
(IJACSA) International Journal of Advanced Computer Science and Applications, 
Vol. 12, No. 5, 2021 

GRASP Combined with ILS for the Vehicle Routing 
Problem with Time Windows, Precedence, 

Synchronization and Lunch Break Constraints 
Ettazi Haitam1, Rafalia Najat2, Jaafar Abouchabaka3 

LaRI Laboratory, Faculty of Sciences, University Ibn Tofail1,2,3 
Kenitra, Morocco 

 
 

Abstract—In this era of pandemic especially with COVID-19, 
many hospitals and care structures are at full capacity regarding 
availability of beds. This problem leads to ensure giving specific 
cares to people in need either in illness or disability in their own 
homes. Home Health Care (HHC) proposes this kind of services 
for patients demanding it. These services have to be done at the 
request of the patient which appears to be the client in a way that 
gives satisfaction to the requester of the service. Often, these 
demands are bound by a specific time that the workforce 
(caregivers) are obligated to respect in addition to the precedence 
(priority) constraint. The main purpose of the HHC structures is 
to provide a service that is good in term of quality, minimize the 
overall costs and shorten the losses. To reduce the costs of these 
HHC structures, it is mandatory to find comprehensible and 
logical ways to do it, for it is not permissible to touch the 
caregiver salary, HHC structures find themselves in the 
obligation to optimize by other means such as reducing the travel 
cost. Note that these structures give cares in one's home, which 
means that the travel aspect is important and is considered the 
core spending charges of the institution. Another fact is the 
satisfaction of the patients toward caregivers; this is an essential 
element to optimize in order to obtain a good quality service, to 
give a realistic aspect for the problem the lunch break of 
caregivers is introduced as a parameter. For those arguments, a 
conception of an efficient planning of caregivers involves using 
decision tools and optimization methods. A caregiver (vehicle) is 
attributed to a patient (customer) to do a number of  cares with 
several options in accordance to the customer wishes like time 
windows requirement often specified by the client, the priority or 
precedence constraints are usually performed if a care have to be 
performed before another and could need the intervention of 
more than one caregiver and must have at least one lunch break 
a day and it is not always taken at a set time of the day and must 
be versatile to optimize customer demand satisfaction. To resolve 
this issue which is called VRPTW-SPLB, a mathematical model 
of the problem is proposed and explained as a Mixed Integer 
Linear Programming (MILP) and a greedy heuristic based on a 
Greedy Randomized Adaptive Procedure (GRASP) is proposed, 
two strategies based on local search and two metaheuristics, and 
a metaheuristic resultant of an hybridization of the two 
metaheuristics. At the end of the paper, results are shown on a 
benchmark extracted from the literature. 

Keywords—Optimization; VRP; home health care; ILS; tabu 
search; metaheuristics 

I. INTRODUCTION 
The world nowadays know a considerable increase in 

growing rate of population along with the several diseases that 
emerges day by day leading to a decrease in the number of 
beds in hospital per person. This situation arises many 
problems such offering adequate cares to needy people 
without delay. The Home Health Care services (HHC) 
becomes more complex and must adapt and evolve to cover all 
this variables by applying decisions in operational research 
context. To identify the source of the problem and its solution, 
defining the major actors is essential, these services are made 
essentially for disabled/elderly people that request many needs 
like medical care, hygienic care, assistance... In order to fulfill 
these demands, HHC structures offer the opportunity to 
perform such care in patient's homes along with the adequate 
and necessary equipment and resources may be caregivers or 
devices and gives the patient's the feeling that they are treated 
like if they receive treatment in a traditional hospital. This 
overall situation obligate to create a fine and good 
collaboration and coordination between human and material 
resources in order to establish a good and optimized planning 
that increases the quality of services offered by home health 
care with a controlled and reduced generated costs. 

In this study, a generalization of the classical problem 
known as vehicle routing problem is proposed to deal with 
special and particular aspects linked to HHC.  The problem 
studied in this paper consists of generating a set of routes 
executed by a group of vehicles (qualified caregivers) in order 
to visit a number of dispatched clients (patients) while 
satisfying a set of preferences aspired by the patients towards 
caregivers so that the operation is done in the most effective 
way. To enrich this study, the cares (2 or more) are of two 
categories according to the synchronization aspect, either 
simultaneously (at the same time) or in a given 
order(precedence), this case need the coordination of a high 
level of caregivers. To give the problem a realistic aspect that 
most of the studies neglect in their work is by considering the 
lunch break of caregivers which are operated only after the 
termination of a care by a caregiver. 

To summarize what is being said, the problem studied is 
called the Vehicle Routing Problem with Time Windows, 
Synchronization, Precedence and Lunch Break constraints 
(VRPTW-SPLB). The constraints applied in this 
generalization of the VRP is appropriate to the maximum as it 
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is in real life where most of patients have a preferred time to 
not precede or exceed, two or more cares can be done by more 
than one caregiver according to the skills of this latter, the 
cares can be one after another according to the priority of care 
and finally caregivers need the replenish their energy to 
continue the cares in the most efficient way thus the need to 
have a lunch break granted to the caregiver. 

The next sections of this article are structured as follows: a 
section is devoted to the literature review of past works 
dealing with the vehicle routing problem in the home health 
care sector, the next section is dedicated to the problem 
definition, afterward a mathematical formulation is proposed 
in Section 4, next the explanation and components of the 
different metaheuristics used to solve the problem. Section 6 
illustrates the computational results, while Section 7 is mainly 
for the discussion. Finally a conclusion and future 
perspectives are displayed. 

II. LITERATURE REVIEW 
The vehicle routing problem is regarded as an NP-Hard 

problem and considered within the field of Operational 
Research as one of the most studied in the last two decade. In 
order to assimilate a valid and explicit explanation of the 
vehicle routing problem as proposed by [1] is to build a route 
delivery with the least possible cost from a center (depot) to a 
series of distributed locations (customers) in accordance to a 
set of constraints that need to be respected. Both exact and 
approximate methods or approaches are considered as solution 
to the problem, only that metaheuristics methods are plainly 
approved to be effective as illustrated in [2] which is up to 
find a solution up to 26 variants of the VRP. The main body of 
this study is to plan and allocate several resources such as 
vehicles (caregivers), material... to a set of demanding 
requests made by a group of clients (patients) dispatched in a 
geographical region to achieve a predefined and specific 
services. From that perspective, the arousal of many 
constraints seem natural such as fixed time windows 
determined by the patient, preferences of patients toward 
caregivers, synchronization of services either simultaneously 
or not, lunch break of caregivers... Many approaches set by 
many authors such as [3-7] have realized and confirmed that 
the best methods to solve this problem is by using heuristics 
and metaheuristics. These authors experimented their 
approaches on qualified and known benchmark of the 
literature offered by [8,9]. Putting all this aside, it is obligatory 
to search and evaluate the most common objectives (cost, 
preferences, waiting time...) considered in those studies. 
Considering the HHC context,  the vehicle routing problem 
offers as a problem many objectives to optimize; the total 
travelled distance by vehicles, the number of vehicles 
required, the total travelled time, patient's preferences toward 
caregivers are the most studied as objectives to optimize and 
frequently studied separately, thus these objectives can be 
considered on together but very rarely. 

The idea supported in transportation in the home care as a 
logistical issue can be clustered into two broad categories, 
allocation and planning issues and pickup and delivery issues. 

In this paper, the rest of the literature proposed in this 
study will be separated in three subsections, studies and works 

illustrated in the past talking on the subject of vehicle routing 
problem in home health care sector are shown in first, the 
second is an extension of contribution linked to the aspect 
synchronization and precedence in the vehicle routing 
problem and the last section is a highlights of the current 
contribution. 

A. VRP in HHC 
The logistics factor was first demonstrated in the field of 

Health Services by [10-12] on door-to-door transportation to 
support the elderly and/or disabled. The increasing rate of 
elderly people worldwide has prompted the authorities to 
introduce a scheme called DARP that translates to Dial-A-
Ride in order to assist people with disabilities of any type. 
From this perspective, [13,14] have established a particular 
version of DARP that seeks to deploy a special team with 
appropriate and specific expertise to the home of the patient to 
assist them with any support they request (bath, dress, help to 
move...) until the resource that is responsible for transporting 
them to the hospital or a treatment structure arrives. This 
scenario has prompted researchers to integrate constraints 
such as synchronization constraints to ensure that priority 
between visits is respected, in order to ensure the effectiveness 
of this procedure, fine teamwork is expected by medical 
assistants and transporters. In the same category, a new 
constraint emerges for patient requirements that allow them to 
select a time window in which they are prepared to receive the 
care staff in their homes. The author in [15] suggests and 
incorporates this feature of time windows in the DARP for 
improved planning, but does not take into account the state of 
emergency and is instead concerned with minimizing the cost 
of transporting patients. The Dial-A-Ride problem has been 
expanded into the HHCP (Home Health Care Problem) 
conducted by a study well known in the literature [16] in 
which the key concept is to delegate caregiver staff to provide 
a certain amount of care needed by clients (patients) in their 
homes. The study shows two methods of resolution, the first 
of which was an exact method by suggesting a mathematical 
model with inter mixed variables (MILP) and the other one is 
a heuristic method. As for applying these methods on real 
instances, 10 patients and 4 nurses were considered to do the 
test, this will be the initial step to various and many papers 
addressing the same study but by using and testing various 
optimization resources and tools. 

The optimization context in the home health care sector 
considers many aspects. The logistical aspect as concerned 
with this study contains two main categories that can be 
illuminated regarding other categories such as planning and 
allocation issues and pickup and delivery issues which are 
considered to be the most illustrated aspect on this field. For 
this study to be comprehensive and for the sake of 
simplification of the problem, generally a patient asking for a 
required care service is allocated a caregiver according to 
adequate skill and qualification for doing and fulfilling the 
service. Those skills and qualification are medical 
qualification, age, gender, language, specialty... The caregiver 
has a begin time and an end time throughout the day. As for 
the service required, it is characterized by a duration, skill and 
time window. 
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The dilemma of attributing visits to personal caregivers 
and the preparation of visits was studied in[17], where a MILP 
methodology and a Tabu search method were implemented to 
solve the problem and deliver fair and high quality solutions. 
In the same line, [18] proposed the same approach but 
considered as a partitioning problem which goal is to 
maximize the satisfaction of the patients and to minimize the 
transportation duration. There are studies in the literature that 
considers a single objective optimization such as [19] where 
the time windows constraint was introduced therefore the 
problem became VRPTW (Vehicle Routing Problem with 
Time Windows) and proposed a metaheuristics based on VNS 
and a mathematical formulation (MILP) in order to shorten the 
time that nurses consume in their movements and to maximize 
and increase the ratio nurses/patients of satisfaction. Another 
study [20] aims to solve the vehicle routing problem with time 
windows but this time with another approach and another 
implementation by introducing the Particle Swarm 
Optimization (PSO) so that the total travelled distance by 
nurses and caregivers is reduced with respect of constraints of 
time windows and vehicle's capacity. The multi-objective 
optimization is another variant of dealing with optimization in 
HHC, considering two functions to optimize at the same time 
leading to a high complexity of the problem. 

The study in [21] deals with this multi-objective 
optimization by applying two metaheuristics based on ACO 
(Ant colony Optimization) which is an algorithm based on 
population, a mathematical formulation for the linear 
optimization and a multi-objective genetic approach. 

Coordination of visits between nurses and/or caregivers is 
considered in the study of [22,23]. This coordination is either 
simultaneously or in a given order. The authors proposed a 
Branch and Bound method in order to reduce the travel cost of 
caregivers and to increase and maximize the satisfaction of 
patients toward nurses/caregivers. As for waiting time, which 
is a significant matter to consider was addressed by [24] for 
the sake of planning and scheduling visits to patients and 
giving tasks and mission to nurses/caregivers. First the 
mathematical formulation was established. Some authors 
tackled this problem by solving it in stages and not fully at 
once. This was done by [25,26] where a set of routes were 
generated initially before assigning routes to caregivers then 
enforce synchronization constraints in order to reach feasible 
and concrete solutions. A problem of node duplication was 
addressed by [27] where to run away from this duplication of 
nodes, an Iterated Local Search (ILS) was implemented and 
applied on relatively small instances of the literature. As for 
[28], maximizing the satisfaction of patients was prioritized 
along with the reduction of the cost of travel by using a 
Variable Neighborhood Search (VNS). 

Synchronization constraints are really important to 
highlight the VRPTW problem in its totality where a set of 
request made by patients can have multiple visits and require 
the intervention of one or several caregivers either 
simultaneously or in a predefined order. In [7], work on this 
by formulating at first a mathematical skull of the problem, a 
GRASP and several metaheuristics for the sake of optimizing 
the total travel cost and increase the satisfaction of patients. 

The pick-up and delivery aspect is studied and highlighted 
as well in many papers where a patient is to be picked up from 
a place or dropped off in a place. This was highlighted by 
[13]. This aspect of picking up and delivering is flexible to the 
points that authors in [4] proposed a system in order to deliver 
meals to patient's homes. To do so, patients were clustered and 
partitioned in zones according to the care structures policy. 
Meanwhile caregivers were also grouped in teams. 

Before jumping on the constraints used in general, 
detailing synchronization constraints on the home health care 
sector is significant to the continuity of this study. As for our 
knowledge, the synchronization aspect dealing with the home 
care services are either considered in a simultaneous way 
likewise [27]. Other authors considered both simultaneous and 
precedence (in a given order) in separate, this is clearly shown 
in [23] and [14] where [7] and [29] illustrated the 
synchronization in the same model. In our study, we will 
consider both synchronization aspect in addition to a set of 
constraints that were not combined in the same study before. 

Table II shows the overall constraints of paper found in 
literature meanwhile Table I expresses the constraints that are 
the most common. 

TABLE I. CONSTRAINTS COMMONLY USED IN HHC 

Abbreviation                          Description 

TW                                         Time Windows 
 
Simu                                       Simultaneous synchronization  
 
Prec                                        Precedence synchronization    
        
SS                                          Specific Service 
 
LB                                          Lunch Break  

TABLE II. CONSTRAINTS IN THE LITERATURE 

Category Article TW Simu Prec SS LB 
 [17]    X  
 [18] X X  X  
 [20] X     
 [23] X X X   

Planning & 
Scheduling [29] X  X X  

 [25] X X    
 [27] X X  X  
 [30] X X X   
 [31] X X X X  
 [16] X   X  
 [15] X     

Pick-up & 
Dekiveries [32] X X X   

 [33] X     
 [34] X    X 

Both 
categories [14] X  X   
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 [35] X   X  
Our paper  X X X X X 

As shown in Table II, the temporal aspect is what most of 
the authors are interested in for the aim to get a better quality 
of services. In the other hand, the constraints that give a 
realistic aspect to the problem are neglected in the most of the 
works such as lunch break of caregivers, precedence 
constraints and synchronization constraints. 

B. VRP with Synchronization Constraints in HHC 
When talking about timing and temporal constraints in the 

vehicle routing problem especially in the home health care 
sector, it is very needy to point at very important notion that 
enforce the realistic aspect of the problem overall. the study in 
[36] point in his classification that there is a dependence that 
takes place in the route taken by caregivers in order to get to 
patient's homes requesting cares, he defines it as 
synchronization. This starting point encourage other authors 
such as [27] to group and cluster this so-called 
synchronization into two main part, one for the simultaneous 
synchronization which is a two or more than one care is done 
at the same time, this type of synchronization require the 
intervention of more than one caregivers and is given a special 
attention (like transporting a patient from one place to another, 
bathing of a disabled patient...), the second type is more a 
synchronization that prioritize a care over another which 
means that two or more cares cannot be done simultaneously 
but need to be successive in a predefined order. 

As for the literature and past works dealing with 
synchronization, we must cite [37] where he made the aircraft 
routing problem a simultaneous synchronization problem that 
ensure that a flight possessing an Id have to depart and take 
off in the same time at the same place. This resulted in an 
approach based on a decomposition called Dantzig-Wolfe 
decomposition. 

Synchronization constraints proposed by [36] in the 
operation of collecting raw milk from farms consisted in a 
problem called Vehicle Routing Problem with Trailer and 
Transshipment (VRPTT). The problem is decomposed and 
constituted of two main vehicles trucks that can operate alone 
(autonomous) and trailers that can operate only with the help 
of a truck (non-autonomous). The authors conceived a 
mathematical formulation of the VRPTT and a simple 
heuristic. The synchronization used in this paper is a 
precedence one. 

Precedence constraints in the home health care problems 
were addressed by multiple authors such as [38] where in the 
context of waste collection of a household the minimization of 
the overall travel duration is tackled. To ensure the fluidity of 
the work, vehicles were separated into two types, small ones 
called satellites that can drive on any type of road where the 
second one is large or compactors that have strict and known 
road to drive on. A local search procedure was used in order to 
find feasible solution of this problem. 

C. Contribution Highlights 
In this paper, the points addressed in the literature do not 

handle a majority of constraints in an efficient manner, where 
most of the authors push the search area of solutions to grow 

considerably by duplicating nodes. The second point that 
found its limitations as the instances grows is the use of 
models that are based on MILP (Mixed Integer Linear 
Programming) where only small instances give satisfactory 
solutions in the contrary of large instances. Authors decided 
then to use metaheuristic to work on larger instances, but fail 
in catching the optimal solutions and are trapped in local 
optimum because most of them don't use local search 
procedure in their work in order to avoid being trapped in a 
local optimum. For all these points, this paper aims to 
contribute in: 

• Put a model that engage both simultaneous and 
precedence constraints, caregiver lunch breaks and 
time windows in the same design. Afterwards solve 
this model with a linear solver such as Cplex. 

• Manage to work with multiples and several constraints 
such as time windows of patients, synchronization 
constraints with their two type 
(simultaneous/precedence), caregivers skills and 
qualification, caregivers lunch break and the preference 
of patients in regard of caregivers. It is very rare to find 
authors that handle more than three constraints at the 
same time in their work. 

• Propose a hybrid algorithm in order to find feasible 
solutions of instances considered large on existing 
benchmark of literatures. 

III. PROBLEM DESCRIPTION AND MATHEMATICAL 
FORMULATION 

The vehicle routing problem is a problem that considers 
the determination of routes that must be taken by vehicles 
from a point i to a point j. The variant of the VRP considered 
in this study can be considered as a vehicle routing problem 
with time windows, synchronization, precedence and lunch 
break constraints (VRPTW-SPLB). 

Consider G= (V, E) a graph where N = {1… n} is a set of 
clients (patients) and V= NUD a set of nodes. c is the initial 
depot and f the final one where D = {c, f}. Routes are linked 
by a set of points where m = [i, j] a margin, Cij is the cost 
linked to the path ij and Tij  the duration travel. A health 
structure offers multiple services S = {1…s} to a set of 
patients where a patient i require a subset of services to the 
health structure Si = {s ∊ S: eis = 1} . A duration dis  is 
assigned to each service asked by a patient along with a time 
windows [ai, bi] wherre a service cannot begin before ai and 
cannot terminate afterbi. The set of vehicles required to ensure 
the task of providing services to patients is denoted by K 
where each vehicle k ∊ K have a time windows of availability 
specified by αk,βk.  Prfik a number ensuring the preference of 
each vehicle k, this number defines the non-preferences of 
patient i in regard of the caregiver k. 

P describes the lunch break of caregivers and nurses and L 
is the duration and [wp, zp] is the time window as defined by 
[16]. gik is 1 if the caregiver consumes his/her break at patient 
i before service termination and 0 otherwise, g′ik is 1 if the 
caregiver consumes his/her break at patient i after service 
termination, 0 otherwise. stik  is the service start time of 
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caregiver k at patient i and stpk is the lunch break time start of 
the caregiver k. For the sake of simplicity, we write k ∊ Ks if 
yks=1 and s ∊ Si if eis = 1. 

For the simplification and generalization of this study, we 
suppose that k ∊ K accomplishes a unique service s. yks equals 
1 if vehicle k offers the service s, 0 otherwise (∀ k ∊ K,∀ s ∊
S). 

For customers (patients) whom are demanding more than 
one service either in a specific order or simultaneously, we 
define for each patient i ∊ N a slotisr  as the time separating 
the time start of service s and service r demanded by patient i 
where services s and r have to be provided in a given order 
(service s before service r). 

Just to note that lunch breaks are not depending entirely on 
the time duration of the route, and a lunch break can be taken 
and utilized if the duration of the route outpaces and exceeds 
αp. It is also permissible to take a lunch break at the end of a 
route even if the time window of the lunch break is not yet 
covered. 

This problem formulation considers the minimization of 
the sum of non-preferences of patients towards caregivers and 
total travelling time by shortening to the maximum the total 
travelled distance overall. 

To generalize the constraints of time in this formulation, 
we presume that all the requested services by patients are 
asked independently from the initial depot (center) c and their 
duration is 0 (Dcs = 0, ∀ s ∊ S ). 

The Mixed Integer Linear Programming corresponding to 
our formulation is as follows: 

min � � �Cij
kϵK

xijk
jϵV\{c} iϵV\{f}

+ � � �Prfik
kϵK

xijk
jϵV\{c}iϵN

 

      (1) 

Subject to: 

∀k ∈ K ,� xcjk
jϵN

= 1          (2) 

∀k ∈ K ,� xifk
jϵN

= 1          (3) 

∀h ∈ N ,∀k ∈ K,   ∑ xihkiϵV\{f} =
∑ xhjkjϵV\{c}  

        (4) 

∀i ∈ N ,∀s ∈ S,  ∑jϵV\{c} ∑ xijk =  eiskϵKs         (5) 

∀i, j ∈ V,∀s ∈ S: s ∈ Si ∪ Sj , ∀k ∈ Ks, stik +
�Tij + Dis�xijk ≤ stjk + bi�1 − xijk� 

    (6) 

∀i ∈ N,∀s ∈ Si,∀k ∈ Ks, ai ∑ xijkj∈N ≤
stik ≤ bi ∑ xijkj∈N  

         (7) 

∀k ∈ K, αk ≤ stck ≤ βk          (8) 

∀k ∈ K, αk ≤ stfk ≤ βk          (9) 

∀i, j ∈ V, ∀k ∈ K, xijk ∈ {0,1}         (10) 

∀i ∈ V, ∀k ∈ K,   gik, g′ik  ∈ {0,1}         (11) 

∀i ∈ V, ∀k ∈ K,   stik  ∈ {0,1}                                  (12) 

The objective function (1) is to minimize the total 
travelling time and the sum of non-preferences. Constraints 
(2) and (3) ensure that each vehicle have to leave the initial 
depot and return to it. Constraint (4) guarantees the continuity 
and constancy of the routes while constraint (5) guarantees 
that the demands of customers (patients) are provided and 
executed. Scheduling and planning permitting the consistency 
between the durations of visits is maintained by constraint (6). 
Constraints (7), (8), (9) guarantee the respect of patients, 
caregivers time windows. Constraints (10), (11) and (12) 
define the nature of the decision variables. 

Just to cite that the caregivers' lunch breaks are not entirely 
related to the time duration of the route taken, and a lunch 
break can be used on the condition that the duration of the 
route outpaces and exceeds αp. It is also permitted to take a 
lunch break at the end of a route even if the time window of 
the lunch break is not yet covered. 

IV. RESOLUTION APPROACH 
A metaheuristic is developed due to the challenge of 

solving large instances in an acceptable amount of time even 
though the proposed model decreases the graph size in 
comparison of prior formulations. The metaheuristic proposed 
is a hybridization of GRASP and ILS. 

The GRASP method was firstly presented and dealt with 
by [39] for a covering set problem. The GRASP method was 
effective for construction routing problem, when [40] utilize it 
in order to solve a tour design problem with time windows to 
minimize the vehicle number used. 

The GRASP method consists of iteration which produces 
in each iteration a new solution in two phases: 

• Construct a feasible solution by the means of a greedy 
randomized heuristic. 

• Improve the solution with the help a local search 
procedure by the iterative exploration of search space 
in order to improve the current solution. 

The Iterated Local Search (ILS) belongs to a class of 
metaheuristic based on the exploration of a neighboring of 
near local optimum.  The local optimum according to [41] is 
grouped in a cluster of search space. ILS initiates its search 
from a starting solution called initial solution of a good 
quality. This initial solution is created by the help of a greedy 
heuristic, and then improved by a local search to find a first 
local optimum. In the contrary of the GRASP, then a 
perturbation procedure is done on the current solution in each 
iteration in the hope to escape from the local optimum. When 
the solution is perturbed and improved by the local search, 
then this time the new solution becomes another local 
optimum. This cycle composed of perturbation and local 
search will not stop until a stopping criterion is met. 
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In the hybrid version, the ILS procedure replaces the local 
search of the GRASP method. The general structure of the 
GRASP combined with ILS is proposed to solve the VRPTW-
SPLB is illustrated in the algorithm 1. Even tough, the 
algorithm is simple; its capacity to solve multiple combinatory 
problems is proven such as [42] for the localization routing in 
two echelon and [43] for the periodic vehicle routing problem 
with time windows. 

The principle loop in the algorithm 1 (line 3-32) defines 
the hybrid method GRASP*ILS composed of a construction 
phase and an improvement phase done by the iterated local 
search (ILS). The first solution Sol1 is generated by a parallel 
randomized constructive heuristic (PCH). In each iteration of 
the ILS algorithm (line10-25) calls the perturbation procedure 
(PP), then the random local search updates the last solution 
encountered (Sol1) when this latter is improved. In order to 
stop the algorithm, stop conditions must be met such as the 
maximum number of iteration IterMaxG  is met. The second 
stop condition is when an inferior margin LM after a number 
of iteration maxFailure  counted by the variable NImp where 
there is no improvement of the current solution or just after a 
maximum number of iteration IterMaxL. 

    Algorithm:  GRASP combined with ILS 
1:  F*  +∞ 
2:  𝐼𝑡𝑒𝑟𝐺= 0 
3:  While ((𝐼𝑡𝑒𝑟𝐺 <  𝐼𝑡𝑒𝑟𝑀𝑎𝑥𝐺) and (F* > LM ) Do 
4:  𝑆𝑜𝑙1 PCH(𝑆𝑜𝑙1) 
5: If (𝑆𝑜𝑙1 𝑖𝑠 𝑓𝑒𝑎𝑠𝑖𝑏𝑙𝑒) Then 
6:  𝐼𝑡𝑒𝑟𝐺 = 𝐼𝑡𝑒𝑟𝐺 + 1 
7:  𝐼𝑡𝑒𝑟𝐿= 0  
8:  NImp = 0 
9:  𝑆𝑜𝑙1 LocalSearch(𝑆𝑜𝑙1) 
10:  While (( 𝐼𝑡𝑒𝑟𝐿 <  𝐼𝑡𝑒𝑟𝑀𝑎𝑥𝐿 ) and (NImp <                   
     𝑚𝑎𝑥𝐹𝑎𝑖𝑙𝑢𝑟𝑒) Do 
11:   Sol  𝑆𝑜𝑙1 
12:   Sol  PP(Sol) 
13:   If (Sol is feasible) Then 
14:    𝐼𝑡𝑒𝑟𝐿 = 𝐼𝑡𝑒𝑟𝐿 +1 
15:    Sol  LocalSearch (Sol) 
16:    If (F(Sol) < F(𝑆𝑜𝑙1)) Then 
17:     𝑆𝑜𝑙1 Sol 
18:     𝐼𝑡𝑒𝑟𝐿  0 
19:    Else 
20:     NImp = NImp + 1 
21:    End If 
22:   Else 
23:    NImp = NImp + 1 
24:   End If 
25:  End While 
26:  If (F(𝑆𝑜𝑙1) < F*) Then 
27:   S*  𝑆𝑜𝑙1 
28:   F*  F(𝑆𝑜𝑙1) 
29:   𝐼𝑡𝑒𝑟𝐺  0 
30:  End If 
31: End While 
32: Return Sol* 

Just to note that F(Sol) corresponds to the cost of the 
solution Sol. 

V. NUMERICAL EVALUATION 

A. Instances and Implementation 
The metaheuristics proposed in this paper were coded in 

Python3.8 and were executed and tested on a machine with a 
processor Core i7-5500 CPU with 8GB of RAM, functioning 
under Windows 10 Home as for the mathematical model, the 
test was done with CPLEX Studio version 12.10. 

The benchmark used as instances are from [23], which is 
known for its features that includes all aspect studies in this 
paper such as: Time Windows, Synchronization and 
Preferences. 

This benchmark contains three parameters; the number of 
customers is equivalent to patients in our case, the number of 
vehicles equivalent to caregivers and are grouped according to 
this scheme: 

• 18 clients (patients) with the use of 4 vehicles 
(caregivers), 

• 45 clients (patients) with the use of 10 vehicles 
(caregivers),  

• 80 clients (patients) with the use of 16 vehicles 
(caregivers), 

To incorporate the notion of synchronization, a range 
number linked to synchronization from two to four is 
determined, for the sake of generalization lunch break is 
always taken after performing successfully a service s. Time 
windows are grouped by small, medium and large. In this 
study, a limit was put to not exceed at most two requested 
services. 

B. Algorithms Parameters 
The main goal for setting parameters is to obtain the best 

performances by testing a limited number of parameters 
combination. For the sake of this study, the logical practice for 
choosing parameters is to parameter each algorithm used 
separately according to its suitability. For the hybrid method 
GRASP*ILS, parameters set to ensure the best testing possible 
are the number of restart  IterMaxG , the iteration number 
without success Maxfail , the call number of ILS IterMaxL and 
finally the perturbation procedure parameter pertmax  related 
to the number of patients to remove. The average number  of 
local search executed in order to obtain the best solution for 
the hybrid version is restored and will be given as a stop 
condition for the hybrid method GRASP*ILS, all this is done 
by adding a counting variable that is incremented in each call 
of the local search procedure (AVD). The metaheuristics 
proposed in this paper are executed a number of 10 times and 
the best solution along with the average solution are given in 
comparison. The Table III states the parameters used for 
testing, each parameter is given a range value of testing and 
the best value is taken as a fixed parameter. 
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TABLE III. PARAMETERS FOR GRASP*ILS 

Parameters Notation Test values 
Range Value 

Number of restart 𝐼𝑡𝑒𝑟𝑀𝑎𝑥𝐺  [10 .. 100] 45 

Iteration number of ILS 𝐼𝑡𝑒𝑟𝑀𝑎𝑥𝐿 [10 .. 100] 45 

Number of solution without 
improvement 𝑀𝑎𝑥𝑓𝑎𝑖𝑙 , [5 .. 50] 35 

Perturbation level 𝑝𝑒𝑟𝑡𝑚𝑎𝑥  [1 .. 6] 3 

C. Results and Interpretation 
The results of experimentation of the 37 instances of each 

metaheuristic are found in the end of the paper, as for the 
summary results, they are given in Table IV and Table V. In 
order to have a better analysis of the obtained results, four 
comparisons are highlighted, one comparison for the 
metaheuristic GRASP*ILS with the CPLEX results, the 
second comparing the results of GRASP with the results of the 
ILS, the third comparing the GRASP with the CPLEX and 
finally the ILS with CPLEX. As for the representation of the 
results, the results are given for each group of instances 
(  Gins1 , Gins2 , Gins3 ). For CPLEX, instances that give 
feasible solution are denoted by (Gcf) and for all instances 
(Gall). 

To understand the Table IV, the first part are the results 
obtained by the CPLEX solver, then the second part of the 
Table IV and the two parts of Table V highlight the results of 
the proposed methods. The performance indicators used to 
compare the different results are the average gap percentage of 
the best found solution of the GRASP*ILS method for the 
lower bound (IndLB), the upper bound (IndUB ) along with 
each criteria separately (IndMoving) and (IndPref). Afterwards, 
an exposition in seconds of the time required to obtain the best 
solution ( Tsecmin ). The average solution of the different 
executions are compared with the best solution of the results 
obtained by the GRASP*ILS method (CObjRef, CMovingRef) 
and CPrefRef). Finally, the average computational time needed 
to obtain the average solutions is exposed in seconds denoted 

by (Tsecaverage), as for the optimal solutions, we denote it 
(Tsecoptimal). 

In the next tables, note that the results subject to the 
CPLEX solver which is there are no feasible solution are not 
included (Max time of execution is 1 hour). 

Note that Ref=GRASP*ILS and X= Total cost of the 
objective function. 

The CPLEX studio solver permitted to solve up to 23 
optimal solution of the 37 instances tested. Meanwhile the 
hybrid method has solved all instances in a more reduced time 
(23,93 seconds for the GRASP*ILS compared to 609,53 for 
CPLEX). 

In general, the overall results obtained show that the 
GRASP*ILS method is way better than CPLEX results with 
an average gain of  2,10%, That means that this method attain 
an average gap of 3,19% for the lower bound in 162,24 
seconds. This gap is reduced more than 1% in comparison 
with the CPLEX results (4,47% of gap in 1414,51 seconds) in 
a computational time considerably small. 

The efficiency of the hybrid method GRASP*ILS is 
confirmed by observing the results of the third instance group 
( Gins3 ) where the hybrid method improve by 12,95% in 
1186,43 seconds compared to the upper bounds of the CPLEX 
where the gap is nearly 23% in 3600 seconds. 

Overall, the solutions presented by the hybrid method 
GRASP*ILS are better than the upper bound given by the 
CPLEX solver in 3600 seconds. In addition, the nature of the 
problem being NP-Hard make the CPLEX solver incapacity of 
producing feasible solution in a reasonable time nearly 
impossible for instances of more than 45 patients. In the other 
hand, GRASP*ILS work perfectly on larger instances. 

After summarizing and analyzing the results given by the 
CPLEX solver and the hybrid method, an evaluation of the 
efficiency of the GRASP*ILS method is highlighted and 
compared to both the GRASP method and the ILS method. 

TABLE IV. PERFORMANCE INDICATORS FOR THE 37 INSTANCES OF MILP AND GRASP*ILS 

Indicators 
MILP GRASP*ILS 

𝑮𝒊𝒏𝒔𝟏 𝑮𝒊𝒏𝒔𝟐 𝑮𝒊𝒏𝒔𝟑 𝑮𝒄𝒇 𝑮𝒂𝒍𝒍 𝑮𝒊𝒏𝒔𝟏 𝑮𝒊𝒏𝒔𝟐 𝑮𝒊𝒏𝒔𝟑 𝑮𝒄𝒇 𝑮𝒂𝒍𝒍 

𝐼𝑛𝑑𝐿𝐵 0,00 2,25 22,90 4,47 4,47 0,00 2,01 11,87 3,19 3,90 

𝐼𝑛𝑑𝑈𝐵 - - - - - 0,00 -0,31 -12,95 -2,10 -2,10 

𝐼𝑛𝑑𝑀𝑜𝑣𝑖𝑛𝑔 - - - - - 0,00 -0,48 -3,13 -0,36 -0,36 

𝐼𝑛𝑑𝑃𝑟𝑒𝑓 - - - - - 0,00 0,15 -5,11 -0,84 -0,84 

𝑇𝑠𝑒𝑐𝑚𝑖𝑛 86,81 2002,85 3601,96 1414,51 1480,80 1,78 66,41 1186,43 162,24 344,67 

𝐶𝑋𝑅𝑒𝑓 - - - - - 0,03 3,03 2,73 1,93 343,12 

𝐶𝑀𝑜𝑣𝑖𝑛𝑔𝑅𝑒𝑓 - - - - - 0,04 -0,38 0,49 0,04 0,04 

𝐶𝑃𝑟𝑒𝑓𝑅𝑒𝑓 - - - - - -0,11 0,57 0,64 0,32 0,33 

𝑇𝑠𝑒𝑐𝑜𝑝𝑡𝑖𝑚𝑎𝑙 - - - - - 0,48 102,8 981,71 165,92 302,33 

𝑇𝑠𝑒𝑐𝑜𝑝𝑡𝑖𝑚𝑎𝑙 86,81 1287,59 - 609,53 609,53 0,39 57,39 - 23,93 23,93 
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TABLE V. PERFORMANCE INDICATORS FOR THE 37 INSTANCES OF ILS AND GRASP 

Indicators 
MILP GRASP*ILS 
𝑮𝒊𝒏𝒔𝟏 𝑮𝒊𝒏𝒔𝟐 𝑮𝒊𝒏𝒔𝟑 𝑮𝒄𝒇 𝑮𝒂𝒍𝒍 𝑮𝒊𝒏𝒔𝟏 𝑮𝒊𝒏𝒔𝟐 𝑮𝒊𝒏𝒔𝟑 𝑮𝒄𝒇 𝑮𝒂𝒍𝒍 

IndLB 0,39 6,19 9,83 4,74 4,98 0,00 4,94 17,28 5,53 6,43 
IndUB 0,39 3,87 -15,33 -0,65 -0,65 0,00 2,68 -3,35 0,59 0,59 

IndMoving 0,23 -0,08 -4,69 -0,67 -0,67 0,00 1,22 -1,53 0,28 0,28 

IndPref -0,04 0,67 -1,18 0,02 0,02 0,00 -0,29 0,70 -0,03 -0,03 

IndXRef 0,39 4,13 -2,39 1,44 0,95 0,00 2,93 6,17 2,51 2,72 

IndMovingRef 0,23 0,33 -0,57 -0,95 0,00 0,00 1,68 2,73 -0,04 1,35 

IndPrefRef -0,04 0,47 -0,06 0,82 0,15 0,00 -0,50 1,55 0,74 0,26 

Tsecmin 0,18 64,33 465,32 106,94 148,98 0,21 260,49 1361,91 173,46 460,24 

CXRef 19,78 14,27 2,17 14,93 13,08 0,97 8,73 8,30 5,76 5,68 

CMovingRef 3,05 0,12 1,02 0,67 1,47 0,15 0,89 4,03 -0,07 1,46 

CPrefRef 1,76 2,38 7,22 4,39 3,45 0,45 1,15 1,62 1,60 1,01 

Tsecoptimal 0,27 75,30 479,96 113,85 156,83 0,28 282,10 1331,94 181,53 459,76 

By comparing the results of the two methods GRASP and 
ILS with the CPLEX results, it is clear that ILS is better than 
GRASP where ILS show a gap of 4,74% on the lower bound 
in merely 106,94 seconds where the GRASP is only 5,53% in 
173,46 seconds. Thus, ILS improve the upper bound of the 
CPLEX by 0,65%, meanwhile GRASP only obtain a gap of 
0,59%. 

When comparing the best solutions obtained by the hybrid 
method GRASP*ILS (considered as references), the results 
show that the GRASP metaheuristic is less efficient with an 
approximate average gap of 2,51%. On the other hand, ILS 
seems more efficient than GRASP with an approximate 
average gap of 1,44% from the method of reference. By seeing 
the ILS results, the difference is not that much with the hybrid 
method considering the overall execution (0,85% of gap 
considering all instances). 

To summarize, the results obtained lead us to say that the 
hybrid method is more efficient and stable than the standard 
version of ILS, where ILS is better than GRASP for a given 
number of local search calls. Finally, the last conclusion for 
this paper is that GRASP*ILS is better than ILS which is 
better than GRASP. 

VI. CONCLUSION AND PERSPECTIVES 
In this paper, three metaheuristics for the VRPTW-SPLB 

are proposed. A GRASP method and an ILS method which 
use a constructive heuristic inspired by the nearest neighbor 
method and a local search which explore in an organized 
manner all the neighboring in order to find feasible solution 
optimally. Firstly, an investigation and overview of the 
problem of the vehicle routing problem with time windows, 
synchronization, precedence and lunch break constraints in the 
sector of home health care is presented. Then a mathematical 
formulation of the problem is proposed by the aid of the 
mixed integer programming language (MILP). After 
introducing the algorithms used to solve the problem, a 
numerical results section along with its analysis is 
foreshadowed to know which algorithm gives the better 
solution. By the outcome, it is clear that the GRASP and ILS 
method gives better results for larger instances than the 

CPLEX solver, but compared to the lower bounds given by 
CPLEX, the GRASP method seems less efficient than ILS, 
this can be explained by the iterations independency realized 
by GRASP, for this reason the execution times are longer than 
ILS, but still reasonable for such a problem which is known to 
be NP-Hard. The combination of these two methods which 
result in GRASP*ILS method demonstrated that it is better in 
term of computational time and the quality of the results 
obtained. In order to complete this study as future research is 
to conduct statistical tests in order to establish which method 
is more stable and gives better results. The limitation found in 
this study are frequent in this problem such as ensuring the 
satisfaction of the patient by assigning to him a specific 
caregiver can lead to an increase in the overall cost which is 
very degrading in term of optimizing either resources and 
time. In order to escape from this, a multi-objective approach 
can aid to solve this matter. As a continuity of this study, a 
multi-objective approach of the same problem which is 
VRPTW-SPLB in home health care with genetic algorithms in 
order to optimize the overall movement costs and patient's 
satisfaction simultaneously will be conducted in a future 
paper. 
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