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Abstract 

This paper focuses on two very similar evolutionary algorithms those are Genetic algorithm (GA), particle swarm optimization 
(PSO). The genetic algorithm which is widely used in data mining technology was proposed,, PSO is more used to solve the 
optimization problems.. This paper first gives a brief introduction to these two EA techniques to highlight the common 
computational procedures. To make advantage of both PSO and GA, we combined the both algorithms, i.e. the output obtained by 
clustering the data sets with Genetic Algorithms is given as input to the PSO. Thereby, efficient results are obtained. And also we 
implement other algorithm i.e Hierarchical Clustering algorithms. The general observations on the similarities and differences 
among the three algorithms based on computational steps are discussed.  
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1. INTRODUCTION 
Data mining is a discovery process that allows users to understand the substance of and the relationships between their 
data. Data mining uncovers the patterns and trends in the contents of this information. In operational or data warehouse 
system, the data architect and designer meticulously define entities and relationships. Data mining analyses data and 
classifies the data and summarizing it into useful information. The results of the data mining can be used to increase the 
effectiveness of the performance of the user. For this type of analyzing purpose data mining uses a number of techniques 
such as Cluster analysis, Induction, Decision trees etc. Among those techniques clustering is the most important and 
widely used technique. 
 
Clustering is the most popular method that makes an attempt to separate data into disjoint groups such that same-group 
data points are similar in its characteristics with respect to a referral point whereas data points of different-groups differs 
in its characteristics. Such described groups are called as clusters. Thus clusters are comprised of several similar data or 
objects with respect to a referral point. Cluster is one of the most important methods in the disciplines of engineering and 
science, including data compression, statistical data analysis, pattern recognition, data mining, artificial intelligence, and 
so on. Some real time applications such as handwritten character recognition, fingerprint recognition, speech/speaker 
recognition, and document classification, require the use of clustering techniques in order to reduce the training data 
amount or to find representative data points.[1][2] 
 
Genetic algorithms are inspired by Darwin's theory about evolution. Solution to a problem  is solved by GA is evolved. 
Algorithm is started with a set of solutions (chromosomes) called population. Solutions from one population are taken 
and that is used to form a new population. This is motivated by a hope, that the new population will be better than the old 
one. Solutions which are selected to form new solutions (offspring) are selected according to their fitness values- the 
more suitable they are the more chances they have to reproduce. This is repeated until some condition (for example 
number of populations or improvement of the best solution) is satisfied. 
 
Particle swarm optimization is a heuristic global optimization method put forward originally by Doctor Kennedy and 
Eberhart in 1995(Kennedy J,Eberhart R,1995;Eberhart R,Kennedy J,1995) It is developed from swarm intelligence and is 
based on the research of bird and fish flock movement behavior. While searching for food, the birds are either scattered or 
go together before they locate the place where they can find the food. While the birds are searching for food from one 
place to another, there is always a bird that can smell the food very well, that is, the bird is perceptible of the place where 
the food can be found, having the better food resource information. Because they are transmitting the information, 
especially the good information at any time while searching the food from one place to another, conducted by the good 
information, the birds will eventually flock to the place where food can be found.  
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As far as particle swam optimization algorithm is concerned, solution swam is compared to the bird swarm, the birds’ 
moving from one place to another is equal to the development of the solution swarm, good information is equal to the 
most optimist solution, and the food resource is equal to the most optimist solution during the whole course. The most 
optimist solution can be worked out in particle swarm optimization algorithm by the cooperation of each individual. The 
particle without quality and volume serves as each individual, and the simple behavioral pattern is regulated for each 
particle to show the complexity of the whole particle swarm.  
 
This algorithm can be used to work out the complex optimist problems. Due to its many advantages including its 
simplicity and easy implementation, the algorithm can be used widely in the fields such as function optimization,  the 
model classification, machine study, neutral network training, the signal procession, vague system control, automatic 
adaptation control and etc(Zheng Jianchao,Jie Jing,Cui Zhihua,2004,(In Chinese)). 
 
Clustering methods are broadly understood as hierarchical and partitioning clustering. A hierarchical clustering is a 
nested sequence of partitions. This method works on both bottom-up and top-down approaches. Based on the approach 
hierarchical clustering is further subdivided into agglomerative and divisive. 
 
The agglomerative hierarchical technique follows bottom up approach whereas divisive follows  
Top-down approaches. Hierarchical clustering use different metrics which measures the distance between 2 tuples and the 
linkage criteria, which specifies the dissimilarity in the sets as a function of the pair-wise distances of observations in that 
sets. The linkage criteria could be of 3 types’ single linkage, average linkage and complete linkage.[3] 
 
Hierarchical techniques produce a nested sequence of partition, with a single, all-inclusive cluster at the top and single 
clusters of individual points at the bottom. Although the hierarchical clustering technique is often portrayed as a better 
quality clustering approach, this technique does not contain any provision for the reallocation of entities, which may have 
been poorly classified in the early stages of the text analysis [4]. Moreover, the time complexity of this approach is 
quadratic [8].  
 
2. EVOLUTIONARY ALGORITHMS: 
2.1 Genetic Algorithm: 
The GA work with a population of individuals representing abstract representations of feasible solutions. Each individual 
is assigned a fitness that is a measure of how good solution it represents. The better the solution is, the higher the fitness 
value it gets. The population evolves towards better solutions. The evolution starts from a population of completely 
random individuals and iterates in generations. In each generation, the fitness of each individual is evaluated. Individuals 
are stochastically selected from a current population (based on their fitness), and modified by means of operators mutation 
and crossover to form a new population. 
 
The GAS have been applied successfully to problems in many fields such as optimization design, fuzzy logic control, 
neural networks, expert systems, scheduling, and many others [11-13]. For a specific problem, the GA codes a solution as 
an individual chromosome. It then defines an initial population of those individuals that represent parts of feasible 
solutions of the problem. The search space therefore, is defined as the solution space in which each feasible solution is 
represented by a distinct chromosome. Before the search starts, a set of chromosomes is randomly chosen from the search 
space to form the initial population. Next, through computations the individuals are selected in a competitive manner, 
based on their fitness measured by a specific objective function. The genetic search operators such as selection, mutation 
and crossover are then applied in sequence to obtain a new generation of chromosomes in which the expected quality over 
all the chromosomes is better than that of the previous generation. This process is repeated until the termination criterion 
is met, and the best chromosome of the last generation is reported as the final solution. 
 
The most widely used selection mechanisms are the roulette-wheel selection and tournament selections. We use the 
deterministic tournament selection that randomly picks two individuals from the population and then selects the one with 
the higher fitness. Such a procedure is simple to implement, but yet very effective. To apply the Algorithm 3.1 to a 
particular optimization problem, one has to specify a representation of solutions in individuals (coding), fitness function, 
and typically also operators crossover and mutation1. 
 
The following outline summarizes how the genetic algorithm works: 
 
1. The Genetic algorithm begins with creating a random initial population.  
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2. The algorithm then creates a sequence of new populations. The algorithm uses the individuals in the current 
generation to create the next population at each step. To create the new population, the Genetic algorithm performs the 
following steps: 

a. Scores each member of the current population by computing its fitness value.  
b. Scales the raw fitness scores to convert them into a more usable range of values.  
c. Selects members, called parents, based on their fitness.  
d. Some of the individuals in the current population that have lower fitness are chosen as elite. These elite 

individuals are passed to the next population. 
e. Produces children from the parents. Children are produced either by making random changes to a single parent—

mutation—or by combining the vector entries of a pair of parents—crossover.  
f. Replaces the current population with the children to form the next generation.  

 
3. The algorithm stops when one of the stopping criteria is met.  
 
Algorithm 3.1 Genetic algorithm. 
 
a) 3.2 Particle Swarm Optimization: 
In the basic particle swarm optimization algorithm, particle swarm consists of “n” particles, and the position of each 
particle stands for the potential solution in D-dimensional space. The particles change its condition according to the 
following three principles: (1) to keep its inertia (2)  to change the condition according to its most optimist  position  (3) 
to change the condition according to the swarm’s most optimist position.  
This is a population based method which iteratively improves the solution by moving the solutions closer to the optimal 
solution. Here each particle moves towards the optimal solution with a velocity vi at each iteration. Eventually   all 
particles Converge to an optimal position [13]. Initially n particles are created and randomly distributed in the search 
space. The fitness of each particle is evaluated .considering the classes individually. All the particles are made to move 
one step towards the fittest particle (global best solution) as well as towards its personal best position with a velocity vi 
given by 
vi(t+1) = w*vi(t)+bp*rand*(pi-ci)+bg*rand*(g-ci)   
 
where  pi  is the personal best position of the particle, ci is the current position of the particle, g is the global best of the 
entire particle, w is the inertial constant, bp  is the personal best constant and bg  is the global best constant, i=1, 2,..., n. 
Each particle moves using 
 
ci(t+1)=ci(t)+v 
The fitness of each particle is calculated and the personal best position and the global best are determined. This process is 
repeated until stopping criteria is met. The global best position will be the cluster centre to the given data set. 
 
 
Algorithm 
 
For each particle  
    Initialize particle 
END 
 
Do 
    For each particle  
        Calculate fitness value 
        If the fitness value is better than the best fitness value (pBest) in history 
            set current value as the new pBest 
    End 
 
    Choose the particle with the best fitness value of all the particles as the gBest 
    For each particle  
       Calculate particle velocity according equation (a) 
        Update particle position according equation (b) 
    End  
While maximum iterations or minimum error criteria is not attained 
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Problems with PSO and Need for GA+PSO 
 
Most of evolutionary techniques have the following procedure:  
 
1.The generation of an initial population randomly 
 
2. Reckoning of a fitness value for each subject. It will directly depend on the distance to the optimum.  
 
3. The population is reproduced based on fitness values.  
 
4. If all the requirements are met, then we stop. Otherwise go back to 2. 
 

 
3. Proposed Method: GA+PSO: 
From the procedure, it is learnt that PSO shares many common points with GA. Both algorithms start with a group of a 
randomly generated population, both have fitness values to evaluate the population. Both update the population and 
search for the optimum with random techniques. Both systems do not guarantee success. However, PSO does not have 
genetic operators like crossover and mutation. Particles update themselves with the internal velocity. They also have 
memory, which is important to the algorithm. 
 
Compared with genetic algorithms (GAs), the information sharing mechanism in PSO is significantly different. In GAs, 
chromosomes share information with each other. So the whole population moves like a one group towards an optimal 
area. In PSO, only gbest (or lbest) gives out the information to others. It is a one -way information sharing mechanism. 
The evolution only looks for the best solution. Compared with GA, all the particles tend to converge to the best solution 
quickly even in the local version in most cases.PSO algorithm suffers from the partial optimism, which degrades the 
regulation of its speed and direction. 

 
The new evolutionary method combines the advantages of GA and PSO to give us an improved GA+PSO hybrid method. 
Fuzzy Logic is used to combine the results of the PSO and GA in the best way possible. The new hybrid GA+PSO 
approach is compared with the PSO and GA methods with a set of benchmark mathematical functions. The new hybrid 
PSO+GA method is shown to be superior that the individual evolutionary methods. 
To make advantage of both PSO and GA, we combined the both algorithms, i.e. the output obtained by clustering the data 
sets with Genetic Algorithms is given as input to the PSO. Thereby, efficient results are obtained. 

 
EVOLUTIONARY HIERARCHICAL CLUSTERING TECHNIQUE 
Hierarchical clustering groups data into a tree structure, thus building multi-level representation capable of revealing 
inter-cluster relationships. It can be broadly classified into agglomerative hierarchical clustering and divisive hierarchical 
clustering. In agglomerative approach which is also called as bottom up approach, each data points are considered to be a 
separate cluster and on each iteration clusters are merged based on a criteria. The merging can be done by using single 
link, complete link, and centroid or wards method. In divisive approach all data points are considered as a single cluster 
and they are splited into number of clusters based on certain criteria, and this is called as top down approach. Examples 
for this algorithms are LEGCLUST, BRICH(Balance Iterative Reducing and Clustering using Hierarchies), CURE 
(Cluster Using Representatives) ,and Chameleon 
 
Hierarchical clustering assumes a significant role in a variety of research areas such as data mining, pattern recognition, 
economics, biology, etc. One of the issues in evolutionary algorithms (EAs) is the relative importance of two search 
operators. Genetic algorithms (GAs) and genetic programming stress the role of crossover while evolutionary 
programming end evolution strategies stress the role of mutation [9]. 
 
In this an evolutionary technique for detecting hierarchical clustering structures is proposed. We use a technique in which 
mutation and crossover operators are combining. The representation we used is linear and may describe any tree 
structures. This representation is not limited to binary trees. An evolutionary algorithm with mutation and crossover is 
used. Binary tournament selection is considered. 

 
Hierarchical clustering: 
One of the well Known technologies in information retrieval is Hierarchical clustering. It is the process of integrating 
different items and building them as a cluster in the form of a tree and then developing step by step in order to form a 
small cluster. 
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Hierarchical methods 
Hierarchical techniques produce a nested sequence of partitions with a single, all –inclusive cluster at the top and 
singleton clusters of individual points at the bottom. Each intermediate level can be viewed as combining two clusters 
from the next lower level (or splitting a cluster from the next higher level). The result of a hierarchical clustering 
algorithm can be graphically displayed as a tree, called a dendogram. This tree graphically displays the merging process 
and intermediate clusters. The dendogram at the right shows how four points can be merged into a single cluster 

 
Agglomerative Hierarchical clustering 
Start with the points as individual cluster and, at each step, merge the most similar or closest pair of clusters .This 
requires a definition of cluster similarity or distance. 

 
Divisive Hierarchical clustering  
Start with one, all-inclusive cluster and, at each step split a cluster until only singleton clusters of individual points 
remain. In this case, we need to decide, at each step, which cluster to split and how to perform the split. Agglomerative 
techniques are more common, and these are the techniques that we will compare to K-means and its variants.(see 
{EW89] for a comparison of Agglomerative HC methods used for document retrieval.) We summarize the traditional 
Agglomerative HC procedure as follows 

 
Single link clustering 
i) Compute the similarity between all pairs of clusters, i.e calculate a similarity matrix whose, ijth entry gives the 
similarity between the ith and jth clusters 
 
ii)Merge the most similar (closest) two clusters. 
 
iii)Update the similarity matrix to reflect the pairwise similarity between the new cluster and the original clusters. 
 
iv)Repeat steps 2 and 3 until only a single cluster remains 
 
Complete link clustering 
 
Average link clustering 
 
Distance Measures 
Since clustering is the grouping of similar instances/objects, some of measure that can determine whether two objects are 
similar or dissimilar is required. There is main type of measures used to estimate this relation: distance measures, 
similarity measures. Many clustering methods use distance measures to determine the similarity or dissimilarity between 
any pair of objects. It is calculated for Numerical attributes, Binary Attributes, Nominal Attributes, Ordinal Attributes and 
mixed type attributes. 
 
EVOLUTIONARY ALGORITHM 
A generational evolutionary algorithm is used to evolve a population of clustering hierarchies. Proposed evolutionary 
algorithm uses mutation and crossover as search (variation) operators. Each gene of the individual in the population can 
be mutated with a given probability. A crossover operator is considered and the crossover operator is combined with 
mutation. 
We consider one point crossover. The crossover point is 

k = p 
 

As a result of the crossover with k = p two descendants are created. One of them has the class section of a parent and the 
other the class section of the other parent. After crossover a mutation operator is used. Mutation is applied to each gene in 
the point section which not respect the condition 

 
Ci≠Cj;¥1≤i≤p and p+1≤j≤M(p)+p 

 
Mutation of the genes in point-section of the chromosome is restricted to indicating terminal classes only. This restriction 
ensures that no chromosome reparation is required [4]. 
If the mutated gene belongs to class-section of the chromosome it is possible that an invalid solution occurs. Therefore 
reparation is needed. Let us consider the gene i is mutated in gene j. In this case the positions in point section pointing 
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towards Ai (having value i) have to be modified. For instance these positions may be assigned to the class Ai. Binary 
tournament selection is considered. 

 
 
Proposed Hierarchical Clustering Evolutionary Algorithm 3 (HCEA3) is outlined below: 
 
Hierarchical Clustering Evolutionary Algorithm 3 (HCEA3) 
 
Begin 
 
Set t = 0. 
Initialize the population P(t). {Random initialization is the basic choice 

while (C) do 
Apply selection for P(t). Let P1be the set of the selected solutions. 
The best 50 % individuals from current population are copied into 
P(t+1). 
All individual from P(t) compete for solution. 
Individuals from P1 entering the mating pool based on tournament 
selection. Choose chromosomes from P1 to enter the mating pool. 
Apply the crossover operator to the solutions from the mating pool. 
A new intermediate population P2 is obtained. 
Mutate solutions in P2 offspring enter the next generation P(t+1). 
Set t = t + 1. 
end while 

end 
 
The condition C concerns the specified number of generations.The problem solution is the best individual (hierarchy) 
obtained during the search process. 
 
4. CONCLUSION AND FUTURE SCOPE: 
The main objective of the paper is to find the efficient optimization and similarity measures for Particle Swarm 
Optimization, Genetic Algorithm, and Hierarchical clustering Algorithms. The performance was measured by the fitness 
function value, accuracy and the CPU time. Several data sets have been used for numerical experiments and the obtained 
results are encouraging. For Iris data set the accuracy of the hierarchy is very good. The new hybrid GA+PSO approach is 
compared with the PSO and GA methods with a set of benchmark mathematical functions. The new hybrid PSO+GA 
method is shown to be superior that the individual evolutionary methods. 
Further research will explore other data sets and other operators in order to provide the ability to classify large data 
collections. 
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