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What Information can Hyperlinks Convey?

Isolated documents:
« Retrieval methods have focused on the content of the document
o Information is provided by the author itself

Hypertext and citations:
o Other documents make statement about document
« Structural organization of collection shared among community

Possible uses:

« Relatedness of documents

o Centrality of documents

o Authority / prestige of documents

« Social network behind information network




WWW Pages Classify Other WWW Pages
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Hypertext Structure Gives Info about Relatedness!
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« two pages are similar (with respect to some aspect), if they are
frequently co-cited

« the more frequently two pages are co-cited, the more similar they are

Algorithm for finding similar pages:
« use Google to find all pages that link to a given set of pages
« download those pages and count the frequency of their links




Experiment: Human vs. WebLearn

Fill in the missing page:
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Hypertext Structure as a Measure of Similarity

e co-citation groups pages by some aspect of similarity
« aspect not necessarily easy to identify automatically
« noise: “ best viewed with internet explorer”
« not all aspects of similarity on the WWW

« Bibliometrics [Small, 1973]

o Use for finding related WWW pages [Joachims et al. 1995/1997]
[Larson, 1996], [Dean & Henzinger, 1999], Commercial: Netscape,
Google, etc.

« Use in text classification [Chakrabarti et al., 1998], [Joachims et al.
2001]




Matching User Expectations in Text Retrieval

Problem: Many pages match the word ““ university” , but what are the
most important (most popular) pages on this topic?

Multi Search [uaverzaty Soarh | el [natianel pasks | g

tical Physics at the University of Otegon
Orezon Center for Optics in Seience and Technology. Department of
Phyaics, University of Oegon, Eugene OR 97403. Ressarch Groups:
Canmichasl Group
_DIZRADPTY BB T - vive 2 - 15 D 8

Query. university
11 Rezults Remimed
Showing Results From 0 o 10

Stanford University Homepase
bty v stanfori e

4009 LRV E S R B

(Carnegie Mellon University - Campus Hetworking
Depertments. Data Communications. Dets Communicetions is
reaponzsible for nstalling and madntadrdng all on campus networking
squipiment and a1l of

DR A met st P i S - 1 Ay 25

Stanford University. Portfolio Collection
m— o Lttpoiw stanford edw homefsdm inistrationportfalio hm
BE7EE A - SR - AT

University of linois at Wshana-Champaien
bt v wiue edu!
73.26% JEE - IR - SIS

Cumpuo:r Hcience Coup. Wcslayan University. Weleoms 1o the homs
page of the Computer Srisnce Group at Weslsyen University. We are
administratively within

DR A e S - i S - 15 A 25

Indisns University
hrep chweurur indiio edu!
68 359 I - DRAERNY - JRURST

Keio University Shonan Fujisawa Campus (:
E533M9E2 EFnF4E v8-08cs8e 00 580 (E(SFC) $B$N (BWWW 3545
$BCmOU=0$- (B $B$rFI$s$G$J$@$5$$ # (B Hiwongo| English.
SFC $Bepls (B. [ $B %

DA S R w‘m/ s .,z:' .nu y"

Dniversity of Californis, Trvine
— Lty v el
GEOTHE - AU - BT

The School of Chemnisty. School of Chemisty, University of Sydney,
NEW 2006 Australia [nternational Phone: +61-2-9351-4504 Fax
+61-2-9351-3329 Anstralia

DR A T 0 B R e A - 35 Fe 9T

University of Minnesots
— bty e I el
GROGE gk - LMW - dRter

Iowa State University Homepage
— Lot v ndtais dw

GEERHE S - IR - GHET Mankato State University

The Camnpus Athletics, Campus Tour, Bookstore, Maps, Current
Fvens... Admission & Registoation Afmissions, Financial Aid,
Registrar's, Graduate

Dl A ke St e i - st 3 -3 N 95

The University of Michizan
ity fevveve imich.edul
6635 JE - RIS - GIUAYT

Mississippi State University
— Lty R Lt 2w
66 354 S - ST - DT

Ambrose Universiry
Main Index: Academic Departments. Administatve Services, Caunpus
Mews. Compmting Services. Calvin Fine &rts Centsr. Internet

" from [Page et al., 1999]

HNorthwestem University: HUInfo

In-Links as an Endorsement

Approach 1:

« A document is more important / popular, the more in-links (back-
links) it has.




Simplified PageRank

Approach 2:

A document is more important, if it is linked to from many important
documents.

1, v: documents

o F(u): outlinks out of u

« B(u): inlinks pointing to u

o r(u): importance of u
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Iteration of Simplified Page Rank
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What is the problem with this simplified algorithm?




PageRank

A document is more important, if it is linked to from many important

documents + some smoothing.

« u, v: documents

o F(u): outlinks out of u

« B(u): inlinks pointing to u

o ¢(u): inherent importance of u (sum to 1)
o d: trade-off parameter

o r(u): importance of u
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Normalize r so that ||r][; = 1

Random Surfer

Model:
o Forever:

« with high probability, follow a random link on the page.
« or with low probability (e.g. 15%), jump to a random page.

What is the probability, that the surfer is currently at page u?

=> Probability distribution over pages for Markov Random Walk

Good approximation for “ probability that user wants to see this

page” !?




Searching with PageRank

Retrieval function combines:
« vector space similarity

« weighting of html tags

o proximity of matches

« anchor text

« PageRank

=> trade-off with different weights

Hubs and Authorities

Idea [Kleinberg, 1998]: A good hub points to many authorities, and an
authority is pointed to by many good hubs.

hub(u) = a authority(v)

v € outlinks(u)

authority(v) = a hub(u)

u € outlinks(u)

=> Eigenvectors of A’ A (authority) and AA’ (hub)
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