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Abstract

Objectives: The management of Medical Waste in Morocco has always been the concern of the health department. Recently,
the WHO classified the Medical Waste in Morocco as a time bomb, recommended involving of professionals interested in
that management. Methods/Findings: Through this study we proposed a model of collectors’ management, on behalf of
clinics in case of Casablanca region. This model, as part of a heterogeneous fleet vehicle routing problem, aims at multi-
objective optimization between the pillars of sustainable development. The complexity of the model is managed using a
Ruin and Recreate heuristic. Application: Finally, the tuning of weighting parameters is being experimented to show how
it will be possible to find a compromise between conflicting objectives in the case of Medical Waste logistics.
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1. Introduction

1.1 Background

According to the World Health Organization (WHO),

the Medical Waste (MW), defined as those generated by

medical care activities, includes infectious waste, pointed
and sharp objects, chemicals, genotoxic waste and radio-

active wastel. This kind of waste has an impact on the 3

pillars of Sustainable Development:

o Economical: The elimination of MW is more expen-
sive than household waste.

o Social: Inadequate treatment of MW will negatively
impact the safety and hygiene of patients, agents and
the general public.

o Environmental: MWSs present a very serious risk for
the environment. Indeed, the uncontrolled emission
of MW into the atmosphere causes the formation of
toxic gases, food contamination and pollution of soil,
surface water and groundwater.

*Author for correspondence

Thus, the management of the MW becomes one of
the pillars of the United Nations program for sustainable
development. In® the Moroccan context, government and
operators are aware of this and steps have been taken to
catch up on this issue. However, the field still reveals dis-
parities between practices and what is promoted in the
legislation®. A report conducted by GIZ*> proposes the
integration of professionals into MW’s reverse logistics
activity, given the industrial nature of this type of logis-
tics. In order words, these professionals must work closely
with public and health authorities to implement their
business in harmony with the objectives of sustainable
development.

1.2 Medical Waste Collect and Vehicle
Routing Problem

The main objective of this work is to stick on to the afore-
mentioned OMS suggestion and to show how it will be
possible for professionals to cope with the pillars of sus-
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tainable development in case of MW generated by clinics
in the case of Casablanca’s region. The problem there-
fore is to determine efficient routes for a fleet of vehicles
transporting the MW from producers. These problems
are known as Vehicle Routing Problem (VRP), where a
fleet of vehicles starts from a central depot, serves a set
of customer and come back to central depot. As our
fleet is limited in capacity, the sum of MW collected by
a single vehicle will not exceed its capacity. In this case
we deal with Capacitated VRP (CVRP). As Casablanca
is a region with very high traffic intensity during certain
periods of the day, we have to set a Time Windows (TW)
in which clinics will be served. Thus, we are in case of
problems called CVRP with TW (CVRPTW). The work
of>Z are part of the recent work related to the VRPTW,
they assumed that the deliveries to the customers can
be done outside the TW (Soft TW), but on the other
hand they induced penalties of delay in the objective
function. However®® has adopted a strict system (Hard
TW) wherein it is not allowed to deliver outside the TW.
Another particularity is linked to our model, namely the
nature of products collected from clinics which is clas-
sified, by the United Nations Economic Commission for
Europe'’, as Hazardous Materials (HazMat).

More than a few studies have considered the problem
of waste collection. Int! used a special software program
to solve the routing and scheduling problem and to
reduce the cost arising from the daily transportation of
the health-care wastes collected from the institutions. In‘2
have presented a Pareto-based bi-objective optimization
of hazardous materials vehicle routing and schedul-
ing problem with TW and have showed its application
to a realistic hazardous material logistics instance. In
have proposed a model of collectors’ management and
optimization of the incineration of hospital waste, on
behalf of the University and Hospital Centers (CHU) and
other medical centers. They optimized vehicle routing
in upstream and downstream of the central warehouse.
This study is followed by a particular case of MW", in
which the authors proposed a new design to collect the
used healthcare textile. They used Genetic algorithm
to optimize a Multi-objective (MO) model of VRPTW
of Healthcare textile. In this paper, we will integrate the
heterogeneity of the fleet. The risk factor is an unavoid-
able objective due to the nature of the MW, to which is
added the routing cost. This MO character accentuates
even more the complexity of our model qualified as the
HazMat Heterogeneous Fleet CVRPTW (HHC VRPTW).
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1.3 Research Aims and Methodology

Up to our knowledge, none of the existing studies have com-
bined the MO with heterogeneous fleet in the case of MW.
The present study fills a gap in the literature by combining
several issues: Multi-objective model, heterogeneous fleet,
single depot, strict TW, real case study using Geographic
Information Systems (GIS) and MW (HazMat). The basic
methodology used to seek trade-off between the main
objectives related to the supply of MW included the fol-
lowing sections: The first section explains our proposal
concerning the collect and centralization of MW collected
at one Hub before incineration. Then, the mathematical
model that governs the proposed model is presented in
the second section. The following section shows Ruin and
Recreate (R and R) heuristic. The fourth section presents
the experimentation and results coming from the heuristic
approach on the real traffic network of Casablanca region.
Finally, we will confirm how it is possible to cope between
the main objectives of the proposed model.

2. Material and Methods

2.1 Proposed Structure

It should be noted that the majority of clinics in Morocco
are located in very sensitive areas, marked by fairly high
traffic intensity, a massive population and a non-negligi-
ble accident rate. To these constraints, we add the fact that
the collection of MW is often confused in a voluntary or
involuntary way with that of household waste. In order

Figure 1. Proposed Medical Waste logistic structure.
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to limit the hemorrhage we will propose a new collection
structure, shown in Figure 1 aimed at the interest of the
professional and the community and suitable for sustain-
able development. The objective of this structure will be
to ensure the collection of waste at the clinic level while
optimizing the cost of collection and reducing the risk
associated with the transport of MW, then a process of
sorting and extracting of recyclable and valuable mate-
rials will be set off in a central warehouse. Finally, the
unused wastes and hazardous materials will be serviced
in incinerators. The time Table 1 shows the scheduling
of the main activities in the case of our proposed struc-
ture. In® stated that environmental rules mandate daily
treatment for MW if it is kept at room temperature, and
weekly treatment if it is kept at temperature less than 5° C.
As this last condition is not available in Casablancas
clinics, waste collection and treatment is mandatory
every two days. Therefore, we need to create a real-time
decision-making system, where decision-making time is
very important.

Table 1. Reverse logistic activities time table

Time windows | 6H 11H 11H 15H 15H 19H
Main reverse | MW collection | MW MW
logistic sorting and | incineration
activities recycling

2.2 Model Formulation
2.2.1 Risk Calculation

Several studies have sought to determine the best risk
models, in our study we will focus on risk calculation pre-
sented by formula (1), because it fits our case of HazMat
transportation and also for its simplicity.

Rij :50,,‘)*%,]‘) (1)

. & j)XProbability of a HazMat accident on the arc (i, j)

* ¢, Population exposed to contamination during the
accident on the arc (i, j)

+ To determine J ;; we will use Nicolet-Monnier and
Gheorghe'® approach, who state that the formula of a
HazMat accident is expressed by (2), where 7, ;) and

are respectively the HazMat accident rate and the
length of the road (i, j).

86 =Ty ey (2)
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+ Toassess ¢, we will rely on the scheme presented in
Figure 2 and commonly considered in the literature!218
¢, is obtained by a moving danger circle of radius A
along the entire link (i, j). The value of A, the HazMat
spread radius, is depending upon the particular
HazMat class under consideration (class 6.2 Infectious
substances). The formula (3) is used for the computa-
tion of the accident consequences:

By =7*27p) 3)

o Where is is the average population density along arc

(i, j).

Figure 2. HazMat accident endangered area described by a
circle of radius A in arc (i, j).

2.2.2 Mathematical Formulation

The parameters of our model are the following:
Col  :MW generated by clinic i; i € I, where I is the
set of clinics.
b, e : Start and End TW at the vertex i respectively;
ief0,.,1}.
Cvar, :Transport variable cost, k € K, where K is the
set of heterogeneous vehicles.

Cfixe,_ : Fixed cost if vehicle k is used,

Ca, : Carrying capacity of the vehicle k, k e K

s, : Service time at node i,i € {0, .., I}.

d,t  :Distance and travel time between i and j

respectively, i,j e {0, .., I}.
a, B : Cost’s and risk’s Weighting respectively

The decision variables are:

Y, ‘A Binary Variable (BV) equal to 1 if vehicle k is
used, 0 otherwise, VkeK

: A BV equal to 1 if arc (i, j) is used by vehicle k, 0
otherwise, (i,j)eN, keK

Xijk
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tw, A (?ontinuous \{'ariaple (CV) which shows wait- %, =0 iel,je), kek (14)
ing time at node i, Viel i

T, :ACV which shows the departure time of request
from node i, Viel

Ta, : A CV which shows the time at which vehicle k hjelkek (15)
returns to its depot ke K

Td, : A CV which shows the departure time of a vehi-

Ty +s +t,+tw, =T, <(1-x,)*M

T, +s,+t,—Ta, S(l—xiok)*M

' cle k from its depot node k e K feLkek (16)
qik : A quantity of Medical Waste served at clinic i by T, + ty; = Tjk < (1 — X, ) *M
vehicle k. jelLkek (17)
Z,  :Total cost of routing (Variable cost + fixed cost of
used vehicles). b*y <T,<e*yiecl, keK (18)
Z, :Total risk exposure associated with the transpor-
tation process. b,*y,<Ta,<e,*ykeK (19)
The following equations manage our model:
Minion . . b,*y,<Td, <e,*y,keK (20)
inimize a *Z +B* Z, (4) at+B=1 1)
K non K X0 ¥ €40, tw,, Ty, gy, Tay, Tdy, Z,,
Z,=2 " Cfixe, 4 3 D xy * Cvar, " d, (%) Z,eR%,je{0.n}, keK (22)
k=1 i=0 j=0 k=1
n o K Equation (4) expresses the MO function to optimize,
Z= Zi:o Z j=0 Zk:l X Ry (6) taking into account the total cost factor and the total risk
of the transportation process. Equations (5) and (6) are
n K ) the components of the objective function. The objec-
;kz;xijk =1 jel 7) tive functions are subjected to constraints (7) to (22).

Equations (7) and (8) enforce each clinic to be serviced

w K once by a unique truck and a unique arc. Equation (9),

Zinjk =1 iel (8) (12) and (13) guarantee flow conservation. Equations

=0 k=1 (10) and (11) ensure the collect quantity in the clinic

. . and the respect of trucks capacity respectively. The loop

inpk = prjk pel,kekK %) is avoided by the Equation (14), while Equations (15)-

i=0 j=0 (20) compute the time variables and ensure that the TW

. are respected, also they avoid sub-tours. The sum of the

95 =injk *Col, jelLkeK (10) weights, equal to 1, is expressed in Equation (21) and
=1 Equation (22) defines the variables.

Ddy<ca *y, kekK (11) 2.3 Ruin and Recreate Heuristic
i=1

As mentioned before, the MO character of the case stud-

n (12) ied accentuates even more the complexity of HTWVRP.
leOjk =y kek Thus, the exact approach is not efficient to resolve the
! mathematical formulation shown above. In our instance,

u we have a network of 36 clinics and a single depot, each
> X =y keK (13) - . .

ok Sk clinic presents a departure and arrival vertex. Besides,

i=1
our fleet is composed of 20 vehicles and then we will
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have 60153 constraints and 28942 decision variables.
Based on the vast studies, a ruin and Recreate (R and R)
Heuristic is proposed to cope with large-scale instances.
This Heuristic was proposed by as a new method for
more complex optimization problems, particularly with
complex objectives. It is a large neighborhood search that
combines elements of simulated annealing and threshold-
accepting algorithms. The basic idea of R and R is to obtain
new optimization solutions by a considerable obstruction
of an existing solution and a following rebuilding proce-
dure. Consequently, R and R has two stages:

2.3.1 Ruin

Tree methods, named Radial ruin, Random ruin and
Sequence ruin, are proposed to remove several customers
from the solution. All the methods are based on an arbi-
trarily chosen base customer.

2.3.2 Recreate

Customers removing from routes during the ruin stage
of the algorithm are now inserted using ‘best insertion.
Iteratively, the customer is chosen at random from the
set of removing customers. The ‘best insertion’ position
for this customer is then calculated and the customer is
inserted into this position. The insertion is performed
only if the resulting solution is feasible. Otherwise, an
additional vehicle will be inserted into the system.

In our case, we choose this heuristic because it pro-
duces a stronger results and it is best suited for complex
problems that have many constraints and a discontinue
solution space®.

The steps of the algorithm proposed in our case are
presented as follows:

Step 1: Start with an initial configuration;

Step 2: Ruin mode: we will choose a mixture of Radial
ruin and Random ruin;

Step 3: Choose a number A<= [F - NJ of clinics to be
removed, where F is a fraction between 0 and 1
and N all clinics;

Step 4 and 5: Ruin followed by Recreate;

Step 6: Decide if you accept the new solution according to
a decision rule. In our case we will use Simulated
Annealing Threshold Accepting: T = T,. Exp
(=In 2;x/a), where T is the initial threshold, a the
half-life and x the schedule variable. If you accept,
proceed with the step 2, using the new solution,
else restart with step 2 using the current solution.

Vol 12 (28) | July 2019 | www.indjst.org

3. Case Study

3.1 Parameters of Computational Study

Set of clinics and vehicles: The clinics shown in the
Figures 3 and 4 are 36 clinics disseminated in the
whole region of Casablanca. Thanks to Google map
we get addresses and coordinates of each clinic and
the distance and travel time matrices. Analysis of the
historical data from each clinic revealed the stability
of the quantities of Medical Waste generated daily by
each clinic. Consequently, based on the number of bed
per clinic and the fact that the average waste genera-
tion rate in Moroccan health instance is 3 kg/bed/day,
where 20% of are MW, we estimated the MW generated
by each clinic. The distance between vehicle parking
and waste storage in each clinic help us to estimate the
unloading time. We have adopted a geographical break-
down based on the intensity of traffic. Consequently,
areas with high traffic density should be served early
before 8 am. The size of the fleet is 20 vehicles and it
is composed of 6 categories of vehicles with different
capacities. The fixed costs vary from one category to
another with a gain in economies of scale in the case of
large capacity vehicles. The average variable cost of the
costs communicated by the operators in the waste col-
lection is of the order of 2 (Moroccan Dirhams) MAD
per Km.

Figure3. Clinicsdissemination intheregion of Casablanca.
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Figure 4. The objective function and the execution time
according to number of iterations (« = 0.005).

3.1.1 Accident Rates

Based on the report of%, the number of HazMat acci-
dent in Morocco recorded a maximum of 21 HazMat
accidents in 2001. We experienced difficulties to have sta-
tistics concerning the MW accident rate. Consequently,
we have worked with the data used by'%, who estimated
that the class 6 is nearby 5.2% of HazMat accident. Then,
the number of MW accident is near to 1.38 accidents/
year. The estimated fleet size used in Medical Waste is
about 200 vehicles and each vehicle browses 11520 Km/
year. Thus the HazMat accident rate is 6 x 107 accident/
Truck.Km.year. Based on the Equation (3) we evaluated
the probability of HazMat accident matrix.

3.1.2 Population Exposure

The Equation (4) needs the radius A and the average
population density along arc (i, j): p,;;, - The radius of a
danger circle was adopted from the report 1996 HazMat
Routing Guide of?, which recommended a value of
A =5 miles for HazMat of class 6. The statistics coming
from the general census of population in Morocco® helps
us to find the average population density along arc (i, j).
Based on radius A = 5 miles and the average population
density along each road we got the risk matrix.

3.1.3 R and R Parameters

To solve this problem, we will use the same implementa-
tion as®. The initial threshold To is set to be half of the
standard deviation of the objective function during a ran-
dom walk. The half-life « is set to 0.1 and the schedule
variable x will be increased from 0 to 1 during the opti-
mization run. We will apply a mixture of Radial ruin and
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Random ruin, using F = 0.3 and F = 0.5, respectively. To
define the parameter number of iterations, we varied this
parameter according to the values 2000, 5000, 10000,
20000, 30000 and 40000. We find that, for several value
of a, starting from 5000 iterations, the objective function
does not improve, while the execution time grows in a
spectacular way. Thus, one will opt for 5000 iterations.

4. Results

The case studied was coded in Java and implemented on
an Intel CORE Duo CPU with a 2.53 Ghz processor and 3
GB of RAM installed memory under Windows 7.

The result of the test is presented in Table 2 and the
routes are mapped in Figure 5. The experimentation
validated the robustness of the model. Indeed, the results
obtained from the experimentation respect all the con-
straints linked to the model. All the clinics are serviced
by vehicles and the model gives an objective function of
the order of 223.18. Each bloc on the table correspond to
a routing proposed by R and R heuristic, for example the
first bloc correspond to the first routing, where the vehi-
cle chosen is vehicle (k = 15), Whose capacity of 20 tons
can contain the 20 tons of MW collected in the clinics that
constitute this routing namely: depot-clinic5- clinic4-
clinic 34- clinic 33-depot. The start service corresponds
to the time in which the vehicle arrives to serve a clinic.
All the start service respects the time window. The R
and R Heuristic proposed 9 routings. The assignment
of vehicles is adequate for each routing. Indeed, the fill
rate is about 99%. We recall that we didn't get global opti-
mum when we launched a model on IBM ILOG CPLEX
Optimization Studio 12.2 due to the complexity of the
model. The best results obtained by CPLEX, before stop-
ping because of the memory problem, were achieved after
800 seconds. After this limit the CPLEX gave the result
presented in the Table 3. On one hand, the objective func-
tion given by CPLEX is 308.56, which present a gap of 30%
to the relaxed solution. On the other hand the objective
function resulting from R and R Heuristic is of the order
of 223.18, so a difference of 27% compared to the CPLEX
solution and a gap of 3% to relaxed solution. Beside this,
the resolution time of the R and R heuristic is much more
interesting. Indeed, the time is 12 seconds for the R and R
heuristic whereas it was 775 seconds for the CPLEX reso-
lution. This speed in terms of resolution is of paramount
importance in the life of companies today where we are
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Figure 5. Collection routing proposed by R and R heuristic.
Table 2. Results of the R and R validation test
Routi.ng Routing 0 5 4 34 33 0 Total
1 vehicle Start service 0 30 38 53 59 0 Collected
k=15 : : (tons)
. Time Windows 0-300 | 20—120 | 20—120 | 20-300 | 20-300 | 0—300 ons
Capacity
=20 Quantity collected 0 35 6 6 4.5 0 20
Routing | Routing 0 24 29 27 25 12 18 0 Total
2 vehicle | Start service 0 21 37 47 55 67 90 0 Collected
k=18 Time Windows 0-300 | 20—240 | 20180 | 0—180 | 0—240 |20-120 | 0-300 | 0-300 | (tons)
Capacity
=30 Quantity collected 0 6 8.5 4 3.5 3.5 4 0 29.5
Routing | Routing 0 15 8 11 9 14 3 0 Total
3 vehicle | Start service 0 26 38 50 59 70 85 120 | Collected
k=20 Time Windows 0-300 |20—180 | 20—120 | 20—120 | 20—120 | 20-120 | 20-120 | 0-300 | (tons)
Capacity
=30 Quantity collected 0 3.5 4 2.5 8.5 6 4.5 1 30
Routing | Routing 0 20 19 0 Total
3 vehicle | Start service 0 27 34 62 Collected
k=10 " I'rime Windows | 0-300 | 0-180 |20-180 | 0-300 (tons)
Capacity
-16 Quantity collected 0 7.5 8.5 0 16
Routing | Routing 0 21 22 30 31 32 0 Total
15( vehicle | go. ¢ service 0 23 33 53 65 76 | 119 Collected
=17
C . Time Windows 0-300 | 0—180 |20-180 | 20—240 | 20—240 | 20—240 | 0-300 (tons)
apacity
=20 Quantity collected 0 2.5 3.5 7.5 2.5 3.5 0 19.5
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Routing | Routing 0 23 0 Total
l6(vehicle Start service 22 48 Collected
=1
Cavacity | Time Windows | 0-300 | 20-180 | 0-300 (tons)
apacity
=5 Quantity collected 0 4.5 0 4.5
Routing Routing 0 2 1 7 13 10 26 0 Total
lzvehide Start service 0 31 40 46 51 58 70 106 | Collected
=19
C . Time Windows 0-300 |20-120 | 20—-180 | 20-120|20-120 | 20—120 | 20—-180 | 0—-300 (tons)
apacity
=30 Quantity collected 0 3.5 2.5 4 4.5 7.5 8 0 30
Routing | Routing 0 17 16 6 0 Total
ltivehicle Start service 26 30 42 78 Collected
=16
.. | Time Windows | 0-300 |20-180 | 20180 | 20-120 | 0-300 (tons)
Capacity
=20 Quantity collected 0 4 8 8 0 20
Routing | Routing 0 36 28 35 0 Total
9 vehicle | gtart service 0 29 33 40 75 Collected
k=11 | Time Windows 0-300 |20-180 | 20~180 | 20-180 | 0-300 (tons)
Capacity
-16 Quantity collected 0 8 4 3.5 0 15.5
Table 3. Comparison between R and R Heuristic and CPLEX results (large instance)
R&R CPLEX
Transport Cost 15873 16384
Risk Assessment 96.97 178.92
Total 223.18 308.56064
Best Node (Relaxed solution) 216.30
GAP to Relaxed Solution 3% 30%
Vehicle Utilization 9 10
Vehicle Fill rate 99% 91.67%
Execution Time (seconds) 12 775.2 (Run out after 800
seconds)

not ready to wait for hours to make operational decisions,
hence the interest of the heuristic approach. These results
above justify the acceptability of a proposed algorithm’s
performance.

4.1 Experimentation of the Weighting
Parameters

To perform this experiment, we varied the weighting of a
to see the risk impact on the components of the objective
function and the execution time. The variation of & value
gave us an approximation to the Pareto-optimal solution
set. The reinforcement of the risk coefficient, starting from

B 8 | voli2(28) | July 2019 | www.indjst.org

B>=0.991, leads to an increase in routing costs. Indeed, the
integration of the risk factor makes the paths at very high
risks rejected; therefore the model will choose longer and
costly paths. As the fleet is heterogeneous the model may
choose costly trucks as it focuses on risk optimization. This
double disturbance will negatively affect the cost aspect of
the objective function. In contrast, the reinforcement of the
risk coefficient, starting from > = 0.991, leads to a better
control of the risk during the execution of the routing. The
tuning of the parameters « and 3, made it possible to locate
the sensitivity zone of the objective function. Figures 6 and
7 show the Pareto optimal solutions for 5000 and 30000
iterations respectively. Both cases illustrate the same con-
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flict of objectives as explained above. Based on the Pareto
optimal solutions, one can find the best trade—off between
these conflict objectives.

To better visualize the routes resulting from this
heuristic according to the value of «, we present the
routing scheme on a map for the case of small instance
(12 Clinics). Figure 8.a shows the routing exposed to the
minimum of the risk and Figure 8.b gives the routing gen-
erating the minimum cost. The reader could notice easily
that the solution with the minimum risk (a = 0, Black
line) tends to be longer and consequently more expen-
sive compared to the solution with the minimum cost
(=1, Blue line). As mentioned above, the risky paths are
rejected for the benefit of longer paths. It will be interest-
ing to challenge our results with other studies, in order to
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(a) Minimum risk solution and (b) minimum cost solution

emphasize the approach chosen. However, in our knowl-
edge, it is the first time that the subject of HHCVRPTW
was conducted in the case of Medical Waste collection in
Casablanca region. That's why we didn’t experiment any
benchmark in this research, to catch up with this gap we
will launch a similar study where we will challenge the
R and R heuristic with a meta-heuristic.

5. Conclusion

This research sheds new light on the case of MW collect in
the region of Casablanca, by proposing a MO mathemati-
cal model with a heuristic resolution of a very complicated
case of VRP. Our aim was to find a solution to a prob-
lem that humanity is experiencing. To this end, we have
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taken into consideration several realistic characteristics of
the problem in order to make the model close to reality.
The hazardous nature of the waste has led us to integrate
the risk associated with the transport of these materials.
The heterogeneity of the fleet and the choice of vehicles
as required are the main distinctions of this model in a
framework of optimization of the HHCV RPTW.

The complexity of the case leads us to use RR heu-
ristic, which gave a good result in a reasonable time for
the real instance. Then we vary the weighting of cost and
risk in order to seek for potential trade-off between cost
and risk. The latter tuning allowed us to conclude that
thanks to this model, we can seek a compromise between
the different stakeholders in the project of Medical Waste
collect. RR heuristic performance is highly acceptable in
both small and large-scale cases.

The reader should bear in mind that the study is based
on assumptions, such as data related to the routes, which is
supposed to be static. Except in reality, roads are subject to
traffic that varies over time. This variation is due to several
factors such as peak hours, hazards due to accidents, spe-
cific events, unexpected disturbances (breakdown of traffic
control lights, unplanned work, etc.). Thus, for a better
contribution in the framework of our scientific research,
there is some guidance for future research. We will create
an interface between the model and a geographical map,
taking into consideration the dynamics of the information
concerning the itineraries. This information will enable us
to generate in real time changes in the routing of vehicles.
Due to practical constraints, this paper did not experiment
other meta-heuristic to challenge R and R heuristic, which
is based on local search. For this reason, the future con-
tribution will focus on a meta-heuristic to challenge the
results coming from R and R heuristic in the case of MW
collection in the region of Casablanca.
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