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ABSTRACT

A real world challenging task of the web master of an organization is to match the needs of user and keep
their attention in their web site. So, only option is to capture the intuition of the user and provide them
with the recommendation list. Most specifically, an online navigation behavior grows with each passing
day, thus extracting information intelligently from it is a difficult issue. Web master should use web usage
mining method to capture intuition. A WUM is designed to operate on web server logs which contain
user’s navigation. Hence, recommendation system using WUM can be used to forecast the navigation
pattern of user and recommend those to user in a form of recommendation list. In this paper, we propose
a two tier architecture for capturing users intuition in the form of recommendation list containing pages
visited by user and pages visited by other user’s having similar usage profile. The practical
implementation of proposed architecture and algorithm shows that accuracy of user intuition capturing is
improved.
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1. INTRODUCTION

With the explosive growth of knowledge available on World Wide Web, which lacks an
integrated structure or schema, it becomes much more difficult for users to access relevant
information efficiently. Meanwhile, the substantial increase in the number of websites presents a
challenging task for web masters to organize the contents of websites to cater to the need of
user’s. Analyzing and modeling web navigation behavior is helpful in understanding demands
of online users. Following that, the analyzed results can be seen as knowledge to be used in
intelligent online applications, refining website maps, and web based personalization system
and improving searching accuracy when seeking information. Nevertheless, an online
navigation behavior grows each passing day, thus extracting information intelligently from it is
a difficult issue. Web Usage Mining (WUM) is process of extracting knowledge from Web
user’s access data, by exploiting Data Mining technologies. It can be used for different purposes
such as personalization, system improvement and site modification. A typical application of
Web Usage Mining is represented by so called recommender system. The main goal of the
recommender system is to improve Web site usability. Typically, the Web usage mining
prediction process is structured according to two components performed online and off-line with
respect to Web server activity. Offline component builds the knowledge base by analyzing
historical data, such as server access log file or web logs which are captured from the server,

DOI : 10.5121/ijmit.2010.2303 33



International Journal of Managing Information Technology (IIMIT) Vol.2, No.3, August 2010

then these web logs are used in the online component for capturing the intuition list of the user
so as to recommend page views to the user whenever he / she comes online for the next time.

In our paper, we present architecture for capturing recommendations in the form of intuition list
for user. Intuition List consists of list of pages visited by user as well as list of pages visited by
other user of having similar usage profile. The results represent that improved accuracy of
recommendations. The rest of this paper is organized as follows: In section 2, we review some
researches that advance in understanding of recommendation systems using web usage mining.
Section 3 describes the block diagram and implementation for the Recommendation System.
Results and discussion are shown in section 4. Finally, section 5 summarizes the paper and
introduces future work.

2. RELATED WORK

Recently, several Web Usage Mining systems have been proposed to predicting user navigation
behavior and their preferences. In the following we review some of the most significant WUM
systems and architecture that can be compared with our system Analog[8] is one of the first
WUM systems .It is structured according to an offline and an online component. The off-line
component build session clusters by analyzing past user activity recorded in server log files.
Then the online component builds active user sessions which are then classified according to
generated model. The classification allows to identify pages related to the ones in the active
session and to return the requested page with a list of suggestions. This approach has several
limitations, related to scalability.  Nevertheless, architectural solution introduced was
maintained in several other more projects. In Mobasher et al[1] present Web personalizer a
system which provides dynamic recommendations, as a list of hypertext links, to users. The
analysis is based on anonymous usage data combined with the structure formed by hyperlinks of
the site. Data mining techniques (i.e. clustering, sequence pattern discovery and association
rules) are used in preprocessing phase in order to obtain aggregate usage profiles. In this phase
Web server logs are converted into clusters of visited pages, and cluster made up of set of pages
with common usage characteristics. The online phase considers active user session in order to
find matches among user’s activities and discovered usage profiles. Matching entries are used to
compute a set of recommendations which will be inserted into last requested page as list of
hypertext links. Web Personalizer is a good example of two tier architecture for Personalization
Systems. Baraglia and Palmerini proposed a WUM system called SUGGEST, that provide
useful information to make easier the web user navigation and to optimize the web server
performance [6, 7]. SUGGEST adopts a two level architecture composed of offline creation of
historical knowledge and online engine that understands user’s behavior. As the request arrives
at this system module it incrementally updates a graph representation of web site based on the
active user sessions and classifies the active session using a graph partitioning algorithm.
Potential limitation of this architecture might be:
a) the memory required to store Web server pages in quadratic in the number of pages .This
might be severe limitation in  larger sites made of million pages;
b)it does not permit us to manage web sites made up of pages dynamically generated. All of
these works attempt to find the architecture and algorithm to improve accuracy of personalized
recommendation, but accuracy still does not meet satisfaction. In our work we advance
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architecture and propose a classification approach using visited and unvisited pages of user in
the architecture for improving accuracy of recommendation for users.

3.BLOCK DIAGRAM AND IMPLEMENTATION OF
RECOMMENDATION SYSTEM

Block diagram of the Recommendation System is given below.

front-end phase

ﬁ @_' Data pre-processing

Web logs v
User Navigation Live Session Classification
Minirllg Window Algorithm
A 4 |
Navigation profile o/p v
Intelligent
+ Agent Engine
Knowledge Base >
v
Captured List
Back-end phase r

v

List of unvisited
User < pages

Figurel: Architecture of Recommendation System for Online Users

3.1 Implementation of Recommendation System

Implementation of System is done in two phases, Back-end and Front-end phase.
3.1.1Back-end phase :

Steps involved in back-end phase are explained below.

Step 1: Data sets consisting of 5000 web log records are collected from De Paul University
website. Web log is an unprocessed text file which is recorded from the IIS Web Server. Web
log consist of 17 attributes with the data values in the form of records.

Fragment of web log from IIS web server is shown below:

Fields: date time c-ip cs-username s-sitename s-computername s-ip s-port cs-method cs-uri-
stem cs-uri-query sc-status time-taken cs-version cs-host cs(User-Agent) cs(Referer) .
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Step2: Generally, several preprocessing tasks need to be done before performing web mining
algorithms on the Web server logs. Data preprocessing, a web usage mining model aims to
reformat the original web logs to identify user’s access session. The Web server usually
registers all users’ access activities of the website as Web server log. Due to different server
setting parameters, there are many types of web logs, but typically the log files share the same
basic information, such as: client IP address, request time, requested URL, HTTP status code,
referrer, etc.

Data pre-processing is done using following steps.

Data User L »| Se.ssion. Y Conltent L 5 Path
Cleansing Identification Identification Retrieval Completion

Y

Figure 2: Block diagram for Pre-processing

1. Data Cleansing: Irrelevant records are eliminated during data cleansing. Since target of
web usage mining is to get traversal pattern, following two kinds of records are unnecessary
and should be removed :

a. The records having filenames suffixes of GIF, JPEG, CSS.

b. By examining the status field of every record in the web log, the record with status code
over 299 and below 200 are removed.

2. User and Session Identification: The task of user and session identification is to find out the
different user sessions from the original web access log. A referrer-based method is used for
identifying sessions. The different IP addresses distinguish different users.

a.If the IP addresses are same, different browsers and operation system’s indicate different
users which can be found by client IP address and user agent who gives information of
user’s browsers and operating system.

b.If all of the IP address, browsers and operating systems are same, the referrer information
should be taken into account. The ReferURI is checked, new user’s session is identified if
the URL in the ReferURI is ‘-’ that is field hasn't been accessed previously, or there is a
large interval of more than 30 minutes between the accessing time of this record.

3. Content Retrieval: Content Retrieval retrieves content from users query request i.e.
cs_uri_query.
Eg:Query:http/1www.cs.depaul.edu/courses/syllabus.asp?course=323-21-
603&q=3&y=2002&id=671.

Retrieve the content like /courses/syllabus.asp which helps in fast searching of unvisited pages
i.e; pages of other user’s which are similar to user’s interest.

4. Path Completion: Path Completion should be used acquiring the complete user access path.
The incomplete access path of every user session is recognized based on user session
identification. If in a start of user session, Referrer as well URI has data value, delete value of
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Referrer by adding ‘-*. Web log preprocessing helps in removal of unwanted records from the
log file and also reduces the size of original file by 40-50%.

Step 3: Generation of Page Id: Page 1d is sequence generated numbers like p1, p2, p3....which
are created for pages/page views.

Step 4: User Navigation Mining: Web pages accessed are modeled as undirected graph G=
(V, E). The set V of vertices contains the identifiers of the different pages hosted on the Web
server and E is edges of the graph.

a.
b.

C.

Undirected graph is created for a single user session using Hash Map.

Hash Map data structure stores the referrer—URI pair and their corresponding weights.
Weight of edges given by 1, only if link between page and referrer exist, else weight is 0.
Weights of pages are frequency connectivity of pages in graph. i.e.

Weight of pages (W) = Frequency (F) of referrer—URI pair (occurrence in user session)

Apply Depth First Search Algorithm (DFS) on graph and obtain all possible navigation
patterns.

Path length of pattern is calculated by considering the total weight of the edges in a graph.

If navigation pattern weight /path length is less than three, then pattern is not considered for
analysis. (Minpathlength = 3).

Hence, clusters of patterns for user sessions are obtained and fed into Knowledge base for
further analysis.

3.1.2 Front End Phase

Step 1: Longest Common Subsequence Algorithm:

a. Capture the Live Session Window (LSW) for a user dynamically [5].

b. Intelligent Agent Engine compares LSW of a user with patterns of same user in
knowledge base.

c. Check for the longest pattern or the largest path length of a pattern from knowledge base.
d. Compare both the sequences, longest common subsequence is obtained.

e. Consider the pages which are not present in subsequence, these pages are the Intuition
pages for the user as they are visited by user most frequently.

f. Recommendation list is given in the form of URI (content) as well as IDs of pages.

Hence, recommendation/intuition list as compared to user’s historical pattern are captured.

Step2: Searching of Unvisited pages (as compared to others user’s pattern)

a. Unvisited pages when compared to other user’s pattern are searched using  searching
algorithm.

b. Searching algorithm compares the live session window of user and patterns of other
user’s present in Knowledge Base.

c. Best possible pattern is achieved by considering longest path length (weight).
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d. Subsequent pages are removed and the Unvisited Page List is created in the form of
URI and IDs.

Recommendation List as compared to others user’s pattern (unvisited pages) are captured and
added to original recommendation list

4. RESULTS AND DISCUSSIONS

Step wise results are shown below for 5000 web log records from De Paul University dataset
(CTI dataset).

Step 1: Collection of web logs which are in raw or unprocessed form.17 attributes are shown
below:
2002-04-01 00:00:10 1cust62.tnt40.chiS.da.uu.net - w3svc3 bach bach.cs.depaul.edu
80 get /courses/syllabus.asp course=323-21-603&q=3&y=2002&id=671 200 156
http/1.1 www.cs.depaul.edu
mozilla/4.0+(compatible;+msie+5.5;+windows+98;+win+9x+4.90;+msn+6.1;+msnbm
sft;+msnmen-us;+msnc21) http://www.cs.depaul.edu/courses/syllabilist.asp
depaul.edu/courses/syllabilist.asp
2002-04-01 00:00:26 ac9781e5.ipt.aol.com - w3svc3 bach bach.cs.depaul.edu 80 get
/advising/default.asp - 200 16 http/1.1 www.cs.depaul.edu
mozilla/4.0+(compatible;+msie+5.0;+msnia;+windows+98;+digext)
http://www.cs.depaul.edu/news/news.asp?theid=573

Step 2: Preprocessing is done for 5000 web log records. Cleansing, User and Session
Identification, Content Retrieval and Path Completion applied on records.
Preprocessing of 5000 records was done in 14secs.

User Sessions were identified for 200 users.
Thus, processed records for a user id 9 in user’s sessionized form are as shown below.

RECOMMENDATION SYSTEM FOR ONLINE USERS

-
Start Preprocessing SESISJON USERID [TIMESTAMP PAGEVIEW REFERER PAGE IPAGEID | REI
1 9 7776113 /courses/syllabisearch.asp yourses 44
Preprocess Web Log syllabisearch.asp
Records Before Path Completion . et
1 el 7776146 courses/syllabilist.as, ‘courses/syllahisearch.ag courses/syllabilist.asp |4
Apply Path Completion 4 feyllabllst asp / fsylab h.asp i fsylabilst asp syl
Apply Path Lompletion
Recards After Path Completion
e E— 1 2 7776152 /courses/syllabilist.asp feourses/syllabisearch. asp [/courses/syllabilist.asp |4 ?ES‘L‘
splay Page
lf'courses licol
1 il 7776199 /courses/schedule.asp l/syllabus.asp?course=404-94-301+& |/courses/schedule. asp |86 syl
Clusters of Patterns 1=38y=20028id=193 =
/courses . .
Create Navigation Pattern 1 9 7776200 /=yllabus. asp?eourse=404-94-3013%208 j:x;é??e:;fp‘\fgf PT—— /courses/syllabus asp (|1 ;gu
Cluster of User's Pattern g=38y=20028id=193 protte st i
[fauthenticate
/cti/studentprofile Ilogin, asp?section=myctig ictif/studentprofie Faut
Recommend To User ! ° 776202 /studentprofile.asp?section=mycti title=rnyctidurlahead=studentprofile |/studentprofile.asp 2 g
studentpraofie
Intuition & Unwisted List [fauthenticate
/authenticate Ylogin.aspTsection=myctit [fauthenticate faut
1 9 7776202 |flogin.asprsection=myctiditle=myctit: [0 o ran oo e e [ o 45 oo B
< >

Figure 3: Processed file with required attributes for user id 9
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Step 3: Page Id is generated for the URI/pages/page view accessed by user

RECOMMENDATION SYSTEM FOR ONLINE USERS

LIST OF PAGES ACCESSED BY USERS PRESENT IN WEB LOG -~
Start Preprocessing SACE 1D[URI
ST sz [/cti/studentprofile/suggestion/campussuggestion. asp
records Bafore Path Completion ps4 |/programs,/2002/gradect2002. asp
arally Bt Conaliiem pss. |/programs,/2002/gradds2002.asp
Records After Path Completion p5& /people/organizations. asp
Display Page Id ps7 [/programs/2001/grades20nt asp
5B [programs/
Clusters of Patterns ps9 |/admissions/requirements, asp
p&0 |Yprograms,/2002/gradhci2002.asp
Create Navigation Pattern pe1 [Vadvising/scholarship_finder.asp
Cluster of User's pattem ez [/ctistudentprofile/suggestion/viewrecord.asp
63 etifcore/jcore. asp
Recommend To User P+ news/news asp
pes /ctis/gradapp/login.asp
Intuition & Unvisted List pes /ctisgradapp/appstat_shell.asp
P67 [y advising/fag_program.asp
nGE \/ces/ i

Figure 4: List of Page id and corresponding pages/uri

Step 4: In User Navigation Mining undirected graphs are created and clusters of all possible
patterns are generated for a user session

RECOMMENDATION SYSTEM FOR ONLINE USERS

P
q Clusters of Pattern for Userld =9
Start Preprocessing
TR e PATTERN NO [PATHS WEIGHT
Records Before Path Completion patternl 0,43,5,30,18,61 |7
Apply Path Completion pattern2 0,43,5,30,33 7
Records After Path Completion patternB 0,43,5,30,18 6
Display Page Id
pattern4 0,43,5,30,85 6
| f pattern5 43,5,30,18,61 |6
Clusters of Patterns patternt 43,5,30,33 3
Create Mavigation Pattern pattern’ 0,43,5,30 5
Cluster of User's Pattern patterng 43,5,30,18 5
pattern9 43,5,30,85 5
Recommend To User pattern10 45,45,32,1,86 |4
patternll 5,30,18,61 4
Intuition & Unvisted List pattern12 45,45,32,1 3
~

Figure 5: Cluster of patterns for user id=9

When Clusters of navigation Patterns were compared to original user navigation patterns most
of pages views (99%) were covered in the clusters. Very few i.e; 1% of outliers were obtained.

Step 5: Considered Two cases of Live Session Window (LSW) of size 2 and varying patterns
ie; one pattern having few page views and other having more number of page views these cases
are shown in Step 6. Live Session Window (LSW) consists of 10% of pages of actual page
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views of user (Original,,). Classification is done by applying Longest Common Subsequence
algorithm on LSW and rest of pages present in original page view list of user. Thus the intuition
list obtained is from the history of user’s navigation pattern.

Step 6: Apply Searching algorithm to get the intuition list of the user’s whose usage pattern is
same as the user. Thus, both the lists are combined into the Final Recommendation List of the
user. Finally, Accuracy is calculated for the final recommendation list.
Accuracy measures the degree to which the recommendation system produces accurate
recommendations. It is given by
| P(LSwp,lsw)((Originala )|
| P(LSnp,lsw)|

Isw = Live Session Window

)

P(LSn,lsw) -Navigation pattern in captured list recommended by engine.

Originaln p -Original page views / pattern of user.

Case 1: When LSW of size 2 was considered for user id 9, having 13 page views.
Recommendation List obtained had accuracy of 66.6%, which is shown below.

RECOMMENDATION SYSTEM FOR ONLINE USERS

Start Preprocessing Welcome User 3

‘ Recommedation List {as per user's historical pattern)

Preprocess Web Log
Recards Befare Path Campletion
Aprly Path Campletion

Recards After Path Campletion
Display Page Id ‘IE ‘http://www‘xyz.cum/adwsmg/

‘ Recommedation List (compared to other user patterns)

‘Page id ‘ Page Uri

‘43 ‘http://www‘xyz.cum/news/

‘SD ‘http://www‘xyz.cum/peup\e/facu\tymfu‘asp

Clusters of Patterns

‘Page id‘ Page Uri
Create Navigation Pattern s nttocgfuw ayz.compnews
Cluster of User's Pattem ‘58 ‘http://www‘xvz.cum/pmgrams/
‘30 ‘http://www‘xyz.cum/peup\e/facu\tyinfu‘asp
Recommend To User ‘19 ‘http://www‘xyz.cum/prugrams/QDD2/gradse2002‘asp

‘ES ‘http://www‘xvz.cum/prugrams/courses‘asp

Intuition & Unvisted List ‘
‘Live Session Window : 2
[accuracy : 66.66667% s

Figure 6: recommendation list for user id=9 and accuracy is 66.6%
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Case 2: When LSW of size 2 was considered for user id 89, having 17 page views,
recommendation list obtained had accuracy 85.71%, as shown below.

RECOMMENDATION SYSTEM FOR ONLINE USERS

Start Preprocessing
Preprocess Web Log Welcome User 89
Records Before Path Completion
Apoly Path Completion ‘ Recommedation List (as per user's historical pattern)
Becords Afer Path Competion \Page id\ Page Uri
Display Page [d \D \http://www‘xyz‘com/
‘43 ‘http://www‘xyz‘com/news/
Clusters of Patterns ‘32 ‘http://www‘xyz‘com/cti/studentpmﬂ\e/studentpmﬁle‘asp
- ‘35 ‘http://www‘xyz‘cum/advising/dars‘asp
(ress Nawgaion EStem ‘62 ‘http://www‘xyz‘cum/cti/studentpmﬂ\e/suggestiun/viewrecurd.asp

Huster of sers Pattem ‘85 ‘http://www‘xyz‘cum/pruqrams/cuurses‘asp

‘89 ‘http://www‘xyz‘cum/ct\/darsinput/cata\ug‘asp
Recommend To User ‘ Sorry !!! No Recommedation List (compared to other user patterns)
‘Live Session Window : 2

lAccuracy : 85.71420%

Intuition & Unvisted List

Figure 7: recommendation list for user id=89 and accuracy is 85.71%

Thus, from above cases we can prove that accuracy of the recommendation list increases if the
number of page views is more in the user navigation pattern.

S. CONCLUSION

In this paper, we propose a two tier architecture for capturing user’s intuition in the form of
recommendation list containing list of pages visited by user and also list of pages visited by
other user’s having similar usage profile. The practical implementation of proposed architecture
and algorithms shows that accuracy of user intuition capturing improves up to 85 percent for
Live Session Window size of two, if numbers of page views having maximum weights are more
in the navigation patterns of the user. In the future, we would like to substantially improve the
accuracy and coverage parameter by trying to increase the Live Session Window (LSW) size
and considering more number of log records.

41



International Journal of Managing Information Technology (IIMIT) Vol.2, No.3, August 2010

REFERENCES

[1] B. Mobasher, R. Cooley, and J. Srivastava, "Automatic personalization based on Web usage mining"
Communications of the ACM, vol. 43, pp. 142-151, 2000.

[2] C. R. Anderson, P. Domingos, and D. S.Weld, "Adaptive Web Navigation for Wireless Device”
Proceedings of the Seventeenth International Joint Conference on Artificial Intelligence, pp. 879-884,
2001.

[3] I. Cadez, D. Heckerman, C. Meek, P. Smyth, and S. White, "Visualization of navigation patterns on a
Web site using model-based clustering," Proceedings of the sixth ACM SIGKDD international
conference on Knowledge discovery and data mining, pp.280-284, 2000.

[4] Dr.R.Lakshmipathy, V.Mohanraj, J.Senthilkumar, Y.Suresh, “Capturing Intuition of Online Users

using a Web Usage Mining” Proceedings of 2009 IEEE International Advance Computing
Conference (IACC 2009)Patiala, India, 6-7 March 2009.

[5] J.Ben Schafer, Joseph Konstan, John Riedl “Recommender Systems in E-Commerce” GroupLens
Research Project Department of Computer Science and Engineering,University of Minnesota.

[6] M. Perkowitz and O. Etzioni, "Towards adaptive Web sites: Conceptual framework and case study,"
Artificial Intelligence, vol. 118, pp. 245-275, 2000.

[7] M. Jalali, N. Mustapha, A. Mamat, Md N. Sulaiman, “OPWUMP An architecture for online
predicting in WUM-based personalization system”, In 13th International CSI Computer Science,
Springer Verlag,2008. 307

[8] R. Baraglia and F. Silvestri, "Dynamic personalization of web sites without user intervention,"
Communications of the ACM,vol. 50, pp. 63-67, 2007.

[9] R. Baraglia and F. Silvestri, "An Online Recommender System for Large Web Sites", Proceedings of
the Web Intelligence , IEEE /WIC/ACM International Conference on(WI'04)-Volume 00, pp. 199-
205, 2004.

[10] T. W. Yan, M. Jacobsen, H. Garcia-Molina,and U. Dayal, "From user access patterns to dynamic
hypertext linking" Computer Networks and ISDN Systems, vol. 28, pp. 1007-1014, 1996.

42



