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HY463 - ZuotuaTta Avaktnong MNAnpogopiwv
Information Retrieval (IR) Systems

(A) TTpoemegepyaaia Keipévou (Text Preprocessing)
(B) TAwoaoeg Emepwrnong yia Avdktnon TTAnpogopiwy
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(A) MNMpoetregepyaaoia kelpévou @ AidpBpwan AIGAEENS

Eicaywyn
AeCIhoyikn) avaAuon (Lexical Analysis)
ATTOKAEIoPOC AéCewv (Stopwords)

2TeENéEXwon Kelpévou (Stemming)

— Manual

— Table Lookup

— Successor Variety

— n-Grams

— Affix Removal (Porter’s algorithm, grOOGLE stemmer)
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[MpoctTeCepyaaia Kelpévou

o 2KETITIKO

— Oev gival OAEG 01 A£CEIG eVOG KEIMEVOU KATAAANAEG yia TV TTapdoTaon Tou
TTEPIEXOMEVOU TOU (MEPIKEG AECEIC PEPOUV TTEPICCOTEPO VONUA ATTO AAAEQ)

* 2TOXOI TNG TTPOETTECEPYATIOC KEIUEVOU
— BeAtiwon Tng ammoteAeopaTikOTNTOG (effectiveness)
— BeAtiwon Tng ammodoTtikdéTNTag (efficiency) Tng avakTnong
— TTPOOTIABEIa EAEYXOU (KUPIWG PEIiwaNG) Tou Ae€IAoyiou
* KOl €K TOUTOU HEIWONG TOU PEYEBOUG TWV EUPETNPIWV

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2008

[MpoetTeCepyaoia kal EupeTripio

* Asgitoupyieg Keipévou (Text Operations) oxnuarifouv TiG Aé€eig eupeTnpiou (tokens,

index terms).
\ Indexing Items
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daocic MNpoetrecepyaaiag

[a] AgCiINoyikA avaAuon
— avayvwpion apiBuwv, Aééswv, dIaXwPICTIKWVY, ONUEIWV OTIEEWCS, KATT
[B] AtToKA€IoUOG ACewv (stopwords)
— atraAoIPr) AE¢ewv Pe TTOAU HIKPH SIOKPITIKE IKavOTNTa (GpBpad, aviwVvuliEg,
KTNTIKEC QVTWVUUIES, KATT)
[v] ZTeAéEXwon (stemming) TwV EVOTTOUEIVAVTWY AECEWV
— ataAolpn kKaraAnéewv/mpobBeuarwy (QUTOKIVNTO, AUTOKIVATA, QUTOKIVATWY)
yId TNV aQVAKTNOT TWV KEIPEVWYV TTOU TTEPIEXOUV HOPYOAOYIKES TTAPAAAAYEC
TWV AEGEWV TNG ETTEPWTNONG
[6] ETTIAoyn Twv Aé€ewv TTOU Ba XpnoIPoTToINBoUV OTOV EUPETNPICCUO

— ouxva yivetal Baoel Tou HEPOUG Tou Adyou (ouCIaaoTIKA, ETTIOETA, ETTIPPAMOTA,
pAMATA)
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daocic MNpoetetepyaaiac ()

ATTO TO TTARPEC KEINEVO OTOUG OPOUG EUPETNPIOU

b .| Accents | 1 Noun N ; .| Manual
ocs spacing stopwords groups stemming indexing
structure
structure Full text --m-mmmmmmmmmmmmmmsmsmm oo > Index terms
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[a] Ag€iAoyikn) AvaAuon (Lexical Analysis)

[a] Ae§iAoyikn) AvaAuon (Lexical Analysis)

2KOTTOG: avayvwplon eAaxIoTwy povadwy (identify tokens)
— avayvwpion apiBuwv, Aééswv, dIaXwWPIOTIKWVY, ONUEIWV OTIEEWCS, KATT
[MePITTTWOEIC TTOU ATTAITOUV TTPOCOXN:
— NAE&eIg TTOU TTEPIEXOUV Ynoia
« 02, Birauivn B6, B12, Windows98
— lMauAeg (hyphens)
« “state of the art” vs “state-of-the-art”
» “Jean-Luc Hainaut”, “Jean-Roch Meurisse”, F-16, MS-DOS
— 2nueia oTi€ewcg (punctuations)
« OS/2, .NET, command.com
— Mikpda-kegpahaia
* ouvnROWG OAa PETATPETTOVTAI OE PIKPA
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[a] Ae€ihoyikry AvaAuaon (1)

» AeCINoyik AvaAuon yia ETrepwTnoeig
— OT11WG¢ Kal yIa TO KEINEVO, OUV AVAYVWPION XOPAKTAPWY EAEYXOU, OTTWG
» Aoyikoi TeAeoTég, TT.X. AND, OR, NOT,
* TEAEOTEQ eyyuTNTAG (Proximity operators),
* KOVOVIKEG eK@pAoEIS (regular expressions), KTA.

» TpoT1T01 UAOTTOINONG €VOC AECIANOYIKOU AVOAUTH
— (a) xpnon wiag yevvitpiag Ae€IAoyikwv avaAuTtwy (lexical analyzer
generator), 6TTwg ToV lex
* N KOAUTEPN ETTIAOYH AV UTTAPXOUV OUVOETEG TTEPITITWOEIG
— (B) ouyypa®n (TTpoypapuaTIONOG) VOGS AeCIAOYIKOU avaAuTh PE TO XEPI
* n XeIpotepn €TMAOYA (ETIPPETTAC O COAAPATA)
— (y) ouyypaon (TTPOYPAPUATIONOG) VOGS Ae€INOYIKOU avaAUTH oav JIa unxav
TTemepacpévwy KataoTdoewy (finite state machine)
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[B] N\éceic AttokAsiopou (Stopwords )




[B] A\éceic AtrokAsiopou (Stopwords )

ATtTaAoI@r) AéCewv PE TTOAU pikpn SIaKPITIKA IKavoTNTa (Gp6pa,
QAVTWVUUIES, KTNTIKEC AQVTWVUUIES, KATT)
— e.g. “a’, “the”, “in”, “to”; pronouns: “I", “he”, “she”, “it".
* O@éAn
— Meiwon peyéBoug eupeTnpiou (Ewg kai 40%)
* [laparnpnoceig
— O1 Aégeig atTokAgiopoU e¢apTwvTal atrd TN YAWooa Kail Tn GUAAoyN
— Not every frequent english word should be in the list
» Top 200 English words include «time, war, home, life, water, world»

* In a CS corpus we could add to the stoplist the words: «computer,
program, source, machine, language»

* [MpoBAruara
— g=“to be or not to be”

— (y1a 10 Adyo auTd pepikEG Mnxavég AvalriTnong Tou loTou dev Kdvouv

TIPOETTECEPYATIN)
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Example: Stopwords for the English language

a be had it only she was about because has its of some we after
been have last on such were all but he more one than when also
by her most or that which an can his mr other the who any co if
mrs out their will and corp in ms over there with are could inc mz s
they would as for into no so this up at from is not says to
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Example: Stopwords for the French language

a afin ah ai aie aient aies ailleurs ainsi ait alentour alias allais allaient allait allons allez alors Ap. Apr. aprs aprs demain arrire as assez
attendu au aucun aucune au dedans au dehors au dela au dessous au dessus au devant audit aujourd aujourdhui auparavant auprs
auquel aura aurai auraient aurais aurait auras aurez auriez aurions aurons auront aussi aussitét autant autour autre autrefois autres
autrui aux auxdites auxdits auxquelles auxquels avaient avais avait avant avant hier avec avez aviez avions avoir avons ayant ayez
ayons B bah banco be beaucoup ben bien bientét bis bon C ¢ Ca ¢a ¢a cahin caha car ce ce ceans ceci cela celle celle ci celle la
celles celles ci celles la celui celui ci celui la cent cents cependant certain certaine certaines certains certes ces cest a dire cet cette
ceux ceux ci ceux la cf. cg cgr chacun chacune chaque cher chez ci ci ci aprs ci dessous ci dessus cinq cinquante cinquante cinq
cinquante deux cinquante et un cinquante huit cinquante neuf cinquante quatre cinquante sept cinquante six cinquante trois cl cm cm
combien comme comment contrario contre crescendo D d dabord daccord daffilee dailleurs dans daprs darrache pied davantage de
debout dedans dehors deja dela demain demblee depuis derechef derrire des ds desdites desdits desormais desquelles desquels
dessous dessus deux devant devers dg die differentes differents dire dis disent dit dito divers diverses dix dix huit dix neuf dix sept dl
dm donc dont dorenavant douze du di dudit duquel durant E eh elle elle elles elles en en en encore enfin ensemble ensuite entre
entre temps envers environ es s est et et/ou etaient etais etait etant etc ete étes etiez etions étre eu eue eues euh elimes eurent eus
eusse eussent eusses eussiez eussions eut elt elites eux exprs extenso extremis F facto fallait faire fais faisais faisait faisaient
faisons fait faites faudrait faut fi flac fors fort forte fortiori frais fames fur furent fus fusse fussent fusses fussiez fussions fut fiit fites G
GHz gr grosso gure H ha han haut he hein hem heu hg hier hl hm hm hola hop hormis hors hui huit hum I ibidem ici ici bas idem il il
illico ils ils ipso item J j jadis jamais je je jusqu jusqua jusquau jusquaux jusque juste K kg km km?L | la la la la la bas la dedans la
dehors la derrire la dessous la dessus la devant la haut laquelle lautre le le lequel les les Is lesquelles lesquels leur leur leurs lez loin
lon longtemps lors lorsqu lorsque lui lui lun lune M m m m ma maint mainte maintenant maintes maints mais mal malgre me méme
mémes mes mg mgr MHz mieux mil mille milliards millions minima ml mm mm? modo moi moi moins mon moult moyennant mt N n
nagure ne neanmoins neuf ni n°® non nonante nonobstant nos notre nous nous nul nulle O é octante oh on on ont onze or ou ou ouais
oui outre P par parbleu parce par ci par dela par derrire par dessous par dessus par devant parfois par la parmi partout pas passe
passim pendant personne petto peu peut peuvent peux peut étre pis plus plusieurs plutét point posteriori pour pourquoi pourtant
prealable prs presqu presque primo priori prou pu puis puisqu puisque Q qu qua quand quarante quarante cinq quarante deux
quarante et un quarante huit quarante neuf quarante quatre quarante sept quarante six quarante trois quasi quatorze quatre quatre
vingt quatre vingt cinq quatre vingt deux quatre vingt dix quatre vingt dix huit quatre vingt dix neuf quatre vingt dix sept quatre vingt
douze quatre vingt huit quatre vingt neuf quatre vingt onze quatre vingt quatorze quatre vingt quatre quatre vingt quinze quatre vingts
quatre vingt seize quatre vingt sept quatre vingt six quatre vingt treize quatre vingt trois quatre vingt un quatre vingt une que quel
quelle quelles quelqu quelque quelquefois quelques quelques unes quelques uns quelquun quelquune quels qui quiconque quinze
quoi quoiqu quoique R revoici revoila rien S s sa sans sauf se secundo seize selon sensu sept septante sera serai seraient serais
serait seras serez seriez serions serons seront ses Si sic sine sinon sitét situ six soi soient sois soit soixante soixante cinq soixante
deux soixante dix soixante dix huit soixante dix neuf soixante dix sept soixante douze soixante et onze soixante et un soixante et une
soixante huit soixante neuf soixante quatorze soixante quatre soixante quinze soixante seize soixante sept soixante six soixante
treize soixante trois sommes son sont soudain sous souvent soyez soyons stricto suis sur sur le champ surtout sus T t t ta tacatac
tant tantét tard te tel telle telles tels ter tes toi toi ton tét toujours tous tout toute toutefois toutes treize trente trente cinq trente deux
trente et un trente huit trente neuf trente quatre trente sept trente six trente trois trs trois trop tu tu U un une unes uns USD V va vais

s vers veyt ve ia vice versa vingt vingt cing vingt,deux vingt huit vingt neuf vingt quatre vij ept vingt six vingt trois vis a vis
CS4(¥;}91W R{Wﬁ%%i '@)yé}%‘/\?(fi%\? Bhtiers vos votre vous YoUS Kﬂg@z roo?‘&reteq gprmg ﬂ%gs

|

[B] AtTraAoipn Aégewv ATTokAeiopou: TpoTrol

TpoTtrol YAotroinong

1/ ATrahoipr Twv AéEewv atToKAEIOUOU PETA TO TEAOG TNG Ae€IAOYIKAG avaAuong

— Mrtropoupe va ammoBnkeuooupe TIG AéEeig auTég o€ Evav hashtable yia va Tig
avayvwpifoupe ypriyopa (o€ otabepd Xpovo)

2/ Atraloir] Twv Aé¢ewv atTokAEIoPoU Katd Tn dlIdpKela TNG AeEIANOYIKAG avaAuong
— Mo ypriyopn Trpoc€yyion a@ou n As€IAoyiki avadAuon Ba yivel €101 Kal aAAIWG Kai N
a@aipeon Twv AEEEWV ATTOKAEICUOU v aTTaITel ETTITTAEOV XpOVO
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NepimTwon: Lexical Analyzer of | grOOGLE

* Recognition of the document’s
structure.

* The lexical analyzer accepts the

Lexical Analyzer

following file types: html (html, htm, dexer
php, jsp, asp), doc, ppt, pps, XIs, rtf,
txt. For the text extraction from the

documents various software

components are used, specifically v 1
pdfbox2 for pdf documents, Jakarta do #
POI for doc, ppt, pps, xls, and Stemmer
RTFEditorKit for RDF documents.

* For more see: siopmorts

— http://groogle.csd.uoc.gr/apache2-
default/index.php/Lexical_Analyzer
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[y] ZTeAéExwon Keipévou (Stemming)




[v] ZTeEAéEXwon Kelpévou (Stemming)

* YTroBiBaon Aégewv oTn pifa TOug yia avecapTnaia atro TIC
MOP@QOAOYIKEG TTAPAAAAYEC TWV AECEWV
— «QAUTOKIVNTOY», «AUTOKIVNTAY», «QUTOKIVATWV»

3y [13

— “computer”, “computational”, “computation” all reduced to same token
“‘compute”
* 2TOXOI
— BeAtiwon amoteAeopaTikoTnTag (KUPIWG TNG avakANong)
— Meiwon Tou pey€éBoug Tou eupeTnpiou
* 2UYKEKPIMEVA TOU AggIAOyiou TOu eupeTnpiou
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[V] AAyOpIBuol 2TeAéxwoncg (Stemming Algorithms)

Stemming Algorithms
/\
Manual Automatic
Tmf
N-grams Porter's Al
Lookup Variety |(N9@MS | | Removal ( 9)

Mwc agloAoyouue Evav aAyopiBuo oTEAEXWONG;
» OpBoTnTa (Correctness)
* uTtEPOTEAEXWON (overstemming) évavTi utTtTooTeEAEXwong (understemming)
» ATtoteAeopaTikOTnTa avakTnong (Retrieval effectiveness)
» AuvatétnTa 2upTtrieong (Compression performance)
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[v] AAyOpIBuol 2TEAEXWONG:
XEIPOVOAKTIKOC

Stemming Algorithms

/\
Manual Automatic
e N T
Table Successor Affix
5 N-grams Porter’s Al
' Lookup Variety (N9raMS | Removal ( 9)
E.g. g=engineer*®
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[v] AAySpiBuol ZTeEAéEXwOon:
Me [Nivaka
Stemming Algorithms
/\
Manual Automatic
Tt/"\\m
N-grams Porter’s Al
Lookup Variety J Removal ( 9)
7y

Terms and their corresponding stems are
stored in a table (stemming dictionary) ,e.qg.:

Term | Stem

engineering | engineer
engineered | engineer
engineer | engineer

(such tables are not easily available)
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[v] AAyOpIBuol 2TEAEXWONG:
Successor Variety

I6éa: ZTeAéXwon BACEI TWV CUXVOTATWY TWV AKOAOUOIWYV YPONHMATWY O€ éva
OWHMA KEIHEVOU

Briuata yia Z1eAéxwon Kelyévou

[1] Anuioupyia Tou Tivaka MoikiAiag Aladdxwv (successor variety table)
[2] Xprion Tou Trivaka yia TEUaXIOUO Twv AECEWV

[3] EmmAoyn evég Tepayxiou wg pica (as stem)
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[v] AAySpiBuol ZTeEAéEXwOon:
Successor Variety (I1)

Brijuata yia Z1eAéxwon Kelpyévou
[1] Anuioupyia Tou Trivaka lNMoikiAiag Aladdxwv (successor variety table)

Mapdadeyua
* ‘Eotw 611 BéAoupe va Bpoupe T piCa TG Aé¢ng READABLE

+ 'EoTtw T10 £€Ng owpa keipévou: ABLE, APE, BEATABLE, FIXABLE, READ,
READABLE, READING, READS, RED, ROPE, RIPE

- Mpobeua ApiBu6g ETmopevwy Mpappdtwy Emoépeva MNpdupata

Prefix Successor Variety Letters
R 3 E.I,O
RE 2 AD
REA 1 D
READ 3 AlS
READA 1 B
READAB 1 L
READABL 1 E
READABLE 1 BLANK
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[v] AAyOpIBuol 2TEAEXWONG:
Successor Variety (lI)

Bripata yia Z1eAéxwaon Kelyévou

[1] Anuioupyia Tou TTivaka lNMoikiAiag Aladoxwv (successor variety table)
[2] Xprion Tou Trivaka yia TEYAXIOUS TwV Aégewv

MpbBepa Ap1Bpog ETmopevwy Mpappdtwy  Eméueva Mpdupara

Prefix Successor Variety
R
RE 2
REA 1
READ 3
READA 1
READAB 1
READABL 1
READABLE 1

Mrropei o mivakag va pag Bonbroel va teuayioouus “‘cwotd’;

CS463- Information Retrieval Systems

Letters
E,I,O
AD

D

ALlS

B

L

E
BLANK

7.

Yannis Tzitzikas, U. of Crete, Spring 2008
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[v] AAySpiBuol ZTeEAéEXwOon:
Successor Variety (V)

Brijuata yia Z1eAéxwon Kelpyévou

[1] Anuioupyia Tou TTivaka lNMoikiAiag Aladoxwv (successor variety table)
[2] Xprion Tou Trivaka yia TEYAXIOUS TwV Aégewv

MpbBepa ApIBpog ETmopevwy Mpappdtwy  Eméueva Mpduparta

Prefix Successor Variety
R
RE 2
REA 1
READ 3
READA 1
READAB 1
READABL 1
READABLE 1

CS463- Information Retrieval Systems

Letters
EIO
AD

D

ALlS

B

L

E
BLANK

[2] Tepaxiopdg Bdoel TNG
MEBODOU «peak & plateauy:
— TEPAXIOPOG OTO YPAUPa
TTOU OI d1IAdOXOI TOU €ival
MEPIOTOTEPOI TWV
01006 WV Tou
TTPONYOUNEVOU YPAUPATOG
* REA (1), READ (3)

Apa READABLE => READ ABLE

Yannis Tzitzikas, U. of Crete, Spring 2008
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[v] AAyOpIBuol 2TEAEXWONG:
Successor Variety (V)

Brinata yia Z1eAéxwaon Kelyévou

[1] Anuioupyia Tou TTivaka lMoikiAiag Alodoxwv (successor variety table)
[2] Xprion Tou TTivaka yia TEPOaXIOUO TwV AEEEwV

[3] EmriAoyn evég Tepayiou wg pia (as stem)

N

READABLE => READ ABLE

‘EVOG EUPETIKOG KaVOVAG:
“If (first segment occurs in <=12 words in the corpus) select first segment,
else the second”
AikaioAdynon: Av gp@avicetal TTavw atrd 12 @opég T0TE uAAAov gival
TTP6Oeua.
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[v] AAySpiBuol ZTeEAéEXwOon:
Successor Variety (VI)

Brinata yia Z1eAéxwaon Kelyévou
[1] Anuioupyia Tou TTivaka lMoikiAiag Alodoxwv (successor variety table)
[2] Xprion Tou TTivaka yia TEPAXIOUO TwV AEEEWV
m.X. READABLE => READ ABLE
[3] EmmiAoyn evog Tepayxiou wg pida (as stem)
m.X. READABLE => READ ABLE

Mapartrpnon:
H texviki autn dgv ammaiTei kapia €icodo atrd 10 oxediaoTr). Apa PTTOPEi va
EQAPUOOTEI auTOUCIa O€ TTOAAEG DIAPOPETIKEG YAWOOEG.
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[v] AAyOpIBuol 2TEAEXWONG:
Nn-grams

16¢a: OuadoTtroince AECEIC BAcel TOU apIBUOU TWV KOIVWV
OIYPAPMATWY 1) V-YPAMMATWY

[1x: ouykpion “statistics” ye “statistical”

— “statistics™
 digrams: sttaattiissttiiccs (9)
* unique digrams: atcsicissttati (7)
— “statistical”:
+ digrams: sttaattiissttiiccaal (10)
* unique digrams: alatcaicis sttati (8)

O1 Aéceig “statistics” kai “statistical” €xouv 6 koiva diypduuata (digrams).

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2008
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[v] AAySpiBuol ZTeEAéEXwOon:
n-grams (1)

Or1 Aé€eig “statistics” kai “statistical” €xouv 6 koivéa diypdupata (digrams).
MT1TOopOoUUE VO HETPAOOUUE TOV BABPO OuoIOTNTAG TOUG XPNOILOTTOIWVTOG HId
METPIKN], OTTWG:
* Méyebog Toung: sim(X,Y) = |[XNMY]|
* Dice similarity: sim(X,Y) = 2 [ XN\Y|/(IX|+|Y])
— edw sim(statistics,statistical) = 2*6/(7+8)=0.8

O1 Aé¢eic TNG oUAAOYAG opadoTTOIoUVTAIl JME QUTOV TOV TPOTTO
(6Aec o1 AéCeig TTou £xouv TnV idla pia KaTaxwpouvTal oTnV idia oudda)

AAydbpi6uoug ouadorroinong 6a douue o€ EMOUEVO uabnua.
["evik@ orroiadnrore PETPIK METAEU Aéécwv Ba utmopouae va XpNOIUOTTOINOET
(rm.x. Edit, LCS distance)

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2008
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[v] AAyOpIBuol 2TEAEXWONG:
Affix Removal

I0€a: AtTahoipny emBepdTwy (suffixes) ri/kar TpoBeudTwyY (prefixes)

Porter’s Stemmer

— Simple procedure for removing known affixes in English without using a
dictionary (i.e. without a lookup table).
— Can produce unusual stems that are not English words:

» “computer”, “computational”, “computation” all reduced to same token
‘comput”

May conflate (reduce to the same token) words that are actually distinct.
— Not recognize all morphological derivations.

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2008

[v] AAyOpIBuol 2TEAEXWONG:
Porter Stemmer

Mapadeiypata Kavovwy: RULES

.« s (for plural form) suffix replacement example

* sses —»ss (for plural form) 1a
sses SS caresses->caress

E@app6ZeTal TpwTa N ies i ponies->poni, ties->ti

MakpUTEPN aKoAouBia S NUL cats->cat

* e.g. stresses => stress, 1b
eed ee agreed->agree

* NOT stresses => stresse ed NUL plastered->plaster
ing NUL motoring->motor
2
ational ate relational->relate
tional  tion conditional->condition
izer ize digitizer->digitize
ator ate operator->operate
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[v] AAyOpIBuol 2TEAEXWONG:
Porter Stemmer> Example

Original text:
Document will describe marketing strategies carried out by U.S. companies for
their agricultural chemicals, report predictions for market share of such
chemicals, or report market statistics for agrochemicals, pesticide, herbicide,
fungicide, insecticide, fertilizer, predicted sales, market share, stimulate
demand, price cut, volume of sales

* After applying Porter’s Stemmer (and eliminating stopwords):

market strateg carr compan agricultur chemic report predict market share
chemic report market statist agrochem pesticid herbicid fungicid insecticid fertil
predict sale stimul demand price cut volum sale
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[v] AAyOpIBuol 2TEAEXWONG:
Porter Stemmer >Errors

» Errors of “comission”:
— organization, organ — organ
— police, policy — polic
— arm, army — arm
* Errors of “omission”:
— cylinder, cylindrical
— create, creation
— Europe, European
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[v] AAyOpIBuol 2TEAEXWONG:
Porter Stemmer > Code

+ See [book MIR, Appendix]

* Demo available at:
— http://snowball.tartarus.org/demo.php

* Implementation (C, Java, ...) available at:
— http://www tartarus.org/~martin/PorterStemmer/
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[v] AAyOpIBuol 2TEAEXWONG:
['la TNV eEAANVIKN YAwooa

AuokoAieg TnG EAANVIKAG N A\wooag:

e YTTApXouV TTOAAEG DIAPOPETIKEG KATAANEEIG TTOU TTPOKUTITOUV ATTO
TOV aPIBUO, aAAG Kal aTTO TIC TITWOEIC TWV OUCIACTIKWY, AVWHUAAWYV
KAl hn. ZTa €Ti0eTa N MITTAEOV UTTAPEN TOU YEVOUG, OUVTEAEI OTNV
TTEPAITEPW AUENON TWV KATAAACEwV. Ta pApaTa Ye TNV O€Ipa TOUG
OI0B£TOUV OUO DIOPOPETIKA BEUATA (EVECTWTA KAI AOPICTOU), EVW
UTTAPXOUV OPKETEG TTEPITITWOEIC AVWHAAWY PNUATWV.

* [Napadeiypara

— TPATTW, TTPAEN, TTPAKTIKOG
— avadiaragn, avadiataoow

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2008 34




[v] AAyOpIBuol 2TEAEXWONG:

grOOGLE

[la TNV eEAANVIKN YAwooa

To grOOGLE 1rpoo@épel éva oTeAeXwTr TNG EAANVIKNAG.

H diadikacia oTeAéEXwong ( .. 0€ YEVIKEG YPAPUEG):

* H Aégn OéxeTal pia apyIKn eTTeCepyaoia: JETATPOTI O€ "UIKPOUS" (uNn
KEQAAQIOUG) XAPOKTAPES, KABE XOPAKTHPAG EAEYXETAI QV TTEPIEXETAI OTO OUVOAO
TWV TOVIOUEVWYV XOPAKTIPWYV Kal avTiKadioTaTal atrd Tov avTioToIXo un
TOVIOUEVO.

* A@aipouvTal TTBavoi eTTavaAauBavOueVol XOpaKTHPES aTTO TNV apXh 1) To TEAOG
MIag AEENG ( XapaKTNPIOTIKG TTou Bev evTOTTICETAI OTNV EAANVIKN YAWOOoQ ).

« Evromopudg kal agaipeon mlavwy TTpoBeudTwy oTn A€EN.

* [Mapduoia emreCepyacia eQapudleTal 0TV XWPEIC TTPOBEUATA AEEN.

* H kataAngn tmou agaipeital yrropei va odnynoel o€ BEPA EVOG XApaKTHPA, OTTOTE
ATTAITEITAI KAl €QapuOleTal hia EBOOOG augnong Tou BEUATOG £TOI WOTE va
TTEPIAQUBAVEI TOUAGXIOTOV Hia CUAAGRH.

* H oTteAéxwaon oAokANpwveTal e TNV TTPOCONKN TwV TTPOBEUATWY TToU TTBavov
va £XOUV aQaIpEeBEi.
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[v] AAyOpIBuol 2TEAEXWONG:

grOOGLE

['la TNV eEAANVIKN YAwooa

* To groogle Tpoo@Epel Evav OTEAEXWTN TNG EAANVIKNAG
— Acite 10 http://groogle.csd.uoc.gr/apache2-default/index.php/Stemmer

Word Word Split prefixes-First Stem|Increment-Alternate| Final Stem
TOT T W TRET T TOTT ToE Tk
TPRT LKOS TOOKTLES TPORT ToOE s
TooEn TpEn TpoE ToE Tk
T Oy L ce OOy L oy ool e
b LTl | avoe — dioe — Tafn | avo — die — Tl | ava — dia — Tl |avadiaTal
U ALOT T TW [0 — ALk — ToTTwW |[aka — dLoe — Toaoo| abra — dea — Tad |avadiaTol
aradieToEq | alior — dle — Toafa | avo — duoe — Tl | ava — door — Tl [avad i ol
okl el T Ty Y
TR YoLL W Ty oL Ty Ty Y
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AAYOpIBuOI 2TEAEXWONG

Algorithm Language Independent
Lookup table NO

Successor Variety YES

N-Grams YES

Porter's Stemmer, grOOGLE stemmer NO
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[8] ETAoyn Aé€ewv yia TRV EupeTnpiaon




[8] EmAoyn AéCewv yia TRV EupeTnpiaon

*  Mia Tpocéyyion gival va Bewpriooupe WG OPOUG EUPETNPIOU O,TI ATTEUEIVE
(apaipwvTag AEEEIC ATTOKAEIOUOU, KAVOVTAG OTEAEXWON)

* Mia GAAn TTpocéyyion Aéel OTI ouvrnBwg Ta OUCIACTIKA Eival EKEIVA TTOU
TTEPIYPAPOUV KUPIWG TO VONUA HIa TTPOTACONG
— Ek TOUTOU B0 uTTopoUcape va AdBouue uTTOWN (OTNV KATOOKEUA TOU EUPETNPIOU)
MOVO Ta OUCIACTIKG KAl Apa va TTOPAAEIYOUUE TIG AVTWVUMIEG, T PrUATA KAl TA
emiOeTA.

— ETmmiong pmmopoupe va Bewpriooupe oudadeg OUCIOOTIKWY TTOU gu@avicovTal padi, .x.

“‘computer science” , wg évav 6po eUpPETNPIoU.

*  TEAOG pIa GAAN TTPOOEyyIon €ival va KABOoPioOUPE TO OUVOAO TwV Opwv
eupeTnpPiwv atod eheyxoueva Ae€IAdyia (Onoaupols 6pwv)
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(B) MAwaoec Emepwtnong yia Avaktnon TTAnpogopiwv
(Query Languages for IR)




[[Awooec ETrepwtnong yia Avaktnon lNAnpo@opiwv

» Emepwrnoeig Aé€ewv (Keyword-based Queries)
MovoAekTIKEG eTTEpWTAOEIS (Single-word Queries)
Emepwtiocic uoikng yh\wooag (Natural Language Queries)
Boolean Etmrepwtrioeig (Boolean Queries)
Emepwtioeig Zupgpadouévwy (Context Queries)
» OpaoTikég ETepwtiocig (Phrasal Queries)
» Emrepwrnoeig Eyyutnrag (Proximity Queries)
* Taipiaoua MNpotutrou (Pattern Matching)
— ATTAG (Simple)
— AVekTIKEG 0€ opBoypaikd Aabn (Allowing errors)
* Levenstein distance, LCS longest common subsequence
— Kavovikég Ekppaoeig (Regular expressions)
* Aopikég Erepwrtioeig (Structural Queries)
— (6a kaAugBouv ot eTéuevo uaénua)
* [lpwtdkoAAa erepwTnong (Query Protocols)
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FAwooeg Emepwtnong yia Avdktnon TTAnpogopiwyv
Eicaywyn

* O TUTTOG TWV ETTEPWTACEWY TTOU ETTITPETTOVTAI O€ éva CUCTNUA CAPTATAI O€ £va
BaBuo kai a1rd T0 MovTéAo AvAKTNONG TTOU XPNOIUOTIOIEI TO CUCTNUO

— Boolean model => boolean queries

— Extended Boolean model  => boolean queries ( ...)

— Vector Space model => natural language queries (free text)
— Probabilistic model => natural language queries

* E&w Ba doupe TUTTOUG ETTEPWTACEWYV XPOIUOUG YId TNV AvAKTNoN
TTANPOPOPIWV.
— Apyotepa Ba doupe TIG doPEG BESOPEVWV Kal AAYyOPIBUOUG yIa TRV OTTOTIMNGCH TOUG.
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ETTEpwWTAOEIC PUOIKAGC YAWOOAG
(“Natural Language” Queries )

* Full text queries as arbitrary strings.
» Typically just treated as a bag-of-words for a vector-space model.

« Typically processed using standard vector-space retrieval
methods.
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Boolean Queries

+ Keywords combined with Boolean operators:
— OR: (e,0R e,)
— AND: (e, AND e,)
— BUT: (e, BUT e,) Satisfy e, but not e,
* Negation only allowed using BUT to allow efficient use of inverted
index by filtering another efficiently retrievable set.

* Naive users have trouble with Boolean logic.
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Context-Queries

+ Ability to search words in a given context, that is, near other words
* Types of Context Queries

— Phrasal Queries

— Proximity Queries

Phrasal Queries
» Retrieve documents with a specific phrase (ordered list of contiguous words)
— “information theory”
— “to be or not to be”
« May allow intervening stop words and/or stemming.
— For example, “buy camera” matches:
* “buy a camera”,
* “buy a camera”, (two spaces)
* “buying the cameras” etc.
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Proximity Queries (ETTepwTthoeic EyyuTnrag)

 List of words with specific maximal distance constraints between
words.

* For example:
— “dogs” and “race” within 4 words
« will match
— “...dogs will begin the race...”
* May also perform stemming and/or not count stop words.

« The order may or may not be important
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Pattern Matching

« Allow queries that match strings rather than word tokens.

» Requires more sophisticated data structures and algorithms than
inverted indices to retrieve efficiently.

Some types of simple patterns:

+ Prefixes: Pattern that matches start of word.
— “anti” matches “antiquity”, “antibody”, etc.

« Suffixes: Pattern that matches end of word:
— “ix” matches “fix”, “matrix”, etc.

« Substrings: Pattern that matches arbitrary subsequence of characters.
— “rapt” matches “enrapture”, “velociraptor” etc.

* Ranges: Pair of strings that matches any word lexicographically (alphabetically)
between them.

— “in” to “tix” matches “tip”, “tire”, “title”, etc.
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More Complex Patterns: Allowing Errors

* What if query or document contains typos or misspellings?
» Judge similarity of words (or arbitrary strings) using:
— Edit distance (Levenstein distance)

— Longest Common Subsequence (LCS)
* Allow proximity search with bound on string similarity.
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Edit (Levenstein) Distance

* Minimum number of character deletions, additions, or
replacements needed to make two strings equivalent.
— “misspell” to “mispell” is distance 1
— “misspell” to “mistell” is distance 2
— “misspell” to “misspelling” is distance 3

« Can be computed efficiently using dynamic programming

— O(mn) time where m and n are the lengths of the two strings being
compared.
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Longest Common Subsequence (LCS)

» Length of the longest subsequence of characters shared by two
strings.

» A subsequence of a string is obtained by deleting zero or more
characters.

« Examples:
— “misspell” to “mispell” is 7

— “misspelled” to “misinterpretted” is 7
‘mis...p...e...ed”
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More complex patterns:
Regular Expressions

» Language for composing complex patterns from simpler ones.

— An individual character is a regex.

— Union: If e,and e, are regexes, then (e, | e, ) is a regex that matches
whatever either e, or e, matches.

— Concatenation: If e,and e, are regexes, then e, e,is a regex that matches a
string that consists of a substring that matches e, immediately followed by a
substring that matches e,

— Repetition (Kleene closure): If e, is a regex, then e,* is a regex that matches
a sequence of zero or more strings that match e,
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Regular Expression Examples

* (ule)nabl(e|ing) matches
— unable
— unabling
— enable
— enabling
* (un|en)*able matches
— able
— unable
— unenable
— enununenable

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2008

52




Enhanced Regex’s (Perl)

numeric or general “wildcard”.

occurrences: {min,max;}.
— A{1,5} One to five A’s.

— A{5} Five ormore A’s
— A{5} Exactly five A’s
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Special terms for common sets of characters, such as alphabetic or

Special repetition operator (+) for 1 or more occurrences.
Special optional operator (?) for 0 or 1 occurrences.
Special repetition operator for specific range of number of
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Perl Regex’s

» Character classes:
— \w (word char) Any alpha-numeric (not: \W)
— \d (digit char) Any digit (not: \D)
— \s (space char) Any whitespace (not: \S)
— . (wildcard) Anything
* Anchor points:
— \b (boundary) Word boundary
— " Beginning of string
— $ End of string
 Examples
— U.S. phone number with optional area code:
* Ab(\(\d{3N\)\s?)?2\d{3}-\d{4}\b/
— Email address:
* \b\S+@\S+(\.com|\.edu|\.gov|\.org|\.net)\b/
Note: Packages available to support Perl regex’s in Java
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Aopuikéc ETrepwtniocelg (Structural Queries)

+  Edw Ta £yypagpa £xouv Soun TTOU YTTOPE va agloTroinBei katd TV avakTtnon

* H doun ptropei va eivai:
— 'Eva mrpokaBopiopévo ouvoAo TTediwv
« title, author, abstract, etc.
— Aopn Hypertext
— Mia igpapxikr) doun

» Book, Chapter, Section, etc.
/ \

@ Gy @ G

* Oa 1ic ueAstnooupue avaAurika o€ pia aAAn o1aAeén

N
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Query Protocols

» They are not intended for final users.

« They are query languages that are used automatically by software applications
to query text databases. Some of them are proposed as standard for querying
CD-ROMs or as intermediate languages to query library systems

* Query Protocols
— Z39.50
» 1995 standard ANSI, NISO

* bibliographical information

+ SRW (Search and Retrieve Web Service): Extension of Z39.50 using Web Technologies. Queries
in CQL

— WAIS (Wide Area Information Service)
» used before the Web
— Dienst Protocol
— For CD-ROMS
* CCL (Common Command Language)
— 19 commands. Based on Z39.50
+ CD-RDx (Compact Disk Read only Data Exchange)
» SFQL (Structured Full-text Query Language)
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SFQL

« SFQL (Structured Full-text Query Language )
— Relational database query language SQL enhanced with “full text” search.
— Tlapddeyua:

Select abstract

from journal.papers

where author contains “Teller” and
title contains “nuclear fusion” and
date < 1/1/1950

» Supports Boolean operators, thesaurus, proximity operations, wild
cards, repetitions.
— ltis old, but just indicatively let’s have a look
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Z39.50

Database

Retrieval
Records

System A System B
Z Client Side Z Server Side

User Search Results

Interface iiggb
N Server /

. Retrieval
Conversion Recards

Conversion Search

Database
Records

Client 3 -‘ —
— Retrieval
Records Result Set Database
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CQL (Common Query Language)

+ A formal language for representing queries to information retrieval
systems
* Human-readable
« Search clause
— Always includes a term
+ simple terms consist of one or more words
— May include index name (i.e. field name)
* To limit search to a particular field/element
* Index name includes base name and may include prefix
— title, subject
— dc.title, dc.subject
+ Several index sets have been defined (called Context Sets in SRW)
— dc
— bath
- srw
+ Context set defines the available indexes for a particular application
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CQL (Common Query Language) (II)

* Relation
- <, >, <=,5>= = <>
— exact used for string matching
— all when term is list of words to indicate all words must be found
— any when term is list of words to indicate any words must be found
» Boolean operators: and, or, not
* Proximity (prox operator)
— relation (<, >, <=, >=, = <)
— distance (integer)
— unit (word, sentence, paragraph, element)
— ordering (ordered or unordered)
+ Masking rules and special characters
— single asterisk (*) to mask zero or more characters
— single question mark (?) to mask a single character
— carat/hat (*) to indicate anchoring, left or right
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CQL Examples

+ Simple queries:

— dinosaur

— "the complete dinosaur”
 Boolean

— dinosaur and bird or dinobird

— "feathered dinosaur" and (yixian or jehol)
* Proximity

— foo prox bar

— foo prox/>/4/word/ordered bar
* Indexes

— title = dinosaur

— bath.title="the complete dinosaur"

— srw.serverChoice=dinosaur
* Relations

— year > 1998

— title all "complete dinosaur"

— title any "dinosaur bird reptile”

— title exact "the complete dinosaur”
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