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Background - Authors

® larry Page (~Rank)
® BS in CE from UMich, MS from Stanford
® Sergey Brin

® BS in Math&CS from UMD, MS from
Stanford

® Google Inc.in 09/98 (google.com - 09/97)

figures from:http://www.google.com/corporate/execs.html




Background - Authors

® Rajeev Motwani

e Ph.D 1988, CS, UC Berkeley
® Professor at Stanford U

® Terry Winograd

e Ph.D. 1970, M.I.T, Applied Mathematics

® Professor at Stanford U

figures from: http://theory.stanford.edu/~rajeev/ and http://hci.stanford.edu/winograd/




Background - Paper

e Stanford WebBase project (1996 - 1999)

http://dbpubs.stanford.edu:809 | /~testbed/doc2/VVebBase/
http://dbpubs.stanford.edu:809 | /diglib/

® funded by NSF through DLII

http://www.dli2.nsf.gov/dlione/

“The Initiative's focus is to dramatically advance the
means to collect, store, and organize information in digital
forms, and make it available for searching, retrieval, and
processing via communication networks -- all in user-
friendly ways.” quote from the DLIT website



Background - Paper

® it is a technical report! (working paper)
(Stanford Digital Libraries SIDL-WP-1999-0120)

® from the paper: web size = |50M web pages

® 2005: Google claims to index more than 8B pages
(http://blog.searchenginewatch.com/blog/04I | | I-08422I)

e ||.5B overall (http://www.cs.uiowa.edu/~asignori/web-size/)




PageRank - Motivation

“The average web page quality experienced by a user
is higher than the quality of the average web page.
This is because the simplicity of creating and publishing
web pages results in a large fraction of low quality web
pages that users are unlikely to read.”

ex #1 ® Differentiate Pages
ex #2

® Relative Importance

® Ranking/Search

quote taken from the paper



PageRank - Basics

® based on link structure of the web

® pages = nodes && links = edges

® forward links = outedges

A
— T
® backlinks = inedges y/

® A and B are Backlinks of C

| S

figure taken from the paper



PageRank - Assumptions

® a link from page A to page B is a vote from A to B

® highly linked pages are more “important” than
pages with few links

® backlinks from high PR-pages count more than
links from low PR-pages

® combination of PR and text-matching techniques
result in highly relevant search results



PageRank - Assumptions

pl-pé.info

cnn.com

| 23.info . abc.com




PageRank - Definition

® U is a web page
® [ u = set of pages u points to
® B u = set of pages pointing to u

® ¢ = normalization factor

e N u=|F u] R(u) - Z R(’U)
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PageRank - Iteration Example

Page A

—— Page B

\ —

PR(A)=1—-d+d (

Iteration 2
PR(A)=1.85
PR(B)=1.7225
PR(C)=4.036
PR(D)=0.15

Iteration 3
PR(A)=1.8653
PR(B)=1.735
PR(C)=3.3377
PR(D)=0.15

d=0.85

Iteration |

PR = | for all nodes
PR(B) PR(C) PR(D)
L(B) L(C" L(D)
Iteration 4 Iteration |10
PR(A)=1.568 PR(A)=1.024
PR(B)=1.4828 .. PR(B)=1.0204
PR(C)=2.8706 PR(C)=2.057
PR(D)=0.15 PR(D)=0.15

figures from:http://www.iprcom.com/papers/pagerank/ and http://en.wikipedia.org/wiki/Pagerank




PageRank - Definition

What if two pages only link to each other
and some page points to one of them!?

® this loop/trap is called rank sink
® based on random surfer model
® E - probability that a user visits a page

= C Z - cE(u)

veEB,




1 otal Ditterence from Previous lteration

Convergence

Convergence of PageRank Computation
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Implementation

® built a crawling and indexing system

® repository size: 24M web pages (over 75M unique
URLs)

® web crawler keeps index of links
® computing PR of entire repository takes ~5h

® issues: volume(!!!), incorrect HTML, dynamics of
the web, page exclusion (robots.txt)



Search - Background

® title search and full text search (Google)
® ex.:title search
® |6M pages

® returns pages where title contains all
query words



Title Search

Query: university
11 Results Returmed
Showing Results From 0 w0 10

Stanford University Homepage

s http:ffwwew. stanford edw
74.79% e - SOV - JHVRVT

sStanford University: Portfolio Collection

[=— hetp i wwrw stanford edwhomeladministration/portfolio . html
65.78% N - SOPIIF - JRVAYT

University of Illinois at Urbana-Champaign

e hrtpoiwewrw wdue edwf
73.26% I3 - IS5 - 2505097
Indiana University
=] hetp :fiwwow indiana edw
68.38% If - JAEHW - JLVSYT

University of Califormia, Irvine

— hetp fiwewewr uel. edw
68.07% ¥ - IS - JLVRYT
University of Minnesota
e hetp:fwww umn. edu
67.05% Ok - LN - DLVRYT

Iowa State University Homepage

[=— hetp fiwwow dastate edw
66 .66 N - INIOW - JLVXI9T

The University of Michigan
] hetp:Hfwww. umich edw
66.35% Ik - SOVIIIS - JRVAYT

Mississippi State University
[ http:fiwww. msstare edu
66.35% N - wOVIIS - JLVAYT

Northwestern University: NUInfo

= hetp i www. nww edu
66.15% M - INIRY - DLVRYT

| next 10
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Multi Search [uriversity [ Search | Next! [national parks | &
[ IOTESTIES [ [ CISETINE oo T Search ]
;J it IOptical Physics at the University of Oregon -@-

Oregon Center for Optics in Science and Technology. Department of
Physics, University of Oregon, Evgene OR 97403, Research Groups:
Carmichael Group....

SR ANPGRS BN, 8T - v I - 15 Do 5

|Carnegie Mellon University - Campus Networking

Departments. Data Conununications. Data Communications is
responsible for installing and maintaining all on campus networking
equipment and all of. ..

SR AT T LN 8T - i ¥K - 19 dnyr 95

Computer Science Group. Weslevan University. Welcome to the home
page of the Computer Science Group at Wesleyan University. We are
administratively within.

BRI TR & - vue SK - 15 Apr

Keio University Shonan Fujisawa Campus (SFC)

B$3$N9%Z \EFnF#E 195-%8c%e98Q%9 (B(SFC) $B$N (BWWW $B%§

$BCmOU=q$- (B $BIFI$sFCHI@ISPS'# (B. Nihongo | English.
SFC $B>pJs (B. [ $B%aBGoa#9B" 95,9897 | *. ..
SRR W Y - 5hre K -5 Fub 97

The School of Chemistry. School of Chemistry, University of Swiney
NSW 2006 Avstralia International Phone: +61-2-9351-4504 Fax:
+61-2-9351-3329 Avstralia.

DRV U E Y - vare K-35 Feb 97

Mankato State University
The Campus Athletics, Campus Tour, Bookstore, Maps, Current
Events... Admission & Registration Admissions, Financial Aid ,
Registrar's, Graduvate. ..
BUR T INEIR TI T Y - hre S - ST Mo

St. Ambrose University
Main Index: Academic Departments. Administrative Services. Campus
News. Computing Services. Galvin Fine Axts Center. Internet
Connections. Library. ..
LR TTT N8 - 58w SK - T Fub 97
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Search - The Common Case

® page with high usage

® PR handles CC queries well

o CC for “wolverine” - U Michigan software system
® e¢lse: wiki page, imdb, etc

“It is important to note that the goal of
finding a site that contains a great deal of
information about wolverines is a very
different task than finding the common case

wolverine site.”

quote taken from the paper



Personalized PageRank

® E vector - distribution of web pages a random
surfer jumps to

® usually E is uniform over all web pages
(democratic)

® apply E just for one web page results in high PR
value for relevant pages regarding the applied page

® c.g.apply E for web page of faculty from
cs@odu results in high PR for CS related pages



Other Uses of PageRank

® estimating web traffic - compare web page access from proxy vs
PR

® PR as backlink predictor
e efficient web crawling - better docs first

® PR outperforms citation counts b/c number of citation count is
not known in advance

® the PR proxy - annotate links with PR value

® PR is applied to the binary directed network model which is one
of the methods used to model the co-authorship networks in
relevance to digital libraries



Unwanted Uses of PageRank

® bmw.de banned from google in early 2006 due to
its doorway page
~ is a page stuffed full of keywords that the site

feels a need to be optimized for
blog: http://blog.outer-court.com/archive/2006-02-04-n60.html

® “If an SEO creates deceptive or misleading
content on your behalf, such as doorway pages or
‘throwaway’ domains, your site could be removed
entirely from Google’s index.” unknown at Google

® coogle's webmaster helpcenter:

http://www.google.com/support/webmasters/bin/answer.py?answer=3529 |



Unwanted Uses of PageRank

® “Google Bomb”
http://searchengineland.com/070125-230048.php

® create lots of links to one certain destination

® |abel all of them with the same remarkable
terms

® query Google for those terms and you will get
the linked page

<a href="http://www.whitehouse.gov/president/gwbbio.htm|">Miserable
Failure</a>




Question |:
PageRank is not optimal! How can it be improved? What can be
changed!?

Question 2:
Do you think, not publishing the PR value (Google Toolbar) would
make it difference in the quest for obtaining a high PR value!?

Question 3:

Considering the responsibility Google as a Search Engine has (as a
prime source of information), should PageRank plus Google’s
additional “Ranking-VooDoo” not be more transparent to the public?
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PR Computation

PR(B) A PR(C) PR(D)
L(B) L(C) L(D)

PR(A)=1 —d-l-d(

PR(A)

1—d . PR(B) A PR(C) A PR(D)
N L(B) L(C) L(D) |

where N = number of documents in the collection



Precision and Recall

| |

The set Irrelevant
of tems tems -

retrieved retrieved

Felevant items - retrieved
The set of relevant

items in the database

—Relevant items - not retreved
C:- No. of irrelevant B: Number of relevant

records retrieved. 7// records not retreved.
§ A:No. of relevant //f? A:Number of relevant

records retrneved. records retrieved.

PRECISION: =2~ x 100% || RmECcALL: =2 X 100%

A+C A+B

http://www.hsl.creighton.edu/hsl/Searching/Recall-Precision.html




