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VRP: Vehicle Routing Problem 

CVRP: Capacitated Vehicle Routing Problem 

DCVRP: Distance-constrained Vehicle Routing Problem  

VRPB: Vehicle Routing Problem with Backhauls  

VRPPD: Vehicle Routing Problem with Pickup and Delivery 

VRPTW: Vehicle Routing Problem with Time Windows 

VRPBTW: Vehicle Routing Problem with Backhauls and Time Windows 

VRPPDTW: Vehicle Routing Problems with Pickup and Delivery with Time Windows 

TSP: Travelling Salesman Problem  

B&B: Branch and Bound  

CTSP: Capacitated Travelling Salesman Problem  
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Abstract 
 

In this paper, I will show the several steps I followed in order to solve a Capacitated Vehicle 

Routing Problem with Variable Fleet of Delivery Vehicles of Uniform Capacity. I will first give 

an overview of the VRP in a literature review. Then, I will present the different trials that I have 

done in order to reach the final result, including the manual solution to solve a TSP, the Matlab 

code to solve a CTSP in addition to a Metaheuristic approach to solve a CVRP. This paper will 

also include an application of the last code in a real-life problem of a Moroccan firm.  

Key words: CVRP, VRP, TSP, CTSP, Matlab, Metaheuristic 
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Introduction 
 

General Context of the Project 

 

Nowadays, transportation means play a major role in our daily life. They are in fact used 

in many areas such as distribution, manufacturing, transporting people and many other fields. 

However, those means can be very costly and require enormous resources and funds to be 

utilized and maintained.  Vehicle routing problem is one of the main issues faced in the field of 

logistics. In fact, this problem, concerned with distribution management, necessitates massive 

amounts of money. Therefore, many trials were attempted in order to solve the vehicle routing 

problem and minimize the cost allocated to transportation. Virmousil Company, like any other 

establishment, has a transportation department that deals with transferring personnel and staff. 

Consequently, Virmousil also suffers from a VRP that needs to be solved. 

In the first part of this capstone project, an overview of the VRP and its constraints will 

be discussed along with the different approaches used to solve it. In the second stage, a code will 

be implemented to solve the Capacitated Travelling Salesman Problem using Matlab software. 

In the last part of the project, data of Vismousil Company will be incorporated in a CVRP 

that will be solved using a metaheuristic algorithm called Nearest Neighbor Algorithm. At the 

end, I will incorporate the findings to discuss the future modifications that can be added to the 

existing code, in order to make it more efficient and flexible. 
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STEEPLE Analysis 

 

 

     Figure1: Steeple Analysis  

 

Social

• Solving a vehicle routing problem is part of what is called Green logistics, that aims to 
protect the environment and society by finding an optimal set of routes which can limit 
polution and save the community in Ifrane from its danger.

Technological 

• This project aims to find an optimal solution for the vehicle routing problem using a 
programming software: Matlab and an optimization software: Cplex.

Environmental

• Being part of the Green Logistics, finding solution for VRP is ecofriendly since obtaining 
and optimal solution lowers either the distance or the number of vehicles, which decreases 
the fuel consumed and consequently protect the environment.

Economic

• This project will lower the costs allocated by a Moroccan firm for the transportation 
department. Applying this project in a larger scale, logistics companies for instance, will 
reduce the transportation costs and automatically the total expenses.   

Political & 
Legal

• The implementation of this projet is bounded by the government policies and regulations 
regarding the capacity of each vehicle and the stations to be visited. 

Ethical

• Using an optimal set of  routes will decreases the distances travelled by those means of 
transportations and therefore reducing air pollutions caused by them. Consequently, Tanger 
will become a cleaner city
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SWOT Analysis 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
     Figure2: SWOT Analysis 

 

 

 

 

 

 

 

 

 

 

  
 

• Find the optimal solution 

• Lowers transportation costs for 

companies 

• Minimizes the time spent in 

deliveries 

• Provides a more ecofriendly 

transportation system 

. 

 

• The algorithm can be improved 

further in order to handle more 

expanded problems 

• Development of software based 

on the coded script 

 

• Traffic is a threat for the 

validity of the optimal 

solution  

• Other external factors 

such that the mechanical 

status of vehicles can 

hamper the optimal 

solution or make it invalid 

for application 

 

• Only applicable for small 

scale problem 

• Not efficient for real life 

problems 

• Difficult to add more 

constraint to it 

• NP-Hard problem 

• Takes a long time to run  
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Literature Review 

 

Background of the Vehicle Routing Problem 

 

The vehicle Routing Problem (VRP) is an NP-Hard problem1 that aims to find the 

“optimal set of routes that a fleet of vehicles should traverse in order to deliver a given set of 

customers” [1].This type of logistics problems was first introduced by Dantzig and Ramser in 

their paper in 1959. The two mathematicians implemented the first algorithm that solves the 

VRP using the data of a petrol delivery company. Then, in 1964, the mathematician Clarke and 

Wright enhanced the existing VRP solutions by implementing an improved version of the 

Dantzig and Ramser approach called the savings method. During the following years, many 

other types of algorithms have been developed as an attempt to solve the vehicle routing problem 

and find the most optimal set of routes. In addition, many software were developed to solve 

commercial VRPs, most of them are based on non-exact heuristic algorithms rather than exact 

ones. The difference between the two approaches will be discussed in details in the following 

parts of this report. Moreover, the Vehicle Routing Problem is a generalization of the Traveling 

Salesman Problem, with few considerable differences. The two problems vary only in the type of 

constraints that must be satisfied by each one of them. 

The importance of solving a VRP 

 

 According to Hasle and Kloster, solving a vehicle routing problem can be very fruitful 

and beneficiary for any industry or institution. In fact, using an optimal set of routes can generate 

savings that range from 5% to 30% of the total costs, since transportation expenses occupy a 

significant position in the chain of production of any firm [2]. Apart from industries, the vehicle 

routing problem, can be of a great use in many other sectors. For example, in London, the city 

                                                 
1 Non-deterministic polynomial time  
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has introduced the public bike project. The latter allows citizens to take a bike from any of the 

many available stations, and riding it to their destination, leaving the bike at the nearest station. 

By doing this, a surplus was created in some spots, while other ones suffered from a shortage of 

bikes. Evidently, this has created a substantial problem in the process. Therefore, a VRP with 

pickup and delivery constraint was used to overcome this issue [3]. 

Definition of the Vehicle Routing Problem 

 

 Theoretical definition 

 

 The classical definition of a vehicle routing problem asserts that for a k number of 

vehicles situated in a depot D, the vehicles are supposed to distribute any kind of products to an 

m number of customers. The purpose of solving a VRP is to find the optimal set of routes that 

can deliver goods to the m customers using the k vehicles. In other word, the overall cost of the 

different trips used should be minimized. However, many constraints must be satisfied when 

making this delivery, the most important ones are the following: 

• The set of routes start at the depot and finish at the depot. 

• Apart from the depot, all the stations (customers) are visited only once. 

In addition to that, the cost of transportation in a VRP can be expressed in different ways. It can 

be distance, time window or the number of vehicles used to complete the set of trajectories [4].In 

my capstone project, I have decided to opt for an optimization solution that aims to reduce the 

distance travelled. 

 

Mathematical definition 

 

The Vehicle Routing Problem can be defined using the concept of Graph Theory. Let us 

define a graph G composed of a set of vertices V, that can be cities, stations or customers, and a 
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set of arcs A that represents a group of directed arcs. The graph can be written as G= (V, A) 

where the depot, that is the starting and the end point, is situated in vertex 1. Each arc is limited 

by indices i and j, such as i≠j. The cost matrix in a VRP is referred to as cij, it can be considered 

as distance cost or travel time cost depending on the context of the problem. Moreover, in a 

vehicle routing problem, the cost matrix can be either asymmetric, where the arc is directed (aij) 

or symmetric, where the directed arc is replaced by an undirected edge e. In the VRP, the number 

of vehicles is referred to as m, such that 𝑚𝑙 ≤ 𝑚 ≤ 𝑚𝑢. In a VRP, the number of vehicles m can 

be either free or fixed [5]. 

Case 1: If 𝑚𝑙 = 1 the number of vehicles is said to be fixed. 

Case 2: If 𝑚𝑢 = 𝑛 − 1 the number of vehicles is said to be free. 

The solution of a VRP is based on many constraints that must be fulfilled: 

• Each station V, except the depot is visited only once by one vehicle. 

• The depot is the starting and the ending point. 

Adding other constraints, transforms the standard VRP into a constrained one. The additional 

constraints are: 

• Constraint related to capacity: in a VRP, the sum of demands in each station referred to 

as di should be less than the capacity of the vehicle used to traverse a given route. 

• Constraint related to total time of the trip: this constraint is mainly related to distance, in 

other words the length of any route is limited by L.  

• Constraint related to time window: this restriction states that each station i must be 

traversed within a time interval [ai, bi]. 
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• Constraint related to precedence: this constraint states that in each route the station i must 

me traversed before city j. 

Types of Vehicle Routing Problem 

 

Vehicle Routing Problems can be divided into several types based on the different 

constraints. The following figure shows the subtypes of a VRP: 

 

Figure3: An organizational chart showing the different types of VRP 

The different types of VRPs are defined in the nomenclature. The main type that will be 

discussed in this capstone project is the classical capacitated Vehicle Routing Problem.  

The capacitated Vehicle Routing Problem 

 

 Definition of the CVRP 

 

CVRP is considered the most basic version or type of vehicle routing problem. In the 

CVRP, instead of considering stations separately we consider stations with deliveries that 
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have deterministic2 demands. The latter should not be split among the stations, as each point 

has a specific demand that should be delivered. As for the vehicles, they should be standard. 

In other words, the size of all the vehicles used to do the delivery must be fixed and located 

in one starting point (depot). The purpose of solving the CVRP is to find the optimal solution 

that serves all the stations with the stated demand without exceeding the capacity of the 

vehicle used.  

As an attempt to solve the CVRP, many exact and heuristic approaches were developed. 

The heuristic algorithms are able to solve large problems with a high number of stations and 

vehicles, while the most efficient algorithms can solve problems with 50 stations. 

Nonetheless, the implementation of this program can still take a long time to be executed, 

despite the limited number of possible stations.  

The implementation of a CVRP algorithm did not start from scratch. In fact, the solution 

of a CVRP is an extension of the Traveling Salesman Problem (TSP). The latter has similar 

constraints to the VRP, with the sole difference residing in the number of vehicle used. In the 

TSP, only one automobile serves all the customers exactly once. The first mathematicians 

that have tried to solve VRP based on the TSP example are Laporte and Nobert, who 

conducted a deep and detailed analysis of the setup of a vehicle routing problem. They are 

the first ones who initiated the solution of the CVRP based on exact algorithms. According to 

these two mathematicians the CVRP can be divided into two different type based on the cost 

matrices. The following part of this literature review gives an explanation of the two different 

types of the CVRP. 

Symmetric CVRP 

 

                                                 
2 Determined before or known in advance 
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The symmetric CVRP is a special case of the CVRP, where all the constraints stand, 

except that the arcs forming a route can be traversed in both ways, generating similar cost in both 

directions. In this specific case, the arcs become undirected edges denoted by E. In this capstone 

project, this type will not be developed since the main focus will be on the asymmetric case, 

considering it is the most general case.  

Asymmetric CVRP 

 

 The Asymmetric CVRP is a problem in which the cost between two distinct stations is 

different. This problem is solved using different types of algorithms. The major approaches are 

classified into three parts: exact, heuristic and metaheuristic algorithms. The figure of the 

different subtypes of solution methods is shown in the Appendix. 

Exact methods 

 

Exact algorithms are approaches that find the optimal solution for the Capacitated 

Vehicle Routing Problem. Exact methods can be classified into three major parts: 

• Direct tree search methods  

• Dynamic programming methods 

• Integer Linear Programming  

In this report, I will be defining the Integer Linear Programming method with all the variables 

involved in the analytical part. 

Heuristic Methods 

 

As opposed to exact methods, heuristic ones do not always yield to the optimum solution. 

However, they are the most efficient ones in solving real life optimization problems, because 

they can handle high scale issues. Heuristic methods are based on local search methods to 

approach a solution. First, the algorithm starts with setting some feasible solutions and then 
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attempts to enhance them gradually, until it arrives to the optimal one. The algorithm ends when 

there are no additional possible improvements to be done on the solution (heuristic). The most 

famous heuristic algorithms are the following: 

• Clarke and Wright algorithm (1964) 

• The Sweep Algorithm (1974) 

• The Christofides-Mingozzi-Toth two-phase algorithm (1979) 

• The Tabu Search Algorithm (1991) 

Metaheuristic Methods 

Metaheuristics methods are problem independent approaches, contrary to the Heuristics. 

In other words, they are not based on specificities of the problem, they are more general and 

therefore more flexible. Besides that, in the field of computer science, metaheuristics are used to 

generate sufficient solutions to complex optimization problems, more specifically in problems 

with incomplete set of data [6]. 

 

Analysis 
 

The analysis part of my capstone project will describe the different steps I followed in 

order to solve a Capacitated Vehicle Routing Problem. It will include a manual solution based on 

the graph theory, as well as the different codes used as an attempt to solve the CVRP. At the end, 

I will display the final solution for a Moroccan company along with the code adopted and the 

steps followed. 

Solving a Travelling Salesman manually 

 

 As I have already previously stated in my literature review, the VRP is a complicated 

optimization problem. Its manual implementation can be quite laborious, and involves tedious 
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computations.  An easy way to understand the manual method is to solve a TSP, which is a 

special case of the VRP, where only one vehicle serves all the stations. In fact, the formulation of 

the problem is very simple. The vehicle needs to begin its trip from a specific predetermined 

point, and traverse several customers or stations along the way, before making its way back to 

the original station. The goal is to make the trip at the lowest possible cost.  

 

 

 

 

 

Before solving the problem, the first step I have done is to define the problem 

mathematically. The following figure shows the integer linear programming formulation of the 

TSP. 

   

 

 

 

 

 

 

Figure 4: Liner Programming Model 
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The objective function for this problem is to minimize the distance between two stations i 

and j denoted by dij. The two constraints are related to the indegree and the outdegree. In other 

words, the vehicle must go from i to only one city j, and if a vehicle enters a city j it should have 

come from one single city i.  

The decision variable is binary, denoted by xij. It is equal to 1 when the path ij is traversed, and 0 

when the path xij is not passed through.  

In the method I have used, I did not adopt this linear program to find the optimal solution, due to 

the complicated nature of the manual simplex3 method. Instead, I have followed a Branch and 

Bound Algorithm. The following section shows how to solve a TSP manually using the latter. 

Branch and Bound Algorithm 

 

The Branch and Bound algorithm is based on following the “good enough” exact 

solution. Using this approach to solve a TSP is an easy task, as the only limitation is related to 

the size. In fact, the B&B cannot handle more than a problem with 60 vertices. This is suitable 

for most of the real-life applications of TSP. Therefore, the B&B approach proves to be useful in 

solving delivery and most of network problems [7].  

Steps to solve a TSP using a B&B 

 

Step 1: Problem formulation: 

 

In order to manually test the method, I have chosen a problem with fictive data. The task was to 

find the optimal solution of a TSP composed of 5 cities. Based on the problem, I generated a 

distance matrix including the distance between each station except the xii (the same station 

cannot be origin and destination at the same time, it is a loop which is not allowed in a TSP). 

0 1 2 3 4 5 

1 - 10 8 9 7 

                                                 
3 Is a mathematical algorithm used to solve integer linear problems graphically 
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2 10 - 10 5 6 

3 8 10 - 8 9 

4 9 5 8 - 6 

5 7 6 9 6 - 

             Distance Matrix  

 

The matrix means that if a vehicle leaves city 1, it must go to one of the remaining cities (2, 3, 4, 

and 5) and the appropriate distance is denoted by dij. For instance, d12=10. 

Step 2: Computing the lower bound: 

I first computed the minimum distance that can be travelled by a vehicle when leaving each city. 

For example, when leaving city 1 the minimum distance travelled is 7, when leaving city 2 is 5 

and so on. In other words, the minimum distance traveled to leave each station is the minimum 

of the rows. Summing those minimums gives the lower bound that is the starting point of the 

B&B. In this case, the lower bound = 7+5+8+5+6= 31  

Note: if we sum the minimum of the columns we will get 31 because the distance matrix is 

symmetric.   

Step 3: Branching from the lower bound: 

Starting from the lower bound we create n-1 branches (4 branches), where each branch 

represents the path travelled. Then, the lower bound is again computed similarly after removing 

the row and columns representing the path. For instance, for x12=1 we remove row 1 and column 

2.  After that, we branch again from the point that has the minimum value, which in this case is 

31. 

We keep branching following these rules: 

1. In each level of the tree, we should select the minimum value and branch from it. 

2. When branching, we should remove all sub tours of length 2. (e.g. x12 and x21) 

3. When branching, we need to make sure that the lower bound is never exceeded. 
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Figure 5: Branch and Bound Algorithm 

After applying the Branch and Bound Algorithm to this problem, we get an exact optimal 

solution. The optimal tour travelled by 

the vehicle in this case is the following: 1-

3-4-2-5-1 with a total distance of 34. The 

solution can be expressed using the 

following graph: 

 

 

 

 

 

 

   

Figure 6: Solution 

  

 

 

Capacitated TSP using Matlab optimization tool 
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 The second step I followed in order to solve a capacitated Vehicle Routing Problem is the 

implementation of a TSP in Matlab under the capacity constraint. Based on the TSP model in 

Matlab database, I enriched the code in order to conform to the constraints imposed by the 

problem. That is to say that I have added a capacity constraint to the code and modified some 

parts of the code mainly in the integer linear programming part.  

 Model used 

 

To understand the code more easily, it is fundamental to explain the integer linear 

program used. The latter is the part responsible for the optimization in the code.  

Objective Function:  

The matrices of the objective function are n*n matrices, we can write them 

as follows in a problem of 5 stations. 

 

 
 

 

 The solution we will get is a 5*5 matrix.  

Constraints: 

Indegree Equality:  

-  x12  x13  x14  x15  1 
x21  -  x23  x24  x25  1 
x31 + x32 + - + x34 + x35 = 1 
x41  x42  x43  -  x45  1 
x51  x52  x53  x54  -  1 

 

The indegree constraint means that each station j must be entered by a one and only one arc 

coming from station i. The following graphical interpretation shows how this equality works. 

0 1 2 3 4 5 

1 - C12 C13 C14 C15 

2 C21 - C23 C24 C25 

  3 C31 C32 - C34 C35 

4 C41 C42 C43 - C45 

5 C51 C52 C53 C54 - 

0 1 2 3 4 5 

1 - x12 x13 x14 x15 

2 x21 - x23 x24 x25 

  3 x31 x32 - x34 x35 

4 x41 x42 x43 - x45 

5 x51 x52 x53 x54 - 
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This is just an example for station 3. We can apply 

the same logic to the remaining ones. 

 

 

 

 

 

Outdegree Equality:         

-  x12  x13  x14  x15  1 
x21  -  x23  x24  x25  1 
x31 + x32 + - + x34 + x35 = 1 
x41  x42  x43  -  x45  1 
x51  x52  x53  x54  -  1 

 

The outdegree constraint means that each station i is left by an arc going to only one station j. 

The following graphical interpretation shows how this equality works. 

This is just an example for station 3. We can 

apply the same logic to the remaining ones. 

 

 

 

 

 

 

 

Demand Inequality:   ∑ 𝑑𝑖 ∗ 𝑥𝑖𝑗 ≤ 𝐷𝑛
𝑖=1  

Where di is the demand in each station and D is 

the capacity of the vehicle used and xij is the binary decision variable. 

This constraint means that the sum of the demands in all the stations must be less than or equal to 

the capacity of the vehicle used. In a capacitated TSP, the capacity is equal to the maximum 

demand. The following part shows how we can write this constraint in matrix form. 
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 [d1 d2 d3 d4 d5] ×  

   

 

 

Matlab code 

 
 

Problem Set-up 

 

Method 1: 

 

 

Method 2: 

0 1 2 3 4 5 

1 - x12 x13 x14 x15 

2 x21 - x23 x24 x25 

  3 x31 x32 - x34 x35 

 4 x41 x42 x43 - x45 

5 x51 x52 x53 x54 - 

≤ [𝐷 𝐷 𝐷 𝐷 𝐷 ] 
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Instead of using this part of the code that generates stops randomly, we can use another 

code in which we enter the X and Y coordinates of the stations we want to visit. 

  
 

 

 

 

 

 

 

 

Integer Linear Programming  

 

Definition of variables of intlinprog: 

 

After formulating the background of the problem, the following part is implementing the linear 

programming solution algorithm using the optimization function intlinprog. 

The intlinprog function has the following form: 

intlinprog (f, intcon,A,b,Aeq,beq,lb,ub,options) 

such that:  

f: is the objective function. In our case the objective function is to minimize the cost distance so 

our f will be equal to dist. 

Intcon: intcon is the vector of integer or binary decision variables that are involved in the 

program. In our case, all decision variables are binary either 0 or 1. The assignment of intcon is 

shown will be explained in the binary bounds part. 
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A: is a matrix involved in the inequality constraint, it is the factor by which we multiply our 

decision variable that is x_tsp.  

b: is a vector or a number involved in the inequality constraint. It is the right-hand side of the 

inequality. 

Aeq: is a matrix involved in the inequality constraint, it is the factor by which we multiply our 

decision variable that is x_tsp. 

beq: is a vector or a number involved in the inequality constraint. It is the right-hand side of the 

inequality. 

lb: lower bound which is the minimum value that decision variable can take, in this case it is 

equal to 0. 

ub: upper bound which the maximum value that the decision variable can take, in this case it is 

equal to 1. 

options: is a variable in which we store the function options, and which calls the optimization 

toolbox that has the intlinprog function [8]. 

Code for intlinprog parameters: 

 

Objective function: 
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The distance in this problem is the cost that we need to minimize. Therefore, the distance in a 

TSP or a VRP is always multiplied by the binary variable x_tsp. For instance, if the route the 

path is traversed cost distance is equal to dist*1 while if the path is not traversed the distance is 

equal to dist*0. 

 

Equality constraints: 

 

The first equality constraint implies that there are 10 trips in total because we are using only 5 

stations. 

 
The second equality constraint states that each stop has an indegree and outdegree constraint. In 

other words, each stop must be entered by an arc and left by another one. 
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Inequality constraint: 

 

 
 

Binary Bounds: 
 

  
Optimization: 
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Drawing the solution: 

 

  
      

 

 

Subtour elimination  

 

The previous parts of the code generate a plot with several sub tours. Therefore, the only 
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possibility is to add many other constraints. 
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Solution and limitations 

 

 

 

 

 

 

 

 

 

 

 

 

     

  

 

 

 

 

 

Figure 7: Matlab solution  

 

This snapshot shows the solution generated by Matlab for this 5-stations capacitated VRP. I have 

done this program at the beginning as a building block of the VRP, and was planning to add 

more stations and vehicles to come up with an optimal solution to the CVRP. However, I 

encountered a problem when I tried to add one more station. In fact, Matlab generated an error 

message stating that there was an abnormal termination of the program because of a “Runtime 
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Error”. I think that this error is due to the fact that the TSP is an NP-complete problem, that is to 

say, if we increase the size of the problem the time required to generate the solution rises very 

quickly.  

 

 

 

    

 

    Figure8: Error message 

Since the exact linear programming algorithm is not working in Matlab for a problem as small as 

the TSP, it will never work for the VRP considering it is a combination of many TSPs. 

Therefore, I was obligated to find an alternative method that can solve a CVRP. The most 

suitable solution was adopting a metaheuristic algorithm that can handle a real-life sized problem 

[9].The following part of this report explains the different steps that I have followed to find an 

optimal solution for a Capacitated Vehicle Routing Problem for a Moroccan company.  

Nearest Neighbor Algorithm to solve a CVRP  

 

          To solve a CVRP using metaheuristic methods, I have chosen the Nearest Neighbor 

algorithm. The latter is a method used to generate a feasible solution following these steps: 

1. Choose a starting point, and traverse the edge with the lowest cost. This edge will be the 

first edge in the solution 

2. Keep on doing the same thing, that is selecting the edges with the smallest cost, making 

sure that each edge and each vertex is traversed only once.  

3. The last step is to come back to the starting point to close the circuit.  
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This example illustrates the process of the nearest neighbor algorithm: we have a circuit of 5 

vertices, and we need to find the optimal solution using NNA [10]. 

 

 

 

 

 

    

      

 

 

 

 

 

Figure 9: NNA problem 

Solution: B-E-A-D-C-B 

 

 

 

 

 

 

 

    

   

   

 

 

 

 

Figure 10: NNA solution 

 

Solving CVRP for Virmousil Company 

 

Overview of the company  

 

Virmousil is a limited liability company created in 2004. It is specialized in the 

fabrication of electrical harnesses, Ice wiper systems, cabin systems, fastening systems, and 

others. It is situated in the free-zone of Tangier. The firm possesses more than 500 employees 

that are transported out and into the firm on a daily basis [10]. 
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Problematic  

 

As I stated previously, Virmousil needs to transport its workers every day. To do so, it 

relies on the expertise of a transport company. Evidently, this task costs the firm huge amounts 

of money. In order to optimize this problem and minimize the cost of transportation of this firm, 

I have decided to apply what I learned so far regarding the solution of CVRP. In fact, I will use 

the Matlab code based on the Nearest Neighbor Algorithm to find the optimal set of routes that 

minimizes the total distance traversed daily, and therefore, the cost spent on transportation. The 

following sections show the different steps I have followed in order to get the optimal solution. 

  Procedure 
 

Step1: Collecting Data: 

 

For the code, I am using, I need data regarding the location of each station, the demand in 

each station along with the capacity of vehicles used to serve each station. I have received most 

of the information from Virmousil, but I had to find the coordinates of each location using 

google map.  

Step 2: Analyzing Data: 

 The data I have received was composed of 42 stations, representing the morning shift of 

6am. The size is a huge knowing that the code handles only up to 25 stations. Consequently, I 

had to modify data to make it fit the allowable size of the code’s inputs. For that, I used the 

clustering method, which consists of dividing the data into different clusters4, each one is 

composed of 25 stations. In addition, the clustering partition was not done randomly. Indeed, I 

divided the data based on the nearness of the stations. This way, I got 4 regions, each one 

representing a side of the city. 

                                                 
4 a set of similar things located closely together 
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Step 3: Implementation and results: 

 

For the implementation, each cluster will be run using the code with two different capacities, 19 

and the maximum demand of the stations.  

Stations  Demand X Y 

lkharba 4 59.69 52.62 

Zemmouri 1 91.37 37.5 

Saada 3 89.36 27.01 

Lalla Chafia 3 79.79 30.09 

la gare 1 91.25 31.64 

Mselah 1 87.09 22.53 

Idrissia 5 91.84 44.29 

Mershan 1 78.49 14.66 

Souk Bara 3 84.87 57.87 

Dradeb 4 72.73 16.51 

Rue Sania 1 83.22 14.66 

Iberia 4 77.07 22.22 

Virmousil  0 7.801 89.35 
Figure 11: North Cluster data 
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Figure 12: North Cluster results with 19 in capacity 

 

 As you can notice from the figure above, we get an optimal solution composed of 2 sets 

of routes that respect the capacity constraint. In other words, three vehicles of capacity 19 are 

used to serve the 13 stations of the North region. In addition, we get an optimal distance of 

470.0990. However, it is important to point out that the latter is not a real distance, therefore, I 

had to convert it to the real scale. To do so, I computed the distance between two outlets in the 

solution map, then found the real distance between these two points using Google Map. From 

this data, I could find the factor by which the map is scaled down. The result is as follow: 

Real distance= 470.0990÷0.02060315= 22816.85m = 22.81Km  
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North Cluster with 5 as capacity of the vehicle: 

 

Figure 13: North Cluster results with 5 in capacity 

 

As you can see we get 7 routes. Therefore, we need 7 vehicles to serve this region if the capacity 

used is 5. 

Real Distance= = 1424.6773÷0.02060315= 69148.51m = 69.14Km 
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Middle Cluster with 19 capacity:   

Station Demand X Y 

Mghogha 8 81.31 48.63 

mers 15 76.12 28.55 

moujahidin 2 48.64 25.23 

Bir Chifa 13 48.91 72.8 

moujama 10 52.09 74.16 

Branes 3 51.18 41.95 

Place de Toros 6 69.96 37.69 

Beni Makada 5 61.43 43.01 

Ben Diban 13 53.09 49.85 

Ahrarin 1 49.73 71.28 

Laazifat 1 67.88 46.35 

Sidi Driss 12 69.09 36.47 

Hopital Med6 9 56.53 26.75 

Jirari 7 67.7 45.59 

Aouama 11 45.28 77.36 

Ain Ktiouet 2 51.53 64.74 

Achnad 18 51.63 64.74 

Virmousil 0 4.446 85.87 
        Figure 11: Middle Cluster data 

 

 

Figure 14: Middle Cluster results with 19 in capacity 
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As you can see we get 8 routes. Therefore, we need 8 vehicles to serve this region if the capacity 

used is 19. 

Real Distance= 1218.9251÷0.02060315= 59162.07m = 59.16 Km 

 

 Middle Cluster with 24 capacity:    

 

Figure 15: Middle Cluster results with 24 in capacity 

 

As you can see we get 6 routes. Therefore, we need 6 vehicles to serve this region if the capacity 

used is 24. 

Real Distance= 1218.9251÷0.02060315= 44970.7787 m= 44.97Km  

 

 

 

 

 



 

 

41 | P a g e  

 

Cluster East with capacity 37: 

Station Demand x y 

Boukhalef 27 34.81 58.62 

Ziaten 2 51.18 41.95 

Al irfan 37 49.8 58.46 

Mesnana 23 69.33 24.46 

Virmousil 0 2.56 92.62 
     Figure 16: East Cluster data 

Figure 17: East Cluster results with 37 in capacity 

 

As you can see we get 3 routes. Therefore, we need 3 vehicles to serve this region if the capacity 

used is 37. 

Real Distance= 447.8556÷0.02060315= 21737.2392m= 21.73Km 
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Cluster East with capacity 19: 

 

 

Figure 18: East Cluster results with 19 in capacity 

 

As you can see we get 5 routes. Therefore, we need 5 vehicles to serve this region if the capacity 

used is 19. 

Real Distance= 748.4441÷0.02060315= 36326.68306m= 36.32Km 
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Gzenaya Cluster with capacity 19: 

 

                                                  

 

 

 

 

                                                  Figure 19: Geznaya Cluster data 

 

Figure 20: Gzenaya Cluster results with 19 in capacity 

 

As you can see we get 2 routes. Therefore, we need 2 vehicles to serve this region if the capacity 

used is 19. 

Station  Demand x y 

Badriouyene 15 47.79 68.13 

I9AMAT EL MOSTAKBAL 1 73.25 40.79 

MARJAN  3 46.23 56.95 

restaurant al achab  7 77.53 30.06 

TREK RABAT BMCE 2 76.36 28.85 

GZENAYA AFRIQUIA 2 62.08 46.68 

MOJAMA3 RIAD SALAM 1 52.08 53.78 

Virmousil 0 32.34 62.69 
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Real Distance= 178.115÷0.02060315=8645.05m= 8.64Km 

Gzenaya Cluster with capacity 15: 

 

Figure 21: Gzenaya Cluster results with 15 in capacity 

 

As you can see we get 3 routes. Therefore, we need 3 vehicles to serve this region if the capacity 

used is 15. 

Real Distance= 257.6735÷0.02060315=12506.50m= 12.506Km 

Summary of results: 

-North cluster: The most optimal solution is to use vehicles with capacity 19 since it gives the 

lowest cost. 

-Middle cluster:  The most optimal solution is to use vehicles with capacity 24 since it gives the 

lowest cost. 

-East cluster: The most optimal solution is to use vehicles with capacity 37 since it gives the 

lowest cost. 



 

 

45 | P a g e  

 

-Gzenaya cluster: The most optimal solution is to use vehicles with capacity 19 since it gives 

the lowest cost. 
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Recommendations and future developments 
 

In this project, I was able to reach an optimal solution for a Capacitated Vehicle Routing 

Problem using a metaheuristic algorithm. However, this solution is not the most exact one. In 

order to get an accurate result for these type of problems, I would recommend: 

1. Using another optimization software that can handle NP-hard problems instead of 

Matlab. For example, using a C++ script into Gusek or Cplex, because the memory of 

Matlab is very limited. 

2. As for the clustering method, it is preferable to use a code that can solve it, instead of 

doing it manually. It will save time and give a more accurate solution [11].  

3. The code used to solve the CVRP does not compute real distances, it uses the 

Pythagorean distance instead. The main inconvenience in this is that it does not take into 

account the presence of buildings and other obstacles. Therefore, the code can be 

enhanced by adding some features of Google Map into it, considering it is a more 

developed mapping system.   

4. As for the Virmousil, it would rather use vehicles with larger capacities because this way 

it will be able to collect more employees in each cluster and minimize the cost.  
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Conclusion 
 

In this capstone project, I have found an approximate solution for a Capacitated Vehicle 

Routing Problem for the Moroccan Company Virmousil. Solving this issue, will enable the firm 

to reduce its transportation costs that represent a great portion of their expenses.  

In order to reach the final result, I went through several stages consisting of both readings 

and analysis. I first conducted a literature review to understand the problem profoundly. Then, I 

attempted to find a solution for Travelling Salesman Problem manually using the Branch and 

Bound Algorithm, since TSP is the simplest relaxation of a VRP. After that, I came up with a 

code that finds an optimal solution for a Capacitated TSP using the Exact Integer Linear 

Programming Model. The latter was very limited and could not handle more than five stations. 

As consequence, I switched to another approach based on a Metaheuristic Algorithm called the 

Nearest Neighbor Algorithm. The latter was more flexible and can accept more than twenty-five 

stations. At this stage, I applied this code to the problem given by Virmousil. 

Due to time constraints, the code of the CVRP was applied only to one cluster of the set 

of data provided by the firm. Therefore, the solution given in the analysis section consider the 

“Awama Region” only. However, to generate the whole optimal set of routes the code can be run 

several times. 

During the implementation of this capstone project, I have encountered several 

challenges, mainly because the subject was completely unfamiliar to me and out of my comfort 

zone.  Nevertheless, understanding this problem was very enriching and enlightening, since I 

learned many things related to graph theory, integer linear programming along with optimization 

tools in Matlab. 
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Appendix 
 

Classical VRPs: 

 

 
 



 

 

51 | P a g e  

 

Matlab code for Nearest Neighbor Algorithm:
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Initial Project Specification 

NAMANY Sarah 

EMS 

VEHICLE ROUTING PROBLEM: FINDING AN OPTIMAL SOLUTION 

KISSANI I 

Spring 2017 

 

The aim of this capstone is to find an optimal solution for the Vehicle Routing Problem 

under several constraints for Al Akhawayn University transportation department. 

The first part of this project consists of providing an overview of the Vehicle Routing 

Problem, that includes the definition of the Problem, its history, and the different 

algorithms that were used in order to solve it. The main ones that I will focus on can be 

classified into three types: Exact, Heuristics, and Metaheuristics algorithms. 

The second part of the capstone is the analysis phase, where I will use the data 

collected from the ground and maintenance department, in order to set the different 

constraints that should considered to implement the algorithm. These restrictions are 

the capacity, the number of stations bounded, the time window, and the precedence 

relations. 

The third part of this project is the design phase. In this section, I will implement many 

algorithms (exact, heuristics and metaheuristics) using the specific data of Al Akhawayn 

university and the programming software Matlab. The one that generates the most 

optimal solution will be proposed to the ground and maintenance department for future 

use. 

As for the time table, I will try to finish the first part of the project in the coming two 

weeks. The analysis part will then take one week to be developed. While the design 

part, which is the most important, will be the main focus of the remaining time until the 

deadline. For an efficient progress of my capstone, I will be meeting with my supervisor 

each week. 

As for the impact on the society, VRP solutions helps the employees of transportation 

companies in controlling their services with the lowest cost, the easiest way and the 

least effort. For the ethical impact, it is more eco-friendly to use the optimal VRP 

solution since the shortest path is used, which minimize the carburant and gas used. 


