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ABSTRACT

This paper studies the problem of locating breakdown mechanic. We consider a public transport network in which it can
provide buses failure. The objective is, taking into account the statistics of breakdowns registered on the network, to
locate optimally breakdown mechanics so as to minimize the response time (to ensure the network coverage of break-
down mechanics). In this work, we present a binary linear programming model for this location problem which provides
assignments-locations of areas served. Once the location made, we discuss dynamic assignment of breakdown mechan-
ics depending on their position in the network at a given time t. Numerical simulation results are presented based on real

data of urban transportation society of Dakar Dem Dikk.
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1. Introduction

Dakar Dem Dikk (3D) is the main public urban trans-
portation company in Dakar city. This company manages
a fleet of buses which, depending on road conditions
compels some of them to flow in one part of the network
[1,2]. Some of the buses can operate only in certain roads
in the city center and the others can access in all over the
network. Buses are parked overnight at Ouakam and
Thiaroye depots (see Figure 1). Starting points of routes
(or terminals) are different from depots. Buses must
completed their provided timetable, in addition to break-
downs that can occur in the traffic. Thus, 3D sent a
breakdown mechanic to the demand point so as to mini-
mize the response time and ensure coverage in the net-
work in breakdown mechanic. Breakdown mechanic
system can be defined by the sequence of evens that be-
gins with the dispatcher’s notification of 3D managers.
Response time is an important performance criterion for
breakdown mechanic systems.

The main objective is to reduce the arrival time be-
cause delay may cause congestion in the network. In a
real-time context, 3D managers are faced with two main
problems: an allocation problem and a redeployment
problem. The allocation problem consists of determining
which breakdown mechanics must be sent to answer a
call. The redeployment problem consists of relocating
available breakdown mechanics to the potential location
sites when calls are received. Basically, the redeployment
problem can be viewed as a breakdown mechanic loca-
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tion problem wherein breakdown mechanics are assigned
to potential sites to provide adequate coverage.

In their previous studies, the 3D company has ad-
dressed questions of how many units to use, what is de-
mand at the areas and where to locate them, in a determi-
nistic manner. However, all breakdown mechanics are
placed in Ouakam Depot. That is, most previous optimi-
zation problem of 3D have ignored that the breakdown
mechanics might have a distribution in demand. This
paper extends one of the deterministic models used to
address this question to account for the demand uncer-
tainty. A real data set of 3D is used to outline breakdown
mechanic system design.

The result suggests that the deterministic model sig-
nificantly underestimates the demand uncertainty. Briefly,
the location-allocation problem consists on placing one
or more points in the space to optimize a criterion. This
problem involves four components:

1) customers, who are presumed to be already located
at points or on routes,

2) facilities that will be located,

3) a space in which customers and facilities are located,
and

4) a metric that indicates distances or times between
customers and facilities.

This type of problem is well known in the literature
and has several applications: locating telephone switch-
ing centers, hub location, school districting, hospital lo-
cations etc.

Location-allocation problems deal with decisions of
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finding the best (or optimal) configuration for the instal-
lation of one or more facilities in order to attend the de-
mand of a population [3]. Pizzolato et al. [4] studied the
problem of locating elementary schools based on two
countries of the metropolitan area of Rio de Janeiro
(Brazil). Nooradelena and Noraida [5] used the p-median
problem to determine the best location to place a limited
number of emergency medical services taking into ac-
count the uncertainty in the demand for the emergency
services. The p-median problem is a location-allocation
problem that has been extensively studied. The reason for
the interest in the p-median problem is that it has practi-
cal applications in a wide variety of planning problems:
locating telephone switching centers [6,7], school dis-
tricting [8], and bank location [9]. Chardaire and Lutton
[10] extended the p-median problem to account for dif-
ferent types of located facilities that interact such as tel-
ecommunication terminals that are connected to concen-
trators, which are connected to each other. Densham and
Rushton [11] worked on a p-median problem where
every facility needs a minimum workload.

This paper is organized as follows: In Section 2, we
present the model of the breakdown mechanic location
problem. Section 3 is devoted to the numerical simula-
tion results. In Section 4, we discuss the dynamic alloca-
tion of demand points to locations. Finally, summary and
conclusions are presented in Section 5.

2. Formulation of the Breakdown Mechanic
Location Problem

In this section, we present the p-median model proposed
to solve the breakdown mechanic location problem. For
the formulation, we use the following notations:

I ={1,---,m} setof demand points.

J={1,---,n} setof facility locations.

d; : shortest distance between demand point i and
facility location j .

p : number of facilities to be established.

a, : breakdowns at demand point i .

. = 1 if demand point at i is assigned to location j;
710 otherwise.

_ |1 if afacility is established at location j;
YiT10 otherwise.

The objective function that minimizes the total wei-
ghted distance of assignment:

min ZZaidijxij (1)
iel jed

subject to
inj =1 Viel 2

jed
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dY;=p ®3)
jed

X; <y; Viel,Vjel 4
X e{O,l};yj e{O,l} Viel,Vjel (5)

The objective function (1) minimizes the total weighted
distance of assignment (xij =1). When demand point i
is assigned to a facility located at j, then x; =1 and
the associated weighted distance a,d;; is included in the
weighted distance sum. Constraint (2) ensures that each
demand point must be assigned to at least one facility site.
Constraint (3) restricts the placement or allocation of
facilities to exactly p, where p is the number of facilities
to be established. Constraint (4) maintains that any such
assignment must be made to only those sites that have
been selected for a facility. Constraint (5) re- presents the
domain of variables.

3. Numerical Experiments for the Allocation
Problem

Every configuration that has exactly p facilities is a
solution for the p-median problem. The optimal solution
is a configuration that has the minimal distance. Every
p-median problem has at least one optimal solution but
there can be more if more than one configuration with
the minimal distance exists. In addition to these three
major datasets, a positive integer number p must be cho-
sen to specify how many facilities are to be located.

The input data to solve the problem are:

1) the finite number of demand points with demand
values to specify the location and amount of demand that
needs to be satisfied;

2) the finite number of facility locations (the only po-
sitions where facilities can be established). All demand
points are facility locations;

3) distances between demand points and facility loca-
tions.

All distances are calculated from the 3D’s network.
Recall that, the determination in choosing which demand
points served by the breakdown mechanics at these facil-
ity locations depends on the distance between demand
points and facility locations.

Demands points are represented in Figure 2, and we
have 32 points. This map of Dakar city showing the 32
nodes is obtained by using the software EMME [12].
Indeed, in the 3D network often occurs failures bus.
Once declared a failure, the team on the bus initiates a
warning to a troubleshooting team that moves with a
breakdown mechanic to the alert location to ensure re-
paration.

We have thirty two (32) points of demand and thirty
two (32) points for potential locations. Table 1 shows
the demand points/facility locations and zone weights
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Figure 1. 3D transportation network.
Table 1. 3D breakdown statistics.
Number Demand points Breakdown statistics of failure Number Demand points Breakdown statistics of failure
1 Ouakam depot 54 17 Leclerc 42
2 Thiaroye depot 67 18 Case 30
3 Dieupeul 132 19 Diamalaye 1
4 Keur massar 60 20 Cité Enseignant 9
5 Lat-dior 139 21 Cambérene 2 7
6 Rufisque 54 22 Ngor 3
7 Palaisl 15 23 Foire 53
8 Malika 14 24 Gouye gui 1
9 PA 73 25 Boune 12
10 Daroukhane 24 26 Khourounar 20
11 Guédiawaye 49 27 Tally B. Bess 8
12 Cambéréne 1 17 28 Castor 50
13 Ouakam 21 29 Petit Mbao 45
14 Yoff 27 30 Bargny 13
15 Liberté 6 25 31 Mbao 4
16 Palais 2 34 32 Fass Mbao 27
(breakdown statistics) for the scenario. Thus, the input p=3;
data are the following: e matrix of distances between demand points and po-
* number of demand points: n=32; tential locations.
* number of facilities; m=32; For this scenario, there is any restriction placed on fa-
e number of breakdown mechanics to be located: cility locations because all the 32 facility locations are
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demand points. The numerical tests were performed by
using the commercial MILP solver, namely IBM-CPLEX
[13], with a total number of 1056 variables and 1057
constraints. The numerical experiments were executed on
a computer: 2Intel(R) Core(TM)2 Duo CPU 2.00GHz,
4.0Gb of RAM, under UNIX system. With the given 3
breakdown mechanics and from 32 facility locations, the
optimal locations are location 3 (Dieupeul), location 5
(Lat-Dior) and location 29 (Petit Mbao) (see Table 2).

Breakdown mechanic from Dieupeul responds to de-
mand points of 1, 9, 12, 13, 14, 15, 18, 19, 21, 22, 23, 28
and itself. Breakdown mechanic from Lat Dior responds
to demand points of 2, 4, 6, 8, 10, 11, 20, 24, 25, 26, 27,
30, 31, 32 and itself. Breakdown mechanic from Petit
Mbao responds to demand points of 7, 16, 17 and itself.

The results are illustrated in Figure 2. Dakar city is
divided into three zones to be covered by the breakdown
mechanics.

4. Dynamic Assignment of Breakdown
Mechanics

In Section 3, we provided an assignment of the three 3D
breakdown mechanics into three delimited sectors that
cover the entire network. Now, we examine the case
where a breakdown mechanic has done a repairing and
there is a new breakdown that happens near its position.

Thus two situations are possible:

1) this breakdown takes place in the same sector to
which the breakdown is assigned,

2) the breakdown happens in a different sector.

In the former case, naturally the breakdown mechanic
has to do that repairing. In the latter case, according to
the solution given in Section 3, it is forbidden to that
mechanic to do the repairing even though the breakdown
point is the nearer possible.

Our proposed dynamic approach for the p-median
problem in the 3D case study involve additional fees to
be supported by this company: GPS materials, rapid in-
formation transfer from demand points to processing
centre and instantaneous response for covering repairing
demands. Nevertheless, another problem which arises is
a congestion related to great number of simultaneous
repairing demand. In this case, a primary work should be
made to categorize demands according to criteria such as:
the seriousness of the repairing, the importance of losses
generated by buses failure. Boffey et al. [14] proposed a
review of congestion models in location.

Their discussion was concentrated largely on treating
capacity/congestion via capacity constraints since this is
often the appropriate way, particularly for public facili-
ties. They affirmed that capacity/congestion effects may
alternatively be treated by incorporating an appropriate

Table 2. Assignment of demand points to locations.

Locations 3

29 5

Demands points 1,3,9,12,13, 14, 15, 18, 19, 21, 22, 23, 28

2,4,6,8,10, 11, 20, 24, 25, 26, 27, 29, 30, 31, 32 5,7,16,17

LEGEND

[] Demand points
Breakdown mechanic
for demands

& Breakdown mechanic
for demands m

@ Breakdown mechanic
for demands m

Palais1
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Rufisque
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Figure 2. Breakdown mechanics location assignment of demand points.
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term in the objective. This might be the best way if the
relevant constraints are nonlinear and are not easily lin-
earisable.

In our study, we give a solution to this dilemma in two
steps. First, we assume that breakdown trucks (mechan-
ics) do not return to their initial location: they stay at the
site where the repairing has just been done. Second, we
make an assignment of the three breakdown mechanics.

The assignment model is derived from the p-median
problem presented in Section 2.

Indeed, it can be proved that the p-median problem is
equivalent to two sub-problems: a strategic problem that
consists on determining the locations of breakdown me-
chanics and a tactical problem of assigning the demand
points to the location.

These two kind problems are presented below respec-
tively as LP (Location Problem) and AP (Assignment
Problem).

The formulation of the LP is:

LP:ming(y) st.)y,=p y;€{01Vvjed (6)
jed

and, for the AP, itis:

min ZI:Z;,aidij X )
iel je

s.t.
> x; =1Viel and x; €{0,1} 8)
jed

From this dispatching, we consider that the solution of
the LP problem is already given by the solution of the
simulations in Section 3 or by the positions occupied by
the breakdown mechanics at a given instant (after a re-
pairing or not). Now, we show how the assignment is
done by the use of a scenario. The numerical tests are
always performed by using the IBM-CPLEX’s MILP
solver [13].

Scenario: Initially all the three breakdown mechanics
T,, T, and T, are in there reserved positions: T, at
Dieuppeul, T, at Lat dior and T, at Petit Mbao (see
Figure 2). Let assume that the breakdown mechanic T,
moves to Cambéréne 2 for a repairing and just after that,
happens an incident somewhere else in the network.
Then by applying the simulations, with the AP model, we
obtain in Table 3 the new assignment of all the break-
down mechanics at that moment (t,).

Demands points of 1, 7, 13, 16, 17 are assigned to the
breakdown mechanic from Lat-Dior. Demand points of 3,
9, 11, 12, 14, 15, 18, 19, 20, 22, 23, 26, 27 and 28 are

Table 3. Dynamic assignment of breakdowns.

Loca-
tions
Demands 1,5,7,13, 3,9,11,12,14,15,18,19, 2,4,6,8, 10, 24,
points 16, 17 20, 21, 22, 23, 26, 27,28 25,29, 30, 31, 32

5 21 29
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assigned to the breakdown mechanic from Cambéréne 2;
while demand points of 2, 4, 6, 8, 10, 24, 25, 30, 31 and
32 are assigned to the breakdown mechanic from Cité
Enseignant.

For the applicability of this method, breakdown me-
chanics positions must be known at any time and a per-
manent connection to the main depot have to be made.

Given a dynamic assignment of breakdown mechanics,
the advantage of this method is that it avoids to the com-
pany to have a breakdown mechanic immobilized at a
point, whereas there is a repairing to make in the net-
work.

5. Conclusion and Remarks

In this paper, we describe how the p-median model can
be used to compute an optimal solution for the demand at
Dakar city and where to locate breakdowns, in a deter-
ministic manner. We have described a computational
study to solve the related model to optimality. The results
give the new assignment of different demand points and
divide Dakar in three zones to be covered by breakdown
mechanics. Compare to the actual management of break-
down mechanics, we show that there are big savings that
3D could make while using not only static solution but
also the dynamic one.
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