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Abstract—ThamizhiFST is a Morphological Analyser
and Generator (MAG) for Tamil. It was developed to
extend the coverage of the computational Tamil gram-
mar being developed using Lexical Functional Gram-
mar (LFG). ThamizhiFST covers the simple verbs in
Tamil as an initial step. A Finite State Transducer
(FST) approach was used to develop the MAG and
it was implemented using the FOMA Open Source
Software. Since morphological rules are of a finite
nature and represent a known quantity, a rule-based
approach like FST is more appropriate than possible
machine learning alternatives, especially with respect
to achieving reliably good accuracy that is required for
computational grammar development. A set of 3250
Tamil verb lemmas from 13 paradigms together with
their 260 conjugation forms were used in the con-
struction of ThamizhiFST. Further, a set of 27 labels
were used to mark the morphosyntactic information
of the verbs. The whole system was developed as
a three-layer web-based system to tackle the issues
arising when processing an agglutinative language like
Tamil and to ensure its extendability. Unlike other
existing MAGs, ThamizhiFST also provides the mor-
pheme corresponding to each morphosyntactic label
and marks morpheme boundaries. An evaluation shows
that ThamizhiFST has an f-measure of 0.97 for simple
verbs. Future and current work include work on ex-
tending the system to cover more verbs and nouns and
make it generally available.

Index Terms—morphological analyser, morphologi-
cal generator, finite state transducer, Tamil

I. INTRODUCTION

A morphological analyser can analyse a given word and
find the lemma and its morpheme information. A mor-
phological generator generates or synthesises the surface
form from the given lemma and morpheme information.
These two are crucial tools for Natural Language Process-
ing (NLP), especially for processing morphologically rich
languages where crucial syntactic and semantic informa-
tion is expressed via morphological means. Morphologi-
cal analysers and generators (MAG) are widely used in
NLP applications such as machine translation, grammar
engineering, spell checking, question-answering systems,
information mining, and Computer Assisted Language
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Learning. This paper outlines the development of a MAG
called ThamizhiFST for Tamil verbs in view of supporting
grammar engineering while considering its extendability
and potential for wide usage.

II. BACKGROUND
A. The Tamil language

Tamil is a Dravidian language, specifically a South
Dravidian language that is spoken by more than 80 million
people across the world as their mother tongue. It has also
been recognised as a classical language by the government
of India as it has more than 2000 years of a continuous,
unbroken, literary tradition [1]. Further, it is an official
language of Sri Lanka and Singapore, and has regional
official status in Tamil Nadu and Pondichchery, India. It
has also been recognised as a minority language or in-
digenous language in several countries including Malaysia,
Mauritius and South Africa. Finally, Tamil is taught as
a second language in several other countries including
Canada, Australia and the United Kingdom.

B. Morphology of Tamil

Tamil is an agglutinative language where a set of mor-
phemes are generally suffixed to a lemma. However, there
are a few instances in which morphemes are prefixed to
lemmas in Tamil. For instance, in the word jBlwmuib
- aniyayam - ‘injustice’ the < is used to mark negation.
However, not all the words that start with the letter <= are
negative words. Tamil words naturally can take inflectional
and derivational suffixes. The nouns in Tamil are primarily
marked for case and number. In contrast, Tamil verbs
display complex morphological paradigms that express a
range of information relevant for syntactic and semantic
analysis.

C. Finite State Transducers

The theory of two level morphology saw successful
early applications for morphologically rich languages like
Finnish, Russian and Sanskrit [2]. Subsequently, it was
taken up by researchers to develop morphological anal-
ysers for many other languages, including South Asian
languages like Urdu [3], [4].
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In two level morphology, a word is represented at two
levels, namely the lexical level and the surface level. For in-
stance, the English word cats would be taken as the surface
form and be related to the lexical form cat+N+PL, which
contains an analysis in terms of lemmas and morphological
tags [5], [6]. Finite State Transducers (FST) have been
successfully used to implement the ideas behind two level
morphology so that when the system receives a surface
form as input, the given finite automaton will generate the
lexical form and vice versa (input in terms of a lexical form
results in the output of a surface form); such an automaton
is called a Finite State Transducer [6].

III. TAMIL VERBS

Verbs in Tamil comprise a range of morphological infor-
mation including tense, mood, aspect, negation, interroga-
tion, emphasis, speaker perspective, sentience/rationality,
and conditional and causal relations [7].

Entities in Tamil are fundamentally classified into ratio-
nal vs. irrational. Entities are termed rational if they are
perceived as being able to think on their own, otherwise
those entities are termed irrational.

Some researchers also claim that the weak vs. strong
distinction found in the verbal paradigms can be used
to determine transitivity, ergativity, volitativity and af-
fectedness [8]. All of this information is indicated by
morphemes that are suffixed to a verb lemma. For in-
stance, he had been coming can be written in Tamil
as eulbg)&GlmenTiq (HbSl (HeHmmen ‘vantukontiruntirukkia’
This consists of the following morphemes: eum (lemma:
‘come’) + &Granr(h (continuous) + @b (has) + @(m
(be) + &lmy (present tense)+ <601 (3rd person + Singular
+ Masculine + Rational). In Tamil, person, number, gen-
der and rationality are marked using only one morpheme
if those are available in verbs. For instance, the morpheme
<601 marks all of this information in the above example.

A. Classification of verbs

Tamil verbs can be classified based on criteria coming
from morphology, syntax and semantics [8], [9]. Many
Western scholars have classified verbs based on the mor-
phology, specifically, based on how morphemes conjugate
[10], [11], [12]. There is an initial classification of verbs
by Graul [11] which other scholars have followed, which
remains widely accepted, and which was adapted for the
Tamil lexicon project [13]. In that approach the Tamil verb
lemmas are classified into twelve categories based on the
future tense markers of the verbs. Irakavaiyankar [14] has
compiled Tamil verbs from the literature up until the year
1958 and classified them based on Graul’s [11] scheme [15].

IV. THAMIZHIFST: A FINITE STATE MORPHOLOGICAL
ANALYSER FOR TAMIL

The primary approaches for building morphological
analysers include rule-based, machine learning and hybrid
combinations. Each of these major approaches have their

own strengths and weaknesses. The implementation of an
FST is the technique primarily used in the rule-based
approach. It was decided to use FST to develop the
ThamizhiFST as this methodology ensures high accuracy
that is necessary for grammar engineering and robustness
can be ensured via a guesser module [5]. FST based MAGs
can also be easily adapted and ported to different domains.
According to [6] lexicon, morphotactics and orthographic
rules are the key elements of a FST based MAGs. These
have been implemented as part of ThamizhiFST.

A. Need for the ThamizhiF'ST

Tamil is morphologically complex and the morphology
provides information that is essential for further syntactic
and semantic processing. As such, a MAG for Tamil is
needed. Since Tamil verbs are particularly morphologically
complex, the implementation began by focusing on Tamil
verbs. There have been several previous attempts at the
development of a morphological analyser and/or generator
for Tamil, two of which were based on machine learning
[16], [17] and FST [18]. Unfortunately none of these are
currently active or available in the public domain. The
extendability or re-usability of those tools are thus ques-
tionable because of the non-availability of the data and
code base.

For our particular purpose, namely grammar engineer-
ing, a morphological analyser with good accuracy is neces-
sary. Furthermore, the computational Lexical Functional
Grammar (LFG) grammar that is being developed uses the
grammar development platform XLE ! and the insights of
the ParGram effort [19]. Grammars developed with XLE
are most easily interfaced with an FST based morphologi-
cal analyser. Finally, as we aim to use the default tokeniser
provided by XLE in the grammar, we need to ensure that
the output of the MAG is in a specific form expected by the
XLE. Without access to the code and data of the existing
MAGs, it is therefore difficult to develop a MAG from
existing resources to support our grammar engineering
effort.

B. Lexicon

A lexicon of 3,250 lemmata was compiled from the
following two verified sources:

o Cre-A publishers [7] have identified 369 verbs that are
used in modern Tamil. The authors have followed a
well structured approach for the identification of these
369 verbs. They have analysed a corpus of 7 million
tokens. Further, they have obtained expert advice to
compile the list. This list now has been included in
the contemporary Tamil dictionary called Cre-A [20].

o Irakavaiyankar [14] has surveyed Tamil literature up
until 1958, has identified 3124 lemmas and has cate-
gorised those into 12 classes as per Graul’s classifica-
tion [15]. Although some of these verbs are no longer
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current, they have been included in the development
of the ThamizhiFST in order to be allow for the
processing of historical Tamil text.

There are tagged Tamil corpora available on the inter-
net. However, since the tagging is not done manually and /
or not thoroughly verified, one cannot rely on the accuracy
of these resources. Therefore, it was decided to use only
the verbs compiled from the above mentioned two verified
sources. Later, more lemmata will be included from tagged
corpora after a validation process.

Cre-A [7] has also identified 254 forms for each Tamil
verb after a rigorous analysis of contemporary texts. Some
verbs may not take all of the 254 forms. Further, Rajaram
[13] has also identified 21 forms for each verb from a
pedagogical perspective. On the other hand, it has been
claimed that a Tamil verb lemma can take up to 8000
forms [17].

In this study only 260 forms were considered. These
forms are the set that is the common set of [7] and
[13]. For each lemma these 260 forms can be generated
and analysed. Therefore, the ThamizhiFST can analyse
or generate around 800,000 verb surface forms. However,
some of the generated forms by the ThamizhiFST may
not exist, at least in the contemporary usage. However,
this factor is not considered at this point of development.

1) Verb Paradigm: A research group [16] has proposed
a 32 paradigm approach in their data driven morphological
analyser for Tamil verbs while another study [21] proposes
a 34 verb paradigm for Tamil verbs. However, the widely
accepted Graul’s [11] 12 verb paradigm is used in this
research. In addition to these 12 categories, one more
category for irregular verbs was added. All the verbs that
do not fit into those 12 categories were handled in this
13*™ category. The irregular verbs listed by the [7] are also
included in this category.

C. Morpheme labels

There are different sets of labels used in the morpho-
logical analysers to mark the morphemes. There is an
attempt [22] to unify the morphological labels in the Uni-
morph project so that crosslingual morphological transfer
becomes easier. However, in the ThamizhiFST, we have
developed a set of our own morpheme labels that are listed
in the Table L.

Because person, number, gender and rationality are
marked by a single morpheme in Tamil, it is more efficient
from a grammar engineering perspective to handle them
together and it will also reduce the number of lexical
rules in the grammar [23]. Therefore, it was decided to
develop our own labeling rather than adopting that of the
Unimorph. However, we will implement a feature as part
of ThamizhiFST that will facilitate exporting information
in the Unimorph format as well.

A paper [8] argues that weak or strong cannot be
used to determine transitivity, volitivity, affectedness and
ergativity with many case examples though some other

TABLE 1
MORPHEME LABELS & DESCRIPTION
Morpheme label | Description
verb | Part of Speech
past | Past tense
pres | Present tense
fut | Future tense
1sg | 1st person - singular
1pl | 1st person - plural
2sg | 2nd person - singular
2sgh | 2nd person - singular - honorific
2pl | 2nd person - plural
weak | Weak verb
strong | Strong verb
euph | Euphonic marker
neg | Negation
imp | Imperative
inf | Infinitive
relPart | Relative Particle
verbPart | Verbal Particle
cond | Conditional
causal | Causal
temp | Temporal
mood | Mood
aspect | Aspect
caus | Causative
temp | temporal
opt | Optive
con | Concessive
vNoun | Verbal Noun

authors believe so. Therefore, in this study only the mor-
phologically weak or strong nature of the verb is marked.

D. Challenges in writing orthographic rules

In most cases the suffixes are not just added to a
lemma. Instead, several orthographical changes happen
during the suffixation in Tamil due to grammatical and
phonological reasons. These make the orthographic rules
complex in Tamil. The following are the common ortho-
graphical changes observed during the suffixation and that
are handled in ThamizhiFST:

e Morpheme/s can be just suffixed to the lemma, how-
ever, when there is a consonant followed by a vowel
those two together become composite. For instance,
QW - ‘Cey’ - do + & (past tense marker) + <y
(third person, masculine, singular and rational) =
sQwgmen - ‘Ceyta’ - ‘he did’, where & + <, together
form the composite character gm.

e A new letter is introduced in addition to the mor-
pheme. For example pL_ - ‘Nata’ - ‘walk’ + & -
(past tense marker) 4+ <6 (third person, mascu-
line, singular and rational) = pLbgmen - ‘Natanta’
- ‘he walked’, where a letter [5 is introduced. Some
researchers consider this as a Sandhi letter, but some
modern linguists consider »& as the past tense
marker [24].

o Two letters together can form a new letter during the
suffixation. For example s@mer - ‘Kol - ‘take’ + &



(past tense marker)+ <p60r (third person, masculine,
singular and rational) = &GmerL_mey - ‘Konta’ - ‘he
took’, where @T+& becomes o .

o A new morpheme called an euphonic morpheme or a
sound filling particle, can be introduced in addition
to required morphemes. For instance in the word
sCwigend, g6t - ‘Cey’ - ‘do’ + & (past tense
marker) + (67 (euphonic marker)) + < (first
person, neuter, plural and rational), the <6 which
is in the parenthesis is an example for a sound filling
particle or euphonic marker.

o Irregular verbs in Tamil may undergo a complete
change in its surface form when conjugate. g ‘give’
take different forms such as gm / @ / &. For in-
stance, in past tense forms the lemma becomes &, in
present and future tense forms it becomes g, and the
imperative form would be gm. For example, SBHgmeo
- ‘Tanta’ - ‘he gave’, @meunem - ‘Taruva’ - ‘he will
give’, and gm - "Ta’ - ‘give’

o A consonantal glide may be introduced when there
are two consecutive vowels. Tamil has two such con-
sonantal glides, e.g., W and 6.

E. Design and architecture

Wide applicability and ease of extendability were also
key considerations in the development of ThamizhiFST.
Therefore, not only the morpheme labels but the actual
morphemes are also stored. Further, it was decided to pro-
cess the text in form of Unicode instead of as Romanised
text as done in other morphological analysers for Tamil
such as [16], [17], [21].

The ThamizhiFST is developed as a web based system
and it has three layers. It consists of a preprocessing layer,
a data layer and a layer of post-processing. The prepro-
cessing layer and post processing layers are implemented
using a server side web scripting language called PHP. The
Data layer, or the FST layer, is implemented using a tool
called FOMA [25].

1) Preprocessing layer: In the preprocessing phase, the
text inputs are cleaned and normalised. Since the text in
the morphological analyser is handled in Unicode form,
it is important to normalise the text. In Tamil, the same
character can be formed by multiple code sequences if it
is not controlled or handled by the input method. For
instance, the letter @ sometimes can be input by the
users using the following combinations: & + Qmr or &
+ @ 4+ m . However, this would lead to issues when
executing regular expressions in the data layer. Therefore,
it is important to normalise the text.

Further, Tamil words take a Sandhi marker when it
precedes certain words due to phonological reasons. For
instance, in the following sequence BL$511 LCTaUSem the
last letter of the first word U1 is called a Sandhi marker.
In the preprocessing, these Sandhi letters are removed as
they do not form part of the morphology.

2) Data layer: FOMA: This layer is the core part of the
system where the actual morphological and orthographical
rules are written. There are several tools available to
implement the solutions including XFST [5], FOMA [25],
OpenFST 2, and HFST 2. One can also develop one’s own
FST from scratch. XFST is a propriety software which
is available for academic research purposes. This is also
widely used for grammar engineering using LFG and XLE
[5], [23].

ThamizhiFST is implemented using the tool FOMA.
FOMA complies with XFST and it can be integrated to
the LFG that is written using XLE. In addition, FOMA
has inbuilt support for the Unicode processing and ren-
dering; more importantly this is an open source software
that is available for anyone to download, modify and use.

The following steps have been used to develop an FST
for the Tamil verbs:

o First the verbs are compiled and classified as de-
scribed

o Next, as per the FOMA specification, rules were
written for each class of verbs. A sample simple, rule
is illustrated by the following:

% +verb% %|% +presk %=8m% %|% +2s9%
To=<p1: Homis #.

As shown, it is not only the morpheme labels but also
the corresponding morphemes which are also included
in the rules. The % sign is used to escape the special
characters and signs. A pipeline symbol is used as a
delimiter to demarcate morphemes for ease of pro-
cessing. The # is used to mark the lemma boundary.
The idea of identifying morpheme boundaries is due
to the inspiration from the term boundary introduced
by [5].

o Finally, all the classes of rules were integrated and
post-processed using rewrite rules. These rewrite rules
are used to change the format of the FST output as
required. For instance, though the ThamizhiFST is
developed with all the labels and corresponding mor-
pheme information, a set of rewrite rules were written
to remove the morphemes (not the morpheme labels)
and keep only label information when generating the
FST for grammar engineering. This is because the
XLE grammar needs only the morpheme labels, other-
wise the tokenisation becomes unnecessarily complex.

3) Post-processing: In the post processing layer the
output is converted to human readable form. This is
because in the data layer several delimiters and notations
are used to store morphemes and morpheme labels. In
this layer this information is extracted, processed and
displayed in a human readable form. Further, features like
the Application Programming Interface for morphological
analysis and generation, and an option to export the

2http://www.openfst.org
Shttps://github.com /hfst/



TABLE II
EVALUATIONS
Parameter | Value

TP 82
FP 2
FN 3
Precision .976
Recall .965
F-Measure .970

results in form of UniMorph [22] will be incorporated in
near future.

V. EVALUATION AND DISCUSSION

A corpus of news text was compiled from a popular
online Tamil news site that comprises all the genre of text
such as politics, cinema, technology, social, business etc.

First, a testing dataset of 100 simple verbs were ran-
domly picked from the news corpus, and then the mor-
pheme and morphemes boundaries were identified man-
ually. Next the system was evaluated and finally the
harmonic mean of precision and recall called f-measure was
calculated as per the formulas shown in (1), (2), and (3).
This evaluation methodology was adapted from [21].

precision(P) =TP/(TP + FP) (1)
recall(R) =TP/(TP+ FN) (2)
f—measure =2% Px R/(P + R) (3)

where, TP = True Positives, FP = False Positives and
FN = False Negatives. The values obtained during the
evaluations are shown in the Table II.

The reason for FP and FN were due to issues in the
rewrite rules. The words that were not recognised by
the ThamizhiFST can easily be added to the system to
improve the performance. The accuracy of ThamizhiFST
can be improved by using a training set or a fine tuning
set. In that way can find and correct the issues in the
rewrite rules so that can reduce the FP and FN.

New words can be easily incorporated to the
ThamizhiFST. If a new verb is found, then one needs to
identify the verb class it belongs to based on its morpho-
logical features. Once the class is identified, one can simply
add the verb to the corresponding class. There is no need
for any further changes in the rule base. However, if a verb
does not fit into the main 12 classes, then it can be added
to the 13*" class and rules for this need to be added. In
the future, coverage of compound verbs will be integrated
into ThamizhiFST. A compound verb can be formed as in
the formula shown in Formula 4:

Compoundverb = word" + verb (4)

where n>1 and word = {noun, verb, adjective, etc}.

Further, like every other MAG author and developer,
the ThamizhiFST has also been tested using its own
development dataset. There are no benchmark data sets
available for NLP tools in Tamil. As part of future work,
together with other researchers within Tamil NLP, we
hope to develop a benchmark dataset for NLP applica-
tions, including one for morphological analysis and gener-
ation.

VI. RELATED WORK

There are a number of studies which have been done on
Morphological Analysers and / or Generators for South
Asian Languages. Some of the relevant attempts are dis-
cussed in this section. A reference [26] proposes a MAG
tool for the Nepali language. A classes of noun, pronoun,
verbs, adjectives, numerals, adverbs, conjunction, postpo-
sitions and particles are identified, and then implemented
as a pilot MAG for Nepali using the two level morphol-
ogy and the FST approaches using XFST [26]. Another
researcher [27] has developed a MAG for Sindhi as a part
of his work on developing a Computational Grammar for
Sindhi. The researcher has also used XFST to develop the
MAG for Sindhi and then has integrated it to the LFG
that is written using XLE.

A survey of computational morphology of Indian Lan-
guages has been carried out [28] and it documents 17
efforts on Morphological Analysis and/or Generator for
the Tamil language. 12 of them were carried out before
2007. However, the papers, datasets and software are not
retrievable via the Internet or databases. The rest were
carried out in the year 2010. Among these 5 efforts [16],
[17] and [21] are available for download in the binary
form. However, no source code or data sets are available
for reuse. Among these [21] and [16] have used only
rule based approaches for the morphological generation.
Further, [17] has applied a machine learning approach for
the morphological analysis and generation of Tamil. It is
claimed that the system was tested using 40,000 verbs
and 30,000 nouns, and the machine learning system was
trained using 130,000 verbs and 70,000 nouns from their
own corpus [17]. However, the data sets or sources are not
available except for a sample corpus with 270,000 tokens.
A team has implemented a morphological analyser and
generator for Tamil words [18], including verbs, nouns,
adjectives, pronouns, numerals and non-standard Tamil
words, using the toolbox of the Apertium tool. They have
also evaluated the system using the CALTs and EMILLI
corpora, and obtained 84% accuracy. However, unfor-
tunately, the authors are not contactable. Another team
has proposed a MAG for Tamil and implemented it using
XFST in 2014 [29]. The authors have used transliteration
to handle Tamil words. They have considered only 2000
noun and 96 verb stems for the analysis and generation.
They have tested the system using their own data set
consisting 3500 nouns and 500 verbs with a success of 78%.



VII. CONCLUSION

Our evaluation of the ThamizhiFST resulted in an f-
measure of 0.97. This is a very good score for a language
like Tamil that has very rich morphology. Further, since it
was developed using a Finite State Transducer, the output
can be easily changed and adapted to different needs.
The ThamizhiFST can now analyse more than 800,000
surface forms of Tamil verbs. The coverage can be easily
increased by just adding new verbs to the respective class
files. A pilot version of ThamizhiFST can be accessed via
parsers.projects.uom.lk.

A necessity for the incorporation of machine learning
approach is identified and in future it will be used to
improve the robustness of ThamizhiFST. Further, the
present system will also be extended to cover complex
verbs and other part of speech elements such as nouns. The
proposed system will be further improved by integrating
an Application Programming Interface (API) so that the
service can be used by other applications easily.
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