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Abstract— Page Rank is extensively used for ranking web 

pages in order of relevance by mostly all search engines 

world-wide. There are many algorithms for page ranking 

such as Google Page Rank algorithm, Hyperlink-Induced 

Topic Search (HITS) algorithm etc. Some search engine uses 

link structure based page ranking algorithm while some uses 

content based. The page ranking algorithm reflects the 

popularity of a web page in its page rank score. But with the 

growing requirements of ordering more and more relevant 

web pages, the traditional page rank algorithm undergoes 

several enhancements and improvements. The main aim of 

this paper is to discuss the various existing page ranking 

algorithms and the modification done to the standard page 

rank algorithm. This paper defines and describes a fully 

distributed implementation of Google’s highly effective Page 

rank algorithm, for “peer to peer”(P2P) systems. The 

implementation is based on chaotic (asynchronous) iterative 

solution of linear systems. The P2P implementation also 

enables incremental computation of page ranks as new 

documents are entered into or deleted from the network. 

Incremental update enables continuously accurate page ranks 

whereas the currently centralized web crawl and computation 

over Internet documents requires several days. This suggests 

possible applicability of the distributed algorithm to page 

rank computations as a replacement for the centralized web 

crawler based implementation for Internet documents. A 

complete solution of the distributed page rank computation 

for an in place network converges rapidly (1% accuracy in 10 

iterations) for large systems although the time for an iteration 

may be long. The incremental computation resulting from 

addition of a single document converges extremely rapidly, 

typically requiring update path lengths of under 15 nodes 

even for large networks and very accurate solutions. 
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I. INTRODUCTION 

The heart of Google’s searching software is Page rankTM, a 

system for ranking web pages developed by Larry Page and 

Sergey Brin at Stanford University Essentially, Google 

interprets a link from page A to page B as a vote, by page A, 

for page B. But these votes don’t weigh the same, because 

Google also analyzes the page that casts the vote. 

“Peer to peer” (P2P) networks are emerging as 

potentially important structures for information and content 

management and distribution. Effective keyword search is a 

crucial method for information and content management. 

Recent papers on P2P implementations of key- word search 

for documents have called attention to the need for a 

document ranking system for documents stored in such 

network systems. In the absence of a ranking system, a P2P 

keyword search must return all of the qualified documents to 

the node which initiated the query. The amount of traffic 

generated by a typical search would flood the network. It 

seems probable that P2P keyword search will not be 

practical in the absence of an effective P2P implementable 

document ranking algorithm. However, a crawler based 

centralized server approach for computation of such ranks is 

incompatible with a P2P implementation of keyword search. 

Google’s page rank computation and other relevance 

rankings for web pages have made Internet keyword 

searches orders of magnitude more effective. Google’s page 

rank algorithm reduces to computation of the eigenvectors 

of a very large matrix which represents document linkages 

of web pages. Google uses a web crawler which traverses 

the Internet tabulating links among documents, returning the 

link structure to a central server which generates a graph of 

this link structure. The ranks of the documents  are obtained 

as the eigenvalues of a sparse matrix representing the graph, 

using an iterative numerical method on a computational 

server. This process of explicitly generating and then 

solving of this very large (order three billion or so) matrix 

takes days. A Google search can return just the pages 

assessed as most relevant to the search by ranking the results 

based on the computed page rank, fetching additional pages 

incrementally as required. 

This paper reports on a method for generating page 

ranks where the matrix representing the relationships among 

the documents is never explicitly generated and the solution 

of  the matrix is distributed across all of the nodes which 

hold the documents. The method is developed in the context 

of keyword search in P2P networks but could be 

implemented as an Internet service without the formal 

structure of a P2P network. This paper defines and describes 

a fully distributed, “peer to peer” equivalent of Google’s 

highly effective page rank algorithm and provides promising 

results on the performance of the distributed 

implementation. The solution phase of the page rank 

computation is based on chaotic (asynchronous) iterative 

solution of linear systems. A complete initial computation of 

a set of page ranks converges rapidly (1% accuracy in 10 

iterations) for large systems. The algorithm enables 

incremental computation of page ranks as new documents 

are entered into the network. Incremental updates mean that 

page rank computations are continuously updated as 

compared to the weekly and monthly updates characteristic 

of centralized page rank computations. By using distributed 

computation on the P2P system itself, the need for large 

computational server complexes is eliminated. Vast pool of 

information related to the user queries is stored in different 

web pages and is growing day by day. But all information is 

not relevant to user. Sometimes while surfing on web for 

some information, user may end to a web page displaying 

irrelevant data or insufficient information. So, this problem 

can be solved by displaying the more relevant pages by the 

search engines. In the early days of internet, the results for 

any user query by the search engines are displayed on the 

basis of  keyword search mechanism. But this approach is 

not sufficient in returning useful information in all cases. 

Sometimes the problem of topic drifting is faced by the 

users. Therefore a rank score or rank value is associated 
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with the listed web pages by any search engine in response 

to a user query. The web pages having higher page ranks are 

listed in the top and thus helps the user in collecting required 

and important information in the least possible time. 

This method of ranking web pages is started by the 

Google search engine and also adopted by several other 

search engines like Bing, Yahoo etc. Page Rank is being 

used in various fields like social networking sites, research 

papers digital libraries, etc apart from the search engines. 

Over the time this Google Page Rank algorithm is also 

modified and becomes the base for different Page Ranking 

algorithms. Page Rank is a numeric value that represents the 

importance of a page present on the web. When one page 

links to another page, it is effectively casting a vote for the 

other page. More votes implies more importance. 

Importance of the page that is casting the vote determines 

the importance of the vote. A web page is important if it is 

pointed to by other important web pages. Google calculates 

a page's importance from the votes cast for it. Importance of 

each vote is taken into account when a page's Page Rank is 

calculated. Page Rank is Google's way of deciding a page's 

importance. It matters because it is one of the factors that 

determines a page's ranking in the search results. Page Rank 

Notation- “PR”  

II. ALGORITHM 

In 1990s, the text based searching of user query is the only 

mechanism of displaying results by the search engine. But 

with the extensive growth in the information stored on the 

web, this method is not fully sufficient to satisfy the user 

need of the best useful web pages. Then the concept of 

ranking a web page is introduced. After that different 

ranking algorithms evolved based on different factors like 

some are link structure based and some are content based or 

combination of both. Page Rank is a type of “vote”, by all 

web pages depicting the importance of a particular web 

page. A single link to a web page is considered as a single 

vote of support. The value of Page Rank varies from 0 to 10. 

The page rank gives the probability of landing a user on a 

web page by clicking on links at random. Larger the number 

of inbound links to a page, more is the page rank value of 

that page and higher is the probability that user will reach to 

that web page. Also if the inbound links to a web page are 

coming from important websites then the page rank score is 

higher and vice versa. The different page ranking 

Algorithms are as follows: 

A. Page Rank Algorithm 

In 1998, the founder of Google search engine, Larry Page 

and Sergey Brin invented the Page Rank Algorithm to 

quantize the importance of millions of web pages 

comprising the World Wide Web (WWW). Page Rank of a 

web page is a numerical number representing the 

importance of that web page based on the number of 

inbound links. The basic concept of Page rank is that the 

importance of a page is directly proportional to the number 

of web pages linking to that page. So Page Rank algorithm 

considers a page more important if large number of other 

web pages are linking to that page or if links are coming 

from some of most important and popular web pages. Page 

Rank of whole website is not valid because page rank is 

associated with every web page on the web. Page Rank of a 

web page X is calculated by the page rank of those pages 

that links to page X using formula given below: 

PR(X) = (1-d) + d (PR(Y1)/C(Y1) + ... +PR(Yn)/C(Yn)) 

Where, 

PR (X) = Page Rank of web page X, 

PR (Yi) = Page Rank of pages Yi that links to a web page X 

C (Yi) = Number of outbound links on web page Yi 

d = Damping Factor (value between 0 and 1, but usually 

value is 0.85) 

Repeat the above step involving the calculation of 

page rank until two consecutive same values are obtained. 

Page rank algorithm used by search engine displays the web 

page according to their page rank. Page rank algorithm is 

non- keyword specific and link structure based algorithm. 

The major disadvantage of page rank algorithm is that it is 

calculated and stored at the time of indexing and not at the 

time of query. 

The Search Engine Ranking Positions of any 

website depends upon the actual current status of that 

website whereas page rank calculated by using page ranking 

algorithm depends upon the stored database which is 

updated only once in a period of two-three months. 

The page rank Algorithm divides the page rank 

value equally to all the outlinking web pages but all outlinks 

are not equally important or relevant to user query. This 

problem can be solved by considering an additional weight 

factor in the calculation of page rank and gives birth to a 

new algorithm known as Weighted Page Rank algorithm. 

B. Weighted Page Rank Algorithm 

Wenpu Xing and Ali Ghorbani proposed an algorithm called 

weighted page rank (WPR). This weighted page rank 

algorithm is different from the traditional page rank 

algorithm in the fact that each outlink page has a page rank 

value proportional to its importance (number of inlinks and 

outlinks) instead of dividing it equally. 

Win (v, u) = weight of link (v, u) or importance of 

web page due to inlinks 

Wout(v, u) = weight of link (v, u) or importance of 

web page due to outlinks 

Win
(v,u) = Iu /∑pɛR(v) Ip 

Where, Iuand Ip denote the no. of inlinks of page u 

and page p respectively 

R(v) represents the reference page list of page v 

Wout
(v,u) = Ou / ∑pɛR(v) Op

 

Where, Ou and Op denote the no. of outlinks of 

page u and page p respectively 

R(v) represents the reference page list of page v 

After calculating the importance of web pages, the 

modified page rank formula is given as: 

PR(u) = (1-d)+d ∑vɛB(u)  PR(v) Win
(v,u) Wout

(v,u) 

This Weighted Page Rank algorithm solves the 

problem of ranking web pages based on their relevancy or 

importance by considering the weight factor. But the 

problem of query independency and calculation of page 

ranks at indexing time still remain with WPR and with the 

traditional Page Ranking algorithm. To solve the problems 

of query independency and indexing time page rank 

calculation, a new algorithm is introduced which is known 

as HITS algorithm. 
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C. Hits Algorithm 

Hyperlink- Induced Topic Search Algorithm is proposed by 

Jon Kleinberg. The most popular social networking website 

Twitter makes use of HITS algorithm in suggesting user 

accounts to follow. This algorithm calculates the page rank 

at the queryn time and solves the problem of indexing time 

page rank calculation faced in previous page ranking 

algorithms. HITS algorithm is a link structure analysis 

algorithm. It ranks the web page based on two scores Hubs 

and Authority instead of a single score. HITS algorithm is 

executed at the query time rather than at the time of 

indexing. Hubs denote the web pages acting as the resource 

lists and Authority denotes the pages having useful 

information. Most of the web pages act as hubs as well as 

authorities simultaneously. HITS algorithm is having 

following two steps: 

 Sampling Step: collect the set of relevant pages for the 

given query. 

 Iterative Step: Found the Hubs and Authorities using 

output of step 1. 

The weight of Hub (Hp) and the weight of 

Authority (Ap) can be calculated using following formulae: 

Hp = ∑qɛI(p) Aq 

Ap = ∑qɛB(p) Hq 

Where, H q = Hub score of a web page 

A q = Authority score of a web page 

I (p) = set of reference pages of page p 

B (p) = set of referrer pages of page p 

The hub weight of a web page = sum of authority 

weights of pages that it links to. 

The authority weight of a web page = sum of hub 

weights of all the pages that links to it. 

HITS algorithm makes use of both backlinks and 

forward links whereas traditional page rank algorithm uses 

only backlinks. HITS solve the problem of indexing time 

page rank calculation. But there is a problem of topic drift 

and efficiency problem with the HITS algorithm. 

III. CONCLUSION 

While the primary target for the distributed page rank 

computation was peer to peer networks, the algorithm can 

be extended in a straightforward manner to the World Wide 

Web and its vast corpus of web pages. By augmenting web 

servers and the HTTP protocol to exchange messages, web 

servers can be collectively responsible for computing the 

page ranks for documents they host. Web servers would 

play the role of peers in a peer to peer network and 

exchange page rank update messages. Application of the 

algorithm at the WWW level, if practical, removes both the 

need for a central server computing page ranks, and the need 

for periodic recrawls to reflect changes . In this paper, we 

discussed the various algorithms and techniques mainly used 

by search engines in ranking web pages on the internet. 

With the course of time the traditional page rank algorithm 

has been modified by adding many different factors. Google 

Page Rank Algorithm computes the page ranks of web pages 

only at the time of indexing and HITS algorithm computes 

the page ranks at the time of user query. But these 

modifications are not sufficient to cope with the increasing 

data or information on every web page day-by-day. There is 

a need of some kind of modified algorithm that can give 

results at the time of indexing as well as at the time of user 

query. The existing algorithms may consider the 

bookmarked web pages in calculating the Page Rank of web 

pages. The Page Ranking algorithms are now finding 

applications not only in ranking web pages but extensively 

used in ranking research papers, suggesting user accounts to 

follow and in many other fields. 
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