hard to manage starting from a distanceyqcision-aid tool for supply chain managers, inigor-

constraint equal to 580km. It is noticeable alsat,tfor a tant to analyze some of the related manageriabfitsi
distance between 460 and 580km, the computational, his context. we carried out a second test toare

time is fluctuating and not regularly rising. It pbnds
indeed on the potential links added due to theadcst
constraint relaxation.

the results obtained with the integrated and tlopiee-
tial methods, this time formulating differently tiheaxi-
mum distance constraint (we use DC-clusters route
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lengths for the first and DC-districts round-trijgtdnces
for the second). We consider then the results shiown
table 2 (in the sequential case, maximum routetkeng
are calculated after the network optimization, gsin
clustering per DC). If a black entry is associateda
given DC, it means that this DC is not opened kg th
optimization approach corresponding to the considler

line.
DC | 1] 2| 3| 4] 5| 6|
Integrated approach 444.86| 440.79 434.18| 381.34
Sequential approach H 625.299| 406.854) 626.452] 361.55| 570.908|

DC 7 8| 9 10, 11 12
Integrated approach 456.82| 409.88] 451.37| 354.26| 444.29
Sequential approach 616.29] 571.041] 592.601| 496.906| 467.554

Maximum |
route (KM) |

Maximum |
route (KM) |

583.127

DC 13 14 15| 16, 17 18,
Integrated approach 382.12) 380.40] 454.91] 232.01] 395.62] 457.08]
Sequential approach 697.19] 510.228| 692.756] 293.53]| 608.777| 465.976

Maximum |
route (KM) |

DC 19| 20 21 22 23 24
Integrated approach 458.29] 385.03| 340.35] 420.48] 41.08] 432.51
Sequential approach 626.02] 486.199| 507.496] 483.734] 41.08 534.413

Maximum |
route (KM) |

DC 25 26, 27 28 29
Maximum | _Integrated approach | 456.89| 382.36] 435.79 450.52
route (KM) | sequential approach 687.9] 399.583, 526.896| 798.205

Table 2: Maximum route length for each opened DC in
the cases of integrated and sequential approaches

We can obviously conclude that the clustering aagho
integration makes it possible to respect the marimu
route distance constraint in all the assignmentsiats
(in table 2, first line, all the distances are ld¢kan
460KM). On the contrary, it is not the case in He
guential approach as the optimization model coimgtis.
formulated globally for the whole district and note-
cisely for each cluster. Managers are also catefthe
waiting times and their influence on the custonmvise
rate. Further analyses of the results given byitibe-
grated approach reveal that depending on the mawimu
route constraint value, waiting times at plantsidalete-
riorate and even the problem could become infeasibl
some parameters are not tuned. For instance, shevee
made with the integrated approach, using a disigct
constraint and a maximum route length equal to 480K
indicates that it is not possible to have a feassbblem
with a maximum waiting time of five days at eachryl
as wishes the logistics manager. In fact, due eantlxi-
mum route constraint for secondary transport, gdaht
has to deliver its products to 25 opened DCs. Tdasds
to the violation of the minimum volume constraitts
three of the primary transport links. The constrainla-
tion is detected by observing a high penalizatiarame-
ter in the objective function value. In this caisés man-
datory to tune the problem parameters by increatiag
maximum waiting time for the corresponding plamis i
order to avoid the penalization. Moreover, decreasie
maximum distance value from 460KM to 400KM makes
the problem infeasible with the initial parametdtsis
though possible to obtain a solution if we finehabyze
the parameters to change. For example, in this, cese
can detect a leak of capacity in one of the DCssande
customers that are situated at more than 400KMhef t
nearest DC.

It is also noticeable that the results given by tiee
implemented versions provide fractional assignment
variables (about 9-25% of nonzero variables), that
product that comes from a given plant and interfdec
given customer could go through different DCs. Adeo
ing to the logistics manager, this is not the dasgrac-
tice but imposing an additional constraint of irdegs-
signment variables leads to high computation ticued
even infeasibility in many cases.

6 CONCLUSIONSAND FURTHER RESEARCH

In this paper, we studied a facility location preol aris-
ing in the context of vehicle distribution. We posed a
modeling approach considering the flow consolidaiio
primary and secondary transport. For the first case
introduced a lower bound, which is evaluated adogrd
to a trade-off between time delays and cost deeréas
each plant-DC link. For the second case, we first
grouped customers using a clustering algorithmraen
to ensure full truckload deliveries. Then, we uskd
resulting clusters as final customers in our opation
program. Taking into account a fixed waiting time a
DCs, we defined a lower bound for the volume going
through each DC-cluster link. We assigned also @i-mi
mum transit volume constraint to each DC, instefathe
traditional fixed costs. This lead to the formubatiof a
large-size MILP with minimum volume, maximum dis-
tance and capacity constraints. Our computatiomal e
periments on a concrete case study showed encagragi
results with the clustering approach. Comparedht® t
sequential approach, the clustering-based one l@ads
cost reduction, which increases as the secondang-r
port cost ratio increases. Furthermore, we analgoede
managerial insights such as the impact on costhef t
districting constraint and the influence of thetalige
constraint on waiting times. As far as computationa
times are concerned, we concluded that the problem
comes hard to solve for higher values of the desan
limit. It would thus be interesting to study a sifiecal-
gorithm in the case of large-scale problems, wicizhld
happen if we relax the maximum distance constiairit
we consider many countries simultaneously. Besiites,
real life situations, primary transport is multi-ded,
using truck (road), train (rail), barge (river) lmwat (sea).
That is why, we suggest as a further consideration,
include transport mode choice in the model alredely
fined.

ACKNOWLEDGMENTS

The authors thank the company that supported thig.w

REFERENCES

Barreto S., Ferreira C., Paixao J., Santos B. @072
Using clustering analysis in a capacitated location

routing problem.European Journal of Operational
Researchl79, p. 968-977.



MOSIM’12 - June 06-08, 2012 - Bordeaux - France

Batch géocodeur,
http://www.batchgeocodeur.mapjmz.com/

Bucci Michael James, 2009. Solution Procedures for
Logistic Network Design Models with Economies of
Scale. A dissertation submitted to the Graduate
Faculty of North Carolina State University in par-
tial fulfillment of the requirements for the degrefe
Doctor of Philosophy

Daskin Mark S., Snyder Lawrence V., Berger Rosemary
T., 2003. Facility location in supply chain design.
Book “Logistics Systems: Design and Optimization”
Chapter N°2

EskigunE., Uzsoy R., Preckel P.V., Beaujon G., Krish-
nan S., Tew J.D., 2005. Outbound Supply Chain
network design with mode selections, lead timed, an
capacitated vehicle distribution centefSuropean
Journal Of Operational Research65, p.182-206.

Grangeon Nathalie, Norre Sylvie, Gourguechon Otjvie
Suon Médéric, 2010 Un probleme de planification
stratégique de type production-distribution avec-ec
nomies d'échelle et technologies de productige.
Conférence Internationale de MOdélisation et SIMu-
lation - MOSIM’10 Hammamet Tunisie..

Guha Sudipto, Meyerson Adam and Munagala Kamesh,
2000. Hierarchical Placement and Network Design
Problems. Proceedings of the 41th annual IEEE
Symposium on Foundations of Computer Sciepce
603-612.

Gunnarsson H., Ronngvist M. and Carlsson D, 2006. A
combined terminal location and ship routidgurnal
of the Operational Research Sociddy, p. 928-938.

Javid Amir Ahmadi and Azad Nader, 201Acorporat-
ing location, routing and inventory decisions ipsu
ply chain network desigi.ransportation Research
Part E46, p. 582-597.

Karger David R. and Minkoff Maria, 2000. Building
Steiner Trees with Incomplete Global Knowledge.
Proceedings of the 41th annual IEEE Symposium on
Foundations of Computer Scienge 613-623.

Lim Andrew, Wang Fan and Xu Zhou, 2006. A Trans-
portation Problem with Minimum Quantity Commit-
ment. Transportation Science, Volume 40 Issue 1

Lin Jenn-Rong, Nozick Linda K., Turnquist Mark A.,
2006. Strategic design of distribution systems with
economies of scale in transportatidinnals of Op-
erations Research44, p. 161-180.

Melo M.T., Nickel S. and Saldanha-Da-Gama F., 2009.
Facility location and Supply Chain management, a
review. European Journal Of Operational Research
196, p. 401-412.

Min H., 1996. Consolidation terminal location—
allocation and consolidated routing problerdsur-
nal of Business Logistids7 (2), 235-263.

Nagy G. and Salhi S, 2007. Location-routing: Issues
models and methodBuropean Journal of Opera-
tional Researcil7, pp.649—-672.

Nozick Linda K. and Turnquist Mark A.,199Btegrat-
ing inventory impacts into a fixed-charge model for
locating distribution center3ransportation Re-
search Part E: Logistics and Transportation Review
34 p.173-186.

Owen S.H. S.H., Daskin M.S, 1998. Strategic facilit
location: A reviewEuropean Journal of Operational
Researchil11 p.423-447.

SajjadiS.R., 2008. Integrated Supply Chain: Multi prod-
ucts location routing problem integrated with inven
tory under stochastic demariissertation submitted
in partial fulfillments of the requirements for thkle-
gree of Doctor of Philosophy,he department of in-
dustrial and manufacturing engineering and the fac-
ulty of the graduate school, Wichita state uniugrsi

Shen Z.J., 2005. A multi-commodity supply chainiges
problem.llE Transactionsvol.37, p.753-762.

Shen Zuo-Jun Max and Qi Lian, 2007. Incorporating
inventory and routing costs in strategic locationdm
els. European journal of operational researcti’9
p. 372-389.

Srivastava R. and Benton W.C., 1990. The location-
routing problem: Considerations in physical disirib
tion system designComputers in Operations Re-
searchl7, 427-435.

Svitkina Zoya, 2010. Lower-bounded facility locatio
ACM Transactions on Algorithms (TALGplume 6
Issue 4.

Yi Wei and Ozdamar Linet, 2007. A dynamic logistics
coordination model for evacuation and support in
disaster response activiti€suropean Journal of Op-
erational Research 79, p.1177-1193.

10



