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Abstract

The Internet today has to face the complexity of dealing with multilinguality. 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.

Morphological analyzer is an essential and basic tool for building any language
processing application for a natural language. There are two main approaches of

learning the morphology i.e. Supervised and Unsupervised.

The existing morph analyzer, freely downloadable at http://www.iiit.net/ltrc/morph/,

has a coverage of around 50%. The thesis focuses on how strength of existing morph
analyzer can be improved by merging it with a semi-supervised approach for learning
of Morphology. In the process of working towards morphological analysis for Hindi
language, we have referred the algorithm implemented by Utpal Sharma, Jugal Kalita
and Rajib Das in their paper ‘Unsupervised learning of Morphology for Building
Lexicon for a Highly Inflectional language’ in our system and merged it with the
existing morph analyzer in order to increase the strength of existing morph analyzer.
Further, we tested our system on some new text files and discussed the consequences
of algorithm implemented by which the coverage of existing morph analyzer is
improved. System has around 20% more coverage than the existing system. The
coverage of the system can further be improved with the help of implementing the

system on new text files and algorithm being performed in iterative manner.


http://www.iiit.net/ltrc/morph/
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Chapter 1
A Brief Review of Morphology

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 a 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.

In every language in the world, whether it be written, spoken or signed, morphology
is fundamentally involved in both the production of language, as well as its
understanding. Morphology is what makes a painter someone who paints, what makes
inedible something that is not edible, what makes dogs more than a single dog, and

why he jumps but they jump.

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 [12].

1.1 History of Morphology

The term morphology comes from classical Greek (morphe) and means the study of
shape or form [16]. It is concerned with structure and arrangement of parts of an
object, and how these "conform" to create a whole object. The "objects" in question
can be physical objects (e.g. an organism, an anatomy or an ecology) or mental

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

1.1.1 Morphology in Linguistics



Morphology is the field of linguistics that studies 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. For
example, Hindi speakers recognize that the words @9, s9RT and & OO OO0 are

closely related. Hindi speakers recognize these relations from their tacit knowledge of

the rules of word-formation in Hindi. They intuit that F9R is to sTIRT as UF is to TAT;

similarly, 9 is to FTIRATHT as HRA is to (10T .

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.

1.2 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 79 and 9T are "the same

word," is called lexeme.

The second sense ,where 19 and =@ 000000 refer to two different kinds of entities,

is called word-form.

1.3 Inflection vs. Word-Formation

Given the notion of a lexeme, it is possible to distinguish two kinds of morphological
rules. Some morphological rules relate different forms of the same lexeme; while
other rules relate two different lexemes. Rules of the first kind are called inflectional

rules, while those of the second kind are called word-formation. The Hindi plural, as
illustrated by @9R and #9RT, is an inflectional rule; compounds like @ 000000 or
000000 provide an example of a word-formation rule. Informally, word-formation

rules form "new words" (that is, new lexemes), while inflection rules yield variant

forms of the "same" word (lexeme).



There is a further distinction between two kinds of word-formation: derivation and
compounding. Compounding is a process of word-formation that involves combining

complete word-forms into a single compound form; @ [1(J[I[I[1[] is therefore a

compound, because both &9 and (111171 are complete word-forms in their own right

before the compounding process has been applied, and are subsequently treated as one
form. Derivation involves affixing bound (non-independent) forms to existing

lexemes, whereby the addition of the affix derives a new lexeme. One example of

derivation is clear in this case: the word OO0 is derived from the word

000000 by prefixing it with the derivational prefix 37 -, while D000 itself is

derived from the verb 010 .

1.4 Paradigms and Morphosyntax

A paradigm is the complete set of related word-forms associated with a given
lexeme. The familiar examples of paradigms are the conjugations of verbs, and the
declensions 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 (1st., 2nd., 3rd.), number (singular vs. plural), gender

(masculine, feminine, neuter), and case (subjective, objective, and possessive).

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 @R and @9, because the choice between these two forms

determines which form of the verb is to be used. In contrast, however, no syntactic

rule of Hindi cares about the difference between e9R and @ DO 000, or DO 0000

and 0000000, The first two are just nouns, and the second two just adjectives, and

they generally behave like any other noun or adjective behaves.
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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. The part of morphology that covers the
relationship between syntax and morphology is called Morphosyntax, and it concerns

itself with inflection and paradigms, but not with word-formation or compounding.
1.5 Need to study the Morphology of a Language

Following are some reasons which tell why it is necessary to study the morphology of

a language.

e The Internet today has to face the complexity of dealing with multilinguality.
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 [13]. 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 harnessable, then lack of training corpora is not unbearable.

® Qur 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.

e 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.

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

indexing engines for their process.

11



1.6 Three Kinds of Morphology

There are three kinds of morphology. These are:

Concatenative Morphology — Words are composed of a number of
morphemes concatenated together; morphemes include stem plus prefixes and
suffixes [11]. For example, (1(1(1(11[] is composed of [1(], @ and [1[].
Non-concatenative Morphology — In this type, morphemes are combined in
more complex ways. For example, (10101010101(1 is composed of [111(][] and
oo,

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.

1.7 Models of Morphology

There are three principal approaches to morphology, which each try to capture the

distinctions 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.

1.7.1 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 (01101000, we say that the morphemes are 37, [1[1[1[], @ and

[101; 11010000 1s the root and the other morphemes are, in this case, derivational affixes.

In a word like FIRI, we say that eT9¥ is the root, and that (1] 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.

12



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.
1.7.2 Lexeme-based Morphology

Lexeme-based morphology is (usually) 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.

* 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.
1.7.3 Word-based Morphology

Word-based morphology is a (usually) 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.

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) and cows replacing

kine (where cows fits the regular pattern of plural formation).

1.8 Morphological Analyzer
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A morphological analyzer is a program for analyzing the morphology of an input
word, the analyzer including a recognition engine, identifying suffixes and finding a

stem within the input word algorithms.

Morphological analysis is an integral part of larger language processing projects such
as text-to-speech synthesis, information extraction, syllable identification or machine

translation [8]. Traditionally, morphological analyzers are composed of three parts:

» a morpheme lexicon.
» a set of rules governing the spelling and composition of morphologically
complex words.

» and a 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[7].
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 efc. 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.

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, Punjabi) have been developed.
These are freely downloadable [5]. These are developed by Akshara Bharathi Group
at Indian 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 [4]. A snapshot of the morph analyzer is as follows:

14



Know all word forms - Punjabi Morphological Analyzer it Generator

Fil= Wiew Help

HE1- (Gender: Masculine; Mumber: Singular; Case: Direct)
?1'—-37 (Sender: Masculine; Mumber: Singular; CTase: Obligue)
{Sender: Masculine; Mumber: Plural; Case: Direct)

H—‘FEVAT— (Sender: Masculine; Mumber: Singular; CTase: Yocative)
Y=~ (Gender: Masculine; Murmmber: Flural; Case: Oblique)
HT=5- (Gender: Masculine; Mumber: Plural; Case: Yocative)

Figure 1.1: Punjabi Morph Analyzer

The database used in the software consists of more than 1.72 lakh 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.

The morphological analysis is the process of providing grammatical information

about the word on the basis of properties of the morpheme it contains [8].

Let us take an example for an English word: stayed. Morphological analysis will be as

follows:

Input word=stayed

Category=Verb

Root=Stay

Suffix=-ed

Tense=past, presence of —ed

15



Now, let us consider a Hindi word, '{ETIT Morphological analysis for this word is:

Input word= ﬁﬁ'ﬂT

Category=Verb

Root= g

Suffix= <91

d A
Person=3"" person, presence of

Tense=Future, presence of a7

Gender=Male, presence of 3T

In the above manner, the words are categorized and the grammatical attributes are
stored in the database. Our thesis works on the basis of the word and paradigm based
model of Morphology. The existing morph analyzer has a coverage of around 50%
which means if a new chunk of text is given as input to existing morph analyzer,
around 50% of the words are categorized and it returns the grammatical information
of those words. Unsupervised learning approach is merged with the rule based
approach in order to extend the coverage of existing morph analyzer. The system
takes remaining undecomposed words and grammatical information of some new
words is retrieved. New words which are decomposed by this system are stored in the
new database and their grammatical information is stored. In this way, some new
words are stored and the coverage is extended. This system is able to extend the
coverage by around 20%. Therefore, the thesis work is an edge over the existing

system.
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Chapter 2
Morphology Learning Approaches

The first part of the thesis contains a comprehensive survey of work done on the

different morphological learning approaches. All the minor and major lines of work

are mentioned with a reference and a very brief characterization. Different approaches

that have been prevalent in the field as a whole are highlighted and critically

discussed. The general picture resulting from the survey is that much work has been

repeated over and over, with little exchange and evolution of techniques.

2.1 Approaches for Learning of Morphology

There are three main types of learning morphological grammars.

Supervised Learning of Morphology, which means that they have access to
other sources of knowledge [12]. Supervised learning of morphological rules
is based on the annotated data as the alignment of orthographic words with
their morpheme representations (for example, the morpheme representation
box”s is aligned with orthographic word boxes where s and es represent the
plural noun suffix). In order to apply supervised learning methods, the data
should further be extended with information about inflectional classes and
features (part-of-speech tags), thus making the output of the training
mechanism compatible with the input for morphological analyzers.

Unsupervised Learning of Morphology, which means they can only learn
from the data they are executed on [12]. The advantage of unsupervised
morphological learning is that it requires only the set of orthographic words
(completely “raw data”) without any stem/affix lists or grammatical
annotation. However, most of the unsupervised methods put restrictions on the
number of morphemes per word, on rule complexity efc. The goal of these
methods is merely splitting a word into stem and suffix without the capability
of assigning any grammatical information. A number of unsupervised learning
techniques have been applied: genetic algorithms, a minimal description
length approach based on spelling of words and the set of suffixes that appear

with each stem, and the quasi-roots algorithm.

17



e There is another approach that can be classified in between supervised and
unsupervised learning where the input for training are the following pairs of
words: word in its basic form and word in its grammatical form. Several
Inductive Logic Programming (ILP) techniques as well as statistical
approaches were applied in the framework of this learning approach. This
approach can be considered as a compromise between the quality of the

obtained rules and the amount of effort required to produce the training set.
2.2 Supervised Learning of Morphology (SLM)

The SLM approach consists of the available stem/affix lists with grammatical
features, morphotactic rules governing their concatenation, and orthographic rules that

change the shape of word constituents
2.2.1 Advantages of SLM Approach
Supervised learning of morphology has following advantages:

» Building the rule database for morphological analyzers by hand (stem/affix
lists, morphotactic and orthographic rules) is extremely time consuming and
can take several years for a single language.

» Automated techniques for generating morphological rules for morphological
analysis can lead to great savings in time and resources for the languages of

interest.
2.2.2 Algorithms for Supervised Learning of Morphology

Several algorithms for SLM approach have been developed. Some of the approaches

are described in the following section.

e Hyphenation System for SLM

The task of hyphenation is to find the positions at which a hyphen may be inserted in
a word. In some languages these positions are purely phonologically determined while

in others the morphological structure of a word is used.

18



» Word Lists

The simplest hyphenation method is to use a word list with hyphens derived from
a dictionary. While this method will introduce only valid hyphenation points for

known words it will also only cover those words that are in the dictionary.

> Rule-based Hyphenation

Primary hyphenation points are introduced between compound word boundaries.
Secondary points are inserted after prefixes. The remaining parts of a word are

hyphenated according to phonological principles.

¢ The Probabilistic Paradigm

The probabilistic paradigm model consists of three matrices: the data matrix D, the
morphological probabilities matrix M, and the lexical probabilities matrix L. Let m be

the number of stems, n the number of stems, and p the number of paradigms [2].

The D matrix encodes the joint distribution of lexical and morphological information
in a corpus. It is of size m x n, and each cell contains the frequency of the word
formed by concatenating the appropriate stem and suffix. The M matrix is of size m x
p, and each column contains the conditional probabilities of each suffix given a

paradigm.

The L matrix is of size p x n, and contains the conditional probabilities of each
paradigm given a stem. Each suffix should belong to exactly one paradigm, and the
suffixes of a particular paradigm should be conditionally independent. Each column
of the M matrix defines a canonical paradigm, a set of suffixes that attach to stems
associated with that paradigm. A lexical paradigm is the full set of word forms for a
particular stem, and is an instantiation of the canonical paradigm for a particular stem.
The probabilistic paradigm is not well developed as the usual notion of "paradigm" in
linguistics. First, the system employs no labels such as "noun", "plural", "past", efc.

Second, probabilistic paradigms have only a top-level categorization; induced “verb”

paradigms, for example, are not substructured into different tenses or conjugation.
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e Stochastic Transducers

Stochastic transducers is another technique for the supervised learning of
morphology. Stochastic transducers are trained using the Expectation-Maximization
(EM) algorithm [1]. A particular strength is their ability to model both general rules
and specific exceptions in a single framework. It is possible to apply the EM
algorithm to learn the parameters of stochastic transducers. This approach could be
used to learn morphology by starting with a randomly initialized model and using the
EM algorithm to find a local maximum of the joint probabilities over the pairs of

inflected and uninflected words.
2.3 Unsupervised Learning of Morphology (ULM)

Unsupervised Learning of Morphology (ULM) can be referred as “Given a large
collection of written text in a given natural language, can a computer, without any
explicit knowledge about the language, extract a description of how words are

conjugated in that language [12]? “
2.3.1 Advantages of Unsupervised Learning of Morphology
Unsupervised learning of morphology has following advantages:

e The final suffix of a word is typically the strongest single indicator of its
syntactic category.

e Analysis of a word into a stem 7 plus suffix F allows us (given our knowledge
that the suffix F is a stronger indicator of category than the stem 7) to collapse
many distinct stems into a single cover symbol for purposes of analysis,
simplifying our task [18].

e Unsupervised learning constitutes a (partial) linguistic theory, producing a

completely explicit relationship between data and analysis of that data.

2.3.2 ULM Applications

Unsupervised learning of grammar is a problem that can be important in many areas
ranging from text preprocessing for information retrieval and classification to

machine translation [18].
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Unsupervised Learning of Morphology has a wide variety of Language Technology
applications, including Machine Translation, Document Categorization and
Information Retrieval. The ULM problem is also relevant for linguistic theory, and
can serve to boost empirical investigations in subfields as Quantitative Linguistics and

Linguistic Typology [3]

2.3.3 Algorithms for Unsupervised Learning of Morphology

During the last decade several minimally unsupervised algorithms that address the
problem have been developed [9]. These algorithms are explained in following

section.

e Hub Automaton Technique

It describes a simple unsupervised technique for learning morphology by identifying
hubs in an automaton. In this, a hub is a node in a graph with in-degree greater than
one and out-degree greater than one. It creates a word-trie, transform it into a minimal
DFA, then identifies hubs. Those hubs mark the boundary between root and suffix,

achieving similar performance to more complex mixtures of techniques [6].

To recognize a morpheme boundary, for example between a root and a suffix, a
learner must have seen at least two roots with that suffix and at least two suffixes with
that root. For instance, 'helpful’, 'helpless’, 'harmful’, and 'harmless’ would be enough
evidence to guess that those words could be divided as 'help/ful', 'help/less', 'harm/ful’,
and 'harm/less'. Without seeing varying roots and varying suffixes, there is no reason

to prefer one division to another.

The simplest way to build a graph from a raw corpus of words is to construct a trie. A
trie is a tree representation of the distinct words with a character label on each branch.
The trie can be transformed into a minimal, acyclic DFA (Deterministic Finite
Automaton), sharing nodes that have identical continuations. For example, suppose
that, in a given corpus, the prefix ‘friend” occurs only with the suffixes ‘NULL’, ‘s’,
and ‘ly’ and the word ‘kind’ occurs only with the same suffixes. The minimal DFA
has merged the nodes that represent those suffixes, and as a result has fewer links and

fewer nodes than the original trie. In this DFA, some hubs will be obvious, such as for
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the previous example. These are morpheme boundaries. There will be other nodes that
are not obvious hubs. Some may have high out-degree but an in-degree of one; others
will have high in-degree but an out-degree of one. Other candidate hubs are those
nodes with high out-degree that are direct descendants, along a single path, of a node
with high in-degree. In essence, these are stretched hubs. Figure 2.1 shows an

idealized view of a hub and a stretched hub.

U<

A0

Figure 2.1: An idealized view of a hub and a stretched hub.

The lines are links in the automaton and each would be labeled with a character. The
ovals are nodes and are only branching points.

In a minimized DFA of the words in a corpus, we can identify hubs and the last node
in stretched hubs as morpheme boundaries. The above-mentioned technique for hub
searching misses boundaries if a particular signature only appears once in a corpus.
For instance, the signature for ‘help’ might be ‘ed’, ‘s’, ‘less’, ‘lessly’, and NULL,;
and suppose there is no other word in the corpus with the same signature. The

morpheme boundaries ‘help-less’ and ‘help-ed’ will not be found.

e  Whole Word Morphology

Whole word morphology is capable on the one hand of identifying morphological
relations within a list of words from any one of a wide variety of languages and, on
the other, of putting that knowledge to use in creating previously unseen word forms

[15].

This approach is set against the literature on computational morphology as an entirely
different way of doing things which has the potential to be generalized to all known
varieties of morphology in the world’s languages, a feature not shared by previous

methods.
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Whole Word Morphologizer (WWM) is the first implementation of the theory of
Whole Word Morphology. The theory seeks to account for morphological relations in
a minimalist fashion. The central mechanism of the theory, the Word Formation
Strategy (WFS), is a sort of non-decomposable morphological transformation that
relates full words with full words (or helps one fashion a full word from another full

word) and parses any complex word into a variable and a non-variable component.

e Morfessor

This method discovers the likely locations of the morpheme boundaries in words of
any language. The method proposed, called Morfessor, learns a simple model of
concatenative morphology (word forming) in an unsupervised manner from plain text
[15]. Morfessor is formulated as a Bayesian, probabilistic model. That is, it does not
rely on predefined grammatical rules of the language, but makes use of statistical

properties of the input text.

Morfessor situates itself between two types of existing unsupervised methods:
morphology learning vs. word segmentation algorithms. In contrast to existing
morphology learning algorithms, Morfessor can handle words consisting of a varying
and possibly high number of morphemes. This is a requirement for coping with
highly-inflecting and compounding languages, such as Finnish. In contrast to existing
word segmentation methods, Morfessor learns a simple grammar that takes into
account sequential dependencies, which improves the quality of the proposed

segmentations.

Morfessor is evaluated in two complementary ways in this work: directly by
comparing to linguistic reference morpheme segmentations of Finnish and English
words and indirectly as a component of a large vocabulary Finnish speech recognition

system. In both cases, Morfessor is shown to outperform state-of-the-art solutions.
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Much work has been done in the area of unsupervised learning of morphology. A

table showing the studies and what is learnt from these studies is given as follows:

Model  Supervision  Experimentation Learns what?

Harris (1955)+ C T English Analysis

Andreev (1065)* c T E-type (T) Unclear

Gammon (1969) C T E-type Analysis

Lehmann (1973) c T German Analysis

Hafer and Weiss (1974) c T English Analysis

de Kock and Bossaert (1978)+ C T French/Spanish Analysis

Klenk (1992)+ C T E-type Analysis

Wothke and Schmidt (1992)+ C T German Analysis

Klenlk {1994) NC T Arabic + E-type Analysis

Langer (1901) C T German Analysis

Flenner (1905)+ c T Spanish Analysis

Brent et al. (1995) C T English Analysis

Dzeroski and Erjavec (2000)+ c T Slovene Analysis

Kazakov and Manandhar (2001)+ C T French/English Transducer

Gaussier (1999) c T+ AP English (T Paradigms

Lepage (1998) NC AP Chinese to Arabic New ward

Goldsmith (2006)+ C T E-type (I) Paradigms+Lexicon

Baroni (2003)+ C T E-type Analysis

Clark (2001b)+ NC # states German,/ Arabic/English Transducer

Déjean {1998a)+ C T E-type Analysis

Schone (2001)+ C T E-type Related pairs of words

Neuvel and Fulop (2002) c T E-type (I) Related pairs of words

Jacquernin (1997) C T E-type Related pairs of words

Sharma et al. (2002) c T Assamese Paradigms+lexicon

Baroni et al. (2002) NC T English/German () Ranked list of related word
pairs

Creutz (2006)+ C T Finnish/Turkish/English Analysis

Kontorovich et al. (2003) C T English Analysis

Snover and Brent (2003)+ c T English/Polish Related pairs of words

Johnson and Martin (2003) C T Inuktitut Unclear

Wicentowski (2004)+ NC AP 30-ish E-type Transducers

Gelbukh et al. (2004)+ C T E-type Analysis

(avar ef al. {2004)+ c T Unclear Paradigms

Argamon et al. (2004) C T English Analysis

Goldsrnith et al. (2006)+ NC T Unclear Unelear

Bacchin et al. (2005)+ C T E-type Stemming

Oliver (2004, Ch. 4-5) c T Catalan Paradigms

Bordag (2005) c T English/German Analysis

Hathout {2005) c AP English/French Analysis

Kurimo et al. {2005)* c T Finnish/Turkish/English Analysis

Medina-Urrea {2006)+ C T Chuj/Raldmuri/Spanish Analysis

Hammarstrom (2006b)+ c - Maori to Warlpiri Same-stem

Arabsorkhi and Shamsfard (2006) C T Persian Analysis

Monson et al. {2007) c T English/German Paradigms+ Lexicon

Demberg (2007) NC T E-type Analysis

Dasgupta and Ng (2007) C T Finnish/Turkish/English Analysis

Bernhard (2006)+ c T Finnish/Turkish/English Analysis+Related sets of
wards

Xanthes (2007)+ NC T Arabic Paradigms+Lexicon

Table 2.1: Very brief roadmap of earlier studies [3]

Abbreviations used in the Table:

C = Concatenative, NC = Also non-concatenative, T = Thresholds and Parameters to
be set by a human, AP = Aligned pairs of words, E-type = European Indo-European
type languages, I = Impressionistic evaluation. * = this citation covers work by
several different authors. + = entry also covers earlier work by the same author(s).
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2.4 Comparison among Different Approaches

When morphological training data is available, the supervised methods are able to

produce highly accurate lemmatization of inflections to their respective roots.

When training data is not available, the unsupervised similarity methods are capable
of producing noisy alignments which can be used to bootstrap parameters of the
supervised methods. Together, the supervised and unsupervised learners can be
iteratively retrained to create models of lemmatization which can outperform the

supervised methods trained on clean training exemplars for some sets of languages.

A morph analyzer has been developed by Akshara Bharathi Group at Indian Institute
of Technology, Kanpur, India and University of Hyderabad, Hyderabad, India [5].
This analyzer follows the supervised approach for learning the morphology. And an
algorithm based on unsupervised learning approach has been developed by Utpal
Sharma, Jugal Kalita and Rajib Das [17]. We learnt after this thesis that if these two
approaches are combined then the resulting system has a more coverage than the two

individual approaches.
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Chapter 3
Morphological Analysis for Hindi

3.1 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 developed. 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, (11111 inflect for feminine (Gender), direct (Case), singular

(Number).

Hindi Adjectives may be inflected or uninflected, e.g.

‘oooo, toooon, foooooonn, fona0n” ete. do not inflect.

Hindi Verbs inflect for the following grammatical properties (GNPTAM):

1. Gender: Masculine, Feminine, Nonspecific

2. Number: Singular, Plural, Non-specific

3. Person: 1st, 2nd and 3rd

4. Tense: Past, Present, Future

5. Aspect: Perfective, Completive, Frequentative, Habitual, Durative, Inceptive,
Stative

6. Modality: Imperative, Probabilitive, Subjunctive, Conditional, Deontic, Abilitive,

Permissive

The morphemes attached to a verb along with their corresponding analyses help
identify values for GNPTAM features for a given verb form. For example,
0000000 inflect for feminine (Gender), singular (Number), future (Tense), ond

person (Person).
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3.2 Features of Existing Morph Analyzer

Existing morph analyzer is freely downloadable at http://Itrc.iiit.ac.in/downloads/. It

takes 20,000 nouns which are classified in 20 paradigms [5]. 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 [8]. This helps in reducing a lot of ambiguities in the process of

stemming. For example,

Root : ¢y

Plural direct form: afgAt
Suffix: far

Paradigm: =&
Suffix-Replacement: far/ <

And,
Root : #FSeT

Plural direct form: I forat

Suffix: far

Paradigm: #&ell

Suffix-Replacement: <7/ <

Therefore, if a word ends with the suffix f33T then the suffix f337 is replaced with <

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.

3.2.1 Categorization of Words
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The existing system categorizes nouns and verbs as follows.

Noun (N)

Gender

Verb

o Masculine M, e.g. — & OO 0)

o Feminine (F, eg, Fl@?hgr)

Number
o Nouns that always come in the singular form and agree only with the
verb with SG attribute (e.g. JUJC0, OO0, DOCO0)
o Nouns that always come in the plural form and agree only with the
verb with PL attribute. (e.g. [1[1[])
Vowel Nouns endings:

o For nouns ending with ‘31 *: [[101(1(]]

o For nouns ending with 'T":[J00000]
o For nouns ending with small 'f\':[D 00O
o For nouns ending with ' :[77€)]

o For nouns ending with | " :[&Tq]

Special Nouns endings:

o Nouns ending with T’ (e.g. [1[110107)
o Nouns ending with ¥ (e.g. IO
o Nouns ending with i (e.g. Fﬁ, U‘ﬁ)

o Nouns ending with a7 (e.g. HOOODOO, D0DODOO, DO0DOOODO

Gender
o Masculine (M, e.g., BT HTAT)

o Feminine (F, e.g., ASTAAT HTA)

)
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e  Number

o Singular (e.g. T )

o Plural (e.g. o )

¢ Verbs endings:

o For verbs ending with ‘qr’: [=<TdT]
o For verbs ending with AT HEEGL

o For verbs ending with small IT ":[€TAT]

o For verbs ending with ‘@ ’ [geat ]

o For verbs ending with 'T" :[¥=TT]
o For verbs ending with ‘@ :[(TTd]
Adjective

e Gender

o Masculine (M, e.g., THAT)

o Feminine (F, e.g., D00 0O0000O0)

e  Number

o Singular (e.g. 00)

o Plural (e.g. COI0®)

Sharisthi_Pronoun

e Gender

o Masculine(e.g. STTT)

o Feminine(e.g. [JILI[[])

e  Number



o Singular(e.g. 0O000)
o Plural (e.g. OII)

Some words have been categorized by existing system as follows:

4
Word Root Grammatical | Gender | Case Number | TAM
(Category
Hﬁﬁiﬁ%ﬁ[ﬁ Hﬁﬁ%ﬁ%ﬁ[ MNeun ferminine | oblique | plural | X
T = Werb masculing | X plural | Future
T ToEgen | Adective masculing | direct | plural | X
GBIl T Werb feminine | X plural | Future
Ty iy Adpective masculing | direct | plural | X
maeemst | e | Moun feminine | oblique | plural | X
T TE oharistht feminine | direct | plural | X
Prenoun
w}ﬂgﬁ AT Werb fermnine | X plural | Future
aeamerEt | ampamer | Moun feminine | oblique | plural | X
el ek Neun masculine | oblique | plural | X
rir TITAT Adjective masculine | oblique | plural | X
fargar il wharistht feminine | direct | singular | X
Prenoun

Table 3.1: Categorization of Words by Existing System

3.3 Porting of Existing Morph Analyzer from Linux to Windows

based system

The existing system had been designed in Linux version. The Perl language was used
to design the system and encoding was WX which is very uncommon. We tried to
migrate the system from Linux/Perl Based version to Windows based with Graphical

User Interface.

3.3.1 Motivation behind Migration
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Following are the reasons why the migration from Linux/Perl Based version to Windows

based version was done.

e There was no GUI for analyzer and generator.

¢ Encoding used in the system is WX which is very uncommon.
e Jtis based on traditional file based system database concept.

e [t follows Data Dependence Approach.

® Even the mapping of devanagri words is different for some characters e.g.

> wtod

> Wtod

is difficult for a layman to operate.

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

3.3.2 Features of New Morphological Analyzer

New morphological analyzer has some better features which are given as below:

e [tis developed for Microsoft Windows Operating System using Visual Basic.
e It supports Unicode Format.

e [t provides Graphical User Interface.

e Jtis easy to use.

e [t follows Data Independent Approach.

e There is no complex Programming required.

3.3.3 Structure of database used in Morphological analyzer

Morph Analyzer uses six tables to store the grammatical attributes of words, paradigm

information, suffix information. The tables are named as follows:

e (Categories
e ParadigmRootDetails
e (Cat_Features

e Root

31



e  WordForms

e Suffix_info

Following snapshot shows the Relationship among different tables of Morph

Analyzer:

ParadiqnRootD
Paradigntlame
@ id (&t D ParadigniD
cateqory_name ParadignRoat Paradignilane
mapped niame ParadignRootlD
(&t Feature 1D
s e
CharCountDelete

s add
roat I

it _id
ParadigmRootD
by
paradigmFolows
(ateqory

Patsarg

Figure 3.1: Relationship among Tables

Description of each table is as follows:

a. Categories Table

hy

toat
qranmaticalCateqory
Qender

word case

word numbe

TAH

Person
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There can be 34 kinds of categories which a word may have. This table stores the
category information of the words. This table is related to three tables i.e.

Cat_features, Root, Paradigmrootdetails. Its fields are explained as follows:

o cat_id: This is a number which is a unique number assigned to each category.
This number will be referred in all the three tables to which this table is
related. This field is used as primary key.

o category_name: The string in this field is an acronym for the category under
which the word falls.

o Mapped_name: The string in this field tells the actual category of the word

e.g. noun, verb, adjective etc.

BE Categories - Table

cat id category narme| mapped narme

|~ A rHMoun__ Floun

+ 2 MMoun_ f o

+ S =subg ~arh

+ 4 Future ~erb

+ O oA, arkh

+ = hE ~erbh

+ BRI ark

+ =R | arh

+ 9 kara ~erk

+ 10w ™, ~arh

+ 11 2Ldj const Adjiective

+ 12 Adlm Adjective

+ 1= Adjtw T Adjiective

+ 14 Adj__mi_=s Adjective

+ 15 Adp f = Adjiective

+ 15 Adl__case Adjective

+ 17 Adwrb Aodwerb

+ 15 Fo=st__ptn FPo=tFo=sition

+ 13 Conjctn Conjunction

+ 20 Intrctn Interjunction

+ 21 Farsarg Farsarg

Figure 3.2: Table Category

For example, if the category name is Future then it falls under the category Verb
because only the verbs may have tenses. Similarly, if the category name is Noun_m

then the category of the word is Noun.

b. ParadigmRootDetails Table
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The words are categorized according the pattern they fit into. These patterns are called

as paradigms. This table stores the paradigm information. This table is related to table

named suffix_info. There can be around 100 paradigms. Its fields are explained as

follows:

E ParadigmRootDetails : Table

ParadigmBPootll] ParadigmMame

ParadigmRootID: It stores the unique number which is assigned to each

paradigm. This field is used as primary key.

ParadigmName: This is just a string by which the paradigm followed will be

referred in other tables e.g. if the word follows the paradigm as TSI then it

will be referred as N5 and paradigm &l will be referred as N6.

Cat_ID: This is a number representing the category of the paradigm. This

field acts as foreign key referring to table Category.

ParadigmRoot: This field stores the paradigm being followed.

Cat_ID

FaradigmFoot

»

A HEEBEERREEREEE R B EBRE

d

2

o~ 0 m e W

ta]

10

12
13
14
15
16
17
18
19
20

Figure 3.3: Table ParadigmRootDetails

c. Cat_Features Table

M2
M3
M4
M5
ME
M
ME
M9
M0
M1
M12
M13
14
M5
M1E
M7
M5
M1
M0

S B B N T T T Y v N N S N P W A Y

RERCFEEEERFEER

LT
e

i
HTHITE S,
T
=
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This table stores the attributes information of categories of the words. The table is

related to category table and suffix info. Its fields are explained as follows:

o Cat_Feature_ID: This is a unique number. given to every suffix. This field
acts as primary key.

o cat_id: This field stores the category under which the suffix follows. This
field acts as foreign key referring to table Category.

O Other fields stores the information about gender, case, number etc.

[E Cat_Features : Table

Cat_Feature D] cat_id gender case rurnber TAM Person vibhakti Parsarg
Lk 1 1 masculine direct singular a X X X
HE 2 1 masculine  dirsct plural S A A X
HE 3 1/masculing obligue singular A b b X
e 4 1 masculing obligue plural b b b X
HE 5 2 femninine direct singular X X X X
HE b 2 feminine dirzct plural S A A A
e 7 2 femining obligue singular b b b A
L |* ] 2 femining obligue plural X b b X
HE 9 3 any b singular subj u b A
HE 0 3 any b singular subj m b A
e i Jany b singular subj rmi_h b A
L |* 12 3 any X singular subj 3 X X
HE 13 3 any b plural subj u b X
HE 14 3 any b plural subj m b X
e 15 Jany b plural subj ri_h b X
HE L3 3 any b plural subj a b A
HE 17 4masculine X singular Future u A A
e 18 4masculine X singular Future m A A
L |* 19 4 masculine ¥ singular Future m_h b X
HE il 4magculing X singular Future a X X
HE 21 4masculine X plural Future u A A

Figure 3.4: Table Category Features

For example, it is known that cat_id 1 is assigned to Noun_m. So, different categories
which are noun and used as masculine gender may have different combinations for

case number and other aspects.

d. Root Table
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This table stores the information of root words of the words which are found in

existing database. Its fields are explained as follows:

o Root_ID: This is a unique number given to each root word found. This field
acts as primary key.

o Cat_ID: It stores the category ID of the root word i.e. root falls under which
category referring to table Category. This field acts as foreign key referring to
table Category.

o ParadigmRootID: It stores the paradigm root ID information i.e. which
paradigm is followed by the root word. This field acts as foreign key referring
to table ParadigmRootDetails.

o Hw: This field stores the word to be searched for its grammatical attributes.

o ParadigmFollowed: It stores the paradigm followed by the root word.

o Category: This field tells the category of the root word.

EE root - Table

root_|D) cat_id ParadigmRoot!C by paradigmPFollow category
| 27a 16 54 Wy HeA= Ad]_caze
- 7223 16 54 FETIiTE HAT Adj_case
| 1159 16 54| AT HeA= Ad]_caze
- 2163 16 54| ¥t AT Adj_case
| 1277 16 54| HeTeig HeA= Ad]_caze
- 1606 16 54 Ry AT Adj_case
| 1539 16 54| IR HeA= Ad]_caze
- 3781 16 54 Waeg AT Adj_case
| 1565 16 54 Haeg HeAT Ad]_case
- 27 16 54| 3OTe AT Adj_case
| 3463 16 54| 3uTE HeAT Ad]_case
- 2972 16 54 T AT Adj_case
| 5242 16 54 T HeAT Ad]_case
| 3008 16 54 HAFTTET AT Adj_case
| 7903 16 54 BHTH HeAT Ad]_case
| 1301 16 54| AsTg AT Adj_case
| 4715 16 54 ey HeAT Ad]_case

Figure3.5: Table Root

For example, the adjective words (101010101, 00000, 0000 follow the same

paradigm (I,

e. WordForms
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This table stores all the grammatical attributes of the words found. Its fields are

explained as follows:

WordID: It stores the ID information assigned to the word. This field acts as
primary key.

hw: This field stores the word to be searched for its grammatical attributes.
root: It provides the root word of the Head word.

grammaticalCategory: This field tells the category of the word e.g. Verb,
Noun or adjective etc.

gender: It tells the gender information of the word.

word_case: It stores the case information of the word i.e. direct or oblique.
word_number: It tells whether the word is used as singular or plural or any.

TAM : This field stores the Tense information.

E Microsoft Access - [wordForms : Table]

File Edit Wew Irsert Format Records Tools Window Help
M-F8 AV B v I YEY & BAE- E,

wordD | o | root |grammaticalCa  gender | word case | word number | TAM | suffix
L 1|39 gt | 3T _gen Moun rmasculing obligue plural k4
L 2 Fymm Faman Maun mazculine direct singular b
| 3w AT Maun masculing direct plural b
L 4| e Hamm Moun masculing obligue singular 4
Ed HE i HHTm Moun masculing oblique plural ®
| B T H Adjective magculing any singular k4 =
L 7| armr Hamm Adjective masculing direct plural 4 2
L 8 Frmr Hamn Adjective masculing oblique plural b b
| 9 FHTT EEIEE Maun rmasculing direct singular i b
L 10 Jrémr AT Maun masculine direct plural b3 X
L 1w HT Moun masculing oblique singular b b
| 12 FmrT AT Moun masculing obligue plural k4 4
L 13 7T _HEm | HEeT_H@E Noun feminine direct singular b b
N 14 FUFT_FEAE, AT _T=m Moun femining direct plural b3 #
L 15 FHT_FED FAT_T& - Noun ferninine obligue singular k4 4
| 16 T _TEmH AW T Noun feminine obligue plural % 3t
| 17 3mar HTERHT Maun feminine direct singular b X
L 18] FTERRT EIECT Maun femining direct plural b3 X
L 19 3marl ElEEan Moun ferninine oblique singular ® b
| 20 g ElEE Moun feminine abligue plural k4 =
L 21 FieT B Maun masculine direct singular b3 X
L 22 Hwe AT Maun masculine diract plural X X
| 23 Fwe EE ] Moun masculing ohligue singular k4 4
L 24| ey T Moun masculing oblique plural X X
L 26 =T AT Maun masculine diract singular X X
| 26| FyeTr B Maun rmasculing direct plural b b
L 27| Frigaor T Moun masculing oblique singular b b
28 g Hapsgm Moun masculing abligue plural k4 4

Figure3.6: Table Word Forms
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For example, the word [1[1[1[1[] is a verb whose root is 3T. The gender of the word is

masculine, it is used in Future tense and it is a singular word.

To determine the grammatical attributes of the words which are found from this

system, the suffix field of this table is referred.

3.4 Extending the Coverage of Existing Morph Analyzer with

Semisupervised Learning Approach

The coverage of this migrated morph analyzer is approximately 50%. So, we tried to
improve the coverage of morph analyzer. An algorithm based on the unsupervised
approach for learning of morphology has been implemented by Utpal Sharma, Jugal
Kalita and Rajib Das in their paper ‘Unsupervised learning of Morphology for
Building Lexicon for a Highly Inflectional language’. They have implemented the
algorithm for Assamese language[17]. We have referred their algorithm in this system
and merged it with the existing morph analyzer in order to increase the strength of

existing morph analyzer.

Some new words are decomposed into root and suffixes with the unsupervised
approach. The suffix table of new database is matched with the suffix of migrated
morph analyzer and on that basis grammatical attributes of new words are determined.

Our system works as semi-supervised approach for learning of Morphology.
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Chapter 4

Problem Statement

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 [7]. Morphological analysis
means to study the internal structure of the words of a language. The morphological

strength of Indian Languages warrant the use of thorough morphological analysis.
4.1 Gap analysis between the Existing work and the Desired work

The ultimate goal of research on morphological analysis is to parse and understand
the text and determine the grammatical attributes of the words. For this reason, morph
analyzer has been developed at IIIT Hyderabad, freely downloadable at

http://Itrc.iiit.ac.in/downloads/. This morph analyzer takes 20,000 nouns which are

classified in 20 paradigms[5]. The primary step towards development of Rule Based
Semisupervised Morphological Analyzer for any language demands an in-depth
understanding and analysis of that language. Analysis of the language then helps in
developing the computational model to handle data. From the initial analysis and
results of Brute-force approaches, we felt the need to extend the strength of existing

morph analyzer. From earlier studies it was found that:

1. Indian Languages are morphologically rich and the best way to build the
morph analyzer is to first analyze the data.
2. The linguistic information should be encoded in a way that it is independent of

the code and is easy to change for a linguist.

At this stage on linguistic front, we are ready with Noun and Verb analyses that are
very detailed. On computational front, we have tried to extend the coverage of
existing morph analyzer. If text is given as input to existing morph analyzer, the
system provides grammatical attributes of many words. But some words are not

covered by this system.
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4.2 Concise Statement of the Problem

The coverage of existing morph analyzer is around 50%. The target is to improve the

strength of existing morph analyzer.

A new algorithm should be implemented so that coverage can be increased. The new
words which remained as uncategorized by existing system should be categorized and
their grammatical attributes can also be determined. Therefore, rule based
semisupervised morph analyzer has been implemented to extend the coverage. The
system takes those words which are not covered by existing system as input and
decomposes the words into root words and suffixes. On the basis of suffixes
information referred from the wordforms table of existing morph analyzer,

grammatical attributes of the new words is determined.

With the use of this approach some new words can be categorized and therefore this

system is an edge over the existing system.
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Chapter 5

Design and Implementation of the Research Problem

This system has been designed in JAVA Netbeans platform. Backend used is MS-
ACCESS which stores the database of this system.

5.1 Working of System

This system works has three important steps whose detail is as follows:

1. The words of new input Hindi text are stored into the table named as
undecomposed. These words are searched in migrated morph analyzer. If the words
exist in existing morph analyzer, it gives entire information of the words i.e. Gender,
Case, Tense, Aspect, Modal efc. The information of these words are stored into the
table named as alreadyexistwords and these words are deleted from the table

undecomposed.

2. The remaining words of the undecomposed table which can not be categorized in
step 1 (after searching through the existing morph analyzer) are searched through the

algorithm being implemented in section 5.3.
It provides the following functionality:

e Suffix and Root information for a word

Undecomposed words will be entered as input into the algorithm. The system will
process the text and will display the suffix and root information of the words of the
input text. According to the algorithm the words are decomposed into root words and
suffixes. These words are stored into the table named as decomposed along with its
suffix and root information and other attributes e.g. word length ezc. The algorithm
works in phases. After phase 1, words which could be decomposed by this system are
deleted from the table undecomposed. This process is repeated till the system finds no
new words that can be decomposed. For example, [IC1CICCC00O00000 is

decomposed into (110000 and (10177, Word length is 14.
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A table named as suffix stores the information of suffixes found from the new input
text. One table named as base stores the root words found from the input text. All the
words which remained as undecomposed are stored in the table named as

undecomposed.

e Grammatical attributes of the decomposed word

On the basis of suffix information of decomposed words its grammatical attributes are
determined. Existing Morph analyzer is referred and on the basis of suffix field of
existing wordForm table suffix field of decomposed table of this system is matched
and where match is found, its grammatical attributes are stored into the table
decomposed and in this way, table decomposed is updated and now the table
decomposed provides the root, suffix, Gender, Case, Number information. For
example, on the basis of [I[J[] suffix, the attributes of the word

000000000000 0n are determined.

3. All new words, which are found after applying the algorithm, are appended in the
existing morph analyzer so that strength of existing system can be improved. The

word DO O OOOOOOMIL is now added into the existing database.
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5.2 General Structure of How the System Works

Flow of the work in graphical manner is represented by following figure:

New text is searched in existing morph | Existing morph  analyzer
analyzer to determine the grammatical |~ downloadable from
attributes of the words http://lItrc.iiit.ac.in/downloads/

A 4

Remaining words (could not be categorized in above
step) are entered in the new algorithm to know
grammatical information of the words

A 4

Suffix and root information of the words are stored
along with the list of decomposed and
undecomposed words

A 4

Suffix information of the newly decomposed words is
stored and on that basis categories and grammatical
attributes of the words are determined

A 4
Newly found words are appended in the existing
morph analyzer so that strength of existing morph
analyzer is improved

Figure 5.1: Structure describing the Working of System
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5.3 Decomposing Words

A decomposition can be referred as where one word can be derived from another
word by addition of some suffix in that set[17], the former word a “derivative”, the

latter a “base”, and the suffix a “rule”. i.e.,
Decomposition: Derivative = base + rule

For example,

HAAT = A + AT

STraT= S + A7

We may be able to find more than one derivative for a single word from the same
base by adding different rules. A base may be found to be a derivative with respect to
another base. For example, suppose we have the words, a, ab, ac, abd ( a,b,c and d are
strings possibly longer than a single character). We can represent these as the

following.

ab=a+b

ac= at+c

abd= a+bd,

or, abd=ab +d

Example :

AT = AT +Tar

HAIAT = AT + AT

QIAEAT = 1T + T ar

AT = ATt + 9T

In the case of abd, we would like to record the decomposition ab + d, since it reflects
more decomposition information than the other alternative, when considered along

with ab=a+ b.
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The algorithm which is being implemented along with the new input text and the

result of each step is summarized below.

Preprocessing

1.Take an input text X.

Let us take an input chunk of text as:

> I, AT, 6, G, Siid, AlTd, FedT, Sider, fordam, gaom, dedr,

2. Form a sorted list, Y, of distinct words in X.

> Woldl, Sd, Siddr, #AGd, AFAT, AFd>IdT, Adadr, o,

Phase 1

3. For each word w in Y, identify another word b in Y such that w can be obtained by
appending some suffix s to b. If there are multiple candidates for b, select the longest

among them and record the decomposition
w=b+s

> Sidel = S + &ar
> AT = AT + T
> FAIIAT = AFTAT + dT

> HAEIAT = AT + T

> Hedl = 9¢ + ol

> el = e + ol

If no b can be identified for a w, w is “undecomposed”.
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> Woldll, Siid, #ATed, T, geidr, a1, g, e

4. From the decompositions identified above,

¢ For each base b count the number of decompositions where it is a base. Name

it the base count of b, bcy,.
> Te: 2, AT ; 2, AGG: 1, g :1
> gedl, Gl A,  Hedl, §eell,  Wolll,  Siidell, AT,
forQam, #AFadn: 0

e For each suffix (rule), s, count the number of decompositions where it is a

suffix. Name it the rule frequency of s, rf;.

> dar: 3, an 2, S99

Phase 2

5. For each word that could not be decomposed in phase 1 (some of which may have
come out as base in some decomposition), try each of the rules identified in that
phase. That is, see if a rule (suffix) is the ending part of an undecomposed word.

Record such decompositions, and the base forms.

> geldl
> gl

get + dl
el + ol

Phase 3

6. For each word w in Y, identify the set of suffixes (rules) that appear with it and call

it the characteristic of that word, C,,. Words are classified using their characteristics.

>§?I':(_‘|T,F|T
> He @ dl, o1
> AT : o1, AT

> HFAT : dr
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> Siid: ar

In the first phase, we extract rules by using base forms that are known, i.e., words that
are present in the list of words. After this analysis, there may be words which could
not be decomposed. It is possible that some of these words are actually root words and
cannot be decomposed. But there may be words that could not be decomposed
because no base form exists in the list of words provided. So, in the second phase, we
consider the “undecomposed” words and see if any “rule” identified so far can be
applied to decompose such a word, i.e., if ab is word that could not be decomposed so
far, is there a rule b so that we can decompose ab as a+b? In fact multiple rules might
be applicable for a single word. In such a case, in a language where suffix sequences
are a common phenomenon, we should give preference to rules that are longer and
can be obtained as a suffix sequence. Otherwise suffixes with higher frequencies may
be given preference. With more base forms known following the second phase, we
can repeat the first phase analysis, then the second phase analysis, and theoretically,

SO on.

In the example given above, if we were to iterate the steps after the first pass, due to

the word g in the list now, we can decompose the hitherto undecomposed word
11?17111 as gel + 23T, This gives us the new suffix 23, We can decompose the word

TG as Tor@ + <9 and Weldll as Wel + <M, obtaining the new word for@, Wer.

This process may be stopped when in a particular pass we do not detect any new rule
or base. Phase 3 can then be undertaken to determine the nature of the words based on
the suffixes that each takes. Reaching such a stage, however, does not imply that all
possible decompositions have been detected. Since our method works by comparing
related words, the presence or absence of certain words makes significant difference.

For instance, if the input list of words in the example given above did not contain the

word geidl, the base A would not be obtained, and consequently the suffix St
would not be obtained from '{ﬁ?ﬂT, and further for@em, Weldm would not be

decomposed.
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In general, providing a large number of words for analysis will cause more rules to be
detected in phase 1, and with the large number of rules so obtained, more base forms
can be detected through phase 2. In practice, it is typical to expect texts in chunks in
successive analysis runs. So, during implementation of the algorithm, we refine it so
that while a new chunk of text is processed, the words in that text are analyzed along
with the words existing in the lexicon. The focus is put on the new words and their

effects.

5.4 Database Design

The system accumulates the information extracted by the analysis process in the MS-
ACCESS tables. In database five tables are used. The detail of each table is as

follows:

e Alreadyexistwords: It stores all the words which are found in the existing

morph analyzer. Its fields are explained below:

o word- it stores the word.

o Base- it specifies the root word of the word in the word field.

o Suffix- it specifies the suffix of the word in the word field.

o Word_length- it stores the number of characters in the word.

o Gec- it stores the grammatical category of the word e.g. noun, verb etc.
o Gender- it stores the gender information of the word.

o Number- it specifies the number e.g. singular or plural.

o TAM- it specifies the Tense, aspect and Modal information.

® Base: It stores all root words along with their counts. Its fields are explained

below:

o Base_str-it stores the root word.
o Base_count- it stores the number of times the word appears as root in
the text.

o Word_length- it stores the number of characters in the root word.
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Suffix: It stores all the suffixes along with their counts. Its fields are explained

below:

o suffix_str-it stores the suffix.
o suffix_count- it stores the number of times the word appears as suffix
in the text.

o Word_length- it stores the number of characters in the suffix.

decomposed: 1t stores all the words which can be decomposed after processing

through the algorithm. Its fields are explained below:

o word- it stores the word.

o Base- it specifies the root word of the word in the word field.

o Suffix- it specifies the suffix of the word in the word field.

o Word_length- it stores the number of characters in the word.

o Gec- it stores the grammatical category of the word e.g. noun, verb etc.
o Gender- it stores the gender information of the word.

o Number- it specifies the number.

o TAM- it specifies the Tense, aspect and Modal information.

undecomposed: 1t stores all the words which remains undecomposed. Its fields
are explained below:
o word- it stores the word.

o Word_length- it specifies the number of characters in the word.
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Flowchart describing the working of algorithm is as follows:

Tput the Hindi ext file
1
Arrange the words in alphabetic order
Y
Renove duplicate extries of words Addin /
alreadyesistiwonls
fahle, Delete from
ahle
Y undecomposed
Existing search words mexlsmlg

Morph Morph Awalyer Delete word from
Analyzer
table undecontpsed
Y

urdecontposed Find words which can he ¥ .
table ofsystem /) decomposed Add rootin fable
BHase, suffixes in table

; Suffts and word in

@ iahle decomposed
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Y

Update tahle
suffix, base,

decomposed and
undecontpsed

New Suffixes found are
Sfs [ matched with each
Table wndecomposed word
New root words found are
matched with remaining
Base e undecomposed words
Tahle l

Ifthere is any word
left which could he
decomnosed

Siore the information in corresponding tahles

Figure 5.2: Flowchart describing the working of algorithm
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Chapter 6

Experimental Results

We have tested the system on some new text files. We are giving the result of this

system after applying it on a text file which contained the following words:

Text File 1

R 3R TR iR G ¥ g § 39§99 Jfed R &
A & B T@fEE a1 sw Bldr € oaetes F §Ae 7 oguga o

el & =1 3T HughT Had 3ERR WU o 3o U5 gEUHT @l TR
forer % =7 gouemEt & ugRE A gear e ¢

Duplicate entries from the file have been removed by the algorithm. The file

contained 41 actual words.

19 words were found in existing morph analyzer. These words are stored in table

named alreadyexistwords.
6.1 Result after 1 Phase

Remaining 22 words were entered into the system and 7 words (34,

gobooobogooogo, bobbobobboobogob, goobgoooobodo, gooo,

000000000, 0000000000n) were found after the 1% phase analysis.

Base forms along with counts are as follows:

g1
ooooooooooo 2
nooooooooo 1

Suffixes information along with counts are as follows:
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01
L
L

01

Then remaining words are again tried. On the basis of nd phase 2 new words
(ooooooooon, 0ooooUUo o) which could be decomposed are found. The

information of 9 words are stored in table named decomposed.
6.2 Result after 2" phase of algorithm

Base forms along with counts are as follows:

= 1
oonooooooon 2
oonooooooo 1
Ooopooooool

oooooool

Suffixes information along with counts are as follows:

01
L
HNIEES
0o 3

Remaining 13 words are stored in table named undecomposed.
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Snapshots of tables after testing of system on text file 1 are as follows:

=8l

JEi\e Edt View Insert Format Records Took Window Help ‘

M- ERY (2B R HH YRR K BE D,

Microsaft Access

e A
Boven M psiy ’\ENBW‘X hrmE wordD| hw | root |grammaticalC gender |word cas|word m
Objerts (reate tabl i Design view L B L : dm i
sk, Creatie table by sing wizatd | S . L masqu\!ne quue p!ural
E ks e P Tmir  mi N mascuine  direct  singular
B Queres Gttty ey : & Gl Sharisthi_Noun mascuing  obliue  singular
" ey | G = Sharisthi_Nuun mascu\ine direct singuler

Bt R il Sharithi Noun masculine  direct  plural
" Repots dompased O I I e direct  singule
Al P newfoundaards | faswm #w Moo maseuline  ablique  plural
! 5 ffi | fBm @ o mascuing et singular
Lt ol | Mmoo owmR mascuie  diect ol
ey |23 . Noun mascuine  diect  plusal
| G Ll Sharisthi_Noun mascuing  obliue  singular
| Mmoo mascuine diect  plural
B Favores | e wm o femnine ~ obligue  plural
. maseulne  obligue  singular
| Bwmm  wm o mascuine oblique  singular
| em d@w o mascuine diect  singular
B t Verb any K plural
B Base : Table . o Vet any X singul
| # | umber) | |
Recard: ﬂl”_lﬂm i 19 ﬂ_l ﬂ

5 Suflike= Table '

suffix str | suffix_count | word length

Reat W[4 J[T 5 vl 5

Reard: 4] J[ el of 4

Figure 6.1: MS-ACCESS Tables

Above snapshot shows the result of three tables alreadyexistwords, Base, Suffix.
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REY

JEi\e Edit Wiew Insert Format Records Tools ‘Window Help |
|- HaRy i mes o/ filTa s x| Ba- 0.
Trporteck - Dotabose w —1oix] 1ol x]

G open b Decign mbew ‘ o word_length
Objects Create table in Design view
@] create table by using wizard

Create table by entering data

alreadyexistwords
Base

decompased
newfoundwards
Suffix

undescompased

EEEEEooc

wordForms

Groups

# e TTTTTTTTTT]

Rrecord: 14| o || 13 ¢ | w1 e of 13

10l ]
word base suffix word_length gc gender case number
I = & 4
- FE FTE hul 14/ Moun fermining direct plural
- Fwrat FTE at 14/ Moun rmasculine obligue plural
- FEwHEt FEHE 5 12/ Moun masculine obligue plural
- s T ac 10/ Moun rmasculine obligue plural

T as 9 Maoun rmasculine abligque plural

= b 2/ Moun masculine direct singular

FE b 11/ Moun feminine direct singular
[ |omm | o 5 10/ Mown masculine direct singular

Record: l4|1|| 9 v |riex|ofa

Figure 6.2 : MS-ACCESS Tables

Above snapshot shows the result of two tables decomposed, undecomposed.

The system was tested upon some more text files. Files and the statistics are given as

follows:

Text File 2

ST A 39 AT U H e FRiN & Fen # oo =X & ;e g
zufeya & # gapll @ 3wl o= =@ear o

Text File 3

7 aF #T T T Fe # I QR Ul §oWeq 3R #T TRT AW

AT W 59 95y F 99y HUE UHE o 9% § geee @ SaRuiig

THARTHAT TH0 & 30T Uod GEdeht 3 TRd TFaida =g & &5 gl
A Tar o7 =7 W uredt #F R 7 fAfevar wosmm e €
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Text File 4

TR T 5T ATCIHA § 3N ST UISY 99 AT ATAD 7 IRT 37 T6

UHIT USdT & U e # S T A 6 B oo 3 el aetE g

A table showing the statistics of the results before applying this system and after this

system
Total Words Percent New Total Percent
number | found in | coverage words words coverage
of words | existing by existing | found in | found by this
morph system this after system
analyzer system | applying
this
system
Text 41 19 46.34 9 28 68.29
file 1
Text 22 9 40.9 4 13 59.09
file 2
Text 49 22 44.89 8 30 61.22
file 3
Text 30 18 60 4 22 73.33
file 4

Table 6.1: Statistics of Results
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A graph showing how much %coverage is extended after applying the new algorithm

80

70 -
= 60
S —&— Percent Coverage of
o 50 | Existing Morph Analyzer
>
S 40
et —8— Percent Coverage after
§ 30 1 processed by designed
; 20 | system
o

10

0 I I I
Text File Text File Text File Text File
1 2 3 4
Input Files

Figure 6.3: Graph of Statistics

Following snapshot shows the coding part done in JAVA Netbeans platform.

4 HetBeans IDE 5.5.1 - testd (B[N <

G [ Wi o sanes TopEer GUE e G0 GRS Sty B
(e = &2 By P = B

ava | [ toenatava > | B

(Bl testizava  * [[&) codegava | welcoms x ~

"o+ resulla]

Search Results JUnit Test Results
remaining mdecomposed words after searching into the svscem: 5

= % [:HTTP Monitor

Floss Input

Figure 6.4: Running the program in Netbeans 5.1
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Graphical User Interface for the system has been made in JAVA Netbeans platform.

Following snapshot shows the interface of the system.

2|
EGEER LR i 5 WM;;W mﬂm%ﬁ
i 7 T AR mw
RSP ETEp A
TR T T
7 ) firocess
FAENA mEED N eminine — obligue  plral X i i i
Words oundn xisting Morph Ana.. W WE Mmoo masculne oflige  snguar X X X X
TAME @MW Moun masculine obliue  singular X i X i
FET OEER Moo masouline dedt snguar X X b X
2 5 Vb K T I it K
Wards Found inthis Syste... T mm d i1 Moun— mascline obligue— plual X i
goE g 0 Nown — mageline obfioe — pleal X i
G/ T EE | g Nown — mascuine oblioue  gheal X X
& ] i 1 Noun — mascuing direct  singular X i
m gwm X 0 MNoun— mastine diret singular X i
EEGII. 2
Undecomposed words o
fi 1
Ll ] =
4 vl
o afingutwords: 41
no. ofwards found in Hindi morgh: 19
Resuft Statistics

remaining wards to seatch in this svstern: 22
1o, afwiords which cud he decomposed inthis system: 8
remaining Undecornposed words afer seatching into the systerm: 13

Figure 6.5: Interface of the System
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Chapter 7

Conclusions and Future Scope

We have taken the existing morph analyzer and referred the algorithm which is based

upon the unsupervised approach for learning of morphology and merged the two.

7.1 Conclusions

Following conclusions are drawn from the implementation:

Existing morph analyzer has around 50% coverage. With the use of this
approach some new words can be categorized. System has around 20% more
coverage than the existing system and therefore this system is an edge over the
existing system.

The Rule Based Semi-Supervised Morphological Analyzer for Extending the
Range of Existing System added another feather to its cap in the technical
development of Hindi by extending the range of existing morph analyzer.

This approach prefers time and accuracy to memory space. With the memory
space not being a problem these days, neither in terms of cost nor in terms of
storage requirements, this approach will perform better than the other
approaches in which only root words and paradigms are stored in database.
Though the algorithm stores the extraneous information e.g. word length efc.
but it is easy in searching of the wordforms.

The coverage of the system can further be improved with the help of
implementing the system on some new text files and algorithm being

performed in iterative manner.

7.2 Summary of Contributions

Some of the contributions by this system are:

The software can be used to search for any Hindi word in it to know its root
and other grammatical information.
The common man can also get an in-depth information about the Hindi words

from the software.
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e The software will be a big boon for the researchers working on Natural
Language Processing of Hindi language as well as the common man.

¢ Knowing the grammatical information of a word helps in its proper and error
free use in sentences.

e This tool also helps in knowing all the words that can be derived from a single
root.

e The software will help the beginners to learn new words and the specialists to

create new terminology.
7.3 Future Scope

This system can be proved as an important tool for NLP applications. There is a need
to test the system for other Indian languages of similar family. For this, the morph

analyzer of the language should be used and designed.

Web based solution can be designed for better usage of system and broader testing of
system. As we discussed earlier, system finds new words with successive testing on

new inputs and will strengthen the system.
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