AvdkTtnon Keipévou kai E€6puén amd Tov
TTaykéopio IoTéd

AvdakTtnon Keipévou (g1oaywyikd
Oéuara)
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Avaktnon TTAnpoyopiag

= Bdoeig Keipévwy (document databases)
= MeydAn ouMoyh amd Kkeipeva améd didgopeg TNYEG: hews
articles, research papers, books, digital libraries, e-mail
messages, and Web pages, library database, etc.
« Ta dedopéva dev akohouBoUv Kdmolo auoTnpd povTéAo - hui-
Sopnuéva semi-structured

= Information retrieval - AvdkTtnon TTAnpogopiag

- H mAnpogopia opyaviveTar oc (éva peydho apiBué) amé keipeva
- documents
Information retrieval problem: evromiouég Twv OXETIKWY
kelpévwy (documents) pe pdon Tnv €icodo Tou XpAoTNn 6TIWG
AE€eIC KAEIBIA i TTapadeivpaTa Kelpévou

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0%

Avaktnon TTAnpoyopiag

+ Typical IR systems
+ Online library catalogs
Online document management systems
« Information retrieval vs. database systems
+ Some DB problems are not present in IR, eg., update,
transaction management, complex objects
« Some IR problems are not addressed well in DBMS, eg.,
unstructured documents, approximate search using keywords
and relevance
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Avakrtnon TTAnpowopiag

«  Baoikég évvoieg

» 'Eva keigevo (apxeio) document umopei va mepiypdyer and éva
00VOAO aVTITPOOWTEUTIKWY Aé§ewv-kAeidid (keywords) mou
ovopdZovTail 6pol deikTod6TNONG - index terms,

« AiagopeTikoi  6po1  pe  B1aPOpETIKO  PaBud  OXETIKOTNTAC
umopolv va XphotgomoinBolv yid ThV TIEPIVPAPA KEIPEVWY UE
S1apopETIKO TTEPIEXOUEVO

« AUTO emITuyxdveTal pe Thv avdBeon apiBunTikwy  Papiv
(numerical weights) oe kaBe 6por deIkTOS6TNONG TOU KEIPEVOU
(1.x.: ouxvéTtnra, tf-idf)

Avahoyia pe ZABA:
‘Opor AciktodéTnong = Mvwpiopara
= Bdpn > Tipég yvwpiopdtwy
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Avakrtnon TTAnpowopiag

AvagnTtnon pe pia AéEn kAe1di (keyword queries)

AiTnua Boole
(vt Ve Vi) A (F Vit v v ti) A (P vt v v )

Omou Ta t; eivar épor

Aitnua AiapdBpiong (Ranking)
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Avakrtnon TTAnpowopiag

Relevant Relevant &
Retrieved Retrieved

All Documents

Baoikég MeTpikég

Precision - Akpipeia T0
TMO00OTO  TWV  AVAKTNHEVWY
documents Tou eival OxeTIKA
pe Thv epwrhon (3nAadh, To
T0000T TWV  «OWoTWv»
anavrAcewv»)

. |{Relevant} " {Retrieved}|
recision=———————
P [{Retrieved} |

Recall - AvdrAnan: To mogooTé |{Relevant} ~{Retrieved}|
Twv oxetikiv documents mou  recall =
avakTouvTal |{Relevant}|
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Eupetnpiomoinon yia tnv Avaktnon Keipévou

ZUVABWG, KaTaokeuddovTal cUpETAPIA TIOU TEPIEXOUV
Telyn <bpog, id-apxeiou> pe mBavwy emimAéov media
OTIWG N oUXVOTNTA EUPAVIONG TOU OpoU OTo dpXEio

TTapépoia, SouAelouv Kai o1 pnxavég avalhThong
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Eupetnpiomoinon yia tnv Avakrnon Keipévou

Mia talivounuévn Aiota (aveotpapuévn Aiota) (inverted file,
inverted list) yia kdBe épo

Agent <1,2>

Bond <1,4>

Computer <2>

TTapddeiypa
Rid Né€eic-Kheidid

1 agent James Bond James <1,3.4>
. Madison <3>
2 agent mobile computer acison
Mobile <2>
3 James Madison movie Movie <345
4

James Bond movie

TMapddeivua spwrricewv
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Eupetnpiomoinon yia tnv Avakrnon Keipévou

EupeThpio Aeihoyiou:

Fa Tov TaxUTepo evromioud TnG Aiotag via kabe 6po: To
oUVOAO TWV OGpwv WTopEi va opyavwBei pe Th XphAon Hiag
Sophc eupeTnpiou (T.X. B+-8évTpo)

21a UAAQ, B€iKTEG TIPOG TV AVTiOToIXN AVESTPAUPEVN AioTa

Tapadeiypa
‘Evag épog, ouTeun, 8ialeuén
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Eupetnpiomoinon yia tnv Avakrnon Keipévou

Ymoypaeh eyypdpou (File Signature) Mia eyypagh eupeThpiou
yia kaBe éyypago atn pdon dedopévwy

KdBe eyypapn otaBepd péyeBog b bits, eUpog Thg uToypaghc

Kartaokeun Tng umoypdghg evog apxeiou: Ze kdOe 6po mou
UTldpX€el OTO  dpxeio, epappéleTar wia  ouvdeTtnon
Karaxeppariopou, Tou emoTpéPel éva apiBuéd améd 1o 1 wg
To b kar To avrioToixo bit Tng umoypagng Tou apxeiou
yivetar 1

Fia pia epiThon, PTIAXVOUUE TNV UTTOYPagh TNG Kdl 0apWVoupE
TIG UToypagég Twv dpxeiwv yia va PpoUue kdmola Tou
TaipidZen

False positives
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Eupetnpiomoinon yia tnv Avakrnon Keipévou

ATlopuUYN adpwaong 6AoU ToU apXEiou UTTOYpaQuIv:

Apxeio  uToypdewv HE  KATAKOpupo Siduepiopd  oe
HOVOWARYIEC OTAAEG:

Aiapepifoupe éva dapxeio umoypagwv oe éva oUvoAo
KATAKOPUPWYV SUadIKWY oTnAWY

Fa k dogoug avdkTnon K-oThAWV
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MovTéAa Avaktnon Keipévou

Boolean Model - Auadiké MovTéAo

- To povtéAo Tou idape PEXpP! OTIVHAG Bswpei OTI o1 6pot
deIkT030TNONG €ival eiTeuTtdpxouv eiTe dev UTTdpXOUV OTO
apxeio (Keipevo)

= AnAadh, Ta pdpn civai 6Aa duadikd (0 f 1)

= O1 epwThoeIC gival dpor ouvdedepévol pe : not, and, kai or

« Tx.: car and repair, plane or airplane

= To duadikoé HovTéAo TTpoPAETEl 6TI éva apxeio eival €iTe
OXETIKO EITE PN OXETIKO He Pdon £va Taipiaopa TNG £pwWTNONG
HE To apxeio

E£6putn AcSouévwy: Ax. ‘Erog 2006-2007 [NATKOEMIOS IETOE

MovTéAa Avaktnon Keipévou

MovTéAro pe Papn

Zuxvotnta 6pou- ferm frequency : mOoeG Yopég eppavileTar
£vag 6pog oe £va éyypago

Kavovikomoingévo  WwoTe va amogUyoups va
HeyaAUTepo Pdpog oe HeydAa éyypaga

2 nupacia Tou 6pou t; o€ éva Eyypapo

dwaooupe

tfi= i

>

k
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MovTéAa Avaktnon Keipévou

AveoTpappévn  ouxvotTnTa eyypdgou /nverse document
frequency ueTpd Téoo eival yevikd onpavTikog évag 6pog

idfi=log———1
1{d:d et}

|D| apiBuég eyypdpwv

‘Evypaga oTa omoia aviiker o 6pog t;

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0%

MovTéAa Avaktnon Keipévou

tfidf =tf =idf

MeydAn TIuR 6Tav peydAn ouxvéTnTa epgdviong (oe
£va OUYKEKPIPEVO Eyypdpo) Kal WIKPAR ouxvoTnTd
€UPAVIONG TOU Gpou € 6AN TN cUAAoYR

Bdpog xprioipo yia va amoguyoupe KoivoUg 6poug
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MovTéAa Avaktnon Keipévou

AMa MovTéra

+ Evag mivakag pe Th ouxveTnTa Twv 6pwv (term frequency
table)
- KdBe eyvpagh freguent_table(i, j)= # of occurrences
of the word #;in document d;
- Zuvhbwg, To mooooTd (ratio)avti Tou TpaypdtikoU
apiBuol epgpavicswy
« Similarity metrics - peTpikn opo16TNTAG: HETALU €VOG
KEIPEVOU Kal HIag epwTnong (ouvoAou améd Aé€eig-kAeIdid -
6poug) .
. Relative term occurrences  SIM(Vy,Vp) = %
- Cosine distance: 1%
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MovTéAa Avaktnon Keipévou
Vector Model - MovtéAo Aiavuoparwy

Ta apxeia kar ol EpWTACEIG avamapioTavTal wg m-3idoTara diavuopara,
6TouU M givar 0 oUVOAIKOG apIBPdG bpwv 0T CUAAOYR

O pabpdg opol6ThTAG €VOG apxeiou d kal piaG epwTnong q
uTtoAoyileTal wg N oUVEAIEN TOUG, XPNOIHOTIOIWVTAG HETPIKEG OTTWG N
EukAeideia améoTaon f To ouvnuiTovo Tng ywviag Twv dUo diavuopdTwy
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MovTéAa Avaktnon Keipévou

Latent Semantic Indexing

»  Baoikh Idéa

Similar documents have similar word frequencies
Difficulty: the size of the term frequency matrix is very
large
Use a (SVD) techniques to
reduce the size of frequency table

+ Retain the K'most significant rows of the frequency table
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MovTéAa Avaktnon Keipévou

AAAa Oéuara

Pia Aé€ewv - Word stem
- Several words are small syntactic variants of each other
since they share a common word stem
- Eg., drug, drugs, drugged

« Zuvdvupa - Synonymy: A keyword T does nhot appear
anywhere in the document, even though the document is
closely related to T, e.g., data mining

« TloAuonpia - Polysemy: The same keyword may mean
different things in different contexts, e.g., mining

E£6putn AcSopévwy: Ax ‘Erog 2006-2007 [CMATKOSMIOS IFTOS 20

MovTéAa Avaktnon Keipévou

AMa Oépara

= Stop list
Set of words that are deemed ‘“irrelevant”, even
though they may appear frequently, mx, a, the, of,
for, to, with, etc.

Ovrtohoyiec - Wordnet

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0%

E€opuén otov TTaykdéopio IoTo

[MATKOSMIOS I5T0% 22
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Eicaywyn

« The WWW is huge, widely distributed, global information
service center for
« YTIHPEZIEZX - Information services: news, advertisements,
consumer information, financial management, education,
government, e-commerce, etc.
« ZYNAEZMOTI - Hyper-link information
+ TIAHPO®OPIA XPHZHX - Access and usage information
+ WWW provides rich sources for data mining
+ Challenges
« Too huge for effective data warehousing and data mining
+ Too complex and heterogeneous: no standards and structure

[MATKOSMIOS I5TO%
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Mining the World-Wide Web

e Growing and changing very rapidly

Internet growth

40000000

35000000 =2
] ]
o !
== /
i P4
e 7
e ;

SRR R RN
e Broad diversity of user communities
e Only a small portion of the information on the Web is truly relevant
or useful
* 99% of the Web information is useless to 99% of Web users
» How can we find high-quality Web pages on a specified topic?
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E€épuEn and To Web

= Yaxvoupe via

+ Web access patterns

+ Web structures

+ Regularity and dynamics of Web contents
+ Problems

+ The “abundance" problem: o apiBué¢ Twv oeAidwv TOU
ouoxeTiCovTal Pe £vav 6po UTopei va gival ToAU peydAog
Limited coverage of the Web: hidden Web sources, majority
of data in DBMS

Limited query interface based on keyword-oriented search
Limited customization to individual users

Egoputn ArSoutvwy: Ak ‘EToc 20062007 LCMATKOSMIOS IFTOS 25

Karnyopisg E€6puEnc and To Web

Egoputn
TTepiexopévou

Avixveuon
wpooappoopivng
(customized)
xpfiong

anoTeAETpaTWY
avalhTnong
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Karnyopisg E€6puEnc and To Web

Web Page Content Mining
Web Page Summarization

Avixveuon

WebLog (Lakshmanan et.al. 5§Z$z§?uué1wv Fevikiv .
1996), WebOQL (Mendelzon avalfitnong TTpotinwy (customized)
et.al. 1998): TlpoonéAaong Xpfiong
Web Structuring query

languages;

Can identify information within
given web pages

Ahoy! (Etzioni et.al. 1997):Uses
heuristics to distinguish
personal home pages from other
web pages

ShopBot (Etzioni et.al. 1997):
Looks for product prices within
web pages

[MATKOSMIOS I5T0% 27
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Mining the World-Wide Web

‘Web Page
Content Mining

Search Result Mining

Customized
Usage Tracking

General Access
Pattern Tracking

Search Engine Result
Summarization

«Clustering Search Result (Leouski
and Croft, 1996, Zamir and Etzioni,
1997):

Categorizes documents using
phrases in titles and snippets

[MATKOSMIOS I5T0% 28
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Mining the World-Wide Web

Web Structure Mining
Using Links

<PageRank (Brin etal., 1998)
«CLEVER (Chakrabarti et al., 1998)
Use interconnections between web pages to give
weight to pages.

General Access
Pattern Tracking|

Search Result
Mining

Web Page Using Generalization

*MLDB (1994), VWV (1998)

Uses a multi-level database representation of the
Web. Counters (popularity) and link lists are used

for capturing structure.

| E£oputn AsSouévwy: Ax Etog 20062007 [NATKOSMIOE IETOE 29

Mining the World-Wide Web

\Web Content
Mining

Web Page
Content Mining

e *Web Log Mmm_g (zaiane, Xin and Han, 1998)
Mining Uses KDD techniques to understand general
access patterns and trends.

Can shed light on better structure and
grouping of resource providers.

Web Structure
Mining

Web Usage
Mining

General Access Pattern Tracking

Customized
Usage Tracking

| Egoputn AsSouévwy: Ax Etog 20062007 LNATKOIMIOE IETOE 30




Mining the World-Wide Web

Web Mining

\Web Content Web Structure, Web Usage
Mining Mining Mining
Web Page General Access Customized Usage Tracking

Content Mining

Search Result
Mining

Pattern Tracking

(Perkowitz and Etzioni, 1997)
Analyzes access patterns of each user at a time
Web site restructures itself automatically by
learning from user access patterns.
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Web Usage Mining -

Mining Web log records to discover user access patterns of Web
pages

Applications

- Target potential customers for electronic commerce

- Enhance the quality and delivery of Internet information
services to the end user

= Improve Web server system performance
+ Identify potential prime advertisement locations
+ Web logs provide rich information about Web dynamics

= Typical Web log entry includes the URL requested, the IP
address from which the request originated, and a timestamp
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Techniques for Web usage mining

e Construct multidimensional view on the Weblog database

o Perform multidimensional OLAP analysis to find the top N
users, top Naccessed Web pages, most frequently accessed
time periods, etc.

e Perform data mining on Weblog records
o Find association patterns, sequential patterns, and trends of
Web accessing
o May need additional information,e.g., user browsing sequences
of the Web pages in the Web server buffer
e Conduct studies to
o Analyze system performance, improve system design by Web
caching, Web page prefetching, and Web page swapping

| Egoputn AsSouévwy: Ax Etog 20062007 [NATKOIMIOE IETOE 33

Automatic Classification of Web Documents

e Assign a class label to each document from a set of predefined topic
categories

e Based on a set of examples of preclassified documents
e Example
o Use Yahoo!'s taxonomy and its associated documents as
training and test sets
o Derive a Web document classification scheme

o Use the scheme classify new Web documents by assigning
categories from the same taxonomy

e Keyword-based document classification methods
o Statistical models

| Egoputn AsSoutvwy: Ax Etog 20062007 LNATKOIMIOE IETOE 34

Multilayered Web Informatio
Base

o Layer,: the Web itself
o Layer,: the Web page descriptor layer
» Contains descriptive information for pages on the Web

o An abstraction of Layer,: substantially smaller but still rich
enough to preserve most of the interesting, general
information

o Organized into dozens of semistructured classes
document, person, organization, ads, directory, sales,
software, game, stocks, library_catalog,
geographic_data, scientific_data, etc.

e Layer, and up: various Web directory services
constructed on top of Layer,

« provide multidimensional, application-specific services

| E£oputn AsSouévwy: Ax Etog 20062007 [NATKOSMIOE IETOE 35
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Mining the World-Wide Web

[ Layer-0: Primitive data |
[ Layer-1: dozen database relations representing types of objects (metadata)

document, organization, person, software, game, map, image,...

« document(file_addr, authors, title, publication, publication_date, abstract, language,
table_of_contents, category_description, keywords, index, multimedia_attached, num_pages,
format, first_paragraphs, size_doc, timestamp, access_frequency, links_out,...)

« person(last_name, first_name, home_page_addr, position, picture_attached, phone, e-mail,
office_address, education, research_interests, publications, size_of_home_page, timestamp,
access_frequency, ...)

« image(image_addr, author, title, publication_date, category_description, keywords, size,
width, height, duration, format, parent_pages, colour_histogram, Colour_layout,
Texture_layout, Movement_vector, localisation_vector, timestamp, access_frequency, ...)
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Mining the World-Wide Web

[ Layer-2: simplification of layer-1 |

«doc_brief(file_addr, authors, title, publication, publication_date, abstract, language,
category_description, key_words, major_index, num_pages, format, size_doc,
access_frequency, links_out)

sperson_brief (last_name, first_name, publications,affiliation, e-mail, research_interests,
size_home_page, access_frequency)

[ Layer-3: generalization of layer-2

«cs_doc(file_addr, authors, title, publication, publication_date, abstract, language,
category_description, keywords, num_pages, form, size_doc, links_out)

«doc_summary(affiliation, field, publication_year, count, first_author_list, file_addr_list)

«doc_author_brief(file_addr, authors, affiliation, title, publication, pub_date,
category_description, keywords, num_pages, format, size_doc, links_out)

*person_summary(affiliation, research_interest, year, num_publications, count)

[CMATKOSMIOS IFTOS 38
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Benefits of Multi-Layer Meta-Web

e Benefits:
» Multi-dimensional Web info summary analysis
« Approximate and intelligent query answering
» Web high-level query answering (WebSQL, WebML)
» Web content and structure mining
» Observing the dynamics/evolution of the Web
e |s it realistic to construct such a meta-Web?
» Benefits even if it is partially constructed

» Benefits may justify the cost of tool development,
standardization and partial restructuring
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Mining the World-Wide Web

e Design of a Web Log Miner
» Web log is filtered to generate a relational database
o A data cube is generated form database
o OLAP is used to drill-down and roll-up in the cube
o OLAM is used for mining interesting knowledge

Knowledge
Web log Database Data Cube Sliced and diced Sl
cube g,
1 2 3
Data Cleanin .
9 Data Cube OLAP Data Mining
Creation
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Mnxavég AvaliTnong

- Baoiopéveg oe eupeThpia: Avalntolv oeAideg, TIG deIkTod0TOUV Kal
karaokeudfouv TepdoTia eupeThpid Paciopéva oe Aé€eig kAeidid

= XPNOIUEG YIA TOV EVTOTIIONO OEAIBWY TTOU TTEPIEXOUV OUYKEKPIHEVEG
AE€e1c KAEIBIA

» TTpoPAAuara
« 'Eva ©¢pa pmopei va mepiéxer X1Addeg éyypapa
= TToAAd oxeTikd pe Kdmolo Oépa éyypagpa umopei va pnv
TEPIEXOUV TIG AEEEIC KAEIBIA TIou To TTpoadiopilouv

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5TO% a1

Mnxavég AvaliTnong

« Oa douye
« Page Rank
« HITS

Kai o1 3Uo ekpeTahAelovTal Thy Umtapén links
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O AAy6piBo¢ PageRank

PageRank: Capturing Page Popularity (Brin & Page'98)

O apx1kog aAyopiBpog Tou google, TapoucidaTnke 0TV KAAOIKNA
epyacia:

"The Anatomy of a Large-Scale Hypertextual Web Search
Engine”, Sergey Brin and Lawrence Page

H epyacia meptAappaver pia oAU ev3iagépouaa «IoTopIKAG onpaaciag»
eloaywyn

"We chose our system name, Google, because it is a common spelling of
googol, or 10°%° and fits well with our goal of building very large-scale
search engines. "

The verb, " ", was added to the
and the in 2006, meaning, "fo use the Google search

engine to obtain information on the Internet." (source: Wikipedia)
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O AAy6piBo¢ PageRank

Baoikh I3¢a
AKOpa Kal av éva TEPAOTIO EUPETAPIO HE OAEC TIC Aé€eig -> auTo
o £X €I onpacia eivai o1 oNHAvTIKEG precision vs recall

T eivar onpavTikéd
ol ouvdéaeig
Mia oeAida Tou déxeTal TOAEG avapopég TTEPIPEVE! KAVEIG
va givar YeVIKd o onpavTikn

= O1 Web pages ev eivai 6Aeg To idi0 “onuavrikég”
www.joe-schmoe.com v www.stanford.edu
= Avagopég (Inlinks) wg «yrgo» as votes
23,400 inlinks
1inlink

O PageRank paciletar oTnv «pétpnon avagopwv» “citation
counting”, aAAd pe wa peAtiwon:

[CMATKOSMIOS IFTOS
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O AAy6piBo¢ PageRank

Baoikh Idéa

Acv cival 6Aeg o1 avagopéc To id10 onpavTikég!

Ocwpei «éupeoeg avagopéc» “indirect citations” (avapopéc
amné oehideg mou emiong éxouv ToAAEG avagpopég BewpolvTal
IO ONUAvTIKEG)

Avadpopikéd TpopAnual

[MATKOSMIOS I5T0% 45
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O AAy6piBioc PageRank

AnAR Avadpopiki AlatOnwon

« H wyhAgog kdBe akun¢ (avapopdg) eivar  avdAoyn  Thg
onpavTikéTnTag (PR)TNG 0eAidag amé Tnv omoia TpoépxeTal

«  Av pia oghida P pe onpavtikétnta (PR) x é€xei n outlinks, kdBe link
Taipvel X/n Yhgpoug

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0%
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O AAy6piBo¢ PageRank

Tlapéddeiypa

Ymapxel pia yevikh moodtnTa PR Tou poipdleTal aTig 0eAidEg TOU OUOTAKATOG.
‘Eotw 4 oeAideg: A, B,C kai D.
ApXIKN TIPOCEYYIOTIKA TIPA yia kaBepia PR = 0.25

‘Eotw B, C, kai D éxouv link pévo ato A, T6Te 6Aa To PageRank PR( ) Toug 8a paleudTav
a0 A

FR(A) = FR(E)+ FPR(C) 4+ FR(D).

‘EoTtw TWwpa 671 n B éxer link oth C, kai n D éxer links kai aTo B kai oto C

H TipA Tou PR piag oeAidag poipdeTal avdpeoa oTig eEWTEPIKEG AKPEC TG

Apa n yRgog Tng B éxer afia yia thv A 0.125 kai 0.125 yia Tnv C.

AvrigToixa, uévo 7o 1/3 tou PageRank tou D petpd yia PageRank Tou A (mepimou 0.083).

FR(BY PR(C FR(DY
FR(A - +—+ I:i‘
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O AAy6piBo¢ PageRank

Tevikdg opiopdg Tou PageRank yia pia ogAida A:

‘Botw 6Tin A éxel Tig oeAideg T1...Th Tou deixvouv oe auThv
(8nAadn, avagpopéc)

‘Eotw C(T) 0 ap1Budg Twv e§wTePIKWY akpwy piag oeAidag A

PR(A) = PR(T1)/C(T1) + ... + PR(Tn)/C(Tn)

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0%
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O AAy6piBo¢ PageRank

AmAd povTého «pong» -"flow” model

To web 10 1839

y y=yl2+al2
a=yl2+m
al2 yI2 m=al2
man”— wan)
a al2 m
Etoputn AeSopévwy: Ax. ‘Etog 2006-2007 ITACKOIMIOE IETOE 49

O AAy6piBo¢ PageRank

Avon Twv eiowoswv poig

3 e§iowoeig, 3 dyvwarol, 6x1 0TaBepég
Mn povadiki Alon
= O1 Noeig 1008Uvapeg pe scale factor
» EmmpdéoBeTog mepiopiopds yia povadikétnta Thg AUong
= y+a+m =1 (10 ouvoAik6 PR TTou poipddetal oTig oeAidEG)
« y=2/5,a=2/5,m=1/5

E£6putn AcSopévwy: Ax ‘Erog 2006-2007 [CMATKOSMIOS IFTOS
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O AAy6piBoc PageRank

Aiatirwon pe TRV popYh mivaka

O mivakag M éxer pia ypappi Kai pia oThAN yia kdBe web oeAida
(mivakag verTviaong)
‘EoTtw 671 n oeAida j éxer n outlinks
= Avj->i, 161 M=1/n
= AMiwg, M;=0
+  Meivar column stochastic matrix
= O1 oTAAeg £xouv dBpoioua 1

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0% 51

O AAy6piBo¢ PageRank

Aiatrimwon pe Tnv popeii wivaka (rapadeiypa)

fyia m
y {22 o
. ail/zo 1
mi| 0i1/2 0
y=yl2+al2 -
a=yl2+m ) !
ABpoiapa 1 (o1 yhgo! Tou y)
m=al2

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0%
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O AAy6piBio¢ PageRank

Aiatirwon e TRV HopYh mivaka

‘Eotw r éva diavuopa We pia eyypagh web oeAida
= 1 givai n onpavtikéthTa (PR) Tng oeAidag i
= r:rank vector

[PR(y)

PR(a)
PR(m)]

[MATKOSMIOS I5TO% 53

Egoputn AcSopévwy: Ax ‘ETog 20062007

O AAy6piBioc PageRank

PR Aidvuoya (mapadeiypa)

H y a m
@ y [1/21/2 0
a (120 1
m|012 0
o S
y | 1212 0
y=ylR2+al al=l12 0 1
a=yl2+m m|{ |0 12 0
m=al2

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0%
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O AAy6piByo¢ PageRank|

‘Eotw 671 n ocAida | éxer links oe 3 oeAideg, oupmepiAauPpavopévou Tou i

i

1/3

E£6putn AcSouévwy: Ax. ‘Erog 2006-2007 LCMATKOSMIOS IFTOS 55

O AAy6piBo¢ PageRank

I3i031aviopara (eigenvectors)

= O1 e§iowoeig pohg umopolv va ypagouv

r=Mr

AnAadh, o rank vector eivar éva 181081dvuapa (eigenvector) Tou
0TOXAOTIKOU Trivakda yeITviaong Tou web
ZuyKekpipéva gival To Paciké 1310d1avuopa (autéd Tou
avTioToIXei oThv 1810TIpA 1)

E£6putn AcSopévwy: Ax ‘Erog 2006-2007 [CMATKOSMIOS IFTOS 56,

O AAy6piBo¢ PageRank

Power Iteration method - EmavaAnntiki MéBGodo

“Eva anAé emavaAnmtiké oxhua (aka relaxation)
‘Eotw N web oeAideg

Apxikomoinon: r° = [1/N,....,1/N]"
EmavaAnyn: r<! = Mrk
Tepuariopdg 6tav [rt-rk|, <¢

Ix|; = XX €ivar L1 norm

Mrropei va xpnoigotroinBolv kai GAAeg HETPIKEG, TTY EukAcideia

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0% 57

O AAy6piBo¢ PageRank

Tapadeiypa

y 1/21/2 0
a (120 1
m|012 0
y 1/3 13 5/12 3/8 2/5
a = 1/3 172 1/3  11/24 ... 2/5
m 1/3 1/6 1/4  1/6 1/5
Egoputn AeSopévwy: Ax. ‘ETog 2006-2007 ITACKOIMIOE IETOE 58

O AAy6piBo¢ PageRank

Movtéro Tuxaiou Surfer (random walk)

To PageRank piag oeAidag pmopei emiong va BswpnBei 671 ekppaler Tnv
TBavoTnTa évag Tuxdiog surfer va @rdoel oe authv (3nAadh, ekppdlel
600 SNUOWIARG ivar)

‘Evag Tuxaiog surfer {ekivd amé pia Tuxaia oeAida kar ouvexilel va kaver click
oc links, xwpic va emoTpépel oe TponyoUpevn aeAida
o Tn xpovikh oTiyph t, o surfer eival o kdmoia oeAida P
o Tn xpovikh oTiyuh t+1, o surfer akoAouBei éva e§wTepiké link- outlink
Tou P Tuxaia - uniformly at random
o ®rdvel oc kamola oeAida Q Tou P
o Zuvexilel Thv apamdvw Siadikacia £ AMEIPW

‘Eotw p(t) To idvuopa Tou ooiou To ith aToixeio eivar n mBavéTnTa o surfer
va eivai atn oeAida i Tn XpovikA oTiyun t
o p(t) probability distribution - karavouh mBavéTnTag oTig oeAideg

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5TO% 59

O AAy6piBo¢ PageRank

The stationary distribution

Where is the surfer at time t+1?
Follows a link uniformly at random
p(t+1) = Mp(t) M (transition probabaility from state j (web page) state |

Suppose the random walk reaches a state such that p(t+1) = Mp(t) = p(t)
Then p(t) is called a stationary distribution for the random walk

Our rank vector r satisfies r = Mr
So it is a stationary distribution for the random surfer

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0% 60




O AAy6piBo¢ PageRank

A central result from the theory of random walks
(aka Markov processes):

For graphs that satisfy certain conditions, the
stationary distribution is unique and
eventually will be reached no matter what the
initial probability distribution at time t = 0.

E£6putn AcSouévwy: Ax. ‘Erog 2006-2007 [NATKOEMIOS IETOE

O AAy6piBo¢ PageRank

Spider traps (napadeiypa)

y a m

y 212 0

a 120 0
m|o12 1

34 58 0
172 38 0
7 2 3

E£6putn AcSopévwy: Ax ‘Erog 2006-2007 [NATKOEMIOS IETOE
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O AAy6piBo¢ PageRank

Spider traps

= Mia opdda oeAidwv eivar pia apaxvo-mayida spider
trap av dev umdpxouv akpég - amé Thv opdda o€
0eAideg EKTOC TNG opddag
= O Tuxaiog surfer mayideveTai

= O1 ouvBnkeg mou xperdlovTal yia To Oewpnpa Twv
TUXaiwyv TePITATWY TTavouv va 1gxUouv

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0%

O AAy6piBo¢ PageRank

Spider traps (napadeiypa)

y a m

y 1212 0

a|120 0

m|012 1

i

y 1 1 34 58 io

a = 1 12 12 38 ... 0

m 132 74 2 i3

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0%
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O AAy6piBoc PageRank

Enékraon MovréAou

2 & KdOe PAa, o Tuxdiog surfer éxer 0o duvaToTnTeG:
o Me mBavétnta p, akoAouBei éva Tuxaio link
e Me mBavértnTa 1-p meTdyeTal o kAmola AAAN ogAida Tuxaia
e Tipégcyiatop 0.8-09

Karagépver va Pyel amé Tnv mayida HETA amd KATOIEG XPOVIKES
OTIVHEG

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5TO%

O AAy6piBo¢ PageRank

Enékraon MovTéAou

ApX1KOG opiop6g Tou PageRank yia pia oeAida A:
PR(A) = PR(T1)/C(T1) + ... + PR(Tn)/C(Tn)

Opiopdg pe Tov mapdyovtag améapeanc d (damping factor) petagl Tou
0 kai Tou 1

PR(A) = (1-d) + d (PR(T1)/C(T1) + ... + PR(Tn)/C(Tn))

Qote 10 dBpoioua va givar 1 -> 1-d/N
O mpwTog mapdyovrag pe Thv idia mBavéTnTa SiaAéyw omoiadAmoTe
oehAida

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0%
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O AAy6piBo¢ PageRank

MovTtého Tuxaiou Surfer

‘Evag Tuxaiog surfer {ekivda amé pia Tuxaia oeAida kai
ouveXiCel va kdver click oe links, xwpic va emioTpépel o
TponyoUUevn oeAida aAAd TeAikd Baprétar kai ekivd amod
KAToIa dAANn Tuxaia oeAida

To d (o mapdyovrag améopeong) eivar n mbOavéTnTa oc
kdBe oehida o Tuxdiog surfer va PapeBei kai va dpxioel
amoé kamoia dAAn Tuxaia oeAida

E£6putn AcSouévwy: Ax. ‘Erog 2006-2007 [NATKOEMIOS IETOE

O AAy6piBo¢ PageRank

Tapadeiypa (d=0.8) °
ﬁ 1/21/2 0 13113 1/3
@ 08|12 0 0| +0.2 |1/31/31/3
0 12 1 1/31/31/3

y | 7/15 7/15 1/15
7/15 1/15 1/15
1/15 7/15 13/15

<)

y 1 1.00 0.84 0.776 7/111
a = 1 0.60 0.60 0.536 5/11
m 1 140 156 1.688 2111

[CMATKOSMIOS IFTOS 68
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O AAy6piBoc PageRank
Matrix formulation

‘Eotw N oeAideg

‘Eotw oeAida j, pe éva oOvoho outlinks O(j)

M; = 1/10()l av j->iand M;; = 0 otherwise

H Tuxaia petamidnon civai 1003Uvaun pe To

= Na mpoo©éagoupe éva Tuxaio link amé To j to oe omoiadnmoTe
AAAN ogAida pe (1-B)/N

- EAdTTWOon tng mBavéTnTag va akoAouBhooupe éva outlink améd
1/10(j) o /10()I

- 'Hi003Uvapa: xpéwoe oc kABe oeAida éva mooooTd (1-B) Tng
TIHAG TNG Kail kAve KaTavoun autoU 100dUvapa

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0%

[ ]
O AAy6piBio¢ PageRank M
H
[ ]

Karaokeun Tou Nxn Tivaka A
Ay = M+ (1-BI/N
O A gival oToXaoTIKoG Tivakag

To page rank didvuopa r eival To Paciké 131081avuopa autol Tou
wivaka

r=Ar
ToodUvapa, r sivai stationary distribution Twv Tuxaiwv Tepimdarwy
pe petamndnoeig (random walk with teleports)

[MATKOSMIOS I5T0%

Egoputn AcSopévwy: Ax ‘ETog 20062007

O AAy6piBio¢ PageRank

Ad1£€oda

O1 oehideg xwpic outlinks yia Tov Tuxaio surfer

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5TO%

el

O AAy6piBo¢ PageRank

ﬁ 1212 0 1/3131/3
@ 0812 0 0| *0.2[1/31/31/3
0120 1/31/3 1/3

y |7/15 7/15 1/15
7/15 1/15 1/15

@ m|1/15 7/15 1/15

<)

y 1 1 0787 0648 0 ;Co’zhasﬂc,
a = 1 06 05470430 ... 0 '
m 1 06 0387 0333 0

[MATKOSMIOS I5T0%
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°
O AAy6piByo¢ PageRank|

Dealing with dead-ends

= MeTamhdnon
» Tia adié€oda, akohoUBnoe Tuxaia petamhdnon pe mlavéTnTa 1
= Tpomomoinage Tov Tivaka

+ WYahidioe Tng -- Prune and propagate
+ Preprocess the graph to eliminate dead-ends
+  Might require multiple passes
+  Compute page rank on reduced graph

+ Approximate values for deadends by propagating values from
reduced graph

LCMATKOSMIOS IFTOS £}

Egoputn ArSoutvwy: Ak ‘EToc 20062007

O AAy6piBo¢ PageRank

Mia oeAida pmopei va €xel ugnAdé PR av umdpxouv TOAAEG
oehideg Tou deixvouv oe auThv N 6Tav kdmoieg oeAideg TTou
Jeixvouv g auThv £xouv uynAé PR

Kai o1 8Uo mepimTWwoeig £xouv onuacia:
TTx oTh deUTeph TepimTwon av umtdpxet link amé mx Yahoo!

[CMATKOSMIOS IFTOS 74

Egoputn ArSoutvwy: Ax ‘EToc 20062007

Content spam - Link spam

Google bombing:

TTpooBrkn avagopwyv mou emnpedlouv dueoa To PR
Link farms:

2 eAideg TTou avagépovTai n pia aTnv dAAn

| Egoputn AsSouévwy: Ax Etog 20062007 [NATKOIMIOE IETOE i

Google: AAMAa oToixeia

Anchor Text

To keipevo mou umdpxel ota links éxel SiagopeTIKA
avTIHETWTION

O1 mepioodTEPEG Pnxavég avalAthong To ouaxéTidav We Th
ochAida aThv omoia epgavileTal

Google kai pe Tn oeAida oThv omoia Jeixvel

= TToio akpiPpfi TAnpoopieg yvia Tig oeAideg Tou deixvouv
Tapd yid TIG 0eAiBeg OTIC oToieg eppavifovTal

= Mmopei va deixvouv oe oeAideg Tou dev E€Xouv Keipevo
aAAd €IKOVEG, TIpoypAupaTd, KATE

| Egoputn AsSoutvwy: Ax Etog 20062007 LNATKOIMIOE IETOE 76

Most of Google is implemented
in C or C++ for efficiency and
can run in either Solaris or
Linux.

The web crawling
(downloading of web pages) is
done by several distributed
crawlers.

There is a URLserver that
sends lists of URLs to be
fetched to the crawlers.

The web pages that are
fetched are then sent fo the
storeserver.

The storeserver then
compresses and stores the
web pages into a repository.

| E£oputn AsSouévwy: Ax Etog 20062007 [NATKOSMIOE IETOE hed

Google: ApxITeKTOVIKA

Every web page has an associated
ID number called a docID which is
assigned whenever a new URL is
parsed out of a web page.

The  indexing  function is
performed by the indexer and the
sorter.

The indexer reads the repository,
uncompresses the documents, and
parses them.

document -> a set of word
occurrences called hits.

Hits: word, position in document,
an approximation of font size, and
capitalization.

The indexer distributes these hits
into a set of "barrels", creating a
partially sorted forward index.

| Egoputn AsSouévwy: Ax Etog 20062007 LNATKOIMIOE IETOE 78




Google: ApxITeEKTOVIKA

Indexer:

It parses out all the links in
every web page and stores
important information about
them in an anchors file.

This file contains enough
information to  determine
where each link points from
and to, and the text of the
link.

Egoputn ArSoutvwy: Ak ‘EToc 20062007 LCMATKOSMIOS IFTOS

Google: ApxITeEKTOVIKA

URLresolver relative URLs ->
absolute URLs -> docIDs.

The sorter takes the barrels,
which are sorted by docID
and resorts them by wordID
to generate the inverted
index.

+ lexicon

Egoputn ArSoutvwy: Ax ‘EToc 20062007

[CMATKOSMIOS IFTOS
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Google: ApxITeKTOVIKA

The searcher is run by a web
server

uses the lexicon built by
DumpLexicon together with
the inverted index and the
PageRanks to answer queries.

| Ecooutn Acsopiva: Ax Erog 2006-2007

[MATKOSMIOS I5T0%

O AAyépiBpog HITS

Problems with the Web linkage structure
Not every hyperlink represents an endorsement
Other purposes are for navigation or for paid advertisements

If the majority of hyperlinks are for endorsement, the
collective opinion will still dominate

Mia auBevria (authority) yia kdmoro Béua omdvia Ba éxer link o
avTimaAn auBevTia aTov id10 Topéa
O1 auBevTIKEC 0eAIdEC OTtdvia eival TTEPIYPAPIKEC/AVTITIPOOWTTEUTIKES

| E€60utn AcSopévev: Ax, Erog 2006:2007 [TIATKOEMIOE IETOE
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O AAyépiBpog HITS

O ahyépiBpog HITS (Hyperlink-Induced Topic Search)

TMa kGOe Bépa: dUo TUTOI oeAIdWY

AUBevTIKR: Mia oegAida mou eivar auBevria oe éva Oépa  Kai
avayvwpiletal wg TéTold amd dAAe oeAideg (SnAadh, umtdpxouv TToAAoi
oUvdeapiol 0€ AUTAV)

Koupikoi: Mia oeAida Trou avagépeTal oe pia duBevTIKA oeAida

Baoikh 18éa:

O1 oeAideg mou avagpépovrar amd dAAeg .

oeAide¢ ouxvd Tipémel va eival auBevTieg e

(Authorities) 02> -
O1 oeAideg ToU avagépouv TOAAEC dAAEG ad <

0eAideg TpéTel va eival KAAd KopPIKa onpeia v
(hubs) CAN

Koppikoi AuBevtikoi
| ESopusn A: £ 2 Ak EToc 2006-2007 ITACKOIMIOE IETOE 83

O AAyépiBpog HITS

Baoikh 18¢a Tou HITS

Kahég auBevrieg eivar autég oTig omoigg
avagépovTal KaAd Koupikd onueia

KaAd kouppikd onueia eivar autd Ta omoia
avagépovTal o KaAég auBevTieg

Avadpopikh ékppaon

| E€60utn AcSopévev: Ax, Erog 2006:2007 [TIATKOEMIOE IETOE
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O AAyé6piBuog HITS

To web w¢ évag kaTeuBuvopevog ypdpog

Koppor: 10TooeAideg

AKUR amé A oTov B: n 10ToocAida A £xel évav umrep-oUvdEaHO
oThv 10TooeAida B

O aAyopiBuog oe 2 pdoeig:

®don I. (SeiypatoAnmTiké o0Tdd10) éva oUvoAo oeAidwv ToU
amnoTeAgi To PAoikd oUVoAo yia kamolo Béua

®aon II: (emavaAnmmikd oTadio) emefepyacia Tou PdoikoU
OUVOAOU YId TOV EVTOTIOHO KAAWV aUOEVTIKWY Kal KOUPIKWY
1oTog€AiISWY

E£6putn AcSouévwy: Ax. ‘Erog 2006-2007 [NATKOEMIOS IETOE

O AAyépiBuog HITS

&don I: YmoAoyiopdg pacikol ouvoAou

1. YmoAoyiopég apxikol ouvéAou: aivoro-pila

KAaoikoi péBodoi: Ttx avdkThon dAwv Twv oeAidwy ToU TTEPIEXOUV TIG
AECEIC KAEIBIA

(mepipévoupe 611 Ba Tepiéxel (TOUAAXIOTOV) avapopég TPog OXETIKEG OeAidEC)
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&don I: YmoAoyiouog pacikol ocuvoAou
2. ZeAideg-oUvdeapor:

oehida Tou eiTe oupTepiAapuPdver cUvVEOUO TIOU va avadgEépeTal og évav
koppo p aTo auvoho pila (p eivar auBevTia) €ite

‘Evag koppog p oto oUvoho pia (p eivar koppikd onpeio) mepiéxel
OoUVSEOUO TTOU avagépeTal 0€ AUTAV

Baoikd > Uvoho: dieUpuvon Tou ouvoAou-pila WwaTe va mepiAauPdver kai
TIG 0€Aideg GUVBETHOUG - Baoikéc 10To0EAIDES

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0%

O AAy6piBuog HITS

®don IT: TToieg Pacikég 10TooeAidEG ival KOpPoI Kal auBevTieg

KdOe paaikn oeAida p dUo TIpEG:
h, - ZuvreAeoThg KoupikoU PoAou (moAhoUg SeikTeg oe auBevTikég)

a, - ZuvTeAeoTAG AuBevTiKOTNTAG (ToAAoi BeikTeg améd KouPikég oe
auThv)

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0% 88

O AAy6piBuog HITS

Baaiki iapopd amé Tov Page Rank
Alo Tipég avd oeAida (auBevTia - KoppIké ohueio)

Oeparikd uooUvoAa Tou web ypdpou - ekivaue amé To Pacikod
ouvoAo

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5TO%

O AAy6piBuog HITS

®don IT: TToieg Paoikég 10TooeAidEG ival kKOpPoI Kal auBevTieg

ApxikoToinan, V p, hP =lkarg,=1
EmavaAnmTikd, au€dverai
= I h
Baaikég aeAideg q mou Jeixvouv aTnv p
h,=Zq,

Baoikég aeAideg q oTig omoieg Jeixvel n p

a4

Egoputn AcSopévwy: Ax ‘ETog 20062007 [MATKOSMIOS I5T0% 20




O AAyépiBuog HITS

AvanapdoTtaon pe mivakeg

‘Eotw To Paciké olvoho oeAidwy {1, 2, ..., n}

TTivakag Certviaong (adjacency matrix) Bin x n

B[i, j1=1av n oeAida i mepiéxer avvdeapio ou deixvel oTh oehida |

‘Eotw h = <hy, h,, ..., hy> To 8idvuopa oUVTEAEOTWY KOPIKWY pOAWV

Kal d = <dy, dy, ..., d,> TO JIAVUOHA OUVTEAEOTWY aUOEVTIKOTNTAG

(avTioToixo Tou r vector)

E£6putn AcSouévwy: Ax. ‘Erog 2006-2007 LCMATKOSMIOS IFTOS o1

O AAyépiBuog HITS

O1 kavoveg evnpépwaong
ApxIkd

h=Ba a=BTh
1n emavaAnyn
h=BBTh=(BBTh
2n emavdAnyn
h=(BB™)?h

a=B"Ba=(B"B)a

a=(B"B)a

Z0ykAion oTa 181081aviopata Tou BBT kai BTB av kavovikomoinBouv
apXIKd Ol GUVTEAETTEG

E£6putn AcSopévwy: Ax ‘Erog 2006-2007 [NATKOEMIOS IETOE
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[ ]
O AAyo6piBuog HITS| ®

. . , HH
Aiatimwon pe Tnv popeii wivaka (rapadeiypa) °
n m a n m a
H 1 0 1
VA L
¢ 0 0 1 t o1t
1 1 0 1 1 0
n m a
3 1 2
T
BB™ 11 0
A —
3 1
11 :
h=BBTh 2 0
Etoputn AeSopévwy: Ax. ‘ETog 2006-2007 ITACKOIMIOE IETOE 93
, L3
O AAyépiBpog HITS| §
H
[ ]
TTpopAipara
. : 6Tav £va KopPiko onueio TepiEX el TOAAd Bépata
. : Tav MoAAEG oehibeg amé To id1o web site deixvouv
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0011
d 1000 “Adjacency matrix”
1 A=
0100
4 q, 1100 Initial values: a=h=1
hd)= >, a(d)
d, 4,<0UT () Iterate
ad)= > h(d) .
d, SN ) Normalize:

h=Aa; a=A"h

~ a(d,)’ =Y h(d)* =1
=AATh; a=A"Aa Z Z

=1

Again eigenvector problems...
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