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Abstract

India is a multilingual country wherein people dpezany different languages .Therefore
a lot of work can be done in the fields of machinanslation and cross lingual
information processing. This acted as a motivatiehind the building of IndoWordNet.
IndoWordNet is a linked structure of WordNets ofjondndian languages. Many Indian
languages are using the expansion approach toapetetir WordNets from the Hindi
WordNet. Punjabi is the language of hundreds ofiong of people in India, and is the
religious language of all Punjabis around the wo8drprisingly little work has been
done in the field of computerized language andckxiesources for this language. It is
therefore worthy to build up a Punjabi lexical nes@ (WordNet) that can discover the
richness of language Punjabi.

This thesis consists of a brief overview of Wortlldad its underlying main beliefs in
different languagesThis thesis describes our approach towards builditexical resource
in Punjabi language?unjabi WordNet is being developed from Hindi Wed using the
expansion approach. An algorithm for creating Poinjdindi bilingual dictionary by
using Punjabi WordNet has also been proposed sthi@sis work. A methodology for
development of a web application for Punjabi Hibdingual dictionary has also been

discussed in this thesis.
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Chapter 1

Introduction

The information age has been characterized by #éweldpment and convergence of
computing, telecommunications and multilingual mfation systems. This has resulted
in the availability of large volumes of informatiamelectronic media which is in the data
presentation formats typical of computer systems,vihose natural language form, is
more suited for human users than computer syst&his. has in turn encouraged the
development of technologies that would solve tihabfem and can help in accessing this
information more efficiently and quickly. Naturabhhguage Processing (NLP) provides
tools and techniques that can allow the implemamtabf natural language-based
interfaces to computer systems that can enable comeation between man and machine

in natural languages [1].

These techniques also enable people to organizgacexand use the knowledge
contained in these huge collections of natural Uaigg electronic data. Examples of
Language Technology (LT) applications include Maehiranslation (MT), Information
Extraction (IE), Information Retrieval (IR), docunteclassification and summarization,
speech recognition and synthesig. Lexical resources have become important basic
tools within NLP and related fields. WordNet is ery rich source of lexical knowledge.
A WordNet is a lexical database in which nouns;bseradjectives and adverbs are

organized in a conceptual hierarchy, linking sencatly and lexically related concepts.

1.1 Natural Language Processing

Natural language processing (NLB)a subfield of artificial intelligence and lingtics.

It studies the problems of automated generation wamgerstanding of natural human
languages. Natural language generation systemsedomvformation from computer
databases into human language, and natural languaderstanding systems convert
samples of human language into more formal reptagens that are easier for computer
programs to manipulate [1]. NLP has significantlwedapped with the field

of computational linguistics, and is often consetkea sub-field of artificial intelligence.



1.2 Challenges in Natural Language Processing

Natural Language Processing includes the taskshwdeal with human languages. There
are various challenges in Natural Language Praugd$iat are to be dealt with. The
following are the problems faced while processinghhn languages:
= Text segmentation:Some written languages like Chinese, Japanese laaiddd
not have signal word boundaries either, so anyifsignt text parsing usually

requires the identification of word boundaries, evhis often a difficult task.

= Speech segmentationtn most spoken languages, the sounds which regresen
successive letters merge into each other; therefdrecomes a difficult task to
convert an analog signal to distinct characterstedeer, in natural speech there
are hardly any pauses between successive wordse lifea system has to locate
these boundaries then it must be able to considemmatical and semantic

constraints, and also the context.

= Word sense disambiguationWords can have various senses in which it can be
used,i.e., words can have more than one meaning, we havwedot¢he meaning
which makes the most appropriate sense in a pktiaontext in which it is
being used. A machine is able to distinguish betw®e senses of a word with
the help of a "universal encyclopaedia”; WordNetves the purpose of this
universal encyclopaedia. Word sense disambiguatiaa many commercial
applications, among which are the intelligent dic#ries, thesauri and grammar
checkers. For example, students looking for defing or synonyms of unfamiliar
words are often confused by the definitions/synosiydor contextually
inappropriate senses. Once the correct sense kasidentified for the currently
highlighted word in the context, an intelligenttthoary/thesaurus would list only

the definition(s) and synonyms(s) appropriate far @ctual sense [2].

» Syntactic ambiguity: The grammar for natural languages is ambiguaes,
most probablythere will be multiple parse trees possible for giwen sentence.
Thus, semantic and contextual information abowraence is required in order to

choose the most appropriate sense. Specific prolsl@mponents of syntactic
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ambiguity include sentence boundary disambiguatiéior the structural
ambiguity, consider the sentence: “The man sawgiHewith a red hat”. This
sentence is ambiguous as it can be interpretedvin different ways by the
machine: The man saw the girl who was wearing @etar, the man saw the girl
with the help of the red hat. However, the sentéiite man saw the girl with a
red hat” is not ambiguous for any human reader, care understand that a hat
cannot be used to see, while it is difficult focamputer to interpret the same

meaning correctly.
1.3 Role of WordNet in Natural Language Processing

Natural language processing is essential for dgaifficiently with the large quantities of
text available online. For example, NLP is usedinformation retrieval, in text
processing and in machine translation. Anotherrggddunction is helping the user with
qguery formulation through synonym relationshipswesin words and hierarchical and
other relationships between concepts [1]. WordNppsrts both of these functions.
Lexical resources have become fundamental toolswNLP and its related fields. The
range of resources available to the researchevéessg¢ and vast - from simple word lists
to complex dictionaries and thesauruses. The resswontain a whole range of different
types of explicit linguistic information presenteddifferent formats and at various levels

of granularity.
Applications of WordNet in NLP

WordNet is used as a rich source of lexical infdramain many applications which are
discussed below.
* Human Language Technology and Artificial Intelligerce WordNet has
become a very useful resource in the human langtedenology and artificial
intelligence. WordNet provides the general lexiemantic information which

helps in open-domain text processing.

= Trans-lingual applications: The development of WordNets in several other

languages extends this capability to trans-lingapplications, enabling text



mining across languages. For example, in EuropglignWordNet has provided
the starting point for the development of a muiglial database for several

European languages which is called the EuroWorgkgéect.

Word Sense DisambiguationWord Sense Disambiguation is regarded as one of
the most interesting and longest-standing probleémsNatural Language
Processing [3]. It is the process of determiningcihsense of a word is the
intended sense in a particular context. For exampléhe sentence, “John took
his wife to the annual ball”, a human could easitgerstand thatall’ is being
referred as dance form. But it becomes difficuttdoftware to detect which sense
of ‘ball’ was intended. Word sense disambiguation involvelecing the
intended sense of a word for a predefined set afdsyowith the help of a
machine-readable dictionary, such as WordNet. Wsedse disambiguation
which means a task of removing the ambiguity ofdvior a specific context is
important for many NLP applications such as: Maehifranslation, Speech

processing, Text processing and Grammatical arsal§¥i

Assessmernitof semantic similarity: It has proved to be essential for a variety of
Natural Language Processing (NLP) tasks, includiggtactic disambiguation,
word sense disambiguation, selection of a suitélaleslation equivalent, query
expansion and document indexing in Information iRe&d (IR). The semantic
similarity between two words is calculated on thasib of taxonomical
associations. If we are given two word senses WA W2, their similarity is
calculated as a function of their belongingnessntowe general semantic classes
[7]. This approach again requires basic lexico-sginainformation which is
provided by WordNet.

To quantify the relatedness of two words Sometimes we wish to measure the
relatedness of two word senses, where a word dsrsespecific meaning of a
particular word. For example, the wolhil’ has several senses, it could mean an
object used in games, a famous dance form, orch it baseball. A specific
method for quantifying how similar two word senges is known as a measure of

semantic relatedness [7].



Due to the significant increase in the use of lelxttatabases, WordNet becomes one of
lexical databases that are widely used as a lexigf@rmation source for many
applications:e.g. information retrieval, text classification, semantiisambiguatioretc
[5]. Today WordNet is available in many different langes and platforms, having
different features and interfaces depending ornvéin®us objectives for which they were
built. WordNet is presented as a software packadech can bound together the data
(files in some codification) and the applicatiofigecent projects like EuroWordNet,
BalkaNet and MultiWordNet started the developmeht WordNets for many other
languages, thus leading to multilingual processiagrther, WordNets are now being
developed world-wide; the Global WordNet Associatimaintains a list of existing
WordNets which currently contains more than 30 legges. The design of English
WordNet has been extended to other languages sscbutch, Italian, Spanish,

Hungarian and Chinese.

Hindi WordNet was the first WordNet developed faryaof the Indian languages and
now WordNets are being developed for major Indeamglages under the IndoWordNet
project from Hindi WordNet by following the expaasiapproach. For Punjabi language,
the Punjabi WordNet is not available till date. Gwaction of WordNet lexical database,
Punjabi WordNet, is a long term project. Punjabirditet is being developed at Thapar
University under the IndoWordNet project.

1.4 IndoWordNet creation process
Seeing the enormous potential of WordNet, 16 o@t2obfficial languages of India, have
started making their WordNets under the leadershipl Bombay. These languages are:
(1) Hindi, (2) Marathi, (3) Konkani, (4) Sanskri(5) Nepali, (6) Kashimiri, (7),
Assamese, (8) Tamil, (9) Malyalam, (10) Telugu,)(Kannad , (12) Manipuri and (13)
Bodo, (14) Banglal9, (15) Punjabi and (16) Gujaf8ti These languages cover the
length and breadth of India and are spoken by a@@@itmillion people. Table 1.1 shows
the WordNets and the corresponding institutes dpied them.

Table 1.1: WordNets of different languages andtinsts developing them [8]



WordNet Language Institute(s)

Assamese Guhati University, Assam

Bengali Indian Statistical Institute,Kolkata, [IThragpur and
Jadavpur University

Guijarati DDU Nadiad, Gujrat

Bodo Guhati University, Assam

Hindi IIT Bombay

Kannad Amrita University, Koimbatore

Kashmiri Kashmir University, Srinagar

Malayalam Amrita University, Koimbatore

Manipuri Manipur University, Imphal Manipur

Marathi IIT Bombay

Nepali Assam University, Silchar Assam

Oriya University of hydrabad

Punjabi Thapar University and Punjabi universitsti&la

Sanskrit [IT Bombay

Tamil Tamil University, Thanjavur and Amrita Uni\ggty

Telugu University of Hydrabad and Dravidian UnivgrsKuppam

Urdu University of Hydrabad and International Ihge of
Information Technology, Allahabad

Figure 1.1, shows the languages which are devedopheir WordNet under the
IndoWordNet project. Expansion approach is beiredus develop WordNets for these

languages.



BENGALI
WORDNET

GUIRATI
WORDNET

HINDI
WORDNET

SANSKRIT
WORDNET

KANNADA
WORDNET

INDO
WORDNET

TAMIL
WORDNET

MALAYALAM
WORDNET

PUNJABI
WOERDNET

MARATHI
WOERDNET

ORIYA
WORDNET

URDU
WORDNET

Figure 1.1: Linked IndoWordNet structure [7]

1.5 Differences between IndoWordNet (IWN) and EuroVérdNet (EWN)

The expansion approach of WordNet creation adapt&diroWordNet is also the

principal methodology used in case of IndWordNetstauction. In EWN, English

provided the Interlingual Index (ILI). In IWN, theame is provided by Hindi. But there

are some important differences between IWN and EWN:

= Right from the beginning, IWN insisted on storifgxical links expressing

relationship of derivational morphology. Indian daages are rich in morphology.
In Sanskrit WordNet, For example, the theory tHawards are derived from
verbal roots- dhaatus’-is being seriously examined for its use as a fureddat

guiding principle for storing and linking words.

» Causative verb formare a typically occurring phenomenon in Indian lLaagges.
For example[1[]17 (to eat), 110100 (to feed)and (1010010 (to cause to
feed)are forms derived from the same rooti (117 [8]. It has been decided to take

special care to store causative forms in IWN ankl them to their basic roots.



Complex predicateslso known as complex verbs are found in South rAsia
languages. They occur in the form of nominal+vedmbinations called as
conjunct verbs and verb+vedombinations called as compound verbs. IWN is
drawing heavily on the research on complex predg&and is devising means for
storing them [8].

IWN has from the start taken part of speech linkagery seriously, especially
between nouns and verbs. Abiliéyd capabilitinks between nouns and verbs

are being incorporated exhaustively [6].

IWN has finer categories for antonymy and gradhmatielations compared to
EWN.

Chapter 2

Literature Review




2.1 WordNet Principle

WordNets have emerged as crucial resources forralatimnguage Processing (NLP).
WordNet is an online lexical reference system whdssign is inspired by current
psycholinguistic theories of human lexical memdsy. [A WordNet for a language is a
linked structure of concept nodes represented Ity s synonymous words called
synsets which are connected through lexico-semantic imiat For the user, the
WordNet is a rich lexicon like database that is rogpge using a browser to obtain
information about words. Each word meaning candpeasented by a set of word-forms
known assynonym setorsynse$. Synsets are created for content words,for Noun,
Verb, Adjective and Adverb. In WordNet design, tleeus will shift from words to
concepts. For example, 111 (Sun),lI0 00 (Earth), 0/ 000 (Water)etc. are very
common conceptsAfter selecting a concept, all the words represgnthat concept
become members of the set of synonymous words fildteNordNet in the world was
built for English at Princeton University. Then liswed WordNets for European
Languages: EuroWordNet. Similarly, IndoWordNet &ny developed for major Indian
languages. WordNets for different Indian languagesbeing built following expansion
approach using Hindi WordNet which has been dewsoat Indian Institute of
Technology, Bombay (IITB).

2.1.1 Lexical Matrix

The basic idea of a WordNet can be presented thrdlug lexical matrix. The Lexical
Matrix is an abstract representation of the organizatiotexical information. Word
forms are imagined to be listed as headings fordblemns and word meanings as
headings for the rows. Rows express synonymmie columns express polysenas
shown in Table 2.16]. An entry in a cell of the matrix implies thidite Word form in that
column can be used in an appropriate context toesspthe meaning in that row. Thus,
entry & ;implies that word form Fcan be used to express word meaning IMhere are
two entries in the same column, the word form iygEmous; if there are two entries in
the same row, the two word forms are synonymst(vel@o a context).

Table 2.1: lllustrating the concept of Lexical Ma{i6]

| Word | Word Forms |




meanings | F F ] F
Ml El.l E1.2

M, E.

M3 Ess

My

Mm Enn

Mappings between forms and meanings are many: maowye forms have several

different meanings, and some meanings can be esqutds/ several different forms. For

example, the matrix as shown in Table 2.2, dessrthe mapping between word forms

and meanings of the Punjabi wdHeT.

Table 2.2: Example Lexical Matrix [7]

Polysemous word in the Column E2

Word Meanings Word Forms
F1 F2 F3
World 00000 Synonyms in the ro
HAT
Container 4T
Party or Feast Har

2.1.2 Synset making

Synsets are the building blocks for a WordNet. €hare three baisc principles of

minimality, coverageand replaceability which govern the creation of Hymsets and

these are explained below:

= Minimality : Only the minimal set that can uniquely identifetconcept is used

to create the synset,g, to denote the concept abom the synset is

10



{wd, gHJ"} (room). The Punjabi worddd is ambiguous and cannot uniquely
denote the concept of aobm by itself. For example, it could also medR

(house) ©H (native country) or Ufg=g (family). The addition ofdHa (also

meaningroom) to the synset brings out this unique senseauri [8].

Coverage The synset should contain all the possible wostiéch denote a

concept. The words are listed in order of decregaBerjuency of their occurrence

in the corpuse.g.,{Wd, IHJ"} (room) [8].

Replaceability.: The words forming the synset should be mutuaplaceable in
a specific context. Two synonyms may mutually replaach other in a context
C, if the substitution of the one for the otheGmoes not alter the meaning of the

sentence [8]. For examplefg<Hd, Wd} (motherland, these two words can be

replaced to denote the conceptmbtherland.

WAfgar &9 T A 9313 496 3 I™T AH ASS /T S UH W famrm,

Literal translation
America in two years stay after Shyam motherlatdrned

‘Shyam returned to his motherland after spendingy®ars in America

2.2 General methodology for WordNet creation

There are two approaches which can be followed\fordNet construction and these are

merge approacand the expansion approach.

Merge approach In this approach, different senses in which adavan be used
is first recorded [8]. Then the lexicographers ¢amg a synset for each of the
sense, following the three principles of minimalitpveragend replaceability for
synset creation.

Expansion approach In the expansion approach, the synsets of thedWetrof a

given source language Sdre provided. Each synset is carefully studiedit®r

11



meaning. Then the words of the target languagerdjresenting that meaning are
collected and put together in a set in frequendgoj8].

2.2.1 Comparison of mergend expansionapproaches for building WordNet

Both the merge and expansion approaches haveatihentages and disadvantages. In the
merge approach, there is no distracting influesfcanother language, which particularly
will happen when the lexicographer will encounteltural and regional concepts of the
source language. The quality of the WordNet willgoed, if the synset maker has a good
knowledge of the language. But the disadvantagehierprocess is that it is very time

consuming.

In case of the expansion approach, the whole WeirdiMilding process becomes well
guided in the sense of following the synsets of sbarce language. Also it has the
advantage of being able to borrow the semanticdioels of the given WordNet [8]. This
can help in saving a huge amount of time. Howetler lexicographer can be distracted
by synsets which represent cultural and regionakepts. Also there is a problem in
finding “own conceptsof the target languagee., the concepts which are found in target
language only and are not used in the source lgggua

There is a predominance of the expansion appraadhe WordNet building. This is
primarily because many concepts are common acergguhges. Creating synsets for
these universal conceptbould be the first step in building a WordNeta llanguage has
already done this job, it is beneficial to take aabage from this work. Also semantic
relations can be borrowed from the source languadee used in target language and it
encourages to make use of the expansion approadfordNet building process. If the
source and target languages belong to the samadgadamily, the expansion approach
becomes more attractive, as distracting influerafesultural and regional concepts is

minimal in this case.
2.3 Creation of Punjabi WordNet from Hindi WorNet using expansion approach

The WordNets follow the design principles of thegkish WordNet developed at
Princeton University while paying particular atien to language specific phenomena

12



(such as complex predicates) whenever they arike. Hindi WordNet(HWN), was
developed by the researchers in the Centre foaindanguage Technology (CFILT), IIT
Bombay, directed by Prof. Pushpak Bhattacharyya\@}ile HWN has been created by
manually looking up the various listed meaningswafrds in different dictionaries,
Punjabi WordNet (PWN) can be created from HWN bjofeing expansion approach.
That is, the synsets of HWN are modified to thessym of PWN through addition or
deletion of synonyms in the synset. Figure 2.1 shtve creation of the synset for the
word [0 in PWNvia addition and deletion of synonyms from HWN. Thesain

HWN for this word is §1eTal, oo, ITedl, Uidledd, e, /EH, dlal, S35, ). PWN

deletes fTedl, YT, /MET, dIal, 3, S} and adds {I[1[1} to it. Thus, the synset for

000 in PWN is {0000, OO0, OO0 0o, 0Od}) Hindi and Punjabi are close
members of the same language family; so many Himilds have the same meaning in
Punjabi. This is especially for the words which diectly borrowed from Sanskrit. The
semantic relations can be transferred directlys gaving both time and effort.

Hindi WordNet entry

{ml m! I(’E”,W, :.”0' I1QW1 aTG{! 33-,3“} — SYNSE‘I

“He Yl & 3cToet glel aTel ST SN WA h HHANTE“  «—| CONCEPT

"QYTH 3Tl T SITART " «— EXAMPLE

Corresponding Punjabi WordNet entry

{0000, 000, 000_000, 000} «— SYNSET

“WW?%%W?@#%@#W@W’ <«—— CONCEPT

"HH WaTH @ Ut 3" <«— EXAMPLE

13



Figure 2.1: PWN synset creation from HWN [8]

2.4 Constituents elements of WordNet

WordNet is like a dictionary in that it stores werdnd meanings. However it differs

from traditional dictionaries in many ways. For ex#de, words in WordNet are arranged
semanticallyinstead of alphabetically. WordNet has nouns, veatigctives, and adverbs

arranged in synsets. Prepositions and conjunctitnsot belong to any synset. Also,

WordNet provides position of a word in ontologyaasadditional feature. Ontology is a
hierarchical organization of concepts. For eackhgaty namely noun, verb, adjective and
adverb, a separate ontological hierarchy is presé&r@ch synset is mapped into some
place in the ontology.

2.4.1 Synset and Concept

Synonymous words are grouped together to form symosets, or synsets. Each such
synset therefore represents a single distinct semsencept. Thus, the synset{/(1[11],
Ooooo ooon, oooooo, oooo o000, oooo}y will represent the sense as

given in (2.1). 00 U0 000 0000 00 0000 0000d: 000 ooodo
gyo gun Uy Uy guogn U gogg
DI e eereeeeseeeseeeeseeeseeseseeesesseseess s ee e s e sene s eesesesssassenseemaseseneensassenes 2.1)

A word sense is a particular meaning of a word. &mample, the wordsd&e™ has

several meanings; as a noun it has two sense®as $h (2.2) and (2.3).

TR O T WU B IR A fEHTT BT ..o (2.2)

A synset contains one or more synonymous word sefse example, for the sense of

the nouf&aI&ET given in (2.2), the corresponding synset is give(2.4).
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The synset is the fundamental organizational umitNordNet. If a word can have
multiple senses, it will appear in more than onassy. Each synset has a gloss
(definition) associated with it. The gloss for tset in (2.4) is given in (2.5).

R TR e T U T 3w EeT A U B " (2.5)

The synsets also have an example in additiong@libss. For example, the gloss for the

synset in (2.4) is given in (2.6).

The sense numbers in WordNet are assigned accawlitige frequency with which the
word sense occurs in the corgus, the first sense of a word is usually more common

than the second.

Different kinds of words found in WordNet are:

» Polysemous:Words which have multiple senses are known as Boigss In
WordNet, each word occurs in as many synsets lassisenses. For example, the
word DO oceurs in two noun synsets, {10 OO0, OOO0
oooo, 00000, U000, Dooooo '}y and { COOOOO, OOODOOO,

<ger .

= Monosemous:Words which can have only one sense are known assemous.
For example, the word [1[1[][] has only one sense and hence it will appear in

only one synset.

= Compound Words: Besides single words, WordNet synsets also sorsetim
contain compound wordsghich are made up of two or more words but areérba
like single words in all respects.For example, Wetlhas two—word compounds
like OO0 0000 and OOO0 OO0, three—~word compounds like
000000 0000000 ete.

2.4.2 Relations in WordNet
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The basic relations in WordNet are Semantic @hastiand Lexical relations which are

explained as below:

2.4.2.1 Semantic Relations

Semantic relations are the relations between tWolevsynsets. Semantic relations are

reciprocated.e., if there is a semantic relatioR’ between meaningx{ x¢, . .} and

meaning ¥, ¢, . . }, then there is also a relatioR¢’ between ¥, ¢, .. } and {x, ¢, . .

.}.Table 2.3 shows different kinds of semantic rielas present between two synsets.
Table 2.3: Semantic Relations in WordNet [6]

Relation Meaning
Synonymy Similarity of meaning
Hypernymy/Hyponymy Is-A (Kind-Of)
Entailment/Troponymy Manner-Of (for verbs)
Meronymy/Holonymy Has-A (Part-Whole)

=  Synonymy: Synonymy means similarity of meaning. This relatisnused to
represent the words that have similar meanings.rdllagion is symmetric: ifX’ is
similar to ', then Yy’ is equally similar tox’ [5]. Following words represent the

synonymy relation between the words. For examplde tword

L0000 (freedom) has synse@$393T , H&'HI, g<t, 673 ). Similarly,
synsets for different synonymous words are showabie 2.4.

Table 2.4: Examples of Synonyms [11]
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Irggad, GAIT
WrgTgETe, HHTHS

O ITHIAE S UlEIa-AES, TIHARES, URId-wAES, ulRdg-w, Us-IHl,
ues_gH

Hypernymy/Hyponymy: Synsets are organized in a hierarchy via super-

class/sub-class relationship (referred to as hypmeyfhyponymy) [5]. Hyponymy

/ hypernymy is a semantic relation between wordnimegs. For example, fius

} is a hyponym of U3 andd3F is a hyponym of < }.This relation is called

hyponymy/hypernymy (variously called subordinatiosuperordination, subset/
superset, or the ISA relation). A hyponym inheatt the features of a more
generic concept and adds at least one feature diséihguishes it from its

superordinate and from any other hyponyms of tbpesordinate. For example,

fUus inherits the features of its superordinafs (tree), but is distinguished

from other trees by the hardness of its wood, ttaps of its leaves, the use of its
sap for syrugetc This convention provides the central organiziriggple for the
nouns in WordNet [7].

For example/[1T11111 (Pigeon) inherits the features from superordinate’] [

(bird), but is distinguished from other 1] (bird) by color, size and living
conditions as shown in Figure 2.2.
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Hl‘r — e

w' ponymy

Hy pernymy

e
w']u}nyn]}

Figure 2.2: Hypernymy/Hyponymy relations [10]
= Meronymy/Holonymy: Another semantic relation—is the part-whole KAS

A) relation, known as Meronymy /Holonymy [5]. Foxanple »d (eyes) gtd
(arm) and fAg (head) are all parts ofidig (body). This represents the
Meronymy/Holonymy relationAdid (body) has &Ad (head).#Jg (body) —

Meronym andfAg (head) -Holonym. The different examples depicting

Meronymy and Holonymy relations are shown in Fig2u&
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Meronymy

I
wyinn}' my

Meronymy

>
‘%ﬂn MYy

Figure 2.3: Meronymy/Holonymy relations [10]

= Troponymy: Troponymy is a semantic relation between two sevben one is a

specific manner’ elaboration of another [9]. For verbs, the teroptmym is

used instead of Hyponym. A troponym is a way ofndosomething else. For

example, {€5 faga Y(soar) is a troponym of £, He , Uy, ug }(fly)

because soaring is a way of flying. WordNet stiés the term Hypernym as the

inverse of troponym:; therefore@ser , ds , Uy, ug }(fly) is a Hypernym of {

g3t fagar .

» Entailment: Entailment is a semantic relationship between vexds. A verb A’

entails a verbB’, if the meaning ofB’ follows logically and is strictly included

in the meaning ofA’. This relation is unidirectional [9]. For examptae verb

synsef{T%eT, 33&7, IS TS} has an entailment relationship with tBEH

gadE" meaning of the verb synse®ar , 49 }, since walking entails stepping.

2.4.2.2 Lexical Relations
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Lexical relations are the relations between memimdrdwo different synsets. The
difference between lexical and semantic relatianshat lexical relations are relations
between members of two different synsets, but semagiations are relations between

two whole synsets [5].

= Antonymy: Antonymy is a lexical relation which turns out te Burprisingly
difficult to define. The antonym of a wordk’*is sometimesriot-x’, but not
always. For examplerith’ and poor’ are antonyms, but to say that someone is
not rich does not imply that they must be poor; ynpeople consider themselves
neither rich nor poor. Antonymy [5], which seemslie a simple symmetric
relation, is actually quite complex. Antonymy idexical relation between word

forms, not a semantic relation between word meanifkgr example, the word

&3 (near) has the antonym & (far), the worddeT (fat) has the antonym as
U3 (thin).

= Gradation: Thislexical relation will provide possible intermediatate between

two antonyms. For example, to shgnadation relation among time words we
have, 11111 ‘noor between {#<d} ‘morning and {A™H } ‘evening [9].
2.5Demonstration of all Relations in WordNet

Figure 2.4 shows all the relations like synonymypdrnymy, hyponymy, meronymnstc.
for synset {11 (home), 1 L1I[110}. The hypernymy relation (Is-A) of it, is  linked

{ Doooo , 0ooooo , Oood hits meronymy relation (Has-A) is linked to
{Doooo0,00000 jand {0 OO0} and hyponymy relation to {10017,

Jooooooy {00000, g&8} and {00000, D000 6] .
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Hypernymy

Meronday Aot

/aaa;_)
N
Meronymy
u, i

Figure 2.4: Relations for synsetof | (Home) [6]
2.6 Existing electronic dictionaries in Punjabi

There are many dictionary tools available in Punj@bme of the paper dictionaries have
been converted into electronic dictionaries, wiitane have been specially made as
electronic dictionaries. Many online dictionaries/a also been developed. Some of the

popular electronic dictionaries in Punjabi areelisbelow:

» Punjabi Kosh: Punjabi Kosh is an English-to-Punjabi and Punjakihglish
dictionary designed by Noah Hart. A user can made af a keypad to enter a
word and it allows dictionary use in both languadgess a very useful tool for

learning Punjabi. The dictionary is freely avaikbk [12].
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1 —
[ o2 Purjabi Kosh

Al Words ~ |Uicode Phonetic . Leamn Play Tools Email Help Exit
| il -:'-E English Word Explanaion  Relsted Punjabi Woeds
REESE] ‘ -adJ. e, wemHe . ead. gu. et fase i
WISE ladi | e, wEEHE: TS, HEw: e, e

WTH

ICEEE] ! i | 3
~Lip When you really Enow What you Want 1o 1earn, vou will Imd a way 1o learn 1.

% === D@@E@DIID E

[ oeceowr | CIE

Figure 2.5: Web interface for Punjabi Kosh [12]

Punjabi Shabdkosh:Punjabi Shabdkosh is a Punjabi to English dictipraand it
has been developed by Harwinder Singh Tiwana. Tiododary is freely

available at [13].

Punjabi Dictionary by CDAC: An ISCIl based Punjabi-English dictionary
developed by CDAC is made available on the lang@igdreely made available
by MCIT. The GIST typing tools have to be used tigring and searching for

words in Punjabi.

Punjabi-English Dictionary: The Punjabi-English paper dictionary developed by
Punjabi University, Patiala has been converted iatectronic form. The
electronic dictionary displays the Punjabi wordsthbdn Gurmukhi and
Shahmukhi scripts. This dictionary has about 31 &@@ies [14].
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' Advanced Centre for
Technical Development
of Punjabi Language,

Y P Literature & Culture
Punjabi University,
m Patiala, India

| PUNJABI-ENGLISH
DICTIONARY
, Multigedia enabled dictionary

- ConplledIn ,ﬂ‘,’,—'f;, Cummaiaed ¥
Lmki_'(_z_y_r_n]q}_(_nl_T__e}t_ E:] [ Fuzzy Search ot f'_'f SNISEIE ._ ‘.
Y Whichplace |[® @ wi ¥ H g & ¥ a7 w 5 88
W o 3
" Starting 5|9 8 7 5 ¢|zc s % =z &En
Ciear | e | © Ending L3 EHTUTBSUTEFT HWA
. Codywhas yAIBIFTAHTARERE
Page No. | GotoFage | © Word match & [ il |¥ fe g
(Bl le]fm]le] = | v | o | «| s |[[s]ls]a]ls]l=] =| 3| =] =] ¢
sl e|a| - |@E)EE]E) ] 3] ] ] @ |E

= 1 - Dawnload Urdu Nastaleeg fonts
Found 6 Records |[<]at1of1 [ -
== http:/filde.gov.infurdu/htm/otfonts.htm

Sr. Gurmulkhi Shahmulchi POS English Meaning
1 wH ® adfective  common, general, ordinary, public,
commeonplace, undistmguished; plenty,
» le abundant. plentiful easily available, frequent
2w Wt LU noum, layman the man in the street. common man
masculine  (or woman)
o2l ple
3 WHHASST . noum, public, general public, laity; (depec) riff-raff
Sfemining  rabble, hoi polloi
iz o le
4 wHET L1 noun, common noun
masculine
9 L P e
5 0™ HWEl . noun, general amnesty
Sfeminine
. Y
SSlee ple
6  HHIEWH LU noum, agent for all purposes
masculine
ple ,lixo

MRC=6;0

Copyright & ACTDPL, Punjabi University, Patiala (Punjab) India

=Mail us: sangam 2gmail.com

Figure 2.6: Web interface for Punjabi English dingry [14]

* Punjabi-English and English-Punjabi Dictionary by Jasjit Singh Thind : An
online Punjabi-English and English-Punjabi dictignhas been provided by Jasijit
Singh Thind [15]. This dictionary is available onhet website
www.punjabionline.com
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Translate English word to Punjabi, or Punjabi words to English.

Te your wrd below:

ife

Download Punjabi font for proper display

Translation for “life”

8xe, 8xT, ni=HE", »IH, TAST, TETS, 9559,
75, 75, frae, A8, 7, /i o5, A, dies,
#iesl, dle=mr, 75, yE, 3

Figure 2.7: Web interface showing differsanses for wordlife” in Punjabi [15]

* Punjabi Encyclopedia and Gurbani Dictionary by Dr. Kulbir Singh Thind: A
powerful online search facility for simultaneouskyarching for any Punjabi word
in Mahan Kosh Encyclopedia, Gurbani Dictionariesd aRunjabi/English
Dictionaries is provided on the website www.srighaarg by Dr. Kulbir Singh
Thind [16].

Encyclopedia & Dictionaries

Mahan Kosh Encyclopedia, Gurbani Dictionaries and Punjabi/English Dictionaries.

Total o { resute foundl

health [Find]

T 87 % T T3FSF
YTEITHTAIT &

Wame e D ot

Puniabi Translation
n. 93, Jegwdt, remE, neas; faR 2 ored i it e T A

® SriGranth.org, a Sri Guru Granth Sahib resource, all rights reserved
See Acknowledgements & Credits

Figure 2.8: Web interface showing different serfeesvord “health’ [16]
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Shabdkosh : This dictionary was implemented aneesh Sonin 2003. The
word ‘Shabdkosh’ is the Romanized English spellofgthe Hindi word for
‘Dictionary’. The online English Punjabi dictionasyarted as a small project with
an aim to just make a website in Punjabi [17]. Thain reason to choose
Dictionary as an application was unavailabilityaofjood quality online dictionary
at the time. This dictionary provides different ses of a word along with
definition and its synonymous words. This site mmavides dictionaries in other
language as well like Hindi, Bengali and Gujaegtt. This dictionary has grown
in popularity over the years because of its eassrfice and strong vocabulary

database.

Bengali ST Gujarati 9j%32cl Hindi TB=4T Kannada s Malayalam @aicwdge Marathi FRIST Punjabi Yar=it Tamil SUHLD Telugu Sewi

Enter English or Punjabi word
English Punjabi Dictionary | »fEj=1 1At Hee-am PUNjabl: INSGRIPT

Use on-screen keyboard to enter text. 5 EE@DB Back ‘
1. Note that 'matra’ is added after the consonant 2
2. To make half letters in ‘Romanized” keyboard, |E@B@EDEE|BE|E‘
use ‘halant by pressing the 7 key. In BBD D = D
G f h K| ! Enit;
INSCRIPT keyboard, press 'd key Dﬁps I |:|g Jc ! e
EannErpnoannETy

Ads by Google Hindi Girls India Dictionary Hindi Word Meanin English Language

Pronuneciation

W) 2g

Meanings [Show Transliteration]
noun

. St (f)

a3 (f)

A (f)

FTHTEW (m)

. =)

L T

Synonyms
riches, wealthiness

Antonyms
None found.
Definitions
noun
1. the state of being rich and affluent; having a plentiful supply of material goods and money
. the quality of profuse abundance
. an abundance of material possessions and resources

AW

. property that has economic utility: 2 monetary value or an exchange value

Figure 2.9: Web interface for Shabdkosh [17]
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Chapter-3

Problem Statement

3.1 Motivation

People throughout the world have been using compuaed Internet in their own
languages. So far, Indian users in general andaBunjsers in particular have been
compelled to use them in English despite the dondeaof Indian engineers and
scientists in the Information Technology world. Elsd we support our own languages on
the technological front, it is impossible to usedil internet to uplift and improve the
socio-economic condition of our country. There ise&d for language based content and
technology. The society at large can benefit from Ihformation Technology effectively
if people can communicate with computers in th@mndanguages. Barely 65 % of our
population is literate, of which only an elite miitg (~10%) can read, write, and speak
the English language. This shuts out most of tltamn population from the worldwide
web and its huge potential [18]. As more and maouej&bi texts can be accessed in
electronic form and one can see a number of welepagpearing on a daily basis in
Punjabi language, there is a great need to craege kcale online lexical-semantic nets
for Punjabi so as to be used in Natural Languaged3sing, Information Retrieval, and

other areas.

WordNet is a very rich resource of lexical informoat WordNet has proved very useful
for different activities in Natural Language Prasieg, e.g, parsing and machine
translation, concept identification, Word Sense abibiguation, the treatment of
syntactic and semantic ambigugyc. The first WordNet was developed for English at
Princeton University. The success of English Wortdhes inspired several projects that

aim at constructing WordNets for other languagesdHWordNet was the first to be
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developed for any of the Indian languages anderytrar 2006 it was made available free

for research. It is therefore inspirational to dufunjabi WordNet.

3.2 Gap Analysis

WordNet is available for different Indian languaghkise Hindi, Marathi, Guijrati,
Bengali, Telugwetc. but no relevant work has been done in case of Buldy@rdNet and
is unavailable upto now. Punjabi WordNet is nowngedleveloped at Thapar University
under the IndoWordNet project of IIT, Bombay. Pimj&/ordNet is being developed
from Hindi WordNet by following the expansion apach.

Most of the online dictionaries available on thebwer Punjabi language have used
English Punjabi as the language pair and a vettg htork has been done taking Hindi
Punjabi as the language pair. Moreover, the diati@s presently available provide a
simple translation of the given word in target laage. These dictionaries do not provide
additional information about the word like the ceptof the word, an example sentence
depicting the word usage, part of speech to whithword belongs, synonym words

available for each of the sense of the wetd
3.3 Problem statement

There is a need to create a Punjabi WordNet bedauge scale online lexical-semantic
nets are required for the Punjabi language. PunjébidNet can be used in Natural
Language Processing, Information Retrieval, ané@rotblated areas. Hindi WordNet can
be used to build Punjabi WordNet by following th&pBnsion approach. Expansion
approach is being used as both Hindi and Punjdbngedo the same language family and
the Punjabi WordNet making process will become weitled and can save an enormous
amount of time. This resource once developed camsbd for creation of Hindi Punjabi
bilingual dictionary. By using Punjabi WordNet wancenrich our bilingual dictionary as

it will not simply provide meaning of the word iarget language, but it will also explain
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the concept of the word, category of word reprasgnits part of speech, an example
sentence and synonymous words. Many English Pudjationaries are available on the
web but very little work has been done for Hindnfabi dictionaries. The main aim of
this thesis is to develop Punjabi WordNet and Fainféindi bilingual dictionary and a

web application so that these resources can besedmline.

3.4 Objectives

The main objectives of this work are:

» To create Punjabi WordNet from Hindi WordNet uskxpansion approach.

» Usage of Punjabi WordNet for creation of Hindi Ramjand Punjabi Hindi
bilingual dictionary with features like concept, axample sentence and
synonymous words.

= To develop a web application for Punjabi WordNed #&unjabi Hindi bilingual

dictionary.
3.5 Methodology

To achieve the objectives discussed in sectionaBstep-by-step methodology has been
followed. The detail of this is given below.

= Study of existing WordNets and their functionalitys been carried out.

» Analysis of different WordNet relations like Synany, Antonymy, Hypernymy-
Hyponymy, Holonymy-Meronymy, Entailment,Troponymetc. has been
performed.

= A tool known as IL-MultiDic Development tool proved by IIT, Bombay has
been used for creating Punjabi WordNet.

= Hindi Punjabi bilingual dictionary has been crelabyy using source and target
files of IL-MultiDic Development tool.

= Web application for bilingual dictionary has beesveloped by using JSP at the
front end and text files at the back end.
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Chapter-4
Design and implmentation of Punjabi WordNet and Pufabi

Hindi billinual dictionary

In developing the Punjabi WordNet, it has been eoient to divide the work into two
interdependent tasks:
» The first task has been to write the source filgsFfunjabi using the IL-MultiDic
development tool which has been provided by IITinBay.
» The second task has been to create a set of canmgograms in Java Netbeans
7.0 platform that would make use of these soutles fit the back end to develop

the Punjabi WordNet and Punjabi Hindi bilingualtaioary.

4.1 Creation of synsets for Punjabi using IL- MuliDic development
tool
For creating the synsets in Punjabi language, Bkiomwvn as IL-MultiDic development

tool has been used. This tool is provided by II'Bbay and it is designed to help in
standardization of the lexical data entries by gidime same Id numbers to represent
similar concepts in source and target languagkes.tool is being used to write the source
files that would provide information of Punjabi wigr and this data will be used for
developing Punjabi WordNetThe data values are to be generated for Punjabi in
correspondence to the entries done for Hindi WotdM#ng this tool.This will help in

standardizing the lexical entries to be used.

4.1.1 Configuration of tool
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During configuration of the tool, source and tariijes are to be selected. The source and
target files act as input and output to the todle Bource file consists of synsets which
have already been created and which will guidesyimset creation for target language. In
this case, the source file consists of 7168 consetg of Hindi language. The target file
will consist of synsets which will be created usthig tool. Browse button can be used to
choose the source and target files. Target langwabspecify the language of the target
file. In this case, target language will be Punjabd Target font will be Arial Unicode
MS as shown in Figure 4.1.
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Source file

Target file

English synset file

Reference file

Comments file

Etymology file

Link file

Enable Etymology

Target Language

Target Font

SSH server settings

Host name (or IP)

User

Password

hindifull.syns Browse
output syns Browse
english.bd Browse
references.td Browse
comments ted Browse
etymology td Browse
links.tat Browse

Enable Synset Linking
Punjahi

[ |Enable SSH synchronisation

Directory (complete path)

Figure 4.1: Configuring IL-MultiDic development tbo

4.2.2 Working of the tool
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This tool is a user friendly tool and it is useditk together the synsets that convey the
similar meaning in different languages. In thiseathe tool is being used to link the
synsets for Hindi and Punjabi language.

= First of all source and target files are uploadexdnd) configuration of the tool.

» The files which contain the data entries for Hindirds are the source files. There
are source files of core synsets which contain radotl68 synsets. Each synset
has been assigned a unique id number which witjuely recognize the concept
represented by that synset. Figure 4.2, showthlaused for the development of

Punjabi synsets corresponding to each Hindi wotd/en

Mor g o Bew Sy
o) [ L e oS b
HINDH PFECORD PURAEI FECORD
Total Pecords: 716 y Incomplas (7155 L]
- - . = |l
i e oot | B s ] | oot |
T PR 3 T AW A . {0 s i e o v 3 41
CORCEFT; CONCERT:
CIECTE T (T
FUNAE FXAMPLE:
o AR ET mﬂw :.Imqw BRI AE : -, s, s, i ’Ji';glﬂ'
d
’ s
SYRSET: SYNSET:
i X vy
{ (3] sl CFREWOS i (1 I[ S il e
|

Figure 4.2: Tool for creating standardized lexitata
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» The files used by Hindi WordNet which contains 7&88ries are uploaded on the

left hand side. Each source file contains a listyisets for all parts of speech,

i.e, noun, verb, adjective and adverb. Each of thedwarcord contains Id

number, synonymous word forms, category, concegt an example sentence.

The source file for Hindi has been shown in thauFégd.3 which has been used to

generate the file for Punjabi having same standhrtdumber indicating a single

concept.

ID
CAT
CONCEPT

EXAMPLE

SYNSET-HINDI

ID
CAT
CONCEPT

EXAMPLE
SYNSET-HINDI

ID
CAT
CONCEPT

EXAMPLE
SYNSET-HINDI

ID
CAT
CONCEPT

106
Noun

IR et T fohdT AT H1T

HR TIHN 1 38 IRATSTAT 1 aTe] et & foT 70edt Tipta & &
%—n

EXIC)

107
Noun

39 A § Ig FHSTT 1 fopam a1 o779 for Oam g FhaT € A
A

FefT-h3fY AT TercT 8 8 ST &

37T, 3TCTST, 3CTST, TS, 3HETST, 3feaTe, 3feaTel, 3fearaT,
3fecToll, 3cehel, Fct, 3T, IRUET, HSHET, AT, TG,
agHET

108
Noun

g Afh AT A1a S HeT 7 77T, AT, T, 3T 31fe STl &
TIET I 3URTYT FT §

AR T wHeusll GeUT I TRIA H HJ T Y&l el §
e, GATST, TAT, TATe, Bl I{Y, Fhedell Afeh, THeR, dHeR,
CRIEN

109
Noun

ﬁwﬁ%ﬁ:wgwmmamﬁr@ngaﬁ&mw
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AT &Y g5 TphA

EXAMPLE & SH YEATd HT HeJAIGT X &

SYNSET-HIND!  grreier, e, 3refiiet, At

ID 110

CAT Noun

CONCEPT forelt a1, G 311 IR THeT T Sehe &t 1 fomam ar amar
EXAMPLE AY IheT TR 3T ITRATE REradT &

SYNSET-HINDI a’rga‘ra', m,m
]

Figure 4.3: Source file of Hindi synsets

For each data value for Hindi, corresponding efdryPunjabi is made on the
right hand side. This entry is saved and then noovi next data value by a click
on the Save and Next button. All the data entriest@ be completed in each file

following the same pattern.

Finally the output of the tool is obtained whictthe file containing Punjabi word
entries. This output file will have the same formaatthat of the source file of
Hindi words entries. Thus the Punjabi word file heeen generated having the
same standardized id numbers as that of the inmdi Hile. The output of the

tool is shown in Figure 4.4.

Each entry in the output file includes a uniquenildmber for the word, the
concept which it represents, an example sentena@k ansynset showing
synonymous words for that concept. The informatdso includes a category
field for each entry which will represent the paftspeechij.e., noun, verbetc.to

which the word belongs.

ID 106

CAT noun

CONCEPT AR 96 ©f fafgwr A g<

EXAMPLE I3 AIAT & foH WreT & U8 SI6 © BE et AfgHST
SACEIS)
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SYNSET-PUNJABI

ID
CAT
CONCEPT

EXAMPLE
SYNSET-PUNJABI

ID
CAT
CONCEPT

EXAMPLE
SYNSET-PUNJABI

ID
CAT
CONCEPT

EXAMPLE
SYNSET-PUNJABI

ID
CAT
CONCEPT

EXAMPLE
SYNSET-PUNJABI

ST

107
noun

WUE HS 3 fog mse & fafonwr Af 3= {3 widar I Ader
I A I=ar
e ge e T B3 I AT I

9

HZT

108
noun

€I AT 7 < H& T &=l wSHT weaH wiere! wife Jis
T HJY GHWIS Jg<t I
HISg € FBUsT UEd § ITH o YI31 © gU YT'6 JIl I

109
Noun

foR 2 i3 I o At ArgHE 99 I8 HS™ & 31 He J widet
&3 I8 Yeraait
wWH for YA3< T AHdEs 9T IF

110
Noun

fom 915, g™ wife 3 yiit Yare J96 < fafanr A gr<
NS s 3 Rt YA ygea foust feuredt 3
feust, sg=g

Figure 4.4: Output file containing entries for Palmjwords

4.2 Creation of Punjabi WordNet
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The output file for Punjabi words as obtained frima IL-Multidic development tool is
used as the back end to develop Punjabi WordNetisi8sed at front end to develop the
user interface for web application. The algorithsed in developing Punjabi WordNet is
described in Algorithm 4.1.

Algorithm 4.1: Creation of Punjabi WordNet
1. Read the text file of Punjabi words and generdiekad listL for the file.
2. Input the word to be searched in a string
3. For each worav to be searched
i.  Search the linked lidt for the occurrence of wond in synset.
ii. If wis found in the list, then retrieve all thdated ID numbers and store
them in an array.
iii.  Search the linked lidt for each of the ID number stored in array.
a. If ID match occurs then retrieve the associatedrimation with
each ID number and store in a kst
b. Display the linked lisF.

Processing of Punjabi synset file for browsing Fhusjabi WordNet has been shown by

taking an example wordef3”. Search the occurrence of the worR3” in the linked

list L. The word is found in the list and the corresponding ID numbers for each
occurrence of the word will be retrieved from tiet &nd stored in arrayArray will have
the following ID numbers: 744, 923 and 1500 aswbed had three different occurrences
in the listL. Search the lisk for each of the ID number stored in areyd retrieve the
related information with each ID number from th&t.liStore this information in linked
list F. The information associated with each of the Ibnber as contained in final ligt

is shown in the Figure 4.5.

ID 744

CAT noun

CONCEPT € frarer A wiarg At QU IR W3 A SAAIII wife B gy
IEEGH]
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EXAMPLE g foa Uis T yegg 3

SYNSET- PUNJABI UergE, €H3, 91

ID 923

CAT Noun

CONCEPT R3S A IBUI A3T

EXAMPLE I fegd WHI3 TA3 I

SYNSET- PUNJABI =A3, 9iF, A, 9

ID 1500

CAT Noun

CONCEPT g =g fam T faR dH feg GuulaT der
EXAMPLE it fifie wife Ars wa sE8e @ aH wEer I
SYNSET-PUNJABI HH'S, €A3, Oid, US'JH, AR

Figure 4.5: Final result list for the worg3”

The Algorithm 4.1 is explained using the flow chéiigure 4.6, shows the flowchart for
Punjabi WordNet. First of all, a linked ligt is generated for the text file of Punjabi
words. When the user enters the word to be searthedvord is searched in the linked
list L. If the word is found in the list, then the copesding ID numbers for each
occurrence of the word are retrieved and storeghiarray. Again a search operation is
performed on the linked lidt for each of the ID number stored in array. If tBematch
occurs, the corresponding informatioa., the concept, category, example and synonyms
of each ID number is fetched and this informati®stored in a linked lidgt. Finally this
linked listF is displayed.
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START

A

Generate a linked L for the file
of Punjabi words

I

‘ Enter the word to be searched -+

Search the word in the linked
list &

v

A ord
found in
the list 7

Mo record found

Eetriewe the related ITD numbers from
the list £ for each cccurrence of the

word in an array

Zearch the retrieved ID
numb ers in the list D

F

Eetriewe the related information of each
I number from the list L and store 1t in
linked list &

¥

‘ Display the final list 7 I

h
STOR

Figure 4.6: Flowchart for Punjabi WordNet

4.3 Creation of Hindi to Punjabi Dictionary
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Hindi Punjabi dictionary has around 7168 entrieaclEword in the dictionary has an
associated informatione., category like noun, verletc, concept which explains the
word, example usage of the word, and synset aredjits/alent in the Punjabi language.
Algorithm 4.2: Creation of Hindi to Punabi dictionary
1. Read the text file of Punjabi words and generaliaked list L; for the file.
Similarly read the text file of Hindi words and gegate a linked lisk; for the
file.
2. Input the word to be searched in a string
3. For each wordav to be searched
i.  Search the linked lidt; for the occurrence of wonda in synset.
ii. If wis found in the list, then retrieve all thdated ID numbers and store
them in an array.
iii.  Search the linked lidt, for each of the ID number stored in array.
a. If ID match occurs, then retrieve the associatddrination with
each ID number and store in a linked kst
b. Display the linked lisF.

Processing of Punjabi synset file for browsing Fumjabi WordNet has been shown by

taking an example wordffa”. Search for the occurrence of the wosd#” in the linked

list L;. The word is found in the list; and the corresponding ID numbers for each
occurrence of the word will be retrieved from tist &nd stored in arrayArray will have
the following ID numbers: 3462, 3463, 3468, 3469ths word had four different
occurrences in the lidt;. Search the list, for each of the ID number stored in arand
retrieve the related information with each ID numfsem the list. Store this information
in linked listF. The information associated with each of the IDnbar as contained in

final list F is shown in the Figure 4.7.

ID 3462

CAT Noun

CONCEPT fox @ w wrfenr w7 g Jer 3

EXAMPLE I eI IR AT igor I/ AAII Suig §
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SYNSET- PUNJABI

ID
CAT
CONCEPT

EXAMPLE

SYNSET- PUNJABI

ID
CAT
CONCEPT

EXAMPLE

SYNSET- PUNJABI

ID
CAT
CONCEPT

EXAMPLE

SYNSET-PUNJABI

ffegrst BT aHfEaT I
g, W

3463
Noun

JI9H BHT feg Urfew™ Are ST fod €37 AT Jd ©J43
e IHiS 28 "E Af g AT I&

g <t ST T QUUIET A ©mif A ST feg Sit3T
e d

g, wg T Tgy3

3468
Adjective
far fog I8 feREsT o Je A et I We gga e

f£g Ao gs At I / fog IHESE AJard 593 fes’ 39 &t
feae Tt
AO'IS, W, SfH_988, HHE!

3469
Adjective

frmrer3g A3 fenwa3dmit Aot nierer=t wife feg U
HE 8 1 §I6T 578 Heg JHE %"

AHI3T 3 fegrg-fann 39 fod Ayfad AT & Y=g &3 famr
3

AHIIS, Ao, AHTTed

Figure 4.7: Final result list for the wordna”

The Algorithm 4.2 is explained using the flow chdigure 4.8, shows the flowchart for

Hindi to Punjabi dictionary. A concept is represgehby same ID number in both Hindi

and Punjabi text files and on this basis a wordlmasearched through mapping of these

ID numbers in the text files. First of all, linkégt L; andL, are generated for the text file

of Hindi and Punjabi words. When the user enteesvibrd to be searched, the word is

searched in the linked ligh. If the word is found in the list, then the coperding ID
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numbers for each occurrence of the word are retdeand stored in an array. Again a
search operation is performed on the linkedlistor each of the ID number stored in
array. If the ID match occurs, the correspondirfgrimationi.e., the concept, category,
example and synonyms of each ID number is fetcingldtlais information is stored in a

linked listF. Finally this linked list is displayed.
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STAET

¥

Generate two lnlked list L and fg
gach for the file of Hindi and Punjabki
words

{ Enter the word to be searched J‘i

"

Search the word in the linked
list L

tound in J

Fetriewe the related ID' numbers from
the list fifor each cccurrence of the
word in an array

)

Search the retrieved ID ‘

numbers in the list Dz

h 4

Eetriewve the related information of each
I number from the list Ly and store it
in list &

[ Display the final list & ‘

STOP

Figure 4.8: Flowchart for Hindi to Punjabi dictioga

4.4 Creation of Punjabi to Hindi Dictionary
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Punjabi to Hindi dictionary has around 7168 entriesch word in the dictionary has an
associated informatione., category like noun, verb etc., concept which exglahe

word, example usage of the word, and synset andqgisvalent in the Hindi language.
Punjabi to Hindi dictionary is created using thgoaithm as explained in Algorithm 4.2

and using the same methodology as used in develdpindi to Punjabi dictionary.

"Chapter 5

Experimental Results

The algorithms discussed in Chapter 4 have beeth insdeveloping a web application
for Punjabi WordNet and Punjabi Hindi bilingual tlimary. The web application
developed for Punjabi WordNet is shown in this ¢bapIn developing this web
application, text files obtained as an output ofMultidic development tool have been
used as the back end and JSP is used as therfichnt e

5.1 Web Interface for Punjabi WordNet
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Figure 5.1 shows the GUI interface of the PunjalmréiiNet. Punjabi keypads used to

enter the word which is to be searched. The useusa the View Keypad button to use
the Punjabi keypad. Then on the click on the Sulimtton the various senses of the
word in which it can be used will be shown on thhge The number of senses in which it
can be used is shown at the top. It will show tagegory, concept, one example usage
and synonymous words for each of the sense. The atelkPrevious links can be used to

move to the next sense and to the previous sertbe aford.

" Punjabi WordNet

A Lexical Database for Punjabi

Please enter a Punjabi Word.

[ |
5 ) () () o ()
BE E EEEE
] ) () (o] (i) ) (] o) i )
) ) (G (G (i o) (] ] () () )
= = ) =

COPYRIGHT (C) 2011 ALL RIGHTS RESERVED.

Figure 5.1: Interface for Punjabi WordNet showingfabi keypad

For example, if the user types the woigsﬁgm?"’ from the keypad then it will show

two different senses in which this word can be usegure 5.2 and Figure 5.3 shows two

different senses of the word[$1S®3™ in which it can be used.
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=
Punjabi Wordnet

A Lexical Database for Punjabi

Number of Synsets for ysiamam 2

Snowing: 1/2
Category: NOUN

Concept BEELE R L i i i

Example: Eiger & aes § Afcs 77 R T
Synonyms: Eigee, famisT, wEdfss, wenpgeT, fesus

Next ==

COPYRIGHT (C) 2011 ALL RIGHTS RESERVED.

Figure 5.2: Interface showing first sense of thedva[StSB3™

u -
Punjabi Wordnet

A Lexical Database for Punjabi

Number of Synsets for YSiae3T: 2
Showing: 2/2
Category: NOUN
Concept: WOET T T
Example wEnngsT oo ke saec e
Synonyms: BT, wEwEEET, WEE oIS
== previous

COPYRIGHT (C) 2011 ALL RIGHTS RESERVED.

Figure 5.3: Interface showing secondssenf the wordf-]s;\gw’

5.2 Web Interface for Hindi to Punjabi Dictionary
Figure 5.4 shows the GUI interface of the HindiPienjabi dictionary. Hindi keypad

used to enter the word which is to be searchedn Bimethe click on the Submit button

the various senses of the word in which it can $edun Punjabi will be shown on the
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page. It will show the category, concept, one eXampage and synonymous words for

each of the sense. The Next and Previous linkdearsed to move to the next sense and

to the previous sense of the word. For examplhgifuser types the wordfH” from the

keypad then it will show four senses in which iuged. Figure 5.5-5.8, shows different

senses of the wordTH” in which it can be used in Punjabi.

A e
4 Punjabi WordNet
A Lexical Database for Punjabi
[ERIED EREAES
(=) (=]
(i) (i=d &
(o] )
&l =
& &) = [ ]

Figure 5.4: Interface soi Hindi keypad for HuRdinjabi dictionary
y -
Punjabi Wordnet

A Lexical Database for Punjabi

Number of Synsets for 39T: 4

Showing: 1/4

Category: NOUN

Concept fEEgmRyer T g AT S

3 eE 3 dod ey T FRsT oviE  isTRd EB T
Example: B

Synonyms: || ¥,

Next >>

COFYRIGHT (C) 2011 ALL RIGHTS RESERVED.

Figure 5.5: Interface showing first sense of thedVa1TH” in Punjabi
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g 5 7
Punjabi Wordnet

A Lexical Database for Punjabi

Number of Synsets for W: 4

Showing- 2/ 4

Category: NOUN

FaH 2R fog urfer 7 foar & AoETS ToNs e ar
Conceps /UL F gAAC TS

Example: g <t Saat v Guse Avee S sRgwr Br S Re AT A

Synonyms: || ¥, WE_T_T94T

== previous Next ==

COPYRIGHT (C) 2011 ALL RIGHTS RESERVED.

Figure 5.6: Interface showing second sense of threl WV3TTH” in Punjabi

SRS
Punjabi Wordnet

A Lexical Database for Punjabi

Number of Synsets for 3r: 4

Showing: 3/ 4

Category: ADJECTIVE

Concept o oo S0l eanm o SR w et Juzead v

e Ao A A | e Svee e Feare Bl o da ol feae
Example: .

Synonyms: || A, B, SH_SEY, HHE

<= previeus Next ==

COPYRIGHT (C) 2011 ALL RIGHTS RESERVED.

Figure 5.7: Interface showing third sense of thedV3ITH” in Punjabi




A P
& Punjabi Wordnet

A Lexical Database for Punjabi

Number of Synsets for #1#: 4

Showing: 4/ 4

Category: ADJECTIVE

g A vt i varg s wis i wfer me w7

Cancept 9T o8 FEd SHE T

Example: || "FeET 3 feme-fom wet foa myfos A T yEn AT e 3

Synonyms: || s, AeeHoE, AreTe

<< previous

COPYRIGHT (C) 2011 ALL RIGHTS RESERVED.

Figure 5.8: Interface showing fourth sense of tloed/3TTH” in Punjabi

5.3 Web Interface for Punjabi to Hindi Dictionary
Figure 5.9 shows the GUI interface of the Punjaldiindi dictionary. Punjabi keypad

used to enter the word which is to be searchedn Dimethe click on the Submit button
the various senses of the word in which it can $eduwill in Hindi be shown on the
page. It will show the category, concept, one exampage and synonymous words for
each of the sense. The Next and Previous linkdearsed to move to the next sense and

to the previous sense of the word. For exampliaefuser types the worddths” from

the keypad then it will show two senses in whichsitused. Figure 5.10-5.14 shows

different senses of the wor@sths" in which it can be used in Hindi.
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SESEIES
Punjabi WordNet

A Lexical Database for Punjabi

Please enter a Punjabi Word.

e =
View keyboard
) ) o () (6 () () (o () () ()
i ) ) S
) () () ) () ] i (sl
EHeEEEEEEE
EE E EEEEEEEE
) (o) o) ) (s () [
[ Space | [ Delete | [ Collapse |

COPYRIGHT (C) 2011 ALL RIGHTS RESERVED.

Figure 5.9: Interface for Punjabi to Hindi dictiopa

Y i W s
Punjabi Wordnet

A Lexical Database for Punjabi

Number of Synsets for famere: §
Showing: 1/5
Category, noun
Concept: T T 1 SIS O AT T A A B
Example: T TH FE F HAEA L
Synanyms: T, TGN, T, Toreel, TadT, qerer
Next==>

COSYRIGHT {C] 2011 ALL RIGHTS RESERVED:

Figure 5.10: Interface showing first sense of tledvfamrs” in Hindi



Punj

HINDI-PUNJABI PUNJABI-
PUNJABI

abl Wordnet

A Lexical Database for Punjabi

Number of Synsets for famre: 5

Showing: 2/5

Category:

noun

Concept:

et T T 1 9E e o e 4 A R

Example:

"I TP IS A

Synonyms:

<< previous Next ==

GOFYRIGHT (T} 2011 ALL RIGHTS RESERVED.

Figure 5.11: Interface showing second sense ofvtrd “famrs” in Hindi

- e
Punjabi Wordnet

A Lexical Database for Punjabi

Number of Synsets for famre: 5
Showing: 3/5
Category: adjective
Concept il e G AT
Example: || "I 75 10 A &
Sy i, Tafed, 3991a, AleF, &g, a0, 39dg, IRTEd, aiem,
<= previous Mext ==

COPYRIGHT (T} 2011 ALL RIGHTE RESERVED:

Figure 5.12: Interface showing third sense of tloedifama” in Hindi
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B EEG
Punjabi Wordnet

A Lexical Database for Punjabi

Number of Synsets for famra: 5

Showing: 4/5

Category- noun

Concept EEHETH Bl T FTET I HG

Example: "3g AT S AT & § 36 FHE & T g3

Synonyms: || SHiere, FREERT, BT, e, ST, g, SR
TS, ST, Wiesal, TFTesd

== previous Next ==

CoovRisTc o

Figure 5.13: Interface showing fourth sense ofwioed “GMis” in Hindi

D
Punjabi Wordnet

A Lexical Database for Punjabi

Number of Synsets for famms: 5

Showing: 5/ 5

Category: noun

Concept: T 3T W # &7 0T SNew off e a1 94w F AR B

"FEIEANT 3 HIHTOEH F0 B T GG i e arer
o

Example:

Synonyms: || =T, T, T, 914, HaW, G, 6y, 9T, FEH, FEEE

<< previous

COPYRIGHT (£ 2011 ALL RIGHTS RESERVED.

Figure 5.14: Interface showing fifth sense of thedvfamrs” in Hindi




Chapter 6

Conclusion and Future scope

6.1 Conclusion
In this thesis work, an interface of Punjabi WortiNas been developed that can be used

as a lexical resource for Natural Language Proeggdasks for Punjabi language.

» |L-MultiDic developmenttool has been used for creation of Punjabi WordNet
using Hindi WordNet.

= Punjabi WordNet has been effectively used to dgvelddindi Punjabi bilingual
dictionary. Besides providing various senses of aatiqular word in target
language, it will also explain the concept of therdy category of word

representing its part of speech, an example semt@mt synonymous words.

= A web application for Punjabi WordNet and Hindi Ram dictionary has been
developed so that these resources can be accesfiad, mnce it is made
available on the web.

6.2 Future Scope

There are many possible extensions of this work t@m be undertaken in further

research. Some of them are given below:

= At present relations like Hypernymy/Hyponymy, Hojomy/Meronymy,
Troponymy, Entailment and Antonymy have not beepliag on the synsets of
Punjabi WordNet. These Lexical and Semantic ratatiovhen applied to the
synsets will further enrich the present work. Theslations can be borrowed
from Hindi WordNet as same Id number has been usetkpresent similar

concepts in Hindi and Punjabi WordNet.

» Punjabi WordNet can be used in different Naturahgleage Processing
applicationse.g.,in machine translation, word sense disambiguatitfoymation
retrievaletc
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Punjabi WordNet can be used in language teachidgratranslation applications.

The performance can surely be improved if morphplisghandled exhaustively.
The system currently does not detect the underlginglarity in presence of

morphological variations.
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