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Abstract: Web usage mining is used to analyze the user 

browsing behavior among the web pages which can be further 
utilized in other applications like recommender system, 
personalized web pages, providing insight for better business 
functionality. Since this type of mining does not only depends on 
the user or web pages, conventional clustering techniques may not 
suit very well for the analysis. Biclustering techniques are used to 
discover the subset in the form of submatrices as objects and 
attributes of objects are considered symmetrically. Finding 
optimal biclusters is a critical research issue. This research 
proposes a hybrid swarm intelligence-based method having 
Particle Swarm Optimization combined with Leader Clustering 
method along with Uniform Crossover operator. The 
experimental study shows that the proposed method performs well 
than traditional biclustering techniques in terms of evaluation 
metrics. 

Index Terms: Biclustering, Web Usage Mining, Particle 
Swarm Optimization, Leader Clustering, Hybrid Swarm 
Intelligence.  

I. INTRODUCTION 

  Cluster examination is one of the obviously used 
techniques in Machine Learning, Pattern Recognition, Data 
Mining and Exploratory Data Analysis (EDA). In Pattern 
Recognition, clustering techniques can be adopted to discover 
instinctive coalitions in the data. It can then be used to 
develop representative outlines for objects which could be 
used for classification [1]. In clustering, data are apportioned 
into clusters so that, the within cluster similarities are 
maximized and disparities amongst the clusters are 
maximized by minimizing an objective function that can 
reduce the within cluster dissimilarity. 

Objects and characteristics of objects are treated in a 
different way in conventional clustering. However, in some 
real-world applications, they should be defined in a way such 
that the exploratory analysis comprises probing data sets for 
sub matrices that exhibits the exclusive patterns as clusters. 
Biclustering allows revealing localized groupings within data 
matrix by expelling the constriction that associated objects 
must perform likewise throughout the whole set of attributes. 
It deliberates only a subsection of attributes when observing 
for resemblance amongst objects. The aim of biclustering is to 
find the good sub matrices in the dataset, as subsets of objects 
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and subsets of features, where the subset of objects shows 
noteworthy similarity within the subset of features [2]. They 
are grouped together to have a high relevance to each other. 
Unlike traditional clusters based on row-wise or column-wise 
clustering, biclusters may overlay. Subsections of features 
and subsets of objects may vary in different biclusters. 
Biclusters may have some alike objects and features, and few 
objects might not have its place to any bicluster at all. Because 
of this flexibility, biclustering became prevalent in many 
scientific and research fields as a data exploration analysis 
[3]. 

Biclustering techniques were first proposed to analyze gene 
expression data. But, at the present time, it is mainly used in 
recommender systems. In these systems, data are collected 
from customers’ reviews on product items and utilizes the 
data to recommend the most interested product items to 
customers.  

Customer clusters that have similar preferences or purchase 
patterns can be discovered. By using that cluster, 
recommendations can be made in two directions. One way, 
the company can commend those products to a set of new 
consumers who are comparable to the customers in the 
cluster. The other way of using it is, the company can 
recommend to consumer about the brand-new products that 
are more or less similar to those involved in the cluster. 

Alike to the above scenario, biclustering delivers a way to 
discover the users’ browsing behavior, and thereby needed 
web services can be advised to other users with lowest cost. 
The usage data with respect to web is composed from the web 
server in terms of log file. The explored and analyzed insight 
from those files is utilized by the companies and corporations 
to render the best consumer association by providing them 
precisely what they require [4]. Moreover, this analysis 
proposes appreciated information on to improvise the 
structure and construction of both website and web page to 
augment the strategies for target marketing which is the base 
for the recommender system. 

Since, generation of the biclusters can be viewed as an 
optimization-based problem, swarm based heuristic 
techniques can be considered to solve it. In this study, a 
swarm intelligence-based Particle Swarm Optimization 
(PSO) algorithm combined with Leader Clustering (LC) 
approach is proposed to find the optimal biclusters in Web 
Usage Mining. Moreover, Uniform Crossover Genetic 
Operator is embedded to offer good population as particle in 
each iteration of PSO. Section 2 provides the literature review 
needed for this study and Section 3 gives an overview of 
Biclustering analysis.  
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The proposed approach (PSO-LC) is described in Section 4 
and the next section provides the experimental results there by 
performance evaluation of the proposed approach. The final 
section concludes with the summary of study and future 
enhancements that can be made.  

II. LITERATURE REVIEW 

Web usage mining is a significant research area to examine 
the user browsing patterns from web usage data. The analysis 
can be applied to recommender systems. In recommender 
system, target marketing is the excellent and efficient way to 
converse with the customers and consumers to merchandise 
[5]. 

At the foremost, conventional clustering, a data mining 
technique has been used for analyzing the web data to form 
target markets. It is used to cluster the users who have 
comparable browsing behavior upon various multiple pages 
of a web site or to cluster the pages based on the alike 
browsing attention of the users. Here, it is presumed that the 
entire associated users behave more or less similarly across all 
set of pages of a website. But, most of the time, the scenario is 
different where the users of web perform similarly only on a 
certain subsection of pages and their browsing behavior is not 
associated on the remaining set of conditions. Therefore, 
conventional clustering techniques will not recognize those 
kinds of users’ groups. To address the challenges of 
conventional clustering, the biclustering method [5] was 
presented to analyze web usage data. Biclustering analysis is a 
different and very effective methodology to un reveal the 
local comprehensible patterns hidden in a data matrix. Those 
biclusters expose the browsing outlines of associated users 
along with connected set of pages of a website. 

Biclustering was initially used for gene expression analysis. 
Biclustering problem has been proposed as an optimization 
problem, defining a score for each possible bicluster and 
heuristics to solve the constrained optimization problem 
defined by that score function [6,7]. Biclustering based on 
fuzzy approach is experimented. The web data elements are 
allocated to different biclusters with varied membership 
levels [8]. The couple two-way clustering which uses the 
hierarchical approach for clustering and it is applied 
separately to each dimension and they describe the process to 
combine both results [9]. But the time complexity of this 
method is Exponential. 

Biclustering is an exciting computational problem. Hence, 
it is considered as one of the NP hard problem [10]. This has 
inspired the exploration towards optimal and stochastic 
algorithms such as evolutionary computation techniques and 
heuristic search techniques [11-13]. The multi objective 
methods are proposed because, the biclustering problem has 
some objectives exist, which are in conflict with each other 
[2]. Also, it is difficult to uncover biclusters since; there will 
be overlapping patterns between biclusters [14]. They can 
have a complicated coherent pattern. The types and structure 
of the biclusters plays a crucial role in the evaluation of those 
biiclusters [15,16]. 

III. BICLUSTERING 

The objects are clustered according to the attribute values 
in conventional cluster analysis. But, nowadays, in most of the 
applications, objects and characteristics are defined in a 

symmetric way, where the analysis involves in finding the 
data matrices for submatrices that shows exclusive patterns as 
clusters. This type of clustering technique is called 
biclustering.  

Biclustering techniques were proposed to overcome the 
challenges that exists in analyzing the gene expression data. 
Biclustering is useful not only in bioinformatics, but also in 
other applications as well [3].   

Let a dataset has ‘M’ number of samples and ‘N’ number of 
features as a data matrix D. Usually, a bicluster is a subset of 
rows that shows resembling behaviors across a subset of 
columns and subset of columns which is resembling towards a 
subset of rows. The bicluster BC = (X, Y), appears as a sub 
matrix of ‘D’ with around similar patterns, where X = {M1, 
…, Mx} ⊆ R and Y = {N1, …, Ny} ⊆ C are separate subsets 
of Rows and Columns, respectively [6].  

The lower the mean squared residue, the stronger the 
coherence exhibited by the bicluster and the quality of the 
bicluster is high. Average Correlation Value (ACV) [5] is the 
commonly used evaluation measure for a bicluster. It 
evaluates the correlation homogeneity of a bicluster. A high 
ACV indicates the high similarities among the rows or 
columns. ACV can be used as a metric function to find 
correlated/coherent biclusters. 

Madeira and Oliveira discussed about the different types of 
biclusters which are normally presumed as (i) Bicluster with 
constant values, (ii and iii) Bicluster with constant values in 
rows or columns, (iv and v) Bicluster with coherent values 
including additive or multiplicative models [7]. 

 
Fig. 1. Types of Biclusters 

 
Since, biclusters are varied from conventional clusters, 

different coherence measures are there to check the quality of 
a bicluster. Some of them are Variance, Mean Squared 
Residue (MSR), Scaling Mean Squared Residue (SMSR), 
Relevance Index (RI), Average Correlation Value (ACV).  

IV. PROPOSED PSO-LC METHOD 

Biclustering is considered as an optimization task. The 
objective function that can be used here is of generating set of 
biclusters having high Average Correlation Value. As Particle 
Swarm Optimization is one of the best swarm intelligence 
based optimization algorithms, it is used in the proposed 
method along with Leader 
Clustering algorithm.  
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The web log data has to be pre-processed and transformed 
to a format which is suitable for the analysis. The quality of 
the final biclusters directly associates on the quality of the 
input that has been given to PSO. Hence, initial biclusters are 
generated using modified Coupled Two-Way Clustering 
(CTWC).  

By taking the rows of users and columns of page category, 
the Leader Algorithm is applied and clusters are generated. 
The combinations of clusters which are having less Mean 
Squared Residue alone has been taken as the Initial 
BiClusters. It is encoded into binary form to make available 
for PSO. 

PSO algorithm is applied by taking Initial BiClusters as 
particles. As it is an iterative approach, each time, the 
personal best position is calculated based on the ACV. At the 
end of each iteration, Uniform Crossover from genetic 
algorithm is applied to get a better population for the next 
iteration. Accordingly, the global best positions are updated. 

  
// Transform the User Click Stream Access Data 

1.  

Where U = ‘n’ set of Users, 
 P = ‘m’ set of Pages 

 

// Initial Biclusters 
2.   

3.  

Let  

 

4. 

 

5.  

6.  

 

  

// Biclustering 
 Initial Particles = IBC 
 Initialize Velocity and Position, Personal Best pBest of 
each particle ‘p’ 

7. 

 

 

 C  
  

 

 
 Where  is the Global Best 

 

 

V. PERFORMANCE EVALUATION 

The performance of the proposed method PSO-LC is 
evaluated by implementing the algorithm on the benchmark 
clickstream dataset ‘MSNBC’. There are 989,818 users and 

17 web page categories. The pages are observed as URL 
categories rather than as the individual web page. Hence, the 
dimensionality of the data is reduced. The page category is 
counted and it is stored for a user in a session. The longer 
records with less frequent visit of each page category is 
discarded from the analysis. The proposed PSO-LC method is 
implemented using Python. To check the performance of the 
proposed method, it is compared with a conventional Coupled 
Two-Way Clustering method. The following table shows the 
comparison of those two methods in terms of ACV. It clearly 
shows that the proposed PSO-LC method outperforms well 
than CTWC. There is an excellence in the performance 
because the quality of input has been improvised using Leader 
algorithm. Also, the solution has been envisaged using 
Crossover operator. 

TABLE 1. Comparison of ACV 
 

No. of 
Iterations 

CTWC Proposed 
PSO-LC Method 

10 0.5291 0.5418 
25 0.6370 0.7049 
50 0.7644 0.8437 
75 0.8292 0.8950 
100 0.8316 0.8974 

 

Fig 1. Performance Comparison in terms of ACV 
 
The Table 2 shows the various evaluation metrics exclusively 
available for biclustering. It is apparently evident that the 
proposed method performs efficiently since there is high 
value for ACV and Relevance Index, minimal value for 
Variance, and other squared 
residue error measures. 
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TABLE 2. Evaluation measures for the proposed method 
 

Evaluation Metric Measure Value 
ACV 0.8437 
Variance 0.1639 
Mean Squared 
Residue 

0.1921 

Scaling Mean 
Squared Residue 

0.0483 

Relevance Index 0.9207 
 Table 3 shows the optimal web page categories for the given 
user click stream data. A subset of coherent users had 
improved and associated browsing notice for the identified 
subset of pages.  

TABLE 3. Optimal Web Page Categories 
 

Id Category 
2 News 
3 Tech 
4 Local 
11 Business 
12 Sports 

Hence, it will be now effective to provide more focus and 
target towards similar users. Thus the crucial association 
between users and web pages is efficiently achieved by means 
of the proposed method.  

VI. CONCLUSION 

Generating optimal biclusters is one of the significant 
research challenges in many domains such as recommender 
systems, gene expression analysis, etc., A hybrid method 
PSO-LC has been proposed by embedding Crossover 
operator in Particle Swarm Optimization. Moreover, the input 
data is improvised for quality by applying Leader Clustering 
algorithm rather than applying a conventional clustering 
method. The performance of the proposed method is 
evaluated in comparison with the traditional Coupled 
Two-way Clustering method in terms of ACV measure. The 
experimental study shows that the proposed method performs 
well. In future, any other meta heuristic will be embedded to 
check for the increase in efficiency. 
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