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Abstract

The Internet today has to face the complexity of dealing with multilingualism. People speak
different languages and the number of natural languages along with their dialects is estimated to
be close to 4000. Among the top 100 languages in the world, Hindi occupies the fifth position
with the number of speakers being close to 200 million. The information need of this large
section of humanity will place its unique demand on the web calling for knowledge processing of
Hindi documents on the web. To process Hindi text, the structure of Hindi language needs to be
understood. The structure of a language is defined by its morphology.

Morphology is the field of the linguistics that studies the internal structure of the words. It deals
with the identification, analysis and description of the structure of a given
language's morphemes and other linguistic units, such asroot words, affixes, parts of
speech, intonation/stress or implied context. Morphological analyzer is an essential and basic
tool for building any language processing application for a natural language. It takes as its input
a word and looks up a lexicon and retrieves such information as the root of the word, gender,

number, etc.
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Chapter 1: Introduction

1.1 Natural Language Processing

Natural language processing (NLP) is a subfield of artificial intelligence and linguistics.
It studies the problems of automated generation and understanding of natural human
languages. Natural language generation systems convert information from computer
databases into human language, and natural language understanding systems convert
samples of human language into more formal representations that are easier for computer
programs to manipulate [14]. NLP has significantly overlapped with the field of
computational linguistics, and is often considered a sub-field of artificial intelligence.

A Natural Language is any of the languages naturally used by humans, i.e. not an
artificial or man-made language such as a programming language. NLP is a convenient
description for all attempts to use computers to process natural language. The ultimate
goal of NLP is to determine a system of language, words, relations, and conceptual
information that can be used by computer logic to implement artificial language
interpretation [15]. A complete natural-language processor extracts meaning from

language on at least seven levels. Some of important levels are as follows:

Morphological Analysis: A morpheme is the smallest part of a word that can carry a
discrete meaning. Morphological analysis works with words at this level. Typically, a
natural language processor knows how to understand multiple forms of a word, for
example, its plural and singular forms.

Syntactic: At this level, natural-language processors focus on structural information and
relationships.

Semantic: Natural-language processors derive an absolute (dictionary definition)
meaning from context.

Pragmatic: Natural-language processors derive knowledge from external common sense
information.

Correct Stemmer Extraction: NLP should extract correct suffixes and root word from

input words using Suffix Replacement Rules.



Retain Meaning of sentence: NLP should retain original meaning of the sentence after
processing.

1.1.1 Application of Natural Language Processing

NLP can play a vital role in the following areas:

 Automatic summarization - process of reducing a text file to the summary; that contains
the most important points of the original file, using the computer program.

« Part-of-speech tagging - process in which, a word is marked in a text (corpus) as
corresponding to the particular part of speech, which is based on both its definition, as
well as its context.

+ Information extraction - process of automatically extracting structured information
from semi-structured and structured machine-readable documents.

« Information retrieval - activity of obtaining the required information resources from a
collection of information resources.

* Machine translation - is a sub-field of computational linguistics which is used to
translate speech or text from one natural language to another.

» Named entity recognition - subtask of information extraction that locates and classifies
basic elements in text into predefined categories like the names of persons, organizations,
locations, expressions of times, quantities, monetary values, percentages, etc.

* Natural language generation - NLP task of generating natural language from a machine
representation system such as a knowledge base or a logical form.

* Optical Character Recognition -  mechanical or electronic conversion  of
scanned images of handwritten, typed or printed text into machine-encoded text.

* Question answering - concerned with building systems that automatically answer
questions posed by humans in a natural language.

* Speech recognition - translation of spoken words into text.

» Spoken dialogue system - dialog system delivered through voice. It contains two
essential components: speech recognizer and text-to-speech module.

» Text simplification — modifying an existing human-readable text in such a way that the
grammar and structure of the text is simplified.

* Text to speech - converts normal language text into speech.
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1.2 Morphology

Morphology refers to the mental system involved in word formation or to the branch of
linguistics that deals with words, their internal structure and how they are formed.
Morphology literally means the study of shape. An awareness of morphology begins in
early childhood through adolescence. While younger children learn to add an "s" in order
to make word plural, elder children may decipher the meaning of words by identifying
their common roots with other words. The object of study in morphology is the structure
of words and the ways in which their structure reflects their relation to other words. This
relation can be within some larger construction such as a sentence and across the total
vocabulary of the language. The importance of morphology is in the context of Machine
Translation, Information Retrieval, Information Extraction and many such applications
[9].

For every language in the world, whether it is written, spoken or signed, morphology is
fundamentally involved in both the production of language, as well as its understanding.
In order for this process to be effective, the listeners, readers and observers of language
must be able to take the inflected word (actresses) and find the underlying root (actor) as
well as the set of conveyed syntactic features (feminine, plural). This decoding process is
called morphological analysis [22].

In linguistics, morphology is the identification, analysis and description of the structure
of a given language's morphemesand other linguistic units, such asroot
words, affixes, parts of speech, intonation/stress, or implied context (words in

a lexicon are the subject matter of lexicology) [9].

1.2.1 History of Morphology

The term morphology comes from classical Greek (morphe) and it is concerned with
structure and arrangement of parts of an object, and how these conform to create a whole
object [8]. The objects in question can be physical objects (e.g. an organism, an anatomy

or ecology) or mental objects (e.g. linguistic forms, concepts or systems of ideas).



1.2.2 Morphology in Linguistics
Morphology describes the internal structure of words. While words are generally
accepted as being the smallest units of syntax, it is clear that in most (if not all)

languages, words can be related to other words by rules [3]. For example, Hindi speakers
recognize that the words &ISeT [ladakaa] {boy}, oISl [ladakon] {boys} and &S
[ladakae] {boys} are closely related. Hindi speakers recognize these relations from their

tacit knowledge of the rules of word-formation in Hindi. They intuit that 79X [nagar]
{town} is to s9RT [nagaron] {towns} as I [patra] {letter} is to 9T [patrom] {letters}:
similarly, sT9R [nagar] {town} is to sT9RGTET [nagarwaasi] {townspeople} as #Rd

[bhaarat] {india} is to {RAT [bhaaratiyaa] {indian}.

The rules understood by the speaker reflect specific patterns (or regularities) in the way
words are formed from smaller units and how those smaller units interact in speech. In
this way, morphology is the branch of linguistics that studies patterns of word-formation
within and across languages, and attempts to formulate rules that model the knowledge of

the speakers of those languages [3].

1.2.3 Lexemes and Word Forms

The distinction between two senses of "word" is arguably the most important one in

morphology. The first sense of word, the one in which 91X [nagar] {town} and FIRT
[nagaron] {towns} are the same word, is called lexeme [9]. The second sense, where s7dIX

[nagar] {m} and sTeRATAT [nagarwaasi] {townpeople} refer to two different kinds of

entities, is called word-form.

1.2.4 Inflectional Vs Derivational morphology
Inflectional morphology is the study of those processes of the word formation where new
words with different forms but same meaning are formed from an existing stem. For

example in english:



Plurals: bus —> buses, car —> cars
Past tense: die —> died, fill —> filled
Aspect: footstamp —> footstamping, microcode —> microcoding

English has a relatively simple inflectional system but Hindi is a morphologically rich

language. For example, inflectional forms of noun &84T (boy) are S and TSI,

Derivational morphology is the study of those processes of the word formation where
new words are formed from the existing stems through the addition of morphemes. The
meaning of the resultant new word is different from the original word and it often
belongs to a different syntactic category [16]. Like in English: go + at = goat (verb to
noun)
Adjective to noun: happy —> happiness
Adjective to verb: commercial —> commercialize
Adjective to adjective: green —> greenish
Noun to adjective: success —> successful
Noun to verb: glory —> glorify
Verb to noun: compensate —> compensation

The derivational morphology of Hindi is quite complex. A very common kind of
derivation in Hindi is the formation of new nouns, often from verbs or adjectives or the

nouns. This process is called nominalization. For example:

Hgled -> HGleIdl
QR -> QRT

1.2.5 Paradigms and Morph syntax

A paradigm is the complete set of related word-forms associated with a given lexeme.
The familiar example of paradigms is the inflections of nouns. Accordingly, the word-
forms of a lexeme may be arranged by classifying them according to shared inflectional
categories such as tense, aspect, mood, number, gender or case. For example, the
personal pronouns can be organized into the categories of person (first, second and third),
number (singular vs. plural), gender (masculine, feminine, neuter), and case (subjective,

objective, and possessive) [6].



The inflectional categories used to group word-forms into paradigms cannot be chosen
arbitrarily; they must be categories that are relevant to stating the syntactic rules of the
language. For example, person and number are categories that can be used to define
paradigms in Hindi, because Hindi has grammatical agreement rules that require the verb
in a sentence to appear in an inflectional form that matches the person and number of the

subject. In other words, the syntactic rules of Hindi care about the difference between
19 [nagar] {town} and sT9IRT [nagaron] {towns}, because the choice between these two

forms determines which form of the verb is to be used.

An important difference between inflection and word-formation is that inflected word-
forms of lexemes are organized into paradigms, which are defined by the requirements of
syntactic rules, whereas the rules of word-formation are not restricted by any
corresponding requirements of syntax. Inflection is therefore said to be relevant to syntax,
and word-formation is not [9]. The part of morphology that covers the relationship
between syntax and morphology is called Morpho syntax, and it concerns itself with

inflection and paradigms, but not with word-formation or compounding.

1.2.6 Need to study the Morphology of a Language

It is necessary to study the morphology of a language because of the following reasons:

e Today, Hindi is used by hundreds of millions of people. The information need of this
large section of humanity will place its unique demand on the web calling for
knowledge processing of Hindi documents on the web.

e The theme of the research is to justify the stand that if morphology is strong and
harness-able, then lack of training corpora is not unbearable.

e The specific and primary focus is on morphology, and on how knowledge of
morphology can be a useful step towards a more complete knowledge of a language’s
linguistic structure.

e Learners who understand how words are formed, by combining prefixes, suffixes, and
roots, tend to have larger vocabularies and better reading comprehension.

Morphology can become an instructional tool for all learners.



Those learners who take unfamiliar words and break them down into smaller parts, or
morphemes, have increased success in deciphering unfamiliar vocabulary [10].
Morphological analysis provides a new light on a vital reading skill.

Morphological analyzers are using lexicon/thesaurus, keep/stop lists, and indexing

engines for their process.

1.2.7 Three Types of Morphology

There are three types of morphology. These are:

Concatenative Morphology — Words are composed of a number of morphemes
concatenated together; morphemes include stem plus prefixes and suffixes.
Non-concatenative Morphology — In this type, morphemes are combined in more
complex ways [11].

Template Morphology — This is another type of non-concatenative morphology
which is found very common in languages such as Arabic, Hebrew and other Semitic

languages.

1.2.8 Models of Morphology

There are three principal models of morphology, each try to capture the distinctions

described above in different ways. These are:

Morpheme-based morphology, which makes use of an Item-and-Arrangement
approach.
Lexeme-based morphology, which normally makes use of an Item-and- Process
approach.
Word-based morphology, which normally makes use of a Word-and-Paradigm

approach [9].

1.3 Hindi Word Classes

While developing a morphological analyzer, the first step is to define the word classes

and grammatical information that will be required for words of these word classes natural

language processing application for that language. After defining word classes for Hindi



and grammatical information that is required from words of the word classes, various
paradigms for the word classes had been developed. Paradigm for root word gives
information about possible word forms of it, in a particular word class and their
respective grammatical information [5]. All words of word class may not follow same
paradigm. It is not that all nouns will follow same inflectional pattern. So, first task was
to find out various paradigms for word class and then group words of that word classes
according to those paradigms. In this way, paradigms were developed for word classes
which show inflection. To develop the paradigms, inflectional patterns of root words of
word class were studied. And then on their basis, root words which inflect in similar way
were grouped. Inflection patterns for those groups constitute group of paradigms for that
word class. List of word classes is shown below along with their grammatical information
being used for Hindi:

Noun: Grammatical knowledge required for Hindi nouns is: gender, number and the case.
Gender can be masculine, feminine or both (some nouns can be used in this way).
Number can be a singular or a plural. Case can be two types: direct and oblique [5].
Pronoun: Grammatical knowledge required is: number, case, person and gender. Gender
can be a masculine, feminine or both. Number can be a singular or a plural. Person can
take first, second and third person. Case can be of two types: direct and oblique.
Adjective: Grammatical knowledge required for Hindi adjectives is: gender, number and
the case. Gender can be a masculine or a feminine. Number can be a singular or a plural.
Case can be of two types: direct and oblique.

Verb: Grammatical knowledge required is gender, number, person and Tense Aspect
Modality. Gender can be masculine or feminine. Number can be a singular or a plural.
Person can take first, second or third person. Tense Aspect Modality (TAM) can take
values related to tense of the verb.

Adverb: There are two classes of adverbs: inflected and uninflected. Inflected adverb
behaves like noun which means no separate paradigms are required for these.
Grammatical knowledge required for inflected adverbs were same as required for nouns

and, for uninflected adverbs, no grammatical information is to be stored.



Sharisthi Pronoun: Grammatical knowledge required is: number, case, person, gender
and parsarg. Gender can be a masculine, a feminine or both. Number can be a singular or
a plural. Case can be of two types: direct and oblique. Person can take first, second, and

third person. Parsarg will be shashthi.

1.3.1 Noun Classification System in Hindi

Traditional classification (the Paninian perspective) of Hindi nouns is based on the
gender and stem endings. The system does not allow two nouns of the different genders
or different stem endings (consonant or vowel) to be in same class. This results in large
number of inflectional classes, around thirty, even if they display same inflectional
behavior [17].

Many readjustment rules will be required to explain phonological changes in inflected
forms of all the classes. In Table 1.1, nouns are shown with similar inflectional markers

and the same gender are put into different classes because of different stem endings.

Table 1.1: Hindi Feminine Nouns taking similar inflections [17]

ad AT £ Rq
Plural-dir Tré' g:n'a' a—grq ﬁ'(—_n:r
Plural-obl ar ATAT3Y a'g’afr g3

Using inflection based classification system; it was proposed that the classes should be
merged into single class as they will take similar inflections. Similarly, so many classes
for the masculine nouns can be merged based on the inflectional behavior. In the same
way, inflectional behavior of the nouns can be captured using very small set of affixes
and the readjustment rules. All nouns in class display similar inflectional behavior for all

the case-number pairs.



1.3.2 Inflection in Hindi Nouns

Hindi nouns show morphological marking only for the number and case. Number can be
either a singular or a plural and can be represented as binary valued feature [pl].
Singular ([-pl]) is default value for the number which is morphologically unexpressed,
while non-default value [+pl] may be phonologically realized [17]. Casex marking on the

Hindi nouns is of two kinds namely, direct and oblique. Marked nouns (oblique) show

cumulative exponence for the case and the number, e.g., < in o3 (boy-Obl) and < in

TS (kings-Obl) for singular-oblique and plural-oblique, respectively. Gender

(masculine/feminine) is not morphologically marked on the Hindi nouns. However, few

nouns represent both genders, e.g., dost or T (friend). In Hindi, natural sex distinction
in the humans eIS&I-a1sshl (boy-girl), saT-sTd! (baby-boy and baby-girl), in a few
animals ENST-8ar (horse-mare) and some kinship terms GIGl-glar (paternal grandpa
grandma), HATHAT-HATAT (maternal uncle-aunt) are marked using specific stem endings, i.e.,
feminine nouns tend to end in vowel < while masculine nouns tend to end in <T. This is
however not case with other nouns that are assigned genders arbitrarily, e.g., 9Teil
(water) is masculine and #HTelT (garland) is feminine. All nouns thus need to be lexically

specified for gender [17].

1.3.2.1 Feminine Nouns

Table 1.2 shows that Hindi feminine nouns of inflection. Type 1 choose null for all

number-case values. Type 2 nouns take - J7and —Z7 while Type 3 nouns take < and T

for [+pl, -oblique] and [+pl,+oblique] respectively.

10



Table 1.2: Type of Inflections for Hindi Feminine Nouns [17]

Type 1 Type 2 Type 3
Direct Oblique Direct Oblique Direct Oblique
Singular null null Null null null null
Examples 39T, T | 3ET, SO Y, AT G, HAT g, 919 g, 919
Plural null null T Y S oY
Examples | yor, cary | 3T, | A, afear | Afeat, AfEEt | 9, @@ | e, ama

1.3.2.2 Masculine Nouns
Table 1.3 below shows inflection for masculine Hindi nouns. These nouns inflect for

[+pl, -oblique] and [-pl, +oblique] and take either < or null. With [+pl, +oblique] they

take 2 <tor null.

Table 1.3: Types of Inflections for Hindi Masculine Nouns [17]

Type 1 Type 2 Type 3

Direct Oblique Direct Oblique Direct Oblique

Singular null null Null A null null

Examples | syer, caw | Y, SR | oIS, GRT | os%, @ | AEHT, €Y | 3EHT, W)

Plural null null 3 oY null -4y

Examples | gyer o | wrer, WX | os%, A | @, 9T | HGH, BX | S, 'XY

11



1.3.3 Inflectional Classes for Hindi Nouns

Based on inflection types of masculine and feminine nouns, represented in tables earlier,

Hindi nouns are categorized into the five classes: Class A, B, C, D and E. The nouns that

are marked null for all the case-number pairs are put in Class A, which also includes

Type 1 feminine and the Type 1 masculine nouns. The five classes with their inflectional

behavior are shown in Table 1.4 below.

Table 1.4: Inflectional Classes and Suffixes for Hindi Nouns [17]

Class A Class B Class C Class D Class E
Sg-dir null null null null null
Sg-obl null null null N null
Pl-dir null 3 Nr A null
Pl-obl null -t Y [ /¥

Class A: It includes those nouns that can take null for all case-numbered values such
as TIR, Pl &, I, [ASIH, etc. Most of these nouns are abstract nouns or the
uncountable nouns.

Class B: It includes Type 2 feminine nouns that can take - &7 for the features [+pl, -
oblique] and - Z7 for [+pl, +oblique]. These are <Y or -JT ending nouns such as 757,
HeAT etc.

Class C: It includes Type 3 feminine nouns that take < with [+pl] and T with [+pl,
+oblique]. Examples of these nouns include ¥7c7, #Tefl, g, /‘?gfetc.

Class D: It includes Type 2 masculine nouns that ends in <T or -3T (except nouns
borrowed directly from Sanskrit such as 7577, fAqT, ar, &9dr etc.) such as o757,

&737T, &llgTetc. A few kinship terms like ST, &7da7r, #7a7T, &Teil are also a part of

this class.
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Class E: It includes Type 3 masculine nouns that inflect only for features [+pl,

+oblique]. The nouns in the class ends with 3, <, 3, <Y or a consonant. For
example: 31Te], &7E] HTefl, &dl, &R, @d, etc. The <7 ending tatsam masculine nouns

like ¥7577, fAar, aadretc. also belong to this class.
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Chapter 2: Literature Review

2.1 Morphological Analysis

The morphological analysis is the process of providing grammatical information about
the word on the basis of properties of the morpheme it contains [11]. It is an integral part
of larger language processing projects such as text-to-speech synthesis, information

extraction, syllable identification or machine translation.

2.2 Morphological Analyzer

A morphological analyzer is a program for analyzing the morphology of an input word.

The analyzer includes a recognition engine, identifies suffixes and finding a stem within

the input word algorithms [18]. Traditionally, morphological analyzers are composed of

three parts:

e Morpheme lexicon.

e Set of rules governing the spelling and composition of morphologically complex
words.

e Decision algorithm to choose from a set of possible analyses.

Morphological analyzer and morphological generator are two essential and basic tools for

building any language processing application for a natural language [2]. Morphological

analysis means to study the internal structure of the words of a language. A

Morphological analyzer gives the morph analysis of a word i.e. for a given word a

morphological analyzer will return its root word and word class along with other

grammatical information depending upon its word class. Like for nouns it will provide

gender, number, and case information and for verbs it will provide tense, phase etc.

Morphological generator does exactly the reverse of it, i.e. given a root word and

grammatical information it will generate the word form of that root word [1].

Google uses morphological analysis across all its products. Computational linguistic

activities in India are being carried out at many institutions. Morph analyzers in Indian

languages (Telugu, Hindi, Marathi, Kannada and Punjabi) have been developed. These

are freely downloadable. These are developed by Akshara Bharathi Group at Indian
14



Institute of Technology, Kanpur, India and University of Hyderabad, Hyderabad, India.
The morph analyzer for Punjabi language has been developed by Dr. Gurpreet singh
Lehal, Mandeep Singh Gill, Dr. S. S.Joshi, Punjabi University, Patiala [1].

2.3 Need of Morphological Analyzer

The first question that requires to be addressed is why morphological analysis is to be
performed at all. If there had been an exhaustive lexicon which listed all the word forms
of all the roots and along with each word form it listed its features values then clearly
there was no need of a morphological analyzer [4]. Given a word, just look it up in the

lexicon and retrieve its feature values. For example, suppose an exhaustive lexicon for

Hindi contains the entries, given in table 2.1, related to the roots oIS<hT [laDakaa] {boy}
and sh49sT [kapadaa] {cloth}:

Table 2.1: Roots oTS<hT [laDakaa] {boy} and sh4sT [kapadaa] {cloth} in lexicon table [4]

Word Category Root Gender Number Person Case

Form
CECD] Noun CECD) Male Singular Third Direct
CEL Noun AZFT Male Plural Third Direct
CEL Noun AZFT Male Singular Third Oblique
CECD] Noun CECD) Male Plural Third Oblique
ASHUT Noun TSHUT Male Singular Third Any
FYaT Noun FYaT Male Singular Third Direct
IS Noun Fqar Male Plural Third Direct
FUS Noun Fgar Male Singular Third Oblique
Fgat Noun Fgar Male Plural Third Oblique
FISGA Noun FIEYA Male Singular Third Any
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Now, given a word, it can be looked up and its feature values returned. The above
method has several problems. First, it is extremely wasteful of memory space. Every
form of the word is listed which contributes to the large number of entries in such a
lexicon. Even when two roots follow the same rule, the present system stores the same
information redundantly. Second, it does not show relationships among different roots
that have similar word forms. Thus, it fails to represent a linguistic generalization. This is
necessary if the system is to have the capability of understanding (even guessing) an
unknown word. (In fact, human beings routinely deal with word forms they have never
heard before when they know the root and the affixes separately). In the generation
process, the linguistic knowledge can be used if the system needs to coin a new word.
Third, some languages have a rich and productive morphology. The number of word
forms might well be infinite in such a case. Clearly, the above method cannot deal with
such languages.

Morphological analysis with different degrees of sophistication can be carried out.
Most NLP systems use simple linguistic theories for morphological analysis. The scheme
described in this project focuses on the issue of space requirement and also deal with the

time issue partially.

2.4 Work done at various institutes in India

The R & D for morphological analyzers for Indian languages was spearheaded by setting
up of RCILTS (Resource Center for Indian Languages Technology Solutions) by the
Ministry of Communications and Information Technology (MCIT) [19]. The leading
resource centers are 1T Hyderabad, IIT Kanpur, 1T Kharagpur and IIT Mumbai.

e |IIT Hyderabad & IIT Kanpur: Morphological analyzer for Telugu, Hindi, Marathi,
Kannada, Sanskrit and Punjabi languages has been developed by these centers.

e |IT Kharagpur: Morphological analyzer for Bangla language has been created at this
center.

e |IT Mumbai: Work has been done for Konkani language.
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Much work in the area of NLP in India has been carried out is still on at several places

and in several languages. Main centers where the works is carried out are:

¢ National Centre for Software Technology (NCST)

¢ Indian Statistical Institutes (I1SI)

e Thapar Institute of Engineering and Technology

e Utkal University, Anna University

e Chennai, Bhubaneshwar

e A tagged text corpus developed from using the web as source of data in Bengali at
Jadavpur University

o Kolkata and University of Hyderabad,

¢ Indian Institute of Science, (11Sc) Bangalore

e Central Electronics Engineering Research Institute (CEERI), Pilani

e Tata Institute of Fundamental Research, Mumbai

e An analyzer being developed for Manipuri

e IBM, India research lab, Microsoft India, Tata Consultancy Services, HP, HCL and
Webdunia etc.

Work on Sanskrit informatics has been going on at following place

e C-DAC (Pune)

e Special centre for Sanskrit studies, Jawaharlal Nehru University, New Delhi

e Vanashtali Vidyapeeth, Rajasthan

e Rastriya Sanskrit Vidyapeeth Tirupathi

e Lal Bahadur Shastri Rastriya Sanskrit Vidyapeeth, New Delhi.

e Academy of Sanskrit Research, Melkote, Mysore

2.4.1 Morphological Analyzers by Akshara Bharathi Group

Morphological analyzer for Sanskrit, Telugu, Hindi, Marathi, Kannada and Punjabi has
been developed by Akshara Bharathi group at Indian Institute of Technology, Kanpur,
India and University of Hyderabad, Hyderabad, India (funded by Ministry of

Information Technology,
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India) and claim for the 95% coverage for Telugu (for arbitrary text in modern standard

Telugu) and 88% coverage for Hindi [19].

2.5 Developed Morphological Analyzers for Indian Languages

A lot of morphological analyzers have been developed for Indian languages like Hindi,
Punjabi, Sanskrit, Tamil, Telugu, Malayalam, etc. Some of the morphological analyzers
are discussed below:

2.5.1 Morphological Analyzer for Punjabi

The morphological analyzer for Punjabi language has been developed by Dr. Gurpreet
singh Lehal, Mandeep Singh Gill, Dr. S. S.Joshi, Punjabi University, Patiala.

A snapshot of the morph analyzer is shown in figure 2.1 below:

File View Help

Noun

Y37- (Gender: Masculine; Numnber: Singular; Case: Direct)

| YZ- (Gender: Masculine; Number: Singular; Case: Oblique)
(Gender: Masculine; Number: Plural; Case: Direct)

Y 13- {Gender: Masculine; Number: Singular; Case: Vocative)
Y137~ (Gender: Masculine; Number: Plural; Case: Oblique)
Y135- (Gender: Masculine; Number: Plural; Case: Vocative)

Figure 2.1: Punjabi Morph Analyzer
The database used in the software consists of more than 1.72 lakhs Punjabi words,
grouped into 22 word classes such as noun, personal pronoun, reflexive pronoun, verb,
inflected and uninflected adverb, inflected and uninflected adjective, conjunction,

interjection etc. [1].
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The tool displays the list of all possible word forms of all Punjabi root words, along with
their grammatical information. The grammatical information will be different for
different word classes, like for nouns it will contain its gender, number, and case; for
verbs, it will give tense, phase, aspect, etc. The tool can also identify grammatical

attributes of Punjabi words.

Let us give an input word: H3" [mundaa] {boy}

Morphological analysis for this word is:

Noun

0

Root = Ho™

Gender: Masculine
Number: Singular

Case: Direct

2.5.2 Morphological Analyzer for Telugu

It is the rule-based morphological analyzer. In rule based approach, every rule depends
on the previous rule. So if one rule fails, it will affect the entire rule that follows. Figure

2.2 shows the interface of the Telugu morphological analyzer.

MORPHOLOGICAL ANALYZER FOR TELUGU

oUTPFOT

Figure 2.2: Telugu Morphological Analyzer
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In Telugu, each inflected word starts with root and is having so many suffixes that point

to various inflections, indicating tense, number, person and gender, negatives,

imperatives [20]. These suffixes are affixed with each root word to generate word forms.

MORPHOLOGICAL ANALYZER FOR TELUGL

INFUT WORLD

oUTPOT

= HBHeETSS ST ol
= VWEREB o MOTIN
[Amaiyrel J | Clear | | Exit

e

[ ¥

eafis =sROOT=
e =FRP>
Sochs SAXR>
7] =VP=> E
Sosat <AXMR=

7o =PAST _TERNSE=
=" <TPSF>

. <=DOT=

Ll

Figure 2.3: Entering a verb to see its details

When details of verb are needed, it is entered in the textbox and verb option is clicked.

On pressing the ‘Analyze’ button, the details will be shown as in figure 2.3.

MORPHOLOGICAL ANALYZER FOR TELUGU

INPUT WORD

oUTPUT

||E=-|‘.'S’aaa2bt.:. |
o VEREB s O
i Analyzel | | Clear | | Exit

Qutput of Telugu Morphological Analyzer

iiiiiiiiiii

s =RO0OT=
m =UNK=>
Ecibs =PP>

. =DOT=>

Figure 2.4: Entering a noun to see its details
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When details of a noun are needed, it is entered in the textbox and noun option is clicked.

On pressing the ‘Analyze’ button, the details will be shown as in figure 2.4

2.5.3 Morphological Analyzer for Tamil

The Morphological analyzer for Tamil Nouns and Verbs is implemented using Machine
Learning approach. In machine learning approach, rules are learned automatically from
data. An open source tool named SVMTool for Tamil has been used for this [21]. The

morphological analyser fully depends on the automata table in the data file.

[ Machine Learning Based Morphological’Analyzer'

S611p 2 (5 L1ssfl uieV LI(& 1L m 65T
(Tamil Morphological Analyzer )

& M My & 6) & mevor I (15 S T T . © VERB

Output of Tamil Morphological Analyzer

e e e S kT L

se0 <VERB_ROOT>
o1 <VERBAL_PARTICIPLE>

[Morphological analyzed output]

copyright@2010 MHRD-CEN.Amrita University

Figure 2.5: Tamil Morphological Analyzer

Figure 2.5 shows the interface of the Tamil Morphological Analyzer.
2.5.4 Morphological Analyzer for Hindi-I

It is a Rule Based Semi-Supervised Morphological Analyzer for Extending the Range of
Existing System. Supervised Learning of Morphology(SLM) means that they have access

to other sources of knowledge [11]. The SLM approach consists of the available
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stem/affix lists with grammatical

features,

morph tactic rules governing their

concatenation, and orthographic rules that change the shape of word constituents. New

text is searched in existing morph analyzer to determine the grammatical attributes of the

words. Remaining words (could not be categorized in above step) are entered in the new

algorithm to know grammatical information of the words.

EGIEREC AL B L g
A o #A BRET AR
MR HFEFe W]
<[ vl

KNI

Words found in existing Morph Ana...

Words Found in this Syste...

Undecomposed words

Result Statistics

Figure 2.6: Semi-Supervised Hindi Morphological Analyzer

Figure 2.6 shows the interface of the Semi-Supervised Morphological Analyzer for the

Hindi language.

=lo|>
BTRTIT 3 TApers ey 31 Feesn
> et T ST T 3 T e

S B & AT # T a

WA aET e

- D process
AT THETT Flaun fermining ohligue plural
e R THTA FMoun masculine  obligue singular e H H H
AT THTT FMoun masculine  obligue singular * H H .4
FATRT E=in=ncy Maoun masculine  direct singular e ¥ X e
& & Werh ary X plural hE u X H
EerHTaT TETATT a7 1 Foun masculing  obligue plural
Eap=ma FHEFT <f 10 Moun rmasculing  obligue plural X X
EEIEE TATTT of 9 Moun masculine  ohlique plural X X
= o) H 2 MNoun masculine  direct singular k4 *
EETATT FEATT # 10 Moun masculine  direct singular H H
IEEE ] = |
AT g
e 3
T 2 =
ETT 4 |~

na. of input words: 41

no. ofwords found in Hindi rmorph: 19
rermaining words to search in this systerm: 22

na. of words which cud be decompaosed in this system: 8

rermaining undecamposed words after searching inta the systerm: 13

2.5.5 Morphological Analyzer for Hindi-11

* ltis based on the paradigm approach.

» It is developed at Language Technologies Research Centre, I1IT Hyderabad, India.

The morphological analysis helps in the formation of Suffix-Replacement(S-R) rules

for Hindi language [5].

» lttakes 20,000 nouns which are classified in 20 paradigms.

* Nointerface available.
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The system had been designed in Linux version. The Perl language was used to design
the system and encoding was WX which is very uncommon. So, migration from
Linux/Perl Based version to Windows based has been done with Graphical User Interface
using ASP.NET (C# language).

2.6 Morphological Analysis for Hindi

Hindi has grammatical agreement rules that require the verb in a sentence to appear in an

inflectional form that matches the person and number of the subject.
Consider a Hindi word, =131 [sunega] {listen}

Morphological analysis for this word is:

Input word= G717

Category=Verb

Root= Ho7

9

Suffix= 277
Person=3rd person, presence of T
Tense=Future, presence of a7

Gender=Male, presence of </

Root specifies the origin of the word, using which other words can also be formed. In the

above example, origin of the word i.e. root is =T and the suffix 39T is used to create the

word form gﬁ?ﬂ

2.6.1 Morphological Structure of Hindi

In Hindi, Nouns inflect for number and case. To capture their morphological variations,

they can be categorized into various paradigms based on their vowel ending, gender,

number and case information. A paradigm systematically arranges and identifies the

uninflected forms of the words that share similar inflectional patterns. Looking at the

morphological patterns of the words in a paradigm, suffix replacement rules have been
23



developed [11]. These rules help in separating out a valid suffix from an inflected word to

output the correct stem and consequently, get the correct root. For example, e8ehT inflect

for feminine (Gender), direct (Case), singular (Number).
Hindi Adjectives may be inflected or uninflected.
Hindi Verbs inflect for the following grammatical properties (GNPTAM):
1. Gender: Masculine, Feminine, Nonspecific
2. Number: Singular, Plural, Non-specific
3. Person: First, Second, Third
4. Tense: Past, Present, Future
5. Aspect: Perfective, Completive, Frequentative, Habitual, Durative, Inceptive.
6. Modality: Imperative, Probabilitive, Subjunctive, Conditionalic, Abilitive.

The morphemes attached to a verb along with their corresponding analyses help identify

values for GNPTAM features for a given verb form. For example, &3l inflect for

feminine (Gender), singular (Number), future (Tense), 2™ person (Person).

2.6.2 Features of Existing Morph Analyzer

Existing morph analyzer takes 20,000 nouns which are classified in 20 paradigms. It is
developed at Language Technologies Research Centre, IIIT Hyderabad, India. The
morphological analysis helps in the formation of Suffix-Replacement(S-R) rules for
Hindi language [5]. This helps in reducing a lot of ambiguities in the process of

stemming.

For example, take the word =16 [nadii] {river} and #F& el [machhli] {fish}
Root: T¢I

Plural direct form: sifear

Suffix: 34T

Paradigm: =T

Suffix-Replacement: S3T/3
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And,
Root: ATl

Plural direct form: HSeirr

Suffix: 31

Paradigm: HAGel

Suffix-Replacement: $31/3

Therefore, if a word ends with the suffix ST [iiyaan] then the suffix 33T [iiyaan] is

replaced with $ [ii] and matches with the appropriate paradigm. Thus, the analysis using

the paradigms helps in increasing the accuracy by returning only the correct root. The

paradigm analysis is also used by Morphological analyzer to correctly analyze suffixes.

2.6.3 Categorization of Words
Words are categorized into many categories such as adjectives, nouns and verbs. These
categories can be further classified on the basis of gender, number, etc. The classification
of adjective, noun and verb is shown below:
Adjective
Gender
e Masculine (M)
e Feminine (F)
Number
e Singular

e Plural

Noun (N)
Gender

e Masculine (M, e.g. oIS [ladakaa] {boy})

e Feminine (F, e.g. eTgshI[ladakii] {girl})

25



Number
¢ Nouns that always come in the singular form and agree only with the verb
with singular attribute.
¢ Nouns that always come in the plural form and agree only with the verb

with plural attribute.

Vowel Nouns endings:

e For nouns ending with ‘37’[a]

e For nouns ending with '31T" [aa]

e For nouns ending with small S [i]
e For nouns ending with ‘3’ [ii]

e For nouns ending with ‘3’ [00]

Special Nouns endings:

e Nouns ending with ‘311" [a0]
e Nouns ending with <37’[ann]
e Nouns ending with ‘3il’ [a00]

e Nouns ending with ‘SIT’ [iyaa]

Verb
Gender
e Masculine (M, e.g., @TdT [khanaa]{to eat})
e Feminine (F, e.g., §gIIdl T [sahaayaataa karnaa]{to help})
Number

e Singular (e.g. TeldM[chalegaal{e.g. he will go with me.})

e Plural (e.g. TeldT [chalengae]{e.g. we all will go together.})
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Verbs endings:

e For verbs ending with ‘dT’: [deldT [chalataa]{e.g. he walks}]
e For verbs ending with =T "; [&lg=TT[dorhnaa]{e.g. he started running.}]
e For verbs ending with small 'ar ":[@TAT[khaayaa]{ e.g. he ate food.}]

e For verbs ending with ‘sh{’ [FgahY [padhkar]{ e.g. he slept after

studying.}]
e For verbs ending with "3iT" :[87eTT [bhoolaa]{ e.g. he forgot about his

appointment.}]

2.7 Morphological Analysis using Paradigms

The important question is how the paradigms (which are specified for generation) can be
used for analysis. Analysis and generation are the inverse of each other. Human
experts find it easier to specify solution to the generation problem. It is the task of the
computational linguist (one whose primary back ground is in computer science) to solve
the indirect or the inverse problem. Solution of the indirect problem requires some
amount of search. There are other instances of similar inverse problem in other domains.
Humans find it easier to specify solution to one of the problems, call it the direct
problem. For example, how to multiply two integers is a direct problem whose solution is
neatly provided. The indirect problem, namely division, between two integers, requires
some amount of search, using multiplication (the solution to the direct problem). A
moment's thought would reveal that the most commonly used division algorithm for
decimal numbers, actually involves a trial and error (search) at each step, to obtain a
single digit which is part of the answer [4]. Other examples of inverse problem pairs are
tying a knot and untying it, climbing a ladder up and climbing down, differentiation and
integration, encryption and decryption, etc.

Now, outline a method based on search of paradigm tables for doing morphological

analysis. Suppose for example, the word 93T [kapdon] {clothes} is given and are asked
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to find its root and feature values. Assume further that there are only two paradigm tables

for oISrT [ladakaa] {boy} paradigm and HTNT [bhashaa] {language} paradigm.

The first step is to see whether &usl [kapdon] {clothes} occurs as an indeclinable word,

i.e. the word having no inflected form. This check would be performed on a dictionary of
indeclinable words, which should be available separately.

The second step is to check all the entries in all the paradigm tables having the last

character ‘37" in the suffix. There is no such entry.

The third step is to check all the entries in all the tables that have '3iT" as the suffix string.

For each of the entries, add as many characters as shown from the root of the paradigm

table. So, there are two roots sh9sT [kapadaa] {cloth} and sh49s [kapad] respectively.

These can now be checked in the dictionary of roots. The former occurs in the dictionary.

It is now checked whether it has the same paradigm in whose table its suffix has matched.

As the check turns out to be true, sh9sT [kapadaa] {cloth} is identified as the root.
Grammatical features associated with '&9sT [kapadaa] {cloth} in the dictionary of roots
and with suffix ‘31" in the paradigm table together constitute an answer (or a lexical
entry) for &9sl [kapdon] {clothes}. The system continues searching for additional

suffixes such as '31f '8 etc. In case additional answers are found (none in this example)

they would also be returned.

2.8 Motivation behind Migration

Following are the reasons why the migration from Linux/Perl Based version to Windows
based version was done.

* There was no GUI for analyzer.

* Encoding used in the system is WX which is very uncommon.

« It is based on traditional file based system database concept.

« It follows Data Dependence Approach.
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* Even the mapping of devanagri words is different for some characters e.g.

> wtod

> Wtod

is difficult for a layman to operate [5].

* Data Files (.p files, Ca, Ce, root) are very much dependent upon each other’s format.

2.9 Comparison among the models of morphology

There are three principal models of morphology. These are:

e Morpheme-based morphology, which makes use of an Item-and-Arrangement
approach.

e Lexeme-based morphology, which normally makes use of an Item-and- Process
approach.

e Word-based morphology, which normally makes use of a Word-and-Paradigm

approach.

2.9.1 Morpheme-based Morphology
In morpheme-based morphology, word-forms are analyzed as arrangements of

morphemes. A morpheme is defined as the minimal meaningful unit of a language. In a

word like sT9RT [nagaron] {towns}, we say that ZI9X [nagar] {town} is the root, and that

31 [om] is an inflectional morpheme. This way of analyzing word-forms as if they were

made of morphemes put after each other like beads on a string, is called Item-and-
Arrangement [9].

The fundamental idea of morphology is that the words of a language are related to each
other by different kinds of rules. Analyzing words as sequences of morphemes is a way
of describing these relations, but is not the only way. In actual academic linguistics,
morpheme-based morphology certainly has many adherents, but is by no means the

dominant approach.
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2.9.2 Lexeme-based Morphology

Lexeme-based morphology is an Item-and-Process approach. Instead of analyzing a

word-form as a set of morphemes arranged in sequence, a word-form is said to be the

result of applying rules that alter a word-form or stem in order to produce a new one [9].

e An inflectional rule takes a stem, changes it as is required by the rule, and outputs a
word-form.

e A derivational rule takes a stem, changes it as per its own requirements, and outputs a
derived stem.

e A compounding rule takes word-forms, and similarly outputs a compound stem.

2.9.3 Word-based Morphology

Word-based morphology is a Word-and-Paradigm approach. This theory takes paradigms
as a central notion. Instead of stating rules to combine morphemes into word-forms, or to
generate word-forms from stems, word-based morphology states generalizations that hold
between the forms of inflectional paradigms [9]. Words can be categorized based on the
pattern they fit into. This applies both to existing words and to new ones. Application of a
pattern different than the one that has been used historically can give rise to a new word,
such as older replacing elder (where older follows the normal pattern of adjectival

superlatives).
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Chapter 3: Problem Statement

3.1 Objectives

In this thesis, following objectives have been proposed for the development of paradigm

based Hindi morphological analyzer:

1.

To study various morphological analyzers developed or proposed for Indian
languages.

To study the existing algorithms and design a new one to create paradigm based
Hindi morphological analyzer.

To create a tool that will prepare a dictionary of Hindi words.

To analyze various paradigm classes with the help of which, inflection patterns of the
words can be known.

To design a simple and easy to use interface of the morphological analyzer for Hindi

language using paradigm approach.

3.2 Methodology

To achieve the objectives discussed in 3.1, a step by step methodology has been

followed. The detail of this is given below:

1.
2.

Study of various morphological analyzers has been carried out.

Analysis of all the Unicode characters of Hindi language has been carried out for
creating the dictionary.

Dictionary creation tool has been created to get the list of Hindi words.

Analysis of Hindi nouns has been carried out to know about the classes that these
follow.

Algorithm has been designed to create the roots using the word forms list and
paradigm classes.

Interface has been created to perform the morphological analysis using the paradigm

approach.
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Chapter 4: Design and Implementation of

Paradigm Based Hindi Morphological Analyzer

This morphological analyzer is a Stand-alone application designed in ASP.NET platform

with Visual Studio as front end and SQL Server as the back end. This chapter discusses

about the features, architecture, design and implementation of the morphological

analyzer. There are three modules in this: dictionary creation, root table creation and

morphological analysis. The working of the morphological analysis is explained in the

last section of this chapter with all the screenshots.

4.1 Features of developed Morphological Analyzer

The main features of Morphological Analyzer are:

1.

S.

It is developed for Microsoft Windows Operating System using Visual Studio as front
end and SQL Server as back end. Microsoft Visual Studiois an integrated
development environment (IDE) which supports different programming languages
such as C, C++, VB.NET, C#, etc. Language used in the developed morphological
analyzer is C#. Microsoft SQL Server is a relational database management system.

It supports Unicode Format. Unicode is a standard used for the encoding and
representing various languages.

It provides Graphical User Interface which is easy to operate. The controls used in the
application are easily understandable.

There is no complex Programming required. Any programmer can easily understand
the coding used.

It contains a dictionary of around 1 lakh words.

4.2 Architecture of Morphological Analyzer

The system is divided into three modules: tokenization, root table creation and

morphological analysis.
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Input Hindi Tokenizat; Remove
> okenization > Duplicates
Text Tokens
Unique | Tokens
Paradigm
Classes J\
TLexical Morphological Root table
« : Analysis « creation
Details Roots

Figure 4.1: Architecture of the system
First module converts a sentence into word level tokens consisting of words without

punctuation marks and other symbols. It makes the list of words and also removes the
duplicate ones. It takes as input; a text file and gives as output; a file consisting of list of
words. This will be the word form database to be used in the project. Second module is
the creation of a table consisting of roots along with the classes that they follow. The
third module analyzes each word in the input sentence and gives its morphological details
as output.

Figure 4.1 shows the architecture of the Morphological analyzer. First of all, input text is
tokenized by removing the punctuation marks and other symbols and then duplicate
tokens are removed from the output file. These tokens help in the creation of root tables

which further helps in analyzing the morphology of words.

4.3 Database Design

This Morphological Analyzer follows database driven approach. There are two tables
used in the application: root table and paradigm table. Details of tables in database

schema are described on the next page using tables 4.1, 4.2, 4.3, and 4.4.
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e Paradigm table stored all the paradigm classes found during the noun classification.

Table 4.1: Paradigm table schema

Column Mame Data Type
par_narm nchar(10)
sg_dir_count int
sg_dir_nam nchar(10)
sg_cbl_count int
=g_cbl_nam nchar(l10)
pl_dir_count int
pl_dir_nam nchar(ld)
pl_cbl_count int
pl_cbl_nam nchar(ld)

Description of columns:
. par_nam: name of paradigm
. sg_dir_count: numbers of characters to be deleted [direct, singular].
. sg_dir_nam: suffix to be added [direct, singular].

. sg_obl_count: numbers of characters to be deleted [oblique, singular].
. pl_dir_count: numbers of characters to be deleted [direct, plural].

. pl_dir_nam: suffix to be added [direct, plural].

1

2

3

4

5. sg_obl_nam: suffix to be added [oblique, singular].

6

7

8. pl_obl_count: numbers of characters to be deleted [oblique, plural].
9

. pl_obl_nam: suffix to be added [oblique, plural].
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Table 4.2: Paradigm table

par_nam sg_dir count  sg dir nam =g obl count  cq _obl_nam  pl_dir count  pl dir nam pl_obl count  pl_obl_nam
jedins o NULL 0 NULL 0] NULL 0 NULL
sigH 0 MUl 0 MUl 1 e 1 et
AT 0 NULL 0 NULL 0 & 0 4 ]
[G =<1} 0] NULL 1 & 1 3 1 e
3MIcT, o MULL o MNULL o NULL 1 =
Gt 0 NULL 0 NULL 0 NULL 1 i
e Root table stores the information about all the roots.
Table 4.3: Root table schema
Column Name Data Type
root_nam nchar(10]
par_nam nchar(10]

Description of columns:
1. root_nam: name of the root

2. par_nam: name of the paradigm class that root follow
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Table 4.4: Root table

reot_nam par_nam| root_nam  par_nam
T+ = LRl EEE)

= I T T

CE=1) Erl AT FIEH
CE=) T = =

=it A E=il EEE

T I = s

T T gF =

4.4 Dictionary Generation Tool

It helps to create a database for this project. Around 1 lakh words have been created using
this module which will act as a database for the morphological analyzer. Input to this
module is a large Hindi text.

Figure 4.2 shows the flowchart that depicts the working of the module.
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Eemowve duplicate
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Figure 4.2: Flowchart of dictionary generation
In this, input is passed as a file containing Hindi strings. This file is tokenized and all the
punctuation marks and other symbols are removed. The generated tokens are appended
into the output file. Then, the duplicate tokens are removed from the output file by
creating a hashset. A hashset holds a set of objects and helps in easily determine whether
an object is present in the set or not. It does this by internally managing an array of words

and storing the objects by assigning an index to them; which is calculated using the
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hashcode of the object [13]. This results in the collection of unique words. The words are
stored in the output file. In this way, dictionary generation tool works.
Figure 4.3 shows the screenshot of the application program. In this, the input text is given

as a file and also the location of the output file is specified.

CReaTE DICTIONARY

INPUT FILE : | Choose File | No file chosen
QUTPUT FILE : | Choose File | Mo file chosen

Figure 4.3: Snapshot of first screen of the tool

CReATE DICTIONARY

INPUT FILE : | Choose File | A.TXT
QUTPUT FILE : | Choose File | new? txt

Figure 4.4: Snapshot of the tool after specifying file names

File paths are entered as shown in figure 4.4.
In this, the input file is A.TXT which contains a collection of sentences shown on the

next page:
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TEoal HLhI{ & S—adcEy HTEHITEl «F T=ScH & =48
Hd @& OE &fr ATAHET o 857 Ig T el & Jgeng
3T ATHET S e oA 9 el 85l 5| 998
ag & & el o F5eng AT aTaT &l gl =918l &
Fafth INTAaraEls & ATHel & gl o TSl 37T arel
IeT @50 SOIaT &1 @il fier s 9T ¢ & @co
8= &l H &l & oiT ATasT & Ghea ganer &
oo dar &1 =12 =3 [iE 7 war oar & & 3
=fEoT fgeel A "Sohl 94 alg«l &l {adAdd #7497 55 &,
aT SEET U Far a9ig USIH o JIE9ng T ATEL # &r
TET MYcaTiEa warter i &

Figure 4.5: Input file (A.TXT)

By pressing the create button, a text file (middle file) is created which contains all the

hindi words in the input text as shown in figure 4.6:

feeell & LECIES TG RIS
HLHITL frare T g SATET

& & HIAHT 3 -3
I=OUSE  FATARAET A5 o cGIED
MTEeRIfaT 2o MEL feeelr  EmiEAmEE
ol 3y afSarEE & ¥
T=cH g =3 S HATHG

&+ 3T FEl ATt =)

=231 el dgal aTeil agi

Ha E2 3 &hr o

Figure 4.6: Middle file
The middle file shown in figure 4.6 contains duplicate words too. Final output of

dictionary generation tool is produced by removing the duplicates from the middle file.
The final file contains the unique tokens of input file.

Figure 4.7 shows the output file containing the tokens generated from the input file.
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e

doc
& & MET IS s
I=d9cEd  gU MGG F9igl "@lgdl
HEwI=Er ag o ateh  Fer
o 1 G HATHet 115
Py f=Tor ) HET dgal # gL
=H o = agl ftrer
&hr 3T B GIE] areT

Figure 4.7: Output file (newl.txt)

This file contains all the unique hindi words from A.TXT file.

4.5 Root table creation
It helps to create the root tables for the morphological analyzer. These tables are created
with the help of word form list created in the previous module and the inflectional rules.

Using these tables, we get a list of roots along with their paradigm name that they follow.

For example, sh9sT follow the efSehl paradigm which means @&49sl has the same

inflectional rules as efs<hl. Once we get root tables, the morphological analyzer becomes

very easy and fast.

Algorithm 4.1 show the steps required for root table creation.

In this, input is passed as a file containing Hindi tokens. For each token, the suffix is
calculated with length of suffix ranging from 0 to the maximum length of the word. This
suffix is matched with each of the suffixes of all the paradigm classes. Whenever a match
is found with the suffix of a class, a new root is created using it. Using this root and all
the four suffixes of the class, four words are created. Now, if all these words exist in the
word form list, then entry in the root table is made specifying the new root with its

paradigm class.
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Algorithm 4.1: Algorithm for creating root table

1. For each word w in word form list do

10.
11.
12,
13.
14.
15.
16.
17.
18.

Fori€ {0....w.len } do
Take suffix s of w having length i
For each paradigm class p do
For every match of s with x; x € { four suffixes of p } do
set t := no. of characters to be deleted from p before adding x to it to
make a new word
set new_root := w — suffix x + suffix of p having length t
For each y of the four suffixes of p with u being the corresponding no.
of characters to be deleted, do
set new_word:=new_root-suffix of new_root of length u+suffix y
if new_word ¢ word form list
goto step 8
END IF
END FOR
Make entry in the root table that new_root follows paradigm p
END FOR
END FOR
END FOR
END FOR

Figure 4.8 shows the list of roots with their paradigm names.

Like as shown, &4sT follows the efSehl paradigm. It means &49sT will have the same

inflectional rules as the word eTSehT.
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root_nam par_nam| root_nam  par_nam

Frasgagaga
CRERERE N DRI I

BTEEEEEREEERE
g8 48§49 34 49

Figure 4.8: The root table

4.6 Morphological Analysis

It gives us the morphological details of the words in the sentence entered by the user. It
takes one word at a time and check which paradigm class it follow. Accordingly, it gives
the lexical details as an output using the paradigm class.

Algorithm 4.2 shows the algorithm used for this purpose.

First of all, take an empty set L in which we will enter all the morphological details of the
input word w. Now put the suffix of w in s of length 0,1,2,..... up to the length of w.

Search this ‘s’ in every entry ‘b’ of the paradigm table P.
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Algorithm 4.2: Algorithm for morphological analysis [4]

1. L: = empty set
2. for i: =0 to length of w do
3. lets =suffix of length lin w
for each paradigm table P
for each entry b (consisting of a pair) in P do
if s=suffix in entry b then
r = root of paradigm table P

J = number of characters to be deleted as shown in b

© 0o N o a &

Proposed-root= (w-suffix s) + suffix of r consisting of j characters

10. If (proposed-root is in DR) and (the root has paradigm P)

11. Then construct a lexical entry | by combining (a) features given
in DR with the proposed-root, and (b) features associated with e.

12, Add | to set L.

13. END IF

14, END IF

15.  END for everyentrybin P

16. END for every paradigm

17. END FOR

Whenever a match is found, fetch the root of that paradigm table as r. Find the proposed
root by removing the suffix s from w and adding the suffix of r of same length as s. If this
proposed root is found in the dictionary of roots then enter the entry in the set L by
combining the features of w with its corresponding paradigm table. Perform these steps

for every suffix of w with each paradigm table.
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Figure 4.9 shows the flowchart of the whole system.

Start

Input ¥

Hindi Text Classifv Nouns

Tokenize Input Text

L 4

Paradigm
v Classes

Feemove Duplicate

words

Word Form [List

X Root table

creation

h J

MOEREPHOLOGICAL ANALYSIS

Input Word Output Lexical
Deetails

Figure 4.9: Flowchart of the whole system
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Whenever the application is started, the window shown in figure 4.10 appears which

contains the text area, where user can enter the input text for morphological analysis.

-

[ o' -VR Morphological Analyzer- =aRc X
0 COMPUTER 5CIENCE AND ENGINEERING DEPARTMENT
THAPAR UNIVERSITY
PATTALA

T 3

Figure 4.10: Paradigm based Hindi Morphological Analyzer

Figure 4.10 shows the interface of the morphological analyzer developed. It contains a
textbox for giving a sentence to know the morphological details of each word in the
sentence. There is a button which is used to start the morphological analysis process.
When we press this button, the algorithm 4.2 gets implemented on the input text entered

in textbox. Finally, we get the output in the lower pink-colored area.
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2 et soyee S i

COMPTUTER SCIENCE AND ENGINEERING DEPARTMENT
THAPAR UNIVERSITY
PATTAT.A

Figure 4.11: Entering the input in the developed Morphological Analyzer

,
T e T e

COMPTTER SCIENCE AND ENGINEERTNG DEPARTMENT
THAPAR UNIVERSITY
PATTAT.A

root=7Faw. humber=Plural,Direct: T=as

Figure 4.12: Lexical details produced on entering input

When user enters El}?lé? as shown in figure 4.11; output is displayed showing that it is a

plural and direct form of 9& as shown in figure 4.12. In this way, the morphological

analyzer works.
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Chapter 5: Testing and results

The system is divided into three modules: dictionary creation, root table creation and

morphological analysis. The testing was performed at every module individually.
5.1 Dictionary creation

Around 1 lakh words were generated from the dictionary creation tool and around 98,000
words were found to be valid. That means system is 98% correct. The 2% invalid words
is the result of some wrong entries in the text taken from various newspaper websites,

magazines etc. Figure 5.1 illustrates this data.

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%

0% ——— —

Valid words Invalid words

Figure 5.1: Testing of dictionary creation tool

The output of the module is the list of words which is known as word forms list.
5.2 Root table creation

Based on word forms list and the paradigm classes, 170 roots were found whose

distribution is shown on the next page:
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Roots

H Nouns

m Verbs

= Adjectives
= Pronouns
B Invalid

Figure 5.2: Distribution of the roots

Figure 5.2 shows a pie-chart which explains the distribution of the roots. It shows 18%

roots are the nouns that are of our interest.
5.3 Morphological Analysis

Since the paradigm classes have been created for nouns only, the output corresponding to
the nouns is considered to be correct. Based on this, probability of this module can be
decided on the following points:

1. If a noun is entered, then it will give result if its root is in the roots table and will show

nothing if the root is not in roots table.

2. Only case in which the system might give wrong output is when all the forms of input

word are not there in the word form list.
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Chapter 6: Conclusion and Future Scope

6.1 Conclusion

The morphological analyzer has been developed for Hindi language using the paradigm
approach. A user friendly interface has been created for this purpose. It stores all the
commonly used word forms for all Hindi root words in its database. This paradigm
approach discussed in the thesis prefers time to memory. Non-paradigm approaches takes
less memory space but greater time. These days, memory space is not a problem neither
in terms of cost nor in terms of storage requirements. So, paradigm approach will work
well. The search time based on the paradigm approach is very less. Another advantage of

paradigm approach is that the user will always get the accurate results.

6.2 Future Scope

This system can be proved as an important tool for NLP applications.

e Word forms list needs to be extended in order to increase the database. This will also result in
increase in the number of roots in the root table.

e Based on the approach discussed in the thesis, same approach can be followed to create the
paradigm classes for Hindi adjectives, pronouns and verbs.

e Once all the paradigm classes are formed, the full morphological analyzer for Hindi language
can be developed.
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