
A li tiApplications –
Lexical semantics inLexical semantics in 

Information Retrieval (IR)



Lexical semantics in IR

Problems: too little or too much

We get too many hits of which some are irrelevant
We get too few hits leaving some relevant hits behind

Problems are due to the variety of language, i.e. 
ambiguity and synonymy/synonymous expressionsambiguity and synonymy/synonymous expressions
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lLexical semantics in IR

Word sense ambiguity affects precision negatively
Re lt e often get too m n i ele nt hitResult: we often get too many irrelevant hits
Needs: word sense disambiguation

Synonymous expressions affect recall negatively
R lt ft l k l t hitResult: we often lack relevant hits
Needs: Lexical semantic networks/semantic models
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Search engines today
Are generally word basedAre generally word based

They find the texts which contain precisely the search 
terms irrespective of their meaning. The user is to guess 
which seach term is most appropriate (and will probably 
avoid too polysemous words)

Are efficient
They treat large amounts of unhomogenous and 
unstructured text.   

Use other techniques to overcome relevance problems suchUse other techniques to overcome relevance problems, such 
as page ranking.
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Word sense ambiguity

App o 25 % of ll q e te m e mbig o Approx. 25 % of all query terms are ambiguous 
 Approx. 10 % of all proper nouns used as query terms 

are ambiguousare ambiguous 
Torkildsen, Holen og Johannessen 2000
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Word sense ambiguity

Homonymy (etymologically unrelated)
a) can verb / noun) /
b) bank  financial inst./ natural place

Polysemy (etymologically related)
c) mouse     animal / computer device

Proper nouns  
d) Java island / coffee / programming
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d) Java    island / coffee / programming 
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Treating homonymy between wordg y y
classes

Stemmer or lemmatiser calculates the lemma based on a set of rules 
dealing with the relation betweem word forms and lemmadealing with the relation betweem word forms and lemma

wordform    lemma
ducks  - duck
men    - man
lilies lilylilies    - lily

Part of speech tagging disambiguates:a o speec agg g d sa b gua es
he can run  = verb
he opened the can = noun
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Treating homonymy between the g y y
same word class

Disambiguation within subdomains
In an IT context mouse ANIMAL hardly plays aIn an IT context mouse_ANIMAL hardly plays a 

role. Several senses can be disregarded
Classification as at:Classification as at:
http://dir.yahoo.com

Statistically based approaches to WSDStatistically based approaches to WSD 
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Treating homonymy between the g y y
same word class
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Problems: words in contexts

Same content can be expressed in many ways:
lif ti lif ti fweapon proliferation, proliferation of weapon, 

proliferate weapon
i h hild hild i h i hoverweight children, children with overweight, 

fat children

The context is important:
R i D i h i ti t ditiRome in Danish painting tradition
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Problems: words in contexts
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Problems: words in contexts
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Problems: words in contexts
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Problems: words in contexts
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Problems: words in 
contexts

Problem: Compounds constitute a specific issue in search, in 
particular in the Scandinavian languages where they are 
written in one word:written in one word: 

Search on apoteksovertagelse (farmacy takeover) will not 
return relevant hits such as overtagelse af apotek (takeoverreturn relevant hits such as overtagelse af apotek (takeover 
of a farmacy) -

Aim: to examine how we can reduce irrelevant hits when 
searching on split compounds

Method: to 1) look at the internal structure of the original 
compound and 2) analyze the context in which the splitcompound, and 2) analyze the context in which the split 
compound occurs. 
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Problems: words in contexts

Query: apoteksovertagelse (farmacy takeover)

Udvidet til: apotek overtagelse

19.0 Udgifter i forbindelse med [NP overtagelse, nyanlæg eller

Udvidet til: apotek overtagelse

g g y g
flytning af et apotek]

9.0 Han lod ved [NP overtagelsen] foretage [NP en optælling af
t k t l ]apotekets varelager]

Ved deling af sammensatte ord: 40 % precision
Ved indragelse af navnefrasegrænser: 81 % precision
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Problems: synonyms andProblems: synonyms and 
hyponyms

Motor car insurance
Auto insuranceAuto insurance
Insurance covering loss of or damage to 

the vehiclethe vehicle
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Query expansion

Eks.: Søgeforespørgsel: ”hvordan forsikrer jeg mit køretøj?”
(how do I insure of my vehicle?)
Expansion by means of DanNet (Danish wordnet):

Text 1: ”Kaskoforsikring af campingvogne som dækker bådeText 1: Kaskoforsikring af campingvogne, som dækker både 
skader på campingvogne og indboet i den”

(Kasco insurance of trailers ..)

Text 2:”Autoforsikring af motorkøretøjer”
(Auto insurance of motor vehicles)

Text 3: "Har du tegnet forsikring på din bil i selskabet”
(Have you got an insurance on your in the company?)
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(Have you got an insurance on your in the company?)



Query expansion
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Advanced, experimental approaches
Deeper semantic analysys (OntoQuery Project)Deeper semantic analysys (OntoQuery Project)
Content of NPs onto so-called ontological 

descriptors.p
An ontological descriptor is an algebraic term, or 

ontotype, associated with a node in a lattice of 
concepts (Nilsson 2001). 

E.g. fedtdepoter hos børn (fat deposits in children):

(depot x (CON: fedt) x (LOC: barn))
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Linguistic analysis
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Advanced, experimental approaches
OntoQuery Prototypey yp

Tagger final state: er/V_PRES der/UNIK b-vitaminer/N i/PRÆP
kornprodukter/N

NP-recognizer:
[V_PRES er] [UNIK der] [NP [N b-vitaminer]] [PRÆP i] [NP [N
kornprodukter]]

d i i i k d kQuery: er der B-vitaminer i kornprodukter
(B-vitamin), (kornprodukt)

 0.90 niacin: Pellagra forekommer fortrinsvis hos
ulandsbefolkninger, der indtager en ensidig kost bestående af majs
ll d k d kt h i i i f t b d t heller andre kornprodukter, hvori niacin er fast bundet, og hos

personer, der indtager en kost med lavt proteinindhold eller er i
længerevarende behandling med lægemidler, som hæmmer
omdannelsen af tryptofan til nikotinamid.

(nikotinamid),(kost),(tryptofan),(pellagra),(ensidig,kost),(majs),(korn
produkt),(person),(lav,proteinindhold), (behandling),(lægemiddel)
 
 0.50 niacin: niacin, (sammentrækning af eng. nicotinic acid vitamin),
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fællesbetegnelse for nikotinsyre (C6H5O2N) og nikotinamid, der indgår i gruppen af
B-vitaminer, tidligere benævnt B7-vitamin.

(sammentrækning),(vitamin),(nikotinsyre),(nikotinamid),(gruppe),(B-vitamin),(tidlig)



Conclusions

 Lexical semantics can improve IR
 Focus on both precision and recallFocus on both precision and recall
 Earlier attempts have not been so

successful (TREC reports)successful (TREC reports)
 Bottle neck: quality and coverage of the

resourcesresources
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