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ABSTRACT

Distribution network design as a strategic decision has long-term effect on tactical and operational supply
chain management. In this research, a supply chain design problem based on a two level capacity location
allocation problem (TLCLAP) is presented. A product must be transported from a set of seaport to meet
stores demands, passing out by intermediate warehouses. The objective is to locate the warehouses, allocate
warehouse to seaport in the first distribution network level and allocate stores to warehouse for in the
second one. The finality is to minimize the global cost of the underlying two-level costs thereby satisfying
store demand and warehouse capacity constraints. In this study, a new mathematical model for the two-
level capacitated facility location allocation, with restrictions in the real-world environments of logistics
distribution is given. In order to solve the model, an efficient Genetic Algorithm (GA) for TLCLAP in
distribution logistic network has been developed for optimal distribution network design.

Keywords: Distribution network, Genetic Algorithm, Location-allocation decisions, Logistics network,

Mathematical modeling.
1. INTRODUCTION between their behaviors. The global optimum of the
chain is the sum of local optima; this implies that

In the past, the success and prosperity of the the strategy must be global thinking with the

company depended mainly on its policy and
approach to its internal organization. With the
current trends in supply and demand, and
globalization, the company must, in addition to
improving its organization, have the constant
concern of the performance and effectiveness of all
links in the global supply chains to which it
belongs. A business can be profitable, with no
worries of Seles and / or cost-effectiveness; bat may
cease to exist following the breakdown of a single
link "a vendor or supplier of the supplier no longer
meets the conditions for cooperation."

Regardless of the business strategy, performance
is dependent on other actors who can influence the
success or failure of the chain by the interrelations

involvement of all the links in the "principle of
totality." In other words, the links in the chain must
interact collaboratively in a common goal of
maximizing the performance of the overall system.

A company's logistics network strategy should
conform with, and be part of, its overall corporate
strategy. Hence, if a company strives to become a
leader in retail, it must consider establishing stores
and locating warehouses in regions that are
consistent with its strategy and that are optimally
located to serve its global customers. The desired
aim in designing a distribution network is to
determine the design of a network architecture that
can meet the demand of various customers at the
lowest cost, taking into account capacity constraints
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warehouses. It is therefore to determine the trade-
off between the costs of the system include
operating costs and opening warehouses, and the
costs of inbound and outbound transport. In real-
world environments, since the purpose of business
is to minimize the overall cost of the distribution
network the use of location allocution facilities is
justified. For example, suppose a company aims to
locate a number of new facilities in a certain region
where the demands and locations of the stores are
known in advance, it will make the study on two
levels: between ports and warehouses (level 1) and
between warehouses and stores (level 2). Since the
seaports positions are given as it will try to study
the location of warehouse in which it will attach its
stores.

In this paper, we propose a relatively simple
model, which takes into account the practical and
theoretical constraints of the network and the use of
genetic  algorithm  whose effectiveness and
efficiency are proven in various issues like
optimization. The setting of the various parameters
of the algorithm based on the target performance
helps make the result fairly realistic in terms of
response time and quality of solutions.

The structure of this research is as follows. In
Section 2, we presented a literature review about
facilities allocation location. In Section3, we give a
mathematical formulation for our problem then we
explored the structure of the problem and then
proposed and developed a genetic algorithm to
solve the problem. To evaluate the computational
effectiveness we apply our method to a distribution
company, located in Morocco. Testing our
concluding remarks is summarized in Section 4.

2. LITERATURE REVIEW

The spectacular growth in demand for effective
management of the supply chain has developed
location allocation problems as significant research
topics. The objective of this problem is to have a
network design that contain a new installation sites
in the space to serve the customers demand in such
a manner as to minimize the total cost of logistics
network. In general, location allocation modeling is
used to help solve the problems of site selection in
the public and private economic sectors, in
situations where an organization needs to get the
most effective and efficient distribution system
facilities.

The literature review revealed that many
researchers have granted interest to the problems
related to the logistics distribution networks. In this
context, previous studies are identified by Aikens

[1], Brandeau [2] and Avella [3]. In the same
context, Jayaraman studied the problem of the
location of the warehouse that empowerment is to
locate a number of warehouses to meet customer
demands for different products [4]. However, Pirkul
have extended the above problem by taking into
account also the location a number of plants [5] .
He formulated the problem as a mixed integer
model and developed a heuristic solution procedure
of Lagrange. The procedure was tested using
instances of problems with up to 100 guests, 20
warehouses and 10 potential candidate sites.

Daskin, Snyder, and Berger outline the
importance of facility location decisions in supply
chain design. They begin with a review of classical
models including the traditional fixed charge
facility location problem. They expand the context
of facility location decisions to incorporate
additional features of a supply chain [6].Meng,
Huang, and Cheu identify basic features that
distribution model must capture to support
decision-making involved in strategic supply chain
planning[7]. In particular, the integration of
location decisions with other decisions relevant to
the design of a supply chain network. Also, Amrani
studied a problem identified as an extension of the
two echelon multi commodity called capacitated
facility location problem with single sourcing [8].
He considered direct shipments from manufacturing
facilities. The solution approach was a heuristic
based on a variable neighborhood search. Recently,
a models distribution network, without taking into
account capacity constraints of warehouses has
been deeply studied [9],[10].

The problem of designing a logistics network or
choice is of strategic importance, it is to consider all
available and potential facilities, suppliers, and
distribution  centers  with  several possible
configurations and customer demand with various
types of service requirements to determine the
configuration of the system suppliers, production-
distribution among the various subsidiaries that
maximizes profit.

The distribution network design models involves
a problem which is NP hard [11].1t is for this reason
that research in this area provides solutions based
on metaheuristics. A tabu search algorithm for
solving the incapacitated facility location problem
was proposed in [12]. Also, a heuristic based on
combination of volume algorithm and randomized
rounding in order to solve the capacitated and
incapacitated facility location problems was
explained in [13]. An efficient heuristics to solve
large-scale production—distribution network design
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models was studied in [14]. The problem studied is
an extension of the two echelon multi commodity
(capacitated facility location problem with single
sourcing).

3. METHODS

The capacitated facility location allocation is
based in a two-level system for the distribution of
one product in a single time period. In the first
level, the seaport send product to warehouse. The
second level corresponds to the flow of product
from the warehouse to the stores. The number and
location of seaports and stores are known. There is
a set of potential locations to open warehouse. The
number of open facilities is not defined a priori.
Each candidate site has a fixed cost for opening a
facility. The potential locations (warehouse) have a
limited capacity. Supply constraints that each store
is supplied at most by one warehouse. There are
several alternatives to transport the product from
one facility to the other in each level of the
network.

3.1. Assumptions

The model is provided for a distribution network
with 2 levels: from seaports to warehouses, and
from warehouse to stores. The product is sent from
seaports to warehouse and then distributed to stores
based on their demands.

Comprehensively flows can pass through P ports
and warehouses to serve W S stores. Or 2 level of
nodes (ports and warehouses retained). The choice
of node should be while optimizing costs upstream
and downstream transmission. The overall network

may be represented as shown in “Fig. 1,”
Seaports Warehouses Staris
7’
7’
=g
v’
v’
g
7’
v’
- ~— — ~ o’
Level 1 Level 2

Figure I: Two Level Distribution Network

We have formulated our model based on the
following assumptions:

v' A warehouse will be assigned to only one
seaport;

v' Warehouses will serve S stores and each store
is assigned to a single warehouse;

v' The warehouse capacity must not be exceeded;

v" We consider the opening and operation of each
warehouse costs.

v A seaport may not be elected, but at least, one
port should be selected in the network;

v' A warehouse may not be elected, but at least,
one warehouse should be selected in the
network;

v" We did our study over a period of one year;

Also, in this study, we consider the product as a

single unit “pallet”. Indeed even if distributed can
vary and range incomplete, in practice the cost
charged to the storage, handling and transport is
that of a complete pallet;

In our problem, we considered too the seaport
charges that have an impact on the distribution cost.
These charges for port services, broadly defined,
vary from one port to another, depending on its size
and facilities include charges for ships (royalty’s
room, lighting, mooring and towing) and charges
levied on all goods through the port facilities. These
are levied on all goods shipped, unloaded, in transit
or transshipment. Added to it the occupation of
medians storage charges and hangars as well as the
charges levied on various services provided by the
Port Authority (water supply, electric power and
authority to access ...).

3.2. Mathematical Formulation

3.2.1. Data
P=1 {l,' . -p} a set of seaports;
w=1 {1,- . 'W} a set of warehouses;

S=1 {1,- . S} a set of stores;
3.2.2. Parameters:

P: number of seaports;
W: number of warehouses;
k: number of stores;

P : Seaport i;

VVJ- : Warehouse j;

S, : Storek;

CU- : Unit shipping cost of product from seaport

P to warehouse VVJ ;
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warehouse to Store S, ;

: Unit shipping cost of product from

1—‘. ;- Max capacity for a Warehouse W/ :

F ;  Fixed cost associated to the establishment of
a Warehouse W/ :

ZU : Flow from seaport P, to warehouse W/ ;

Z - Flow from warehouse ¥/, Port to Store S, ;

V. : Storage and handling cost for seaport i;

3.2.3. Decision variable:

X {1 if Flow from seaport to warehouse,
ij L0 otherwise;

1,if Flow from storek —is—served
ij by warehouse _ j
0 otherwise

H

if warehouse— j—is—opened
, otherwise

3.2.4. Objective function:

MinY S Crzrxr+ Y Y Lz, +

=l j=1 J=1 k=1
ZFJY +ZIZZVZ"XU, 1)
i=l j
St:
DX, <LVjeWw (2)
Z w=LVkesS 3)

Zz X, ZZP 4)
2.2y <y.TH,
! J
S, 53,

J k

2%
k

®)
(6)

- H, 20,k ™)

DX, —H, [00,Yi 8)

Y, €{0.1}.V).k
X, €{0.1}. V1, (10)
H, e{0,1}.V] 1)

Since, according to the problem hypotheses, all
the products requested by a store will be delivered
by a single warehouse we will formulate a demand

©)

ofstorekas d, =7, Y, .

The objective function (1) minimizes the total
cost of setting up and operating the distribution
network. The first part gives the total cost for
transportation product from seaports to warehouses,
the second part present the total cost for product
transportation from warehouses to stores. The third
part is a cost for opening warehouse. The last part is
a total cost for seaports charges.

3.2.5. Constraints explanation

(2) Ensures that a warehouse will be affected to
only one seaport; (3) Ensures that a store will be
affected to only one warehouse; (4) Ensure that the
total flow between warehouses and seaports is equal
to the total flow between stores and
warehouses.(5)Ensure the allowed flow in a
warehouse to not exceed the his capacity; (6)
Ensures that at the last one warehouse should be
open. (7) Ensures that when a warehouse facility is
closed, it can’t serve any store; (8) Ensures that
when a warehouse facility is closed, it can’t be
attached to any seaport; (9), (10), (11) binary
variables.

3.3. Solution Approach

The problem considered in this paper is two-level
capacitated facility location problem TLCLAP
inspired by the case of a Moroccan company
specializing in retail. The company wants to
develop the Supply chain network to better manage
their products, select seaports and identify
warehouses to open up and develop the strategy of
distribution that will satisfy all stores opened in
Morocco.

The TLCLAP is a variant of location— allocation
(LA) problem. The final goal is to locate a set of
new facilities between a numbers of specific stores
in a specified area such that the global cost in the
network is minimized. As a variant of p-median
problem, that is proved to be NP-hard which
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implies a non-polynomial increase in the size of the
solutions space when the number of network nodes
is increased even when the network has a simple
structure[15], the problem require an heuristic
methodology in order to solve large instances. A
heuristic algorithm is a solution method that does
not guarantee an optimal solution, but in general
has a good level of performance in terms of solution
quality and convergence.

The p-median problem is an NP-Hard
combinatorial ~ optimization = problem  with
interesting real-world applications in various areas
including operational research. It has a number of
real-world applications and it was also used as a
tested for heuristic and meta-heuristic optimization
algorithm.

In recent years, many metaheuristics are
developed to give a resolution approach for LA
problem. Two new heuristic approaches to solve the
Discrete Ordered Median Problem was detailed in
[16]. Heuristic methods proposed are based on a
hybrid genetic algorithms and a generalization of
the well-known Fast Interchange heuristic. So, they
investigate the effect of encoding on GA
performance, by using two different encoding
schemes:  binary  encoding and  integer
representation. Tien present a hybrid genetic
algorithm to solve the uncapacitated location
allocation problems. The method proposed
incorporates a modified K-means algorithm that
clusters the customers into groups based on the
rectilinear distance, and then the initial population
of solutions is calculated according to the derived
centers of clusters[17]. Stanimirovi uses a Genetic
Algorithm Approach for solving the Capacitated
Single Allocation p-Hub Median Problem[18] . The
algorithm uses binary encoding and modified
genetic operators. The caching technique is also
implemented in the GA in order to improve its
effectiveness.

A new hybrid optimization method called Hybrid
Evolutionary  Firefly-Genetic ~ Algorithm  was
proposed in [19] and that is inspired by social
behavior of fireflies and the phenomenon of
bioluminescent communication. The method
combines the discrete Firefly Algorithm (FA) with
the standard Genetic Algorithm (GA). The study
conducted in [20] addresses a facility location and
task allocation problem of a two-echelon supply
chain against stochastic demand.

In this paper, our proposal is to use a
metaheuristic  algorithm based on Genetic
Algorithm (GA) to solve a TLCLAP, with some

adjustment related to genetic operators that has
proven to give quite good results.

3.3.1. Presentation of GA

Genetic  Algorithm (GA) is a class of
Evolutionary Algorithm (EA) which generates
solutions to optimization problems. They are a
stochastic optimization algorithms based on the
mechanisms of natural selection and genetics.

The idea is to start with a population of potential
solutions (chromosomes) initial arbitrarily chosen.
The population size is an important factor that has a
direct influence on its efficiency and effectiveness. ,
if the population is composed by a large number of
individuals, the probability of obtaining a solution
with good quality increases during the evolutionary
process of the algorithm, but computational time
increases, making it less efficient[21].Performance
(fitness) is evaluated relative. Based on this
performance, it is possible to create a new
population of potential solutions using simple
evolutionary operators: selection, crossover and
mutation. This cycle is repeated until a satisfactory
solution is found (see Algorithm 1). Also, it should
be noted that the GA has been successfully applied
to the NP-hard problem [22].

Algorithm 1: General Structure of GA

Begin
Create an initial population of chromosomes
While stopping condition is not satisfied do
Repeat
If (Crossover condition satisfied) then
e Select parent chromosomes
e Define parameters to crossover
e Apply the crossover operator
End if
If (Mutation condition satisfied) then
Choose mutation points
Apply the mutation operator
End if
Evaluate fitness of offspring
Until sufficient offspring created
Select the new population
End while
Return the best individual found
End

3.3.2. Initial population

GA uses an initial population in the beginning of
the evolutionary process which takes place through
a sequence of crossing and mutation operators. In
this work, The GA starts by randomly generating an
initial population of individual representing
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potentials solutions which taking in account the
constraints.

The initial population is performed by the
random generation of variables relating to decision
matrix taking into account the constraints of the
TLCLAP.

For this, the algorithm 2 provides a manner in
which the individual is generated. This generation
adopts as strategy of construction a solution which
start from the first level (between stores and
warehouses) and then move to the second level
(between stores and seaports). The transportation
costs and the warehouse capacity are considered
together, thus enabling the integration between the
two distribution levels. The individual will be saved
as a set of cluster which represents the delivery
route for a store k.

Algorithm 2: Initialization Of Individual

Begin
While (S is not empty)
Select randomly k in S

Whiler] <d,and Cjk *dk+F/

is minimum
o Affect k to j
o' oI, - d,
° VVJ —> VVJ +dk
e Pull k from S
End While
End While
Forjin W
While (C,, +V,)* W, is minimum
. Affectjtoi
End While
End For
. Save(Cluster(k,j,i))
End

In this algorithm, we just apply the traditional
random initialization method: randomly chose a
store and then assign it his relevant warehouse by
calculating the total cost from store to warehouse.
Then affect by the same process the other stores to
their relevant warehouses. After, we assign each
warehouse to the sea port according to the most
economic delivery route.

The risk for having duplicated individuals is
reduced because the technique used for population
generation ensures it. Indeed, this is a very
effective method for saving the diversity of genetic

material and keeping the algorithm away from
premature convergence.

For population selection, we employ the roulette
wheel selection with the elite strategy. The roulette
wheel selection simply chooses parent according to
the fitness value. In order to minimize the total cost,
the chromosome with the least fitness value owns
the highest chance to be selected. A figure 2 shows
an example of TLCLAP solution by considering
S=12, W=6 and P=4.

1|2 (3|4 |5|6 |78 |9]|10]|1]|12
1 ofojojojofojofojofofoOf|oO
2 rjofojofojofofrfojoj|1y|o0
3 ofo|jt1jojofrjofoj1fofofr1
4 ofrjojojofojrfojofofofo
5 ofofo|ltrjojojojojo|1rfojo
6 ofojojoj1rf{ojofojofofofo
Vel |||ttt ]t]1]1]1
J
Y/k Matrix
1(2(3[4|5(6
1 0o(o0ojo0ofl1]0]0
2 o(ojo0|l0]|1]O
3 o(o|1|0]O0]|1
4 o(1{0l0]|]0]O
of1r|11]1]1
Hj
X i Matrix
Store 1|23 4|5(6]| 7| 89|10 11 12
‘Warehouse 2143|516 3[4]2]|3(5 2 3
Seaport 412132 1|3[2]4]|3]|2 4 3

Merger of the two matrices ( Xi] and ij )

Figure 2: Example of Problem Solution

3.3.3. Chromosome encoding

The GA with binary string representation for
solving location allocation problem and other
similar location problems was used in several
researches [23]. In this paper, an integer-coded GA
is adopted. Compared with the binary-code GA, the
integer -coded GA has several advantages. Indeed it
is more convenient for the real-coded GA to denote
large scale numbers and search in large scope, and
thus the computation complexity is amended and
the computation efficiency is improved. The
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solution precision of the real-coded GA is much
higher than that of the binary-coded GA[24] .

The genetic code of each individual in GA
consists of a string of length 3*S, where the gene is
represented as a cluster (route) which indicates the
affection of stores and warehouses. Each cluster
contains three digits which take values from the set
{1, 2,...,S} for the first part of cluster, {0,1, 2,...,W}
for the second part of cluster and {0,1, 2....,P} for
the last part. From the genetic code we obtain
indices of established facilities in each network
level. We can notice the value 0 in the second and
third set. This means that we can find a warehouse
that is not elected to serve any store and also a port
that is not connected to any warehouse.

Almost, this representation of the chromosomes
was proposed in [23], in order to propose a simple
and effective Genetic Algorithm (GA) to resolve
the two-stage capacitated facility location problem.
An example is given in “Fig. 3,” according to the
network example given.

TJI L BB ]]]
Cluster Seaport
Store  Warchouse

Figure 3: Chromosome representation

This way of representing an individual is very
beneficial because we can easily calculate the
fitness function and make crossover and mutation
of genes in an easy manner. “Fig. 4,” shows a
cluster or a gene unit for GA. This gene contains
the following information: the store affectation and
the warehouse.

Figure 4: Example of a Gene Unit

3.3.4. Evaluation of Chromosome Fitness

The proposed GA can use the objective function
formulation (1) given below as the fitness
fitness(chr) of a chromosome. To evaluate the
fitness of a chromosome, its representation is first
mapped into an allocation array. First, we calculate
the total cost of transportation between stores and
warehouses. Then we calculate the total flow at
each warehouse, which will allow us later to
calculate the total transportation costs between
warehouses and ports. We take in account the

others cost specially seaport charge and cost for
warehouse establishment.

Another method is to calculate the cost of each
delivery route in the network and then calculate the
sum of costs. A delivery route is the representation
given in “Fig. 4,”. In our problem we have exactly
S delivery route. The fitness of a chromosome is
given according to Algorithm 3.

Algorithm 3:  Chromosome Fitness Calculation

Begin
Fitness(chr) =0
For (c In Clusters)
fitness(chr) = fitness(chr)+C , xd, +

d,x(C, +7)

End For
For (wInW)
If (w is opened)
fitness = fitness + F,

End if
Return fitness(chr)
End

The performance of a crossover in a problem
implementing the genetic algorithm depends on the
effective propagation of the building blocks of the
solution of the problem. In addition, the
contribution of fitness of a cluster in terms of
minimizing the objective function depends on the
costs in the two levels, the flow in each warehouse
and costs in each seaport.

The representation of the gene unit, for the
selected chromosome, corresponds to a delivery
route in the distribution network. In our case, and to
alleviate the implementation of the genetic
algorithm problems for combinatorial optimization
problems, which mainly concern the respect for the
constraints of the TLCLAP we propose a new
approach that allows the inclusion of both the
function to be minimized and the constraints
associated with the problem.

Indeed, we will consider the cost of each delivery
route, denoted by °s’, in the network including the
constraints related to the warehouse capacity, since
it is this constraint that requires more interest for
the problem. As such, we will define a fitness
function as follows:

1
- 10
f(s) ) (10)

With,
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d.C. d(C ¥ tQ=T,
¢(S) {O otherwise, ( ' Q

And Qw - ;d sX sw

According to this fitness function definition, we
can calculate the total fitness for a chromosome and
satisfy, wherever possible the warehouse capacity
constraint. So, to evaluate a chromosome, simply
calculate the sum of gene unit fitness:

fitness(chr) = §¢(s)

3.3.5. Crossover and Mutation

As the GA is a metaheuristics based on
biological function selection, the operator
responsible for the parental chromosomes crossover
select arbitrarily the genes of two parents with an
equal probability of selection. The crossover and

an

mutation operators may generate infeasible
chromosomes. Verify the feasibility of a
chromosome involves applying a correction

mechanism that has a very low impact on the
computation time.

Once a pair of parents is selected, crossover
operator is applied to them producing two
offspring. The operator we use in this GA
implementation is one-point crossover. One-point
crossover is realized with probability P = 0.90. This
ensures that approximately 90% pairs of individuals
exchange their genetic material. In “Fig. 5,” the
crossing of two parental chromosomes generates a
child (offspring) chromosome with some genes
from parents 1 and 2. This procedure diversifies the
population because the children generated replace
the parents in the next generation.

112 (3|4 (|56 |7 |89 |10]11]12

4 14 |3 |56 |4 |1 |23 |5 (4 |3

4 14 |1 |2 |1 |4 (2 (441 |2 (2 |1
Chromosome 1 Cross Over point

1 (2 (3[4 |56 |7 |89 |10]11]12
2 |4 |3 ([5]6 4
4 12 (3 (21 (3 (2432 (2 |3
Chromosome 2
112 (3|4 (516 |7 |89 |10]11]12
4 14 |3 |5 |6
414 |1 |2 |1 |42 ]|4 |3 ]2 |2 |3

w
~
(S}
w
(9}

~
=
[\9)
w
v
w

Offspring 1

112 (3|4 (|5]|6 (7|8 |9 |10]|11]12

2 14 |3 |56 |3 |42 |3 |52 |3

4 (213 (2|1 (3|2 (4|12 |4 |1
Offspring 2

Figure 5: Crossover Operator

As in biology, during crossing, there is a small
possibility that abnormalities occur without a
logical reason. After the operation, we can see an
infeasible Offspring. For example, when we look at
the cluster 1 and 2 for the Offspring 1, we observe
that warehouse 4 is allocated at the seaport 4 and at
the same time at the seaport 2. In order to obtain
correct individuals in the population, we apply a
correction mechanism.

Above correction mechanism is applicable only
when crossover operation is performed. So, we
introduce a sub-cluster definition to indicate a route
in the second level of distribution network between
warehouse and seaport. So, corrections will be
made only in a sub-cluster. Correction method is
conducted in accordance with the following steps
for each Offspring:

1. Searching the infeasible clusters;

2. Arranging sub-cluster into sets according to
destination route (warehouse),

3. Calculate the cluster’s fitness cost ;

4. Compare the fitness of each cluster in each set
according to equation (11) ;

5. Extract sub-cluster for cluster that have a best
fitness value in each set;

6. Substitute sub-clusters in each set by the sub-
cluster obtained in step 5.

The correction mechanism is applied to the
generated offspring so that every time a crossover
occurs, since is generated an incorrect offspring.
Furthermore, this method seems to be efficient to
avoid risk of losing the regions of the search space.
It converges since it retains the lowest cost route
with respect of warehouse capacity. “Fig. 6,” shows
an example of the correction mechanism operated
for the offspring 1. The infeasible clusters are
arranged in two sets.

mHoHa S
. HEN QIR
'

Tyt (| eeeeeeet )
Y

Set 2 of clusters

Set 1 of clusters
Figuic 1.

Figure 6: Sets of clusters Concerned by the Correction
Mechanism

The fitness of each cluster (gene unit) is
calculated for the two sets. After calculating, we
find that for Set 1, f(11)<f(1)<f(2)<f(6) and for the
set 2, f(9)=f(12)<f(3). The next step consists of
extracting the sub-cluster for cluster 2 and cluster 9.
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“Fig. 7,” shows how the cluster substitution is
performed.

~
~
w
W
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~
=
[\8)
w
W
~
w

PCS) tion S 6

keS

1 [2 |3 |4 [|5]6|7]8]9|10]11]12

orrection of Offspring |

Figure 7: Example of Sub-cluster Correction

Thus, we note that the offspring 1 has been
corrected. The same correction is used for the
offspring 2. In case of having the same fitness
value, we will select randomly one of sub-clusters
to make substitution.

Mutation is used to ensure genetic diversity from
one generation of a population of chromosomes to
the next. In mutation, the solution may change
entirely from the previous solution. Hence Genetic
Algorithm can come to better solution by using
mutation. Mutation occurs during evolution
according to a user-definable mutation probability.
This probability should be moderate to avoid a
primitive random search.

Mutation introduces new chromosomes with
given pre-determined probabilities to prevent local
optima, which is premature before reaching the
optimal solution. Many different mutation operators
have been devised such as binary mutation, reverse
mutation, position-based mutation and order-based
mutation.

In this paper, we use a fitness-route-based
mutation operator, which determines the probability
of mutating candidate genes according to the
weighted route cost from the stores to the seaport
via their currently allocated warehouse. .

The mutation operations employed in the
proposed GA are Shift Warehouse, similar to Shift
Warehouse method proposed by in[25]. In the Shift
Warehouse mutation, a Warehouse is detached from
one cluster of a solution and inserted into another
cluster of the solution. The Warehouse to be shifted
is selected randomly according to the probability of
its fitness route. This probability is formulated as
follow:

Offspring | 1 [1[3[5]61]1]2]3]5
1[2(3]4]5]6]7]8 101112 4[4 |1 [2)1 |42 (4([3][2 |2 |3
48335 (694842035 [2 I3 Warehouse 4 is mutated to warehouse 1

2 42 1302 |1429%2 (4 [3 |2 [4 §3

Figure 8: Example of Mutation Process

3.3.6. Termination

Depending on the nature of the problems, there
are three common termination criteria: the
maximum number of generations, or the maximum
number of failures (i.e., no incumbent solution
updated), or the maturity of the chromosome is
reached. The maturity is measured by the fitness
gap between the best and least chromosomes. In
this research, we terminated the program at the
maximum of Ngen generations.

SXPXW
Ngen=| ———
8 { 30 }

Run-time performance of GA is optimized by
caching technique. The main idea is to avoid
computing the same fitness cluster value every time
when genetic operators produce an individual with
same genetic code. The evaluated function values
are stored in hash-queue data structure using Least
Recently Used (LRU) caching technique. When the
same parameters are obtained again, values are
taken from the caching table, which provides time-
savings.

4. EXPERIMENTAL TEST AND CASE
STUDY

In this chapter, we conduct sets of numerical
experiments to verify the effectiveness of the
proposed resolution approach. Then, we apply the
model for case of a distribution network Company
operating in Moroccan.

All tests were carried out on an Intel Core I5 2.53
GHz computer with 2 GB memory by single core
testing option. For the testing, the proposed GA was
written in C# programming language.

4.1. Experimental Test

With regard to the proposed mathematical model
and being an NP-hard problem, there is no rational
run time for solving medium and large size of this
problem. To verify and validate the proposed
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algorithm, some small scale problems with simple
parameters are solved by exact solutions are
compared with the answers of the proposed genetic
algorithm. Thus, we use CPLEX software to solve
the mathematical model with exact approach.

The results of solving small-size problems with
exact algorithms show that they are identical with
the solutions resulting from the proposed genetic
algorithm. Exact algorithms find the optimal
solution with exploring all the search space of the
problems. In consequence, this result indicates that
the proposed genetic algorithm can achieve
optimality in problems with small size and this
demonstrates the validation of the algorithm.
Therefore, it can be concluded that the proposed
algorithm is appropriate for solving medium and
large scale problems.

For the experimental test in medium and large
scale, the size of TLCLAP in terms of number of
seaports, warchouses and stores vary from a
relatively small one (2, 4, 12) to an excitingly large
one (14, 36, 162) for real-world case, respectively.
The size and computing complexity for each initial
network parameters are given in Table 1. The
indexes of the instances are given in first column.
The instance’s index carries information about the
number of seaports, the number of warehouses, the
number of stores and the variables involved
respectively.

Table 1: Initial Problems Parameters

Avg
Initial | V8 Ga | Toul

. run Avg . run

Inst | Population | . : optimal .
. time solution Time
size Sol

(ms) (s)

1 144 11 68058,43 67092,68 0,27

2 1512 379 59693,14 5872425 0,94

3 5184 2916 63316,57 6249871 6,89
4 12240 12006 68687,71 67785,96 34,11
5 23760 37348 66352,85 65407,35 84,83
6 40824 82457 71424,42 70602,59 185,52

Ten trial runs were performed for each instance.
The performance was compared using two criteria:
the average value of the solution obtained in all
trials; the processing time to reach the optimum
target value. The initial population size was fixed at
the value IPS.

2

Table 2: GA Results On The Instances

IPS:[SXW}

Number Number of
Inst uof P&'::;;;g N“ST(:_?S off :llecision Order Complexity
Seaport variables
1 4 6 12 96 (6% x 12°)
2 6 12 42 576 0(12° « 4212)
3 8 18 72 1440 (188 « 7218)
4 10 24 102 2688 | 824 % 102%%)
5 12 30 132 4320 | ©(30%2 % 1323%)
6 14 36 162 6336 | 6(36* * 1623°)

As it can be seen in Table 2, the average running
times for generating initial population is very
important regarding the average GA total run time
(about 41,26%).This can be explained by the great
value of initial population and the algorithm
responsible for this generation requires compliance
with the problem constraints. Thus, the important
algorithm workload is devoted at this GA step.

As expected, solutions of the improved GA are
obtained in a reasonable computational time. The
GA is accomplished on instances with the greater
number of stores and greater number of warehouses
facilities (instance 5 and 6). It is interesting to
observe that the behavior of each test problems was
consistent in term of running time and solution
quality. It can be concluded that the GA proposed is
a promising optimization approach.

4.2. Case Study

The proposed model was applied to a Moroccan
company specialized in retails through a project
conducted by their top management. The project
aims to optimize the costs of transportation to
various levels of the chain, regardless of the value
of the products and their storage costs. It also
includes the cost of depreciation over 5 years of
each new site and its operating costs. It assesses the
impact of changing a node (a seaport or warehouse
distribution) on the overall cost.

To accomplish effectively the above project we
adopted the following steps given in “Fig 9,” by the
framework of Network engineering [26]:

= Definition of the project and its scope

= Development of selection criteria for various
scenarios

= Geographic Exploration of various expansion
options
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= Tdentification and selection of sites
= Implementing the solution

Network Engineering

Project Developement
Definition ~ seection

Figure 9: Network Engineering Diagram

4.2.1. Actual Network

The actual distribution network contains  only
one warehouse located at Casablanca and which is
served only by Casablanca seaport, the unique in
the distribution network. The company manages
105 stores scattered throughout the Moroccan
territory.

4.2.2. Selection criteria for the future network

A simple technique for determining warehouses
locations and candidate seaports is to establish a set
of minimum criteria. These criteria should be
developed so that the locations selected have strong
chances of success to be integrated in the
distribution network. Table 3 point up the criteria
maintained in each level.

Table 3: Criteria Selection of Network Facilities

Criteria selection

® Processing capacity of
international import

o Seaport charges

Facilities

Seaports

o Availability of human
resources

o Availability of road
infrastructure,

o Availability of
Telecommunications networks

o Adjacency into the urban and
demand space

warehouses

4.2.3. Identification and selection of sites

After the establishment of a set of candidate sites
we select those which satisfy the criteria. Table 4
gives the candidate seaports and warehouses
selected.

Table 4: Selected Seaports & Warehouses

Seaports location | Warehouses location
1 | Casablanca 1 | Casablanca
2 | Tangier 2 | Meknes
3 | Agadir 3 | Fes
4 | Nador 4 | Marrakesh
5 | Agadir
6 | Tangier

The geographical position of all network
components: Seaports, warehouses & stores is
given in “Fig. 10.

unchal

Santa Cruz
de Tenerife

EFSURR)

Moroccan
Sahara

Map’s legend:
™ Warehousg

\

( B Seaport |

\ ® Siore \

—~— |

Figure 10: Geographical Position Of Network
Complements (Map Extracted From Google Maps)

4.2.4. Costing the current network

configuration

The calculation is based on the GPS coordinates
of stores and taking into account distribution
transport and transport upstream of the seaport of
Casablanca to the warehouse. We calculate the
center of gravity to determine the middle of a stores
set whose coordinates are weighted by the volumes
delivered and costs by destination.

4.2.5. Solution Implementation

Once the all cost matrices have been established,
an implementation has been carried out around the
GA program. Since the demands of stores increased
annually by 10% and based on the data made by the
company, an approach has been adopted to using
our algorithm to analyze changes that may have the
network. This method consists in varying demands
store and to get the solution every time. So, three
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scenarios are created based on this investigation.
The implementation of the GA solution gives the
results hereinafter in table 5.

Table 5 Network Solutions And Analysis

Seaports=4;Warehouses=6; Stores=105

GA solution
: Projection o]
Scenario | Seaport warehouse Period cost
(MDH)
Year
| (S;’;‘E"grz) X‘C":S Z[tl:l);;:al) 2014(Actual | 44
g Situation)
Warehouse 1
5 Seaport 2 (Casablanca) | After 12 130
(Tangier) Warehouse 2 | years (2026)
(Meknes)
Warehouse 1
(Casablanca)
3 Seaport 2 Warehouse 2 | After 17 270
(Tangier) (Meknes) years (2031)
Warehouse 2
(Agadir)

4.3. Discussions

With current volumes and taking in account the
progression rate of stores demands, the only change
to be making in the network is to change the seaport
(network Level 1). Instead of the Casablanca
seaport we should select Tangier seaport that
provides the ability to save about 10% on
international transport.

Investing in a warehouse in the north west of
Morocco would be profitable only after 12 years.
Indeed, the savings on transportation costs equalize
the distribution of investment costs on a warehouse
in the region of Meknes. On the same principle,
opening a warehouse on the region of Agadir is
justified after 17 years.

According to this analysis, we can talk about the
robustness of the model that reflect the property of
a distribution network configuration which is able
to guarantee the lowest expected cost in the long-
run, over the potential scenarios determined by the
changes in the external context. Also, it was noted
the model stability ensures by the property of a
distribution network configuration to show a
restricted sensitivity to demand variability.

5. CONCLUSION

Concern about performance improvement in
distribution fields motivates the study of the design
network to better manage to cost generated by
operating in a logistic network. This paper deals
with the two-level capacitated facility location
problem. New genetic algorithm approach is

proposed.  After  having  formulated the
mathematical formulation, an improved Genetic
Algorithm was detailed. Improvements are
achieved, firstly, by using an efficient approach for
generating the initial population Secondly, by
adopting a new representation of chromosomes that
facilitate the GA implementation. A good method
is developed to preserve the solutions feasibility
during the GA process. The GA approach given in
our study seems to be efficient in terms of best-
known solutions and running times. It can be
concluded that techniques related to generation of
initial population and chromosome encoding with
the fitness for each cluster represent considerable
improvements in solving two-level capacitated
facility location problem.

Through the application of the approach
presented in this paper for a real case of Moroccan
distribution Company, it also turns out that it is an
effective tool for analysis, design and projection of
distribution networks regarding its robustness and
stability.

This research can be extended in several ways. It
would be desirable to investigate the application of
the proposed GA in case of three or four levels
including suppliers and/or customers. Further
research should also be directed at solving similar
problems taking in account the risk in establishment
a distribution networks.
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