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ABSTRACT

The growth of internet is increasing continuously by which the need for improving the quality of services has been
increased. Web mining is a research area which applies data mining techniques to address all this need. With billions of
pages on the web it is very intricate task for the search engines to provide the relevant information to the users. Web
structure mining plays a vital role by ranking the web pages based on user query which is the most essential attempt of
the web search engines. PageRank, Weighted PageRank and HITS are the commonly used algorithm in web structure
mining for ranking the web page. But all these algorithms treat all links equally when distributing initial rank scores. In this
paper, an improved page rank algorithm is introduced. The result shows that the algorithm has better performance over
PageRank algorithm.
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INTRODUCTION

The World Wide Web is a collection of Web sites and its contents. In this highly competitive world and with the broad use
of the Web, providing useful information and fulfilling users’ needs are the primary goals of website owners [1]. Since the
web contains huge amount of information and provides an access to it at any time and in any place, efficient searching for
web contents becomes more essential. Most of portal sites usually have their search engines, which are used to find
relevant Web contents for users’ queries. For efficient responses to users’ queries, many portal sites have their indexed
databases with indexed words pointing to positions in Web pages. Search engines find relevant Web contents by seeking
indexed words related to the query strings given by users. Usually crawlers are used by the portal sites to update their
indexed databases [2]

Since a Web site has its homepage and all the contents linked with this home page, crawlers usually fetch the homepage
of the Web site first and then obtain other Web contents by traversing referenced links within Web pages. Commonly used
techniques to traversing referenced links are breadth first search and depth first search. Regardless of which techniques
are used to traverse Web contents of a Web site, it is necessary to avoid traversing a Web content that has already been
visited and fetched which is inefficient [3], [4]. So the number of links in the web page both the numbers of inlinks (links to
a page) and number of outlinks (links from a page) are valuable information in web structure mining. This paper provides a
new improved page rank algorithm.

The rest of this paper is organized as follows. An introduction about web mining is presented in next section. The
description about web graph is given in section 3. A brief background review of web structure mining is presented in
section 4. Section 5 presents the PageRank algorithm, a commonly used algorithm in WSM. An improved PageRank
algorithm is described in Section 6. Implementation, evaluation and experimental results of improved PageRank algorithm
are presented in Section 7. Finally section 8 summarizes the conclusion of the present study.

WEB MINING

To provide useful information to the user, analyzing users’ patterns of behavior becomes increasingly important. Web
mining is used to discover the content of the Web, the users’ behavior in the past, and the web pages that the users want
to view in the future [5]. Web mining consists of the following tasks [6]:

* Resource finding: The task of retrieving intended Web documents

» Information selection and pre-processing: Automatically selecting and pre-processing specific information from
retrieved Web resources

»  Generalization: Automatically discovers general patterns at individual Web sites as well as across multiple sites.
* Analysis: Validation and interpretation of the mined patterns

According to analysis targets, web mining are broadly classified into three different categories [7],[8], [9] which are Web
Usage Mining, Web Content Mining and Web Structure Mining.

Web usage mining is the process of extracting useful information from server logs and finding out what users are looking
for on the Internet. Web content mining is mining, extraction and integration of useful data, information and knowledge
from Web page contents. It mainly focuses on the structure within a document. Web structure mining is the process of
using graph theory to analyze the node and connection structure of a web site. It tries to discover the link structure of the
hyperlinks between documents. Many algorithms have been proposed for hyperlink analysis. PageRank is a commonly
used algorithm in WebStructure Mining. It measures the importance of the pages by analyzing the links [8], [10], [11].
Hypertext Induced Topic Search (HITS) ranks webpages by analyzing their inlinks and outlinks. In this algorithm,
webpages pointed to by many hyperlinks are called authorities whereas webpages that point to many hyperlinks are called
hubs [12], [13], [14], [15]. Weighted Page Rank assigns larger rank values to more important (popular) pages instead of
dividing the rank value of a page evenly among its outlink pages. [5].

Thus, Web mining has been developed into an independent research area. WCM and WUM have been studied by many
researchers who have achieved valuable results.

WEB GRAPH

The pages and hyperlinks of the World Wide Web can be viewed formally as directed graph as nodes and arcs, where the
nodes correspond to collection of HTML files having page contents and the arcs correspond to hyperlinks interconnected
with those HTML files. The Web Graph is a starting point to generate a structure of the Web that can be used for Web site
designers and owners, search engines, Web crawlers and analysts [3], [16]. Fig 1 depicts the structure of the World Wide
Web.

1970 | Page Sept 15, 2013



LLLJJ ISSN22773061

Wiorld Wide Weh
¥
Weh Site Wifeb Bite Wifeb Jite
¥
Web Pages
Web Content Linksfarcs

Fig 1: Structure of World Wide Web

Since a Web site consists of a homepage and many other Web contents linked each other, Web contents (including the
homepage) of a Web site can be represented as a graph consisting of a set of nodes and associated arcs (links) [17], [18].
With this directed graph we can find a set of paths through which any Web page of the Web site can be accessed from the
homepage. Fig 2 represents the web graph structure for a sample web site
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Fig 2: Web Graph structure for a sample web site

WEB STRUCTURE MINING

Web structure mining tries to determine the model underlying the link structures of the Web which is based on the
topology of the hyperlink with or without the link description. This model can be used to categorize the Web pages and is
useful to generate information such as similarity and relationships between Web sites [19], [20]. And the link structure of
the Web contains important implied information, and can help in filtering or ranking Web pages. In particular, a link from
page A to page B can be considered a recommendation of page B by the author of A. Some new algorithms have been
proposed that exploit this link structure—not only for keyword searching, but other tasks like automatically building a
Yahoo-like hierarchy or identifying communities on the Web. The qualitative performance of these algorithms is generally
better than the IR algorithms since they make use of more information than just the contents of the pages [6], [21]. There
are two major link-based search algorithms, HITS (Hypertext Induced Topic Search) and PageRank. The basic idea of the
HITS algorithm is to identify a small sub-graph of the Web and apply link analysis on this sub-graph to locate the
authorities and hubs for the given query. The sub-graph that is chosen depends on the user query. The selections of a
small sub-graph (typically a few thousand pages), not only focus the link analysis on the most relevant part of the Web, but
also reduce the amount of work for the next phase. The main weaknesses of HITS are known to non-uniqueness and nil-
weighting [22]. Google, which among search engines is ranked in the first place, uses the PageRank algorithm

PAGE RANKING ALGORITHM

The PageRank algorithm is one of the most extensively used ranking algorithms which states that if a page has important
links to it, its links to other pages also become important. So backlinks are the number of pages that are linking to a
particular web page. Therefore, PageRank takes the backlinks into account and propagates the ranking through links: a
page has a high rank if the sum of the ranks of its backlinks is high [23][8].

Simplified PageRank

A simplified version of PageRank is defined as [8]:
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where PR;, PR; is the PageRank of page P; and P;j, O; is the number of outlinks from page P; and L; are the pages that link
to page P;. cis a factor used for normalization.

In PageRank, the rank score of a page p, is evenly divided among its outgoing links. The values assigned to the outgoing
links of page p are in turn used to calculate the ranks of the pages to which page p is pointing. The rank scores of pages
of a website could be calculated iteratively starting from any webpage. Within a website, two or more pages might connect
to each other to form a loop. If these pages did not refer to but are referred to by other webpages outside the loop, they
would accumulate rank but never distribute any rank. This scenario is called a rank sink [5],[8].

PageRank
To solve the rank sink problem, the new PageRank algorithm had been proposed [8],[23].

The basic idea of PageRank is that ‘a page is important, if other important pages link to it’. This idea can be seen as a way
of calculating the importance of pages by voting for them. Link from one page to another page may be considered as a
vote. However, not only the number of votes a page receives is considered important, but the “importance” or the
“relevance” of the ones that cast these votes as well. Similarly, not all votes are equally important. A vote from a page with
low importance (i.e. it has few inlinks2) should be worth far less than a vote from an important page (with thousands of
inlinks) [9], [24].

For n pages P;, i =1, 2,.., n the corresponding PageRank is set to PR;, i = 1, 2 ,.., n. The mathematical formulation for the
recursively defined PageRank are presented in Eq. (2).

PRi=(1-d)+ d(ZP—F_aj
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where PR; is the PageRank of page P;, O; is the number of outlinks from page P; and L; are the pages that link to page Pi
and d is a damping factor which takes values between 0 and 1.

The sum of PageRanks of all web pages will be the number of web pages on the web. The PageRank of a page can be
calculated without knowing the final value of PageRank of other pages. PageRank of a page depends on the number of
pages pointing to a page. Page Rank algorithm starts with an arbitrarily guessed vector r (e.g. a vector of ones, all divided
with number of pages present), that describes the initial PageRank value PRI for all pages Pi usually it is set to 1. Then it
iterates the recursive formula until two consecutively iterated PageRank vectors are similar enough.

Assume any arbitrary page A has pages T1 to Tn pointing to it (incoming link). PageRank formula can be given as:
PR(A) = (1-d) + d(PR(TL1)/C(T1) + ... + PR(Tn)/C(Tn)) 3

here PR(Ti) is the PageRank of the Pages Ti which links to page A, C(Ti) is number of outlinks on page Ti and the value of
the damping factor is 0.85.

To test the utility of the PageRank algorithm, Google applied it to the Google search engine [8]. In the experiments, the
PageRank algorithm works efficiently and effectively because the rank value converges to a reasonable tolerance in the
roughly logarithmic (log n) [8], [23]. The rank score of a web page is divided evenly over the pages to which it links. [5].

Weighted Page Rank Algorithm

The more popular webpages are, the more linkages that other webpages tend to have to them or are linked to by them.
The Weighted PageRank Algorithm—assigns larger rank values to more important (popular) pages instead of dividing the
rank value of a page evenly among its outlink pages. Each outlink page gets a value proportional to its popularity (its
number of inlinks and outlinks).

The popularity from the number of inlinks and outlinks is recorded as W(icyu) and W(?,‘ffj) respectively.

W(iC’u) is the weight of link(v, u) calculated based on the number of inlinks of page u and the number of inlinks of all
reference pages of page v.

i |
W('C,u) —__u 4)
2lp
peR(v)

where 1, and I, represent the number of inlinks of page u and page p, respectively. R(v) denotes the reference page list of
page v.

1972 |Page Sept 15, 2013



LLLJJ ISSN22773061

W&‘ffj) is the weight of link(v, u) calculated based on the number of outlinks of page u and the number of outlinks of all
reference pages of page v.

(0]
Wout _ u 5
(v,u) Zop ®)
peR(v)

where Oy and O, represent the number of outlinks of page u and page p, respectively. R(v) denotes the reference page
list of page v.

Considering the importance of pages, the original PageRank formula is modified as
PRi=(1—d)+d> PR (W) (W) (6)
jeLi
IMPROVED PAGERANK ALGORITHM

In page rank algorithm initially all the pages will have the same rank and it treat all links equally when distributing rank
scores. This leads to large number of iteration to find the final page rank. So, instead of assigning the same value (usually
one) to all the web pages, the proposed algorithm assigns the initial pagerank by making use of number of inlinks and
outlinks of that page, as well as it gives importance to the inlinks than outlinks based on the fact that ‘a page is important,
if other important pages link to it". This method reduces the number of iterations which leads to faster calculation.

The initial pagerank is given by the formula:
2(21j+ 0j)
> (Ik+Ok)

keR (Pj)

PRi(0) = (M

Where PRj(o) is the page rank of the page Pj; I, O; are inlink and outlink of P;; Iy, Ok are inlink and outlink of Py; R(P;)
denotes the reference page list of page P; along with P;,

Here the sum of initial page rank of web pages will be equal to the number of pages involved while calculating the page
rank.

The Improved Page Rank Algorithm is given below.

Algorithm: Improved Page Rank

1. for each page j=0,1...n calculate the page rank
2(21i+ Gj
2. PRj0) = #
> (Ik+Ox)
k=1
3 end for
4, do
5 for each page k, k=0,1...n calculate the page rank recursively
PRj
6 PRi(k)=(1—d)+d(z—_J

jeli ¥
7. end for
8. while PRix=PRix-1)

With this initial Page Rank, the Page rank Algorithm can be carried out which minimizes the number of iterations
IMPLEMENTATION

Let us take an example of hyperlink structure of three pages A, B and C as shown in Fig 3.
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Fig 3: Hyperlink structure of three pages

To calculate the page rank of the web page the input i.e., the number of nodes and the number of outgoing links can be
entered as input.

Here IA= 1, OA=2, IB=2, Ob=2, IC=2, OC=1, where IA, OA is the number of inlink and outlink to A. with this the Initial
Page Rank for pages A, B and C are calculated by using Eq.(3).

PRag = 2%((2*1)+2) = 8/10 =08
(1+2+2+2+2+1)

PRso = 2%((2*2)+2) = 12/10 =1.2
(1+2+242+2+1)

PRco) = 2%((2*2)+1) = 10/10 =1.0
(1+2+2+2+2+1)

Next the equation Eq. (2) calculates the page rank of the web page in successive iterations. The iteration is shown in the
Fig. 3. The sample calculation is shown below.

PR(A) = (1-d) + d * (PR(B)/C(B)) =(1-0.85)+0.85(1.2/2) = 0.660
PR(B) = (1-d) +d * [(PR(A)/C(A)) + (PR(C)IC(A)]

= (1-0.85) + 0.85[(0.660/2)+(1/1)] =1.281
PR(C) = (1-d) +d * [(PR(A)/C(A)) + (PR(B)/C(B)]
= (1-0.85) + 0.85[(0.660/2)+(1.281/2)] =0.975

After doing many more iterations of the above calculation, the final Page Ranks will be arrived. The computation of the
page rank is shown in Fig. 4. and the computation of Improved page rank is shown in Fig. 5.

Iteration PR(A) PR(B) PR(C)
1 1 1 1
2 0.575 1.244 0.923
3 0.679 1223 0.958
1 0.670 1.249 0.966
5 0.681 1.261 0.975
6 0.686 1.270 0.981
7 0.690 1.217 0.986
8 0.693 1.283 0.990
9 0.695 1.287 0.992
10 0.697 1.289 0.994
11 0.698 1.292 0.996
12 0.699 1.294 0.997
13 0.700 1.295 0.998
14 0.700 1.296 0.998
15 0.701 1.296 0.999
16 0.701 1.297 0.999

Fig 4: lterations of PageRank Algorithm
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Iteration PR(A) PR(B) PR(C)
1 0.800 1.200 1.000
2 0.660 1.281 0.975
3 0.694 1.274 0.986
) 0.691 1.282 0.989
5 0.695 1.286 0.992
6 0.697 1.289 0,994
7 0.698 1.292 0.996
8 0.699 1.294 0.997
9 0.700 1.295 0.998
10 0.700 1.296 0.998
1" 0.701 1.296 0.999
12 0.701 1.297 0.999

Fig 5: Iterations of Improved PageRank Algorithm

In the above table, Page Rank of B is higher than Page Rank of A and C. It is because Page B has 2 incoming links and 2
outgoing links as shown in Fig. 3. Page C has 2 incoming links and 1 outgoing link. Page A has the lowest Page Rank
because Page A has only one incoming link and 2 outgoing links. So the link analysis becomes very important in ranking
the page. From the Fig 4, after the iteration 16, the Page Rank for all the three pages gets normalized. But from Fig 5, i.e.,
in proposed algorithm, after the 12" iteration the page rank gets converged. PageRank and the Improved PageRank
Algorithms are implemented in an Intel Core 2 (2.40 Ghz) with 4GB RAM.

CONCLUSION

The main purpose of this study is to explore the hyperlink structure and understand the Web graph in a simple way. The
Page Rank computation results shows that the incoming links and the outgoing links play an important role in ranking of
Web pages using link analysis. The further work on this area will be sustained by analyzing the problems that are faced by
these algorithms and to identify the solution for those problems in an efficient way.
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