Introduction to

Information Retrieval

MYEOO3-MAE70: Avaktnon NMAnpodopiac
Aldaokouoa: Evayyelia Mitoupa
AlaAeén 6-7: BaBuoloynon. Ztabuion opwv. To povteAo
Sdlavuopatikol Xwpou.



Tt Ba dovpue onuepa;

= BaBuoAoynon kol katataén eyypadwv

= >taBuon opwv (term weighting)

= Avamapaotoon yypadwy Kol EpWTNHUATWV
wc¢ dlavuopata
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Boolean MovteAo

= MexpLTwPa, TOL EPWTNHATA IOV £i0ape ntav Boolean.
= Ta eyypada eite Topldlouv 0To EPWTNUA, ELTE OXL

* Ta Boolean epwtripota cuxva €XoUV £LTE TOAU Alya

(=0) elte mapa moAda (xl\adeg) amoteAeopata
(“feast or famine”)

" Epwtnua 1: “standard user dlink 650” = 200,000 hits
= Epwtnua 2: “standard user dlink 650 no card found”: 0 hits

= Xpelaletal emde€lotnta yia va Statunwel pia
£PWTNON TIOU EXEL WC ATTOTEAECHA VL SLOXELPLOLLLO
apLOUO TALPLACUATWY
= AND 1oAU Alya - OR ntapa toAAd
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Boolean MovteAo

= KataAAnAo yio etdikouc pe oodn KAtavonon tTwv
QVOYKWV TOUC KOlL YVwon tThS oUAAOYNC

= Emiong, KoAn yia epapLoyec: ol ebappoyEC UtopolV va eTteéepyactolV
XIALAOEC ATOTEAECUATWV.

= AAAQ, OXL KATAAANAN yLa TNV Aoy ndia Twv xpnotwv

= Eivat SUOKOAO yLOL TOUG TIEPLOCOTEPOUC XPNOTEC va Sltatutwoouv Boolean
EPWTNHOTA
= OLmepLoootepol XpNotec dev BEAoUV va SLaxeLPLOTOUV XLALAOEC
QamoTeEAEoUATAL.
" |dLaitepa otnVv MepUTTWOon Twv avalntrnoswyv oto web
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Movtela dtafadulopevnc avaktnong

" Avti evOC cuvOAou eyypadwV MOV LKAVOTIOLOUV TO EpWTNUA,
n dtaBaduiouévn avaktnon (ranked retrieval) emiotpedel
ua dataén Twy (kopudailwv) yla tTnv epwtnon eyypadwy tng
oUAAOYNG

= Otav 1o cUoTNUA TTOPAYEL Eva OLATETAYUEVO GUVOAO
QTTOTEAEOUATWY, TA HEYAAQ ocUVOAa Sev amote AoV
nPOoBANUa
= Aeixyvoupue anmAwc ta kopupeaia (top) k ( = 10) amoteAéopata
= Aev mapadopTWVOULE TO XpHOoTh

MpoUnoBeon: o alyoplBuoc dtataénc va Soulelel
owoTa
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Movtela dtafadulopevnc avaktnong

= Av kat Stadpopetika Bepata, n Staabulopevn
avaktnon ouvNOwc He epwtiuata eAcUGepou
KELUEVOU
" Fopwtnuatoa eAevfepou Keluevou (Free text queries): Mia n

TMEPLOCOTEPEC AEEELC O€ pLaL dUOLKN YAwooa (avTi yia pia
YAWOOO EPWTNUATWY HE TEAEOTEC KOl EKPPATELC)



Ked. 6

Introduction to Information Retrieval

BaBuoAoynon wc Baon tnc
StaaOulopevnc avaktnong

" @cAoupe va eMLOTPEPOUUE TA amOoTEAEOHATA
dlatetaypeva pe Baon to mooo mdavo gival vo gival
xpnouwia ato xpnotn (ocuvaen UE 10 EpWTNUA)

* Mwc dtataocovpe-dtaabuifoupe Ta eyypada ULog
oUAAoYNC UE Baon Eva epwtnua
= AvabBetoupe €va Babpo (score) — ac moupe oto [0, 1] — o€
KAOe eyypado
" AUTOG 0 BaBuoc petpad moco kaAa to yypado d
“taplalel” (match) pe to epwinua g



BaOpoc talplaopatoc EpWTNLLOTOC-

gyypadou

= XpelalOpOoTE Eva TPOTIO Yo va avaBEcou e eva
BaBuo oe kaBe (evyoc epwtnuatoc (g), eyypadou (d)

score(d, q)

v Av Kavéva 0poc Tou pwtnpatoc Sev pdoaviletol oto
gyypodo, Tote o BaBuoc Ba mpemel va eival 0

v ‘000 o ouyva epdaviletol 0 6POC TOU EPWTAHOTOC OE Eva
eyypado, T000 UeyaAutepoc Ba mpeMeL va elval o faBpo¢

" Oa €£ETAOOVUE KATIOLEC EVOAAAKTLKEC YLOL OLUTO
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[MpoomnaBewa 1: ZuvteAeotnc Jaccard

YrtevOBupion: ouvnBlopevn peTpnon tne emkaiuvyng
dUo cuvoAwv A kol B

jaccard(A,B)=|AnB|/|AUB|

" jaccard(A,A)=1
" jaccard(A,B)=0ifAnB=0

= Ta A kol B dev exouv amnapaitnta to 1dlo peyeboc
= AvabBetel mavta evav aplOpo petoél tou 0 kat tou 1



Yuvteleotnc Jaccard: Mapadeyua

BaBuoloynong

" [loLog eivatl o BaBpoc TalpLACHATOC EPWTNMOTOC-
geyypadou pe Baon to ouvvteleotn Jaccard yla ta
TOLPOLKOTW;

" Epwtnua (q): ides of march

* Eyypado 1 (d1): caesar died in march

= Eyypado 2 (d2): the long march

Oa doUE KoL Evav TILO TTANPN TPOTIO KOVOVLIKOTIOLAONC TOU
LLAKOUC:

|IANB|/\/|AUB]|

10
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MNapadelypa

Molo eival 0 BaBuoc yia ta mapakatw (EVyn XPNOLULOTIOLWVTOC
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
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MpoBAnuata

= Jaccard 6&ev Aapfavel urt’ oYLV TNV cuyvoTHTO OPOU
(term frequency): mooec popec epdaviletal 0 OPOC
oTo £yypado

= AYVOEL TO YEYOVOC TTWC Ol OTTAVLOL OPOL TIEPLEXOUV
neploootepn mAnpodoplo armo O,TL oL GUYVOL.

12
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BaBpuoc eyypadou kal epwtnong

Metpo Babuoloyiog emkaAuPng
(overlap score measure)

Score(q,d)=>_  w(t,d)

eqnd

13
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2uyvotnta opou - Term frequency (tf)

H cuyvotnta opou tf, ,Tou 0pou i o€ eva gyypado d
opiletal wW¢ 0 aplOUOC Twv Ppopwv TTov To | epdaviletal
oto d (to mAnBoc twv epdavicewv Tov Opou t 0TO

eyypado d)

14
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MNapadelypa

Molo eival 0 BaBuoc yia ta mapakatw (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”

q: [red cars and red trucks]

d3: “cops stop red cars more often”

15
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2uyvotnta eyypadou (Document frequency)

OL OoTtAVLOL OPOL TTAPEXOUV TIEPLOCOTEPN TTANpOodopLa
Qo TOUC oLXVOUC OPOUC
" QuunOBeite ta stop words (dtakomtopeveg AEEELC)

" QewpPELOTE EVOV OPO OE ULOL EPWTNON TIOU ELVOIL OTIAVLOC OTN
ouAhovyn (mt.x., arachnocentric)

" To £yypado oV TIEPLEXEL ALUTOV TOV OPO Eival TLo Tboavo va
elvall TEPLOOCOTEPO CUVAPEC UE TO EPWTNMA ATIO EVa Eyypado
TIOU TIEPLEXEL EVAL ALYOTEPO OTIAVLIO OPO TOU EPWTNMATOC

— O€loupe va Swooupe peyaAUTtepo BAPOC 0TOUG
OTIAVLIOUC OpouC — aAAd twc; df

16
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Bapoc idf

= df,elval n ouyvotnta eyypadwv Tou t: 0 aplOpog
(mMANBo¢) twv eyypadwv TN cuAAoyNnC Tou
TEPLEXOUV TO

= df, elval n avtiotpodn peTpnon tng Anpodopiag mou
TIOPEXEL O OpOC |

. df, <N

= Opillovpue tnV avtiotpodn cuyvotnta eyypadwy idf
(inverse document frequency) tou t w¢

idf, = N/df,

17
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MNapadelypa

Moo eivan idf yua cars, red?

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”

18
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BaBpuoc eyypadou kal epwtnong

Score(q,d)=),  tfidf,

=  Meyadlo yia opouc tou epdavifovrtol moAAEC dopec oe Alya Eyypada
(neyaAn dtakpitikn Svvaun (discriminating power) o€ avtd ta €yypada)

= Mwkpotepo oOTav 0 0poc gudaviletal Alyec dopeg oe eva €yypado ) otav
endaviletal os moAAd Eyypada

=  To UKPOTEPO yLa Opouc Ttou epdavifovtal oxedov og OAa ta eyypoda

teqgNd

" Yrtapxouv MOAAEC AAAEC TTOPAAAAYES
* Nwc umoAoyiletal to “tf” (pe N xwpic log)
= Av bivetal Bapoc Kal 6TOUC OPOUC TOU EPWTIHUATOC

19
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>taBuion tf-idf

Moo eival to idf evoc opou mou spdaviletal os KAOe
eyypado (mowa n oxeon Ue stop words);

" tf-idf Twv mapakaTw Opwv:

Docl | Doc2 | Doc3

car 27 4 24
auto 3 33 0
insurance 0 33 29

best 14 0 17

20
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>taBuion tf-idf

Epwtnua g ab

Eyypada

d, a...b..

d, a..a..

d, a..a..b

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

Awataén??

21
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H entbpoon tou idf otn diataén

= To idf dev emnpealel tn SLATAEN EPWTNHUATWY HE EVA
0pO, OTIWG
= iPhone
= To idf emnpeadletl povo tn diataén eyypadpwyv Ue
TouAaylotov SUo O6pouc

* [ to epwtTnua capricious person, n idf otaBulon €xetL wg
amoTEAEoH Ol EUPOVICELS TOU capricious val LETPAVE
TMEPLOCOTEPO OTNV TEAKN SLataén Twv eyypadpwyv amo otL
ol epdavioelg tou person.

(€va €yypado Tou TEPLEXEL LOVO TO capricious glval Lo
ONUOVTLKO OItO €V TIOU TIEPLEXEL LOVO TO person)

22
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>taBuion tf-idf

Score(g,d) = Zteqmdtf.idft,d

Yrtapxouv TOAAEC AAAEC TTAPAAAQYEC
* NMwc vurntoAoyiletat to “tf” (pe N xwplic log)

= Av Sivetal Bapoc Kol oTouC OPOUC TOU
EPWTAUOTOC

23
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2uyvotnta opou - Term frequency (tf)

= H ouyvotnta opou tf, ;Tou opou t ot eva eyypado d
opiletal wW¢ o aplOUOC Twv Ppopwv Tov To t
eudaviletal oto d.

@dtdavel povo n cuxvotnta

= ‘Eva gyypado pe 10 epdavicelg evoc Opou eival Lo OXETLKO Ao eva
gyypado pe 1 epdavion tov 6pou .. AAAa givat 10 @QopEC TTLo OXETIKO;

= H oyetwkotnta (relevance) ev avéavel avadoya ue
TN ocuXvOTNTA OPOU

24
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>taBuion pe Log-ouxvotntog

* Hotabuion pe xpnon tou AoyaplBpou tng ouxvoTNTo
(log frequency weight) tou 6povu t oto d eivaul

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

= 050, 1->1,2->1.3,10~> 2, 1000 - 4, kAn
= O Babuoc yla eva (evyoc eyypadou-epWITNHOATOC:
aBpolopa OAWV TWV KOWWV OPpWV :

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

= O BaBuog eival 0 otav Kavevag armod Toug OPOUG TOU pWTNHATOC Sev epdaviletol oTo
eyypado
25
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>taBuion pe log-cuyvotntac

Epwtnua g ab

Eyypada

d, a...b..

d, a..a..

d, a..a..b

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

d, b ..

Awatoén??

26
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Bapoc idf

= Xpnowuornotovupe log (N/df,) avti yia N/df, yia va
«opaAomolooupe» tnv enibpoaon tovu idf.

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

27



Introduction to Information Retrieval

Napadewypa idf, Eotw N = 1 ekatoppUPLO

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,)

v' Ka&Be 6poc otn culloyn €xeL pa Tun idf
v' OAkn pétpnon (emiong, oANGZeL cuvEXWC)

28
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>taBuion tf-idf

= To tf-idf Bapoc evog Opou €lval TO YLVOUEVO TOU
Bapouc tf kat tov Bapouc idf.

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

= To mto yvwoto oxnua dtafabuionc otnv avaktnon
nAnpodoptloac
= EvaAlaktika ovoporta: tf.idf, tf x idf
= Audvel e Tov aplOpo epdavioswv tou 0pou oto £yypado
= AvuAvel PE TN OTAVIOTNTA TOU OpOoU

29
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2uyvotnTa cUAAOYNC Kall Eyypadou

" Houyvotnta cuAdoync evog opou t eival o apltBuoc
TwV epdavioewy Tou t otn cuAAoyr, LETPWVTOC Kol
TLC TTOAAQTTAEC epdavioelg

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

= Mowa A&€n etvall kaAUTtepoc opoc avalntnong (ko
TPETEL VO EXEL PeyaAUTEPO Papoc)?

30
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Bag of words model

= H tf-idf StafaBuion dev e€etalel tn duataén tTwv
AE€ewv o€ eva eyypado
" John is quicker than Mary Kol

" Mary is quicker than John
Exouv ta ibla Stavuopata

= AUTO Agyetal povtedo ocakou Aecewv (bag of words
model) — €xeL onuaocia o aplBUOC Twv epdAVICEWVY
aAAd oxL n duataén

" QOa slodyoupe Anpodopia BEonc apyotepa

31



Avadlkn pntpa cuuntwonc (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)

32
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O mivakoC KE LETPNTEC

" Qswpovpe tov tf, aplBuo (mAnboc) Twv epdpavicewv
EVOC OPOU O€ eva Eyypado:
= KaBe éyypado sival éva Bravuopa petpntwv pto NIV pa
oTNAN TMAPAKATW

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
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O mivakag e fapn

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

34
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ArtoUnkeuvon

= [lou uTtdpyxeL autn N TAnpodopla oto cvoTnuUa
avaktnonc mAnpodoplogc;

35
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To eyypada we OLVUOHATO :vector

space model)

Exoupe eva |V |-6laotato SLaVUOUOTLKO XWPO
= OLo0pol eival oL a&oveg autol TOU XWPOoU
" Ta eyypada eival ocnueia n StavuopaTa 0€ ALUTOV TOV XWPO

" [ToAU peyaAn didotaon: Sekadec ekatoppUpLa SLLOTAOELC
oTnV nepintwon tTng avalntnong oto web

= [loAU apatd Stavuopato — ol teEpLocoTeEPOL Opol eival 0

36
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Opototnta SLAVUCUATWY

[Mpwtn Mpooeyylon: anootacn HeToéy duo
SLOVUOUATWV

= EukAeidelo anootaon;

= Agev elval KaAn Wea — elval LLeyain yla dtaviopota
SLoPOPETLKOU UNKOUG

37
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[Tl N anootaon O&v elvatl KaAn LOEa
GOSSIP do

,1 L

H EukAeibela
anootacn HeTay

—> —>
TOU g KoL Tou d,
elvall peyain av ko
N KOTOVOUN TWV
OpwV €ivol

napopoL

d3
= JEALOUS

38
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Xprion TnC ywviac avtiL TG amootaonc

" Eotw €va eyypado d. Qc mapadslyua, umtoBeote OTL
Kavoupe append to d otov eauTto Tou Kal €0tw d’ To
KELWLEVO TTOU TIPOKUTITEL.

= “Ynuoactoloykd” to d kot to d’ €xouv to 16Lo
TEPLEXOUEVO

= H EukAeidela amootoon HeTaél TOUC UTTOPEL vaL lval
TTOAU PEYAAN

* Hywvia opwc eivat 0 (avtiotolxel otn peyoAutepn
opoLoTNTA) => ¥PAon TNC ywviog

39
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ATIO YWVLEC O€ cuvnuitova

50 uo 150 200 250 300 350

40
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Opolotnta eyypadwv
Dot product Unit vectors
~
od d d "ldd

sim(d’,d) =cos(d",d) = \:T

NS Jz'_l.

q; eivaw 1o tf-idf Bapog tou dpou i otnv epwtnon
d; eival 1o tf-idf Bdapog tou dpou i oto €yypado

cos(d,d) is the cosine similarity of @’ and d ..
equivalently, the cosine of the angle between Zf’ and d.

41
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Napadelypa

Mota eival ot SuxvotnTa Opwv (LETPNTEC)
opoLotnTa pHetadu

T £pywy -m

affection
SaS: Sense and
o jealous 10 7 11
Sensibility |
gossip 2 o) 6
PaP: Pride and |
wuthering 0 0 38

Prejudice, and
WH: Wuthering
Heights?

42
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MNapadeypa (ouvexeLa)

fia andonolnon be Ba BT T TR
xpnoornojcoupe Ta idf Bapn affection 115

/ jealous 10 7 11

Log frequency Bapoc (log tf) gossip 2 0 °

wuthering 0 0 38

ECEESNEENE

affection 3.06 2.76 2.30 , ,
Meta TV Kovovikomolnon

jealous 2.00 1.85 2.04
gossip 1.30 0 1.78 m
wuthering 0 0 2 5g affection 0.789 0.832  0.524
jealous 0.515 0.555 0.465
Mnkog gossip 0.335 0  0.405

J/3.062 +2.002 +1.32 + 02 ~ 3.88

SAS = wuthering 0 0 0588
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MNapadeypa (ouvexeLa)

-lﬂ
ErEEmETEETE e ¢ C
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 + 0.515 x 0.555 + 0.335 x 0.0+ 0.0 x 0.0
~ 0.94

cos(SaS,WH) = 0.79 Mot cos(SaS,PaP) > cos(SaS,WH)?
cos(PaP,WH) =~ 0.69

44
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Kowvovikomolnon Tou HNKOUC

* ‘Eva SLavuopo PToPEL va KavovikoTtoltnBet Slapwvtag ta
OTOLXELO TOU ME TO MNRKOG TOU, UE Xprnon tng L, vopuag:

X, =y 2%

" Awopwvtag eva dStavuopa Pe tnv L, vopua to Kavel povadlaio
= ()¢ amoTeEAECUQ, ULKPO KOl UEYAAQ Eyypapa Exouv ouykpioua Bapn
" [la SLavUopoTa TTOU £XOUUE KOVOVIKOTIOLOEL TO UNKOC TOUC

(length-normalized vectors) to cuvnuitovo eival amAwc to
eowTePLKO ywvopevo (dot or scalar product):

cos(d',d)=d'ed =S""d" d

- i=1 |
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Ta epwtnpata wc dtavuopota

"= Baowkn W0ea 1: Edappolovpe to LOLo Kal yla ta
epwtnuata, 6NAadn, avamaploTOUUE Kol TA
EQWTNUATA WC SLVUCUATO OTOoV (010 YwpPOo

= Baowkn WOea 2: AtaBaduion twv eyypadwv pe faon
TO TTOOO KOVTIQ ELvVOL OTNV EPWTNON OE QLUTO TO XWPO

= Kovtlvd = opolotnta SLaVUOUATWY

= Quolotnta = avtibeto tng amootaong

46
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ATIO YWVLEC O€ cuvnuitova

" OLTOPOKATW EVVOLEC €lval LOOOUVAUEC:
* AtafaBuion twv eyypadwv o dpBivouoa dtataén pe Baon
N ywvio peTtal Tou eyypadou Kol TOU EPWTAMATOC
" AtafaBuion twv eyypadwyv os avéovoa dlataln e faon

TO UV ULTOVO TN ¢ ywvioc PETAEL TOU eyypadou Kol Tou
EPWTAMOTOC

= Yuvnuitovo povotova ¢pOivovoa cuvaptnon oto

Staotnua [0°, 180°]
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cosine(query,document)

Dot product Unit vectors

\5 )L v

q d > ad

i fal [ ‘V_‘lq.J 'd

q; eivaw 1o tf-idf Bapog tou dpou i otnv epwtnon
d; eival 1o tf-idf Bdapog tou dpou i oto €yypado

cos(q,d) =

cos(q,d) is the cosine similarity of g and d.
equivalently, the cosine of the angle between 7and

48
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Opolotnta cuvnuitovou

N
/
<l

~~
S

; Z’ > V(ds)
> RICH

49
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Computing cosine scores

COSINESCORE(Qq)
1 float Scores[N] =0

2  float len gt h [ N ] MIiKo¢ epypd@ou (TapdyovTes KaVoVIKOToinonc)

3 for each query term t oopeon cpomeosope femar
4 do calculate wt ¢ and fetch postings list for t
5 for each pair(d,tf;4) in postings list

6 do Scores[d|+ = wi g X Wt g

7/ Read the array Length

8 for each d

9 do Scores|d] = Scores|d]/Length|d]
10 return Top K components of Scoresl|| .



Introduction to Information Retrieval Ked. 6.3

Ocpata

" [Tou amoBOnKeVOUUE TLC CUXVOTNTEC;

= Mua kaAn} doun yia Tov uTtoAoyLopo tou top-k?

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

= EvaAloktikn pebBodo: eyypado-npoc-eyypado
(document-at-a-time)

[eplooOTEPO OTN CUVEXELA ...
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MNeplAnyn BaBuoAoynonc oto
SLOLVUGOTLIKO XWPO

= Avamapaotoon ToU EPWTINHMATOC WC Eval
StaBaBuiopevo tf-idf Stavuopa

= Avamnapaotaon kabe eyypadou wc Eva
StaBaBuiopevo tf-idf dtavuopa

= YrtoAOyLoe to cuvnuitovo yla kaBe (euyog
EPWTAMATOC, EYYpAPOU

= Alatoge ta eyypada pe faon avto to Babuo

= Eneotpede ta kopudaia K (r.x., K =10) eyypada oto
(elaleady
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NapaAlayecg tnc tf-idf otaBuionc

Term frequency

Document frequency

MNormalization

n (natural) tfra n (no) 1 n (none) )
| (logarithm) 1+ log(tf: q) t (idf) log % c (cosine) )
v wf + w§ +...+ w_f,l.
0.5xtf, 4 : N —df : /
a (augmented) 0.5+ ——== | p (prob idf) max{0, log t1 | u (pivoted 1/u
max¢(the,q) e unique)
b (boolean) L ifthed >0 b (byte size) 1/CharLength”
0 otherwise o1 ’
L (] 1+log(tfe 4)
(log ave)  TimogGavescaliizg)

Moti dev €xel onuaoia n Baon tou AoyapiBuou;
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Ked. 6.4

Introduction to Information Retrieval

Kavovikomolnon YE YEYLOTN
ouxvOoTNTA OPOU

Eotw T 0 toLo cuxVvVOC O0pocC o€ eva eyypado d Kol tfmax(d) n
ouxXVOTNTA TOU

AlapoUpe tn ouxvotnta tf, ;kaBe 6pou  0To d UE AUTAV TNV TLUN

Muati;
2Ta peyaAa eyypada HEYAAEC CUXVOTNTEC OPWV ATTAWC YLaTL
UTTAPXEL ETTAVAANYN

I'IpoB?\r] pota:
Aotabnc (ry tpomonoinon stopwords)
= |Slaitepn AE€EN (outlier) mou eudaviletal ouyva
= [lpémnel va uttapyxel Stadopa avapeoa o€ eyypada pe opolopopdn kot skewed

KOTOLVOLA
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Introduction to Information Retrieval

Kavovikomolnon YE YEYLOTN
ouxvOoTNTA 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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NapaAlayecg tnc tf-idf otaBuionc

Term frequency

Document frequency

MNormalization

n (natural) tfr g
| (logarithm) 1 + log(tf:.q)
0.5xtf, 4
a (augmented) 0.5+ T )
1 iftfyg >0
b (boolean) {0 otherwise
1+log(tfs 4)
L (log ave)  myioglavescyliiea)

n (no) 1
t (idf) log %

p (prob idf) max{0,log

N

—df;
df

j

n (none) 1
c (cosine) .
Wi+ Wi,
u (pivoted 1/u
unique
b (byte size) 1/Charlength”,
a <1
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2Ta0uLon EpWTNUATWY Kol Eyypadwv

" [MoAAEC unxavec avalntnong otadbuilouvv
SLaPOPETLKA TIC EPWTNOELC ATIO TA Eyypada

= JupBoAlwopo: ddd.gqg, pe xprion Twv AKPwWVU LWV TOU
nivoka (mpwTta 3 ypappata eyypodo- emopeva 3
sp(brr] |J.OL) ouUXVOTNTA OPOU-CLUXVOTNTA EYYPADWV-KOVOVLKOTIOLNON

= Juyvo oxnua : Inc.ltc

= ‘Eyypado: logarithmic tf (l), no idf (n), cosine
normalization (c) 4%

Mol

idf: oAtko ueyedoc
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2Ta0uLon EpWTNUATWY Kol Eyypadwv

2UXVO oxnua : Inc.ltc

= ‘Eyypado: logarithmic tf, no idf, cosine
normalization

= Epwtnua: logarithmic tf (1), idf (t), cosine
normalization (c)
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ErtavaAnyn

= AlaTtoén AmoOTEAECUATWY

" To SLVUOLLATIKO LOVTEAO
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MNapadelypa

Epwtnua: best car insurance
‘Eyypado: car insurance auto insurance

Epwtnua (Query) ‘Eyypago Prod

N = 1000K

tf-raw  tf-wt df idf wt nllize tf-raw  tf-wt wit n’lize
auto 0 0 5000 2.3 0 0 1 1 1 052 0
best 1 1 50000 13 13 0.34 0 0 0 0 0
car 1 1 10000 2.0 20 052 1 1 1 052 0.27
insurance 1 1 1000 3.0 3.0 0.78 2 1.3 1.3 0.68 0.53

MFI]KOQ Epw'[r']ua'[oq = \/02 +1.3° +2.0° +3° = 3.8
Mrkog Eyypddou = 12 +02+12+1.32 ~1.92 Inc.ltc
Score = 0+0+(0.52*0.52=)27+(0.78*0.68=)0.53 = 0.8
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Tt aAlo Ba dovpue onpepa

= @gpato VAomoinong
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Emtektaon Kataxwpnoswv

BruTUS —

CAESAR —

JALPURNIA | —

1217,3]183,1|87,2
1,115,1(13,1 17,1
7,118,2(140,1197,3

" JUXVOTNTEC OPpWV

2e kKaBe kataxwpnon, anobrikevon tou tf, ; emupocOeta tou

doclID ,

" H ouyvotnta idf, armodnkevetatl oto Ag§ko padll pe tov opo t
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YrtoAoylopoc ava eyypado (document-at-a-time)

" (document-at-a-time) MmopoU e va SLOTPEXOUE TLG ALOTEC
TWV OpWV TOU EPWTAMATOC mapdAAnAa onwc otnv nepintwon
tn¢ Boolean avaktnonc¢ (merge sort)

" AUTO €XEL WC amoTEAETHA AOYw TNC LbLac dataéng Twv

gYYPAPWV OTLC ALOTEC KATAXWPLOEWV TOV UTTOAOYLOUO TOU
BaBuou ava eyypado
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Napadeypa

BruTuUsS — 1 1,217,3183,1|87,2

JAESAR —|1,1]15,1113,1 17,1

JALPURNIA | — | 7,1 8,240,111 97,3

" Epwtnua: [Brutus Caesar]:

" Awatpexoupe mapaAAnAa tig Alotec yia to Brutus kat Caesar
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YrtoAoyLopoc Bapwv

Av ocuvnuitovo:

= E¢aptatal amno tn ueEBodo — lowc XpELAOTEL va
amoBOnKeVOOUE KOl TO LAKOG Tou gyypadou (yLa
KavovikoTtoinon) N va amoBnkeVooUUE TLG
KOLVOVLKOTIOLNMEVEC TLUEC (avTi Tou tf)
= Tpormomnoinoec eyypadpwv;

= H oxetkn datoén twv eyypadpwyv dev emnpealetal amno
TNV Kowvovikormoinon r oxL tou SLovUopaTOoC ToU g

" Av KkaBe 0poG HOVO pia Gopa OTO EPWTNHA, TOW o
urtopel vat ayvonBei, onote pmopoupe anAwc vo
aBpoiloupe Ta w, 4
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YTOAOYLOMOC k-KOpUP LWV ATIOTEAECUATWY

Y& MOAAEC edappoyES, b€ xpelalopaote TNV ANpN dtataén, aAld

LLovVo ta kopudoata k (top-k), yua kémowo pkpd k, m.y.,
k=100
= AmnAoiko¢ TpOTOoC:
= YrtoAoyLoe touc BaBpuouc yia oAa ta N eypada

= Sort
" En€otee ta Kopudaia k

Av 6g xpelalopaote OAn tn SLataén, UTTAPXEL TTLO ATTOSOTLKOC
TPOTOC va uTtoAoyloou e Lovo Ta Kopudala k;

" Fotw J ta eyypapa Ue un undeviko acuvnuitovo. Mmopouue va
Bpouue ta K kaAutepa ywpic taélvounaon oAwv twv J eyypapwv;
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Xpnnon min-heap

= Xpnon duadikol min
heap

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

/\
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AmoBrnkevon og mivaka

o123 41516 )78 |92 |10

AlC|B|D|G|F|K|H]E]|J

H pila elval otn B€on 1 tou mivaka. Mo 1o i-00To oToLXELo:
* To apLotepo naLdi eival otn B€on 2*i

" To 6e&l mawdi eival otn B€on 2*i+1

= O yoveéag otn B€oni/2
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Elcaywyn otolyxeiou

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

H Wbiotnta tou heap e€aodaAiletal pe cUYKPLON TOU OTOLYELOU LLE TOV YOVLO
TOU Kall LeTakivnon Tou 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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Alaypodn LLKPOTEPOU OTOLXELOU

To pkpotepo otolxeio Bpiloketal otn pila (to mpwTto oToLXElo TOU TTivaKa)
To oBrvoupe armo tn AloTa Kol TO avTLKOOLOTOUUE LE TO TEAEUTALO OTOLXELD

otn Alota, e€aodaiilovtac tnv bLotnta tou heap cuykpivovtoc Le To
riondLa tou | )
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Erttdoyn twv kopudaiwv k g 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 (O(1))
= If s" < h,_, skip to next document /* urdpyouv k kahUtepa */
= If ' > h,_ heap-delete-root (O(log k)) /* karvtepo, oBrice ) pita

heap-add d'/s’ (O(log k)) ko BéAto oto heap */
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Xpnon max heap

= 2) MPALELC YLOL TNV KATAOKELN Tou, Bplokoupe touc
K “winners” og 2log J BAuata.

* [ J=1M, K=100, 10% Ttou KOOTOUC TNC
Taélvopnonc.
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[0 amodoTLKOC UTTOAOYLOULOC;

H ta&wounon €xet moAumAokotnta xpovou O(N) omou N o
aplOpoc twv eyypadwv (N, tooduvvaua ).

BeAtlotomoinon katd eva otaBepo 0po, aAAQ akopa BEAove
O(N), N > 10 (6nAadn, npenet v «dovpe» oAa ta eyypopa)

Yrtapyouv sublinear aAyoptduol;

" AUTO Ttou PAXVOUUE OTNV TIPAYLATIKOTNTO OVILOTOLXEL OTO VA
AUvou e to poBAnua Twv k-MAnoleéotepwyv yettovwy (k-
nearest neighbor (kNN) problem) oto étavuopa tou
epwtApatoc (= query point).

" A&V UTTAPXEL VEVLKN AUCN O€ auTO TO TPOoBAnua mou va eivat
sublinear. (etbika yia moAAec dtaotaoelg)
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AodaAnc : safe ; Kol N aloPpatAnC 2 non-

safe) diataén

= O opoc aodpaAnc dwataén (safe ranking)
xpnotpornoLeitat yio pe@odouc mouv e€aodpaiilouvv otl
ta K eyypada rou eniotedovtal eivat akplpwc ta K
eyypoda He To peyaAUTEPO score

= Mn aocdaAnc diataén amodektr) AAAA TPETEL VOl
eCoopallooupe OTL Sev €lpaOTE «TTOAU HOKPLO» ATIO
v acpaAn diataén
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[evikn mpoogyylon «paAdiopotocy

= Bpec eva cUVOAO A arto urtopndLa eyypoda
(contenders), orntou K< [A] << N

= To A bev niepleyetl anapaitnta oAa ta top K, aAAa
TTEPLEXEL OPKETO KaAa eyypapo Kot moAda amo to top K

" Eneotpede ta top K eyypada tou A

To A eivat eva paAidiopa (pruning) twv pn vroPpndilwv

v Etot kat aAAlwce to ouvnuitovo givat uovo uto.
«EKTIUNON» TNC CUVAPELOC

Oa OUUE OXETIKOUC EUPLOTIKOUC
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Introduction to Information Retrieval : Kep 7.1.2
[TEPLOPLOOC TOU EVUPETNPLOU =|ndex

elimination)

= O Baokoc alyoplOpoc utoAoyLopoU Tou
ouvnuitovou Bewpel Eyypada mou neEPLEXOUV
TOUAQYLOTOV EVaV OPO TOU EPWTNUATOC

* MmnopoUUE Vo EMEKTELVOUE QUTAV TNV OEQ;
= Eéetaloupe LOVO TOUC OPOUC TOU EPWTNMATOC LE LUEYTAO
idf
= Eéetaloupe povo eyypada ou IEPLEXOUV rToAAOUC oo
TOUC OPOUC TOU EPWTNUATOC
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Movo opolt pe peyado idf

Napadeypa: MNo to epwtnua «catcher in the rye»
= ABpoiloupe povo to Pabuod yla Toug 0pouc catcher kat rye

" [wati; oLopotin kat the €xouv uUikpn cuvelopopd oto
BaBLo kat apa dev aANAlouv onUavTka tn dtataén

= Odeloc:

" OL KATOXWPNOELC TWV OpwV HE pkpa idf epléxouv moAda
gEyypapo (UEyAAeC AlOTEC KaTAYWPNOEWV) —> OUTA TO
(moAAQ) eyypada e pmaivouv wc vrtoPpridLa oto cuvoAo A
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Eyvpoda e ToAAoUC OpOUC TOU EPWTNUATOC

= KaBe gyypado mou £XEL TOUAGYLOTOV EVaV 0O TOU EPWTAMOTOC
elval vrtoPndLo yia tn Atota pe ta kopudoaia K eyypada

* [l epwTnpata e ToAAoUuc opouc, UTIOAOYL(OULLE TOUC
BaBpouc povo Twv eyypadwyv ToU TIEPLEXOLV

" [a topadetypa, ToulaxLtotov 3 armo toug 4 0poug
" Mapopolo pe eva eiboc uepikrc oulevénc (“soft conjunction”)
oTO EpWTAMATA TWV pnXavwy avalntnong (apxka otn Google)

= EUkoAa va uhormolnBet kata tn dLaoxlon Twv
KOTAXWPNOEWV
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3 ato TOUC 4 OpPOUC TOU EPWTNHATOC

Antony| "——=[ 374 ] 8] 16] 32] 64[128
Brutus] "——>[ 214 7] 8] 16] 32] 64[128
Caesar| "——>[ 1 3T 5] 8T 13 21 34

Calpurnia’™—[13]16]32

YrtoAoylopotl BaBuwv povo yia ta eyypada 8, 16 kat 32

79



Introduction to Information Retrieval Ked. 7.1.3

Alotec mpwtaBAnTWV

* [Po-UTtOAOYLGMOC VLa KABE Opo t Tou Ae€LKOU, TWV r eyypaPpwv pE
TO HEYAAUTEPO PAPOC AVAUECA OTLC KATAXWPNOELG TOU t -> AloTa
npwtadAntwyv (champion list , fancy list i top docs yia to t)

= Av tfidf, elvat avta pe to kaAvtepo tf

" Katd TNV wpo ToU EPWTAUATOC, TIAPE WC A TNV EVWON TWV ALOTWV
TPWTABANTWVY yla TOUC OPOUC TOU EPWTNHATOC, UTTOAOYLOE LLOVO
Tou¢ BaBuouc yia ta eyypada tnc A kat dStadeée ta K avapeoa
TOUG

" To r mpemeL va ETUAEYEL KOTA TN OLAPKEL TNC KATAOKEUNC TOU
gupeTNpPiov

= Etoy, eivat mBavov otLr< K
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EpwtnoeLg

* Mwc UAOTIOLOUE TIC AloTec MpwTaBANTWV?

= [loLa €lvoll N OXEON TOU UE TLC TEXVLKEC TIEPLOPLOUOU
TOU EUpPETNpPLOU;



Introduction to Information Retrieval

YrtoAoyLouoc ova 0po

YrtoAoyLlopocg ava-opo (Evag-opoc-tn-popa - a-term-
at-a-time)

" Enetepyalopaote OAn TN AloTa KATAXWPNOEWV YLO TOV
TOU EPWTNALATOC

" AnuloupyouUuE Eva Twv Babuwv yla kabe
doclD eyypadou nou Bplokoupe

" Meta enetepyalOpaote MANPWCE TN AlOTA KATAXWPNOEWV
yla Tov KOK
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YrtoAoyLopocg 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 for_cach d s
9 do Scores|d] = Scores[d]/Length[d]  cusowpevtéc
10 return [Top K components of Scores]]|@ccumulaters)
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YroAoyLopocg ava opo

COSINESCORE(q) M béperc OAn 1t Aota

1 float Scores|[N] =0 KATOXWPHOEWV, HOVO TO TIPWTOL
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 g

 —
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Alatogn Kataxwprnoewy tou t pe Bacn to f, 4

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

Alatasén twv eyypapwy e 6aon to Bapog (weight) wf,

v Oxt kowvn Stataén twv eyypa@wy o€ OAEC TIC AlOTEC

* H amAovVotepn nepintwon, normalized tf-idf weight

" Ta kopudaia k eyypada eival mbBavov va Bplokovtat otnv
pXN OUTWV TWV TAELVOUNUEVWY ALOTWV.

— YPNYOPOC TEPUATIOUOC EVW EMEEEPYALOMAOTE TLG ALOTEC
Kataxwpnoswv uaiiov de Ba aAatel ta kopudaia k eyypada
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Alatogn Kataxwprnoewy tou t pe Bacn to f, 4

Ta «kaAd» gyypada yo Evav 0po ival otnv apxn tng Alotog

AAN\Q, 6& pumopoU e VoL UTIOAOYLOOULE EVal CUVOALKO BaBpo
yla kaBe eyypado pe merge sort

- «OUCOWPEVOUUE TOouC BaBuouc yla ta eyypada ava 0po
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1. MpOwWPOC TEPUATIOMOC

= Kota tn SLao)Lon TwV KOToXWPNOEWV EVOC OpoU t,
OTALLATA VWPLC adou:
" Aglc Eva tpokaBopLopeEvo aplBuo r amo eyypada
= To Wf, y TEPTEL KATW OTIO KATIOLO KATW AL
= [1ApE TNV EVWON TOU CUVOAOU TWV gyypadwV TTou
TPOKUTITEL
= Eva ouvoAo yLa kaBe 0po

= YrtoAoyloe touc BaBuouc Hovo autwyv Twv eyypadwv
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2. idf-Slatetayupevol opot

Kata tnv eneepyaoia Twv Opwv TOU EPWTAMUATOC
* Touc etetalovpe pe dpBivovoa dtataén we npoc idf

= Opol pe peyaro idf mBavwv va cuvelopEpouy
NEPLOCOTEPO O0TO PadOUO

" KoBwe EVNUEPWVOUE TN CUHUETOXN 0TOo BaBuo
KaBe opou

" JTOHOTAME oV O PaBuoc Twv eyypadwyv dev petaBarAetal
TIOAU
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Eneéepyaoia Ava-Eyypado kot Ava-Opo

= YrroAoylouoc ava-opo (term-at-a-time processing):
YrtoAoyilouue yLra kg€ 0po TN¢ EpWTNONG, VLo KOUE
EVYPOPO TTOU EUPaVileTaL 0Tn AlOTAC KATAXYWPNONC TOU
eva BaUuUo kol LETA CUVEXI{OULE UE TOV ETTOUEVO OPO TNG
EPWTNONG

= YrtoAoyiouoc Ava Eyypapo (document-at-a-time
processing): TeAelwvouue tov utoAoyLtouo tou Baduou
OUOLOTNTUG EPWTNUATOG-EYYPAPOU YLO TO EYYPAQO d, TPtV
apyloovue tov urtoAoytlouo Baduou ouototntoc _
EPWTNUATOG-EYYPAPOU yLa To eyypapo d., ;.
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Me Baon tnv «molotnta» tou gyypadou (g(d))

v\ JuxVA UTTAPXEL EVOC aveERPTNTOC TOU EPWTHUATOC (OTATLKOC)
XOPOAKTNPLOUOC TNG KataAAnAotntag (“goodness”, authority)
Tou gyypadou — eotw g(d)

Mo mopadeypa:

o 2TIC punyxaveg avalntnong (oto Google) to PageRank g(d) piacg ogAidag d
LETPA TO OO0 «KAAN» €lval pla oeAida pe BAaon To MOOEC KKAAECH
oeAidec belyvouv og autny, N

o aplouoc hits (dnuodileic) n
o wikipedia oeAibeg n
O apBpa o€ pLa CUYKEKPLUEVN EPnUEPLOA, KATT
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Me Baon tnv «molotnta» tou gyypadou (g(d))

Av uTtapyeL pa dtataén Tng KataAAnAoTnTaC TOTE O
OUYKEVTPWTLKOC Babuoc (net-score) evog eyypadou d Kal oG
£pWTNONC g €lval Evoc cuvduACUOC TN TTOLOTNTAC TOU
geyypadou (rmou €otw OTL SiveTal amo pa cuvaptnon g oto [0,
1]) kal Tng cuvadELaC TOU LE TO EpwTNUA g (TTY UE Xprion tf-
idf):

net-score(qg, d) = g(d) + score(q, d)

OcAouue va ertiAeéovue oeAidecg mou gival kot yevika onuovtikec (authoritative) kat
ouvapeic wc rpoc tnv epwtnon (to omoio pacg divel to score)

= Jtn npaén (Bapn) net-score(q, d) = w, g(d) + w, score(q, d)

= YnoBeon: Kavovikomoilnon wote score emniong oto [0, 1]
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Me Baon tnv «molotnta» tou gyypadou (g(d))

©&Aoupue duataén pe faon to net-score

Mw¢ UTOPOUE VOl ETIITUXOUME YPNYOPO TEPUATLOMO (early
termination); AnAadn va pnv eneepyactoVpue OAn tn Alota
KOTAXWPNOEWV yLa va fpoupe ta kaAUTtepa k;

92



Introduction to Information Retrieval Kedp. 7

Me Baon tnv «molotnta» tou gyypadou (g(d))

" ALATACOUUE TIC AlOTEC KATAXWPNOEWV UE Baon tnv
KataAAnAotnta (.., PageRank) twv eyypadwv:

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

H odwataén twv eyypadwv eival dla yio OAec TI¢ Aloteg
KOTOXWPNOEWV

v' Ta «kahd» gyypoda otnv apxn TN KAOs AloTtoc, OmoTe av
Beloupe va Bpoupe yprnyopa KAAQ QITOTEAECUOTO UTTOPOUE VOl
doU e povo tnv apxn tng Alotag
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Introduction to Information Retrieval Kedp. 7

Me Baon tnv «molotnta» 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 th 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
KOlL yLoL OAaL ToL UTTOAOLTTAL OUVOALKOG BaBuoc < 1.1 (otnv
KAAUTEPN TEPLITTWON €XOUV score oo pe 1 tou Sev apKel OpWC).

=> §& XpeLAlETOL VO EMEEEPYOOTOUE TO UTIOAOLITO TWV
AloTWV
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Introduction to Information Retrieval Ked. 7.1.6

KAadeua cvotadwv

Mpo-eneéepyaoia - cuotadomnoinon (clustering)
geyypadpwv

= EnéAefe tuxaia VN éyypada: Ta omoia to oVOUATOULE NYETEC
(leaders)

= [l kKABe aAAo €yypado, TPOo-UTIOAOYL{OULE TOV KOVTIVOTEPO
NYETN ToU (Xprion opoLoTNTAC CUVNULTOVOU)

= Avuta ta eyypada kadouvta akolovBol (followers);

= O avapevopevoc apdudc ivat: ~ VN akélouBol avd
nyetm
TeAkd VN OUAOEC UE VN Eyypapa
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Introduction to Information Retrieval Ked. 7.1.6

KAadeua cvotadwv

[l KABe epwTnUA g
" Bpec TOV 1Lo KovVTvo nyetn L.

= Wace yua ta K mAnoleotepa eyypada
avapeoo otouc akoAovBouc tou L (dnAadn,
otnv ouada tou L).
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KAadeua cvotadwv

@Leader @Follower N



Introduction to Information Retrieval Ked. 7.1.6

KAadeua cvotadwv

Mot tuyola detypata;

= lpriyopn
= OLNYETEC AVTAVAKAOUV TNV MPAYUOTLKA KATAVOUN
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Introduction to Information Retrieval Ked. 7.1.6

KAadeua cvotadwv

[evikee aparlayeg (b1-b2)

= KaBe akoAouBoc cuvdeetal e b1=3 MANCLECTEPOUC
NVETEC.

" [ eva epwtnua, Bpec b2 =4 KOVTIVOTEPOUC NYETEC
KoL TouC alkoAouBouc touc.
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Introduction to Information Retrieval Sec. 7.1.6

EpwtnoeLg

" [10cOl UTTOAOYLOUOL OLLOLOTNTAC CUVNULTOVOU
xpeLalovrol yLa to mpwto Bripa (evpeon
KOVTLWVOTEPOU NYETN);

* [owa eilvall N onpaoia twv bl, b2 otnv mapaAiayn;
= MNapadeypo ov 6 SouAevel pe Tuxaio sampling?



Introduction to Information Retrieval Ked. 8

Tt (aAAo) Ba dovpe onpepa;

"= BaBuibwta EvpetnpLa
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Introduction to Information Retrieval

[TOPOLETPLKA EVUPETNPLA KOLL
gvpetnpla {wvnc

Sec. 6.1

= MexpLTwpa, Eva eyypodo wc Lo oikoAovBia opwv
" 3TNV MPAYUOTLKOTNTA, T EUPETNPLA ELVAL XWPLOUEVDL
O€ MEPN UE OLAPOPETIKN onuaoia:
= Zuyypadeag
= TitAoc
" Huepopnvia dnpocicvong
" \wooa
" KATT

= KaAouvtol ka petadedopeva (metadata) tou
geyypadou



Introduction to Information Retrieval Ked. 6.1

Napoapetpikn avalntnon

Bitsliographic Search

Lraagee Widess S or Decta-Molza

Axther
afe Also 3zurt ot dm e poasiile
STTRRW LT G e soet Lzt B3e wexth i fw doczzean gpwred (3 Setoow 10d a2t 1997 teapecTiets

Dane o€ galibcation o
Lasguags Lxrags tae docuouers nw mTIRea 12

s Ercizh »
Project ARY -
Trpe ANY
Sabject groap ANY v
Sotted In D of paddomtion =

Fad document vy 1D
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Introduction to Information Retrieval Sec. 6.1

[MopOLUETPLKA EPWTALLATOL

= Juyva avalntnon He Paon ta petadedopeva

" M.x., Bpec oAa ta eyypada rov eyypade o William
Shakespeare to 1601, mou meplexouV TI¢ AE€eLC alas poor
Yorick

= Year = 1601 sivat napadetypa evog ntediovu (field)
= Emiong, author last name = shakespeare, kAmt

" EpwtApata pe medila (MopapeTpLKA EpWTANATO)
ouvnNOwc epunvevovtal w¢ ouleUKTIKA (conjunction
AND) nipemneL va Loxvouv oAal)



Introduction to Information Retrieval Sec. 6.1

Nedia (fields)

= Eupetnplo mediouv (Field index) N mapapeTpLko
gupetnplo (parametric index): kaTaYWPNOELC
(postings) yia kaBe medio
= Juxva €181kov tuTou (rtx SEvtpa SLAcTAUATOC YL
NHEPOHNVIEG)



Introduction to Information Retrieval Sec. 6.1

Zwvn
= Hlwvn (zone) slval pa tepLloyxn evoc eyypadou mou
TIEPLEXEL KELULEVO, TT.X.,
= Title (titAoc)

= Abstract (mepiAnyn)
= References (avadopsc) ...

" KotooKEUAL(OUE QVECTPOAMMEVO EVUPETHPLA YL KOBE
(WVN WOTE va ETUTPEPOUE OXETLKA EPWTHHLATAL
OTIWC

= 11y, Ppec eyypada pe Tov Opo «merchant» otov TITAO TOUC
ylo To epwtnua «gentle rain»

= Emionc xpnotua ov BEAoupe vl SWOOUE TTEPLOCOTEPO
Bapoc o epdavicelc Opwv otov TITAo 1 otnv mepiAnyn



Introduction to Information Retrieval Ked. 6.1

Epwtnpato pe (wvec

Baowko supetniplo {wvnc encoded oto Ae€ko (OLadpopeTIKEC
ALOTEC KOTAXWPNOEWV):

}..n am abstrac 11 121 1441 1729
willliam.title 2 4 H 16
william.author 2 3 5 Fa

H mAnpodopia {wvng oTLg ALoTEC KATOXWPNONG:

williarn 2.author, 2 title 3.author 4 title f.author
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BaOuibwta (dlootpwHaTWHEVA) 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,
= apxillovpe armno tnv vPnAotepn 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
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Introduction to Information Retrieval

BaOuibwta supetnpla

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 urtoAourto eyypado | He ta
gyypada pe pkpo tf.idf n pe ta eyypada pe pikpo g(d)

109



Introduction to Information Retrieval

BaOuibwta supetnpla

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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Introduction to Information Retrieval

BaOuibwta supetnpla

* 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
nepLoplopwy B€oswy (proximity constraints)
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Introduction to Information Retrieval

2UVOUAOHOC SLAVUOUATIKAC OVAKTNONG

* Nwc¢ ouvdualoue TNV AVAKTNON GPACEWV (KOl YEVLKA TNV
gyyuTNTO OpWV — proximity queries) pe T SLOVUGUATIKA
avaktnon;

= Window: To PKPOTEPO TTAPABUPO 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 ocuvduadloupe tnv Boolean avaktnon HMe T SLOVUGUATIKA
aVAKTNON;

= M.x., AND fj NOT
* Nwc ouvduadloupe ta * pe tn SLAVUOUATIKN AVAKTNON;
= Evidence accumulation
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Introduction to Information Retrieval Sec. 7.2.3

[MoAAartAoL TapAYOVTEC

= Yuvbuaopol score mty He Bapn

= [Mwc
" Y€ OpPLOMEVEC EPAPUOYEC OTIO XPNOTEC
= Machine learning (aAyoplBpuot pabnong)



Introduction to Information Retrieval

Eneéepyaolo epwtNUATOC

= AVOAUTAC EpwTNUATWV (query parser)

Napadelyua rising interest rates

1. EKTEAEOE TNV epWINMA WC epwTnLa dpaonc “rising interest rates” ko
KOTOTOEE TA OTTOTEAECUOTA XPNOLUOTIOLWVTOG OLOVUCOTLKN
BaBoAdynon

2. Av dev utdpYouV OPKETA ATIOTEAECUATA, EKTEAECE TO EPWTNHA WC 2
epwtnuoata paoceic: “rising interest” ko “interest rates” kat kotatats ta
QTOTEAECUATO XPNOLULOTIOLWVTAC OLovuopaTikh BabpoAoynon

3. Av 8&ev uMtApXOUV QPKETA ATOTEAEOUOTO, EKTEAECE TO EPWTNHA WC
OLAVU OO KoL KATATOEE T OLTTOTEAECUOTA XPNOLUOTIOLWVTAC SLOVUOUOTLKH
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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Introduction to Information Retrieval

[MANpec ocvotnua avolntnong

MNpo-enefepyaoia

-
P s Linguistics ‘J:L [Results
..Documents ﬂ Free text query parser: )| | page

Document - [Spell correction|
cache ‘

Metadata in | Inexact Tiered inverted Scoring

zone and top K . . k-gram
told indexes | retrieval positional index parameters
Incdexes MLR

Evpetrpla (mapaAAoyEg Tov
OLVTECTPAMUEVOU EVPETNPLOU)
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Introduction to Information Retrieval

[MANpec cvotnua avalNtnong

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
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Introduction to Information Retrieval Ked. 8

Tt (aAAo) Ba dovpe onpepa;

" MeptANPELC ATTOTEAECUATWY
= Kavovtac Ta KAAQ oItOTEAECHOTO XPAOLUAL
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Introduction to Information Retrieval

Mwc MoPouoLAlOUE T ATIOTEAECUATA OTO

Xpnotn;
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Introduction to Information Retrieval Ked. 8.7

MNeplAnPeLc amoteAeopuATWY

= AdoU £xoupe dlatalel ta eyypada mou talplalouv YE TO
£pWTNUA, OEAOLE VO TO TIPOUCLACOUUE OTO XPNOTN

" [To ouyva w¢ pa Alota aro tithouc eyypadwy, URL, padl pe
uLa pkpn rteptAnn (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 MeCain; 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 MeCain; 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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Introduction to Information Retrieval Ked. 8.7

MNeplAnPeLc amoteAeopuATWY

= Hmeplypadn tou eyypadou eivol KploLpn yati cuyva ot
xpNotec Baoilovtol o vtV yLa va anodacioouv av 1o
gyypado gival oXeTKO

= Ag xpelaletol va Stade€éouv eva-Eva ta eyypada LE TN OELPA

O titAo¢ autouarta ano ustadedousva, aAda nwc va
UTTOAOYIOOUUE TIC TTEPIANYELC;
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Introduction to Information Retrieval Ked. 8.7

MNeplAnPeLc amoteAeopuATWY

AvUo Baowkad eidn meptA\nPewv
= Muwa otatikn teptAndn (static summary) evog eyypadou
elval mavta n dla aveéaptnta oo To EPWTNUA TIOU
£€0eoe 0 xpNotNg
= Muwa Suvapkn teptAnn (dynamic summary) e€aptatol
aro 1o epwinua (query-dependent). NMpoomaBeil va

e&nynoet ywati to eyypado avaktnonke yla to
OUYKEKPLUEVO KABE Ppopa epwTnUaL
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Introduction to Information Retrieval Ked. 8.7

>TaTKEC MNeptAnPeLc

= Y& €vO TUTILKO ocvoTnpa n otatikn mteplAnyn ival eva
UTtOCUVOAO ToUu gyypadou

= ATTAOC EUPLOTLKOC: oL TIPpWTEC Tepimou 50 Ag€elc Tou eyypadou
cached katad tn dnuioupyia Tou eupetnpiou

* [lwo e€ehypevec ueEbodol (text summarization) — Bpec armo
KAOE eyypado KATIOLEC ONUOVTIKEC TIPOTACELC
" AnmAnR yAwoooAoyikn ene€epyacia (NLP) pe euplotika yia va BaBpoAoynbel
KaBe mpotaon (mAnpodopia BEonc: mpwtn Kat teAsvtaia tapaypadoc,

TIPWTN Kol TEAsuTala tpoTaon otnv napaypado, KoL TIEPLEXOUEVOU:
ONMOVTIKEC AEEELC)

= HnepiAnyn amoteAeitol ano TL¢ MPOTACELS HUE TO HeYaAUTEPO PaBuo
= 'H kot Lo mepimAokn YAwoooAoyLKN eMeéepyaoia yLa T
ouvBeon/dnuovpyia tepiAnyPng
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Introduction to Information Retrieval Ked. 8.7

Avvopkec MepltAnPelc

= [Mapouciooce €va N neplocotepa «mopdbupa» (windows,
snippets) LEoa 0To £yypado ToU VA TIEPLEXOUV APKETOUC aTto
TOUC OPOUC TOU EPWTHHUATOC

= “KWIC” snippets: avamnapaoctaocn 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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Introduction to Information Retrieval Ked. 8.7

Avvopkec MepltAnPelc

" [0t TOV UTTOAOYLOMO TWV EyypaPwV XPELo{OUOOTE T
1Ola ta eyypada (Oev apKeL To evpeTNPLO)

= Cache eyypadwv — IOV TIPETEL VO AVAVEWVETOL

= Juyxva OxL 0Ao to eyypado av eival TToAU peyalo,
aAAd Karolo tpoBepa Tou

= Bpec Ukpa mapabupa ota Eyypada mou EPLEXOUV
OpPOUC TOU EPWTAMATOC

= Anattel ypnyopn avalntnon nopdbupou otnv cache twv
gyypadpwv
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Introduction to Information Retrieval Ked. 8.7

Avvopkec MepltAnPelc

* BaBuoAoynoe kaBe mapaBupo we mpoc To EpwTnUa

"= Me Baon dtadopa XapaKTNPLOTIKA: TO TTAATOC TOU
napaBupou, tn B€on Tou oto £yypado, KAT
= JuvbUOOoE T XOLPOAKTNPLOTLKA

= AUOKOAO va eKTLUNOEL N toloTnTA
= Positional indexes (words vs bytes)

= O ywpoc movu StatiBetal yia ta topabupa eival
ULKPOG
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Introduction to Information Retrieval Ked. 8.7

Avvopkec MepltAnPelc

Query: “new guinea economic development” 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. . .. e




Introduction to Information Retrieval

Quicklinks

= [ navigational query onwc united airlines oL XproTec
nBoavov va kavorolouvtal amo tn oeAidba www.united.com

= Quicklinks map&youv navigational cues og autn tn oeAlda

GOUS[E' united airlines ‘ Search ‘

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 » 127



http://www.united.com/

Introduction to Information Retrieval

¥YVCL! = Vil (SR ] SRy IV e

YA_HOO_’@ ‘ united airlines

e
[ | v Search Pad

W SearchScan - On

102,000,000 results for
united airlines:

% Show All
& nited Air Lines

W Wikipedia

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 U.S. and worldwide.

i united.com - 55k - Cached

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

senvices & Information Customer Service

more results from united com »

Rty L R

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
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EVaANQKTIKEC OLVOLTIAPOLOTAOELC;

Web |mages Video Local Shopping Mews more

YaHoOOL!.

| uni Search

united airlines UNITED AIRLINES - AIRLINE TICKETS,...

Airline tickets, airline reservations, flight airfare from United Airlines.

. univision Online reservations,. ..
university of phoenix www.united.com
asian unicorn
MORE INFO
universal studios _ _
_ ) Flights Check In Online
united states postal service Mileage Plus My Itineraries
united healthcare Baggage Fedeem Miles
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TEAOZ 5° - 6°Y MaBnipuatog

EpwtnoeLc?

XpnotuomnotfOnke 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
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