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       Abstract

The complexity of an incredibly huge, dynamic, unpredictable, and heterogeneous environment as 

the WWW continues to grow rapidly. This paper focuses on the design of a clustering search agent  

which can help users to  collects web pages from search engines such as Yahoo and Google,   then 

analyses their content and clustering it. The proposed search agent is composed of four main 

components: the pages retrieval module, analysis module, dimensionality reduction module and the 

clustering module.  
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 Introduction  

The WWW has become a vast resource of information. The problem is that finding information of 

interest is often quite difficult, due to the complexity in information organization and the quantity of 

information stored. The structure of the WWW is represented usually as a directed graph referred to 

as the Web graph. In this graph nodes represent static pages on the web, and arcs represent 

hyperlinks between these pages. According to Google, current Web graph contains more than 3 

billion nodes and, every day; about 7.3 millions pages are added to it while many others are modified 

or removed, every day, more sites get created. That means these data will change fairly rapidly over 

short periods of time. It has become immensely important to cluster the web pages to assist search 

operations [1],[2]. 

Client-based search spiders (agents) 

Research in spiders began in the early 1990’s, in recent years, many client-side web spiders have 

been developed Agents have become a solution to assist users in their search tasks since they can 

retrieve, filter and organize information on behalf of their users. Broadly defined, an ‘agent’ is a 

program that can operate autonomously and accomplish unique tasks without direct human 

supervision (similar to human counterparts, such as real estate agents, travel agents, etc…). The 

basic idea of agent research is to develop software systems which engage with and assist all types of 

end users (clients). Such agents might act as ‘spiders’ on the Internet and look for relevant 

information, analyze meeting output on behalf of executives, or filter newsgroup articles based on 

induced or learned users’ profiles (e.g. [3],[4],[5],[6],[7],[8]). 

 

A brief overview of Document Clustering  

Document clustering is widely applicable in areas such as search engines, web mining, information 

retrieval, and topological analysis. It consists of three dependent steps: preprocessing steps, 
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Figure 1. The architecture of Search Agent 

 

document representation and clustering algorithm. Document clustering algorithms perform several 

preprocessing steps including stop words removal and stemming on the documents collection. 

Document representation can be performed by several ways. One of the most used document 

representations is the vector space of weighted terms.  

The classic approach attempts to adopt the well-known clustering algorithms, originally designed for 

numerical data, such as Hierarchical Agglomerative Clustering (HAC) or K-means, to the data of 

textual type. The algorithms require that for every two objects in the input collection a similarity 

measure be defined. The measure, which is usually calculated as a single numerical value, represents 

the "distance" between these objects. Objects that are "close" to each other in this sense will be 

placed in the same cluster. Thus, to use the classic algorithms for the new type of data, the measure 

of similarity between two texts must be defined. Many different approaches to this problem have 

been proposed [9] and [10]. 

 

Proposed Search Agent  

The search agent is composed of four main components: the pages retrieval module, analysis     

module, dimensionality reduction module and the clustering module.  

The architecture of the agent is shown in the figure (1)  below.  

Retrieval module  

The functionality of the pages retrieval 

module is to explore and collect web pages 

from search engines. This module periodically 

runs as a background process. It collects web 

pages from search engines such as Yahoo and 

Google, then analyses their content [11]. 

Analysis module 

The analysis module has three main 

processes. First, parse html pages’ contents  

by specifying the web page’s body and then 

remove all inline script tags, all undefined 

characters, all html spaces, outline spaces, 

stop words or non-informative because  they 

will be given more weights. 

Second, stemming algorithm is a process for 

removing the commons morphological, in 

flexional ending from words. This process is 

performed to reduce the words by stemming 

the plural noun to its single form and inflexed 

verb to its original form or root from.        

Dimensionality Reduction Module 

The output from the analysis phase is a table (array/ matrix) whose number of rows equals to the 

number of terms and whose number of columns equals the number of pages. The number of terms is 

in the order of hundreds. Since the terms correspond to features in a clustering problem, it is 

desirable to reduce the dimensionality of the feature space. A well-known technique to achieve this 

goal is the Principal Component Analysis (PCA) [12]. 
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Figure 2. Initial membership values 

 

 
 

Figure 3. Final membership values 

 

 

 
 

Clustering module 

Clustering is a division of data into groups of similar objects. Each group is called a cluster and 

consists of objects that are similar between themselves and dissimilar to objects of other groups [13]. 

The idea of clustering originates from statistics applied to numerical data. 

Results and discussion 

In this section, an application of the clustering Internet agent is illustrated. This application involves 

the following steps: 

1. Using the search agent to search the Web using as input the words “Intelligent” & “Agents” as 

keywords. The information obtained from the Yahoo search engines is preprocessed and a sample 

data consisting of 16 Web pages is organized into a table of 16 (rows)  vs. 682 terms (columns) here 

is part of the table: 

 

Table 1:  Web pages (rows) versus terms (columns) 

 2-Dimensionality reduction: the Principal Component Analysis (PCA) is performed using   

 Turk   and Pentland algorithm [14]. The Tabular data is projected on the subspace spanned by  

 all  nonzero eigenvectors. The dimensionality of the data is reduced to16 (web page)*15 

 (combined features) (N=16, n=15). 

 3-Application of Bezdek Fuzzy-Clustering algorithm[15]: The algorithm is used iteratively  

 to  form a tree of binary classifiers for the obtained web pages. Here, the tree is of depth 2. 

 First Iteration: The initial membership values are random numbers in [0, 1] and are  

 illustrated  in figure 2. The final membership values are shown in figure 3 with a fuzzy partition 

 coefficient    =    0.6014 
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Initial Random Membership Values: 

 

In figure 2: x-axis corresponds to web page number and y-axis corresponds to the membership value. 

The final membership values are shown in figure 3. 

Therefore, using a membership threshold value 0.5, the clustering tree at level 1 is as shown in  

figure (4). 
 

 
 

Figure 4. Clustering tree at level 1 

 

Second Iteration: Bezdek algorithm is applied separately to the sets C1={1,2,3,4,5,6,8,11,12,15,16} 

(of size 11*15) and C2 = {7,9,10,13,14} (of size 5*15) to further subdivide each of them into k=2 

clusters.  

The initial and final membership values when the algorithm is applied to the set C1 are shown in 

figures (5,6) with the final fuzzy partition coefficient  =  0.5520 

Using a membership threshold of not less than 0.53,  the set C1 ={1,2,3,4,5,6,8,11,12,15,16} is 

subdivided into 3 groups C11={1,2,3,4,5,6,8}, C12={11,16} C13={12,15}. 

                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Similarly, the initial and final membership values when the algorithm is applied to the set C2 are 

shown in figures (7,8) with the a final fuzzy partition coefficient    == 0.6064. 

 

 

 

 

 

 

 

Figure 5. Initial membership values for 

set C1 
 

 

Figure 6. Final membership values for set C1 
rom the document or the summary of an interesting 

point. You can position the text box anywhere in the 

document. Use the Text Box Tools tab to change the 

formatting of the pull quote text box.] 
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Using a membership threshold of not less than 0.53,  the set  C2 = {7,9,10,13,14} is subdivided  

into C21={7,9,13,14}and  C22={10}. The final classification tree shown in figure (9) below: 

 

 

 
 

Figure 9. Final classification tree 

 

 

     So from figure (9) we can conclude that we can divide the 16 pages into 5 groups, pages in each  

     group are related to each other. 
 

     Conclusion 

    In this paper, we proposed an Agent-based Architecture that can assist the users in surfing the 

    WWW by using keywords entered by the users. The web pages returned by a search engine are 

    clustered into a hierarchy binary tree, and before the clustering step the Principal Component 

    Analysis (PCA) is used to reduce the dimensionality of the feature space. 

 

     

 
 

 

 

Figure 7. Initial membership values for 

set C2 

 

Figure 8. Final membership values for set C2 
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