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TTpoeme epyaaia Keipévou (Text Preprocessing)

[MpoetTeCepyaaia

(tokens, index terms).
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Etmre¢epyaoia Kelpyévou

AMNeG OXETIKEG AEITOUPYiEG KEINEVOU (apydTEPQ)
= JupTrieon (compression)

= Kwdikotroinon (encryption)

= JuoTadoTroinan (cluster)
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[MpoetreCepyaoia Kelpévou

* 2KETITIKO
— Oev gival OAeg o1 A€CeIg evOg Kelnévou KATAAANAEG yia TNV
TTaPACTOON TOU TTEPIEXOUEVOU TOU (UEPIKEG AEEEIG PEPOUV
TTEPICOOTEPO VONUA ATTO AAAEQ)

* 2TOXOI TNG TTIPOETTECEPYATIAG KEINEVOU
— BeATiwon Tng atroteAeopaTikOTnTAC (effectiveness)
— BeATiwon Tng atmodoTikdTNTAC (efficiency) Tng avakTtnong
— TrpooTraBeia eAEyxou (Kupiwg peiwang) Tou Ae€idoyiou
* KOl €K TOUTOU PEIWONG TOU PEYEBOUG TWV EUPETNPIWV
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Kupieg daocig MNMpoetreepyaaiog

1. Aggihoyikn avaAuon (lexical analysis)
— avayvwpion apiBuwyv, Aééswv, SlaxwpIOTIKWY, ONUEIWY OTIEEWS, KATT

2. ATTOKAEIOPOG AéEewv (stopwords)
— amahoipA Aégewv Pe TTOAU PIKPR SIOKPITIKA IKaveTNTa (dp6pa, avTwVUlIES, KTNTIKEG
QVTWVUIES, KATT)

3. ZreAéxwaon (stemming) Twv eVATTOUEIVAVTWY AEEEWV

— atmmaloIQr KaTaAnéewv/mpoBeudTwy (QUTOKIVNTO, QUTOKIVNTA, QUTOKIVATWY) yia TNV
avAaKTNON TWV KEIPEVWY TTOU TTEPIEXOUV HOPPOAOYIKEG TTAPAAAAYES TwV AEEEWVY TNG
ETTEPWTNONG

4. EmiAoyr Twv Aégewv TTOU Ba XpNoIUoTToINBoUV OTOV EUPETNPIACHO
— ouxva yiveral Baoel Tou gépoug Tou Adyou (OUCIOOTIKA, ETTIBETA, ETIPPANATA, PAKATA)

5. Kataokeur) Sopwyv KaTnyoplotroinong
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[MpoetreCepyaoia Kelpévou

Ae BeATILOVETAI TTAVTA N ATTOTEAECUATIKOTNTA:

MNa mapddeyua:

‘Evag xpAotng 1Tou avadntd éva £yypago TTou TTEPIEXEl TNV EKPPAON
“house of the lord”

Ti yivetal av dev éxel atmrobnkeuTei To “of” kai TO “the”

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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ddocig MNpoemegepyaaiag

ATIO TO TTAAPEG KEIMEVO OTOUG OPOUG EUPETNPIOU

[Does F————1 e aroun indeni
ocs spacing stopwords groups stemming indexing
structure Full text ---mmmmmmmmmmmmsmommsosmemmsos oo * Index terms
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Parsing a document

= What format is it in?
= pdf/word/excel/html?
= What language is it in?
= What character set is in use? (o€ kdtola duadikf Hop®n)

Each of these is a classification problem, which
we will study later in the course.

But these tasks are often done heuristically ...

Complications: Format/language

= Documents being indexed can include docs from many different
languages

= A single index may have to contain terms of several languages.

= Sometimes a document or its components can contain multiple
languages/formats
= French email with a German pdf attachment.

= What is a unit document? (o1 «yPAUUES» OTO EUPETAPIO)
= Afile?
= Anemail? (Perhaps one of many in an mbox.)
= An email with 5 attachments?
= A group of files (PPT or LaTeX in HTML)
= A book or a book chapter?

Precision/recall trade-off
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e ® Query Pre-processing

= For either Boolean or free text queries, the same pre-processing as for
the documents.

AegIAoyikn AvaAuon (Lexical Analysis)
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AegIAoyik AvdAuon (Lexical Analysis - Tokenization)

ZKO1TC')§Z MeTaTpoTIA TOU KEIUEVOU TOU EYYPAPOU (UIAG pONS XAPAKTHPWY) GE Uia pon
Aééewv TTOU Ba eupeTnpPIOTTOINBOUV

Mapadeiypa
Input: “Friends, Romans and Countrymen”
Output: Tokens evikd, KOBoUNE OTTOU KEVOI XAPAKTAPEG;
* Friends
+ and
* Romans
« Countrymen

an instance of a sequence of characters in some particular document grouped together as a
useful semantic unit for processing

class of all tokens containing the same character sequence
(perhaps normalized) type that is included in the dictionary

Each such token is now a candidate for an index entry, after further processing
But what are valid tokens to emit? (usually, noun words)

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete 13

Ag&iIhoyik} AvaAuon (Lexical Analysis)

MepITTTWOEIG TTOU ATTAITOUV TTPOCOXH:

= ApiBpoi

= [lauAeg (hyphens)

= Xnueia oTigewg (punctuations)
= Mikpd&-ke@ahaia

E¢aptdaral kal atré 1n yA\wooa

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete 14
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Ag&iIhoyik} AvaAuon (Lexical Analysis)

«  3/12/91 Mar. 12, 1991
« 55B.C.
« B-52

« My PGP key is 324a3df234cb23e
. 100.2.86.144

= O1 apiBuoi atré Pévol Toug gival TTOAU acaPig Xwpig Ta cupppaldusva
= Zuxvd dev delkTOodOTOUVTAI OTTWG TO KEIUEVO

= A€EeEIG TTOU TTEPIEXOUV Ynoia

02, Birapivn B6, B12, Windows98, 510B.C.
= Xprioiyor X

apIBuoi MOTWTIKAG KAPTag, error codes/stacktraces on the web, KATT
= KavovikoTroinon o€ KA&tola Koivr) jovada

= ZgxwploTn OeIkToddTNON PeTadedopévwy (TTX NUEpopnvia dnuioupyiag, €idog
apxeiou xwpioTtd)

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete 15

Ag&iIhoyik} AvaAuon (Lexical Analysis)

Used for:

= Splitting-up vowels in words (co-education)

= Joining nouns as names (Hewlett-Packard)

= Copy editing device to show word grouping the hold-him-back-and-drag-him-away-
maneuver ?

“state of the art” vs “state-of-the-art”, “Jean-Luc Hainaut”, “Jean-Roch Meurisse”, F-16, MS-DOS

= Due to inconsistency of use, breakup hyphenated words
= But, there are words which include hyphens as an integral part
= Adopt a general rule, specify exceptions on a case by case basis

= San Francisco vs San-Francisco, White space vs whitespace
= York University, New York University

= Phone numbers, dates, etc

= Encourage users to use hyphens and cover all three cases: over-eager, overeager, over eager

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete 16
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Ag&iIhoyik} AvaAuon (Lexical Analysis)

= 2uvnBwg TTapaAeiTovTal — aTTORAKPUVON Kal atmd TV £pWTNON
(1T 380 TT.X.)

» Eidikég repimtwoelg: 0S/2, .NET, command.com, peTaBANTEG
X.id kal xid

= Apostrophe for possession and contractions:

= Finland’s capital - Finland? Finlands? Finland’s?
= aren’t -> arent, are n't, aren t vs O’Neil -> oneill, o’neill, o’ neill, o neill

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

Ag&iIhoyik} AvaAuon (Lexical Analysis)

* JuvABwg OAa peTaTPETTOVTAI OE PIKPG
* Bank kai bank, General Motors, bush kai Bush
¢ Unix-like convention

Convert lowercase at the beginning of a sentence and all words
occurring in a title that is all uppercase or in which all or most words
are capitalized

Truecasing

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Tokenization: Language issues

* L'ensemble — one token or two?
—L?2L'?Le?
— Want I’ensemble to match with un ensemble

+ German noun compounds are not segmented
— Lebensversicherungsgesellschaftsangestellter
— ‘life insurance company employee’
Use of a compound splitter

Tokenization: language issues

« Chinese and Japanese have no spaces between words:
- DAUREREREEXERERTNGS EE,
— Word segmentation, Not always guaranteed a unique tokenization
— Or, abandon word-based indexing and use k-grams

* Further complicated in Japanese, with multiple alphabets
intermingled
— Dates/amounts in multiple formats

004t 1EHT/ZE D $500K (#96,0007 A))

End-user can express query entirely in hiragana!

Avaxtnon [TAnpogopiog 2008-2009
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Tokenization: language issues

» Arabic (or Hebrew) is basically written right to left, but with certain
items like numbers written left to right (no linear order)

» Words are separated, but letter forms within a word form complex
ligatures

» With Unicode, the surface presentation is complex, but the stored form is
straightforward

AeCINoyik) AvaAuon

» Ag€lhoyikr AvaAuon yia ETTepwTnoeig
— O1wg Kal yIa TO KEIPEVO, UV aVAYVWPION XAPAKTAPWY EAEYXOU, OTTWG
» Aoyikoi TeAeoTég, T1.X. AND, OR, NOT,
* TEAEOTEG eyyUTNTAG (proximity operators),
* KOVOVIKEG eKQPAOEIS (regular expressions), KTA.

* TpoTtrol uhotroinong evog Ae€iAoyikoU AvaAuTh

— (a) xpAon piag yevvATpiag Aegihoyikwy avaAutwy (lexical analyzer
generator), 6TTwg ToVv lex

* N KOAUTEPN €TTIAOYT AV UTTAPXOUV GUVOETEG TTEPITITWOEIG
— (B) ouyypa@r] (TTpoypPaUUATIONOG) VOGS AECIAOYIKOU AVOAUTA PE TO XEPI
* n xe1poTEPN ETTIAOYN (ETTIPPETTAG O OCPAAUATA)

— (y) ouyypaen (TTpoypapuaTIoNOG) evog AeEIAOYIKOU avaAUTH WG JIa unxavr)
TeTTEPpaAcUEVWY KataoTdoswy (finite state machine)

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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NEgeIg ATTokAgIopoU (Stopwords)

NEgeig AtTokAgiopou (Stopwords)

ATtTaAoIpA AéEewv Pe TTOAU pikpn SlakpITIKA IKkavoTnTa (little
semantic context, take a lot of space) — 1.x. Aégeig Tou
epavi¢ovtal oto 80% TWV eyypa@wyv
ouvnBwg: apbpa, aviwVvulIES, KTNTIKEG AVTWVUNIES, KATT

— e.g.“a”, “the”, “in”, “to”; pronouns: “I’, “he”, “she”, “it”.

ETriong k&moia pApara, emibeTa, empprjuata

* O@éAn
— peiwon pey€Boug eupeTnpiou (Ewg kai 40%)

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

24

Avaxtnon [TAnpogopiog 2008-2009

12



NEgeig AtTokAgiopou (Stopwords)

Maparnpnoeig
— O1 Aé€eig atrokAeIopoU e€apTwvTal aTTd TN YAWCOA Kal T GUAAOYT

— 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»

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

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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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 dites auxdits Il Is 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 cing inq cinq cil te deux cing etun

i huit cinquante neuf cinquante quatre cing sept cinquante six cinquante trois ¢l 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 eites 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 fit 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 1 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 6 octante oh on on ont onze or ou ot 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 q q te cing q te deux q etun
q te huit g neuf g 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 Iquefois I I unes I uns 1l I 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 cingq 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 vas vers veut veux via vice
versa vingt vingt cinq vingt deux vingt huit vingt neuf vingt quatre vingt sept vingt six vingt trois vis a vis vite vitro vivo voici voila voire volontiers vos votre vous
vous WXyyZ zero

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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ATtraloipr) Aé¢ewv ATTokAgiopou: TpoTrol

TpoTtrol YAotToinong

1/ ATTaAo19A TwV AEEEwV ATTOKAEIOUOU PETA TO TEAOG TNG Ae€IAOYIKNG avaAuong

— Mrmopoupe va ammoBnkeucoue TIG AEEEIC auTéG o€ évav hashtable yia va Tig
avayvwpifoupe ypriyopa (o€ atabepd xpovo)

2/ Atraloign Twv AéEewv atToKAEIoPOU KaTd T dIdpKela TG AeEIAOYIKNAG avaAuong
— Mo ypAyopn Tpoaéyyion agouU n AeIAoyIKN avaAuaon Ba yivel €101 Kal aAAIWG Kai N
agaipean Twv Aéewv atroKAEIoPOU dgv atTaiTei ETTITTAEOV XpOVO

Mapéxeral pia stop-list

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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[MepitrTwon: Lexical Analyzer of

grOOGLE

* Recognition of the document’s
structure.

* The lexical analyzer accepts the
following file types: html (html, htm,
php, jsp, asp), doc, ppt, pps, xls, rtf,
txt. For the text extraction from the
documents various software
components are used, specifically
pdfbox2 for pdf documents, Jakarta
POl for doc, ppt, pps, xls, and
RTFEditorKit for RDF documents.

* For more see:

— http://groogle.csd.uoc.gr/apache2-
default/index.php/Lexical_Analyzer

CS463- Information Retrieval Systems
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Stop words

words)
ranking

including stop words.
— You need them for:

* Phrase queries: “King of Denmark”

« But the trend is away from doing this — it may reduce recall
— Good compression techniques means the space for including stopwords in a
system is very small (reduce the cost of storing the postings of common

— Term-weights leads to very common words having little impact on document

— Good query optimization techniques mean you pay little at query time for

» Various song titles, etc.: “Let it be”, “To be or not to be”
» “Relational” queries: “flights to London”

Avaxtnon [TAnpogopiog 2008-2009

15



Normalization

Need to “normalize” terms in indexed text as well as query terms into the
same form
— We want to match U.S.A. and USA, colour and color

Most commonly implicitly define by using
mapping rules (as discussed)

e.g., by deleting periods in a term, case-folding, etc

But it is not obvious, when to add characters (turn antidiscrimating into
anti-discriminating)

Normalization

Maintain
Can be extended to hand-constructed lists of synomyms (e.g., car and automobile)
Method 1: Index unnormalized tokens and maintain a query expansion list

of multiple vocabulary entries for each query term
A query is a disjunction of several posting lists

Method 2: Perform the expansion during index construction (e.g., we
index a document containing car under automobile as well)

Method 1 introduced a query expansion dictionary + requires more time at
query processing

Method 2 requires more space

Avaxtnon [TAnpogopiog 2008-2009
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Normalization

Both methods less efficient than equivalence classes

But, more flexible, expansion lists can overlap, while not being identical,
asymmetric expansion:

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

Normalization: other languages

* Accents: résume vs. resume.

* Most important criterion:
— How are your users like to write their queries for these words?

+ Even in languages that standardly have accents, users often may
not type them

» German: Tuebingen vs. Tubingen
- Should be equivalent

Avaxtnon [TAnpogopiog 2008-2009
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Normalization: other languages

* Need to “normalize” indexed text as well as query terms into the
same form

» Character-level alphabet detection and conversion
7430 H vs. 7/30

— Tokenization not separable from this.
— Sometimes ambiguous:

Is this

Morgen will ich in MIT .. / German “mit”?

21eAéxwon Keipévou (Stemming)

Avaxtnon [TAnpogopiog 2008-2009
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2teAéxwon Keipévou (Stemming)

* YmoBipaon Aé¢ewv oTn pia Toug yia avetapTnoia atrod TIg
MOPQPOAOYIKEG TTAPAANAYEG TV AECEWV
— «OUTOKIVNTO», «AUTOKIVNTO», «AUTOKIVITWV»

— “computer”, “computational”, “computation” all reduced to same token
“‘compute”

* 2TOXOI
— BeAtiwon atroteAeopaTikOTNTAG (KUPIWG TNG AVAKANONG)
— Meiwon Tou pey€Boug Tou eupeTnpiou
* ZUYKeKpIYEVA TOU Ae€IAoyiou Tou eupeTnpiou

Again, there is controversy in the literature for the benefit of stemming for
retrieval performance

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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2teAéxwon Keipévou (Stemming)

Stemming vs Lemmatization

: crude heuristics that chops off the end of words (often removal
of derivational affixes)

: use vocabulary and morphological analysis to remove
inflectional endings and return he base or dictionary form of a word

Example
saw:
stemming may return just s

lemmatization return either see or saw

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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[v] AAyOpIBuol ZTeAéxwong (Stemming Algorithms)

‘ Stemming Algorithms ‘

Automatic

Table
Lookup

Affix
Removal

Successor
Variety

(Porter’s Alg)

CS463- Information Retrieval Systems

Mwg a&lohoyoupe Evav alyépiBuo oTeAExwong;
» OpBadTNnTa (Correctness)

* uTrepoTEAEXWON (overstemming) évavTi uTtooTeAéXwaong (understemming)
» ATroteAeopaTikotnTa avaktnong (Retrieval effectiveness)
» AuvatéTtnrta ZuuTtrieong (Compression performance)

Yannis Tzitzikas, U. of Crete
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AAyOpIBuOI ZTEAEXWONG: XEIPOVAKTIKOG

‘ Stemming Algorithms ‘

Automatic

Table
Lookup

Affix
Removal

Successor
Variety

E.g. g=engineer*

CS463- Information Retrieval Systems

Yannis Tzitzikas, U. of Crete

(Porter’s Alg)

40
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AAy6piBuol ZteAéExwong: Me Mivaka

‘ Stemming Algorithms ‘

Automatic

Table

Successor

Affix

Removal (Porter’s Alg)

Lookup Variety
7y

Terms and their corresponding stems are ATTAWG Waxvouue aoTOV
stored in a table (stemming dictionary) ,e.g.: Tivaka — OUOKOAO Va
Term | Stem KOTaoKeuaaTouv
engineering | engineer

engineered | engineer

engineer | engineer

(such tables are not easily available)

CS463- Information Retrieval Systems

Yannis Tzitzikas, U. of Crete
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AAy6pIBuol ZTeAéExwong: Successor Variety

16¢a: ZTeAéEXwon BACEI TWV CUXVOTATWY TWV OKOAOUBIWY YPONUATWY O€ éva
OWHMO KEINEVOU

Bripara yia Z1eAéxwon Keipyévou

[1] Anpioupyia Tou mivaka MoikiAiag Aladdxwv (successor variety table)

[2] Xprion Tou Tivaka yia TEPaxXIopo Twv AéEwv
[3] EmAoyn evég Tepaxiou wg pida (as stem)

CS463- Information Retrieval Systems
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AAy6pIBuol ZTeAéxwaong: Successor Variety

Briuata yia ZteAéxwon Kelpyévou
[1] Anpioupyia Tou Trivaka MoikiAiag Aladéxwv (successor variety table)

Mapdadeyua
* 'EoTtw o1 BéAoupe va Bpouue T pifa TG Aé¢ng READABLE

. "Eotw T0 £€AC oWpa kepévou: ABLE, APE, BEATABLE, FIXABLE, READ,
READABLE, READING, READS, RED, ROPE, RIPE

- MpdBepa ApiBuodg ETépevwy Mpapudtwy Emopeva Mpdupata

Prefix Successor Variety Letters
R 3 E.ILO
RE 2 A,D
REA 1 D
READ 3 AlLS
READA 1 B
READAB 1 L
READABL 1 E
READABLE 1 BLANK

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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AAy6pIBuol ZTeAéExwong: Successor Variety

Briuata yia ZteAéxwon Kelpévou
[1] Anuioupyia Tou Tivaka MoikiAiag Aladoxwv (successor variety table)
[2] Xprion Tou Trivaka yio TEHAXIOUO TwV Aé§ewv

MpdBepa Ap1Bu6s Emrépevwy Mpappdtwy  Emépeva Mpdupata

Prefix Successor Variety Letters
R 3 E,I,O
RE 2 AD
REA 1 D
READ 3 AlLS
READA 1 B
READAB 1 L
READABL 1 E
READABLE 1 BLANK

Mrropei o mivakag va pag¢ Bonbnoei va reuayioouus “owora”;

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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AAy6pIBuol ZTeAéExwong: Successor Variety (IV)

Briuata yia ZteAéxwon Kelpyévou
[1] Anuioupyia Tou Tivaka MoikiAiag Aladoxwv (successor variety table)
[2] Xprion Tou Trivaka yio TEHAXIOUO TwV Aé§ewv

MpdBepa Ap1Bu6s Emrépevwy Mpappdtwy  Emépeva Mpdupata

Prefix Successor Variety Letters [2] Tepaxiopdg Bdaoel TNG
R 3 E.lLO peBOdOU «peak & plateaux:
RE 2 AD — TePAXIoPOS OTO YPAUpa
REA 1 D TT0U 01 d1ad0oX0i Tou &ival
READ 3 A,lS TEPICOOTEPOI TWV
READA 1 B 31000 WV Tou
READAB 1 L TTPONYOUUEVOU YPANHATOG
READABL 1 E + REA (1), READ (3)
READABLE 1 BLANK

Apo READABLE == READ ABLE

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

AAy6pIBuol ZTeAéExwong: Successor Variety

Bruara yia Z1eAéxwon Keipévou

[1] Anuioupyia Tou Trivaka MoikiAiag Aladdxwv (successor variety table)
[2] Xprion Tou TTivaka yia TEgaxIopo Twv Aé€swv

[3] EmriAoyn evog Tepayiou wg pida (as stem)

N

READABLE => READ ABLE

‘Evag eUpeTIKOG KAVOVaAgG:
“If (first segment occurs in <=12 words in the corpus) select first segment,
else the second’
AikaloAdynon: Av epggavietal TTavw attd 12 @opég ToTe PAAAov gival
TTPOBeua.

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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AAy6pIBuol ZTeAéExwong: Successor Variety

Brjpata yia ZteAéxwon Keipévou
[1] Anuioupyia Tou Trivaka MoikiAiag Aladdxwv (successor variety table)
[2] Xprion Tou Tivaka yia TEgaxIopo Twv AéEswv
m.X. READABLE => READ ABLE
[3] EmmiAoyn evog Tepayiou wg piCa (as stem)
m.X. READABLE => READ ABLE

Mapartipnon:
H TexvIKr auTh dev atraiTei Kapia eicodo atmd 1o oxedlaoTh. Apa UTTopei va
€QapuooTEi auTouaIa g€ TTOAAEG BIOPOPETIKEG YAWOOTEG.

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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AAy6pIBuol ZTEAEXWONG: N-grams

I6€a: OuadoTtroinoe AéEeIg BAael TOU apIBPOU TWV KOIVWV
OIYPAUMATWY 1 N-YPANUATWYV

Mx: ouykpion “statistics” pe “statistical”

— “statistics™
+ digrams: sttaattiis sttiiccs (9)
* unique digrams: atcsicis stta i (7)
— “statistical™
+ digrams: sttaattiissttiiccaal (10)
* unique digrams: alatcaicis sttati (8)

O1 Aé€eig “statistics” kai “statistical” éxouv 6 koiva diypaupara (digrams).

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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AAy6pIBuol ZTEAEXWONG: N-grams

O1 Aégeig “statistics” kai “statistical” €xouv 6 koiva diypduuarta (digrams).
MtropouUpe va peTpAGoUNE Tov BaBud opoIdTNTAG TOUG XPNGCIHOTTIOILVTAG UIO UETPIKH, OTTWG:
*  MéyeBog Topng: sim(X, Y) = |XNY]|
» Dice similarity: sim(X, Y) = 2 [ XnY/(X[*+]Y])
— €dw sim(statistics,statistical) = 2*6/(7+8)=0.8

O1 Aé€eig TNG GUAAOYNG OPaBOTTOIOUVTAl UE QUTOV TOV TPOTTO
(6Aeg o1 Aé€elg TTou €xouv TNV idla pifa kKaTtaxwpeoUvTal aTny idia opdda)

AAyépiBuoug ouadorroinong 8a douue o€ emouevo uabnua.
levikd, Ba utmopouoe va xpnoiuotroinbei oroiadNirore LUETPIKA UETAEU Aééswv
(m.x. Edit, LCS distance)

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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AAy6piBuol ZTeAéExwong: Affix Removal

[6¢a: AtTaloipr emBepdaTwy (suffixes) i/kar TpoBeudTwy (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
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AAy6pIBuol ZTeAéExwaong: Porter Stemmer

Mapadeiypara kavovwy:
e s U (for plural form)
* sses —»>ss (for plural form)

E@apuéleral rpwTa n
HaKpUTEPN aKoAoubBia

* e.g. stresses => stress,

* NOT stresses => stresse

RULES

CS463- Information Retrieval Systems

suffix replacement
1a

sses ss
ies i

s NUL
1b

eed ee
ed NUL
ing NUL
2

ational ate
tional  tion
izer ize
ator ate

example

caresses->caress
ponies->poni, ties->ti
cats->cat

agreed->agree
plastered->plaster
motoring->motor

relational->relate
conditional->condition
digitizer->digitize
operator->operate

Yannis Tzitzikas, U. of Crete
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AAy6pIBuol ZTeAéExwaong: 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

CS463- Information Retrieval Systems

Yannis Tzitzikas, U. of Crete
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AAy6pIBuol ZTeAéExwaong: Porter Stemmer >Errors

Errors of “comission”:

— organization, organ — organ
— police, policy — polic

— arm, army — arm

Errors of “omission”:

— cylinder, cylindrical

— create, creation

— Europe, European

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete 53

AAy6pIBuol ZTeAéExwaong: 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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AAy6pIBuol ZTeENéExwaong: Ma TNV eAANVIKR YAWwooa

AuokoAieg Tng EAANVIKAG MA\wooag:

* YTTapxouV TTOAAEG DIAQOPETIKEG KATAAALEIG TTOU TTPOKUTITOUV OTT
TOV apIBud, aAAG Kal atrd TIG TITWOEIG TWV OUCIACTIKWY, AVWUAAWV
Kal yn. Z1a €1i0eTa N €mMITTAOV UTTAPEN TOU YEVOUG, OUVTEAEI OTNV
TEPAITEPW AUENON TwV KATAANEEWY. Ta pripara e TNV oEIpd TOUG
O108£ToUV BUO JIAPOPETIKA BEPATA (EVEOTWTA KAl AOPIOTOU), EVW
UTTAPXOUV OPKETEG TTEPITITWOEIS AVWHAAWY PNUATWV.

* [lapadeiyparta

— TIPATTW, TTPAEN, TTPAKTIKOG
— avadiaragn, avadiaTdoow

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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AAYyOpIBpoI ZTeEAéEXwOnNG: INa TNV EAANVIKN grOOG LE
yAwooa

To grOOGLE 1rpoo@épel Eva oTeAeXwTn TNG EAANVIKAG.

H diadikagia aTeAEXWONG ( .. OE YEVIKEG YPAPMEG):

* H A&En déxeTal pia apxIKA TTEEEPYyQTia: HETATPOTT O€ "WIKPOUGS" (N
KEPAAQIOUG) XOPOKTHPES, KABE XAPAKTIPOG EAEYXETAI AV TTEPIEXETAI OTO OUVOAO
TWV TOVIOPEVWV XOPOKTHPWY Kal avTIKaBioTaTal atrd ToV avTioToIXO W
TOVIOUEVO.

* AgaipouvTal TBavoi eTTavaAauBavOouEVOl XOPAKTHPES ATTo TNV apxr f 1o TEAOG
MIaG AEENG (XaPAKTNPIOTIKO TTOU BeV EVTOTTICETAI OTNV EAANVIKA YAWOOQ).

* Evromopdg kai agaipeon mOavwyv TPoBePaTwY 0Tn AEEN.

* MNapduoia emegepyacia eQapudleTal oTNV XWPIG TTpoBEuaTa AEEn.

* H katdAngn mou agaipeital uTropei va 0dnynaoel o€ BEPa evog XApakTAPA, OTTOTE
atraiTeital kar epappodeTal pia péBodog auénang Tou BEUATOG £T01 WOTE va
TrepIAaUBAvel TOUAGXIOTOV pia GUAAQRA.

* H oTeAéxwaon oAoKANPWVETAI JE TNV TTPOCOAKN TwV TTPOBEUATWY TTOU TTBavVOV
va €XOoUV aQalpeDEi.

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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AAy6pIBuol ZTEAEXWONG:
MNa v eAANVIKA YAwooa

grOOGLE

» To groogle TTpoo@épel Evav OTEAEXWTNA TG EAANVIKAG
— Acite 710 http://groogle.csd.uoc.gr/apache2-default/index.php/Stemmer

Word Word Split prefixes-First Stem|Increment-Alternate| Final Stem
TOPATT W TPOT T W TRPETT TpoE Tl
TPORT LEOS TOOKT LKS TRRT TpoE Tkl
Tpaln mealn TRoeE fyilety iyilaty
T oy o TR0y Loy T oy i Tl pyets
aradiaTaln | ara — e — Taln | aroa — due — Tl | avoe — duo — Tl |oradioaTal
avadiaTacow|ave — dte — Taoow|ava — da — Taoo| avoa — dia — Tl |avadioTof
avadteTala | avo — dte —Tafa | avae — dia — T | ava — dia — Tl |avadioTol
Tkl T T Ty Y
Ty W Ty el T Ty Y

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete 57
AAYOPIBUOI ZTEAEXWONG
Algorithm Language Independent
Lookup table NO
Successor Variety YES
N-Grams YES
Porter's Stemmer, grOOGLE stemmer NO
CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete 58
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Porter’s algorithm

« Commonest algorithm for stemming English

— Results suggest at least as good as other stemming options
» Conventions + 5 phases of reductions

— phases applied sequentially

— each phase consists of a set of commands

— sample convention: Of the rules in a compound command, select the one
that applies to the longest suffix.

The official site for the Porter Stemmer is:

Other stemmers

» Other stemmers exist, e.g., Lovins stemmer
http://www.comp.lancs.ac.uk/computing/research/stemming/general/lovins.htm

— Single-pass, longest suffix removal (about 250 rules)
— Motivated by linguistics as well as IR

» Full morphological analysis — at most modest benefits for retrieval

» Do stemming and other normalizations help?
— Often very mixed results: really help recall for some queries but harm
precision on others
» operational and research
» operating and system
» operative and dentistry

Paice/Husk stemmer (1990):
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Language-specificity

Sample text: Such an analysis can revenl features that are not easily visible
fromn the variations in the individual genes and canJead to a picture of
expression that iz more biologically parent and ssible to
interprefation

Lewins stemmer: such an analys can reve featur that ar not eas vis from th vari
in th individu gen and con lead to a plctur of expres that iz mer biclog
trangpar and acces to interpres

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

the variat in the individu gene and can lead to a pictur of express that is
meore biclog transpar and access to interpret

Phaice stemsmer: such an analys can rev feat that are not easy vis from the vary
in the individ gen and can lead to a plct of express thatis mor Wolog transp
and access to interpret

EmAoyn Aégewv yia Tnv Eupetnpiacn
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EmAoynr Aégewv yia Tnv Eupetnpiaon

* Mia mpocéyyion gival va Bewpriooupe wg OPOUG EUPETNPIOU O,TI ATTEUEIVE
(a@aipwvTag AEEEIS ATTOKAEIGUOU, KAVOVTOG OTEAEXWON)

*  Mia GAAn TTpocéyyion Aéel 6T ouvnBWG Ta OUCIAOTIKG €ival EKEIVA TTOU
TTEPIYPAPOUV KUPIWG TO VONUA Hia TTPOTACNG
— Ek 1oUTOU B0 utTopolcaue va AdBoupe uTTown (OTNV KATAOKEUT TOU EUPETNPIOU)
MOVO Ta OUCIOCTIKA Kal dpa va TTOPOAEIYOUHE TIG AVTWVUHIEG, T pAMATA KAl TA
€TiBETQ.

— Emiong ymropoupe va Bewpriooupe ouGdEG OUCIOOTIKWY TToU eggpavidovTal yadi, T.x.
“computer science” , wg £vav 0po eUpETNPIou.

»  TENOG pia GAAN TTpoCEyyion gival va KaBopiooupe TO GUVOAO Twv Opwv
eupeTNPiwyY atrd eAeyxopeva AeCIAOyIa (Onoaupoug 6pwv)

CS463- Information Retrieval Systems Yannis Tzitzikas, U. of Crete 63

Thesauri

Consists of

(1) Precompiled list of important words in a given domain
of knowledge

(2) For each word in the list, as et of related words

Using a controlled vocabulary for indexing and searching
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