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Abstract: The Vehicle Routing Problem (VRP) is one of the 

most studied combinatorial optimization problems because of its 
practical relevance and complexity. Though there are several 
techniques have been proposed to solve the VRPs and its variants 
effectively, each technique has its own tradeoff values in terms of 
the performance factors. From this perspective, the work 
presented in this paper proposed an intelligent routing strategy for 
VRP based on distance values between the cities. The proposed 
strategy uses an enhanced model of Genetic Algorithm to find the 
optimal tour paths among the cities under distance based 
optimized tour path estimation scenarios. For distance-based 
optimization approach, experiments were performed on the 
standard benchmark TSP instances obtained from TSPLIB. A set 
of fine-grained result analyses demonstrated that the proposed 
model of routing strategies performed comparatively better w.r.t. 
the existing relevant approaches. By considering this problem as 
the base, a distinct model was developed as a set of assistive 
modules for Genetic Algorithms (GA), which are aimed at 
improving the overall efficiency of the typical GA, particularly for 
optimization problems. The capability of the proposed 
optimization models for VRP is demonstrated at various levels, 
particularly at the population initialization stage, using a set of 
well-defined experiments.  

 
Keywords : Genetic Algorithm, Vehicle Routing, TSP 

I. INTRODUCTION 

The Vehicular Routing Problem (VRP) is to deliver the 
goods from the central depot to the number of customers who 
had placed orders. The main objective is to find the routes 
and minimize the cost of distributing the goods [1]. Vehicle 
Routing Problem can be solved by two approaches, namely 
exact approach and heuristic approach. A Genetic Algorithm 
is a search heuristic, which belongs to the category of 
Evolutionary Algorithm (EA). To find the feasible route in 
VRP, we are moving to the optimization algorithms. Many 
parameters are there to find the optimal solution in VRP, but 
the proposals are concentrating on the time traveled by the 
vehicle and eliminating the worst routes. It is possible to get 
an optimal solution or feasible solution from those routes. In 
[2], they focused on those things and eliminated the routes 
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and proposed a dynamic programming method to that 
problem-based On-Demand Transportation (ODT). In [3] a 
Variable Neighborhood Search (VNS) is proposed for 
solving the Multi-Depot Vehicle Routing Problem with 
Loading Cost (MDVRPLC). The variance of vehicle routing 
problem is combined in this method; that is the Multi-Depot 
Vehicle Routing Problem (MDVRP) and Vehicle Routing 
Problem with Loading Cost (VRPLC). The VNS consist of 
three phases, one is for generating the initial solution, the 
second one is for selecting the search neighborhood solution 
and the third one is used for neighborhood solution 
acceptance. The search neighborhood solution performs 4 
operations they are select, insertion, crossover, mutation 
operations, the main flaw in this operations are; cities are 
selected randomly in all the operation. Without considering 
the cost or any other parameters in the operation. In VRP 
using optimization algorithm initially, we will generate all 
the possible routes, from that we will find the feasible route. 
In real time that is not always possible, the vehicle may get 
the request form a new customer, Dynamic Vehicular 
Routing Problem (DVRP)[4]. We have to find a dynamic 
approach to solve this problem; in [5] they solved this 
problem using Particle Swarm Optimization (PSO) and 
Variable Neighborhood Search (VNS) paradigms. In that, 
they analyzed that the PSO performance is well then the 
VNS. [6] The ALNS heuristic framework was further 
preceded by the influence of [7] [8] [9] to find an optimal 
route and least distance in different types of VRP. Instead of 
using a single large neighborhood as in LNS, this executes 
many removals and insertion operators in the solution. 
Depend on the previous performance these operators are 
chosen during the execution and set a score to the operators, 
which will boost the solution. In our survey, we discussed 
how the VRP is solved in using different methods, with 
different parameters and different constraints. We proposed a 
socially inspired transportation problem, in this based on the 
distance in the path, we are routing the vehicle. The 
experiments are done using the slandered TSP benchmark 
instances and then analyzed the performance with different 
initialization techniques. Our paper is organized as follows: 
Section 2 will discuss the background information; ODV 
Based Initialization Technique and TSP to understand the 
basic concepts. In Section 3, we will discuss the proposed 
system and algorithm, description for a different scheme. In 
section 4 we will discuss the Experimentation Methodologies 
and Section 5 describes the experimental analysis of different 
scheme with different initialization techniques and their 
results. Finally, Section 6 concluded of the paper. 
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II.  BACKGROUND WORK 

A. ODV Based Initialization Technique for GA 

To set the opening population we are using an operative 
population initialization technique since the starting city is 
fixed in our proposal, we are moving to The EV (Equi-begin 
with Variable diversity) based ODV (Ordered Distance 
Vector) population seeding technique based on the ODV 
matrix [11]. 
 
• Ordered Distance Vector (ODV) 
 
 In ODV the cities are sorted based on the distance that is 
computed by the permutation of  cities. 
The ODV of a  is,  

 

Then, 
 

 
For each city, the ODV generates corresponding least 
distance cities in sorted order and rank the cities based on the 
distance, then it will move to the ODM (Ordered Division 
Matrix) that is given by matrix,  

 
 

• Best adjacent value ( ): 

This method is efficient because of the  value; it 

is used to select the next city in population 
generation. The other techniques a random city is 
added as nethe xt city. Based on the size of the 
population, size of the  value has been changed. 

The size for best adjacent ( ) value is assigned as 

follows: 

 
 

 
 

• Equi-begin  ( ): 

The starting city of each individual is always same 
(i.e.)  is fixed for all the individuals in the 

population. In our proposal, the starting city of the 
individuals is fixed so we are applying this method. 

• Variable  diversity  ( ) : 
The Next city in the individual is added based on the 

value,  is an integer that selected within the 
range value. The city in the position of bax value 
is moved to the next city location of the individual. 

 

•  Method: 

 As we discussed above, Using EV method we generating the 
population, in that the starting city of each individual is fixed 
and based on the  value the next city of the individual is 
chosen and added. The individuals in the population have 
high permutation of cities and the time complexity can be 

reduced.  Number of maximum individuals in the population 
during initialization is,  

 
Where the total number of individuals in the 
population is,   is the best adjacent value and  is the 
number of cities. 
The initial population is generated EV method is given by, 

 

 
Since the initial city, all the individuals in the population are 
fixed,   

B. Traveling salesman Problem 

The TSP is an NP-hard problem in combinatorial 
optimization, the objective is to find the least possible route 
to visit each city exactly once and returns to the starting city. 
It organized into symmetric traveling salesman problem, 
asymmetric traveling salesman problem, and multi traveling 
salesman problem. In our paper we are using symmetric 
traveling salesman problem, Let  be a complete 
undirected graph such that the cities 

 and the arcs 
  

 
 . In Graph  represent the cities and 

 represents the arcs (i.e.) the path between the cities. The 
distance between the  and the   is represented as  

 , here the . The TSP is formulated 
as follows,  

 
Since it is symmetric TSP, it gives  possible 

solutions for any permutation of cities. In our proposed 

system, the Starting city is samthe e for the entire problem, so 
it gives the possible solutions  

III. PROPOSED SYSTEM 

A. Problem Formulation 

The main objective of vehicle routing problem is to find 
the route with the least distance, as we discussed in the 
section [1] many proposals are there to solve this problem. 
We are contemplating this problem in different perspective 
and used various initialization methods to this transportation 
problem effectively. A vehicle wants to reach a destination; it 
is possible there may be any number of paths in between the 
starting point and the destination. Before going to enter into a 
path, the vehicle has to check the possible least distance. If 
the distance is more, it has to take the alternative path 
otherwise it can proceed through the path. We applied this in 
the symmetric Travelling salesman Problem, the objective is 
to find a least possible route to visit each city exactly once 
and returns to the starting city with respect to the distance. 
(i.e.)  our main objective is to minimize the distance in the 
path. We will discuss our 
proposed system with a 
diagrammatic example. 
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Explanation: In this example, we have 7 
cities , assume that the cities are arranged 
based on the distance . The 
objective of TSP is to visit all the cities once and then return 
to the stating city. Our objective is to visit the all the city with 
the least distance. The starting city is  and its target is to 
visit the next city  which is having the minimum distance. 
The distance is less than the maximum distance that is next 
adjacent path we can visit that city otherwise, we have to 
move to the next city with least distance. This will continue 
until we reach the starting city. Note that the distance 
between the path  and , the vehicle have to wait and then 
it can take that path.  
To improve the efficiency of the optimal tour we are going 
for the genetic algorithm. In genetic algorithm many methods 
are used to generate the initial population, in this proposal we 
are using the ODV based population seeding technique, the 
initialization of the set population is done through Equi-begin 
with Variable diversity (EV) method discussed in section 2. 
In our proposal, we are dealing this problem with Optimal 
Distance based routing scenario. Now we will see the 
algorithm and its explanation. 
• Algorithm Explanation 

• Population Initialization: Set the parameters, 
number of cities as n ( ), 

maximum number of generation  , population size 

 and maximum distance in the path 

between the two cities . The cities are 

arranged in the increasing order using the Distance 
Matrix (DM) and then rank the cities move to the 
Ordered Division Matrix (ODM) matrix. Bubble 
sort is used for arranging the cities. Depending on 
the ODM, the initial population is generated using 
equi-begin with the variable diversity (EV) 
Method. In that first get the initial city and then 
make it as current city in the individual. Then 
generate the next city randomly from the ODM 
with in the limit of  value (i.e.) 

 (Depending on the 

population size the ‘ba’ value will change). Check 
whether the next city is already present in the 

Individual and also the distance between the current 
city and the next city should be minimum (i.e. the 
distance between the cities should be less than the 
next adjacent path) 

and then add the city in the Individual. Do these 
procedures until we get a complete individual and 
then add the individual to the population 

 do this procedure till we reach 

the maximum number of population, this process is 
population initialization. After initialized the 
Population, evaluate the total cost 

of all the individuals from the whole population. 
Now we are going for Genetic Algorithm, to 
improve the effectiveness of the population. In this 
we are analyzing cost scenario. 

B. Optimal Distance Based Routing in TSP 

In Optimal Distance Based Routing, we are moving towards 
a single objectthe ive, distance. From the generated initial 
population we achieved the optimal distance based routing 
based on the distance. Depending on the minimum distance 
the selection and the crossover operation has been performed.  
In the selection process, the elitist individuals have been 
selected from the population. 
Here  is the current population, which 
consists of possible solutions. 

  

 
is the population size and  is the number of cities. 

Each tour or possible solution in the population is represented 
as individual  and  is the total cost of each 
individual in the population. The individuals having best 
fitness or minimum tour costs are selected and send to the 
next generation. 
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• Algorithm 

 
 

Variables Used 
No. of cities 
Maximum No. of Generations 

  

lutions 
Maximum Distance  
Possible solutions / Search space 

Single solution in the possible solutions / Search space 
Subset of each individual 
 Distance Matrix  
Cost between  City and city 

 Best Adjacent value 
 Random value based on  value   

Ranked Matrix of Distance  
 Elitist Rate for selecting best Individual from the Population  

Parent Individuals, Randomly generated from the Population based on crossover rate  
Total cost of the Population,  
 Normalized values of different cities,  

Assumptions 
The present distance will be inform intermittently, among the city routes  

Edge of Maximum Distance  for all the cities are Persistent. 
The first city is static in population generation. 

 Trade off Rate is set to 0.5. 
Elitist Rate is set to 0.4. 

Crossover Rate is set to 0.7 
Mutation Rate is set to 0.1 

 
 
 

Population Initialization Algorithm 
Step 1: Set the constraints , , ,  
Step 2: Generate the First Population by ODV-EV method 

Step 2.1: Set the first city  
Step 2.2: Enhance the first city in the Individual,   
Step 2.2: Repeat through Step 2.8 Until , else goto Step 3 
Step 2.3: Repeat through Step 2.4 Until , else goto Step 2.6 

Produce a random number  
// current city in the individual is assigned as current city 

//extort the next city from the ODM 
Step 2.5:  IF , else goto Step 2.3 

Step 2.6  Update  
Step 2.7:  Update   //transfer the concluded individual to the population 
Step 2.8:  //   goto the next individual 

Step 3: Calculate the cost of each Individual in the Population 

 
Step 4: If  then,   
Else If ,   
Else     
End If 
Step 5: Return  
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Where ER is the Elitism Rate, depending on that the number 
of elitist individuals are selected and passed to next 
generation population . are the 
minimum cost of each individual arranged in the increasing 
order and  are the corresponding 
individuals to the minimum cost. 
The crossover is done through the greedy crossover. Selected 
two random individuals from the total population as a parent 
individual. Since the starting city is the same for all 
individuals, the starting city is the initial city of the offspring. 
Find the position of the current city in both the parent 
individuals 

and 

then locate the right side and left side city to the current city 
in both the parent individuals. If the position of current city is 
the starting city then lthe ocation of left city to the current city 
is last city  and if the position of 
current city is last city then location of Right city to the 
current city is last city . Check the 
cities in the locations are less than the maximum distance 

 . Based on the minimum cost the 
cities are added in offspring individual, after generated the 
complete individual move to the Mutation process, two 
random locations are generated and then swap the offspring 
individual cities in the locations and vice versa. The offspring 
is added into the population. Stop this process until we reach 
the total population. 

 
 

 
 

• Algorithm Explanation 

In optimal distance based routing, our goal is to reduce the 
Total Cost  based on the cost of the individuals we are 
applying the genetic Algorithm to improve the effectiveness 
of the Distance based population. Get the Population, 
evaluated the cost of each individual in the population, 
number of generation, number of cities, maximum population 
and Assign the population into a temporary population.  

Selection: In selection, our main idea is to pass the best 
individuals to the next generation. Select ER number of best 
individuals from the temporary population, whose cost 
should be minimum than the other 
individuals . The best individuals are 
moved to the population , we are following 
elitism in the selection process.  

Crossover: In this choose any two random Parent 
individuals within the total population. The first city in the 
parent individual is moved to the offspring individual first 
city. Assign the current city as current city in the offspring. 
Now find the position of the current city in both the parent 
individuals 

and 

then locate the right side and left side city to the current city 
in both the parent individuals. If the position of current city is 
the starting city then location of left city to the current city is 
last city  and if the position of 
current city is last city then location of Right city to the 
current city is last city . Evaluate the 
cost of all the locations from the current city and choose the 
next city which is having the minimum cost. Check whether 
the next city is already present in the offspring Individual and 

also the distance between the current city and the next city 
should be minimum 

and then 
add the city in the offspring Individual. Do these procedures 
until we are getting a complete offspring individual.  

Mutation: In Mutation, Generate two random locations 
and then swap the 

offspring individual cities in the 
locations  and vice versa. 
Now add the offspring individual to the population, do this 
procedure till we reach the maximum number of temporary 
population. Evaluate the total cost of all the individuals from 
the whole population. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Algorithm 
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Optimal Distance based routing Algorithm ( , n) 

Step 1: Initialize  

Step 2: Store the Population into a temporary variable,   , 

Step 2: Repeat through Step 10 Until , else go to Step 10 

Step 3:  Select ER number of elitist individual which is having minimum cost 

Step 3.1: Repeat through Step 3.3Until , else goto Step 11 

Step 3.2:  // Position of the Individual with Minimum cost value will be acquired. 

Step 3.3 // the individual in the position in temporary population is moved to the population 

Step 4: Repeat through Step 5.6   Until , else goto Step 6  

Step 5: Choose the random parents Individuals,  

Step 5.1: Select the initial City  1,  

Step 5.2: //the first city of parent individual is the initial city in the offspring individual 

Step 5.3:Repeat through Step 5.5 Until  , else goto Step 5 

 //the present city in the offspring individual gave as present city 

Find the Position  of the Current City in the Parent Individuals 

 

IF  

Else IF ,    

IF  

Else IF  ,  

Calculate the Distances  from Preceding City to Present City and Present City to Subsequent City from the Parent 

Individuals 

 

 

 

 

Step 5.4: Repeat through Step 5.6Until  

 //the position of the city with minimum cost will be acquired 

 

Step 5.5:IF , else goto Step 4.2 

Update  

Step 5.6: //   goto the subsequent individual 

Step 6: Generate  

 ,   

Step 7:,  ,     // goto the subsequent individual 

Step 8: Calculate the cost of each Individual in the Population 

 

Step 9: //Present generation is concluded, raise the Gen for subsequent generation 

Step 10: Return   
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IV. EXPERIMENTATION METHODOLOGY 

A. Experimental Set-up 

We have performed the experimental analysis for 
optimal distance based scenario with the different instances. 
Our method is coded in Matlab, version7.12 and tested on 
Windows 7, i7 CPU @ 3.4 GHz processor. All 
implementation are done using MATLAB with TSP 
benchmark datasets obtained from TSPLIB. The result was 
analyzed with TSP benchmarks, for the instances ulysses16, 
ulysses22, bays29, att48, eil56, eil76, and kroA100. We fixed 
the number generation, the total population in each 
generation as 100.  We had done the experiment with three 
initialization technique and analyzed with the average of 50 
runs of each technique with a different scenario. 

B. Experimental Scenarios 

• Random Technique: 

This is a simple technique to initialize the initial population, 
in this technique, there is no order which city will be added as 
next city in the individual (i.e.) a randomly generated city has 
been added. In our experiment, we have been included one 
criteria,  the distance between 
the current city and the next city to be added should be less 
than the maximum solution while generation the initial 
solution. As we discussed in section 3, we implemented the 
algorithms in this technique and analyzed. 
1) Nearest Neighbor (NN) technique: 
Nearest neighbor is a constructive heuristic, this is the one of 
the techniques used to initialize the initial population, it is 
easy to implement and the quickly yields an effectively short 
route. First, it will start from the random city and then choose 
the nearest city as the next city. In our Experimental 
implementation, it will choose the next nearest city and it 
should satisfy our criteria that, the distance between the 
current city and nearest city should be minimum. We 
implemented the three algorithms that we discussed in 
section 3 with this technique. 

• ODV –EV Technique:  
Already we discussed this technique in detail in section 2, it is 
an effective population initialization technique. Based on the 
‘ba’ value it will select the next city from the distance matrix 
and then added to the initial population. But the next city 
should satisfy the condition that the distance between the 
current city and the next city should be less than the 
maximum distance.  

C. Validation Criteria 

In our proposal, we have analyzed different performance 
factors, based on the optimal solution   
Convergence rate: convergence rate of the solution can be 
calculated based on the percentage of fitness and the optimal 
fitness of the problem. Using this equation we derived 
convergence rate for Cost equation (1). 

  

Average Convergence rate: It is defined by the difference 
between the average fitness and the optimal fitness of the 
problem. It is given by, 

 

 

Error rate: It is the percentage of difference in fitness and 
optimal fitness of the solution in the population. From that we 
derived two equations (27) and (28) which is given by, 

 

 
 

 
 

 
Convergence diversity: convergence diversity is referred by 
the variation of the best individual in the population and 
worst individual in the population. From that, we derived one 
equation (18) for our problem. 

 
 

 

V. EXPERIMENTAL ANALYSES 

A. Optimal Distance Based Routing in TSP 

As we discussed in section 3, In Optimal Distance Based 
Routing we are implementing a distance based routing. We 
are moving this problem towards a single objective, distance. 
From the generated initial population we achieved the 
optimal distance base routing based on the distance. Here we 
are analyzing that with different population initialization 
technique Random initialization technique, NN Technique 
and ODV-EV technique with different TSP instances. 
Random initialization technique: we implemented our 
algorithms in this technique Table I illustrates that how this 
technique performing in three scenarios with different TSP 
instances. 
Nearest Neighbor (NN) technique: in this technique we 
carried out our proposed system. We analyzed how the three 
routing algorithm is performing in this technique with 
different TSP instances, it is described in Table I. 
ODV-EV technique: ODV –EV is an efficient technique to 
initialize the initial population, from this we can obtain the 
optimal solution. We executed the proposed algorithms in 
this technique and the Table I illustrates, how this technique 
working in three algorithms with different TSP instances. 

B. Result Analyses 

Remark 1: From Fig. 6 and 8 we analyzed that, The best 
convergence rate and the worst convergence rate are high in 
ODV-EV technique when compare to the other techniques 
and the error rate is also less in this technique showed in Fig.7 
and 9. Because the distance in the path between the current 
city and the next minimum distance city is high. It will move 
to the next minimum distance city. So the convergence rate is 
high and the error rate is less. 
Remark 2: the best convergence rate of NN technique is less 
than random technique and the worst convergence rate of the 
NN technique is better than random technique. 
Remark 3: During the initial population the convergence 
diversity should be high, in the final generation the 
convergence diversity should be less. The convergence 
diversity is low in the ODV-EV method than the other two 
techniques shown in the Fig.12. 
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Remark 4: The average convergence is giving good results in 
ODV –EV technique is better than the other two techniques. 
The average convergence of random technique is high than 
NN technique is showed in the Fig.10. 
 

 

 
 

 

 
Table I Result Analysis of Optimal Distance Based Routing
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VI. CONCLUSION  

In this research, an intelligent routing strategy for VRP has 
been proposed based on the values of the distance between 
the corresponding cities. The proposed routing strategy uses a 
recent enhanced model of Genetic Algorithm to find the 
optimal route under optimal distance based routing scenario.  
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Experiments were performed on the benchmark TSP 
instances obtained from the TSPLIB.  The performance of the 
intelligent routing strategy for VRP is investigated using 
three population seeding techniques namely random, nearest 
neighbor and ODV based EV method. In the viewpoint of 
effective intelligent routing strategy for VRP, the maximum 
combined convergence rate obtained for the route is 97.383% 
for the instance uysses using ODV-EV population seeding 
technique with a computation time of 10.8. The results of the 
final model show that we achieved optimal distance route 
path for an effective Integrated Routing Strategy in 
Transportation Systems. 
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