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A1GBpwon

Bibliometrics

— citation analysis, impact factor, bibliographic coupling, co-citation, citations
vs links

Authorities and Hubs (HITS algorithm)
PageRank
— Personalized PageRank

Other applications of Link Analysis
— Crawling
— Reverse Engineering
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AvakTtnon MNAnpogopiwyv artrod Tov loTo:
NMpokAnoeig Kal ATTaITAOEIG

» Gathering techniques
» Scalable In s efficiently updatable

E!mprove the discrimination ability

Oa doupE TEXVIKEG TTOU OUMPBAAOUV O€ auTO
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Bibliometrics: Citation Analysis

* [loAAG Eyypa@a trepIAauBavouv BiBAloypagia, dnAadr pveieg
(avagopég) oe Ndn dnuooieupéva apbpa.

¢ QewWPWVTAC TIC MVEIEC WG CUVOETUOUC, HTTOPOUME VA DOUNE MIa
oUAAOYN YYPAPWY WG Evav dlEuBUVONEVO YPA®O.

* H doun auTtou Tou ypdgou gival avecapTnNTn TWV TTEPIEXOUEVWV KAl
atrd AQUTOV PTTOPOUME VA ECAYAYOUUE CUUTTEQACHATA VIO TNV
OMOIOTNTA TWV_EYYPAPWY Kal T OO TOU XWPOU.
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Impact Factor (BaBuog Etmippong)

* Métpo otroudaidTnTag (TTOIOTNTAG, ETTIOPACNG) TWV ETTIOTNUOVIKWYV
TTEPIOBIKWY TToU TTPOoTABNKE atrd Tov Garfield To 1972.

* Metpd méc0 ouxvd Ta ApBpa Tou TTEPIOdIKOU avapEPOVTaAl aTTO
AAa (ueTayevEOTEPQ) ApBpa
— YTroloyileTal kKal dnuoaoieveTal €TnNoiwg aTrod 10 Institute for Scientific
Information (ISI).

* O BaBuog emippong evog TePIodIkou J To €ToC Y
— €ival 0 HEOOC apIBUOS Twv avagopwy o€ ApBpa dnuooicupéva oTo J Ta €1 Y-
114 Y-2, amd dpBpa dnuooicupéva oe AANa TTEPIOBIKA TO £TOC Y.
— Aev Aaupavel uttéwn TNV «TTOIOTNTAY» TWV APBPWV TTOU KAVOUV TIC AVAPOPES
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Bibliographic Coupling (BiBAloypagikr Zgugn)

* MéETpo opoIdTNTAG EYYPAPWY TTOU TTPOTABNKE aTTd TOoV Kessler 10
1963
* H BiBAloypa@iki {eUn 2 cyypdowv A kail B icoutal pe 1o TTARB0C¢
TWV EYYPAPWYV TTOU ava@EPOVTAI Kal aT1To 10 A Kal aT11o 10 B.
— To ué€yeBog NG TouNG Twv BIBAIOYpPAPIWY TOUG
« Kavovikotroinon Baoel Tou peyEBoug Twv BIBAIoypagiwyv

|out(A) nout(B) |

|out(A) nout(B) |
|out(A) wout(B) |
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Co-Citation

* ‘Eva dl1a@opeTIKO HETPO OMOIOTNTAC TTOU TTPOTABNKE ATTO TOV
Small 10 1973

 H BaBuodg co-citation 2 eyypdowv A kai B 1couTtal pe 1o TTARB0¢
TWV £YYPAPWYV TTOU ava@EPouV Kal 1o A Kal 10 B.

» Kavovikotroinon Bdacel Tou cuvoAikoU apiBpou eyypAapwy TTou
avagpepouv R To A 10 B

. @ lin(A) ~in(B) |
\\4 \Q\‘ // lin(A) ~in(B) |
0 Q lin(A)uin(B)|
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Mveieg vs. 2uovdeopol (Citations vs. Links)

O1 ouvdeopol Tou loTOU gival KATTWG DIAQOPETIKOI ATTO TIG AVAPOPES:
— Many links are navigational.

— Many pages with high in-degree are portals (not content
providers).

— Not all links are endorsements.
— Company websites don’t point to their competitors.
— Citations to relevant literature is enforced by peer-review.
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O IN'pagocg Tou loTou

@ewpoupe Tov loTd WG £vav dicuBuvouevo ypago G=(V,E)

* Alaypda@oupe TOuG KUKAIKOUG oUVvOETUOUG (auToouvOEooug self-
hyperlinks)

* O1 ToAAaTtTAOI oUVdeapOl (aTTd pIa oeAida p O€ PIA Q) KATATTITITOUV
o€ évav ouvdeopo (p,q) in E
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Authorities (AuBgevrTicq)

» Authorities are pages that are recognized as providing significant,
trustworthy, and useful information on a topic.

» A simple measure of authority could be |in(p)]

* However in-degree treats all links as equal (6TTw¢ oTtov Babud
ETTIPPONC).

« Should links from pages that are themselves authoritative count
more?
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Hubs (KopuBikd 2nueia)

* Hubs are index pages that provide lots of useful links to relevant
content pages (topic authorities).

* [apadeiypara Hub pages yia avaktnon TAnpogpopiwy:
— http://trec.nist.gov/
— http://www-a2k.is.tokushima-u.ac.jp/member/kita/NLP/IR.html

» A simple measure for identifying hubs could be |out(p)|
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HITS (Hyperlink-Induced Topic Search)

* AAyOpIBuoG TToU TTPOTAONKE a1Td TOoV Kleinberg 1o 1998.

» [pooTtraBei va diakpivel authorities kal hubs yia éva ouykekpiyévo
B€ua (topic), avaAuovTtag TO OXETIKO UTTOYPA®O Tou loToU.

» Baaoiletal oTIC €€ C (apoiBaiwg opIfdueveg Kal avadpouikES) TTPOTACEIG:
— Hubs point to lots of authorities.
— Authorities are pointed to by lots of hubs.

Hubs Authorities

Hubs and Authorities tend to form a bipartite graph

— (nodes can be partitioned into 2 groups such that there
are no links between the nodes of the same group):

O
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O AAyopIBuoc HITS

« EvroTriCel Ta hubs kai Ta authorities yia éva ouyKkeKpIUEVO BEpa
(topic) TTou TTpoodlopileTal ATTd YIa ETTEPWTNON g

« Kar’ apxdag mpoodiopileTal TO OUVOAO S TwV OXETIKWY OEAIOWY HE
TO g Kal auTd ovouddletal Bdon (base set)

« Kartdtrv, avaAugl Tn Oour TwV OUVOECHUWY OTOV UTTOYPAPO TOU
|I0TOU 110U OopileTal atrd 10 S, kail diakpivel hubs kai authorities.
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Kataokeun Tou YTtroypagou Baong
(Base Subgraph)

» For a specific query Q, let the set of documents returned by a
standard search engine be called the root set R (i.e. R=Ans(Q)).

* Initialize Sto R.
« Add to S all pages pointed to by any page in R.
« Add to S all pages that point to any page in R.

R =ans(Q)
S :=Ru(ufout(p)| peR}Yu(ufin(p)| peR})
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[MeplopifovTacg 10 pEyeBOC TS BAong

» To limit computational expense:
— Limit number of root pages to the top 200 pages retrieved for the query.
— Limit number of “back-pointer” pages to a random set of at most 50 pages
returned by a “reverse link” query.
« To eliminate purely navigational links:
— Eliminate links between two pages on the same host.
* To eliminate “non-authority-conveying” links:
— Allow only m (m =4-8) pages from a given host as pointers to any individual
page.
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Authorities and In-Degree

» Even within the base set S for a given query, the nodes with highest
in-degree are not necessarily authorities (may just be generally
popular pages like Yahoo or Amazon).

» True authority pages are pointed to by a number of hubs (i.e. pages
that point to lots of authorities).
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HITS: ETTavaAnTtrTikdg aAyopiOpog

« Use an iterative algorithm to slowly converge on a mutually
reinforcing set of hubs and authorities.

« Maintain for each page p € S:

— Authority score: a(p) (vector a)

— Hub score: h(p) (vector h)
* Initialize all a(p)=h(p) = 1
* Maintain normalized scores:

>a(p)? =1 > h(p)? =1

peS peS
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HITS: Kavoveg Evnuépwong (Update Rules)

* Authorities are pointed to by lots of good hubs:

a(p)=2.h(q)

gein(p)

 Hubs point to lots of good authorities:

h(p)=2.a(q)

geout(p)
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[Mapadeiyua Kavovwy Evnuepwaong

O~ _
@7@ a(4) = h(1) + h(2) + h(3)
)

©

h(4) = a(5) + a(6) + a(7) G%v@
9
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HITS: ETTavaAntmikog AAyopI0uocg

Initialize for all p € S: a(p)=h(p) = 1
Fori=1tok:
Forallp € S: (update auth. scores)
a(p)=2.h(a)
gein(p)
Forallp € S: (update hub scores)
h(p)=2.a(q)
geout(p)
Forallp e S: , _
. C= Za( p) (normalize a)
Forallp € S: pes .
h(p)= h(p)/C c: C= Zh( p) (normalize h)
peS
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HITS: ZUykAion

» Me ameipeg eTTavaAWeIc o aAyopiBuoc ouykAivel o€ Eva oTabepd
onueio (fix-point).

» Define A to be the adjacency matrix for the subgraph defined by S.
— Aj=1forieS,je Siffioj

 Authority vector, a, converges to the principal eigenvector of ATA

« Hub vector, h, converges to the principal eigenvector of AAT

o 2TNV TTPAEN, 20 eTTavaAqweig ouvRBwg ETTapKoUV.
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HITS: AtroteAéouarta

* Authorities for query: “Java”
— java.sun.com
— comp.lang.java FAQ

» Authorities for query “search engine”
— Yahoo.com
— Excite.com
— Lycos.com
— Altavista.com

» Authorities for query “Gates”
— Microsoft.com
— roadahead.com

» 2XOAia
— In most cases, the final authorities were not in the initial root set generated
using Altavista.

— Authorities were brought in from linked and reverse-linked pages and then
HITS computed their high authority score.
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EUpeon mapouoiwv geAidwyV acioTToiwvTag TN doun
OUVOEONWV

« Given a page p, let R (the root set) be k (e.g. 200) pages that point
top (=R=in(p))

« Grow a base set S from R.

« RunHITS on S.

* Return the best authorities in S as the best similar-pages for p.
— BupnBeite 1O co-citation

» Finds authorities in the “link neighbor-hood” of p.

» AmroteAéopara yia “honda.com”
» toyota.com
» ford.com
* bmwusa.com
* saturncars.com
* nissanmotors.com
* audi.com

» volvocars.com
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PageRank

* Mia dIQQOPETIKN TEXVIKI QVAAUCONG OUVOECHWY TTOU
xpnoipotrolgital atrdé 1o Google (Brin & Page, 1998).

« Agv KAvel OIAKPION METACU AUBEVTILWV KAl KOUPBIKWY ONEiwvV
« Alatdooel TIG 0€Aide¢C Baoel kUpoug (authority).

* E@apudletal gg OAeC TIC OEAIOEC TOU I0TOU (OeV TTEPIOPICETAI OTN
YEITOVIA TwV O€AidWV TNG atTAvinong MIAG ETTEPWITNONG)

Google
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PageRank: H apxik €kdoon

« Just measuring in-degree (citation count) doesn’t account for the
authority of the source of a link.

« [nitial page rank equation for page p:

R(q)
R —
P=¢ Z out(o)]

A page q, “gives” an equal fraction of its authority to all the pages it points to (e.g. p).
c is a normalizing constant set so that the rank of all pages always sums to 1.
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PageRank: H apxikni £ékdoon (1)

« Can view it as a process of PageRank “flowing” from pages to the
pages they cite.

T iy —
— 05
.03
.03
- —_— ] —
P T~
——
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PageRank: O Apxikoc AAyopIBuog

* lterate rank-flowing process until convergence:

Let S be the total set of pages.

Initialize Vpe S: R(p) = 1/|S]

Until ranks do not change (much) (convergence)
For each peS:

, R(q)
R'(p) = A VA
P= Z ou()

For each peS: R(p) = R’ (p)/c (normalize)

c= > R'(p)

peS

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006

28




Sample Stable Fixpoint

0.4 0.2
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Random Surfer Model
(MovTtéAho Tuxaiou Mepinyntn)

« PageRank can be seen as modeling a “random surfer” that
— starts on a random page and then at each point:
— randomly follows a link on the current page.

* R(p) models the probability that this random surfer will be on
page p at any given time.
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O1 aduvapieg TNS apxIKNS £EKdOONG:
Rank Sinks and Rank Leaks

« Rank sink: any strongly connected setpfk/pages from which no
links point outwards

— problem: nodes not in the sink receive 0 rank
» a random surfer would enclave for ever within the sink

« Rank leak: any individual page with no outgoing link

— any rank reaching a rank leak is lost forever
 will cause all the ranks to eventually converge to 0

* Rank leak is a special case of Rank sink (for k=1)
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Rank Leak: INapadeiyua

0.3 0.3 0.3
0.15 0.3 0.15
0.15 0.15 0.15

0.075 0.15 0.075
0.075 0.075 0.075
0.0375 0.075  0.0375

0.0375  0.0375  0.0375
0.01875  0.0375 0.01875
0.01875 0.01875 0.01875
0.009375 0.01875 0.009375
0.009375  0.009375 0.009375
0.004688 0.009375 0.004688
0.004688 0.004688 0.004688
0.002344 0.004688 0.002344
0.002344 0.002344 0.002344
0.001172  0.002344 0.001172
0.001172 0.001172 0.001172
0.000586  0.001172 0.000586
0.000586 0.000586 0.000586
0.000293 0.000586 0.000293
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TpOoTToI AVTIHETWTTIONG

* Leak nodes:

— AtraAoigr) OAwv Twv leak nodes (those with out-degree 0)

— Y160eon 611 kKABe leak node €xel évav oUVOETHO TTPOG KABE AAAN oeAida
« Sink nodes

— .... “teleporting”

R(p)=c| 2, E(P)
gein(p) | ou (CI) |
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AvaBewpwvTtag 1o Movtélou Tou Tuxaiou MepinynTn

» PageRank can be seen as modeling a “random surfer” that
— starts on a random page and then at each point:
— with probability E(p) randomly jumps to page p.
— otherwise, randomly follows a link on the current page.

* R(p) models the probability that this random surfer will be on
page p at any given time.

// “E jumps” are needed to prevent the random surfer from getting
“trapped” in web sinks with no outgoing links.
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O aAyopiBuoc PageRank

Let S be the fots

Let VpeS: (for some O<a<1, e.g. 0.15)

Initialize VpeSTR(p) = 1/[S]

Until ranks do not change (much) (convergence)
For each peS:

, R(q)
R _ AL VA
(P)= 2 lout(o)] @

For each peS: R(p) = R"(p)/c (normalize)
c= 2. R'(p)

pesS

et of pages.
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PageRank: Alatuttwon pe I'papuiky AAyeBpa

G e.e ° Adjacency matrix M M =

Transition matrix T

T(D,Q)={

0

1/|out(q) |

if (q,p) g M
if (q,p)e M

« The PageRank score R(p) of a page is defined as

2.

gein(p)lout(a) |

* The equivalent matrix equation:

o o o o
o O
o O O r O

1/2

o —r O O
O 0O oo o ~—Mmm “

o O +— O
o —r O O

1/2

R(p)=a-

_R(a) +(1—a)1

N
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PageRank: Alatuttwon pe I'papuiky AAyeBpa

R:a-T-R+(1—a)%1N

rl
r2
r3

o O — O

0

0

0
ri+r3/2
r2
r3/2
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0 0]
0 1/2 0
1 ol
0 1/2 0

rl
r2
r3
r4

1

1|1
+(1-a)-

( )41

1

+(1—a)£11

rl
r2
r3
r4

(1-a)/4
a(rl+r3/2)+(1-a)/4
ar2+(1-a)/4
ar3/2+(1-a)/4
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O AAyopiBuoc PageRank

function PageRank
Input  T: transition matrix, N: number of pages,

a,: decay factor for PageRank, M,: number of iterations
output R*:PageRank scores

(1) d=1/N*1 // initial score for all pages is 1/N
(2)R*=d
(3) for i=1 to M, do /I evaluates PageRank scores
*=a, TR* + (1-a,)d
return R*

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 39

PageRank: Taxutnta ocUuykAiong
(Speed of Convergence)

« Early experiments on Google used 322 million links.

« PageRank algorithm converged (within small tolerance) in about
52 iterations.

* Number of iterations required for convergence is empirically O(log
n) (where n is the number of links).

« Therefore calculation is quite efficient.
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Personalized PageRank
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MTtropouue va e€atopikeuooupe / TTpokataBdAoupue 1o PageRank,
TPOTTOTTOIWVTAG KATAAANAQ TO E
— (woTe va Pnv TTEPIYPAPEI MIA OUOIOUOPE®N KATAVOWUN)

[a TTapAadelypa, Je ToV TPOTTO AUTO JITTOPOUNE VA TTEPIOPICOUNE T
«TUXaia GApaTa» o€ Eva OUYKEKPIPEVO OUVOAO OEAIdWYV

Mapdadeiypa:

Av p=www.csd.uoc.gr/~hy463 161¢ E(p)=0 aAAiwg E(p)=0

Il euvoei TIG 1I0TOOEAIDEG TTOU €ival KOVTA (OTO YPA®PO) oTNnV I0TOoEAIdA
/] Tou paBrRuaTog

Simple Title Search with PageRank
(Google Ranking) GO()S[Q"
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Use simple Boolean search to search web-page titles and rank the
retrieved pages by their PageRank.

Sample search for “university”:

— Altavista returned a random set of pages with “university” in the title (seemed
to prefer short URLS).

— Primitive Google returned the home pages of top universities.
Complete Google ranking includes (based on university
publications prior to commercialization).

— Vector-space similarity component.

— Keyword proximity component.

— HTML-tag weight component (e.qg. title preference).

— PageRank component.

Details of current commercial ranking functions are trade secrets




AvaAuon 2UvOEOUWYV: 2UUTTEPACUATA

 H AvdAuon ouvdéopwy aclotrolei Tn doun Tou ypdgou Tou loTou
TTPOKEINEVOU Va BonBrRoel TNV avakTnon TTANPOQOPIWV

« Eival iowg n pyeyaAutepn kaivotopia otnv avadrntnon otov loTto

* O Baoikd arou Tng emmiTuyiag Tou Google.
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AAN\ec E@apuoyéc Tou PageRank:
Crawling/Spidering

« Agiotroinon Tou PageRank yia egTtiaon tng diaoxiong oTig
«ONMAVTIKEG OEAIDECY

TpoTtrog
* Y1roAoyiopog Tou PageRank Baoel Twv ogAidwyv TTou €£Xouv non
OUAAEXOBEI

* Tagivounon Twv oeAidwyv oTnv oupd Tou crawler Baoel Tou
ekTIpoUuevou PageRank.
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AvaAuon ZuvoEopwV: AANEC EQAPUOYEG

* Avayvwpion KoIVOTATWYV (communities)

— 'Exel TapatnpnBei 011 KABE KoIVOTNTA XaPAKTNPIZETAI ATTO £Va OUVOAO
authority kai hub ogAidwv

* Avayvwpion oeAidwyv “spam” (8a mapouoiaortsi otV séuevn SIGAEEN)
— Web-spam page identification
 Karavonon kai OTrTikotroinon peydAwv EvvoloAoyikwy
2XNHATWYV
* Node Reputability in P2P Networks
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SALSA (Stochastic Approach for Link-Structured Analysis)

* O aAyopiBuog SALSA, ommwe cupBaivel kal ue Tov HITS, diatdoel
TIC 0€AIOEC HIa aTTAVTNONG BACEI TWV UTTEPOUVOECHWY KOl OTAV
dlakpion authority kai hub ogAidwv.

» H diagpopoTtroinon Tou amd 1o HITS evrotrideTal ota €€NG :

- KOTO@EPVEI VA aQvayvVWPIoEl KAl va aviXVEUOEl TTEPICOOTEPEG
oeAidec w¢ authorities, o€ BePATIKEG OPADEC EYYPAPWYV OTTOU TO
HITS aduvarei.

- Bewpei AiyoTepo aTevi TN oxéon avaueoa oTig authority kar hub
oeNIdEC
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