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The Anatomy of a Large-Scale Hypertextual
Web Search Engine

Sergey Brin and Lawrence Page

Computer Science Depariment,
Stanford University, Stanford, C4 943
sergey(@es.stanford.edu and page(@cs.stanfo;

edu

Abstract
In this paper, we present Google, a prototype of a large-scale search engine which makes heavy
use of the structure present in hypertext. Google is designed to crawl and index the Web efficiently
and produce much more satisfying search results than existing systems. The prototype with a full
text and hyperlink database of at least 24 million pages is available at http:/google.stanford.edu/
To engineer a search engine is a challenging task. Search engines index tens to hundreds of
millions of web pages involving a comparable number of distinet terms. They answer tens of
millions of queries every day. Despite the importance of large-scale search engines on the web,
very little academic research has been done on them. Furthermore, due to rapid advance in
technology and web proliferation. creating a web search engine today is very different from three
years ago. This paper provides an in-depth deseription of our large-scale web search engine -- the
first such detailed public description we know of to date. Apart from the problems of scaling
traditional search techniques to data of this magnitude, there are new technical challenges involved
with using the additional information present in hypertext to produce better search results. This
paper addresses this question of how to build a practical large-scale system which can exploit the
additional information present in hypertext. Also we look at the problem of how to effectively deal
with uncontrolled hypertext collections where anyone can publish anything they want.

Keywords
World Wide Web. Search Engines. Information Retrieval. PageRank. Google

Searching the Web

Arvind Arasu  Junghoo Cho  Hector Garcia-Molina  Andreas Paepcke  Sriram Raghavan

Computer Science Department, Stanford University

{arvinda,cho hector,paepcke,rsram } @cs.stanford.edu

Abstract

We offer an overview of current Web search engine design. After introducing a generic search engine
architecture, we examine each engine component in turn. We cover crawling, local Web page storage,
indexing, and the use of link analysis for boosting search performance. The most commeon design and
implementation techniques for each of these components are presented. We draw for this presentation
from the literature, and from our own experimental search engine testbed. Emphasis is on introducing
the fundamental concepts, and the results of several performance analyses we conducted to compare

different designs.

Keywords: SBearch engine, crawling, indexing, link analysis, PageRank, HITS, hubs, authorities, infor-

mation retrieval.

The PageRank Citation Ranking:
Bringing Order to the Web

January 29, 1998

Abstract.

The importance of a Web page is an inherently subjective matter, which depends on the
But there is still much that can be said objectively
This paper describes PageRank, a method for

effectively measuring the human interest and

readers inter

its, knowledge and attitudes
about the r importance of Web pa
ating Web pages objectively and mech
attention devoted to them,

We compare PageRank to an idealized random Web surfer. We show how to efficiently
compute PageRank for large numbers of pages. And, we show how to apply PageRank to search

and to user navigation.

1 Introduction and Motivation

The World Wide Web creates many new challenges for information retrieval. It is very large and
heterogeneous. Current estimates are that there are over 150 million web pages with a doubling
life of less than one year. More importantly, the web pages are extremely divers anging from
"What is Joe having for lunch today?” to journals about information retrieval. In addition to these
major challeng lso contend with inexperienced users and pages
enginec

arch engines on the Web must

to manipulate search engine ranking functions.

However, unlike "flat” document collections, the World Wide Web is hypertext and provides
considerable auxiliary information on top of the text of the web pages, such as link structure and
link text. In this paper. we take advantage of the link structure of the Web to produce a global
“importance” ranking of every web page. This ranking, called PageRank, helps search engines and
users quickly make sense of the vast heterogeneity of the World Wide Web.

“PageRank Uncovered”

Formetly PageRank Explained
©2002 All Rights Reserved

Written and theorised by Chris Ridings and Mike Shishigin
Edited by Jill Whalen
Technical Editing by Yuri Baranov
Profiles:
Chris Ridings is the original author of PageRank Explained. A former programmer of custom search
engines, search engine expert, creator of the search engine optimization support forums
(hitp:/www.supportforums.org) and author of marketing software tools (http:/www.iebar.com/). Chris uses

his programming experience and knowledge of algorithms to get an insight into how search engines work
“under the cover.”

Mike Shishigin, PhD, is a brilliant search engine expert, whose philosophy is to always back up all his words
with hard facts derived from deep knowledge of applied mathematics. As Director of Technology at
Radiocom Ltd. Mike uses methods of sampling analysis to get into the nature of things, providing users of
WebSite CEO with an outstanding Web site promotion suite (hiip://www.websiteceo.com): thus providing
them with the best possible results in the search engines. Mike controls all R&D and search engine studies
within WebSite CEO. His latest "hobby" is the Page Rank technology because it is similar to graph theory,
his favourite university course. His strongest dislike is search engine spam, which he considers the deadly
sin of Internet age. Mike mercilessly fights it by enlightening minds of WebSite CEO users and making
regular raids into spammers' camps.
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PdgeRank for Techies
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22 architecture oM AHE3tE £ TIOIEHZE
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Crawling, Parsing, and storing
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Google Search Evaluation

B w o=

ol

RLO| £ AL BHA
THANOIE wordIDE HIE &
Ik HAololl tHdH short barre| e dOC|IS'|' REFO = THM

DoclistE 2 £AFHdIHM RE HNoESE o0 H11 Qs T AHE
(RLmIolI RI)TH QLE THE (I XHOHH M) /;_;n::li , Qo

3 miol Rl € PageRankE" HAFSHT

& RH Or&l short barrelol Q= ©il, A Ot docliste Zoill &
Qlttm dtHH 1 Thoioll dHTEdE full barrel& ARI”OE 7t D
4AHOE ”HIT

OFRl OiT Qt THY docliste Z ol QR QUQTiH 4HO 2 HIT

HER TFHEE S Page Rankoll et KT A K H Bl KTH
return

I Iengme HEoEE

_19_ The mobile intelligen



Multi word search
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