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EmékTaon ETrepwtnong
(Query Expansion)

In relevance feedback, users give additional input
(relevant/non-relevant) on documents.

In query expansion, users give additional input (good/bad
search term) on words or phrases




EmékTaon ETrepwrnong
(Query Expansion)

* Tommkn AvaAuon

— AvaAUoupe Ta (Kopugaia) £yypaga TnG ammavinong
» KaBoAiky AvaAuon

— AvoAUoupe 6Aa Ta £yypaga TnNG OUAAOYNG
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Emékraon Emrepwtnong (Query Expansion)
TotmikA AvaAuon (Local Analysis)




Autoparn Tommkn (Emtéma) AvaAuon
Automatic Local Analysis

* Metd TnV dIaTUTTWON TNG ETTEPWTNONG, AVAAUCE (OTATIOTIKA) TIG
AECEIC TTOU gu@aviCovTal HOVO OTA KOPUPAia avakTnPéva Eyypaga
— T.X. €mMAEyoupe TIG 10 TTIO CUXVA EPPAVICOUEVEG AEEEIC TV KOpUPaiwy 5
EYYPAQWV
* To ouoTnua TTapouaiAlel OTO XPNOTN TIG TTIO OUXVA EJPAVICOUEVEG
AECEIC Kl 0 auTOG €TTIAEYEI EKEIVEC TTOU BEAEI va TTPpOCTEBOUV OTNV
ETTEPWTNON
— €VOANOKTIKG n €TTIAOYN UTTOPEI va yivel auTtouaTta (Xwpeig Tnv TTapEéupaon n
ouyKkaTdabeon Tou XprRoTn)
« ETmidpaon otnv ammoTeAeOPaTIKOTATA TNG AVAKTNONG
— O1 acageig (1 apgionueg) Aégeig dnuioupyouv Aiyotepa TTpoBAAuaTa (atr OTi
oTnv KaBoAikr avaAuon)
— [Mapdadeiyua: pe ToTKA avaAuon n erepwtnon “Apple computer” utropei va
emmekTaBei otnv - “Apple computer Powerbook laptop”
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[Mapdadelypa eQapuUoyng

YO ARE HEEE = Home = My InfoSpace = Meta-Search = Weh Search Fesults

Web Search Results

Your Search Re

Ijag"JElr Search | Select: IWEb j

[ Yellow Pages [ White Pages [ Classifieds

re you loaking for?

Jacksonville Jaguars Jaguar Car Elack laguar Jagquar Xka
wiild Jaguars Jaguare Jaguar Accessories Jaguar Automobile

Also: see altavista, teoma

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007

50




Web | Irmages | Yideo | Local | Shopping | more » ]

7-YA_HOOL SEA Rc H iJaguar | [ Search | Advanced Search

Search Results % 1 - 10 of about 45,700,000 for Jaguar - 0.21 sec. (Absut thiz page)
¥ Also try: jaguar cars, jaguar animal pictures, jaguar parts, jaguar picture
More. .
SPONSOR RESULTS

J SPONSOR RESULTS Jﬂguar
it Lé?l‘ . Mill f Prod o Th ds of & Allin One P Shop for Car Parts. Compare

WY opping. corm - nons o roducts from ausanas o tores I Line dCE. pI’DdUCtS, stores & prices.
- Jaguar W wonwr. Dealtime. com

Cars. InfoSpot1000.carm - Seeking Jaguar xk Info? See The Results You Want Mow. )
Jaguar Merchandise Eook

« Jaguar Cars Buy Jaguar merchandise Book at
cars.nextag.com - Compare multiple free quotes on a new car from local dealers. SHOP.COM.
wanewy, SHOP. com
1. Jaguar
Official site of the Ford Motor Cornpany division festuring new Jaguar models and local dealsr Jaguar Natural Spray on
information. Cataloglink
wanw. jaguar.caorn - More frorm this site Find Jaguar natural spray on
M™atalanl ikl
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007 51

MyStuff | Settings

JEQLIEI' Save B |mages
Kingdom: Animaliz Plylume: Chordsta Class:
tammalia Order: Carnivora Eamily: Felidae

Web | Images | Yideo | More »

jagua Q)

Genus: Parthera Species: Parthera onca
The biggest and most powerful Morth

A dvanced Search Source Arerican cat, the Jaguar is the only one that
roars. It moves over a large home range with
Marrow a diameter of 3 to 15 miles (5-25 km) where

prey is abundant, larger where prey is
scarce. This cat hunts... Mare »
key Facts | Images | Encyclopedia B Dictionary

Jaguar Cars
Black Jaguar
Cat Jaguar
Jaguar Big Cats

Definitions of ‘jaguar’

_ Jaguar
HelIE Habi Ergnﬁtual, concesionarios, historia, noticias, anuncios y {jagwar, jagyu-4r) ") -1 detritr
What Do Jaguars Eat camvicios financieros. The American Hertage® Dictions
Fanthera Onca o - wenw jaguar.com/f jaguar (n A large feline mammal
Where Do Jaguars Live (Parthera onca) of Certral and South
Mlare » Jaguar fPanthera OHCEI) America, closely relsted to the leopard ¢
Jaguar (Panthera onca) facts, photos and videos. ... The having & tawwny cost spotted with black
Expand Jaguar is the largest cat in the YWestern Hemisphere and the third rosettes.
Cheetah largest cat in ..
Ferrati o - wew thebigzoo.com/nimals/Jaguar.asp - Cached
hdare » &5 All Music Guide
Jaguar S
Related Names The jaguar measures five to six feet from its nose to the tip of R aguar
Fard its tail and weighs 140 ta 220 pounds (females are slightly smaller). BY: Fred Small
Wolf B0 - wwew kidsplanet orgffactsheets/jaguar himl - Cached VWhether an artist is
R _ cnn_ser\ratlvg, centrist,
Jaguar liberal or downright radical, there

L OUY T IHITVTTTIAUULT INTUIT VAL OYILTITD FQINID 1 LILLINGD, U. Ul UITLT, OPIIY cuvl mnthine wrnnn with mettinn NGy




Autouarn Tommkn (Emtoma) AvaAuon

TeXVIKEG aUTOPATNG TOTTIKNG avAAUONG
* Association Matrix
— based on the co-occurrence of terms in documents

» Metric Correlation Matrix
— based on the co-occurrence and proximity of terms in documents

* //Scalar Clusters
 //Local context analysis
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(a) Association Matrix and Normalized Association Matrix

Wy Wy Wa woreennieieiniennnnns Wi c;;- Correlation factor between
Wl Cll C12 C13 ..................... Cln term i and term j:
W, | Cx
Wy | Cy cy = D fiex T
. . d,eD
W, | Cy f., : frequency of term i in document k

* Normalized Association Matrix
— Frequency based correlation factor favors more frequent terms.

— Normalize association scores: S — Cij
ij
— Normalized score is 1 if two terms have the same frequency in all

documents.

A6 auTtdV TOV TTivaKa UTTopoUuE va BpoUuE TouS 6pOUS TTOU Eival TTI0 KOVTA O€ auToucS TNS
emepwrnong (Buunbeire kai Tov mivaka ouoxérions oro fuzzy model Tou pabnuarog 4)
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(b) Metric Correlation Matrix

Association correlation does not account for the proximity of
terms in documents, just co-occurrence frequencies within
documents.

Metric correlations account for term proximity.

V;: Set of all occurrences of term i in any document.
r(k,,k,): Distance in words between word occurrences k, and k,
(= if k, and k,are occurrences in different documents).

1
o 22 k)

kU GVikVGVj
» Normalized Metric Correlation Matrix G
— to account for term frequencies: i ’\/i‘x’\/j‘
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W, Wy Wa eoeeeeeeeeneenene, w,
Wl Cll C12 C13 lllllllllllllllllllll Cln
Wy | Cx
W3 | Cp
Wh Cn1

* For each term i in the query q, expand query with n terms, those
with the highest value of c;.

* This adds semantically related terms in the “neighborhood” of the
query terms.
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Autopatn KaBoAikr) AvaAuaon
(Automatic Global Analysis)

Autopatn KaBoAikr) Avaiuon
Automatic Global Analysis

* [1poodlopIouOS PaBPOU opoIGTNTAG HETACU TWV OpWV BACEI
OTATIOTIKAG avaAuong o0AOKANPNG TNG OUAAOYNG

— YTTOAOYIONOG TTIVAKWY CUOXETIONG (association matrices) TTou
TTOOOTIKOTTOIOUV TNV OPOIOTNTA PETAEU TWV OpwV avaAoya Pe To TTOOO cuXvd
ouvepgaviovTal

« ETmékTaon emepwTNONG PE TOUG TTIO OPOIOUG OPOUG.

« Emidpaon otnv ammoteAeouaTiKOTNTA TNG AVAKTNONG

— O1 acageic (A apeionueg) AéEeig dnuIoupyouV TTepIocoOTEPa TTPORAANaTA (aTT
OTI TNV TOTTIKI avAAuaon)

— Mapddeiyua: pe KaBoAIKr) avaAuon n eTrepwTtnon “Apple computer” ytropei va
emmekTaBei otnv - “Apple red fruit orange computer”

Mia Auon:

— Query Expansion Based on a Similarity Thesaurus
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Query Expansion Based on a Similarity Thesaurus

+ Keypoint
— O 6pol TTou TTPpOoCTIBevVTaI KaBopiCovTal he BAon TNV aTdOTACT TOUG ATTO
OAGKANPN TNV eTepWTNON (K1 OXI BAoel TNG ATTOOTACAHGS TOUG aTTO KABE
OpPO TNG ETTEPWTNONG EEXWPIOTA)

e 2TNV avTiBeTn TTEPITITWON Ba EiXAUE:
— “Apple computer” — “Apple red fruit computer”

 Evw Twpa
— “fruit” not added to “Apple computer” since it is far from “computer.”
— “fruit” added to “apple pie” since “fruit” close to both “apple” and “pie.”

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007

59

Query Expansion Based on a Similarity Thesaurus

* Tpotrog
— 'Eotw N €yypaga, t 6por K={k1,... kt}
— lMapioTdvoupe KABe 6po ue Eva didvuoua oTov Xwpeo Twv N diaoTdoewy

* Eival oav va €xoupe avTIoTPEWE! TO POAO TWV OPWV KAl TWV EYYPAPWY: EXOUNE
AOITTOV pia dIaVUCHATIKI TTApPAcTAaon TwV 0pwV (KABE £yypa@o aTToTeEAE pia
d1doTOON OTO XWEO TwV diavuoudTtwy). MNMpooapudlouue 1o oxnua Bapuvong TF-
IDF Bdoel autriig TG Bewpnong.

Ki = (Wig,.., Wiy )

f..
(05+0.5 1 )itf
max j ( fij)

<N fil 2.2
Z|21(0'5+0'5maX| (fi )) |th
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Query Expansion Based on a Similarity Thesaurus (lI)

* YTTOAOYIONOG OMoIOTNTAC BUO OpWV Cuv =Ky -Ky
— (T1.X. M€ EOWTEPIKO YIVOUEVO)
* Ta BAparta yia TNV €TEKTACH TNG ETTEPWTNONG

}J
— (1) Represent query in the concept space E= ZWiqki
kieq
— (2) Compute sim(q,ku) for each ku - P
sim(g,k,) = -k,
— (3) Expand q with the top r ranked terms
_ sim(a, ky)
* Results " 2. Wig
— 20% improved retrieval performance kieqg
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KaBoAikn vs. Emitéoma Avaiuon

* H kaBoAIk avaAuon €xel HEYAAO UTTOAOYIOTIKO KOOTOG OAAG udvo
oTNV apxn

— UTTOBETOVTAG OTI Ta £yypa®a TNG CUAAOYAG Eival oTaBepd

* H 1OTmIKA avaAuon €xel apKETO UTTOAOYIOTIKO KOOTOG Yyia KAOE
ETTEPWTNON
— (TTapoAo Tou To TTARBOC TWV dpwV Kal TWV EYYPAPWY gival WIKPOTEPO auTOU
TNG KABOAIKNG)

* H 101K avdAuon didel KaAUTEPA ATTOTEAEOUATA
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ETTéKTOON ETTEPWTACEWYV: ZUNTTEPACHATA

* H emEKTOON TWV ETTEPWTAOEWV HUE OXETICOPEVOUC OPOUC PTTOPEI VA
BEATIWOEI TNV ATTOTEAECPATIKOTATA TNG AVAKTNONG, 101AITEPA TNV
avakAnon (recall).

* H aAdyioTtn emmAoyr} oOXeTICOPEVWV OpWV PTTOPEI VA PEIWOEI TAV
akpipela (precision).
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Onoaupoi Opwv kai KaBoAikiql AvaAuon




Onoaupoi Opwv

‘Evag Bnoaupds TTapExEl TTANPOPOPIES VIO CUVWVUNA Ka
onuaclioAoyiké KOVTIVEG AEEEIC Kal PAoEIS [see also Sec
7.2.5]

Mapdaderyua:

physician

syn: ||]croaker, doc, doctor, MD, medical, mediciner,
medico, ||sawbones

rel: medic, general practitioner, surgeon,

Online-bnoaupoi:

— Roget’s thesaurus

— INSPEC thesaurus

— WordNet (http://wordnet.princeton.edu/)

— The free dictionary http://www.thefreedictionary.com/
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Xpnoeigc Onocaupou

Eupetnpiaon Keipévwv/BIBAiwv pe etTIAoyr 6pou atrd Bnocaupd
Avalntnaon XpNoIKJOTIoIVTAG OPOUG Tou Bnoaupou
— (autéparn f uoTepa aTrd €TMIAOYHA TOU XPHOTN)

[Na BeATiwon TNG avAkTnong

— Av n amavrnon PIag ETTEPWTNONG Eival YIKPH, MTTOPOUNE VA TTPOCBECOUE
Opoug Bdaoel Twv ox€oewyv Tou Bnoaupou (cuvwvuua, ..)

— Av atravtnon gival TToAU peydAn, yrTopoUue va ouphBouAeuToue To Bnoaupd
KAl VO AVTIKATAOTAOOUKE KATTOIOUG OPOUG TNG ETTEPWTNONG UE TTIO E10IKOUG.
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Aidkpion ©@noaupwyv

* [AwoolIkoi Onoaupoi
— [lx Roget’s thesaurus. Designed to assist the writer in creatively selecting
vocabulary
* Onoaupoi katdaAAnAol yia Information Retrieval
— for coordinating the basic processes of indexing and retrieval
— designed for speific subject areas and are therefore domain dependent
— Examples
* INSPEC
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INSPEC thesaurus (for IR)

« Domain: physics, electrical engineering, electronics, computers

» Types of relationships between two terms
— UF: Used For (converse: USE)
— BT: Broader Term (converse NT)
— TT: Top Node, l.e. root of the hierarchy)
— RT: Related Term

+ Example:
— computer-aided instruction
* see also education
* UF teaching machines (UF: Used For, converse: USE)
* BT educational computing (BT: Broader Term)
* TT computer applications (TT: Top Node, l.e. root of the hierarchy)
* RT education , teaching (RT: Related Term)
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WordNet (http://wordnet.princeton.edu/)

A more detailed database of semantic relationships between English words.

Developed by famous cognitive psychologist George Miller and a team at Princeton
University.

About 144,000 English words.Nouns, adjectives, verbs, and adverbs grouped into
about 109,000 synonym sets called synsets.

Synset Relationships

* Antonym: front — back

+ Attribute: benevolence — good (noun to adjective)
« Pertainym: alphabetical — alphabet (adjective to noun)
« Similar: unquestioning — absolute

+ Cause: kill > die

+ Entailment: breathe — inhale

*  Holonym: chapter — text (part-of)

«  Meronym: computer — cpu (whole-of)

*  Hyponym: tree — plant (specialization)

*  Hypernym: fruit — apple (generalization)
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AAT (Art and Architecture Thesaurus)

Controlled vocabulary for describing and retrieving information:
fine art, architecture, decorative art, and material culture.

Almost 120,000 terms for objects, textual materials, images,
architecture and culture from all periods and all cultures.

Used by archives, museums, and libraries to describe items in
their collections.

Used to search for materials.

Used by computer programs, for information retrieval, and natural
language processing.
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XapakTnpIoTIKA Onocaupwv

» Coordination Level (BaBué¢ cuvtoviouou)
— refers to the construction of phrases from individual terms

— Pre-coordination: the thesaurus contain phrases
» + the vocabulary is very precise
» - the user has to be aware of the phrase construction rules, large size

— Post-coordination: the thesaurus does not contain phrases. They are
constructed while indexing/searching
» + user does not worry about the order of the words
* - precision may fall
* Term Relationships
— equivalence relations (e.g. synonymy)
— hierarchical relations (e.g. dogs BT animals,)
— nonhierarchical relations (e.g. RT)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2007

71

XapakTnpIoTIKA Onoaupwv (2)

Number of Entries per Term
— preferably: a single entry for each thesaurus term

— however homonyms does not make this possible

» parenthetical qualifiers:
— bonds(chemical), bonds(adhesive) // xnuikdg deopdg / UAIKO ouyKOAANGNg

Specificity of Vocabulary

— high specificity -> large vocabulary size

Control of Term Frequency of Class Members (for statistical thesauri)
— the terms of a thesaurus should have roughly equal frequencies

— the total frequency in each class (of terms) should be equal
Normalization of Vocabulary

— terms should be in noun form

— other rules related to singularity of terms, spelling, capitalization,
abbreviations, initials, acronyms, punctuation
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TpoT1To1I Kataokeurng Onocaupwy

[A] XeipoTrointn Anuioupyia

[B] Autopatn KaTtaokeun

[B.1] aré ouAAoyn KEIPEVWV
MpoUTTé0eon: Na UTTAPXE!l MIa HEYAAN KOl QVTITIPOOWTTEUTIKI) GUAAOYH KEINEVWV

[B.2] a1mé guyxwveuon aAAwv Bnocaupwv

MpoUutréBeon: Na utrdpyxouv >2 diaBéaiuol Bnoaupoi yia TRV TTEPIOXH TTOU HaG
evOIaQEpPEl
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[A] XelpoTrointol ©noaupoi (d1adikaaia KATAOKEUNG)

 define subject boundaries
 partition into divisions and subject areas

» collection of terms

— sources: encyclopedias, handbooks, textbooks, journal titles, catalogues,
other thesauri, subject experts, potential users

« analysis of terms (synonyms, hierarchical structure, definitions,
scope notes)

* reviewing phase

« delivery in both hierarchical and in alphabetical arrangement
maintenance (new terms, etc)

Very lonq, laborious and costly process
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EtrékTaon emepwtriocwy Bdoel Onoaupou
Thesaurus-based Query Expansion

* TpoT1TOC:
— TMd& kdBe 6po t NG eTTEPWTNONG, TTPOCOECE OTNV ETTEPWTNON TA CUVWVUNQ
Kal TIG OXETIKEG AECelg (related terms) Tou t
— Ta Bdapn Twv VEWV AECewV PTTOPET va gival XOUNAOTEPO TWV BApWV TWV
AECEWV TNG APXIKAG ETTEPWITNONG
— E.g. of a WordNet-based Query Expansion
* Add synonyms in the same synset.
* Add hyponyms to add specialized terms.
+ Add hypernyms to generalize a query.
* Add other related terms to expand query.

* AmotéAeoua
— Auavel Tnv avakAnon (recall.)
— Mrmropei va peiwoel TNV akpipela (precision), 1d1aitepa OTav N ETTELWTNON
TTEPIEXEI AUPIoNUES AEEEIG
* “interest rate” — “interest rate fascinate evaluate”
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[B1] Autoparn Kartaokeur) Onocaupwyv atro Keipeva

* H karaokeun (a1mdé avBpwI1ToUuGg) VOGS Bnoaupou cival TTOAU XpovoBopa Kal dev
uTTdp)OoUV BNoauUPOi yIa OAEC TIG YAWOOEG

*  O1 TTANPOYOpPIEC TTOU PTTOPOUNE VA XPNOCIUOTIOINCOUNE aTTo £vav Bnoaupd
TTEPIOPICOVTAl OTIG OXETEIG TTOU UTTOOTNPICEI 0 Bnoaupdg

* 16éa: MTTOpOUpE VO AVAKAAUWOUUE ONUACIOAOYIKEG OXEOEIG HETASU AESewV
aVvOAUOVTOG OTATIOTIKA M1 HEYAAN CUAAOYN KEINEVWYV

+ 274010
— 1/ Karaokeun AséiAoyiou
— 2/ YmoAoyiouog opoiornrag pueraéu opwv
— 3/ Opydvwon (ouvnlwcg ispapxikn) Tou AsiAoyiou
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Autouarn Kataokeur) Onoaupwyv atro Keipeva (I1)

» 1/ Kataokeur) Ae€lAoyiou
— Decision: Desired specificity
« if high then emphasis will be given on identifying precise phrases
Terms can be selected from titles, abstracts, or even the full text
— Normalization: stemming, stoplists
— Criteria for selecting a term:

 frequency of occurrence (divide words to 3 categoris: low, medium, high, select
terms with medium frequency)

+ discrimination value ~ idf
— Phrase construction (if desired, recall coordination level)
» 2/ YToAoyiopog OuoidtnTag

— lMapadeiypata perpikwyv: Cosine, Dice
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Autouartn Kataokeur) ©Onoaupwy atro Keipeva (1)

3/ Opyavwon (ouvnlwcg iepapxikn) rou AséiAoyiou

» OtroioodATToTE aAYOPIBUOC clustering pTTOPEI Va XpNoIUoTTOINOEI

‘Evac aAyopiBuoc via IEpapyIkn opyavwon evoc As€iAoviou
1/ Identify a set of frequency ranges

2/ Group the vocabulary terms into different classes based on their
frequencies and the ranges selected in Step 1. There will be one
term class for each frequency range

3/ The highest frequency class is assigned level 0, the next level 1,
and so on

4/ Parent-child links: The parent(s) of a term at level i is the most
similar term in level i-1 (a term is allowed to have multiple parents)

5/ Continue until reaching level 1
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Mapadeiyua pe 3 KAAOEIC OUXVOTATWY

2uxvoTnTa
EMQAvIoNGg

1
Computer Elbatabases IRs: SQL TF-IDF

| |
Computer
Databases / \
IRS Databases IRS
$ sQL TF-IDF
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A Data mining approach (to organize the set of terms
hierarchically)

* LetI={i1,...im} be a set of items
* Let D be a set of transactions where each transaction is a subset of |

* An association rule is an implication of the form X=>Y where X, Y are subsets of
| and X Y=

 Arule X=>Y holds in the transaction set D with
— confidence c if c% of the transactions in D that contain X also contain Y
— support s if s% of the transactions in D contain X UY

Consider the case of an IR system. In that case
» The set | could be the set of all terms (the vocabulary)
» The set D could be the set of binary vectors of the documents

* Arule X=>Y would be an implication between set of terms
— If [X|=]Y|=1 then the implications are between single terms
— If |X|=]Y|=2 then the implications are between pairs of terms
» So we could exploit data mining algorithms to get a taxonomy from an IR system
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