SelARC with Content Mining
70679 ¢

Developed by:

MUNAZZAH JABEEN
(282- FAS/MSCS)

Supervised by:
Muhammad Imran Saeed

Co-supervised by:
Zubeda Khanum

Department of Computer Science
Faculty of Basic and Applied Sciences
International Islamic University Islamabad
2010

CENTRAL

RARY
I_SL?\MABAD.




7H 699}

mS
Oi'-’é» . 3
Mt S

!
t- .Dll‘ A [AN N ; - ,;'\
v,



In the Name of Allah The Most Beneficent
The Most Merciful



Department of Computer Science

Intérnational Islamic University, Islamabad

Date: 02-08-2010

FINAL APPROVAL

It is certified that we have read the pfoject titled “SelARC with Content Mining”
submitted by Miss Munazzah Jabeen Reg. No. 282-FAS/MSCS. It is our judgment that
this project is of sufficient standard to warrant its acceptance by International Islamic

University, Islamabad for the degree MS in Computer Science.

COMMITTEE

External Examiner:

Dr. Muhammad YounusJaved
HOD, Computer Engineering, College of EME (NUST)
Peshawar Road, Rawalpindi.

Internal Examiner:

Mrs. Zareen Sharf

Department of Computer Scierice, WV‘/%‘/
International Islamic University, Islamabad

Supervisors:

Imran Saeed '
Department of Computer Science, ' C&g—_‘,’,\s
International Islamic University Islamabad N '

Zubeda Khanum Npr—
Govt. Degree College, B-Block Rawalpindi. %W




SelARC with Content Mining : Dissertation

A dissertation submitted to the
Department of Computer Science,
International Islamic University, Islamabad
as a partial fulfillment of the requirements
for the award of the degree of

MS in Computer Science




SelARC with Content Mining :  Dedication

To My Loving Parents
“My Lord have Mercy on them (Parents) both as they did care for me when
I was little” . |

(AL-QURAN 17:24)




Py
o

SelARC with Content Mining N Declaration

DECLARATION

L, hereby declaré that “SelARC with Content Mining” software, neither as a whole nor as
a part thereof has been copied out from any source. I have’ developed this software and -
the accompanied report entirely on the basis of my personal efforts made under the

- sincere guidance of my supervisor. No portion of the work presented in this report has

been submitted in support of any application for any other degree or qualification of this

or any other university or institution of learning.

Munazzah Jabeen
282-FAS/MSCS

iii



SelARC with Content Mining Acknowledgement

ACKNOWLEDGEMENTS -

1 bow my head, in deep gratitude, before THE ALMIGHTY ALLAH for Blessing
me with the wisdom and the capability and granting me the strength to accomplish this
project. - S '

I am very thankful to my kind, dynamic and able supervisors, Muhammad Imran
Saeed and Zubeda Kanum for taking the time out of their ever busy schedule in providing
me the guidance and direction. They always gave me their all out help and assistance
right froril the tricky and visionary stage of laying down the conceptual framework to the

far more exacting stage of actual execution of this project successfully.

I adore and pray for all my teachers particularly, Dr. Abid Khan for guiding and |
assisting me in acquiring right type of knowledge and giving me hopes when I became
hopeless. I am extremely grateful to my friends particularly Khadija al Madni, Nusrat and
Shafaq. I shall ever remain grateful to all of them for their kind help.

I am thankful to my beloved parents for helping m'e- grow méntally right from the
day one in school besides catering to all my needs, affording every facility, consoling me
at times when 1 felt dejected and fatigued, inspiring me when I started feeling that the
project was getting beyond my control and grasp and praying day in and day out for my

Success.

I indeed also very appreciative of the contribution of my brothers, Arif Sohail,
Imran, Irfan and Usman for their continuous solace and forbearance, which give me

courage and strength to 'coinplete my project éuccessfully.

v



SelARC with Content Miniing - ' Project in Brief

PROJECT IN BRIEF
Project Title: S SelARC with Coritgnt Miniing
Objective: TO blend ARC, Sel}II'l’S and Content Mining algorithms
for topic distillation.
Undertaken By: Munazzah Jabeen
Supervised By:l Muhammad Imran Saeed
Co- Supervised By: . Zubeda Khanum
‘Starting Date: October 2008
Completion Date: December 2009
Operating Systems: Windows XP
Tool Used: Matlab, Microsoft Access, C#.net
Systém Used:‘ Intcl Pentium IV; 225 MHz i:focessof |




SelARC with Content Mining : Abstract

— — . — - wt e et e mmmr e e 8 ane fes e b siecme e o A rmase e e e e e e —

ABSTRACT

To search the most relevant and high quality web pages for some query topic. on the
World Wide Web is an important and challenging task. Many search systems are already
developed and are being used by the people to get their required informative pages. But these -
commercial search engines are still lacking in providing the most relevant web pages to the
users. As not all the web pages on the web are honest about their contents further there are
billions of web pages containing text, images and other multimedia information, contained by the
rapidly growing World Wide Web.

In this thesis, I have worked on a blend of Connectivity Analysis with the Content
Analysis methods and' presenting a system “SelARC with Content Mining” performs
connectivity analysis as well as content analysis of a focused sub graph of the World Wide Web,
to solve the problems of topic drift, topic contamination and extra time consumption. The
presented system has improved results by applying the selective expansion on the root set and
base set. Further I have implemented three regulatory content and connectivity algorithms on the
augment set to prune the web pages. The important Jfeature of this work is the wajg‘of calculating
the hub aﬁd authority values, selective expansion up to Mo neighborhood and content analysis
for calculating the relevancy weight. The results have shown that the above mentioned problems

have overcome and users can get the most appropriate pages for their queries.
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Chapter 1 ' - Introduction

1. INTRODUCTION

This is really the age of clichéd Information. Informaﬁon contents on the iptemet
" have grown extra ordinarily due to which internet has becomé the G_lobal. Information .
~ Infrastructure. This vast amount‘of. information and the immense popularity of the Web
have made the ordinary citizen to be a consumer of this information. Due to this ever
. expanding information the users have to face difficulties in finding and utilizing the
information contents. Traditional web search engines do not seem to help the users much
as hundreds and thousands of web pages are returned against a search query which
requires the manual effort and time consumption by the user to find the information
pieces one is looking for. That is why new tools and techniques are required to find the

most relevant information against any user queries.

The data on the web is semi-structured as compared to the tabular data which is
highly structured. Machine learning methods which are expected to operate on the
structured data cannot be opérated on the web. data. The data on the web have mainy well
defined structufes but the order in which these structures will be appeared varies among
" the web documents. To develop more improved methods of applying machine learning
techniques on the web data is very necessary. Exploiting all the features of the web like
word contents, page structure, page URL, and link structures can give uséful information
while extracting important patterns. By assigning weights to these features different
algorithms have been evolved. Still there are many deficiencies and new more improved
. techniques, creating server side and client side intelligent systems that can effectively

mine for knowledge are needed.”
1.1 Data mining

Data Mining can be defined as to find the useful patterns or hidden information
" from a large amount of data. It is also known as knowledge-discovery in databases
" (KDD), is the process of automatically searching large databases for meaningful

‘SelARC with Content Mining ‘ _ 1



Chapter 1 ' Introduction

knowledge. With advances in the process of data collection and explosion- in growth of
~ data coupled with the advances in computing technologies really spruced up "Data
Mining. Usually used in relation to analysis of data, data mining, like artificial
intelligence, is an umbrella term and is used with different meanings in various contexts.

The primary goals of data mining are prediction and description. Prediction involves

using some variables or fields in the database to predict unknown or future values of -

other variables of interest, and description focuses on finding Human—interpretable
patterns describing the data. By using a variety of particular data-mining methods like,
Classification, Clustering, Association Rules, Sequential Patterns, Regression,
Summarization, Change and Deviation, Detection and many more the goals of data
mining can be achieved . Information technology has evolved transaction and analytical
systems separately but data mining links these two. The relationships and patterns in
stored transaction data based on the user queries are analyzed by the data mining
software. Many types of analytical software are available: statistical, machine learning,
and neural networks. In general, data can be mined considering any of four types of

relationships:
1.1.1 _Classi_ficaﬁon o

Classification is a data mining (machine learning) technique used to locate data
instances in predetermined classes. A model is created automatically from a set of records
that contain class labels. A function analyzes records that are already known to belong to
a certain class, and creates a profile for 2 member of that class from the common
characteristics of the records. Then the records that have not yet been classified can be
classified using that model. It enables us to predict that if the new records belong to that
particular class. Well known classification techniques are decision trees and neural

networks.

1.1.2  Clustering

Clustering is a data mining technique in which data items are grouped into groups

of similar data items (clusters), according to logical relationships without any advanced

* SelARC with Content Mining ' . 2



Chapter 1 ' Introduction

knowledge. of the group definition as in classification. In clustering the basic principle is -
to define a notion of similarity or dissimilarity between the data instances or you can say
how similar the data items are and then partition them into k-clusters for example data
can be mined to identify market segments or consumer likeness. From a machine learning
perspective clusters correspond to hidden patterns so the search for clusters is
unsupervised léarningﬁ K-means clustering and éxpect_ation maximization_clustering ére‘

well known clustering techniques.
1.1.3 Association Rules

Association rules is an important data mining technique for finding frequent
patterns, correlations, association among the data items in the database. Association rules
are defined by considering two predefined factors Support and Confidence. The rule
which satisfy the minimum support and confidence will be considered important. In other
words the frequent patterns and their association which satisfy the constraint of minimum
confidence are extracted from the database. The burger-drink example is an example of
associative 'mirﬁgg. Association rules are used in areas such as market and risk

’manag‘ément, telecommunication networks, inventory control etc.
1.1.4 Sequential Patterns

Association rules defined on the dimension of time are considered as sequential
patterns. The data having sequential nature like temporal data or in bioinformatics the..
amino-acid sequences are mined by defining finding sub-sequences that appear
frequently and satisfy minimum support threshold. Sequential patterns highlight inter-

~ transaction associations.

1.2 Web Mining

When data mining techniques are applied on the World Wide Web data it is called
web mining. Web mining technologies have become very important research area.

Initially two different approaches were taken to define web mining. One was “process-

SelARC with Content Mining ' 3
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centric view,” which defined web mining as a sequence of tasks (Etzioni 1996). The other

- was “data-centric view,” which defined web mining in terms of the types of web data that

was being used in the mining process (Cooley, Srivastava, and Mobasher 1997). The

data-centric view has become more acceptable, as is evident from the approach adopted

in most research papers that have addressed the issue. We follow the data-centric view of
web mining. The Web can be seen as a structure containing three main flavors of data:

content, structure and usage. Web mining can be categorized into three following:

s Web content mining.
o Web structure mining.

e Web usage mining.

WEB MINING

Web Content Mining Web Structure Mining Web Usage Mining
Agent Base Database i Pmemfm . Tsﬁning
iscovery from ocument
Approach Approach hyperlinks Structure

Figure 1.1: Taxonomy of web mining
1.2.1 Web Content Mining

There are many problems arising due to rapid expansion of the web and constant

growth of information which causes increaséd difficulty to extract useful information.

| SelARC with Content Mining .4
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Web content mining confronts this problem gathering explicit information from different

web sites for its access and knowledge discovery.

_ Web content mining is the process of extracting useful information from the
~ contents of web documents. Content data is the collection of facts a web page is designed
to contain. It may consist of teﬁct, images, audib, video, or structured reéofds such as lists
and tables. Web content mining is different from text mining and data mining. It relates
to text mining as much of the data on web is text but it is different because of the semi
structure nature of the web but as we know text mining focuses on text which is
ﬁnstructured. Web content mining is related to data mining as many data mining
techniques can be applied in web content mining but it is different from data mining as it
‘deals with semi structured data while in data mining structured data is dealed primarily.
Web content mining essentially is an analog of data mining techniques for relational
databases, since it is possible to find similar types of knowledge from the unstructured

data residing in web documents.

1.2.2 Web Structure Mining

It is the process of discovering information from WWW organization and links
between the reference web pages and referent web pages (hyperlinks at the inter-
document level). In other words structural summary of the web site and web page is
generated. In Web structure mining the graph theory is used which analyzes the node and
-connection structure of a web site. According to the type of web structural data, web
structure mining is of two kinds. One is to extract patterns from the hyperlinks in the web
. pages. A hyperlink is a structural component that connects the web page to a different
location. The other kind is mining the document structure. While analyzing the document
structure it uses a tree like structure to analyze and describe the HTML and XML tags
within the web page.

Hyperlinks ‘provide additional information through the way in which different
documents are connected to each other. We can view the web as a (directed) graph whose

nodes are the documents and the edges are the hyperlinks between them. A model

-SelARC with Content Mining _ B 5



Chapter 1 o Introduction

underlying the link structures is discovered in Web structure mining which is based on
the topology of the hyperlink with or without the link description. To categorize the Web
pages and useful information such as similarity and relationships between Web sites can
be generated using that model. Web pages can be filtered and ranked using important
information contained in the link structure of web. Some new algonthms have been
proposed that use link structure to search keywords and to 1dent1fy web communities. So
these algorithms perform better than Information Retrieval algorithms because they use
- more information than just the contents of the web pages. There are two major link-based
search algorithms, HITS (Hypertexi Induced Topic Search) and PageRank.

1.2.3 Web Usage Mining

To find the user navigation pattern by applying the data mining techniques on the -
web data is called Web Usage Mining. The path through which the user accesses the
pages or visits any web site could be very important information. Most of the
organizations now-a -days rely on the Internet and WWW to conduct business also
collect and generate large volumes of data daily. Web servers usually generate and collect -
" most of this information in access logs. Web usage rmmng is the discovery of user access
patterns from web servers. Web usage data includes the pattern of usage of Web pages,
such as IP addresses, page references, and the date and time of accesses and data that
provides mformanon about users of the Web site including registration data and customer
profile information. This can help the organizations to determine cross marketing
strategies, promotional campaigns, and life time valuc of customers. Tn order to create
better structure web site so that the presence for the organization can be created
affectively, the analysis of user registration data and the server access logs can provide A
-very useful information. The organizations which use intranet technologies and sell their -
products on WWW, Web usage mining can provide help in more effective management
- of organizational infrastructure, workgroup communication and targeting ads to specific
groups of users. For the discovery and analysis of patterns many techniques and sysfems
have been emerged. Two main categories of such tools are Pattern Discovery Tools and
- Pattern Analysis Tools. |

SelARC with Content Mining . 6
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1.3 Information Retrieval

To search the web, relational databases for documents, information: within
documents and metadata about documents is called Information Retrieval. The terms text
retrieval, data retrieval, information retrieval, document retrieval are overlapped but all
these also have some specific technologies, theory and body of literature which make
them different. Information retrieval system is based on Mathematics, Physics, library
sciencé, Information architecture, statistics, Information Science, Cognitive psychology
and Computer science. To reduce the information overloading automated information .
retrieval systems are used now-a-days. There are many automated information retrieval
systems provided by public libraries and universities to access books, documents and

journals but the most popular are web search engine.

Most of the Information retrieval systems work well with finite and document
controlled collections. In such finite collections documents are truthful about their
contents and are self contained. For such collections relevancy of the document can be

easily evaluated. Evaluation can be done in terms of recall and precision.

‘For World Wide Web the notion of recall has little meaning because it can not be
measured as we cannot have complete picture of the web. Precision cannot be measured
as user gives mostly short queries and the number of the documents containing query will
be in thousands. Despite all this documents may not be true about their contents. Using
hyperlinks, the documents or parts of the documents can be linked to each other and
additional information can also be attached to the document. This supports to the manual
browsing. However to find specific information or documents only hyperlinked bfowsing
is not sufficient. Million of web pages are daily added to the web so there must be some =

" retrieval mechanisms.

Generally when a user wants some specific informatiqn he uses either search
service or browses. When a user gives a query to a search engine thousands of web. pages
| are.there to respond the query and few of them are returned by the search engine. These
fetumed web pages may not satisfy the user’s information needs even if they contain the

~ SelARC with Content Mining : 7
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query terms. So besides the word matching some other ways and information have to be

found to enhance the performance of IR systems.
1.4 Topic Distillation

To find the pages which are most relevant to the topic of the user Query is called
Topic Distillation. We can say if a broad topic iS given the process of getting a small no
of high quality web pages which represent the topic most, is called Topic distillation.
As web growth is increasing exponentially w1th the time and the number of end users
cannot be a coﬁstant, web pages returned by search engines often contain exactly match
with the query terms. Topic distillation does not satisfy the exact information needs of the
: usgré but it aims to return the web pages for the query topic and provides spectrum of

information to the user.

An engine for distillation rather than search should return say thirty greaf pages in
general about any broad topic, filtering out the large number of irrelevant pages and low-

quality pages which would be appropriate responses to a more specific query.

Consider a que‘ry.like Web structure rmmng When the ﬁser is searéhing for 'we.:b
structure mining then it can be in éeveral contexts such as web structure mining as a
subject, books on web structure mining, conferences related to web structure mining,
famous people in the web structure mining field, important research groups on web
. stricture mining, companies providing tools for web structure mining etc. the broad
interests of the user cannot be satisfied by exact query matches. Rather, the users have to
search many times to find some aspect of web structure mining. e.g. "web structure
‘mining conferences”, "web structure mining tools". By topic distillation information
about all .aspects of web structure mining can ,be-prd{fided to the user with 'c.>nly'
performing one search. This is the main benefit of topic distillation over simple-

searching.

- Different topic directories like Yahoo, Google get information about broad topics
but considerable manual effort is required because topics are hard coded and arranged .

 SelARC with Content Mining | 3



Chapter ] ' Introaucrion

hierarchically. To overcome this curb Topic Distillation can provide help. No manual
effort is required when topic distillation is applied to answer any broad topic query.
Chakrabarti et al. [3] have done experiments on constructing topic directories -

automatically.
1.5 World Wide Web and Web Browsei'_

World Wide Web is a system that consists of a huge set of hypertext documents,
videos, images and other resources which are interlinked by hyperlinks and can be
accessed via the internet. The World Wide Web is commonly called as Web is one of the
services accessible via the Internet, along with different other services like e-mail, file
sharing, online gaming etc. To access the Web, Web browser is the Indespensible .
‘requirment. Web browser is a sftware that is used to view the web pages that may contain
the text, videos, images, sounds etc and also to navigate between the web pages by‘_ using

the hyperlinks.

To view a Web page on the World Wide Web the users have to type the URL into
the web browser, or to follow a hyperlink to that page or resource. Then in order to fetch
and display a web page a series of communication meséages is initiated by the web
browser behind the scenes. The URL of the page is resolved into the IP address using
domain name system or DNS. This IP address is then used to locate the Web server. Then
the browser requests the web server to send the pagc. First, the web browser requests the
HTML text of the web page and parse it immediately then the requests for images and
other files are made which make the parts of the page. When the required files are rceived
by the web browser the page is then rendered onto the screen incorporating the images -
and other required resources so that the on-screen web page can be produced that the user

will see. i
1.6 Search Engine |

Search engine is a tool to search information on the web and is a software
program that searches a database for keywords and returns documents that are related to
the query terms. The data presented by the search engines are in the form of lists called

Sel ARC with Content Mining | | 9
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hits and consists of web pages, images and other files. Some search engines also perform
data mining. Search engines are usually general class of programs and operate
algorithmically. Goggle, Alta vista, Yahoo, Excite are examples of search engine that
enable the user to find the required information on the WWW and USENET newsgroups.

1.7 Connectivity Analysis

Connectivity analysis is an information retrieval technique. It identifies and
utilizes the linkage information of the ' World Wide Web structure. Standard Information
Retrieval techniques can not perform well due to the continuously increasing growth of
the Web. On the other hand hyperlink connectivity analysis is used to identify the links
between the documents so the connectivity analysis building blocks are i.ncreaéing

continuously and becbming more important.

1.7.1 Hyperlinks

A hyperlink is a navigational element in a web page which references to some
other section of the same web page, some other web page or to some specific section of
the other web page. Hyperlink is-commonly called as link and can be a word, phrase or
image that the user clicks énd jumps éﬁtomatically to the .referred information on the
web. Hyperlinks are found almost on all web pages. In IR Hyperlink Connectivity
Analysis is done for two main purposes which are crawling and ranking.

All the links connecting the web pages are equivalent because the web does not
give any priority to a link or a document more than any other. The connectivity patterns
between web pages contain very important implicit information about the importance of -
‘the link. The links by the document or page author are concealed indications of human .
judgment. When a link is created it means that the referred information is recommiended
by the document author so the destination document gains some prestige. The documents
containing clear and accurate information are pointed by many links as compared to the
low quality documents. Although, there is 10 preference function attached to the link but
the preference is implicit in the total links which point to a document. This implicit

preference is produced by the group of web document authors.
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Some mathématical Atechniques exist to get this preference information. There are
two types of algorithms Page Rank (Brin & Page 1998) and HITS (Kleinberg 1998).
These algorithms determine the quality of a web page by the number of web pages that
link to it. These algorithms need much iteration to find the quallty or “authority” of a web
page. A web page w111 be of high quality 1f it is po_'mted to by many high quality web -
pages. It is equal to compute the eigenveéfdrs if we répresent the selected web as a
matrix. In Page Rank algorithm the linkage matrix is used while in HITS the product of
- linkage matrix and its transpose is used. The two methods when combined with keyword |
search perform well and return much better quality web pages. The main disadvantage of
these methods is the static nature as these can use only the links already exist and do not
allow the web to adapt newly generated links.

1.7.2 Significance of Hyperlinks

The Hyperlinks are the fundamental part of the web structure. There is a general
assumption that all the pages in the web are equally accessible. It is true that there is no -
formalized stricture of 'we.b. and no centralized organization to design web sites. Different
web browsers interpret scripting and markup languages differently. It is a reality that
some web sites have become more accessible than others. Search engines are used to
index links, anchor text, keywords and.paper content due to which the value of some web
sites is regulated.

For example, Google, a very popular search engine uses links to determine the

value and placement of a web site in search results. It indexes the links and ranks pages

by intefpre_ting the links between the pages in a way as a link from A to B as an endorsed

of B by A. Page rank of a page is find in a way as if A has many links to it as compared -
'to C, then a link from A to B will be of more worth than a link from CtoB.
Links are analyzed more correctly as compared to the page views or traffic and are

. mé’asure‘of success and distributor of rank.
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1.8 Web as a Directed Graph

Web can be represented as directed graph, the web pages as the nodes and the
" hyperlinks as the directed edges. This graph representation of the web can provide very

useful information.

Paget

Page2

Page3

Paged

AN

Figurel.2: Hyperlinked pages -

In figure 1.2 a hyperlinked structure is shown and in figure 1.3 this structure is
converted into the directed graph. A node in the graph having a large number of links
pointing to it is considered as a good quality web page having related information content |
to the query topic. Web page like this is called as Authority and the number of links
directed to it is called in degree of that page. Similarly if a node having many directed
edges going out from it to many authority web pages is also very useful resource. Such a
web page is called as Hub and the large number of links going out from it is called out

degreé of ;1 web page. For example in the context of literature citétioh’, a review paperis a |
| hub that has many links to the original research papers while an original research Apaper
cited by many papers is called an authority. | '
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Figure 1.3: Directed graph
- 1.9 Existing Link Analysis Algorithms

The main algorithms for link a_ﬁalysis are:
" 1) Page Rank, |
2) HITS
3) SALSA.
4) Trust Rank
HITS and Page Rank were proposed in 1998. SALSA was proposed in 2000. The

main feature familiar to all of them is eigenvector computation.
191 Page Rank

Tt is a link analysis algorithm in which a numerical weight is assighed to each
hyperlink to measure the relative importance. It can be applied to collection of entries
with references and reciprocal quotations. The weight assigned to any element E is called
page rank of that element denoted by PR (E).

SelARC with Content Mining o 13
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Now-a-days Google has become the most popular search engine because of its
higher quality of search results. This superior quality of search results is due to Page
Rank used to rank the web pages.

The Page Rank algorithm is based not only the number of incoming links but the .

. fact that the document gains more unportance as more the other documents link to it but

the inbound links are not counted equally. A document is given high rank if other high
raked documents link to it.

1.9.2 Hypertext Induced Topic Search (HITS)

Hypertext Induced Topic Search (HITS) was developed by Jon Kleinberg. Ii’s a link
analysis algorithm. It calculates two values for each page to rate these are Authority and
Hub. The authority value calculates the importance of the content of the web page while
.the hub value calculates the number of links it links to other pages. Authority and hub
values can be defined in a mutual recursion as the hub value is the sum of the authority
values of the pages it points to and the anthority value is the sum of the hub values of the
pages that point to that page. HITS like Brin's PageRank, is an iterative algorithm bésed |
~on the linkage of the documents' on the web. However it dbe; have some major

differences:

e Itis executed at query time and not at indexing time.

e Itis not commonly used by search engines.

e It computes two scores per document (hub and authority) as opposed to a single
score.

e It is processed on a small subset of ‘relevant’ documents, not all documents as
was the case with PageRank. .

- 1.93 SALSA

SALSA stands for Stochastic Algorithm for Link Structure Analysis. The features
of PageRank and HITS are combined in SALSA. Hub and authority values are calculated

SelARC with Content Mining | | 14
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per query as calculated by HITS. Markov chains are used to calculate these values as in
PageRank.

194 Trust Rank

Trust Rank is a link analysis technique. For misleading the search engines many
Web spam pages are created These pages use various techniques to achieve higher-than-
deserved rankings. While spam can be identified by human experts but to evaluate
manually a large number of pages, is a difficult task. |

Trust Rank method selects a small set of seed pages and evaluated by an expert.
After identifying the reputable seed pages are manually, a crawl extending outward from
the seed set seeks out trustworthy pages but as the documents are removed ﬁrom the seed
set Trust Rank’s reliability diminishes.

1.10 Content Analysis

Content Analysis is the process of finding the presence of some words within the
text. The meanings of these words 6r 'c':Oncepts arc then analyzed and inferences are made
~ to find the information underlying the relationships of these concepts or words. In the
context of web minjng'content analysis can be used to extract the relevant information
from the billions of web pages related to user query by analyzing the text for the presence

of query terms in the documents. There are two general categories of content analysis.
- 1.10.1 Conceptual Analysis

Conceptual é.naiysis is to find the existenée and frequency of the concep_fé and
often represented by phrases or words in the text. For example say if your favorite poet
writes mostly about the hunger. By conceptual analysis it can be determined that how
- many times the words like “hunger”, “starvation”, “famished” or “hungry” appear in that

poet’s volume.
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1.10.2 Relational Analysis

Relational analysis is one step further than the conceptual analysis. In this
relationships among concepts are examined in the text. Returning the example of
“hunger” , by relational analysis it idenﬁﬁed that what other words are next to the words
_ “huﬁger”, “hungrj'”. or “fa_mishéd” and then determine the.m.eanings of these grouped

words.

Sel4RC with Content Mining _ 16



Literature Survey




Chapter 2 . Literature Survey

2. . LITERATURE SURVEY

2;1 Hypertext Induced Topic Search

Kleinberg [6] developed HITS algorithm for ranking and rating the web pages and
uses two values authéfity and hub which can be defined in mutual recursion way.
Authority value of a page is calculated as the sum of the hub values pointing it. A hub
value of a page is calculated as the sum of the authority values. A more refined notion
proposed by Kleinberg was that the importance of a web page is based on the search
query performed by the user. To get the root set Kleinberg proposed to use text based
search engine. Further he suggested augmenting the root set with the pages pointed to and
pointed by the pages in the root set to form the base set.

Four basic components for Kleinberg approach are:

1. The amount of relevant information to some broad topic query is growing rapidly
on the WWW. Due to that ﬁlAtering the information r-esoﬁrces is bec6ming more
difficult for the users. The only way to deal this problem is to distill the broad
topic query. Kleinberg proposed authoritative resources for this purpose.

2. The results produced by the Kleinberg approach are high in quality. The
underlying domain is not restricted to the pages on a single web site or some
focused set of pages. |

3. A basic interface is required to any number of web search engines and the
techniques to get enriched samples of pages to determine the quality that make
sense globally. | | _

4. Hub pages link densely to the authority pages in this approach. This equilibrium
between hub and authority pages is that recurs in the context of variety of topics

on web.
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Some terms used by Kleinberg are as follows:
¢ Root set |
A set of web pages obtained from some existing search engine against a

user query is called root set. Figure 2.1 shows the procedure of getting the root

set.
User query
Existing search system
Figure 2.1: How to get Root Set
o Base set

The root set is expanded to 1-neighborhood to get the base set. All the
pages pointed to and pointed by the pages in the root set are combined to form the

base set. The figure 2.2 shows the method of obtaining the base set.

Figure2.2: Generating Base Seig :
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¢ Hub page
A page that contains links to many informative pages or authoritative

pages is called hub page. Figure 2.3 (a) shows the example of hub page.

¢ Authority page
A page that contains actual information on the query topic and is pointed
to by many hub pages is called the authority page. Figure 2.3 (b) shows the
example of the authority page.

Click on following This page contains
links to know more ¥ all the nformation
about web mining. about web mining.
Please read -
S~

T N s
RN

Figure 2.3 (a): Hub Page Example (b) Authority Page example

2.2 Page Rank, HITS and Unified Framework for Link Analysis

Parry et al [12] discusses Page- Ra_nk and,H‘y.p‘er Text Induced Search (I-lITS)_With
the problem of mutual reinforcement of hub and authorities. Concept of Co-citation and
Co-Reference is discussed. If two pages co-cited by many other web pages are likely to
be related in some sense. Similarly if two distinct web pages co-refer to several other web

pages shows that there is some commonality [11].
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The main feature of HITS by Kleinberg et al is the mutual reinforcement between
hub and authority pages. On the other hand the main feature of the PageRank is

normalization of the hyperlink weights.

Figure 2.4 (a) the web page pk co-cites WebPages pi and pj
(b) Pk is co-referenced by web pages pi and pj

This paper also describes the concept of combining the mutual reinforcement with
the hyper[ink weight normalization into a unified framework and three new algorithms
are introduced that perform normalized ranking in this new framework.

1. INORM Rank: inlinks are normalized using norm.

2. ONORM Rank: outlinks are normalized using norm.

3. SNORM Rank: inlinks and outlinks are normalized in symmetric fashion.

2.3 Automatic Resource Compilation (ARC)

Chakrabarti [3] presents an algorithm Automatic Resource Compiler ARC. ARC is
also ba_séd on the eXteﬁsibn “of HITS algorithm with the anchor text analysis and
performs 2-neighbourhood links anélysis and weights the links. The goal of ARC is the

automatic compilation of the resources and to list out the high quality informative

pages.

This paper describes the use study and a comparison of the ARC compiler with

the human compiled services. The users have to go on manual hierarchal taxonomy or
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~ on the compilation assisted by the human like yahoo and info seeks. Sucﬁ taxonomy
provides help to find out the resource list of pages related to any broad topic.

This paper describes three phases of ARC.

Root ' Augmented
Set . ) Set .
Quezy Evine Seardh Eroand vet Root Set & Calculate Hub and Authority
— | CEshng >ean p “Xpand s ° »| Valueitemtively by assipning .
System | Z-neighbouthood waghty e ']
Compiled resource
, list of top Hub and
Figure 2.5: ARC Authorities

1. Search and Growth Phase .

In this phase a set of 200 web pages are got and then augmented by the
pages from 2_neighborhood.

~ 2. Weighting phase

In this phase all the links are assigned positive numerical values as

weights which show how related a page is, to the query topic.
3. Iteration and reporting phase

This phase iteratively computes hub and authority vectors. The values of
the vector a contains the scores of each page as authority. The second vector h
contains the entries for hub value of each page. Then a matrix w is calculated that .
contains entries like w(b,q) cbmputed as below, for every link of page p to page q
and if there is no link from page p to page q the entry is 0.The vector h is set to 1
initially and the following steps are performed k times.
.a=wh
h=Za
Here Z is the matrix transpose of the vector W.
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2.4 Improved Algorithm for Topic Distillation

Bharat et al [1] combined the connectivity analysis with the content analysns for -
ﬁndlng the quality pages related to the query topic. He described three problems with the
Hypertext Induced Topic Search (HITS) algorithm and also proposed solution and some

algorithms to solve these problems. The main problems are as follows [6].
2.4.1 Mutual Reinforcing Relationships between Hosts.

There can be many possibilities that when more than one pages point to a single
page on another host. This can increase the hub score of the pages on the first host and
the authority score of the page on the other host. Similarly if a single page on one host
points to many pages on the other host can cause the same problem. These situations give
undue importance to the set of documents on a single host or give undue importance to

the authority or opinion of the single author or organization of that host.
2.4.2 Automatically Generated Links

A link from one document to the other shows that the document pointed to by, on
the other host has some prestige in the sight of the author of the first document but there
are many links which are automatically generated by tools like web authoring and
database conversion tools, cause problems while calculating the hub and authority scores.
For example, Usenet News articles are converted to web pages by the Hyper News
System and‘ linkg to ‘t'he .Hyper News web sife are ' automatically inserted. Such
automatically generatéd links must not represent the opinion .6f humans as they are

created by tools not by some human.

2.4.3 Non-relevant Nodes
For a query topic the neighborhood graph can have many irrelevant nodes. These

irrelevant nodes can cause topic drift problem because the highly ranked hubs and
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authorities may not have the information about the query topic. For example if a user
enters the query “jaguar and car”, the computation can drift to the common topic “car”
and the web pages returned, will be of the home pages different manufacturers of the

cars. So some non-relevant pages can get high scores of authority and hubs.

In this paper Bharat et al also presented an algorithm named imp which is.an
improvement over HITS by Kleinberg et al [6], to solve the first problem. Fractional
weights are assigned to the links so that no link can get undue weight. To solve the other
two problems this paper also presents some other algorithms which combine the content

analysis with the improved connectivity analysis algorithm.
2.5 Selective Hypertext Induced Topic Search

To answer the broad topic queries Mitra et al [7] developed SelHITS algorithm
which is an improvement over HITS algorithm. This paper also describes the problems
for example topic drift, topic contamination and extra time consumption. To solve these
problems Mitra et al prese’rifed the selective exparis‘ionprobe’dure by which root set is |
expanded selectively. This selective expansion ignores the irrelevant pages as it
calculates hub and authority values of the root set pages and then only top hub and top
authorities are expanded to form the base set. So by avoiding the non-relevant pages

SelHITS distills the most important web pages for any broad topic query.

_ RootSet | . BeseSet | Huband
Existing - | Om | ] Authority _
search system Neighborhood valus ’
Query Expansion Calculation TopHb &
: Authority
Figure 2.6 HITS
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Modified hab Candidate Pages Selecti Base Set
. 1 U for Expansion elective ,
Query Existing Root Set and Authority Expansion Modified
Search value - : hub and
™ Engine 7| calculation Authority
' : : ' : value
Top hub and l Results
Authority pages
Figure 2.7 SelHITS

2.6 Analysis of exiting techniques

The comparision of existing content and connectivity analysis techniques against
different parameters is shown below in table 2.1 which clearly shows the defficiencies of

the prievious techniques.

Table 2.1: Comparision of existing techniques

Existing One Link | 2-Link Selective Anchor Content | Hub &

Techniques Expansion | Expansion | Expansion | Text Analysis | Authority
Mining Calculation

Kleinberg et v X . X X X v

al. (1997)

Bharat et al. v X X X v v

- (1998)

Chakrabarti | v 4 X v X 4

et al. (2002)

Awekar et al. 4 X v x X 4

(2007)
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3. PROBLEM STATEMENT

Searching the web can simply be considered as a process of querying and getting the
most relevant pages through some search system. Here are some problems found in most
of the search systems:

o Topic Drift

The problem of Topic drift is also occurred when there are more than one
interpretations of a query term and the computation drifts to the more common
topic.

¢ Distilling the pure topic

Sometimes users type ambiguous queries and search engine returns
results from multiple topics, that causing topic contamination but the aim of topic
distillation process is to deliver results for a single topic only. For example user
fires the query “mouse”. This query is ambiguous and has multiple meanings.
Meanings of mouse can be device of computer or can be animal. So depending on
meaning there will be different topics for the query.

o Drawback of Anchor text mining

The problem encountered in ARC algorithm is when Anchor text mining
is performed on Augment set a large amount of information is lost for example in
case of user entering the query “mouse” there are large no of chances that the
URLS that do not contain the query term mouse may contain the rich information
about mouse.

In case of query mouse the URL “http:informatix.jax” will be ignored
when anchor text mining is performed. But this page contains very valuable
information about mouse which will not be returned to the user and will be
unconsidered. Similarly, the URLs which contain the query term mouse may not
contain relevant and important information about mouse will be considered
important. ' ' ‘ :

e Extra time consumption due to Blind Expansion

Most of the search systems return results for broad queries only few are
relevant to the topic of the query and are important for the user. Blind expansion
of the root set adds a large no of nodes in the base set which are useless and not
fulfilling the information needs of the user and also causing the extra time
consumption. :
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4. DESIGN

The techniques ‘being used for web searching still lacking in returning most

relevant results to the user query as discussed in literature survey. The problems like-

Topic contamination, topic drift, extra time consumption due to blindly expansion of the |

root set and drawbacks of Anchor text mining are highlighted in probl¢m definition
chapter. |

This chapter presents an approach “SelARC with Content Mining” for improving
the efficiency of web search systems and getting more relevant results against a user
query. The basic aim is to combine the content analysis with the connectivity analysis
methods to distil the pure topic and most relevant information. Section 4.1 describes the
Automatic Resource Compilation (ARC) by chakrabaarti et al [3] also points towards the
main drawback of this approach. Section 4.2 describes the Content and Connectivity

- Algorithms by Bharat et al'[1] and also describes the main» drawback of the algorithm. A
Section»4.3 giveé .brief detail of SelHITS by Mitra et al [7]. Séction 4.4 describes the
- system architecture and also the main phases of the SelARC with Content Mining.
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4.1 Automatic Resource Compilation (ARC).

Chakrabarti et al [3] designed an aufomatic resource compiler (ARC). An
- automatic resource 'c_ompiler as discussed in detail in literature survey is a system to-
which a broad topic that is well fepresénted on the World Wide Web is given and it will
return a list of resources which it considers the most relevant. ARC is based on link and
text analysis combination to distill out most relevant pages against the query topic. ARC
computes a 2-neighborhood graph instead of one-neighborhood graph. Three phases of an
ARC are shown in figure 4.1. ARC first gets a set of pages from some existing search
engine and then augment using the links to 2-neighborhood. Then each link is assigned a
weight w (p, ¢). The weight of a lirk increases as topic related text increases in the
anchor text of that link. Then in iteration and reporting phase iteratively calculates the
values of Hub and Authority and reports the top hub and authority pages. The procedure
“Expand root set to 2-neighborhood™ gives a broader graph as compared to the “1-link
expansion” procedure in other algorithms. So to find related pages to the query in a

bigger graph of nodes will deﬁnitel_y improve the chances to get more relevant pages to

the query topic.
Root Augmented
Set Set
Query — Calculate Hub and Authority
.| Existing Search > Expand. set Root Set to »| Valueitesatively by assigning .
' System 2-neighbourhood weight ’l
¥
Compiled resource
Figure 4.1 Amtomatic Resouere Compilation : list of top Hub and
- Authorities
Drawback

' The main drawbacks of ARC as discussed in the problem definition chapter are
the problems due to the blind expansion and the text analysis of the herf only and not the
full contents of the page are analyzed. So many important pages can be ignored and many

irrelevant pages can be added in the augment set.
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42 Content and Connectivity Algorithms

Bharat et al [1] discussed nine content and connectivity based algorithms. These
algorithms first construct a query specific graph against the user query whose nodes are -
documents. The graph is constructed by getting the root set of the web pages from some |
existing search éngine by entering a user query. Then blind expansion is done by adding
web pages from its neighborhood, which is the set of web pages either point to web pages
in the root set or are pointed to by the web pages in the root set. The documents in the
root set and its neighborhood documents collectively form the neighborhood graph’s
nodes. The number of nodes in the neighborhood graph is called the base set. After
getting the base set, content analysis is performed to prune the irrelevant nodes from the

neighborhood graph as shown in figure 4.2.

Pruning is performed by computing the relevance weights of the nodes in
neighborhood graph and make use of the relevance weight of each node to make a
decision if it should be removed from the graph. This decision is dependent on the
thresholds of relevance wéights. Relevance Weight of ény node is équal to the similarity
- of the query topic with the content in its document. All nodes whose weights are under
the threshold value are pruned from base set and resultant pruned set is used then for
further processing. Thresholds can be picked in one of three ways.

1. Median Weight _
In this way the median of relevance weights of all the nodes in the graph is
set as threshold.

2. Root Set Median Weight
In this way the median of relevance weights of all the documents in the
root set is set as threshold. |

3. Fraction of Maximum Relevance Weight
In this way a fixed fraction of the maximum relevance weight is set as -
threshold. Bharat ef al used max/10.
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‘ Existing search RootSet ™ Tink Expansion
* Engine i
Query
- Base Set .
f C Top hub and
- Authority
Content analysis Hub and Authority
* value calculation —
Pruned Set Results

Fignre 4.2 content and connectivity algorithms

On the pruned set the connectivity based algorithm “imp” is applied to compute
the hub and authority scores for all the nodes in the pruned set and correspdnding
algorithms are named as med, startmed, and maxby!(). These algorithms then report the
top hub and authority pages to the user.

Drawback N . .
' The main drawback of the algorithms by Bharat ¢t al is the blind expansion as
discussed in the Problem definition chapter, due to which topic contamination and extra

time consumption problems occur.
4.3 SelHITS Algorithm.

SelHITS algorithm by Mitra et al [7] begins with the user query and a small start
set from existing search engine. The start set will be of few hundred pages related to the
query. Hub and Authority values are then calculated of the nodes in the root set. Then top
Hub and Authority pages are sclected as candidate pages for further expansion. This

- selective expansion procedure of candidate pages drastically reduces the size of base set,

as irrelevant nodes are not added to the candidate pages to get'the ‘base set. This avoids

 the problem of time consumption and topic contamination problem. SelHITS repeats the
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same process on the base set as performed on the root set. Then top Hub and Authority

pages are reported to the user. Refer the figure 4.3.

Query RootSet | Huband
Existing Search Authority Value
| ¥ System T "] Caleulation
Candidate Pages for Expansion
TopHb &
Selective Hub and Suthority

BaseSet | Celculation o

Results

Figure 4.3: SeIHITS

e The “Selective Expansion” procedure achieves considerable improvement over
blindly “One Link Expansion” procedure as in figure 4.3. As only relevant pages
are expanded instead of the expanding all relevant or irrelevant pages to get base -
set. Therefore the size of base set decreases drastically as compared to the blind
exparision and the resultant pages added in the base set are uséful and about to the

 user query. ' ‘

e The “Selective Expansion” procedure also addresses the problem of topic
contamination which occurs due to the blind expansion to get the base set. So the

pages from the single topic are extended instead of the multiple topics.
4.4 System Architecture

- The Proposed System “SelARC with Content Mining” is a combination of Content ..
Analysis and Connectivity analysis methods. The proposed system handles the problems
like Topic Drift, Topic Contamination and Extra Time Consumption. The main goal is
not to provide heévy performance like search engines but to return the most relevant

pages to only one of the main query topic.
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The system starts with the user query given to some search engine and root set is got.
‘The Hub and Authority value calculation phase calculates the Hub and Aﬁthority values
for each page in the root set and selects top hub and authority pages as candidate pages. -
Then these candidate pages are gone through the “selective expansion” phase. This phase
first expands the candidate pages to 1-neighbhourhood and the pages with top hub and
authority values are selected as base set. Then the base set is expanded up to 2-
neighbourhood level by selective expansion process and we get the Augment set. This
selective expansion will decrease the size of augment set as compared to the aug:hent set
| by ARC algorithm. By selective expansion irrelevant pages will not be added first to the
base set and then to the augment set. Now for further content analysis we will have only
the pages related to the query topic so no extra time will be expanded on the irrelevant
‘pages. As the augment set will contain only the pages from the single topic so in the case
of ambiguous queries there will be no topic contamination problems. The: system design
of SelARC with Content Mining is shown in the figure 4.4.

— Calculate Hub and -
| Existing sear;h | Ft’l_:!qt Set ' Authority Weight
Query Engine o o
Candidate Pages for Expansion
VL Top hub and
Authonty
. ; Content
Selective Ezpansion | Augment  Set Anal :zs Pruned Set | Hub and
Mkt vty T ] . L
From Root Setto ¥ Authority value Results
2-neighbourhod calculation

The main phases of SelARC with Content M1mng are:

Figure 4.4 SelARC with Content Minng

® Root Set: user gives the query to the implemented system and the root sét is got

- from some existing search engine.
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e Candidate Pages: The implemented system performs the authority and hub
values calculation for every web page in the root set and the top hub and

authority pages are selected as the candidate pages.

e Base Set: The candidate pages are expanded selectively to 1-neighbourhood
and the resultant set of pages is called the base set. B

e Augment Set: The implemented system again calculates hub and authority
values of each page in the base set and the top hub and authority pages are the
candidate for further expansion. These candidate pages are then selectively
expanded up to 2-neighborhood and the resultant pages form the augment setas
shown in figure 4.5. ‘

-~

Figure 4.5 Augment Set

SelARC with Content Mining 32



Chapter 4 o o ' Design

e Pruned set: Implemented system gets pruned set by further pruning the pages
by applying the content analysis on the pages in the augment set.

o Content Analysis: Content analysis is performed in one of three ways using
| "_Co.ntent ahalyzer: | | ' '
1. Sté.rt Setr
2. Medianr
3. Fraction of Maximum
The pruned set contains the pages which have relevance weight more or

equal to the threshold value.

o . Top Hub and Authority pages: Finally the system calculates the top hub and

authority values for the pruned set and reports the most relevant pages to the

USer query.
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5. IMPLEMENTATION

In the software iifecycle implementation phase is the stage where the realization of
some idea takes place. It is the phase when thoughis, some plan, design or some
specification are given some physical shape.” A good implementation describes the
‘summery of the noteworthy 6rgatiization of deliverables. In computer sciencé field
implementation is a realization of some specifications as software component. For
successful applicatior; or system a good implementation approach and strategy is very

important.
5.1 Tools and Technology

For the implementation of SelARC with Content Mining the minimum requirements

are as follows:
e  Windows XP.
* High speed Internet.
e MATLAB7 -
¢ Visual Studio 2008 with C#
e MS Access
e To run this application Pentium IV with at least 3GHz processor speed is

reqﬁired.
5.1.1 MATLAB

MATLAB stands for matrix laboratory created by Cleve Moler in the late 1970s.
It is a fourth geﬁeratibn brogramming language and provides us an environment for
numerical computing. It is used for implementing algorithms, creation of interfaces,
matrix manipulation, interfacing with programs in other programming languages and to
plot different functions and data. MATLAB is numeric only but some optional toolbox
also provides the capabilities of computer algebra. Graphical simulation and model-based -
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designing can also be done for dynamic and embedded systems. MATLAB integrates
programming, computation and visualization in an environment which is easy to use.
- MATLAB was originally developed for matrix software but now it has been evolved over
. aperiod of years. It has become the standard instructional tool in the universities. It is an
interactive system and its basic data element is an array that does not require
dimensioning. This helps in solving many technical cohnpﬁting problems that have matrix '
and vector formulations. It has many add-on application specific features called
- toolboxes. These toolboxes are the collection of m-files and functions that can be
extended to resolve particular classes of problems. The toolboxes available in the areas
are control systems, signal processing, fuzzy logic, simulations, wavelets, neural

networks and many others.

I used MATLAB for connecting with search engine google and for extracting
URL’s from web pages. I also used matlab for implementing different functions required
to get the overall system’s functionality.

5.1.2 C#.net

C# pronounced as see sharp, is an object oriented programming language. It is
developed as part of the NET initiative by Microsoft. It was then approved by ECMA
and ISO. It encompasses many disciplines like object oriented and functional. C# also
provides disciplines which allow to code generic and component oriented modules.
Anders Hejlsberg leaded the development of C#. He already had designed the Borland's
Turbo Pascal. It is a2 multi-paradigm programming language suitable for writing general
purpose programs. One can code from very small dedicated systems to very large systems
and can be used not only to code for embeddéd Sy_stems but also for hosted systems. C#is
designed for Common Language Infrastructure (CLI) and the object oriented syntax of c#
is similar to C++. , .

I used C# .net for content analysis of web pages by developing the SelARC Parser
and Content Analyzer
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5.2 Important phases and implementation functions
5.2.1 Start set

'I'he start set is the order of at least 200 web pages related to the query fopic. ThlS -
start set is fetched from existing search engine (Google) against the user query. To fetch
start set the function used is web_root().

e web_root) _
This function extracts the URL’s from an existing search engine related to

a user query. These links make the start set which is used for further processing.

5.2.2 Candidate set

The candidate pages are the pages selected from the start set whose hub and
authority values are high. For calculation of top hub and authority pages four following
functions are used. - '

e url_call)
This function finds out the links among the pages of the start set. This mapping of
URL’s helps in finding the top hub and top authority pages.
o start authority()
This function calculates the authority value for cach page in the start set.
e start_hub()
This function calculates the hub value for each page in the start set.
¢ candidates() . _
' 'This function selects the top hub .and top authority pages and forms the candidate -

set.

5.2.3 Selective Base set ,
, The expansion of the candidate set up to the 1 neighborhood level forms the
selective base set. The pages which points to or pointed to by the hyperlinks in the pages -
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of the candidate set are added to the selective base set. The following functions fulfill this
task of one link expansion.
e cand_in() _
This function finds out the in links of the pages in the candidate set.
¢ cand_out()
| The out links of the candidate set pages are founded by this function.
¢ base_cand() '
The URL's of the candidate set pages and their in links found by cand_in(), out
links found by cand out() are combined by this function which forms the

selective base set.
5.2.4 Aug Candidate set

The Aug Candidéte pages are the pages selected from the selective candidate set
whose hub and authority values are high. For calculation of top hub and authority pages
four functions used are similar to the functions used to form the candidate set. The

functions are aug_url_call(), ._apg_top_authorityo,' aug_top_hub(), aug_candidates().
5.2.5 Selective Augment set

The Selective Augment set is formed by including all the out and in links of the
aug candidate set up to 1_neighbourhood and due to this twice one link expansion we get

- expansion of start set pages up to 2_neighbourhood. Two functions perform this task are:

e aug out()
Thi; function finds all the out links of the pages in the aug candidate set.
-_#ﬁgmelllto‘ | . o ‘ C e
This function combines the URL'’s of aug candidate set and the URL’s find out by

aug_out() to form the selective augment set.
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5.2.6 Pruned Set
Pruned set is formed by performing the content analysis due to which irrelevant

pages are removed.

e Plain text Extraction from web pages.

. o Relevance weight calculiﬁon of web pages

similaritg{Q, D;) = — Z—af%wiej)
‘,@:1{”‘9} X 3o fwm)?

This formula is used to find the similarity of the query and ;he document by Bharat et
al [1].
o Medr()
This function finds out the median of the relevance weights of the selective
augment set. Then this median is used to prune the pages whose relevance weight
is less than the median. The remaining set is the prune set. L
e Fracr()
This function finds out the fraction/10 of the relevance weight of the pages in the
selective augment set. The remaining set is a pruned set. -
e Start_medr() |
This function finds out the median of root sct pages on the bases of relevance
weights and pruned the pages on the bases of relevance weight less than median.

The remaining set is pruned set.

5.2.7 Top hub and authority
Finally top hub and the authority pages in pruned set are reported to the user.

© 5.2.7.1 Top hub and authority through Medianr Algorithm

¢ medr_match()
This function finds out the link relatmn among pruned set pages
e medr_auth() A
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This function finds out the top authority value of each page in the pruned set and
reports the top authority pages.

Medr_hub()
The hub value of each page of the pruned set is calculated by this function and the

~top hub pages are returned to the user:

5.2.7.2 Top hub and authority through Start Set Medianr algorithm

Startr_match()

This function finds out the link relation among pruned set pages.

Startr_auth()

This function finds out the top authority value of each page in the pruned set and
reports the top authority pages.

Startr_hub()

This hub value of each page of the pruned set is calculated by this function and
the top hub pages are retumed to the user.

5.2.7.3 Top hub and authority through Fractionr of Maximum algorithm

fracr_match()

This function finds out the link relation among pruned set pages. -

fracr_auth()

This function finds out the top authority value of each page in the pruned set and
reports the top authority pages.

‘ fracr_hub()

This hub value of each page of the pruned set is calculated by this function and
the top hub pages are returned to the user.

SelARC with Content Mining
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6. | TESTING AND RESULTS

Testing is the process of investigation to check the quality of the product. Software
testing is the independent view of the software. to venfy that it is satlsfymg the required
functionality and behavior according to the needs of the user.

- Well performed testing of the software can decrease the cost of maintaining the
software. It also reduces the risks associated with the poor quality software like poor user

productivity, calculation and data entry errors, and unacceptable functional behavior.
6.1 Testing Purpose

The main purpose of testing is to execute the program or application and find the
bugs. A test is as good as much it has the probability to find the undiscovered errors in
the software. Tests are designed that can uncover the bugs in minimum time and cffort.
There are some main goals that have to be achxcved |

o Dlscovenng errors in the software.

e To build conﬁdencc in the proper operatxon of the software when there are no

errors discovered by testing.

e Verify that all the requirements of the user are implemented.

o Verify that all the components of the software are integrated properly.

o Interaction between the objects must be verified.

Software Testing is the process of validating and verifying that a software product
meets the business and techmcal reqmrements that guided its de51gn and development,

works as expected, and can be implemented with the same characteristics.

62 Testing Principals

. Following are the principals to be keptlin‘ mind before testing.

¢ All tests must be traceable to the user requirements.
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e As testing starts the tests must be planned long before.’
o The whole software must be tested gradually. .
¢ Anindependent third party must conduct the testing.

6.3 Testing the Design

Testing the design document is the key for a successful impiementation. To
discover design defects in the software is difficult due its complexity as software and any
digital system are not continuous. So it is not sufficient to test only the boundary values
to guaranty the correctness of software. It is necessary to test and verify all the values.
Following points must be considered during the design testing.

o Isthe design healthy?
¢ Design meets all the requirements?
o [sthe design complete?

e Can the design be implemented? -
6.4 Testing the Code

The testing strategy that will be used is that first the whole software will be tested
against the specification to discover the part of specification that is not completed. Then
the software will be tested against the implementation to discover those pérts which are
fault.

6.5 Testing methods

-Software testing ‘methods are of two types, black box teéting and white box

testing. These two approaches are used when the test engineer designs the test cases.
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6.5.1 Black box testing

Software is treated as black box in this type of testing. No internal implemehtation
detail . is considered. ‘The functionality of the software is ‘tested according to the
requirements. So the input data is given to the test object and is checked either the output

data is or is not according to the specifications.
16.5.2 White box testing

Software is tested like a white box, or viewed as glass box. The full code every
data structure and algorithm is tested and is visible to the tester. According to the
implementation details all the tests are designed cdnsidering the programming language,
styles and data structures. All the tests are derived by following the structure and flow of
the program. Control-flow testing, data-flow testing, and loop testing, all correspond flow
structure of the software. | '

6.6 Testing of SelARC with Content Mining

The testing of SelARC with Content Mining is undergone through all stages of
black box testing and to some extent white box testing. The system is reviewed to see
whether the objectives of the system are accoinplished or not. A major factor considered
during system evaluation is to evaluate the system with the perspective of the quires
entered by the users. o

. The sample tests :performed on SelARC with Cbﬁtent _Mirﬁng are performed on the

following queries:

1. Data mining
2. Apple

3. Windows
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6.7 Top Authority Pages by medianr for query “windows”

B} Micrasoft Access - [medr_auth -

Table}

] http /W, mlcrosoft com/windowsmoabile/en-us/heln/default. mspx o
7] httpr/Awww. microsoft. comiwindowsvistaffesturesforeveryone/sidebar.mspx
_- http: fAwww.microsaft. comiwindows xp/mediacenter/default.asp

] hitp:fwww. microsoft. cam/windows/catalog/server/defauit-vl. aspx
http:/Mindowslive.com/

| hitp: /Aweew. winsupersite.com/ L
hitp:/f gar-suppon. spacss five. comlhlog/cns
_ihttpfww.ubcddwincony
_|http: lluﬁcesharepomtpro com/

| http:#donavon.com

. http:/iv-ww cnet. comMindows—visla htmi

-1 http: .l/socral 2uns. net/report&buse aspx
-} hitp:/fmccain, livegadgets.net!
2| http:/fad.doubleclick.netfclk
—| http:/fjush. comptiny/ e am e e
| http 1280, photobuckst. comlalbums/kk1Idonavonwesm.wsGadgsts/WnuenByLJvaGadgat

_ http I/blugs msdn coanlxlpageslPlug_ZDm ins.aspx
‘| http://blog.getpaint.net/ !
_|http: l/b(og donavun commﬁﬂmmaily-gallup-poll-gadget.html i

Figure 6.1: Top Authority Pages by medianr

Figure 6.1 shows the top authority URL’s against the user query “windows” by
medianr algorithm. These top hub and authority web pages contain only one aspect of
“windows” query. There is not a single page from other aspect of “windows™ like
house windows. The URL’s show that even the anchor text don’t contain the query
term wmdows also are considered 1mportant Wthh were ignored due to anchor text

ining,
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6.8 Top Hub Pages by medianr for query “windows”
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Figure 6.2: Top Hub Pages by medianr

Figure 6.2 shows the top hub URL’s against the user query “windows” by
medianr algorithm. These top hub and authority web pages contain only one aspect of
“windows” query. There is not a single page from other aspect of “windows” like
house windows. The URL’s show that even the anchor text don’t contain the query
'term ‘windows” also are considered 1mportant which were ignored due to anchor text -

mining.
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6.9 Top Authority Pages by Fractionr of Maximum for query “windows”
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Figure 6.3: Top Authority Pages by Fractionr of Maximum

Figure 6.3 shows thé fop authoﬁty URL'’s against the user query “windows” ‘by
Fractionr of Maximum algorithm. These top hub and authority web pages contain
only one aspect of “windows” query. There is not a single page from other aspect of
“windows” like house windows. The URL’s show that even the anchor text don’t

contain the query term “windows” also are considered important which were ignored

due to anchor text mining.
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6.10 Top Hub Pages by Fractionr of Maximum for query “windows”
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Figure 6.4: Top Hub Pages by Fractionr of Maximum

Figure 6.4 shows the top hub URL’s against the user query “windows” by
Fractionr of Maximum algorithm. These top hub and authority web pages contain
only one aspect of “windows” query. There is not a single page from other aspect of
“windows” like house windows. The URL’s show that even the anchor text don’t
contain the query term “wipdows” also are cpnsidered important which were ignored

due to anchor text mining.
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6.11 Top Authority Pages by start set median for query “windows”
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Figure 6.5: Top Authority Pages by start set medianr

, . Figure 6.5 shows the top authority URL’s against the user query “windows” by
\ ‘  start set medianr algorithm. These top hub and authority web pages contain only one
) aspect of “windows” query. There is not a single page from other aspéct of
“windows” like house windows. The URL’s show that even the anchor text don’t
contain the query term “windows™ also are considered important which were ignored

due to anchor text mining,.
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6.12 Top Hub Pages by start set median for query “windows”
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Figure 6.6: Top Hub Pages by start set medianr

Figure 6.6 shows the top hub URL’s against the user query “windows” by start set.
medianr algorithm. These top hub and authority web pages contain only one aspect of
“windows” query. There is not a single page from other aspect of “windows” like
house windows. The URL’s show that even the anchor text don’t contain the query
term “windows” also are considered important which were ignored due to anchor text

mining.
6.13 Analysis of Results
The analysis of results shows that in case of performing content analysis rather than

only th_e anchor text mining as in ARC [4], has improved the results as many pages which

“were ignored are considered important now. On the other hand some irrelevant pages
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added due to blind expansion are now ignored and the problem of extra time consumption
is solved now to some extent as the root set and base set is selectively expanded. So we
© can see from results that the augment set is much smaller as it would be in case of blind

expansion.

The first query that I 'selected to test this 'syster.n is “windows”. There are two
interpretations for this broad query. One is the window in the wall and the second is
windows operating system. Due to these interpretations there was the problem of topic
contamination as the top hub and authority pages resulted by previous algorithms were
from different interpretations instead of only one. So by selective expansion of root set up
to 2-neigborhood and then finally performing content analysis has proved the better

results as compared to just performing the anchor text mining of the previous algorithms.
Similarly I got improved performance in the case if the queries “apple” and “data
mining”. The table 6.1 shows the comparison of SelARC with Content Mining system

with the previous techniques.

Table 6.1: Comparison of “SelARC with Content Mining” with .other'Techniques |

Existing Techniques One Link 2-Link Selective Anchor Content | Hub &
Expansion Expansion | Expaasion { Text Analysis | Authority
Mining Calculation

Kleinberg ct al. (1997) v X X X X v
Bharat et al. (1998) v X X X v v
Chakrabarti et al. v v X v X v
(2002) '

Awekar et al. (2007) v X v X X v
Our Approach v v v X v v
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7. Conclusion and Future Works

7.1 Conclusion

The Proposed System “SelARC with Content Minihg” is a combination of
Content Analysis and Connectivity analysis methods. The implemented system is
successful in giving the improved desired results. Previously the blind expansion of ARC
and other content analysis algorithms drastically increases the size of augment set. Due to
which useless pages added to the augment set takes extra time consumption for further

processing.

The selective one link expansion of SelARC causes this time consumption
reduced but the pages added are only from one neighborhood so the area is limited in the
sense that pages added to the base set are less than the no of pages in the augment set
which contains pages from 2-neighborhood. So ‘the Se_lARC with Content Mining by
performing selective expansion of root set to 2-neighborhood gets more pages related to
the query and the problem of tdpic drift is also solved as the chances of adding pages

which are of no use to the user are distilled.

Further the content analysis is performed on the selected augment set by which
the bages ignored due to the anchor text mining of ARC, are not ignored and added to the
pruned set. Finally the distilled set of pages purely related to a single aspect of the query
topic is got. So in case of broad topic queries the problem of topic contamination is

solved to some extent.
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7.2 Future Works

1. To get the root set dynamically from the web sources instead of getting it from
some eXisting search engine can be an important future direction of this research

work.

2. To improve the same system by expanding the root set to n-neighborhood.

3. Further to make a search engine using the improved algorithms of SelARC with
Content Mining is another future direction of this research.

4. To combine the Anchor Text Mining with the Content mining of the web pages

can also be a future work of this research.
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-Definition of Terms

Abbreviations
HITS

| SelHITS

H

A

SALSA

HTML
WA A

- N/W

DOM

IR

Appendix A

DEFINITION OF TERMS

Full Form

Hypertext Iﬁduced Topic Search

Selective Hypertext Induced Topic Search
Hub |

Authoﬁty

Stochastic Algorithm for Link Structure Analysis

Universal Resource Locator

Hypertext Induced Topic Search

World Wide Web

Network

Automé.tickésource Compilation

Document Object Model

Information Retrieval
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