
PuPstyleBook March 3, 2006 

Google's PageRaok and Beyond: 
The Science of Search Engine Rankings 

EXHIBIT 2099 
Facebook, Inc. eta/. 

v. 
Software Rights Archive, LLC 

CASE IPR2013-00480 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


PuPstyleBook March 3, 2006PuPstyleBook March 3, 2006

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


PuPstyleBook March 3, 2006

Google’s PageRank and Beyond:
The Science of Search Engine Rankings

Amy N. Langville and Carl D. Meyer

PRINCETON UNIVERSITY PRESS

PRINCETON AND OXFORD

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


PuPstyleBook March 3, 2006PuPstyleBook March 3, 2006

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


PuPstyleBook March 3, 2006

Contents

Preface ix

Chapter 1. Introduction to Web Search Engines 1

1.1 A Short History of Information Retrieval 1

1.2 An Overview of Traditional Information Retrieval 5

1.3 Web Information Retrieval 9

Chapter 2. Crawling, Indexing, and Query Processing 15

2.1 Crawling 15

2.2 The Content Index 19

2.3 Query Processing 21

Chapter 3. Ranking Webpages by Popularity 25

3.1 The Scene in 1998 25

3.2 Two Theses 26

3.3 Query-Independence 30

Chapter 4. The Mathematics of Google’s PageRank 31

4.1 The Original Summation Formula for PageRank 32

4.2 Matrix Representation of the Summation Equations 33

4.3 Problems with the Iterative Process 34

4.4 A Little Markov Chain Theory 36

4.5 Early Adjustments to the Basic Model 36

4.6 Computation of the PageRank Vector 39

4.7 Theorem and Proof for Spectrum of the Google Matrix 45

Chapter 5. Parameters in the PageRank Model 47

5.1 The α Factor 47

5.2 The Hyperlink Matrix H 48

5.3 The Teleportation Matrix E 49

Chapter 6. The Sensitivity of PageRank 57

6.1 Sensitivity with respect to α 57

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


Real-Time Litigation Alerts
	� Keep your litigation team up-to-date with real-time  

alerts and advanced team management tools built for  
the enterprise, all while greatly reducing PACER spend.

	� Our comprehensive service means we can handle Federal, 
State, and Administrative courts across the country.

Advanced Docket Research
	� With over 230 million records, Docket Alarm’s cloud-native 

docket research platform finds what other services can’t. 
Coverage includes Federal, State, plus PTAB, TTAB, ITC  
and NLRB decisions, all in one place.

	� Identify arguments that have been successful in the past 
with full text, pinpoint searching. Link to case law cited  
within any court document via Fastcase.

Analytics At Your Fingertips
	� Learn what happened the last time a particular judge,  

opposing counsel or company faced cases similar to yours.

	� Advanced out-of-the-box PTAB and TTAB analytics are  
always at your fingertips.

Docket Alarm provides insights to develop a more  

informed litigation strategy and the peace of mind of 

knowing you’re on top of things.

Explore Litigation 
Insights

®

WHAT WILL YOU BUILD?  |  sales@docketalarm.com  |  1-866-77-FASTCASE

API
Docket Alarm offers a powerful API 
(application programming inter-
face) to developers that want to 
integrate case filings into their apps.

LAW FIRMS
Build custom dashboards for your 
attorneys and clients with live data 
direct from the court.

Automate many repetitive legal  
tasks like conflict checks, document 
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks 
for companies and debtors.

E-DISCOVERY AND  
LEGAL VENDORS
Sync your system to PACER to  
automate legal marketing.


