MYEOO3: Avaktnon NMAnpodopiac

Albaokouoa: Evayyelia MNitoupa
KedbaAawa 6, 7, 8.7: BaBuoAodynon. Ztabpion opwv. To povieAo
Stavuopatikov xwpou. NeplAnPeLc.



Ked. 6

TLBa doupe oNuePQ;

" BaBpoAoynon Kot katataén eyypapwv
" >tadOulon opwv (term weighting)

" Avamopaotaon eyypadwv Kol EpWTNUATWY WG
Sdlavuopota



Ked. 6

Boolean MovteAo

= MexpLTwpa, T EpWTNMATA TToU £i0ape ntav Boolean.

= Ta éyypada eite Topldlouv 0To EPWTNUA, ELTE OXL

* Ta Boolean epwtipata cuxva £xouv eite moAv Aiya (=0) eite napa
toAAa (x\adec) amoteAéopata (“feast or famine”)
* Epwtnua 1: “standard user dlink 650” - 200,000 hits

* Epwtnua 2: “standard user dlink 650 no card found”: 0 hits

e Xpelaletal emdefloTnTa yLa va SLatunwOel pla epwtnon mou €XEL WG
ATMOTEAECUO EVa SLaXELPLOLLO aplOUO TALPLACUATWY
* AND moAU Aiya - OR mdpa moAAd



Ked. 6

Boolean MovteAo

e KatdAAnAo yia etdtkou¢ pe oadni Kotavonon Twv aVayKwy ToUG
Kol yvwon th¢ cUANOYNC
e Emtiong, KaAO yLa epaployec: oL EPAPUOYES UITOPOUV VOl
eneEepyaoToUV XIALAOEC ATTOTEAECUATWV.
e AA\Q, OxL KaTtdAAnAo yia tnv mAsloPndla Twv xpnotwv

e Etva S8U0KOAO yLaL TOUG TIEPLOCOTEPOUC XPROTEC VOl
Slatunwoouv Boolean epwtripata

* OLTtepLoooTEPOL XpNOoTeC dev BEAOUV va SLOXELPLOTOUV XLALAOEC
QamoTEAECUATAL.
* |Slaitepa otnv mepimtwon twv avalntnoswyv oto web



Ked. 6

Movteha dlafabulopevnc avaktnonc

* AvTi eVvOC ouvoAou eyypadwyv TTOU LKAVOTIOLOUV TO EPWTNHA,
N otaBaduiouevn avaktnon (ranked retrieval) emotpedel
ula otataén twv (kopudaiwv) yla tnv epwitnon eyypodwyv
NG oUAAOYNC

* Otav 1o cuoTnua mapayel eva SLaTETAYLEVO GUVOAO
QTTOTEAECUATWY, TA LEYAAQ cUVOAQ OEV amoTeAOUV

nPoBAnua
* Aeiyvoupe amAwc ta kopupalia (top) k ( = 10) anoteAéopata
* Aev mapapopTWVOULLE TO XpNOTN

MpoUmnoBeon: o alyoplBuoc dtataénc va Soulelel
owoTaA



Movteha dlafabulopevnc avaktnonc

*H OSloBaBuopévn  avaktnon ouvvnBwe HE EpwTnuaTo
eAevudepou KelueVoU

* Epwtnuato eAsudepou keluevou (Free text queries): Mia n
neEPLocotepeC AE€elc oe pla duolkn YAwooa (avti ywa o
YAWOOO EPWTNUATWY UE TEAEOTEC Kl EKPPATELC)



Ked. 6

BaBuoAoynon wc Paon tnc
Olaabulopevnc avaktnonc

* @EAOUE VO ETILOTPEPOUE TA ATTOTEAECHOTO OLATETAYUEVA LLE
Baon to rtooco midavo sival va elval xprolio oTto xpnotn f Ye
Bdon th ouvapeLla TOUC UE TO EPWTNUOL

* Nwc dtataocoupe-olafabuilovpue ta eyypada pag cUAAoynG e
Baon &va epwtnua;
* AvaBgtoupe eva Babuo (score) — ac moupe oto [0, 1] — o€ kABe
eyypagdo
* score(d, g): petpa nooo KaAd to Eyypago d “toplalel” (match) pe
TO EpWTNUA g



Ked. 6
BaBuoc Talplaopatoc EpwItnUaTOC-
gyypadpou

* XpelalOpooTE Eva TPOTIO Yo va avaBeocoupe eva Babuo oe kabe
(evyog epwtnuatog (g), eyypagou (d)
score(d, q)

= Av KOVEVQ OpOC TOU epwTnpatoc dev epdaviletal oto €yypado, TOTE 0
BaBuoc Ba mpemel va eivat 0

= Ooo o ouyvae epdoavileTol 0 0POC TOU EPWTAUATOC OE £va €yypado, T0o0
peyaAutepoc Ba mpeneL va eival o Badbuog

* Q0 £EETAOOVLE KATIOLEC EVOAAQKTLKEC VLol QLUTO



Kedp. 6

[TpoomaBela 1: >uvteAeotnc Jaccard

YrievBupion: cuvnBLlopEvn nEtpnon tng emikaAvdng SVo cuvoAwv A Kal B
jaccard(A,B)=|AnB|/ |AUB|
* jaccard(A, A)=1
* jaccard(A,B)=0ifAnB=0

* Ta A ko B bev €xouv amapaitnta to idlo peyebog

* AvaB<tel tavta evayv aplOpo petaév tou 0 kot tou 1

" QEWPOUUE TO EPWTNHO KOL TO £yypado WS oUVoAa opwv



Ked. 6

Yuvteleotnc Jaccard: MNapadeyua
BabuoAoynong

Moloc elvat o BaBUOC TALPLACUATOC EPWTNHUATOC-EYYPAPOU LIE
Baon to cuvteAeotn Jaccard yla To MapokATW;
Epwtnua (q): ides of march

Eyvpado 1 (d1): caesar died in march
Eyypado 2 (d2): the long march

EVOAAQKTLKOC TPOTIOC KOWVOVLKOTIOL|ONG TOU MAKOUGC:

|IANB|/{/|AUB]|

10



Ked. 6.2

[Tapadeyua

Moto eivat o BaBuoc yia ta mapakdtw {eVyn XpnoLUoToLlwvTac jaccard;

gl: [information on cars]

d1: “all you’ve ever wanted to know about cars”

gl: [information on cars]

d2: “information on trucks, information on planes, information on trains”

g2: [red cars and red trucks]

d3: “cops stop red cars more often”

11



Ked. 6

[TpoBAnuatTa

" H opototnta Jaccard dev Aappavet ut’ ov tnv cuyvotnta opou
(term frequency): mooec dopec epdaviletal o 0pocg oto eyypado

= AYVOEL TO YEYOVOC MWCE OL 07T VLOL OPOL TIEPLEXOUV TIEPLOCOTEPN
nAnpodopia amno o,tL oL cuyvoL.

12



Ked. 6.2.2

BaBoc eyypadou Kol €pwtnonc

Metpo Pabpuoroyioc entkaAvPnc (overlap score
measure)

score(q,d) =) w(t,d)

egqNd

/

Kool opol



2uxvoTnTa opou - Term frequency (tf)

H cuyvotnta opou tf, ;Tou 0pou t og eva eyypado d opiletal wg
0 apLBUOC Twv dopwv 1ou To t epdaviletat oto d (to mMARBoC
TwV epdavicewv Tou opou t oto yypado d)

14



Ked. 6.2

Tapadelypa

Moto eivall o BaBpoc ya ta mopakatw (eVyn XPNOLULOTIOLWVTOC
tf;

g: [information on cars]

d1: “all you’ve ever wanted to know about cars”

d2: “information on trucks, information on planes, information
on trains”

g: [red cars and red trucks]

d3: “cops stop red cars more often”

15



Kep. 6.2.1
2uyvotnta eyypadou (Document frequency)

= OL o7tavioL OPOL TTAPEXOLV TIEPLOCOTEPN TTANPOodopia Ao Toug
ouXVOUC OPOUC
" QuunOeite ta stop words (Slakomtopeveg AEEELC)
" QewpeloTe Evav OPO OE YL EPWTNON TIOU Elval OTtAVLOC OTN
ouAhovyn (.., arachnocentric)

= To €yypado Tou TEPLEXEL LUTOV TOV OpO Eival mio rBavo va ival mepLoooTEPO
OUVODEC LE TO EPWTNHO ATIO Vol £YYPadO TIOU TIEPLEXEL EVOL ALYOTEPO OTIAVLO OPO
TOU €PWTNHUOTOC

" @eAoupe va Swoou e LeYyaAUTEPO BAPOC OTOUC OTIAVIOUC OPOUC
— aAAa nwg; df

16



Kep. 6.2.1

Bapoc idf

* df, elvaL n ouxvotnta syypadwv tou t: to mAnBog twv
eyypaPwv tTng cUAAOYNG TTOU TTEPLEXOUV TO
« df, elvaw n avtiotpodn peTpnon tng nAnpodopiag nou
TIOPEXEL 0 OpoC t
odf, <N
* Opllovpe TNV avtiotpopn cuyvotnto eyypapwy idf (inverse
document frequency) Tou t w¢

idf, = N/df,

17



Ked. 6.2.2

BaBuoc eyypadou kat epwtnonc

score(q,d) = Zteqm tidf

* Meydlo yla 0pouc tou epdavilovtal ToAAEC popéc oe Alya Eyypada (peydAn
dtakpttikn dSuveun (discriminating power) o autad ta €yypada)

* MwkpOtepo Otav o 0poc epdaviletal Alyec dopec oe eva Eyypado i otav
eudaviletal o MoAAA Eyypada

e To HLkpOTEPO YyLa 6pouc mou epdavilovtol oxedov oe OAa ta Eyypada

* YItdpxouVv TTOAANEC AANEC TTAPAAANOYEC
* Nwc urtoAoyiletal to “tf” (pe N xwpic log)
* Av Sivetal BAapog KoL 0TOUG OPOUG TOU EPWTHUATOC

18



>toBulon tf-idf

Ked. 6.2.2

Moo eival to idf evoc opou ou spdaviletal os kKABe eyypado
(oot n ox€on ue stop words);

" tf-idf Twv mapakaTw Opwv:

Docl

Doc2

Doc3

car

auto
Insurance
best

27
3
0

14

4
33
33

0

24

29
17

19



Ked. 6.2.2

>TaBuwon tf-idf

Epwtnua (q) ab

Eyypada

d, a...b..

d, a..a..

d, a..a..b

d, b...b..b
de a..a..b..b
d a ..

(@)

Awataén??

20



H emtidpaon tou idf otn dtatoatn

= To idf bev emnpedlel tn dlatagn yLa EPWTAUOTA UE EVA LOVO
opo, onwc iPhone

= To idf emnpeadlel povo tn dLataén yLo EpwTApATA LE
touAaytotov SUo opouc
" [Lot To epwTnUa capricious person, n idf otdBuLon £xel W amotéAeopa
" oL epdavioeLlg TOU capricious va LETPAVE TTEPLOCOTEPO TNV TEAKA
Slataén Twv eyypadwv amo otL oL eUPaVIicELC TOU person.

" VO EYYPAPO TIOU TTIEPLEXEL UOVO TO capricious ivat Lo oNUAVTIKO
QTTO0 EVQ TTOU TTEPLEXEL LOVO TO person

21



Ked. 6.2.2

>TaBuwon tf-idf

score(q,d) =) tfidf

eqNd

Yriapxouv MOAAEC AAAEC TTOPAAAQYEC
* Mwc urtoAoyiletal to “tf” (pe N xwpic log)
* Av bivetal BAPOC Kal 0TOUC OPOUC TOU EPWTAMATOC

22



>uYvoTntTa opou - Term frequency (tf)

YrievBupuion: H ocuyvotnta opou tf,; tou opou t og éva egyypado d
opilletal w¢ o aplBUoC Twv popwv 1o To t epdaviletal oto d.

DtdaveLl povo n ocuxvotnta;
* Eva eyypado pe 10 epdavicelg evog 0pou €lval TILO GXETLKO Ao Eval
gyypado pe 1 epdavion tov 0pou. AAAa givat 10 OPEC TTLO OXETIKO;

H ouvaeela (relevance) 6ev auvéavelr avadoyika HUE TN OUXVOTNTO
EUQPAVIONC OPOU

23



Ked. 6.2
>TaBuwon pe Log-cuyvotntag

e H otaBpuwon pe xprion tou Aoyapibuou tng cuxvotntag (log frequency
weight) Tou 6pou t oto d ival

W — 1+ log,, tf 4, If tf,, >0
td 0, otherwise

* O BaBuoc yla eva (evyoc eyypadou-pwTNHATOC: ABpolopa OAwWV TwV
KOWVWYV OpWV :

score = Zteqm (1+log tf, , )idf,

* O BaBuocg eival 0 6tav Kavevac amo Toug OPOUC ToU pwTnHaToC dev epdaviletal oto
eyypado

24



Ked. 6.2.2

>toBulon ue log tf

Epwtnua (q) ab

Eyypada

d, a...b..

d, a..a..

d, a..a..b

d, b...b..b
de a..a..b..b
d a ..

(@)

Awataén??

25



Kep. 6.2.1

Bapoc idf

Xpnowornowovpe log(N/df,) avtli ywa N/df, ylo  va
«opaAomotrjoouvpe» tnv enidpaon tov idf.

idf, =log, , (N/df,)

26



Ked. 6.2.1

Mapadeypo idf, eotw N = 1 eEKATOUUUPLO

calpurnia 1 6
animal 100 4
sunday 1,000 3
fly 10,000 2
under 100,000 1
the 1,000,000 0

idf, =log, , (N/df,)

=  KaBe 6poc otn oulloyn €xeL pa TR idf
= OAwr) petpnon (emiong, aAAalel ocuvexwc)

27



Ked. 6.2.2

>toOulon tf-idf

To tf-idf Bapoc evoc 6pou eival To yvopevo tou Bapouc tf kat tou fapoug

idf
W, = (1+logy, tft,d )xlog,,(N /df,)

* To rtto yvwaoto oxnua dtaBaduionc otnv avaktnon mAnpodoplog
e EvaAAaktika ovopata: tf.idf, tf x idf

e Auavel pe tov aplBpo epdavicewv tou 6pou oto Eyypado
e AuéAaveL UE TN OTIOVLOTNTO TOU OPOU

28



Ked. 6.2.1

2UYvVOTNTA CUAAOYNC KoLl Eyypadou

* H ouyvotnta cuAdoyric evog opou t eival o aplBuoc tTwv epdavicewy Tou
t otn cUAAOYN, UETPWVTOC KoL TIC TTOAAATTAEC epdaVIOELC

Nopadeypa:
Collection frequency Document frequency
insurance 10440 3997
try 10422 8760

* Mowa A€€n elval kaAUTtepoC 0po¢ avalntnong (Kot MpETMeL va £XEL
neyaAvtepo Bapoc)?

29



Bag of words model

e H tf-idf dStaBaBuion dev eéetalel tn dtataén twv Aeéswv o€ eva
eyypado

* John is quicker than Mary kot
* Mary is quicker than John

‘Exouv ta idla Staviopata

e AUTO Agyetal povtelo ocakou Ae€swv (bag of words model) —
EXEL onuaoia 0 aplBUoC Twv epdavioswv aAda oxL n dtataén

* OQa etoayouue ntAnpowopia Beonc apyotepa

30



Ked. 6

Tt Ba dovue onuepa;

= BaBpoAoynon kat katatoén eyypadpwv
= 3taOuon opwv (term weighting)

" Avamopaotaon eyypadwyv Kol EpWTNUATWY WG
Sdlavuopoata

31



Ked. 6.2.2

>ToOpLon tf-idf

To tf-idf Bapoc evoc 6pou eival To yvopevo tou Bapouc tf kat tou fapoug

idf
W, = (1+log,, tft,d )xlog, (N /df,)

* To rtto yvwaoto oxnua dtaBaduionc otnv avaktnon mAnpodoplog
e EvaAAaktika ovopata: tf.idf, tf x idf

e Auavel pe tov aplBpo epdavicewv tou 6pou oto Eyypado
e AuéAaveL UE TN OTIOVLOTNTO TOU OPOU

32



Avadikn puNtpo cuprtwonc (binary term-
document incidence matrix)

Antony and Cleopatra | Julius Caesar The Tempest Hamlet Othello Macbeth
Antony 1 1 0 0 0 1
Brutus 1 1 0 1 0 0
Caesar 1 1 0 1 1 1
Calpurnia 0 1 0 0 0 0
Cleopatra 1 0 0 0 0 0
mercy 1 0 1 1 1 1
worser 1 0 1 1 1 0

KaBe eyypado avamnapiotatol we eva dSuadlko dltavuoua €
{0,1}VI(tnv avtiotown otAhAn)

33



Ked. 6.2

O mvaKkac PeE HETPNTEC

* OswpouLpe tov tf, aplBuo (mAnboc) Twv epdavicewv evoc Opou o€ eva
gyypado:

« KOs gyypado sivat éva|didvuopa petpntwyv oto NIVIE pa otiAn mapakdtw

Antony and Cleopatra |Julius Caesar |The Tempest Hamlet Othello Macbeth
Antony 157 73 0 0 0 0
Brutus 4 157 0 1 0 0
Caesar 232 227 0 2 1 1
Calpurnia 0 10 0 0 0 0
Cleopatra 57 0 0 0 0 0
mercy 2 0 3 5 5 1
worser 2 0 1 1 1 0

34



Ked. 6.3

O mivakac pe papn

Antony and Cleopatra  Julius Caesar The Tempest Hamlet Othello Macbeth

Antony 5.25 3.18 0 0 0 0.35
Brutus 1.21 6.1 0 1 0 0
Caesar 8.59 2.54 0 1.51 0.25 0
Calpurnia 0 1.54 0 0 0 0
Cleopatra 2.85 0 0 0 0 0
mercy 1.51 0 1.9 0.12 5.25 0.88
worser 1.37 0 0.11 4.15 0.25 1.95

Oeswpovpue to tf-idf Bapoc tou opou:
= KaBe éyypado sival éva Stavuopa tf-idf Bapwv oto RIVI

35



Ked. 6.3

Ta eyypado wc dtavuopata (vector
space model)

="Exoupe éva |V|-dldotato SLovuopaTIKO XWPOo
= OL OpoL €lval ol AEOVEC AUTOU TOU XWPOU
* Ta eyypada eival onpeia ) SLavUoUATO OE QLUTOV TOV XWPO

" [ToAU peyaAn diaotaon: SekadeC ekATOppU LA SLOOTACELG OTNV
nepilttwon tng avalnAtnong oto web

= [ToAU apatd dtavuopata — oL TtEPLooOTEPOL OpoL ival 0

36



AmoBnkevon

* Mou vmnapyxeL autn N MAnpodopia oto cuoTNUA AvAKTNOoNG TAnpodoplac;

37



Ked. 6.3

OpototnTa OLoWVUOUOTWY

Mpwtn mpocEyylon: anootacn Hetall Suo SlavuouaTwy

* EukAeldeLla amootaon;

* Aev gival kaAn WEa — gival peyain ya Stavuopata StadopeTikou
HrKOUG

38



Ked. 6.3
Xpnon tTnc ywviog avtl TNC amootoong
* Eotw €va eyypado d. YnoB<ote otL kKAvoupe append to d oTov €aUTO
TOU KoL £0TW d’ TO KELUEVO TTIOU TIPOKUTITEL.
e “Inuactoloykd” to d Ko to d’ €xouv to (6Lo TtEPLEXOLEVO

* H EukAeibela amootaon HETAEV TOUC UIMOPEL va elval TTOAU peyaAn

* H ywvia opwc eival O (avtiotolxel otn peyaAUTeEPN opoLlotnTa) =>
XPron Tng ywviog

39



Ked. 6.3

Xpron tn¢ ywviag avti Thg armootaong

GOSSIP d>

H EukAeidela
anootacn peTagy
TOU g KoL ToU d,
elvall peyain av kot
N KOTOVOUN TWV
OpwvV gival
nopopoL

JEALOUS

40



Ked. 6.3

ATIO YWVLEC O€ cuvnuLTova

50 uo 150 200 250 300 350

-1t

Juvnuitovo povotova ¢Bivouvoca cuvaptnon oto diaotnua [0°, 180°]

41



Ked. 6.3

OuotlotnTa eyypapwyv

Dot product Unit vectors
~
o d d ldd

sim(d’,d) =cos(d",d) = %

fo T e 5

d; (d’,) elvau to tf-idf Bapog tou i-ootou Opou oto eyypado d (d’)

—_ —> , , ,—> LN ,
cos(d’, d) n opolotnta cuvnutovou petaéu d’and d ... n,
looduvapua, To cuvnuitovo TN Ywviacg LETOEL TwV d xavd.

42



Ked. 6.3

KavoviKoTtolnon Tou UNKOUC

*"Eva SLavuopo PmopeL va KavovikorolnBet dtapwvtag ta
OTOLXELO TOU HE TO MAKOG TOU, UE Xprion tng L, vopuag:

Xl, =2

" Alatpwvtag eva dtavuopa P TV L, vopua to Kavel
novadLaio
= (Oc artotEAEOUQ, ULKPA KOl LEYOAQ EYYpAQO EXOUV CUYKpioLlua Bapn

= [ Sltavuopata ylo T omoio €XOUE KAVOVLIKOTIOLNOEL TO
unkoc touc (length-normalized vectors) to cuvnuitovo sival
QTTAWC TO EOWTEPLKO yvopevo (dot or scalar product):
—»I —_ —>| — ‘V‘ :
cos(d',d)=d'ed =Y d' d,
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Ked. 6.3

[Tapadelypa

Moia eival ot
opoLoTNTA METOEU

TWV EpYWY -m

Zuxvotnta 0pwv (HETPNTEG)

SaS: Sense and affection

Sensibility jealous 10 7 1
PaP: Pride and gossip 2 0 6
Prejudice, and wuthering 0 0 38

WH: Wuthering
Heights?

44



Ked. 6.3

Mapadeypa (ovvexela)

@ amhoreoinon e 0a BT T
Xxpnotponowjoovpe ta idf Bapn affection 115

/ jealous 10 7 11
, gossip 2 0 6
Log frequency Bapog (log tf

8 1red y Bapos (log tf) wuthering 0 0 38
CACICAKE

affection 3.06 2.76 2.30
MeTa TNV Kavovikomnoinon

jealous 2.00 1.85 2.04
gossip  1.30 NI  opoc | SaS | PaP | WH
wuthering 0 0 2.58 affection 0.789 0.832 0.524
jealous 0.515 0.555 0.465
Mixos gossip 0.335 0 0.405
SAS = +/3.06% +2.00% +1.3%> + 02 ~ 3.88

wuthering 0 0 0.588
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Ked. 6.3

Mapadeypa (ovvexela)

-m
TR e %
affecton 0789  0.832  0.524 ’g o o) B
jealous 0515 0.555  0.465 wuthering 0 0 38
gossip 0.335 0 0.405
wuthering 0 0 0.588

cos(Sas, PaP) =
0.789 x 0.832 +0.515x 0.555+0.335%x0.0+0.0x 0.0
=~ (0.94

cos(SaS,WH) = 0.79 Mot cos(Sas,PaP) > cos(SaS,WH)?
cos(PaPWH) = 0.69
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Ked. 6.3

Ta epwTtnuato wc dlovuopota

" Baowkn Wbea 1: Edbappolouvpe 1o idLo Kal yla To EpWTHUATA,
dnAadn, avamoploToOUUE KoL T EpwTNUATA W dlavuouata
otoV (610 ywpo

" Baolkn Oea 2: Alafaduion tTwv eyypddwyv e Baon To mooo
KOVTQ €lval 0TNV EPWTNON O€ AUTO TO XWPO
= KovTtlva = opolotnta SLAVUCHATWY
= OpolotnTa = AVtiBeTo TNC AmooTaon
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Ked. 6.3

ATIO YWVLEC O€ cuvnultova

" OL AP AKATW EVVOLEC Elval LOOSUVOUEC:
= AtoaBuion twv eyypadwv o pOivovoa dtataén pe
Baon tn ywvio Peto€L Tou eyypadou Kol TOU EPWTHUATOC
=" AtofaBuion twv eyypadwyv o avéouoa diataén Le Baon
TO ouvnuitovo ¢ ywviog LETOEL Tou eyypadou Kol Tou
EPWTAUOTOC
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Ked. 6.3

cosine(query, document)

Dot product Unit vectors
. )L
g g, d__ >Vad
c0s(d. ) = al ldl SV V|
‘q‘d ‘Q‘ d‘ \/ i=1qi2\/ izldiz

c?,-s'tvou 1o tf-idf Bdpoc Tov 6pou i otnv epwtnon
d, elvau o tf-idf Bdpog tou dpou i oTo éyypado
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POOR
1t v(di)
/ ~v(q)
< V(d2)
/ /j/)
\
/L\Q/// \\\
| © |
/ \
OZ —>|

v(d3)

Opolotnta cuvnuitovou

RICH
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[TepiAnydn BpaBupoAoynonc oto
OLOVUOLOTLKO XWPO

Avarmapaotoon Tou EpwWTAHATOC we eva dtafabuiopevo tf-idf
Sdtavuopa

Avarmapaotaon kaBe eyypadouv wc eva dtafaduiopévo tf-idf
Sdlavuopa

YrtoAoyLoe To ouvnpitovo yla kKaBe (eVyoC EpWTAMATOC,
gyypadou

Awatate ta eyypada pe faon avto to fabuo

Encotpeye ta kopupaia K (rt.x., K=10) eyypada oto Xpnotn
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Ked. 6.4

MapaAAayec tnc tf-idf otabuionc

Term frequency

Document frequency

MNormalization

n (natural) tfed n (no) 1 n (none) )
| (logarithm) 1+ log(tf: q) t (idf) log % c (cosine) )
VS WEwE . W,
0.5xtf: 4 : N—df . /
a (augmented) 0.5+ —==<= | p (prob idf) max{0, log t1 | u (pivoted 1/u
maxe(tTe,q) dfe unique)
b (boolean) {é :tliflfetrii;[] b (byte size) 1/CharLength”,
a < 1
1+log(tfe 4)
L (log ave)  Tiiogeccqiiea)

Moti dev €xel onuaoia n Baon tou AoyapiBuou;
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Ked. 6.4
Kavovikomolnon KeE PEYLOTN OUXVOTNTO OPOU

EoTtw T 0 TTOL0 oUYVOC 0pocC o€ Eva eyypado d kal tfmax(d) n
ouxVOTNTO TOU

Alatpoupe tn ouxvotnta tf, ;kabe 6pou t oTo d pe QUTAV TNV TLN

Mol
2Ta peyala eyypada HEYAAEC CUXVOTNTEC OPWV ATIAWC YLaTL
UTTAPXEL ETTavAAnYN

I'IpoB?\n LotaL:
AotaBnc (rx tpomomnoinon stopwords)
= |Slaitepn A€€n (outlier) mou epdaviletal ocuxva

= [lp€mnel va uTtdpxel Sltadopd avapeoa os Eyypada pe opolopopdn kat skewed
KQTOVON)
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Ked. 6.4

Kavovikomotlnon HUeE JeEYLoTN
ouYvOTNTA OPOU

nth g —a+(1—a)

(augmented) To a eival evag teAeoteg otabulong (e€opaAuvonc)
— smoothing factor (ocuyva kat 0.4 avti 0.5)
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Ked. 6.4

2TOOULON EPWTNUATWY KL EYYPAPWV

* MoAAEC pnxaveg avalntnong otadpilovv SLadpopeTIKA TIC EPWTAOCELS
amno ta Eyypada

* JUMPBOALOMO: ddd.qqqg, LE xprioN TWV OKPWVU LWV TOU Ttivaka (mpwta 3
ypappota yypado- EMOUEVA 3 YPAUHATO EpWTNUA)
* GUXVOTNTO OPOU.CUXVOTNTA EYYPAPWV.KAVOVLKOTIOLNGON
e JuxvO oxnua : Inc.ltc
* Eyypado: logarithmic tf (1), no idf (n), cosine normalization (c)

* Epwtnua: logarithmic tf (1), idf (t), cosine normalization (c)
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Ked. 6.4

Mapadeypa

Ep(btr] ILQL: best car insurance N = 1000K

'Evvpacl)O: car insurance auto insurance Inc.ltc
tf-raw  tf-wt df idf wt n’lize tf-raw tf-wit wit n’lize

auto 0 0 5000 2.3 0 0 1 1 1 0.52 0

best 1 1 50000 1.3 1.3 0.34 0 0 0 0 0

car 1 1 10000 2.0 2.0 0.52 1 1 1 0.52 0.27

insurance 1 1 1000 3.0 3.0 0.78 2 1.3 1.3 0.68 0.53

MﬁKOC Epw'[r']ua'[oq = \/02 +1.3° +2.0° +3° = 3.8
Mrkog Eyypddou = V12402 +12+1.32 ~1.92
Score = 0+0+(0.52*0.52=)27+(0.78*0.68=)0.53 = 0.8
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Ked. 6.3

@cpata

" [Tou amoBOnKeVOUUE TLC CUXVOTNTEC;

= Mua KaAr} Soun yLa Tov UTtoAoYyLoMO Tou top-k?

= BonBael n diataén twv eyypadwv pe Baon To id;
Mo xpnotun dataén;



ErtekTtaon KatoxwpnoEwy

Brutus —|1,217.,3183.,1]| 87,2

(CAESAR —|11,1(5,1113,1 1] 17,1

(CALPURNIA | — | 7,1 18,2140,1 |97 ,3

2UXVOTNTEC OPWV

e kKaOe kataxwpnon, anobnkevon tou tf, ;, emupocOeta tou
doclID ,

* H ouyvotnta idf, anoBnkevetal oto Ae€lko padl pe Tov opo t
(To nAKo¢ tNC avtiotolyne Alotag Kataxwpnoewv)
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Kedp. 7
YrmoAoylopoc ava eyypodo (document-
at-a-time)

" (document-at-a-time) MmopoU e va SLOTPEXOULE TLG
ALOTEC TWV OpWV TOU EPWTAMATOC TapaAAnAa onwc otnv
ntepintwon ¢ Boolean avaktnong (merge sort)

" AUTO £XEL WC amoTEAEoHA AOYyw TNC LdLac dataénc Twv

gYYPAdwWV OTLC ALOTEC KATAXWPLOEWV TOV UTTOAOYLOMO
Tou BaBuov ava gyypado
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BruTUS

[Tapadeyua

(CAESAR

CALPURNIA

" Epwtnua: [Brutus Caesar]

12]7.3]83.1][87.2
I1]5.1]13 117 .1
71]82]40.1[97 3

Ked. 7

" Alatpexoupe apaAAnAa tic Aloteg yia to Brutus kat Caesar
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Ked. 7

YroAoylopoc Bapwyv

Av ocuvnuitovo:

= E¢aptatol amo tn uEBodo — lowc XpELAOTEL va
artodNKeEUOOUUE KoL TO UNKOC TOU Eyypapou (yla
Kavovikorolnon) N va amoBnkKeVooU UE TLC
KOLVOVLKOTIOLNLEVEC TIUEC (avTl Tou tf)

= TpomomolnoeLlc eyypadwv: Tt aAAALEL;

= H oxetikn dtataén twv eyypadwv dev emnpeadletol amno
TNV Kowvovikormoinon r 0xL Tou dlavuopaTog Tou

= Av KaBe 0po¢ HOvo pLa Gopa 0TO EPWTNUA, TO W tq

uropel vat ayvonBei, omote pmopou e anAwc va
aBpoifoupe Ta w, 4



Ked. 7
YITOAOYLOULOC K-KOPpUDOLWV OTTOTEAECLLATWV

2e MOAAEC edpapuoyeC, O€ xpelalopaaote TNV ANpn dtataén,

aANG LOVO TO Kopudoatia k (top-k), ya kémowo pukpd
k, .x., k=100
" AmAOIKOC TPOTOC:
= YrtoAoyloe touc faBuouc yia oAa ta N eypada

= Sort
= En€otee ta kKopudaia k

Av b€ xpelalopaote OAn tn dLatagn, UTTAPXEL TTLO ATTOOOTLKOG
TPOTOC VOl UTTOAOYLoOULLE Lovo ta Kopudaia k;

" Fotw J tax eyypapa ue un undeviko cuvnuitovo. Mropouue va
Bpouue ta K kaAutepa ywpic dtataén oAwv twv J eyypapwyv;
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Kedp. 7

Xpnon min-heap

= Xpnon duadikou min
heap

= Eva Suadlko min
heap glval eva
duadiko 6Evtpo nou / \
N TR €vog KopBou
glvoll LLKPOTEPN ATTO
TNV TLn Twv duo
nadLwy Tou. / \

/\



ATtoBnKkevon o€ mvaka

2

10

c

J

H pila elval otn B€on 1 tou mivaka. Mo 1o i-00To oToLXELo:

" To aplotepo maldi eivat otn B€on 2*i
" To 6e&l mawdi eival otn B€on 2*i+1

= O yoveéag otn B€oni/2

Ked. 7



Ked. 7

Eloaywyn otolyelou

To véo otolyelo eloayetal wc to teAsutaio otolyeio (oto TEAOC Tou heap)

H Wbiotnta tou heap e€aodaAiletal pe cUYKPLON TOU OTOLYELOU LLE TOV YOVLO
TOU Kall LeTakivnon Ttou mtpocg ta mavw (swap with parent) péxpt va
OUVAVTAOEL oToLXELO o0 | peyaAUTEpPO ( ).

|7 |5 10151712

01 2 3 4 5 6 7
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Ked. 7

Alaypadr ULKPOTEPOU OTOLXELOU

To pkpOTEPO oToLXElo Bploketal otn pile (To TPWTO OTOLXELO TOU TTivaKkal)

To oBrivoupe armo tn AloTta Kot To avTlkaBLotoU e PE TO TEAEUTOLO OTOLXELO
otn Alota, e€aodaiilovtac tnv WbLotTnta Tou heap cuykplvovtoc Ue Ta
riadLd tov (percolating down)
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Ked. 7
Ertidoyn twv kopudaiwv k oe O(N log k)

2TOX0C: ALTNPOUE Ta KOAUTEPO kK TTOU EXOUME OEL HEXPL
OTIYHNG
= Xpnon duadikou min heap
* o tnv eneéepyaocia evoc véou eyypadou d' pe score s':
= Get current minimum h_ of heap (0O(1))
= If s" < h,_, skip to next document /* urdpxouv k kahUtepa */
= If s"> h_ heap-delete-root (O(log k)) /* kahitepo, oBrioe t pita

heap—add d'/S' (O(/og k)) kot BaAto oto heap */
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Ked. 7.1

[TLo AtoOOTLKOC UTTOAOYLOUOC;

H taéwvounon (merge) €xeL moAumAokotnta xpovou O(N) ortou N
0 apLlBUOC Twv gyypadwyv (N, Looduvaua J).

BeAtiotomnoinon katd Eva ota®epo 0po, aAAd akopa BEAoULE
O(N), N > 1010 (5nAadn, mpenet va «Sovue» oAa ta Eyypapa)

Yrtapyouv sublinear aAyoptSuol;

= Auto mou P AXVOUUE OTNV TIPOYUOTLKOTNTO OVTLOTOLXEL OTO VOl
AUVoU UE To TIPOBANMA TWV K-TIANCLECTEPWV YELTOVWV (k-
nearest neighbor (KNN) problem) oto éitavuopa tou
epwINUATOoC (= query point).

" Aev urtapxeL yeVikN AUon o€ auto to npoBAnua rtou va ival
sublinear. (etbika yia moAAec dtaotaoelc)
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Ked. 7.1.1

Aodainc (safe) kat un aopaAnc (non-
safe) dlataén

= 0 opoc aocdhaAnc dlataén (safe ranking) xpnolpormolteital
yla pe@odouc mou e€aodaliilouvv otL ta K eyypada mou
eniotedovtal eival akptBwce ta K eyypada pe to
LeyaAUTEPO score

= Min aodalnc (r inexact) dtataén poag divel «kada» K
gyypada aAla oxL anapaitnta ta kopudaio K
= arodektr) aAAA TipEmeL va e€aodpalicoupe OtL Sev eipaoTte «TTOAU
LOKPLA» amto tnv aodaln dtataén
= EtoL kot aAAlwg, n tf.idf otdBuion dev eival akplBic amotipnon tng
ouvadeLac, aAAA pLo eKTipnon tng
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Ked. 7.1.1

[evikr poogyylon «PaAdlopatoc» (pruning)

" Bpec €va oUVoAo A arto vrtolndla eyypada (contenders), omou
K< [A] << N
" To A bev rteplexel anapaitnta oAa ta top K, aAAd meplexet
QPKETA KaAd eyypapa Kol ToAAa oo to top K

" Emncotpede ta top K eyypada tou A

To A eival eva paiidlopa (pruning) tTwv pn vroPpndiwv

Oa SOUUE OXETIKOUC EUPLOTIKOUC
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Kep 7.1.2

[Teploploploc Tou eupetnplou (index
elimination)

" O Baolkoc aAyoplOpoc umtoAoyLlopol Tou cuvnuitovou Bewpet
gyypada TToU TIEPLEXOUV TOUAAYLOTOV Evav 0pO TOU
EPWTHUOTOC

* MItopoUE va EMEKTEIVOULE AUTHV TNV LOEQ;
= E¢etaloupe LOVO TOUC OPOUC TOU EPWTAUATOC LE peyaio idf
" E¢eTtAloUE POVO Eyypada TTOU TIEPLEXOUV ToAAoUC arto Touc
0pOUC TOU EPWTNUATOC
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Kedp. 7.1.2
Movo opol pe peyaio idf

" MMapadewypa: MNa to epwtnua: catcher in the rye
= ABpoiloupe povo to Babuod yla toug opouc catcher kat rye
" [Latl; oL opotin kot the €xouv pkpn ouvelopopad oto Babuo
Kot apa 6ev aAAalouv onuovTika tn dtataén

=" Odeloc:
" OL KOTAXWPNOELC TWV OpwWV HE ULKpA idf TtepLlexouv moAAa
gEyypapo (UEYAAEC AlOTEC KATAYWPNOEWV) —> OUTA TO.
(moAAQ) eyypada e pmaivouv wc vroPridla cto cuvoAo A
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Kedp. 7.1.2

Eyypada e ToOAAOUC OPOUC TOU EPWTNUATOC

= KaBe €yypado mou £XEL TOUAdYLOTOV EValV 0pO TOU
£pWTNMATOC eival urmoPndlo yla tn Alota pe ta kopudaia K
eyypada
* [La epwtnpata pe toAlouc opouc, uTtOAOYL{OUE TOUC
BaBuouc povo Twv eyypadwyv IOV TIEPLEXOUV APKETOUC OO
TOUC OPOUC TOU EPWTNUATOC
* [l tapadelypa, TovAdyxtotov 3 amo Touc 4 0pouC
* Mapopolo pe eva eiboc puepiknc culevénc (“soft
conjunction”) ota epwTAMOTA TWV HNXOVWV avalntnong
(apyka otn Google)

e EUkoAa va uAormolnBet kata tn SLaoxLon TWV KATOXWPNOEWV
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Kedp. 7.1.2

Tapadelypa
Antony| "——=[ 374 ] 8] 16] 32] 64[128
Brutus] "——>[ 2174 ] 8] 16] 32] 64][128
Caesar| ""——>[ 1 3] 5] 8 [ 13] 21 34

Calpurnia’™—[13]16] 32

3 armo Touc 4 OPOUC TOU EPWTNMOTOC

YrioAoyiopoil BaBuwv povo yua ta eyypada 8, 16 ko 32



Kep. 7.1.3

AloTec mpwTtoBANTWV

" [po-UMoOAOYLOMOC YLa KABE 6po t Tou Ae€LkoU, TwV r eyypadwv
LLE TO MEYOAUTEPO BAPOC AVAUECA OTLC KATAXWPNOELC TOU t ->
Alota npwtavAntwv (champion list, fancy list ) top docs yia 1o
t) (ywo kaBe t, Ta kKaAUTEPQ r Eyypoda)

= Av tf.idf, elval avtad ue to kaAvtepo tf

" KaTd TNV WP TOU EPWTAUATOC, TIAPE WC A TNV EVWon TwV
ALOTWV MPWTABANTWYV yLa TOUC OPOUC TOU EPWTNMATOC,
UTtOAOYLOE HOVO TouC BaBuouc yia ta eyypada tng A Kot StaAete
T K avapeoa toug

" To r mpEmeL va eTUAEYEL KOTA TN OLAPKELD TNC KATOLOKEUNRC TOU
gupeTNpilov
= Etol, stval mBoavov otLr < K
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YrmoAoyLopocC ava 0po

YrtoAoyLopocg ava-opo (eEvag-opoc-tn-popa - a-term-
at-a-time)

" Eneepyalopoote 0An tn AloTa KATAXWPNOEWV YLOL TOV
TIPWTO 0OPO TOU EPWTAUATOC

" ANULOUPYOUNE €V CUCOWPEUT TWV PaBuwv yLa KAOe
doclID eyypadou mou Bplokoupe

" Meta emeepyalOUAOTE TIANPWCE TN ALOTA KOTAXWPNOEWV
YLOL TOV OEUTEPO OPO KOK
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Ked. 7

YrioAoyLopoc ava opo (term-at-a-time)

COSINESCORE(q)
1 float Scores|N] =0
2 float Length[N] Ma kdBe 6po t Tou epwtipartog q
3 tor each query term t
4 do calculate w; 4 and fetch postings list for ¢
5 for each pair(d, tf; 4) in postings list
6 do Scores|[d|+ = wig X Weg
/ Read the array Length
6 forcach d e
9 do Scores|d] = Scores[d]/Length[d]  cusowpevtéc
10 return [Top K components of Scores]]|{2ecumuiaters)
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Ked. 7

Alatagn Katoxwpnoewy Tou t e pacn to Wf, ,

AlOTIOOOUUE TOL EYYpaQA OTIC AlOTEC KATOYWPNOEWV LUE Baon
to Bapog (weight) wf,

" H amAovotepn nepimtwon, normalized tf-idf weight
Ta «kaAd» gyypada ylo E€vav 0po eival otnv apxn tnS Alotog
Oyt kotwvn dtataén twv eyypa@wy o€ OAeC TIC AlOTEC

AAN\Q, & pmopoU e va UTTOAOYLOOUIE Eval GUVOALKO BaBuo
ylo kaBe gyypado pe merge sort

- “ouoowpevoupe” Toug Babuoug yla ta eyypada ava opo

78



Ked. 7
Alqtagn Katoxwpnoewy Tou t e Bacn o Wf, ,

Mpocgyylon: 6ev emeéepyalOUAOTE TIC KOTAXWPNOELC IOV Bat
ouvelopEpouv Alyo otov TeAKO BaBuo

" Ta kopudala k eyypada eival mtBavov va Bpiokovtatl otnv
apxn AUTWV TWV TOELVOUNUEVWY ALOTWV.

— YPNYOPOC TEPUATIOUOC EVW EMEEEPYALOMAOTE TLG ALOTEC
Kataxywpnoswv uaidov g Ba aAAdcel ta kopudalia k eyypada
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Ked. 7

YIOAOYLOMOC ava OpO

COSINESCORE(q) M béperc OAn 1t Aot

1 float Scores|[N] =0 KATOXWPHAOEWVY, LOVO TA TPWTA
float Length[N] oroeia g
for each query term t 7

/

do calculate w; 4 and fetchbp'éstings list for t

do Scores|d]+ = w; g X Wt g
Read the array Length
for each d

do Scores|d| = Scores|d]/Length|d]

return [Top K components of Scores[]‘

O O O~ OO0 B W

 —
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Ked. 7.1.5

1. MpOwWPOC TEPUATLOUOC

" Katd TN SLao)Lon TwV KATAXWPNOEWV EVOC OpOU t, oTapata
vwpLic adou:
= AeLC eva TpoKaBopLlopeEVo aplBuo r amno syypada
" To Wf, 4 TEPTEL KATW OTIO KATIOLO KOTW AL
" [IQpe TNV EVWON TOU CUVOAOU TWV €YypadwV TTOU TIPOKUTITEL
= ‘Eva ouvoAo yLa kaBe 6po

" YTtoAOyLo€ Tou¢ BaBpouc povo auTtwyv TwV eyypadwv
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Ked. 7.1.5

2. idf-dlatetaypevol opot

Kata tnv eneéepyaoio Twv Opwv ToU EPWTHUATOC
* EéeTaloupe Touc Opouc pe dBivovoa dlataén wc npoc idf
* Opol pe peyaro idf mBavwv va cuvelodhEPOLV MEPLOCOTEPO
oto Babuo
* KBw¢ evnUEPWVOUE TN CUHMETOXN oTo PaBuo kabe opou

* JTOUOTAUE OV O BaBUOC TwV eyypddwv dev peTtaBAAAETaL
TIOAU
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Kedp. 7

Erte¢epyaotia Ava-Eyypado kat Ava-Opo

= YrroAoylouoc ava-opo (term-at-a-time processing):
YrtoAoyilouue yla KaGe 0po TN¢ EpWTNONC, VIO KOUE
EVYPOPO TTOU EUPaVIleTaL 0Tn AlOTAC KATAXWPNONC TOU
eva Bauo kol LETA CUVEXI{OULE UE TOV ETTOUEVO OPO TNG
EPWTNONG

= YrtoAoyiouoc Ava Eyypapo (document-at-a-time
processing): TeAewwvouue tov utoAoyLtouo tou Baduou
OUOLOTNTUG EPWTNUATOG-EYYPAPOU YLO TO EYYPAYO d, TTptv
apyxloovue tov urtoAoytlouo Baduou ouototntoc _
EPWTNUATOG-EYYPAPOU yLa T eyypapo d., ;.
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Ked. 7

Me Bdon tTnv «mmolotnTay tou gyypadou (g(d))

JUXVQ UTIAPXEL EVOC aveédpTnTOC TOU EPWTNUATOC (OTATIKOC)
XOPAKTNPLOMOC TNC KataAAnAotntac (“goodness”, authority)
Tou gyypadou — €otw g(d)

Mo mopadelypa:

o 2TIC unyxaveg avalntnong (oto Google) to PageRank g(d) pac ogAidag
d LETPA TO TTOOO «KAAN» €lval pLot oeAida pe BAon To MOCEC « KAAECH
oeAidec belyvouv og autny, N

o aplOpoc hits (bnuodpAec Eyypado) n
o wikipedia oeAibecn
o AapBpa o€ Lo CUYKEKPLUEVN epnuepida, KATT
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Ked. 7

Me Bdon tnv «mmoldtnTay tou gyypadou (g(d))

Av uTtapxeL pa dtataén tng KataAAnAotntac TOTE 0

OUYKEVIPWTLKOC PaBuoc (net-score) evog eyypadou d Kol pLog

£pWINONC g €lval evac cuvbuaopog TNG ToLOTNTOC TOU

eyypadou (mou €otw OtL divetal amod plo cuvdptnon g oto [0,

1]) kot TNG ouvadeLag Tou PE To EpwTnUa g (1tx UE xprion tf-idf):
net-score(q, d) = g(d) + score(q, d)

OcAouvue va emiAeéovue agedibec mou elval Kat yeVIKO ONUOVTIKEC
(authoritative) kat cuvapeic wc mpoc tnv epwtnon (to orolo uac SiveL To
score)

= Jtnv nipaén (Bapn) net-score(q, d) = w, g(d) + w, score(q, d)
" YIoBeon: KavovikoTmoinon wote score emniong oto [0, 1]
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Ked. 7

Me Bdon tnv «mmoldtnTay tou gyypadou (g(d))

©&Aoupue dlataén e Baon to net-score

MNw¢ UTopoUUE va EMITUYOUUE YpNYyopo TepUATIoUO (early
termination); AnAadn va pnv eneepyactoVpue OAn tn Alota
KOTAXWPNOEWV yLa va. Bpol e ta KaAUTepa k;
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Ked. 7

Me Bdon tnv «molotntay tou gyypadou (g(d))

" ALATACOUE TIC AlOTEC KATAXWPNOEWV HE Baon Tnv
kataAAnAotnta (m.x., PageRank) twv eyypadwv:

g(d,) >gld,) >gld;) >. ..

H owataén twv eyypadwv eivatr dla ywa OAec TIC Alotec
KOTOXWPNOEWV

v' Ta «kahd» gyypada otnv apxn tnc kabe Aiotac, onote av
BeAoupe va Bpou e yprnyopa KOAA AMOTEAECLATO UITOPOUUE VAL
doUpe povo tnv apxn tTng Alotag
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Ked. 7

Me Bdon tnv «mmolotnTay tou gyypadou (g(d))

YrievOuuion net-score(q, d) = g(d) + score(g, d) kat ta eyypada
o€ kaBe Alota o€ Siataén pe fpaon to g

Erteéepyalopoote eva eyypo@o t popc —dnAadn, ylo KABe
gyypoado urtoAoyilou e ANPwWC To net-score Tou (ylor OAoUC
TOUC OPOUC TOU EPWTNMATOC)
" Eotw g = [0, 1],

10 TeAevtaio k-kopudaio eyypado £xel Babuo 1.2

Kol yla To eyypado d mou enetepyalopaote g(d) < 0.1, apa
KoL ylal OAa ToL uTtOAoLtol oUVOALKOC BaBuog < 1.1

=> §& XpeLALETOL VO EMEEEPYAOTOUE TO UTIOAOLTTO TWV
AloTWV
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[TeplAnn

= OpLopoc score(q, d)
= tf-idf
" ALOVUOOTIKO LOVTEAO

= YrtoAoyLopo¢g top-k cuvadwv eyypadpwv
" Xpnon heap
= Ao@aAnc Ko 1N ao@aAnc TEpUATIONOC (akpBNC — 1N
akpLBN¢ uTtoAoyLouOC)
" TEXVLKEC
= Ava eyypado — Document At A Time (DAAT)

= Ava 0po — Term At A Time (TAAT)

» Entnpedlel Tov TPOTOo SLAtaEng Twv eyypadwv oTLc AloTeg
KOTOLXWPNOEWV TOU QVECTPAUEVOU EUPETNPLOU
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[TeplAnn

AAyoplBpuotL urtoAoyLopou
1. Awataén pe doc-id
" UTTOAOYLOWMO QVa EYYpapo

" un aodain (pruning): (1) ukpo idf, (2) toulaxlotov
m1 amnd touc m2 (1 < m1 < m2) 6pouc Tou
epwtnuatog, (3) Alotec mpwtaBAnTwv

2. Awaragn pe tf,

" YMOAOYLOUOC avVd 0po

= Mn aodalng — ypnyopoc TEPUATLOMOC: (1) prune
yLa kaBe opo (ta mpwta r eyypada i OAa mavw

karmotov tf) (2) €&€taon pe Baon idf, otapata av
OXL LEYAAN aAAayn
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[TeplAnn

AAyoplBpuotl urtoAoyLopou (ocuvexela)
3. Avumnapyet g(d) (karrolta BaGuoldoyia twv eyypapwv
aveéaptntn ToU EpWTAUATOC), dlataén pe g(d)
" UTTOAOYLOMO aVd EYYpapo
= aodaAn: KatwoAl

" un aocpadn: ypnyopogs TEPUATIOUOG
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Kep. 7.1.6

KAadepa cuotadwyv

Mpo-eneéepyaoia: cuotadornoinon (clustering)
geyypadpwv

e Enélefe Tuyaia K ( iy, VN) éyypada: o omoia to ovopdloupe
nvetec (leaders)
* [La kABe AAAo gyypado, TtPo-UTIOAOYL{OUE TOV KOVTILVOTEPO
NVETN Tou (Xpron opoLoTNTOC CUVNLTOVOU)
* Autad ta gyypada kalouvta akolouBol (followers);
« O avapevouevoc aptBpoc eivat: ~ VN akohouBot avd nyétn

e TeAwkd V N opddec pe V N éyypada



Kep. 7.1.6

KAadepa cuotadwyv

Mo KABe epwTnUA g
= BpeC TOV TILO KOVTLVO nyetn L.
sWate yia ta K TAnoLeotepa €yypada aAvapLeECO
otou¢ akoAouvBouc tou L (bnAadn, otnv ouado tou

L).
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Kep. 7.1.6

KAadeua cuotadwv

@Hyétng @ A«dhoubog
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Kep. 7.1.6

KAadepa cuotadwyv

Mot tuyala deiypota;

* Fpriyopn
* OL NYETEC QVTAVAKAOUV TNV TPOYUOTIKA KOTAVOU)
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Kep. 7.1.6

KAadepa cuotadwy

[evikeg mapaAdayeg (b1-b2)
* KaBe akoAoubBoc cuvdeetal pe b1=3 MANCLECTEPOUC NYETEC.

e [Lat Eva epwTnMa, PPeC b2 =4 KOVTIVOTEPOUC NYETEC KOLL TOUC
akoAoUBouc¢ touc.
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Tt (adAAo) Ba boU e onuepQ;

" MMopapetpka Evupetnpla
" BaBuwbwta Eupetnpla

" JUVOALKO ZuoTtnua

" MeplAnPeLg
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[TapaETPLKA EVPETNPLO KaL eupeTNPLA (WVNC

e MexpL Twpa, Eva €yypodo wc pio. akoAouvBio Opwv

* JTNV MPAYUATIKOTNTA, TO EYYPOQO EIVOL YWPLOUEVO OE TUNUOTO
ue StadpopeTIkn onuaoia:
* Zuyypadeag
* TitAog
* Huepounvia dnpoocicuong
* \wooa
* KATU

* Kahouvtal kat petadedopéva (metadata) tou eyypadou



[TopOPETPLKA EPWTH AT

= Juyva avalntnon pe Baon ta petadedopeva
" [1.X., Bpec OAa ta eyypada mou eyypade o William Shakespeare to 1601, nou
TEPLEXOLV TIC A&€eLc alas poor Yorick
" Year = 1601 eival mapadeypa evog nediovu (field)
= Entiong, author last name = shakespeare, kKAnt

" Epwtuata  pe  medila  (MOPAUETPKA epwTApaATa) ouvnBwG
gppunvevovtal we oulevuktika (conjunction, oUvdeon pe AND) mpemel
va Loyuouv oAa



Ked. 6.1

[Tapapetpkn avalntnon

Bisliographic Search

T T —
Asther Sewxpie: Widews, J ov wrcla- Motea

Tate Also 3 zart of 4 e pousivle

ETRpie: 1awt o8 iaeT e siees it Be wmthin du doctraan spweed (3 befooe 1nd xdur 1997 eapecsiets
Dane sf galibcaticn ,

Lasgssae LE-;‘-'!: ? doctsmers nw nTIRS 12
Project o 2
Trge TAnY -
Sabjoct groap  ANY v
Seoeted Uy [ of pebicuion B

[ Fedscumen o)
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Zwvn

" H {wvn (zone) gival pa teploxn evoc eyypadou mou TEPLEXEL KELUEVO,
Y.,
= Title (titAog)
= Abstract (mepiAnyn)
= References (avadopeg) ...

= [TPEMEL VOL TPOTIOTIOLCOULE TOL EUPETHPLOL WOTE VA ETILTPEPOUUE OYXETLIKA
EPWTNAHOTA OTIWG
= i, Bpeg €yypada pe tov 0po «merchant» otov TTAO TOUC yLa TO EpWTNUA
«gentle rain»

= Entiong xpnotwua av 6€Aovpe va Swooupe LeyaAvtepo Bapoc o€
euPavioelc Opwv otov TITAo N otnv mepiAnyn



Eupetnplo medlou

* Eupetnplo mnebiov (Field index) A mopapeTpkd gupetnpLo (parametric
index): kataxwpnoeLc (postings) yia kaBe medio
* Juyva €1dLkov tuTtou (ry 6évtpa SLacTANATOC yLla NHUEPOUNVIES)

Baowko eupetniplo {wvnec encoded oto Ag€Lko (SLodbOpETLKEG
ALOTEC KOTAXWPNOEWV)
Eva eupetnplo ya kabe (wvn/medlo:

}«n am abstrac 11 121 1441 1729

william. title

william.author iy




Ertexktoon Katoxwpnoewv

H mAnpodopia {wvnc otic Alotec kataxwpnong:

william

2. author, 2 tithe

3.author

4 tite

A.author

= To MPWTO KAAUTEPO YLO TIOLPAUETPLKA EPWTHHOTO
" To deUTEPO KAAUTEPO YL UTTIOAOYLOMO «EVLALOC» CUVAPELOC

Ked. 6.1
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BaBuidbwta (OLaoTpwWHOTWHEVA) EVPETNPLA
(Tiered indexes)

Baowkn Wea:

= Kataokevalovpe Stadopa enineda/Babuidec anod supetnipla,
OTIOU TO KAOEVOL OVTLOTOLXEL OTN ONUAVTILKOTNTO TWV OpWV

" Katd tn SLapKEL TNG EMEEEPYAOLOC TOU EPWTNHATOC,
= Apxiloupe amo tnv upnAotepn Babuida
= Av to gupetnpLo TN uPnAotepnc Babuidacg, Exel TouldxLotov
k (rt.x., kK = 100) artoteAEoATO: OTALATO KoL EMECTPEYPE AUTA
TOL ATIOTEAECUATO OTO XPAOTN
= AAWC, av €XOUUE BpeL < k Taplaopato: emaveAape tnv
avalntnon otnv enopevn Baduida

104



BaBuidbwta evupetnpLa

Nopadelyua
Eotw 2 BaBuidec
" BaBuida 1: Eupetnplo yla 6Aoug Toug TitAoug N HE Ta Eyypada
ue peyalo tf.idf n pe ta eyypada pe peyaio g(d)

= BaBuida 2: Eupetnplo yla ta utoAouro eyypada N e Ta
gyypada pe pkpo tf.idf n pe ta eyypada pe pikpo g(d)



BaBudwta evpetnpLa

auto »  Doc?2
Tier 1 best
car » Doc1 » Doc3
insurance » Doc?2 » Doc3
auto
best »  Doc1 » Doc3
Tier 2
car
insurance
auto » Doc1
Tier 3 best
car »  Doc?2
insurance
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BaBuidbwta evupetnpLa

* Hyxpnon Babudbwtwv supetnpiwv Bewpeital wg Evag amo
TOUC AOYOUC TTOU N TTOLOTNTA TWV ATTOTEAECUATWY TOU
Google Rtav apylkd onpavika kaAvtepn (2000/01) amno
QUTAV TWV AVIOYWVLIOTWYV TOUC.

= podl pe to PageRank, tn xprion tou anchor text kat
NMeEPLOPLOUWY B€oswv (proximity constraints)



2UVOUOMOC OLAVUOUATIKNAC OVOKTNONC

MNw¢ ouvbualouvpe TNV avaktnon ppacewv (Kol YEVIKA TNV
gyyuTNTO OpWV — proximity queries) pe T SLOVUGUATIKA
avaktnon;

" Window: To LKPOTEPO TAPABUPO TTOU TIEPLEXOVTAL OAOL OL OPOL TOU
EPWTNUOTOC LETPNUEVO WC To TTANBO0C Aé€swv Tou TTapaBupou

= Xpnion otn dtdtaén tov peyEBouc tou mapabupou — nwc?

= Me karmnolo otaBuLlopévo abpolopa?

Nwc ouvbualoupe tnv Boolean avaktnon pe tn SLaVUCUATLKN
aVAKTNON;

= M.x., AND fj NOT
MNw¢ cuvbualouvpe Ta * pe tn SlavuopaTLKN AVAKTNON;

Evidence accumulation



[ToANamAoOL TOpAYOVTEC

= Yuvbuaopol score mtyx Le Bapn

" [lw¢
" Y& OPLOUEVEC EPOPUOYEC ATIO XPIOTEC
*= Machine learning (aAyoptBpotl pabnong)



Eretepyaoia epwTNUATOC

AvVOoAUTAC epwTNUATWV (query parser)

Napadelyua rising interest rates

1. EKTEAEOE TNV epWINMA WC epwTnra dpaonc “rising interest rates” ko
KOTOTOEE TAL OTTOTEAECUOTA XPNOLULOTIOLWVTOG OLOVUCUOTLKN
BaBoAdynon

2. Av dev utdpYouV OPKETA ATIOTEAECUATA, EKTEAECE TO EPWTNHA WC 2
epwtnuoata ppaocelc: “rising interest” ko “interest rates” kat kotatate ta
QTOTEAECUATO XPNOLUOTIOLWVTAC Slavuopatikh BabpoAoynon

3. Av 8&ev UMtApPYOUV OPKETA ATIOTEAECUOTO, EKTEAECE TO EPWTNMA WG
OLAVUOLLO KOL KATATOEE TOL ATOTEAECATO XPNOLULOTIOLWVTAG SLOVUCUATLKN
BaBuoAoynon

MropoUpe Twpa yLa ta eyypada rnov spdaviovtal O oPATTAVW oo EVa
Qo ta mopanavw BApoata va cuvdéuaocoupe (aBpoicoupe) toug fabuouc
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[TANpec ovotnua avalntnonc

MNpo-enefepyaoia

I . Parsing | user qusry |
! ngmstu:s J:L Results
_..Documents g ﬂ - [Free text query parser: )|  page
F !
: — 4
: Document Indexers :/: Spell curractic:n| | Scoring and rankingﬂ
cache / -

s
Metadata in | Inexact Tiered inverted Scoring
zone and top K - ) k-gram —
teld indexes | retrieval positional index parameters raining
Indexes MLRE set

Evpetrpla (mapaAAoyEg Tov
OLVTECTPAMUEVOU EVPETNPLOV)



[TANpec ocvotnua avalntnonc

TLexoupe NON O€L:

" Mpo-enetepyaocio Twv eyypadpwv

= Eupetnpla Boswv (Positional indexes)

= BaBudbwrta evupetnptla (Tiered indexes)

= AopBwoelc opBoypadikec (Spelling correction)

" Fupetnpo k-ypoppatwy (ylo epwtnpato pe * ko
opBoypadikec dlopBwoeLc)

" Enetepyaoia epwtnUATWY

= BaBuoAoynon syypdadpwv



Q2 MAPOY2IAZOYME TA ANOTEAEZMATA 2710
XPH2TH;
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Kedp. 8.7

[MeplAnPeLc amoteAeopaTWY

= AdoU €xoupe dLatacel ta eyypado mou tatplalouv YE To
£pWTNMA, OEAOLE VO TO TTAPOUCLACOUUE OTO XPNOTN

= [1lo cuyva W pLa Atota amno tithouc eyypadwyv, URL, padl pe
ua pkpn teptAnwn (result snippet), aka “10 blue links”

John McCain

John McCain 2008 - The Official Website of Jehn McCain's 2008 Campaign for President ... African
American Coalition; Americans of Faith; American Indians for McCain; Americans with ...
www.johnmecain.com - Cached page

JohnMcCain.com - McCain-Palin 2008

John McCain 2008 - The Official Website of Jehn McCain's 2008 Campaign for President ... African
American Coalition; Americans of Faith; American Indians for McCain; Americans with ...
www.johnmecain.com/informing/lssues - Cached page

John McCain News- msnbc.com
Complete political coverage of Jehn McCain. ... Republican leaders said Saturday that they were

waorried that Sen. John McCain was heading for defeat unless he brought stability to ...
www.msnbec.msn.com/id/16438320 - Cached page

John McCain | Facebook
Welcome to the official Facebook Page of John McCain. Get exclusive content and interact with John

McCain right from Facebook. Join Facebook to create your own Page or to start ...
www.facebook.com/johnmecain - Cached page
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[MeplAnPeLc amoteAeopaTWY

* H meplypadn tou eyypadou eival kpiotr yLott cuxva ot
xpNotec Baoiloviol o€ UtV yLa va armodacioouv av To
eyypado gival oXeTKO

* Ae xpeltaletal va StaAE€ouv Eva-Eva ta yypada PE TN OELpA

O titAoc¢ avtouata ano uetadedoueva, dAra nwc va
UTTOAOYIOOUUE TIC TTEPIANYELG;

Kedp. 8.7



Kedp. 8.7
[MeplAnPeLc amoteAeopaTWY

AUo Baoka eldn meptAnPewv

" Muwa otatikn rteptAndn (static summary) evoc
eyypadou sival mavta n wwa aveéaptnto aro 1o
EPWTNUO TIOU €Bg0E 0 XpNOTNG

" Muwa duvaptkn teptAnbn (dynamic summary)
eéoptatal ano to epwtnua (query-dependent).
MpoonaBel va eEnynoet yuati to €yypado
aVaKTNONKE yloL TO CUYKEKPLUEVO KABE dpopa
EpWTNUAL
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Kedp. 8.7
2TaTKEC MeplAndeLc

" Je €va TUTILKO ouoTnua n otatikn tepiAnydn eivat eva
UTtOOUVOAO ToU gyypadou

" ATAOC EUPLOTIKOC: OL TPWTEC rtepimou 50 Agéeic Tou eyypadou
= cached kata tn dnuLlovpyla Tou EVpeTNPioU

" o e€eAlypevec peBodol (text summarization) — Bpec amo
KABe EyypadOo KATTOLEC ONOVTIKEC TIPOTAOELC
" AmAnR YAwoooAoyikn ene€epyacia (NLP) pe evplotika yia va BaBpoAoynOet
kKaBe nmpotaon (mAnpodopia Bonc: mpwtn Kat teAeutaia mapaypadoc,

TIPWTN KOl TEAEUTOLO TTPpOTACN OTNV IaPAypado, KAl TIEPLEXOUEVOU:
ONMUOVTLKEC AEEELC)

»  HnepiAnyn amoteAeital ano TL¢ MPOTACELS UE TO HeEYAAUTEPO PaBUO
» 'H ko 1o mepimAokn YAwoooAoylkn enegepyacia ya tn
ouvBeon/dnuovpyia epiAnyPng



Kedp. 8.7
Avvapikec MepltAndelc

* [apouciooe eva N neplocotepa «tapadupa» (windows,
snippets) pEoa 0to £yypado TTOU VAL TIEPLEXOUV OLPKETOUC aTtO
TOUC OPOUC TOU EPWTNMOTOC

= “KWIC” snippets: avamnapaotaon Keyword-in-Context

. Christopher Manning, Stanford NLP
0 (_) 8 e |chri5ﬂ3pher manning Christopher Manning, Associate Professor of Computer Science and Linguistics, Stanford
University.

nip.stanford.edu/~manning/ - 12k - Cached - Similar pages

Christopher Manning, Stanford NLP

GO LJ le christopher manning machine translation Christopher Manning, Associate Professor of Computer Science and Linguistics, ...
computational semantics, machine translation, grammar induction, ...

nlp.stanford.edu/~manning/ - 12k - Cached - Similar pages

’ gy vy Christopher Manning. Stanford NLP
Y HOO ‘ chrlstﬂpher manning Christopher Manning, Associate Professor of Computer Science and Linguistics,

Stanford University ... Chris Manning worlks on systems and formalisms that can ...
nlp.stanford.edu/~manning - Cached
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Kedp. 8.7

Avvokec MeptAnPeLg

" ['La. TOV UTTOAOYLOMO TOUG ypetalouaote ta (dla ta Eyypapa
(6ev apKkel To evpeTPLO)
= Cache gyypadwv — TTOU TIPETIEL VO AVAVEWVETOLL
= Juyxva OXL OAo To €yypado av eival ToAU peyalo, aAAd KATIOLO
npoBepa Tou
" Bpec pkpa mapaBupa ota Eyypada ToU TEPLEXOUV OPOUC TOU
EPWTAUOTOC
= Artattel ypnyopn avalntnon nopabupou otnv cache twv
geyypadwv



Kedp. 8.7

Avvokec MeptAnPeLg

= BaBoAoynoe kaBe mapdBupo wc PO To EpWTNHA

= Me Bdaon dtddopa XopaKTNPLOTIKA: TO TTAATOC Tou TtapaBupou, TN
B€on tou oto £yypado, KAT
= JuvdUaoE Ta XOPOKTNPLOTLKA

* AUoKoOAO va ekTLUNBEl n moloTNTA
= Positional indexes (words vs bytes)
= O Ywpocg mou dlatiBetal yia ta mapabupa eival pKpOC
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Kedp. 8.7

Avvopikec MNeptAnelc

Snippets (in bold)
that were extracted from a document: . . .
In recent years, Papua New Guinea has faced severe economic difficulties and
economic growth has slowed, partly as a result of weak governance
and civil war, and partly as a result of external factors such as the
Bougainville civil war which led to the closure in 1989 of the
Panguna mine (at that time the most important foreign exchange
earner and contributor to Government finances), the Asian
financial crisis, a decline in the prices of gold and copper, and a fall
in the production of oil. PNG’s economic development record
over the past few years is evidence that governance issues
underly many of the country’s problems. Good governance, which
may be defined as the transparent and accountable management of
human, natural, economic and financial resources for the purposes
of equitable and sustainable development, flows from proper public
sector management, efficient fiscal and accounting mechanismes,
and a willingness to make service delivery a priority in practice. . . .



Quicklinks

* [La. navigational query (otav YaxvoUuE ULO CUYKEKPLUEVN
oedida) onwc united airlines ol Yprioteg mBavov va
LKovoTtolouvtal amo th oeAtda www.united.com

 Quicklinks mapgxouv navigational cues oe auth tn oeAida

GO{ ;8[(—} united airlines

Web [ Show options

United Airlines Flights
e One Travel com/United-Airlines  Save $10 Instantly on United Airlines Airfares.

United Airlines - Airline Tickets, Airline Reservations, Flight ...

Airline tickets, airline reservations, flight airfare from United Airlines. Online reservatior
airline ticket purchase, electronic tickets, flight search, ... 4 Show stock quote for JALA
wirn united .com/ - Cached - Similar -

Search options Eaggage
EasyCheck-in Cnline  Services & information
Mileage Flus [tineraries & check-in
My ifineraries Flanning & booking

hore results from united .com » 122



http://www.united.com/

¥YVCL = Videu Ll R ey e L L IV e

YA_HOO_’@ ‘ united airlines

%~ Search Pad

W SearchScan - On

102,000,000 results for
united airlines:

% Show All
& nited Air Lines

W Wikipedia

s 4

Also try: united airlines reservations, united airlines flight, More...

United Airlines - Airline Tickets, Airline Reservations ... (Nasdag: UAUA)
Official site for United Airlines, commercial air carrier transporting people, property,

and mail across the U5, and worldwide.
wiried United.com - B2k - Cached

Flanning & Booking shop for Flights
lfineraries & Check-in Special Deals
Mileage Plus Flight Status

senvices & Information Customer Service

more results from united com »

D, T

M AIR

Lnited Airline
Fleet

Lnited Airline
Schedule

Lnited Airlines
Reservations

Lnited Airline Jobs

Reference

FELATED SEARCHES

UInited Airlines Flight
Status

Us Airways
Continental Ajrlines

united airlines

ALL FESULTS

Cheap Flight Tickets - www. CheapOair.com
CheapOair- The Only YWay to Goll Find Cwer 18 Million Exclusive Fares.

Flv United Airlines - www. OneTrawvel com/United-Alrline
Save $10 Instantly on United Airlines Flights. Book Mow, Hurry!

Eest match

United Airlines - Alrline Tickets, Airline Feservations, Flight ...

iy united com - Official site

Airline tickets, airline reservations, flight airfare from United Airlines. Online reservations,
airline ticket purchase, electronic tickets, flight search, fares and availability ...

Flights Redeem miles

Check In Onlinge Children, pets, & assistance
by itineraries Change your travel plans
Bagnane Special deals

Customer service 800-364-83331
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EVOAANOKTLKEC QVATIAPOOTAOELC;

Web |mages Video Local Shopping Mews more

YaHoOOL!.

| uni Search

united airlines » UNITED AIRLINES - AIRLINE TICKETS,...

- Airline tickets, airline reservations, flight airfare fram United Airlines.
univision Online reservations,. ..

T University of phoenix www.united.com
asian unicorn
MORE IHFO

universal studios _ _

_ ) Flights Check In Online
united states postal service Mileage Plus My Itineraries
united healthcare Baggage Fedeem Miles
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TEAOZ 6°V - 7°V KedaAaiou
TEAOZ (tpApatoc) Kedaiaiouv 8

EpwtnoeLc?

XpnotuorotfOnke KAmoLo UALKO TwvV:
v’ Pandu Nayak and Prabhakar Raghavan, CS276:Information Retrieval and Web Search (Stanford)
v’ Hinrich Schiitze and Christina Lioma, Stuttgart IIR class

125



