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Atbaokovoa: Evayyelia Mitoupa

Kepaiaia 19, 20: Web. Mnyxavec avalntnonc.



Tt Ba bovpe onuepa

Web kat pnyavec avalntnong
Alyn wotopla
0 ypadoc tou web
onuooia tng aykupac (anchor text)
XpNoTeC
E¢atopuikevon
Aladpnuioelc

Kedp 20



Web: Tt elvall

Web (World Wide Web, WWW, W3)
" ulo ouNoyn amo web oedidsc (LotooeAidec) mou

elval  gyypada  KEWMEVOU KoL OAAAEC  TINVEC
ouvdedbeueva pe hyperlinks kot URLs
" o epappoyn ou TPEXEL TAVW arto To Internet

" 63 OloekaTop U pLo LoTOoEALDEC
" ] tploskatoppuplo SLadopeTikec web dtevBuvoelg



Web: n doun tou

Web servers Browsers
O http://'www.qgoogle.comisearch?qg=obama
www.google.com
~ L

www.cdk5.net O—-" Internet -O

http://'www.cdk5.net/

www.w3c.org O"/ \O

File system of L 'st‘a / ords .
Wwwwsc'ofgo a /d L = (Client-server model
L faqhtml e = HTTP protocol
= HTML

URL/URI



Web: lotopla

210 tev)oc¢ Tou louviou 1970 tou meplodikoV Popular Science

Arthur C. Clarke

satellites would one day "bring the accumulated knowledge of the
world to your fingertips" using a console that would combine the
functionality of the Xerox, telephone, television and a small
computer, allowing data transfer and video conferencing around

the globe.



Web: lotopla

1980, [im Berners-Lee (ENQUIRE)

NoguBplo 1990, ue tov Robert Cailliau, mpotaon ywa Eva "Hypertext project
le to ovopa "WorldWideWeb" ("W3"): "web" of "hypertext documents" to be
viewed by "browsers" using a client—server architecture.

Xplotolyevva 1990, To mMPWTO AELTOUPYLKO cUOTNUAL:

" 0 Mpwto¢ web browser (rmou ftav kat web editor),
" 0 IPWTOC Web server, Ko

" OL TPWTEC LoTooEALSEC, oL TepLleéypadav to idLo to project.

Alyouvoto 1991, post oto alt.hypertext newsgroup — véo service oto
‘Ivtepvet



Web: lotopla

O rmpwtoc web server (kouw
npwto¢ web browser): A NeXT
Computer

H npwtn dwrtoypadio oto web

to 1992 (CERN house band Les
Horribles Cernettes)

fes ﬁom'bles Ce e

b

logo by Robert Cailliau

Mosaic (1993) mpwtog
graphical browser




Web: lotopla

2016 ACM Turing Award
Time’s magazine list of the 100 most influential people of the
20t century



EUpeon NAnpodopiag

MNpwtn mpoonabela: Eupsetrpla (kataloyol) mou ta dtatnpouv

avOpwroL (KN auTopaTOOLNUEVA)

DMOZ - Open Directory Project

Arts

Movies. Television Music...

Games

Video Games. BPGs. Gambling. ..

Kids and Teens
Arts, School Time TeenTife .

Reference

Maps. Edncation, Libraries

Shopping
Clothing. Food. Gifts...

World

about dmoz | dmoz blog

Semrch

Business

Jobs. Real Estate. [nvesting. ..

suggast URL |h_elk |@ editor login

advanced

Computers

Internet. Software. Hardware. ..

Health

Fitness, Medicine. Alternative. ..

News

Media. Newspapers. Weather. ..

Regional
US. Canada. UK, Europe. ..

Society

People. Religion. Issues...

Home

Family, Consumers. Cooking ..

Recreation
Travel Food, Outdoors. Humor. ..

Science
Biology, Psychology. Physics...

Sports
Baseball. Soccer. Basketball ..

Catala. Dansk. Deutsch Espafiol. Francais, Italiano. H 455, Nederlands. Polsli. Pyecrmii. Svenska. .

NN GETE Help build the largest hurman-edited directory of the wehb |

Copyright & 2012 Netscape

5,114,642 sites - 95,895 editors - over 1,014,358 categories

e

,
oy /

#0OrganizeTheWeb

[ f1v]in]=]

Arts

Movies, Televisic e, Hardware..
Games

Video Games, RPG Cooking..
News

Media, Newspapers,

//.smdﬂﬁﬁﬁunes_

2T E$ D

Regional p— E Shopping

US, Canada, UK, Europe =" Biology, Psychology, Physics.. Clothing, Food, Gifts..
— logy, Psychology, Phy: = )

Society Sports ®  Kids & Teens Directory

People, Religion, Issues.. Baseball, Soccer, Basketball. ‘;‘ Arts, School Time, Teen Life.

As of Mar 17, 2017, dmoz.org is
no longer available.



EUpeon NAnpodoplac

‘Yahoe! Help
YAHOoO! pIRECTORY

Search: © the Web | @ the Directory

Search
Yahoo! Directory Advanced Search Suggesta Site  Email This Page
Arts & Humanities News & Media
Photography, History, Literature... Newspapers, Radio, Weather, Blogs..
Business & Economy Recreation & Sports
B2B, Finance, Shopping, Jobs.. Sports, Travel, Autos, Outdoors...
Computer & Internet Reference
Hardware, Software, Web, Games... Phone Numbers, Dictionaries, Quotes...
Education Regional
Colleges, K-12, Distance Leaming.. Countries, Regions, U.S. States...
Entertainment Science
Movies, TV Shows, Music, Humor... Animals, Astronomy, Earth Science...
Government Social Science
Elections, Military, Law, Taxes... Languages, Archaeology, Psychology...
Health Society & Culture
Disease, Drugs, Fitness, Nulrition... Sexuality, Religion, Food & Drink...
New Additions Subscribe via RSS
1213, 1272, 1211, 11130, 11/28... Arts, Music, Sports, TV, more...

Copyright & 2012 Yahoo! Inc. Al rights reserved. Privacy Policy - About Gur Ads - Terms of Service - Copyright/IP Plicy

@ Help us improve the Yaheo! Directory - Share your ideas

officially closed on December 31, 2014



EUpeon NAnpodoplac

AeUtepn npoomaBela: Vinyovec avalntnonc
nAnpouc kewpevou (full text)

Mooco cuxva o 0poc epdaviletal oto Keipevo

ApPXLKQ OL XpAOTEC TIG OEALOEC TOUC yLaL va eVpETNpLloTtoltnBolv

. ' R T BT LY e e
Bk Foewd  Fatied  Mosa  Sanch Nenone Pt Seqey
Altavista Sl S 1]
Ash AtaVista® a question. Or wow adewy wads [ v oo ) Al d =m! }
SearchFor & webPuges © ages 7 Ve 7 A Search te:
| N 2 M2 teh

Exarpie When precisely will e new milensium begin?

Ac.nmucnmas My ATaVis . Furaree . T - SIOCEen] - Careary . el - Miwe
bt

meucsu 20 2ow " . Spgon USEFUR TOOLS £ amily Fiter . Tranchagon
Vel Va2 - Praigis £ oxdie . NugS - Uiics o
Dmecromy ALTAVISTA MIGHLIGHTS TryY DAse
Lgomenve POWER SEARCH SEARCHES...
Busness & finance » RIG chorg 280 Ataviiza 1098 ¢ St e Maliowesn
Pasnosdace & tarmas T ""?- o SR omans :1
T T Docueest Done A G 9 @ w2

L
@ infoseek: e
M Once you know, you know. m BleYallow

Type a specific question, phrase or Name

T Excite

To explore the Web's largest directory, click a topic below

Infoseek



Ebpeon MAnpodoplog

= H emnoyxn tou Google (~1998): xpnon tou web wc¢
ypadou

" MEpaopa amo T CUVAPELX OTO KUPOC
(authoritativeness)

" Agv €XEL HOVO onpaocia pwa oeAidba va eival cuvadnc
MPETEL VL ElvaLl Kol oto web

Larry Page, Sergey Brin

12



Ebpeon MAnpodoplog

aro tn A&&n googol, o apBuocg 1 akohouvBoupevoc amo 100
undevika

apxLlka oto website tou Stanford University

13



Ked. 19.4.1

Avalntnon oto Web: Baoika onpeia

The Web

~

Web spider/crawler

\.\‘VT-T\\

\'

Indexes

Sponsored Links
CG Appliance Express

Discount Appliances (650) 756-3931
Same Day Certiied Installation

Miele Vacuum Cleaners
Miele Vacuums- Complete Selection
Free Shipping!

www.vacuums.com

www cgappliance com
‘ S e r San Francisco-Oakland-San Jose,
ca

cuum Cleaners
MieleFros At shomeg:
All models. Helpful advice.
www.best-vacuum.com

Results 1 - 10 of about 7,310,000 for miele. (0.12 seconds)

e, Inc. thing else is a compromise

nehaaror yuuv Fame. Appkances by Mie . USA o miee.com. Residentel Applnces
Vacuum Cleaners. Dishwashers. Cooking Appliances. Steam Oven. Coffee Syst

e, miele.com - 20K - Cached - Similar pages

Miele
Welcome to Miele, the ome ofthevery bestagplances and Kchens nhe word
Similar pages

e miele.co.ukl - imil

Miele - Deutscher Hersteller von - [Translate this
page

Das Portal zum Thema Essen & 2u-tisch.de.

W,
.ein Leben lang. ... Wahlen Sie die Miele Vertretung Ihres Landes.
e miele.del - 10 - Cached - Similar pages

Herzlich willkommen bei Miele OSKE"EIC“ - Translate this page |

Herzlich willkommen bei Miele Ot Wenn Sie nicht automatisch
Sl eon. KK 5o e ot HAUSHALTSGERATE

e miele.al - 3k - Cached - Similar pages

Search

AN

Ad indexes




Ked. 19.1

Search Engine Anatomy*

BigFiles: virtual files spanning multiple file systems
Repository: full HTML of every web page
Doclndex: info about files

Hit list: list of occurrences of a particular word in a
particular document including position, font, and
capitalization (fancy (title, anchor, etc), plain)

Forward index sorter -> Inverted index
Barrel: ranges of wordids (forward, backward
barrels)

* The Anatomy of a Large-Scale Hypertextual Web Search Engine, Sergey Brin and Lawrence Page 15



Kedp. 19.2
AUVOLLLKEC KOIL OTATIKEC OEALOEC

JTOTIKEC: OEALOEC TTOU TO MEPLEXOMEVO TOUC OV aAAAlEL OO TNV pia
aitnon otnv aAAn
Avvapikec oelibec: Hidden web — Deep web

v' Napddelypa: TPOoWTIK LOTOOEALS O vs 0eAida e TNV KATAOTO.ON TWV
NMITAOEWV O€ €va agpodPOLLLO

URL: ocuvnBwc OxL KATOo apXElo GAAA KATIOLO TIPOYPOUO OTOV

server
Input part of the GET, e.g., http//www.google.com/search?q=obama

~—_
AAI29 ————— »——Eh
| Application server|«——T] I:;-_.
Browser t
Back-end

databases
16



Kedp. 19.2

H cuAloyn eyypadwv tou Web

M
@//

The Web

R

No design/co-ordination

content creation, linking,
democratization of publishing

Content includes , obsolete
information, contradictions ...

(text, html, ...), semi-
structured (XML, annotated photos),
structured (Databases)...

much larger than previous text
collections

— slowed down from initial
“volume doubling every few months” but
still expanding

Content can be

17



O ypadoc tou Web

@ O

<a></a>
= KateuBuvouevog,
(In-links/Out-links)
" |n-degree (8-15)
= Qut-degree

o L
g
:

‘\*\F)

18



O ypadoc tou Web

" H Katavour TwV ELOEPXOUEVWV AKUWV SV akoAouBel
TNV Katavoun Poisson (tnv katavoun mou Ba eiyape
av KaBe oeAida emeleye molec oeAidec Ba kavel link
tuyaia (uniformly at random).

= Katavoun Power law,
To mANBoc twv ceAtdbwv pe in-degree i elvoll avaAoyo tou

1/

o elval ouvnBwy 2,1

[Mou aAdou eibaue napouola KATAVouUr);

19



O ypadoc tou Web

Bow-tie shape
Tpelc katnyopiec: IN, OUT, SCC

MepLEXEL pHLOL LEYAAN LOXUPA
ouvdedeUEVN cuvioTWO
(Strongly Connected
Component (SCC))

IN: ZeAibec mou 0dnyouv oto SCC aAAG OxL To avarnodo

OUT: zelibec otic omnoiec pmopol e va ptaooupe oo to SCC aAld
dev odnyouv og auto

20



O ypadoc tou Web

I

| ¢ Tm & studee Trn & apgslying b

: atUrivet x| I oalkage I
I I

| I
=== 1 L |
l Classas LIS - l
Coliage
| Rankings |
| I
I Metwarks s |
I i I
l LISk aws l
¥ Fealrad
I Mestwearks Culleges I
| class blog I
| Eiog post about |
| collage rankings |
__________________ 1
e -
| Blog post Company Zs ]
abouit
I %, Compary 1 1 home pags I
| Chur Fress |
I Foundens Aalaasas I
. |
From the book Networks, Crowds, and Markets: Reasoning ab | I
Highly Connected World. By David Easley and Jon Kleinberg. C I Cortadt Lis |
University Press, 2010. Complete preprint on-line at '_ - <

http://www.cs.cornell.edu/home/kleinber/networks-book/



O ypadoc tou Web

IN, OUT ntapopoto peyebog, SCC peyaAvtepo

YrtoAounec oeAOEC:

= Tubes: pikpd ocvvoAa ceAidwv £€w aro to SCC nou
deiyvouv amevBeiac amno to IN oto OUT,

= Tendrils: ette 6ev 06nyouv ntouBeva amo to IN eite
delyvouv armo mouBeva oto OUT.

MUKPEC N cuvOESEUEVEC
OUVLIOTWOEC

_...Tendrils-.

22



Kedp 21

Kelpevo Aykupolg

hyperlink
anchor text -| page d>

Anchor text (kelpevo aykupoc) keipevo mou neptBdhet tov
ouvdeopo

= [apadeypa: “You can find cheap cars <a href =http://...> here </a >.”

= Napadetypa: “You can find <a href =http://...> cheap cars here </a >."”

= Anchor text: “You can find cheap cars here”

N

23



Kep 21.1

2NUooLol TwV CUVOECEWV

anchor text

hyperlink

~| page d>

= 17YnoBeon: A hyperlink is a quality signal. (PageRank)

= Houvdeon d, - d, umodnAwvel 6tL 0 cuyypadéag tou d, Bewpeito d,

KOANG TTOLOTNTAC KOl cUVAPEC.

= 21YnoBeon: To Kelpevo TNC AyKUpoC MEPLYpAdEL TO

TEPLEXOMEVO TOU d.,.

24



Kep 21.1

Kelpevo Aykupolc
Xpnon povo [text of d,] n [text of d,] + [anchor text - d,]

= Avalntnon tou [text of d,] + [anchor text - d,] cuxva mo
QTOTEAECUATIKN IO TNV avalftnon Hovo tou [text of d,]

= MMoapadsypa: Epwtnuo IBM
= Matches IBM’s copyright page
= Matches many spam pages
= Matches IBM wikipedia article

" May not match IBM home page! if IBM home page is mostly
graphics

25



Kep 21.1

Kelpevo AykupolC

= Avalntnon pe xpnon tou [anchor text - d,] kaAUtepn yia to epwtnua IBM
" H oeAida pe TIc meplocotepeC epdavioels tou opou IBM oto anchor text eival n

www.ibm.com

A million pieces of anchor
text with “ibm” send a
\

\ strong signal
i

www.slashdot.org: “New IBM optical chip”
!
'l.\ /
\ !

www.nytimes.com: “IBM acquires Webify"
\

/

1
www.stanford|.edu: "“IBM faculty award recipients"

wwww.ibm.com

26



Kep 21.1

Ketpevo Aykupoc oto Eupetnplo

Apa: To Keipevo otnv aykupa amoteAel kKaAUTepn Tteplypadn
TOU TIEPLEXOUEVOU TNC OEALOOC ATTO O,TL TO TIEPLEXOULEVO TNG

= Otav KATooKEUA{OULE TO EVPETAPLO YLa Eva eyypado D,
ocupunepltAapBavoupe (pe karmolo BApPoc) Ko To KEMEVO TNC
AyKUpoC TwV cuvdeoewv mtou deixvouv oto D.

Armonk, NY-based computer
giant IBM announced today

" WWW.1lbm.com

7

Joe’s computer hardware links

Sun Big Blue today announced
E record profits for the quarter

IBM

=  Xpnon: Xpnon idf ywa kowoucg opouc onwc Click, Here

= Eniong, extended anchor text 57



Kep 21.1

Google Bombs

Google bomb: pa avalAtnon HE «KAKA» QITOTEAECHOTO
géatioc KAKOPOUANC xpNong KELMEVOU AYKUPOLC

H Google slonyaye pia vea cuvaptnon Bapwv to lavouadpLo tou
2007

Bapoc oTo KEIUEVO AyKUPOIC avaAoyo LUE TNV EYKUPOTNTA/KUPOC TG OEAOa Tou
TO TTEPLEXEL
u Miserable failure (Bush 2004)

Akopa karmota vrtodourta: [dangerous cult] oto Google, Bing,
Yahoo
= the Church of Scientology

Defused Google bombs: [dumb motherf...], [who is a failure?], [evil empire] [cheerful
achievement]

28



Ked. 21.1.1

Kelpevo Aykupolc

* AN\EC EPAPUOVEC
—Anodoon Bapwv/dAtpdplopa oto ypado
— o dnuovpyla epAnPewv pag oeAidag



YnioBeon 2: annotation of target

ijtk# EPKI?EP%'HﬁE

TOHOKU UNIVERSITY EEL S

KFEHE FEb- X - TRFAR e -FEXE EIFR3ER ffi5E - T

| = —o—
i 1tx|‘“‘. Chinese | Korean | Eneglish | Japanese “ Search \

TOHOKU UNIVERSITY Ellhquiry  [ElAccess  [E|Sitemap
About Faculties, Schools Ca s Lif ional E Research Disclosure and Entrance Exam
Tohoku University and Institutes mpus Lite International Exchange 5,4 Cooperation Public Information Information

| &1 Prospective Students |

| =1 | General Public .

i = Corporations |

[ =1 Alumni '

| =1 Current Students ‘
i Faculty and Staff ‘ BT b 3 0 3P (S pE234ES
(Internal use)




Kedp. 19.4

Ol XPH2TE2



Ked. 19.4.1

AvAyKeC XpNOTWV

" [ToloL Elvoil oL XPNOTEC;

" Mgooc aplBuoc As€swv ava avalntnon 2-3
" Y TIAVLIOL XPNOLULOTIOLOUV TEAECTEC

32



AvAyKeC XpNOTWV

Need [Brod02, RLO4]
— Informational (mAnpodoplakd epwtripata) — 6€Aouv va pabouv
(learn) ya katt (~¥40% / 65%)
* JuvnOwcg, oxL pLa povadikn totooeAidba, cuvdUAOUOG

nAnpodopiag amo mMoANEG LOTOOEALOEC
Low hemoglobin

— Navigational (epwtripata mAonynong) — 6€Aouv va mave (go) os pLa
OUYKEKPLUEVN LoTooeAba (~25% / 15%)
* Mo povadikn LotooeAida, 1o KAAUTEPO LETPO =
akpiBela oto 1 (6ev evbladEpovtal YeVIKA YL
LotooeAidec mou meplExouv Touc opouc United

Airlines) United Airlines

33



AvAyKeC XpNOTWV

Transactional (epwtripata cuvaAiaync) — 6€Aouv va kavouv (do) katt
(oxetwlopevo pe to web) (~35% / 20%)

* NMpoomneAdoouv pLa untnpeoia (Access a service)

* Na kateBaocouv eva apyxeio (Downloads)

/ / Seattle weather
* No ayopaoouv Katt
Mars surface images

e Na KAVouVv Kpatnon Canon S410

— IkpL mepLoxeq (Gray areas) Car rental Brasil

* Find a good hub

* Exploratory search “see what’s there”
34



Typing Queries: mapadeilypata

Calculation: 5+4

Unit conversion: 1 kg in pounds
Currency conversion: 1 euro in kronor
Tracking number: 8167 2278 6764
Flight info: LH 454

Area code: 650

Map: columbus oh

Stock price: msft

Albums/movies etc: coldplay

35



Ked. 19.4.1

T gayvouy;

AnpodAn epwnpoTa

" http://www.google.com/trends/hottrends
Kat ava ywpa

Ta epwtipata akoAouBouv eniong power law katovoun

36



Ked. 19.4.1

AvAyKeC XpNOTWV

Entnpealel (avapeoa og aAAa)

" TNV KATAAANAOTNTA TOU EPWTAMATOC YLa TNV Iapouacioon
dtapnuicewv

" tov aAyoptduo/aélodoynon, yio TapAdELyUA VLA EPWTHHATOL
TAONYNoNG EVOL ATTOTEAECHLOL LOWC APKEL, yLa Tal AAAL (Kot
KUpLwC mMAnpodopLakd) evoladpepOUAOTE yLoL TV
MEPLEKTLKOTNTA/AVAKANON

37



[Mooo amoteAeopata BAETTOUV OL XPNOTEC

“When you perform a search on a search engine and don't find what you are looking for, at what
point do you typically either revise your search, or move on to another search engine? (Select one)”

W After reviewing the first few
12% 16, entries

l After reviewing the first
page

O After reviewing the first 2
pages

20%

B After reviewing the first 3
pages

27% B After reviewing more than 3
pages

(Source: iprospect.com WhitePaper_2006_SearchEngineUserBehavior.pdf)

38



http://www.iprospect.com/

Mwc¢ prmopovu e va kataAaBoupe tic mpoBeoelg
(intent) Tou xpnotn;

Guess user intent independent of context:
= Spell correction
= Precomputed “typing” of queries

Better: Guess user intent based on context:
= Geographic context
= Context of user in this session (e.g., previous query)
= Context provided by personal profile

39



[ewypadLko MNepLexopevo

TPELC OXETIKEC TOTIOOEDLEC
1. Server (nytimes.com - New York)

2. lotooeAida (apBpo twv nytimes.com oxetika pe tnv Albania)
3. Xpnotnc (Bploketau oto Palo Alto)

EUpeon tng tomoBeoiac Tou xpnotn
= |P address

= MAnpodopia mou mapexeL o xpnotng (my, oto user profile)
= Kivnto tNAEDWVT

Geo-tagging: Parse text and identify the coordinates of the
geographic entities
Example: East Palo Alto CA - Latitude: 37.47 N, Longitude: 122.14 W

v §Uokolo NLP rmpoBAnpa

40



Xpnon context

Mw¢ UIMOPOULLE VA XPNOLUOTIOLI|COUE TAL
ocupdpalopeva (context) yia vol TpOTTOTIOLOOULLE TO!
QTTOTEAECUOTOL EVOC EPWTNMATOC;

= Result restriction: Ayvooupe ta akatdAAnAa amoteAéopata
® Yto xpnotn tng google.fr 6eie povo .fr amoteAéopata

= Ranking modulation: xpnotlpomnoino€ pa yevikn diatoén

KoL emavo-OLleTase ta anoteAéopata e faon ta

ocuudpalopeva

Personalization/contextualization

41



Tt Ba boupe onuepa

" Aapnuioelg
" Qcpata MapaAAnAiog
" Taélvounon

Kedp 21

42



AIAOHMIZEIZ



AlopnLoeLc

Graphical graph banners oe dnuodlAeic LoTooEALOEC
(branding)

= cost per mil (CPM) model: to kooto¢ tpoBoAnc Tou
banner 1000 ¢popec (YvwoTo Kol w¢ impressions)

= cost per click (CPC) model: o aplBuoc twv clicks otn
Stapnuion (mouv odnyet og oeAida amo tnv omola
LLTTOPEL VL YLVEL pLaL ayopa)

» brand promotion vs transaction-oriented advertising

44



* ApPXLKEC UNXAVEC Baolopevec o Ae€eLC KAELOLA
yUpw oto 1995-1997

— Altavista, Excite, Infoseek, Inktomi, Lycos

* Paid search éiataén: Goto (peteéeAién oe
Overture.com — Yahoo!)

— To amoteAeoua tTnc avalntnong e€aptatal amo To
TO0O MANPWOEC

— Anpomnpaocia (Auction) yua Ae€elc kKAeOLA: n A&€n
casino akpn!




Alopnpuioelc oto Goto

Q¢ amoteAeopa pLo epwtnong g, n Goto

" eTLOTPEDEL TIC 0eAibeC TwV Stapnul{OUEVWY TIOU
rniovtapav (bid) yiwa to g, o duataén pe faon tnv
npoodopa TouC.

» Otav o xpnotec eneleye (clicked) og eva armo ta

anoteAEopata, o avtiotowoc StadpnuUL{OUEVOC
nAnpwve tn Goto

— ApxKa, n MAnpwun ton pe tnv npoodopa bid yia to g

Sponsored search or Search advertising

46



Awapnuioelc oto Goto

Pramium Ustings reach 79% of ol
Internet users. Sign up for Preamium

| Actess 739 of all users now! |
| Ustings today !

‘_ -
Wilmington's mformation and real estate guide. This 15 your on

ot | anything to do with Wimington.

ow! www, buddylake.com (Cost te .d..m

g

of ol

s 2. Coldwell Banker Sea Coost Reolty
Wilmington's number one real estate company.

' . www, COSeIC0ast,Com (Cort to advertizar: §0.27)
H L}

Wilmington, NC Real Estate Becky Bullard

Everything you need to know about buying or seling 3 home ¢
LN on my Web sitel

WWW. wwe. Nel (Cost to adverticen 10.2%)

47



AlopnuoeLc

2uvnBwc mapeyxovoL

" pure search results (yvwoTta Kol wW¢
aAyoplOuLKka N organic search omoteAEopaTa)
wC Paoikn amAvinon oTo EpWTNLA TOU
xpnotn,

» padl pe sponsored search results to omotla

nopovoLalovtal EexwpLota Kat SlokpLta ota
Sl TwV AAyopLOULKWY ATTOTEAECUATWY

48



©J pigritude ultramarine - Google Search - Mozilla Firefox

File Edit View Go Bookmarks Yahoo! Tools Help

QEI < L:/\P - %l |_| @ | http: /fwww.google. com/search?hl=en&g =nigritude +ultramarine &b tnG =Google +Search V| @ Go |@, |
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Web |Images Groups MNews Froogle Local more s

GO L)Sle |nigritude ultramarine |[ Search ] w

Web Results 1 - 10 of about 185,000 for nigritude ultramarine. (0.35 seconds)
Anil Dash: Nigritude Ultramarine Sponsored Links

Do me a favor: Link to this post with the phrase Nigritude Ultramarine. ... Just placed a link P ’d _ _ _

to your Nigritude Ultramarine article on my weblog. Cheers! .. dal 49'\’0955 Blogging Seminar

www.dashes_ com/anil/2004/06/04/nigritude_ultra - 101k - Mar 1, 2006 - to LA March 16

Cached - Similar pages Search Ads Taqf bloggers reveal key techniques

www_blogbusinesssummit.com

Nigritude Ultramarine FAQ Los Angeles. CA

Nigritude Ultramarine FAQ - frequently asked questions about nigritude ultramarine and .

the realted SEQ contest. Full-Time SEO & SEM Jobs

www.nigritudeultramarines.com/ - 59k - Cached - Similar pages Find companies big & small hiring
full-time SEO & SEM pros right now

SEO contest - Wikipedia, the free encyclopedia CareerBuilder.com

The nigritude ultramarine competition by SearchGuild is widely acclaimed as ...

Comparison of search results for nigritude ultramarine during and after the ... SEOQ Contests

en.wikipedia.org/wiki/Nigritude_ultramarine - 37k - Cached - Similar pages Infarmation on SEQ Contests like
the Nigritude Ultramarine contest.

Slashdot | How To Get Googled, By Hook Or By Crook www._seo-contests.com/

The current 3rd result showcases the "Nigritude Ultramarine Fighting Force” who ... When

discussing nigritude ultramarine [slashdot org] it is important to ... The SEO Book

slashdot.org/article pl?sid=04/05/09/1840217 - 110k - Cached - Similar pages Nigritude Ultramarine & SEOQ secrets

Fun, free. raw, & different.
erT=TT] I [}

The Nigritude Ultramarine Search Engine Optimization Contest

It's sweeping the web - or at least search engine optimizers - a new contest to rank tops for l < h < 1

the term nigritude ultramarine on Google. A gorlt mic resu tS.

searchenginewatch.com/sereport/article.php/3360231 - &7k - Cached - Similar pages T T T TS TS
Overstock.com v

Done




Google

travel ioannina

Aegean Airlines Flights - aegeanair.com ﬂ"_-‘ Parai
www.aegeanar_com/ioannina v [ £92]

ght t

loannina

Thessalonik aklion, Naxos, Paros, Rhodes, loannina 1sdvviva
Flight Booking & Check-in Book Flights Now
Aegean Destinations Low Fare Calendar

Cheap Tickets to loannina - ®8nva Agpomropikd yia lwdvviva
www airtickets gr/loannina-Cheap-Tickets v 21 0607 400
Elomipia, Taopa |

i EmAoyri - DAG 1a Zevoboxgia - TnAequiviKi] E4u or - O DeNVOTEPES Mo

30% Miflon & ZevoBoxtio - Olympic yia lwdvviva - Aegean yia lwdvviva - Yrmpeoia Today®

IOANNINA | OLD.NEW.YOU
www travelioannina com/ v
Weicome 10 Ioannina, Gree

the sunny beaches of the me

n a beaut e in a ring of high mountains by

Pamvotis Travel - Mpageio MevikoU ToupiopoU - OAeg of avaxwprioeig
www pamvolistravel gr/ v Translate this page
Pamvotis Travel - Mpageio Fevikod T

300U - DALS 0f QVaywp

OTO EEWTEPIKG KAl OTO EOWTEPIKG. ET

loannina Travel Guide - VirtualTourist
wvaw virtualtourist com/travel/ _loannina/loannina. . /TravelGuide-loannina ht . v
I G ws. tips, and photos from real

2 real travel rev P and locas |

foannina, Greece

Travel loannina - Facebook
www facebook com » .. » loannina, Greece » Tourist Information ~ Translate this page
-

Travel loannina,

ToupioTkAic

about this

AvaTTTUET

TRAVEL GUIDE: IOANNINA, GREECE - S Marks The Spots

www smarksthespots com/travel-guide-ioannina-greece! «

Discc best sights S and hick loanninal
Travel Agencies loannina | vrisko.gr
www vrisko gr/en/dir/travel-agencies/ioanninal v
Looking for Travel Agencies in loannina? Find Tr Jes in loannina I the largest Greek
b
Armonia Travel
armoniatravel gr/ v Translate this page
Armonia Travel nia Travel. Apxf 19eio pag - EXBpopic - EXOpopiEC EWTEpIS
ExBpoptc tEwrtpe vwvia - Menu
loannina
Jr/en/main_cit
12 mag: 1 Epirus, spreac und beautiful
e natural s
DASKALOPOULOS YIANNIS - TOUR WORLD
www daskalopoulos-travel.com/ v Translate this page
Yiannis Daskal Tour World is a travel agency In loannina, Epirus Greece. O MNdwvg
£UBUVE! TO TOUPIOTIKG Ypageio TOUR LD

loannina Tourism: Best of loannina, Greece - TripAdvisor
www tripadvisor.com » Europe » Epirus » loannina Region v
oannina T { loannina Hotels, ... Rev

ioannina greece photos

lake ioannina

location

2016

50



ANl imagex  Mapx  Mews=  Videns Mo Settings | Toois

Anytimew Al Esuls T

Travel loannina: OLD NEW.YOU

itpsi'wanw. travelicannina.coms *

W IS rich Ristory a5 a medting pot of traditions and cultures, lcannina’s mulicuiturl chamcienstics
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o - 2017

Car - Wikipedia ‘@

https:/len wikipedia.org/wikiCar v

A car is a wheeled, self-powered motor vehicle used for transportation and a product of the automotive
industry. Most definitions of the term specify that cars are ...

Wheels: 34 Application: Transportation

Fuel source: Gasoline. Diesel, Natural gas, Ele...

Cars (film) - Wikipedia @

https:/ien. wikipedia.org/wiki'Cars_(film) v

Cars is 3 2006 American computer-animated comedy-adventure film produced by Pixar Animation
Studios and released by Wait Disney Pictures. Directed and ...
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www protothema gricar-and-speed! v Translate this page
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Drive rent 3 car the best services for car rental in Thessaloniki and all over Greece!

Mighty Car Mods - YouTube ‘@
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Mighty Car Mods is an independent automotive series created by a couple of fiends, Marty and Moog
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AlopnLoeLc

= Search Engine Marketing (SEM)

KAadoc tnc StadnpLonc: KaTavonon Tou MwCE YIVETAL N
dlataén Twv ATTOTEAECGUATWVY KOAL TIOLO TTOCGO TNC
SladpnULOTLKNC Kapmaviag va 600el og tolec Ae€eLc kal

O€ TIOLEC UNXOVEC

Click spam: clicks og sponsored search results amo un
MPAYHATIKOUC XPNOTEC

X, OO €vav avtimaAo dtapnulotn
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AlopnLoELC

Paid inclusion: mAnpwun vy va ocuvpmepAndBel pa
oAb 0TO EVPETAPLO TNC LNXAVAC avalnTtnong

ALOPOPETIKEC  UNXAVEC okoAouBouv  OLOPOPETIKEC
TTOALTLKEC OXETLKA ME TO AV EMLTPETOULV paid inclusion Kol
av auto ennpeadlel tTn dlataén Twv ATMOTEAECUATWY TNC

avalntnonc.

Mapouota mpoBAnuata pe tnAeopaocn/epnuepidec

54



Awataén dlapnuioswv

OL SLAPNLOTEC KAVOUV TTPOCPOPEC VIOl AEEELC
KAELOLO O€ SNUOTIPALOLEC

AvoLKTO cUoTtnuo: OMoloodNTIOTE UTMOPEL VAL
OUUUETAOYEL KOLL VAL KAVEL TIPOOPOPEC

OL SLadNULOTEC XPEWVOVTOAL LOVO OTOV KATIOLOC
eTUAEYEL (clicks) otn dtadpnpLlon Toug

2 NLOAVTLKA TIEPLOXN VLA TLC KNXAVEC avalntnong —
computational advertising.

" Lo MLKPN avénon TNS xpEwonc o kaBe dtadnuon
Urtopel va odnynoet o€ d1¢ emumpooBeto KEPOHOC
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Awataén dlapnuioswv

Nwc amodaciletal HEow TNC dnuomnpactlog n
Bcon tnc dtapnpong Kat n TN

— Baoiletal oto second price auction
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Google’s second price auction

advertiser bid CTR adrank rank paid

A $4.00 0.01 0.04 4 (minimum)
B $3.00 0.03 0.09 2 $2.68
C $2.00 0.06 0.12 1 $1.51
D $1.00 0.08 0.08 3 $0.51

" bid: maximum bid tou dtadpnuiotn ya eva click
" CTR: click-through rate: Tto mocooto TWV XPNOTWV TIOU ETILAEYOUV
(click on) pwa dtadnpion otav n dtadnpion npoParAetol

= 1o CTR elvatl pa pETtpnon tng ocuvadeLog
= ad rank: bid x CTR: eélooppomnnon avapeoa (i) oe mooca xpripnata
elvall StateBelpeévoc kamolog dtapnuLotnc vo TANPwoeL, Kad (ii)
OTO TTOCO OXETLKN £lval n dtadripion
" rank: B€on otn dtataén tng dSnuompaciog
= paid: second price auction price tou MANPWVEL 0 SLOLPNULOTAG
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Google’s second price auction

advertiser bid CTR adrank rank paid

$4.00 0.01 0.04 4 (minimum)
$3.00 0.03 0.09 2 $2.68
$2.00 0.06 0.12 1 $1.51
$1.00 0.08 0.08 3 $0.51

OO W=

Second price auction: O dtadpnuULoTAC TANPWVEL TO LLKPOTEPO TTOCO
wote va dtatnpnoet tn B€on tou otn dnuomnpacia (ouv 1 cent).

price; X CTR, = bid, X CTR,, (auto €xeL wg amoteAeopa
rank,=rank,)

price, = bid, x CTR, / CTR,
P, = bid2 X CTRZ/CTR1 =3.00 x 0.03/0.06 = 1.50

p, = bid, X CTR,/CTR, =1.00 x 0.08/0.03 = 2.67
p; = bid, X CTR,/CTR, =4.00 x 0.01/0.08 = 0.50
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Ne€elc kKAeldLa pe ta peyaAvtepa bids

arno to http://www.cwire.org/highest-paying-search-terms/

$69.1
$65.9
$62.6
$61.4
$59.4
$59.4
$46.4
$40.1
$39.8
$39.2
$38.7
$38.0
$37.0
$35.9

mesothelioma treatment options
personal injury lawyer michigan
student loans consolidation

car accident attorney los angeles
online car insurance quotes
arizona dui lawyer

asbestos cancer

home equity line of credit

life insurance quotes

refinancing

equity line of credit

lasik eye surgery new york city
2nd mortgage

free car insurance quote
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Where's Go g[e‘ making its money?
| $32.2 billion
intotal advertising revenus

SPOILER ALERT: ADVERTISING!

3 billion

in total reveruin G 2010 - G2 2011

Top 20
Most Expensive

Keywords
inGo gle AdWords Advertising

# 1 Loans 4z
T ey

[nsurance & Mortgagez

[ e s st

Treqtmen‘? 14I LT
L Cod Blood. 20— Hledng

Find More AdWords Keywords with WordStream's Keyword Research Suite.
TRY IT FREE! http://www.wordstream.com/Kkrs-trial

2016
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Search ads: A win-win-win?

= H unyovn avalntnonc kepdilel xpnuata kabe popd mou
karoLoc ertAeyel (clicks) pa dStadnpion
= O yprnotnc emAEyeL pa Stadpipuon Hovo av tov evoladepel

= OL UNXAVEG TILWPOUV UN OUVODEC 1) TTOPATIAAVNTLKO
TIEPLEXOULEVO

= (OC AMOTEAECUA OL XPROTEC cLUVAOWC €lval LKavoToLNUEVOL
aro to TL Bpiokouv otav emAeyouv pa dtadnpion

= O dradbnuLothnc Bplokel VEOUC TIEAATEC LE Eval aTtOOOTLKO
armo anoyn KOGTOUG TPOTO.
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Not a win-win-win: Keyword arbitrage

= Ayopaoe pa Ae€n kAeldi oto Google

" Meta emava-npowOnoe tnv KukAodopia o€ KATIOLOV TPito
Tou MANpwVEL teploocotepa (Eva ptnvo keyword oe Eva
akpLBo)

= E.g., ot oeAida yepatn dtadnuioelg
= Ad spammers keep inventing new tricks.

" The search engines need time to catch up with them.
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Not a win-win-win: Violation of trademarks

= Example: geico

= During part of 2005: The search term “geico” on
Google was bought by competitors.

= Geico lost this case in the United States.

" Louis Vuitton lost similar case in Europe (2010).

" |t’s potentially misleading to users to trigger an ad off
of a trademark if the user can’t buy the product on the
site.
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Google search options

Settings: Advanced search
Turn on safe search
Hide private results
History
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Ranking, auto-completion, ...
= Search engines
* Facebook news feed

= Fairness

= Transparency

= Accountability

Eco-chambers, information bubbles

O0 TEAELWOOUUE LE LEPLKA OPVNTLKA Ttapadelypata ..



Case Study: Gender bias in image
search [CHI15]

What images do people choose to represent careers?

In search results:
= evidence for stereotype exaggeration
= systematic underrepresentation of women

= People rate search results higher when they are consistent
with stereotypes for a career

= Shifting the representation of gender in image search results

can shift people’s perceptions about real-world distributions.
(after search slight increase in their believes)

Tradeoff between high-quality result and broader societal goals

for equality of representation
68



Case Study: Latanya

The importance of being Latanya

Names used predominantly by black men and women
are much more likely to generate ads related to arrest
records, than names used predominantly by white men
and women.
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Case Study: AdFisher

Tool to automate the creation of behavioral and
demographic profiles.

http://possibility.cylab.cmu.edu/adfisher/
" setting gender = female results in less ads for high-
paying jobs

" browsing substance abuse websites leads to rehab
ads
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Fairness: google search and
autocomplete

Donald Tramp accused Google “suppressing negative information” about
Clinton
Autocomplete feature - “hillary clinton cri” vs “donald tramp cri”

Autocomplete:
= arejews
= are women

https://www.theguardian.com/us-news/2016/sep/29/donald-trump-attacks-biased-lester-
holt-and-accuses-google-of-conspiracy

https://www.theguardian.com/technology/2016/dec/04/google-democracy-truth-internet-

search-facebook?CMP=fb gu

/1


https://www.theguardian.com/us-news/2016/sep/29/donald-trump-attacks-biased-lester-holt-and-accuses-google-of-conspiracy
https://www.theguardian.com/technology/2016/dec/04/google-democracy-truth-internet-search-facebook?CMP=fb_gu

Google+ names

Google+ tries to classify Real vs Fake names

Fairness problem:

— Most training examples standard white American names
— Ethnic names often unique, much fewer training examples
Likely outcome:

Prediction accuracy worse on ethnic names

Katya Casio. “Due to Google's ethnocentricity | was prevented from
using my real last name (my nationality is: Tungus and Sami)”
Google Product Forums
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Other

LinkedIn: female vs male names (for female prompts suggestions for male, e.g.,
Andrea Jones” to “Andrew Jones,” Danielle to Daniel, Michaela to Michael and Alexa to
Alex.)

http://www.seattletimes.com/business/microsoft/how-linkedins-search-engine-may-reflect-a-bias/

Flickr: auto-tagging system labels images of black people as apes or animals and

concentration camps as sport or jungle jyms.
https://www.theguardian.com/technology/2015/may/20/flickr-complaints-offensive-auto-tagging-photos

Airbnb: race discrimination

Against guest

http://www.debiasyourself.org/

Community commitment
http://blog.airbnb.com/the-airbnb-community-commitment/
Non-black hosts can charge ~12% more than black hosts

Edelman, Benjamin G. and Luca, Michael, Digital Discrimination: The Case of Airbnb.com (January 10, 2014). Harvard Business School NOM
Unit Working Paper No. 14-054.

Google maps: China is about 21% larger by pixels when shown in Google Maps for
China

Gary Soeller, Karrie Karahalios, Christian Sandvig, and Christo Wilson: MapWatch: Detecting and Monitoring International Border
Personalization on Online Maps. Proc. of WWW. Montreal, Quebec, Canada, April 2016
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https://www.theguardian.com/technology/2015/may/20/flickr-complaints-offensive-auto-tagging-photos
http://www.debiasyourself.org/
http://blog.airbnb.com/the-airbnb-community-commitment/

Some tools regarding information bubbles

Is your news feed a bubble?

PolitEcho shows you the political biases of your Facebook friends and
news feed.

http://politecho.org/

Step into someone else's Twitter feed

Feeds belong to users classified as having left or right-leaning political
ideologies.

https://flipfeed.media.mit.edu/

Insert a clearly-marked article into your Facebook Feed reflecting who
you are trying to understand better.
https://www.escapeyourbubble.com/
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Mepkol aplOpol

* The Indexed Web contains at least 1.71
billion pages (Sunday, 16 March, 2014).

* Each year, Google changes its search
algorithm around 500-600 times

http://moz.com/google-algorithm-change

Ked. 4.4
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ked. 4.4

Koatavepunueva ATl

* [l eUPETNPLO KALLAKOC web
Xpnon katavepnuevou cluster
e Emeldn pia pnxovn elvol ETPPEMNC O€
amotuyla
— Mrnopel anpoodoknta va yIveL apyn 1 vol armoTuxEL
e Xpnotuomoinon mMoAAwWV punxavwv
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Ked. 4.4

Web search engine data centers

e OLpunyavecg avalntnong xpnotlomnotlovv data centers
(Google, Bing, Baidu) kupiwc¢ arno commodity
unxovec. ati; (fault tolerance)

* Ta kKevTpa elval SLaomapta o€ OAO TOV KOOLO.

e Extipnon: Google ~1 million servers, 3 million
processors/cores (Gartner 2007)

https://www.google.com/about/datacenters/

Alya eloaywyka yio to MapReduce kat tn xpnon
TOU OTNV KOTOLOKEUN TOU EUPETNPLOU

78



Kotavoun twv Evupetnplwv

How to distribute the term index across a large
computer cluster that supports querying.

Two alternatives index implementations

» partitioning by terms or global index
organization, and

» partitioning by documents or local index
organization.
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Koatavoun Baocslt Opwv
" |ndex terms partitioned into subsets,

= Fach subset resides at a node.

" Along with the terms at a node, we keep their
postings

A query is routed to the nodes corresponding to
its query terms.

In principle, this allows greater concurrency since
a stream of queries with different query terms
would hit different sets of machines.
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Koatavoun Baoel Eyypadpwv

= Documents partitioned into subsets
" Each subset resides in a node

" Fach node contains the index for a subset of
all documents.

A query is distributed to all nodes, with the
results from various nodes being merged
before presentation to the user.
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Kotavoun Baocsl Opwv

" |n principle, index partition allows greater
concurrency, since a stream of queries with
different query terms would hit different sets of

machines.

" |n practice, partitioning indexes by vocabulary
terms turns out to be non-trivial.
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Katavoun Baocet Opwv

» Multi-word queries require the sending of long postings lists
between sets of nodes for merging, and the cost of this can
outweigh the greater concurrency.

= [oad balancing the partition is governed not by an a priori
analysis of relative term frequencies, but rather by the
distribution of query terms and their co-occurrences, which can
drift with time or exhibit sudden bursts.

=" More difficult implementation.
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Koatavoun faocesl Eyypadwv

More common

 trades more local disk seeks for less inter-node
communication.

* One difficulty: global statistics used in scoring -
such as idf

— must be computed across the entire document collection even though
the index at any single node only contains a subset of the documents.

— Computed by distributed ""background" processes that periodically
refresh the node indexes with fresh global statistics.
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MeBoboc Katavounc Eyypadpwv

How to distributed documents to nodes?
= Hash of each URL to nodes

At query time,

the query is broadcast to each of the nodes, each
node sends each top k results which are merged
to find the top k documents for the query
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MeBoboc Katavounc Eyypadpwv

A common implementation heuristic:

Partition the document collection into

= indexes of documents that are more likely to score highly on most queries
and

= |ow-scoring indexes with the remaining documents

Only search the low-scoring indexes when there
are too few matches in the high-scoring indexes

86



Katoavepunuevo ZATl

1. Term-partitioned: one machine handles a
subrange of terms

2. Document-partitioned: one machine handles a
subrange of documents

* most search engines use a document-
partitioned index, better load balancing, etc.
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Ked. 4.4

Google index

index partitioned by document IDs into pieces

called shards

each shard is replicated onto multiple servers
initially, from hard disk drives, now enough servers to
keep a copy of the whole index in main memory

Google database Spanner (NewSQL) — (LEpOC TNG
nAatdoppoc aAla kat tou cloud) F1
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Ked 4.4

MapaAANAn Kataokeun

Maintain a master machine directing the
indexing job — considered “safe”.

Break up indexing into sets of (parallel) tasks.

Master machine assigns each task to an idle
machine from a pool.
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Parallel tasks

* Break the input document collection into splits

* Each split is a subset of documents
(corresponding to blocks in BSBI/SPIMI)

 We will use two sets of parallel tasks
— Parsers
— Inverters
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Parsers

 Master assigns a split to an idle parser
machine

 Parser reads a document at a time and emits
(term, doc) pairs

* Parser writes pairs into j partitions

— Each partition is for a range of terms’ first letters
(e.g., a-f, g-p, g-z) — here j = 3.
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Inverters

* Aninverter collects all (term, doc) pairs (=
postings) for one term-partition.

* Sorts and writes to postings lists
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NapaAAnAn kataokeun

ign.{ Master -
assign { ] ~~g§§ffcf~”\ Postings
I <O
a-f|g-p|q-z v
Spo|itS : : O \CI/Z
Map Segment files Reduce
phase phase 0



MapReduce

 The index construction algorithm we just described is an
instance of MapReduce.

* MapReduce (Dean and Ghemawat 2004) is a robust and
conceptually simple framework for distributed computing
without having to write code for the distribution part.

 They describe the Google indexing system (ca. 2002) as
consisting of a number of phases, each implemented in
MapReduce.

open source implementation as part of Hadoop *
*http://hadoop.apache.org/




Mapadelypa KATOOKEVUNC EVPETNPLOV
oe MapReduce

To YEVLIKO oXNHa TWV CUVAPTACEWV map Ko reduce
— map: input = list(key, value)
— reduce: (key, list(value)) - output

Edappoyn otnv nepintwon tng KATAOKEUNG EVPETNPLOU
— map: collection = list(termID, docID)

— reduce: (<termlD1, list(docID)>, <termID2,
list(docID)>, ...) = (postings list1, postings list2, ...)




Example for index construction

Map:

e dl1:Ccame, Cc'ed.

e d2:Cdied. -

<C,d1>, <came,d1>, <C,d1>, <c’ed, d1>, <C, d2>,
<died,d2>

Reduce:

e (<C,(d1,d2,d1)>, <died,(d2)>, <came,(d1)>, <c’ed,(d1)>)
9

(<C,(d1:2,d2:1)>, <died,(d2:1)>, <came,(d1:1)>,

<c’ed,(d1:1)>)
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MapReduce

* Index construction was just one phase.

* Another phase: transforming a term-
partitioned index into a document-partitioned

index.

* most search engines use a document-
partitioned index
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How search (in Google) works

Knowledge graph

https://www.google.com/search/howsearchworks/

Many features to combine for ranking
classification or learning to rank model
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Using Supervised Learning

Given a collection of records (training set )

Each record contains
a set of attributes (features) + the class attribute.

Find a model for the class attribute as a function of the values
of other attributes.

Goal: previously unseen records should be assigned a class as
accurately as possible.

A test set is used to determine the accuracy of the model.

Usually, the given data set is divided into training and test sets, with
training set used to build the model and test set used to validate it.
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Illustrating the Classification Task

Tid | Attribl Attrib2 Attrib3 | Class

1 Yes Large 125K No

2 No Medium 100K No

3 No Small 70K No

4 Yes Medium 120K No

5 No Large 95K Yes

6 No Medium 60K No

7 Yes Large 220K No

8 No Small 85K Yes

9 No Medium 75K No

10 | No Small 90K Yes
Training Set

Tid | Attribl Attrib2 Attrib3 | Class

11 | No Small 55K ?

12 | Yes Medium 80K ?

13 | Yes Large 110K ?

14 | No Small 95K ?

15 | No Large 67K ?

Test Set

Learning
algorithm
Induction
Learn
Model
Apply
Model
ﬁion

~

=)
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Classification Techniques

Decision Tree based Methods

Rule-based Methods

Memory based reasoning

Neural Networks

Naive Bayes and Bayesian Belief Networks
Support Vector Machines

Logistic Regression
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Example of a Decision Tree

N N )
{\0(0 {\0(0 000
X< ) ({\\ 2
> > o) A\
. - 0 . Splitting Attributes
Tid Refund Marital Taxable P /lg
Status  Income Cheat e
// !
1 |Yes Single |125K  |No K ‘.
1
2 |No Married |100K  |No Refund |
1
3 [No Single 70K No Y‘ey WAO v
4 Yes Married |120K No NO MarSt
> |No Divorced | 95K ves ‘ Single, Divorced w‘arried
6 No Married |60K No
7 |Yes Divorced |220K | No TaxInc NO
8 |No Single  |85K Yes < 80V \> 80K
9 No Married |75K No NO YES
10 |No Single 90K Yes
Training Data Model: Decision Tree
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Why is ML needed now?

* Modern systems — especially on the Web — use a great
number of features:

* Arbitrary useful features — not a single unified model
Log frequency of query word in anchor text?
Query word in color on page?
# of images on page?
# of (out) links on page?
PageRank of page?
URL length?
URL contains “~"?
Page edit recency?
Page length?

 The New York Times (2008-06-03) quoted Amit Singhal as
saying Google was using over 200 such features.



Classification problem

Web graph (e.g., PageRank)
Document statistics

Document classifier (e.g., spam)
Query features

Term features

Proximity features

Location features

Time features

Clicks

Topical matching
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ATIAO rtopadelypa

* Collect a training corpus of (g, d, r) triples
— Relevance ris here binary (but may be multiclass, with 3—7 values)
— Document is represented by a feature vector
X =(a, w) a is cosine similarity, w is minimum query
window size
— w is the the shortest text span that includes all query words
— Query term proximity is a very important new weighting factor
— Train a machine learning model to predict the class r of a document-

query pair

example docID query cosine score w judgment
D, 37 linux operating system 0.032 3 relevant

D, 37 penguin logo 0.02 4 nonrelevant
D4 238 operating system 0.043 2 relevant

Py 238 runtime environment 0.004 2 nonrelevant
ds 1741 kernel layer 0.022 3 relevant

Py 2094 device driver 0.03 2 relevant

Dy 3191 device driver 0.027 5 nonrelevant



“Learning to rank”

» C(lassification probably isn’t the right way to think about
approaching ad hoc IR:

— Classification problems: Map to a unordered set of classes
— Regression problems: Map to a real value
— Ordinal regression problems: Map to an ordered set of classes

* This formulation gives extra power:

— Relations between relevance levels are modeled

— Documents are good versus other documents for query
given collection; not an absolute scale of goodness



“Learning to rank”

Assume a number of categories C of relevance exist
— These are totally ordered: ¢, <¢,<...<¢c,
— This is the ordinal regression setup

Assume training data is available consisting of document-

query pairs represented as feature vectors ; and
relevance ranking c;

We could do point-wise learning, where we try to map
items of a certain relevance rank to a subinterval

But most work does pair-wise learning, where the input
is a pair of results for a query, and the class is the
relevance ordering relationship between them



Point-wise learning

* Goalis to learn a threshold to separate each

(W-9(X))

b, b;+1 f(x)

b1

by, b+1

b1



TEAOZ (pepouc) 19°Y, 20° KedaAaiou

Epwtnoelc?

Xpnotuorotf8nke KAmoLo UALKO arto:
v'Pandu Nayak and Prabhakar Raghavan, CS276:Information Retrieval and Web Search (Stanford)
v'Hinrich Schiitze and Christina Lioma, Stuttgart IIR class
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Kedp. 1.1

Tt elvoll n Avaktnon NMAnpodopiac (Information
Retrieval);

ZuAloyn
Eyypadwv

€

Epwtnua

2 Al

Andavinon

Juotnuo Avaktnong
MAnpodopia
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Aoknon 21.22

PageRank
+teleporting ue 0,8
HITS

113



Aoknon 21.19

If all the hub and authority scores are initialized to 1, what is
the hub/authority score of a node after one iteration?
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Aoknon 21.5

MNivaka petaBaonc yia Markov aluvoideg
PageRank

Power iteration

Jumps pe a=0.8

Jumps pea=0
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Aoknon 21.7

A user of a browser can, in addition to clicking a hyperlink on the page x
she is currently browsing, use the back button to go back to the page from
which she arrived at x. Can such a use of back buttons be modelled as a

Markov chain? How would we model repeated invocations of the back
button?
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Aoknon

PageRank
HITS
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e Exercise 21.11 Verify that the pagerank of the data in the following transition matrix

(from book and lectures)

do
dy
do
ds3
dy
ds
dg

1s Indeed

do
0.02
0.02
0.31
0.02
0.02
0.02
0.02

dy
0.02
0.45
0.02
0.02
0.02
0.02
0.02

r=(0.050.040.110.250.210.04 0.31)

dy
0.88
0.45
0.31
0.02
0.02
0.02
0.02

ds
0.02
0.02
0.31
0.45
0.02
0.02
0.31

dy
0.02
0.02
0.02
0.45
0.02
0.02
0.31

ds
0.02
0.02
0.02
0.02
0.02
0.45
0.02

dg
0.02
0.02
0.02
0.02
0.88
0.45
0.31
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