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ABSTRACT 

 

The tremendous growth of Webtechnologies in the past three decades has made it 

the largest publicly accessible data source in the world. With the ever-increasing 

volume of data on the Web, it is getting difficult and time-consuming to discover 

informative knowledge and patterns. Finding intelligent and user-requested data 

from unstructured and inconsistent material on the internet is a difficult 

undertaking. Web mining is the application of data mining techniques to discover 

patterns and structures and extract knowledge from the World Wide Web. It 

extracts structured and unstructured data from web pages, server logs, and link 

structures using automated methods. To categorize and rank search results, a variety 

of Web Mining techniques are commonly employed, including PageRank, 

Weighted PageRank, and HITS. The motive behind this paper is to present and 

analyze the currently important algorithms for ranking web pages such as 

PageRank, Weighted PageRank and HITS. 

Keywords : Web mining, World Wide Web, Web search rank, Page rank and 

Weighted Page rank, HITS. 

 

I. INTRODUCTION 

 

The World Wide Web is a global repository of 

information and continues to expand in size and 

complexity. As the Web grows daily, obtaining that 

information becomes more and more tedious. The 

fundamental challenge is regulating semi-structured or 

unstructured Web information, which is difficult to 

regulate and enforce a framework or standards. A set 

of Web pages lacks a unifying structure and shows 

manifold authoring styles and content variation. This 

heterogeneous and dynamic nature of the Web 

increases the complexity of dealing with information 

from different perspectives of knowledge seekers such 

as business analysts and web service providers. 

Analysing and fetching relevant data from large 

databases calls for automated extraction tools, through 

which user-queried data can be fetched from billions 

of pages over the internet leading to the discovery of 

relevant information and interesting patterns.  

 

Web mining is the application of data mining 

techniques to discover patterns and structures to 

extract knowledge from the World Wide Web. It uses 

automated methods to extract both structured and 

unstructured data from web pages, link structures, and 

server logs. 
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II. WEB MINING 

 

Web mining is the process of using the Data Mining 

technique in order to automatically discover or extract 

the information from web documents.[1] It consists of 

the following sub-tasks: 

 

1)Resource finding: This is the process of retrieving 

data from multimedia sources on the Web, such as 

news, stories, forums, blogs, and the text content of 

HTML pages acquired by eliminating the HTML tags, 

whether it is online or offline. 

 

2) Information selection and pre-processing:This 

entails selecting and pre-processing specific 

information from retrieved online resources 

automatically. This procedure converts the data that 

was originally retrieved into information. 

 

3) Generalization:It automatically detects general 

patterns on particular websites as well as across several 

sites. In generalisation, data mining and machine 

learning techniques are applied. 

 

4) Analysis: It involves validating and interpreting the 

patterns that have been mined. It is very essential in 

pattern mining. In the information on the knowledge 

finding process on the web, a human plays a critical 

part. 

 

III. WEB MINING CATEGORIES 

 

According to analysis targets, there are three main sub-

categories of web mining[2]:  

•Web Content Mining (text, image, records, etc.) 

•Web Structure Mining (hyperlinks, tags, etc.) 

•Web Usage Mining (HTTP logs, app server logs, etc.) 

 

A. Web Content Mining 

Web content mining analyses web content such as text, 

multimedia data, and structured data (within web 

pages or linked across web pages) to understand the 

content of web pages, provide scalable and informative 

keyword-based page indexing, entity/concept 

resolution, web page relevance and ranking, web page 

content summaries, and other valuable information 

related to web search and analysis.  

Essentially, it[1][4] is the scanning and mining of text 

on a Web page in order to determine the content's 

relevance to the search query. After clustering web 

pages through structure mining, this scanning is done, 

and the results are based on the level of relevance to 

the recommended query. With the massive amount of 

information that is available on the World Wide Web, 

content mining provides the results lists to search 

engines in order of highest relevance to the keywords 

in the query. Text mining is aimed at extracting 

specific information from customer search results in 

search engines. This enables the entire Web to be 

scanned in order to retrieve cluster content, as well as 

the scanning of specific Web pages inside those clusters. 

Despite the fact that search engines have the potential 

to deliver thousands of links to Web pages related to 

the search topic, this type of web mining allows for the 

elimination of irrelevant information. When used in 

conjunction with a content database devoted to a 

specific topic, web text mining is extremely successful. 

Online universities, for example, use a library system 

to retrieve publications relevant to their general topics 

of study. This unique content database allows for the 

extraction of just information relevant to certain 

subjects, resulting in the most targeted search engine 

results. The results are of greater quality since only the 

most relevant information is provided. This boost in 

productivity is attributable to the usage of text and 

visual content mining. The major purposes of this type 

of data mining are to collect, categorise, arrange, and 

deliver to the user requesting the information the best 

possible information available on the WWW. This 

system is required for scanning the numerous HTML 

documents, graphics, and text on Web pages. The 

generated data is fed into search engines in order of 
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relevance, resulting in more useful search results for 

each query. 

 

B. Web Structure Mining 

Web structure mining is the process of analysing nodes 

and connection structures on the Web using graph and 

network mining theory and algorithms. It extracts 

patterns from hyperlinks, which are structural 

components of a web page that connect it to another 

place. It can also extract information from a page's 

document structure (e.g., analyse the treelike structure 

of page structures to describe HTML or XML tag usage). 

Both types of web structure mining aid in the 

comprehension of web material and may also aid in the 

transformation of web information into more 

structured data sets. 

In other words, it[1][4] is a tool for determining the 

relationship between Web pages that are linked via 

information or a direct link. This structure data is 

discoverable through the provision of web structure 

schema using database mechanisms for Web pages. 

This link enables a search engine to send data about a 

search query directly to the connecting Web page from 

the Web site where the content is hosted on. This is 

accomplished by using spiders to search Web sites, 

retrieve the home page, and then link the information 

using reference links to bring up the precise page 

containing the necessary information. Because of the 

large volume of information on the Internet, structure 

mining helps to solve two major issues. The first of 

these issues is search results that are irrelevant. Since 

search engines frequently only allow for low precision 

parameters, the relevance of search results can be 

misrepresented. The second of these issues is the 

inability to index the massive volume of information 

available on the Web. With content mining, this 

results in a poor level of recall. This reduction is due in 

part to Web structure mining's function of 

determining the model underlying the Web hyperlink 

structure. Structure mining's main goal is to discover 

previously unknown linkages between Web pages. 

Web structure data mining allows corporations to link 

information from its own website in order to facilitate 

navigation and cluster content into site maps. This 

enables users to find the information they need using 

keyword association and content mining. The 

hierarchy of hyperlinks is also determined in order to 

route related content within the sites to the 

relationship of competitor links and connections 

through search engines and third-party co-links. This 

allows for the clustering of related Web sites in order 

to determine their relationship. Structure mining 

allows for the determination of similar structures of 

Web sites on the WWW by grouping and identifying 

underlying structures. This information can be used to 

project online content similarity. The capacity to 

preserve or develop a site's information to allow web 

spiders to access it in a higher ratio is then provided by 

the recognised similarities. The larger the number of 

Web crawlers, the more beneficial to the site because 

of related content to searches. 

 

3) Web Usage Mining 

Web usage mining is the technique of obtaining 

relevant information (such as user clickstreams) from 

server logs. It discovers patterns relating to general or 

specific groups of users; recognises users' search habits, 

trends, and associations; and anticipates what users are 

looking for on the Internet. It aids in the improvement 

of search efficiency and effectiveness while also 

promoting items and services, presenting information 

to various groups of people at the appropriate moment. 

Web search companies do web usage mining on a 

regular basis to improve their service quality. 

Web usage mining [5] collects information about 

how people access Web pages. This usage data contains 

the paths to the Web pages that have been visited. This 

data is frequently collected automatically by the Web 

server and stored in access logs. Other important 

information provided by CGI scripts includes referral 

logs, user subscription information, and survey logs. 

This area is critical to firms' total use of data mining for 

internet/intranet-based applications and information 
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access. Companies can use usage mining to get useful 

information about the future of their business function 

potential. Some of this data can be gathered from a 

combination of lifetime user value, product cross-

marketing techniques, and the success of promotional 

campaigns. The obtained usage data enables 

organisations to deliver more effective results for their 

company, resulting in increased revenue. Usage data 

can also be valuable for honing marketing skills that 

will help the company outsell its competitors and 

promote its services or products more effectively. 

Usage mining is beneficial not only to firms that use 

online marketing, but also to e-businesses that rely 

exclusively on traffic generated by search engines. The 

usage of this type of web mining aids in the gathering 

of essential data. 

 

IV. Web Mining Algorithms 

 

The Web mining technique provides additional 

information through hyperlinks whereby different 

documents are connected [6]. We can view the web as 

a directed labelled graph whose nodes are the 

documents or pages and edges are the hyperlinks 

between them. This directed graph structure is known 

as a web graph. For example, the graph in Figure 1 is a 

directed graph with 3 vertices and 6 edges. 

 

 
Figure 1: An example of a directed graph G with 3 

vertices and 6 edges.[11] 

 

There is a number of algorithms based on link analysis. 

In the present study the authors will discuss three 

important algorithms Page Rank [6], Weighted Page 

Rank[7] and HITS (Hyperlink Induced Topic Search) 

[8] which are discussed below : 

 

A. PageRank 

During their Ph.D. at Stanford University, Brin and 

Page devised the PageRank algorithm based on citation 

analysis [6]. The popular search engine, Google, uses 

the PageRank algorithm. In Web search, they used 

citation analysis to treat incoming links as citations to 

the Web pages. However, just applying citation 

analysis techniques to a large number of Web 

documents does not yield effective results. As a result, 

PageRank offers a more sophisticated method of 

determining the value or relevance of a Web page than 

just counting the number of pages connecting to it (also 

known as "back links"). If a back link comes from an 

"important" page, it is given a higher weighting than 

back links from non-important pages. In a nutshell, a 

link from one page to another can be thought of as a 

vote. However, not just the share of votes a page 

receives is essential, but so is the "importance" or 

"relevance" of the ones who cast those votes. 

 

Assume any arbitrary page A has pages T1,T2,T3… to 

Tn pointing to it (incoming link). PageRank can be 

calculated by the following equation: 

 

𝑃𝑅(𝐴) = (1 − 𝑑) + 𝑑(
𝑃𝑅(T1)

𝐶(T1)
+
𝑃𝑅(𝑇2)

𝐶(𝑇2)
+ ⋯

+
𝑃𝑅(𝑇𝑛)

𝐶(𝑇𝑛)
) 

      (1) 

where,  

the parameter ‘d’ is a damping factor, usually set to 0.85 

(to stop the other pages from having too much 

influence, this total vote is “damped down” by 

multiplying it by 0.85). 

C(Ti) is defined as the number of links going out of page 

Ti.  

 

The PageRank theory holds that an imaginary surfer 

who is randomly clicking on links will eventually stop 

clicking. The probability, at any step, that the person 
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will continue is d, and it follows that he will skip a page 

with a probability of 1-d.  

 

The PageRanks form a probability distribution over 

the Web pages, so the sum of all Web pages’ PageRank 

will be one. PageRank can be calculated using a simple 

iterative algorithm and corresponds to the principal 

eigenvector of the normalized link matrix of the Web. 

 

Consider the following webgraph G1. 

 
Figure 2:A web graph of 4webpages for PageRank 

illustration 

 

If we apply the PageRank algorithm on the above set 

of 4 webpages, we get the following result after 40 

iterations: [1.490110.783301.57660 0.15000], where 

the numbers indicate the PageRanks of the pages 1 to 

4 respectively. 

 

B. Weighted PageRank 

The Weighted PageRank (WPR) algorithm, 

introduced by Wenpu Xing and Ali Ghorbani [7], is an 

extension of the PageRank algorithm. Instead of 

distributing the rank value of a page evenly across its 

outbound linked pages, this algorithm assigns a higher 

rank value to the more significant pages. Each outgoing 

link is assigned a value proportional to its relevance. 

The importance of the incoming and outgoing links is 

assigned in terms of weight values and is represented 

as Win(m, n) and Wout(m, n) accordingly. Win(m, n) is 

the weight of link(m, n) calculated based on the 

number of incoming links of page n and the numbers 

of incoming links of all reference pages of page m, as 

shown in equation (2). 

 

𝑊𝑚,𝑛
𝑖𝑛 = 𝐼𝑛 ∑ 𝐼𝑝𝑝𝜖𝑅(𝑚)⁄ (2) 

 

𝑊𝑚,𝑛
𝑜𝑢𝑡 = 𝑂𝑛 ∑ 𝑂𝑝𝑝𝜖𝑅(𝑚)⁄          (3) 

 

where In and Ip are the numbers of incoming links of 

page n and page p respectively. R(m) denotes the 

reference page list of page m. Wout(m, n), as shown in 

(3), is the weight of link(m, n) calculated based on the 

number of outgoing links of page n and the number of 

outgoing links of all reference pages of m, where On 

and Op are the number of outgoing links of page n and 

p respectively. The formula, as proposed by Wenpu et 

al, for the WPR is, as shown in (4). which is a 

modification of the PageRank formula. 

 

Consider the following webgraph G2. 

 

 

Figure 3:A web graph of 5 webpages for Weighted PR 

illustration 

 

If we apply the Weighted PageRank algorithm on the 

above set of 5 webpages, we get the following result 

after 5 iterations: 

[0.756300.757081.021610.941290.77353], where the 

numbers indicate the Weighted PageRanks of the 

pages 1 to 5 respectively. 

 

C. Hyperlink Induced Topic Search (HITS) 

The HITS algorithm ranks web pages by analysing 

their inbound and outbound links. Kleinberg [8] 

distinguishes between two types of Web pages: Hubs 

and Authorities. Authorities are pages that contain 
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essential information. Hub pages serve as resource lists, 

directing users to authoritative sources. As a result, a 

good hub page on a subject links to many authoritative 

pages on that topic, and a good authority page links to 

many good hub pages on the same topic. Hubs and 

Authorities are shown in Figure 2. 

 

 
Figure 4: Hubs and Authorities [9] 

 

According to Kleinberg, a page can serve as both a hub 

and an authority. This circular link leads to the 

development of the HITS iterative algorithm. The 

HITS algorithm treats the WWW as a directed graph 

G(V,E), where V represents pages and E represents 

links.[10] The HITS algorithm determines a web page's 

rating by assessing its textual contents in relation to a 

particular query. After the collecting of web pages, the 

HITS algorithm focuses solely on the structure of the 

web, ignoring the textual content. The HITS algorithm 

consists of two basic steps. The sampling step comes 

first, followed by the iterative step. In the Sampling 

step, a set of relevant pages for the submitted query is 

selected, i.e. a subgraph S of G with a high authority 

page count is retrieved. This approach begins with a 

root set R, a subset of S, with the understanding that S 

is small, rich in relevant pages regarding the query, and 

comprises the majority of the good authorities. The 

second stage, the Iterative step, uses equations (5) and 

(6) to discover hubs and authorities based on the 

outcome of the sampling step. 

 

𝐻𝑝 = ∑ 𝐴𝑞𝑞𝜖𝐼(𝑝)  (5) 

 

𝐴𝑝 = ∑ 𝐻𝑞𝑞𝜖𝐵(𝑝)  (6) 

where Hp is the hub weight, Ap is the Authority weight, 

I(p) and B(p) denotes the set of reference and referrer 

pages of page p. The page’s authority weight is 

proportional to the sum of the hub weights of pages 

that it links to it [8]. Similarly, a page’s hub weight is 

proportional to the sum of the authority weights of 

pages that it links to. 

Consider the web-graph G3.  

 
Figure 5:A web graph of 8 webpages for HITS 

illustration 

 

If we apply the HITS algorithm on the above set of 8 

webpages, we get the following result after 3 iterations:  

Hub Scores [5 9 4 13 22 1 11 4] 

Authority Score [13 15 27 11 5 9 0 3]  

where the numbers indicate the Hub Scores and 

Authority Scores of the pages 1 to 8 respectively. 

 

 

CONCLUSION 

 

The World Wide Web is a global information medium 

that people may read and write to using computers 

linked to the Internet. Web mining is the process of 

finding and analysing meaningful information on the 

World Wide Web. This document describes the three 

most used web mining algorithms: PageRank, 

Weighted PageRank, and HITS. Significant patterns 

about user behaviour on the web can be derived using 

web mining algorithms, improving the relationship 

between the website and its users. Web mining is a 

large field with a lot of work to be done. This study 
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may serve as an introductory insight into the field of 

web mining. 
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