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Abstract
In today’s era of e-commerce Recommender systems have
become an important part. Business has come to realize the
potential of these personalized and adaptive systems in order
to increase sales and to retain their customers. Also web users
have to rely on such systems to help them to in more
efficiently and conveniently finding information of their
interest from large information available on WWW. In this
paper we propose a framework for recommender system
which integrates fuzzy clustering of web pages and web usage
mining approaches.
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such as books, movies, and music CDs, or

OVER the last decade, we have witnessed
an explosive growth in the information
available on the World Wide Web (WWW).
Today, web browsers provide easy access to
many sources of text and multimedia data.

on-line resources, such as web pages or online activities. Recommender systems have
become extremely common in recent years.
A few examples of such systems:
•

When

viewing

a

product

More than billion pages are indexed by

on Amazon.com,

search engines, and finding the desired

recommend additional items based on a

information is not an easy task. This large

matrix of what other shoppers bought

amount of resources creates the need for

along with the currently selected item.

developing automatic mining techniques on
the WWW, thereby giving rise to the term
“web mining.” Web Mining is the use of

•

the

store

will

Netflix offers predictions of movies that
a user might like to watch based on the
user's previous ratings and watching

Data Mining techniques to automatically
discover and extract information from web.
Web creates the new challenges of
information retrieval as the amount of
information on the web and number of

habits (as compared to the behavior of
other users), also taking into account
the characteristics (such as the genre) of
the film.
Recommender systems typically produce a

users using web growing rapidly.

list of recommendations in one of two ways
A recommender system is a web-based
interactive software agent. It attempts to
predict user references from user data
and/or user access data for the purpose of
facilitating

and

personalizing

users’

experience on-line by providing them with
recommendation lists of suggested items.
The recommended items could be products,

- through collaborative or content-based
filtering. Collaborative filtering methods are
based on collecting and analyzing a large
amount of information on users’ behaviors,
activities or preferences and predicting
what users will like based on their similarity
to other users. Content-based filtering
methods are based on information about
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and characteristics of the items that are

potentially

going to be recommended. In other words,

understandable patterns in data.

these algorithms try to recommend items
that are similar to those that a user liked in
the past (or is examining in the present).
The objective of this paper is to provide an
outline

of

web

mining,

its

various

classifications, Web Mining Process and
propose a framework a for recommender
system which integrates fuzzy clustering of
web

pages

and

web

usage

mining

approaches.

and

ultimately

Oren Etzioni was the person who coined the
term Web Mining first time. Initially two
different

approaches

were

taken

for

defining Web Mining. First was a “processcentric view”, which defined Web Mining as
a sequence of different processes [1]
whereas, second was a “data-centric view”,
which defined Web Mining in terms of the
type of data that was being used in the
mining process [2]. The second definition

II. Web Mining

has become more acceptable, as is evident

World Wide Web is a major source of
information. The web is a vast collection of
completely

useful,

uncontrolled

heterogeneous

documents. Thus, it is huge, diverse, and

from the approach adopted in most
research papers [3][5]. Web Mining is also a
cross

point

of

database,

information

retrieval and artificial intelligence [4].

dynamic, and raises the issues of scalability,

Web mining can be broadly defined as the

heterogeneity, and dynamism, respectively.

discovery and analysis of useful information

Due to these characteristics, we are

from the WWW. In web mining data can be

currently drowning in information, but

collected at the server side, client side,

starving for knowledge; there by making the

proxy

web a fertile area of data mining research

organization’s database. Depending on the

with the huge amount of information

location of the source, the type of collected

available online. Data mining refers to the

data differs. It also has extreme variation

nontrivial process of identifying valid, novel,

both in its content (e.g., text, image, audio,

servers,

or

obtained

from

an

symbolic) and meta data. This makes the
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techniques to be used for a particular task

relevant documents, while at the same

in web mining widely varying. Some of the

time ensuring that the nonrelevant

characteristics of web data are

resources are fetched as few as
possible. The IR process mainly includes

1) Unlabeled

document representation, indexing, and
2) Distributed

searching for documents.

3) Heterogeneous

2. Information

Extraction:

It

is

the

transform process of the result of

4) Semistructured

resource discovery and automatically
5) Time varying

extracting specific information from
newly discovered Web resources. Once

6) High dimensional.

the documents have been retrieved the
Therefore, web mining basically deals with
mining large and hyper-linked information
base

having

the

abovementioned

challenge is to automatically extract
knowledge

and

other

required

information. Information extraction (IE)

characteristics. Thus, web mining, though

is the task of identifying specific

considered to be a particular application of

fragments of a single document that

data mining, requires a separate field of

constitute its core semantic content.

research,

mainly

because

of

the
3. Generalization:

abovementioned characteristics.

uncovering
A. Web Mining Process

It

is

general

process

of

patterns

at

individual Web sites and across multiple

Web mining may be decomposed into the

sites [3].

In this phase, pattern

following subtasks:

recognition

and

machine

learning

techniques are usually used on the
1. Information

Retrieval/

Resource

Discovery: It is the process of retrieving
the web resources. Resource discovery

extracted information. Most of the
machine learning systems, deployed on
the web, learn more about the user’s

or IR deals with automatic retrieval of all
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interest than the web itself. A major

mined patterns which take place in this

obstacle when learning about the web is

phase. Once the patterns have been

the labeling problem as data is rich on

discovered, analysts need appropriate

the web but it is unlabeled.

tools. Some others use Online analytical
processing (OLAP) techniques such as

4. Analysis: Analysis is a data-driven

data

problem which presumes that there is
sufficient

data

available

so

cubes

simplifying

that

for
the

the

purpose

analysis

of

of

usage

statistics from sever access logs.

potentially useful information can be
extracted and analyzed. Humans play an

Based on the aforesaid four phases (Fig. 1),

important role in the information or

web mining can be viewed as the use of

knowledge discovery process on the

data mining techniques to automatically

web since the web is an interactive

retrieve, extract and evaluate information

medium. This is especially important for

for

validation and or interpretation of the

documents and services.

Web
Data

Information
Extraction

Information
Retrieval

knowledge

discovery

from

web

Analysis
Generalization

knowledge

Figure 1. Web mining Process
B. Web Mining Taxonomy
Web Mining is use of Data Mining
techniques to automatically discover and

extract information from web documents
and services [1].
Web has different facets that yield different
approaches for the mining process:
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•

Web pages consist of text.

•

Web pages are linked via hyperlinks

•

User activity can be monitored via Web

pages. Web structure mining is the process

server logs.

of discovering structure information from

The structure of a typical web graph
consists of web pages as nodes, and

This three facets leads to the distinction
into three categories i.e. Web content
mining, Web structure mining and Web
usage mining [4][5][6]. Following Fig 2
shows the Web Mining taxonomy.

hyperlinks as edges connecting related

the web. Web structure mining studies the
web’s

hyperlink

structure.

It

usually

involves analysis of the in-links and out-links
of a web page, and it has been used for
search engine result ranking.
E. Web Usage Mining(WUM):
Web usage mining is the application of data
mining techniques to discover interesting
usage patterns from web usage data. Web

Figure 2. Web mining Taxonomy
C. Web Content Mining (WCM):

usage data includes data from web server
logs,

browser

logs,

user

profiles,

registration data, cookies etc. Web usage
Web content mining is the process of

mining focuses on analyzing search logs or

extracting useful information from the

other activity logs to find interesting

contents of web documents. Content data
is the collection of facts a web page is

patterns. One of the main applications of
web usage mining is to learn user profiles.

designed to contain. It may consist of text,
images, audio, video, or structured records

WCM and WSM uses real or primary data

such as lists and tables. Application of text

on the web whereas WUM mines the

mining to web content has been the most

secondary data derived from the interaction
of the users while interacting with the web.

widely researched.
D. Web Structure Mining (WSM):
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A Web Mining Framework for

phase ,The online phase which consists of

Fuzzy Recommender System

data preparation and web mining task and

Figure 3 shows a Web Mining framework
for fuzzy recommender system based on

online

phase

which

is

real

time

recommendation engine.

web content mining and web usage mining.
The overall process is divided into two

Content
Preprocessing

Web Pages

Feature Vector
Extraction

Fuzzy clustering of
Web Documents

Recommendation
Engine

Web Server Logs

Usage
Preprocessing

Recommendation
List

Fuzzy clustering
of Web Users

Figure 3. Web mining framework for fuzzy recommender system
IV.

Clustering of Web Documents

labelled data objects, clustering analyzes

Clustering analysis is widely used to
establish

object

profiles

objects’

variables.

based

Objects

can

upon
be

customers, web documents, web users, or
facilities (Chang, Hung, and Ho, 2007).
Unlike classification, which analyzes class-

data objects without consulting a known
class label. The objects are clustered based
on the principle of maximizing the intraclass similarity and minimizing the interclass similarity. This means that clusters of
objects are created for the objects within a
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one another, but are very dissimilar to the
objects of other clusters. There exist many
clustering

algorithms,

which

can

be
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A. Preprocessing of Web Pages
This preprocessing step comprises of
different methods like Content extractor,
stop word removal and stemming .

classified into several categories, including
partitioning methods, hierarchical methods.

•

In Content extractor phase only the

A partitioning method classifies objects into

primary content of web page is get

several one-level clusters, where each

identified.

object belongs to exactly one cluster, and

•

each cluster has at least one object. A

Cleaning HTML, XML or SGML tags from
the Web pages,

hierarchical method creates hierarchical
decomposition of objects. Based on how
the

hierarchy

is

formed,

•

Eliminating all punctuations like comma,
full stop, quotation mark, etc., only

hierarchical
into

except

agglomerative (bottom-up) approaches and

words,

methods

can

be

classified

divisive (top-down) approaches. All these

the

underscore

in-between

•

Eliminating all digital numbers,

•

Changing all characters to lower case

traditional methods are hard clustering
method. In hard clustering data is divided

and

into distinct clusters, where each data
element belongs to exactly one cluster.
In fuzzy clustering (also referred to as soft
clustering), data elements can belong to

•

Eliminating the stops words, which are
very common words such as a, and the
etc.

more than one cluster, and associated with
each element is a set of membership levels.

B. Web Page Representation Using Vector
Space Model
The vector space model is based on linear
algebra and treats documents and queries
as vectors of numbers, containing values
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corresponding
rresponding to occurrence of words

Tfidf weighs the frequency of a term in a

(called here terms)) in respective documents

document with a factor that discounts its

Let t be size of the terms set, and n be size

importance when it appears in almost all

of the documents set. Then all documents

documents. Therefore terms that appear

Di, i = 1..n may be represented as tt-

too rarely or too frequently are ranked

dimensional vectors:

lower than terms that hold the balance and,
hence, are expected to be better able to

Di = [ai1, ai2, ..., ait]

contribute to clustering results.
where coefficients aik represent the values
of term k in document Di [Salton 89]. Thus

Fuzzy Clustering using Fuzzy C Means

both documents and terms form a term-

Clustering is one of the Data Mining

document matrix . A(n×t). Rows of this

techniques to improve the efficiency in

matrix represent documents, and columns –

information

so called term vectors

clustering algorithms have been developed

finding

process.

Many

and used One of the most widely used fuzzy
clustering

algorithms

is

the Fuzzy

C-

Means (FCM) Algorithm. The FCM algorithm
attempts to partition a finite collection of n
elements
Figure 4: Document representation
entation in the

into

a

collection of c fuzzy clusters with respect to
some given criterion. Given a finite set of

vector space model

data, the algorithm returns a list of c cluster
We use tfidf approach for term weighting.
Then tfidf (term frequency / inverted

centres

and a partition

matrix

documentfrequency) of term j in document I
is defined by:

, where each element wij tells the degree to
which element xi belongs to cluster cj . Like
the k-means
means algorithm, the FCM aims to
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an

objective

function.

The

standard function is:
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record of the requests made by visitors to a
Web site, most often collected in a Web
server log. The content and structure of
Web pages, and in particular those of one
Web site, reflect the intentions of the
authorss and designers of the pages and the

which differs from the k-means
means objective
obj
function by the addition of the membership
values uij and the fuzzifier m. The fuzzifier m

underlying information architecture. The
actual behavior of the users of these
resources may reveal additional structure.

determines the level of cluster fuzziness. A
large m results in smaller memberships

The data object of web fuzzy clustering is

wij and hence, fuzzier clusters. In the limit m

the web source matrix which represents the

= 1, the memberships wij converge
onverge to 0 or 1,

data objectss attributes of the given web

which implies a crisp partitioning. In the

data set, but the direct processing data

absence of experimentation or domain

object of web fuzzy clustering is web fuzzy

knowledge, m is commonly set to 2.

similarity matrix or web fuzzy equivalence
matrix. So we should abstract web source

V.

Web Usage Mining

data

firstly,

get

web

data

matrix

Web Usage Mining is the type of Web

representing web object
objects attributes, and

mining activity that involves the automatic

then transform it into web fuzzy similarity

discovery of user access patterns from one

matrix or web fuzzy equivalence matrix

or

more

which are suitable for web fuzzy clustering.

organizations rely on the Internet and the

In the end, we use web fuzzy clustering

World Wide Web to conduct business, the

method on web fuzzy similarity matrix or

traditional strategies and techniques for

web fuzzy equivalence matrix and obtain

market analysis need to be revisited in this

clustering results. The Web Fuzzy Clustering

context. In Web usage mining, the prim
primary

processing Model (WFCM) is shown in

Web resource that is being mined is a

Figure 5[15].

more

Web

servers.

As
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Pattern
Direct Clustering
Clustering

Web Fuzzy Similarity
Matrix

Demarcate

Web Fuzzy Equivalence
Matrix

Web Matrix
Transitive closure

Web
Data

Figure 5: Web fuzzy clustering processing model
It is useful to combine Web usage mining

(2)Output from Fuzzy clustering of Web

with content and structure analysis in order

Documents i.e cluster of web pages.

to “make sense” of observed frequent
paths and the pages on these paths.

(3) Output From Fuzzy clustering of Web
users i.e. clusters of users.

Following is a hybrid algorithm based input
from fuzzy Web document clustering and
Web Usage Mining. The proposed algorithm

Output:
Pr is the final recommend set of pages

as follows.
Let Ci is current user and cluster set
Proposed

Algorithm

for

Fuzzy

Recommender System:

C={C1,C2,…Ck} consist of the members of
same cluster Let {p1,p2…pk} are the pages

Input:

visited by the users C

(1)Number of Clusters and Alpha Cut Value.

For (i=1; i<=k; i++)
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set

It integrates the fuzzy clustering of web

Pu=[p1,p2,…,pn] that come from Web

document and Web Usage mining for the

Usage mining

discovery and analysis of Web navigational
patterns based on fuzzy clustering of web

p=traverse (Pu);

documents and users. We believe that the
//search the theme that p belongs to in
the cluster sets

successful integration of soft computing
techniques with Web is likely to lead to the

Topic=search1 (ClusterSets,p);

next generation of personalization tools and
Recommendation System which are more

// K is the number of topic that P belongs

intelligent and more useful for Web users.

to;
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