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ABSTRACT

Words are tools of life which is omnipresent in every language. They have their own
unique functions and meanings. The syntactic and semantic knowledge about individual words
can be encapsulated in a highly structured repository known as computational lexicon which is
very essential for many applications including Machine Translation. Many Natural Language
Processing tools require computational lexicon for identifying the features of words in a

language. In this work, a computational lexicon for Malayalam Language is developed by

applying corpus based approach.

The software system developed identifies the lexical items in Malayalam documents with
their linguistic details and provides information such as syllabic structure, etymology, root form
of the word, grammatical category of root word, inflected forms of the root word, the suffixes

agglutinated with the word, name of each suffix, words obtained after removing each suffix and

their grammatical category.

For designing a computational lexicon, the first and foremost task is to identify the head
words or root words in the language with its grammatical properties from the corpus. A web
based corpus for Malayalam is automatically created using a web crawler and it is used for
developing computational grammar. Root Word Identifier is implemented using rule based
approach which will automatically remove the inflected parts of a word and derive its root form

using morphophonemic rules of Malayalam grammar.

Another important information provided by a computational lexicon is the etymology of
words. In this work, foreign words written in Malayalam orthography are identified as English
words assuming that they are of English origin. Sanskrit words are treated as Malayalam words
as most of the Malayalam words are of Sanskrit origin, Statistical language modelling using n-

gram is used to decide whether a word is of native origin or foreign origin.

The work is implemented using Practical Extraction and Report Language (PERL) in
Linux environment using the 10.04 LTS version of Ubandu Operating System. Unicode
supportive font Meera is used for displaying Malayalam scripts. Statistical evaluation metrics
like Precision, Recall and F-measure are used to evaluate the performance of the Root Word
Identifier and foreign word identification. These measures obtained are above 90% for Root
Word Identification system and 70% for Foreign Word Identification.



The corpus based, rule based and statistical approaches are incorporated in this work.
Since a large amount of automatically retrieved documents are used, the generated lexicon is far
better than that generated using other methods. This automatic system can incrementally update
the lexicon using richer corpora in fiture. The system can be successfully integrated with high
entity tasks like Machine Translation, coining technical terminology, developing bilingual

dictionary, lexical database, speech synihesis etc.

ii



3.1
3.2
33
3.4
3.5
3.6
3.7

4.1
4.2
4.3
44
4.5

4.6

5.1

52

LIST OF TABLES

Case markers and their suffixes

List of pronouns with description

List of third person proximate and remote pronouns
List of case suffixation with pronouns

List of suffixes attached with verb, with example
List of suffix groups

List of root ending phonerhes

Examples for syllabled words

Morphophonemic rule implementation

List of exceptional words

Output from Root Word Identifier for a simple sentence

Output from Root Word Identifier for a sentence having
English words

Output from Root Word Identifier for a sentence having
words agglutinated with seven suffixes

Prefix and suffix category of English words seen in
Malayalam documents

Words having similar initial or final phonemes seen in
English, Hindi and Sanskrit loan words

Page No:

34
44
45
45
47

65

81
83
84
86
87

38

103

108

ii



LIST OF FIGURES

1.1 Full architecture of the proposed system
2.1  POS tagging schemes

3.1 Classtfication of word

3.2  Classification of numerals

3.3 Classification of pronoun

3.4 (a) Pictorial representation of morphophonemic change between the root
ending phoneme n~ {a8) and suffix groups

3.4 (b) Pictorial representation of morphophonemic change between the root
ending phoneme N~ (6rd) and suffix groups

3.4(c) Pictorial representation of morphophonemic change between the root
ending phoneme L~ (¢8) and suffix groups

3.4 (d) Pictorial representation of morphophonemic change between the root
ending phoneme R~ (@) and suffix groups

3.4 (e) Pictorial representation of morphophonemic change between the root
ending phoneme |~ (@3) and suffix groups

3.4(f) Pictorial representation of morphophonemic change between the root
ending phoneme aM~ {amo) and suftix groups

3.4 (g) Pictorial representation of morphophonemic change between the root
ending phoneme starting with vowels except u/uu and suffix groups

3.4 (h) Pictorial representation of morphophonemic change between the root
ending phoneme w/uu and suffix groups

3.4 (i) Pictorial representation of morphophonemic change between the root
ending phoneme [c]/[cc] and suffix groups

4.1  Block diagram of pre-processing of text data and RWI
6.1  Sample computational lexicon generated

6.2  Comparison of actual lexical category (Ground Truth) in the
corpus and that identified by the system

Page No:

25

33
42
43

66

67

68

69

70

71

72
73

74
80

115

123

iv



S=t/ GHO8 TVAAIGEIN0L! HORIENION |
|




RW1

NLTK

OCR

LIST OF ABBREVIATIONS

Root Word Identifier
Natural Language Prqcessing
Natural Language Tool Kit
Optical Character Reader
Singular

Plural

Honorofic

Inclusive

Exclusive

Masculine

Feminine

Neuter

Web address



Chapter 1

INTRODUCTION

With the vast development of Information Communication and Technology (ICT), world
has become a global village and one of the major challenges faced by the global society is the
communication gap, termed as Language Barrier. This is caused by the usage of different
languages with different dialects and styles. This impairs the progress in every field. For
example, researchers are now referring only books/web sites/journals available mainly in English
or that in their first or second language. Some of the linguistic factors like lack of knowledge in
script, vocabulary, interpretation of facts and meaning, which depend upon the regional culture
are holding them back from referring materials from alien languages. This results in information
accessibility gap between students and their subject. To resolve such linguistic barriers, Machine
Translation is a solution. Machine Translation is a means used to translate the source text to the

required language so that any doctument written in any language can be utilised without a human

assistance,

Today, the language engineering is highly equipped to develop a full fledged Machine
Translation system with the advent of free open source operating/software systems like Linux,
PERL, PHP etc. and with translation support system like WordNet and with the language tools
like analysers, generafors, computational lexicon etc. using rule based approaches and or
statistical approaches. A lexicon [Zgusta 1971] plays an important role in translation since it is
the place where all the information about the vocabulary of a language is recorded for proper
usage. Detailed information about lexical items such as grammatical category, its usage etc. are
required for automatic translation. For the above purpose, a computational lexicon is the most
suitable tool for understanding and retrieving the features of a language. Computational lexicon,
the backbone for language computing, is a highly structured repository of the rich syntactic and
semantic knowledge about individual words in Natural Language Processing system [wi]. The
definition postulated by Makkai in 1980 for Associate Lexicon [Makkai 1980] can be used as a
suitable definition for a computational lexicon. It states that it is an information retrieval system
that represents in visual and audible form, the knowledge native speakers’ posses about the Lexis
of their language. It is capable of associatively group the lexemes to form natural semantic nets

around concretely observable and non-observable entries. Multidimensional information



accessibility helps to extract the frequency of usage, typologically based frequency, exact range
of dialectical habitat, the speakers’ sociological status, etc. It offers access of words not only
alphabetically but also according to various linguistic features of classification as well as the

word's associative or semantic interconnections with other words [Oot 1998].

With the integration of computational lexicon Machine Translation will be accurate. For
example, in order to automatically translate the word 'Indian indigo’ in English. to its equivalent
in Malayalam, the description of this is verified in an English lexicon and it was found that the
presence of this word is in the domain of medical plants. Equivalent word has to be searched in
the Malayalam lexicon (in the medical plants category) where the English name ’Indian indigo’

for niila amari (fe1 aead)) is mentioned. This will help to retrieve more details about the

language than from a traditional lexicon.

Computational lexicon and other related tools are being developed for most of the
advanced languages for efficient processing of the language by computers. Usually
computational linguists make use of manually typed limited words as lexical database for
language processing applications. Such an approach is time consuming, limited in number of

samples, having an intnitive nature and often non-representative.

Many dictionaries are developed / developing / being developed by different groups. But
they are designed for specific purposes or as a tool for computer assisted language
leaming/teaching, for spell/grammar checking, machine/human aided translaiion, etc. In this age
of information explosion, retrieving the information should be easy, compatible, vivid, accurate
and must be customisable. So the neéd for developing a well represented computational lexicon
is a must for understanding the language to its depth and for the application in language
engineering. Many attempts for developing computational lexicons for Arabic, Hebrew, Maltese
are in progress. WordNet [w2], the widely used lexical database for different languages can be

developed to a full-fledged computational lexicon.

1.1  The Proposed Work

In this research an attempt has been made to

1. design and develop a computational lexicon for Malayalam from a corpus generated from
Malayalam digital documents available in world wide web and

2, automatically identify the foreign words



The following seven major tasks are addressed as part of this aim

1. Creation of a corpus for Malayalam langunage

Corpus is a huge collection of digital text documents. Here a corpus, the “Malayalam
corpus” is developed using a web crawler. This corpus represents the current Malayalam language
in use. The corpus is used in the work for collecting words for analysis, developing computational
grammar, designing rules, studying the phonemic pattern of words, training and teéting different

programs eic.

2. Designing of a computational grammar

Computational grammar is designed to understand the suffixes added with-a word,
grammatical features, morphophonemic combination of root words with suffixes ete. The list of
suffixes are manually identified and classified according to the function they possess, whether

they come with noun (noun suffix), with verb (verb suffix) or with both noun and verb (dual

functional suffix).

The computational grammar is implemented to obtain:

a) All the words in the corpus

b) Root form of the words

) Syllabic structure of words

d) Grammatical category of each word

e) Grammatical category of root word

) Morphophonemic variations of root form with suffixes

2) Sandhi rules for root word identification etc.

The inferences and exceptions of this rule based approach are also discussed.

3. Pre-processing of corpus

Word segmentation and syliabification are carried out in order to prepare the words to
generate their root form. This root word is considered as the lexical entry in the computational

lextcon.

4, Root word identification

Root Word Identifier (RWI) is a program designed to find out the root words in the corpus
and to extract them by removing the agglutinated suffixes by using morphophonemic rules.
Noun, verb, dual functional suffixes and exceptional words are the inputs to the RWL The output

3



is designed in such a way as to obtain a lexicon containing the root words with corresponding

grammatical properties.
5. Back end processing for studying the phonotactic pattern of words

The back end processing module is a part of the whole system which consists of a training

corpus for modelling the phonemic combination of English and Malayalam words.
6. Statistical Language modelling of words

Language modelling of words is done by using n-gram for analysing the phonotactic

paitern of words.
7. Automatic identification of foreign words

Foreign words or out-of-vocabulary words or loan words are those words which are
borrowed from other languages, written in native script. English and Sanskrit words are the most
frequently occurring foreign words in Malayalam language. Here the English words written in

Malayalam orthography (Eg. eaoeesusd (mobile), moemo (nano) etc.) are termed as foreign

words assuming that they are of English origin. A module is implemented for identification of

borrowed words from English language alone assuming the Sanskrit words as Malayalam words.

The root words obtained from RWI is compared with the modelled words obtained from

back end processing thereby deciding whether the word is of native origin or of a foreign origin.

The architecture of the proposed system for generating the computational lexicon is
diagrammatically shown in Figure 1.1. In this pictorial representation, rectangles represent the
input/output to the system and ovals represent the process. Input and output to the system are

simple files.
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1.2 The Task and Goal

The work can be implemented using Practical Extraction and Report Language (PERL) |
[Wall et al. 2000] in Linux environment using the latest version of Ubandu Operating System
(Ubandu 10.04 ETS version). Unicode supportive font Meera [w3] can be used for the display of
Malayalam scripts. Free open source platform Apertium [w4] or transliteration using WX

notation [Gupta et al. 2010] which are commonly used for developing similar systems are not

used in the proposed work.

The system, if implemented, will be used for extracting lexical information from the

Malayalam documents such as:

a) Words

b) Root form of words

) Noun words

d) Pronouns

€) Postposition

H Verb words

2) Clitics

h) Syllabic structure of word

i) Morphemic structure of word

1 Suffixes agglutinated with noun, verb, noun and verb
k) Inflected form of root words

b Name of each suffixes

m)  Native words

n) Foreign words

0) Motphophonemic rules involved in each word and

p) Phonotactics of native and foreign words.

In addition to the computational lexicon, suffix dictionaries, noun dictionary, verb
dictionary, exceptional dictionary, root dictionary are also obtained from the system. Suffix

dictionaries contain noun suffixes, verb suffixes and dual functional suffixes.

A total of 132 suffix categories with 24 noun suffixes, 42 pronouns, 34 postpositional
suffixes, 51 verb suffixes and 23 dual functional suffixes are manually identified. By applying the

morphophonemic rules, these suffixes can be removed and root form of the word is derived.
6



Thus the proposed computational lexicon extracts around 21,500 lexical entries correctly with its
grammatical category from a sample corpus of around 23000 words. From around 19000 root
words, etymology of 3000 words is identified as English. Identifying the meaning of these words

is not addressed in this research.

Statistical evaluation metrics like Precision and Recall [Manning 1999] is to be used to
evaluate the performance of the RWI system and for the identification of foreign words. In order
to measure the overall perfonnahce, F-measure is also to be evaluated. The values for these
measures showed by Root Word Identifier system are to be noticed. For the identification of

foreign words the measurements are also be calculated.

Some of the important inferences to be obtained from the results are (1) The suffix
attached with the root form of the word can decide the grammatical category of the root word, (2) |
The phonemic combination of words helps to trace out the etymology of words, (3) Statistical
techniques like n-gram can be implemented to explore the phonemic co-oceurrence pattern,
useful for Malayalam computing. (4) In the process of designing and developing a corpus based
computational lexicon, it seems to be sufficient to identify whether the head word or root word is
a noun or a verb. Suffixes which agglutinate with them can be used further to find its other

grammatical categories like adjective, adverb etc. using the proposed lexicon.

1.3  Scope and Applications

The system developed can be integrated with many language processing tools and
software. The lexicon developed from the corpus can be successfully applied to high entity tasks
like Machine Translation, lexicography, coining of technical terminologies, speech synthesis,
developing bilingual dictionary, pronunciation dictionary etc.

The output obtained from this research can also be used in applications like parts-of-
speech tagging, chunking, spell/grammar checkers, named entity recognition, identifying lexeme
for building lexicon, detection of compound words, developing a iransliterated Malayalam and
English dictionary, for improving the accuracy rate of morphological analyser / generator,
Malayalam to English parallel sentence generation, syntactic analysis, semantic and anaphoric

annotation, cross-lingual information retrieval system etc.

The huge list of native and non-native root words have applications in phonological

analysis, automatic tagging of foreign words (proper names of person, places, objects etc.), for

7



studying foreign influence in a language and are useful for language learners, students, computational
linguist, computational lexicographers, grammarians and the researchers concentrating on corpus

based approaches.
14  Organization of the Thesis

The thesis is organized into eight chapters. Chapter I give the introduction about the work.,
Chapter II discuss about the concepts of dictionary, lexicon, lexicography, Machine Readable
Dictionaries and computational lexicon. Details about the present scenario of lexicography in
different languages are also discussed. Related works discussed about morphological analysis,
parts-of-speech tagger and foreign word identification in different languages. Chapter III (lexical
structure and computational grammar of Malayalam) shows how the words are analysed to
develop a compﬁtational grammar, The morphophonemic change's are studied and
morphophonemic rules are developed for finding the root form of words. All these are
implemented in chapter IV, In order to identify the foreign words, statistical language modelling
is carried out and implemented in chapter V. These chapters also discuss about the unprocessed
words with sufficient recommendation and further scope. The chapter VI will explain and
evaluate the whole system, The last part gives the application and different areas in which the

proposed system can be used. The conclusion is in chapter VII which also provide the scope of

further research in this area.



Chapter IT

CORPUS BASED LEXTCOGRAPHY

This chapter reviews the general background of the two important repositories required
for developing a computational lexicon, the corpus and the lexical database. The chapter also
discusses the concept of lexicon, computational lexicon, its advantages over traditional lexicon,
information that can be computationally extracted from a lexicon, foreign word identification etc.

A short view of related works is also presented in this chapter.

Natural Language Processing (NLP) or Language Technology or Language Engineering is
a sub field of Artificial intefligence. It deals with the analysis and processing of natural language
by computers. It studies the problem of automated understanding and generation of human
languages. Different stages of linguistic analysis such as phonological, morphological, syntactic,
semantic, discourse, pragmatic etc., have to be carried out for the automatic processing of natural
language. Some of the applications in this field are Automatic Summerization (AS), Information
Extraction (IE), Information Retrieval (IR), Machine Trapslation (MT), Named Entity
Recognition (NER), Natural Language Generation (NLG), Natural Language Understanding
(NLU), Optical Character Recogniser (OCR), Anaphora Resolution (AR), Question Answering
(QA), Speech Recognition {SR), Speech Synthesis (SS), Spoken Dialogue System (SDS), Text
Simplification (TS), Word Sense Disambiguation (WSD) and Foreign Language reading and
writing aid. There are different approaches such as rule based, symbolic, corpus based, corpus

driven, statistical, connectionist and hybrid methods for developing these systems.

For all these applications a language tool known as computational lexicon which provides
atmost all linguistically relevant information at the lexical level is required. For developing a
computational lexicon, a lexicographer prefers to obtain the data which mirrors the current status
of the language in use. Malayalam documents having large collection of words are required as

the resource for developing lexicon.

Corpus is a real time authentic resource useful for language investigations and for
developing language tools. This widely accepted electronic text can be used to understand almost
all the features of a language. An attempt is made to automatically extract Malayalam web
contents to develop a corpus for Malayalam language, named here as “Malayalam Corpus”. This
corpus 1S used in the present work to analyse the properties of the language, develop a

computational grammar, for statistical language modelling and to test the proposed system.



2.1 Lexicon and Lexicography

Lexicon is a place where facts about the words are recorded aimed to make use of by
scholars, students and people from all walks of life [Litkowski 2005]. It can act as a general
reference tool, a language standardiser, an aid for studying foreign language, a vocabulary

builder, and for browsing books.

Dictionary is a type of reference work in which the words of a language, language vatiety,
speaker or text are listed and explained, either in alphabetical or in thematic order {Zgusta 1971}.
There are different types of dictionaries [NairS 1982] like monolingual, bilingual, concise,
learners etc. and lexical sources such as glossary, thesaurus, morphological /paradigm /spelling/
concordance dictionaries etc. These arc related to lexicon which provides limited lexical information.
The entries in a lexicon will be exhaustive that it will include almost all the old and new words in
a language. For example, all words used by O.Chandu Menon in his work induleekha (1889)
fw5] may not be found in a dictionary but it will be definitely included in a lexicon.

The art or practice of writing dictionaries or the science of methods of compiling
dictionaries is a part of Applied Linguistics and is known as lexicography [Jackson 2002]. The
term Lexicography which is derived from the Greek word lexico means word and graph means
writing [Zgusta 1980]. Lexicology is the scientific study of the words and aims to discover the
principles underlying its behaviour and use. It concems with the description of a range of

observable phenomena which it defines by drawing on a set of linguistic principles {Ooi 1998].
2.1.1 Classical Methodology of Compiling Lexicon

Classical methodology for lexicography starts with the planning of a dictionary. First decide
the type of the dictionary (reference/dialect/ learners/academic). Another point to decide is, whether
it is necessary to incorporate earlier literature in order to obtain idioms, proverbs etc. The social and
stylistic variations of the language are also to be considered. Compiling a lexicon is a long, time-
consuming task which takes several years, The different phases include [Hartmann 1983] [Pillai 1965].

Phase I Preparation (planning of a dictionary; collection of data and selection of entries)

Phase II: Editing (setting of entry; fixation of headwords; supply of pronunciation, grammaticat
features and definitions, synonyms, usage, and citation of head words)

Phase III: Preparation of press copy (arrangement of entries, use of notations and preparing

an introduction for the dictionary)

10



It is the responsibility of a lexicographer to decide whether the dictionary aims at
presenting all the professional registers, all the slangs and vulgarisms (or decide how much of
them are to be given in the dictionary). The collection of data for a dictionary is done by the
method of 'extraction'. A single lexical unit is extracted on one 'card’ with its full context which is
adequate enough to express the meaning of the lexical unit clearly and unambiguously. In the
editing phase, the lexical unit is related with the grammatical and semantic features. Arrangement

of lexical entries with details are carried out either in alphabetical, semantic or in general.

In all the above phases, lexicographer faces different problems [Halliday et al. 2004]. All
the decisions taken by him/her should be recorded so that when new hands join the project there
is no difficulty in continuing the line of work. The blue print may contain details like (1)
Collection of materials (sources) (2) Preparation and filling up of cards (3) Compilation of word
list (4) structure of entry (5) Description & definition of meaning (6) Labels (7) Phraseology (8)

Iustrations (9) Grammatical characteristics (10) Script (11) Pronunciation etc.
2.1.2 Dictionary of the Age: Electronic Dictionaries and Machine Readable Dictionaries

The concept of the lexicography is now in a new generation with the advent of computers
having huge storage facilities, techniques for easy retrieval, automatic analysis, sophisticated
database design and exchange of data. In the early 1990°s of the last millennium, computer
technology made it possible to release dictionaries in floppy diskettes or in CD. The electronic
edition of lexicon [Schryver et al. 2003] is a heterogeneous system, in which information can be
made available in hard copy on magnetic tapes and discs, multi volume reference package (Eg.
Microsoft bookshelf CD-ROM), video discs and also from online sources such as internet and
mobile. Such a lexicon facilitates informal, independent and individual leaning. There are a large
number of on line dictionaries for Malayalam (Eg. [w6a)-[wé6e]), Machine Readable Dictionaries
(MRD's) and online vocabulary builders which is freely available in the World Wide Web.

Malayalam dictionaries which can be used in mobile phones are also freely downloadable.

2.1.3 Computational Lexicon and Computational Lexicography

Bennett defined computational lexicography as the term which refers to the automation of
lexicographic task [Bennett et al. 1986]. A computational lexicon is an electronic version of
dictionaries which can be accessed and manipulated using computers. It is open ended and the
size can be increased to any extent. The information on a particular lexical item can include
anything from all inflectional and derivational forms and their related information, synonyms or
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antonyms, to required encyclopaedic or pragmatic knowledge, apart from the conventional

information [Shanavas 1996]. Structure of a lexicon depends upon its use and its size depends on

its application,

The first proposal for the design of a computational lexicon was made by the Soviet
linguist, Igor Melcuk, and his team who proposed the concept of the explanatory combinational
dictionary [Marcus 1986]. COBUILD, LDOCE, COMPLEX, CELEX, COMLEX and FrameNet
are the leading computational lexical databases available for different languages developed
by Sinclair (1984), Cowie (1986), Klavans (1988), Piepenbrock (1993), Grishman (1994), and
Fillmore (2001) [Sinclair 1984] [Cowie 1989] [Klavans 1988] [Piepenbrock et al. 1995]
[Grishman et al. 1994] [Fillmofe et al. 2001] respectively.

Dogru and Slagle (1999) proposed a model of lexicon which involves automatic
acquisition of the words as well as representation of the semantic content of individual lexical
entries [Dogru et al. 1999]. Kazakov et al. (1999) reported research on word segmentation based
on automatically generated annotated lexicon of word tag pairs [Kazakov et al. 1999]. Lovis
proposed the design of a lexicon for use in the NLP of medical texts [Lovis et al. 1998]. Pedersen
and Bruce (1998) proposed a corpus based approach to word-sense disambiguation that only
requires information that can be automatically extracted from untagged text [Pedersen et al. 1998].
Development of computational lexicon for contemporary Hebrew language [Itai et al. 2006],
Thai language [Noikongka et al. 2007], Maltese [Rosner et al. 1998], Arabic language
[Al-Shalabi et al. 2004] [Gangemi et al. 2006] [Al-Yahya et al. 2010], Korean language
[Lim et al. 2006 ] are on progress.

WordNet [Fellbaum 1998] is one of the widely used lexicon based on a semantic network.
It was originally conceived and developed as a lexical database for English on the basis of
Psycholinguistic properties. The major lexical categories like Noun, Verb, Adjective and Adverb
are organized in terms of sets of synonyms (synsets) each one representing a lexical concept.
WordNet has been restructured according to the principles of formal ontology in the
OntoWordNet project [Gangemi et al. 2010] and has been represented using the W3C standard
Web Ontology language (OWL) [Scheffczyk et al. 2006]. The different structural models which
are adopted for representing word semantics include semantic network models, frame-based
models and ontology-based models [Al-Yahya et al. 2010]. VerbNet [Schuler 2009] is an online

verb lexicon for English language.
12



A National workshop on WordNet was organized by the Indian Institute of Technology,
Bombay and Amrita University, Coimbatore on June 2009 to integrate the developments of
‘WordNets in Indian Languages. A number of Indo-Aryan language WordNets are being
developed at the Centre for Indian Language Technology (CFIL) at Department of Computer
Science and Engineering, IIT Bombay. An IndoWordNet {Bhattacharyya et al. 2010] was
developed to link the WordNets of 17 Indian Languages using Suggested Upper Merged
Ontology (SUMO) [Bhatt et al. 2011]. IIT Bombay is having a Hindi WordNet [Chakrabarti et al.
2004]. The first version of Tamil WordNet has been prepared by AUKBC and Tamil University
[Thiyagarajan et al. 2002]. Telugu WordNet [Selvaraj 2010] is being constructed expanding from
Hindi WordNet. SanskritNer has been developed for Sanskrit WordNet [Kulkarni et al. 2010].
There is also Oriya WordNet [Mohanty et al. 2002]. LexTool is a tool used to develop Nepali
lexicon [Bista et al. 2007]. All these WordNets do not contain the full range of information that
is found in an ordinary dictionary. A Unified Computational Lexicon for Hindi-English Code-
Switching [Achla et al. 2004], Bengla lexicon [Pavel et al. 2006], and Corpus based Urdu lexicon
[Tjaz et al. 2007] are notable works. Amrita University, Coimbatore is engaged in developing
Malayalam WordNet [W11].

Developing an electronic lexicon cannot be completely achieved through the traditional
methodology of dictionary making. The five stages of development of a computational lexicon

are

1) Lexicon extraction and building,

2) Lexicon based language modelling

3) Computational storage of the lexicon

4j The development and enrichment of richer lexicons and

5) Defining standards for lexicon exchange and reusability [Ooi 1998].

2.1.4 Lexical Database of a Corpus Based Lexicon

Words are tools of the basic communication which is omnipresent in every language. All
words are unique having their own meaning and functions. An ideal lexicon should be able to
provide all the features of every word used in a particular language. A corpus based lexicon
[Granger et al. 2003] incorporating statistical methods and/or rule based approaches can be made
to avail some of the following details [Hartmann et al. 1998] about the lexical items in a language:-
(1) Head words (2) Compound words (3) Technical words (4) Foreign words (5) Empty words
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(6) Function words (7) Proper names (8) Affixes and suffixes (9) Syllables (10) Set expressions
and multi word units (9) Proverbs (10) Clitics (11) Synonyms (12) Antonyms (13) Hypernyms
-(14) Hyponyms (15) Acronyms (16) Phrases and idioms (17) Abbreviations (18) Spelling
(19) Pronunciation (20) Etymology (21) Grammatical information (22) Semantic information
(23) Thesaurus (24) Definitional meaning (25) Description and definition (26) Equation
(27) Mustrative examples (28) Quotation (29} Citation (30) Illustrative pictures (31) Labels
(32) Phonemic / syllabic structure (33) Word / lexical analysis (34) Word / lexical formation
(35) Word structure (36) Lexical classification (37) Word generation (38) Archaism (3%) Agnonym
(40) Ghost words (41) Domain (42) Alphanumeric combinations (43) Aptronyms (44) Archilexeme
(45) Assimilated words (46) Blending words (47) Catch phrases (48) Deprecated terms
(49) Mnemonic device (50) Palindromes (51) Tongue twisters etc.

22  Malayalam Lexicography

Malayalam is the official language of the state of Kerala situated in the southern half of
west coast of India. The state which is literally known as God's own country is bounded by
Arabian Sea in the West and Western Ghats in the East. Malayalam language is one among the 22
official languages of India and one among the four major languages of the Dravidian family. A
speaker of Malayalam is called a malayaali (pexwod). The influence of other languages like

Sanskrit, Tamil, Telugu, Tulu, Toda, Kota, Kodagu and Badaga is seen in phonemic, morphemic
and grammatical levels of this language. Malayalam is a morphologically rich and agglutinative
language [Caldwell 1956]. It is relatively of free order [Varma 1999].

India has a long and ancient lexicographic tradition with Yaksha's Nirukta, the earliest
etymological work of Sanskrit, 4markosh of Amarasimha, a traditional verse dictionary, and with
many nighaNtus [Rajashekaran 2008]. Malayalam lexicography started in 1746 with Arnose
Padiri's dictionary, ‘Dictionarium Malabaricum’. The dictionary of Richard Collins (1863),
MalayaalaM~ nighaNtu is the first monolingual dictionary in Malayalam. Other notable
works are Benjamin Bailey’s Dictionary of High and Colloguial Malayalam and English (1846),
Dr. H. Gundert’s Malayalam and English dictionary (1872), the Sabdathaaraavali by
Sreekanthesvaram Padmanabha Pillai (1932) [Pillai 2011] etc. A pedagogical dictionary in
Malayalam (Sabda Surabhi, 2 volumes, 2005) compiled by former Malayalam Lexicon chief
editor B.C. Balakrishnan, contains all the Malayalam words available in the Malayalam books
upto 12™ standard with details and meaning. This is a good lexical resource for researchers.

The Malayalam lexicon [Pillai 1965] of the Department of Lexicon, University of Kerala is a
14



Malayalam-Malayalam-English lexicon, is useful for both native and foreign learners. The

compilation is still to complete and volume 9, 10 and 11 are in its final stage.

Many efforts are going on in different parts of the cduntry for the development of lexical
resources such as thesaurus development, ontology development, lexical modelling etc. {Murthy
2004]. The ongoing projects are corpus development and lexical resources by CIIL Mysore,
Malayalam-Hindi bilingual lexicon for Anusarak project [Bharathi et al. 1997], English-
Malayalam bilingual lexicon for Anglabharati projebt etc. Technology and Resource Centre for
Malayalam Language (TRCML), University of Kerala is also engaged in the preparation of
Malayalam corpus and lexical resources for Malayalam using modern technologies [w8]. The
two projects, “Preparation of generétive lexicon using MRD’s” and systems for “Indian
Language to Indian Languages” aimed to develop Machine translation systems. The by-products
of these projects are a bilingual mapping dictionary of Tamil-Malayalam and Malayalam-Tamil
dictionaries [Rajendran 2010}, AUKBC Research Centre, Chennai has undertaken project on
Tamil-Hindi transfer lexicon, Named Entity Recognizer, Anaphora Resolution [Sobha 1999] which
are useful for the creation of lexical resources for Indian Languages. The CALTS of Hyderabad,
is engaged in preparation of lexical resources for Indian Languages. Anna University of Chennai
developed an online pedagogical dictionary (English-Tamil) which is a notable contribution to the
Tamil lexical resources under the Technology Development of Indian Languages (IDIL). Tamil-
Malayalam translator's dictionary [Rajashekaran 2008], Telugu-Malayalam Nighantuvu [Rao
et al. 2010], etc. are in progress, Centre for Development for Imaging Technology (C-DIT),
Centre for Development of Advanced Computing (CDAC), Language Technologies Research
Centre (LTRC), IIIT Hyderabad, Cochin University of Science and Techhology (CUSAT),
Swathantra Malayalam Computing Group, etc. are also engaged in the development of different
language tools for Malayalam computing {w9a]-[w9e].

23 Corpus

The term corpus is derived from the Latin word ‘corpus’, means 'body’ [Dash 2005]. In the
domain of law, it represents a set or a collection of legal documents and their sources. The corpus
of a trust is defined as the sum of money or property that is set aside to produce income for a
named beneficiary [w10]. One can trace many definitions for corpus [Dash 2005]. Within the
domain of general linguistics, it refers to “4 collection of linguistic data, either written text or a
transcription of recorded speech, which can be used as a starting point of linguistic description

or as a means of verifying hypothesis about a language.” [Crystal 2003]. Another definition for
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corpus is that it is a large collection of written and/or spoken text samples available in machine-
readable form, collected in a scientific way to represent the use of a language [Dash et al. 2003].
It is not simply a random collection of texts, but i-epresents a natural language or some part of a
language used in the real world. It can be considered as a ‘language research sample’ for doing
any type of research with that language. The language corpus is also defined as Capable Of
" Representing Potentially Unlimited Selections of texts which is Compatible to computers,
Operational in research and applications, Representative of a language or variety, Processable
by man and machine, Unlimited in amount of data, and Systematic in formation and
representation [Dash 2005]. The validity of a corpus as a source for lexical description depends

on how representative or well-balanced it is for the language it purports to represent [Ooi 1998].

Thus, corpus (plural corpora) is a large structured set of text documents which is
electronically stored and processed. It may contain texts in single language (monolingual
corpus), two languages (bilingual corpus) or in multiple languages (multilingual corpus) [Biber
et al. 1998). Corpus can also be classified as written corpus and speech corpus. The written
corpus contains documents collected from books, newspapers, encyclopaedias, journals or an
advertisement paper of varying length. The speech corpus contains speech samples obtained from
natural dialogues, formal or informal talks or similar speech sequences. A written corpus can be
developed by manually inputing the textual data to a computer thereby storing them in electronic
format which can be easily processed and retrieved. Scanning the text using optical character
reader (OCR), downloading the texts available on the internet, copying the text from CD ROM

are some of the other techniques for collecting text samples.

The first major corpus of English, designed for computer analysis, was the Brown Corpus
developed at Brown University by Henry Kucera and Nelson Francis in the mid- 1960's. It was
Nelson Francis [Teubert et al. 2007], who first applied the term corpus to his electronic collection
of text and John Sinclair [Teubert et al. 2007] was the first to use a corpus specifically for lexical
investigation. The first corpus in Indian language is the Kolhapur Corpus of Indian English
(KCIE) developed by Prof. 8.V Shastri (1988) and his colleagues at Shivaji University, Kolhapur.
It contains approximately one million words of Indian English'[Dash et al. 2003]. Some of the
English corpus in use are British National Corpus (BNC), European Corpus Initiative
Muhilingual Corpus I (ECI/MCI), EMILLE/CIIL, Lancaster-Oslo-Bergen (LOB) etc. [Teubert
2000]. The British National Corpus is a 100 million word collection of samples of written (90%)

and spoken (10%) language from a wide range of sources, designed to represent a wide cross-
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section of British English. Now there are monolingual corpora for fourteen south Asian
languages: Assamese, Bengali, Gujarati, Hindi, Kannada, Kashmiri, Malayalam, Marathi, Oriya,
Punjabi, Sinhala, Tamil, Telugu and Urdu [McEnery et al. 2006]. The corpus developed by
Central Institute of Indian Languages (CIIL) Mysore for Malayalam language is a well known

corpus which is freely downloadable and can be used for language research. The current status of

entire corpus is having 52,18,043 words [wI1].

Cotpus can be from any domain and one can utilise a corpus for knowing more about
their field of interest. Another advantage is that a corpus can provide huge amount of information
in a single stretch without browsing the net or referring the library for hours. Even journalists,
script writers, poets, politicians or a priest can utilise a corpus for improving their writings and
speeches which enrich their vocabulary. Teachers, students, and researchers from the domains of
languages can use corpora for making teaching materials, classroom exercises, dissertations, etc.
The software developers, language engineers and programmers use corpora primarily to develop
language reference tools and Natural Language Processing applications. Corpora allow
researchers not only to verify the traditional approaches to language but also to observe new
phenomena that have not been noticed before. The scientific study of linguistic phenomenon and
analysis of data obtained through large collections of machine-readable texts (corpora) is known
as Corpus Linguistics [Mitkove 2001].

The linguistic information implicitly present in the text can be made explicit through the
process of concrete annotation [Dash 2005] like parts-of-speech (POS). It is the process of
annotating parts of speech (noun, adjective, verb, etc.) to the corpus using linguistic and
probabilistic rules thereby identifying the grammatical categories of the word. Multifunctionality,

reusability, efficient data extractions are some of the advantages of annotated corpus.

A word in a language can occur at one or more domains or registers [Biber et al. 1998].
Registers are defined as varieties of language that is used in different situations or domains. A
lexicon should specify in which domain / domains or context the word appears. So the documents

seen in the web sites should be stored according to the domain.

Corpus plays an important role in linguistic analysis of a language and in the field of
language technology. There are many language processing tools Ilike word processor,
morphological analyser and generator, spell checker and grammar checker, sentence parser ete. to

analyse the langnage computationally.
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For developing language tools, many researchers and institutions are creating their own
corpora, solving problems in the corpus without studying on the issue, and producing project
specific systems, which cannot easily be re-used. Thus the process of creating a corpus is an area,
which lacks standardization and appropriate tools. The corpus for Malayalam developed so far,
are not large enough and neither widely representative nor balanced. There has never been any
attempt to enlarge this corpus with regular inclusion of new text samples from different text
types or sources as in Bank of English [w12] or in American National Corpus [wi3]. Even
though many institutions are having corpora, they are not yet released to the public domain. As
part of the proposed work, an attempt is being made to develop a corpus for Malayalam
language. This corpus is termed as “Malayalam Corpus”.

24  Malayalam Corpus.

For the proposed work, a corpus for Malayalam having a large collection of sentences is
required to analyse the language and to design the lexicon. A full fledged lexicon is one which
can provide all the words available in the vocabulary of that particular language. For extracting
maximum Malayalam words, a monolingual general corpora for the language is required. A
general corpus contains texts belonging to almost all subject domains obtained from different
sources. So here, the type of documents or sources written in Malayalam text is collected. They
are listed in Appendix I. For developing corpus, only the documents from web source are
considered in this work. A general monolingual text corpus is developed using a web crawler. A
web crawler is a computer program that browses the World Wide Web in a methodical, automated
manner or in an orderly fashion. Other terminclogies for Web crawlers are ants, automatic

indexers, bots, Web spiders, Web robots, or Web scatters [w14].

In the present work, certain keywords which are commonly seen in each domain are listed
and the web crawler will crawl the documents according to these keywords. They are stored in
the corresponding registers as shown in Appendix II. Using this Malayalam web crawler, huge
amount of documents can be stored in word processing files in the Unicode format [wl5].
Meta data, the details about the documents, are manually tagged with the text. This will help the
language rescarcher or a computational linguist to trace the context of the documents for
further investigations. Meta data usually contain extra linguistic variables like site addresses,
page addresses, sub classes, keywords, institution, author, genre, style, setting, font, font type,
script language, topic, date of publication and time, age and intended audience of readership,

remarks etc.
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Biber (1990) pointed out that small corpora can be used for investingating the more
common features of language such as grammatical features [Kobayashi et al. 2000]. So a focused
crawler [Chakrabarti et al. 1999] is used to crawl the documents from internet having a limited
number of documents using per! [wl6]. Using this web crawler, a small corpus containing
24,055 words is created by selecting documents from the domains of health, film, technology,
law, religion and lyrics of songs. This corpus is used for the propoéed work. The advantages of

developing a corpus from web as source are discussed in the following section.

2.4.1 Web Based Malayalam Corpus

There are many advantages in developing a diachronic corpus from web even though
there are some disadvantages in selecting only the web contents [Kilgarriff et al. 2003]. Online
texts in machine-readable form are free and instantly available, Transferring of this digital text to

corpus, with high potential content, saves considerable amount of time, manpower and money.

Online archives, blogs, personal sites, web based diaries etc. are over whelming with
short stories, songs, jokes, and word puzzles. Large amount of documents in the form of PDF,
HTML, XML, PPT, e-text are now available in web which is free of copyright permissions.
Similarly, Wikipedia for Malayalam language provides a large collection of information sorted in
alphabetic order and in domain specific categories. Spiritual collection of online books,
inscriptions from Ramayana, Gita, Bible, Quran, naaraayaNiiyaM~ etc. and lyrics of film songs,
fotk music, poems etc. are also abundantly available in digital form. Almost all leading dailies in
Malayalam language have their online editions and about hundreds of journals or weeklies are
published through web. It can also be noticed that the dailies set up to six or seven editions,
ubdating many times in a day which is accessible freely. These rich resources can provide high
quantum of words, sentences, paragraphs and different constructions encapsulated in the
language. Words required for discourse categories such as apologies, hedges, greetings, humour,
politeness, empbhasis, efc. can be obtained from a corpus. Words from sastras like jyothisa,
ayurveda, tantra, silpa etc. can also be collected from a corpus. Aggregator [Horacek 2002} helps
to search the web contents easily and can be.adopted for this work. Search engines like Google,
Bing, www.malayalamsearch.com, www.tapioca.in, www.anweshanam.com are some of them

which are used to search the Malayalam contents in the web.

All aspects of language such as the pronunciation, vocabulary, structure and its use are
subjected to change. The variation of language according to the domain, period, regions,

speakers, writers and context can be obtained from the social networking sites like web 2.0,
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orkut, facebook, twitter etc. Many new words which are not available in books or dictionaries can
be seen in web documents. Taboo words, dialects, technical terms, words and expressions used
by namboothiris, brahmins, fisher-folks, blacksmiths, artists etc. can also be collected from
different sites. Since the old documents and new documents are available in web, words used at
different points in history can be included in a lexicon. Some sites will provide the deseription
and definition of certain lexical units which can be directly cited to a lexicon. Besides these
advantages, web can be used for analysing a number of discourses other than political such as
legal, business, academic, media and medical. Similarly the stylistic analysis of poems, technical
vocabulary, formal and informal documents can be linguistically analysed to understand and
identity them with respect to their domain. Another advantage is that the possibility of skipping

the commonly used vocabularies is low.

A corpus should be error free since it has fo become the test bed for many linguistic
research and technological developments with language tools. Malayalam corpus developed
contains different types of errors. There are spelling errors, grammar errors, errors occurred due
to the non-standardisation of fonts and errors due to absence of certain characters / words /
sentences in the corpus. Developing systems for correcting these errors, developing handwriting

recognizes and optical character readers help to enhance the corpus creation.
25  Associated Stages in Computational lexicon

There are different associated stages which add more features and facilities in the development
of a computational lexicon. Among them, morphological analysis of the language is an important
stage. Morphological analysis has to be carried out to obtain the grammatical features and
semantics of the word. Another important one is the identification of etymology of words. An
overview of the works published in literature for these works in different languages are given in

the following section.
2.5.1 Morphological Analyser

Morpho]ogical analyser / Morphological parser is the process of segmenting a
morphologically inflected word into its root word and its associated morphological components
along with the features specifying the morphological structure [Menaka et al. 2010]. The
morphological analysis deals with the study of internal structure of words of a language based on
its grammatical category. A Morphological analyser is a program for analysing the morphology
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of a word [Beesley et al. 2003]. It reads the inflected surface form of each word in a text and

provides its lexical information. Various NLP research groups have developed different methods

and algorithm for morphological analysis. Some of the algorithms are language dependent and

some of them are language independent [Saranya 2008].

D

2)

3)

Various methods involved in morphological analysis includes

Finite State Automata (FSA): This is used to accept or reject a string in a given
language. It uses regular expressions. When the automaton is switched on, it will be in the
initial stage and starts working. In the final state it will accept or reject the given string. In
between the initial state and finite state there are transitions, a process of switching over
to another state. Finite state approaches to morphological analyser have been psed for
Bantu, Persian lallguage§ etc. [Elwell 2006]. The use of finite state automaton to
morphological analysers allows corrections, modifications and extensions to the lexicon.
In designing a Noun Phrase Chunker for Tamil language, partial chunking of the text is
done by a rule-based approach where the rules are embedded in a finite state automaton,
It recognizes the chunks at a high accuracy rate and speed with good performance
evaluation of the system having a recall of 93.7% and precision of 94.9% using Finite
State Automata [Sundar et al. 2010]. A hybrid approach using Artificial Immunity
System (AIS) and Rule Based Method is used for Phrase chunking in Malayalam
[Bindu et al. 2011]. 96% precision and 93% recall is claimed for the system.

Two Level Morphology: Kimmo Koskenniemi's (1993) model is "Two-level” in the sense
that a word is represented as a direct, letter-for-letter correspondence between its lexical or
underlying form and its surface form. The KIMMO system [Karttunen et al. 1983] known
as a PC-KIMMO had two analytical components- the rules component and the lexical
component, or lexicon. The rule component consisted of two-level rules that accounted
for regular phonological or orthographic alternations. The lexicon listed all morphemes
(stems and affixes) in their lexical form with specified constraints [Antworth 1990].

Finite State Transducers (FST): This is an advanced version of FSA which represents a
two tape automaton. One can combine lexicon, orthographic rules and spelling variations
in the FST to build a morphological analyser. Kannada morphological analyser and
generator utilize this principle [Veerappan et al. 2011]. Thcre: are two approaches used to
build the Morphological Analyzers at LDC-IL, the Word and Paradigm Approach [Bharati
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5)

et al. 1995] and the Rule Based Affix Stripping Approach. Many atiempts are there for
developing morphological analysers for languages like Marathi {Vaidhya et al. 2009],
Telugu, Tamil [Parameswari 2011] and Malayalam {Vinod et al. 2011] using the

Apertium — Lttoolbox [wl7].

Stemmer Algorithm: Stemmer is used for stripping of affixes. It uses a set of rules
containing list of stems and replacement rules. The most prominent ones are those
introduced by Lovins (1968), Paice/Husk(1977), Dawson (1980), Porter (1980), Krovetz
(1993) and Xu and Croft (1998) [Jivani 2011]. The Porter Stemmer is based on the idea
that the suffixes in the English tanguage (approximately 1200) are mostly made up of a
combination of smaller and simpler suffixes. It has five steps, and within each step, rules
are applied until one of them passes the conditions. If a rule is accepted, the suffix is
removed accordingly, and the next step is performed. The resultant stem at the end of the
fifth step is returned [Sukhadeve et al. 2011]. Retrieval experiments on English, French,
and Bengali data sets showed that the stemming algorithm is efficient for languages that
are primarily suffixing in nature [Majumder et al. 2007}. The experiment also showed that
corpus based analysis can be used to ephance the performance of stemming algorithms.
Rogati et al. [Rogati et al. 2003] used a machine-learning apprbach to build an Arabic
stemmer. In Indian language context, Ramanathan and Rao [Ramanathan et al. 2003] have
developed a stemmer for Hindi, using rule based approach. Another statistical stemmer by
Oard did the suffix discovery statistically from a text collection and eliminated them from
the word endings to get the stemmed output [Oard et al. 2001]. In their experiment, the
end n-grams frequencies of the strings were counted (where n = 1, 2, 3, 4) for the first
500,000 words of the text collection. Each instance of every word was considered to get
these frequencies. Then, the frequency of the most common subsuming n-gram suffix was
subtracted from the frequency of the corresponding (n-1)-gram. Brute Force stemmers
[Kumar et al. 2011] make use of a lookup table, which contains relations between root

forms and inflected forms. Many attempts were started recently to develop Malayalam

- morphological analysers using this algorithm.

Corpus Based Approach: Corpus based approach also being used in morphological
analyser. It takes a raw corpus as input and produces a segmentation of the word forms
observed in the text. Such segmentation resembles morphological segmentation [Oostdijk
et al. 1994]. A morphological analysis of an Italian lexicon was done with a corpus-based

approach {Zanchetta et al. 2005].
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7

8

Directed Acrylic Word Graph (DAWG): DAWG [Sgarbas et al. 1995] is a very efficient
data structure for lexicon representation having fast string matching, with a great variety
of application. This method has been successfully hnpleniented for Greek language by
University of Partas, Greece. It can be used for both morphological analysis and generation
[Mair et al. 2000). This approach is language independent and it does not utilize any
morphological rules or any other special linguistic information [Sagarbas 2000].

Paradigm Based Approach: A Paradigm refers to a complete set of related inflectional
and derivational word forms of a given category. The linguist is asked to provide different
tables of word forms covering the words in a language. Each word form's table covers a
set of roots which means that the roots follow the pattern or paradigm. - The paradigm
based approach is efficient for inflectionally rich languages The Anusaraka research
group used a language independent paradigm based morphologlcal compiler program for
Indian Languages. Tamil morphological analyser used paradigm approach with FST, for

efficient processing of the system [Parameshwari 2011].

Rule based affix stripping method: In the case of Assamese, Bengali, Bodo and Oriya,
the Paradigm Model seems to be unsuitable and inadequate to capture all morphological
functions. The reason for this is that these languages are classifier based languages. Even
though the classifiers are finite in number, they can occur in various combinations with
nouns. This would increase the manual effort of paradigm creation immensely. Moreover,
in these languages morpho-phonemics does not play much role. Hence, the suffix
stripping approach has been found to be suitable. As the name suggests, this method
involves identifying individual suffixes from a series of suffixes attached to a stem/root,
using morpheme sequencing rules. This approach is highly efficient in case of
agglutinative languages. However, in languages that display tendency for morpho-
phonemic changes during affixation (such as Dravidian languages), this method will-
require an additional component of morpho-phonemic rules besides the morpheme

sequencing rules [Parakh et al. 2011].

Even though a full-fledged morphological analyser is not there for Malayalam language,

there are a few attempts like the one developing by Indian Institute of Technology (IIT)
Hydrabad along with Linguistic Department of Tamil University. This morph analyser is based
on patadigm method and they are using Anusaraka tool for developing it. The different
grammatical categories given by them include noun, verb, adjective, adverb, NSP and postposition
and avyaya.
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Morphological analysis for Malayalam verbs using a hybrid approach (paradigm and
suffix stripping method) is an attempt made to attain morphological generalisation of verbs fo an
extent [Saranya 2008). In that work, there is a dictionary for Malayalam, which contains lexical
items, grammatical category and paradigm type. Respective words of each type of paradigm are
also provided with the list of inflected forms. The program compares each inflected form and
come out with dictionary lexeme and suffixes. The sandhi rules occurring when the past tense
marker is attached to the stem is studied. The four sandhi rules, Elision, Augmentation,
Substitution and Reduplication are also discussed in detail. The verbs are categorized ito 28
classes or paradigms based on the past tense marker. They identified around 1100 inflections of

verb.

Using the same hybrid approach method, a Malayalam morphological analyser using
Apertium Lttoolbox was developed at Language Technology Centre, Centre for Development of
Advanced Computing (C-DAC), Thiruvananthapuram [Vinod 2011] as a part of Machine
Translation task. Lttoolbox is available with the Apertium toolkit, which is an open source
shallow-transfer machine ftranslation system originated with in the project “Open-Source
Machine Translation for the Language of Spain”. Lttoolbox can be customised to any language
by including the required lexical dictionary [w17]. It uses the FST approach for doing lexical |
processing. A morphological dictionary, also known as morphological analyser specification file
is manually created to define and use paradigms which help to share the same inflection pattern.
It is in XML format and the alphabets used in the dictionary are in WX notation. The paradigm
facility helps to handle the inflections of the words. In order to cover all cases they have
identified 24 noun paradigms, 58 verb paradigms, 9 pronbun paradigms, 12 adjective paradigms.
Paradigms are not defined for postpositions and adverbs. Using post processing module, suffix
stripping module and sandhi rules certain complex words are also processed. The dictionary
contains around 52,000 entries. 1000 words are taken for evaluation. They claimed 96% root
identification accuracy, 82% POS identification accuracy, 70% suffix segmentation accuracy and

82.67% average accuracy for their morphological analyser.

Some of the other ongoing attempts on Malayalam computing include (1) the Data Driven
approach of Malayalam verb morphology [Narendranath et al. 2011], (2) Analysis of Malayalam
compound words and Implementation of a compound word splitter tool using Finite State Models
{Bindu et al. 2009], (3) Named Entity Identifier for Malayalam Using Linguistic Principles
Employing Statistical Methods [Bindu et al. 2011] etc.
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2.5.2 Parts-Of-Speech (POS) Tagging

As a part of morphological analyser, POS tagging (Parts-Of-Speech tagging) is an
important pre-processing task whiéh assigns each word in a sentence with its parts-of-speech
[Dash 2005]. This helps in doing deep parsing of text and in developing Information Extraction
systems, semantic processing etc. POS tagging for different natural language texts have been

developed using linguistic rule, stochastic models [Kumar et al. 2010] and a combination of both

as shown in Figure 2.1.

POS Tagging

Supervised Unsupervised

Rule-based  Stochastic Neural  Rule-based Stochastic Neutal

haxi n-grams
Liketihood
™~

Hidden Veterbi Baunni- Welch
Markov Algorithm

Figure 2.1: POS tagging schemes [Kumar et al. 2010]

In Supervised tagging method, a pre-tagged corpora is used to learn rules for tagging.
Unsupervised tagging method do not require pre-tagged corpus and they use advanced
computational techniques like the Baum-Welch algorithm [Baum 1972] to automatically induce
tag sets, transformation rules etc. Based on this information, they either calculate the probabilistic
information needed by the stochastic taggers or induce the contextual rules needed by rule based
systems or transformation based systems [Allen 1995] [Jurafsky et al. 2000].

Hidden Markov Model (HMM) and Maximum Entropy (ME) based stochastic taggers
were proposed for Bengali language [Dandapat et al. 2007]. There are different tagging
approaches for Hindi language such as Morph Driven Tagger, Maximum Entropy Based Tagger,
HMM based Tagger, CSF Based Tagger [Kumar et al. 2010]. A rule based part-of-speech tagging
approach is used for Punjabi, which is ﬁlfther used in grammar checking system for Punjabi
[Mandeep et al. 2008]. For Telugu, three POS taggers have been proposed by using different POS
tagging approaches viz., (1) Rule-based approach, (2) using Transformation based learning
(TBL) approach of Erich Brill and (3) using a machine learning technique known as Maximum

Entropy Model [w18][w19].
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A stochastic Hidden Markov Model (HMM) based part-of-speech tagger has been
proposed for Malayalam [Manju et al. 2009]. The morphological analyzer accepts the input text
and transliterated to an intermediate representation and is stored as a file. This representation is
used while traversing the Finite State Automata (FSA). Each sentence is given to the tokenizer.
The token is checked with the dictionary to check if it is a valid word. If not, then the word
(token) is given to the Splitter where the word is separated into root and affix based on the
orthographic rules. After Identifying the Root, the analyzer searches the affix based on the
morphotactics of the category of the root word. By using the Morph Analyzer the tagged corpus
is generated. The authors claimed an accuracy of about 90% for this POS Tagger.

Another tagger for Malayalam was proposed [Antony et al. 2010] which is based on
machine learning approach with Support Vector Machine (SVM) [Jes us Gim enez 2006]. The
objective was to identify the ambiguities in Malayalam lexical items and to develop an efficient
and accurate POS Tagger appropriate for Malayalam. Their proposed tagset for Malayalam
language has 29 tags where there are 5 tags for nouns, 1 tag for pronoun, 7 tags for verbs, 3 for
punctuations, two for number, and I for each adjective, adverb, conjunction, echo, reduplication,
intensifier, postposition, emphasize, determiners, complimentizer and question word [Manju et
al. 2009). The POS tagging architecture consists of different modules which perform different
functionalities to achieve better accuracy of POS tagger. They used SVM tool for tokenization
and the desired input in column format was given to this tool. Blank space is used as a column
separator. The output of tokenize module is a corpus of untagged tokens. So the corpus is
manually tagged using the proposed tagset. In the initial phase, 20,000 words are tagged
manually. The manually tagged corpus is trained using SVM tool. This output of the tool is a
dictionary with merged model and its lexicon. The remained pre-edited corpﬁs is given to the
SVM (SVMTagger, component of SVM tool) for tagging in step by step. After tagging, the
displayed output is checked manually and the tags are corrected properly. The proposed POS
tagger has a tagged Malayalam corpus with size of 1,80,000 tagged words. The performance of
the POS tagger system in terms of accuracy is evaluated using SVMTeval, [nitially, when the size
of the lexicon is small the tagger achieves low ac'curacy. The authors claim that when the size of

the lexicon is 1,80,000 the POS tagger achieves 94% accuracy.
2.5.3 Identification of Foreign Words from other languages

Etymological classification plays an important role in information retrieval and cross-
lingual information retrieval system. Finding equivalents between a source word and its various
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target language realizations improves indexing of search terms and subsequently document recall

[Kang et al. 2002].

Oh and Choi formulates a problem of automatically identifying and extracting English
words from Korean text [Oh et al. 1999], They treated it as a syllable-tagging problem in which
each syllable is identified as foreign or Korean, and each sequence of foreign tagged syllables is
extracted as an English word. They modelled it with a Hidden Markov Model where states
represent a binary indication of whether a syllable is Korean or not. Hand tagged corpus of one

lakh words are used for finding the probability of a syllable being Korean or foreign.

Kang and Choi (2002) employed a similar advanced approach which delivered promising
results. They used a sample corpus of about 1,900 documents taken from KTSET 1.0 corpus in
which each syllable was manually tagged as being either Korean or foreign. As in the case of
Malayalam language, word segmentation problem is an issue in Korean since some of the words
in a sentence are written without space. The noun extraction task in Korean consists of detaching
functional word sequences and compound noun segmentation [Jeong et al. 1997]. The compound
noun is segmented into simple nouns and foreign words are identified. Statistical methods
utilizing the differences in syllabic unigram or syllabic bigram patterns between pure Korean
word and foreign word have been developed [Oh et al. 2002]. They used HMM based foreign
word recognition method to recognize the words. The results proved that after compound noun
segmentation and functional word detachment, both Precision and Recall are significantly
increased when compared with those obtained only from syllable tagging. They used smoothing
techniques to increase the performance by 20% thereby obtaining a Precision/Recall rate of

84.33%/92.02% [Kang et al. 2002).

For getting more accurate results for the identification of languages more training data is
required. Baker and Brew (2008) addresses the issue of obtaining sufficient labelled data for
training the system. As a solution to this problem a small set of phonologically-based
transliteration rules were developed to generate potentially unlimited amount of pseudo training
data at low cost [Baker et al. 2008]. This approach can be further used to train a classifier to
distinguish etymological classes of actual words.

Goldberg and Elhadad (2008) presented a loosely supervised method for context free
identification of transliterated foreign names and borrowed words in Hebrew text. The method is
purely statistical and does not require the use of any lexicon or linguistic analysis too! for the
source language, Hebrew. They used the approach of identifying transliteration by comparing the
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letter structure of words with models trained in a way that captures the sound structure of the
language-one in Hebrew and one in English, as written in Hebrew writing system. The model for
transliterated English is trained ‘on data automatically generated from an English corpus
[Goldberg et al. 2008]. This noisy data performs much better than using just a small amount of
hand-made clean data. Corpus taken for the experiment is 28MB of text containing prose, poetry
and essay of 26 authors. For foreign models, they used text over-generated from 6MB portion of
the Brown corpus distributed with NLTK tool kit. Total of 9618 words (4044 unique words) are
tested. Prefixes are manually removed. QOutput obtained are 3608 Hebrew, 368 foreign words of
which 251 are foreign proper names and 68 words are ambiguous words. 5 fold cross validation
[Kohavi 1995] is used to evaluate the performance of the developed system. From their analysis,
it was found that majority of foreign words in Hebrew text are proper names. By adding a
lexicon, the precision increased and recall decreased. The decrease in recall is due to very-
common borrowed words which are included in the lexicon. The work is conducted without
removing the prepositions appended as prefix to Hebrew words. Such unsegmented data which

are wrongly tagged are left for future research.
Other notable works in the direction of language identification include

(1)  The capturing of Out-of-Vocabulary words in Arabic Text [Abdusalam et al. 2006],

(2)  Extracting loanwords from Mongolian corpora and producing a Japanese-Mongolian
bilingual dictionary [Khaltar et al. 2006],

(3)  Statistically-Enhanced New Word Identification in a Rule-Based Chinese System
[Wu et al. 2006),

(4)  Automatic Language Identification of Chinese [Mariani et al. 2008],

(5)  Language Identification of Short Text Segments with n-gram models [Vatanen et al. 2010] etc.

This chapter discussed about the resources for developing a computational lexicon. The
chapter also discussed different approaches attempted in Malayalam and other languages. In the
proposed work, a different approach, but similar to existing ones, with minimum monolingual
resource was attempted to identify the words, root words with their grammatical category. The
system developed will automatically generate a lexical database with linguistic details. Next
chapters discuss about the analysis of words in the Malayalam corpus to design the computationnal

lexicon.
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Chapter 111

LEXICAL STRUCTURE AND COMPUTATIONAL
GRAMMAR OF MALAYALAM

In this chapter, a structural study of Malayalam words in its surface form is carried out
using linguistic theories and principles, to derive the computational grammar of Malayalam. Due
to the morphologically complex and agglutinative nature of Malayalam, the morphemic structure
of words in the corpus has to be analysed. The process of extracting the grammatical information
encapsulated in the language is also presented. Morphophonemic changes occurting in the
boundaries of root word and suffixes are studied. Manually developed rules are applied to
identify the root form of a word. The analysis is concentrated only on its lexical entity level,
which is context free. With “the aim of generating computational rules for RWI, suﬁixes attached
to the words are studied and classified. Different suffixes with their morpho-phonological
variations during the process of suffixation are explained in detail with examples and the exceptions
are identified. Lastly the morphophonemic changes (sandhi changes) occurring when the initial

phonemes of the suffixes are added to the root word's end phoneme is also systematically listed.

3.1 Stnictural Analysis of Words

Words, the fosters of language, are the fundamental compositional units of a sentence. In
the context of computational modelling, a language is viewed as a set of well-formed sentences
and sequence of words framed in a finite description known as grammars [Krishnamurti 1985]. In
order to understand the underlying structure of a language, systematic analysis of surface
structure of word is required. Exiracting the grammatical properties and understanding the wozd

formation rules are the basic tasks in Natural Language Processing.

A corpus for Malayalam is created as discussed in section 2.4 This Malayalam corpus will
contain words in its root form, inflected form, derived form, compound form and in reduplicated
form, The. linguistic definition of roor word is that 'it is the form of a word afier all affixes are
removed [w20]. Another definition given is that ‘g root word is a real word that can make new
words from root words by adding prefixes and suffives. They are the most basic form of a word
that is able to convey a particular description, thought or meaning. Prefixes and suffixes are
grammatical and lingual affives’ [w21]. Prefixes are affixed before, and suffixes after a base
word or word stem to add information. Inflected words are formed by the affixation of
grammatical features such a case, number, tense, aspect, mood etc. to the root word. The process
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of separating the affixes from an inflected word can provide the root of the word and its

grammatical information.

Common grammatical categories (parts-of-speech) for Malayalam language are noun,
pronoun, verb, adverb, adjective, postpositions, clitics [Andrewskutty 1971] etc. Here all forms
which are affixed immediately after the root is considered as suffix. The addition of suffixes can
change the part-of-speech of the word. It is also observed that this suffix part can decide the .
grammatical features of the root. In this attempt of désigning a “Corpus Based Computational

Malayalam Lexicon”, the root word identified from the corpus is considered as one of the lexical

entries of the lexicon.

From the computational poiﬁt of view, the internal structure of words can be studied as
explained by Dash N.S (2005). Let W be a string of n characters having a form s;,5253 54,.......... Sn

where s stands for a single character. The total number of characters in word W is denoted as

According to the morphology of the language, if W is a valid word, then it is possible that
either Wisaroot wordor W= Wr® W,  where W, is the front substring representing the root
part and W is the back substring representing the suffix part. They combine in such a way that
W:and W, grammatically agree with each other. So segmentation of the suffix W; from a word

W, can provide the root form of the word, W,

The following examples show how a Malayalam word is integrated to W; and W, . Words

in Malayalam script, phonetic notation, its meaning and suffix name is given with them.

Examples:
(1) B Glnud - &g + &0
kuttikal ~ - kutti +  kal~
children. - child +  plural suffix
word - nounroot + noun suffix
(2) odeges - &g +  Sud + o6s
kuttikaLute - kutti + kal~ + ute
children's - child + plural suffix + genitive case suffix
word - nounroot + nounsuffix + noun suffix
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3) ﬁﬁl&g@égas - &g + & + pes + @6s
kuttikaLutekuute - kutti + kal~ +  ute +  kuute
with the children - child + plural suffix +  genitive case suffix -+
suffix showing interior movement
word - nounroot + noun suffix +  nounsuffix + noun suffix
(4) RHlaeem - QO + o + @REEM
raxikkaNee - rax + ikk + aNee

please protect protection + causative suffix +  debitive emphatic suffix
word . = verbroot + verb suffix +  verb suffix

1

(3) ameasrddleaswiesmo?-
QA + O+ OMHINT + OAE + 98+ @M + &0 7
vannukoNtirikkukayaaNoo?- va + unnu + koNt + irikk + uka +aaN + o0

Have (you) been coming?- verb root + present tense marker + cause expressing /
instrumental suffix + perfect aspects marker + infinitive suffix + equation / finite verb suffix
+ interrogative / or coordination suffix.

The analysis provides the manually identified suffixes and the euphonic change occurring

when suffixes are concatenated with root form. Structurally,

Noun = root . +  noun suffix
Verb = root +  verb suffix
Noun/Veth = word/toot word +  dual functional suffix
Examples:
(6) @dlew - &l + af
kaviye - kavi + e
about poet - poet + accusative case suffix
word - noun root + noun suffix
)] 2105 - g + @R
caataruth - caat + aruth
don't jump - jump + negative imperative marker
word - verbroot + verb suffix
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(8)  opgoioigas - aggad + ©F +o8

ezhuthiyittuLLa - ezhuthi  + itt + uLLa
has been written - wrote + perfective suffix
+ adjectival suffix /
be-relative participle suffix
word - verbroot +  verbsuffix + dual functional suffix

3.1.1 Grammatical Suffixation

Analysis of words showed that words can be classified as root words and words having
nominal suffixes, verbal suffixes and post positional suffixes. Some words are agglutinated with
other words also. Here the process of suffixation is carried out in two major heads- grammatical
and dual functional suffixation. Grammatical suffixation include the suffixes concatenated with
noun or verb such as case, number, postpositions, tense etc. and dual functional suffixation
includes suffixes or words which are égglutinated to the root form of the word. Dual functional
suffixes can be a word or a phrase which gets agglutinated to the root. A total of 132 suffix
categories with 24 noun suffixes, 34 postpositional suffixes, 51 verb suffixes, 23 dual functional
suffixes and 42 pronouns are manually identified. It is tried to cover almost all common
occurring suffixes. The analysis has been done giving importance to computational aspect,
without altering the basic Linguistic theories and principles. The classification system proposed
by Asher et al. (1997} is used to identify and name the suffixes. Classification of word in terms of

their suffixation can be diagrammatically represented as in Figure 3.1
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3.1.1.1 Noun Morphology

Nouns can occur in isolation or can take génder markers, plural markers, case suffixes,
postpositions, clitics etc. They can also make compounds. Noun morphology is less complex than
verb morphology. Grammatical information required for nouns are mainly case, number and
gender. It can be represented as:

W = noun root + [plural suffix] + [case suffix] +
[postpositions] + [clitics] & ....ccovemennnnnns

The following section gives an analysis of the suffixes and how the morphophonemic
changes occur wheit they are suffixed to the root word. The examples and concepts cited are
mainly depends upon Asher et al. (1997)

3.1.1.2 Noun Suffixation

The Encyclopaedia of Language and Linguistics defined Cases (vibhakthi) as a system of
marking dependent nouns for the type of relationship they bear to their heads.......ypically, case
marks the relationship of a noun fo the verb at the clause level or of a noun to a preposition,
postposition, or another noun at the phrase level [Crystal 2003].

The unique property of case marking for nouns helps to identify the noun root. Addition
of case markers may cause morphophonemic change with the final syliable of root word and with

the case marker. Different cases and markers with examples are shown in Table 3.1.

Table 3.1: Case markers and their suffixes

Caﬁe Marker QIO Example
Nominative Nil i) makan~  aed
Accusative - o makane  asem
Dative -kk/-U & /o makan Y%
Sociative -oot 605" makanoot a@emas’
Locative T makanil~ aeaicd
Instrumental | -aal~ @R makanaal~ a&momd
Genitive -ute/-nte | 20s/6® | makante asmeR

34



It can be found that different combinations are possible for each suffixes agglutinated
with different root words. Following section discusses about it in detail. The first columm in
examples shows how the root word concatenates with a suffix to form a derived word. During the
process of concatenation, the morphophonemic change oceurring in the boundaries is shown in
the second column. The analysis helps to derive the morphophonemic rules, that are the rules for
identifying the root of a word. [¢] denotes the consonant ending and [cc] denotes the consonant

cluster ending. The phonetic notation is given in Appendix HI.
NS1. Nominative case suffix
Nominative (niR~ddeeSika) case is unmarked for suffix. So it is the same root word.

Usually denoted by ¢.
eaal

deevi (a female name)

ezal + ¢ >
deevi + ¢ >

Eg: (9)

NS2. _Accusative case suffix
The accusative (prathigraahika) case marker is /~¢/ (/-ag/). If the root word is suffixed

with /-¢/, that noun or pronoun will act as an object in a sentence. A glide /y/ and /v/ may occur

when two vowels coming together at morpheme junctures. /y/ is inserted after the front vowels
and /v/ is inserted after back vowels.

Eg: (10)

@IAA3  + of) > @IROM M + o > am

raaman~ + € > raamane n~ + e > ne

NS3. Dative case suffix
The dative (uddeeSika) case markers are /-kk/ (&) and /-U/ (12%), giving the meaning

'pertaining to'. Here /-U/ is named as candrakala (aiqmenei).

Eg: (11)

BT + M > aoeasyay M@ + K > o

manushyan~+ /-U/ > manushyan | n~ + /-U/ > n

21ep0))

janatha

+ &8 > LMoY

+ kk > janathaykk

@ + & >%§'

>yk_k

a + kk

35



NS4.

Sociative case suffix

Sociative (saaM~yoojika) case markers are /~oot/ (s0s) and /-ot/ (&@s’).

Eg: (12)

GloOYMD
preexkan~

+ &0 > GuJelacmos

+ oot > preexkanoot

@ + a0

n~

-

+ 00 >

&N

noco

NS5. Lecative case suffix
The marker for locative (aadhaarika) case is /-il~/ (g@8) and /kal~/ (#ad). This marker

denotes location. Occurrence of words like varil~ (audlod), varukil~ (umalad) ete. where "-il~'

added to the root of the verb is rare in modern language.

Eg: (13)

anaKd + D >  @ricd

avan~ + il~

> avanil~

NS6. Genitive case suffix

Genitive (saM~bandhika) case suffix are /-nte/ (edd), /-ute/ (pos) which shows possession

of something.

Eg: (14)
Apwmemd  + ed > cemsmed o+ oB® > ended
aruN~ + nte > aruNinte N~ + nte > Ninte
&g + 985 > &HIQes o + O > @
kutti + ute > kuttiyute i +u > yu J

Finally the case which is known as vocative is phonologically predictable. Word-final

long vowel can be taken as a rule for identifying the vocative cases.
Eg: (15) acchan (nominative) > acchaa (vocative).
NS7. Plural suffix

Noun can also be identified with number markers. The number in Malayalam can be only

singular or plural. The root itself or the root with the gender suffix is used as singular, whereas
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the plural is formed by adding the suffix and its allomorphs /~-maaR~/ (/-aad/), /-ngngal~/ (/-eud/)
[-Kkal~/(/- e ).

Eg: (16)
@B + & > EBHU A + & > 8
aal~ + kal~ > aalukal~ I~ + k > Lu
@oen  + 00@ > @Ermood @® + a > nochange
amma + maaR~> ammamaaR~ a <+ m >nochange

Other suffixes that are inflected with nouns are listed below:

NS8., Allative marker /-ileekk/

The complex case marker /-ileekk/, (/-gpeaiss?) meaning 'to' is known as allative marker.

Allative marker, place locative marker, ablative case suffix, path locative suffix are similar to

locative suffix,

Eg: (17)

iimgsmo + @m—ancesf > algemooicaiss (e + o > ol
| pattaNaM~ + ileekk > pattaNaththileekk|aM~ + i > ththi
|

NS9. Place locative suffix /-athth/

The place locative suffix is /-athth/ (/-@rewi?). Usually seen in place name entities.

Eg: (18)

Jaﬁ;o%o + @RET >  OBIQHTT) Te  + @ > delete both

kollaM~ + athth > kollathth aM~ + a > delete both

l
NS10. Optative suffix /-aakatte/

/-aakatte/ (/-eo@eg/) is the optative form of 'aakuka' (be). Colloquially, words like

'avaraavate' (araxeoaieg), ‘dathakkal avate' (somosmgonies) are also seen.

Eg: (19)

alog@td + ERYBe3 > aldgHBI5He3 b + o) > 80

I~ + aa > Laa

paattukal~ + aakatte > paattukalaakatte
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NS11. Relative adjectival suffix /-aaya/
The relative participle of ‘aakuka’ (@) is 'aaya’ (/-ew/) which denotes 'an entity which is'.
This is added to the nominal base

Eg: (20)

auall  + @R > qualwoiw 1@+ @ > o

sakhi + aaya > sakhiyaaya @ |i + aa > yaa

NS12. Negative participle suffix /-allaathe/

The negative part‘iciple form /-allaathe/ (/-@rgoem/) gives the meaning of 'besides'.

Eg: (21)

@A . + GRQPOm > GRAIB[PE® |8 + a» > 8

avalL~ + allaathe > avalallaathe |L~ + a > La

NS13. Path Jecative suffix /~ilunte/
Means of expressing direction and path, include the path locative suffix /-iluute/ (/-

eogyes/)y which gives the meaning ‘through it'.

Eg: (22)

ad + maes > adolges o+ @ > o

+
v

yi

vazhi + iluute > vazhiyiluute

NS14. Ablative case suffix /~il~-ninn/

Meaning for this suftix /-il~ninn/{(/-@adaiar?), is ‘from that'.

Eg: (23)

aee + @addiod > oeofddloy (9 + @ > ool

[maraM~ + il-ninn > maraththil~ninn |aM~ + i > ththi

NS15._Negative comitative suffix /-illaathe/

Meaning of this suffix /-illaathe/ (/-ggjoexsy), is ‘without',
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Eg: (24)

aloe. + @aped > dlodgped®

niraM~ + illaathe > niramillaathe

o + @0 > d

aM~ + 1> mi

NS16. Negative adjectival suffix /~illaaththa/ and /-allaaththa/

Negative quality can be expressed by the use of the adjectival form /-illaaththa/
(/~gpgjomm/) meaning 'not having' or /-allaaththa/ (/-@rgpom/) meaning ‘other than'.

Eg: (25)

alého + EDRIOAD > aldmdleion

paNaM~ + illaaththa > paNamillaaththa

e + @ >dl

aM~ + 1 >mi

digend
mitukkan~ + allaaththa > mitukkanallaaththa

+ @RRIOED > AGERMLICD

M + @ > m

n~ +a > na

NS17. Citerior-anterior location suffix /-ethire/ and /-neeR~kk/

Suffix /-ethire/ (/-agyoim®@’) means ‘opposite’ whereas /-neeR~kkU/ (/-M&if) means ‘towards'.

Eg: (26)

mREEDIM + agalee >  muacatiemalee

samaraththin + ethire > samaraththinethire

[cMecl + o > [c)ccle
[e)[ec] + e >][c}/[cc]e

@ancr’ + oMo >

avan + neeR~kk > avanuneeR~kk

@naeemdss| [c)fcc] +

a’ > [c}feckx

[c)/[ec] + n> [c])/cc]u

NS18. Suffix showing interior movement /-othth/ /-kuute/ /-kuuti/ /~oppaM/

These suffixes (-aony, /-geos/, /-@sY, aq/} possesses relatively the same meaning as

‘along with'.

Eg: (27)

ERUNIREEIS + AU > mmmmgoesdm“ [clecc] + & > [clcclern
aM~gangngal oot+othth> aM-~gangngalootothth {[c]Jcc] + o > [c}lcclo
miages + @es > miagesass af) + & > nochange
siimayute + kuute > siimayutekuute |e + k > nochange
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RO +  @dl > QEDES] fclec] + & > [cMeckn
othth  + kuuti > oththukuuti [Meel + k> [cMfeclu

@RAUAS + &l > aeadesmiate  ([cec) + @ > [clfeden
aval~kk + oppaM~ > aval~kkoppaM~ |[c}[ec] + o > [c}cc]o

NS19. Reciprocity suffix /<tammil~/
/<tammil~/ {/~melod/) can be glossed as 'among themselves'

Eg: (28)

geaeR + ool > GrcieeG:led af) +®@ > no change

avare + thammil~ > avarethammil~ e + th > nochange

NS20. Partitive numeral suffix /-peer/ and /~peeR~/

These suffixes (/-ea1@/ and /~esd/) are intrinsically plural and it doesn't take a plural

suffix, This suffix is usually used for asking/specifying the number of person.

Eg: (29)
® + ed > of@CaId @ + of > no change
ethra + peeR~ > ethrapeeR~ a + p > nochange
mael  + Gal@ > MIRJEaIR [clec] + of > [c)ecks)
naal + peer > naalupeer [c)ffec] + p > [c]lcclu

NS21. Sufficient suffix /~-mathi-/

/-mathi~/ (/-easil) the sufficient suffix means 'enough’,

Eg: (30)

anw + ool > aloan] @+ & > no change

caaya + mathi > caayamathi a + m >no change

NS822. Question word suffix
Question_word/wh_word suffix consist of /aar/ (@o@ -who), /enth/ (agiooy - why/what),
fenthin/ (agooiior’ - for what), /eeth/ (ag@¥ - which), /engngane/ (agemem- how), /ethra/ (ag@® -
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how much/how many), /evite/ (agaiess - where), /engng/ (agess’ - where to), /eppooL~/ (ageajoud/
aflaje/afiBejo- When), /enthe/ (ogeam - why), /-ethramaathraM~/ (cg@20o@o - how much).

Eg: (31)

mood + AR > mponoe’ a + @ > 00

saaR~ + aar > saaRaar R~ + aa > Raa
mga + ooy > reeoan’ @ t of )
suma  + enth sumayenth a + e ye
DR nmaﬁm“ > agemaiad ad + a om
makan~ + enthin > makanenthin n~ + e ne
&3 +  agey > agleom o + o e
kuutti + eeth > kuttiyeeth e + ee yee
Am +  ogsERem > dimeweanem @ + af oW
miina +  engngane miinayengngane a + e ye

o6 + @ > peMleoi@ m  + af 300)
maNi + ethra >  maNiyethra i + e > ye
&gl +  agoies >  adewdes @ + a 5}
kutti +  evite > kuttiyevite i + e ye

e+ agesd > @poesers B+ a 08
aval~ + engng > avalengng L~ + e L

Y +  af)Sajocd > &90wenyoud ® + af (10}
kutti +  eppool~ > kuttiyeppool~ i + e > ye
@RAIBe T  ofi@20@o > ERUSEADADe o+ af) on

avaluM~ +  ethramaathraM~>  avaLumethramaathraM~ |[aM~+ ¢ > me

N$23. Emphatic marker /-thanne/

/-thanne/ (/-mexrn/) the emphatic marker, can occur after the head noun.

Eg: (32)

&g
kutti

+ @00

+ thanne > kuttithanne

> @&gkmarmn

& + O

=

no change

i +th > nochange
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NS24. Numeral suffix

Numerals

Cardinals Ordinals Distributive Multiplicative

Figure 3.2: Classification of Numerals

In this analysis, cardinals showing the numbers such as onn (&), raN{ (ees” ), muunn (gov)
etc. are taken as root words. Ordinals are formed in Malayalam by adding the suffix /-aaM~/
(@mo) or /-aamatte/ (emesom) to cardinal numbers. Suffix /-aaM~/ can also be considered as a

future model suffix. So here only /-aamatte/ is taken as noun suffix. Distributive numerals are
formed by reduplicating the cardinals. They are considered as root word. Multiplicative numerals

are formed by adding the word matangng (asesd - fold) to the cardinal.

Eg: (33)

/a0 + GERASOOG > SMORSTH [clfce] + mwy > [clfcckzo
onn + aamaththe > onnaamaththe |[c)/cc]+ aa > [c])/[cclaa

moal’ + ased > Mogjasear’ [cMee) + & > [c)ccks

naal + matangng > naalumatangng|[c)fcc]+ m > [c}/[cclu

The analysis also identified certain other suffixes capable of agglutinating with noun
words. They are Existential suffix, Negative suffix, Instrumental case suffix, And co-ordination
suffix, Or co-ordination suffix, Quotative participle suffix, Adjectival suffix, Equation suffix,
Hearsay suffix, Predicted future time suffix, Existential interrogative participle suffix and Ordinal

suffix. They have been discussed in section 3.1.2 as dual functional suffixes.

Pronouns are those words which can be used instead of nouns. Since they are in free
form they are categorized as root word [Subhash 2006]. List of pronouns commonly seen in the

language are listed below in Tables 3.2 to 3.4.
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Table 3.2: List of pronouns with description

qudgimode Pronoun - |Equalivent English Meaning

6O njaan~ I (personal pronoun, first person, singular)

@am thaan~ One self (reflexive pronoun, remote)

ol nii You (personal pronoun, second person, singular)
mlsanud ningngal~ You (personal pronoun, second person, piural)

@0EUd thaankal~ You (personat pronoun, second person, singular, honorofic)
EEERUY njangngal ~ We (personal pronoun, first personal pronoun, plural, exclusive)
e nammal~ We (personal pronoun, first person, plural, inclusive)
Mo naaM-~ We (personal pr(;noun, first person, singular, honorofic)
aCuh avan~ He (third person, remote, singular, Masc.)

@oud aval~ She (third person, remote, singular, Fem.)

@@, avaR~ He/she (third person, singular, Honorofic)

@R, avar That (third person, remote, plural)

QRO ath That (third person, remote, singular, Neuter)

@R ava Those (third person, remote, plural,Neuter)

gocuad ivan~ He (third person, proximate, singular, Masc.)

00 ivaL~ She (third person, proximate, singular, Fem.)

@, ivaR~ He/she (third person, proximate, singular, honorofic).
E0OI ivar They (third person, proximate, plural)

ekl ith It (Third person, proximate, singular, Neuter)

gocy iva These (Third person, proximate, plural, Neuter)
MO thannaal~ One selves (reflexive pronoun, plural)

o eevan~ Who (interrogative pronoun, Singular, Masc.)

AR eeval~ Who (interrogative pronoun, Singular, Fem.)

agQld eevaR~ Who (interrogative pronoun, hon.sing or epicene.pl)
@YY aaroo Some one(Indefinite pronoun, plural)

@Yo aaruM~ Some one (Indefinite pronoun, neg)

G0 eethoo Some (Indéﬁnite pronoun, non.plural)

afo eethuM~ Some (Indefinite pronoun, Non. Plural, neg)
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Table 3.3: List of third person proximate and remote pronouns

€09 ii This (Third person proximate)

) ithra This much (Third person proximate)
E0EBOD ingngne In this manner (Third person proximate)
060003 ippool~ Now (Third person proximate)

g’ inn Today (Third person proximate)
oales ivite Here (Third person proximate)

goear’ ingng Here (Third person proximate)

) aa That (Third person remote)

@D athra That much (Third person remote)
BREIBEN angngne In that manner (Third person remote)
@RBoJoud appooL~ Then (Third person remote)

@rn’ ann That day (Third person remote)
@rcles avite There (Third person remote)

@RS angng There (Third person remote)

Table 3.4: List of case suffixation with pronouns.

ag)exIm enne about me
(first person, accusative)
mem/maeg  |namme/ About us
nammLe (second person, accusative)
ag)rles’ enikk For me
(first person, singular, dative)
agyonfied ennil~ Within me
(first person, singular, locative)
moded/megss’ (nammil~/ | Within us
nammukk (second person, locative / dative)
meRes nammute Our (Second person, genitive)
afmowd ennaal~ by me (first person , instrumental)
age ente My (first person, genitive)
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Hexy ninte Your's (second person, singular,
possessive pronoun)

@OWIVE ayaal~, That person/This person

EREERE! angngeer/ (third person,masculine)

00U, iyaal~,

J—— ingngeer

@REGaN! addeehaM~/ |That person/this person

negan. iddechaM~ | (third person,masculine, honorific)

3.1.1.3 Verb Morphology

The morphological structure of verb is complex. Verbs are action words, which are
essential for making sense [Kroeger 2005). They are capable of taking tense markers. In
Malayalam, verbs are not inflected for person, number and gender. All verbal forms in
Malayalam, both finite and non-finite, consists of verb stems followed by affixes which express

various grammatical categories such as tense, aspect, mood, voice, valency change etc.

Generally tense are classified into past, present and future. Aspect as perfective,
imperfective, progressive. Mood as indicative, interrogative, imperative, conditional, optative,
debitive, potential. Two voices are active voice and passive voice. Valency change is classified into

causative and passive [NairG 2008].
3.1.1.4 Verb Suffixation

In this analysis, identification of the nouns is a major task since more borrowed words fall

into the noun category than the verb category. Verbs from English are usually used with -ceyy- (-

oalg-). For example, Draiv ceythu (esiqual sa_rutg), TTaipp ceyyunnu (©6Qaf ©a1gyan) etc. Here

Draiv, TTyipp efc. are borrowed and used by inflecting it with native suffixes. In order to get the
phonemic pattern of English words noun suffixes are removed. Verb suffixation can be used to
identify the verbs in the corpus. No attempt is made to produce a complete list of all suffixes
which make up the verbs. Also the morphophonemic transformation for verbs is beyond the scope
of this study. Manually identified list of suffixes affixed to verb stems are shown in Table 3.5.
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Table 3.5: List of suffixes attached with verb, with examples

Suffix Suffix suffixes suffixes Examples
code name )
V5t Debitive /- @REMf, -6, f-aNaht, MSMEMe, alDlafeamerne,
suffix foera-t, l-ogerdk/ | /-NaM™~/, OGN, ERRICTEE
' /-eeNta-/, natakkaNaM~, paTippikkeeNah~,
f-eeNti-/ paRayesNla, alayeeNti
Vs2 Debitive {-wmeemn/ f-aNee/ CUREEN
emphatic varaiNee
suffix
V&3 Negative F-@werr/ i-aNta/ GolddheTE
debitive pookaNta
suffix
VS4  |Passive @RS - -appet-/ BHIGTNOFD
suffix kaaNappetunm
V85 Negative F-GrR&w? Faruth/ 210SeBay
imperalive Caataruth
marker
VS6 Verbal noun | /-@read/, ~eoall fal/, fav/, allsed, el Msome, MSal
Suifix F-@ef, fofl HHhthaM™/, f~ppf vital™, varav, nataththaiM™
natapp
V57 Norminal IR - Tel Fava/ QUOmcy vannava
tense
VS8 Optative in | /-Greg/ {-attef 6aXY0F
verb-mood ceyyatle
category
V89 | Simultaneous | /-@peal, -avecy | -aveel, j-ave/ Pialc 1 o1 o
suffix irkkavee
VS0 [ Megative F-@ysriEy, [-aaNt/, /-aathe/ AR, Hloedm
adverbial -ayaa-/ varaaNt, kazhiyaathe
participle '
suffix
VEH | Negative f-ayai-f /f-aath-/ areoniidaliey
marker varaathirkdia
V812 | Purposive F@Emyad/, S~gcugad/ | f-aan™/, Suvaan™/ QUNd, cumauond
infinitive varaan™, varuvaan™
suffix
V313 | May_be /a0, f-aayirkkaah/, @RS 4 afl@lEn0s, AT
suffix @Ry @30/ f-aakaah~/ aficethaayirikiaaht,
paRanjnjathaakaaM™
VS84 | Adjectival famycyon/ f~aavunn/ CniJanac)an
suffix pockaavurma
V815 | Imminent F-aampooallf /-aaRaayi/ QuBdnoni
suffix varaaRaayi
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VS8  |Habitual @y et FaaRuNK/ cloafleaoqers’
suffix vaayikkaaRuNt
VST7 | Old condition | /-@ryalasd/ /-aakil~/ ABEIISNHDISloS
Sufiix angnganeyaakit~
V318 [Old negative| /-amsom-/, f-aanjnja-/, QIRIETTD,
relative I-aryom- f~aaththa-/ AIOEQHTD
participle varaanjnja,
stffix parayaaththa
V819 |Causative |/-gnasi, 1k, @liglend, analen; aroolnfes”
suffix @) ol /i) ppikk-/ thiTTikkuka, paRappikk, paRayippikk
V5820 |Perfect F-ndlem/ Firikke-f eosoldkamme
aspect pooyirikkunnu
marker
VvS21  |kmperfective | /-pomemsl, FurnuNY, QIOALRTTRENE
suffix vaayikkunnuNt
V822 | Positive f-gailad/, fuvin™/, eaiodoflad
imperative | ~cudlad/ fvarin™f msamodkid
Suffix pookuvin®,
natannuvarin™
V523 | Positive oo/ -/ QU
indicative varuu
futre suffix
vs24 | Self- Fofgm/ fetuththu/ endlsguD
beneficiary neetiyetuththu
suffix
V525 | Nominal F-agommit f-ennath/ CUABENITDAR
quotative varumernath
suffix
V826 | Casual Fa@dmef, -eekkaahM™/, QUSMER, QIBMERo
consent F-agyEmo/ f-eakkuM~/ vannekkuh~, vannekkaa™
suffix
V3527 | Permission | /as9/, HHuutaa/, QP&SI, Salgiomdadiay
negalion F-asflay/ -paTTilla/ vannukuuta, ceyyaan-paTTila
suffix
V528 [Benifaclive |/-ed0g-/ F-kotukld/ 8.219606)8:9§ 3D
suftix coliikotukkaan™
V529 | Progressive |/-esnendd-/ - koMtiri-/, anaiyeacsrddlaoa,
suffix Fomosrddads/ HcolNtirikke/ adlgesseriidiano
vaayiccukoNtirikkayaaN,
paTiccukoNtirikkuh~
V330 | Infinitive -/ fuka-f Oalge
suffix celluka
VS31 | Time marker | /~Gasoud/ {-paol~/, CUMEa0ud,
FGojoudl ~ppool™/, A0SR a0,
f-qeruoedf /mpool™/, QuEBemI0G,
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/-emisepge/ /-poozheaykkupd~/ CURBENIIGP Yo
vannappool~,
paRanjnjappool™,
varumpoolL™
varumppoozheeykkuh™

V832 |Past tense |/-eomy, o/, ;’-gf, f-njnju, -, AJOSTIT, OMD, al, OMOFED,
marker Fgm/, f-gol, 1o, FTTW/thih, Hhdd, | ogal, alully, &6, asawmilalg

I-ay, I-6g, -/ Hi-cow AN, At | paRanjnjy, thuRanny,
patTu, kotuththu,
ezhuthi, vidhiccu, kaNty,
kataththivittu

VS33 | Present F-pom/ feunrf QIR
tense vartnni
marker
V534 | Relative l-an! ral msan
participle natanna
marker
VS35 | Verily Femoes®/ Fnookk-/ BEICMISBORTROA]
marker thuukkinookkumennuRapp
V836 | Conditional |/apemy/ l-eene/ AIOCETENT
verb suffix paRanjnjeene
V837 |Perfective |/gdgf Fitt! @RS
_ suffix atanjnjitt
VS38 | Contingent | /-&800c F Kkaabd™/ NS
suffix natakkaaM™
V839 |Cenditional | /@y f-aavuu/ agygmocy
permissive szhuthaavuu
suffix
V840 |Permissive |/ -@ogf f~oolu/ AOCETMOS
suffix paRanjnjooLu
VS41  |Non formal | fam/ £k M
imperative natakuu
suffix
V842 | Suffix esead / Athutangngs/ EETE@SEaHEl
showing kaNtuthutangng
begiming
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3.1.1.5 Postposition Suffixation

A postposition is defined as “a particle or word placed after word to indicate its
grammatical or syntactical relationship to the other words in the sentence™ [Pei et al. 1954].
Instead of prepositions in English language, Malayalam language has got postpositions. Different
types of classifications are given for postposition according to their origin, morphological
similarities, such as participles, case indicators, co-ordinator, derived noun etc. Another
classification listed by Seshagiriprabhu has been taken here for analysis. He defines postpositions
as certain words added to the case affixes to indicate special meaning. Since postpositions
indicate case relations, they are functionally the same as case affixes [Seshagiriprabhu 1983].
Postpositions will concatenate with verbs and nouns [Mallassery 1994]. Robert Caldwell (1913)
commented that every postposition annexed to a noun constitutes, properly speaking, a new
case. On the basis of above definition, postpostions are also considered here as markers.

After removing the postpositions, the remaining portion decides whether it is noun or a verb.

Eg: (34): coesnesiod - omdEs 0+ padcd
meeSakkulLLil~ - meeSakk + uLLil~
noun + postposition

The postpositions which are commonly agglutinated with nouns are discussed below
from PS1 to PS26. Remaining postpositions are explained in the dual functional suffixation.
Postpositions with their occurrence and morphophonemic changes are explained with relevant
examples. The morphophonemic change occurring at the boundaries are shown in second
column, which helps to derive the morphophonemic rule discussed in section 4.2 for root word

identification.
PS1. Duration/Distance suffix /-ooLaaM~/

The suffix /a0 (/~-ooLaaM~/) meaning upto / approximately / till / as far as, shows the

duration/distance suffix. Commonly occurs with nominative case. This postposition is not taken

by instrumental case, suffixed with noun.

Eg: (35)

Moz + 608, > dlwzcomoss Do +60 > GODD

niyamaM~ + ooLaM~ > niyamaththooLaM~ aM~+ oo > ththoo
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PS2. Equality suffix /-poole/ and /-maathiri/

The suffix /-poole/ (-eaioenar~ like) and /-maathiri/ (/~ao@l@d/- manner) come under the

equality/similarity suffix. /est0@ay can be included in different categories such as postposition;

clitics or as equality suffix.

Eg: (36)
afls” + gaeel > ofgeatoa {clee] + o > [c/cekyy
viit + poole > viitupoole [e)[ce] + p > [c)[cclu
apo’ + ooaldl > croasaildl [cMec] + @ > [cllcckxy
ath  + maathiri > athumaathiri 1[cVIee] + m > [c)/[cchu’

PS3. Posterior duration past suffix /-muthal~/ and /-thott/
The suffixes /-mutal~/ (/-go@d/- from) and /thott/ (/-emog/- starting with) can be used as

posterior duration past suffix.

Eg: 37)
MoHe + YO > MIOSYDD af) +a@ > no change
naale + muthal~> naalemuthal~ e + m > nochange
@calea! + emog’ > eaclesiemasg’ af) + @ > nochange
raavile + thott > raavilethott ¢ -+ th > nochange

PS4. Cause expressing suffix /-muunlaM-~/, /-kaaraNaM~/, /nimiththaM~/

Reason or 'because of can be expressed by using the cause expressing suffixes /-gaie/,
F-006mof, /-crfldliasme.
Eg: (38):

apdorod  + gelo > émdruggel &+ @ >qQ
kyaan~saR~ + muulaM~> kyaan~sRumuulaM~ [R~ + m > Ru

AlSIOM  + MORETNe > ORI OREMo [cffed) + @ > [ceckn
paRanjnjath + kaaraNaM~> paRanjnjathukaaraNaM~ | [c}[ec] + k >{c]/[eclu
@ + adome > @egmidkome [cfec + o > Jeheckn
ath + nimiththaMi~ > athunimiththaM~ [c}fec] + n >[c)[cclu
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PS5. Exclusion suffix /ozhice/ and /ozhike/
/-ozhice/ (/-edlaf /) and /-ozhike/ (/-a¥lesey/) has similar meanings as “except”.

Eg: (39)

araxd + e > Tt e I Y- B+ & > ogd
aval~ + ozhike >  avaLozhike I~ + o > 1o

PSo. Anteridr duration past suffix /-vare/
The suffix used to express anterior duration past is /~vare/ {/-cvoe/) which means “until”

or “till”.

Eg: (40)

r.ﬂ:faqd(bo + (XD >eex3e,draonmca e + of > nochange
kaR~ppuuraM-~+ vara >kaR~ppuuraM-~vara {aM™ + v > nodhange

PS7. 'Through out' suffix /-ottaake/ and /-ottukk/
/-ottukk/ (/-eges7) and /-ottaake/ (/-sgoes) means “completely” or “wholly” or “through

out”. Usually comes with nominative case.

Eg: (41)
mog” + BgHE > MOOSIGE fclec] + & > [c)[cclexo
naat + ottukk > naatottukk [c)[ee] + o > [e)/[ec]o
MmIs + ag50es: > MINSIINED, [cMce] + & > [clecleno
naat + ottaake > naatoitaake [cVeel + o > [e)cc]o

PS8. Referencing suffix /~kuRiee/, /-paTTi/, /~saM~bandhicc/

Referencing suffixes /exlal, /ougl/ and /crvesnicrudlalf are used to say something “about”.

Eg: (42)
avaexm +  &dgl > @raemE:Olaf ap + & > nochange
avane + kuuRicc > avanekuuRicc e + k > nochange
adles +aif > adEsad [eMee) +of > [clcckn
parikk -+ paTTi > parikkupaTTi [c}fes] + p > [e}ffec]u
BRABM + ussninails] > @rRxpSMOVsTUAL] [ag) + U0’ > no change
avane + saM~bandhicc > avanesaM~bandhic; e + s > no change
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PS9. 'Noteven' suffix /-ott/

This suffix, /-eg/ shows a meaning related with the concept of “not even a

little™.

Eg:(43)

S
+

@pMB 4 &g >  @pwess & > 680

aval~ + ott > avaLott L~ + o >Lo

PS10. 'Instead of' suffix /pakaraM~/

This postposition /~aie@s gives the meaning of “instead of ”:

Eg: (44)

@ROKTY  + alB@®e > EROKPBaLSBo felfee] + Al » [e)feckn

avan  + pakaraM~> avanupakaraM~ [cV[ce] + p > [c)[eclu

PS11. Superior contact location suffix /-meel~/, /-meel¢/, /-miithe/, /-mukaLil~/

The suffixes /-ea@d/, /-caeey {on) and /-dewy, /-geedad/ (above) gives the meaning

of superior contact location.

Eg: (45)
oo+ dem >  oomded [cMe] + & > [cMecks)
thalakk + miitt > thalakkumiithe fcliec] + m > [c)[eclu

eeries’ + enmd/cosel >aenflencamd/asriantaeal | [cfec] + o > [cfcckn

maNikk + meel~/meele>
maNikkumeel~/maNikkumeele [cVce] + m > [c}fec]u

PS12. Inferior contact location suffix /-thaazhe/, /kiizhe/, /-kiizhil~/, /-atiyil~/

Inferior contact location suffixes /-@oey/, /-elevl,/-sdel, /-eodalwd/ gives the meaning

“under” or “below”.
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Eg: (46)

PS13.

@RQKN . + MY > @ERCUDOGIEE

avan + thaazhe > avanuthaazhe

[c/ce] + @ > [c/eckn
[clffec] + th > [e]/fec]u

&delry’ + &Slow > adelwdsley
kattilin + kiizhe > kattilinukiizhe

[cMce]l + &' > [cHcckn

[e)ec] + k > [c)/]ec]u

&S + AAed > @saildkod
kuta  + Kiizhil~ > kutakkiizhil~

@R + & > &

a + k > kka

'After’ Suffix /SeeshaM~/

/SeeshaM~/ (/-euocatd’) means “after” or “remainder”

Eg: (47)

PS14.

eSladlly  +  GRae > &FaltiReudnt.

otticcthin  + SeeshaM~ > otticcthinuSeehaM-~

[cecl + & > [clfecksn
[cMee] +8 > [cfeclu

Benefactive suffix /aayi/, /veeNti/

Benefactive suffix /-ap@l/ and /-ecuerdl/ gives the meaning “for”

Eg: (48)

PS15.

anadssy + @l > crrudspocd
aval~kk + aayi > aval~kkaayi

[c/ce] + @y > [c}fcclro

[c)/ce] + aa > [c)/[cc]aa

Hanlesy 4 eousrEl > Sasilancaiend

kaxikk + veeNti > kaxikkuveeNti

[cMeel + aof > [c)fcckyn

[clce] + v > [e]feciu

'Towards' suffix /-neere/

This suffix /-eme®/ possess the meaning “towards”, “at” etc.

Eg: (49)

PS16.

&g + emer > édeemee

kuttikk + neere > kuttikkuneere

[cMec) + o > [cllecky

[clffecel + n > [c)/cc]u

'From' suffix /-ninn/

/-ninn/ { /~adlern? ) denotes “from”.
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Eg: (50)

@es + ooy > gesolod’

kuute + ninn > kuuteninn

af) + o > no change

e + n >no change

PS17. Possession suffix /-pakkal~/
/-ase@d/ gives the meaning “with”.

Eg: (1)

FOQUZSS  + al&ed > mmgs)smmﬂ

avaLute + pakkal~ > avaLutepakkal~

af) + of > no change

e + p > nochange

PS18. 'In front of suffix /~munnil~//-mumpil~/,/-mumpaake/

“Infront of” or “before” is the meaning for the suffixes /-godmd/, /-gmded/ and /-gauoes./.

Eg: (52)

ST + QMU >CHISTIGYNUOEK
kootathi + mumpaake > kootathimumpaske

@ + a' > npchange
i+ m > nochange

araxdas’ + gmied > @paudeagmiod
aval~kk + mumpil~ > aval~kkumumpil~

[efoc] + o > [clfecky
[cMlec] + m > [elfeclu

@roerueaRudesl’ + gomled >arcorusmulengmrricd

anubhavangngl ~kk + munnil~>
anubhavangngl ~kkumunnil~

[chice] + @ > [chocksy
[e}iec] + m >[cl[eclu

PS19. 'Within' suffix /-ul.Lil~/, /-akathth/ and /-akaM~/

-osdlod, /-anaom and /-@re’ gives the meaning “within”, They express spacial meanings.

Eg: (53)

cavoss + ool > eadmadiad
meeSakk + ul.Lil~ > meeSakkulLil~

[elicel + © > [clfeck
[clce] + u >  [e)/ecfu

A + ERSHOT > YTl

puurikk + akathth > puurikkakathth

[ckecl + @m > [c)ecla

[c)/[ee] + a > [c)/[cca

nenilasl’ + @R > oeileNde
maNikk + akaM~ > maNikkakaM~

[ckce] + @w > [c)]ccla

[¢]/{ec] + a >[c)/ec]a |
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PS20. Comparative suffix /-kaal ~/ -
The suffix /-#008/ gives the meaning of “than”. /-kaaLuM~/ (/-@oge/) and /-kaattiluM~/

(/-modle)e’) shows similar meaning.

Eg: (54)

e + HB > Gruesdsld  |af) + & > &

avale +kaal~ > avalekkaal~  |e + k > kka

PS21. 'Without' suffix /-knutaathe/

As the name suggest, ‘without” suffix (/-gsoew/) gives the meaning “without”,

Eg: (35)

GRIZOW+ BHSIED > EVIDOWQRSOOD af) +4& > no change

ammaye + kuutaathe > ammayekuutaathe |¢ + k > no change

PS22. 'On’ suffix /-puRathth/
'On' suffix /-ojomny, meaning “outside”.

Eg: (56)

algley’ + ojoom’ > o]lg?m«gom“ [Mee]l + of > [c}leckey)
viittin + puRathth > viittinuppuRathth |[c]/[cc] + p > [c])/[eclu (p)

PS23. 'Around’ suffix /~cuT TaM~/

Around suffix (/- 4)Q~) meaning “around”

Eg: (57}

age + Ao > o]l@aaq;_go [cMec] + af > [cHeckn

viittin ~ + cuTTuM~> viittinucuTTuM~ |[[¢)/[ec] + ¢ > [e)/fec]u

PS24. Punctual past suffix /-mun~p/ and /~mump/
The punctual past suffix (/-gmal and /-gm¥) means “before”.

Eg: (58)

EOWOIFT B + PBal > eMIWOIF ERYMal fcMice] + o > [cMecksn
njaayaRaazhccakk + mun~p> njaayaRaazhccakkumun~p |[c]/[cc] + m > [¢)/[cclu
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PS25. 'In between' suffix /-itayil~/
"In between' suffix is /-itayil~/ (/-epswi@d’) which means “between”.

Eg: (59)

eadleges + @soldd > eadegesoisaiicd ) + @ >

cetikaLute + itayil~ > cetikaLuteyitayil~| e +1i > yi

PS26. 'Behind' suffix /-pinnil~/
Behind suffix is /~alari@d/. The meaning is “behind™.

Eg: (60) _ .
sna@macday + alldl@d > ecnmoclm@alofied [clfec] + oF > [c)fcckx

neethaavin + pinnil~ > neethaavinupinnil~ [eVlec] + p > [c)cc]u

There are certain other postpostional suffixes such as 'Through' suffix, canse expressing /
instrumental suffix, frequentative suffix and ‘using' suffix. These postpositions agglutinate with
noun and verb forms. So they have been classified as a sub category of dual functional suffix
which is discussed from PDFS1 to PDFS4 in section 3. 1. 2. 2.

3.1.2 Dual Functional Suffixation

Dual functional suffixes are those suffixes which are agglutinated with nouns, verbs, noun
phrases, verb phrases, postpositional phrases etc. The different steps involved in identifying the

root word using dual functional suffixes can be explained as:

Eg: (61) thiirumaanikkaaththathaaN (masciesommosm)

Analysing the word from right to left, the first suffix /~aaN/ (/-emery) is obtained. It is a

dual functional suffix. So the remaining portion can be its nominal or verbal form. On further
analysis the system identifies the next suffix /-ath/ (/-Go@¥) as a dual functional suffix.

Eliminating this suffix, the word becomes rhiirumaanikkaaththa (mascisoom). Now the
suffix is /-aaththa/ (/-@Rww/). This is a verb suffix. After temoving this suffix, the root word is

identified. Since there is no further suffixes it can be concluded that root word is thiirumaanikk

(ohmaocilen) and it is a verb having causative suffix.
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Step 1: AEaoEmoam@oan -
thiimumaanikkaaththathaaN -

Step 2: olmasaiseoom +
thiirumaanikkaaththa +

Step 3: dlaaoades” +
thiirumaanikk +
verb

3.1.2.1 Dual Functional Suffixes

olmaoailemoamay +  agend
thirumaanikkaaththath  + aaN

dual functional suffix
@R + @
ath +  aalN

dual functional suffix + dual functional suffix

apom  + G +  aner
aathth + ath + aaN

verb suffix + dual functional suffix +

dual functional suffix

DFS1. Existential/Existential copula suffix /-uNt/

/-pera’ / (have), the existential copula, can be used to denote the existence of something

already established. This suffix can also be used as a being verb. Usually this will come with

positive sentences.

Eg: (62) ‘
ak@)  + e > abolgeE o0 + 9 > ®
paddhathi + uNt > paddhathiyulNt i + u > yu
gy’ + oed > oggoiaiges’ fchece} + o > [clfecky
ezhuthiyitt + uNt > ezhuthiyittuNt [cVec] + u > [c)]ec]u

DFS2. Negative/negative verbal suffix /-alla/ and /-illa/
-amey, /-eoey (ot that, not having) act as negative verbs correspond to the copulas /~aaN/

and /-uNt/ which usually come with negative sentences. Both occur in tag questions. /illa/ is also used
to deny the existence of something and /-alla/ shows the denial of the attachment of a given quality to

an entity. For the negative future form, /-illa/ is added to the infinitive or to the verb stem.

Eg: (63)

[ & + @ngl > &glog @+ @ > ©

kutti + alla > kuttiyalla i +a > ya
msay’  + @rgl > MSINg) [ciec] + @m > [c][ccla
natann + alla > natannalla [c}ec] + a > [cV[cc]a
&Y + ey > &daley ) + @ >

kutti  + illa > kuttiyilla i + 1 > ya
msmy  + gy > msarig) [c])Idc] + & > [clccla
natann + illa > natannilla [eflece] + i > [e)ce]a
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DFS3. Instrumental case/conditional suffix /-aal~/

/-aal~/ (/-ew@d/) is considered as the instrumental (prayojika) case marker. It is used to

show instruments with which action is done or parts of the body which are used in doing the
action. In Malayalam /-aal~/ can be used to show the components with which things are made. In
passive voice, the doer of the action and in causative sentence, the medial agent takes the

instrumental marker [Geethakumary 2002). This suffix also comes with past tense stemn.

Eg: (64)

@m0 +  ©R® > EOAMOG] ad + @9 > Mo

raaman~ + aal~ > raamanaal~ |[n~ + aa > naa

am’ + @R > amoad [cMce]l + @y > [cllcckso

vann + aal~ > vannaal~ [¢)/[ec] +aa > [c]/[cclaa

DFS4. And co-ordination/Future model suffix /-uM~/

/-uM~/ {/-94/) can be used to co-ordinate the words. It is added with nominal bases, noun

suffixes, verb forms etc.

Eg: (65)
afs’ + @ > afge [clicci + @ = [cifeckn
viit + uM~ > viituM~ [cl/lec] + u > [c)/[cc]u
Qam’ + @ > QMo ichleel + © > [cMeckn
vann + uM~ > vanhuM-~ [cMec] + u > [cHeclu

DFSS. Or co-ordination/Interrogative suffix /-o0/

/-00/ (/-&0/) suffix can be co-ordinated with nouns, adjectives and adverbs. /-00/ as an

interrogative participle can be added to a finite verb.

Eg: (66)

BIWOKD + 60> GOWAIEMND M+ &8 > emo
maadhavan~ + o0 > maadhavanco [n~ +00 > noo

aldsoad  + @) > alosoemo M + &3 > emo

paataan~ + o > paataanco h~ + 00 > noo
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DFS6. Quotative participle suffix /enn/

The reported speech is usually marked by the quotative participle /-enn/ (/-agem?), which

will follow the string (nominal and verbal) representing the reported utterance.

Eg:(67)

MYBRA + o’ > (TYMmEOMAT’

- |sundran~ + enn> sundaranenn

@ + o) = em

n~ + e > ne

afye® + agary’ > afiedileman’

ezhuthi +enn > ezhuthiyenn

O + of) > 6

DFS7. Adjectival/ be-relative participle suffix /-uL.La/

/-og¢/ means 'having'. Commonly seen with existential and locative sentences. /-uLLa/,

the relative participle of /-uNt/ (/-gen?’) is used to adjectivalise a number of grammatical forms

such as adverbs, infinitives, noun bases with different cases etc.

Eg: (68)

adome + 288 > adonaes Do + @ > g
paTiththaM~ + uLLa> paTiththmulLa |aM~ + u > mu

afgels’ + g8 > aggoicises [chcc] + @ > [clfecky
ezhuthitt + uLLa> ezhuthiyittﬁLLa [cV[ce] + u > [c]/[cclu

DES8. Equation/ Finite verb suffix /-aaN/

/-aaN/ (1-emer?) the equative copula, can act as a finite verb form which can be added to

major constituents of the sentence such as noun phrase, adverb phrase and postpositional phrase. It

carries a certain degree of emphasis.

Eg: (69)

mddlae@m + @oen’ > cdalaeamosmy

sinimayenth + aaN > sinimayenthaaN

[cMec] + @ > [clfeckso

[c)/[cc] + aa > [c)/[cc]aa

OGO + @R > alOOIosTY

paRanjnj + aaN > paRanjnjaaN

[clccl] + @ > [c)cclxo

[c)[ce] + aa > [c]/fec]aa
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DFS9. Hearsay suffix /-pooluM-~/

{~pooluM~/ {/eatogy) means “even”. It is used to indicate certain lack of authority for an

assertion like /-atree/ (/-wwew/).

Eg: (70)
&5 + GaldBje - BIMOTEalI) B+ of > @
kuuttukkaR~ + pooluM~ - kuuttukaarupooluM~ R~ + p >r1u
AlO@ID + €aidtle - alO@OMBEUIE) ' o8 + af > no change
paRayaan~ + pooluM~ - paRayaan~pooluM~ n~ + p > nochange

DFS10. Predicted future time suffix /-ul.Luw/
/-aLLww/ (/-geg) is a marker used with past tense and present tense verb forms. The suffix

also shows the existence of an element.

Eg: (71)
@RMOGEs + 988 > ERANAYSS o o+ O > Q
anuvaadaM~ + uL.Luu > anuvaadamuLLuu aM~ + u > mu
QIOERS + B8 > USERSQSS & + 9 > W
vazhangnguka + uLLuu> vazhangngukayuLLuuika + u > yu

DFS11.
A warning may be given by the use of an imperative followed by /-allee/. /-@ragy and

/-weay suffixes are usually used in circumstances where the expecting answer is 'yes'.

Eg: (72)
aqy + @ogy > aepes [cfec] + @ > @
maNN + illee > maNNillee {cMec] + i > [c)/fec]i
608 + @REY] > @0seq) [elec] + @ > no change
oot + allee > ootallee [c)/ec] + a > nochange

DFS12. Ordinal/Future model suffix (/-aaM~/)

Ordinals are formed in Malayalam by adding the suffix /-aaM~/ (/-@ww/) or /-aamatte/
(/-emoewmw/) to cardinal numbers. Suffix /-aaM~/ can also be considered as a future model suffix.

This is also added to a verbal stem which conveys permission.
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Eg: (73)

e’ + @Yo = M [ccc] + am > [cl{cckro
onn + aaM~ > onnaaM~ [c)/[ec} + aa > [c}/[cclaa
U@ + @ > QR [cilcc] + @ > [c)fcclro
var + aaM~ > varaaM~ [¢V[ce] + aa > [c)/[cc]aa

DFS13. Pronomalization suffix /-ath/

In pronoun category, /-ath/ (@ew) is third person singular neuter. According to the

context, pronomalized form goes with verb and nouns take pronoun.

&g + aroy > ooy & + @n > @
kutti + ath > kuttiyath i + a > ya
alOgowy  + @@ > - al0eomal [cliece] + @o > [cHccla
paRanjnj + ath > paRanjojath | [cMcc] + a > [c}fecla

3.1.2.2 Postpositional Suffixes

Certain postpositions will act as dual functional suffixes. They are listed below.

PDFS1. 'Through' suffix /-vazhi/ /-maaR~ggaM~/
-l and /-@ode/ represents the meaning “through”.

Eg: (74)
omoee + ¥l > omosrayl @ + of > no change
thoNta + vazhi > thoNtavazhi a + v > nochange
amn + sl > caonay @ + of > no change
vanna + vazhi > vannavazhi [ a + v > nochange

PDFS2. Cause expressing/ Instrumental suffix /-koNt/

/-koNt/ (/-emoers?) (with/by/due to/within). This is a derived form of the verb koL-
(eou8-) which carries the meaning “to hold”, “to experience”, “to come in contact” etc. It

comes with noun and past participle forms,

Eg: (75)

ERQIOS + BMIETE > @RUOBOENINE o) + & > &

avalLe + koNt > avalekkoNt e + k >kk
‘:osﬂ + 0@ > 0SIOEHIE D+ & > &5

oti + koNt > ootikoNt i + k > kk
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PDFS3. Frequentative suffix /~thooRuM-~/

J-emoqQe/ which means “each” or “every”. It comes after nominative case and future participle
forms.

Eg: (76)

@RETE  + DO > ERYEMBEMIQo fcled]  + @ > [eflockyy
aaNt + thooRuM~ > aaNtuthooRuM~ [cHec] +th > [cHec]u

BWTRo + BBV > HHIMBDIQo g + @ >nochange
kaaNuM~+ thooRuM~ > kaaNuM~thooRuM~ aM~ +th  >no change

PDFS4. 'Using' suffix /~veee/

I-vece/ (/-equg)) means at/using/among/in/placing.

Eg: (77)

aBeM + gl > a&eOmetisf ag) + of > nochange

makane + vecc > makanevecc e + v > nochange

a0l + eQal > mogdemqj‘ [cMee] + af > [c]fecky
maRacc + vecc > maRaccuvece [c)ee]+ v > [c)/][cclu

32  Morphophonemic Changes

" Peadlmyond o6 QdepaEnges ©aeemesst. @adme qumul.” [apaesmal@s]
“saM~hithayaal~ uNtaakunna vaR~NNangngaLute uccaaraNabhedaM~
aakunnu sandhi” [vyaakaraNamithraM-~]

“(udern) ewonmmye alleore myaul”
[eseganamicio, 1071 M.E]

“(vaR~NNa)yoogajanyaM~ vikaaraM~ sandhi”
[keeraLapaaNiniiyaM~ 1071 M.E]

Sandhi rules are phonological altemations that are triggered at junctures at junctions of
words or morphemes. The name sandhi comes from Sanskrit and means “juncture”. It doesn't
designate one particular phonological process. Instead, it is a non-specific cover term for any
kind of sound mutation that occurs at the edges of words and morphemes, and that is triggered in

environments created by morphological or syntactic concatenation operation [Philip 2007].
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Malayalam grammar has categorised sandhi rules into different types [Seshagiriprabhu-

1983] [Varma 1999]. According to its consonant-vowel pair based categorisation, there are svara

sandhi (svafaM~ + svaraM~), svara vyanjjana sandhi (svaraM~ + vyanjjénam), vyanjjana svara
sandhi (vyanjjanam + svaraM~), vyanjjana sandhi (vyanjjanaM~ + vyanjjanaM~). Here svaram
is vowel and vyanjjanaM-~ is the consonant. The morphophonemic changes occurring in the end

phonemes of the word and the initial phoneme of the suffix is used to identify root.

The noun suffixes, verb suffixes, postpositional suffixes and dual functional suffixes

identified can be categorized and grouped according to their initial phoneme. Tabie 3.6 list the

groups with their corresponding suffixes. For example, 'Group a' will list the suffixes starting

with a {@®). Here 'c' denotes the consonants and 'cc' denotes consonant clusters.

Table 3.6: List of suffix groups

Index Suffix Suffixes
group

1 Group a J-athth/,/-allathe/,/-allaathth/,/~akathth/,/-akaM~/, /-alla/, /-allee/
/~aNee/, /-appet-/, /-aruth-/, /-ath/, /-atte/, /-ava/, /-avee/, /-avel,
f-atiyil~/, -aNaM~/ /-al~/, /-av/, /-a/, l-akathth/ , f-ava/

2 Group aa /-aakaaM~/, /-aakil~/, /-aan~/, /~aanjnja-/, /-aaNV/, /-aaRaayi/,
/-aaRuNt/, /-aathy/, /~aathe, /~aaththa~/, /-aakatte/, /~aaya/,/-aayi/,
f-aal ~/, -aalN/, /~aavunn/, /~aavuw/ , /~aayirikkaaM~/, /~aaM~/,/-aar/,
{-aamatte/

3 Group i 1/, 1-ikk-/, ikl , f-itayil/, /-itt/, /<(Dppikk, /<il~/, f-ileekk/,
J-iluute, /il~ninnu/, /-illaathe/, /-ilaaththa/, /~illa/, /-iltee/

4 Groupu J-uka-/, J-ukayaaN/, /-uLLil~/, J-unnty, /-unnulNv, ~uvin~/, /-uvaan~/, /-ute/,
F-uNt, M~/, fulla/, /-ullu/

5 Group e ¢/, f-etuththu/, /-ennatty/, /-ethire/, /~enth/, /-enthin/,/ethire/,
l-engng/ /~evite/ /-eppool ~/, /~engngne/,/-ethra/, /~enn/, /~ennath/,
/-enthee/,/~ethramaathraM-~/

6 Group e l-eekkaaM~/, /-eekkuM-~/, /~eene/, /~eeNta/, ~eeNti/, /ecth/

7 Group o fozhice/, fozhike/, fottukk/, /-ot/, /~othth/,/-oppaM-~/, /-ott/, /~ottanke/

8 Group 00 l-oolaaM-~/, /-o0/, /-ooLw/, /-oot!

9 Groupcha | AU/
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10

Groupc

fkaal ~/, /kaaraNaM~/, /kiizhil~/, /-koNt/, /-koNtiri+/, /-kal~/, /kaL~/,
Fkuute/, -kuuti/, /-koNtirikke/,/~kootaathe/,/-kotukk/,
/kuRicc/, kuutaa/, /~keezhe/

F~ew/, f-<cuTTuM~/

J-maaRgpaM-~/, /-meel~/, /-meele/, -meethe/, /~muulaM~7,
J-mpooL~/, -mump/, /-mumpaake/, /-mumpil~/, -mun~p/,
f~munnil~/, ~~-muthal~/ /~-mukalil~/, ~maathirt/, ~maaR~/, /math¥/,
/-maaR~ggaM~/

{-neere/, /-pimiththaM~/, /-ninn/, /~njnj/, /~nookks, AN/, /~NaM~7,
f-nnw/, /-neeR~Kk/

/-pakkal~/, FpaTTilla/, ~pinnil~/, ~~pooL~/, /~poole/,

' /-poozhekkuM~7, /peer/,/-peeR7, /-pp/, /-ppooL~/, /-puRaththv, /pakaraM~7,

} *p&Tﬁf, f.‘ 'pOOhIM*vl‘

/-thaazhe/, /-thooRuM, /thott/, /~ththaMi-/, /-ththw/, /-thu/, /-ty
j~tammil/, /-thanne, /hutangngi/ ,/~ththali~/

J-vare/, f-varine, /~vazhi/, /~vece/, iveeNii/
/-saM~bandhicc/

/SeeshaM~/

11

Group cc

I-TTW, /- kkaaM—T, /-KK/, IngnglL7, /-cou, /-kkuw/

12

Group nte

nte/

The morphophonemic changes, discussed in 3.1.1.2 and 3.1.1.5, occuring when these
suffixes (Table 3.6) are concatenated with root endings phonemes (Table 3.7) are diagrammatically
shown in Figure 3.4(a) to Figure 3.4 (i). In these hierarchical diagrams, zero level node represents the

end phoneme of the root word, first level nodes represent the suffix groups and second level

nodes represent the morphophonemic changes. Verb suffixes are exempted from analysis.

Tabie 3.7: List of root ending phonemes

n~ N~ L~ R~ I~
a aa i i 00
€ ee u uu ai
[c] [ec] aM~
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Groupa na
Group aa naa
Groupi ni
Groupu au ._

Group e ne / nine
Groupee nee
Group o o

Group o6 ROO
Group cha n

| Group nte nte / ninte
=

phoneme n~ (a8) and suffix groups

Figure 3.4 (a): Pictorial representation of morphophonemic change between the root ending
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Group a Na
i Groupaa Naa/ Nina
Groupi Ni
Groupu ‘Nu/ Ninu
G rodp e Ne / Nine
N~ Group ee Nee
Group o No
Group 00 Ninoo
Group cha Nin
Group nte Ninte
oroupe || T

Figure 3.4(b): Pictorial representation of morphophonemic change between the root ending

phoneme N~ (en3) and suffix groups
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Figure 3.4 (c): ‘Pictorial representation of morphophonemic change between the root ending

Group a La
Group aa laa
Group i Li
Group u Lu
Groupe Le/ Line
Qroup ee Lee
#— H
Group o Lo
- g T,
Group 00 oo/ Linoo
Group cha Lin
Group ni¢ Linte
u/no
Groupc change
Group ¢¢ no change

phoneme L~ (¢8) and suffix groups
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Group a rajfRa
raa/Raa/
Group aa Rina
Groupi ri/Ri
Rinu/ru/
Group u u
Rine/re /
Group e Re
R~ | Group ee ree / Ree
Group o rofRo
roo / Rinoo
Group 00 /Rao
Groupcha rin/ Rin
Groupnte Rinte
Ru/ru/no
Group¢ change

Figure 3.4(d): Pictorial representation of morphophonemic change between the root ending
phoneme R~ (@) and suffix groups



Groupa fa

Group aa Jaa
Group i i

"Groupu fu
Groupe line

v Group ee lee
Groupo I to
Group 00 joo/linoo
Group cha lin
Group nte linte
Groupc n(iigkak:ge

Figure 3.4 (e): Pictorial representation of morphophonemic change between the root ending
phoneme I~ (@) and suffix groups



delete both /
Groaup a ma
[ maas
Group 2a thithinna/
ina
Group thihi / mi
/o /
Groupu bu / mine
ththe /
Groupe ththine / mine
. Group ee mee
e
Groupo mo
thithso
Group 00 ththinoo /
iNea_
Group cha ththin / min
thihinte /
Groupnte ntinte
ngng / mai /
Group¢ no change

Figure 3.4 (f): Pictorial representation of morphophonemic change between the root ending
phoneme aM-~ (@m.) and suffix groups



Groaupa Ya
Group aa yaa
Groupi yi
Group y palt
Group e ye
_ Group ee yee
aafaafififo
ofefecai Group o Yo .
Group 00 Y60
Group cha notpossible
—
Group nte not possible
kk/no
Group¢ change
' vkk /no
Group c¢ change

Figure 3.4 (g): Pictorial representation of morphophonemic change between the root ending
phoneme starting with vowels except u/uu and suffix groups



Groaupa ¥
Group aa vaa
Groupi i
Group v Vil
Groupe vine
o
o/ w Group ce v
Groupo 0
Group 00 Vingo
Groupcha vin
{roup nte vinte
nochange/
Qroupc Ik

Figure 3.4(h): Pictorial representation of morphophonemic change between the root ending
phoneme u/uu and suffix groups



Groaupa [y (cla/[0c)a
Group éa {cJaaj{cc) aa

Groupi fe]if lecki

Group u .[_t] t/[¢c]a

icje/|ccle

Group e {cJine / [cc)

7 ine

(d/ fec] Group ee [c)ee /{cq) eel
\ Groupo =t Ic)o/fct)o |

Group 00 '—|[cl 00/fec] ool

Group cha fedinf [ec)in
- {clinte / {cc)
Group nte inte
{da/lecdu/
Group¢ nochange

Figure 3.4 (i): Pictorial representation of morphophonemic change between the root ending
phoneme [c¢]/[cc] and suffix groups



In this work, it is attempted to analyse the words structurally and identify the lexical

entries in the corpus, concentrating on its orthographic pattern only. Suffixes inflected with words

are identified and classified according to their occurrence. Efforts are made to study the pattern

of variation during the process of morphophonemic change. Only a limited number of suffixes

and examples are considered here. But more words are analysed and the results obtained were

used for deriving morphophonemic rules which is discussed in the next chapter. The observations

made from the analysis are given in the following section.

33

Observations

The data for language analysis is taken from the current day language in use. The common
words, new words, technical terms, borrowed words are included for this study along with
morphophonemic patterns.

The locative case marker, /-il~/, is usually used for specifying the location. That is, place
names are suffixed with /-il~/ as in cEmMeaigaied (paththanaM-~thitta- a place in
Kerala). But it was observed that in some places /-il~/ suffix is replaced by /-athtl/ (/-@remy)
suffix. Instead of /-il~/ suffix, /-athth/ suffix is used because place names ending in /aM~/
usually shows this morphophonemic variation. Eg: thiruvananthapuraM~- thiruvananthapurathth,
kollaM~ - kollathth, vakkaM~ - vakkathth (cl@aimcmajee - Gl@maInmma)oos), 68:001e-6d00K0m),
aiee-akemom). This suffix is also used to specify time and position. Eg: mazhayathth,
mukhathth (aecom,; geuws).

One of the inferences from the analysis is that when a Question word suffix (wh-
questions) is agglutinated, the word to which it is suffixed is always a noun. In case a

verb requires suffixation of a questain word, the verb is normalised using /ath/ (/-areY)

and then wh-question word is suffixed. Eg: paRanjnjathenth (aJostmeman)

When sandhi has to be tackled computationally, the grammatical feature of the root does
not play any role. The initial and final syllables are responsible for sandhi change (in
some cases previous syllables should also be considered).

Not only case, gender, number, tense markers can decide the category of word, certain
other suffixes like question word suffix, debitive suffix etc. can also decide whether the

word is a noun or a verb.
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10.

Majority of foreign words in Malayalam are nouns in its root form or they are
agglutinated with noun suffixes. If a verb word is borrowed, either it carries its inherent

foreign suffix or it will use the forms of native marker (-cey-)(-eai?) to the verb form.

The analysis shows that a large collection of foreign root words can be obtained just

removing the noun suffixes.

There are certain words like bisinassukaaran~ (snlerdoopeoed - business man),
bisinassukaari (enlrdkncue0@ - business woman), bisinassukaaR~ (snicdmqpesd -
business persons) which have suffixes /-kaaran~/, /-kaari/, /-kaaR~/ (@008, &0d], ©:08).

In order to get the root word, these suffixes may also be included in noun suffix category.

Similarly certain other root words like /-sav? (/-onn/) can be added as a suffix by -

considering their frequency of occurrence in words. Besides the commonly occuring
suffixes explained in this chapter, additional 8 noun suffixes, 9 verb suffixes and 6 dual
functional suffixes such as /-ee/(/-a@/), /-maathraM~/ (f~mo@./), /-aak/ (/-@ew’), /-

engkil~/ (/-ag@lad/) etc. are also added to increase the precision and accuracy of the
system. So a total of 132 suffix categories are manually identified.

Occurrence of the verb, with past tense marker /-w/ is having a very low frequency in
corpus. So in the identification of verb, -u/' is not used as a criteria for verb
identification. The suffixes taken for identifying the past tense markers are given in

section 3.1.1.4 in Table 3.5 as VS32. For more accurate results /-ceythu/ (/-eaxg)) can be

considered as a single suffix in the cases like fookk ceythu, rimuuv ceythu (ssoes i),

dgal’ eaxg) ete.

Using the suffix /-ath/ (/-@reV), a verb can be changed to a noun. When this suffix is at
the end of the word, that word is a normalised verb. Eg: paRanjnjath, ootiyath (cosoms,
aoglkoia).

The suffixes identified manually can also be computationally identified by sorting the
words in the corpus according to the end syllable. Programs can be written to categotize

and name them according to their grammatical features thereby develop a computational

lexicon without manually inputting the suffixes.
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11.

12.

13.

14,

15.

16.

17.

18.

19.

More postpositional suffixes can be identified for suffixation. 158 postpositions are listed
by grammarians like Gundert (1851), George Matthan (1863), A. R. Raja Raja Varma
(1917), Seshagiriprabhu (1919) and L.V Ramaswami Ayyar (1936), S. Radhakrishnan
Mallassery (1994) etc.

The computational grammar developed here can be used as an integral part in
morphological analyser, morphological generator, coining technical terminology and many
other natural language processing tasks.

Using the list of suffixes, a noun suffix dictionary, a verb suffix dictionary, pronoun
dictionary etc. can be developed. As a future attempt, one can map these suffixes with
their meaning and enrich the dictionaries. |

The work can be extended and used for processing multiword strings. Eg: If apakatanila,
alpajnjaanaM~, apaayasuucana (@valesaiel, @REJDEMIM., @Bal@yalm) are list of
words, first check from right end, whether those words are in noun/verb dictionary, If
present, remove it and apply the rules so that the output will be apakataM~, nila, alpaM~,
JnjaanaM~ apaayaM~, suucana (@Ral®Se, MRl @RE, WEMIMe, @BAIIWe, (TYalD).
Morphophonemic changes listed in this chapter can be further uséd for formulating rules

for processing multiwords.

The dual functional suffixes are given here as a separate category for easy and accurate

analysis. It can be simply termed as 'suffix' and generalise it for any word identification.

A structural analysis about noun, pronoun, verb, postpostions can be further carried out
for understanding more about the neighbouring phonemes and morphemes, their pattern

of formation and functions.

Since the memory or storage space is not a problem with computational lexicon the user

can view them as a single word arranged with all its information.

The results of above analysis proved that corpus is the best resource for 1) obtaining all
the words in use 2) studying the morphology and generating rules 3) studying the
grammatical features 4) identifying the exceptions 5) for language research. |

The list of suffixes and concepts are not exhaustive were some of the language specific

constructions are not included in the list which requires further studies.
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Grammar provides the rules for proper use of language. For developing language toois a
comprehensive and well formulated grammar which is capable of analysing every aspect of the
language with implications of computational techniques are required. This chapter gives an
analysis of word formation for understanding the morphophonemics of the language.
Morphophonemics involves an investigation of the phonological variations within morphemes,
usually marking different grammatical functions [w22). Morphophonemic rule has the form of a
phonological rule, but is restricted to a particular morphological environment {w23]. Next
chapter discusses how the morphophonemic change is represented as morphophonemic rule and

it is implementation in a program called RWI to extract the root word.
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Chapter IV

IMPLEMENTATION OF COMPUTATIONAL GRAMMAR FOR
ROOT WORD IDENTIFIER

In chapter III, the structure and functions of Mélayalam words arc presented. In this
chapter, the computational grammar analysed in the previous chapter is written as
morphophonemic rules. These rules are implemented using a Root Word Identifier program
which identifies the words, root form of words, suffixes along with their grammatical features.
The root words obtained from RWI are compared with a language model made out of a corpus of
Malayalam language, to check whether it is a native or foreign word. This coinparison is done by
a back end processing which is explained in the next chapter. The different steps involved in the

pre-processing are discussed in detail. Computational lexicon and related resulits obtained from

the system are also explained.
4.1 Pre-processing and Root Word Identifier (RWI)

The Root Word Identifier is a program designed to automatically remove the inflected
part and derive the root of the word using morphophonemic rules, It can be adopted in many
Natural Language Processing applications related with morphological level of analysis such as
spell checker, language identifier etc. For example, if a corpus consists of native words and
foreign words and are inflected with suffixes, a RWI removes these suffixes and transform it into

its root word. Consider the word bukkil~ (enyesiied- in the book). Here /-il~/ (/-@@d/) is native
suffix and 'bukk’ (eryes) is a foreign word. After removing the suffixes the phonemic composition

of a word can be accurately studied.

In the context of Malayalam, it is assumed that the root word is the part of the word
obtained by eliminating the suffixes and reforming the word with morphophonemic changes. The
RWI removes the inflected suffixes, producing string of characters and can then transform it into
original root form. The input data is taken in conventional Malayalam script rather than in their
phonemic transcription forms. The system needs only a set of rules without any dictionary

assistance.

The pre-processing of text data is diagrammatically shown in Figure 4.1. The rectangles /

cylinders show the files and ovals show the processing.
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Figure 4.1: Block diagram of pre-processing of text data and RWI



The web crawler brings a domain specific corpus with meta data as explained in section
2.4, as data for this work. Random selections of sentences from the “Malayalam corpus” were
collected for training the system. The sample corpus for the study consists of words from the
domains of technology, health, law, film, lyrics of songs and religion. The total number of 23,045
words is given to the RWL In the corpus cleaning as shown in Figure 4.1, the typographical
forms which are having less relevance in this context free analysis are removed. Those
. typographical forms include punctuation marks, comma, colon, semicolon, exclamation mark,
question mark, quotation marks, numbers, roman numerals, currency symbols, different types of
brackets, dash, hyphen, ellipses, dot, asterisk, alternative signs (eg:/p/), white space etc. After
this, the sentences are splited into legitimate words. This is referred to as word segmentation
[McEnery 2006]. In the next stage, the process of syllabification will split the words into
constituent syllable. Since Malayalam is a syllabic language, the words are stored as

monosyllabic, diéyllabic, trisyllabic upto eighteen syllabic words as shown in Table 4.1.

Table 4.1: Examples for syllabled words

Syilabic type Examples

Monosyllabic words | naaM~ (mas), see (o)
Disyllabic words aM-~ gaM~ (@ro ), a kkaM~(en am0)

Trisyllabic words aa vee SaM~ (@ e wo), 4 Svaa saM~(ery wei o)

Quadrisytlabic words {bhaM~ gi yaa kki (. «f wo &), mo bai Ii I~(emo seem el «8)

Penta syllabic words |ma la yaa Li yuM (2 & wo &l @)

Hexa syllabic words | du R~ ba la maa ya (g & e ey 20 w)

Septi syllabic words | aM~ ga raa shtra ngng L~ kk (@ms v @0 oy & ob &)

Octo syllabic words  |ai kya raa shtra sa bha yu te (eag &y @0 ey v g @ su.s)

Ennea syllabic words |svaa bhaa vi ka ni ya ma ththi nte (cus e al & o @ o ool o)

Deca syllabic words etc. | aM~ gii ka ri kka ppe ta nna thi n (e ofl & @ @ 9y § an @ a) ete.

As shown in Figure 4.1, Noun_suffix dictionary contain suffixes categorized as nouns
suffixes from NS1 to N$24 and postpositions categorized as PS1 to PS26. Dual functional _suffix
dictionary contains suffixes categorized as dual functional suffixes from DFS1 to PDFS4 which
is discussed in previous chapter. The Verb_suffix dictionary contains only the verb suffixes (VS1
to VS42). Exceptional dictionary contains certain root words which are listed in Table 4.3 as
exceptional words.
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The input to the RWI module is the words generated after syllabification. The various
dictionaries such as Noun_suffix dictionary, Verb_suffix dictionary etc. are used by RWI module
for obtaining the suffixes. Matching morphophonemic rules are applied to the syllabled words

iteratively removing the suffixes until the root word is obtained.

The morphophonemic rules are derived from the morphophionemic analysis which is

described in section 3.2. The general form of the rule is as follows.

42  General form of Morphophonemic Rule

Assuming that the processing is from the right end, a word W can be represented in the form

W = PXYZ where

Z is the suffix part,

Y is the link morph,

X is the replacement phoneme
P is the stem

During the process of Root Word Identification, the replacement phoneme will transform to

root ending phoneme.

That is X—-R
where R is the root word's end phoneme.

The Root Word Identifier removes the suffix part (Z) and link morph (Y) thercby
changing the replacement phoneme (X) to new root ending phoneme (R). This transformation
can retrieve words ending in R. If X is any one of the glide /-y-/ or /-v~/ no transformation is
carried on and the glides with suffixes are deleted. If X is same as R, only the suffixes are
removed. No transformation or deletion is needed in that condition. Link morph ié considered as
the nearest phonemes to the suffix part. /~in-/ and /-u-/ are the link morphs. The suffix lists are
listed in chapter III. Transformation of X to R is shown in Table 4.2. The [c] represents consonant

and [cc] represents consonant clusters,
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Table 4.2: Morphophonemic rule implementation
Rule Replacement | Root ending Example
Number phoneme (X) | phoneme (R) | inflected word->root word
Rule 1 n n~ raamane — raaman-
(o) (aB) @OAEXD-> GO
Rule 2 N N~ aruNinaal~ — aruN~
(%) (6v®) HERWETIMNIUI->ERBD
Rule 3 L L~ avaLil~ — aval~
() (R) @rugod->@waKd
Rule 4 1 1~ sunilinoot — sunil~
(er) ) aryorileligmos->ayaicd
Rule 5 R R~ karaaRinte— karaaR~
{0’) (@) RIADR->h@0d
Rule 6 r R~ avaril~ — avaR~
(@v) (@) @RUAR->arud
Rule 7 y Delete y ammaye — amma
(@) Delete (") @RAADQ)->GFRAN
Rule 8 v Delete v guruvine — guru
(ar) Delete (af) w@AOM->OT
Rule 9 thth aM~ maraththil~— maraM~
(w3’ ) () DEB->Boe
Rule 10 m aM~ kal.Lamallaathe—
kaL.LaM~
@) (©9)
SHPBOYOED*>BBBo
Rule 11 [¢] [¢] kaaSine — kaaS
SHUHDOM->H0u8”
Rule 12 [ec] [cc) klaassinte — klaass
goqfonh->gmoq
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Apart from these general rules, some words which are having the suffixes /-ngngal ~/,
/-nte/, -nmaaR~/, /-kkal.~/ (/-sanud/, /-exi/, /-cood), I-eoub/) should take the root endings as /-aM~/,
J-n~d, 1-n~l, I=vl (1-col, 1B, /-obi, /-off). Examples: raajyangngal~, naayakante, natanmaaR~,
vakthaakkal ~ (@omsanud, moweed, msmod, aemoeswd). Exceptional case for this rule is
kunjnjungngal~ , makkal ~( asmrgeanud, aeaud) etc.

The suffixes are matched with words in such a way that the longest pattem will match
first. The reason for the same can be explained with an example. Consider the case of suffixes

/-aamaththe/ (/-enoemm/) and /-ththe/ (/-eom/). Both patterns match the word raNtaamaththe
(eemoneom), but the first one accounts for more characters, reducing the word correctly to

raNtaaM~ (@em.), while the second is an incomplete match. So the Jongest-matching technique

[Mason 2000] is seen suitable here. Lists of words which cannot be processed with these rules
are included in Exceptional_dictionary. Pronouns which can be considered as keywords are
stored in this category. Some of the words in the exceptional dictionary are listed below in

Table 4.3.

Table 4.3: List of exceptional words

angngane (@ReIR6eXn) kumaaR~ (@:@03) 1na.':m~~« {mod)
atraththooLaM~ (@r@eomog.) |bil~ (enfad) maTTannaal ~ (mgomoud)
kauN~sil~{&oemdoicd) kaan~ (&008) pinnaale {almoseas)
raavile (@oqlee)) 00100 (3069} pakkal~ (aread)
koozhikkoot (eamodleenas) koccu (en04)) innu (@aw)

Certain ambiguities can be resolved by giving additional conditional rules. For example,
after removing the suffix part, if only one syllable remains, exempt this word from processing
and consider the word as a root word. This will increase the accuracy of the system. These

exceptional words are categorised as clitics or indeclinables [Subhash 2010].

The words obtained after removing the noun suffixes are identified as noun words and the
words which are having verb suffix are treated as verb words. Words having dual functional
suffixes are treated as dual functional words. Such words are categorised as nominal or verbal

word. Words without having any suffixes are treated are root words. All noun roots are stored in
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Noun_ root Dictionary and verb words in Verb Dictionary. Root word Dictionary, Noun_root
Dictionary and Verb Dictionary are the other results of RWI system as shown in the Figure 4.1.

4.3 Algbrithm for Root Word Identifier

The algorithm for RWI consists of two functions. RootWordIdentifier() and
MPRApplication(). It can be seen that RootWordIdentifier() will be calling MPRApplicatign() and -
MPRApplication() inturn call the RootWordldentifier() in recursive way. The program iterates till
the root form of the word is encountered and this root word is considered as the head word/lexicél

entry for the proposed computational lexicon.

RootWordlIdentifier()
{
Input 2 word W
if (W is in Exceptional dictionary)
then store as root word
else
separate the suffix S from W
if (S is in Verb_suffix dictionary)
then store as a verb word
else if{S is in Noun_suffix dictionary)
then apply MPR Application()
else if ( S is in Dual functional suffix dictionary)
then apply MPRApplicatior.‘;.t)
else |

Store W as root word

}

MPRApplication()

{ :
Remove S =
Replace the replacement phoneme by the corresponding root ending phoneme from the
Table 4.2 to form the word W1 and call the RootWordIdentifier() program with W1

}

85



4.4 Results and Discussion

Every word in the given “Malayalam corpus” was analysed as described in the previous
section. The details like syllabic structure of the word, its root form and the morphemes/words
agglutinated with this root form are systematically stored in the computational lexicon. The
grammatical properties of the words such as noun or verb are represented along with them.
Example of the computational lexicon generated using RWI and its byproducts are shown in
Table 4.4 to Table 4.6.

Example I. Simple sentence:- “amma kuttive vati koNt aticcu”
@RID SOV (IS O @Rdly

Mother beaten the child with stick

Table 4.4: Output from Root Word Identifier for a simple sentence

Noun_root Verb Root word
Dictionary Dictionary | Dictionary Computational Lexicon
& gl @ gl 4 @Ra @ron -@® an <nominative case suffix>
&9 [Root word]
cuel adeow- & g <accusative case suffix>
O [Noun]

& 9 <nominative case suffix>

[Noun]

[Root word]

ad - o ¢l <nominative case suffix>
[Root word]

OIS 630 6TF

[Cause expressing/instrumental suffix]
fRoot word]

:maélqd -mél_fg
[Verbj

The above table shows the output obtained when a simple sentence is given to the
preprocessing module of the system as a corpus. All words in the sentences, its syllabic structure,
the suffixes included in each word according to its places of occurrence and grammatical
category of word are shown in the Computational Lexicon. Name of suffixes are given in

between two angle brackets (< >). In the above example, there is only one word having the noun
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suffix, kutti (@4). The system will first identify it as noun word and then as a root word. So this
word have two entries in both Noun_root dictionary and Root word dictionary. koN¢ (es06rg’) is

a suffix. So it is identified as a root word and stored in Root word Dictionary. The word ariccu

(mrdly)is identified only as a verb word by considering the past tense' marker /-cew/ (/~gf).

Example 1. Sentence having English words:-

“strees hooR~mooNinte pravaR~ththanaM~ kuRaykkaan~ kaRuththa cookleeTTin kazhiyunnu”

sy’ sanodeassniead wadomme SOQIM HQO eaveGdlm’ edigam

Black choeolate can reduce the action of stress hormone.

Table 4.5: Output from Root Word Identifier for a sentence having English words

Noun_root Verb | Root word . .
Dictionary | Dictionary | Dictionary Computational Lexicon

anodemoerd | moom | aiBSMY | augsany’ - aves o' <nominative case suffix
[Root word]
eanadeaten e - - 8an0 @ eao erd <genitive
edomM. * case suffix> *
HQOT [Noun]
800G 8a00 @ e@d 6nd < nominative
case suffic>
[Root word]
@damme - o) Al @ O me <nominative case
suffix>
[Root word)]
SOQOB - & O Qo
[Verb]
HQOD - & Q @ <nominative case suffix>
[Root Word]
m@@rﬁ“ - Gald 64 < dative case suffix>
[Noumy}
@al0 &4 ¢'<nominative case
suffix>
[Root Word]
s - & AQaow
[Verb)

LYol ®&dQoe | sanodenoed
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The example shown in Table 4.5 contains three English words. The suffixes attached with all
these English words are removed and stored in Root word Dictionary. Here only a single
sentence is given as corpus. So the grammatical category of two words pravaR~ththanalM~
(esudamamo) and kaRuththa (eqaow) cannot be identified. A bigger corpus helps to identify the

grammatical category of these words.

Example I11. Sentence having a word agglutinated with seven suffixes :-
amma kuttiyutekuuteyillaaththathukoNtaaNoo avan~ varaanjrjath?

@Ran aﬁ]@ésgosmﬂ%omga&omomo @RI URIETH@ ?

Is it because his mother is not with him, that the child did not come?

Table4.6:  Output from Root word Identifier for a sentence having words
agglutinated with seven suffixes

Noun_root; Verb

dictionary | dictionary | Computational Lexicon
@GR QREO® | gpan - @o an <nominative suffix>
&g [Root word]
@RI
&JQesgesaionam - & 3 q 65 & es ol gl o
DEXHIEIRIBEND B OdH0 MBI 61T <E0>
[dual functional word]

<Or co-ordination/
Interrogative suffix>
[Noun/Verb]
& d @ os & es ol g oo
D 60 62 <@Rer>

[dual functional word]
<Equation/ '

Finite verb suffix>
[Noun/verb]

& 5@ os & 65 @ go o
<O 6N

[dual functional word]
<Cause expressing/
Instrumental suffix>
[Noun/verb]

& 3 @ 95 & 635 ol g Cu<@ERT>
[dual functional word]
<pronominalization suffix>
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& g Q OS5 @ ES<ERPOI>
[Noun] <negative commitative
suffix>

& 9 Q) OS<@es>
[Noun] <suffix showing
interior movement >

& J<pes>
[Noun] <genitive case suffix>

& 3 <nominative case suffix>
[Root word]

!cmamaﬂ - @r il b

[Pronoun)
[Root word]

@oeomay - QU AY SOM<@OGS

{dual functional word)
<pronominalization suffix>

Ql @2 6O
[verb]

From the Table 4.6, it is observed that the words agglutinated with more than one or two
suffixes can also be identified by the system. In the above example, the longest word is having
thirteen syllables with seven suffixes. Apart from its root word, the system identified every word
and its grammatical category included in that word. Different stages of word analysis and word

formation, when each suffix is removed, can also be obtained from this computational lexicon.

The words in the verb category are words identified as verbs in the sentence. Since verb
- morphological analysis is not attempted in this work, root form of the verb is not obtained here.
But the RWI can be modified to extract verb root with the help of the verb suffixation explained
in section 3.1.1.4 and Morphophonemic Rule discussed in section 4.2. Here in this example, the

verb word varaanjnja (cumosomn) can be processed to get the verb root var(a@) by removing the

suffix /-aanjnja/ (/-@ryeom/) and using the morphophonemic Rule number 11.

The objective evaluation of the RWI is discussed in chapter VL. The Precision, Recall and
F-measure of the RWI system were calculated. The system showed Precision above 90%. So, the
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following section discuss about the feafures of the system, inferences obtained when the system

process certain words, limitations shown by the system and future attempts that can be made to

improve the existing system.

1.  The system developed a huge collection of lexical database of inflected, non-infiected,

double, compound, complex, reduplicated and foreign words from the Malayalam corpus.

2. This work uses a corpus of latest Malayalam documents and the generated lexicon
includes many new words compared to the old lexicon developed manually by Suranand
Kunjan Pillai in the year 1965. There is a drastic change in the vocabulary for current
Malayalam in use compared with the old Malayalam usage. Since the system is
automatically generating the computational lexicon from the corpus given, a bigger

corpus can result in a bigger lexicon with more words.

3. The system is designed in such a way that the suffix helps to decide the grammatical
category of a word. For example, if the word is keeralaaM~ (es:@g9), the system cannot

predict the category, since this word has no suffix. But if anywhere in the corpus, there
exist words like keeraLaththile, keeraLaththil, keeraLaththinte {eacaonien), eaegouiad,

eaopooied) etc., the system can show that the word keeralaaM~ (ea@g.) is a noun by
considering the noun suffixes /-il~/, /-e/, /~inte/.

4, A large number of words were processed by the system. Pronouns, postpositions,

inflected noums, non-finite and finite verbs were identified correctly by the system.

5.  The system is designed in such a way that its output such as words, root words, suffixes,
grammatical categories etc. may be used for developing spell checkers and grammar
checkers. The proposed system is similar to a morphologicail analyser. So the corpus, suffix
dictionaries, list of root words and morphophonemic rule can be used for the development

of a morphological generator for Malayalam language.

6.  This work helps to understand certain common findings about words like (a) plural suffix
will not come after the case suffix, (b) The occurrence of a verb in root form is rare, (c)
quadrisyllabic words showed higher frequency of occurrence in the list of words in the
corpus and trisyllabic words showed higher frequency of occurrence in the list of root
words, (d) words having 18 syllables showed low frequency of occurrence in the list of
words in the corpus and words having 13 syllables showed low frequency of occurrence

in root words (e) The maximum number of suffixes agglutinated with the word in the
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corpus is seven, etc. These types of information are useful for further linguistic studies.

Such inferences can also be used for deriving rules for grammar checkers.

The information obtained from the analysed words help to extract semantic details also.
For example, using the Noun_root Dictionary, more pieces of information about the word

(animate, inanimate, common noun, proper noun etc.) can be identified.

Apart from basic grammatical information, knowledge about the frequency of syllables,
words, root words, suffixes, nominal words, verbal words etc. helps to extract more
information about words. This can be obtained by adding a code for counting the

frequency of them to the RWIL.

In addition to the twelve morphophonemic rules one more rule can be made. If a word

end with /-zb/ (¢), after removing the suffix part and link morph, then this replacement
phoneme /-zh/ (¥) can change to either o3, @ or ¢ (/-L~/, /~zha/, /-zh/). If such three

options are given to the proposed system, it fails to select the appropriate root ending
phoneme. In the test corpus used here contain only limited number of words having

replacement phoneme /-zh/ (¢). Hence it was not included in this list of rules. A small

percentage of error has occurred because of not adding this rule. Example for the above
issue is illustrated using three words from corpus. Three options of the rule are shown in

first column where first entry is the replacement phoneme and the second is the possible

root ending phoneme.
Words/ appoozhuM~ |kazhakal~ |thamizhil~
Rule model (@eajogs) (&98,3) (odiasg)
[~zh/-> [-L~/ appooL~ kal~ thamilL~
(¢> &) (@RcofoB) |4 4) wrong |(odd)
correct root | wrong root
{-zh/->/-zha/ appoozha kazha Thamizha
(¢%> ¢) (@oeae) | (ag) (evato)
WIong root | correct root |wrong root
/-zh/->/-zh/ appoozh Kazh Thamizh
(¢>9) (@0040)  |(aw) wrong|(ode)
wrong root root correct rootJ
L
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10.

11.

12.

Using the morphophonemic rules, majority of words were correctly processed by the
system. Certain words which showed exceptions to these rules include words like vaayil~,

mukaLilaththe, paaril~, viittil~ (oo, godeeom, aoded, olde) etc. Here, when the
system applies the morphophonemic rules, the results obtained is as vaa (0} instead of
vaay (o), mukaLilaM~ (gaegew) for mukalil~ (gegial), paaRk (awd) for paar (an@)
and veett (alg) for veet (n3g). Similarly when Rule Number 8 is applied, kaavil~ (@oaled)
becofnes kaa (&) instead of kaav (@oal) which has no meaning. There are some inflected
words like peeril~ (aid@d) which can have the root form of either peer (eu®@) or peeR~
(ea@). The system cannot decide which root form has to be selected according to the

context,

The system showed false result in processing these words. Words like mayil~, koozhikoot,

pinnil~, epril~ (afel, e»d6298; allolad, agiafed) etc. are having word endings similar to

suffixes. The system will automatically remove the word endings considering them as
suffixes. Proper nouns also have noun suffix as similar to word endings. Eg: SriikumaaR,

kumaaR (@ewod, &eod). Similarly, consider the case of /-muulaM~/ (/-gare / -because

of) which is used as a postpositional marker. But there are words like sathyavangmulaM~,
samulaM~, than~mulaM-~ etc. (cromynnsagale, qogels, madgal) which when removed will

deviate from the original word. Likewise, certain Malayalam words are having
phonological resemblance with another postpositional suffix /-vare/ (/-ae®/), like avare,

ivare etc. (@naee, mawe). Such words are included manually in the exceptional

dictionary and they are stored as root word. Exceptional list also contain foreign words
which ends with native suffixes. Eg: sivil~, laTTil~, naanoo, ayyayyeo (miaied, eldied,

Mmoemo, ARQEED) efc.

The system considers debitive suffix /-NaM~/ (/-sm«) as a verb suffix. A good percentage

of words are analysed correctly. But the noun words having similar word endings like

paNaM~ (aeme-money) maNaM~ (oemo-smell) were wrongly taken as verb words. The
system wrongly identified about seventy six words of similar case. Another issue related

with this case, is in the processing of the word ennitt (agyardlg), for example. The system

will consider this word as a verb word by taking the end phonemes as a verb suffix
(perfective suffix /-itt/ (-gog)). Actually the word is used to show the meaning “after that”.
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13.

14,

15.

16.

17.

18.

So it should be stored as a root word only and not as a verb word. These étmbiguities can
be solved cither by making an appropriate selection manually or by developing an
exceptional rule, considering its previous syllables.

Usually, the verb suffix /-i/ (<) is considered as a past tense marker. But for analysis, this

condition is not given to identify the verb words since there are so many words ending
with /-i/ which are not verbs (eg: Sipaayi ok attender). So the system cannot precisely

identify the words like poayi (s} as verbs. They will be tagged as root words only.

The proposed system will take certain words like mariccavare (@ ajio®) and analyse it
as a noun word by considering /-vare/ (/-cuoe/) as the suffix. But this word is a compound
word having components maricca (adal), avaR~ (@eqid) and e {(ag). Such errors affected
the accuracy of the system. |

When the English word 'battle' is transliterated to Malayalam, it shows similar
orthographic pattern with the Malayalam word baaTTiL~ (ensod@d) having the meaning

“in the bat”. The system cannot decide whether the word in the corpus is transliterated
battle having the meaning “related with war” or “in the bat”. If the meaning is “in the
bat”, the correct root word bat is obtained. But if the word is the transliteration of English
word 'battle’, the system shows the root word bat' which is actually wrong. The correct
root word should be the word 'battle'.

A small percentage of exception is there in the morphophonemic rules. In Rule number 3,
L (g) changes to L~ («d). But when the system apply this rule, correct root word is not

obtained for some words. For example, in the word kaal.akal.~ (&5g&(8), wrong root

word kaal ~ (#008) is obtained instead of kaaLa (o).

Certain words like 38-aalM~, alaksaaNtaR~ VI 1907-il~ yuu-2-aaR, bi-47 (38-000,
@RaIGKITEA VI, 18907-08, -2-epyd, enf-47) which are having importance in analysing a
language are lost when typographical forms are removed during the pre-processing stage.
So they are not entries in this lexicon.

Since the cofpus has spelling errors certain words are not properly analysed. For example
angngine (eradeam) is wongly spelt. The correct spelling is angngane (aremmem-like
that). This affects the head word in the lexicon. Similarly assumption on word boundary
(blank space between words) and removal of typographical forms resulted in a small

percentage of error in the output.
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19.

20.

21.

The system is unable to identify each words and their grammatical properties included in

the compound words (eg: kaRuththaponn sqomeaomn), double words (eg: kuutekuute
205&6s), multiwords (eg:vipaNanamaaRggalt~ alaismmnsdge} and compound verbs (eg:

koNtuvarika eeoergauds). This is because in this work the study is concentrated only on

the morphophonemic change occurring when a word is combined with a suffix. To solve
this problem, initially the morphophonemic change occurring when a word is combined
with another word should be analysed. Then the rules should be derived to separate these
words, so that the features can be identified. The system requires more morphemic,
syntactic and semantic information based on the context in which the words are used. In
this proposed system, these words will be stored as a simple lexical unit in the root word
category. |

Malayalam, being highly agglutinative and inflected, has got so many suffix or suffixes in
between words. The RWI system can process only words ending with suffixes and not
ending with words. So such words coming in the corpus are not completely processed. In
these cases the system cannot identify the correct root word. For example, the word

asaadhyamaayithiirumoo (@emoowmociei@ens) when processed by the system becomes
‘asaadhyamaayithiir’ (@amuswyeodioli®). Further analysis is not possible. So noun suffix /-
aayi/ and noun root asaadhyaM~ (@emuowye) cannot be identified. This can be solved by
framing rules to detect words and.separate them.

The documentation of English language is aligned properly. Hyphens are used when there
is a need to split words while writing. But the practice of using hyphens in Malayalam
documents is very rare. In this work, when corpus is created using original web
documents, the words coming in the margin may be wrongly stored as two words in the
corpus file. That is, the corpus input to the sjrstem contains documents which are not
properly hyphenated. So when the system tries to break the sentences into words, words
can be wrongly split. This affects the correct analysis by the system. For example, if the

word kuttikaLil~ (&gegod) in a web document is written as kutti in the previous line and
kaLil~ in the next line, the word kaLil~ is considered as a new word and the system will

apply the rule. An empty space is obtained when removing the /-il~/ and /-kal~/ suffixes.

Such issues occurring in the corpus if rectified can increase the efficiency of the system.
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22,  Morphophonemic rules are developed using conventional method of writing. The system
cannot analyse words when there is a change in the conventional writing patterns, For

example, the word manushyanuveeNti (acoesyreeaernd) when split, it should normally be
written as manushyan veeNri (acpeaqy’ saiend - for the man). But recently the medias used
to write the word manushyanu veeNti (moeeyyd eouendl) with space in between. In this
corpus such words are seen. But here the rule is not made to find the root word for the
word manushyanu (@amwaxyoe). So the root word manushyan~ (aeauyi) is not obtained.
Instead the root word obtained is the word manushyanu (aceeay®) which is wrong. If the
word manushyanuveeNti (ace-ypecerd) is written clearly without space, the system will
remove the suffixes /-veeNti/, the link morph /-u~/ and the correct noun root word
'manushyan»u (amand) will be obtained. If the word is written as manushyan veeNti
(ameaiym” eorerd]), then also the noun root word manushyar~ (oeauyd) will be obtained
based on morphophonemic Rule Number 1.

23.  The proposed system cannot provide any information about the gender of a word which is

an important grammatical feature of the Malayalam language. Words in the computational

lexicon cannot show whether the word is masculine, feminine or neuter,

24.  The rule based approach of identifying words and its grammatical properties can be tried
for developing lexicon in other languages. Integrating them, “lexicon banks” can be
developed by linking the words and mappiﬁg them with linguistic features so that the
computer could understand all the features of words and their equivalents in other

language.

The algorithm for automatically developing a RWI is presented in this chapter. The
analysis and resulting lexicon with different examples are presented. The statistical analysis of

phonemes and identification of foreign words are discussed in the next chapter.
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Chapter V

STATISTICAL LANGUAGE MODELLING OF
WORDS AND THE IDENTIFICATION OF
FOREIGN WORDS

A Root Word Identifier provides the grammatical details of words, for understanding the
function of a word in the language, as explained in the previous chapter. Another important
information required for understanding the meaning and function of a word is its etymological
details. Identifying the etymological details of a word is important for a wide range of
applications such as annotation, lexicography, coining technical terminology, speech synthesis,
machine translation, study on loan word phonology and for the study of foreign influence in a
language. In order to transliterate an unknown word correctly or translate a proper
name/technical term, it is often useful initially to identify the origin/etymology of the word.
Identifying the source language plays a major role in information retrieval and cross-lingual
information retricval systems which helps to improve the indexing of search terms thereby
retrieving more documents. Identifying foreign words is similar to the task of language
identification [Beesley 1998], in which documents or section of documents are classified
according to the language in which they are written. However, foreign word identification is
made more difficult by the fact that words are nativized by the target language phonology and the

fact that differences in character encodings are removed when words are rendered in the target

language orthography [Baker et al. 2008].

In this chapter, the statistical approach using n-gram language modelling {(Manning et al.
1999] is presented to analyse the features of foreign words occurring in Malayalam. This study is
the first attempt in Malayalam to automatically develop a lexicon which includes the details of
- foreign words seen in Malayalam documents. The proposed lexicon will contain information
about the source language of the word in addition to its grammatical properties. Apart from this a
separate lexicon for native and foreign words can be further developed to have a foreign word

dictionary or terminology data bank for the Malayalam language.

Etymology is the science of origin and history of words. It is the chronological account of
the birth and development of a particular word or element of a word, often delineating its spread
from one language to another and its evolving changes in form and meaning [w24]. In order to
understand the etymology of words a detailed study on the phonotactic pattern of words is

required.
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5.1 Phonotactics

Phonotactics defines the permissible syllable structure, consonant cluster and vowel
sequences by means of phonological constrains. Phonological constrains are language specific
restrictions of phonological units/ segmentals [Asher et al. 1997]. For example, in Malayalam
language all consonants in the fricative set occur only in loan words. Similarity, /&/ occurs only
in English loans. There are restrictions in position (initial, medial, final) of syllables also. For
example, initial clusters do not occur in native words. Similarity in native Malayalam words, of

the ten basic vowels /a, aa, i, ii, u, uu, €, ee, o, 00/, all except short /o/, occur word-finally [Asher

etal. 1997].

A study on such restrictions/ phonotactic patterns helps to distinguish native words from
foreign words. Several English consonants that occur frequently in English words such as 'm', 'f
etc. are expressed with Malayalam syllables such as ‘eM~' (ago), 'eph' {agad) efc. and that
combinations do not occur frequenily in pure Malayalam words. It is observed that the
composition of Malayalam syllables seen in a foreign word is different from that of a pure

Malayalam word due to the difference between the phonetic systems of the two languages. For

example, the permissible syllable combinations seen in Malayalam words kaat, kulaM~ (@0,
&@0) etc. such as kaa and ¢, ku and LaM~ share similar phonetic features and are frequently

found in the phonological system of Malayalam language. The probability of such a combination

is rare when a foreign word is transliterated to Malayalam. For example, the words like

phraNtshipp, kaaRD (ogergesla], @odaw) etc. will have a syllable combination different from the

phonetic pattern seen in pure Malayalam words.

In this work the distribution of phonetic patterns of native words is compared with the
distribution of phonetic patterns of foreign words in order to identify the foreign words written in
Malayalam scripts. Here for accuracy, the phonemes are considered as a cluster tagged as
syllables. Cluster is a set of texts which statistically share similar linguistic features. It is the
grouping of similar objects [Willett 1988). The words are already syllabified in the pre-

processing stage of RWI discussed in section 4.1.
5.2 Statistical Language Modelling using n-gram

Statistical Natural Language Processing can give statistical inference about the linguistic

properties of natural language. For example, predicting the next word when the previous words
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are given. The task of predicting the next word can be modelled as an attempt to estimate the
probability function of the combination. This sort of task is commonly known as Shannon game
[Shannon 1951] and is applicable in many natural language tasks. n-gram model can be used to
analyse the probability distribution of word (syllable) combination in a language. The statistical
and language independent nature of n-gram models proved to be successful in processing Indian
languages. The common values of n can be n=1, n=2, n=3, n=4, etc. correspondingly named as
unigrams, bigrams, trigrams, four-gram models. A bigram [Jurafsky et al. 2000] transition
probability means the probability of a sequence of two tags: that is the probability that tag B will
occur given that it comes directly after a sequence of tag A. The n-gram representation of the

word ciiph (ollad- chief) at the syllable level is given below for the cases n=1, n=2 and n=3.

unigram : al, o
bigram : 0 ofl, ol adl a0
trigram : 00 4l, 04l ag; &l a0'0, ad’0 O

where 0 denotes the “padding space” or a special string termination symbol for indicating an
orthograﬁhic syllable boundary. If the word contains n syllables, n unigram, (n+1) bigrams,
(n+2) trigrams etc. are possible.

53  Language Modelling for English and Malayalam Words

As shown in Figure 1.1, which shows the architecture of the system, back end processing
module generates the n-gram language model for Malayalam and English words from a training
corpus. The training corpus is created with 2886 English root words and 11,445 Malayalam root
words. Malayalam words are collected from the Malayalam Lexicon [Pillai 1965] and from the
Malayalam- Malayalam dictionary Sabdathaaraavali. English words are collected from an
English dictionary [Namboothiri 1999]. There may be more than one transliteration for the same
English word. For example, for the English word 'data’, two different transliterations, DaaTTa

(cwogo) and DeeTTa (ecwgo) are commonly used in Malayalam text. In the list of English root
words, only DeeTTa (enwgo) is present considering it as the standard form. Other transliterations

are ignored.
54  Identification of Foreign Words

The algorithm for identifying the foreign word is designed in such a way that statistical
information regarding the different syllables in foreign words and Malayalam words obtained
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from a training corpus (back-end processing) are used to decide whether or not a given root word

is a foreign word or Malayalam word.

Kwon, Jeong and Myaéng (1997) proposed a foreign word detection method for

estimating whether a given word is a foreign word. They used the following formula for decision.

P(Foreign | W

D(W) PANGHVE | W ) e sereseresrsnsesnsemsesesesssn a

In this work, Native is Malayalam language. So substituting equation (1) for Malayalam

language.

D(W) = P(Foreign | W )
P(Malayalam | W) c.cvicnimciniiinierimsnesineessisnes (2)

where W is a root word. P (Foreign | W ) and P(Malayalam | W) represents the conditional
probability that W is a foreign word or a Malayalam word respectively.

Applying Bay's theorem,
p@la) = EEOA) =PKABPE) [Manningetal 1999]
P(A) P(A)

and substituting A = W and B = Foreign,

P (Foreign | W)= E( WIForeiI%F&g( Foreign) o

Similarly, substituting A = W and B= Malayalam,

P (Malayalam| W ) = P(W|Mala PEEH\;)) P(Malayalam) .......ccoevrersmeurcecceenee 4)

Applying equation (3) and equation (4) in equation (2)

P(W|Foreign) P(Foreign)

D (W) P(W|Malayalam) P(Malayalam) .........co.oooorooor... )

IfD(W) > 1, W is decided as a foreign word otherwise W is a Malayalam word.
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In equation (5), P(W|Foreign} and P(W|Malayalam) are prior probabilities and are
estimated by computing the ratio of foreign words and Malayalam words in the training corpus.
For the estimation of P(W|Foreign), the syllables s; s constituting W are assumed to occur

independently from each other. So the following formula is used

n n+l
P(W[Foreign) = X, .7t P(s;| Foreign) + A2 .T (si.si| Foreign)
=1 =1 evevireenans (6)

where A1+ A2 =1and A and A; represents the weights given to the two different statistics for
estimating the probability namely unigram and bigram. sy and s,+ are interpreted as special
syllables indicating the start of a word and the end of a word respectively.

Similarly,
n iy |

P(WMalayalam) = % . @ P(sj| Malayalam) +2%; . 70 P(s;; si| Malayalam)
i=1 o 7

is also estimated.

In this work, n-gram model up to n=3 only is considered assuming that the system can

identify the occurrence of a foreign word by looking its syllabic combination up to trigram model.

Algorithm

ForeignWordldentifier()
{
Input the root word W
Evaluate the n-gram for root word W
Evaluate P(W|Foreign) using equation (6)
Evaluate P(W|Malayalam) using equation (7)
Compute D (W) using equation (5) and decide it as a foreign word if D (W) > 1
}

5.5  Results and Discussion

Every word obtained as root word from the RWI stage is analysed and identified whether
the word is English or a Malayalam word. The two lists given below shows some of the words

identified as English and Malayalam words stored in the English lexicon and Malayalam lexicon.
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G12935]

Words identified as English words

sl
€l
Sho

Words identified as Malayalam words

=11 ET4Te)
>aIgo
aeiniul]
™o
@A
OoEg
o6l
OBl
DOCAHICTT]
BBV
™o
@O0
OO
BT al@d)o
©Ogo
ooeY
ob
@OFUIDe
i@
@R
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The system will predict the root word as an un-decidable word, when D (W) = 1. That is,
the system cannot predict whether it is an English or Malayalam word. For example, the

orthographic pattern nii (o)) is seen in English n-gram for representing the English word “Knee”
and is seen in Malayalam n-gram for representing the Malayalam word »if having the meaning

“you”. Similarly thai (eem) have a meaning “thigh” in English and “sapling” in Malayalam.
Same reason with manth (aco) having the meaning “month” in English and “filariasis” in

Malayalam. Some of the un-decidable words are listed below.

Words identified as Un-decidable words
il

XD

W

rilg(v)]

This section will discuss about inferences obtained from the analysis, the use of identifying
foreign words in a language and limitations of the system. They include

1. Analysing the results, it is observed that foreign words can exist in its

(a)  Root form (Eg. phaan~ -anocd),

(b) inflected form with native suffix (phaanil~-anodfi@3),

(¢)  inflected with both foreign and native suffix (kattinginaayi-e-gedimocf),

(d  compound form with foreign and native words (skkuuL~kutti-quudag) ,

(&)  compound form with native and foreign word (paccakalaR~-alai@@a@),

(£ foreign word-foreign word combination (beebisiTTR~-esnienflordigd),

(g) foreign reduplicatives (TTippTTipp-lajgiad

(h)  foreign verb with native verb compound (Daan~suceyyuka-anommyeaig)e:)

(i  foreign adjectives combine with the be/become form [Asher et al. 1997] of native

language (ReDivaayoo? eonaoews?-are you ready?).

Since words in patterns (a), (b), (c), (f) and (g) are identified correctly, the result obtained
from this work can be used to recognize the remaining compound words. Certain methods like
maximum matching segmentation, complete matching segmentation, segmentation using syllable
tagging method etc., which gave a satisfactory precision in identifying the compound nouns

when used in Korean text [Kang et al. 2002] to identify foreign words can be used here.

102



When the foreign words identified by the system were sorted, words with similar
phonemic pattern came together. Similar phonemic combinations coming in the initial
position of words were taken as prefix. In the same way similar phonemic combinations
coming in the end position of words were taken as suffix. These suffixes and prefixes are
the same as that in English language when English words were borrowed into Malayalam
language. The words with similar prefixes were grouped into prefix category and those
with similar suffixes into suffix category. Table 5.1 shows the prefix and suffix category
[Choudhury 2009], their phonemic combination in transliterated word, equivalent English

prefix and suffix with example. The name of the categories is given according to the

functions they possess.

Table 5.1: Prefix and suffix category of English words seen in Malayélam

documents
Prafix Phonemic Equivalent ]
categry combination of Prafix English Example
prefix prefix
Negation prefix | emoend /nooN~--/ | fnon-/ emosndenmal’
_ nooN~vejj

ool -t -/ paelnad
liigal~

goad A=/ fin-f @Bagndloaiydy
im~ephishynt

Do - fim-/ snoqcusnikd
M munvatiL~

ad iR~/ fir-f eodnwad
iR~RaguaR~

aufleny” MDis-/ fdis-f olorigesty
Disobee

Ironic prefix . | @wend faN~-/ An-/ ERsNHruy

aN~Du

ol /Dii-/ /de-/ cuflesonus’
DikooD

Disgrace dlony fmis-/ fmis-f i eflouy’
Prefix ' migliD

2l fmaal~-/ fmal-{ BB A0EEH0D
maal~phngshan™

oD fsyuwDau-/ | fpseudo-/ | ruecwIE@@eIsy
syuiDavintakTT
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Size/ structure | @my@af faaR™>cc-/ larch-/ @B glenflosin]
prefix aaR~ccbishapp
ygnyd fsuuppaR~-/ fsuper-/ n’g«g@m&a;goma
suuppaR~nyaaccuRal™
o8 fautt-/ fout-/ ea0ghend
auttRaN~
emud fseR~-f fsur-/ emudglodoed
_ seR~ccaaR~jj
crosn)’ /sab-/ sub-/ roendamoden o
sabnooR~mmal™
aaid fauvaR™-/ fover-/ | edcudny
auvaR~Du
@RErSe0ud faN~DaR~-/ funder-/ | @RemMBNL@AgOL’
aN~DaR~phuD
a6n0nld /haipaR~/ hyper-t | oeadudERY
MaipaR~aakTTiv/
@RS /al~traa-/ fitraf aRudsoanmed
fal ~traavailaTT/
aerdl fmini-/ - | i/ dlerlenod
/minicaaR™~/
Behaviowral prefix | &am Kau-/ " foo~ Exh DD gy’
fkauyeeksisTT/
R g JauNteR~-/ {fcounter-/ | eevaarO0Sy
MkauNteRaalkTT/
@Ryl faanti-/ fanti-/ eryfeanoou]
faantibooDi/
elalo fpro-/ fpro-/ SaJomnendland
/proameserikikan™/
Place prefix gorfed frtR~-f fnter-/ EORBBMOEHI
intR™~naashaiNal~
Sommy Araan~s-/ firans-/ | soalmigjocdy’
tfraan~splaant
Time prefix ea00@ fphooR~/ ffore-/ ea00degad
phooR~TTeel™
ial fprii-/ fpre-f eJayad
priiskuaL™
iy feks-/ fex-/ agiastrhiionyd
eksminisTTR~
4 R/ fre-/ dloqyad
Riissel™
Sty /poosTT-/ fpost-/ | easoreTUOSY
poosTTbooks
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Number prefix | ayeVemoesmo | Ayuuni-/ funif Raiengoed
/mooNoo-/ | /mono/ yuunilaaT TaRal™
GRADGEMIGE o
mooNookroohM~
oemyean Moal-/ i OBMInIomy’
/Dai-f di-/ baipaas
ennwdod
DeimeeTTaR~
BI6HS Mai-/ Ari-f e0seHRmEd
taisalkkil ™~
acdgl/ /mal~th-/ | At/ ad3gknoasernad
eniog fpoLi-/ fpoly-/ mal~ttinaashaNal~
enoglaglales
poLikLinikl
Other prefixes | @050 foottoo-/ | fauto-/ @IC52¢)dal’
' oottoograaph
o fniyoo-/ | ineo-/ mlewoceinodles”
niyootoomartikk
a0 /paan=-/  |/pan-/ almMaErcadienad
paan~ameerikkan™ .
8lpJoa50 foroottoo-/ | /proto-/ ClaJIBgoCHI0D
proottookool™
eud /fsemi-/ fsemi-/ emodlorudesilod
semisaRkkiL~
oKy’ fvais-/ fwise- eaamiiamiood’
vaisprasiDnt
Phonemic Equivalent
Suffix combination of suffix Engfish Example
category suffix prefix
A/ fsTTaR™ | /-ster/ Aedloripd
FyaR~/ leer! minisTTaR™
milaiqead
siiniyaR™
eelg HeTT/ Het/ eI HaIY
BukkleTT
owg FyeTT/ Fyet/ minewg
sigayeTT
abouf F~huaudy {~hood/ @o0Bagouy’
maan~hul
oo {-shipp/ -ship/ eosrRetlaf
phraNtshipp
e -Dahrt ~domy/ £Aeate
kingDaM™
eigmd ihres /~carcy/ owaasegmd
Dmookresi
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oA -eRif f-ery/ Saead]
ceyeRi
ED6R" /gDeui! Hing/ HHing/ gwoiled, auoomilou”
D6EHE’ HMg/ gooying, baaththiM~g
agud ~phul~/ Ll O]dmﬁnqua
spuuN~phut~
Sagiwg l-aiyaTT/ | Fite/. MEOELIDT
naksalalyaTT
o Fiyan™/ HHanf I
nthyan™
gromy’ Fiist Fesef R0aj0flory’
jaappaniis
oMy MsTT/ st/ ey
buddisTT
g0 FHsaM~f | fism/ Soafigalirue
kyaappiT T alisait™
fic T l-ar~f Ferf adanad
vaRkkaR~
folc ~TTaR™ | l-orf lcdmye,d
yin~stakTTaR™
@Ry f-aant/ f-ant/ gD3Bnn0mMmody
in~phoeon~maant
© it fee/ afesniigoc], w@idl
-yt eM~bLaayi, krimii
nffaucd /~eeshan™/ | /-ation/ mooiedHsim
naavikeekshan™
ooy F-ment/ f~ment/ @peoEOARy
aResjment
@RI al~/ f-alf OaQund, &uda0cd
Rphuusal™, kaL~ccRal~
afoid l-eeyj | ~age/ BCUCONE
kavaReey]
ammy’ i-ness/ Fness/ anonfemay
haappiness
eod T Hity/ roarich
saaniTTi
a8na0 {-phaif Hify/ e@omann
kooDiphai
@RI l-ays/ Hisef easoallainmind’
poopiaRays
afod f-an~f e/ 0@y
Ryppan™
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ealmy /less/ Hless/ anNIe@EKTY
haah~less
el il -yl aocrlel
maanili
aolasl Haild<s Hike! ONDERES
kawlaikk
oo’ Hsh/ Hish/ aggial
phooLish
Finlic o F-ikke/ Hcf ardleoowiles’
hiRooy#kk
aal Fitv! F-ive/ anisogiar
atraakTTiv
oy -shyas/ fous/ Grymil-symd’
aampishyas
@il fabiL~/ fable/ clowoenikd
RiiDaabilL~
o’/ eus’ f-ntaD/ Finted/ cuoeRahal; sodouy
HDf fdf f-edf pooyintaD, kaaRD
erudouiing’ fveeRDs/ |/-wards/ sniodsEcodausngy
baakkvaeRDs
eerumi’ f-vais/ f-wise/ aflUNBEIROHAITY
eDyukkeeshn™vais
LD Fikal™/ f-calf floilenmd
Kiinikkal~
af’ ph/ f-ugh/ Oatl’
f-off Rph
& /-zhs/ -rse/ 0
koozhs
dg’ ARt frtf @odg’
kaaR~tt

Similarly, words used for representing cardinal numbers, names of weéks, name of certain
places, names of months and measurements used in different languages have similar
phonemic combinations. It was observed that such suffixes and prefixes can also be
considered for understanding the phonemic structure of foreign words borrowed from
other languages like Hindi and Sanskrit. This will also help to identify Hindi loan words
and Sanskrit loan words in Malayalam. It can be used to convert numerals to numbers and

vice versa. Examples are shown in Table 5.2.
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Table 5.2: Words having similar initial or final phonemes seen in English, Hindi and

Sanskrit loan words.
English loan . | sand¢ied (13) sano@dioB () aflogB (15) ]
words crdsingd g ©2) e @fl 63) cndkestpll canod (64)

Q o0tBapaur(200) @l anobigeu (300} Ganod anaBayna’(400)

cqustsa (Sunday) aadeas Monday) Qg ean (Tuesday)

Hindi loan CORT {18)_ 21960 (14) aligRng’ {15)
words STUTOS (62) aikdorug’ (63) Slarnind’ (64)
@30 &rve (200) @iod ecrva (300) alod@ acruw (400)

aalland Sunday) ecoomcuod Morday)  edndlone’ (Tuesday)

Sanskrit loan | @ewsAw (13) a@deus (4) AR (15)
words lleaiegl: (62) @hziagd: (63) aIDadiosft (64)
alkeme (200) whome (300) . aleme (400)

ealuoe. (Sunday) airuoeniore (Monday)  @mloe. (Tuestay)

From the table it is clear that the suffixes like /-iin~/ (/-gooad/), /-ab/ (/~@RacY), /~daSa/
(/-8w>/) etc. can be considérecl as suﬂixes used for representing numbers 13, 14, 15 in
foreign words like English, Hindi and Sanskrit respectively. In Hindi loan words, the
suffix /-vaaR~/ (/-cuod/) shows the name of week. Corresponding suffix used in Sanskrit for

showing the name of the week is /-vaaraM~/ (/-cwo@d/). In English it is Dee (eow).

Comparing and analysing the list of native and foreign words, many sociolinguistic

inferences can be traced out. It is possible to interpret the co-relation of culture with the.

word. For example, if a word in native Malayalam lexicon is ocoNaM~ (@oemo), the

festival of Kerala, it may have a native element with the culture of Kerala. That is, the
word is not of foreign origin. This word seems to frequently appear in Malayalam
literature than in a foreign literature. Another example is the word in the English lexicon

krismass (@logaqf) which is of foreign origin, Similarly the proper names like deepa
(A1), paaRu (a10qQ) etc. are of native origin and krisTTi (@), muhammad (@anens) efc.

are of foreign origin. Comparative study on name of mythological characters, name of

national heroes, name of places etc. seems 10 convey more information than their mere
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referential meaning. Thus the etymological details can help to clarify meanings of
lexical unit or give clues to understand obscure meanings. Since they catry some special

sense of meaning, they should also be included in the lexical stock of a computational

lexicon.

Each suffix in English language will have an equivalent suffix in Malayalam language.
The present work has both the list of suffixes which are agglutinated with these
languages. Using these suffixes, a comparative study concentrating on its semantic
criteria, can be done which contributes to the task of English-Malayalam machine
translation. For example, if the word is an English word nooN~vejjiTTeeRiyan~

(emoaﬁm@dlcg&@m‘), equivalent Malayalam word can be obtained by substituting for the
suffix /nooN~-/ (famosrd~/) with /-allaaththa/ (/~erejpom/) giving vejjiTTeeRiyanallaaththa
(sumedegdwmgpom-not a vegetarian).

It was observed that different spelling systems exist for foreign words when compared
with native words. This shows the need for having a detailed study on how to transliterate
a foreign word according to its pronunciation and orthography to its native form, when a

new word comes to the language. For example, the English word yellow is written as

elloo {ageep) in Malayalam script different from the pronunciation in English as yelau
(swear).

By using the list of foreign words, it is observed that rules can be developed to
transliterate each phoneme in foreign word to its equivalent phoneme in source language
(here English). Similarly, in reverse also. So, if a word from the English language is
given, the equivalent transliterated phoneme in target language for the word can be
derived. For example, in English if a word starts with the alphabet A, it will either take
a, aa, e, ee or oo as its possible initial rendering when it was written in target language
(like aaskk [@ryyd’ -Ask], egeen~|agawaiad-Again], ooLl~{a0u-All]). Such a system can
be used in search engines which will help to enhance the depth of search thereby
retrieving information from both source language and target languége. It helps in the
process of translating the acronyms easily.

Exceptional words contain many English words which are having suffixes similar to their
word endings. In this work, such words are manually identified and stored as exceptional
words. The RWI program can be modified by first identifying the English words
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10.

11.

automatically and then implement the rule for obtaining a more accurate result. So the

exceptional words like kumaaR~ (@@0d), bil~ (enlad), kaan~ (eoa8) etc. can be identified as
foreign words and exempt them from applying morphophonemic rule.

A comparative study using the n-grams of both languages can give more information about
the phonems and their probability of distribution such as the phonemes which are
common in native/foreign words, the position of phonemes in a word etc. Such an
empirical study can be used in areas of designing OCR system, designing fonts, designing

keyboards and in text to speech converters,

It was observed that prepositions used in English (of, to, at, by etc.) are rarely borrowed
by the recipient speakers. Similarly the phrasal verbs like fell down, get through are rare.
Idioms and fixed expressions in English are also rarely borrowed. Some of the exceptions

seen in Malayalam text are ooph haant (&0ad” a0od’ -off-hand), shoott kait (ea0g &gt
short-cut) etc.

Using n-gram of native and foreign language, a system can be modelled to identify the

. spelling errors in words. For example, it is possible to provide rules to identify spelling

errors when a word starts with any of the cill (ag)) characters [Appendix IIT} or when two

cill come closely. Similarly there are certain syllables which are seen only in foreign
words. /&/ occurs only in English loans. Providing such information as rules, a spell
checking system can be developed and integrated to the RW1 system for obtaining a more

accurate spelling of words in the lexicon.

The collection of borrowed words can be used to study the general attitude of recipient
speakers towards borrowings, frequency of borrowing patterns in recipient language etc.
It is also a good resource for doing research on loan word phonology, loan word

translation, study on code-switching and code-mixing [Cantone et al. 2009].

Performance analysis of foreign word identification module discussed in chapter VI

showed a Precision of 62.5% and a Recall of 72.99% by the system. Some of the limitations of

the system which were noticed when the system tries to identify the foreign word are as given

below;

12,

It was observed that statistical approach can be successfully applied to the language
identification task. But a major drawback to apply the statistical approach to foreign word

identification is the requirement for a sufficient amount of labelled training examples. The
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13.

14.

15.

16.

17.

18.

manually constructed training corpus for language modelling is too small that this
machine learning approach will not get enough data to plot all probabilistic occurrences
of syllables. Collecting large list of Malayalam root words and English root words is
expensive and time consuming. Due to the same reason, the proposed system wrongly
analysed English words as Malayalam words. The sparseness of training data can be

overcome by increasing the training corpus,

In this proposed system, monosyllablic words are the one which are poorly identified. The
reason for the same is that there will not be an equivalent phonotactic pattern for this
monosyllable word in the corresponding training corpus. For example, if the input word is
kyu &4 (Queue), it should have an equivalent phonotactic pattern in the training corpus,
particularly in English n-gram model. Then only the system can predibt that the word is
an English word. Otherwise the system cannot analyse such words. Training corpus
having more monosyllablic words can solve such problems. Some of the other words

which the system fails to analyse are vi (cl), ke (es) etc.

In this work, all words identified by the system as foreign words are not of English origin.
Sometimes the words identified as foreign word have their origin in Sanskrit, Arabic or

Latin. For example, the system will take the word al~ameen~ (@omdards- Alameen) as a
foreign word only. It can be modified further to obtain the etymology as Arabic language.

The computational lexicon will mark the word thrii (@) correctly as an English word. But

due to different spelling systems existing for transliterated foreign words, it is also seen as
thri (@) in the corpus. So the system will tag it as a Malayalam word. Actually it is seen

as a prefix of certain Sanskrit words.

No attempt is made to find the foreign syllables which are seen only in transliterated
English words. If they are found, knowledge about them can be used in transliteration,
back transliteration, spell checkers and development of OCR's.

Compound words which include both English and Malayalam words showed poor results

cliJring the analysis of words such as e.es.ai sukumamran~ (ogy oV, 6ag. TYE:BORMD),
appiil~kootathi (enajrdesosa) etc.

RWI fails to identify certain English word whose end phonemes resemble the suffixes of
Malayalam words. Those words are wrongly analysed by RWI. Eg: ReeDivoo (soculswa),
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caakkoo { aneamo) etc. This problem can be tackled by first identifying whether it is an
English word or Malayalam word and then pass to RWI program for more accurate results.

19. No attemlﬁt was made to process the words obtained as un-decidable words. Words like
cellaan~ (@agio ) having two meanings “To go” in Malayalam language and “a form

issued for money transfer” in English are not processed further to find its etymology.

20. A system designed for developing a computational lexicon should give much more
information about words like whether the word is countable, uncountable, transitive verb,
intransitive verb etc, Variation in language (whether regular or irregular, frequently or rarely
used, normal or stylistic etc) and details like whether the word is archaic, regional, obsolete
efc. are also not indicated. Hyponymbus compounds, case relationships, kingship terms,
technical terminologies, co-ordinate compounds, echo compounds; complex compounds,
verb-noun compounds, adverb-noun compounds, adjective-noun compounds, verb-verb
compounds are not analysed. Since a word carries a bundle of information related to the
phonology, morphology, morphophonemics, morphosyntax, lexicography, semantics, syhtax,
text, grammar, etymology etc., it seems to be a difficult task to capture all its information
by considering only its surface form or its orthography [Pinker 1995). But this work can
be extended for retrieving more information about words.

5.6  Further Prospects

The large collection of English and Malayalam root words obtained from this work can be
fed to the training corpus thereby increasing the number of English root words from 2886 to 6996
and Malayalam root words from 11445 to 26135. This helps to identify more foreign words
without manual assistance. This model can be used for extracting foreign words from any language.

For increasing the accuracy of the system, machine learning methods such as Support
Vector Machines [Kruengkrai et al. 2005], Normalised Dot Product [Damashek 1995], K-nearest
Neighbour, Relative Entropy [Sibun et al. 1996], Conditional Random Fields [Lafferty et al.
2001] etc. can be tried out. Other applied methods include Decision Trees, Neural Networks and
Multiple Regression [Botha et al. 2007] can be experimented to retrieve the étyrnology of any
foreign language. The smoothing techniques [Chen et al. 1999] can also be experimented to obtain
more accurate results such as Laplace smoothing used by Dunning [Dunning 1994]. The
advanced smoothing methods like Absolute Discountihg, Katz Smoothing, Kneser-Ney
Smoothing, Pruning Algorithm etc. used for identifying language of the document can be tried to
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identify the foreign word. Entropy Based Pruning [Stolcke 2002], Revised Kneser pruning
[Siivola et al. 2007] can be used to exclude the n-gram that contributes only litfle to the modelling
accuracy [Vatanen et al. 2010). '

This chapter discussed a method for automatically identitying the foreign words, which
are borrowed into Malayalam, using minimum monolingual resources, that is, with no bilingual
dictionary or transliterated text. Foreign words or out-of-vocabulary words or loan words are
those words which are borrowed from other languages, written in native seript. Here the English
words scripted in Malayalam orthography are considered only as foreign words. A corpus
developed from web is used as the resource for data analysis. The root words in the corpus are
identified and they are used for identifying the English words. Statistical language modelling
using n-gram is used in the task of predicting the phonemic combinations of both foreign and

native language. The computational lexicon will have an entry to denote whether the root word is

native or foreign word.

The output from the system helps to study the phonotactic patterns of English words. Some
of the commonly occurring prefixes and suffixes are classified and listed. This result can be used
for developing spell checkers, grammar checkers etc. The system exposes the possible
phonotactics of current Malayalani language and also gives more information about different

writing/spelling system used for transcribing foreign words.

There should be a unique writing and spelling system for foreign words to make the
native language suitable for computational processing and hélp the common man to write them
without spelling errors. This approach is a first step towards that mission. Next chapter evaluate

the complete system.
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Chapter VI

PERFORMANCE EVALUATION
OF THE SYSTEM

For developing a computational lexicon for Malayalam language, a system was developed
to identify the lexical items, its grammatical properties and etymology. A monolingual corpus of
the current Malayvalam language is created using a web crawler. Using this Malayalam corpus,
the computational grammar of Malayalam words is designed to understand the structure and
features of word. Studying the morphophonemic variations occurring at the boundaries of root
word and suffixes, morphophonemic rules are derived and these rules are implemented using a
RWI to extract root words with its grammatical properties. The system also identifies the English
loan words in Malayalam documents which gave important information to derive the etymology

of words. An elaborate performance evaluation of the developed system is presented in this

chapter.

The overall system analyses the input corpus and generates the computational lexicon
with linguistic knowledge about Malayalam words. A sample computational lexicon generated by
the system for Malayalam language is explained in section 6.1. An elaborate performance

evaluation for RWI module and foreign word identification module, using some performance

metrics is presented in section 6.2.

6.1 Computational Lexicon

The proposed system developed a computational lexicon having 21,446 lexical entries. As
the size of the corpus increases, this lexical database will also increase. If the developed system is
fed with a small corpus containing a single sentence as given below, the following linguistic

information are generated as shown in Figure 6.1.

samitkRRthaahaaraththil~ proottiin~, minaaRal~, viTTaamin~ iva atangngivirikiumnmnu
(ovdlgmoanoeamicd sgogad, dmoad, algodid oo ersadiaidenme —

A balanced diet contains proteins, minerals, vitamins etc)
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Linguistic

Lexical entry information Details
Syllable
oudlgmiana@s | structure e 4l § @0 adY @a
Etymology QRIS
Grammatical
category Moda
Root form mdlg®mOanI@e
Inflacted
forms N | codg@oanonomiied
audlgmaana@. <Genitive case suffix>
N | acudgmonnonsancd
audlgmoano@e <Plural suffix>
N [ cudgmoanodagoam
mudgmaa00@e <Negative adjectival suffixs
N | qudlgmoanoncoiciaion’
aqudlgymonnore <Abative case suffix>
N | qudkgmoaiedow
mudlgmonnoee <Relative adjectival suffix>
N [ avdlgmoanooanges
N | audlgmonnoeemui<Genetive case suffix>
arodlg,moandee <Plural suffix><Genetive case suffix>
N | cudgmiccopeacmadsl
N | cqudgmosnoeedm<Referencing suffixs
anudlkgmoanome <Accusative case suffic-<Referencing suffbe-
N [ cudgmoanaeanimoecisrd
N | cudgmaanoeasiiod’ <Benefactive suffix>
udle®annire <Dative case suffix><Benefactive suifix>
DFW | audlgymoano@sgo
N | cudigmosnoeasu<And co-ardnationfFuiure model suffixs
mudltemvnnomediral sufics<And co-ordnationFulre model suffic
N 2Dl Ok
udlg;moand@e <Locative case suffixs
Svllable
GpJoslad structure eleyo 9 o
Etymology 8Datfflnal
Grammatical
category Moo
Root form eodlad
inflected
forms N | sgpodoiedg
eiggodlad <Genetive case suffies
DFW | syodiaiielnssmo
DFW | siajogiailanany’ <Or co-ordination/interrogative suffixs
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N | eppdoiod<Equation/Finite verb suffix>
<Or co-ordinationnterrogative suffixs
elatodad <Locative case suffix=<Equation/Finite verb
suffixs
<QOr co-ordingtioninterrogative suffixs
N | caogimages
N | sodimaudgenitive case suffixs
SaoFind <plural suffix><genitive case suffix>
Ca/0508
Root word
Syliable
dimoad structure dmo cd
Etymology Dot fnsd
Grammatical
category Made
Root form almomd
Inflected
forms N | dmogje.giod
N | dmogaul<Locative case suffix>
dimomd<Plural suffixs<Locative case suffix>
DFW | dimoelledayo
N | dmoelled<And co-ordination/Future model suffix>
dmoad<Genitive case suffic=<And co-ordination/Future
model suffix>
"DFW | dinoaliaiossma
DFW | dmoalemens’ <Or co-ordination/nterrogative suffixs
dimoalmd<EquationFinite vert suffix><Or co-
N | ordination/Interrogartive suffix>
dmoad <Lacative case suffic-<Equation/linite verb suffise
<Or co-ordination/Interrogative suffix>
2mod
Root word
Syllable
ofigodad structure all go dl @
Etymology Doiflnd’
Grammatical
category oMo
Root form allgodiod
Inflected
forms N | algodidigpen
algodim<Negative commitative suffix-
DFW | aligodiafleioesmo
DFW | aligodiaflesoeni’<Or co-ordination/interrogative suffix
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algodlafied<Equation/Finite verb suffix><Or co-

N ordination/Interrogative suffix>
allgodkd <Locative case suffix<Equation/Finte verb suffocs
<Qr co-ordination/interrogative suffin
alpodicb
Root word

Syllable
Finle) structure o
Etymology 20IWIEe
Grammatic
al category MOB-rOAQmode
‘Root form goal
Inflected
forms N | ooxges .
oy <Genitive case suffix-

N | sagl
socu <Dative case suffix

N | mociges

N | spaual@d<Path locative suffix-
eocucl.ocative case suffixe<Path locative suffic-
&8
Root word

Syliable
ansedloidasan | skucture @n S &l of &t & an
Etymology BRI
Grammatical
category Slw
Root form not identified
Inflected )
forms V | cesadioliesaisy’

V | ersadloldama

vV | oossdfoldema

V | sossdaldleancd

V | eesadioidasmou

V | ensadkoflame

V | erseddimemog

V | epsedioidasoe

Figure 6.1:  Sample Computational Lexicon generated
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The words seen in the lexical eniry are the words which the computational lexicon
considers as the head words in the lexicon. They are the root words and verb words in the cotpus.
The linguistic information about each lexical entry such as syllable structure, etymology,
grammatical category, root form and the inflected forms are systematically shown in the figure.
The knowledge about the syllable structure of the word is helpful for a non-native person to
pronounce the word easily. Space is used to mark the set of syllables of the corresponding words.
This will also help to understand how the syllables are distributed in a word. Etymology denotes
whether the word is English or Malayalam, This information helps to know more about the origin
of the word. it also helps to know about the spelling or the orthographic pattern when an English
word is transliterated to Malaya]am. One of the major challenges faced by the Malayalam
language computing tools is the lack of automatic identification of out-of-vocabulary words such
as the person name, place name, abbreviations etc. Using this computational lexicqn, if the word
is identified as foreign word or Malayalam word, efficiency of language tools will increase
drastically. If the knowledge about the source language is obtained, transliteration and translation

become more accurate.

The grammatical category of the root word, shown in Figure 6.1 denotes whether the root
word is a noun or a verb. This is the most important information for retrieving its meaning. Apart
from the basic grammatical category, sub categories like pronouns are also shown with the word

as in the case of iva (gan) in the Computational Lexicon. Postpositions are also indicated if

present in the sentence. Root form of the word is the derived root word from the inflected forms.
This information is useful for concordance, key-word-in-context, frequency count etc. One can
infer all the inflected forms occurred in the corpus related with the particular lexical entry with
their grammatical category. N shows that the inflected form of the word is a noun word, DFW as
dual functional word and V as verb word. In this example, samiikRRthaahaaraththil~
{rudgmoanoeonied) is appended to the existing list of 9 similar words when the input corpus is

fed to the system. All the 12 words which can inflect with the root word samiikRRthaahaaraM~

(rudlgmoanome) can also be seen in the computational lexicon. Apart from the list of inflected

words, all suffixes agglutinated with the word according to the position they take, words obtained
after removing the suffixes, name of suffixes, can also be infered. The different inflected verb

forms of atangngiyirikkunnu (@rsadcidamm) gives the possible verb combination of similar

words seen in the corpus.
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From this computational lexicon, special words having some linguistic peculiarities like
words having the highest number of suffixes, words having maximum dual functional suffixes,
words having maximum syllables, words having single syllable, most frequently occurring

foreign word etc. can be easily retrieved.

6.2  Objective Evaluation

An important recent development in NLP has been the use of much more rigorousl
standards for the evaluation of NLP systems. The evaluation measures {Manning et al. 1999] like
Precision, Recall and F-measure are often used to evaluate the efficiency and effectiveness of
retrieval process. These performance matrices are used for an. objective evaluation of the
performance of the developed system. The matrices are defined as
1. Precision (P) = Number of words correctly recognized as a category

Total number of words recognized as that category
= Ap_
tp+ip
where tp is the _ti'ue positives which is the number of words correctly recognized and fp is the false
positives/false accéptances which are the wrongly recognized words as that category. |

Number of words correctly recognized as a category
Total number of words of that category in the test set

2. Recall (R)

= tp
tp+h
where fn is the false negatives/false rejections which are correct words in a category but are not

recognized as that category by the system.

3. F-measure (F) = 2*P*R/(R+P) where P is the Precision and R is the Recall

6.2.1 Objective Performance Analysis of RWI Module

" A small corpus containing 24,055 words from the domain of health, film, technology, law,
lyrics of songs and religion were used for testing the performance of the RWI. The typographical
forms and foreign language words, which have less relevance in this work are removed from the
test corpus and the remaining 23,045 words were used to test the system. RWI program will
identify the words in the corpus and gives the root form of the word with its grammatical
category such as noun, verb or dual functional.
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Noun words are words having noun suffixes. It was observed that the maximum number of
noun suffixes agglutinated with a word is three in the test corpus. 137 words were identified as
noun words having three noun suffixes. Majority of noun words in the corpus have only one

noun suffix.

Dual functional words are words having dual functional suffixes. The maximum number
of dual functional suffixes agglutinated with a word is three and 77 words are having three dual

fanctional suffixes.

Root words are words which are obtained by removing noun suffixes and dual functional
suffixes. They also include words without having any suffixes. Pronouns, postpositions, certain
suffixes and words in the Exceptional_dictionary, are also considered as root words.

Verb words are words having verb suffix. Lexical entries are the root words and verb words.
Performance metrics obtained for root words, noun words, dual functional words, verb words, and

total lexical entries in the lexicon are given as follows.

L Noun words
Total number of noun words in the test set = 7375
Total noun words processed by the RWT system = 6975
Number of noun words correctly recognized = 6612

Precision = 94,79%

Recall = 89.64%

F-measure = 92.14%
IL Dual Functional words

Total number of dual functional words in the test set = 4728
Total dual functional words processed by the RW1 system = 4463
Number of dual functional words correctly recognized = 43359

Precision = 97.66%
Recall = 92.19%
F-measure = 94.84%

. Root words

Total number of root words in the test set = 19,575
Total root words processed by the RWI system = 19,500
Number of root words correctly recognized = 18,997
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Precision = 9742 %

Recall = 97.04 %

F-measure = 97.22%
Iv. Verb words

Total number of verb words in the test set = 2805
Total verb words processed by the RWI system = 2493
Number of verb words correctly recognized = 2449

Precision = 98.23%

Recall = 87.3%

F-measure = 92.43%
V. Lexical entries

Total number of lexical entries in the test set = 22,380
Total number of lexical entries identified using RWI program = 21,993
Total number of lexical entries correctly recognized= 21,446

!

91.51%
95.8%

Precision
Recall

il

The system showed a high percentage of precision and recall values. A small percentage
of words were unprocessed and a small percentage was processed wrongly. Some of the reasons

are already discussed in section 3.3 and section 4.4.

When evaluating the overall performance of the RWI system, verb words are having a
high precision. Its false positive is less. That is, words which are wrongly selected as verb
category is less. So one can conclude that the verb morphology used in RWI system helped to

recognize the majority of processed words correctly.

The verb words gave the lowest recall performance when compared to the recall obtained
for noun words, dual functional words and root words. That is, false negative is high for verb
words. This shows that many of the words in the verb category are not recognized as verb by the
RWI system. So the recall obtained for lexical entries also showed a decreased value. Addition
of more verb suffixes to the existing list of verb suffixes, as listed in Table 3.5 can increase the

recall rate of the system.
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In the case of noun words, the precision obtained is only 94.79%. This is because certain
words have phonemes seen at the end of the word similar to noun suffix. The system will
wrongly select such words in noun category, instead of storing them as root words. So false
positives increases and precision decreases. In order to decrease false positives, foreign words
included in them can be identified using the proposed system and store them as root words, This

will helps fo increase the precision of both root words and noun words.

The proposed system is an efficient system and comparable to the different existing
motphological analysers. A morphological analyser developed for Malayalam verbs [Saranya
2008] identifies a word having suffix /~-uM~/ only as a verb word. But in certain cases, this future
tense marker /-uM~/ may act as an And co-ordination suffix. In our approach the system will
identify a word with /-uM~/ suffix as a dual functional suffix showing that the word with this
suffix can act as a verb or as a noun. The morphological analyser developed using Apertium
toolbox [Vinod et al. 2011] need a morphological dictionary. In our system, there is no need to have
an inbuilt dictionary or manual assistancé for collecting words. More number of noun words and
verb words are identified using our system. They used only 1000 words for evaluation purpose.
We used around 24000 words for this purpose. The efficiency of their morphological analyser
depends on the manually built dictionary. Our system will automatically enrich the lexical list by
giving larger corpus. The system designed and implemented for automatic creation of an Arabic
lexicon [Al-Shalabi et al. 2004) identifies the gender of the word. Even though our system did
not tried to find the gender of the word, more linguistic information like syllabic structure,

etymology of words are automatically identified.
6.2.2 Objective Performance Analysis of Foreign Word Identification Module

Root words obtained from the RWI are fed to the system for deciding whether the word is
a foreign word or a Malayalam word. The work is limited by the identification of English words
only. The test corpus contains 4110 English words, 51 Tamil words (only film names are
counted), 17 Arabic words and one Telugu word in addition to Malayalam words. The proposed
system identified Tamil words as Malayalam words and Arabic words as English words and

Telugu words as un-decidable word. The performance matrices of the foreign word identification

module are as follows.

‘Total number of root words taken for experiment = 18800
Total English words in test set = 4110

Number of English words processed by the system= 4800
Number of English words correctly recognized = 3000
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Precision = 62.5%
Recall = 72.99%
F-measure = 67.75%

The system wrongly showed certain English words as Malayalam words. Wrong

prediction of compound words, words from other languages etc. caused fp to increase and

precision to decrease. If a mono syllable word is not having an equivalent phonemic pattern in

any of the training corpus, the system cannot identify its category. This causes fn to increase and
resulted in a poor recall. Other reasons for the decrease in these values have already been

discussed in section 5.5.
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Figure 6.2: Comparison -of actual lexical category (Ground Truth) in the corpus and that
identified by the system

Figure 6.2 shows the difference in the actual number of words identified in each category
in the corpus with the output generated by the system. It can be seen that about 96% of the lexical
items in the corpus are included in the computational lexicon. That is, majority of words in the
vocabulary are comectly processed. The system also identified nearly 85% of root words. The

percentage of root words will increase if the root form of verb words is also identified.

As seen in the Figure 6.2, only a small percentage of English words are in the test corpus

because the corpus documents are taken from different domains such as technology, health, law,

film, lyrics of songs and religion.
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In the task of identification of foreign words, only a precision/recall of 62.5%/72.99% is
obtained. The precision / recall obtained in identifying foreign words in Hebrew language is
80%/82% [Goldberg 2008] and in Korean language is 84.33%/92.01% [Kang et al. 2002]. They
are using long test samples and many latest statistical techniques to improve the accuracy of
identification like smoothing techniques as discussed in section 5.6. Without using such
techniques, Hebrew language obtained a precision/recall value of 58.7%/64.9% and Korean
language obtained a precision/recall value of 62.89%/70.02% only. These results are comparable

to our results.
6.3 Application of the Developed Corpus Based Computational Lexicon

Corpus based computational lexicon which is automatically generated for Malayalam
language, by the proposed system, has many advantages when compared with traditional lexicon
and existing machine readable dictionaries. Some of the features of the developed system is that
it can provide the linguistic information of Malayalam words, which can be processed by the
computers such as syllabic structure, etymology, root form of the word and its grammatical
category, various inflected forms of the root word, suffixes agglutinated with word, name of each
~ suffixes, their position of occurrence and the grammatical category of each word obtained after
removing the suffixes. These details about the Malayalam words can be used to develop certain
language tools where a lexicon need as the lexical database. Methodologies discussed in this
proposed work can be used to create much larger corpus and for generating larger lexical
database. Such a lexicon having information about millions of words can be used for developing |
high entity tasks like machine translation, lexicographic modifications, coining of technical
terminologies, developing transliterated dictionary, speech synthesis, studying foreign influence in
a language [George 1972] etc. All these task need computational lexicon for efficient processing.

The applications in related areas are briefly explained in the following section.

1. Lexicography: Lexicographers can use this lexicon to revise the words in the
existing dictionaries, on-line vocabulary builders and traditional lexicon thereby including
new words to them. Nowadays manually entered dictionaries are used for Malayalam
computing tasks such as in Parts-Of-Speech tagging, chunking, Named Entity Recognition,
identifying lexeme for building lexicon, developing transliterated Malayalam and English
dictionaries, morphological analyser and generator, cross-lingual information retrievat
system etc. They can be made more efficient by incorporating this computationaliy

developed lexicon.
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In addition to the dstails provided for a root word in the lexicon generated as
above, the registers or subject domains, listed in Appendix II, can also be added to the
word. It will provide the information about the domain/domains from which the word is
seen in the corpus. The categorization of these registers can also be vsed as objécts in
clustering technigue which place similar objects in the same group and dissimilar objects
to different groups. Using statistical techniques like frequency count and concordance,
information such as commonly used words, context of each lexical entry in the lexicon

etc. can be retrieved by a lexicographer. This will help to extract the meaning of words.

2. Aid for Grammarians: The computational grammar developed here can be
compared and evaluated with the existing grammars. It can also be used for testing
hypothesis derived from various grammatical theories. It is known that the existing
grammar fail to reflect the language in current uSe, since it varies day by day.

Computational linguist can use the information obtained from this analysis to extend the
study on grammar with more examples.

3. Machine Translation: The above approach of designing a computational lexicon
can contribute to develop a full fledged translation system. In the stages of formalisation
of translation equivalents, automatically identified morphological details can give more
accurate results than manually tagged ones. By acquiring the meaning, in addition to the
above details of words, one can directly use it for translation process. The process of
translation also requires lexical mapping and grammatical mapping in which the words in
the source language are translated to target language. If the source or target language is
Malayalam one can utilize the lexical and grammatical information about the Malayalam
words from this work. The lexical ambiguity and constituent mapping can be dissolved to

some extent by the use of a corpus based lexicon.

During the process of Machine Translation using bilingual aligned corpus, the
lexicon can be used to identify the equivalents in its target languages.

4, Syntactic analysis: A sentence parser structure consists of either morphologicat or
grammatical relations, or both and a dictionary of items. In an understanding mode, the
lexicon (dictionary of items) can be used to recognize words and embedded clauses, to
construct kernel structure and to build transformational expressions. In a generating mode
the lexicon can be used to consult when a noun or a verb phrase is built or when a
connective transformation is applied or when a question is answered. So the above resuits

can be used for the syntactic analysis of Malayalam language.
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5. . Semantic and anaphoric annotation: The grammatical information about words
from the lexicon can be used for semantic and anaphoric annotations. Morph features

required for annotation can be easily obtained from the proposed lexicon.

6. Text to speech system: An automatic detection of a shift from one language to
another in written text is required for developing text to speech system. If the system is
turned on in Malayalam mode and if it encounters an English word, the system can
recognize that word as an English word and it can then automaticaily switch to English

lexicon having its pronunciation (if the pronunciation of head words are also included

with the Computational léxicon).

The foreign word identification module can generate separate collection of Malayalam
root words and English root words. The list of them can be used in applications like corpus
annotation, processing of parallel corpus, enhancing search engine, frequency calculation,
concordance of words, lexical collocation, lemmatisation of English words, study on word
formation, manual annotation, chunker, parser, study on transliteration and even in developing
spell checkers and grammar checkers. Some of the areas where the separate list of English and

Malayalam words used are discussed in the following section.

A. Phonological analysis: A comparative study on phonological segments
(characters) of both native and foreign words can be used for understanding the
restrictions of these segments in native and foreign words, restriction of characters in
different positions of word (initial, medial, intermediate) etc. For example: /-pha/ (-an)
occurs only in English words. Statistical distribution of different segments and segment
types (vowels, consonant, consonant clusters etc) helps to extract more information about
Malayalam scripts. Statistical modelling of words using n-gram discussed in chapter V

can be used for phonological analysis.

B. Coining technical terminology: From these iexicons it is easy to find out the
frequency of foreign and native words in a document separately. If the frequency is high
for a particular foreign word, one can conclude that it is the most suitable and appropriate
term which the society prefer to use. Such information can be taken into consideration
when coining technical terminologies and developing term banks and knowledge base

systems.
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C. Automatic tagging of foreign words: In many grammatical tag sets developed
for Dravidian languages there are untagged words or out-of-vocabulary words (words
which are not tagged with grammatical properties). Such untagged words include person
name, item name, scientific terminologies, foreign words, technical words etc. From the
above work, it is observed that many proper names and technical terms are automatically
tagged as foreign words. The methodology implemented in the work can be used to trace
such words. The work can be applied to other language pairs like .English-Hindi, English-

Tamil etc. for identifying the influence of English.

D. Information from root form of words: Words in its root form can be used to
extract character level frequency, syllabic level frequency, word level frequency etc. The
frequency of words in various lexical classes such as noun and verb can also be traced

out. Such vaiuable information can be used for developing “usage-based dictionary”.

Lexicographer can call each root word and develop concordance program to
establish the relationship between co-occurring words by analysing their underlying
mutual information. This helps to extract phrases, idioms and collocations and there
distribution across text types more systematically so that one can implement WebCorp

[w25] like application for Malayalam language.

One can customise this lexical database and study can be conducted on particular
areas of interest. For example, the list of noun words can be used for studying the name of
places. Students, researchers and textbook designers can use this database for collecting

the vocabulary of Malayalam according to their use.

The identified root words can be directly used to develop morphological generator
which will generate the inflectional and derivational variants of words. Using the list of
suffixes and rules, more accurate results can be obtained for the morphological generator

than that manually compiled.

E.  Influence of English in native language: Comparative study on native and
foreign words can reveal the use of Tatsama and Tadbhava words [Joseph 1984] [Girish
2005] in the language. Frequency of such data can reveal how rapidly the foreign words
invades the native language. Such a study is having importance in this era of globalization

and localization,
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F. Developing bilingual dictionary: The vocabulary list of both languages can be
used in the process of developing bilingual dictionary.

G Spell checkers and Grammar checkers: The phonotactic distributions of native
and foreign words are analysed using n-~gram statistical method. By analysing the list of
n-gram it is possible to trace which phonemic combination will occur in the words in a
language and which will not occur. n-gram can also provide the contextual details of a
phoneme. Such knowledge can contribute much when devéloping language tools for
checking the spelling of words. When developing. grammar checkers, computational
lexicon ifself can be considered as a back end processor so that details like root words, its
grammatical category, suffixes, the different categories in which a word can function (as a
noun only, as a verb only, as a noun and a verb) etc. can be systematicall-y retrieved.
Computational grammar and morphophonemic rules that have been developed can be

directly used in grammar checkers.

H.  Transliterated dictionaries: The society is now facing a crucial problem of how
to transliterate a foreign word when it is written in its native form. Such a dictionary is
not available to clear the spelling of foreign words. To resolve this problem, a linguistic
analysis on phonemic transformation is required. The work helps to develop a
transliteration dictionary and a converter which converts an English word to its equivalent

Malayalam transliterated form.

L Pronunciation dictionary: A computational linguist can develop a pronunciation
dictionary using the head words in the lexicon by including the pronunciation of each
syllable of word so that the user can understand how they are pronounced, The lexicon
provides all the orthographic variations of a particular word. This data helps to extract the

pronunciation-orthography pairs useful for speech research.

It can be observed from the evaluation of the proposed system for the generation of a

computational lexicon that the performance of the system is comparable to similar works in

literature for other languages and it outperform the existing manual technologies for making
dictionary in Malayalam. The chapter also discussed some of the applications of the proposed

computational lexicon. Many further applications can be explained using a computational lexicon

which can contribute to automatic language processing.
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Chapter VII

CONCLUSION

This work aimed to automatically develop a corpus based computational lexicon for
Malayalam language. A fully automatic system is developed which extracts words in the
documents collected from the World Wide Web and systematically stores it in a lexicon along
with its grammatical category. It also classifies words by their etymological details which are
considered as one of the major task in the field of Language Technology.

A Malayalam corpus is automatically created for developing the computational lexicon.
Using a web crawler, documents from World Wide Web are automatically stored into respective
subject domains according to certain keyWords. Computational grammar for the lexicon is
designed. The suffixes agglutinated with various grammatical categories in Malayalam are
analysed and stored in respective files, for supporting the proposed system. A study on
morphophonemic change in root words with suffix agglutination is done and morphophonemic
rules are derived. These rules are used to separate the root form of the words and to decide the

grammatical categories of words.

The system also identifies the English words in the Malayalam corpus. A back end
processor is developed for this, which uses a training corpus containing the n-gram models for
English and Malayalam language. This language model is compared with the n-gram model of

the root word and the system will identify whether the word is native or foreign.

As expected, the generated lexicon provides the linguistic information such as the syllable
structure, etymology, root form of the word, syntactic category, inflected forms of the root word,
suffixes agglutinated with the word, name of all suffixes, word obtained after removing each suffix,
etc. Since the World Wide Web is used as the resource for corpus creation, this developed lexicon
is a repository for commonly used words, technical words, colloquial words, new words and

commonly occurring foreign words in Malayalam documents.

An objective evaluation of the system is also done using the statistical measures like
precision, recall and F-measure for different grammatical category. It is found that for most of the
grammatical categories of words, more than 90% values are obtained for these measures. In the
case of English words, the value for these measures is found to be around 70% only, due to
inadequate training data.
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The inference obtained from the above work has already been discussed in corresponding

chapters. Some of them are

® The suffix attached with the root form decides the grammatical category of the
root word ‘

. It is sufficient to identify whether the root word is a noun or a verb. Other
grammatical categories like adjective, adverb etc. can be identified from the
compufational lexicon since it contains all possible inflected forms of the root word.

. The manually developed systems for corpus creation, syllabic tagging, parts-of-
speech tagging, root word identification and foreign word identification were .
successfully done with the proposed system automatically.

. Morphophonemic rules helped to derive the root words or head words in the
lexicon, Grammatical category of the word doesn’t play any role in this rule.

. Using the proposed system, which root word will inflect with which suffix and
which root word will not, can be identified.

. Distribution of phonemes helped to trace the ethmology of words.

. Distribution of phonemic patterns of both Malayalam and English words can be
studied using statistical language modelling using n-gram.

. Different speiling system exists for foreign words than native words.

. Technical terms, place names, person name etc. which are borrowed from English
language can be obtained from the list of foreign words.

. Many wrongly processed words obtained from RWI module can be processed
correctly if it is a foreign word. '

. The output obtained from the proposed system can be used to increase the training
corpus therby making the whole system more efficient.

This developed system for automatic lexicon generation incorporates the cdrpus based, rule
based and statistical approaches. Since a large amount of automatically retrieved documents are
used, the generated lexicon is more informative than that generated from a small amount of
manually annotated information. This automatic system can incrementally update the lexicon
using richer corpora in future. Because of the lack of any published documents in Malayalam
language for automatic generation of a corpus based computational lexicon with ethymological
details, this work can be treated as the first of its kind, to the best of our knowledge.

Further improvements of the system are possible in the different stages, and a few
suggestions for the same are given in the respective chapters on each of the stages of the whole system.
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Appendix I

List of sources available for data collection

I IR L

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21,
22.
23,
24,
25.

26,

Educational Book (School / college / technical education / professional/ higher education
books)

Reference Books (subject/entertainment books)
World Wide Web

Literary Works- Novels, Drama, short story etc.
Biographies & Essays

Religious Scripts _
Encyclopaedia/Dictionary/lexicon
Autobiography

Press Reportage (Newspaper, Magazines, Journals, Periodicals, Pamphlets, Manifestos,
Editorials, Press Reviews)

Cinema/Drama Script
Personal Letters (from different age groups)
Diary Personal

Media (Television, Radio}
Advertisements

Notices and brochures
Medical Reports
Government leaflets

Quiz Questionnaire
Manuscripts

Handwritten Wills
Inscriptions

Narrati.ons

Discourse

Account Registers

Catalogues, almanacs, recipes, ceremonial materials, addresses, publication titles, product
labels, registration plates, maps (eg: dialect map), identity cards, tickets, application forms
(for obtaining entity of person, places, objects etc).

Written Statemenis of Arguments, Dialogues, Monologues, Conversations, Discussions
(Formal / Informal), Interviews, Commentary, Prepared Oration
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Each register will have the details such as:

Branches of that particular domain (eg: physics: quantum physics):

Information about each branches of physics

History, philosophy about physips

Inventions, discoveries, inventors, scientific instruments, prizes, awards
Definitions, Laws, theories, hypothesis, phenomenon related to physics

Clark table, measurements, standard value, details of lab experiments & apparatus

Physics of toys, physics of automation (Robert, carcrane..), physics of sports,
materials in use.

Influence of physics to the society
Audio & visual datas about physics
News, literary works, publications, conferences,

Text books, bibliographies about each domain.
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APPENDIX II

Taxonomy of resigers for developing Malayalam corpus

(ollcsagaaioil)

The hierachical list of domains provides highly systematic and effective means for documenttation
storage. The list is exhaustive and can be extended. Section 2.4 discussed about the registers.

1. (el @000 (@o (Natural Science)

1t 03atildho
111 Syaleud
1111 2B10ME akl
1112 @DaUWBiad]
1113 al9d\atl

1.2 27003000 .
12.1  (DO8LIHUD

1.2.1.1 RAD BRI (Do
1212 RIUDODIROTO Do
12.1.3 ald®m3 alomudI(@o
12.14 MN0&S1GII0Mo
1.2.15 990V aloMo
12.1.6 V0SB ERTAUWBIMI 0
1.2.17 oo &lalalomo

13 RADWIT(®o
13.1  oy»eanyd
13.2  aldMleod
13.3  2crvyesud
1.3.4  (al0smilaned
13.5 DERWD)SNUE
13.6 HIseaBud
13.7  ouSall6BBRUd
138 RADOIVOD0

14 QUAVIWITV( o
141 QUMW MEBBUR
142 adajee0lahud
143 @AINIGNERUB
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