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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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Avaktnon NAnpo@opiwyv atro Tov |oTo:
MpokANCEIg Kal ATTAITHOEIG

« Gathering techniques

« Scalable In s efficiently updatable
mprove the discrimination ability

Oa doupe TEXVIKEG TTOU CUPPBAAOUV O€ auTd
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Bibliometrics: Citation Analysis

* [ToAAG Eyypaga TTepIAapBavouv BiBAloypa@ia, dnAadr) pvEieg
(avagopég) o€ NON dnuoacicupéva apbpa.

¢ OeWPWVTAC TIC UVEIEC WS CUVOETUOUC, NTTOPOUHE va DOUME HIa
ouAoyn eyypAewyY wg £vav dlEuBuvopevo ypAgo.

« H dopr autou Tou ypdaou eival aveEapTNTN TWV TTEPIEXOUEVWY KAl
atrd AQUTOV UTTOPOUNE VA £CAYOUUE CUMTTEPACHATA VIO THV
OMOIOTNTA TWV_EYYPAPWYV KAl TN OOMA TOU XWPOU.
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Impact Factor (BaBuog Etmippong)

* Mérpo omroudaidtnrag (TToIdTNTAGC, ETTIOPACNGS) TWV ETTIOTNUOVIKWYV
TTEPIOOIKWYV TTOU TTPOTABNKE atTd Tov Garfield To 1972.
* MeTpd 600 cuxXVva Ta GpBpa Tou TTEPIOBIKOU avapEpovTal aTTd
AaAAa (ueTayevéoTepa) GpBpa
— YTroAoyicetal kal dnuoaoisveTal €TNoiwg atro To Institute for Scientific
Information (ISI).

* O BaBuodg emippong evog TePIOdIKOU J TO €ToC Y
— €ival 0 HEoOG apIBPOC TwV avagopwy oe ApBpa dnuoacieupéva oTo TTEPIODIKO
JT1a €t Y-11qY-2, atmd dpbpa dnpooicupéva o AAAa TTEPIOBIKA TO £TOG Y.

— Aev AapBdavel utoywn TNV «TToIOTATA» TWV APBPWYV TTOU KAVOUV TIG QVAPOPES
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in(A)
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Bibliographic Coupling (BiBAioypagikny Zeucn)

* MéETpo opoIOTNTAG EYYPAPWYV TTOU TTPOTABNKE aTTO TOV Kessler To
1963
* H BiBAloypa@ikr Ceugn 2 eyypdgwv A Kal B 1coUTal ye 1o TTARB0G
TWV €yYPAPWY TTOU avapEPOVTAI KAl atrd 10 A Kal atrd 10 B.
— To péyebog TG TOPNS Twv BIBAIOYPA@IWY TOUG
» Kavovikotroinon Bacel Tou peyéBouc Twv BIBAIoOypa@Iiwy

|out(A) nout(B) |

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

* ‘Eva d10popeTIKO YETPO OOIOTNTAS TTOU TTPOTABNKE ATTO TOV
Small to 1973

* O BaBuoég co-citation 2 eyypagpwv A kal B 1coutal pye 1o TAR60¢
TWV €yYYPAPWYV TTOU avapEpouv Kal 10 A kai 10 B.

» KavovikoTroinon BAacel Tou cuvoAIKOU aplBuou eyypa@wy TTou
avagEpouv N TO A 1o B

lin(A) Nin(B)]|

lin(A) Nin(B) |
lin(A)Uin(B) |
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Mveieg vs. 20vdeopol (Citations vs. Links)

O1 ouvdeopol Tou loTou gival KATTWG IAQOPETIKOI ATTO TIG AVAPOPEG:
— 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 Npdagoc Tou loTou

O@ewpoupe Tov 0T WG évav dieuBuvouevo ypago G=(V,E)

* Alaypa@oupe TOUG KUKAIKOUG OUVOETUOUG (aUuTOOUVOEaoUG self-
hyperlinks)

* O1 TToAAaTTAOI oUVOEo MOl (aTTd Pia ogAida p O€ PIA ) KATATTITITOUV
o€ évav ouvdeopo (p,q) in E
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Authorities (Aubevricq)

» 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¢ oTo Babud
ETTIPPONG).

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

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

* [Napadeiypara Hub pages yia avaktnon TAnpo@opIwy:
— http://trec.nist.gov/
— http://lwww-aZ2k.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 TTPpoTaBNnKE atrd Tov Kleinberg 1o 1998.

» [MpooTraBei va diakpivel authorities kal hubs yia éva guykeKpIUEVO
B€ua (topic), avaAuovTag TO OXETIKO UTTOYPA@O Tou loTou.

* Baoiletal 0TI £€NG (apoiBaiwg opIOUeVES Kal avadpopiké) TIPOTACEIG:
— 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):

G

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

13

O AAYyOpIBuoc HITS

« Evrotridel Ta hubs kal Ta authorities yia éva guykekpipgévo Béua
(topic) TTou TTpoodiopileTal aTTd PIa ETTEPWTNON g

* Kar’ apxdag mpoodiopileTal TO CUVOAO S TwV OXETIKWV OEAIOWYV PE
TO g Kal autd ovouddetal Baon (base set)

« Kartotrv, avaAuel Tn dour Twv CUVOEOHUWY OTOV UTTOYPA®PO TOU
1I0TOU 110U opileTal atrd 10 S, Kai dlakpivel hubs kai authorities.
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Kataokeur) Tou YTroypagou 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) | pe R (Ain(p) | peR})
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[MeplopiCovTacg 1o peEyebocg TnG 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: ETrTavaAntrTikdég aAyopiduog

« 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)=>.h(q)

gein(p)

 Hubs point to lots of good authorities:

h(p)= > a(q)

geout(p)
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[Mapadeyua Kavovwy Evnuépwong

a(4) = h(1) + h(2) + h(3)

.

VYV

(=)
& &

h(4) = a(5) + a(6) + a(7)
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HITS: ETTavaAnTmikog AAYyOpI6uog

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)
qeout(p)
Forallp € S: ) _
.y C= z a(p) (normalize a)
Forallp € S: pes .
h(o)= h(p)e ¢ ©= > h(p) (normalize h)
peS
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HITS: 20ykAion

* Me armreipeg eTavaAnWeIS 0 aAyopiBuog ouykAivel o€ éva oTaBepd
onueio (fix-point).

» Define A to be the adjacency matrix for the subgraph defined by S.
~ A;j=1forieS,je Siffio)

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

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

e 2NV TTPALN, 20 eTTavaAYeIC guvhiBwS TTAPKOUV.,
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HITS: AtroteAéopata

» 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 agloTrolwvTag Tn 0o
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.
* Run HITS on S.
» Return the best authorities in S as the best similar-pages for p.
— BuunOeite TO co-citation
» Finds authorities in the “link neighbor-hood” of p.

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

+ volvocars.com
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PageRank

Mia dla@opETIKA TEXVIKI) avAAUCNG CUVOEC WY TTOU
xpnoipotroigital atrd 1o Google (Brin & Page, 1998).

Agev KAVEI OIAKPION METOAEU AUBEVTIWY KAl KOUPBIKWY ONUEIWV
Ailatdooel TiI¢ oehideg Bdoel kupoug (authority).

Epapudletal gg OAEC TIC 0€AIDEC TOU 1I0TOU (OEV TTEPIOPICETAI OTN
YEITOVIA TwV OEAiIdWYV TNG aTTAVTNONG PIOG ETTEPWTNONG)

Google
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PageRank: H apyikr) €kdoon

H a1TAf KaTau€Tpnon Twv ElI0epXOUEVWY ouVOEOUWY (dNAadr) o in-degree n
aAAIwg citation count) dev AauBaver UTTOWN TO KUPOG TWV OEAIdWV aTTd TIG
OTTOIEG EKKIVOUV Ol EICEPYXOUEVOI CUVOETOL.

ApXIKOG BaBudg (page rank) yia pia ogAida p:

R(q)
R(D) = _ M)
(P)=¢ Z Jou(a)]

Mia oeAida g «Oidel ioc0 TTOOOOTO TOUG KUPOUG TNG» OTIG OEAIDES TTOU OEiXVEL.

To c €ival gia otaBepd yia KavovikoTroinon (WoTe To dBpoiopa Twv Baduwyv Twv
oeAidwv va 1couTal pe 1)
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26




PageRank: H apyikr) €kdoaon (lI)

*  Mrtropouue va ekAdBoupe TN BaBuoAdynon wg pia diadikaoia porng «KUPoUGH.
* H pon yivetal péow Twv cuveETPwWY (Kal €xel TNV idla KaTeuBuvon Pe autoug)

— L\ 5
.03
. .03
g N
/' —J_.03 T~
‘\’
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PageRank: O Apxikdc AAy6pIBpog

* EtmmavaAnyn tng d1adikaagiag porg JEXPI VA EXOUUE
ouykAion:

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()
R'(D) = LA S VA
= 2 lout(q)

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

c= 2 R'(p)

peS
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[Mapddeiypa Znueiou Z1aBgpotroinong (Fixpoint)

0.4 0.2
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[Mapdadeiypa ETTavaAnpewv

0.2 0.2
A0 12 A 12
=N N
02 0.2 ‘ 0.3 (51 0
5 T3 ‘ 1;{ :
Y 112 \ 12
L1
vz 1 172\ 1
02 12 0.2 0.2 12 0.2
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1-":_# 1 : 1.'..: - 1"2
.a-"i.':""# .__.-'__:.:-"'" H‘x\
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Random Surfer Model
(MovTéAo Tuxaiou lNepinyntn)

« O PageRank utropei va BewpnBei o1l povreAoTToIEl Evav
«TUYaio TrEPINYNTA» (random surfer) o oTToi0g
— &ekivael atro pia Tuxaia emAeyPEVN o€Aida Kal KATOTTIV
— TUXOaia €mIAEyEl Kal aKOAOUOEi évav oUVOEOHO AaTrd TNV TpEXouoa
oeAida, K.0.K
* To R(p) ekppadel Tnv mTOavoTNTa Va BPICKETAI O TUXAIOC
TTEPINYNTAG OTN OEAIdA P pIa OEDOUEVN OTIVHN

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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O1 aduvapieg TNG apxIKNG €kdooNG:
Rank Sinks and Rank Leaks

+ Rank sink (kataBé0pa Baduwyv): any stfongly connected set of k
pages from which no links point outwards
— problem: nodes not in the sink receive 0 rank
« arandom surfer would enclave for ever within the sink

* Rank leak (diappon): 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)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Rank Leak: MNapd&deiypa

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 AVTIMETWTTIONG
* Leak nodes:
— Mia okéyn Ba riTav va atraAgiwoupe 6Aoug Toug leak nodes (those with out-
degree 0)
— Mia dAAn Auon B6a ATav va Bewpriooupe OTI KGBe leak node éxel éva
oUVvOEeT O TTPOG KABE GAAN oeAida
» Sink nodes
— ... «TnAepeTagopd» (“teleporting”)
R(p)=¢| 2 . TE(P)
qein(p)l u (CI) |
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AvaBewpwvTtag 1o MovTtéAlou Tou Tuxaiou lNepinynTn

» O PageRank ptropei va BewpnBei o1l povreAoTToIEl Evav
«Tuxaio TTEPINYNTA» (random surfer) o oTroiog
— &ekIvael atro pia Tuxaia eTAEyPEVN OEAIdA Kal KATOTTIV
— Me mOavoTnTa E(p) KaGvel éva aApa o€ pia Tuxaia ogAida,
— oAAIwg (pe mBavoTnTa 1-E(p)) €mmiAéyel Kal akoAoubBei évav

oUuvdeopo amrd TnV TpéXouca oeAida, K.0.K

* To R(p) ekppadel Tnv TOavATNTa VA BPIOKETAI O TUXAIOG

TTEPINYNTAG OTN OEAIdA p pIa OEdONEVN OTIVHNA

* 2nueiwon: Ta Tuxaia GAPOTA ATTOTPETTOUV TNV «TTayideuon»
TOU TTEPINYNTH O€ KATAROBPEC | o€ OeAIDEC TTOU OEV £XOUV
€CEPXOPEVOUC OUVOETOUG

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

O aAyopiBuoc¢ PageRank

Let S be the fota

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 — RS VA
(P)= 2 Tout(o)] )

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

pesS

et of pages.
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PageRank: Aiatuttwon pe I'pauuik AAyeBpa

0100
O ORJO0 o
Adjacency matrix M M= 010 1
0 00O
Transition matrix T 00 0 O
0 if(q,p)eM 1 01/2 0
T(p,q)={ : T=
1/lout(a)| if(q,p)eM 01 0 O
0 0 1/2 0
The PageRank score R(p) of a page is defined as

R(a) 1

R(p)=a- 2 — *—+(1-a)-

gein(p) lout(q) | N

The equivalent matrix equation:

CS463 - Information Retrieval Systems

R:a-T-R+(1—a):|1N
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PageRank: Alatuttwon pe I'papuikry AAyeBpa

R:a-T-R+(1—a)|i|1N

rl
r2
r3

00 0 0][n

1 0 1/2 0f|r2

01 0 0}]|r3

0 0 1/2 0] [r4]
0
ri1+r3/2

Jr(l—a)1

r2 4
r3/2 |

CS463 - Information Retrieval Systems

1
11
+(1-a)-
( )4 1
_1_
[1] rl] | (1-a)/4
1 r2| |a(rl+r3/2)+(1-a)/4
1 ra| ar2+(1—a)/4
1] rd] | 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 /I initial score for all pages is 1/N
(2)R*=d
(3) fori=1to M, do /I evaluates PageRank scores
*=a, TR* + (1-a,)d
return R*
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PageRank: Taxutnta cuykAiong
(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
(E¢atouikeupévog PageRank)

« Mrtropoupe va g€atouikeUoouue / TpokaTaBdAoupue To PageRank,
TPOTTOTTOIWVTAG KATAAANAQ 1O E
— (woTe va pnv TTEPIyPA@El YIa OUOIOPOPPN KATAVOUR)

* [a Tapddeypa, ye Tov TPOTTO aAUTO UTTOPOUME VA TTEPIOPICOUNE T
«TUXQia GAPOTO» O€ €va OUYKEKPIMEVO OUVOAO OeAidwV

Mapdadeiypa:

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

Il euvoei TIg I0TOOEAIDEG TTOU €ival KOVTA (OTO YPAQo) oTnv I0TOoEAIdA
/[ Tou paBriuatog HY463
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Simple Title Search with PageRank
(Google Ranking) G()Ugle';

« 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.g. title preference).
— PageRank component.

Details of current commercial ranking functions are trade secrets
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AvaAuon 2uvOEOUWYV: 2ZUNTTEPAOHATO

* H AvAdAuon cuvoéopwy agloTrolei Tn doun Tou ypdgou Tou loTou
TTPOKEINEVOU va BonBroel TNV avAkTnon TTANPOPOPIWV

« Eival iowg n peyaAuTepn kaivoTouia atnv avadntnon otov loto

* O Baoikd arou Tng emTuyxiag Tou Google.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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AA\ec Epappoyéc Tou PageRank:
Crawling/Spidering

« Aglotroinon Tou PageRank yia eotiaon Tng d1adoXIoNG OTIC
«ONMUAVTIKEG OENIDEGH

TpoTrog
* Y1oAoyiouog Tou PageRank Bdoel Twv ogAidwyv TTou £xouv rndn
OUAAeXOBEi

* Tagivounon Twv oeAidwyv oTnv oupd Tou crawler Bacel Tou
eKTINOUMEVOU PageRank.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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AvaAuon 2uvOEouwVv: ANNEC EQAPUOYEC

* Avayvwpion KoIVOTATWYV (communities)

— 'Exel TTapatnenBei 611 KABE KoIvOTATA XapaKTNEIETal ATTO £va OUVOAO
authority kal hub ogAidwv

* Avayvwpion oeAidwv “spam” (6a mapouaiaorei atnv eméuevn SiGAeén)
— Web-spam page identification
+ Karavéonon kai OTrTikoTtroinon peydAwv EvvoloAoyikwyv
2XNHATWYV
* Node Reputability in P2P Networks
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SALSA (Stochastic Approach for Link-Structured Analysis)

* O aAyopiBpog SALSA, 61Twe ouuPaivel kal pe Tov HITS, diatdoel
TIG O€NIOEC HIa aTTAvTNONG PACEI TWV UTTEPOUVOECUWY Kal OTAV
d1aKkpion authority kal hub oeAidwv.

* H diagopoTtroinon Tou a1rd 10 HITS evrotileTal oTa €¢AG :

- KOTOQEPVEI VA AvVAYyVWPIOEI KAl VO AVIXVEUOEI TTEPIOCCOTEPES
oeAideC w¢ authorities, o€ BePATIKES OUABEC EyYPAPWY OTTOU TO
HITS aduvarei.

- Bewpei AiyoTepo oTevr) TN oxéon avaueoa oTig authority kai hub
oeNidEC
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