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Abstract
Websites tend to be massive, diverse and unstructured source 
of data which can deliver a large amount of information. In the 
highly competitive web world, the success of the web service 
provider is highly dependent on the different perspectives 
of the knowledge seeker and his usage pattern. Web users 
provide a wealth of data in their usage patterns which can be 
captured passively in the web logs. These patterns can be used 
to discover rules which can be used to optimize the structure 
of the website, leading to better customer satisfaction. In this 
paper we propose rules to discover optimized web structure 
based on the user browsing patterns and finding associations 
among web links which are not obvious by using data mining 
techniques. 
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I. Introduction
With bandwidth available in both wired and wireless mode 
and the proliferation of intelligent hand held devices, web 
has become a potential place for business opportunities 
and business intelligence. Web servers produce a very large 
amount of logs that can be potentially used to understand 
the customers who visit the web site. This knowledge can be 
used to personalize the web service based on individual user 
or cluster of users which ultimately lead to better quality of 
service to the customer [1].  
Web mining is an emerging area of research for discovering 
useful and interesting patterns from the data associated with 
the usage, content and structure of the web [2]. It finds direct 
applications in web analytics, e commerce and recommender 
systems. Web structure mining is used to identify the relationship 
between the web pages linked by information and this is based 
on the web structure schema of the web pages. Sturcture mining 
allows search engine to identify and retrieve a search query 
directly to the linking web page from the web site the content 
is located [3]. Structure mining is extensively used to extract 
previously unknown relationships between web pages. Based 
on the pattern of usage mined the navigation of web pages can 
be adapted to provide better user experience [4].  
Web content mining is the scanning and mining of text, pictures 
from web pages to determine the relevance of the content to 
the search query [5]. Web content mining is related but different 
from data mining and text mining. It is related to data mining 
because many data mining techniques can be applied in Web 
content mining. It is related to text mining because much of 
the web contents are texts. However, it is also quite different 
from data mining because Web data are mainly semi-structured 
and/or unstructured, while data mining deals primarily with 
structured data. Web content mining is also different from text 
mining because of the semi-structure nature of the Web, while 
text mining focuses on unstructured texts. Web content mining 
thus requires creative applications of data mining and/or text 
mining techniques and also its own unique approaches.

Web Usage Mining analyses the usage patterns of web sites in 
order to get an improved understanding of the users’ interests 
and requirements [6]. This information is especially valuabale 
for E-Business sites in order to achieve improved customer 
satisfaction. Usage mining allows companies to produce 
productive information pertaining to the future of their business 
function ability. Some of this information can be derived from 
the collective information of lifetime user value, product cross 
marketing strategies and promotional campaign effectiveness. 
The usage data that is gathered provides the companies with 
the ability to produce results more effective to their businesses 
and increasing of sales. Usage data can also be useful for 
developing marketing skills that will out-sell the competitors 
and promote the company’s services or product on a higher 
level. Usage mining is valuable not only to businesses using 
online marketing, but also to e-businesses whose business is 
based solely on the traffic provided through search engines. 
The use of this type of web mining helps to gather the important 
information from customers visiting the site. This enables an 
in-depth log to complete analysis of a company’s productivity 
flow. E-businesses depend on this information to direct the 
company to the most effective Web server for promotion of 
their product or service. This web mining also enables Web 
based businesses to provide the best access routes to services 
or other advertisements. When a company advertises for 
services provided by other companies, the usage mining data 
allows for the most effective access paths to these portals. In 
addition, there are typically three main uses for mining in this 
fashion.  The first is usage processing, used to complete pattern 
discovery. This first use is also the most difficult because only 
bits of information like IP addresses, user information, and site 
clicks are available. With this minimal amount of information 
available, it is harder to track the user through a site, being that 
it does not follow the user throughout the pages of the site.
With increased transaction security business transactions can 
be carried out over the web with convenience. Today many 
web sites focus on the business to customer for providing 
services at a lower cost of ownership.  The ease and speed 
with which business transactions can be carried out over 
the Web have been a key driving force in the rapid growth of 
electronic commerce. Since an online transaction can involve 
million dollars of low cost volume based services which attracts 
thousands of users from different background, personalization 
becomes a key driving factor for the success of the website. Web 
personalization is the process of enabling the web experience of 
a user personalized to the user’s taste. The experience can be 
something as trivial as selling of telephone cards or as complex 
as stock trading. The actions can range from providing a visually 
pleasing website to as complex as anticipating the needs of the 
user and adapting the website as per his needs [7].
The overall user experience has been measured manually 
as well as using automated tools with the ultimate goal of 
identifying previously unknown user requirements to improve 
the quality of experience. A key factor involved in the quality 
of experience is also the cognitive behavior of the user which 
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can change over a period of single day. Disorientation, or the 
tendency to lose one’s sense of location in a Web site, can 
cause users to become frustrated, lose interest, and ultimately 
a negative opinion of the web site. User experience focus on 
how to create outstanding quality experiences rather than 
merely preventing usability problems [8]. The concepts of user 
experience and quality of experience were originally studied to 
provide better graphical user interface in client server software 
but recently more emphasis has been placed on web based 
solutions. Understanding user opinion remains important, and 
a combination of objective and subjective variables should 
better reflect the discovery of solutions to improve quality of 
experience [9].

II. Methodology
In this work it is proposed to investigate web logs using an 
association rule based approach and propose a usage-based 
web personalization to improve the quality of experience.  
Association rule mining [10] is used to find frequent patterns 
in sequences of data for a specified support and confidence. 
From a user experience perspective it allows designers to infer 
useful information on how a user interacts with the website 
and identify browsing criterion for any large website. 
Weblogs consists the requests of pages made by an user in 
each session and can be viewed in the form of transactions. 
Association rule discovery can be used to discover rules such 
as what is the percentage of users clicking a link l1 will also 
visit link l2. Based on the rules discovered it is possible to 
identify an ideal way as how the links are to be organized in a 
website which ultimately leads to better quality of experience. 
For discovering rules using association rule mining the inputs 
required based on the domain consists of the collection of 
transactions and two parameters , the required support 
and , the desired confidence. The next step is to identify 
the frequently occurring itemsets and using the support and 
confidence the associations between the itemsets can be 
identified [11].

III. Results
In this paper we propose an selection criteria of the discovered 
rules and to validate our hypotheses we use the DePaul CTI 
Web server dataset available online. The original data contains 
random sample of users visiting this site for a 2  week period 
during April of 2002. The original data contained a total of 
20950 sessions from 5446 users. Of the 20950 session, 
sessions starting with /admissions were first selected and all 
links which are in the next level of /admissions were selected 
using the following rules.

A link under the root node is selected if the total number • 
of traversals through it for sessions in a given time frame 
is greater than 1%.
A session is selected if the number of links traversed • 
through the leaves of the root node is greater than three

Using the above two rules 13 links with 260 sessions were 
selected for our study. The distribution of the links is shown 
as histogram in fig. 1.

Fig. 1: Number of observations.

Frequent pattern growth mining algorithm is used to discover 
frequent item sets without any candidate generation. This is 
achieved through generation of FP tree and traversing through 
the tree for frequent itemset. Advantages include Preservation 
of complete information for frequent pattern mining and the 
algorithm never breaks a long pattern of any transaction. The 
size of the FP-tree is  bounded by the overall occurrences of 
the frequent items in the given data and the depth of the tree 
is bounded by the maximal number of frequent transactions 
in an item. 
Using a minimum support of 0.2 and minimum confidence of 
0.7, some of the rules generated are 

1. [/admissions/career.asp=f]: ==> [/admissions/=t]:   
<conf:(1)> lift:(1) 

2.     [/admissions/requirements.asp=f]: ==> [/admissions/=t]:  
<conf:(1)> lift:(1) 

3. [/admissions/costs.asp=t]: ==> [/admissions/=t]: 
<conf:(1)> lift:(1) 

4. [/admissions/general.asp=t]: ==> [/admissions/=t]:  
<conf:(1)> lift:(1) 

5. [/admissions/mailrequest.asp=t]: ==> [/admissions/=t]:  
<conf:(1)> lift:(1) 

6. [/admissions/international.asp=t]: ==> [/admissions/=t]: 
<conf:(1)> lift:(1) 

7. [/admissions/statuscheck.asp=t]: ==> [/admissions/=t]:  
<conf:(1)> lift:(1) 

8. [/admissions/default.asp=t]: ==> [/admissions/=t]:   
<conf:(1)> lift:(1) 

9. [/admissions/default.asp=t]: ==> [/admissions/career.
asp =f]: <conf:(1)> lift:(1.07) 

10. [/admissions/career.asp=f, /admissions/requirements.
asp =f]: ==> [/admissions/=t]:  <conf:(1)> lift:(1) 

11. [/admissions/career.asp=f, /admissions/costs.asp=t]: 
==> [/admissions/=t]:  <conf:(1)> lift:(1) 

12. [/admissions/career.asp=f, /admissions/general.asp=t]:  
==> [/admissions/=t]:   <conf:(1)> lift:(1) 

13. [/admissions/career.asp=f, /admissions/mailrequest.
asp =t]: ==> [/admissions/=t]: <conf:(1)> lift:(1) 

14. [/admissions/career.asp=f, /admissions/international.
asp =t]: ==> [/admissions/=t]:  <conf:(1)> lift:(1) 

15.  /admissions/career.asp=f, /admissions/statuscheck.asp 
=t]: ==> [/admissions/=t]:  <conf:(1)> lift:(1) 

16. [/admissions/=t, /admissions/general.asp=t]: ==> [/
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admissions/career.asp=f]:<conf:(0.97)> lift:(1.03
17. [/admissions/costs.asp=t]: ==> [/admissions/career.asp 

=f]:   <conf:(0.96)> lift:(1.03) 
18. [/admissions/costs.asp=t]: ==> [/admissions/=t, /

admissions/career.asp=f]: <conf:(0.96)> lift:(1.03) 
19. [/admissions/=t, /admissions/costs.asp=t]: ==> [/

admissions/career.asp=f]:<conf:(0.96)> lift:(1.03) 
20. [/admissions/statuscheck.asp=t]: ==> [/admissions/ 

career.asp=f]: <conf:(0.95)> lift:(1.02) 
From the rules generated above it can be seen that previously 
unseen behavior of the user can be identified which can help 
the designers to build better websites.

IV. Conclusion
In this paper we discuss the importance of structure mining 
to achieve quality of experience. We investigate the publicly 
available web log and propose rules to identify sessions through 
which frequent itemset can be discovered. The data prepared 
through the proposed rule is mined for associations using 
frequent pattern growth tree and rules generated are studied. 
For the analysis the minimum support was maintained at 0.2 
and the confidence at 0.7. This was selected as the proposed 
work can be used for recommender systems. Thirty seven rules 
were generated with recommendations for links to avoid and 
highly probable links.
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