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Sinhala Wor dNet

Introduction
Words can be treated as the basic building blotley natural language as they are

the smallest meaningful categories that are reaxybd used in sentences or

utterances In general, meaning of a word is a broad coneeptthere have been a

lot of theoretical discussions on this matter amdesal formalisms have been
proposed in Lexical Semantics and Semantics inrgérie deal with the issues
related to word meaning.

WordNet is one of the useful and important lexiesources for many crucial natural
language processing and computational linguistiskgdasuch as Word Sense
Disambiguation, Word Similarity, Information Retred and Extraction, Machine
Translation, etc. It is based on the formalismsetgyed in Lexical Semantics and
defines different senses associated with the mgawmira word ( the idea of word
senses are described in detail in Section 2 ) déiner avell-defined lexical relations
such as synonyms, antonyms, hypernym, hyponymsymypers and holonyms (each
of these relations are described with examplesttié 3).

Typically, words are organized in WordNet with respto concepts which are
directly related to word senses whereas in a toadit dictionary they are organized
according to the alphabetical order. This facditathe human users or computer
applications to access not only the words thatesgmt a particular concept or
meaning but also words that represent other relededepts. In general, one word
can stand for many senses (or concepts) and onge s@m concept) can be
represented by many different words. In WordNettexina set of words that
represent the same sense or concept is calgaoaym Set or Synset.

A detail analysis of word senses is given is SeclBand a detail account of lexical
relation are given in Section 3. Section 4 of tieigort provides a brief description of
popular WordNet initiatives such as Princeton WaetjNEuro WordNet and Hindi
WordNet. The issues to be dealt with Sinhala in 8=t building are discussed in

! In theoretical linguisticanorpheme is defined as the smallest meaningful unit. Buthis context we
refer to word as the smallest meaningful unit fiagtical purposes.
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Section 5. Sections 6, 7 and 8 presents the resowsed for, methodology adopted

for and the design and implementation issues digamWordNet development.

Lexemes and Word Senses
In general linguistics, the idea tHxeme is defined as an entity that encapsulates an

orthographic or phonological form and its meanifgerefore lexemés one that is
needed to be listed in tHexicon as each lexeme represents a separate meaning.
Usually, the lexicon consists of only the base ®mwh lexemes calletemmas. The
process of obtaining lemmas is callecdhmatization. Figure 2.1 depicts how meaning
and form are related to each other and how lemataiiz process maps all the

possible word forms to a single base form calledhe.

e

Phonological Form
g é
~
. e
write 2
Lemmatization

Orthographic Form

meaning

Figure 2.1: Lemmatization of Word Forms and Lexeme

Though the meaning is an integral part of a lexatnegn vary in different contexts.
These contextual variations are caltedses (or word senses). Each sense represents

a different aspect of the meaning of the word bemgsidered.
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The most popular English word with many differeahses isank. It can stand for
either sloping mound or financial ingtitution. The word bank has some other
meanings as well, for example it can stand for kng of repository such aslood
bank, egg bank, job bank. Further the wordbank can stand for a building that belongs
to a banking organization. In semantics, theseesexationships are defined formally

as follows:

Case 1.
bank (financial institution) and bank (sloping mound) are callechomonym as they

share the same orthographic form but not direetigted to each other.

Case 2:
bank (financial institution) andbank (repository) are repositories for things that can
be deposited and withdrawn. The semantic relatipssbf these two senses are

structured and systematic and it is cajpetysemy.

Case 3:
bank (building) and bank (organization) is a subtype pblysemy and it is called

metonymy. Metonymy is the use of one aspect of the meaning to refeantaer

aspect of the meaning. Similar relationship cares&blished betweefuthor and

Works, Animal andMeat, andTree andFruit.

It is extremely difficult to determine whether tw&enses aréhomonymous or
polysemous and to determine how many senses word has angl ifosdistinguish
them. Some heuristics such amdependent truth conditions, different syntactic
behavior, independent sense relations or exhibition of antagonistic meanings can be

utilized to determine polysemy of words.
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Sense Relations
Current WordNet applications define ontologicalatigins of word senses that are

extremely useful natural language processing andpatational linguistic tasks.

Some of the main relations are described with examphis section.

Synonyms (Synsets)
If two senses of two different words are identicalnearly identical they are
defined as synonyms. They are all supposed to teféhe same concept and
therefore the set that consists of all the wordg Hre synonymous with each
other is called &nonym Set or in shortSynset. Practically, it is hard to find two
words that are absolutely synonymous with eachro#me therefore several
intuitive approaches are taken to find members syreset. Example synsets are

car/automobile, water/H,O, couch/ sofa or vomit/throw up.

Antonyms
Antonyms are the words that have opposite meanlhgsalso difficult to give a
formal definition of antonyms. But roughly it car baid that two word senses are
antonyms if they defindinary opposites or are atopposite ends of some scale.
For examplelong/short, fast/slow andbig/little are extreme ends of length or size
scale.Reversives is another category of antonyms. They describe mewts and
changes in opposite directions suchriag/fall or up/down. binary opposites:
Hyponyms
A word can be a hyponym of another if that word &aense that denotes a more

specific sense of a sense that is denoted by tiex otord. For examplear is a

hyponym ofvehicle, dog is a hyponym ofanimal and mango is a hyponym of

fruit. Therefore hyponym can be defined dsnal-of relation orspecialization.
Hypernyms

Hypernym is the converse of hyponym which meardertotes a more general

sense of another sense suchehscle is a hypernym o€ar, animal is a hypernym

of dog and fruit is a hypernym ofmango. In other words, hypernym can be

defined as a ia relation orgeneralization.
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Meronyms
A word sense is a meronym of another word sensel@notes a part of the other
word sense. Therefore it represenpad-of relation. One common examplel &g
is a part othair hencdeg is a meronym othair.

Holonyms
Holonym is the inverse relation of meronym andehdtes a word sense that has
another word sense as one of its parts. Therefoepiesents has-a-part-called

relation. Thereforehair has a part callelelg hencechair is a holonym ofeg.

WordNet Initiatives
Several initiatives have been taken towards buldWordNets for different

languages such as English, European Languagesj, Hind CJK languages. The
research groups involved in developing consistaatfonly computer scientists but
also linguists and psychologists. A brief overviedthree prominent WordNet
projects namely Princeton English WordNet (Fellbaut®98), Euro WordNet
(Vossen, 2002), and Hindi WordNet (Narayan et @02, (Chakrabarti and
Bhattacharyya, 2004) were closely examined as & @athe Sinhala WordNet
development project to understand the approaclenjaitructure, language specific

issues and the functionalities available in theencamcisely described.

Available Resources
A survey of potential resources for the Sinhala &Wet project was carried out at the

beginning of the project. As a result of this syrvié was found that the tradition of
thesaurus building is not completely new to Sinltateguage studies and in general it
is a well established idea in traditional linguisttudies in ancient India.

Though there are some Sinhala language resoureglalde in traditional Sinhala
literature which are closer to the current workcannot be benefited directly from
many those resources due to several reasons napuely,coverage of modern
Snhala (mainly covers traditional ancient language) apoverty of concept

classification (confined to religious and preliminary conceptslaving examined
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them thoroughly one main resource and a coupleupplsmentary resources were
identified as preliminary sources of the projedtey are as follows:
» Maha Sinhala Sabdakoshaya by Dr Harishchandra Wijetunge (Main

Source)

Sinhala-English Dictionary by Charles Carter

Sinhala-English Dictionary by Benjamin Clough

Sinhala-English Dictionary by Dr A. P. De Soysa

Sanskrit- English Dictionary by Monier Williams

Technical Glossaries published by the Official Laage Department

Snhala Namawaliya (An ancient Sinhala thesaurus)

Ruwanmala (An ancient Sinhala thesaurus)

The way the resources given above are used inutrent project is explained in
Section 6.2.
In addition to the above mentioned Sinhala langueegurces a set of English

language resources are also used in the currejgcprdhese resources are mainly

used to extract the semantic aspect of words agid tblations and classifications.

The resources are as follows:
» Princeton English WordNet (Fellbaum, 1998)
» Roget’s Thesaurus (Roget, 1962)
= Suggested Upper Merged Ontology (SUMO) Ontology

(www.ontologyportal.ord

The amount of work published on the semantic aspécBinhala language is
relatively small due to the fact that it has noemestudied formally by the linguists
who are involved in Sinhala language research. fiissled to a situation where it is
difficult to express the semantics of words andrtlense relations accurately. In
order to address these issues, it was decidednplement the information given in
above Sinhala language resources in an informaherasy working with a couple of
senior linguists who have a strong theoretical gemknd in both traditional grammar
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and modern linguistic analysis of Sinhala and Efglanguages. The contribution of

this human resource is equally important as thesighy/resources mention above.

Methodology

Having closely studied the approaches taken inratien WordNet initiatives, the
strategy of the Sinhala WordNet development projects developed. As an
enormous amount of work has been done in thosegsyjesp. Princeton English
WordNet and Hindi WordNet, the strategy was devetbm such a way that current
project can be initiated with the existing resosrdeveloped under these projects and
to avoid most of the issues that have been harimjlede developers of those projects.
The steps of the methodology of the Sinhala Wordeject can be listed as follows
and Figure 6.1 depicts the work flow of the process
1. Word Selection Process
The words are chosen from the UCSC Sinhala Corggsrding to their
frequency. Initially the most frequently occurrifgDO words excluding
function words were chosen to build the prototypéhe Sinhala WordNet. It
is expected to select 5000 words based on the pan@ple to build the final
system. As Sinhala is a morphologically rich largpiathere are many
different word forms for a given base form and oahe single form called
lemma is selected for the current system. If a word fdlifferent to the base

form has a different semantic value that form isstdered as a separate entry.

Some words have alternative spellings and phoncdbgiariations that have

led to semantic variations. These words are coreidas separate entries in
those cases.
. Sense |dentification Process

As discussed in Section 2, one word can have ni@re one sense and it is
extremely difficulty identify all the senses of aven word. In the current
project two approaches are taken to identify theseg of words namely
dictionary look up and look up the English transkatof the word in the
English WordNet. Finally, the list of senses fogigen words is determined

by a senior linguist after reviewing the potensiahses given in the dictionary
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and the English WordNet. The main source for thisreise isMaha Snahla
Sabdakoshaya and the Princeton English WordNet.

. Sense Relation Extraction
Princeton English WordNet defines all the word semelations such as
synonyms, antonyms, hypernyms, hypronyms, meromgmasholonyms. As
defining them from scratch is time consuming angunees a sophisticated
expertise in lexical semantics it was decided tdoraex them from the
WordNet databases and store them in a format whichadable for humans.
The main motivation behind this decision is thet fd@at majority of the
senses are language and culture independent. ®herehat helps
incorporating Sinhala words with those relationbudd the Sinhala WordNet
with less effort.

. Snhalato English Trandation and English WordNet Query
The accurate English translation for a given seols@ Sinhala word is
determined by a senior linguist who is conversariiath Sinhala and English
language usages. Having translated the Sinhala semde into English, it is
in turn looked up in the English WordNet to obttdie synset identifier.

. Assign an Appropriate WordNet Sense Identifier and Insert Wordsto Snhala
WordNet

The Sinhala word with a particular word sense entmserted to the Sinhala

WordNet database with the sense identifier obtaiaecbrding to the step

described in 4. The final system will then consistsall the 5000 Sinhala
words with their senses encoded with Princeton Wetdsense identifiers

which in turn define the other sense relation aatically.
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Work flow

Sinhala Word English
WordNet

Sense 1 Trair;?(ljate .| Query WordNet

/ English English word
/

{(Sinhala word, sense)} {(English word, sense)}

Sense 2

Sense 3

\ / Identify the appropriate sense

(Sinhala word, sense ID) Sense ID

Sense n

Figure 6.1: Work Flow of the Sinhala WordNet Deysteent

Sinhala WordNet Issues

In the current project, several linguistic issues/énto be addressed in order to

capture the language specific features into thégdesf the system. Each of these

issues are briefly described below:

1.1. Morphological Forms
As mentioned in many places of this report, Sinhala morphologically rich
language which gives rise to 110 word forms formeand 282 word forms for
verbs. Therefore it is extremely important to inmmate a morphological parser
to map those word forms to their correspondifgmma. A complete
morphological parser for Sinhala is being develoaethe Language Technology
Research Laboratory of the University of Colombbd&s of Computing and it is
expected couple it with the Sinhala WordNet to ioverits performance.

1.2. Compound Nouns and Verbs
Compounding is a very productive morphological pss in Sinhala. Both
Sinhala nouns and verbs formed by compounding n¢umsns) and nouns with
verbs (verbs, esgo andbe). As a result of compounding the original senséef

constituents of the compound noun are changed andwasense is derived.
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Therefore it is extremely important to decide hawhandle these issues when

implementing the Sinhala WordNet.

1.3. Language and Culture Specific Senses

As the senses and sense relations of the Prin¥étodNet are used in the current
Sinhala WordNet project, it is important to dectte places in the ontology for
the senses that are language and culture spebifere are two possible ways to
deal with these senses namely, find the closestoappation in the existing
ontology or extend the ontology appropriately tocaaomodate these concepts to

represent them accurately.

1.4. Word Selection Criteria

The words for the Sinhala WordNet are chosen fioendCSC Sinhala Corpus as
described in Section 6. Many of these words hameesein the dictionary which
are not used in the modern language but in theeahpieriod. Taking these senses
of words into account is not useful for the currpnbject and therefore they
should be ignored after carefully examining theiqubrto which the usages of

those words belong.
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