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This article presents a survey of genetic algorithms that are designed for solving multi depot vehicle
routing problem. In this context, most of the articles focus on different genetic approaches, methods and
operators, commonly used in practical applications to solve this well-known and researched problem.
Besides providing an up-to-date overview of the research in the field, the results of a thorough experiment

are presented and discussed, which evaluated the efficiency of different existing genetic methods on
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standard benchmark problems in detail. In this manner, the insights into strengths and weaknesses of
specific methods, operators and settings are presented, which should help researchers and practitioners
to optimize their solutions in further studies done with the similar type of the problem in mind. Finally,
genetic algorithm based solutions are compared with other existing approaches, both exact and heuristic,
for solving this same problem.
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1. Introduction

Vehicle routing problem (VRP from now on) is the classic prob-
lem initially described by Dantzig and Ramser in 1959 [1] and it
derives from the traveling salesman problem or arc routing prob-
lem. Arc routing problem is basically a problem where we strive to
find the optimal way to construct a route in such a way that the
route is the shortest one possible. VRP extends this problem in a
way that there is a set of customers or stops, and they have to be
visited by a vehicle and this vehicle has to start and finish its trip
at the home depot stop [2]. This is basically a reflection of real life
distribution problems like delivering and picking up passengers,
mail, packages and different kind of goods. Since its proposition by
Dantzig, it has received much attention in the scientific community
and a lot of exact and also heuristic methods have been proposed
to solve it. Our research focuses on one of the most widely used
variations of this problem - multi depot VRP (MDVRP). It extends
the classical problem by introducing the capacity to the vehicles
and demand to the customers and adding multiple depots. MDVRP
is, as is VRP, a NP hard combinatorial optimization problem and
therefore it is difficult to find its optimal solution [3]. While exact
methods solve small problems quite efficiently [4], issues still exist
for the larger problems or the special types of the VRP variants. On
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the other hand, meta-heuristic methods find solutions in less time
and one such method is the genetic algorithm (GA) - an algorithm
that mimics the natural process of evolution [5].

There are several meta-heuristic approaches to solving VRP
and its variant transportation problems. State of the art solutions
include: particle swarm optimization approach [6,7], ant colony
optimization [8,9], genetic approach [10], simulated annealing
[11,12] and tabu search [13,14]. These approaches are useful in
various types of transportation problems, similar to VRP, such as
facility location problem, where the goal is to find the optimal loca-
tion of central depot considering the locations of stops. The topic of
facility location problem has already been thoroughly researched in
survey papers|[15-17].In[18]and [19] authors compared the meta-
heuristic approaches on this facility location problem and location
planning respectively. Results from these papers show that the
main advantage of GA in comparison to other meta-heuristic algo-
rithms is the performance and final result on time constraints and
limited computer power, while still resulting in competitive solu-
tions. Although some other meta-heuristics are able to find better
solutions than GA, GA can generally find adequate (good enough)
solutions in a shorter time frame [18,19]. This is also the main rea-
son that GAsare still used in solving the routing, locating and other
NP hard problems.

There have been a lot of the researches done about solving VRP
with GAs, where researchers focused on the practical usage of the
GAs on VRP in real world problems. A systematic research on how
different aspects, operators, variants and settings of GAs influence
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Fig. 1. The number of papers per year on using GAs for solving VRP (using search string: “vehicle routing problem genetic algorithms”), for last 20 years.

the search process and thus the obtained solutions still does not
exist. Goals of this paper are thus to explore the background of
solving MDVRPs with GAs, to look into, evaluate and compare dif-
ferent approaches used, and to discuss how to build this kind of
GAs to solve MDVRP efficiently.

Although the MDVRP itself and the use of GAs to solve it have
been known for many years, the number of GAs for solving MDVRP
keeps growing (Fig. 1). Namely, literature reports good GA solutions
to MDVRPs, not far from optimal, while keeping the computa-
tional resources, needed to find the solution, within very reasonable
boundaries. In this context, we provide a detailed survey of GAs to
solve MDVRP. Furthermore, we provide results of using different
genetic operators and/or settings, most commonly used in liter-
ature, on a set of standard benchmark problems, together with
detailed discussion.

The remainder of the paper is organized as follows. We start with
the overview of the VRP and its variations. We describe the most
frequent variations and formulate the MDVRP, as it is the main focus
of our research. We continue with the basics of the GA - we describe
the whole process from the data preparation to the main evolution-
ary loop of the algorithm and end up with the insights into genetic
operators. Then we follow up with the main topic of this paper -
solving MDVRP with the GAs. It starts with the basic background
overview of this approach. Then the most common method of rep-
resenting this problem in genetic form is listed. Next we look into
the genetic operators used for this specific problem - we describe
crossover, mutation, selection and other operators used. For the
second part of the paper we developed a working prototype of GA
for solving MDVRP and test it intensively. At the beginning we start
with the comparison of some of the most used operators and try to
decide which of these are most suitable for this type of problem. At
the end we compare GA based solutions with some other existing
solutions, both exact and heuristic, on a set of standard benchmark
problems.

2. Vehicle routing problem

The VRP is a classic problem that represents the real life situ-
ations from distribution field. In theory it derives from two basic
optimization problems: the traveling salesman problem (TSP) and
arc routing problem. The TSP [20] is meant to solve the problem of
the salesman who has to visit all the cities and at the same time keep
the total route as short as possible - it is a minimization problem.
Numbers of methods have been developed to solve it, some are
exact methods and others tried to solve it with heuristics. These
methods have largely been used to solve VRP, some with more

o
° o ¢
° a
a
°
° ° -
° °
° °
°
° a

O vehicle depot

@ Customer stop

Fig. 2. Multi depot vehicle routing problem.

success than others [4,21]. The VRP expands on the TSP with the
addition of the bases, from which the traveling vehicles have to
start and return to. Situations from the real life problems have led
to the numerous variations of this simple concept. This simplest
type of VRP problem with only one depot and no capacity limitation
is sometimes called single depot vehicle routing problem (SDVRP)
[22].

Capacitated VRP (CVRP) adds the capacity to the vehicle travel-
ing. Vehicle is traveling from customer to customer picking up the
goods from them. Each one of the customers has a fixed volume of
these goods. The problem here is how to construct the routes in such
a way that the length of it is minimal and the volume constraint is
never breached.

Multi depot VRP (MDVRP) extends the basic problem in such
a way, that there are multiple bases (depots) from where vehicles
are starting (Fig. 2). Depending on the situation, vehicles are either
obligated to return to the starting base (fixed) or they have no such
limitation (non-fixed). Solving this problem sometimes involves
grouping customers into clusters, where each one of the clusters
is visited from a vehicle from the nearest base. Extended variation
is when the locations of the bases are not fixed and the goal is to
find the optimal locations for them in such a way that the cost of
the traveling will be the smallest. The fixed MDVRP with capacities
is the focus of our research.

VRP with time windows (VRPTW) is another of the standard
extension. In this variation the customers have given time window
when they are available for pickup of the goods. Finding solution to
this kind of problem involves batching together customers who are
near each other and have similar working time so that they can be
serviced by the same vehicle. Variation of this kind of problem also
implements the soft time windows, where customer still operates
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