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& To pewoveéxtnna tng Boolean avaxtnong
&
* Ta Boolean gpwtnuata 6ivouv gite oAU Alya
arotedeopata (=0) ette mapa moAAa (1000s)

* Query 1: “standard user diink 650° — 200,000
aroteAeopata

* Query 2: “standard user dlink 650 no card found”: 0
aroteAeopata
* Amavtettal peyaldn oelotnta Kal epmaeipla ya
VA @TLAEELE £Va £pWTN LA TTOU IIOPAYEL
OL0XELPLOLI0 AP0 AIIOTEAEOPATOV
* To AND 0tvel Atya xat to OR otvel moAAa
aroteAeopata
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ﬁ Movteda oraBaBpiopevng avaktnong

. Avti Y10 £Va OUVOAO €YVPAP®V IIOU LKOVOIIOLEL
armaxpBee eva epotnua, ota ranked retrieval
models, To cuotnua emoTpePel pla ovatadn
(0raBabpion) Ttov (top) eyypa@av tng oUAAoyng oe
OX£01] 1€ TO £PWTNUA

* Free text queries

* AvTl yia pua YA®OOO £p@TNUATOV 1€ TEASOTEC KAl EKPPAOELC,
* TO £POTNA TOU XP1O0TH AIIOTEALLTAL AIIAAG Pld 1) IIEPLOCOTEPES
Aeéeirg kamovag avOpamvng yAwooag
» Ytnv opaén ta ranked retrieval models exouv
ouoxetiotel pe ta free text epotnpata, xat
AVTLOTPOP®C
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| ) To okop w¢ Bdon tng StaBaduiopévng
& avVaKTnong
=4

* Oa emBupouoape va eILOTPEWOULE TA £YYpaPa
0€ 0g1pd IIOU VA £Lval IL0 XPIOlhd 0TOV XPNOoTh

* Ilwg Oa pmmopouoape va to eIituXoupne;

* Me tnv avaBeon evog score — 11.X., 0TO OLA0THHA
TipwVv [0, 1] — yia kaBe eyypago

* AUTO TO score peTpa II0oo Kald “taitpiadel’ To
£YYPO@PO 1€ TO £PRTNHA
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Movtelo Vector Space Retrieval

\ Programming ,) ,)

Library
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ﬂ ~ Ywo0etnon tou Vector Space povteAou

* To VSM eival otnv mpaypatikotnTa eva
mmAaiowo (framework) kau amatcettat:
* Oplo10¢ TOV 6100TA0ERV

* Ammogaon yuva to mou Oa tommoBetnooupe ta eyypaga
KOl TA £PEOTIIATA OC OLVUOUATA OTOV OLAVUOHRATLKO
Xwpo (0nAaodn To pnkog toug oe Kabe oltaotaon)

* Oplopog g oporotnTag petaéu 0Uo OLaVUOHIATOV
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Avamapaotaon pe bit vectors & opoirotnta
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ITapaoevypa epappoyng twv bit vectors
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Y110AOYLOPO0g TNGC OLOLOTITAC
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AvaBabpion (ranking) tov eyypagav
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Avamapaotaon pe OLavVUoa OUXVOTI TS
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Y110AOYLOPO0g TNGC OLOLOTITAC
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Avanapaotaon pe TF-IDF (Oyltopa
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IDF ®w¢ ouvaptnon tng cuxvotntag ota

eyypaga
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H emiopaon tou IDF otnv 0vaBaBuion
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Scores pe to TF-IDF (Uylopa
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2 uvaptnon otaBadpiong (ranking) wexe oy
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Alra@opeTtikol Tpomol oplopou tou TF
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Opvopog tou BM25 w¢ TF
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Eyypaga pe 0ra@opetirka pnkn
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Pivoted document length xavovikomotinon
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State-of-the-art VSR povtela
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[‘tatl n amootaon eival KAk 10ga

H EukAeibia amdotaon ;ossip d>
petall Tou ¢ Kal Tou

> . 14 &

d, elval peyadn,

IIOPOAO TIOU 1)
KATAVOUL TOV 0PV
0TO €POTNUA § KAl 1
KATAVOUL TOV 0PV
0TO £YYPAPO CZ eival
IIOAU oplola

3
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ﬁ Xp1101 TNE YOVIAE AVTL TNE AII00TAOIC
=

 Ilelpapa oxewng: mapte eva eyypago d xatu
append otov gauto tou. KaAeote auto to veo
eYYpa@po og d’

« “Ynpaotodoyira”’ ta d xat d’ exouv to 1010
IIEPLEXOLEVO

- H EukAelova ammootaon petadl t@v OUOo
EYYPAPROV (JIIIOPEL) Va £lval opKeTAd LEYAAD

* H yovia opeg petaéu tov ouo eyypapnv eivat 0,
ONAMOI) AVTLOTOLXEL 0TIV HIEYLOTI] OL10L0THTA
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& Ano tig yovieg ota ouvnpitova
=
* Ov emmopeveg evvoleg eLval 1000UValLEg:

* Atataén tov eyypagev oe Oivouoda yovia petadu
TOU £PWTNHATOC KAl TOU £YYPUPOU

* Arataln Tov eyypa@ev oe auouad Tl TOU
ouvnuitovou cosine(query, document)

Ouunbeite 0T TO CUVNILTOVA £lval YVIolRg Olvouca ouvaptnon
oto ovaotnpa [0°, 180°]
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¢ Kavovikonoinon prjkoug
L =24

* 'Eva otavuopa pmopetl va Kavovikorownoet (og
IIPOC TO PNNKOC) OLalpaVTAC KAOe 1ua aIIo Tig
OUV10T®OeC 00U 1€ TO INKOC TOU (®¢ PNNKOC TOUC
Xpnotpomowoupe tnv Ly, voppa):

X, = \/ DX

* Auti 1 Olaipeon oonyel oe povaodolalo 0OLavuoud

Tu. HMMY, Iavemomupio ®eccoliog

26



.- " N
M e )

cosine(query,document)

Dot product Unit vectors v
° Jg! d i d.
cos(d, d\ q ; ‘?‘ g — v % v
2
ald) SV e 3

q; eivai 1o tf-idf Bapog Tou 6pou i oTO EpWTNUA
d: eivai 1o tf-idf Bapog Tou 6pou i oTO £yypago

cos(q,d) gival N cosine opoIATNTA TWV g Kal f n,
I00dUVapa, TO Cosine TNC Ywviag PETAEY TwV g Kal d

Tu. HMMY, Iavemomupio ®eccoliog
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Q“e
ﬂ .~ Cosine yua length-normalized 6ivavuopata
£

* I'a length-normalized Givavuopata, n opolotnTa cosine
elval arrAd to £0TePlLKo yivopevo (dot product) n
BaBpwto yivopevo (scalar product):

cos(@d)=Ged=Y qd

via q, d length-normalized.
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Y1oAoylop0g TV cosine scores

COSINESCORE(Qq)
1 float Scores[N] =0
2 float Length[N]
3 for each query term t
4 do calculate wt 4 and fetch postings list for t
5 for each pair(d,tf; ) 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||

Tu. HMMY, Toavemiotpo Osccariog
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" To oxnpa tf-1df exel moAAeg mapadlayeg

Term frequency

Document frequency

MNormalization

n (natural) tfe g n (no) 1 n (none) {
| (logarithm) 1+ log(tfe q) t (idf) log % c (cosine)
| NG a
0.5xtf; 4 - N —df : /
a (augmented) 0.5+ ——==< | p (prob idf) max{0,log t1 | u (pivoted l/u
maxe(te,q) e unique)
b (boolean) L if thed >0 b (byte size) 1/CharLength”
0 otherwise &j -1 ’
L (] 1+log(tfe q)
(log ave)  TiTogtaverca(iica)

O1 otriAec pe TiTAO ‘n’ €ival akpwvuuia yia oxfuaTta Bapoug

Tu. HMMY, Toavemiotpo Osccariog
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Y TEVOIIOL

* H xUpla umoAoylotixn otevemog otov
UIIOAOYLOU0 TV Scores: cosine computation

* Mmopoupe v armo@uyoupe autov ToV
UIIOAOYLlO0;

* Nai, aAAa pepireg popeg opaloupe:

* 'Eva doc mou 6¢ev givar ota top K pmopel va
e100U0el otV Alota tewv K output docs

» [Ipokalel auto duoxépereg;

Tu. HMMY, Iavemomupio ®eccoliog
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") H opordtnta cosine eival amld pia

&

IIPOCEYYL0I]

O raBe xpnotne £xel pra OPACTNPLOTTA KAl
0 OLaTUIIROO0I] £POTIIATOL

To cosine taipradel docs oto epwTnHA

2 UVEII®E, TO cosine £lval armAd pia IIpooeyylon
0TIV LKAVOIIOlL0N) IIOU AapBavel o Xpnotng

Eav tou emotpagel (tou Xxpnotn) pua Atota pe
K docs “kovta” ota mpaypatika top K (ta ommotia
Oa erreotpe@e N PeTPLKI cosine), Ttote oev Oa
UIIAPXEL ONPAVTUIKO IIPOBANa

Tu. HMMY, Iavemomupio ®eccoliog
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H yevikn mpoogyylon

Evpeon evog ouvodou A amoteAoupevo arro
contenders, pe K< [A| << N

* To A 8ev meprexel avaykaotika ta top K, aAAd
reprexel moAAa docs arro auvta tou top K

« Emotpoepn tov top K docs tou A
YKe@TelTe T0 A ¢ pruning tev non-contenders

H 101a mmpooeyylon pmopel va xpnoipomrounoet
Kal yia aAAeg (non-cosine) ouvapToglg score

Ba efeTaocoupe OLAPOPA CXNPATA TA OIIOLA
aKOoAoUOoUV auTV TNV IPOOLYYLON
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ﬁ Movo ol query terms pe uwnAo 1df
=
* [ eva epotnua onwg: catcher in the rye

* 2 U0O0®PEUOULE 110VO TA Score aIo ta catcher xat
rye

* AvatoOnon: ot in xal the cuvelo@epouv Alyo otd
scores Kal £tol 0ev petabaAAouv tnv ovataén
ONUOVTLKA

* Qpelog:

* Ot postings twv of low-1df opwv £xouv moAAa — auta
ta (moAAa) docs amalol@ovTal arIod To OUVOAO A TV
contenders
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Docs mmou mepiexouv moAAa query terms

KaBe doc pe toulaxiotov eva query term etvat
vmownelo yra tnv top K output list

Y€ epRTNUATA Pe TOAAAIIAoug 0poug,
uvroAoyi{oupe ta scores T®v docs Ta omImold
IIEPLEXOUV “apKeToug dIIo tougquery terms

* II.x., toulaxiotov 3 amo toug 4

- EmBadAer eva “soft conjunction” oe epwtnuata mou

vmoBaAAovtal otig Web search engines

Evxrolo otnv vulomoinon Katd Tnv 0100X101 TV
postings
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¢ Champion lists

vﬂpoﬁno}xoytgoupe yia xa0Oe dictionary term ¢, ta r
docs pe To uwnAotepo otnv postings list tou ¢

* Ammoxaloupe auto to oUVoAo TV I docs wg ) champion
list yia tov ¢

* (n xau fancy list 1) top docs yia tov ¢)

 Ilapatnpnote 0Tl TO I mpeIel va emAeyel Katd Tnv
OlLaPKELA KATAOKEUNE Tou Inverted index

« Zuvenwg, etval mbavov va woxuvel otl: r < K
* Otav unmoBAnOetl eva epatnua, vmoloyidoupe ta
scores yua ta docs otnv champion list tou query
term

- EmAeyoupe ta K top-scoring docs petaly autov
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& Score 0otaTiKINgG IIOLOTNTAG

Zntoupe ta top-ranking documents va eivau
Tautoxpova relevant Kav authoritative

H relevance povtelomolettal e Ta cosine scores

H authority etval Tumka pia 1010t Ta IIoU 08V
e£0PTATAL AII0 TO epWTNUA, ONA., query-independent

[Tapaodetypata moootikomoinong tTng authority

* Wikipedia petaly tov websites

« ApBOpa oe xa1oleg epnuepioeg TMoootikd

* 'Eva apBpo pe moAAa citations
« IToAAa diggs, Y!buzze
« (Pagerank)

el.1c10.us marks
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ﬁ Movtelomoinon tTng auvBevtiag (authority)

« AvaOeon oe xaBe eyypago d eva query-
independent quality score pe tipeg oto
ovaotnpa [0,1]

* A¢ to oupBoAtooupe pe g(d)

- Emopevee, piva moootnta, OIeg yla IIopadstypa
0 ap1Opog twv Incoming links, tnv
KAVOV1IKOIIoloune oto ovaotnpa [0,1]

* Aoknon: Ilpotetvete evav pabnpatiko TuImo yu auTto

Tu. HMMY, Iavemomupio ®eccoliog
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ﬂ " H ¢vvola tou net score

Benpnote £va arrAo CUVOALKO SCOore TO OIIOl0
ouvouadel tnv cosine relevance xai tnv
auBevtia (authority), oOnAaon:

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

* OUOLKA, PIIOPOUE VA XP1OLIOIIOL)00UE KAIIOLOV
aAAOV YPAPILKO OUVOUAOUO KAl OXl TNV 10N
ouvelopopd

* YTV OPAYHPATIKOTNTA, KaOe cuvapTnon t®v 0uo
“onnatev’ mou II0COTLIOIIOL0UV TNV 1KAVOIIOLN0I) TOU
Xp1otI)

Yuvenwg, avalntoupe ta top K docs pe Baon to
by net score

Tu. HMMY, Iavemomupio ®eccoliog
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Top K pe to net score — yprnyopeg pebooor

IIpotn 10ea: Arataén oAV Twv postings pe
Baon to g(d)

To KAe10l: auto elval Kowvy otataén yla OAd ta
postings

2 UVEII®S, NIIOPOULE TAUTOXPOVA VA OLA0X1O0UE
T1¢ postings Aloteg T®V query terms yua

 Intersection tov postings

* YIIoAoy1lo0 Tou cosine score
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[Mtatil otataén Ttov postings wg mpog g(d);

* Me ) g(d)-ordering, ta top-scoring docs eivatl
mOavo va epeavidovtal VRple KAaTta TV
O100X101] TOV postings AloTwV

* € £(APPOYEC 1€ AUOTNPEC ATIALTI|0LELE OF
XPOVIKI] OIIOKPLoN (11.X., amarteital va
eIILOTPEWOULLE OIIOLAONIIOTE aIIoTeAeopata avadrtnon
BpnKkape péoca oe 50 ms), PAC EILTPEIIEL VA
OTALOTI|OOULE TNV 01A0X10N TRV postings
OXETIKA VPG

Tu. HMMY, Iavemomupio ®eccoliog
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©  Champion lists oto g(d)-ordering
)

* Mmopoupe va cuvouacoupe tig champion lists
pe to g(d)-ordering

* Avatnpoupe yra xaBe opo pva champion list tov
r docs pe to uwnlotepo g(d) + tf-idf,,

* Avadntoupe ta top-K amoteAeopata 1OVO Ao
auteg Tig champion lists
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H oAnpng eixova

[ Parsing user guery
u Llngmstlcs @ Results
Documents j @ Free text query parser ﬁ page

Indexers

Dc::u ment
cache

Spell correction| | Scoring and ranking |

I

\Metadata in | Inexact . . . S
Tiered inverted Scoring i |

zone and top K tonal ind k-gram
field indexes | retrieval | Postional index parameters «—itraining
Indexes MLR S_Et
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