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Abstract— Users of the web have their own areas of interest. Given the tremendous growth of the web, 
it is very difficult to redirect the users to their page of interest. Web usage mining techniques can be 
applied to study the users navigational behaviours based on their previous visit data. These user 
navigational patterns can be extracted and used for web personalization or web site reorganization 
recommendations. Web usage mining techniques do not use the semantic knowledge of the web site for 
such navigational pattern discovery. But, if ontology is applied along with web usage techniques, it can 
improve the quality of the detected patterns. This research work aims to design a framework that 
integrates semantic knowledge with web usage mining process that generates the refined website ontology 
that recommends personalization of web. As the web pages are seen as ontology individuals, the user 
navigational behaviours over a certain period are considered as the user expected ontology refinement. 
The user profiles and the web site ontology are compared and the variation between the two is proposed 
as the new refined web site ontology. The web site ontology has been semi-automatically built and evolves 
through the adaptation procedure. The result of implementation of this recommendation system indicates 
that integrating semantic information and page access patterns yield more accurate recommendations.  
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I. INTRODUCTION 

World Wide Web is a large and dynamic information source, which is structurally complex and ever growing. 
Hence it is very difficult to fully exploit it. Semantic Web addresses this problem by giving information a well-
defined meaning, better enabling computers and people to work in co-operation [BHL01]. The primary 
challenge of a web personalization system is to learn the user interests and based on that knowledge to provide 
users with the information that they need, without expecting from them to ask for it explicitly [MMTM06; 
SHY04].  

In this paper, it has been explored, how it is possible to succinctly learn the user interests based on their 
navigational behaviour and to investigate the insights of this knowledge into web site customization. The 
present work addresses the adaptation of the web ontology, based on web usage data. A framework that employs 
web usage mining as well as web ontology methodologies has been presented. The proposed framework adapts 
the web in order to assist the users in their browsing tasks [LS06]. The web usage mining techniques are used to 
find the user navigational paths and at the same time the web site ontology are constructed using a tool and by 
consulting the web master.  

The user profiles and the web site ontology are compared and the variation between the two is proposed as 
the new refined web site ontology. The web site ontology has been semi-automatically built and evolves through 
the adaptation procedure. For empirical studies, a real website access data, collected from the usage of the 
website of a university, has been used.  

II. RELATED WORK 

The web users browsing pattern depends on their interests, knowledge and needs. It has been proven that 
factors, such as visual experience and site attractiveness, logicality of navigation organization, placement of 
objects, colour schema and page loading time [BE01; BC00; LE99] also affect web surfing. Hence, in order to 
have an enhanced understanding of the needs and interests of the web users, the semantic information has to be 
integrated with the web usage data. Moreover, these web users needs and interests changes over a period of time 
and hence there is need for ability to constantly adapt with the changing needs and interests by using the 
ontology information of the web site.  

The rapid expansion of the Internet has provided the possibility to explore users’ navigational patterns and 
interaction with web-based systems. This allows computing of recommendations for users, either by simple 
pages, or constructing new web site topologies for user groups [MT05]. Usage patterns discovered through web 
usage mining are effective in capturing page-to-page and user-to-user relationships and similarities at the level 
of user sessions. Without the benefit of deeper domain knowledge, such patterns provide little insight into the 
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underlying reasons for which such items or users are grouped together. This can lead to a number of important 
shortcomings in personalization systems based on web usage mining. 

The previous approaches, however, are incapable of capturing more complex relationships at a deeper 
semantic level based on different types of attributes associated with structured objects. Hence there is a need for 
creating a general framework for using domain ontology to automatically characterize usage profiles and to use 
this framework in the context of Web personalization by using the full semantic power of the underlying 
ontology. Nizar [NC09] proposes the integration of semantic information drawn from a web application’s 
domain knowledge into all phases of the web usage mining process (pre-processing, pattern discovery, and 
recommendation/prediction). The goal is to have an intelligent semantics-aware web usage mining framework. 
The Internet consists of web sites that employ different kinds of structures as the backbone of their build-up. 
However, users are browsing the web according to its content, regardless of the structure. In the research work 
by Tarmo [TA07], they discuss the possibilities of applying ontology in exploring the web sites’ structures and 
usage for producing viewing recommendations for the visitors.  

A special log system for capturing access data is introduced as well as techniques applied for data mining. In 
this work, the ontology of user profiles is constructed by exploiting the user locality model. To improve the 
discovered patterns' quality, [AVMD07], presents a technique with the help of metadata about the content that 
they imagine is stored in domain ontology. This technique includes a dedicated pattern space constructed on top 
of the ontology, navigation primitives, mining procedure and recommendation methods. Providing users with 
assistance in their web navigation can help keep them in a web site, or even attract more visitors. This has 
always been a popular subject, especially in the e-commerce domain. Several systems have been developed 
towards this direction. WebWatcher [TDT97] has suggested links that may interest a user, based on the online 
behaviour of other users. Each user is asked, upon entering the site, what kind of information he is seeking. 
Before he departs, he is asked whether he has found what he was looking for. His navigation paths are used to 
deduce suggestions for future visitors that seek the same content. These suggestions are visualized by 
highlighting existing hyperlinks. 

The Avanti project [FKN96] tries to predict the user’s final objective as well as his next step. A model for the 
user is built, based partly on information the user provides about him. His interests are also extracted from his 
navigation paths. Visitors are provided with direct links to pages that are probably the ones they are looking for. 
In addition, hyperlinks that lead to pages of potential interest to each visitor are highlighted. A drawback of both 
the WebWatcher and the Avanti system is that they require the active participation of the users in the adaptation 
process, by asking them to provide information about themselves. On the other hand, the Footprints [WM99] 
system relies entirely on the navigation paths of the users. The system does not perform user identification. All 
navigation paths are recorded and the most frequent ones are presented to the visitor, in the form of maps or 
trails. Html pages also display next to each link the percentage of people who have followed it. Nevertheless, as 
in the Web-Watcher and the Avanti systems, no adaptation of the site’s structure is performed.  

Perkowitz [PE00], have presented a conceptual framework for adaptive web sites. They have focused on the 
semi-automatic creation of index pages, based on discovering clusters of pages. They assume that if a large 
number of visitors frequently visit a set of pages, this provides strong evidence that these pages are related. They 
have developed two cluster mining algorithms, PageGather and IndexFinder. The first one relies on a statistical 
approach to discover candidate link sets, while the second is a conceptual cluster mining algorithm, as it finds 
link sets that are conceptually coherent. They have also performed experiments on three web sites by placing the 
automatically generated pages online and observing the user response.  

Bamshad [BRJ00], defined personalization as “any action that tailors the web experience to a particular 
user, or a set of users”. On the other hand, according to Perkowitz [PE00], transformation is “improving the 
site’s structure based on interactions with all visitors”. The advantage of this approach is that it does not require 
user identification, which cannot be safely performed from usage data, unless the user contributes in an explicit 
or implicit way [MM03]. Nevertheless, most users are reluctant to give away personal information. Coenen 
[CSVW00], distinguishes between tactical and strategic adaptations in their framework for self-adaptive web 
sites. They call tactical the adaptations that can be performed in real time, without the webmaster’s approval, 
since they do not affect the overall site structure. On the other hand, strategic adaptations are the ones that “go 
against or conflict with the original beliefs of the site, and consequently have an important influence on the 
original site-structure”. Coenen [CSVW00], suggest that such modifications should be performed offline, with 
the approval of the webmaster.  

The majority of the existing approaches in web adaptation lack in a crucial factor: they do not address the 
semantic aspect of the web. The ontological perspective is overlooked and the researchers’ attention is drawn 
mainly by the site topology. Even though the improvement of the site topology is unquestionably significant, it 
is not possible to disregard the fact that users browse a site mainly for its content. Consequently, the content 
classification structure should also be adaptive through the evolution of the site ontology. The innovative 
concepts of the Semantic Web and Web Usage Mining are most suitable regions for applying such adaptation 
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methodologies, targeting to the direct benefit of the end users. The proposed framework defines the adaptation 
process as absolutely transparent to the user, requiring no active participation from them. In addition, the 
adaptations of the framework perform web transformation, instead of focusing on personalization tasks. 

III. ARCHITECTURE OF THE INNOVATIVE APPROACH 

The figure 1 presents an architecture implementing the theoretical principles of the proposed framework. The 
input for this process is the web server logs and it does not require the user involvement. The web logs are pre-
processed and the web session database is created that consists of the user session records of the form, session id, 
list of web pages visited in their order. The session database is given as input to the web site ontology building 
tool protégé and the corresponding web site ontology is built. From the session database, the navigational paths 
that are frequently traversed by the various users of the web site are also constructed from the session database. 
The methodology for constructing the navigational paths from the user sessions are detailed in the section 
Navigational Path Construction and User Profiles Extraction. 

 
Fig. 1. Architecture for Refining Web Site Ontology 

The page and user sessions are ranked using the inverse time weighing algorithm, which is defined as below. 
Based on the ranking of the user sessions and the web pages, the navigational paths are ranked.  The resultant 
ranked navigational paths are used for user profiles extraction. The extracted user profiles are classified in 
relation to certain features of their pages. More specifically, two classification criteria have been used: Link 
Analysis and Content Classification. 

Rank for a Page     =     p * sum (Hits for a page in a day / Number of days from current date)                 (1) 
Where p takes the value between 0 and 1 and that is prefixed 
Rank for a User Session     =    p * sum (Hits by a user session in a day / 

                  Number of days from current date)                (2) 

Where p takes the value between 0 and 1 and that is prefixed 
Link Analysis refers to the connection that the pages of each user profile have according to the site structure. 

The key factor is whether the pages contained in a user profile are directly linked to each other or not. User 
profiles of unlinked pages might suggest the insertion of shortcut links between these pages, in order to achieve 
shorter navigational paths. From the user profiles of the linked pages changes in the appearance of existing links 
can be extracted. For example if an index page and some of its links comprise one or more user profiles, then by 
highlighting these links in the index page, first time visitors would be able to navigate the site easier.  

Jothi Venkateswaran C et al. / International Journal of Engineering and Technology (IJET)

ISSN : 0975-4024 Vol 7 No 1 Feb-Mar 2015 282



The second classification criterion refers to the content of the pages contained in each user profile. The pages 
of the user profiles are classified using Support Vector Machines, in order to discover new associations between 
the concepts of the site ontology. More particularly, if a user profile includes pages belonging to concepts that 
were not previously linked; the ontology should then be modified to reflect the relevance these concepts have, 
according to the preferences of the users.  

Based on the link analysis and content classification, a report containing proposals for the improvement of 
the web site is generated. This report contains proposals for the insertion of shortcut links from source pages to 
target pages that are frequently accessed together but are currently not linked. It also contains proposals for the 
change of appearance of popular hyperlink. Furthermore, the report contains proposals for the evolution of the 
web site ontology. After the proposed modifications have been revised by the webmaster, they can be applied to 
the web site. The site topology is then refined through the insertion of new shortcut links, as well as changes in 
the appearance of the existing ones. The web site ontology is also refined accordingly.  

IV. NAVIGATIONAL PATH CONSTRUCTION AND USER PROFILES EXTRACTION  

The user sessions are extracted one by one from the session database and they are processed as shown in the 
figure 2. The first step in this process is path sequencing for each user session. That is the pages accessed in a 
session are arranged sequentially to form a navigational path like structure. The next step is path minimization 
by removing the redundant pages. That is if the subsequent pages accessed in a user session are same, then count 
the page only once in the path sequence. If some of the user session paths just have single page accessed 
repeatedly or once, then remove such paths. Now it is required to calculate the sliding window size w for the 
selected web site. The sliding window size is same as that of the maximum menu depth of the web site. In the 
figure 2, it has been considered the sample sliding window size as 3, which is also found to be ideal sliding 
window size for any user preferred web site.  

Next the cleaned path sequence has been split so that each subset of the path has just the same number of 
pages as that of the sliding window size. From these extracted sub sequences of the user navigational paths, it is 
required to remove the cyclic paths, which are the paths that starts and ends with the same page. These are the 
final set of navigational paths for the selected user session. These paths are now ranked based on the ranking 
found in the web pages and user sessions. Finally, the ranked navigational paths are obtained, from which the 
user profile is extracted. The above process has to be repeated for all the user sessions in the database. These 
extracted user profiles are then compared with the existing web ontology and the required modifications are 
done and that will help the users to browse the web site effectively without any delay and confusion.  
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Fig. 2. Construction of Navigational Paths and User Profiles Extraction 

V. RESULTS AND DISCUSSION 

The proposed methodology has been automated using C# .NET and applied to the web logs of a university 
web site and the results have been observed. The ontology of the web site has been built by giving the user 
sessions as input to the Protégé tool and the pictorial representation of the same is given in the figure 3. The 
existing web site topology is represented pictorially in the figure 4. The topology of the web site has been 
refined through the insertion of the shortcut links between the pages that were not previously linked together. In 
addition the web site ontology has been modified in several ways based on the outcomes retrieved from the 
classified page sets.  

The target pages have been found to be frequently visited after the source page. However the source page is 
not linked to the target pages, thus forcing the user to follow alternative paths in order to reach them. For 
instance ‘Academic Calendar’ Page is accessed frequently after accessing the ‘Time Table’ page under 
Examinations. With the existing web site topology this browsing took a longer path than that is proposed in the 
new topology. The web site ontology was modified in several ways, based on the outcomes retrieved from the 
classified pages. Based on these adaptations, the content organization of the site was altered to better satisfy the 
needs of its visitors. New associations have been discovered between concepts. These associations reflect the 
interests of the users as pages belonging to these concepts were frequently accessed together. 
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Fig. 3. Sample Web Site Ontology Before Applying the Method 

The initial topology was based on the features existing in the web site irrespective of the user who will access 
the same. But in the revised topology the focus is on the user that is the staffs or the students. All the web pages 
related to students are grouped under ‘Students’ and all the web pages that will be accessed by the staff are 
grouped under ‘Staff’ as separate sections. Other general web pages are grouped under ‘Home’. The pages under 
‘Departments’ in the original topology are broken down as links under ‘Staff’ and ‘Students’ as per the frequent 
navigational paths discovered. Other pages under ‘Academics’, ‘Admissions’, ‘Faculty’, ‘Placement’ and 
‘Research’ are taken under the broader grouping of ‘Staff’ and ‘Students’. 
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Fig. 4. Sample Web Site Topology Before Applying the Method 
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Thus reorganization of the concepts hierarchy was also performed. Further improvements included the 
creation of new categories such as ‘Educational Buildings’ and ‘Campus Amenities’ under ‘Infrastructure’, the 
removal of existing categories such as ‘UG Courses’ and ‘PG Courses’ under ‘Academics’ as well as changes to 
the levels of hierarchy that the concept belongs to such as ‘News’ and ‘Events’ under ‘Home’. The high 
frequency with which this concept appeared in the page sets implies the significance that it has in the interests of 
the users. It would be thus appropriate to transfer this concept to the top level of the ontology. 

 
Fig. 5. Sample Web Site Ontology After Applying the Method 
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Fig. 6. Sample Web Site Topology After Applying the Method 
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The ontology of the site was extended to include multiple instances of concepts such as ‘Academic Calendar’ 
under ‘Students’ and ‘Staff’ or multiple sub-concepts such as ‘Funded Projects’ and ‘Consultancy Projects’ 
under ‘Research’. The categorization of the web pages that was carried out, suggested that several pages belong 
to more than one concept. Moreover, in some cases, web pages and the corresponding concepts were 
categorized under different concepts than they previously were in the existing ontology. The site ontology 
should be therefore updated in order to reflect these facts. The resulting ontology and its corresponding topology 
have been shown in the figure 5 and figure 6. Thus this proposed approach proves to be effective in providing 
web site modification recommendations that matches the user’s preferences when domain ontology semantics is 
integrated with ranking of user navigational paths. 

VI. SUMMARY 

In this paper a web usage driven approach on the adaptation of the Semantic Web has been investigated. A 
framework has been introduced that enables adaptation of the web ontology to the needs and interests of web 
users. In addition, an architecture based on the principles of the framework has been presented. The proposed 
methodology uses the web logs of the users along with the semantic aspect of the web, in order to facilitate 
better web browsing. A University web site has been taken as the case study to analyse the impact of the 
proposed framework on the usability of the web. The ontology of the site has been refined in several ways. 
Apart from changes in specific web pages, enhancements of the whole formation of the site have been derived. 
Furthermore, useful knowledge has been acquired, regarding the overall usage of the site. The web pages that 
mostly interest the users were identified, leading to further improvements in their usability. Moreover, the 
regions of the web site that need more promotion have been revealed.  
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