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Abstract

World Wide Web become as information
gateway and as a medium for conducting business.
People use web pages to retrieve information which
may need or demand. Web mining can provide the
navigation link to user by using user behavior. This
system provides clustering of user navigation
patterns based on graph partitioning algorithm. For
clustering of user navigation patterns, the system
creates an undirected graph based on connectivity
between each pair of web pages and assigns weight
to edges in such graph. Those weights are then used
in clustering algorithm based on graph partitioning.
These system results can be used to improve the
overall performance of future access and the clusters
concerning user navigation pattern can be used for
web caching.

1. Introduction

Web users want to have the efficient search to
find information easily. Web contains a great amoun
of information distributed as the common browsing
behavior among a group of users. Science many users
may have common interests up to a point during thei
navigation, navigation patterns should capture the
overlapping interests or information needs of these
users. Navigation patterns should also be capable t
distinguish among web pages on their different
significant to each pattern.

The processing of grouping a set of physical or
abstract objects into classes of similar objects is
called clustering. A clustering is a collection ddta
objects that are similar to one another within the
same clustering and are dissimilar to the objetts i
the other clusters. A clustering based process is
adaptable to change and helps single out useful
features that distinguish different groups.

Web mining is the extracting of interesting and
potentially useful patterns and implicit informatio
from artifact or activity related to World Wide Web
Web mining is a very broad field emerging to solve
the issues that arise due to www. By using data
mining techniques, there are three directions m th
field of web mining; web content mining, web
structure mining and web usage mining [1].

Among web mining, web usage mining is the
process of identifying browsing patterns by using t
user’s navigational behavior. This information take
as input the usage data i.e. the data residindpen t
web server logs. The users, activity when browsing
through web sites is registered in these sites’ web
logs. These data can be identified user navigation
patterns concerning the activities in the web bie
using data mining techniques [4, 5].

Each access to a web page is recorded in the
access log of the web server that hosts it. Web log
data produced by web server or proxy server are tex
files with a row for each HTTP transaction. Web log
data can be collected at the server level, clienell
or proxy level [3, 5]. A web server log records the
browsing behavior of site visitors. The data reeord
in server logs reflect the concurrent and interdehv
access of a web site by multiple users. Typicalpw
log files contain client IP address, request time,
request URL, referred, HTTP status code, etc [7].

In this paper, web server log is used to cluster
user navigation pattern based on graph partitioning
algorithm. As web mining procedure, this system
needs to perform some preprocessing tasks: data
cleaning, user identification and session iderdtfan
to web log. After preprocessing steps, undirected
graph is created by using connectivity between each
pair of web pages. The result of this system istelu
of web pages which can be used in web
personalization, recommendation system, web
caching and other modifications to the sites [5].

The rest of this paper is organized as follows:
section 2 presents background theory. We describe
the proposed system of clustering the navigation
pattern in section 3 and experimental results in
section 4. Section 5 concludes the paper.

2. Background Theory

After some preprocessing, there are two
processing steps: Navigation Pattern Mining and
Clustering base on Graph Partitioning. This system
uses the graph partitioning algorithm to mining the
user navigation patterns.



2.1. Navigation Pattern Mining

To apply graph partitioning algorithm, an
undirected graph (M) is created based on connégtivi
between each pair of web pages. In undirected graph
M, degree of connectivity in each pair of pages
depends on two main factors: the time positionaf t
pages in a session and occurrence of two pages in a
session [2].

Undirected graph M= (V, E)

V= the set of vertices as assigning different pages
web server.

E= the connectivity degree of each two pages in
sessions.

For undirected graph M, a weight is
measured for approximating the connectivity degree
of each two web pages in sessions. To measure
weight for graph, there are two concepts related to
this measure: “Time Connectivity” and “Frequency
Connectivity”.

“Time connectivity” measures the degree of visit
order for each two pages in a session.
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T;=Time duration in th session that both contain a
and b

T.»=Difference between request time of a and b
f (k) = K if web page appears in position
N= number of session

“Frequency Connectivity” measures the occurrence
of two pages in each session.
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FC“*E’:Frequency connectivity between page a and b

Nz z=number of session containing both page a and b

N_,Ny= number of session containing only page a
and b

Time connectivity and Frequency connectivity are
used for weight of each edge in the undirectedtgrap
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This value is stored in an adjacency list M
which contain Wa,b. To limit the number of edge in
such graph, weight value is less than a threstwld i
too little correlated and thus discarded. Thisshodd
is named as MinFreq in this system.

Based

2.2. Clustering on

Partitioning

Graph

Then we apply graph partitioning algorithm to
find groups of strongly correlated page by
partitioning graph according to its connected
components. Figurel shows clustering algorithm
using graph partitioning. We use the Depth First
Search (DFS) which started from a vertex on graph
and then search for the connected component
reachable from this vertex. We found the component,
the algorithm checks if there are any nodes not
concerned in the visit. And then DFS is applied by
starting from one of the nodes not visited. Then
clusters are based on values store in adjacertcyllis
[2, 6, 8].

Begin
L[p]=P;/assign all URL to list

for each (pi,pj)€L[p] dofor all pair of web pages
M(i,j)=WeightFormula(Pi,Pj);
IIfor com_pyting we_zight
Edge (i.j)= M(i.);

end for

for all Edge (u,v)€Graph (E,V) do

/lremove all edge that its weight below than Mirgre

if Edge (u,v)< MinFreq then
remove (Edge());
end if

end for

for all vertices (u)€ do
Cluster [i]=DFS (u);
/ldo DFS algorithm

end for

return (Cluster);
end

Figurel. Graph partitioning algorithm for
clustering



3. TheProposed System
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Figure2. System of clustering the navigation
pattern

Figure2 shows the proposed system that web
pages are clustered according user navigation
behavior by using graph partitioning. The inputrod
system is web log files. Some preprocessing steps
need to be done on web log entry. These are data
cleaning, user identification, session identifioati

3.1 Data Cleaning

The first step of preprocessing is data cleaning.
Depending on the application, web log data may need
to be cleaned from entries involving pages. Data
cleaning step only performs on this data by remgvin
auxiliary files (e.g. image file) such as .gif, e
Jjpg, etc. After cleaning data, we identified theeu
according to the IP address.

3.2 User Identification

After cleaning log data, the next step is user
identification. Many users may be assigned the same
IP address and one user may have several diff#?ent

addresses. Depending on our system, we assume each
IP address as a single user.

3.3 Session | dentification

The last preprocessing step is to perform session
identification by dividing the click stream of each
user to session. In this system, minimum time sut i
set and assumed that consecutive accesses within it
belong to the same session .We use minimum time
out limitation as 15 minutes.

3.4 Navigation Pattern Mining

After preprocessing, different pages on web log
are assigned as vertices. Then we do two processing
steps: Navigation Pattern Mining and Clustering
based on Graph Partitioning Algorithm. The values
of time connectivity and frequency connectivity are
two indicators of degree of connectivity for eacirp
of web pages. The time connectivity and frequency
connectivity are computed using equation 2.1 and
equation 2.2 respectively. Then these values ard us
for computing weight of each edge in the undirected
graph from equation 2.3
Based

3.5 Clustering on

Partitioning

Graph

Then Depth First Search (DFS) is applied by
starting from one vertex of graph for clusteringbwe
pages. To limit the number of edge in such graph,
weight value is less than a threshold called mimmu
frequency (MinFreq) are too little correlated ahds
discarded. The proposed system produces a list of
clusters for user navigation patterns.

4. Experimental Results

Web pages to be clustered can be viewed as
a set of vertices and edges between the vertices
represent the relationship between them. We cluster
the web pages rely on Graph partitioning that
identifies the clusters by cutting edges from the
graph.

The contents of the cluster are increased
when the minimum frequency (MinFreq) is
increased. Since each edge in the graph reprdsent t
similarity between the documents, by removing the
edges with the weight algorithm minimizes the
similarity between documents in different clusters.

Table 1 shows the number of clusters
produced by the system when testing with different
minimum frequency on 4 different log files. By
analyzing the contents of clusters, we found that
MinFreq between 0.3 and 0.8 can give strongly



correlated pages within each cluster. Hence, the
resulting cluster contains highly related web pages

with these MinFreq values. However, the number of
clusters does not depend on MinFreq.

Tablel. Number of clustersbased on Minimum Frequency (MF)

Data | Record | Session | User Number of clusters
Set
MF | MF | MF | MF MF | MF | MF | MF | MF
0.1 0.2 0.3 0.4 0.5 06 |07 |08 |09
1 176 19 13 3 3 3 3 5 8 16 15 14
2 231 7 5 5 1 2 2 2 3 11 9 12
3 103 11 6 1 1 1 1 2 4 7 1( 10
4 115 10 6 2 3 3 4 5 5 5 9 9

5. Conclusion

In this paper, web pages are clustered according
to user navigation pattern by using graph partitign
The web server logs are used as input and thensyste
do web mining steps and produces a list of clusters
for user navigation patterns. The advantages of the
graph partitioning are its linear time and its dyabf
clustering. And then these results can be used for
predicting user’s next request in huge web sites.
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