MYEOO3-MAE70: Avaktnon NAnpodgoptiag

Albaokovoa: Evayyelia Mitovpa
Kedpalaio 3: Aopecg yra Ae€ika. Avaktnon AVEKTLKA ota

2daAparta.



Ked. 3

Tt Ba dovpe onpepa;

" Aopec dedopevwy yLa Ae€ka

" Avaktnon avektikn (tolerant) oe opaApata
"Epwtnuata pe wild-card * («yapaktnpwv
UTTOAQLVTEP »)
="OpBoypadikd Addn
=" AltooTOoN UETOEL OPpWV
*Qwvntikn 616pObwon



Aopec AedopeVwY yia Ae€Lka

Ae€lhoylo (vocabulary): to oUvoAo Twv Opwv

Ne€lko (dictionary): piat dopn yla tTnv amobnkevon tou
Ae€lhoyiou

MNMwc¢ arroBnkevouue eva Aeéiko (otn uvnun) arrodotika,



Aopec AedopeVwY yia Ae€Lka

= To Ae€LkO meplexeL: To AeétAdylo dpwv (Anuua), yla KABe 0po: Tn cuxvoTNTA
eyypadou (document frequency) kat S€iktn otn AloTa KATAXWPNOEWV

" e KABe epwtnua, avalntnon oto AeELKO av UTTAPXEL O OPOC KAl O€ oL

gyypada

BRruTUS

CAESAR

CALPURNIA

N——
Ne€Lko

2 4 11 | 31 [ 45 | 173 | 174
2| 4 5| 6|16 | 57| 132
31 | 54 | 101

pos?ings

Mol Gopn Sedopevwy eivat KATAAANAN;




Kep. 3.1

Mua artAoikn Avon

e array of struct:

term document pointer to
frequency postings list
a 656,265 —
aachen 65 —
zulu 221 —
char[20] int Postings *
20 bytes 4/8 bytes 4/8 bytes

* Mwc avalntoupe Evav opo (kAeldL, key) oto Ae€Llko ypryopa
KOLTAL TNV EKTEAECH TOU EPWTAMATOC;



Kep. 3.1

Aopec AeOOMEVWV VLA TO AEELKO

" Auo BAOLKEC EMLAOYEC:
o Nivakec Katakeppatiopou (Hashtables)
o Agvtpa (Trees)

" MepLKO cuOTAMATA AVAKTNONC TTAnpodopLag
XPNOLLOTIOLOUV TIVAKEG KATAKEPLATLOUOU
aAla 6evTpa



Aopec AedopeVwY yia Ae€Lka

Kputnpla ywa tnv emAoyn dounc:
(moLec Asttoupyiec, workload, peyeBoc)
= AltodoTikn avalntnon evoc opou (kAebLol) oto Ae€LKO.

" IXETIKEC CUXVOTNTEC MPOOTIEAAONC TWV KAELWOLWV (TTLo ypriyopa
oL ouxvol opo;)

= E{vOll OTOTLKO 1) EXOULE CUXVA ELoAYWYEC/SlaypadEc Opwv N
KoL TpoToTtoLtNoeLg; Movo elcaywyec (insert only — append
only)

= [loooL elval oL 0pol



Kep. 3.1

[Tivakec Katakeppatiopou

KaBe 0poc tou As€lAoyilou KaTaKEPUATL(ETOL OE EVOV QLKEPOLO

+.

* H avalntnon ival o ypriyopn amo eva 6gvtpo: O(1)

= Aev umtdpxel EUKOAOC TPOTIOC va BpeBoUV HLKPEC TTOPAAAOYEC EVOC OPOU
= judgment/judgement, resume vs. résumé
* Mn duvati n mpoBepatiki avalntnon [avektikr avakAnon]
= Av TO Ae€LIAOYLO LEYOAWVEL CUVEXWC, AVAYKN YL VA YIVEL KATOKEPUATIOUOC OTIO TNV
apxn



Kep. 3.1

Aevtpa Avalntnonc: Auadlko Aevtpo




Kep. 3.1

Aevtpa Avalntnonc: Avadlko Aevtpo

" O(log M), M: aplBuocg twv opwv (to peyeboc tou Ae€Lkou)
" ipoUTtoOETEL LoolUyLon
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Kep. 3.1

Aevtpa: B-Oevtpa

OpLopoc: KaBe eowteplkog KOUPOC £xeL Evav aplOpo amo madld oto dtaotnua [a,
b] omovu a, b eivat katdAAnAol duoikot aplOuot, 1.x., [2, 4]

S M L

Search keys < S / Search keys > L
Search keys > S and < M Search keys > M and < L
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Kep. 3.1

Aevtpa: B-Oevtpa

a-hu n-z

OpLopoc: KaBe eowtepkog KOUPOG £xeL Evav aplOpo amo nmadla oto dtaotnua [a,
b] omovu a, b eival kataAAnAol duoikoi aplOuot, 1.x., [2, 4]
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Kep. 3.1

Aevtpa

» To armAovotepo: Suadiko dEvtpo
= To Lo ouvnOLopévo: B-6evtpa

" Ta Sevtpa amattolv eva Sedopevo Tpomo dLataénc Twv
XopaKTNPpwV (aAAd cuvABWC UTTAPYXEL I UTTOPEL VAL OPLOTEL)

= AUvouv to POoPAnua poBepatog (m.x., 0pol ou apyilouvv pe hyp)
= [MAeovekToUV Otav To Ae€LlkO anoBnkevetal oto dloko (Tote Ta a Kal b kaBopilovtal amnod to
nEyebog tou block)

Mwo apyn: O(log M) [kat auto amnattel (toolvyiouséva (balanced) 6évtpa)
H enava-looluylon (rebalancing) twv duadikwv d€vtpwv gival akppn
= AA\G ta B-6évtpa kaAUtepa



Eowtnuata pe *



Kedp. 3.2
Epwtnuata pe wild-card (*)

(1) Aev eilpaote olyoupol yia tnv opBoypadia
¢ Ag€nc (rty Sydney? Sidney?)

(2) Yapyxouv moAAatAEC EKOOYXEC TNC
opBoypadioc tnc Ae€nc kot BEAoupe va
QVOKTAOOUE TA Eyypoda TTOU TTEPLEXOUV
oroladnmote ano avteg (rx color, colour)

(3) Aev elpaote olyoupol av £XeL yivel stemming
(4) OpBoypadia §evng Aegng (2*§m*p)



Kep. 3.2

Epwtpata pe wild-card (*)

(uxn

Trailing wild card query: 1o eudaviletal povo po dopd oto TEAOC
(prefix query, mpodnua)
* [.X., mon*: Bpec 0Aa ta Eyypada TTou TIEPLEXOUV OTOLAOATTOTE

AEEN apyilel ue “mon”

* EUkoAo oOtav to AgfLko pe Suadikod devtpo (N B-6€vtpo):
* AVAKTNOE OAOUG TOUC OpouC t 0To Slaotnpa: mon < t < EMOUEVO-TTPOTEUQL

* [ KAOe 0po, avalTNOE OTO OVIECTPAUHUEVO EVUPETHPLO OE IOl Eyypada
eudaviletal

16



Kep. 3.2

Epwtpata pe wild-card (*)

(un

Leading wild card queries: to eudaviletal povo pla popa otnv apxn

(postfix query, ertidnua)

* [1.x., *mon: Bpec OAa ta Eyypada ou MePLEXOUV oTtoladnToTe AEEN
TeAewwvel o€ “mon”

* 11to0 SUOKOAO

* Alatipnoe éva erunpooBeto B-tree yia toug 6pouc avamnoda (backwards), my o
opoc¢ demon -> nomed
* Reverse B-tree
* Avaktnoe 0Aoug Toug 0pouc t oto dlaotnua: nom £ t < emouevo-sntidnua-
avaroda.

17



Kedp. 3.2

Epwtnuata pe wild-card (*)

Mw¢ UIMOPOUE VA ATTAVTACOU UE EPWTNOELC LLE EVal
* otn peon tng Agéng, m.x., pro*cent ?

= Opol pe mpodnua pro
= Opol pe eniBnua cent
= ALOTPEXOUE TOUC OQOUC TIOU OVAKOUV OTNV TOLUI Kol
QTOPPLTTOVLE O00UC TALPLAIOUV KOl LLE TO TIPOONUA KoL LE
1O eNONua
= (apkel; ba*ba kot 6poc ba?)

18



Kep. 3.2

[evika EpwTNUOTO PE *

e * oTn WEON TOU OpOU
* co*tion
* Avalntnoe to co* AND *tion oe €va B-6€vtpo Kal €va reverse B-6€vtpo Kal
UTTOAOYLOE TNV TOUN TWV CUVOAWV
* AkpLBO!
* AUO eVOANOKTIKEC AVOELC — KoL oL SUo:

l.  'Exouv éva £161k0 eupeTrpLo

II.  MetatpEmouv TNV apyLkn EpwWTNong g o€ | Boolean epwtnon Q oto 8Lko
EUPETNPLO ETOL WOTE N aAmavinon oto Q va ival vurrtepoUvoio TnNG amavinong
oTo g

lIl. 3TN cUVEXELD EAEYXOUV TLC ATIOVTNOELC

19



Kep. 3.2

[evika EpwTNUOTO PE *

MNpwtn evaAlakTiki Avon:

" [Lot KABe 6po, armoBnKevonN OAWV TWV AVTIMETOBECEWY TOU ->
* Permuterm Index (supetrplo avTLUETATIOEPEVWY OpWV)

" Metatpomn tnG EPWTNONG UE AVILUETABEDTELS (TEPLOTPOPEG) WOTE TO
* va epdaviletal oto TEAOC.

" [NpoBnpatiko (prefix) Taiplaopa

20



Kep. 3.2.1
EUPETNPLO AVTIMETOTIOELEVWYV OPWV

Kataokevadlovpe €va (emumpOCOeTO) EUPETNPLO  OVILUETATIOEUEVWY  OpWV
(permuter index) oto omoio cuvdEoue OAEC oL TIOPAAAAYEC TTOU TIPOKUTITOUV OO
tnv (6eélootpown) reptotpopn (rotation) Tou apytkol 6pou

My. yta tov 0po hello -> hello$, siodyoupe oto Aséiko ta:
» hello$, Shello, oShell, loShel, lloShe, elloSh

= OTOU S €val EL6LKOC XOPAKTAPOS TTOU ONUOTOSO0TEL TO TEAOC pLoC AEENG

§

hello

Permuterm vocabulary — 6Aa ta TpoBEpaTa ToOU MPOKUTITOUV
aro tnv neplotpodn OAWV TWV OpwV
Eloaywyn og 6évtpo avalntnong, dUAAA oL apxLkoi Opot

Meplotpodn (rotation) Tou OPOU TOU EPWTNMOTOC WOTE TO * 0TO TEAOC
M.x., Epwtnua he*lo -> he*loS -> loShe*

Wayvouue to loShel* (w¢ prefix queries oto permuterm gupstiplo — n dopur Tou
To permuterm gupetnplou eival karmotlo devtpo avalntnong)

21



Kep. 3.2.1

EupETNPLO QVTIMETATIOEUEVWYV OPWV

Nopadeypa

EvupeTAPLO QVTIHETATEDELPEVWY OpWV Yl moron, man

Elodyoupe oto Aelko OANEG TIC TIEPLOTPODEC TWV OPWV WOTE Vo SELYVOUV OTOV OPXLKO OpO
moron -> moronS -> oto Ae€ko: moronS, Smoron, nSmoro, onSmor, ronSmo, oronSm

man -> man$ -> oto Ag€lkO: man$S, Sman, nSma, anSm

Epwtnpa m*n -> m*nS -> nSm*
Epwtnua: mo*n ->nSmo*
Match?
Epwtnua: m* -> Sm*
Match?
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Kep. 3.2.1

EUPETNPLO OVTLUETATIOEUEVWV OPWV

 X*Y*Z nwc yivetal match?
o X¥Y*ZS ->ZSX* (maipvoupe povo ta akpa)
o Wake ZSX* kot petd Eleyée kaOs umoPndLo 6po ya to Y
* My fi*mo*er -> Pace erSfi*, EAeyée av kaw mo (.., fishmonger kau fillbuster)

" Permuterm B-0£vTpo yla TOUC QAVTLUETATIOELEVOUC OPOUC
* [TooBAnua: = bekamAaoialsl to ueyeboc tou Aeéikou

/x
Eumelpikn mapatipnon ya ta AyyAka
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Ked. 3.2.2

EupetnpLla k-ypoppatwy (k-gram indexes)

" k-gram: akoAouBia k xopaKktipwv

= AltaplOunoe oAa ta k-ypappata tov epdavifovtal os kaBe 0po

= 71.%., Yo To Keipevo “April is the cruelest month” €xoupe ta 2-ypappota
(bigrams)

$a,ap,pr,ri,il,1$,%i,is,s$,%t,th,he,e$,%c,cr,ru,
ue,el,le,es,st,t$, $m,mo,on,nt,h$

= Orou S éva €L6LKOC XOPAKTHPOC TTOU onNUatodoTel To TEAOG KoL TNV apxn Hlag A&ENg

m>e eva k-gram gupetnplo, 1o AcELKO TIEPLEXEL OAQ TAL kK-grams Ttou
eudavilovrol og onolodnmote 6po

" ALATAPNOE EVA OEUTEPO AVTECTPOUEVO EUPETNPLO OTIO T k-
VPOAUHOTO OTOUC 0p0oUC TOU AEELKOU TTOU TO TTEPLEXOUV

24



Ked. 3.2.2

[Tapadelypo eupeTNPLOU K-YPAUUATWY

= To eUPETNPLO K-YPAUUATWYV TIEPLEXEL TOUC OPOUC KoL ATtOTEAELTOL ATTO K-
ypappota (edw k = 2).

= Aplotepd: k-ypappota Ag€ld: Alota Pe TOUC OPOUC TIOU TA TIEPLEXOUV

$m m——">| mace— madden------- -
mo | m——_> | among— amortize-————-- -
on| m——— > along " among-—----- o

E’tr —+ BEETROOT F—+ METRIC = PETRIFY I—’H.li.'l'f-'tl[—ﬂ‘-.-".-"ila

25



Ked. 3.2.2

Erteepyaola epwTtnUATWY

" Epwtnpo mon* twpa yivetal

= Sm AND mo AND on

" Bpiokel Toug 6poucg mou tatptalouv tnv AND ekbdoxn tou wildcard epwtripatoc.
= Artateital BApa peta-pAtpapiopartoc (post-filter)

= False positive, .x., moon

= OL OpOL TTOU ATTOEVOUV avalnNToUVTOL OTO YVWOTO QVTECTPOUEVO
EUPETNPLO OPWV-EYYPADWV
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Erteepyaola epwTtnUATWY

= Eva Boolean epwtnua ya kabe 0po

= Mnopel va odnynoouv oe akpLBn eneéepyaoia epwTnUATWY
= pyth* AND prog*

= Av evBappuUvou e tnV “tepmneAld” ol avBpwrol Ba avtanokplBouv!

| | [Search}

(%)

Type your search terms, use ™' if you need to.
E.g., Alex* will match Alexander.

" MoLleg pNXavEC avalf)tnong EMLTPEMOLVY TETOl EpwThpate; (TTAALOTEPQ,
altavista)
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Ked. 3.2.2

Epwtnon

= Lot ot AloTeg Kataxwpnoewv o€ €va eupetnplo k-ypappdtwy eivat
OLOTETAYUEVEC;
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Ked. 3.2.2

AoKNnon

" Mapadelypa permuterm opot yia baba, ba kat anotéAeopa twv ba*ba
Ko ba*

Exercise 3.5

Consider again the query fi*mo*er. What Boolean query on a bigram
index would be generated for this query?

fishmonger (avutdc mov movAa Yapia)

filibuster (moAwtikn kwAvotepyia)
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ALopBwaon opBoypadLkwv
AoBwv



Kep. 3.3
ALopBwon opBoypadikwyv AabBwv

" AUO BOOLKEC XPNOELC
= ALOpOBwon TWV eyypapwy IOV EVPETNPLOTIOLOUVTOL

" ALOPOBwOoN TWV EpLWTNUATWY WOTE VAL aAvaKTNBoUV « CWOTECY
QTIOLVTAOELC

" Auo BOOLKEG KOTNYOPLEG:
= Meuovwuevec Agéeic (isolated term)
" E&€Taoe KABE AEEN LOVN TNC YL AdBN
= Aev TLAVEL typos TTOU £XOUV WC ATIOTEAECUO CWOTA YPOUUEVEC AEEELC
" TL.X., from — form
" Baolopevn os ouuppalopsve (context sensitive)
" Koltd tic AE€eLs yUpw,
= 1.X., | flew form Heathrow to Narita.
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Kep. 3.3
ALopBwon opBoypadikwyv AabBwv

" Mn tpaypaTIKESG AEEELC
grafe -> giraffe
KaBe Aé€n mou Sev avhkel oto Ae€LkO

" MpayUaTIKEG AEEELC
= Turtoypadikd AdBn
= three-> there
" [VwOoTLKO AaBoc (oponxec/opwvu e AEEELC)
" peace -> piece
= too->two

32



Kep. 3.3
ALopBwon eyypadpwv

= Xpriowun wlaitepa ya eyypada peta ano OCR
= AAyoplBpoL 516pBwonc pubuLopevol yla auto: rn Holalel HE m
= Mrtopel va xpnotpornololv bk yvwon (domain-specific)

= [1.X., OCR pmepdevel 1o O pe 1o D o cuxva amno to O Kal to | (mou glval yeLTovika
ota QWERTY mAnktpoAdylo), omote 1o rmbavi n avtaAAayr Toug otnv
TIANKTPOAGYNON

=" AAN\Q ouxva: web oeAidec aAAA KOl TUTTWLEVO UALKO €XOUV
typos
" YTOXOC: TO Ae€LKO va TtepLEXEL Alyotepa opBoypadika AaBn

= AAQ ouxva dev aAdaloupe ta eyypopa AANAL ETLEKTELVOULLE TNV
QTTELKOVLON EPWTAMATOC — Eyypadou

33



Ked. 3.3.2
ALOPOwaon LEMOVWUEVNG AEENC

" QepeAwdnCg unoBeon — urtapyel eva Ae€Lko rtou poc SIVEL T owoTh
opUoypapia

" Auo BaOLKEC ETILAOYEC YLa AUTO TO AeELKO

= Eva standard Aeéiko omwg
= Webster’s English Dictionary
» ‘Eva “industry-specific” Ae€lkd — hand-maintained
» To Agéiko tnc ouAdoyric (corpus)
= [1.x., OA£C oL A€€eLc oTO Web
= ‘OAa Ta OVOUATA, OKPWVU O KATT.
= (ouumneplAapfavopévwy kat Twv opBoypadikwv Aabwv)
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Kep. 3.3.5

[evika Bepota

(1) 2to epwtnua carot mavta eneotpePe ta Eyypada nou
TIEPLEXOULV TO carot kaBwc Kal ta Eyypada e OAEC TIC
SlopBbwpeveg ekboxEC TOU Opou, Ty carrot and tarot.

(2) Onwc oto (1), aAAd SlopBwoelg povo av to carot dev eival
oTO Ag€LKO

(3) Onwc oto (1), aAAAd HOVO av n apXLKN EPWTNON EMLOTPEDEL
Alya (ty Ayotepo armo 5) eyypada.

(4) Otawv n apxlkn epwtnon eMLOTPEDEL ALlyOTEPQA ATTO EVAV
npokaBoplopevo aplBuo amno gyypada sniotpedel «spelling
suggestions” : “Did you mean carrot?” (ko oxL emumpoocBeta

eyypoda)



Kep. 3.3.5
[evika Bepota

(1) Ermiotpedoupe tn AEEN (AEEeL) Tou elvail TTLO «KOVTA»

(2) Otav LoomaAia
(1) Tnv rio ocuyvn (ouxvéc) otn cuAdoyn
(2) Tnv ro ocuyvn ota epwTtrRpaTa

=  Acite oto http://www.netpaths.net/blog/britney-spears-spelling-variations/
(apxika edw http://www.google.com/jobs/archive/britney.html)
OTATLOTIKA Yo misspellings tou Britney Spears)

=  ‘Evacg amnAoc spell corrector og Python
http://norvig.com/spell-correct.html
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Kep. 3.3.3

AUVOLKOC TIPOYP AU ULOTLOOC

= Exkdppaloupe 1o POLBANUA WS cLuVOUVACHUO UTIO-
npoBAnuatwyv — n PEAToTn Avon Baoiletal otn BEAToTn
AUon Tou UTTO-TtPOPANLATOC

= Shortest path

Dynamic version of Dijkstra oxL 6co amodotikr} 6co pa greedy
vAomoinon
= Bellman-Ford single source shortest path

= Floyd-Warshall all pairs shortest path
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ALOpOwaoN LEUOVWUEVNC AECNC

AoBevtwv evoc Ae€lkou Kal Mo  akoAouBlog
xapoktnpwv Q, emeotpePe TIC Ag€elc tou Ae€ikou
oV elvall 7tto kovta oto Q

TiLonuatvel “mio kovra”?

Oa eéetacovpe VO OPLOUOUC EYYUTNTOC
(armootaonc):

* Tnv artootaon dtopdwaonc -- edit distance (Levenshtein
distance) kat tnv otadutouevn ekdoxn tng -- weighted
edit distance

= FriukaAvn (overlap) n-ypauuatwy
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ked. 3.3.3

Artootaon 6lopBbwonc (Edit distance)

OPIZMOZ: AoBevtwv duo aAdapBuntikwy (strings) S, and S,, n
amootaon oplletal w¢ o eAdyiotoc apltduoc npaéewy yLo tn
LLETOATPOTIN TOU EVOC 0TOV AAAO

2uvnNOwc, oL mpateLg elval o€ emnimedo yapaKTnpo
* Levenshtein distance: Npd&geig
(1) Insert — ELoaywyn,
(2) Delete - Alaypadn Kot

(3) Replace — Avtikataotaon evog xapaktnpa (LepKEC POPEC: KOOTOC 2
w¢ delete-insert)

e Damerau-Levenshtein distance:

+ Transposition - AvTtlueTaBeon evog xapaktipa
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Antootaon AtopBwonc (Edit distance)

Napadeiypata

Levenshtein distance: dog-do: 1, dof-dog cat-cart: 1, cat-cut: 1, cat-act: 2,
cat-dog: 3

Damerau-Levenshtein distance: cat-act: 1

* [eviKA uTtoAOYL{ETOL UE OUVOLULKO TIPOYPOLLULATLOUO.
 Kottaéte my to http://www.let.rug.nl/kleiweg/lev/ yia mapadeiypata.
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Kep. 3.3.3

AUVOLKOC TIPOYP AU ULOTLOOC

= Exkdppaloupe 1o POLBANUA WS cLuVOUVACHUO UTIO-
npoBAnuatwyv — n PEAToTn Avon Baoiletal otn BEAToTn
AUon tou UTTIO-TtPOPANHATOC

= JTNV MEPLMTWON TWV Amootacewv d1opBwaonc — To UTO-
npoBAnuo Suo mpobnuaTwv:

= O BEATLOTOC TPOTIOC Ao Lot AEEN o€ par AAAn, Baoiletal oto
BEATLOTO TPOTIO ATIO KATIOLO TTPOONLOL TNE TPWTING OE KATIOLO
npodnua tng devtepng

= ‘Evav mtivakao

" [pappec: Fpappata (mpobnpata) tng mpwtn A£€ng
= JtnAec: Fpappata (mpodnuata) tng deutepn Ae€Ng

"  ©E£0elc TOV Mivaka: BeATLoTo KOoToC (amoéotaon)
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Kep. 3.3.3

YrioAoylopoc arnootaonc Otopbwonc

cats -> fast
String s,
= KaBe otowxeio mli, j] Tou
filalfs |t nilvaka: To BEATLoTo
oM1T2MT3TMa KOOTOG (eAaxLotn
STeMilhinalanma amootoon) yla va e
%" n E R BRI E aro to npoee,ua UAKOUG i
- TOU S, 0To TipoBepa
t3)3]2]2]?2 UrKOUG j TOU S,
s||4 |4 (3f2]3

Mx m[3, 2] cat->fa
mI[0, 3] € (kevo) ->fas
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Kep. 3.3.3

AUVOULKOC TIPOYP AL LOTLOLOC

* [Mwc vrtoAoyi{oupe Ta OoTOLKELQ TOU TTivOKQ,;

"  ETUKOAUTITOUEVEC UTTO-AUCELC:

= BeAtioto kootoc mli, j] i-1, j-1 i-1, j

= [lxm[2, 3] ca->fas e 5

= 3 dladopeTikol TpoTol
=  mii, j-1] and aplotepd (ypoppn)
= m[2, 2] ca->fa(inserts)
= mli-1, j] amd ndvw (otAAn)
= ml1, 3] c->fas (delete a)
= mli-1, j-1] (blaywvia)
=  m[1,2] c->fa(replace a pes)
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Kep. 3.3.3
AA\yoplBpuoc (amo aplotepa)

LEVENSHTEINDISTANCE(S;, 55)
1 fori+—0to|s
2 dom|i,0)]=i
3 forj—0to|s -1,)-1 -1, ]
4 do m|0,j] =
5 fori+—1to|s

6 do for j < 1 to |s7|

7

8

9

0

i; J-l B i) J

do if s1|i| = s2|)]
then ml|i,j| = min{m|i-1,j|+1, m|i, j-1]+1, m|i-1,,-1]}
else m|i,j| = min{m|i-1,j|+1, m|i, j-1]+1, m|i-1,;-1]+1}
10 return m]|sy|,|s2]]
Operations: insert (cost 1), delete (cost 1), replace (cost 1), copy

(cost 0)
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Kep. 3.3.3

AA\yopLBpuoc (amo navw)

LEVENSHTEINDISTANCE(S], $2)

1

CO Il O &~ W

9
10

for i — 0 to |sq]
do m[i,0] =

for j — 0 to |s
do m[0.j] =
for i — 1 to |5y
do for j — 1 to

S|

do if s1|i] = 52|/}

then m
else m
return mj||s1|, |s2

7, j] = min{m|i-1, j]+1, m|i, j-1]4+1, m|i-1, j-1]}
7, j] = min{m|i-1, j]+1, m|i, j-1]4+1, m|i-1, j-1]4-1}

J

Operations: insert (cost 1), delete (cost 1), replace (cost 1), copy
(cost 0)
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LEVENSHTEINDISTANCE(Sy, 55)
for i — 0 to |s{]

1

CO ~1 & = Wk

9
10

AlyoplOuoc (Otaywvia)

Av 10 i-00TO OTOLXELO TOU S, Elval
SLaPOPETLKO ATTO TO j-00TO OTOLXELOU TOU S,

do m[i,0| =i — —
for j — 0 to |s -1, )-1 -1, ]
do m[0, /] = L1 ]
for /i — 1 to |s;

do for j — 1 to |s;|
do if s1|i| = s2[j]

then m|i,j] = min{m[i-1,j]+1, m[i, j-1|+1, m[i-1, j-1]}

else mli,j| = min{mli-1,/]+1, m[i, j-1]+1, m|i-1,/-1]+1}

return m||s;|, |s»|]

Ked. 3.3.3

Operations: insert (cost 1), delete (cost 1), replace (cost 1), copy
(cost 0)
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Kep. 3.3.3

AlyoplOuoc (Otaywvia)

LEVENSHTEINDISTANCE(S;,s2)  Av 1o i-00T0 oTOlX€ElO TOU S, Elval i5Lo pe o j-

1 fori—0to |51| OOTO OTOLXELOU TOU S,

2 do m[i,0] =i

3 forj — 0 to |s| -1, j-1 i-1, ]

4 do m|0,j] =/ — —

5 fori—1 to |s| ,)-1 )

6 do for j — 1 to |sy|

7 do if s1|i| = s2[/]

S then m[i, j] = min{mli-1,jl+1, m(i, j-1]+1, m[i-1, j-1]}

9 else mli,j| = min{m|i-1,j|+1, m|i, j-1]+1, m[i-1,j-1]4+1}
10 return mi|si|, |s2|]
Operations: insert (cost 1), delete (cost 1), replace (cost 1), copy
(cost 0)
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YrnoAoylopoc amootaonc Levenshtein

[l va uTtoAoyiooupe to m|i, j]

Kep. 3.3.3

E€aptatol amo to EMOUEVO
ypauua

Kootog amo tov mavw
yeitova

[i-llj]

KOOTOC QIO TOV OPLOTEPO
yettova (insert)
“/j_l]

To HLKPOTEPO ATTO TIC 3
rBavec ya va ¢TAooupE
oto (i, |
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Kep. 3.3.3

YrnoAoyLlopoc artootaonc dtopbwonc

LEVENSHTEINDISTANCE(S1, S2) Apxikomnoinon
1 for i 0 to [s] String s,
2 do m[i,0| =i
3 forj— 0 to s \
4 do ml0,j| =
5 for i — I to [s1]
6 do for j — 1 to |sy| »
, _ 00
7 do if s1[i] = s2)] f=
8 then mli, j| = min %
9 else mli,j| = min
10 return m||s;|, sy
Operations: insert (cost 1), delet —
(cost 0)

Kootog 610pOwonc yla ta
npoBepata
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Kep. 3.3.3

YrnoAoylopoc amootaonc Levenshtein

Kootoc amod tov mavw Kootocg armo tov mavw yeitova
OPLOTEPO YELTOVA Delete

Copy 1 Replace ‘

Kootocg armo Tov aplotePo }

yeitova To HULKPOTEPO ATIO Ta 3 KOOTN
Insert ’
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Kep. 3.3.3
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AUVOLLLLKOC TIPOYPOLLLLLATLOLOC

1. BéAtotn umo-6oun (Optimal substructure): H BEATioTtn
AUon o€ eva poBAnpa TLEPLEXEL TLC LTTO-AUOELG, SnAadn
TLIC BEATIOTEC AUOELC 0 UTTO-TtpOoBAROTA

2. EmkaAuntopevec umto-Avoelc (Overlapping subsolutions):
Ot urnto-AUoeLc uTtoAoyilovtal Eava Ko Eova otov
uTtoAoyilovtal ol oAlKEC BEATLoTEC AUOELC otov brute-force

aAyopOpuo.
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Kep. 3.3.3

AUVOLLKOC TIPOYPOLULULATLOMOC

" ITNV MEPLMTTWON TWV AOoTACEWV d10pBwaonC — To UTIO-
npoBAnua duo mpobnuatwv

" Ol ETMUKAAUTITOUEVEC UTTO-AUCELG: XPELO(OMOOTE TLC
NMEPLOCOTEPEC AMOOoTAOELS 3 PopEC: Kivnon deéLa, otn
Slaywvlo, KATw
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Kep. 3.3.3

[LaTtl AeyeTal OUVOLLKOC TIPOYPOLULUATLOMOG

... The 1950s were not good years for mathematical research. [the] Secretary of
Defense ...had a pathological fear and hatred of the word, research...

| decided therefore to use the word, “programming”.

| wanted to get across the idea that this was dynamic, this was multistage... | thought,
let's ... take a word that has an absolutely precise meaning, namely dynamic... it's
impossible to use the word, dynamic, in a pejorative sense. Try thinking of some
combination that will possibly give it a pejorative meaning. It's impossible.

Thus, | thought dynamic programming was a good name. It was something not even a
Congressman could object to.”

Richard Bellman, “Eye of the Hurricane: an autobiography” 1984.
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Kep. 3.3.3

YITOAOYLOHOC armootaonc: mapadeLyua

n
|

o
|
-lh|-lh




Kep. 3.3.3

YITOAOYLOHOC armootaonc: mapadeLyua

-I‘hl-h- wlw mlm i | ek ||

replace o with s



Kep. 3.3.3

YITOAOYLOHOC armootaonc: mapadeLyua

-h-l-l‘:- wlw Mlm i | = || =




Kep. 3.3.3

YroAoyLopoc amootaonc: mopadeLlypa

S n o W

2 313 414
o 2 || 213
2 11 212

-I“-*-|-l‘:- w‘w mlm it | et || =

(6ltaywvio) replace o with n, insert s
(aplotepa-ypappun) insert n, replace o with s



Kep. 3.3.3

YITOAOYLOHOC armootaonc: mapadeLyua




Kep. 3.3.3

YITOAOYLOHOC armootaonc: mapadeLyua

5 n o W

1|1 2 313 414
5 1|2 2 214
211 2|2 312




Kep. 3.3.3

YroAoyLopoc amootaonc: mopadeLlypa




Kep. 3.3.3

YITOAOYLOHOC armootaonc: mapadeLyua

Pl
L
M2
N
I
n




Kep. 3.3.3

YITOAOYLOHOC armootaonc: mapadeLyua

5 N O W
1|1 |22 | 3([3 || 22
112 | 213 || 2[4 | 45
0 o1 || 212 | 32 || 3(3
1|2
5 3?




Kep. 3.3.3

YITOAOYLOHOC armootaonc: mapadeLyua

5 n L] W
11 |[ 2 313 | 4[4
12 2 [ 3 24 || 45
© 2 |1 2 |2 312 | 3[3
1]2
> 3|1




Kep. 3.3.3

YITOAOYLOHOC armootaonc: mapadeLyua

s n 0 w
1|1 212 313
5 1|2 213 2|4 4 |5
2|1 212 312 33
] 1|2 213
311 217




Kep. 3.3.3

YroAoyLopoc amootaonc: mopadeLlypa

5 N O W
11 22 || 33
12 2 [ 3 2[4 || 415
© 2 |1 2 [ 2 3 [ 2 33
1]2 2 [ 3
> 3|1 2 [ 2
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Kedp. 3.3.3
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[lwc¢ uropw va dw tic paéelc tou odnynoav oo OSLO o SNOW?

4
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3
4

3

3

3

3

output

input

operation

cost
1

insert




A

3
4

4
4

3

3

4

3

output

input

O

operation
(copy)
insert

cost
0
1




utput
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Input
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operation
(copy)
replace
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output
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O
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operation
delete

cost

1
0

(copy)
replace
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[lwc umopw va dw TIC tpaéelc mou odnynoav arto CAT o€ CATCAT?




output

input

c

3
f

operation

cost
1

1
1

insert

insert

insert

(copy)
(copy)
(copy)

0
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4
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output

input
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operation
(copy)
insert
Insert
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1
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insert
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(copy)
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0
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1
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Kep. 3.3.3

>ToOuLlopevn arnootaon dLopBwonc

= To Bapoc pLac mpaénc e€aptatal oo TOV TToLo XapoaKTnpa
(Xapaxtrpeg) adopa

= Y1Oo)X0C¢ va AdBet umoyn AaBn OCR ) mAnktpoAoynong
Nopadetypa: m mio miBavo va mAnktpoAoynBetl we n mapd we q

= OMOTE N AVTIKOTAOTOON TOU M Ao N £XEL LKPOTEPN ATOOTOON
S10pOBwonc armo tnv amootacn Tou amno 1o g

= ALOTUTIWON WG TILOOVOTLKO HOVTEAO

" [MpoUmoBETEL WC €lcob0 Eva Ttivaka Bapwv

" [lw¢ Vo puetatpePouue to SUVAULKO TTPOYPOAUUNTLOUO YLO VO
XELPLOTOUUE Ta Bapn;
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Kep. 3.3.3

Amtootaon 6lopbwonc (aoknoeLc)

" H Levenshtein anootaon 610pOwonc eivaw i oxt (a)
OUMMETPLKNA, (B) petaBatikn;

= Tpormomnoleiote Tov aAyoplOpo wote va UTtoAoyileL TV
amnootaon Damerau-Levenshtein
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Kep. 3.3.4

EriikaAuPn k-ypappuotwy

EVOAAOKTIKOC OPLOUOC amOoTaonG ME Baon Ta Kowa

k-ypappota

= Hopolotnta duo opwv eivat ton pe To mMANBoC Twv
KOWWV K-YpOLUUATWY TOUC

Napddeyua
3-ypappata

november
* Ta tplypappatTa eivat nov, ove, vem, emb, mbe, ber.

december
* Ta tplypappoata ival dec, ece, cem, emb, mbe, ber.

Apa 3 tplypappota emkaAuTttovtol (amo ta 6 kaBe opou) — opototnta 3
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Kep. 3.3.4

Mua duvatotnta — ouvteAeoTNC Jaccard

* JuvnONC HETPNON TNC emkAAUV NG
Eotw X ko Y Vo cuvoAa, o cuvteAeothc Jaccard (Jaccard coefficient)

opiletal wc: ‘X mY‘/‘X UY‘

* looc pe 1 otav ta X kat Y €xouv ta idla otolxeia kot 0 otav ival Eeva
 Ta X and Y 6& ypelaletal va €xouv To 610 pEyeboC

* Mavta petagL tou 0 kat tou 1

* To katwdAL kaBopilel av umdpyet taiptaopa, ., av J.C. > 0.8, tote
Taiplaopa

Mw¢ to urtoAoyi{ou e amodOTLKA OTNV MEPLITTWON TWV K-YPOLUATWY;
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Kep. 3.3.4
ErtikaAun k-ypappatwy

= ArtapOpnoe oAa to k-ypAppoTo 0Tov 0pOo TNE EPWTNONG

= XpNOLUOTIOINOE TO EVPETAPLO K-YPOALUATWY YLO VO AVOKTOELS OAOUG
TOUC OpouC Tou AefLkoU Ttou TaLpld{ouv KATTOLo Ao Ta k-ypappoTo
TOU EPWTAMATOC

" AVEKTNOE OAOUG TOUG OPOUC Tou Ae€LkoU Ttou taplalouyv karoto (>=
KOTWQEAL) opLlOPO oo To K-YPOAULOTOL TOU EPWTHHOTOC
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Ked. 3.3.4

MNapadeypa: Talptaopa 2-ypopupotwy

* Eotw to epwtnua lord — BéAovpe va BpoUpe TIg AEEELC TTOU
Taplalouv TouAaxlotov 2 amno ta 3 dwypaupata (lo, or, rd)

lo

or

rd

sloth

morbid

DDI:> ardent

card

H tumikn ouyxwvevon Ba ta Swoel

Ma 1o JC XpelalOHAOTE KOL TOV OPLBUO TWV 2-YPAUMATWY (TO KOS TNG AEENC)
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Kep. 3.3.4

Amtootoon dLopBwonc amo OAouc TouC
OPOUC TOU AEELKOU);

* AoBEvtoc evoc (avopBboypadou) epwtripatoc, urtoAoyiloupe TV
amnootaon 6LopBwaonc arrd 0Aouc Tou¢ 0pouc Tou AefLkou
* AkpLBO kat apyo

* MrmntopoU e VO UELWOOUUE ToV aptuo TwV UTToYNelwv 0pwV Tou
EUpPETNPLOV;
e Movo Ag€elc mou apxilouv amo to ibLo ypappa
* Na Bewpriooupe OTL UTAPXEL * KoL Eva permuterm (e KATIOLEC TPOTIOTIOLAOELC)

* Na Bpoupe AEEELC e APKETA KOLVA K-YPALLLOTA KOLL VOL TLEPLOPLOOULE TOV
UTTOAOYLOUO QTTOOTAONC UE QLUTEC
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Kep. 3.3.4

Xprnon TwV amooTaoewv OLopBwonc

1. ‘H, doBeloac ploc epwtnong, mpwta anapiBunoe OAeC TLg
akoAouBiec xapakTApwV LECA OE LLO TIPOKO.BOPLOLLEVN
(otaBuiopévn) anootaon dopbwonc (m.x., 2)

2. Bpecg tnv Toun autou TOU CUVOAOU HE TIC «CWOTECH AEEELC

3. [lpotelve Toug opouc o BPNKEG OTO XPROTN
* Wake OAeg tic mBaveg 510pOWOELG OTO OVIECTPAUUEVO EUPETIPLO KOl
eneotpePe OAa Ta Eyypada ... apyo

* MTMOPOUE VA ETTIOTPEYOULE T EYYpoipa LOVO YLaL TNV Lo mibavn Stopbwon
(Ttx tn o ouvnOLopEvn AEEN) N tn SLOPOwaon mou eMIAEYOUV OL XPHOTEG TILO
ouyva (hit-based correction)

* H evaAAaktikl AUon maipvel Tov €Aeyxo armo to xprnotn oAl kepdiloupe Eva
yupo duadpaonc
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Kep. 3.3.5

ALopBwon eCapTweVN oo To TIEPLBAANOV

Kelpevo: I flew from Heathrow to Narita.
* Qewpeiote To epwtnua-ppaon“flew form Heathrow”
* Qa OEAaE va OTAVTH)OOUE

Did you mean “flew from Heathrow”?

Mot Sev untapyouv (apketa) Eyypada mou va tatplalouv oTo apxLKO
gpwtnua ppaon
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Kep. 3.3.5

ALopBwon Baolopevn ota cupudpalopeva

Xpelaletal cupdpalopevo nepBAaAlov yla va To MLACEL AUTO.
MNpwtn OEa:

1. AVEKTNOE TOUC OPOUC TOU AEELKOU TTOU €lval kKovTa (o€ oTaOULOEVN
arnootaocn 6LopBwong) arno kabe 0po Tou EpWTHUATOC (AKOUOL KO YLt
QUTEC Ywpic AaBog)

2. Aokipaog OAeg TIC mBaveC PpACELS TTOU TIPOKUTITOUV KPATWVTAG KAOE
dopa pa Ae€n otaBepn

* flew from heathrow

* fled form heathrow
* flea form heathrow

3. Hit-based spelling correction: NPOTELVE TNV EVAAAAKTLKA LE TO
neploootepa hits
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Kep. 3.3.5

ALopBwon Baolopevn ota cupudpalopeva

EvaAAaKTLKA poogyylon Le xpnon biwords

1.

2rdoe tng ppaon oe culevén biwords.
Wate ta biwords nou ypetalovtal S1opbwaon Hovo evog 0pou.

ArtapiBunoe povo TIc GPACELC TTOU TIEPLEXOUV KKOLVALY»
biwords.
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DOANHTIKH AIOPOO2H

(Soundex)



Kep. 3.4

Soundex

Dwvntikn dLopBwon: EpWTNUA TTOU KAKOUYETALY
OTIWC O CWOTOC OPOC

e KAQLON EUPLOTLKWV YLA TNV ETEKTOON EVOC EPWTHUATOC O PWVNTIKA
(phonetic ) LoobUvapua
* E€aptwvtal ano tn yA\wooa — Kupiwc yla ovopata
* [.x., chebyshev — tchebycheff

* MpotaBnke arod to U.S. census ... to 1918 (yLa ovopata armo
eykAnpatiec!)

Baowkn W6€a: “phonetic hash”: 6poL TTou «aAKOUYOVTOLY
10 (610 Katakeppatiovtal otnv dla B€on



Kedp. 3.4

Soundex

" Metetpee kaBe token npog dewktodotnon o€ pa popodn 4-
XOPOAKTAPWV

= To {610 Kall yLa Toug OPOUC TOU EPWTNHATOC

= Kataokel oo EvVa AVECTPOUEVO EUPETAPLO Ao auToUC TOuC 4-
XOPOLKTAPEC OTOV APXLKO O0pO Kal PAEE OTO EVPETHPLO TIC UELWHUEVEC
HOPDEG

= (OTOV TO EpwTNMA XpeLaletal dwvnTIKO Taiplacua)

http://www.creativyst.com/Doc/Articles/SoundEx1/SoundEx1.htm#Top
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Kedp. 3.4

Soundex: TUTILKOC aAyopLOuoC

Kpatnoe tov mpwto xapoKktnpa the A&ENg
2. Metatpee OAec TIC epdavioelc Twv napakdatw opwv os '0' (zero):
‘A EL 'Y, 'O U 'HY, WYY
3.  AM\age ta ypappata o aplOpouc we akoAouBwc:
« BFEPV—o1
. CGJK QS X,Z—>2

. D, T—>3
. L—>4

. M,N—>5
. R—>6

Jnuooio To mPWTOo YPOoUUD, OAd TA pWVNEVTA TO (610, CUUPWVO TTOU aKOUYOVTOlL
To (610
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kedp. 3.4
Soundex cuveyeLa

2Bnoe oAa ta (eVyn oUVEXOUEVWY LWV aplBpwy
>Brioe OAa ta amopEvovta 0

MNpooBeoe 0 010 TEAOC KL EMECTPEYE TIG TECOEPLC TIPWTEC BECELG
Tou €lval Tn¢ popPnc <uppercase letter> <digit> <digit> <digit>.

N.x., Herman yiveto H655.

ﬁ

To hermann 6ivel Tov 1610 KWOLKO;




TEAOZ 3° KedaAaiou

Epwtnoelc?

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



