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Abstract

This paper addresses distribution network design problems that involves depot location,
�eet assignment and routing decisions. The distribution networks under investigation
are characterized by several depots, a capacitated homogeneous vehicle �eet and a set of
customers nodes to be serviced with demands. The objective is to assign the serviced nodes
to depots and to design the vehicle routes. The optimal solution minimizes both the depot
cost and the total route distance in such a way that the total customer demand assigned
to one depot is upper bounded by the depot capacity. A memetic algorithm is designed
including a heuristic for initial generation of chromosomes, a powerful local search scheme
and an e�cient crossover procedure. The evaluation is made by the split procedure that
takes into account the vehicle capacity, the number of vehicles, the depot capacity and
the total cost. The framework is benchmarked on classical instances. The results prove
that the method competes for small and medium scale instances with the best existing
methods. New best solutions are even obtained.

Keywords: VRP, hub location, genetic algorithm.

Introduction

In supply chain management, one of the most challenging problems consists in a proper coor-
dination of depot location and vehicle routing decisions. Strategies which solve consecutively
the assignment of customers to hubs and the routing problem lead to suboptimal solutions [13].
The Location-Routing Problem (LRP) integrates these two decision levels with the objective
of solving simultaneously both routing and location problems. Min et al. [7] provide a classi�-
cation of the variants of the LRP according to considerations on: depot capacity, homogeneous
or heterogeneous �eet of vehicles, �xed cost of vehicles. Mathematical formulations have been
introduced with two or three indexes [4]. Exact solution schemes have been investigated in
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[6, 5, 2] but are limited to medium scale instances or on basic uncapacitated instances. Nu-
merous heuristic and meta-heuristic approaches have been introduced, including for instance
[14, 15, 1]. However, problems including capacities constraints on both depots and routes
(general LRP) has received less attention except the last years. We can quote Wu et al. [16]
who divided this problem into two subproblems: a Location-Allocation Problem (LAP), and a
Vehicle Routing Problem (VRP), solved in a sequential and iterative manner by a Simulated
Annealing (SA) algorithm with a tabu list to avoid cycling. Barreto [2] developed a family of
three-phase heuristics based on clustering techniques. Prins et al. have also developed algo-
rithms on the general LRP. The �rst one is a GRASP (Greedy Randomized Adaptive Search
Procedure) complemented by a post-optimization based on a path relinking algorithm [10].
The second one is a Memetic Algorithm with Population Management (MA|PM) [9]. The last
one is a cooperative metaheuristic called LRGTS which alternates between a depot location
phase and a routing phase, sharing some information [11].

The addressed problem is de�ned on a complete, weighted and directed network with a
capacitated homogeneous �eet of vehicles. The following notations are used:

V set of nodes including serviced nodes J and depot nodes I
J set of customer nodes to service J = {1, 2, . . . , n}
I set of depot nodes I = {1, 2, . . . , m}
Oi opening cost induced by assignment of one customer to the depot i
Wi depot i capacity
dj demand of customer node j
K number of available vehicles
Q vehicle capacity
F �xed cost of a vehicle
cij traveling cost from node i to j

A solution of the problem consists in de�ning which depots must be opened, assigning each
serviced node to one and only one depot and routing the vehicle for nodes. The following
constraints must be taken into account: (i) each serviced node is assigned to one depot;(ii) the
total demand of serviced nodes assigned to one depot is less or equal to the depot capacity; (iii)
each route starts and ends at the same depot; (iv) the total demand of serviced nodes assigned
to one vehicle is less or equal to the vehicle capacity. Let us note yi = 1 iif depot i is opened,
fij = 1 iif customer j is assigned to depot i and xijk = 1 iif the arc [i; j] is used in the route
performed by vehicle k. The objective function Z is composed of depot opening cost

∑
i∈I OiYi,

vehicle �xed cost
∑

i∈I

∑
j∈J

∑
k∈K Fxijk and traveling cost

∑
i∈V

∑
j∈V

∑
k∈K cijxijk.

The proposed solution method is a memetic algorithm (genetic algorithm hybridized with
a local search procedure) able to deal with each level of decisions at the same time. It di�ers
from the MAPM [9] by the way of encoding a chromosome. In [9], a chromosome is composed
of two parts, one dealing with the depots status (open/close) and the assignment of customers
to the open depots (depot sequence) and one with the routing (customer sequence). Here, the
idea is to strengthen the evaluation of the �tness by encoding the chromosome with only a
customer sequence, without trip or depot delimiters. Then, the �tness is calculated thanks to
a Split procedure taking into account all the decisions with respect to the �eet vehicle capacity,
the number of vehicles, the depot capacity and the total cost. This evaluation is explained
in Section 1. The genetic scheme is complemented by local searches. The framework of the
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method is summarized in Section 2. The numerical experiments are in Section 3 and the paper
ends by a conclusion and some perspectives.

1 A Split procedure for a permutation customer list evaluation

Successful domain applications of Split include the memetic algorithm of Lacomme et al. [3] for
the CARP and the genetic algorithm of Prins [8] for the VRP. This successful approach tackles
a permutation of customers fully de�ned by a permutation customer list λ = (λ1, . . . , λn) where
λi is the ith customer to serve, without any consideration of vehicle and depot. At any time, a
permutation λ can be converted into an optimal LRP solution (subject to the order imposed
by λ), thanks to a special splitting procedure. This design choice provides a natural topological
order of nodes and avoids repair procedures and enables the use of classical local search scheme.
The split procedure works on an auxiliary graph H = (X;A; Z). H is a set of n + 1 nodes
indexed from 0 to n. An arc from nodes i − 1 to j represents a trip servicing nodes λi to
λj . The weight zk

ij of (i, j) is equal to the trip cost if depot k is used. A trip (i, j) servicing
customers λi to λj is: vehicle capacity-feasible if

∑j
r=i+1 dλr ≤ Q (C1) and depot-feasible if∑j

r=i+1 dλr ≤ W i
k (C2).

The weight is zk
ij = Okyk +F +cλkλi +cλi+1λk

+
∑r=j−1

r=1 cλrλr+1 with yk = 1 if W i
k = Wk (no

customer has been assigned to the depot) and yk = 0 if at least one trip has been previously
assigned to depot k. A node label Lp

i = (Ki,W
i
1, . . . , W

i
m, zp

i , k, j) is the pth label assigned to
the node i and it is composed of: Ki (the number of available vehicles), W i

d (the remaining
capacity of the depot d), zp

i (the objective function value to service customers λ1 to λi), (k, j)
(the father label of Lp

i we mean Lk
j the kth label of node j).

The initial label of node 0 is L0 = (K0,W1, . . . , Wm, 0,−1,−1) which represents a solution
where K0 = K vehicles are available, and all the initial capacity of the depot is available (W 0

1 =
W1, . . . ,W

0
m = Wm). The cost of the initial label is set to 0 (z0 = 0). The pair (-1,-1) means

this initial label has no predecessor in the graph. Each label Lp
i = (Ki,W

i
1, . . . , W

i
m, zp

i , k, j)
generates Lr

j = (Kj ,W
j
1 , . . . ,W j

m, zr
i , i, p) using arc (i, j) and the weight zk

ij = Okyk + F +
cλkλi + cλi+1λk

+
∑r=j−1

r=1 cλrλr+1 (satisfying condition (C1) and (C2)) with: (i) Kj = Ki − 1;
(ii) W j

k = W i
k −

∑j
r=i+1 dλr ; (iii) zj = zi + zk

ij with yk = 1 if W i
k = W 0

k and yk = 0
otherwise.

A label Lp
i can generate m new labels for node j provided that condition (2) holds. Note

that j varies from i + 1 to n−i where n−i = arg max(j|∑j
r=i+1 dλr ≤ Q). n−i is the rank of the

last customer which can be assigned to the trip starting with λi without exceeding the vehicle
capacity. Trying to avoid excessive label generation, dominated feasible trips are discarded
thanks to the following domination rules.

A label Lp
i dominates Lq

i if one of the following conditions holds:

Ki < Kj and ∀q = 1, . . . , m W i
q ≤ W j

q and zi ≤ zj

or ∃q ∈ 1, . . . , m W i
q < W j

q and Ki ≤ Kj and zi ≤ zj and ∀v = 1, . . . , m v 6= q W i
v ≤ W j

v

or zi < zj and Ki ≤ Kj and ∀q = 1, . . . , m W i
q ≤ W j

q
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An optimal splitting of a permutation λ = (λ1, . . . , λn) can be obtained by storing only
non-dominated labels for each node of the graph H = (X,A, Z). An optimal LRP solution
for λ = (λ1, . . . , λn) corresponds to a min-cost path from 0 to n in H. This evaluation is
reasonably fast thanks to the dominance rules presented above.

2 Framework

The framework is based on an incremental memetic method: a genetic algorithm (for generation
of permutation customer lists) coupled with a powerful local search procedure. Such framework
as been proved to be e�cient in numerous routing problem including the CARP and the
VRP [8]. The problem is modelled as a fully directed graph in which each arc represents a
shortest path between two nodes. The Split procedure permits to assign one solution to each
permutation and to de�ne both customers assignment to depot and routes for vehicles. Three
classical heuristics denoted H1, H2, H3 and a saving heuristic [10, 9] are used for the population
initialization and during the restarts of the memetic algorithm.

3 Numerical experiments

All procedures are implemented under Borland C++ 6.0 package and experiments were carried
out on a 2.4 GHz computer under Windows XP with 2 Gb of memory. The benchmark is
composed of instances based on Prins et al.'s instances [10], Barreto's instances [2] and Tuzun
and Burke's instances. Each instance is solved �ve times: table 1, table 2 and table 3 report
the best run (Cost) for each instance and compare it to the lower bound (LB) from [12]
and [2] or Tuzun and Burke solutions (Tuzun) from [15] (Gap/LB ou Gap/Tuzun, given in
percentage). The framework (Proposal) outperforms all the previous methods on Barreto's
instances, even closing the gap with the lower bound on one instance (Gaskell67-32x5). The
proposed algorithm also provides better results than the GRASP [10] for all the instances and
competes with LRGTS [11] on Tuzun's instances. Note that GRASP [10], MAPM [9] and
LRGTS [11] results are obtained by only one run since the methods are very robust and does
not required several experiments to provide a fair comparative study. Costs in boldface refer
to the best solution.

4 Concluding remarks

A memetic algorithm is proposed for the LRP. It provides stated of the art solutions, however
it is time consuming. The next work is to reduce the computational time. Furthermore,
this research is a step toward resolution of more realistic problems which could include: (i)
Heterogeneous �eet of vehicles;(ii) Prohibited turns in graph; (iii) Time-windows on customers
services.
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Table 1: Solutions on Prins et al 's instances
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