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Abstract 
 

Since its introduction, the Web continues to grow 

in content and user number. Despite improvements 

in the technology of search engines on the web, 

millions of users fail to meet their information needs. 

The use of query expansion based on thesaurus 

seems a reasonable solution.  

This article presents a method for automatic 

thesaurus building. It relies on the analysis of 

hyperlinked web pages and not on their contents. 

This method can extract the new terms and 

relationships between terms as the site progresses.  

The thesaurus built, is used as a tool for query 

automatic expansion during the interrogation 

process of information retrieval (IR) on the web. The 

development of a meta-search engine provides the 

interaction between the thesaurus, the user and the 

Google search engine.  

In addition of the representation in the form of a 

relational database of the built thesaurus, the 

RDF/XML format is used in a perspective to share 

and reuse its data. 

Key words: Thesaurus, query expansion, 

information retrieval, web mining, RDF/XML. 

 

1. Introduction 
 

The amount of information on the Web is 

increasing dramatically. The Netcraft survey for May 

2007 identifies 118,023,263 sites, an increase of 4.4 

million sites by the month of April 2007.  

This makes the process of locating information on 

the web by the user, a difficult task.  

Note that the most common way to find 

information on the web is using a search engine. The 

user forms the words of the request to express his 

information need and the search engine returns the 

documents deemed relevant.  

But often, queries do not express the user need. 

Moreover, short queries are commonly used, the 

average length of a query terms is about 1.66 [1].  

To overcome the problems cited above, we can 

use the technique of query expansion. It consists to 

reformulate the query by changing its keywords in 

order to obtain a better correspondence with the 

relevant documents.  

Another problem is the mismatch of words, 

indeed, the author of a web page, and readers do not 

use the same vocabulary. To this, we must add the 

heterogeneity characteristic of web pages.  

One solution is to model the target domain of 

searching. Using a thesaurus can store the 

knowledge of a given area. 

Our approach, thesaurus based query expansion, 

is the combination of both pre cited solutions. It 

permits users to meet their needs in order to retrieve 

information on the web.  

The automatic thesaurus building use web page 

hyperlinks that constitute a discriminative feature 

between a web page and a classic document. 

Once the thesaurus built, its use is covered by two 

viewpoints. The first, as a tool for query expansion 

in IR. The second concern its browsing and 

displaying. 

To ensure interaction between users, our 

thesaurus and search engines (we consider Google, 

in a first time) we develop a meta-search engine that 

provides a user interface (UI) which plays the role of 



an entry point for the construction of the thesaurus 

and its use in query expansion during the 

interrogation process. 

Note that in implementation stage of the proposed 

solution; we use the Eclipse RCP platform (Ritch 

Client Platform) version 3.3.2 for development in 

Java client applications. 

The rest of this article is organized as follows: 

Section 2 is used to define the concepts that should 

be prerequisite for understanding the concepts 

discussed throughout this article.  

Section 3 focuses on existing works concerning 

methods for web thesaurus automatic construction.  

Section 4 describes the proposed approach to 

automatically build a thesaurus for web information 

retrieval.  

Finally, we conclude with Section 5, including 

perspectives of our work. 

 

2. Preliminaries 
 

This section is used to define thesaurus concept, 

the subject of our article, and the concept of web 

mining including link analysis techniques witch is 

used as a method of the proposed thesaurus building.    

 

2.1. Thesaurus 
 

ANSI/NISO norm of monolingual thesauri 

defines a thesaurus as a “controlled vocabulary 

arranged in a known order and structured so that the 

relations of equivalence, homo-graphic, hierarchical 

and associative between terms are clearly displayed 

and identified by Standardized relational indicators... 

The main objectives of a thesaurus designed to 

facilitate document retrieval and to achieve 

consistency in the indexing of written or otherwise 

recorded documents and other items.”  

 

2.2. Web mining 
 

2.2.1. Definition Zdravko and Daniel define web 

mining as follows: "For web mining, we refer to the 

application of data mining methodologies, 

techniques, and models to the variety of data forms, 

structures, and usage patterns that comprise the 

World Wide Web "[2]. 

 

2.2.2. Taxonomy of web mining. In general, Web 

mining can be divided into three separate categories 

depending on the type of data to explore. Figure 1. 

illustrates such a taxonomy [3]. 

• Web Content Mining: aims to extract 

information relating to the website page 

contents.  

• Web Structure Mining: consists to analyze how 

the pages are written. 

• Web Usage Mining: also known as Web log 

mining, is used to analyze the behavior of 

website users.  

 

 
 

Figure 1. Taxonomy of web mining 
 

3. Related works 
 

The building of the web thesaurus is influenced 

by the links and the query logs that are proper 

characteristics of web pages compared to the pure 

text. 

 

3.1. Thesaurus automatic building and 

hyperlinks 
 

This section presents a work based on hyperlinks 

to build a thesaurus.  

Chen et al. [4] propose a method to construct a 

thesaurus from the hyperlink structure on the web. 

The process taken by this approach relies on the 

following three steps: 

� Selecting a set of high quality websites.  

� Building of website content structure.  

� Merging of website content structures. 

The experiments were conducted on the system 

OKAPI. The results for the query expansion show, 

essentially, that the query expansion based on 

offspring (children) relationships improves system 

performance.  

 

3.2. Thesaurus automatic construction 

from logs  
 

The objective of Chuang et al. [5] was to 

construct a live thesaurus from the logs of search 
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terms. Based on this thesaurus, the search is trying to 

build a frontal search engine with the ability to 

suggest words automatically, and the completion of 

meta-searches (Figure 2.).  

The proposed approach is an integration between 

human effort and automatic one. It occurs in three 

stages: 

� Search term log Analysis and core term 

extraction.  

� New term classification.  

� Similar term Clustering. 

 
Figure 2. Block diagram of the web search 

with the live thesaurus 
 

4. Thesaurus construction and use  
 

This section is devoted to the presentation of our 

approach for the construction of a local thesaurus, 

which will be used for query expansion in web IR. 

The main axes of our approach are inspired from the 

work outlined in [4]. However, critics and additions 

are contributions estimated necessary to achieve our 

objective. 

 

4.1. The proposed architecture 
 

The idea is to insert a meta-engine between the 

user and search engines. (Figure 3.) Illustrates the 

functionality of our meta-engine for thesaurus 

construction and use.  

The user specifies a field of research, such as “e-

learning” in the form of a query to be forwarded to 

search engines through the Query Manager. The 

results returned by search engines are treated by the 

Reply Manager, whose main role is to establish a 

local tri to the returned websites. The sorted websites 

are entrusted to the Thesaurus Manager in order to 

translate them into a thesaurus by organizing the 

content structure concepts inherent to websites.   

 

 
 

Figure 3. Meta-engine General architecture  
 

4.2. Establishment of a local sort to the 

collected websites 
 

The Reply Manager receives a list of authority 

websites which are deemed relevant by pagerank 

mechanism. But the pagerank is independent of the 

query.  

Note that we attach great importance to this stage 

of high quality websites selection because we believe 

that the quality of the thesaurus is closely related to 

the quality of the start websites.  

We used a local sorting algorithm, the HITS 

(Hyperlink Induced Topic Search) algorithm [6]. 

The principle of this algorithm is to construct a sub 

graph of the web called neighborhood graph and 

order the web pages of this graph by assigning a 

score to each.  

During the experiments, the root of departure 

consists of top 200 URLs proposed by Google. The 

size of the neighborhood graph has reached 3569 

nodes (URLs). For a threshold of 10
-3

 hub and 

authority scores, 29 websites are elected to form a 

corpus from which the thesaurus is constructed. 

 

4.3. Content structure construction 
 

The purpose of this step is to extract concepts and 

relationships linking them from the collection.  

Recognize that the designer of a website design 

his website information structure in his mind. Then 

he proceeds to the compilation of this information 

structure to generate a set of web pages (written in 

HTML) inter-linked, with editing tools. 

The idea is to proceed to a reverse engineering 

witch consists to take the start point as website and 

Search Engine 
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Meta- engine 
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determine, finally, the designer intentions as a 

content structure.  

To achieve this goal, the steps undertaken are: 

 

4.3.1. Website link analysis. The link analysis of a 

website is produced by the Spider module included in 

the Reply Manager. The Spider is built using the 

technique of recursive programming. To perform its 

task, the Spider: 

• Translates the relative links into absolute 

links.  

• Removes the URL query strings.  

• Makes a comparison of the resources likely to 

be identical. 

 

4.3.2. Link structure construction. Hyperlinks in 

an HTML page create a directed graph. The nodes of 

this graph represent the pages and the arcs represent 

the links between pages.  

We chose to use the BFS (Breadth First Search) 

algorithm strategy to browse web page links. 
 

4.3.3. Content structure construction. The idea is 

to replace web pages (nodes) of the link structure 

with concepts that can convey the generic meaning 

of web pages and ensuring the passage from 

hyperlinks of link structure to semantic relations 

between concepts.  

To do so, the following steps are followed: 

• Summary of a webpage to a concept: the text 

link provides descriptions more accurate than 

the web pages themselves [7]. Based on this 

finding, we opted to use text links as a summary 

of destination web pages.  

• Removing Navigation links: we will need only 

semantic links, so, we have to eliminate 

navigation links. Indeed the navigation links are 

the links upward which the destination page is 

in a parent directory.  

• Discover the semantic relationships between 

concepts: we used the FOM analysis (Function-

based Object Model) [8] which focus on the 

discovery of index web pages and content web 

pages. 

 

4.4.  Thesaurus generation   
 

Enlightened by the traditional method of 

thesaurus construction, a similar algorithm can be 

applied to website content structures.  

The process of thesaurus automatic generation is 

described by the following: 

 

4.4.1. Anchor text pre-processing. Natural 

language processing (NLP) techniques are applied to 

the nodes of content structures, namely, 

segmentation, stop word filtering and stemming. We 

applied the lemmatization algorithm of Mr. Porter. 

As a result of this pre-processing, each anchor text 

related to a node is formalized as follows: 

tli =[ti1, ti2, …, tim]. Where tli is the i
th

 anchor in the 

content structure and the tij (j=1, …, m) is the jth  

term for tli. 

 

4.4.2. Concept organization. Regarding the types of 

relationships to be extracted, we have only 

considered hierarchical ones, because in our context, 

where the thesaurus will be used for query 

expansion, association relationships do not provide 

added value to precision factor [4].  

For the offspring relationship, the sliding window 

is given by the following formula: 

STi = (ni, child1(ni), …, childd(ni)). 

Where STi is the sub tree to calculate offspring 

relationship, childd represents the child node of level 

d in the content structure. 
 

• Mutual information calculation  
The mutual information (MI) is widely used to 

measure the rate of association between the terms of 

a corpus. MI of two points (words) ti and tj is defined 

as follows [9]: 

)(*)(
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log*),(),(
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ji

jiji
tPtP

ttP
ttPttMI =  

Where ),( ji ttP  represents the probability that 

the terms ti and tj appear together in a sub tree. 

),( ji ttP  is defined as follows: 

∑∑
=

k l

lk

ji

ji
ttC

ttC
ttP

),(

),(
),( , ),( ji ttC  is the count 

of times that the terms ti and tj appear together in a 

sub tree. P(t) represents the probability that term t 

appears in a sub tree, which is defined by the 

following formula:

∑
=
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)(

)(
)( , C(t) is the 

count of times that the term t appears in a sub tree. 

 

 



• Entropy calculation  
Entropy is used to measure the term pair 

distribution in different sub trees. It is defined as 

follows [7]: 

( )∑
=

−=
N

k

jikjikji ttPttPttentropy
1

),(log*),(),(

 

Where N is the total number of sub trees, 

),( jik ttP  represents the probability that ti and tj co-

occur in a sub tree. It is given by the following 

formula: 

∑
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 Where  )/,( kji STttC  count the number of 

times that ti and tj co-occur in a sub tree STk. 

 

• Similarity calculation. 

A combination of the above measures [4] 

generates a similarity measure for a term pair: 

)log(*
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Once the similarity is calculated for each pair of 

terms, that exceed a certain threshold is selected as a 

candidate for the thesaurus construction for offspring 

(child) relationship.  

In the experiments, 277,268 pairs of terms are 

considered. For a 0.002 similarity threshold, 3330 

pairs of terms are used to build the thesaurus. 

 

• Thesaurus representation 
To be managed, we chose the relational model to 

represent our thesaurus whose entity-association 

model is given as follows (Figure 4). 

 
 

Figure 4.  : Thesaurus entity-association 
model  

 

To ensure the sharing and reuse of data in our 

thesaurus, we have assured its export to RDF/XML 

format. 

  

4.5. Thesaurus using 
 

Using our thesaurus is treated from two different 

viewpoints. The first is to use the thesaurus as a 

query expansion tool, while the second is concerned 

with its browsing and displaying. 

 

4.5.1 Thesaurus using for query expansion. The 

entry point of our application is the specification of a 

query via the UI which is a do-do type. We chose the 

text formula which is probably the common entry 

point (Most search engines like Google and 

AltaVista invite the user to enter a query).  

We chose the presentation of results as a list that 

is the simplest and most common. This form is also 

named single dimension format. This presentation, 

often textual, is used by all search engines.  

As illustration, Table 8. shows examples of query 

expansion proposed by our thesaurus. 

 

Tableau 1. Query expansion examples 
 

Initial query Expanded query  

Computer-based 

training 

Computer-based training 

collabor develop map privacy 

confer site online 

Learning 

management system 

Learning management system 

circuit confer evalu 

elearnspac start blog email 

 

Knowing that lemmatization can improve the 

recall, but at the cost of precision, we decided that 

the terms of the initial query keep their forms in the 

expanded query. 

 

4.5.2. Thesaurus browsing and displaying. The 

Thesaurus browsing and displaying are provided by 

the open source Thmanager. Our system proceeds to 

the exportation of the built thesaurus in RDF/XML 

format to Thmanager which in turn allows the 

display of the thesaurus using the Thesaurus Viewer 

module (Figure 5). 
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Term 

Relation 

 

type_relation 
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Figure 5. Thesaurus viewing interface  
 

5. Conclusion 
 

Web IR presents many challenges compared to 

traditional IR. Among these challenges, the dramatic 

growth of web content and Internet users, the 

dynamic web, duplication of content, etc...  

Moreover, the problems of word mismatch 

between the author and readers of web pages as well 

as the characteristic of non expressive queries, 

seriously, involved in the divergence between the 

relevance calculated by the IR systems and that the 

user gives to documents.  

To improve the quality of IR engines on the web, 

in this work we have planned to minimize the 

distance between the system relevant and the user 

one.  

The strategy is to expand queries based on 

dedicated thesaurus. It is applied to e-learning in 

web IR.  

Through this work, 

• To automatically build the thesaurus, we have 

used the hyperlink web page aspect.  

• We have built a meta-search engine to ensure 

interaction between the user, our thesaurus and 

search engines.  

• We have used the thesaurus built as a tool for 

automatic query expansion during the 

interrogation process of web IR.  

• We have assured the export of data from our 

thesaurus by using the RDF/XML format. This 

makes them at once shared and reused. 

As perspectives for this work,  

• We plan to conduct experimental evaluations of 

all phases of thesaurus construction. This allows 

us to measure the quality of the built thesaurus.  

• Note that the approach is based on link analysis, 

so it may be applied to the query log files where 

is stored user surfing in order to build custom 

thesaurus.  

• As the site is multilingual, we propose to extend 

the thesaurus to be a dedicated multilingual 

thesaurus.  

• Our meta-engine currently uses only the results 

of Google. Other search engines are available 

such as Yahoo, MSN, Askjeeves, Altavista etc.. 

They can be added to the meta-engine in a view 

to increasing the web coverage.  

• The transition from our thesaurus to an ontology 

can open doors on the semantic web.   
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