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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. 
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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 future. The system can be successfully integrated with high 

entity tasks like Machine Translation, coining technical terminology, developing bilingual 

dictionary, lexical database, speech synthesis etc. 
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Chapter I 

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 document 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, generators, 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 [wl]. 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 
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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 [Ooi 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 (CDI&J (QiacKdl) 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 intuitive 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 

learning/teaching, for spell/grammar checking, machine/human aided translation, etc. In this age 

of information explosion, retrieving the information should be easy, compatible, vivid, accurate 

and must be customisable. So the need 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 
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The following seven major tasks are addressed as part of this aim 

1. Creation of a corpus for Malayalam language 

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 testing different 

programs etc. 

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 etc. 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 

c) Syllabic structure of words 

d) Grammatical category of each word 

e) Grammatical category of root word 

f) Morphophonemic variations of root form with suffixes 

g) 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 syllabification 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 

lexicon. 

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 RWI. The output 
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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 

pattern 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. ©O06)©aoj(o3 (mobile), mocmo (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 LTS 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) 

b) 

c) 

d) 

e) 

f) 

g) 

h) 

i) 

J) 
k) 

1) 

m) 

n) 

o) 

P) 

Words 

Root form of words 

Noun words 

Pronouns 

Postposition 

Verb words 

Clitics 

Syllabic structure of word 

Morphemic structure of word 

Suffixes agglutinated with noun, verb, noun and verb 

Inflected form of root words 

Name of each suffixes 

Native words 

Foreign words 

Morphophonemic rules involved in each word and 

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. 
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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 performance, 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-occurrence 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 transliterated 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 
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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. 

1.4 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 computational grammar. The morphophonemic changes 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. 
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Chapter II 

CORPUS BASED LEXICOGRAPHY 

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 intelligence. 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 Translation (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 

almost 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 is 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. 
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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 variety, 

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 are 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) 

[w5] 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 concerns 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, grammatical 

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) 
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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) 

Illustrations (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]-[w6e]), 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] [Fillmore 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. 
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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. SanskritNet 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 

[Ijaz et al. 2007] are notable works. Amrita University, Coimbatore is engaged in developing 

Malayalam WordNet [Wl 1]. 

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 

4) 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) Illustrative 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 (39) 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. 

2.2 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 (aejcwogl). 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, Amarkosh 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 (1865), 

MalayaalaM- nighaNtu is the first monolingual dictionary in Malayalam. Other notable 

works are Benjamin Bailey's Dictionary of High and Colloquial 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 
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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 country 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 OIL Mysore, 

Malayalam-Hindi bilingual lexicon for Anusarak project [Bharathi et al. 1997], English-

Malayalam bilingual lexicon for Anglabharati project 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 generative 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 (TDIL). 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), HIT Hyderabad, Cochin University of Science and Technology (CUSAT), 

Swathantra Malayalam Computing Group, etc. are also engaged in the development of different 

language tools for Malayalam computing [w9a]-[w9e]. 

2.3 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 [wlO], One can trace many definitions for corpus [Dash 2005]. Within the 

domain of general linguistics, it refers to "A 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 represents 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. S.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 

Multilingual 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 (OIL) 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 [wll]. 

Corpus 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 like word processor, 

morphological analyser and generator, spell checker and grammar checker, sentence parser etc. to 

analyse the language 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 [wl2] or in American National Corpus [wl3]. 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". 

2.4 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 terminologies for Web crawlers are ants, automatic 

indexers, bots, Web spiders, Web robots, or Web scatters [wl4]. 

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 researcher 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 perl [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 proposed 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, 

folk 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, 

updating 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, emphasis, etc. 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 b& 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 description 

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 to 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. 

2.5 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 

Morphological 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]. 

Various methods involved in morphological analysis includes 

1) 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 used for 

Bantu, Persian languages 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. 

2) 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]. 

3) 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]. There are two approaches used to 

build the Morphological Analyzers at LDC-IL, the Word and Paradigm Approach [Bharati 
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et al. 1995] and the Rule Based Affix Stripping Approach. Many attempts 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 language (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 enhance the performance of stemming algorithms. 

Rogati et al. [Rogati et al. 2003] used a machine-learning approach 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-l)-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]. Amoiphological analysis of an Italian lexicon was done with a corpus-based 

approach [Zanchetta et al. 2005]. 
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6) 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 implemented 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]. 

7) 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 morphological compiler program for 

Indian Languages. Tamil morphological analyser used paradigm approach with FST, for 

efficient processing of the system [Parameshwari 2011]. 

8) 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 paradigm 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 to 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 into 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 translation 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 [wl7]. 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 pronoun 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 which 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 Taggmg 

Supervised Unsupervised 

Rule-based Stochastic Neural Rule-based Stochastic Neural 

Maximum / n-grams 
likelihood/ ^>>***\ 

Hidden Veterbi Baum- 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 further 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 [wl 8] [wl 9]. 
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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) [Jesus Gimenez 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 1 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 corpus 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. Initially, when the size 

of the lexicon is small the tagger achieves low accuracy. 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 tool 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. Output 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 III 

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 occurring 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, suffixes 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 Structural 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. Extracting the grammatical properties and understanding the word 

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 root word is that 'it is the form of a word after all affixes are 

removed [w20]. Another definition given is that 'a root word is a real word that can make new 

words from root words by adding prefixes and suffixes. 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 affixes' [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 designing 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 point 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 si,S2,S3,S4; sn 

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

|W|. If |W|=0, it is a null string. The concatenation of two strings, Wl= si, s ^ s ^ s„ and 

W2= ti;t2t3;t4; tn is denoted by Wl 0 W 2 = si, s2, s3 ,s4, sn,ti, t2, t3 , U, V 

According to the morphology of the language, if W is a valid word, then it is possible that 

either W is a root word or W = Wr(+) Ws > where Wr is the front substring representing the root 

part and Ws is the back substring representing the suffix part. They combine in such a way that 

Wrand Ws grammatically agree with each other. So segmentation of the suffix Ws from a word 

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

The following examples show how a Malayalam word is integrated to Wr and W s . Words 

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

Examples: 

(1) <fi3§]cfto8 

kuttikaL-

children 

word 

kutti 

child 

+ 
+ 
+ 

- noun root + 

c8>C/8 

kaL~ 

plural suffix 

noun suffix 

( 2 ) <S3§1<6)Q0S 

kuttikaLute 

children's 

word 

cft>§1 + c6)03 + g6)S 

kutti + kaL~ + ute 

child + plural suffix + genitive case suffix 

noun root + noun suffix + noun suffix 
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(3) dB3§lce><36)Sg6)S - Si§ 

kuttikaLutekuute - kutti 

with the children - child 

(4) 

+ da>o8 + 

+ kaL~ + 

+ plural suffix + 

word noun root + noun suffix + 

g©S + gbfflS 

ute + kuute 

genitive case suffix + 
suffix showing interior movement 

noun suffix + noun suffix 

(d<BaSI<es)CGm 

raxikkaNee 

please protect 

word 

- <a<e& + 

- rax + 

- protection + 

- verb root + 

gDfflSf + 

ikk + 

causative suffix + 

verb suffix + 

(313G6m 

aNee 

debitiv 

verb si 

(5) ojma6)da)06rEl(aldaG3<fi5CQ)Ocsrno?-

OJ + gcra + 6)d9>06n§"+ eoraW + gc&> + rarajerrT + 630 ? 

vannukoNtirikkukayaaNoo?- va + unnu + koNt + irikk + uka + aaN +oo 

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 = 

Verb 

Noun/Verb = 

Examples: 

( 6 ) <fi)Qj]6)0Q) 

kaviye 

about poet 

root 

root 

+ noun suffix 

+ verb suffix 

word/root word + dual functional suffix 

dBbOS 

kavi 

poet 

+ "(!) 

+ e 

+ accusative case suffix 

word 

(7) 

noun root + noun suffix 

-oJOSKBCB) 

caataruth 

don't jump 

word 

.aJOS 

caat 

jump 

verb root 

+ 

+ 

+ 

+ 

(319(53(0)" 

aruth 

negative imperative marker 

verb suffix 
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(8) ag)$fl5to1||3§ - ng)§(&51 + 6D§" + <D§g 

ezhuthiyittuLLa - ezhuthi + itt + uLLa 

has been written - wrote + perfective suffix 
+ adjectival suffix / 

be-relative participle suffix 

word - verb root + verb suffix + 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 agglutinated 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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WORD 

Semantic 
I 

Noun Pronoun 11 Adjective 

Abstract Concrete 

Animate Inanimate 

Human 

Non 
Human 

I X 

nzn 
Verb others 

Dimension 

Value 

Speed 

Agent 

J 

Grammatical 

1 

Grammatical 
Suffixation 

Patient Nominal Suffix 

Theme 

M 

Case 

Plural 

Number 

Proper Common 
etc 

Dual Functional 
Suffixation 

HZ 

Verbal Suffix 

Debitive 

Habitual 

Tense 

etc 

<L> « 5a 

Quotative 
participle 

Hearsay 

etc 

Figure 3.1: Classification of word 



3.1.1.1 Noun Morphology 

Nouns can occur in isolation or can take gender 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] + 

The following section gives an analysis of the suffixes and how the morphophonemic 

changes occur when 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 typically, case 

marks the relationship of a noun to 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 syllable 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 

Case 

Nominative 

Accusative 

Dative 

Sociative 

Locative 

Instrumental 

Genitive 

Marker 

Nil 

-e 

-kk/-U 

-oot 

-il~ 

-aal~ 

-ute/-nte 

(a|(0)&(Q)o 

-e
-

ft@ 

«T / •:::" 

630S" 

gpco8 

(BTQjCCB 

g>6)S / QCty 

Example 

makan- Od&oa 

makane aA&cn 

makan aicftof 

makanoot md&ccnos" 

makanil~ oo&crilraS 

makanaal~ ad&cnoosS 

makante m<&6x§ 
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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 column in 

examples shows how the root word concatenates with a suffix to form a derived word. During the 

process of concatenation, the morphophonemic change occurring 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, [c] denotes the consonant ending and [cc] denotes the consonant 

cluster ending. The phonetic notation is given in Appendix III. 

NS1. Nominative case suffix 

Nominative (niR~ddeeSika) case is unmarked for suffix. So it is the same root word. 

Usually denoted by ty. 

Eg: (9) craojl + (j) > GGOJI 

deevi + (j) > deevi (a female name) 

NS2. Accusative case suffix 

The accusative (prathigraahika) case marker is I-QI (/-n^/). If the root word is suffixed 

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

when two vowels coming together at morpheme junctures, lyl is inserted after the front vowels 

and Nl is inserted after back vowels. 

Eg: (10) 

raooo3 

raaman-

+ ng) > 00016)0) 

+ e > raamane 

o3 

n~ 

+ 

+ 

"ffl 

e 

> 

> 

6)CD 

ne 

NS3. Dative case suffix 

The dative (uddeeSika) case markers are /-kk/ (<E&) and /-U/ (/o7), giving the meaning 

'pertaining to'. Here /-U/ is named as candrakala (̂ (gjcfij&i). 

Eg: (11) 

Qoarfflia8 + /-a7 > aadrai^aS' 

manushyan~ + /-U/ > manushyan 

S30QCB) + dBG)" > S3CD05X2)" 

janatha + kk > janathaykk 

o3 + /-o7 > erf 

n~ + l-UI > n 

«3ra + cssf > <xtf 
d£B) 

a + kk > ykk 
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NS4. Sociative case suffix 

Sociative (saaM-yoojika) case markers are /-oot/ (ssosr) and I-ot/ (as"). 

Eg: (12) 

+ 630S > (S(Qj<fiflJ(fijGCT)OS 

preexkan~ + oot > preexkanoot 

0f3 + 630 > GCDO 

n~ + oo > noo 

NS5. Locative case suffix 

The marker for locative {aadhaarika) case is /-il-/ (gDcc8) and /kaW (a>ra8). This marker 

denotes location. Occurrence of words like varil- (OK3I«J3), varukil- (oj«B<fe1(o8) etc. where '-il-' 

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

Eg: (13) 

@raojo3 + gjra3 

avan- + i l -

> (5raaJor>l<B3 

> avanil-

a3 + g> 

n~ + i 

> ail 

> ni 

NS6. Genitive case suffix 

Genitive (saM~bandhika) case suffix are /-nte/ (©c$), /-ute/ (gas) which shows possession 

of something. 

Eg: (14) 

(SiaflsarrS + ©c$ > OTa«B6rol6)â  

aruN- + nte > aruNinte 

&§ + g©s > tesglayos 

kutti + ute > kuttiyute 

6T& + 6)C§ > flnilffloj 

N~ + nte > Ninte 

g) + g > ag 

i + u > yu 

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-/ (/-ao(3/), /-ngngaL-/ (/-6SBC/8/) 

/-kaL~/(/-da,c/3/). 

Eg: (16) 

(319)08 + cfi>03 > (3T3)Qo9>(/3 

aaL~ + kaL~ > aaLukaL-

©raoo + QO(8 > (BtaiaaiaoriS 

amma + maaR~> ammamaaR-

o3 + eft" > ^ 

L~ + k > Lu 

ora + m" > no change 

a + m > no change 

Other suffixes that are inflected with nouns are listed below: 

NS8. Allative marker /-ileekk/ 

The complex case marker /-ileekk/, (/-gDcajdBS)"/) 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) 

nj§6rr>o + sMeites" > oJ§6rr)(cra51<sa]dBS)" 

pattaNaM- + ileekk > pattaNaththileekk 

Oo + gj > flsroSI 

aM~ + i > ththi 

NS9. Place locative suffix /-athth/ 

The place locative suffix is /-athth/ (/-rareajrcs)"/). Usually seen in place name entities. 

Eg: (18) 

6)(ft0^jo + (313(010) > 6)<ft0^j(DT0) 

kollaM- + athth > kollathth 

Oo + (Bia > delete both 

aM~ + a > delete both 

NS10. Optative suffix /-aakatte/ 

/-aakatte/ (/-ora)<ft6)§/) is the optative form of 'aakuka' (be). Colloquially, words like 

'avaraavate' (oraojooaiag), 'dathakkaLavate' (Goanoceagoojag) are also seen. 

Eg: (19) 

nJ0 | ( f to3 + (3TS)<fi)©§ > nJ0S<8jf30da>6)§ 

paattukaL- + aakatte > paattukaLaakatte 

C/3 + (BT5) > gO 

L~ + aa > Laa 
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NS11. Relative adjectival suffix /-aaya/ 

The relative participle of'aakuka' ((Brakes,) is 'aaya' (/-rarajcm/) which denotes 'an entity which is'. 

This is added to the nominal base 

Eg: (20) 

(TU61H 

sakhi 

+ orajoa; > croeiilcojocoj 

+ aaya > sakhiyaaya 

go + ora) > <&)o 

i + aa > yaa 

NS12. Negative participle suffix /-allaathe/ 

The negative participle form /-allaathe/ (/-(gra ĵoaaj)/) gives the meaning of 'besides'. 

Eg: (21) 

avaL- + allaathe > avaLallaathe 

C/3 + (3T3 > g 

L~ + a > La 

NS13. Path locative suffix /-iluute/ 

Means of expressing direction and path, include the path locative suffix /-iluute/ (/-

Bowels/) which gives the meaning 'through it'. 

Eg: (22) 

OJSPl + gD^JSS > OJSplco51^6)S 

vazhi + iluute > vazhiyiluute 

go + go 

i + i 

> CQ)1 

> yi 

NS14. Ablative case suffix /-il~ninn/ 

Meaning for this suffix /-il~mnn/(/-g5co8cn1cro7), is 'from that'. 

Eg: (23) 

moo + goroScnlcrrT > fflra«jra5]aj8cT)1crri' 

maraM- + il~ninn > maraththil-ninn 

Oo + g o > (OTB)1 

aM~ + i > ththi 

NS15. Negative comitative suffix /-illaathe/ 

Meaning of this suffix /-illaathe/ (/-g>§yo6XD)/), is 'without'. 
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Eg: (24) 

mloo + g)̂ j06>(s> > crilofflleyoffico) 

niraM—I- illaathe > niramillaathe 

Oo + go > ml 

aM—i- i > mi 

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

Negative quality can be expressed by the use of the adjectival form /-illaaththa/ 

(/-6D£jyofl5rc»/) meaning 'not having' or /-allaaththa/ (/-rarai=yo«$ra>/) meaning 'other than'. 

Eg: (25) 

fiJ6mo + gD ĵoraro) > cijamml̂ yoroTB) 

paNaM—I- illaaththa > paNamillaaththa 

mitukkan~ + allaaththa > mitukkanallaaththa 

Oo + gD > <& 

aM~ + i >mi 

ci3 + rare > CD 

n~ + a > na 

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

Suffix /-ethire/ (/-n^rofora/) means 'opposite' whereas /-neeR~kkU/ (/-ccD(3dSS)7) means 'towards'. 

Eg: (26) 

0000(0105100"+ ng)(o51ora > m)mra<nrcj$l6)roco5l6)ra 

samaraththin + ethire > samaraththinethire 

(sraoicn" + GcncoeflS)" > orocunaecncoijesJ 

avan + neeR~kk > avanuneeR-kk 

[c]/[cc] + o® > [c]/[cc]6>::: 

[c]/[cc] + e >[c]/[cc]e 

[C]/[CC] + CD" > [c]/[CC]Oj 

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

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

These suffixes (l-Gimfil, l-gpsl, /-^s)/, /-63ojo/) possesses relatively the same meaning as 

'along with'. 

Eg: (27) 

(B1BoC06BT3G§30Su + 63COTO)" > (37aolD63T3Gg30©SOaM)' 

aM~gangngaLoot+othth> aM~-gangngaLooto1h1h 

cnilmcqjes + ^ a s > crolmcqjfflsgas 

siimayute + kuute > siimayutekuute 

[c]/[cc] + 63 > [c]/[cc]6>o 

[c]/[cc] + o > [c]/[cc]o 

n® + ce>" > no change 

e + k > no change 
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63(010)" + gaSl > 63g!5)^3Sl 

othth + kuuti > oththukuuti 

OiaOK/Sdao" + 6)njo > (SiaOK/86)<flS)0(TLjo 

aval/~kk + oppaM- > avaL-kkoppaM-

[c]/[cc] + da>w > [c]/[cc]c:;j 

[c]/[cc] + k > [c]/[cc]u 

[C]/[CC] + 63 > [C]/[CC]©0 

[c]/[cc] + o > [c]/[cc]o 

NS19. Reciprocity suffix /-tammil~/ 

/-tarnmil-/ (/-co)omtaj8/) can be glossed as 'among themselves'. 

Eg: (28) 

avare + thammil- > avarethammil-

n® + fl5>" > no change 

e + th > no change 

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

These suffixes (/-CnJ©"/ and /-ecij<3/) 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) 

ethra + peeR- > ethrapeeR-

moer + Gojra" > ooô jcnjra" 

naal + peer > naalupeer 

rare + cJ > no change 

a + p > no change 

[c]/[cc] + oT > [c]/[cc]oj 

[c]/[cc] + p > [c][cc]u 

NS21. Sufficient suffix /-mathi-/ 

/-mathi-/ (/-aajJI/) the sufficient suffix means 'enough'. 

Eg: (30) 

-olOOQ) + CHOI > .aJOODGKOfl 

caaya + mathi > caayamathi 

ore + cT > no change 

a + m > no change 

NS22. Question word suffix 

Question_word/wh_word suffix consist of /aar/ ((Bfytf -who), /enth/ (nffinro" - why/what), 

/enthin/ (n̂ croflorr - for what), /eeth/ (n^atf - which), /engngane/ (o©63i3©m- how), /ethra/ (n®(© -
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how much/how many), /evite/ (ostites - where), /engng/ (n^sar?- where to), /eppooL-/ (oQGnjouo/ 

n̂ ojo/ô ffifijo- when), /enthe/ (o^eoo - why), /-ethramaathraM-/ (oQigjiaotgjo - how much). 

Eg: (31) 

(T00(8 

saaR-

crqa 

suma 

makan-

kuutti 

dim 

miina 

msml 

maNi 

d&§l 

kutti 

(BT3QJC/3 

a v a L -

kutti 

avaLuM-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- + 

aar 

00)00)" 

enth 

o^ouJlm" 

enthin 

eeth 

nfl)6BI3©m 

engngane 

ethra 

nfflOJlaS 

evite 

O0)6B13" 

engng 

ng)CajOC/3 

eppooL-

elhiamaathraM-

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

> 

crooooo" 

saaRaar 

crym©CQ)on)" 

sumayenth 

mc8>6)mna51crr 

makanenthin 

kuttiyeeth 

dlm©CQ)6BT36)m 

miinayengngane 

oflmlocmig) 

maNiyethra 

cft§laOQ)OJIaS 

kuttiyevite 

oreojogsBR" 

avaLengng 

kuttiyeppooL-

(3raajs©2ng)fflo(ca)o 

avaLumelhramaathraM-

(3 

R~ 

C3T5 

a 

o3 

n~ 

m 
e 

cure 

a 

i 

i 

o8 

L -

i 

Oo 

aM-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

rata) 

aa 

e 

*6) 

e 

ee 

e 

e 

o0 

e 

O0 

e 

"0 

e 

e 

> oo 

> Raa 

> ©OQ) 

> ye 

> am 

> ne 

> (SCO) 

> yee 

> aco) 

> ye 

> aco) 

> ye 

> aco) 

> ye 

> ©g 

> L 

> am) 

> ye 

> am 

> me 

NS23. Emphatic marker /-thanne/ 

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

Eg: (32) 

cfc§) + (o©cro > <e3§1(0)©crr) 

kutti + thanne > kuttithanne 

go + cof > no change 

i + th > no change 
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NS24. Numeral suffix 

Cardinals 

Numerals 

Ordinals Distributive Multiplicative 

Figure 3.2: Classification of Numerals 

In this analysis, cardinals showing the numbers such as onn (sari), raNt (raare"), muunn (qcrrf) 

etc. are taken as root words. Ordinals are formed in Malayalam by adding the suffix /-aaM~/ 

(orajo) or /-aamatte/ (orejoetoiro) 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 (thsosti- fold) to the cardinal. 

Eg: (33) 

63CTO" + OTTajfflffiCDTD) 

onn + aamaththe 

cnoef + a*s6G$ 

naal + matangng 

> 63CTOOffl©(BTO) 

> onnaamaththe 

> cnoqjos6St3" 

> naalumatangng 

[c]/[cc] + rare) > [c]/[cc]oo 

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

[c]/[cc] + m" > [c]/[cc]oj 

[c]/[cc]+ m > [c]/[cc]u 

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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PRONOUN 

T 
'—i r-3 

s 
1 

r i 

H 

' 
P 

' i 

I 
' 

E 

^ 7 1 - 1 - 7 — E 
I s I I p I s p s p 

H I T I I • II T I I * l l n l i . T 11 T 1 

Figure 3.3: Classification of Pronoun 



Table 3.2: List of pronouns with description 

crocSqymoizio 

6rroon3 

(ooo3 

a51 

CT51SSI3C/3 

« J ) 0 8 9 J ( / 3 

6TO)6B13(/8 

mmac/fl 

CDOo 

oraojcfl 

(GIB OK/8 

oreoj(3i 

OTBOJO^ 

(3T9(0)" 

(3I90J 

gDCUCfl 

^oia3 

6DOJ(3i 

^ Q J 0 2 

60(0)" 

goal 

(O(TD0(08 

o$oin8 

n$oio3 

n$ajc8 

(STdjCOO 

(BTOjdBo 

n®G(O0 

nffl^o 

Pronoun 

njaan-

thaan~ 

nii 

ningngaL~ 

thaankaL-

njangngaL-

nammaL~ 

naaM-

avan~ 

avaL-

avaR~ 

avar 

ath 

ava 

ivan~ 

ivaL~ 

ivaR~ 

ivar 

ith 

iva 

thannaal~ 

eevan-

eevaL-

eevaR-

aaroo 

aaruM-

eethoo 

eethuM-

Equalivent English Meaning 

I (personal pronoun, first person, singular) 

One self (reflexive pronoun, remote) 

You (personal pronoun, second person, singular) 

You (personal pronoun, second person, plural) 

You (personal pronoun, second person, singular, honorofic) 

We (personal pronoun, first personal pronoun, plural, exclusive) 

We (personal pronoun, first person, plural, inclusive) 

We (personal pronoun, first person, singular, honorofic) 

He (third person, remote, singular, Masc.) 

She (third person, remote, singular, Fem.) 

He/she (third person, singular, Honorofic) 

That (third person, remote, plural) 

That (third person, remote, singular, Neuter) 

Those (third person, remote, plural,Neuter) 

He (third person, proximate, singular, Masc.) 

She (third person, proximate, singular, Fem.) 

He/she (third person, proximate, singular, honorofic). 

They (third person, proximate, plural) 

It (Third person, proximate, singular, Neuter) 

These (Third person, proximate, plural, Neuter) 

One selves (reflexive pronoun, plural) 

Who (interrogative pronoun, Singular, Masc.) 

Who (interrogative pronoun, Singular, Fem.) 

Who (interrogative pronoun, hon.sing or epicene.pl) 

Some one(Indefinite pronoun, plural) 

Some one (Indefinite pronoun, neg) 

Some (Indefinite pronoun, non.plural) 

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

gDI) 

ID<© 

6D63T36)(T) 

gDCoJOOB 

gocro" 

6DOjl6)S 

6D6BT3" 

(BTO) 

oral® 

«3Ta63r36)CD 

(GRGnpdb 

83tacnrT 

csraoSas 

OT96BI3" 

ii 

ithra 

ingngne 

ippooL-

inn 

ivite 

ingng 

aa 

athra 

angngne 

appooL-

ann 

avite 

angng 

This (Third person proximate) 

This much (Third person proximate) 

In this manner (Third person proximate) 

Now (Third person proximate) 

Today (Third person proximate) 

Here (Third person proximate) 

Here (Third person proximate) 

That (Third person remote) 

That much (Third person remote) 

In that manner (Third person remote) 

Then (Third person remote) 

That day (Third person remote) 

There (Third person remote) 

There (Third person remote) 

Table 3.4: List of case suffixation with pronouns. 

ofi)©CTD 

(D6)CE)/cr)QE)6)g 

ô crJlcflET 

og)CTT)I«53 

<DQ12i]a53/OD£2igcfiSi' 

(Doqas 

o{j)GnD0(n8 

n06)C§ 

enne 

namme/ 

nammLe 

enikk 

ennil~ 

nammil-/ 

nammukk 

nammute 

ennaal-

ente 

about me 

(first person, accusative) 

About us 

(second person, accusative) 

Forme 

(first person, singular, dative) 

Within me 

(first person, singular, locative) 

Within us 

(second person, locative / dative) 

Our (Second person, genitive) 

by me (first person, instrumental) 

My (first person, genitive) 



cril6)C§ 

«3Ta<moo8 

<sra<s65i3ra7 

gDCQ)0C/3, 

6DC63I30" 

o racgoOo/ 

gDGgnOo 

ninte 

ayaaL-, 

angngeer/ 

iyaaL~, 

ingngeer 

addeehaM-/ 

iddeehaM-

Your's (second person, singular, 

possessive pronoun) 

That person/This person 

(third person,masculine) 

That person/this person 

(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- (-

6).aj(gf-). For example, Draiv ceythu (esxfupoT ©.ajag), TTaipp ceyyunnu (©©gnj ©̂ jt̂ cnra) etc. Here 

Draiv, TTyipp etc. 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 

code 

VS1 

VS2 

VS3 

VS4 

VS5 

VS6 

VS7 

VS8 

VS9 

VS10 

VS11 

VS12 

VS13 

VS14 

VS15 

Suffix 

name 

Debitive 

suffix 

Debitive 

emphatic 

suffix 

Negative 

debitive 

suffix 

Passive 

suffix 

Negative 

imperative 

marker 

Verbal noun 

Suffix 

Nominal 

tense 

Optative in 

verb-mood 

category 

Simultaneous 

suffix 

Negative 

adverbial 

participle 

suffix 

Negative 

marker 

Purposive 

infinitive 

suffix 

May_be 

suffix 

Adjectival 

suffix 

Imminent 

suffix 

suffixes 

/-(sraffrDo/, l-srool, 

l-nQsnz-l, /-offlanil-/ 

/-<3IB(56m/ 

/-(STOSTE/ 

/-CHIbffiOjjS"-/ 

/-ora(03(ro7 

/-<sra(o8/, /-(srea]7 

/-COTTOo/, /-OLJ7 

/-(STSOl/ 

/-rarea§/ 

/-(BTQGOJ/, /-(Bream/ 

/-cara_)6n37, 

/-orajfflto)-/ 

/-rarejtzs)"/ 

/-(srajofj/, /-<DOioo3/ 

/-rarajooilsldSBOo/, 

/-csia>(ftOo/ 

/-(BrejQjrm/ 

/-(srejoocojl/ 

suffixes 

/-aNaM~/, 

/-NaM~/, 

/-eeNta-/, 

/-eeNti-/ 

/-aNee/ 

/-aNta/ 

Aappet-/ 

/-aruth/ 

/-al~/, /-av/, 

/-ththaM-7, /-pp/ 

/-ava/ 

/-atte/ 

/-avee/, /-ave/ 

/-aaNt/, /-aathe/ 

/-aath-/ 

/-aarr/, /-uvaan~/ 

/-aayirikkaaM~/, 

/-aakaaM~/ 

/-aavunn/ 

/-aaRaayi/ 

Examples 

0DScjBE)6mo, nJOlo|<S<eB6rT)o, 

nJOQW6ns, (stboiQwenil 

natakkaNaM~, paTippikkeeNaM~, 

paRayeeNta, alayeeNti 

nJOG6TD 

varaNee 

GnJ0cfti6n§ 

pookaNta 

kaaNappetunnu 

Caataruth 

ofeflsi, ciiraoli msccioo, oosoj' 

vital~, varav, nataththaM~ 

natapp 

QJOTDOJ vannava 

ceyyatte 

irikkavee 

varaaNt, kazhiyaathe 

ajaocrolralcffll^j 

varaathirikkilla 

oiraooB, OJ(030JOCT3 

varaan~, varuvaan~ 

(sresljiinnoimlralceBOo, oJ06TOTOcn)o<a>oo 

aticcthaayirikkaaM~, 

paRanjnjathaakaalvT 

CnJOiftoqjrrr) 

pookaavunna 

airaooocoil 

varaaRaayi 



VS16 

VS17 

VS18 

VS19 

VS20 

VS21 

VS22 

VS23 

VS24 

VS25 

VS26 

VS27 

VS28 

VS29 

VS30 

VS31 

Habitual 

suffix 

Old condition 

Suffix 

Old negative 

relative 

participle 

suffix 

Causative 

suffix 

Perfect 

aspect 

marker 

Imperfective 

suffix 

Positive 

imperative 

Suffix 

Positive 

indicative 

future suffix 

Self-

beneficiary 

suffix 

Nominal 

quotative 

suffix 

Casual 

consent 

suffix 

Permission 

negation 

suffix 

Benifactive 

suffix 

Progressive 

suffix 

Infinitive 

suffix 

Time marker 

/-orajQsns-/ 

/-rarajc&tecV 

/-csreifflRsraW, 

/-(srajcoTO)-/ 

AgDcfiSJV, 

/-teDjojkBT-/ 

/-<jD®1<fiSf-/ 

AjDCTO6T137, 

Agdlofl/, 

AnjcalcW 

Agro/ 

/-nffl$gng>/ 

/-ng)rrD(D)7 

/-aQt£B)Oo/, 

Ao$c£So/ 

A<ftSO/, 

/ - a j # j | / 

/-6)(ftO§<jEIS)-/ 

/-fflcfeosnilfS-/ 

/-6)ifi>06n§1(ala(£S)/ 

AgdB)/ 

/-CnJOC/8/ 

/-<3oj003/ 

/-scnj3o3/ 

/-aaRuNt/ 

/-aakil~/ 

/-aanjnja-/, 

/-aaththa-/ 

/-ikk-/, 

/-(i)ppikk-/ 

/-irikk-/ 

/-unnuNt/, 

Auvin"7, 

Avarin"7 

/-uu/ 

/-etuththu/ 

/-ennath/ 

AeekkaafvT/, 

/-eekkuM~/ 

/-kuutaa/, 

/-paTTilla/ 

/-kotukk/ 

AkoNtiri-/, 

/-koNtirikke/ 

/-uka-/ 

ApooL~/, 

AppooL~/, 

AmpooL~/, 

OIOCoflc85)OQ6n3" 

vaayikkaaRuNt 

OId63!3©CDCJQX)<fi))(B8 

angnganeyaakir 

oiooernro), 

njoooiocoicn 

varaanjnja, 

parayaaththa 

0J)lgl<a3ea>, aJOojIdS)" aJOCOJloJcffi)" 

thiTTikkuka, paRappikk, paRayippikk 

GnJOOQ5)(t5)<S3mB 

pooyirikkunnu 

ojocoilrfBcroenf 

vaayikkunnuNt 

CJoJOeBsOjlnB 

onscnaoiralriS 

pookuvin"", 

natannuvarin~ 

varuu 

Gcpslamĵ gaiD 

neetiyetuththu 

varumennath 

CH6)C7T)t6E3o, O16)CTT)cfiG)0o 

vannekkuM~, vannekkaaM~ 

oicnagbso, 6>^j(goa8ojgl^j 

vannukuuta, ceyyaan~paTTilla 

&aJO§j)6><fi>0§c£S>On3 

collikotukkaan~ 

ajdlAjfflcaoeriilolceao 

vaayiccukoNtirikkayaaN, 

paTiccukoNtirikkuM~ 

celluka 

njcTDGojooa, 

aJO6IDTO)(Stij0C/3, 

OJKBGCTUOCjS, 



VS32 

VS33 

VS34 

VS35 

VS36 

VS37 

VS38 

VS39 

VS40 

VS41 

VS42 

Past tense 

marker 

Present 

tense 

marker 

Relative 

participle 

marker 

Verify 

marker 

Conditional 

verb suffix 

Perfective 

suffix 

Contingent 

suffix 

Conditional 

permissive 

suffix 

Permissive 

suffix 

Non formal 

imperative 

suffix 

Suffix 

showing 

beginning 

/-amjoGipcgo/ 

/-erong/, /-ere/, /-Q/, 

/-ca©/, /-fs/, /->% 

l-s^j, /-6TI|/, / - | / 

/-gens/ 

l-csal 

/-SCnOdBEi'-/ 

/-/nf336)CT)/ 

/ - S ^ 

/-066)0o/ 

/-(BTO)Oj/ 

/ -630C9/ 

/-&/ 

/-ffflS6Brll / 

/-poozheeykkuM~/ 

/-njnju/, /-nnu/, 

/-TTu/,/-ththu/, /-thu/, 

/-i/,/-ccu/,/-Ntu/, /-ttu/ 

/-unnu/ 

/-a/ 

/-nookk-/ 

/-eene/ 

/-itt/ 

/- kkaaM~/ 

/-aavuu/ 

/-ooLu/ 

/-kkuu/ 

/thutangngi/ 

OJRBCimJOGSPtgo 

vannappooL~, 

paRanjnjappool~, 

varumpooL~ 

varumppoozheeykkuM~ 

oJ06rong, fffiocrra, ojo, scfeogjasp, 

o<j)$<5)), O i l c u l ^ , <fi>6n|, c f i>SCciroM| 

paRanjnju, thuRannu, 

paTTu, kotuththu, 

ezhuthi, vidhiccu, kaNtu, 

kataththivittu 

ojccBcra 

varunnu 

ODscm 

natanna 

cBc665lGcnocea6)i2rrraotij' 

thuukkinookkumennuRapp 

oJOGcTOIOfflCO 

paRanjnjeene 

(8rBSSIUT05l§" 

atanjnjitt 

<DSo8S)Oo 

natakkaaM~ 

ezhuthaavuu 

ojocssrotroog 

paRanjnjooLu 

natakuu 

<Si6nj«DS63rjl 

kaNtuthutangngi 



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): G(aoa<flsgg1co3 - cmoadBS)" + g§§1(s8 

meeSakkuLLil~ - 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 /-aogW (/-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) 

Or5)OQ>21o + 630g3o > GDtofflGCBTTOOgo 

niyamaM~+ ooLaM~> niyamaththooLaM-

Qo +630 > ecciroo 

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

The suffix /-poole/ (/-snjoesi/- like) and /-maathiri/ (/-aoraflraV- manner) come under the 

equality/similarity suffix. /-Gnjoaej/ can be included in different categories such as postposition, 

clitics or as equality suffix. 

Eg: (36) 

oils" + ccijoaej > ollgctijooej 

viit + poole > viitupoole 

OTecuT + fflocrolol > (Bragstaoariltol 

ath + maathiri > athumaathiri 

[c]/[cc] + nJ > [c]/[cc]oj 

[c]/[cc] + p > [c]/[cc]u 

[c]/[cc] + m" > [c]/[cc]Oj 

[c]/[cc] + m > [c]/[cc]u 

PS3. Posterior duration past suffix /-muthal~/ and /-thott/ 

The suffixes /-mutal~/ (/-i§«>)@3/- from) and /-thouV (/-©croô - starting with) can be used as 

posterior duration past suffix. 

Eg: (37) 

GD0©|3 + <g(B)CS3 > CD0©§3ig(O(B8 

naale + muthal~> naalemuthal~ 

raavile + thott > raavilethott 

o® + o" > no change 

e + m > no change 

o0 + <B>U > no change 

e + th > no change 

PS4. Cause expressing suffix /-muulaM~A /-kaaraNaM~A /-nimiththaM~/ 

Reason or 'because of can be expressed by using the cause expressing suffixes /-<§ajo/, 

/-c9j0O6rr)o/, /-ODIQICOTCW. 

Eg: (38): 

kyaan~saR~ + muulaM~> kyaan~sRumuulaM~ 

paRanjnjath+ kaaraNaM~> paRanjnjathukaaraNaM-

ath+nimiththaM~ > athunimiththaM-

R~ + m > Ru 

[c]/[cc] + car > [c]/[ccfc}j 

[c]/[cc] + k > [c]/[cc]u 

[c]/[cc] + OD" > [c]/[ccj:>j 

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

51 



PS5. Exclusion suffix /ozhicc/ and /ozhike/ 

/-ozhicc/ (J-&<&£[) and /-ozhike/ (/-&<^&&f) has similar meanings as "except* 

Eg: (39) 

(sreojc/3 + 63»T©(fi> > 

avaL~ + ozhike > 

«3iaoiag03%)ce> 

avaLozhike 

08 

L~ 

+ 63 > ©<30 

+ 0 > LO 

PS6. Anterior duration past suffix /-vare/ 

The suffix used to express anterior duration past is /-vare/ (/-cueo/) which means "until'' 

or "till". 

Eg: (40) 

o + OJO0 > (8a(8nJraoaJ6)(d 

kaR~ppuuraM~+ vara > kaR~ppuuraM~vara 

Oo + of > no change 

aM~ + v > nochange 

PS7. 'Through out' suffix /-ottaake/ and /-ottukk/ 

/-ottukk/ (/-63|ce£J7) and /-ottaake/ (/-GSOQ&J) means "completely" or "wholly" or "through 

out". Usually comes with nominative case. 

Eg: (41) 

cnos" + 63S<flo" > a)o©sos<esi' 

naat + ottukk > naatottukk 

CDOS" + 63§O0d9) > CD06)S0§06)da> 

naat + ottaake > naatottaake 

[c]/[cc] + a > [c]/[cc]©oo 

[c]/[cc] + o > [c]/[cc]o 

[c]/[cc] + 63 > [c]/[cc]6>::;o 

[c]/[cc] + o > [c]/[cc]o 

PS8. Referencing suffix Z-kuRiccA /-paTTi/. /-saM~bandhicc/ 

Referencing suffixes /<&d<$, /md/ and /cn)o6mmjjljJ7 are used to say something "about'' 

Eg: (42) 

raraojocn + &d^ > cBreojamcfcoLjj' 

avane + kuuRicc > avanekuuRicc 

nJOldBS)" + cdd > oJOlcfiSrUgl 

parikk + paTTi > parikkupaTTi 

(BiaajQco + (roo6njcra5Ijj|' > (BT9cufflmnuosnjcru5l4T 

avane + saM~bandhicc > avanesaM-bandhic 

o@ + &>" > nochange 

e + k > nochange 

[c]/[cc] + rJ > [c]/[cc}::>j 

[c]/[cc] + p > [c]/[cc]u 

ng) + cro" > no change 

e + s > nochange 
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PS9. 'Not even' suffix /-ott/ 

This suffix, /-63§7 shows a meaning related with the concept of "not even a 

little' 

Eg: (43) 

(Braojc/3 

avaL~ 

+ 

+ 

63§" > 

Ott > 

(Braaj6)630§v 

avaLott 

c/3 

L~ 

+ 

+ 

63 

0 

> 6)630 

>Lo 

PS10. 'Instead of suffix /pakaraM-/ 

This postposition l-ni&aJ gives the meaning of "instead of: 

Eg: (44) 

avan + pakaraM~> avanupakaraM~ 

[c]/[cc] + nX > [c]/[ccpi 

[c]/[cc] + p > [c]/[cc]u 

PS11. Superior contact location suffix /-meel~/. /-meele/, /-miithe/, /-mukaLiW 

The suffixes /-cacoa/, /-amesi/ (on) and /-alexro/, /-(goa>g1o3/ (above) gives the meaning 

of superior contact location. 

Eg: (45) 

(oejcesf + cte(o> > (oajtflsolora) 

thalakk + miite > thalakkumiithe 

Qi6rr5ld8S)u + ffifflcoSAsffloe] >ia6nil(fiBGcaR33/ffl6n5Io6S(5ffl©ej 

maNikk + meel~/meele> 

maNikkumeeWmaNikkumeele 

[c]/[cc] + of > [c]/[cc}oj 

[c]/[cc] + m > [c]/[cc]u 

[c]/[cc] + a" > [c]/[cc]oj 

[c]/[cc] + m > [c]/[cc]u 

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

Inferior contact location suffixes /-CB)O©<P/, /-<eJl6>a>/,/-<e5l5Ple]7, /-(BTSS1CD51(D3/ gives the meaning 

"under" or "below". 
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Eg: (46) 
(Bremen" + (&>06)<p > csraoina(B>06)<p 

avan +thaazhe > avanuthaazhe 

Aglejlm" + <£&Q9 > <a§lajloB(e5l6w 

kattilin + kiizhe > kattilinukiizhe 

Sis + (fljlsplflsS > c&>Sde651«51(o3 

kuta + kiizhil~ > kutakkiizhil-

[c]/[cc] + cof > [c/cc}::>i 

[c]/[cc] + th > [c]/[cc]u 

[c]/[cc] + &? > [c]/[cc]oj 

[c]/[cc] + k > [c]/[cc]u 

(3Tb + eft" > <flO 

a + k > kka 

PS13. 'After' Suffix /SeeshaM-/ 

/SeeshaM-/ (/-ec/dn9d</) means "after" or "remainder" 

Eg: (47) 

asl^ccM + coanado > 63§l̂ j(0)!na(SOBnado 

otticcthin + SeeshaM- > otHccthinuSeehaM-

[c]/[cc]+ 09" > [c]/[cc}oj 

[c]/[cc] + S > [c]/[cc]u 

PS14. Benefactive suffix /aaviA /veeNti/ 

Benefactive suffix /-orejcoSl/ and /-GOJ6n§1/ gives the meaning "for" 

Eg: (48) 

oraojc/ScfisJ' + rarajooSl > oraoj(/3ces)0CQ51 

avaL~kk + aayi >avaL~kkaayi 

[c]/[cc] + (Br?) > [c]/[cc]oo 

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

<63<fia31ces)u + <saj6TTil > <fi>dafl31das3coj6rril 

kaxikk + veeNti > kaxikkuveeNti 

[c]/[cc] + oT > [c]/[cc]oj 

[c]/[cc] + v > [c]/[cc]u 

PS15. 'Towards' suffix /-neere/ 

This suffix /-GCD6)O/ possess the meaning "towards", "at" etc. 

Eg: (49) 

dB!§l(jBSJ' + (SCDfflO > <63§1<eS<SCT)6)0 

kuttikk + neere > kuttikkuneere 

[c]/[cc] + crT > [C]/[CC]OJ 

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

PS16. 'From' suffix /-ninn/ 

/-ninn/ (/-n5)crr>7) denotes "from". 



Eg: (50) 

£6)S 

kuute 

+ crJIcrrT > gkasonlcrrT 

+ ninn >kuuteninn 

ofl) + m" > no change 

e + n > no change 

PS17. Possession suffix /-pakkal~/ 

/-nj<fls>«38/ gives the meaning "with'! 

Eg: (51) 

(3TSOJQ6)S + oJtSSX^ > (BR>Q1636)Snl<B5)(tib 

avaLute + pakkal- > avaLutepakkal-

n@ + rJ > no change 

e + p > no change 

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

"Infront o f or "before" is the meaning for the suffixes /-tgomlasJ/, /-igcnjlcBzV and /-<gmjo©ce>/. 

Eg: (52) 

<s<es0S(c51 + <gnno6)<ai xsda>os(S)lig(Tuo©oa> 

kootathi + mumpaake > kootathimumpaake 

avaL~kk + mumpil- > avaL~kkumumpil~ 

(aTaci9@aj63i3u8dB0u+ [gcrrikcS >(araodeaj6!3rac/&c6S3[9CTT5lcB8 

anubhavangngL~kk +munnil~> 

anubhavangngL-kkumunnil-

go + of > no change 

i+ m > no change 

[c]/[cc]+ a" > [c]/[ccpj 

[c]/[cc] + m > [c]/[cc]u 

[c]/[cc] + a" > [c]/[cc]oj 

[c]/[cc] + m > [c]/[cc]u 

PS19. 'Within' suffix /-uLLil-A /-akathth/ and 7-akaM-/ 

/-gggM/, /-(BTa(ftajro7 and /-<m<B>J gives the meaning "within". They express spacial meanings. 

Eg: (53) 

<sooBd3sr+ ggglcoS > cmuadBagglfls} 

meeSakk+ uLLil- > meeSakkuLLil-

puurikk + akathth > puurikkakathth 

ffl6rr51<fls5' + OJOCSJO > afflrriliffid&po 

maNikk + akaM- > maNikkakaM-

[c]/[cc] + g > [c]/[cc]oj 

[c]/[cc] + u > [c]/[cc]u 

[c]/[cc] + (Bia > [c]/[cc]a 

[c]/[cc] + a > [c]/[cc]a 

[c]/[cc] + rara > [c]/[cc]a 

[c]/[cc] + a > [c]/[cc]a 



PS20. Comparative suffix /-kaaL~/ 

The suffix /-<a>oc/3/ gives the meaning of '"than". /-kaaLuM-/ (/-AOSW) and /-kaattiluM~/ 

(/-<a>o§lqjo/) shows similar meaning. 

Eg: (54) 

<BT50J©§ + iftOU3 > fljraOJ6)giflS)OC/3 

avaLe +kaaL~ > avaLekkaaL-

ofi) + cS» > (65) 

e + k > kka 

PS21. 'Without' suffix /-kuutaathe/ 

As the name suggest, 'without' suffix (/-£so©«$>/) gives the meaning "without". 

Eg: (55) 

(BT9(220OQ)+ gbS06)(B) > <BT&GE)©CQ>^SO0<B) 

ammaye + kuutaathe > ammayekuutaafhe 

nfi) + caT > no change 

e + k > no change 

PS22. 'On'suffix/-puRathth/ 

'On' suffix /-njoccroj/, meaning "outside". 

Eg: (56) 

oSglO-f + ojOOTS)" > oSglOdnJOrtSraT 

viittin + puRathth > viittinuppuRathth 

[C]/[CC] + n i > [c]/[CC]Oj(cij) 

[C]/[CC] + P > [C]/[CC]U (p) 

PS23. 'Around' suffix AcuTTuM-/ 

Around suffix (/-.^ga/) meaning "around". 

Eg: (57) 

oSglof + ^joo > dlglna^joo 
O O 

viittin + cuTTuM~> viittinucuTTuM-

[c]/[cc] + ^ > [c]/[ccpi 

[c]/[cc] + c > [c]/[cc]u 

PS24. Punctual past suffix /-mun~p/ and /-mump/ 

The punctual past suffix (/-ign3aJ7 and /-(gcnJ7) means "before". 

Eg: (58) 

njaayaRaazhccakk + mun~p> njaayaRaazhccakkumun~p 
[c]/[cc] + a" > [c]/[ccpi 

[c]/[cc] + m > [c]/[cc]u 



PS25. 'In between' suffix /-itavil-/ 

'In between' suffix is /-itayil-/ (/-fosooSlroS/) which means "between". 

Eg: (59) 

6).a]Sl(ja>^6>S + 6DS(Q51(S8 > 6).oJ l̂<fi><36)S0QjlS0a$l(B8 

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

PS26. 'Behind' suffix /-pinnil-/ 

Behind suffix is /-aJlcrrilcoS/. The meaning is "behind'' 

Eg: (60) 

ccDoaoojIcri'+ njlomkc3 > scn(0)0Qjlnanjlcrolro3 

neethaavin + pinnil- > neefhaavinupinnil-

[c]/[cc] + nX > [c]/[cc]oj 

[c]/[cc] + p > [c]/[cc]u 

There are certain other postpostional suffixes such as 'Through' suffix, cause 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(($<®aioc$<B5)o<m)<G>06r[f) 

Analysing the word from right to left, the first suffix /-aaN/ (/-(3ra>6m7) 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/ (/-msctif) as a dual functional suffix. 

Eliminating this suffix, the word becomes thiirumaanikkaaththa («j51ancioa51<£6>o«jro)). Now the 

suffix is /-aaththa/ (/-rarojcoraV). This is a verb suffix. After removing this suffix, the root word is 

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

(oSlcraoocnlcas?) and it is a verb having causative suffix. 
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Step 1: (c51(03(aocT)l<flS)0(mo)cj5)06m" - (o51(03fflocnl<fis)o«5ro)(0)u 

thiirumaanikkaaththathaaN - thiirumaanikkaaththath 

Step 2: (ctaiaocnldaoorora) + (roan" + (BTa)6m" 

thiirumaanikkaaththa + ath + aaN 

+ (TO) 6 m 

+ aaN 
dual functional suffix 

dual functional suffix + dual functional suffix 

Step 3: (gtoaocrilig)" + (5T&)(BTO + (sre>(g)" 

thiirumaanikk + aathth + 
verb 

+ (515)617)" 

aaN ath + 
verb suffix + dual functional suffix + 

dual functional suffix 

3.1.2.1 Dual Functional Suffixes 

DFS1. Existential/Existential copula suffix /-uNt/ 

/-gsre" / (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) 
nj(uu(0)l + Q6n£ > ojrajo(o51oqj6rrsu 

paddhathi + uNt> paddhathiyuNt 

nfl)£(B)la25)g' + gens" > n^arilooSlsens" 

ezhuthiyitt + uNt > ezhuthiyittuNt 

•m + 

+ 
g > 

u > yu 

[c]/[cc] 

[c]/[cc] 

+ <D > 

+ u > 

[c]/[cc]oj 

[c]/[cc]u 

DFS2. Negative/negative verbal suffix /-alia/ and /-ilia/ 

/-rare§y/, /-|D§y/ (not 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, /-ilia/ is also used 

to deny the existence of something and /-alia/ shows the denial of the attachment of a given quality to 

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

Eg: (63) 

kutti + alia 

roscm" + ora^j 

natann + alia 

kutti + ilia 

cnscm" + gr>§j 

natann + ilia 

> kuttiyalla 

> (nscmejy 

> natannalla 

> <ft§lco51^ 

> kuttiyilla 

> mscml^j 

> natannilla 

gD + (BIB > CD) 

i + a > ya 

[c]/[cc] + rare > [c]/[cc]a 

[c]/[cc] + a > [c]/[cc]a 

gD + gD > CO) 

i + i > ya 

[c]/[cc] + fD > [c]/[cc]a 

[c]/[cc] + i > [c]/[cc]a 
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DFS3. Instrumental case/conditional suffix /-aal~/ 

/-aal~/ (/-orejoB/) 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 stem. 

Eg: (64) 

raoQin3 + orajcoS > OOGKDOCBS 

raaman- + aal~ > raamanaal-

oiono" + rarajraS > cuomocc? 

vann + aal~ > vannaal-

03 + (3T8) > CD0 

n~ + aa > naa 

[C]/[CC] + (GO) > [C]/[CC]00 

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

DFS4. And co-ordination/Future model suffix 7-uM~/ 

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

suffixes, verb forms etc. 

Eg: (65) 

oSs" + go > o3l§o 

viit + uM~ > viituM-

mem" + go > ojcnao 

vann+ uM~ > vannuM-

[c]/[cc] + g > [c]/[ccpi 

[c]/[cc] + u > [c]/[cc]u 

[c]/[cc] + g > [c]/[cc]oj 

[c]/[cc] + u > [c]/[cc]u 

DFS5. Or co-ordination/Interrogative suffix /-oo/ 

/-oo/ (/-63o/) suffix can be co-ordinated with nouns, adjectives and adverbs, /-oo/ as an 

interrogative participle can be added to a finite verb. 

Eg: (66) 

QOCJOOJOd + 630 > mOCDOJCOOO 

maadhavan—Hoo > maadhavanoo 

nJosonS + 630 > fiJosoGcno 

paa taan- + oo > paataanoo 

08 + 630 > cono 

n~ +oo > noo 

Cl8 + 630 > G(T)0 

n~ + oo > noo 
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DFS6. Ouotative participle suffix /enn/ 

The reported speech is usually marked by the quotative participle /-enn/ (/-n(j)cm7), which 

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

crycraraoa + nflcnrT > aryoraraaaxTT}' 

sundran- + enn> sundaranenn 

ofl)<g(B)l + ngJOT)" > nfl)<g(0)l6)CQ)aD" 

ezhuthi +enn > ezhuthiyenn 

Cl3 + ng) > 6)CD 

n~ + e > ne 

6D + nQ) > 6)CQ) 

i + e > ye 

DFS7. Adjectival/ be-relative participle suffix /-uLLa/ 

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

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

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

Eg: (68) 
njdl(OTQ)o + g g g > nJOl(SrB)Q§3g3 

paTiththaM- + uLLa> paTiththmuLLa 

o(j)$(B5lg' + g g g > n^)§«5)lCQ51|gg 

ezhuthitt + uLLa> ezhuthiyittuLLa 

•::>o + g > Q 

aM~ + u > mu 

[c]/[cc] + g > [c]/[cc]oj 

[c]/[cc] + u > [c]/[cc]u 

DFS8. Equation/ Finite verb suffix /-aaN/ 

/-aaN/ (/-rara)6m7) 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) 

crolcDlofflaaatri' + orajem" > crola5Ioi6)Qa)oo)06rri' 

sinimayenth + aaN > sinimayenthaaN 

paRanjnj + aaN > paRanjnjaaN 

[C]/[CC] + (STd) > [C]/[CC}00 

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

[c]/[cc] + OTD) > [c]/[cc]oo 

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

60 



DFS9. Hearsay suffix /-pooluM-/ 

/-pooluM-/ (/snjo ĵc/) means "even". It is used to indicate certain lack of authority for an 

assertion like /-atree/ (/-cgraGi©/). 

Eg: (70) 

gbSeftOfS + GoJO ĵo - gfeSAOGSGnJO ĵo 

kuuttukkaR- + pooluM- - kuuttukaarupooluM-

rJOCQJOn3 + GoJO^Jo - nJO(n)0O3efiJ0^Jo 

paRayaan- + pooluM— paRayaan-pooluM-

(8 + of > «B 

R~ + p >ru 

o3 + nX > no change 

n~ + p > no change 

DFS10. Predicted future time suffix /-uLLuu/ 

/-uLLuu/ (/-ggg) is a marker used with past tense and present tense verb forms. The suffix 

also shows the existence of an element. 

Eg: (71) 

OTaodoJOf3o + ggg > (sraoaajof3q){3g 

anuvaadaM- + uLLuu > anuvaadamuLLuu 

QJ<P6813<e) + ggfB > OJS>6313(fi>0q)i3g 

vazhangnguka + uLLuu> vazhangngukayuLLuu 

o<> + g > Q 

aM~ + u > mu 

da> + g > cqj 

ka + u > yu 

DFSll. Existential interrogative participle/ Negative interrogative participle suffix /-iUee/. /-allee/ 

A warning may be given by the use of an imperative followed by /-allee/. /-csrac ĵ/ and 

/-gD6)̂ j/ suffixes are usually used in circumstances where the expecting answer is 'yes'. 

Eg: (72) 

maNN + illee > maNNillee 

aOS"+ (STdG ĵ > 630SG§j 

oot + allee > ootallee 

[c]/[cc] + go > go 

[c]/[cc] + i > [cj/[cc]i 

[c]/[cc] + ora > no change 

[c]/[cc] + a > no change 

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

Ordinals are formed in Malayalam by adding the suffix /-aaM~/ (J-as^J) or /-aamatte/ 

(/-(Brajoaanro/) 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) 

63Cmu + (ST3)o > 63(TOOo 

onn + aaM~ > onnaaM~ 

OJO" + (3ra>o > oiraoo 

var + aaM~ > varaaM-

[c]/[cc] + ore) > [c]/[cc]oo 

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

[c]/[cc] + (srej > [c]/[cc]oo 

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

DFS13. Pronomalization suffix /-ath/ 

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

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

kutti + ath > kuttiyath 

djo6R5iro" + oracn)" > njosrorocro" 

paRanjnj + ath > paRanjnjath 

gD + (3T9 > CO) 

i + a > ya 

[c]/[cc] + cBia > [c]/[cc]a 

[c]/[cc] + a > [c]/[cc]a 

3.1.2.2 Postpositional Suffixes 

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

PDFS1. 'Through' suffix /-vazhi/ /-maaR~ggaM~/ 

/-oj<p|/ and /-moriJcQo/ represents the meaning "through". 

Eg: (74) 

©K5)06n§ + oup] > 6)(o>O6rr§ojt0 

thoNta + vazhi > thoNtavazhi 
cuom + ojtfl > cucmojipl 

vanna + vazhi > vannavazhi 

ore + erf > no change 

a + v > no change 
ore + oT > no change 

a + v > no change 

PDFS2. Cause expressing/ Instrumental suffix /-koNt/ 

/-koNt/ (/-©c6506rs7) (with/by/due to/within). This is a derived form of the verb koL-

(6>da>oo8-) which carries the meaning '"to hold", "to experience", "to come in contact" etc. It 

comes with noun and past participle forms. 

Eg: (75) 

raraojffif3 + ©Aoans" > (3reaJ6)g6)d̂ s)06n3,' 

avaLe + koNt > avaLekkoNt 
630S1 + ©(6)0603" > 630Sl6)ceS>06nf 

ooti +koNt > ootikoNt 

og) + eft" > <flS)" 

e + k > kk 
gD + £h > c6E>" 

i + k > kk 
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PDFS3. Frequentative suffix /-thooRuM-/ 

/-<B(O0Qo/ which means "each" or "every". It comes after nominative case and future participle 

forms. 

Eg: (76) 

(BO)6n£ + <S(B)OQo > (GTajanjjCCOOQo 

aaNt + thooRuM- > aaNtuthooRuM-

(fljO6r0o + GfTOOQo > <6>06n8oG(C)0Qo 

kaaNuM~+ thooRuM~>kaaNuM~thooRuM~ 

[cfcc] + ajr > [(Jccpi 
[c]/[cc]+1h>[c]/[cc]u 

Oo + cro" > no change 

aM~ + th > no change 

PDFS4. 'Using'suffix/-vecc/ 

/-vecc/ (/-©OJ4J/) means at/using/among/in/placing. 

Eg: (77) 

makane + vecc > makanevecc 

maRacc + vecc > maRaccuvecc 

n© + of > no change 

e + v > no change 

[c]/[cc] + oT > [c]/[cc]oj 

[c]/[cc]+ v > [c]/[cc]u 

3.2 Morphophonemic Changes 

oroonril(rocQ)0(s3 Q6rtso&3cm aj(36rp63i3Q©s gjjjo<d6mG@(3o (BiQ&icna nrucruil." [ajpo9j(d6mffl1(®o] 

"saM~hithayaal~ uNtaakunna vaR~NNangngaLute uccaaraNabhedaM-
aakunnu sandhi" [vyaakaraNamithraM-] 

"(aj(86r$)(20Q)ocr>s3CT)io OJIAOOO crocruJl" 

[Gee5(5§ruo6rn)n5)cD)o 1071 M.E] 

"(vaR~NNa)yoogajanyaM~ vikaaraM- sandhi" 
[keeraLapaaNiniiyaM- 1071 M.E] 

Sandhi rules are phonological alternations 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 (svaraM- + svaraM-), svara vyanjjana sandhi (svaraM- + vyanjjanam), 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. Table 3.6 list the 

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

with a (ora). Here 'c' denotes the consonants and 'cc' denotes consonant clusters. 

Table 3.6: List of suffix groups 

Index 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Suffix 

group 

Group a 

Group aa 

Group i 

Group u 

Group e 

Group ee 

Group o 

Group oo 

Group cha 

Suffixes 

/-athto/,Aallathe/,/-aIlaathth/,/-akathth/,/-akaM~/, /-alia/, /-allee/ 

/-aNee/, /-appet-/, /-aruth-/, /-ath/, /-atte/, /-ava/, /-avee/, /-ave/, 

/-atiyil-/, /-aNaM~/,/-aK /-av/, /-a/, /-akathth/, /-ava/ 

/-aakaaM-/, /-aakiW, /-aan~/, /-aanjnja-/, /-aaNt/, /-aaRaayi/, 

AaaRuNt/, /-aath/, /-aathe/, /-aaththa-/, /-aakatte/, /-aaya/,/-aayi/, 

/-aaL-/, /-aaN/, /-aavunn/, /-aavuu/, /-aayirikkaaM-/, /-aaM~/,/-aar/, 

/-aamatte/ 

l-\l, /-ikk-/, /-irikk/,, /-itayiW, /-itt/, /-(i)ppikk/, /-il~/, /-ileekk/, 

/-iluute/, /-il~ninnu/, /-illaathe/, /-illaaththa/, /-ilia/, /-illee/ 

/-uka-/, /-ukayaaN/, /-uLLil-/, /-unnu/, /-unnuNt/, /-uvin~/, /-uvaan-/, /-ute/, 

/-uNl/, /uM~/, /ulla/, /-ullu/ 

/-e/, /-etuththu/, /-ennath/, /-ethire/, /-enth/, /-enthin/,/-ethire/, 

/-engng/,/-evite/,/-eppooL~/, /-engngne/,/-ethra/, /-enn/, /-ennath/, 

/-enthee/,/-ethramaathraM~/ 

/-eekkaaM-/, /-eekkuM-/, /-eene/, /-eeNta/, /-eeNti/, /-eeth/ 

/ozhicc/, /ozhike/, /ottukk/, /-ot/, /-othth/,/-oppaM~/, /-ott/, /-ottaake/ 

/-oolaaM-/, /-oo/, /-ooLu/, /-oot/ 

/-U/ 
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10 

11 

12 

Group c 

Group cc 

Group nte 

AkaaW, AkaaraNaM-/, Akiizhil-/, AkoNt/, AkoNtiri-/, Akal-/, /kaL~/, 

Akuute/, Akuuti/, AkoNtirikke//-kootaathe/,Akotukk/, 

AkuRicc/, Akuutaa/, Akeezhe/ 

Acu/,AcuTTuM~/ 

AmaaRggaM~/, AmeeW, Ameele/, Ameethe/, AmuulaM~/, 

AmpooL-7, Amump/, Amumpaake/, Amumpil-/, Amun~p/, 

Amunnil~/, AmuthaW ,AmukaLil~/, Amaathiri/, AmaaR-/, /mathi/, 

AmaaR~ggaM~/ 

Aneere/, AnimiththaM-/, Aninn/, Anjnju/, Anookk/, ANtu/, ANaM-/, 

Annu/, AneeR~kk/ 

Apakkal-/, ApaTTilla/, ApinniW, ApooL-/, Apoole/, 

ApoozhekkuM~/, /peer/,ApeeR~/, App/, AppooL~/, ApuRathth/, /pakaraM-/, 

ApaTTi/,ApooluM~/ 

Athaazhe/, AthooRuM-/, Athot)/, AththaM-/, Aththu/, Athu/, Attu/, 

Atammil/, Athanne/, /thutangngi/ ,AththaM~/ 

Avare/, Avarin~/, Avazhi/, Avecc/, /veeNti/ 

AsaM~bandhicc/ 

/SeeshaM-/ 

ATTu/, A kkaaM—/, Akk/, /ngngL-/, Accu/, Akkuu/ 

Ante/ 

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. 

Table 3.7: List of root ending phonemes 

n~ 

a 

e 

fc] 

N~ 

aa 

ee 

[cc] 

L~ 

i 

u 

aM~ 

R~ 

ii 

uu 

1~ 

0 0 

ai 
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nu/nm/ 
no change 

Figure 3.4 (a): Pictorial representation of morphophonemic change between the root ending 
phoneme n~ (o3) and suffix groups 
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J Group a 

Group aa 

Groupi 

J Groupu 

Groupe 

Group ee 

Groupo 

Group oo 

Groupcha 

Group nte 

Groupe 

Na 

Naa/Nina 

Ni 

Nu/Ninu 

Ne/Nine 

Nee 

No 

Nirtoo 

Nin 

Ninte 

Nu/no 
change 

Figure 3.4(b): Pictorial representation of morphophonemic change between the root ending 
phoneme N~ (6n3) and suffix groups 
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Group a 

Group aa 

Group i 

Group u 

Group e 

Group ee 

Group o 

Group oo 

Group cha 

Group nte 

Group c 

Group cc 

La 

Laa 

Li 

Lu 

Le/Line 

Lee 

Lo 

Loo/ Linoo 

Lin 

Linte 

Lu/no 
change 

no change 

Figure 3.4 (c): Tictorial representation of morphophonemic change between the root ending 
phoneme L~ (c/3) and suffix groups 
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J Group a 

J Groupaa 

Groupi 

Groupu 

Groupe 

Group ee 

Groupo 

Group oo 

Group cha 

Group nte 

Group c 

.. 

ra/Ra 

raa / Raa / 
Rina 

ri/Ri 

Rinu / ru / 
Ru 

Rine/re/ 
Re 

ree/Ree 

ro/Ro 

roo / Rinoo 
/Roo 

rin/Rin 

Rinte 

Ru/ru/no 
change 

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

Groupaa 

ia 

laa 

Groupi 

Groupu 

Groupe 

Group ee 

line 

lee 

Groupo 

Groupoo 

lo 

loo/linoo 

Groupcha 

Group nte 

lin 

linte 

Groupc 
lu/kka 

no change 

Figure 3.4 (e): Pictorial representation of morphophonemic change between the root ending 
phoneme 1~ (co3) and suffix groups 
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J Groaupa 

Group aa 

Group i 

Group u 

Group e 

Group ee 

Group o 

Group oo 

Groupcha 

Group rite 

Groupc 

delete both / 
ma 

maa/ 
ththinna/ 

inina 

ththi/mi 

mmu/mu/ 
bu/mine 

ththe/ 
tlrthine/mine 

mee 

mo 

ththoo/ 
ththinoo/ 

minoo 

ththin/min 

ththmte/ 
mints 

ngng/mu/ 
no change 

re 3.4 (f): Pictorial representation of morphophonemic change between the root ending 
phoneme aM~ ((mao) and suffix groups 



aa/aa/i/ii/o] 
o/e/ee/ai 

J Groaupa 

Groupaa 

Group i 

Group u 

Group e 

Groupee 

Groupo 

Groupoo 

Group cha 

Group rite 

Group c 

Group cc 

ya 

yaa 

yi 

yu 

• ye 

yee 

yo. 

yoo 

not possible 

not possible 

Ick/no 
change 

yl<k/no 
change 

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



Groaup a 

Group aa 

Group i 

Group u 

Group e 

Group ee 

Group o 

Group oo 

Group cha 

Group nte 

Group c 

va 

vaa 

vi 

vu 

vine 

vee 

vo 

vinoo 

vin 

vinte 

no change/ 
kk 

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

Group aa 

Group i 

Group u 

Group e 

Group ee 

Group o 

Group oo 

Group cha 

Group nte 

Group c 

(c]a/[cc)a 

(cjaa/[cc)aa 

Wi/[cc)i 

[c]u/[cc)u 

Ide/lccje 
fc]ine/(cc) 

(c]ee/[cc)ee 

(c]o/[cclo 

[cloo/[cc)oo 

(c)in/[cc]in 

[c]inte/(ccj 
int« 

(c] u / [cc] u / 
no change 

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

3.3 Observations 

1. 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. 

2. The locative case marker, /-il~/, is usually used for specifying the location. That is, place 

names are suffixed with /-il~/ as in dJOTD)cno(o51§cQ51«38 (paththanaM-thitta- a place in 

Kerala). But it was observed that in some places /-il~/ suffix is replaced by /-athth/ (/-®raraK$>7) 

suffix. Instead of /-il~/ suffix, /-athth/ suffix is used because place names ending in /aM~/ 

usually shows this morphophonemic variation. Eg: 1hiruvananthapuraM~- thimvananthapurathth, 

kollaM- - kollathth, vakkaM~ - vakkathth (rateajmcKnojOo - cmlanajcDaoojoajro)" 6)a>ô j<r6)<a>ô jcBrcri! 

aj<£0o-aj(fls)(oiar). This suffix is also used to specify time and position. Eg: mazhayathth, 

mukhathth (aiwxm?, ^enmsf). 

3. 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 /am/ (/-rara(a>7) 

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

4. 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). 

5. 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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6. 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-)(-©jaicar-) to the verb form. 

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

removing the noun suffixes. 

7. There are certain words like bisinassukaaran- (6nj1m51cr)cro<e>o<an3 - business man), 

bisinassukaari (6m1crol(D<n><a>0(a1 - business woman), bisinassukaaR- (6nj1cn51rocruda>oriJ -

business persons) which have suffixes /-kaaran-/, /-kaari/, /-kaaR~/ (<&o<dcd, cftoral, <&>oc8). 

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

Similarly certain other root words like /-aonrf/ (/-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/(/-n#/), /-maathraM-/ (/-ciotgjo/), /-aak/ (/-rara)<e>7), /-

engkil-7 (/-o^eaM/) etc. are also added to increase the precision and accuracy of the 

system. So a total of 132 suffix categories are manually identified. 

8. Occurrence of the verb, with past tense marker /-u/ is having a very low frequency in 

corpus. So in the identification of verb, V-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/ (/-a.ajqg/) can be 

considered as a single suffix in the cases like tookk ceythu, rimuuv ceythu (csocssr 6Xaj<ro, 

rfligoT 6) ĵcg) etc. 

9. Using the suffix /-ath/ (/-csra<s>7), 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 (njoeroroxro" 

QOslCQJCD)"). 

10. 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 categorize 

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

lexicon without manually inputting the suffixes. 
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11. 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. 

12. 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. 

13. 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. 

14. The work can be extended and used for processing multiword strings. Eg: If apakatanila, 

alpajnjaanaM-, apaayasuucana (orenjajsmlej, (areejesercnocDo, cgra<iJO0Q)ory.ajm) 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 (arocdc&So, crfe, oiaejo, gseiroomo, raranjocsao, cry-aim). 

Morphophonemic changes listed in this chapter can be further used for formulating rules 

for processing multiwords. 

15. 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. 

16. 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. 

17. 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. 

18. 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. 

19. 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 tools 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 Malayalam words are 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 comparison 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 results 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- (6njcfis51cB3- in the book). Here l-il~l (/-foccS/) is native 

suffix and 'bukfc (6nj<fi£>) 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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Malayalam Corpus 
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documents 

Selected set of documents 
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Noun_suffix 
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C Syllabification J 
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as Syllables 

Verb_suffix 
dictionary 

Dual functional 
Suffixes 
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Root words r b \ verbVwords 

Root word Dictionary Verb Dictionary 

Computational Lexicon 

Figure 4.1: Block diagram of pre-processing of text data and RWI 
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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 RWI. 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, disyllabic, trisyllabic upto eighteen syllabic words as shown in Table 4.1. 

Table 4.1: Examples for syllabled words 

Syllabic type 

Monosyllabic words 

Disyllabic words 

Trisyllabic words 

Quadrisyllabic words 

Penta syllabic words 

Hexa syllabic words 

Septi syllabic words 

Octo syllabic words 

Ennea syllabic words 

Deca syllabic words etc. 

Examples 

naaM- (cno0), see (m5l) 

aM~ gaM~ (rarao cno), a kkaM~(rara <as>°) 

aa vee SaM~ (<ara) em oao), aa Svaa saM~(<ara) OBJO OUO) 

bhaM~ gi yaa kki (e0 oil QQ>Q desil), mo bai li l~(amo ©©is™ efl <o8) 

ma la yaa Li yuM (o ej <n>o gi ago) 

du R~ ba la maa ya (g <8 CTU EJ mo <x») 

aM~ ga raa shtra ngng L~ kk (rarao a) ©o og are oa •as') 

ai kya raa shtra sa bha yu te (©n<j) &j, so n| ou o cqj ©s) 

svaa bhaa vi ka ni ya ma ththi nte (CTOJO go oil & oil <s» m «M 6x$) 

aM~ gii kari kkappe tu nnatiii n (<ara0 oil & <& <&> ©^ § cm rail or) etc. 

As shown in Figure 4.1, Noun_suffix dictionary contain suffixes categorized as nouns 

suffixes from NS1 to NS24 and postpositions categorized as PS 1 to PS26. Dual functional_suffix 

dictionary contains suffixes categorized as dual functional suffixes from DFSl 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 morphophonemic analysis which is 

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

4.2 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) thereby 

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 l-y-l 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 is 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 
Number 

Rulel 

Rule 2 

Rule 3 

Rule 4 

Rule 5 

Rule 6 

Rule 7 

Rule 8 

Rule 9 

Rule 10 

Rule 11 

Rule 12 

Replacement 
phoneme (X) 

n 

(of) 

(err.) 

L 

1 

R 

(<0 

r 

(«0 

y 

(CO)") 

V 

(or) 
thth 

((010)") 

m 

(«0 

[c] 

[cc] 

Root ending 
phoneme (R) 

n~ 

(o3) 

N~ 

(6TT8) 

L~ 

(o3) 

1~ 

(03) 

R~ 

((3) 

R~ 

Delete y 

Delete (oar) 

Delete v 

Delete (or) 

aM~ 

(Oo) 

aM~ 

(Oo) 

[c] 

[cc] 

Example 
inflected word->root word 

raamane —> raaman~ 

fflOQ16)Cn-> (30(2103 

aruNinaal > aruN-

ora<re6rri)cno<33->ora«B6n8 

avaLil- —* avaL~ 

C3raatg$lco3->c3roaio3 

sunilinoot —*• sunil~ 

(Tya51ejlscT>osv'->(T\jm1«33 

karaaRinte—> karaaR-

da>raoc5l6)r§->(fi)(ao(3 

avaril- —* avaR~ 

(sraoiolcsS-xsraoiri) 

ammaye —> amma 

orai2Ei6)<a)->(gracizi 

guruvine —> guru 

g)«BOflfi)n»CDC&3 

maraththil—*• maraM-

QKa(oro)1co8->o(ao 

kaLLamallaathe—• 
kaLLaM~ 

(fij§gia^yo6)(0)->dft.g§o 

kaaSine —>kaaS 

d9)0Oal6)CD->(fl>0Oa" 

klaassinte —> klaass 



Apart from these general rules, some words which are having the suffixes /-ngngaL-7, 

Ante/, /-nmaaR-/, AkkaL-/ (l-emiAl, /-©($/, J-ctsoA/, 1-ssxAf) should take the root endings as /-aM~/, 

/.n~/5 /.n~/, /-v/ (l-Qol, l-dbl, /-o3/, /-o»). Examples: raajyangngaL-, naayakante, natanmaaR-, 

vakthaakkaL~ (<dos3i6BT3u8, cooomc&acTjJ, cnsoaocS, aj<6fB)0ces)o3). Exceptional case for this rule is 

kunjnjungngaL-, makkaL~(de36rarc56sr3t/3, adaooS) etc. 

The suffixes are matched with words in such a way that the longest pattern will match 

first. The reason for the same can be explained with an example. Consider the case of suffixes 

/-aamaththe/ (AoraiffloroTO)/) and /-ththe/ (j-6>aml). Both patterns match the word raNtaamaththe 

(oCTTSoiaaccsro)), but the first one accounts for more characters, reducing the word correctly to 

raNtaaM- (aangoo), while the second is an incomplete match. So the longest-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 (<3T36SI36)CT)) 

atraththooLaM~ (raratsjccoioogo) 

kauN~sil~((fi)
,36n3mil(^) 

raavile (oooilaej) 

koozhikkoot (Gossotfledsoos") 

kumaaR~ (<ft<ao<3) 

bil~ (6n9(o8) 

k a a n ~ (<e>oc&) 

o o r o o (&OG<do) 

koCCU (6)o9>0 )̂ 

naan~ (cnocfc) 

maTTannaaL- (mgcmouS) 

pinnaale (oilcmoaej) 

pakkal- (nJces)(o8) 

innu (gorra) 

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 Algorithm for Root Word Identifier 

The algorithm for RWI consists of two functions. RootWordIdentifier() and 

MPRApplication(). It can be seen that RootWordIdentifier() will be calling MPRApplication() and 

MPRApplicationO inturn call the RootWordldentifierO 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/lexical 

entry for the proposed computational lexicon. 

RootWordldentifierO 

{ 

Input a 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 MPRApplicationO 

else if (S is in Dual functional_suffix dictionary) 

then apply MPRApplicationO) 

else 

Store W as root word 

} 

MPRApplicationO 

{ 

Remove S *•''• 

Replace the replacement phoneme by the corresponding root ending phoneme from the 
Table 4.2 to form the word Wl and call the RootWordldentifierO program with Wl 

} 

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 kuttiye vati koNt aticcu" 
rarama e83§l6)0Q) OJSI ©cfi>06n§" rara^l.^ 
Mother beaten the child with stick 

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

Noun_root 
Dictionary 

<ft §1 

Verb 
Dictionary 

(3TB Si jtf 

Root word 
Dictionary 

OTdCIZl 

&§ 

OJSl 

6)&}06T£ 

Computational Lexicon 

raraoia -rare ma <nominative case suffix> 

[Root word] 

(ftglaoQ)- & §1 accusative case suffix> 

[Noun] 

& §1 <nominative case suffix> 

[Noun] 
[Root word] 

OJSI - OJ si <nominative case suflix> 

[Root word] 

6)ce>o6n§"-6)ca>o 6ns" 

[Cause expressing/instrumental suffix] 
[Root word] 

oiasljj - ore si j j 

[Verb] J 

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 (c03§l). 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. koNt (6)dBjQ6n§") is 

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

(orasl^)is identified only as a verb word by considering the past tense marker /-ecu/ (/-^/). 

Example II. Sentence having English words:-

"strees hooR-mooNinte pravaR~ththanaM~ kuRaykkaan- kaRuththa cookleeTTin kazhiyunnu " 

cni(S(soru,'<SoOO(3(soo6rril6)ĉ  (QjojcflajrooDo d&oogonS d&iQcoiB) £aJO(s<§j$lcrJ' da>splâ (na 

Black chocolate can reduce the action of stress hormone. 

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

Noun_root 
Dictionary 

GnDO(3cmo6n8 

CaJOGtjjjjg" 

Verb 
Dictionary 

d&SplcqjOTB 

Root word 
Dictionary 

CTU"G(S(TOW 

GnOOflJGffl06n8 

k)ftj<8<Bra)(Do 

dBjQOTO 

G-olOGtgjQ" 

Computational Lexicon 

crdcecro" - cntes nrvT <nominative case suffix> 

[Root word] 

Gnoo(3Goo6rril6)o§ - Cooo (3 coo 6r& <genitive 

casesuffix> 
[Noun] 

ffinno (3 Sao 6n3 < nominative 

casesuffix> 
[Root word] 

(QjpiHasmDo - (ajai^«jro)or)o<nominativecase 

sufBx> 
[Root word] 

c63om)oa3 - &offl)008 
iff!) d6b) 

[Verb] 

(feqcoio - <e> q «JTC» <nominative case suffix> 

[Root Word] 

G ĵoG^Tcrr - Gnjo G<§J §f< dative case sufEx> 

[Noun] 

c.aio e<^ 9u<nominative case 

sufSx> 
[Root Word] 

d93»krjjcrra - <&> afl <rg ma 

[Verb] 
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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~ththanaM~ 

(<Gjoj(3caro)cn0) and kaRuththa (<B>q<m>) cannot be identified. A bigger corpus helps to identify the 

grammatical category of these words. 

Example III. Sentence having a word agglutinated with seven suffixes :-

amma kuttiyutekuuteyillaaththathukoNtaaNoo avan- varaanjnjath? 

oraoo (63̂ 1cQj6)ŝ ascQ5l̂ yofljro@6)(fi>06rB026mo oiaoioS ajooeroiroaji? 

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

Table 4.6: Output from Root word Identifier for a sentence having words 
agglutinated with seven suffixes 

Noun_root 
dictionary 

oreoa 

Verb 
dictionary 

aj(56totro 

Computational Lexicon 

orama - rare am <nominative suffix> 

[Root word] 

(jesSloqjoŝ asoaJl̂ jOcaro) - <B> §1 cqj as g as coil qp euro) 
«D6)d&>06n§0C6TO0 «D 6)(S>0 6TT50 6TDW<630> 

[dual functional word] 
<Or co-ordination/ 
Interrogative sufflx> 
[Noun/Verb] 

<&, § Q% 6>S Q ®S CQjl ^jO «JTO) 

g) fflcftO Gns" <(Bt9)6rri> 

[dual functional word] 
<Equation/ 
Finite verb suffix> 
[Noun/verb] 

A § qj as & as oa51 ŷo (cro 

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

<Bi §1 cqj as & as coil ̂ jo (oro)«Bre«5)"> 

[dual functional word] 
<pronominalization suffix> 
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(63 §1 Oy 6)S gb 6>S<6D§|0(5TTO> 

[Noun] <negative commitative 
suffix> 

dBs §1 Cqj 6)S<rf£6)S> 

[Noun] <suffix showing 
interior movement > 

<Bs §kg>6)S> 

[Noun] <genitive case suffix> 

& §1 <nominative case suffix> 

[Root word] 

<BT50J(l3 - (319 Ql Gf3 

[Pronoun] 
[Root word] 

QiooeTDiwcEn" - OJ 00 OTTOKOTaajiS" 

[dual functional word] 
<pronominalization suffix> 

OJ (d0 6TCJTO) 

[ v e r b ] 

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 (ajrao6njTiJ>) can be processed to get the verb root var(ai<&) by removing the 

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

The objective evaluation of the RWI is discussed in chapter VI. 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 features 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-inflected, 

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~ (©ftrago), 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 (<Sda>(ag(ora)l6)fij, Cca><ag(cic)](B8, 

e<a>©§(Dro51©ĉ) etc., the system can show that the word keeraLaaM~ (Ga>rago) 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 nouns, 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 morphological 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) 

quadrisyllable 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 

90 



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 RWI. 

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

end with /-zh/ (<&% after removing the suffix part and link morph, then this replacement 

phoneme /-zh/ 0") can change to either c/3, s> or s>". (/-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/ (a*). 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/ 

Rule model 

/-zh/->/-L~/ 

0"-> c/3) 

/-zh/->/-zha/ 

(s>"-> <s>) 

/-zh/->/-zh/ 

appoozhuM-
(oradnjjo'go) 

appooL~ 
((Bracsojoc/S) 

correct root 

appoozha 
(oracsnjjo"?) 

wrong root 

appoozh 

(oracsojoip) 

wrong root 

kazhakaL~ 
(<e><p<6)03) 

kaL~ 

(e&c/3) wrong 

root 

kazha 

correct root 

Kazh 

(<&<$>•) wrong 

root 

thamizhil~ 
(R3)Q1«S1CO8) 

thamiL-

(coriloS) 

wrong root 

Thamizha 

wrong root 

Thamizh 

(c r̂ils*) 

correct root 
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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- (QJOCQ51«38, (gAglejacctro, nJoralcoS, riil§lco3) etc. Here, when the 

system applies the morphophonemic rules, the results obtained is as vaa (cuo) instead of 

vaay (oioco)"), mukaLilaM- (ga^eio) for mukaLil- (gAglccS), paaR (nJ0(3) for paar (ojocf) 

and veett (dig) for veet (oils'). Similarly when Rule Number 8 is applied, kaavil~ (<e>ooilfl$8) 

becomes kaa (da>o) instead of kaav (<e>oa)) which has no meaning. There are some inflected 

words like peeril- (enjolroii) which can have the root form of either peer (cnio) or peeR~ 

(<snjc8). 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- (mcoJleJ; CAOtptecftos" nJlcrril<o8, ogjkJIraS) 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 (<ya»lc&<ao(8, &moA). Similarly, consider the case of/-muuLaM-/ (/-igejo / -because 

of) which is used as a postpositional marker. But there are words like sathyavangmulaM~, 

samulaM-, than~mulaM~ etc. (cro(B>iai06i3'i§ejo, crogejo, conBigejo) which when removed will 

deviate from the original word. Likewise, certain Malayalam words are having 

phonological resemblance with another postpositional suffix /-vare/ (/-OJ©»/), like ay are, 

ivare etc. (cBraaia®, goaieca). 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, ayyayyoo (miloil<u8, e3k51(o8, 

OROCCDO, orsc^ec^o) etc. 

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

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

paNaM- (oJ6m0-money) maNaM- (o6m0-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 (n^crolg"), for example. The system 

will consider this word as a verb word by taking the end phonemes as a verb suffix 

(perfective suffix /-itt/ (-mi))- Actually the word is used to show the meaning "after that". 
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So it should be stored as a root word only and not as a verb word. These ambiguities can 

be solved either by making an appropriate selection manually or by developing an 

exceptional rule, considering its previous syllables. 

13. Usually, the verb suffix l-\I (-dl) 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 c/dlnjooo))- attender). So the system cannot precisely 

identify the words like pooyi (enjooai)) as verbs. They will be tagged as root words only. 

14. The proposed system will take certain words like mariccavare (QKdl̂ jQJQra) and analyse it 

as a noun word by considering /-vare/ (/-oja©/) as the suffix. But this word is a compound 

word having components maricca (octfLy), avaR~ (raraojcS) and e (ng)). Such errors affected 

the accuracy of the system. 

15. When the English word 'battle' is transliterated to Malayalam, it shows similar 

orthographic pattern with the Malayalam word baaTTiL~ (6mool(o8) 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'. 

16. A small percentage of exception is there in the morphophonemic rules. In Rule number 3, 

L (§") changes to L~ (o3). But when the system apply this rule, correct root word is not 

obtained for some words. For example, in the word kaaLakaL- (dbOQ&uS), wrong root 

word kaaL~ (<a>oc/3) is obtained instead of kaaLa (<ejO@). 

17. Certain words like 38-aaM~, alaksaaNtaR- VI, 1907-il~, yuu-2-aaR, bi-47 (38-ooDo, 

a3raeĵ 06ns(8 VI, 1907-CD3, ag-2-(BT§)c3, 6m1-47) 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. 

18. Since the corpus has spelling errors certain words are not properly analysed. For example 

angngine (raraearitam) is wrongly spelt. The correct spelling is angngane ((ara63T36)cn-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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The system is unable to identify each words and their grammatical properties included in 

the compound words (eg: kaRuththaponn &Q<im6)nioar>), double words (eg: kuutekuute 

gbfflsges), multiwords (eg:vipaNanamaaRggaM~ ojInJ6mcn2io(8<̂ o) and compound verbs (eg: 

koNtuvarika a<ja>06n§oirelda>). 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 (oTdcruocDiooeoflcBtoemo) when processed by the system becomes 

'asaadhyamaqyithiir' (raracruocDiiaoĉ ltDJIo). Further analysis is not possible. So noun suffix /-

aayi/ and noun root asaadhyaM- (<Bracrooa)io) 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 system 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- (<ft§)<fl!>§)<o8) 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 (moanâ na(sm6nsl) when split, it should normally be 

written as manushyan veeNti (acronym" cru6ng) - for the man). But recently the medias used 

to write the word manushyanu veeNti (mcrar&iicra <sai6nBl) 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 fmcranâ oa). So the root word manushyan- (toae><&\fH>) is not obtained. 

Instead the root word obtained is the word manushyanu (ona^ria) which is wrong. If the 

word manushyanuveeNti (oae>nâ oa<50i6rril) is written clearly without space, the system will 

remove the suffixes /-veeNti/, the link morph /-u-/ and the correct noun root word 

manushyan~ (acraoâ n3) will be obtained. If the word is written as manushyan veeNti 

(ffloanâ crr cojeng]), then also the noun root word manushyan- (ao3na^n8) 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 mapping 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 retrieval 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, /as/ 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, e, ee, o, oo/, all except short /of, 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~' (o0o), 'eph' (n®nd) etc. and that 

combinations do not occur frequently 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- (ADS" 

Ago) etc. such as kaa and t, hi 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 {{QQ6^<^^, <ft0(3ajj°) 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=l, 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 (JlnD"- chief) at the syllable level is given below for the cases n=l, n=2 and n=3. 

unigram : A, no" 

bigram : 0 A, A no" no" 0 

trigram : 0 0 A, 0A on" A atf 0, ntf 0 0 

where 0 denotes the "padding space" or a special string termination symbol for indicating an 

orthographic syllable boundary. If the word contains n syllables, n unigram, (n+1) bigrams, 

(n+2) trigrams etc. are possible. 

5.3 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 

(ajoogo) and DeeTTa (GOJUCJO) are commonly used in Malayalam text. In the list of English root 

words, only DeeTTa (GOJOCJO) is present considering it as the standard form. Other transliterations 

are ignored. 

5.4 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 Myaeng (1997) proposed a foreign word detection method for 

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

TV\XA = PfForeign | W) 
K } P(Native | W) (1) 

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

language. 

D(W) = PfForeign IW) 
P(Malayalam | W) (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 mi A ̂  = PiBQA) = PfAlB) P(B) [Manning et al. 1999] 
F ( B | A J P(A) P(A) 

and substituting A = W and B = Foreign, 

P (Foreign I W) = P(WjForeign) P(Foreign) 
P(W) (3) 

Similarly, substituting A = W and B= Malayalam, 

P fMalavalaml W) = PfWIMalayalam) P(Malayalam) (4) 
1 P(W) 

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

= P(WIForeign) P(Foreign) 
( } P(W|Malayalam) P(Malayalam) (5) 

If D(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 Si s constituting W are assumed to occur 

independently from each other. So the following formula is used 

n n+1 
P(W|Foreign) = X\. n P(si | Foreign) + X2 .n (sj-i Si | Foreign) 

i=l i=l (6) 

where Xi + %i = 1 and Xi and X2 represents the weights given to the two different statistics for 

estimating the probability namely unigram and bigram. so and sn+i are interpreted as special 

syllables indicating the start of a word and the end of a word respectively. 

Similarly, 

n n+1 
P(W|Malayalam) = Xi .7iP(sj| Malayalam) +X2 .n P(sMSi| Malayalam) 

i=l i=l (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 

Foreign WordIdentifier() 

{ 

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. 

100 



Words identified as English words 

sldl 

Slo 

dlocro" 

6)S(T3o9dn8 

rfld03 

6)seJlojlrfiio3 

cso<3§u 

S'06n3rfl3Io;j' 

BCR? 
s c s f 
(sooeeT 

SOoI 

e(SOJUv 

6)©(S6rUU 

Words identified as Malayalam words 

(o&inM 

(TOOJo 

(OOJCTD 

(WOffijg" 

(oofflnril 

(0)0(U)riJ®io 

(oocoroocrril 

(OTOQKTUo 

(OOO 

(TOOOo 

(3)00(0%) 

(OoasSoJfd^o 

(5)0go 

(ooasp 

(3)0GS>0§" 

(WOSPtUOtdo 

(0)1(5 

(&51(d<fl6)l£) 



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 (cr51) is seen in English n-gram for representing the English word "Knee" 

and is seen in Malayalam n-gram for representing the Malayalam word nii having the meaning 

"you". Similarly thai (6)6x0) have a meaning "thigh" in English and "sapling" in Malayalam. 

Same reason with month (ontf) having the meaning "month" in English and "filariasis" in 

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

Words identified 
ofl 
6)6)05) 

OCTO)" 

as Un-decidable words 

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- -naoo8), 

(b) inflected form with native suffix (phaanil~-n£ion)l«58), 

(c) inflected with both foreign and native suffix (kattinginaayi-<fi>§l6t3la)ooo51), 

(d) compound form with foreign and native words (skkuuL~kutti-cr^c/8(ft^]), 

(e) compound form with native and foreign word (paccakaLaR—oj^d&gri}), 

(f) foreign word-foreign word combination (beebisiTTR~-<26ru6™lmJlgc8), 

(g) foreign reduplicatives (TTippTTipp-gloria]) 

(h) foreign verb with native verb compound (Daan~suceyyuka-ajuoo3cry6>.ajQ^<fi>) 

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

language (ReDiyaayoo? 6)ocw7a2>o<?<&o?-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. 
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2. 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 Malayalam 
documents 

Prefix 

category 

Negation prefix 

Ironic prefix 

Disgrace 

Prefix 

Phonemic 

combination of 

prefix 

scnoerA 

§DCU3 

|D(T8 

fDo 

6D(3 

CUJICTU" 

(SiB6n3 

cuJl 

ffllcro" 

ooccsJ 

rruifflajui) 

Prefix 

/nooN~-/ 

Ff-I 

/in~-/ 

/iM~-/ 

/iR~-/ 

/Dis-/ 

/aN~-/ 

/Dii-/ 

/mis-/ 

/maal~-/ 

/syuuDau-/ 

Iff
 

/non-/ 

M-I 

/in-/ 

/im-/ 

/ir-/ 

/dis-/ 

/un-/ 

lde-1 

/mis-/ 

/mal-/ 

/pseudo-/ 

Example 

G(D06n3©QJ23Sd' 

nooN~vejj 

§Dco3e31coco8 

il~liigal~ 

6D03og)nDlna^C^i' 

in~ephishynt 

gDoigcusnM 

iM~muuvabiL~ 

^c8ojoejf8 

iR~RagulaR~ 

Disobee 

aN~Du 

aJlGoftocuT 

DiikooD 

olcro" eUajo" 

misliiD 

maal~phngshan~ 

cTmacuyDgDc^ej^" 

syuuDauintlakTT 
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Size/ structure 

prefix 

Behavioural prefix 

Place prefix 

Time prefix 

rarojnl.q]' 

cryojta 

avg 

©nru<8 

croenT 

a^min) 

(STB6n8QnjU(3 

6)6>nf>oJ(3 

<3iaC/3<S0 

rilcril 

ffitSjl) 

6)tfi)'3S6riS(3 

(BTOjCf̂ l 

6)(QJ0 

gDcfjjjriS 

1500300" 

GciOOdS 

y 

°6)*" 

d 

CrUOCTjJ' 

/aaR~cc-/ 

/suuppaR""-/ 

/autt-/ 

/seR~-/ 

/sab-/ 

/auvaR~-/ 

/aN~DaR~-/ 

/haipaR~7 

/aL~traa-/ 

/mini-/ 

/kau-/ 

ZkauNteR--/ 

/aanti-/ 

/pro-/ 

/intR~-/ 

/ traarrs-/ 

/phooR~/ 

/prii-/ 

/eks-/ 

/Rii-/ 

/poosTT-/ 

/arch-/ 

/super-/ 

/out-/ 

/sur-/ 

/sub-/ 

/over-/ 

/under-/ 

/hyper-/ 

/ultra/ 

/mini-/ 

/CO-/ 

/counter-/ 

/anti-/ 

/pro-/ 

/inter-/ 

/trans-/ 

/fore-/ 

/pre-/ 

/ex-/ 

/re-/ 

/post-/ 

oraj^jjjfenjltaiojj' 

aaR~ccbishapp 

cry aj(3mp^r) cab 

suuppaR~nyaaccuRal~ 

63rD§'b6ri3 

auttRaN~ 

6)crot3^jO(3ss3" 

seR~ccaaR~jj 

CTuenfecDorScizict̂  

sabnooR~mmal~ 

raiDOiaSoJJ 

auvaR~Du 

(3re6n3acu)c8a£jraT 

aN~DaR"-phuD 

6)6)of5nJf3(3l3)e|jlrir 

/haipaR~aakTTiv/ 

<3TdCl8<S0©6)OJBJg" 

/aL~traavailaTT/ 

Qlo5l<ftor3 

/minicaaR~/ 

6)oBj1)<SCQ)^lCTjJ' 

/kauyeeksisTTV 

/kauNteRaakTT/ 

C3IB)C§lG6ni0ruJl 

/aant ibooDi/ 

6)(QjO(3iaGBira1Ifl6)Cf8 

/proameerikkan~/ 

fDcf£c3cnocfli6n")co3 

intR~naashaNal~ 

isoa3crou<jjocf|(>' 

traan~splaant 

phooR~TTeel~ 

yirr^c/3 

priiskuuL~ 

n )̂lfi)
,'cTyin51cjjjf3 

eksminisTTR~ 

dlocrya^ 

Riissel~ 

GaJ0C|j|'<S6Tl]0tg>' 

aoosTTbooks 



Number prefix 

Other prefixes 

Suffix 

category 

tsga5l/<sfflOG6mo 

Q6)6nj/6)6)CU) 

0©(S 

2lc78§1/ 

630G§0 

mleoojo 

nJon3 

G(QJOG§0 

©crural 

6)fflnj(TU" 

Phonemic 

combination of 

suffix 

cTo"gc3/QQ)c8 

aejg" 

ffltXBCj" 

gOai f 

oaSlcy 

ro)o 

Q(©crol 

/yuuni-/ 

/mooNoo-/ 

/bai-/ 

/Dai-/ 

/tai-/ 

/maL~tti-/ 

/poLi-/ 

/oottoo-/ 

/niiyoo-/ 

/paan~-/ 

/proottoo-/ 

/semi-/ 

/vais-/ 

suffix 

/-sTTaR~/ 

AyaR~/ 

/-leTT/ 

/-yeTT/ 

/-huuD/ 

/-shipp/ 

/-DaM~/ 

/-kresi/ 

/uni/ 

/mono/ 

/bi-/ 

/di-/ 

/tri-/ 

/multi-/ 

/poly-/ 

/auto-/ 

/neo-/ 

/pan-/ 

/proto-/ 

/semi-/ 

/wise-/ 

Equivalent 

English 

prefix 

/-ster/ 

/-eer/ 

/-let/ 

/-yet/ 

/-hood/ 

/-ship/ 

/-dom/ 

/-carcy/ 

aga5lejogo(ij8 

yuunilaaTTaRal~ 

<smocs6mo(S(g)Oo 

mooNookrooM~ 

©oaninjorrd' 

baipaas 

6)6>ruuitflgc8 

DaimeeTTaR~ 

6)Q(S6)«nroc£651u3 

taisaikkiL~ 

2ia3§l(DOo3J6rDfi33 

maL~tt inaashaNal~ 

anJOglcSbfelCDlcfiS)" 

poLikLinikk 

630GgO(y)Ond' 

oot toograaph 

niiyootoomantikk 

oJ003(3T3CS2ira1eBHn3 

paan~ameerikkan~ 

G(Q.|OCS§O(J<&OO8 

proot tookooL~ 

6)<TUrn]cTU(3cfl65)c/3 

semisaRkkiL~ 

OfflOlCTUlajmSloUC^' 

vaisprasiDnt 

Example 

a1criltTu"gc3 

minisTTaR~ 

cn5ln51cQ)(8 

siiniyaR~ 

bukkleTT 

cn5lc/)6)co;g" 

s igayeTT 

modSgQcuf 

maan~huuD 

(agen3"rffl1o;J' 

phraNtshipp 

kingDaM"" 

auGao6)(@orv5l 

Dmookresi 



offldl 

gD6T3"/jSDoC/)7 

gD6BT3" 

nQC/3 

fflnfflOQJC/ 

ID0QXT3 

gD'SCTO" 

» < # 

gocroo 

rarariJ 

9(3 

caia)^" 

| D I > 

nfi3n9d03 

6)12 ffc" 

<Braas3 

ofi3<E)"S3" 

omcnf 

Etf 

6)6)aO 

(STBOQi'Cnf 

nfflClS 

/-eRi/ 

/-ing/ 

/-iMg/ 

/-phuL~/ 

/-aiyaTT/ 

/-iyan"7 

/-iis/ 

/-isTT/ 

/-isaM~7 

/-aR~7 

/-TTaR~/ 

/-aant/ 

/-ii/ 

/-eesharr/ 

/-ment/ 

/-al~/ 

/-eeyj/ 

/-ness/ 

AiTTi/ 

/-phai/ 

/-ays/ 

/-en~/ 

/-ery/ 

/-ing/ 

/-ful/ 

/-ite/. 

/-ian/ 

/-ese/ 

/-ist/ 

/-ism/ 

/-er/ 

/-or/ 

/-ant/ 

l-eel 

l-yl 

/-ation/ 

/-ment/ 

/-al/ 

/-age/ 

/-ness/ 

/-ity/ 

/-ify/ 

/-ise/ 

/-en/ 

6).aJfflCQ)ril 

ceyeRi 

<scooco5i6r3" mjoconrilocri' 

gooying, baaththiM~g 

spuuN~phuL~ 

C0j^6)6)aj(Q)§" 

naksalaiyaTT 

§005)^03 

inthyan~ 

gsotijaflcro" 

jaappaniis 

buddisTT 

(e>ioojgejlcruo 

kyaappiTTalisaM~ 

aj(3c6S(3 

vaRkkaR~ 

oo5Icr3rrŷ (8 

yin~stakTTaR~ 

ĉSGnQOfi3iaor§" 

in~phoon~maant 

eM~bLaayii, kriimii 

naavikeekshan~ 

«3TB(20836)aC§" 

aReejment 

Rphuusah, kaL~ccRal~ 

cajOJGOCQM 

kavaReeyj 

nOOnjjlfflCOrjjy" 

haappiness 

croocrilgl 
saaniTTi 

ecftoru51fflS)a£i 
kooDiphai 

GnJOaJlejOOOfOTO" 

poopilaRays 

0(Dinjn8 

Ryppan~ 



aejqU 

gD&jl 

aaejceE)" 

gDrflf 

jSDiffi)" 

go^ar 

camera" 

(areenjlc/3 

c$cuf / cu)" 

cmaScuJ'cru" 

Qoojcru" 

rfBflJJ 

atf 

tf 

<3§" 

/-less/ 

/-ili/ 

/-laikk/ 

/-ish/ 

/-ikk/ 

/-iiv/ 

/-shyas/ 

/abiL~7 

/-ntaD/ 

AD/ 

AveeRDs/ 

Avais/ 

Akkah/ 

Aph/ 

Azhs/ 

AR~tt/ 

/-less/ 

Aly/ 

Alike/ 

/-ish/ 

Aic/ 

Aive/ 

Aous/ 

/able/ 

/-inted/ 

Ad/ Aed/ 

Awards/ 

/-wise/ 

Acal/ 

Augh/ 

/-of/ 

Arse/ 

Art/ 

oooosejcr^ 

haalVMess 

aocrileil 

maanili 

6)<ft'D6)6)ejc£6f 

kaulaikk 

<&
 

o
 

orilGoacQilcfis" 

hiiRooyikk 

rataso^lnr 

atraakTTiiv 

csrajcniloayTtf 

aampishyas 

rilc\juo6njlo8 

RiiDaabiL~ 

GnJOCQilĉ CU)" <J9>0(3CUf 

pooyintaD, kaaRD 

6ruoc85JijnjflajJ'rro'' 

baakkveeRDs 

nfi)aD^S<fiSnaJ036)OOJCru" 

eDyukkeeshn~vais 

ĉ lrrilcesKuS 

klinikkal~ 

OnD" 

Rph 

Q&Og 

koozhs 

cftoc8§" 

kaaR~tt 

Similarly, words used for representing cardinal numbers, names of weeks, 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 

words 

Hindi loan 

words 

Sanskrit loan 

words 

<B«JX8$CI8 (13) 

cnJterrr^l g (62) 

Q oOn8(OJi)OJj'(2QO) 

m)6n8eou (Sunday) 

sasoatf (13) 

sniocruo"(62) 

erao fflcrvra (200) 

adtaioc8 (Sunday) 

(®S(D)0(3U8 (13) 

rajUfcigl: (62) 

fljloacroo (200) 

raaihjooo (Sunday) 

GnaatafloD (14) 

cruteTc^l # (63) 

(SJI nno3(ajjajLT(300) 

ai6nS(scu) (Monday) 

©iroraart' (14) 

cmBaruo"(63) 

crolcfl acTU-D (300) 

<soruaBicuo<3 (Monday) 

jiigariSrat/B (14) 

(#dfag: (63) 

(@°l03<0>o (300) 

ccruoianjooo (Monday) 

nril<$ci8 (15) 

n\5l<a"rn^ Gonotft (64) 

GnQOfll 0003(0^0^(400) 

g^cnfisajo (Tuesday) 

oJiggnri" (15) 

Oaracrud'(64) 

jjoo"6)mji)(400) 

ciotnaSnJoa" (Tuesday) 

njeramuB (15) 

nigxi&rig: (64) 

.aJg!>:C/B(B)o (400) 

tftfflnjooo (Tuesday) 

From the table it is clear that the suffixes like /-iin~/ (/-grans/), /-ah/ (/-oranri/), /-daSa/ 

(/-raoa/) etc. can be considered as suffixes used for representing numbers 13, 14, 15 in 

foreign words like English, Hindi and Sanskrit respectively. In Hindi loan words, the 

suffix /-vaaR~/ (/-OJO(3/) shows the name of week. Corresponding suffix used in Sanskrit for 

showing the name of the week is /-vaaraM~/ (/-QJCW). In English it is Dee (GOJU). 

3. 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 ooNaM~ (SOOTO), 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 {<$<x^p<y$) which is of foreign origin. Similarly the proper names like deepa 

($ns),paaRu (moq) etc. are of native origin and krisTTi (®lq$), muhammad {qanamd) etc. 

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

national heroes, name of places etc. seems to 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 carry 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~ 

(cfD06n36)aj©sHegdIcQ)or)% equivalent Malayalam word can be obtained by substituting for the 

suffix /nooN--/ (/cmoenB-/) with /-allaaththa/ (/-(Brê joccro)/) giving vejjiTTeeRiyanallaaththa 

(©ajffisalcgoloQjm̂ jOfljro-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 (ng)ĉ jo) in Malayalam script different from the pronunciation in English as yelau 

(acmeera). 

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 [csrajcr̂ " -Ask], egee«~[ô ©c/3coJln3-Again], ooZ~[63oo3-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 language. 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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automatically and then implement the rule for obtaining a more accurate result. So the 

exceptional words like kumaaR- (cfcmoriJ), bil~ (6nil(o8), kaan- (<e>oo3) etc. can be identified as 

foreign words and exempt them from applying morphophonemic rule. 

8. 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. 

9. 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 (6i0nti noorg' -off-hand), shoott katt (eoajog" da>§" 

short-cut) etc. 

10. 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 (̂ jl̂ p characters [Appendix III] or when two 

cill come closely. Similarly there are certain syllables which are seen only in foreign 

words, /as/ occurs only in English loans. Providing such information as rules, a spell 

checking system can be developed and integrated to the RWI system for obtaining a more 

accurate spelling of words in the lexicon. 

11. 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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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. 

13. 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 <a>£ (Queue), it should have an equivalent phonotactic pattern in the training corpus, 

particularly in English n-gram model. Then only the system can predict 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 (of), ke (s)A) etc. 

14. 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~ ((sraco8(Braate- Alameen) as a 

foreign word only. It can be modified further to obtain the etymology as Arabic language. 

15. The computational lexicon will mark the word thrii (<gjl) correctly as an English word. But 

due to different spelling systems existing for transliterated foreign words, it is also seen as 

thri ((©1) in the corpus. So the system will tag it as a Malayalam word. Actually it is seen 

as a prefix of certain Sanskrit words. 

16. 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. 

17. Compound words which include both English and Malayalam words showed poor results 

during the analysis of words such as e.es.ai sukumaaran- (t̂ > ô nro" 6)ng> cry<fl3taoran8), 

appiil~kootathi (mk$ift<s<B>asa$) etc. 

18. RWI fails to identify certain English word whose end phonemes resemble the suffixes of 

Malayalam words. Those words are wrongly analysed by RWI. Eg: ReeDiyoo (GOCU5I<KQ>O), 
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caakkoo (-ojo&eso) 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 attempt was made to process the words obtained as un-decidable words. Words like 

cellaan~ (©^octf) 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 

etc. are also not indicated. Hyponymous 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, syntax, 

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 etymology 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 Discounting, 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 little to the modelling 

accuracy [Vatanen et al. 2010]. 

This chapter discussed a method for automatically identifying 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 script. 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 Malayalam 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 help 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 Malayalam 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. 

samiikRRthaahaaraththil~proottiin~, minaaRal~, viTTaamin~ iva atangngiyirikkunnu 

(rrorflcgjtroonDooajrrolâ  G(njô ln3, almotcS, oj)goffllo3 gom <3T3S6BT3)oQJI(3)<fl9orra— 

A balanced diet contains proteins, minerals, vitamins etc) 
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Lexical entry 

CTOdleg)CO)OnOO0o 

Linguistic 

information 

Syllable 

structure 

Etymology 

Grammatical 

category 

Root form 

Inflected 

forms 

<s(ojo|lci8 

Syllable 

structure 

Etymology 

Grammatical 

category 

Root form 

Inflected 

forms 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

DFW 

N 

N 

N 

DFW 

DFW 

Details 

rru dl <§) coo noo ©o 

mejcmogo 

CDOOo 

CTOdlcg)CroOof>0(c3o 

croo9ig)(0)OaDO(acoiO]l6)c§ 

(Tudl(g,«nonOooo <Genitive case suffix> 

crodl(§)(cJ)Oof)Offl63Bo3 

croi?3l<g)«3)Onoooo <Plural suffix> 

orodDcg)(D)OaOO(oaî yo(0)i]) 

croffll^croonooceo <Negative adjectival suffix> 

CTUQil̂ croooOotaccTOJlcoScrJlcrn" 

rrudlcgicroonOOOo <Abative case suffix> 

CTOcfltgjCTOOnOOCdfflOCQ) 

croi?lc|)fl5)0ooo©o <Relative adjectival suffix> 

CT0d!c§)CU)0ciO0©6813OeS 

ov>(ffliftco)OoDO(86aBo8<Genetive case suffix> 

cruffl1t§)(c3)0noooo <Plural suff ixxGenet ive case suffix> 

orutfligyanooOoiSGxanniaicSI^r 

crodlig)(0)0ciO0OQ(ciTD)<Referencing suffix> 

cruSlgjcroonoooo <Accusative case suffix><Referencrig suffoo 

oudlig)(0)0nO0(9((nsilo9eoi6n^l 

crudI(g)(B)0oO0tdCDi0)1cr)w<Benefactive suffix> 

crudltgjcrooooooo <Datfve case suffixxBenefactive suffix> 

(Tudlig)(cnoooooeoi30o 

crudl^(roooOOca63Bca<And co-ordnation/Future model suffix> 

cn3ol§)CO)Onnofao<PlLral suffixxAnd cm)rc±atiorvFutLre model suffbo 

avd!<§)(d)OnDO0ajmJh& 

troffllcgjcroorioorao <Locative case suffix> 

C(GJO § nS 

^ocrjlotf 

CDOQlo 

(StfiJO^lOci 

C(QJO^!CT516K§ 

CS(GJO 1̂O5 <Genetive case suffix> 

cyo^lrrJlejocoroo 

atQ}o$aHeio6rrf <Or co-ordination/Interrogative suffix> 



rnlmoctsJ 

Syllable 

structure 

Etymology 

Grammatical 

category 

Root form 

Inflected 

forms 

oj|goffl1o3 

Syllable 

structure 

Etymology 

Grammatical 

category 

Root form 

Inflected 

forms 

N 

N 

N 

o^o^crilaskEquation/Finite verb suffix> 

<Or co-ordination/Interrogative suffix> 

©ajogldJ <Locative case suffixxEquation/Finite verb 

suffix> 

<Or co-ordination/Interrogative suffix> 

o(ajo|lcradBb§os 

afejojjlcracacflkgenitive case suffix> 

ofejo^lcfl <plural suffixxgenitive case suffix> 

a&o$ad 

Root word 

N 

N 

DFW 

N 

DFW 

DFW 

N 

ml en o ro8 

^ot^lnar 

mooio 

olcnoccK) 

oilcno^jc&^lffla 

dlcno^<ao3<Locative case suffix> 

ialcr)O(03<Plural suffixxLocative case suffix> 

<rflmoeJ]sc$G$o 

dItr>oeiloc§<And co-ordination/Future model suffix> 

olrooffskGenitive case suffixxAnd co-ordination/Future 

model suffix> 

dlcrjoeJleiossmo 

flBmoellejosrrr<Or co-ordination/Interrogative suffix> 

dlcooeJlcwkEquation/Finite verb suffixxOr co-

ordination/lnterrogartive suffix> 

lalmotoS <Locafjve case suffixxEquation/finfte verb suffix> 

<Or co-ordiriation/lnterrogative suffix> 

aflcDoasS 

Root word 

N 

DFW 

DFW 

nil go ml 08 

m.°<$r& 

cnooio 

oilgomlna 

oilgooilcrJl§j06xo) 

oilgornldkNegative commitative suffix> 

oilgorilcrflejocjfflmo 

oilgorilnilejosrri^Or co-ordination/Interrogative suffix> 



fDOJ 

Syllable 

structure 

Etymology 

Grammatic 

al category 

Root form 

Inflected 

forms 

(arassBrilcoJktfleeaGrra 

Syllable 

structure 

Etymology 

Grammatical 

category 

Root form 

Inflected 

forms 

N 

N 

N 

N 

N 

V 

V 

V 

V 

V 

V 

V 

V 

oUgoflflcTJlOTkEquation/Finite verb s u f f i x x O r co­

ordination/Interrogative suffix> 

ojlgoa5ln8 <Locative case suffixxEquaticxi/Firite verb suffbo 

<Or co-ordination/Interrogative suffix> 

allgoifiad 

Root word 

f© ru 

oejdDogo 

CT)OI2o-CTU(8Ci|Cr)0(2o 

|DO] 

gDOJCtySS 

goo) <Genitive case suffix> 

ffioitf 
|DOJ <Dative case suffix> 

gDOjcoflqjos 

gDOicoJlcKkPath locative suffix> 

fDai<l_ocative case su f f i x xPa th locative suffix> 

goo/ 

Root word 

ore s 6Q13I rail cal caa cna 

aejowogo 

©loo) 

not identified 

csras6milcofl(cBrrr)l§w 

(3ISS63IJIcs{l(($lifiadB> 

carassarilcoflfeltasiccQccJ)" 

(BresradlcoJlfelffloioo^ 

(Bias63rilcQJl(a1<fflc;mjoa3 

CBiaS69d1coi1(lB(TT9 

(3ras6nrilcoJl(cB(inT)oa 

<UldS63dl(sU(SlcBS(nd 

Figure 6.1: Sample Computational Lexicon generated 



The words seen in the lexical entry 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 corpus. 

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 Malayalam. 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 lexicon, 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 (|DOJ) 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-

r̂ruJcg)(O0nO0»<3ro))fl̂ ) 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-

(croaSl<g,(0)OnOooo) 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 (ajrasfigralooJloloEBcnd) 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 rigorous 

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 

Jn_ 
tp+fp 

where tp is the true positives which is the number of words correctly recognized and fp is the false 

positives/false acceptances which are the wrongly recognized words as that category. 

2. Recall (R) = Number of words correctly recognized as a category 
Total number of words of that category in the test set 

_ t p _ 
tp+fn 

where m 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 

functional 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. 

I. Noun words 

Total number of noun words in the test set = 7375 

Total noun words processed by the RWI system = 6975 

Number of noun words correctly recognized = 6612 

Precision = 94.79% 

Recall = 89.64% 

F-measure = 92.14% 

II. Dual Functional words 

Total number of dual functional words in the test set = 4728 

Total dual functional words processed by the RWI system = 4463 

Number of dual functional words correctly recognized = 4359 

Precision = 97.66% 

Recall = 92.19% 

F-measure = 94.84% 

III. 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 

Recall 

F-measure 

= 

= 

= 

97.42 % 

97.04 % 

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 

Recall 

F-measure 

= 

= 

= 

98.23% 

87.3% 

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 

Precision = 97.51% 

Recall = 95.8% 

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 to increase the precision of both root words and noun words. 

The proposed system is an efficient system and comparable to the different existing 

morphological 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 assistance 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 

Recall 

F-measure 

= 

= 

= 

62.5% 

72.99% 

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. 

120 — 

100 

o 
5 

80 

& 60 
C 

§ 40 

20 

0 J 

i Words in the Corpus 

Correctly identified words in the category by the system 

Lexical 
Entries 

Root Noun Dual Verb English 
Functional 

Words, Root Words, English Words and Grammatical Category 

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 correctly 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 retrieval 

system etc. They can be made more efficient by incorporating this computationally 

developed lexicon. 
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In addition to the details 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 used as objects in 

clustering technique 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 morphological 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 results 

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 automatically switch to English 

lexicon having its pronunciation (if the pronunciation of head words are also included 

with the Computational lexicon). 

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/ (-no) 

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 lexicons 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 valuable 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 developing language tools for 

checking the spelling of words. When developing grammar checkers, computational 

lexicon itself 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 systematically 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. 

I. 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 

computational 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 spelling 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 corpus 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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Department of Linguistics and 
Malayalam, TRCML, Trivandrum 

Centre for Translation and 2010 
Translation Studies, Department of 
Hindi, University of Kerala, 
Trivandrum 

Centre for Testing and Evaluation, 2011 
CIIL, Mysore and Department of 
Linguistics, University of Kerala, 
Trivandrum 

Southern Regional Language 
Centre, CIIL, Mysore and 
Department of Linguistics, 
Trivandrum 

2011 

A Statistical 
Identification of 
English Loan Words in 
Malayalam Documents 

9th International 
Conference on Natural 
Language Processing 
(ICON-2011) 

NLP Association, India; HIT 
Hyderabad; LDC-IL, CIIL 
Mysore; and AU-KBC Research 
Centre, Anna University,Chennai 

2011 
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Appendix I 

List of sources available for data collection 

1. Educational Book (School / college / technical education / professional/ higher education 
books) 

2. Reference Books (subject/entertainment books) 

3. World Wide Web 

4. Literary Works- Novels, Drama, short story etc. 

5. Biographies & Essays 

6. Religious Scripts 

7. Encyclopaedia/Dictionary/lexicon 

8. Autobiography 

9. Press Reportage (Newspaper, Magazines, Journals, Periodicals, Pamphlets, Manifestos, 
Editorials, Press Reviews) 

10. Cinema/Drama Script 

11. Personal Letters (from different age groups) 

12. Diary Personal 

13. Media (Television, Radio) 

14. Advertisements 

15. Notices and brochures 

16. Medical Reports 

17. Government leaflets 

18. Quiz Questionnaire 

19. Manuscripts 

20. Handwritten Wills 

21. Inscriptions 

22. Narrations 

23. Discourse 

24. Account Registers 

25. 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). 

26. Written Statements of Arguments, Dialogues, Monologues, Conversations, Discussions 
(Formal / Informal), Interviews, Commentary, Prepared Oration 
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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 physics 

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, car,crane..), 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 

Cofln?J{DJQiJOriJ<0)l) 

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. (jfUia^(9)1(fa9artf(,(0>o (Natural Science) 

1.1 c9>3(3nlflca>o 

1.1.1 tQj^oadloSjoS 

1.1.1.1 g3^0O)cft)^oifl 

1.1.1.2 631)nada)cft)(5loin 

1.1.1.3 nJS>c94n3dl 

1.2 s3lajc/a3anL>(.a»o 

1.2.1 O0O6LJe&>o3 

1.2.1.1 ^cr)l(0)cft>aDoaroc(0)o 

1.2.1.2 s1aj«5)«5Ta)jaoo(ro'LO)o 

1.2.1.3 nJ0CD)(03 oJOCDC/OOCrO(G5)o 

1.2.1.4 6TU0<£bSl(0lQQ)0aJOCr)o 

1.2.1.5 ©6)OJOCro aJOCDo 

1.2.1.6 cruoffl^fiolceD^ajaooaroL^o 

1.2.1.7 eTXaOKj/lKJ) SlOJaJOGDo 

^cTO)j</a3(ro(,aj)o 

1.3.1 

1.3.2 

1.3.3 

1.3.4 

1.3.5 

1.3.6 

1.3.7 

1.3.8 

2̂ <X)6ST3C/3 

oJcftadlc&)a3 

ffl@n^6813C/8 

lnJ06rri\&>u& 

gD<ps2aa>2cesx/3 

c&^S63T3C/3 

oil(U)aJ36B1303 

gaaa^oaroaDLaoo 

(n)(n)^c/33cno(.(3)o 

1.4.1 

1.4.2 

1.4.3 

1.4.4 

1.4.5 

1.4.6 

1.4.7 

1.4.8 

1.4.9 

aru2a)(ru)aj^©€KD(D63i3a3 

aJ^Jc96)dlc93C/3 

6D£j<u(3($63i3o3 

cftn«'6gi32aj^(^63T3a3 

aJ<Pai(8<$68r3C/8 

aT9oada)(T\)<TU^6si3a3 

OJ^c0A163Ba3 

CJDOCD^-nJdlry- eft^eOQC/S 

cQDjcal^oajc/S 
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1.4.10 nj;;ce6>(/3 

1.4.11 cruaro^GoocnnJocDo 

1.5 raar*>(3>(,orcs>3 

1.5.1 aoo6Uca>o8 

1.5.1.1 6)6)^ajocro(a)cao)o 

1.5.1.2 f^)036)6)CrOG(20gSl 

1.5.1.3 (23^aj1(0^aooaroLc»o 

1.5.1.4 @i>(20(ro(ax.cTa>o 

1.6 a»(.(TO)(/a3ano(,a»o 

1.6.1 c/ooajc&>a3 

1.6.1.1 6D£JcflbtSlte6)(a8 a^)6r3lilCDlQQ)OloCD 

1.6.1.2 6)fflo96)OCDlc66)aj3 n0)6T&ilCT)lQQ)dlo(/5 

1.6.1.3 CrolCllloS fi^)6KUlCD°lQQ)dloCn 

1.6.1.4 G<TD0aQ$ 6)QJQQ)(3 n )̂6T3Ll1<T)lQQ)dloCO 

1.7 ejolcoaorocano 

1.7.1. aoo6Uo&>o3 

1.7.1.1 (.oJ^coil^ejscDoaaocroc^o 

1.7.1.2 (araaaxolceiiiriJoaRo 

1.7.1.3 OJOCD)2ai1©6Ta>OCD°lC3Q)o 

1.7.1.4 SeJ6TUOo3daJaJOCno 

1.7.1.5 cfcoejoajcranoaJOCDo 

1.7.1.6 COJanOaJOCDo 

1.7.1.7 ©QS2(U(26mCU)QJnJOCT)o 

1.7.1.8 siLaj&i^csftuooaviano 

1.7.1.9 GS0(0)1a00(r0C(3)o 

1.7.1.10 (TDffl^aaocroc^o 

1.7.1.11 aJ(8(^(0)aJOCDo 

1.7.1.12 cfeOeJOOJCniDOaJOODo 

1.7.1.13 cJOlcruril(CJ)loJOCDo 

1.8 <Sl(f)&S(fi0<T0i(Sia 

1.8.1 aoo6Uoa>a8 

1.8.1.1 e]a)^e^ejaoocroL«5>o 

1.8.1.2 a)0(0)jajl3^ 

1.8.1.3 e^cniruocno 

1.8.1.4 (gT90T)laJ^(^«D nJOCDo 

1.8.1.5 GeiOtioaooaruL«J)o 

1.9.1 aa(DlonGJS(Doaoocro(.co)o 

1.9.2 G(DOCD63T3a3 

xi 



1.9.3 aJlc&lcarooolaDldBjoa 

1.9.3.1 OT§)QQ>2(3GOJ3O 

1.9.3.2 (3iaG£JOn-|«5)l 

1.9.3.3 GaOOlzilCQmOaJCS)! 

1.9.3.4 LaJcaj^KDlaJlcencaro 

1.9.3.5 GQQJOCD 

1.9.3.6 oj^oQaJoiaaaoaroLCOTo 

1.9.3.7 a o a r o L c o ) ^ ^ 

1.9.3.8 a3T3<932nJ6mj(3/QQ)j(Doa)1)g2ejiiJlcej1(ar\) 

1.9.3.9 ODJaJl(0)J(3T5)G(0OC/)^CrO1)CB(Di (T0o(0c6dl6TT)O 

1.9.3.10(2^ aJlcej1(aroo(rocauBOQQ)63Bo3 

1.9.4 (3Td)nD0(0o 

1.9.5 (ar^GoocD^aaocrocttniiJolLc^o 

1.9.6 ailoadc/ooaroL(a>o 

1.9.7 G'Dc^ajOOOCrOLOto 

1.9.8 <DaJcft>(06TT)6BT3O3 

1.9.9 QTDnada)CT)1^(21206maDOCrOCaDo 

1.10 (f)Sml(SKJQ3<T0i(StO 

1.10.1 aoosjJtejC/3 

1.10.1.1 e<e&i(«5xn6nnfl«no 

1.10.1.2 aruoSLi^oG^oaDlnaio 

1.10.1.3 (^ool^lcf ibaro 

1.11 @T9(OTlc9bC/a3(fY)(.«J>o 

1.11.1 OD06Uc9303 

1.11.1.1 oD6Tij3aoocro(.(0)o 

1.11.1.2 G^0(0)1aoonro(.aj)o 

1.11.13 o jGcoog <D'D(3e®aoocro(Goo 

1.11.14 a3T3)6rOOJ {D'r>(8©g30X.CT3>o 

1.11.15 S 1 O J gi)(3©S(a)L(Ta)o 

1.11.16 cejOU^GgoijernraS aDlcnfloebcri) 

1.11.17 6)cft)OCrOG(20gSl 

1.11.18 ^ejo6bGLS06rT)1oeb aoocnj(.o)o 

1.11.19 n£)§2QQflCU) 6)6)(U)CDOffllc&(rO 

1.11.10 g2®1)(0)lcS3OJl©6K5)00Do 

1.11.11 GejQffi(ro(3(iDlcrolt£bcro 

1.11.12 (S)ic@K?»iau)o 

1.11.13 (p-i<&>oc/oaoocro(.(a>o 

n.1.14 oft>J06ngo ci£ilcrolo6bcro 

1.11.15 nGJ^(22(.oJ^J(3«5^fT)^C)Cr0C(0>O 

1.12 an>3Ge>(S)1c9>>ojl3^ 

1.12.1 c/D06iJca>c/3 

1.12.1.1 OQSSOJCTUOGS&COflc&OJta^ 

1.12.1.2 6X206)6)60100)1(03 OJl3^ 
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1.12.1.3 CDOGCDO (rOOGfi&OTflcftjajlG}, 

1.12.1.4 afloj(DcrooG©3(a)1dft)anf3^ 

1.12.1.4.1 fflejQQJOgJo cft)(nJ^§l6T3 

1.13 ^0DO\)o61J^3(/a3an0(.(3>o 

1.13.1 aDOQJcft>o3 

1.14 aJJfljflcO) C/330nO(.«J)(/9361l<a!>(/3 

1.14.1 6)(2ce6)GCS06T7)lo6b(nj 

2. caoiajfiO^^aanDLOJo (Social Science) 

2.1 crilowtno 

2.1.1 u6\<&&iudocroui5)o 

2.1.2 <&l$<&>& ®>^63B(/b 

2.2 S30Daj1CD)o 

2.2.1 nJKDOdkoJOaDo 

2.3 aJOl(,«»0 

2.4 (T\)oCr\>ca.3(&o 

2.5 CD3(5fiOlc9jO 

2.6 iaar)SC/a3an3(,«J)o 

2.6.1 fflGGDOaj^OoJOOeSBOS 

2.6.2 2lG(r)0(B(DO(/)nJlda)1orO 

2.6.3 IZ0<r>Cg^Si06irD^ti(J0(JQ0<T0i(S)o 

2.7 a>3^(3)(,(13)o 

2.8 (n)3ffl2oolca!.c(n)cij(no 

2.9 (noaJo(l3(/M(TV(.(3>o 

2.9.1 fflCD^oad^c9j^^0^0L«5>o 

2.9.2 QJoODaJOOCnJO^nJOGDo 

2.9.3 CDOaD^OaJOCDo 

2.9.4 aJ2(3cycDoajoao aoocrot(3>° 

2.10 (OTOJKDJC/aaarvccwo 

2.10.1 G(20<fe3d(0)(aro)jaoocr\jc^o 

2.11 L(f)<ncnii®(noai)i(S)o 

2.11.1 QJ(3c^1<ft)(D6TDa00Cr0(.«5>O 

2.12 (j^s^aruo^tfaaarutflno 

2.12.1 00061Jo9>a3 

2.12.1 aJ200«Dor)^°lajlaaocn5LO)o 

2.12.2 6)Q^OinJl(l)OCli(r6(U)l<J00<T0Umo 

2.12.1.3 aJ^oooxDorocruic/oocroc^o 
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@3cAl - 0f\)3r»ol(5)^o (Language - Literature) 

3.1 (33n9J 

3.1.1 eiloJlailGi 

3.2 njoaro^o 

3.3 (T\)3r»Ol«»^o 

3.3.1 CDlO n̂JSTDo 

3.3.2 ^1aJaJ(alC(0)o 

3.3.3 QQ)0LK5)0ajlOJO6rT)o 

3.3.4 gaJCD^OCTOo 

3.3.5 Sl(UaJOlC(0)O 

3.3.6 ailaj(3(ara)CT)o 

3.4 L«J^f2Dl«a>^sn>o 

3.5 dJ(.(3)CeJ61JGDOjjJCn 

3.5.1 G£J61J(Po 

3.6 @3nH3(W3(rU(.(3)o 

3.6.1 ODOQJc&oS 

3.6.1.1 ao6riiracc93i2lea)(06maoocroc^o 

3.6.1.2 @0n3d3G@3a0OCrOL(0>o 

3.6.1.3 oJGB30)aJ(ara)laao(ro(.(0)o 

3.6.1.4 eil6Ul(0)(ljlG^0fiJOCDo 

3.6.1.5 Cnl«GJ6TT§J©iJCn3ail3^ 

3.6.1.6 cft>(§/c9iad(oaooaroc(0)o 

3.6.1.7 aJG0(3(01DCfiJGQQ)3(/)aD0anJLffno 

3.6.1.8 crui(oaile6T3)oa)o 

3.6.1.9 g^oo6mao3aroco)o 

3.6.1.10 <UOiiJcft)6)6)OD£Jl 

3.6.1.11 aran&jcnsffiaJoaDo 

3.6.1.12 006TiiGG3(OTnJ(aK5)laOOCrOL(^o 

3.6.1.13 <TUJ©G@3090Cr0t.GJ>O 

3.7 €a.ei3CT\)T3(Bra^C/33(rU(,(3)o 

3.8 (n)(3(£>3fttii<a>(r\̂ fttis1 

3.8.1 c&inc&aS 

3.8.1.1 (319)Kra<a>lC 

3.8.1.2 (DOGSOSlcftilD 

3.8.1.3 GCDOOJR53 

3.8.1.4 6)iiJO;oft)in 

3.8.1.5 arolcDlia/ araos<a>/cru°l(ol<H)(33 ca,uDcft.o3 

3.8.1.6 C/̂ SmnJOOd&LDc&C/S 
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3.8.2 

3.8.3 

3.8.4 

3.8.5 

3.8.6 

(nocnesaaft 

3.8.2.1 tpJ6TDQQ)C/)0Cno 

3.8.2.2 CrolCDlffl/ CD0Sc93/cn)1(0lQQ)O3 (DOODo 

3.8.2.3 (3T3)(aitflQQ)C/)0aDo 

cfeOOJ^63B(/3 

3.8.3.1 ailejOnJcftioaJio 

3.8.3.2 OlaDO&OOA^o 

tSjCifloDceDC^ 

nJO^c&Cfli 

3.8.5.1 CDOSOflaJOf 

mqi a)ocT)a/leoa)6i3T3a3 

3.8.6.1 ODl(S)o 

3.8.6.2 oJ3^o 

3.8.6.3 CTObCnlKDo 

3.8.6.3.1 CrOo(/)lGC5)OaJ(ft)(D6TDaDO(rOL«5>o 

9 oO(TTO(5>ei1su1a»(/a3a\)ii(ff>o 

10 aa1ei3GejsiJ( WOlta* 

OT03CllJ(oTollca»C/aaano(.aJ)o- <U^3oJ30o (Finance - Marketing) 

4.1 CU3Sm1@o 

4.1.1 VQ06U&>0?> 

4.2 

4.3 

4.4 

4.5 

cuosnflm^o 

4.2.1 C/D06UO9JC/3 

OJ^OJ(TV)3(D)o 

4.3.1 O0O6>Jc&>o3 

6IU3S9>1SB 

4.4.1 OD061Jc&>a3 

(T\)3(m(313)1a>o 

4.5.1 aoo6Uc&a3 

4.5.1.1 a3T9 (̂01DOZ)0(T0(.R»O 

4.5.2 GDlc&jaDl 

(gosmo (Management ) 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

(,aJC5)1C03U)0 

CU1@6TO)3AJ0T)O 

(T\)(3c9S>0(3 

5.3.1 @06rr)ca>2S63Ba3 

(StdOtoOC&Oa&lSo 

G3C/3lCQ)o 

eosmcnsoralfij 



6. aite^seporuo- fl(5>3«j>1(5d (Education - Career) 

6.1 S)(3)3<Plft3G!2)61J£Ja>(/3 

6.2 CUl3^3(g^3Cr0o 

6.2.1 Qjlf3^0ejQQ)o 

6.2.2 cft,eJ0eJCX2)o 

6.2.3 goJCOloJOCDo 

6.2.4 (TUOG893«DlcejfiJO(no 

6.3 oraoloj 

6.3.1 lal(JS)\Q0(T0cilOCn(JQ0(T0ljn)O 

6.3.2 o^ixJlf^lGfflOg^l 

7. c»>£Jca>(/3- ajlC0D33o (Arts - Recreation) 

7.1 O J 1 G ( D 3 3 O 

7.1.1 (0)0000 

7.1.2 <To1cn1ffl/Qsefl<u1ona3 

7.1.3 6D($(36)cn$ GcniOoad^oS 6>cn£>aj(8c9S) 

7.1.4 .aJlcOXD^JCT) 

7.1.5 aDOo3da3 
7.1.6 oJOaJoft>o 

7.1.7 cft)0(3§^6n3 

7.2 fa>3(X2)1a>a 

7.2.1 cft)gjlt&)03 

7.2.2 0TOGaJO(3S0rO 

7.3 (3)̂ JJ(/33(rO(.(3)o 

7.4 ora^ js l 

7.4.1 (Ĵ OCTIJ GaO6U06TDQjl3^ 

7.5 <a>&J<a>(/3 

7.5.1 crujce>2i2O0c9>£Jc9>o8 

7.5.2 OD̂COTOTo 

7.5.3 gnJcBD(D6TD6313a3 

7.5.4 nJO(DCTU(0 (̂ft)eJo&>a3 

7.6 030)^00 

7.6.1 ffiJQJCaJCrOoCDo 

7.6.2 -aJOfflo 

7.6.3 OilOJOnOo 

7.6.4 0$ajo(8carc5)c9j(/3 

7.7 (3ia£J8%3®o 

7.7.1 a jaroLOSBB^ 

7.7.2 QJ1§2 jDaJc&>06TD<>3T3O8 

7.7.3 C3T9)@CD6n)63T3a8 



IIAX 

oorot^srw?® t'6 

ru(CDC(CDLcru)ru90(u)&ru?6e) e'E'6 

OQDC^S&r
0
 l'E'6 

?&u9ra«iu)
 e

"
6 

oiBDtcjucozissuD^ayaju?!^ i
#
6 

(s.i3qjo) ^rurar^ • i 
gDOE9<JUa0rL>lJU«»)FTO

J
O 6"2'8 

gD£lE9CQDle) 8'E'8 

OQ)Cr^<5l£) ZE8 

o(D)lojL)CQD(JDoruccn
c
epai9c©?nJ 9"£"8 

ot€P(fi)C^ 9E'8 

OCOlODCQD BE)g)CD E"fr"E"8 

O(fi)l(U)COnrU0(9(9 ZVE"8 

(JDCDCQ)<eiE) V28 

oco©oc?U)^ £EE*8 

o(ffl(ZJ?(©aJDL<SPT 2'E'E'8 

g/)£lE9(fl)e) EE*8 

ocolaDCQ^aj^FB^raro?® r£8 

oui9CKirulaji)crc/)[ro
 £

'
8 

OCOOCSCCĴei frZ8 

oai9(DDCeiCO E3*8 

gDcotr© zzs 

g/)Lru9ru9(9(9 irs 

gOaE9tJU)C/)l(CDl,Bl©<6ttO Z*8 

©FF"[U2)C83D 1*8 

(snoiSl(d^) O(CDkBl0<&8) *8 

o©rt)iruracmjD ZUL 

ofan'foico'faprtf) VVVL 

o©crai90JDBca)S)Lru nz 

O0J9âCDlC(DDCQĴ 01 Z 

?£)LR)U)rera3<5lE) 6*Z 

ocusctsracLCDruraion i/8Z 

iai9ru?<£H»c
<
e»e 8V 



Appendix III 

Phonetic transliteration scheme [W9e] 

(TW06B8O3 

(3TB C8TQ) 

a aa 

oo 

"ffl "Hi 

e ee 

©:::• G O 

S 

i 

•::51 

svarangngaL" 

gDIJ 

ii 

•::?l 

6)og) 63 

ai 

©6>: 

o^naaa)6BBo3 

<fi>" 6lT 

k kh 

^/ .ora" 

c ch 

s" 0" 

t T 

(0)" ID" 

th thh 

nJ ad" 

P Ph 

cnfra" 

y r 

@" a>" 

L zh 

jJI&AOd 

08 co8 

n~ l~ 

jiJtggda.ej 

of 

g 

S3" 

J 
OJJ" 

D 

tf 

d 

6nr 

b 

er 

1 

0" 

R 

u3 

L~ 

0 

::• 6>oo 

e 
u 

°l 
630 

00 

oc::o 

gra 

uu 

°1 
631) 

au 

6>:::T) 

vyanj janangngaL~ 

oef 

gn 

05X1)" 

jh 

OJ9" 

Dh 

CD" 

dh 

e" 

bh 

or 

V 

613" 

ng 

6TB)" 

nj 

6m" 

N 

00" 

n 

Q" 

m 

aa" 

S 

cillukal_~ 

(3 

R~ 

6rr3 

[ N i ­

candrakala 

erf 

Sh 

§§ 

RR 

°4 
(ST9o 

a M ~ 

Oo 

aa> 

nk 

9 
TT 

* * 

q 

* * 

Q 

(Ttf 

s 

cares 

aH 

• : : : • ; 

6)C$ 

nte 

(SOI 

X 

6)6)OI 

Y 

6T9U 

nch 

oO" 

h 

u 
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