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1 Introduction

'he Electric Vehicle Routing Problem with
ime Windows and Recharging Stations (E-
VRPTWRS) is a variant of the classical VRP.
It adds some constraints to the availability of the
nodes (time windows) and also includes a new
parameter, called battery level, which forces to
choose a set of recharching stations while deliv-
ering to customers along the route.
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Figure 1: Vehicle Routing Problem.

Some algorithms found In literature that provide
a solution to this problem are B&B (Branch and
Bound) , heuristic and meta-heuristic methods.
However, these that seek an approached solution
are preferred over those that search the exact
one, since the complexity and thus the computa-
tional cost 1s smaller.

2 Choquet Integral

Choquet Integral 1s a fundamental tool when deal-
iIng with multi-criteria optimization. In this prob-
lem, 1t has been used to select the best routes
regarding a set of criteria (total traveled distance,
node arrival date, battery level...). Firstly, it es-
timates a score for each route as an aggrega-
tion of these measured criteria; and then or-
ders the routes by their scores. The dependen-
cies/relations among these criteria (called capac-
ities) play an important role: they dictate which
are the most important criteria in order to find
the optimal solution.

The integral can also be seen as an arithmetic
mean of criteria being the capacities the weights
of each measure.
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Figure 2: Choquet Integral Model.

3 Description of the algorithm

n this internship, the main objective was to im-
brove a column generation method, which cre-
ated all the possible routes and then combined
them such that all clients were served. Routes
can be seen as vehicles, and a combination of
routes Is Indeed a fleet of vehicles. The con-
straint 1s that all clients must be served. We call
the part which creates all the possible routes sub-
problem, and the one that combines them, main
problem.

In the original algorithm, among all feasible com-
binations the one with least number of vehicles
and shortest total traveled distance was chosen
as solution. However, creating all the possi-
ble paths was, under some circumstances, hardly
endless. So, in order to cut back the algorithm's
complexity, Choquet Integral has been applied
with the following criteria:

e [otal Distance per number of clients served.
e [otal Time per number of clients.
e [otal Distance per number of nodes.

Furthermore, If we want to arrive to an optimal
solution specifically for each instance (problem
data), it is necessary to determine which crite-
rion 1S most relevant in each case. That 1s where
the capacities intervene. The optimal capacities
are those ones who lead to a global optimal so-
lution of the problem.
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T hese optimal capacities are obtained by means
of a meta-heuristic algorithm, in this problem a
simulated annealing algorithm has been used.

T hus, some examples of solutions to our problem
are presented. In the plot, It Is possible to see the
set of nodes visited by the vehicle during one jour-
ney. Blue nodes represent the clients, red ones
represent the recharging stations and the yellow
time frames constitute the travel time between
two nodes. Also, red line shows the battery level
during the day for each vehicle.
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Figure 3: E-VRPTWRS Solution Example 1.
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Figure 4: E-VRPTWRS Solution Example 2.

If you want to learn more about this project,
about how to apply Choquet Integral or the E-
VRP TWRS, you can consult the internship report
by scanning this QR code:
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