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Abstract—The Vehicle Routing Problem with Time Windows (VRPTW) consist of a fleet of vehicles and a set of 
customer/cities in which all the vehicles will start and end in the depot. The objective is to minimize the vehicle fleet and the 
sum of travel time. Genetic Algorithm (GA) is a heuristic method that uses genetics as a model for solving complex problems. 
It’s a search technique to find approximate solutions into optimization. In GA, random population initialization technique is 
efficient but is takes more computational time for convergence in most of the instances. This gives a motivation to propose a 
novel Ordered Distance Vector (ODV) based Equi-begin with Variable-diversity (EV) technique to solve the problem. The 
convergence solution generated by EV technique is compared with Random seeding technique and we found that the 
performance of EV shows better than the Random. The computational results  a r e  carried out using the VRPTW 
benchmark instances obtained from the VRPLIB were experimented using MATLAB shows that the proposed EV technique 
outperforms for the most of the instances compared with the existing population initialization method in terms of 
convergence rate.  
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I. INTRODUCTION 
 
The Vehicle Routing Problem is hard combinatorial 
optimization problem provides a service to a number 
of customers with a homogenous fleet of vehicles 
proposed by Dantzig and Ramser in 1959.  The 
Vehicle Routing Problem (VRP) consists of a set of 
m homogenous vehicles located at a depot used to 
deliver a specified weight of goods to their customers 
located in a set of n cities. All the vehicles start from 
the depot for delivering goods to the customers and 
then return to the depot.  Each vehicle can carry a 
limited weight and only one vehicle is allowed to 
visit each customer. The problem is to find a set of 
delivery routes satisfying these requirements and 
giving minimal cost (the cost parameters may be as 
Distance of Travel, Time etc.). The number of 
vehicles in VRP should be more than one. 
VRP is a NP-hard problem which is difficult to solve 
and can be able to solve the problem in polynomial 
time.  Meta heuristics are methods used to find the 
high quality solutions.  Genetic Algorithms used to 
solve the Vehicle Routing Problem. Genetic 
Algorithm provides the solution by performing 
crossover and mutation operators which simulates the 
reproduction.  The fitness values are calculated for 
selection of solution from the population. 
 
II. VEHICLE ROUTING PROBLEM WITH 

TIME WINDOWS 
 
The Vehicle Routing Problem with Time Windows 
(VRPTW) is the same problem that VRP, in which 

there is a fixed fleet of vehicles with uniform capacity 
must service the customer demands from the central 
depot at minimum cost. There is an additional 
restriction in VRPTW, that is, a time window is 
associated with each customer, defining an interval 
[ 푒 , 푙  ] where in the customer has to be supplied. 
The interval[ 푒 , 푙  ] at the depot is called the 
scheduling horizon. The objective is to minimize the 
vehicle fleet and the sum of travel time and waiting 
time needed to supply all customers in their required 
hours.  If a customer is supplied after the upper bound 
of its time window then that solution becomes  
infeasible.  Each route must start and end within the 
time window associated with the depot.  In soft time 
widows, the feasibility of the solution are not affected 
even though there is a late service, but the objective 
function are added by the penalized value.The 
instance of Vehicle Routing Problem with Time 
Windows (VRPTW) consists of three routes and a 
single depot with solution is as shown in the Fig 1. 

 
Fig 1. Example of a VRPTW with 3 routes and a single depot. 
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Formulation 
The VRPTW is a variant of Vehicle Routing Problem 
(VRP), it can be  mathematically  modelled  by  using 
an  undirected  graph  퐺  =   (퐶, 퐸,퐷),  where  퐶  is  
a  vertex  set,  and 퐸  is an  edge  set.  They are 
expressed as 퐶 = {푐 , 푐 , .  .  . , 푐 },  and 퐸  =
  { 푐 , 푐 |푐  , 푐 ∈ 퐶, 푖 ≠ 푗}. Let  퐶′ =  퐶\{푐 } be 
used as the set of n cities,푐  represent the depot. The 
Demand / quantity  of  goods requested  by  each  
customer  퐶 ≘퐷 , (푖 >   1)  is  associated  with  the  
corresponding  vertex. We define on  퐸  a non-
negative distance, travel time or cost matrix  
퐶표푠푡 (푖, 푗) between customers 푐  and 푐 . Furthermore, 
a set  푉 of  푚  homogeneous vehicles originate from 
a single depot, let 푄 denote the capacity of a 
vehicle, 푉 = {푣 , 푣 , … … . ,푣 },  where m =
⌈∑ 퐷  / Q ⌉  in the case of VRP [10,11]. For each 
customer ∈ 푛 , there is a demand D  and a time 
window [ 푒 , 푙  ]. For each arc 푐 , 푐 ∈ 퐸, there is a 
travel time푡 . Let 푏  denote the beginning of service 
at customer 푐. Now for a route 푅 =
 {푐 , 푐 , … 푐 } to be feasible it must additionally 
hold 푒  ≤  푏  ≤  푙  푎푛푑  푏 + 훿 + 푡  ≤ 푙  ,
1 ≤ 푘 ≤ 푚  .Where,푏  is the beginning time of 
service of the customer i on the route k, 훿  is the 
service time of the customer i on the route k, and 푡  
is the travel time of the customer i on the route k. 
 
III. EXPERIMENTAL TECHNIQUES 
 
A. Random population seeding technique 
Randomly a finite set of individuals which are 
generated by choosing random adjacent cities is 
called a population.  To  improve  the  search  space  
exploration an  uniform  random  number  generator  
has  been  used. The time taken to generate the initial 
population is less in random population seeding 
technique. The random population seeding technique 
provides the poor quality individuals. This motivates 
to use an Ordered Distance Vector (ODV) based 
Equi-begin with Variable diversity (EV) technique. 
 
B. ODV based EV Technique 
To initialize the population, we are using an effective 
population initialization technique, since the starting 
city is fixed in our proposal.  
a) Equi-begin (퐸푏): The starting city of the each 
individual is always same (i.e.) 퐶  is fixed for all the 
individuals in the population.  
b)  Variable diversity (푉푑): The Next city in the 
individual is added based on the 푏푎푥 value; 푏푎푥 is an 
integer that selected within the range 푏푎 value.  
c) Ordered Distance Vector (ODV) 
 In ODV the cities are sorted based on the distance 
that is computed by the permutation of 퐶 ,퐶 ,퐶 . .퐶  
cities. The ODV of a 퐶  is given in equation (1),  
 푂퐷푉(퐶 ) = 퐶 ,퐶 ,퐶 … . .퐶                       (1) 
Then, 퐷 퐶 , ≤ 퐷 퐶 , ≤. .≤ 퐷 퐶 , ,푤ℎ푒푟푒 
퐷 퐶 , 푖푠 푡ℎ푒 푑푖푠푡푎푛푐푒 푏푒푡푤푒푒푛 푡ℎ푒 퐶   푎푛푑 퐶 . 

For each city, the ODV generates corresponding least 
distance cities in sorted order and rank the cities 
based on the distance, then it will moved to the 
Ordered Division Matrix. 
 
C. Performance Criteria 
Convergence Rate: Convergence rate of an individual 
of a population set is defined as the percentage of 
fitness value obtained by the individual according to 
the optimal fitness value. 
 
D. Experimentation Methodology 
All the implementations will be performed using 
MATLAB with VPRTW benchmark datasets of 
Breedam from neo research group 
(http://neo.lcc.uma.es/vrp/vrp-instances/). 
 
IV. ALGORITHM AND EXPERIMENTAL 

RESULTS 
 
A. Algorithm for VRPTW using Random Population 
Seeding Technique 
The variables used in the algorithm n is the total 
number of Customers, G denotes the Generation 
limit, popsize is the Total number of solutions in a 
population, δ is the Maximum Capacity of each 
vehicle for the problem instance. 
Pop is the population in the generation with size 
PopSize, Indiv is the individual in the population, 
DMnxn is the Distance Matrix, DM(x,y) is the 
Distance between city x and city y, ba id the Best 
Adjacent number in ODV-EV Technique,훂 is the 
Random value within the range (1 ≤ 훼 ≤  푏푎), 
ODMnxba.  
 
B. Genetic Algorithm Parameters and Result Analysis 
The Population size of the problem is 100 with the 
Generation Limit of 200 by using the Crossover 
Method is Greedy Crossover.  The Crossover Rate is 
0.7 with the Mutation of Swap Mutation of Mutation 
Rate 0.1 and the Elitism true with the Termination 
Condition is Generation Limit. The VRPTW 
instances that have been chosen for the 
experimentation are r106, r107, r108, r109 and r110. 
The GA parameters and the corresponding values are 
described in the paragraph B. For each technique, the 
executions are carried out for 25 times. 
 

Table 1. Result Analysis of VRPTW using 
 Random Technique 

S
l 

Insta
nce 

Optima
l Value 

Cap
acit

y 

Ro
ute 

Convergence Rate 
(%) 

Best Aver
age 

Wor
st 

1 r106 1253.23 200 12 87.24 72.03 56.81 

2 r107 1113.69 200 10 80.06 71.15 62.23 

3 r108 964.38 200 9 75.98 60.76 45.53 

4 r109 1199.63 200 11 87.10 79.56 72.01 

5 r110 1125.04 200 10 74.01 67.86 61.70 
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The result of random population seeding technique 
shown in the Table 1, shows the best convergence 
rate 87.24 for the instance r106. The best 
convergence values ranges from 87.24 to 74.01. The 
performance of Random techniques shows poor even 
increasing the number of instances.    
 

Table 2. Result Analysis of VRPTW using  
ODV-EV Technique 

S
l 

Inst
ance 

Optima
l Value 

Cap
acit

y 

Ro
ute 

Convergence Rate (%) 

Best Aver
age 

wors
t 

1 r106 1253.23 200 12 91.53 83.30 75.07 

2 r107 1113.69 200 10 92.37 84.13 75.89 

3 r108 964.38 200 9 90.21 80.01 69.80 

4 r109 1199.63 200 11 89.83 81.91 73.98 

5 r110 1125.04 200 10 89.28 82.05 66.76 

 
The results of ODV-EV Technique with different 
VRPTW instances is illustrates in table 2, the 
convergence rate of best individual ranges from 92.37 
to 89.28. The performance of EV shows better even 
for large number of instances. 
 

 
 

Fig 3. Best Convergence solution generated by EV   
 

The Fig.3 shows the Best Convergence Solution 
generated by EV Technique. The instance r107 shows 
the Highest Convergence rate of 92.37. The 
performance of EV shows better for the large number 
of instances. It has been tested for increasing large 
number of instances and the results are compared 
with Random techniques. 

 
Fig 4. Average Convegernce generated by EV 

The Fig.4 shows the Average Convergence Solution 
generated by EV Technique. The instance r107 shows 
the Highest Convergence rate of 84.13.The Fig.5 
shows the Worst Convergence Solution generated by 
EV Technique. The instance r107 shows the Highest 
Convergence rate of 75.89.  
The graphs shows that EV technique gives best 
performance even in the worst case of Random 
techniques.  
 

 
 

Fig 5.Worst Convergence generated by EV 
 
CONCLUSION 
 
In this paper, the Ordered Distance Vector (ODV) 
based EV population seeding technique has been 
implemented. The experimental results obtained 
using the proposed EV technique gives the best 
convergence than the Random Population seeding 
technique. The experimental analysis based on the 
performance factor of convergence shows better 
performance for most of the VRP instances using 
ODV based EV techniques than the Random 
Population seeding technique. The performance of 
EV gives better solution even in the average and 
worst cases than the Random seeding technique. The 
performance of proposed EV technique verified and 
proved not only for less number of instances and 
also shows best performance for large number of 
VRP instances.  
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