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Phrase queries




©  Epetpata gpdoeng
£

* 'Eotw otl emBupoupe vV amavtnooue
epRTHHATA TNE poppne “stanford university” —
ONAWON 01 OUO 0POL WE £ViALA PPAOCT

- Emopevwe, n mpotaon “I went to university at
Stanford” 0ev elval €yKUpPn AIIAVTNON OTO
£PWTNLA ALUTO

* H evvola tov epotnuaTtov @paoeng elval eUKOAA
KOTAVONTI] AII0 TOUg Xprnoteg: nmeptaou to 10% tev

ePTNIATOV IIoU uttoBaAAovtal oto Web eivat
£PWTNATA PPAOEDS

* JUVENIWE, 02V emmapKel v amofnkeuooupe 1OVo
(euyn tng poppne <term : docs>
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& Muw opoty npooéyylon: Biword indexes

L= dTiaxvoupe eupetnplo yia kabe {euyog
OUVEXOUEVRAV OPKV OTO £YYPAEPO
* ['va mapaoevypa, armao to xeipevo “Friends,
Romans, Countrymen” Qa mapayotav ta
axoAouBa biwords
* friends romans
* romans countrymen

» KaBe eva ammo avta ta biwords Oa evoax0Oel mAeov
¢ 0pog oto dictionary

* Topa, n emedepyaoia epOTNUATOV IIOU EUIAEKOUV
PPAOELE ATIOTEAOUNEVEC AIIO OUO [1IOVO OpOUC £LvVal
S(PLKTN
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& Meyalutepa epatniata gPAcERS
=

* Meyalutepeg ppaoerg Oa Tig erIepyaotoupe e TOV
1010 TPOII0 OH®E Kal ta Wild-cards (eunv embpevn Suidetn):

* stanford university palo alto pmopel va ommaocet
oto Boolean epwtnpua nave oe biwords:

stanford university AND university palo AND
palo alto

Eav 0ev exoupe otnv ouabeorn pog ta Ipaypatika eyypaga,
O£V UIIOPOUE VO IILOTOIIOL|OOULE OTL TA £YYPUPA IIOU
talpraave pe to mmponyoupevo Boolean epwtnua mpaypatu
IIEPLEXOUV TNV PPAUOT)

MTtopei va odnynoel o€
false positives!
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-

Extetapeva biwords
Kavoupe parse to indexed keijevo Kal ekteAovpe
part-of-speech-tagging (POST)
Opaoomoloupe toug opoug oe (eot®w) Nouns (N) xau
articles/prepositions (X)

Topa, ommova akoAouBia opwv tng popeng NX*N
opiletal n¢ extended biword
* KaBe extended biword evoayetar g opog oto dictionary

[Tapaodeiwypa : catcher in the rye
N X X N

Eneéepyaoia epotnuatog: kave parse oe N kat X
- Xnaloupe 1o epwtnpa oe enhanced biwords
* Waxvoupe otov Index

Tu. HMMY, [avemomupio Oeccoliog



Zntpata pe toug biword indexes

- False pOSitiVGS (0@ IIpoavVaPEPALLE)

ExOetikn avénon tou peyeboug tou index,
edautiag Tou peyalutepou dictionary
« 2e evav extended biword index, xavoupne parse
peyala epotnpata oe ouleuéelg:
- I1.x., To epwTnUa tangerine trees and marmalade
skies ylvetal parse 0to:

- tangerine trees AND trees and marmalade AND
marmalade skies

Aev unmapxel pua Auon yua oAa (yva KaBe biword)
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Q%
@ . Auon 2: Positional indexes
=4

» ArtoOnkevoupe yia KkaOe term, mAelraoeig
NG NoPPINg:
<number of docs containing term;
docl: positionl, position?2 ... ;
docZ2: positionl, position?2 ... ;
etc.>
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b
ﬂ  Ilapadervypa positional index

©
<be: 993427;
L 7’ 18’ 33’ 72’ 86’ 231’ [Towo oo Ta Eyypaoa 1,2,4,5
2: 3, 149; <I: LTTOPEL VO TTEPIEYOVV TNV ;p;;d’cm
4: 17,191, 291, 430, 434; “t0 be or not to be”?

5:363,367,..>

* Mmopoupe va cupmecoupe tig position
values/offsets

* IlapoX’ auta, To peyebog twv postings
auiavel ovo1Q0TIKA
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ﬁ . Enelepyaoia evog phrase query
&7 - Bpilokoupe amd tov inverted index tig Aloteg
yia KxaBe olvaxkplto opo: to, be, or, not
* Juyxmveuoue Tig Aloteg toug doc:position yia
v’ anaplBunooupe oAeg tig Oeoeig pe o “to be
or not to be”.
* to:

« 2:1,17,74,222,551; 4:8,16,190,429,433;
7:13,23,191; ...
* be:

« 1:17,19; 4:17,191,291,430,434; 5:14,19,101; ...

» H 10wa yevixn peBoodog yua epotnpata
eyyutntag (proximity searches)
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D
ﬁ . Epotnpata eyyutntag (proximity queries)

- LIMIT! /3 STATUTE /3 FEDERAL /2 TORT
Eon, to /k onpatvel “within & words of”

 IIpopavag, ov positional indexes pmopouv va
Xpnotpornotn0ouv yia TeTola £pTPATA, EVE Ol
biword indexes 0ev pmmopouv

- Aoknon: IIpoocappoote tTnv ypappixn
OUYX®WVEUOT TOV postings yia va Xe1plotelte
proximity epotnuata

* Mmopelte va To KAveTe aUuTto va 00UAeUEL Yid
OIIOLAONIIOTE T TOU K;
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ﬁ;gb
ﬂ  MeyeBog evog positional index

* Mmopoupe va cupmieooujie Tig position
values/ OffSGtS (Oa to avamtulouyie oe emopevn O1adedn)

* IIapoX’ auta, To peyebog Ttwv postings avéaveu
OUOLAOTIKQ

* Opwe, xpnorpomotleital eupuTaTd e{ALTLOC TG

1OXU®CS KAl TNE XPNOLUOTNTAC TOV phrase xratl
TEOV proximity epeOTNUATOV
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ﬁ Meye0Bog evog positional index

=. Xperadopaote £va entry yia kabe ep@avion
TOU OPOU 0 KAIIO0 £YYPA@PO, OX1 aIIAd £va
entry yua KaOe £yypa@po
* To peyeBog tou index efaptatal amo to < Mari;
peyeBog tou “peocou” eyypagpou
* H “peon” Web oeAi1oa exer <1000 opoucterms

- SEC filings, BuBAla, akOun Kal KAIIOLd €ILKA
roupata ... eukoAa 100,000 opoug

* Bewpnote evav opo pe ouxvornta 0.1%

Document size Postings Positional postings

1000 1 1

100,000 1 100
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!;'3,%

©  Epmeipikol kavoveg

* 'Evag positional index eivar 2-4 @opeg tooo
peyadog 000 peyalog etval evag non-positional
Index

* To peyeBog tou positional index etvar 35-50%
ToU peyeOoug tne apXiKng cUAAOYIC TOV
EYYPAPRDV

* Toulaxiotov, auta 1oxUouVv yia “ayyAoyevelg
vYAwooeg
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) Aopég SeSopévav yia to dictionary evog
& ~ inverted index
L=

H oopn 6g0opevev yia to dictionary ammoBnkeuet
to vocabulary tov opav, tnv document frequency,
O€1KTI oTnV avtiotolxn postings list ... mola
pImopel va eivat 1] Lop@I1) The O0UINg 0E00UEVOV;
BRrRuUTUS — | 1 21 4 11 | 31| 45 | 173 | 174

CAESAR — | 1 2 4 5 6| 16 57 | 132

CALPURNIA | — [ 2 31| 54 | 101

. vy A vy
"

dictionary postings
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Eva ammAoiko dictionary

7. (¢ mivakag amo struct:

term document pointer to
frequency postings list
a 656,265 —
aachen 65 —
zulu 221 -
char[20] 1nt Postings *

20 bytes 4/8 bytes 4/8 bytes

* Jlwg To amoOnkevoupe aro00TIKA 0TV UVIUN;

* Ilog waxvoupe ypnyopa yia £vav 0po otav
UuITI0BANOel kKamolo epwTnua (at query time);
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Y
©  Aopég SeSopévev yua to Dictionary
4
* Auo xupleg emAoyeg:
* ITivakag xatareppatiopou (hash table)
* Aevopo

* Mepika ovotnpata IR xpnowpomnolouv hashes,
KAIIOL0 AAAQ XP1OLHOIIOL0UV 0£VOopd

Tu. HMMY, [avemomupio Oeccoliog

17



©  Hashes
&7 KdBe o6pog oto vocabulary yivetal hashed oe
KAIIOloV Integer

* ITAeovexrtnpata:

* H Aevtoupyila avadnytnong eitval taxutepn amo tnv
avtiotoliXn o eva 0evopo: O(1)
* MewovexTnpata:
* Aev unmapyxel eUKoAog Tpormog va BpeBouv opou pie
eAappeg mapaidayeg petadu Toug:
* jJudgment/judgement
* Aev unmootnpidel prefix search [tolerant retrieval]

« Eav to vocabulary peyoaA®wvel ouvexwe, IIpoOKUITEL )
AVAYKI Va eKTeAelTal IIEPLOTAOL0KA 1) aKPLB1
Aertoupytla tou rehashing oAlwv
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& AévBpo: Auadiko SévBpo (binary tree)




Aevopo: B-tree

a-hu n-z

Opvopog: KaBe sowtepirog kopbog £xel evav aplOpo
IOV e Tupeg oto otaotnua [a,b], ommou a, b eivatl
KataAAnAol puoikol apiOpot, m.x., [2,4].
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239)
= Aevipa

Ardouotepo: binary tree
* IIro ouvnOeg: B-tree
* Ta 0evOpa amaittouv eyyevn ovatadn petalu TV
XOPOKTI POV
* ITAeovexTtnuata:
* Auvel to prefix problem
* Melovexrtnparta:
* ITvo apya: O(log M) [yva balanced 6evopo povo]

» H Aevtoupyla rebalancing oe binary trees givatu
axpLon

* Ta B-trees apBAuvouv to rebalancing mpoBAnpa
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