MYEOO3-MAE70: Avaktnon MNAnpodoploc

Abaokouvoa: Evayyelia [Mroupa
Kedpahato 2: Kataokeun Ae&lhoyiov Opwv.

Alotec Kataxwpnoswv.



OpLopOC

Avaktnon MAnpodopiac (Information Retrieval) - (IR)

» MeyaAec cuAloyec (corpus) amo eyypada (document)
(ouvnBwc kepevou) adountng dvonc (unstructured)
" eUPEON AVTLKELLEVWV

" ta omoia eivat ouvadn (relevant) pe pa avaykn
nAnpodopnong (information need)



Kedp. 1.1

T etvall N Avaktnon NAnpodopiac
(Information Retrieval);

MeydaAeg ouAdoyEc (corpus)
armno Eyypapoa (document)
(ouvndwcg ketuévou)

Avaykn
nAnpodépnong

Epwtnpa TOoTNHA AVAKTNONC
2ATll MAnpodopiag
= Search engines
= Desktop search
=  Email search
Andvtnon =  Social search
2¢e diataén ue Baon ™ u

oUVAPELD



Ked. 1

BOOLKEC EVVOLEC

AvaKktnon Twv eyypadwyv mou mepLEYoUV TTAnpodopLa tou
elval cuvadnc (relevant) pe tnv avaykn tAnpodopnong
(information need) tou xpnotn

= AnotéAeopa os OLatoén e Baon tn cuvadeLla

= AtloAoynon:
= Epa amo tnv anodoon (efficiency)
arnoteAsopatikotnta (effectiveness)
= AkpiBeta/AvakAnon



Ked. 1

Baolka Bnuato

(mpoenetepyaoia)
= YUA\eée ta eyypada
= Koataokevaoe BonOnTikec SOUEC — eupeTnpLA

(Aettovpyia)
= Enetepyaoia epwTNOEWV

Apxika Ba Sovpue TNV amAovotepn LopPNn:
Boolean retrieval



Kep. 1.1

Boolean Avaktnon



Kep. 1.1

Boolean povtelo

" OL xpNOTEC HLATUTIWVOULV EpwTAHATA LE TN Hopdn Boolean
ckppaocewv, OnNAadn opwv cuvduvacuevwy pe AND, OR kall
NOT

" Ke{plevo w¢g oUvoAo opwv

" EfilotpEdovTal WC amavtnon oo ta KELPEVA TTOU LKOWVOTIOLOUV
TO EpWTNUA Ywpic dtataén

= Auadikn cuvapeLa



sdlabcge
"d2bfah
sd3edg
sd4dacd
sd5abcd
="d6 a

Napadeypa

Kep. 1.1



Kep. 1.1

[l va Sou e ta Baocika ...

Boolean povtelo

Avadikn pntea (rmivakog) cuumtwong M

Fpappeg: Term (0pot, AE€eLc)
2tnAec: Document (eyypada, Epya)
Mili, j] =1, av o 6pog i epdaviletal oto Eyypado j
0, aAALWC

Epwtnon: a
a AND c



Kedp. 1.2

AVTECTPOAMMEVO EUPETNPLO I OPXELO
(Inverted index/file)

[l KABe Opo (term) t, Statnpou e plo Alota pe oAa ta yypada rmou
TLEPLEXOUV TOV 0pO.

» KaBe eyypado yapaktnpiletat anod eva avayvwplotiko eyypadou (doclD), rty
aplBUO mou avatiBetal oslplakd ota gyypada katd tn dSnuoupyia Toug

Epwtnon: a
a AND c
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Baowkn OpoAoyila

" AvteoTtpoppevo evupetnplo (Inverted index)
= Alotec kataywpnoswv (posting lists) — pia yia kaBe 6po

= Kataywpnon — €va otolxeio tng Alotag
v KdBe Aiota gival Stotetaypévn pe to DoclD

= Ae€lAoylo (Vocabulary): to cuvoAo twv opwv

= Ae€ko (Dictionary) doun 6€dopévwy yLo TOUC OPOUC
v Apxka ac Bswpriooupe ohdopntiky Statoln

To dnutouvpyouue amno ripv, o SOUUE TwWC

Kedp. 1.2
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Ae€&hoyio Opwv Kot
Alotec Kataywpnoswv



Tt aAdo Sa dbovue onuepa;

Mpo-enetepyaoia yia tn dnuiovpyia tou As€lloyiov opwv
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Ta Baolka Pnpoata yia TNV KATOOKEUN TOU EUPETNPLOV

= 7Y | Friends, Romans, countrymen.

I s

2. AlalpoU e To Kelpevo og i
yAwoowa ouppora (token) [TO ke nize r}
Token stream. 1 Friends || Romans | | Countrymen

3. TA\wcooAOyLKH TtPO- Li ngu Istic
z’f;g{gj‘“ T modules

odified token 1 friend| |roman| |countryman

(terms)
4. Eupetnplaloupe Ta [Indexer} friend H{ \L "4 —
gyypada ota omnoia l ﬂ[ _I R 2 |,
nepltAappavetal kabe roman | £ |
Opos Inverted index.| countryman ﬂ[ 13716
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AkoAouBia eyypadpwv

Eyypado 1 (d1) : To Nav. lwavvivwv bpuBnke to 1970.

Eyypado 2 (d2) : Ta lwavviva gival n peyaAutepn moAn tng Hreipou.

Eyypado 3 (d3) : H mruylakn e€etaotikn oto Tunpa Mnyx. H/Y kat NMAnpodopikng B’
apxioel tnv 1" OePpouapiou.

Eyypado 4 (d4) : Ot pabntég Twy lwavvivwv aplotevoay oTLg EETACELG yLa TNV ELCAYWYN
ota MNavemotuia.

Eyypado 5 (d5): To 2017 16puBnke MoAutexvikn ZxoAn oto MI.

Touc 6pouc TTou Ba ELOAYOUE OTO EUPETHPLO




Kep 2.1.1

Parsing

AQPN tnc akolouBiloc yapoktipwyv evog eyypadou

Mola elval ta Bcpata;

e 3¢ Tt format?
* pdf/word/excel/html f kat zip

Av og duadikn popdn - xpnon anokwdikomnowntr (decoder) wote akoAouBia
XOPOKTPWV

* Y& oLl dUOLKA YAwooa?

Y& Sladopetikec kwdkomolnoelc (cuvoAo xapaktripwv/character set)
e N.x., UTF-8

16



Kep 2.1.1

Parsing

* Na ayvorjooupe ta 8ikad cupBola (mark up)
« JSON, XML
e &amp -> & (XML)

17



Ked. 2.1

Complications: Format/language

* Ta €yypada yLo Ta omoio KATaoKEUA{OULLE TO EUPETHPLO UTTOPEL VOl
elval ypoppeva og SLadpOopETIKEC YAWOOEC To KaBeva
* J10 (610 EUPETNPLO UTTOPEL va UTTAPXOUV 0pOL a0 TTOAAEC YAWOOEC

* MoAAamAec yA\wooec/format pmopel va epdavidovral koL o€ €va
gyypado ) ota TUAMOATA ToU
* French email ota lAAwka ue pdf attachment ota lepuavika.

7/

< MNwc Ba to KataAdaPBous;
MNpoPAnua tafvounong (classification) aAAd otnv mpaén cuvnOwg emtAoyn ano To Xxpnotn,
xpnon Heta-6ebopévwy apxelou KATT

18




Ked. 2.1

Oyl mavta ypoLLLLK) akoAouBla yopakTtnpwy

U e T ol d
unbatik
[kitabun/ ‘a book’

ApaBika: Stodlaotatn akoAouBia xapaKTNPwWV Kol XOpOKTAPEC O
LELKTN oepad (pwvnevta OLAKPLTIKA CNUELA TTAVW KoL KATW aTto ta
ypappata, HeTaAAdéelc onwc ovuvdualovtal)

ATto 6e€La otal aploTeEPA

H avtiotown akouoTikn YPOLUULKN okoAouBia

MBavn amovoia pwvnéviwy (ta cuvtopa amouctalouyV N
eudavitovroal kata fouAnon)

19



kedp. 2.1.2

Movada eyypadou

MMota Jewpelitat n povado eyypapou nmouv Balouue oto
EUPETNPLO;

* Eva apxeio;
* Eva email; (armod ta moAAd oto Eva apxeio Tou mbox)

* Eva email pe 5 cuvnuuéva eyypada (attachments); Av to 1 cuvnuuévo
og popdn zip;

* Avamoda: epyaleia xwpilouve eva apxeio o moAAd, (PPT ) LaTeX o€
rnioAAamAéc HTML ogAidec) lowc Evwon toug

AvoAuTtikotnta evpetnpiaonc (indexing granularity)

M.x., mola tAnpodopia yia eva BLBAlo €xoupe oto supetrniplo (o enimedo
kepaAaiov, mapaypadou, tpotaonc;)

AkpiBela/avakAnon
NpofAnuato pe peyaia eyypada -> 0a Soupe mAnpodopla syyUuTNTOC

20



2YMBOAA (Tokens) kat OPOI (TERMS)



kedp. 2.2.1

Tokenization — Alailpeon o ZUuoAa

* Elooboc: “Friends, Romans, Countrymen”

* E€obo¢: Tokens

* Friends
* Romans
* Countrymen

* Eva oupBolo (token) eival piot aokoAouBio oo YapakTtnPEeC o€ Eva
Kelpevo (mou eivoal opadomolnpeEVoL we UL Xprnotun
oNUOCLOAOYLKA povada)

* KaBe t€tolo token eival umoPndlo ya va eloaxBel oto evpeTRpLO
LLETA QTIO TIEPALTEPW ETEEEPYOCLA

22



kedp. 2.2.1

Tokenization — Alailpeon o€ ZUuoAa

= Token (AekTikn povada)

" Type (turmoc) pia opada (kAaon) amo tokens mou amoteAsital amno
TNV idlta akoAovdia yapaktnpwv

" Term (0poOC) CUXVA KOLVOVLKOTIOLNUEVOC TUTIOC TTOU ELOAYETOAL OTO

EUPETAPLO TOU CUOTHUOTOC

Mapadeyua: to sleep perchance to dream

23



kedp. 2.2.1

Tokenization — Awalpeon o€ 2UpBoAa

AAAa ol eivat ta kataAAnAa tokens;

ApPKEeL VOl XWPLOOULLE TO KELEVO OTA KEVA KOl 0T ONUELD OTIENC;

E€aoptatal amno tn y\wooa

24



Ked. 2.2.1

Tokenization: Ospata

e AyYALKA: amootpodog (cUvTNoN Kal YEVIKA KTNTWKA)
* Finland’s capital —» Finland? Finlands? Finland’s?
* Mr. O’ Neill thinks that the boys’ stories about Chile’s capital aren’t amusing

neill aren’t
D]'."lE"iH -i].fE']'."l.t
o'neill are || n't
o || neill

. aren || t|?
o || neill |?

= kaUopilouv nolec Boolean epwtnosic Sa arnavrouv
My neill AND capital, o’neill AND capital

Thv (bla MOALTIKN KoL OTNV EPWTNON KOIL OTO KEIUEVO

25



Ked. 2.2.1

Tokenization: Ocpata

* Evwtiko (hyphen):

* (ouvévwon AéEewv we emwvupieg) Hewlett-Packard — Hewlett kol Packard w¢ 0o
tokens ?

* (opadomoinon Aé€swv) state-of-the-art n the-hold-him-back-and-drag-him-away
maneuver (va SloomtAcou e TV akoAouBia;)

* (xwplopog dwvnéviwv) co-education (wg pia A&€n;)

* lowercase, lower-case, lower case ?

(w¢ mpoBAnua taétvounonc, anAol evpLOTIKOL KAVOVEG, KATT)
* Aldomoon oto kevo cUpBoAo

* San Francisco, Los Angeles York University vs New York University (§taomnaon
OVOUATWYV) AAAA TTWC UITOPOULE VA TO KATAAABOUUE;

* Juxva kal ta Suo white space, white-space kol whitespace
* Eniong, nuepounvieg kat aplBuoi tnAedwvou

* 'H kat cuvéuaopog
* San Francisco-Los Angeles

Avtipetwriion we ppaocelg (tx lower, case, lowercase) — el61kd va BEAou e va
emiotpéPouv to idlo amotéAeoua

Mepikad cuotripata {NTouV oL XPrOTEC TAVTO TO
TIEPUTTWOELC

Tnv (6La TTOALTLKE KoL TNV EPWTNON KOL OTO KELUEVO 26

{

—" otav B€Aouv va eéeTaoToUV OAEC OL



Ked. 2.2.1

Tokenization: ApBuot

* 3/12/91 Mar. 12, 1991 12/3/91
* 55 B.C.

* B-52

* My PGP key is 324a3df234cb23e

 (800) 234-2333
* JUXVA TIEPLEXOUV EVOLAUEOO KEVA
* Ta MOALOTEPA CUOTH AT LUITOPEL va un €Balov 0To EVPETAPLO TOUC aPLOpOUC

e Juxva Opwc ival xpnotuot, my avalntnon ya Kwdikeg AdBoug error codes/stacktraces oto
web, IP dteuBuvoelg, package tracking numbers

* (Xpnon n-grams)
* Eupetnplomnoinon twv petadedopevwy Eexwplota
* Huepounvia dnuoupylacg, format, kAT

27



Ked. 2.2.1

Tokenization

* Entionc eldikeg Agelc
e M*A*S*H
e C++

* CH#

* AMOA kat email kot web, IP dtevBuvoelg, kKAt b€
BEAOULE VA TIC K OTIALOOUUE »

28



Ked. 2.2.1
Tokenization: aA\ec yYAwooec

e [aAALKO
* L'ensemble — (oUvtunon apBpou)
e L?LU'?Lle?
* OQa Béhape ta Fensemble va talplalel pe to un ensemble

* Ewgto 2003, bev 10 unootrpile To Google
* Internationalization!

* [eppavika (oL ouvOeteg Ae€elc dev Slaxwpilovtal)
* Lebensversicherungsgesellschaftsangestellter (Iife insurance company
employee)
e Ta FlEpUOVIKA CUCTAMATO AVAKTNoNG TAnpodopiag XpnoLLomoLouV

pia povada compound splitter
* BeAtiwon tng anmoédoong katd 15%

29



Kep. 2.2.1

Tokenization: aA\ec yYAwooec

VORI EIRAE SR A R E R B Ik, 44 H
O H, PWHIREEGEEES IR AHAE T T 1 8 574
H. AHIRX E, 7higz 1 SESeeeE,

Kwelka: v UTIAPYOUV KEVAL

30



Ked. 2.2.1

Tokenization: aA\ec yYAwooec

e Ta Kvelika kat tal lamwvikad 6€v €xouv KEVOUC XOPAKTNPEC OLVAUETOL
OTLC AE€eLC:
« SRR ENARFEEEERETMEHES BiX,

Xwplopoc os Ae€elc (word segmentation)
"  Awddopec TEXVIKEC: xprnon Ae€lkou Kkal Taiplaopa
NG HeEyaAUTEPNC akoAouBilog, unxavikn pabnon

AN\ Sev umtapyxel mavta Eva povadilko tokenization
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Ked. 2.2.1

Tokenization: aA\ec yAwooec

]

Kwelka: eite wg akoAouBia Vo Ae€ewv “and” kat “still” R w¢ pa
AEEN “monk”

32



Ked. 2.2.1

Tokenization: aA\eC yYAwooEeC

AvTL yLa eupetnplomnoinon o€ emninedo Ae€swv
gupeTNPLOTIOiNON OAWV TWV AKOAOUBLWV k-YOpOKTp WV
(k-grams)

33



Tokenization: aA\eC yYAwooec

Ked. 2.2.1

e Akopa rtito SUokoAo ota lamwvikad, avaptEn noAAanAwv aAdpapntwy

* Huepopunvieg/mooa os moAAd formats

#fi‘:)GﬂOﬁ/i‘ 151 E D=4

\ /

(#96,00075H)

»ﬂ#%z:—ﬁol@\
o\

O xprRotng Hmopet va SLATUMTWOEL TNV EpwTnon Hovo o€ hiragana!

34



Ked. 2.2.1

Tokenization: aA\ec yYAwooec

UL M B E LA T T = A SR EFEE D
AMOTTAINAILI v S—rn—Ink LT, TAFHLL~H
PUnTAE D, hoftnine] FEELEY, KRR A DA
heafonige] EEUTERLCNA LS, 2RicEobA T
W= FERQOFHMNOEHIELD, MBTTH, /72, E
REFRATLIOAZONMNETIZEED {0, KHTEFICN,
5 0 AN ke Lo I 2 o R E Y S E T,

Mlanmwvelka - 4 dStadpopetika “aAdapnta”:

®  Chinese characters, hiragana syllabary for inflectional endings and

functional words, katakana syllabary for transcription of foreign words and
other uses, and latin

5 Oev urntapyouv keva (onwc ota Kvedka).

= OLXpNOTEC UITOPEL ULl EpWTNON UOVO O€ hiragana
35



Ked. 2.2.1

Tokenization: aA\ec yYAwooec

* Ta Apafika ko ota EBpaika ypadovtal armo to de€Ld npoc
TOL OPLOTEPQA, OAAQ UE OUYKEKPLUEVA TUApaTa (Tt aplOpuotl)
va ypadovtol amo T aplotepd ota SelLd

* OL A&€eLc SLaywpifovtal aAAd TO YPAUUOTO LECA OTLG

AEEELC TepLITAOKOL XOPOALKTAPEC

0= Iz 1) ga lale 132 92 1962 300 g is) jpd) adgag)
<2 &2 < start

» ‘Algeria achieved its independence in 1962 after 132 years of French
occupation.

* Me xpnon Unicode, n amoBnkeuvpevn popdn eival
QTTAOTIOLNLEVN

36



Ked. 2.2.2

Stop words (Atakomtouoec AeEeLC)

e Xprion stop list, amokAelou e Ao 1o AEELKO TLC TILO KOLVEC
AE€elc (ne Baon tn ouyxvotnta cuAAoync (collection
frequency)). MNnati;

* Exouv LLKpO onUaoLlOAOYLKO TIEPLEXOUEVO: a, an, and, are, as, at, be, by, for,
from, has, he, in, is, it, its, of, on, that, the, to, was, were, will, with

e Elval mapa moAAEC:~30% Twv KaTtaxwprnoewv adopolv TI¢ o cuxVveC 30
AE€eLC

37



Ked. 2.2.2

Stop words (Atakomtouoec AeEeLC)

* Q0TOOO N TAOoN €lval va un ypnotuortotovvtol AoTeC:

* KaAEG TEXVIKEC ouurtieonc odnyouV oTO va EAAXLOTOTIOLOUV TO XWPO ToU
XPELALETOL VIO TNV ATOOrKELON TOUG
e KaAEG TEXVIKEG yLaL TNV enteéepyaoio epwTnuatwy (0TABULON OpWV Kall
SLataén Opwv ota EVPETHPLA LE BACN TN ONUAVTLKOTNTA) LELWVOUV TO
KOOTOC OTNV EKTEAEONC HLOG EpwTNONG e€attiog Twv stop words.
Elval xpnowua ya:
* Opaoelc: “King of Denmark”
e TitAouc tpayoudlwy, KAT.: “Let it be”, “To be or not to be”
o “Ixyeolakd” epwtipata: “flights to London”

38



Ked. 2.2.3

Kavovikoroinon (Token normalization)

* Token normalization: kavovikomoinon twv token wote va
evtormillovtal avtlotolyieg kat va tatplalouv tokens mapa
KAmoLeg UKpEC Stadopec (y U.S.A. USA)

e Juxva opl{ovpue Eppeca
ylot Toug opouc, dnAadn, Tig amelkoviloupe otov (dLo
Opo TL.X.,
* JBr)vouuE TIC TEAELEC Qo €vav Opo
* U.S.A.,USA ( USA
* 2BAVOULE Ta EVWTIKA amo évav opo anti-discriminatory, antidiscriminatory

Amtdol kavovecg avtiotoixtong (mapping rules)
= Ag xpetadletal mAnpng npoodloplopoc (mx ofrivoupe to -)
" Mepikéc dopec dev eival eUKOAO va EVTOTILOTEL TTOTE XpeLlaleTol
nPOooBAKN XapaKTAPWV
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Ked. 2.2.3

Kavovikorotnon

Muat eVOAAQKTLKY) TIPOCEYYLON OTLC KAAOELC Looduvapilag eivat va
KpOTOUE OAa Tor U Kavovikortoltnueva token (va opioouue
avtiotolyia uetaéu touc)
* (umopel va xpnotuormotn9ei Kal yLo CUVWVUUD, «XELPOTTOINTEC» AlOTEC CUVWVULWV )
1. (a) Eupetnplomoinon Tou pn KoVOVLKOTIOLNMEVOU Opou Kal (B)
dlevpuvon kata tnv epwtnon (dtaleuén)
Enter: windows Search: Windows, windows, window

(ouvwvuua) Enter: car Search: car automobile

2.  EvaAAoKTIKA, KOTAXWPOUUE TO £Yypado OTLC ALOTEC
Kataxwpnong ke ocuvwvupou (rx Eyypado mou MEPLEXEL TO
car katoywpeital kot oto automobile)

To 1 1) 10 2 ivat KaAUTEPO;
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Ked 2.2.3

Kavovikomotnon o€ 0poucC

Mn cUMMETPLKN Sltelpuvon
* Eva mapadetypa 0mou auto pnopei va pavel xpnotuo

* Enter: window Search: window, windows
* Enter: windows Search: Windows, windows, window
* Enter: Windows Search: Windows

* ALOTEC TILO LOXUPEC ATTO TLC KAAOELG AN ALyOTEPO ATIOOOTLKEC
 Elval n kavovikomnoinon navta kaAn, U.S.A, C.AT?
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Ked. 2.2.3

Kavovikorotnon: AANEC YAWOOEC, TOVOL,
OLAKPLTLKA

60% LotooeAidbwv ota AyyAka (2007) — 1/3 Twv xpnoTtwyv TOu
Stadiktuou - 10% tou naykoopov TAnBuopou pAovv
AyyALka

* Accents: 1..X., TQAAKO résumé vs. resume.

* Umlauts: .., Feppavika: Tuebingen vs. Tiibingen
* MpemneLva eival Llooduvapa

English
Russian
German

Japanese
Spanish
French
Chinese
Portuguese

ltalian 19 Feb 2020,

Polish Source wikipedia
Turkish
Dutch

Others
| T T T T T
0% 5% 10% 20% 0% 40% 0%
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Ked. 2.2.3

Kavovikoroinon: aAAeC YAWOOEC, TOVOL,
OLAKPLTLKA

* [1Lo ONMAVTLKO KPLTAPLO:
* MNwc TPOTLHOUV OL XPAOTEC VA YpAPOUV QUTEC TLG AEEELC OTOL EPWTIUOTA TOUC
e AKOpO KoL O€ YAWOOEC TTIOU €XOUV accents, ol xprnoteg dev ta
NMANKTPOAOYoUV (okepTe(TE TOUC TOVOUC 0Tl EAANVIKC)

* OMoTE oUYVA £lvoll KIAUTEPO VA KOLVOVLKOTIOLOU UE 1] VoL adalpoULE TO

accent amo €va 0po
* Tuebingen, Tiibingen, Tubingen \ Tubingen
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Kep. 2.2.3

Kavovikorotnon: aANeEC YAWOOEC

* Kavovikomoinon o€ MEPUTTWOELG OTIWE OL NLEPONVLIEC
« 7530H vs. 7/30
* Japanese use of kana vs. Chinese characters

* Tokenization kal kavovikomoinon pnopetl va e€aptwvtol amno tn y\wooao
omnote padl Pe avayvwplon YAwo oo

* Baowko: MpéEmel 1o kelpevo nouv Ba eupetnpLomolnOel ko ot
OPOL OTO EPWTNMO VO KOLVOVLKOTIOLOUVTOL LE TOV LOLO TPOTIO

/ Is this
German “mit

Morgen will ich inf MITY ...

44



Kep. 2.2.3

Metatpornn o kepalala/pkpa

e Metatpor OAwV TwV YPALUATWY OE LKA (case
folding)
» eaipeon: kedalaia otn péon tng npotaong; (truefolding)
* e.g., General Motors
* Fed vs. fed
* Bush vs. bush
* MPAKTLKA LETATPOTI) OAWV OE ULKPA, ool cuxva ol
XPNOTEC XPNOLUOTIOLOUV HLKPA AVEEAPTNTO TNG
«OWOTAC» XPNong Twv KepaAaiwv
* Mapadelypoa ano tn Google:
Aokipaote tnv epwtnon C.A.T.
*  #1 anotéAeopa ya “cat”




Onoavupol (Thesauri) ko soundex

* Nw¢ XEPLWOUAOTE T CUVWVU O KOL TOL OMLWVU QL
* M.x., Kataokevalovtag Alotec Looduvapiog e TO XEPL
* car = automobile color = colour

* Mrmniopoupe va to Eavaypapoupe (rewrite) yo v Snpoupyrooupe KAAOELG
Looduvapuiag opwv

* Katayxwpoupue 1o €yypado otig AloTteg kataxwpnong kabs cuvwvupou (rx €yypado mou
TLEPLEXEL TO car KATAXwPE(TaL Kal oto automobile kal To avamnodo)

* 'H va dLeupUvouE TO EpwTnUa
* Otav 1o epwtnua MepPLEXEL automobile, P ate kal ylo to car
e TLylvetal pe ta opBoypadikd Aabn (spelling mistakes)?

* Muia mpoogyylon ival to soundex, mou oxnuatilel KAAoELS LooSuvapiog amo AEEELS
Baollopeveg o€ AKOUOTLKOUC EUPLOTIKOUC KavOVEC (phonetic heuristics)
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Ta faolka PRpata yia TNV KATAOKEUN TOU EUPETNPLOU

1. ZJUA\éyou e Ta gyypada mou
BEAoupe va cupmepAaBou e
OTO EUPETNPLO

2. AlalpoU e To Kelpevo og
yAwoowkd cuupora (token)

Token stream.

3. T\woooAoyLKn mpo-
eneepyaocio Twv
OUUBOAWV

Modified tokens.

4. EupetnpLaloupe ta
gyypada ota omnoia
nepltAappavetal kabe

0pOog¢

Inverted index.

Friends, Romans, countrymen.

Friends || Romans | | Countrymen

friend| |roman| |countryman

friend N 24—

N
!

roman N ]

countryman m 13 .16




Kedp. 2.2.4

Anupuatornolnon kot Stemming

AUO OLALPOPETLKEC TIPOOEYYLOELC: AnppaTomoinon Kot stemming
[IpLv TNV ELOOYWYN OTO EVUPETHPLO

e Avaywyn Twv opwv oTtic pilec tou (Anupatomoion)

* [leptkortn KALTIKWY KaTtaAnéEwy Kol ovaywyn Topaywywy
nopdwv pLac Ae€nc o kowvn Baokn popdn (stemming)
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Kedp. 2.2.4

Anupuatornoinon (Lemmatization)

* [.x.,
* am, are, is — be

* car, cars, car's, cars' — car
* the boy's cars are different colors — the boy car be different color

* H Anppotorntolnon mpoUmoBETel «opOn» avaywyr) ou XPnoLLOTIOLEL
AEELAOYLO KOl LOPPOAOYIKN avaAUON TWV AEEEWV KL ETILOTPEDEL TN

Baotkn popdn tng Aegng, To Anupa
* POS (part of speech)

Lemmatizer
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Kedp. 2.2.4

Stemming ([MeplotoAn)

* “Stemming” umtovosl WO KOYPLUO TWV KATAANEEWV
* efaptatal amno tn y\wooo
* 1.X., automate(s), automatic, automation o\a avayovtal octo automat.




Kedp. 2.2.4

O aAyoplBuoc tou Porter

* O mito Stadedopévoc alyoplBuoc stemming yio tal AyyALka

* Ta anoteAéopata Selyvouv OTL lvol TOUAAXLOTOV TOGO KOAOC OGO Ol AAAEC
ETUAOVEC

e JupBaocelc + 5 pAOCELC TTEPLKOTIWV
* OLpaoelc epappolovral dtadoxka
* KaBe daon amoteAeital anod E€vo cUVOAO KAVOVWV

* Napadelypa cupuPaonc: Emhoyn ekelvou Tou kavova amod KaBes opada mou
uropei va epappootel oto peyoAutepo enibepa.

www.tartarus.org/~martin/PorterStemmer
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XQPOKTNPLOTLKOL KOvOVEC Tou Porter

Ouada kavovwy tnc¢ mpwtnc eaonc:

* 5565 —> SS )

. ios | Napadeypa

* 55 —>SS caresses —> caress
*5s—> ponies = poni

caress —» caress

cats - cat

AAAoL kavovec
e gtional — ate
e tional — tion

Kedp. 2.2.4

e OL KOVOVEC XpNOLUOTIOLOUV €va eldouC LETPOU (Mmeasure) Ttou eAEYXEL

10 MANB0o¢ Twv cUAAaBwWV
. (m>1) EMENT -

* replacement - replac
* cement - cement
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Kedp. 2.2.4

AAN\OL stemmers

* Yrtdpyouv Kat aAAol 1., Lovins stemmer
* http://www.comp.lancs.ac.uk/computing/research/stemming/general/lovins.htm
* Eva népaopa, adaipeon tng peyaAutepnc kataAnénc (repimou 250
KOLVOVEC)

* MARpN popdoAoyikny avaluon — EPLOPLOUEVO OPEAN

* BonBa to stemming Ko oL AAAOL KAVOVIKOTIOLNTEC;
* English: avauwkta anoteAéopata. Bonba tnv avakAnon aAld PAATTEL TNV
akpifela
» operative (dentistry) = oper
» operational (research) = oper
* operating (systems) = oper
*  Onwodnmote xpriowpo yia lomavikad, MNeppavikda, Oulavoika
* 30% BeAtiwon yla ta OwAavdika



kedp. 2.2.4

AN\OL stemmers: cuyKpLon

Sample text: Such an analysis can reveal features that are not easily
visible from the variations in the individual genes and
can lead to a picture of expression that is more
biologically transparent and accessible to interpretation

Porter stemmer: such an analysi can reveal featur that ar not easili visibl

from the variat in the individu gene and can lead to
pictur of express that is more biolog transpar and
access to interpret

Lovins stemmer: such an analys can reve featur that ar not eas vis from
th vari in th individu gen and can lead to a pictur of
expres that is mor biolog transpar and acces to
interpres

Paice stemmer: such an analys can rev feat that are not easy vis from
the vary in the individ gen and can lead to a pict of
express that is mor biolog transp and access to interp;et



Kedp. 2.2.4

E¢aptnon amo tn yA\wooa

* [MoAAQ OO TO MApATIAVW TIEPLAUBAVOUV HETACYNUATIOUOUC TTOU
* E€aptwvtal amo tn yh\wooa Kol
e Juxva amno tnv epopuoyn

* Me tn popdn “plug-in” mpwv tn dradkacia dektodbotnong
* EAeUBepou AoyLopikoU Kol EUTTOPLKA
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AkolouBia eyypddwv MNepiAndn

‘Eyypado 1 (d1) : To Nav. lwavvivwv dpuBnke to 1970. c T ,
Yy 14 I I /4 t :
Eyypado 2 (d2) : Ta lwavviva ival n peyaAutepn moAn Ing ranularity: Movasa eyypagou

Hmelpovu.

‘Eyypado 3 (d3) : H mruxlakn e€etaotikn oto Tunpa Mnx. H/Y kot
MAnpodopikng 6" apyioet tnv 1" OePpouapiovu.

Eyypado 4 (d4) : Ot pabnteg twv lwavvivwyv aplotevoav oTLg
€€eTAOELG yla TNV Eloaywyrn ota MavemniotiuLa.

Eyypado 5 (d5): To 2017 16puBnke MoAutexvikn ZxoAn oto MI.

Ofuata
= [lou oTapatape: Kevo/onueio otiéng aAAd Kat anootpodol/oxtL kevo/mavAa,
KATT
Token (AeKTIKEC povadeg) — * Stopwords (o kaw)

= Kavovikomolinon
= Kedalaia/pikpd
= Tovol
= Kavoveg vs Aloteg Looduvapiog

, * MeplotoAn (stemming) nepikomnn KataAnéewv
OpOL (te rms) Ttov Ba Anppatornoinon (lemmatization) yAwoowkr/popdoloyikn enefepyaoia kat

geloaxBouv oTo gupeThPLO avaywy teAégng otn pite tg

v" 1610 TTOALTLIKY) KoL OTO KELUEVO KOL OTNV EPWTNON



Ked. 2.2.4

ErtavaAnyn (epwtnoeLc)

Aoknon 2.1

Are the following statements true or false?

a. In a Boolean retrieval system, stemming never
lowers precision.

b. In a Boolean retrieval system, stemming never
lowers recall.

c. Stemming increases the size of the vocabulary.
d. Stemming should be invoked at indexing time
but not while processing a query.
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Alotec Katoxwpnoewv



Tt 9o bouue onuepa;

AVECTPOULEVO EUPETNPLO
" [pnyopotepn ocuyxwveuon: Aiotec MNapaBAsnc (skip lists)

= AlOTEC KATAXWPNOEWV UE TANPopopiec Beoswv (positional
postings) kat epwtApoto dpacewv (phrase queries)

= AOKNOELC YLOL CUYXWVELON
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, , Kedp. 1.2
AVTEOTPOUUEVO EUPETNPLO

’ ) Kataywpnon
Opot (term) -> NeétAoyio (Vocabulary) (Posting)

/

" | Brutus m——>[ 112 [ 4]11[ 31] 45173[174
Caesar m——>[ 17 2] 47 516 [ 16] 57[132
Calpurnia | "——>[2 T 31 54[101
~ R/—/

Ne&wo (Dictionary) Niora Karaywprioewv (Postings list)
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Baowkoc akyoplBuoc cuyxwvevonc AND

INTERSECT(p1, p2)
answer «— ()
while p; # NIL and p, # NIL
do if doc/D(p1) = doclD(p>)
then ADD(answer, doclD(p;))

p1 < next(pi)

p> «— next(ps)
else if doclD(p1) < doclD(p»)

then p; < next(p1)
else p> «— next(p»)
return answer

© 0 N O 1T B Wi+

p—
(-



Kep. 2.3

Baowkn cuyxwveuon

2—14—18m41 48064~ 128

8 -
1238112172131

Av ta LAKN Twv Atotwv €ivat m kol n, O(m+n)
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Kep. 2.3

Ertektoon Twv Alotwyv pe deiktec mapaPAednc
Skip pointers (KaTa TNV KaTaoKEUN TOU EVPETNPLOL)

A J28————
214 —18—41 248 —~ 64— 128

P - . e —
1 =2=38p11 1721 31

e [LaTl?

* [ta va arrouUyouuE (skip) kataywpnoesic mou dev Ba eupaviotouV oto
anotéAecua tng avalntnong.

* Mwc?

* Mou va tonoBeTricou e autoUC TouC deikTec?
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Kep. 2.3

Ertetepyaola epwtnuatoc Le skip pointers

e o e —

2

1 4

8

41

>

48

1 04

1128

M 3 T,

1

" 2

13

18

11

[
—

17

21

31

YrtoB€ote OTL EXOUPE SLATPEEEL TIC ALOTEC KOl £XOUUE BPEL TO KOO

otolxeio 8 oe kA Be Alota, TO TALPLALOUE KoL TIPOXWPALLE

‘Exoupe 41 kat 11. To 11 sival To HIKPOTEPO.

O beiktng mapalewpnc tov 11 ival to 31, onote UMOPOUUE va
rnapoBAEPOUE TIC EVOLAUEDEC KATAXWPNOELG
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Kep. 2.3

Ertetepyaola epwtnuatoc Le skip pointers

e o e —

2

1 4

8

41

>

48

1 04

1128

2 e

1

" 2

13

18

11

[
—

17

21

31

AplOUOC OUYKPLOEWV YwWPLC Kal

napaPBAedng

ne xpnon O&elkTtwv
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Kep. 2.3

Ertetepyaola epwtnuatoc Le skip pointers

16 28 72
srtss — 2 1+ 418 167419 23 - 28 43

: 51 8
2358 41 +51 6071

Caesar — ]

AplOUOC OUYKpLOEWV YwpLg KoL HE xpnon O&lKTwv
napaPBAedng
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Kep. 2.3

[Tou va TormoBeTtnoouE TOUC OELKTEC?

* Tradeoff:

* MoAAoi Seiktec mapdPAsPne — Hkpotepa dtaotApata mapdpfisPne =
neyoAutepn rmBavotnta mapdPAePng. MoAAEC ouykploelg yla va
napaAeipoupe deiktec.

* Ayotepol Seikteg mapdPAePnc — AlYyOTEPEC OUYKPLOELC SelKTWY aAAA
HeyaAltepa Staotipota = Alyeg emtuxnUEVEC TapaPAEPELC.

A 4
A 4
A 4
A 4
A 4
A 4
A 4
A 4
A 4
A 4

A 4
A 4
A 4
A 4
A 4
A 4
A 4
A 4
A

A
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Kep. 2.3

TomoBetnon Twv deIKTWV

ATAUIC EUPLOTLKOC: VLA KOTAXWPAOELC HAKOUC L, xpnotpomnoinoe VL Ssiktec
nade)\sLbr]\Z o€ 0l amootaon petaéL touc (evenly spaced), SnAadn oe
anootTacn

e AYVOEL TNV KOTAVOU TWV 0pWV TNEC EPWTNONCG.

e EUKOAO Qv TO EUPETNPLO ELVAL OXETIKA OTATIKO. AUOKOAO av to L aAAdlel
OUVEXWES AOYW TPOTIOTIOLI|OEWV.

* BonBouoe (Aoyw 1o apyric CPU). OxL TO00 e TO VEO UALKO EKTOC OV
memory-based

* To I/O kooto¢ yLa va doptwOel pia peyoadutepn (Aoyw skip pointers)
Alota Katoxwpnoswv Umopel va uttepPaivel To kEpSOC armod TN
YPNYOPOTEPN CUYXWVEUON
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Ta Baolka Pnpoata yia TNV KATOOKEUN TOU EUPETNPLOV

= 7Y | Friends, Romans, countrymen.

I s

2. AlalpoU e To Kelpevo og i
yAwoowa ouppora (token) [TO ke nize r}
Token stream. 1 Friends || Romans | | Countrymen

3. TA\wcooAOyLKH TtPO- Li ngu Istic
z’f;g{gj‘“ T modules

odified token 1 friend| |roman| |countryman

(terms)
4. Eupetnplaloupe Ta [Indexer} friend H{ \L "4 —
gyypada ota omnoia l ﬂ[ _I R 2 |,
nepltAappavetal kabe roman | £ |
Opos Inverted index.| countryman ﬂ[ 13716
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Fupetnplo dpaoewv



Ked. 2.4

Epwtnuata Gpacewv (phrase queries)

* @EAOUUE VO UTTOPOUE VA ATIAVTIAE O€ EpwThaTa onwe “stanford
university” — wc¢ ppaon

* Onote 1o eyypado “I went to university at Stanford” v amnotelel
Talplaoua.

* H évvola Twv epwtnUATWV Ppacewv £xeL amodeyOsel oAl dnpodIAnc Kot eUKOA
KOTOLVONTH] OItO TOUG XPNOTEC,

* AMO TIc Alyec popdEc avalntnong neEpa tng Pactkng mou vloBetrOnkayv
(epwTnoELg pe «» amote oV to 10%)
* AKOMO TIEPLOCOTEPEC Elval Eupeoa epwtnpata pAoewv

* [La va ta uTtooTtnpiéouv e, 6ev apkouv eyypadEC TNG popPpng <term:
docs>
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Ked. 2.4.1

Mua tpwtn mpooeyyLon: Evpetnpla
(evywv Aetewv (Biword indexes)

" ELlor)yaye 0To €UPETAPLO kKade SLado)IKO (EUYOC OPpwWV OTO
Kelpevo we dpaon

" [l mapadelypa to keipevo “Friends, Romans, Countrymen”
nopayel ta biwords

= friends romans
" romans countrymen

= KdBe te€Tolo biword ival twpa Evog 0poc Tou EVPETNPLOV

" ETUTPETIEL TNV EMECepyaoia EpWTNUATWY PpACEWV UE SUO
AEEELC.
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Ked. 2.4.1
MeyaAUTepeC PPAOCELC

e OL HeYOAUTEPEC PPAOELC UE KATATHNON:

stanford university palo alto unopei va dtaomnaotel we Eva Boolean
gpwtnua pe biwords:

stanford university AND university palo AND palo alto

Xwplc va e€etaoovpe Ta eyypada, Sev UMOPOULE va EQKPLBWOOUE
OTL Ta £yypada TTou LKAVOTIOLoUV TO TIOPOTTAVW EPWTNLO TIEPLEXOUV

™ dpaon.
—




Ked. 2.4.1

Atevpupeva biwords

* Emetepyaoia Tou KELMEVOU Kal EKTEAEoN part-of-speech-
tagging (POST).

* Opadormnolou e Touc 0pouc (Eotw) og ovotaotikd- Nouns (N)
Kol apBpa/nmpobocelc (X).

* Aleupupevo biword: kaBe akoAouBia Opwv TNG LOPDNC
NX*N

» KaBe t€tolo dteupupévo biword sival twpa €vag 0poc Tou Ae€lkou
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Ked. 2.4.1

Atevpupeva biwords

* Napadewyua: catcher in the rye
N X X N
* Eneepyaoia epwtpatoc: xwploe 1o o€ N Kkalt X
* Alaipeoe tnv epwtnon os dltevupupéva biwords
* AvalAtnoe oTto eUpETpLo To: catcher rye

* Mapadelyua: cost overruns on a power plant

n u n

* “cost overruns” “overruns power” “power plant”
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Ked. 2.4.1

Ocpota

= False positives
= [TeploooTtepouc amod 2 opouc -> Phrase index (eupetrplo ppaonc)
= AnpLoupyouvtal TToAU HeyaAa AeELKa

= Aev gival Suvatov ylo peyaAuTtepeC PPACELC aTto 2 AEEELG, LEYAAQ QKOO KOl
YLOl QUTEQ

»" Tat eupetApla biword dev gival n ouviBng Abon (yla 0Aa ta biwords)
oAAQ XPNOLUOTIOLOUVTOL WC UEPOC TTLO CUVUETWV AUCEWV
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Ked. 2.4.2

Avon 2: Positional indexes (Eupetnplo @coewv)

* JTLC KOTAXWPNOELG, UE KABE Opo, amoBnkeVvoupe Kol tn B€on (B€oelg)
ornou epdavitovrol ta tokens tou:

<term, number of docs containing term:;
docl: positionl, position2 ...;

doc2: positionl, position2 ...;

etc.>
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Mapadeypa

<be: 993427:

Ked. 2.4.2

1: 7,18, 33,72, 86, 231;
2: 3, 149;
4:17,191, 291, 430, 434;

1,2,4,5

5: 363, 367, ...>

e [la epwTApaTA PPACEWVY, XPNOLUOTIOLOUE Evav alyoplOpo

dbpacewv avadpouika oto emninedo eyypadou

o AMQA Twpa 6ev apkel n lootnta twv doc id




Ked. 2

Ertetepyaoila epwtrpatoc ¢paonc

Bpec TLC eyypadEC TOU EUPETNPLOU YL TOUC OPOUC TOU
EPWTAUOTOC
2UYXWVEUOE TIC doc:position Alotec yla amoapiBpunon oAwv Twv
rnboavwyv BEcewv
MNapadelypa epwtnpatog: “to, be, or, not, to. be.”
TO, 993427
«1:<7,18, 33,72, 86, 231»;
2:<1,17,74, 222, 255»;
4:¢8, 16, 190, 429, 433»;
5:¢363, 367/>;
/:¢13,23,191»; .. .»
BE, 1/8239:
«1:<17, 25»;
4.¢17,191, 291, 430, 434>»;
5:¢14, 19, 101»; .. .»
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Ked. 2.4.2

Epwtnuata yettovikotntac (Proximity queries)

e H idla yevikn HEB0SOC yLa epwTipaTa YEITOVIKOTNTAC (proximity searches)

e LIMIT! /3 STATUTE /3 FEDERAL /2 TORT
* NaAy /k means “within k words of”.

e MopoUlE va XpPNOLULOTIOL\OOUUE EVPETNPLO BEcEWV OAAA OXL EVPETNPLA
biword.
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Ked. 2.4.2

[ToAUTTAOKOTNTA EPWTNONC

e Auavel Tnv moAuTtAokotnta tn¢ epwtnong aro O(T), T aplBuoc
eyypadwv og O(N), N aplBuoc token.
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Ked. 2.4.2
MeyeBoc evpetnplou

e MrmniopoUpe vo. CUMTILECOULLE Ta position values/offsets

* MapoOAa aAUTA, CNUAVTLIKA AUENCN TOU XWPOU aroBnKeuong Twv
ALOTWV KOTAXWPNOEWV

e AAQ XpNOLUOTIOLEITAL EVUPEWC

* H oxetikn J€on tTwv 0pwVv XPNOULOTTOLEITAL KOl EUUETWCE VLA TNV
KOTOTOEN TWV ATTOTEAECUATWV.
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Ked. 2.4.2

Meyeboc eupetnplou

e Xpetadletal pa eyypadn yia kabe udavion oto €yypado avti yla pa yLo
KAOe eyypado
* To ueyedoc tou EUPETNPIOU EEQPTATOL OTTO TO UETO UEYEVOC TOU apyEioU
* Méoo peyeboc web oeAidag <1000 opot
 SEC filings, books, akOpa Kol LEPLKA ETILKA TTOLAHATA ... TTAVW arto 100,000 6poug

* Eotw €vac opoc pe cuxvotnta 0.01% (1 ava 1000 6pouc) o eva eyypoado

Document size Postings Positional postings

1000 1 1

100,000 1 100




Ked. 2.4.2

Rules of thumb

* Eva eupetriplo B€oswv gival 2—4 peyalUTepo amo Eva armAo
EVUPETNPLO

* To péyeboc Tov ouurlecEVOU EVPETNPLOV gival to 35-50% tou
OYKOU TOU apXLKOU KELUEVOU

e Autd adopouv tnv AyyAkn (Ko TtapOpoLeS) YAWOOEC
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Kep. 2.4.3

2UVOUaOTLKEC peBodol

* AUTEC ol HUO ITPOOEYYLOELC UTTOPEL va cuvduaoTouV

* o ouykekpLpéveg dpaocels (“Michael Jackson”, “Britney Spears”) n cuvexng
OUYXWVEUON KATAXWPNOEWV EUPETNPLOU BEcewv Sev eival amodotikn
* AKOpO tEpLOOOTEPO yia dpAoelc omwe “The Who”

Mote biwords avti ywa positional indexes?
= AUTA TTOU CUVOVTWVTOL CUXVA

= Tic TTOLO «OKPLBECH
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TEAOZ 2° KedaAaiou

Epwtnoelc?

XpnotuomotyGnke KAoLo UALKO TwvV:
v’ Pandu Nayak and Prabhakar Raghavan, CS276:Information Retrieval and Web Search (Stanford)
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