
Computer Science and Engineering 2012, 2(3): 17-23 
DOI: 10.5923/j.computer.20120203.03 

 

Dial-a-Ride and Emergency Transportation Problems in 
Ambulance Services  

Jihène Jlassi1, Jalel Euchi1,*, Habib Chabchoub2 

1Institut Supérieur de Gestion Industrielle de Sfax, Route de Mharza km 1.5 , B.P 954 Sfax 3018, Tunisia 
2Institut des Hautes Etudes Commerciales, Université de Sfax, Route de Sidi Mansour km 10, B.P. 1170 , 3018 Sfax , Tunisia 

 

Abstract  Emergency Department (ED) crowding is a common problem around the world. Process reengineering meth-
ods can be used to understand factors that contribute to crowding and provide tools to help alleviate crowding by improving 
service quality and patient flow. In the ED of Sfax hospital the patients’ dangerous case could be transported by ambu-
lances. The purpose of this study is to demonstrate the application of Dial-A-Ride Problem (DARP). Computational ex-
periments are performed on real case instances using CPLEX 10.0 on personal computer Intel® Core 2Duo CPU 2.0 GHZ. 
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1. Introduction 
The emergency population has been growing remarkably 

owing to either the rapid rise of the general population or 
the changing living style around the world, which gives the 
emergency department (ED) an important role in the hospi-
tal[1]. It is reported that every activity in the emergency 
care setting must fall under the quality assurance umbrella, 
ensuring that quality of service is maintained at a high 
leve1[2]. 

The increased demand on the ED stretches its abilities to 
provide efficient, consistent, and cost-effective care while at 
the same time attempting to keep patients satisfied and 
avoid malpractice risk. Given that many EDs commonly 
experience crowding today, emergency physicians, man-
agement, and staff must seek ways to meet these challenges 
or face losing their patient base, providing unsafe or sub-
standard care, losing staff, or risking financial integrity. 

The evaluation of patient flow through the ED is one of 
the important quality assurance activities. Identifying pa-
tient flow bottlenecks also aids in decision-making regard-
ing ED organization, including staffing, triage, space use, 
and overall resource allocation. 

Since the early 1970s a growing use ED services by the 
public has focused concern on how departments manage 
this increased patient flow. 

Historically, ambulance diversion was created to offer 
temporary relief to ED. Ambulance services must send a 
vehicle to the site of a medical emergency as fast as
 possible. Since they deal with life and death situations,  

 
* Corresponding author: 
Jalel.euchi@fsegs.rnu.tn (Jalel Euchi) 
Published online at http://journal.sapub.org/computer 
Copyright © 2012 Scientific & Academic Publishing. All Rights Reserved 

They have drawn extensive attention from operations re-
search[3]. 

In the ED of Sfax hospital the patients’ dangerous case 
could be transported by ambulances. This way the purpose 
of this study was to demonstrate the application of 
Dial-A-Ride Problem (DARP). This method involves the 
dispatching of a fleet of vehicles to satisfy demands from 
customers who contact a vehicle operating agency request-
ing to be carried from specified origins to other similarly 
specified destinations, as defined in[4].  

The objective of this paper is to find some solutions in 
order to minimize the emergency patient’s transportation 
required related to the service cost. 

Our contribution is twofold: our first original contribu-
tion brings in a variant of Routing Problems known as the 
Dial A Ride Problem (DARP), with a major contribution, 
which the paper presents in the Tunisian case study.  

Second, a major contribution of the paper is the devel-
opment of an efficient methodology based on the CPLEX 
solver which provides a high-quality solution.  

This paper is organized in the following sections as fol-
lows. Section 2 introduces the context of study. Section 3 
describes the literature review. The proposed model and 
definition problem are presented in Section 4. Section 5 
presents the experimental results performed for the real and 
simulated scenario. Finally in Section 6 we conclude the 
paper. 

2. Context of this Study 
Habib Bourguiba hospital is presented as follows:  
● Hospital-academic centre since 1985 ; 
● Erected in public establishment of health since 1993. 
The missions of the hospital are: 
● To lavish current pathology cares and essentially ca-
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res of reference; 
● To assure the formation convenient of basis and re-

training of the medical and decorate-medical personnel  
● To develop the activity of research in the medical 

domain and cares male nurses. 
The hospital includes 18 Departments; most important it 

is the Emergency Department that represents the door of 
entrance of the hospital. 

The geographical situation of the Sfax city to the centre 
of the country, point of link between the south and the north 
of the country, makes that the Emergency Department re-
ceives an important number of casualties of the public way. 
As second economic and industrial pole sheltering a lot of 
companies, the city knows an elevated number of work 
casualties. 

The department includes: 
● 2 rooms of care; 
● 1 room of plaster; 
● 2 post office; 
● 1 room of general surgery ; 
● 1 room of orthopedy; 
● 1 room of visiting medical; 
● the overage number of patients in day is ±300, 
● The number of personnel is 13. 
The ED of Habib Bourguiba Hospital includes 4 ambu-

lances. When the switchboard operator receives a phone call 
from a patient or a complaint of an accident, a team com-
posed of a doctor, nurse and a driver will move the ambu-
lance to bring the patient and treat him in the department. 
Each ambulance can carry only a single patient. 

For the arrival of the patient, we distinguish 2 possibilities: 
either he / she will come by himself or, in dangerous cases, 
he will be transported by the ambulance. At the arrival, the 
patient will pass by a triage process that will define the 
Emergency degree and then the process that will be taken by 
the patient. In fact there are two processes that can be taken 
by the patient, given the result of the triage process. 

In both cases, the remaining process will be almost the 
same. In fact, the main difference concerns the administra-
tive process. Thus, for a dangerous case, this process will be 
reported at the end of the patient process while for a non 
dangerous case, this process will be at the beginning of the 
whole process.  

The remaining tasks of the process are the same as those of 
a normal consultation process. In fact, the patient will see a 
doctor who will determine the patient’s state and if necessary 
ask for supplementary analysis. Given the analysis results, 
the doctor will either care the patient by him self or ask for a 
specialist. In both cases, the patient could be hospitalized or 
go home. 

Many researches have been treated about ambulance ser-
vices; In[5] we analyse an ambulance service that takes 
emergency and regular calls. They conclude that, in order to 
respond to emergencies with promptitude, regular calls 
must be served only if a minimum number of vehicles re-
main idle. In paper[6] we study an ambulance system using 

the “hypercube” model, which consists of a multidimen-
sional Markov chain of multiple queues, one at each base. 
The authors in[7] propose a method for calculating the am-
bulance busyness probabilities within the model. In[8] we 
use the hypercube to estimate the expected performance of 
an ambulance service in a Brazilian highway. Also in[9] we 
use it to evaluate how much to decentralize an urban ambu-
lance service. 

Queuing models are an abstraction of Markov chain 
models. In[10] we assess their empirical validity to assign 
patrols to New York City police stations. They conclude 
that queuing theory provides good approximations of the 
system behavior. In paper[11] we configure a fleet whose 
vehicles get calls while on the route. The objective is to 
minimize operating costs subject to several constraints, in-
cluding a maximum waiting time for customers, modelled 
using queuing formulas. 

The most well known application for the ambulance ser-
vice problem arises in the door-to-door transportation ser-
vices for patients. These patients are transported individually 
between specified origins and destinations. This problem 
application based on the concepts of the Pickup and Delivery 
Problems (PDPs). In these problems, a set of loads (goods, 
clients, patients etc.) with known locations (origins and 
destination) are assigned to a number of available vehi-
cles[12]. Generally, the aim in PDPs is to maximize the 
service quality while minimizing the number of the used 
vehicles under the constraints of desired times of transpor-
tation and vehicle’s capacity. The two well-known examples 
in PDPs are the Dial-A-Ride Problem (DARP) and the Ve-
hicle Routing Problem (VRP)[13-16]. 

3. Literature Review 
Dial-A-Ride (DAR) is one of the public transit services 

which can provide shared-ride door-to door service with 
flexible routes and schedules. In a Dial-A-Ride Problem 
(DARP), passengers specify transportation requests with 
their origins, destinations, and desired pickup or delivery 
times. A set of routes and schedules must be determined to 
best accommodate the demand under a set of constraints. The 
two most common service quality constraints relate to 
maximum time deviation from desired time, i.e., the differ-
ence between the actual pickup/delivery time and the desired 
pickup/delivery time, and maximum ride time, i.e. the actual 
passenger in-vehicle time. 

The DARP is a generalization of the Pickup and Delivery 
Problem (PDP) and the Vehicle Routing Problem (VRP), 
which are known to be NP-hard. The DARP is a PDP in 
which the loads to be transported represent people (in our 
case patients). Usually in the DARP maximum ride time 
constraints are considered and time windows are narrower 
than those in the PDP. The DARP is different from and 
somewhat more difficult than most other routing problems 
due to the precedence and maximum time constraints, the 
tight time window constraints and also because operator cost 
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and user inconvenience must be weighted against each other 
when designing a solution instead of considering only op-
erator cost. For a DARP overview, see[13]. Other related 
overviews include[17] for general routing and scheduling of 
vehicles and crews,[18] and[19] for vehicle routing and 
scheduling problems with time window constraints, 
and[20-22] for the general PDP. The following review fo-
cuses on the scientific literature specific to the static DARP. 
Due to the NP-hard nature of the DARP, its solution methods 
are almost exclusively heuristic except for very small sin-
gle-vehicle problems. In[23],[24] we develop an exact dy-
namic programming algorithm for the single-vehicle static 
problem without and with time windows. Less than 10 cus-
tomers are considered in his example. In the article[25] we 
solve the single-vehicle problem by formulating it as an 
integer problem and solving it exactly by dynamic pro-
gramming. Instances with up to 40 users have been solved. 
Other heuristic approaches for the single-vehicle problem 
include the work by[24, 26]. 

The heuristics for the multi-vehicle DARP can be classi-
fied primarily into four general categories: insertion based 
cluster-first route-second, metaheuristics and improvement 
procedure. An insertion-based algorithm inserts one pas-
senger request into the vehicle routes at a time, at a position 
that is feasible and results a minimum increase of a 
pre-specified objective function. The general insertion-based 
method includes work by[27-30] with regret insertion 
method. The basic idea of the insertion method was applied 
in other studies with special objectives[31-33]. 

Cluster-first route-second is a commonly used technique 
in various VRPs and has been attempted in the DARP. It is 
usually embedded with the mathematical programming 
technique for solving the clustering and/or routing phases. 
Authors in[26] apply Benders’ decomposition procedure to a 
mixed binary nonlinear formulation of the static single ve-
hicle problem, which separates the routing and scheduling 
components allowing each to be attacked individually. We 
further develop a cluster first, route and schedule second and 
swap the third heuristic for the multi-vehicle problem.[34] 
solve the multiple-vehicle DARP by mini-clustering first, 
routing second. In[35] we improve the mini-clustering phase 
by using a mathematical optimization technique to form the 
mini-clusters and solving the problem by column generation. 
In[36] we use a set partitioning approach for the solution of 
the problem. In[37] we approach the problem by using 
simulated annealing for clustering and a modified space-time 
nearest neighbour heuristic for developing the routes for the 
clusters. 

In the third category,[13] use a tabu search heuristic for 
the static DARP, which is extended by[38] for the dynamic 
version by using the parallel computing technique. We also 
develop a tabu thresholding procedure[39], which can im-
prove the solution obtained by their insertion heuristic. We 
develop a simulated annealing based solution heuristic for 
the Dial-A-Ride Problem in[40]. The heuristic is computa-
tionally expensive (e.g. a 30 or 40 customer problem will 
require thousands of seconds). The improvement category 

includes the work in[41] who develop a local search method 
for the single-vehicle pickup and delivery problem with time 
windows based on a variable-depth search, and work by[42] 
who describe local search refining procedures which can be 
used to improve the solutions for large problems obtained by 
a parallel insertion heuristic. 

Insertion heuristics have proved to be popular methods for 
solving a variety of vehicle routing and scheduling problems 
because they are fast, can produce fair solutions, are easy to 
implement, and can easily be extended to handle compli-
cating constraints[43].  

A comparative study by[19] indicates the insertion 
method is an effective heuristic for the vehicle routing 
problem with time windows, especially for heavily 
time-constrained problems.  

The cluster-first route-second approach is difficult to ap-
ply to the DARP since the cluster phase needs special con-
siderations due to the DARP pairing and time window con-
straints. Metaheuristics such as tabu search are computa-
tionally very expensive and their performance is directly 
related to running time and calibration of the algorithm pa-
rameters. Also, for a heavily constrained problem such as 
DARP, it is very difficult to maintain the feasibility in each 
local neighbour movement, or converge to a final feasible 
solution if infeasibility is allowed during local movements. 

4. Problem Definition  
A generalization of the well-known Travelling Salesman 

Problem is the standard multiple Travelling Salesman 
Problem (mTSP). The problem can be defined simply as the 
determination of a set of routes for m salesmen who all start 
from and return to a single home city (In this context the ED 
of Sfax hospital). 

Consider a complete directed graph ( , )G V A= , where V is 
the set of n  nodes (vertices), A is the set of arcs and 

( )ijC c= is the cost (distance) matrix associated with each arc
( , )i j A∈ . The cost matrix C can be symmetric, asymmetric 
or Euclidean. Let there be m salesmen located at the depot 
city 1. Then, the single depot mTSP consists of finding tours 
for m salesmen such that all start and end at the depot, each 
other node is located in exactly one tour, the number of nodes 
visited by a salesman lies within a predetermined interval, 
and the overall cost of visiting all nodes is minimized. 

Let us define ijx as a binary variable equal to 1 if arc ( , )i j
is in the optimal solution and 0 otherwise. For any traveller, 

iu is the number of nodes visited on that traveller’s path from 
the origin up to node i (i.e., the visit number of the ith node). 
L is the maximum number of nodes a salesman may visit; 
thus, 1 iu L≤ ≤  ; for all 2i ≥ . In addition, let K be the mini-
mum number of nodes a salesman must visit, i.e., if ijx  = 1, 
then IK u L≤ ≤  must be satisfied. 

In[44] we propose the following integer linear program-
ming formulation for the mTSP defined above: 

 

( ),
Minimize ij ij

i j A
c x

∈
∑  
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In this formulation, constraints (2) and (3) ensure that 
exactly m salesmen leave from and return to the depot. 
Constraints (4) and (5) are the degree constraints. The ine-
qualities given in (6) and (7) serve as upper and lower bound 
constraints on the number of nodes visited by each salesman, 
and initialize the value of iu to 1 if and only if i is the first 
node on the tour for any salesman. Inequality (8) forbids a 
vehicle from visiting only a single node. The inequalities 
given in (9) ensure that ju = iu + 1 if and only if ijx = 1. 

5. Experimental Results 
This section provides an empirical study of the perform-

ance of the proposed methodology (CPLEX) to solve the 
assessing of an ambulance service for the patient transpor-
tation.  

Computational experiments are performed on real and 
simulated case instances using CPLEX 10.0 on personal 
computer Intel® Core 2 Duo CPU 2.0 GHZ. 

The calculations were carried out on a windows cluster. 
We used ILOG OPL 6.1 as modelling language and the 
mixed integer solver from CPLEX 10.1 (ILOG, 2007) 
commercial software for all the variants of the problem. Our 
algorithms are coded in C++ using Microsoft Visual Studio 
6.0. CPU times are given in seconds. 

We implemented this model with the commercial software 
"CPLEX" to find optimal solutions of the Dial-a-Ride 
problem and Emergency Transportation Problems. Unfor-
tunately this software only works for a reasonable size in-
stances and it does not return optimal solutions when the size 
is very large. 

5.1. Simulation Scenario 
The simulation scenario consists of a number of nodes that 

are initially placed randomly and are constantly moving in a 
simulation circular area. 

The table below presents our simulation scenario executed 
with the same parameters and interval presented in the paper 
of[44]. For this object, we have randomly generated 

(asymmetric) instances with three sizes of number of nodes 
(n=30, 50, 70) and using a value of maximum five number of 
vehicles (m=3, 4, 5). We have tested various values for the 
parameters K and L. 

● For n=30, 50, 70; [ ]3,5K ∈ . 
● For n = 30 ; [ ]6,15L∈  
● For n = 50 ; [ ]10,25L∈  
● For n = 70 ; [ ]15,30L∈  
The elements of the distance matrix have been randomly 

chosen from the interval[1, 10]. 

Table 1.  Benchmark instances  

Instance Number of depot capacities n m k l 

INS_30_3_4_6 1 1 30 3 4 6 
INS_30_3_4_9 1 1 30 3 4 9 

INS_30_3_4_13 1 1 30 3 4 13 
INS_30_3_5_7 1 1 30 3 5 7 

INS_30_3_5_13 1 1 30 3 5 13 
INS_30_3_5_14 1 1 30 3 5 14 
INS_30_4_4_6 1 1 30 4 4 6 

INS_30_4_4_12 1 1 30 4 4 12 
INS_30_4_4_15 1 1 30 4 4 15 
INS_30_4_5_8 1 1 30 4 5 8 

INS_30_4_5_10 1 1 30 4 5 10 
INS_30_4_5_11 1 1 30 4 5 11 
INS_30_5_4_10 1 1 30 5 4 10 
INS_30_5_4_12 1 1 30 5 4 12 
INS_30_5_4_14 1 1 30 5 4 14 
INS_30_5_5_7 1 1 30 5 5 7 

INS_30_5_5_11 1 1 30 5 5 11 
INS_30_5_5_12 1 1 30 5 5 12 
INS_50_3_4_10 1 1 50 3 4 10 
INS_50_3_4_16 1 1 50 3 4 16 
INS_50_3_4_24 1 1 50 3 4 24 
INS_50_3_5_11 1 1 50 3 5 11 
INS_50_3_5_19 1 1 50 3 5 19 
INS_50_3_5_25 1 1 50 3 5 25 
INS_50_4_4_12 1 1 50 4 4 12 
INS_50_4_4_17 1 1 50 4 4 17 
INS_50_4_4_24 1 1 50 4 4 24 
INS_50_4_5_12 1 1 50 4 5 12 
INS_50_4_5_14 1 1 50 4 5 14 
INS_50_4_5_16 1 1 50 4 5 16 
INS_50_4_5_14 1 1 50 4 5 14 
INS_50_4_5_16 1 1 50 4 5 16 
INS_50_4_5_12 1 1 50 4 5 12 
INS_50_5_4_18 1 1 50 5 4 18 
INS_50_5_4_23 1 1 50 5 4 23 
INS_50_5_5_11 1 1 50 5 5 11 
INS_50_5_5_18 1 1 50 5 5 18 
INS_50_5_5_25 1 1 50 5 5 25 
INS_70_3_4_16 1 1 70 3 4 16 
INS_70_3_4_25 1 1 70 3 4 25 
INS_70_3_4_18 1 1 70 3 4 18 
INS_70_3_5_15 1 1 70 3 5 15 
INS_70_3_5_26 1 1 70 3 5 26 
INS_70_3_5_30 1 1 70 3 5 30 
INS_70_4_4_18 1 1 70 4 4 18 
INS_70_4_4_22 1 1 70 4 4 22 
INS_70_4_4_27 1 1 70 4 4 27 
INS_70_4_5_16 1 1 70 4 5 16 
INS_70_4_5_23 1 1 70 4 5 23 
INS_70_4_5_28 1 1 70 4 5 28 
INS_70_5_4_22 1 1 70 5 4 22 
INS_70_5_4_25 1 1 70 5 4 25 
INS_70_5_4_30 1 1 70 5 4 30 
INS_70_5_5_19 1 1 70 5 5 19 
INS_70_5_5_22 1 1 70 5 5 22 
INS_70_5_5_28 1 1 70 5 5 28  
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Table 2.  Problem input 

Days Depot Capacities Visits Locations Vehicles 
1 1 1 8 8 4 
2 1 1 5 5 4 
3 1 1 6 6 4 
4 1 1 7 7 4 
5 1 1 3 3 4 
6 1 1 5 5 4 
7 1 1 6 6 4 
8 1 1 4 4 4 
9 1 1 7 7 4 

10 1 1 5 5 4 
11 1 1 3 3 4 
12 1 1 6 6 4 
13 1 1 4 4 4 
14 1 1 7 7 4 
15 1 1 8 8 4 
16 1 1 5 5 4 
17 1 1 3 3 4 
18 1 1 6 6 4 
19 1 1 8 8 4 
20 1 1 4 4 4 
21 1 1 8 8 4 
22 1 1 6 6 4 
23 1 1 5 5 4 
24 1 1 7 7 4 
25 1 1 3 3 4 
26 1 1 4 4 4 
27 1 1 6 6 4 
28 1 1 5 5 4 
29 1 1 7 7 4 
30 1 1 5 5 4 

Table.3.  Real word problem 

 Rte Gabes Rte Aeroport Rte Chaker Rte El Ain Rte Grimda Rte sidi Mansour Rte Mahdia Rte Tunis 
Rte Gabes 0 3 5 7 9 12 9 12 

Rte Aeroport 3 0 2 4 7 10 8 10 
Rte Chaker 5 2 0 2 4 8 1 4 
Rte El Ain 7 4 2 0 2 6 6 2 

Rte Gremda 9 7 4 2 0 5 4 3 
Rte Sidi Mansour 12 10 8 6 5 0 9 6 

Rte Mahdia 9 8 1 6 4 9 0 9 
Rte Tunis 12 10 4 2 3 6 9 0 

 

5.2. Real-world Instances 

We have also applied the different solution algorithms to 
15 real-world instances from the Habib Bourguiba hospital. 

The model has been tested using 30 days of real data ob-
tained from the ED of Sfax hospital. Table 2 and 3 illustrates 
the input statistics and the real word problems. 

5.3. Evaluation method 

To test the effectiveness of our solution methodology by 
the CPLEX solver and for our simulation instance and real 
word instance we provide experimentation for all bench-
marks problems. The number of instances generated from 
each problem is given in Table 1. Table 4 shows the results 
of all instances. As we have shown that twenty height out of 
thirty five test problems, the CPLEX solver find the exact 
solution. 

Compared to results of operational methods produced by 
the emergency department of the hospital Habib Bourguiba 
Sfax, our solutions are considered better and more efficient 
and competent. 

In fact, the empirical results provide work that the re-
sponsible of the transport of patients in the emergency de-
partment of the hospital Habib Bourguiba Sfax must rebuild 
their fleet of ambulances in traffic to reduce the total distance 
travelled. 

The numerical results show that the proposed method is 
robust and efficient, especially for problems with moderate 
high size. The computation time provided by CPLEX is 
acceptable, although the number of variables was multiplied 
by a factor of 2 or 3 with respect to value for resources. This 
can be explained by the fact that the problem is more limited, 
and given that the number of possible solutions is reduced. It 
is becoming easier to find an optimal assignment of consid-
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ered vehicle tours. 

Table 4.  Computational results 

Instance Nodes Iterations 
Current 

MIP best 
bound 

Solution 
time (sec-

onds) 
INS_30_3_4_6 3722041 58928026 4.53 8808.22 
INS_30_3_4_9 3649235 62925271 3.92 5687.77 

INS_30_3_4_13 183 2100 4.50 2.56 
INS_30_3_5_7 3422926 72562176 4.30 7408.16 

INS_30_3_5_13 97 1534 4.10 2.79 
INS_30_3_5_14 46 2029 4.10 1.14 
INS_30_4_4_6 3448898 55737647 5.51 5502.65 

INS_30_4_4_12 12 1397 4.20 1.29 
INS_30_4_4_15 14 979 5.00 1.42 
INS_30_4_5_8 5583 62534 4.50 11.20 

INS_30_4_5_10 5705 234558 4.40 17.93 
INS_30_4_5_11 2331 17361 4.80 6.71 
INS_30_5_4_10 5849 81475 4.50 10.73 
INS_30_5_4_12 276 6406 5.60 2.09 
INS_30_5_4_14 2962 34671 4.90 9.72 
INS_30_5_5_7 15284 353894 4.70 30.50 

INS_30_5_5_11 35491 676595 5.10 63.07 
INS_30_5_5_12 8227 201271 4.90 19.72 
INS_50_3_4_10 1441306 40434219 5.70 7775.09 
INS_50_3_4_16 1440723 49977513 5.20 10755.13 
INS_50_3_4_24 341 7870 5.60 11.43 
INS_50_3_5_11 1435690 40213456 5.60 8445.39 
INS_50_3_5_19 1297000 37635540 5.50 7603.38 
INS_50_3_5_25 30 1393 5.50 3.51 
INS_50_4_4_12 1429297 46054685 5.60 8669.48 
INS_50_4_4_17 97000 4714216 5.60 925.40 
INS_50_4_4_24 27 1133 5.70 3.09 
INS_50_4_5_14 408000 20691120 5.50 3558.93 
INS_50_4_5_16 20000 783686 5.80 200.51 
INS_50_4_5_12 117000 5137884 6.20 883.22 
INS_50_5_4_18 190000 9406641 6.20 1700.04 
INS_50_5_4_23 2119 32310 6.10 22.82 
INS_50_5_5_11 723700 20513897 6.20 4141.62 
INS_50_5_5_18 4000 68300 5.70 39.94 
INS_50_5_5_25 290 6740 6.50 7.30 

*The bold values are the optimal solutions 

6. Conclusions  
In this study an application of service ambulance in ED of 

Sfax hospital is presented. In this paper, based on experi-
mentations conducted on instances of moderate size drawn 
from a real case study also an instances based on simulation 
scenario based on the data taken from the literature, we 
conclude that the methodology proposed by the solver 
CPLEX is able to solve the emergency transportation prob-
lem optimally in this case study. 

Our approach is competitive compared with the results of 
the hand main used in the transportation of patients in the 
emergency department of the hospital Habib Bourguiba 
Sfax. 

Future work may focus on developing a model of DARP 
problem using genetic algorithm. 
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