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Abstract. Word Sense Disambiguation (WSD) requires sense tagged corpora.
Words in a corpus appear in inflected or morphed forms. Sense tagging can only
be done with words in their root or lemmatized forms. Similarly for Part of
Speech Tagging (POS), the words in a corpus are required to be available in
their root forms. A WordNet, which is a lexical knowledge base, consists of
words in their lemmatized forms. In this paper we present a scheme whereby a
trie is constructed from words in the Assamese WordNet. An input word, which
maybe in inflected form, is compared against an entry in the trie by searching the
trie with the input word as key and following the principle of longest prefix
match, the root form of an inflected word may be obtained. When there is a
mismatch between an input word and an entry in the trie, a rule based mor-
phological analyzer provides the lemmatized form of the inflected word.
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1 Introduction

In Natural Language Processing (NLP), Sense marked corpora or Sense annotated
corpora is of utmost importance. It is used in Supervised WSD which generates the
correct sense of a word in a given context. But a corpora is always available in inflected
forms. The words in the corpora need to be converted to their root forms through
Lemmatization. Similarly POS tagging of any corpora would require that the inflected
words in the corpora are first rendered in their root forms and only then any POS
tagging algorithm may be applied on the corpus containing words in their root forms.
Lemmatization is also used in Information Retrieval to expedite the retrieval time and
improve the relevance of retrieved documents [1].

Stemming is different from Lemmatization in the sense that stemming aims to
convert a word into its base form which may or may not be a dictionary word. For
example, a stemmer can produce “parti” from the word “parties” whereas a Lemmatizer
has to produce the root word “party”. A lemmatizer does not simply remove inflections
but relies on WordNet to produce the correct root form of an inflected word. There are
broadly three different approaches to Lemmatization. These are, namely, rule based,
statistical and hybrid (both rule based and statistical).

In this paper we have also used a hybrid method which is different from the
standard one. Here the longest prefix match has been used to generate the root word
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from the trie. In cases where longest prefix match has been found to be deficient,
morphological rule based method has been used.

2 Assamese Language

Assamese is a diverse and morphologically rich language. The language has its own
script and literary texts since the ancient times (from 14th century). It belongs to eastern
sub group of Indo Aryan languages which falls under Indo European languages.
Currently it has around 15 million native speakers (Census 2010) [2]. It is the lingua
franca of the Indian state of Assam. It is also partly spoken in some areas of Indian state
of Arunachal Pradesh. An Assamese based Creole Language called Nagamese is
widely used in the Indian state of Nagaland. Magadhi Prakrit, a middle Indo Aryan
language, is believed to be the source of Assamese language [14]. Eastern Magadhi
Prakrit and Magadhi Apabhramsa can be divided into four dialect groups: (1) Rādha
dialects which represent standard Bengali colloquial in Western Bengal and Oriya in
the south west (2) Varendra dialects of North Central Bengal (3) Kāmarūpa dialects
which represent Assamese and some dialects of North Bengal and (4) Vanga dialects
which represent the dialects of East Bengal [16].

Assamese WordNet is part of IndoWordNet which is a linked lexical knowledge
base of major Indian languages belonging to Indo-Aryan, Dravidian and Sino Tibetan
families. English WordNet was the first WordNet [17] to be built. Hindi WordNet [18]
was the first of its kind in India and it followed the principle of expansion from English
WordNet. The nationwide project of building Indian language WordNets followed suit
and it also follows the expansion approach from Hindi WordNet. The Assamese
WordNet consists of 14,958 synsets. The Part of Speech (POS) subdivision is as
follows - (i) Noun-9065, (ii) Verb-1676, (iii) Adjective-3805, (iv) Adverb-412.

The rest of the paper is as follows: Sect. 3 is on literature survey. Section 4 and its
subsections provide a description of Word formation in Assamese, Sect. 5 and its
subsections presents the framework and methodology for a lemmatizer in Assamese,
Sect. 6 describes experimental results while Sect. 7 winds up the discussion by pre-
senting the conclusions and future work.

3 Literature Review

Lovins was the first to develop a stemmer [3], which was meant for IR/NLP appli-
cations. His methodology consisted of the use of a manually developed list of 294
suffixes, each linked to 29 conditions, plus 35 transformation rules. Given an input
word, the suffix with an appropriate condition is checked and removed. Porter devel-
oped the Porter stemming algorithm [4] which became the most widely used stemming
algorithm for English language. It was described in a very high level language known
as Snowball. Statistical approaches have been significantly used for stemming. Sig-
nificant works are Goldsmith’s unsupervised algorithm for learning morphology of a
language based on the Minimum Description Length (MDL) framework [5, 6],
Creutz’s unsupervised morpheme segmentation [7, 8] which uses probabilistic
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maximum a posteriori (MAP) formulation. Hidden Markov models have also been used
in stemming [9]. In this approach each word is considered to be composed of two parts
“prefix” and “suffix”. HMM states are composed of two disjoint sets: Prefix state which
generates the first part of the word and Suffix state which generates the last part of the
word, if at all the word has a suffix. A complete and trained HMM can then perform
stemming directly. A two level morphological analyser containing a large set of
morphophonemic rules was developed by Karttunen et al., [10]. The work started in
1980 and the first implementation was available in 1983. An Arabic lemmatizer was
proposed by El-Shishtawy [11]. Different Arabic language knowledge resources were
used to generate accurate lemma form and its relevant features that support IR purposes
and a maximum accuracy of 94.8% was achieved. A Turkish Morphological Analyzer
called OMA gives all possible analyses for a given word with the help of finite state
technology. As far as Indian languages are concerned, Ramanathan and Rao was the
earliest work which performed longest match stripping on manually sorted suffix list to
produce a Hindi stemmer [12]. Mazumder et al. [13] proposed a clustering based
approach for discovering equivalence classes of root words and their morphological
inflections. The equivalence classes are underpinned by a set of string distance mea-
sures to cluster the lexicon for a given text.

4 Word Formation in Assamese

The primary words or the Lemmas in Assamese have both Aryan and non Aryan
origin. The secondary word formation of Assamese language is realized through two
different approaches [14]. The approaches are affixation: addition of prefixes and
suffixes and Compounding: addition of certain words to form a new word.

4.1 Affixation

Affixes are added before or after the word to create a new inflected form of the word
with respect to number, person, tense, aspect and mood. There are 20 prefixes of
Assamese words that can be added before the word to form a new word, such as

4.2 Compounding

The Assamese compound words are formed in three different forms, viz. closed Form,
Open form and Hyphenated form. Apart from these three forms, there also exist a set of
compounds in which one word is of native origin and the other is of foreign origin. For
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example, the word (palace) is compounded from the word which is a Thai word
meaning palace and , which is an Assamese word meaning house.

Closed Form. In this formation, the words are formed by adding more than one word
joined together to form a new word with new meaning. Some examples are given
below:

Open Form. In this form, two different words are added to form a new word. Here,
combination of more than one word that work as a unit in order to convey different
meaning. Examples include:

Hyphenated Form: In this form, the words are joined together by a hyphen. Some of
the examples are given below:
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The noticeable thing about the words formed via this formation is that the parts of
each word has similar meaning. For example, for the word , both parts of
the word convey the same meaning, i.e. love.

4.3 Types of Suffixes in Assamese Language

Suffixes are added at the end of the words to form a new word. The suffixes are also
termed as [12]. There exists four different types of suffixes in Assamese
language. They are:

(Word Suffix markers). There exist seven different suffix markers for Assa-
mese language. These are:

(Feminine Suffixes). The feminine suffixes in Assamese consists of two
different suffixes: and . Some of the examples depicting its use are given as
follows:

128 A. Roy et al.



(Derivational Suffix). The derivational suffixes are added after the word
in order to form a complete new word. The formation of derivational suffixed words
can be achieved using proper suffixes with the given word. Examples:

(verbal suffixes). The suffixes that are added to the root of the verb
are called . The suffixes are added to the respective verbs to convey a new
meaning for the verb. It is not necessary that the root word be verb, these suffixes can
also be added to, for example, adjectives. But these work better in case of verbal roots.

Examples are: (Do), (the act of sleeping),
(the act of taking rest), (learner) etc.

5 Methodology

The approach that we have followed creates a trie data structure by inserting words into
it from the Assamese WordNet. The words in a WordNet are in their root forms. It
checks if a given word from the WordNet is in the trie or not. If not, then it is inserted
in the trie. Whenever a word is given as input, the trie is searched using input word as
key and longest prefix match is used to compare the input word with the corresponding
entry in the trie. The corresponding branch of the trie which has the longest prefix
match with the input word is considered as the root of the input word. If there is a
mismatch between the input word and the corresponding entry in the trie, a morpho-
logical rule based analyzer is called which provides the lemmatized form of the
inflected word.

For example let us take the word . The root of the inflected word
which is present in Assamese WordNet. So the word would be inserted in the trie.
When the trie is searched with the inflected word as key, by the principle of
longest prefix match, the word would be output which is the root. Similar argu-
ment holds good for commonly occurring words in a corpus like ,

, etc.

5.1 Deviation from Trie Based Approach

Assamese language has a large number of verbs. There exist several irregularities in
verbs in Assamese language also, like all other languages. In case of lemmatization, the
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problem arises when the structure of the verb changes with change in tense [15]. Some
examples are mentioned below.

Apart from the verbs, there are derivational suffixes which don’t easily lend
themselves to straightforward derivation from trie structure mentioned above. A few
examples, which are representative in nature, will be in order:

From these examples we can see that derivationally inflected words need to be split
into its root form and suffix following the rules of the language. A morphological
analyzer conforming to rules of suffix splitting for derivationally inflected words in
Assamese language has been encoded in our system.

6 Experimental Results

The Assamese corpus was mainly taken from Assamese Corpora provided by TDIL
(Technology Development for Indian Languages) under Ministry of Electronics and
Information Technology, Government of India. The corpora consists of texts of
Assamese history, Assamese society and community tourism, health etc.

A few snapshots of the output is shown below in Figs. 1, 2 and 3.
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Fig. 1. Trie structure of a few words of Assamese Language
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7 Conclusion and Future Work

We have tested our approach on significantly varied categories of text as mentioned
above. Our method envisage obtaining the root of a word through prefix matching and
suffix stripping with the aid of a trie data structure and rule based morphology. The
results validate the efficiency of the proposed system. It has been noticed that, at times,
Assamese WordNet does not contain the root form of inflected words in the corpus,
specially, in the case of nouns and adjectives. Commonly used words in a corpus like

Fig. 2. Lemmatization of a sentence from Assamese corpus.

Fig. 3. A GUI depicting the lemma of an inflected Assamese word

Table 1. Result of Assamese Lemmatizer tool

Noun Verb Adjective Adverb

Total words in corpus 7312 6786 2134 517
Correctly analyzed words 5841 5264 1557 343

132 A. Roy et al.



etc. are not present, till date, in Assamese WordNet. There are significant inflectional
variations in case of verbs when there is a change of tense, all of which have not been
addressed in the present system. As part of future work an exhaustive rule based
morphological analyzer may be built to address the irregularities of verbs in Assamese
language.
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