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The Anatomy of a Large-Scale Hypertextual Web Search Engine

Sergey Brin and Lawrence Page
{sergey, page}cs.stanford.edu
Computer Science Department, Stanford University, Stanford, CA 94305

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 hyperiink 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 distinct 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 description 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

1. Introduction

(Note: There are two versions of this paper -- a longer full version and a shorter pnnted version. The full version is available on the web and the conference CD-ROM.)

The web creates new challenges for information retrieval. The amount of information on the web is growing rapidly, as well as the number of new users inexperienced in the art of web research.
People are likely to surf the web using its link graph, often starting with high quality human maintained indices such as Yahoo! or with search engines. Human maintained lists cover popular topics
effectively but are subjective, expensive to build and maintain, slow to improve, and cannot cover all esoteric topics. Automated search engines that rely on keyword matching usually retumn too many
low quality matches. To make matters worse, some advertisers attempt to gain people's attention by taking measures meant to mislead automated search engines. We have built a large-scale search
engine which addresses many of the problems of existing systems. It makes especially heavy use of the additional structure present in hypertext to provide much higher quality search results. We
chose our system name, Google, because it is a common spelling of googol, or 10190 and fits well with our goal of building very large-scale search engines.
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Experimental data for Optimizing Search Result
Presentation

Test Collections for Conversational Relevance Feedback
Cognitive Relevance Dataset

Geographic Object Retrieval Dataset (GORD)

Query by Analogical Example (QAE) Dataset

NTCIR-9 INTENT-1 (Webi&3&)
NTCIR-10 INTENT-2 (Webi%3&)
NTCIR-10 1CLICK-2 (ENAIi%R3R)

NTCIR-11 IMine (Webi&3) EMRB(TAIC K BHIEM
NTCIR-11 MobileClick (ENAINRZE) HELENAZHANKENED
NTCIR-12 IMine-2 (Webi#3&) GBS TT—42ty F5ES

NTCIR-12 MobileClick-2 (ENAIiRZF
NTCIR-13 OpenLiveQ (ER#RER)
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The MGI Industry Digitization Index

2015 or latest available data

Relatively low Relatively high
digitization digitization

@ Digital leaders within relatively undigitized sectors

Assets  Usage Labor

2 e 2 _ _

.E § .g 2 % .E 13 %u E Em-  Produc-
over- & 8 13§§ EBSEE:  , por
agti- = 2 E 5 88 £ I3 gﬁ L5 care nare Sos1de

Sector S 2 ES E 8 38F zigEEhcem %
icT 5 3 18
Media [ ] 2 1 EX3
Professional services [ ] 9 3 03
Finance and insurance 8 4 16
Wholesale trade 5 4 02
‘Advanced manufacturing o 3 2 26

2 o1 29

2 04 13
Chemicals and pharmaceuticals 2 1 18
Basic goods manufacturing 5 5 1.2
Mining 1 04 05
Real estate 0 5 1 23
Transportation and warehousing 3 3 14
Edueation . ] 2 2 05
Retail trade o | [ ] || 5 1 11
Entertainment and recreation [ | | 1 1 09
Personal and local services T 05
Government . 6 15 02
Health care ] | ] 10 13 01
Hospitality 2 [ | [ ] a 09
Construction [ | [ ] a5 14
Agriculture and hunting 1 1 09

o Knowledge-intensive sectors that are highly digitized
across most dimensions

e Capital-intensive sectors with the potential to further
digitize their physical assets

e Service sectors with long tail of small firms having
room to digitize customer transactions

o B2B sectors with the potential to digitally engage and

interact with their customers

o Labor-intensive secters with the potential to provide
digital tools to their workforce

o Quasi-public and/or highly localized sectors that lag
across most dimensions
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Specific Structures in Auction Fraud Communities

Their Goal : To generate as many fraudsters as possible
with limited number of accomplices &

! ! ! ; ; Froudsters
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H Positive Feedbacks
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When we consider.... Auction Fraud Communities
-ID as node shape like
-Feedback action as Edge “Dense Bipartite Graph”
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