
  
Abstract— Genetic Algorithm (GA) is a bio-inspired, stochastic 
optimization technique rooted in the mechanisms of natural evolution 
and genetics. In the conventional GA, random population 
initialization technique is simple and efficient; though the generated 
individuals may have poor quality which takes more computation 
time to converge with optimal solution. In this paper, a novel work 
has been carried out to develop an innovative Vari-begin and Equi-
diversity (VE) population seeding technique with the features of 
randomness, individual diversity and good quality. Experimentation 
is performed on Travelling Salesman Problem instances, based on the 
convergence rate, obtained from TSPLIB using MATLAB shows the 
proposed population initialization technique can produce the 
individuals with high fitness. 
 

Keywords— population seeding, genetic algorithm, convergence 
rate, TSP. 

I. INTRODUCTION 
enetic Algorithm (GA) is a well-known method for global 
optimization of complex problem very large search space. 

Some of the important features of the GA which makes it 
perform well are GA operates on a population of feasible 
solutions rather than on a single solution, the variety of genetic 
operators helps to explore unrevealed solutions in the large 
search space effectively, possibility to construct problem the 
specific genetic operators which can offer better solution 
search, population diversity helps to avoid the drawback of 
getting trapped in local optima and premature convergence. 
The traditional GA consist of following steps population 
seeding (initial population), selection, reproduction, crossover, 
mutation and termination constraint in which first step occurs 
once and rest of the step are repeated until final step condition 
is satisfied. The traditional GA doesn’t provide effective 
performance when applied to TSP [6,12], so each stage in the 
traditional GA has been modified in TSP specific manner 
which perform better search of optimal solution and thus 
resulting in Hybrid GA [1-5,7-10,13]. 
Olga et al. [15] proposes a modified GA with sorted initial 
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population method based on theory of better parents would 
produce better offspring. In [16], the performance and 
convergence ability of GA are critically influenced by 
population seeding method and proposed two new self-
adaptive member grouping strategies and a new strategy for 
population seeding. Yingzi et al. [9] proposed a Greedy GA 
(GGA) in which population seeding is performed using the 
gene bank. The gene bank is built by assembling the 
permutation of ‘N’ cities based on their distance [11]. In GGA 
method, population of individuals is generated from the gene 
bank such that the individuals are of above-average fitness and 
short defining length [9].  
Thus, in this paper, an effective Vari-begin and Equi-diversity 
(VE) population seeding technique has been developed for GA 
to solve TSP effectively. Experimentation analysis has been 
performed in on the TSP instances from the TSPLIB [19] 
shows that more than 80% of convergence can be attained at 
the population initialization stage.  

II. TRAVELLING SALESMAN PROBLEM 
The Travelling Salesman Problem (TSP) is a well-known 

NP-hard problem especially studied in the field of operations 
research and computer science. TSP, widely used for solving 
the optimization, is the problem to find out the shortest 
distance out of possible courses where one starts a certain city, 
visits every city among N cities and turns back to a staring 
city. TSP is commonly considered as a standard testbed for 
various combinatorial optimization techniques. Given a 
number of cities and the distance (or the cost) of travelling 
between any two cities, TSP intends to find a minimum total 
cost closed tour that visits each city exactly once.  

Let 𝐺 = (𝐶𝑛,𝐸𝑛) be the complete undirected graph such that 
𝐶 ∈ {𝑐1, 𝑐2, 𝑐3, … 𝑐𝑛} and 
𝐸 ∈  {(𝑐1, 𝑐2), (𝑐1, 𝑐3), … (𝑐1, 𝑐𝑛), . ((𝑐(𝑛−1), 𝑐𝑛)}. In the graph 
G, C and E corresponds to the cities and path between the 
cities respectively. 

For each pair,  (𝑐𝑖, 𝑐𝑗), and 𝑖 ≠ 𝑗, Distance between the city 
𝑐𝑖 and 𝑐𝑗 can be given as 𝑑�𝑐𝑖, 𝑐𝑗�. TSP aims to find the 
minimum distance tour (optimal solution) between cities which 
can be given as, 

 

𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝑆𝑜𝑙𝑢𝑡𝑖𝑜𝑛 = 𝑀𝑖𝑛 �𝑑�𝑐𝑖 , 𝑐(𝑖+1)�,   1
𝑛

𝑖=1
≡ (𝑛 + 1)                                  − (1) 
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The search space for the TSP is a set of permutation of n cities. 
Any permutation of n cities gives a possible solution and the 
size of the TSP search space with n cities is 
(𝑛−1)!

2
 . 

III. GENETIC ALGORITHM 
Genetic algorithm (GAs) is a stochastic optimization 

technique based on  the  principles  and  mechanisms  of  
natural  selection  and  the  survival  of  the  fittest  concept  of  
natural  evolution. John Holland introduced the concept of GA 
in the book “Adaptation in Natural and Artificial Systems” 
[20,21]. Genetic Algorithm (GA) has been proved to be 
efficient at searching optimal solution among a large and 
complex search space in an adaptable way. The need of GA is 
to find the best solution in the large search space which is the 
collection of all feasible solutions among which the desired 
solution resides.  

An individual (or) chromosome is a representation of 
possible and legal solution to a problem; In TSP, an individual 
is a combination of ‘n’ cities without repetition. Each solution 
represents a point in the search space and solutions evolve 
through successive iterations, called generations. During each 
generation, the chromosomes are evaluated using some 
measures of fitness [14,17,18]. The Fitness function, which is 
problem specific, corresponds to evaluation of quality of 
individual to check for solution optimality for the problem in 
hand. The termination criteria for GA can be finding the best 
solution or reaching maximum generation limit. The role of the 
initial population, which is the preliminary topic of this paper, 
is widely ignored. Often, the whole area of research is set aside 
by a statement “generate an initial population,” without 
implying how it should be done. This paper, an effective Vari-
begin and Equi-diversity (VE) population seeding technique 
has been proposed for Permutation-Coded GA to solve TSP 
effectively 

  

IV. EFFECTIVE VE POPULATION SEEDING TECHNIQUE 
The population seeding technique developed, Vari-begin 

and Equi-diversity (VE), begins with same entity, say a similar 
city in TSP, and the sequence of individuals are created in 
such a way that it can provide individual diversity and 
potential sequence based on ordered distance matrix. Ordered 
Distance for any city can be formed by the permutation of 
cities which are arranged in the increasing order of distance 
from the city. Ordered Distance Vector (OD) for the city ci 

can be given as,  
 

𝑂𝐷(𝑐𝑖) =  �𝑐𝑗, 𝑐𝑗+1, 𝑐𝑗+2 … . 𝑐𝑛−1� 
 
Such that, 
 

𝑑�𝑐𝑖, 𝑐𝑗�  ≤  𝑑�𝑐𝑖, 𝑐𝑗+1�  ≤  𝑑�𝑐𝑖, 𝑐𝑗+2� ≤ ⋯  ≤ 𝑑(𝑐𝑖, 𝑐𝑛−1) 
 
An Ordered Distance Matrix (ODM) is a matrix which 

contains OD for each city and arranged in the sequence of its 
Distance Matrix D. In general ODM can be represented as, 

 

  ODM =  

⎣
⎢
⎢
⎢
⎡
ODVc1
ODVc2
ODVc3

…
ODVcn⎦

⎥
⎥
⎥
⎤

=   

⎣
⎢
⎢
⎢
⎡
c1(j) c1(j+1) c1(j+2) … c1(n-1)
c2(j) c2(j+1) c2(j+2) … c2(n-1)
c3(j) c3(j+1) c3(j+2) … c3(n-1)

… … … …
cn(j) cn(j+1) cn(j+2) cn(n-1)⎦

⎥
⎥
⎥
⎤

 

 
Vari-begin and Equi-diversity population seeding technique 

offers two important characteristics which makes the technique 
distinct from the others. They are, 

 
• Potential sequence – This factor helps to keep the good 

quality order of cities in each individual. 
 

• Individual diversity – This factor refers to the difference 
in the permutation of cities in each individuals generated. 
It helps to avoid the drawback of getting trapped in local 
optima and premature convergence. 

 
Each individual is created by generating random number 

before adding each city into every individual and each 
individual starts with the same city. The individuals created 
will have high potential permutation of cities and thus the 
convergence time can be reduced. The maximum number of 
individuals in the initial population that is be created using this 
type can be given as,  

 
  𝑀𝑎𝑥(𝑡𝑜𝑡(𝑃𝑂𝐷𝑀)) =  𝑛 × 𝑏𝑎 

where, 
• tot(PODM) is the total number individuals in the 

population PODM. 
• ‘ba’ is the Best Adjacent number assigned 
• ‘n’ is the total number of cities 

 

The  PODM generated using type can be represented as, 
 

𝑃𝑂𝐷𝑀 =   

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
𝜋1(1) 𝜋1(𝑐2) 𝜋1(𝑐3) … 𝜋1(𝑐𝑛)
𝜋2(1) 𝜋2(𝑐2) 𝜋2(𝑐3) … 𝜋2(𝑐𝑛)

: : : :
𝜋𝑏𝑎(1) 𝜋𝑏𝑎(𝑐2) 𝜋𝑏𝑎(𝑐3) 𝜋𝑏𝑎(𝑐𝑛)
𝜋1(2) 𝜋2(𝑐2) 𝜋3(𝑐3) … 𝜋3(𝑐𝑛)

: : : :
𝜋𝑏𝑎(2) 𝜋𝑏𝑎(𝑐2) 𝜋𝑏𝑎(𝑐3) 𝜋𝑏𝑎(𝑐𝑛)
𝜋1(𝑛) 𝜋2(𝑐2) 𝜋2(𝑐3) 𝜋2(𝑐𝑛)

: : : :
𝜋𝑏𝑎(𝑛) 𝜋𝑏𝑎(𝑐2) 𝜋𝑏𝑎(𝑐3) 𝜋𝑏𝑎(𝑐𝑛)

 

⎦
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎤

 

 
 

• The first city remains same for ‘ba’ number of 
individuals (i.e.) 𝜋1(1)  ≡ 𝜋2(1) ≡ ⋯ .𝜋𝑏𝑎(1) 
, 𝜋1(2)  ≡ 𝜋2(2) ≡ ⋯ .𝜋𝑏𝑎(2) and so on. 

• 𝑅( 𝜋1(𝑐2),𝜋2(1)) ≡ 𝑅( 𝜋1(𝑐3),𝜋1(𝑐2)) ≡
⋯ .𝑅( 𝜋1(𝑐𝑛),𝜋1(𝑐𝑛−1))  
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This type of population seeding is not so efficient because 
the individuals created using this technique suffer cyclic 
repetition problem and only ‘ba’ number of individuals are 
unique. The cyclic repetition problem is that the sequence of 
the adjacent cities remains identical for more than one 
individual though its initial and final cities are different. The 
crossover and mutation rate has to be set high in order to 
overcome the cyclic repetition problem. 

V.  PERFORMANCE EVALUATION 
In this section, the experimentations are conducted to 

examine the performance characteristics based on convergence 
rate using the TSP instances. Convergence Rate of a solution 

can be defined as the percentage of fitness attained by the 
solution w.r.t the known optimal solution for the problem. It 
can be given as, 

 
𝐶𝑜𝑛𝑣𝑒𝑟𝑔𝑒𝑛𝑐𝑒 𝑅𝑎𝑡𝑒 (%)

=  1 −  
𝐹𝑖𝑡𝑛𝑒𝑠𝑠 −  𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝐹𝑖𝑡𝑛𝑒𝑠𝑠 

𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝐹𝑖𝑡𝑛𝑒𝑠𝑠 × 100 

 
The result values of different performance factors using Vari-
begin and Equi-diversity population seeding technique are 
shown in Table I. In the table, the best results are emphasized 
in bold. The following observations are made based on the 
statistical analyses shown in Table I. 

 
Observations 1: For all the problem instances and sizes, the 
Vari-begin and Equi-diversity population seeding technique 
tends to give the best fit individual with the ‘ba’ value of ‘2’.  

 
Observations 2: The Convergence rate of the best individuals 
created using the VE population seeding technique remains 
equal despite the value of ‘ba’. This shows the individuals 
generated suffers a cyclic repetition problem though at least 
72.65% of convergence has been achieved at the population 
initialization stage. 

 
Observations 3: For the total computation of 8208 cities, VE 
technique has taken 137.57 seconds which shows that, for each 
additional city the computation time increases by 0.016761 
second. 

 
The Convergence Rate Range of the population generated 

TABLE I 
EXPERIMENTAL RESULTS FOR VARIOUS PERFORMANCE FACTORS USING VARI-BEGIN AND EQUI-DIVERSITY POPULATION SEEDING METHOD 

 

S. 
No Instance Best 

Fitness 
random 

value Best Fitness Worst Fitness 
Convergence Rate 

Best Indv. Worst Indiv. 

1 Eil51 426 

2 510.67 635.02 80.12% 50.93% 
3 514.61 635.02 79.20% 50.93% 
4 510.67 638.16 80.12% 50.20% 
5 510.67 688.21 80.12% 38.45% 

2 Pr76 108159 

2 142396.36 159821.61 68.35% 52.23% 
3 142396.36 170453.18 68.35% 42.40% 
4 142396.36 187050.56 68.35% 27.06% 
5 142396.36 187050.56 68.35% 27.06% 

3 KroA100 21282 

2 25125.22 28541.55 81.94% 65.89% 
3 25125.22 31983.78 81.94% 49.71% 
4 25125.22 36397.00 81.94% 28.98% 
5 25125.22 37333.38 81.94% 24.58% 

4 Pr1002 259045 

2 315597.59 351116.55 78.17% 64.46% 
3 315597.59 377213.31 78.17% 54.38% 
4 315597.59 410111.38 78.17% 41.68% 
5 315597.59 436384.90 78.17% 31.54% 

 

 
 

Fig. 1. Convergence Rate Range of Vari-begin and Equi-
diversity method 
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by Vari-begin and Equi-diversity technique are shown in Fig. 1 
which shows that at maximum of 81.94% of convergence can 
be attained at the population initialization stage. This also 
implies that the initial population contain the individuals with 
good quality which helps to identify the best solution in very 
few generations of genetic algorithm. 

VI. CONCLUSION 
In this paper, a novel Vari-begin and Equi-diversity (VE) 

population seeding technique has been proposed for GA to 
solve TSP effectively. Experimentation analysis has been 
performed in on the TSP instances from the TSPLIB shows 
that more than 80% of convergence can be attained at the 
population initialization stage. This type of initialization may 
suffer; the cyclic repetition problem which is the sequence of 
the adjacent cities remains identical for more than one 
individual though its initial and final cities are different. Thus, 
crossover and mutation rate has to be set high in order to 
overcome the cyclic repetition problem. The future works can 
be performing analyses based on error rate and computation 
time. 
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