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Abstract— This paper reports the outcome of the participation of
our rule-based stemmer for Bengali in the Morpheme Extraction
Task in FIRE 2012. The linguistic rule-based stemmers were
largely missing in Bengali language. The proposed system,
Mulaadhaar, tried to fill in that space. The accuracy of the tool
reached up to 96% in internal evaluation on classic literature
and contemporary travelogue domains. In the FIRE 2012
competition, the tool improved the performance of the baseline
unstemmed IR system by 20% and achieved the highest MAP of
0.3307 across all tools in Bengali and other languages.
Keywords— Stemmer, POS, Information Retrieval, Bengali,
Natural Language Processing.

I. INTRODUCTION
Stemming systems and algorithms were being studied for
English being studied since 1968 ([2]). Other languages from
Germanic, Italic, Austronesian, Balto-Slavic, and Semitic
families were also studied extensively in 1990s and later.
However, studies for Indo-Iranian family, where Indian
languages belong to, started to appear only from the first
decade of the new millennium.
A. Literature Review on Indic Stemmers
Larkey et. al. ([5]) developed a simple suffix stripper
stemmer for Hindi based on a list of 27 common suffixes.
They reported improvement on average precision of the IR
system after applying the stemmer.
Ramanathan et. al. ([6]) reported a rule based affix removal
stemmer for Hindi. They reported the accuracy to be 82%.
Dasgupta et. al. ([7]) proposed a Bengali rule-based
morphological analyser covering both derivational and
inflectional morphology. They applied a lexicon,
morphotactics in the form of FSA and orthographic rules for
spelling changes. They also applied a morpheme tree structure
to guess the final POS of the word formed by the analysed
morphemes. Along with other morphemes – the analyser also
found the lemma of the word. The work did not report any
performance measure of the morphological analyser.
Bhattacharya et. al. ([8]) discussed morphological analysis
approaches for Bengali noun, pronoun and verb parts of

speech. They described different attributes (e.g. tense, dialect
etc.) for these parts of speech and their effects in Bengali
inflectional morphology.
Garain et. al. ([9]) applied stemming in the context of
Bengali image document retrieval system. The proposed
approach was unsupervised clustering based on edit distance
(Levenshtein, [1]) of two words. Once clusters are formed,
stem of the cluster was identified as the longest substring
common to all words in the cluster. The experiment was run
on images of newspaper articles and achieved the stemming
accuracy of 88.77%.
Dasgupta et. al. ([10]) devised an unsupervised algorithm
for any natural language text to induce the prefix, suffix and
stems from an unannotated corpus without any prior
morphotactics and morpho-phonological rules. The same
algorithm was extended to detect composite suffixes. They
reported an accuracy of 64.62% while the algorithm was run
on Bengali text corpus.
Islam et. al. ([13]) designed a suffix stripper stemmer for
Bengali language and applied it in spell checking application.
Majumder et. al. ([12]) took a clustering approach to solve
the stemming problem. The clusters were formed from the
corpus based on the distance between two words. They argued
that Levenshtein edit distance ([1]) may not be appropriate for
this purpose and thus proposed four different distance
functions, which put weights on mismatches based on the
character position in a decreasing manner. The nucleus of the
cluster became the stem. For French this approach produced
comparable results with respect to Porter-like ([3]) stemmer.
For Bengali, in absence of a Porter-like stemmer, they showed
that it significantly improved over no-stemming approach.
Pandey et. al. ([13]) proposed an unsupervised approach to
identify the stem based on Goldsmith’s model ([4]). It
calculated the probability of the split of the word based on all
combinations of possible stem and inflection combination. It
iterated the split probability based on a naïve Bayesian model.
The split with maximum probability identified the stem. The
accuracy for Hindi language was reported between 85% - 89%,
which outperformed both Ramanathan et. al. ([6]) and Larkey
et. al. ([5]).

Shrivastava et. al. ([14]) applied a simple stemmer to a
Hidden Markov Model (HMM) POS Tagger for Hindi
language. To minimize the learning of the HMM, stemmer
was applied to expand the input training text into stem and
inflections thereby reducing the number of symbols. The
result of applying the stemmer achieved the POS tagger
accuracy around 93%, which is a 10% improvement on a
tagger without the stemmer.
Akram et. al. ([15]) argued that statistical stemmers
produce low accuracy in morphologically rich languages,
whereas rule-based approach works best for them. They
designed a rule-based stemmer for Urdu that strips the prefix
and suffixes from the word to produce a meaningful stem, if
the word and its stem not successfully found in a lexicon.
They reported an accuracy of 91% as a result of the
experimentation.
Like in Garain et. al. ([9]), Das et. al. ([16]) presented a
clustering based stemming technique for Bengali. However,
they applied this technique on text instead of image. The
clusters were formed based on minimum edit distance ([1])
based K-means clustering. The accuracy of the stemmer was
reported to be 74.06%.
Dolamic ([17]) presented a rule based stemmer to improve
the IR performance for three Indic languages – Hindi, Marathi
and Bengali. It was argued that the complexity of the stemmer
increased with the morphological complexity of the language.
In this language set, Bengali was the most complex language,
which demanded the most number of rules. Experimental
results showed that the IR retrieval performance enhanced by
28%, 42% and 20% for Hindi, Marathi and Bengali
respectively.
Patel et. al. ([18]) followed a hybrid approach to come up
with a stemmer for Gujarati. The statistical unsupervised
approach proposed by Goldsmith et. al. ([4]) was adopted,
however, a hand-crafted suffix list was used to better
understand the stem and inflection split probabilities. The
accuracy of the stemmer was reported to be 67.86%, which
received a 17% accuracy boost because of hand-crafted suffix.
Gupta et. al. ([19]) proposed a rule based stemmer for
Punjabi nouns and proper names. The accuracy was reported
to be 87.37%.
Kumar et. al. ([20]) proposed a suffix stripper stemmer for
Punjabi. It achieved the average accuracy of 81.27%.
Suba et. al. ([21]) improved the stemmer reported by Patel
et. al. ([18]) by including a POS tagger as a pre-processor and
a set of substitution rule. These two modules helped the
stemmer to boost the performance by 9.7% and 12.7%
respectively while achieving the overall performance at more
than 90%.
Chaupattnaik et. al. ([22]) designed a suffix stripper
stemmer for Oriya language using Finite State Transducers
(FST). They noted the accuracy of the stemmer to be 88%.
From the above literature survey, it is evident that rulebased stemmers were largely missing for Bengali.
B. Observation on Bengali Stemmers
From the above literature survey, we found statistical
stemmers for Bengali ([9], [10], [11], [12], and [16]) that all

depend on training corpus thus depend on contextual
information of the surface word to be stemmed. We found
three rule based stemmers by Islam et. al. ([11]), and Dolamic
([17]). Out of these, [11] and [17] took simpler suffix
stripping approach, which usually are not very effective. None
of them reported their respective stemmers’ accuracy. The
above analysis shows that a linguistic rule-based stemmer is
still missing for Bengali language.
C. Objective
Based on the above literature survey and observations, we
set the following objectives for this work:
• Develop a stemmer for Bengali based on linguistic rules.
• Compute and compare its result against multiple
domains of Bengali language.
• Compute and compare its performance against similar
tools on a baseline system.
II. THE STEMMER
A. Key Concepts
We define and present few key concepts here as they
formed the building blocks of the subsequent discussions:
O-syllable. Using regular expression syntax, an o-syllable
can be represented as where C is a consonant, V is a vowel
and D is a diacritic mark or halant. If one or more consonants
are present, the vowel becomes a dependent vowel sign
[maatraa]. The o-syllabic length |τ| of token (τ) can be defined
as the number of o-syllables in τ.
Verb Stem Type. The verb stems can be categorised in to
four classes. These classes exhibit different characteristics
while being inflected. The definition is provided below:
TABLE I
VERB STEM TYPE DEFINITION

Class
I
II

III

IV

Identification Characteristics
If n = 1. Example:  [khaa],  [de] etc.
If n > 1 and the n-th o-syllable has halant as diacritic
mark. Only this class of verb stems can have halant at
the last o-syllable. Example: r [kar_],  [shekh_]
etc.
If (n > 1) and (λ = 1) and (vowel of the n-th o-syllable is
[aa]) and (vowel of the first syllable is not [ou]).
Example: র [karaa],  [shekhaa] etc.
If (n > 1) and ((λ > 1) or ((λ = 1) and (vowel of the first
syllable is [ou]))) and (vowel of the n-th o-syllable is
[aa]). Example:
 [aaT_kaa], m
[dham_kaa],  [dourhaa] etc.
n

where n = o-syllabic length of the stem,

λ = ∑cj

and cj is

j =2

the number of consonants in j-th o-syllable of the stem.
Stemming Rules. The stemming rules in Mulaadhaar takes
the following form: σ i → σ , where σ is the stem of the
token and i is the inflection.

For verbs additional logic is needed since the verb
inflections may affect the stems by changing the vowels of
first and last o-syllable. The stemming rules for verbs are
presented as a 5-tuple:
(L1, R1, Ln, Rn, i)
where
• L1 is the vowel of the first o-syllable of post-inflection
stem
• R1 is the vowel of the first o-syllable of actual stem
• Ln is the vowel of the last (n-th) o-syllable of postinflection stem
• Rn is the vowel of the last (n-th) o-syllable of actual
stem
• i is the inflection
These rules are specific to verb stem classes.

1, if σ is not verb
1, if L ≠ φ and L ≠ φ
1
n

S ρ =  0.5, if L 1 ≠ φ and L n = φ
 0.5, if L = φ and L ≠ φ
1
n

 0, otherw ise

Let D = (w1, w2, ... wM ) be a lexicon of size M. The stem σ
is compared against D to find near matches by computing
WED. Let θ be the threshold value WED is checked against.
We define the normalized degree of match as follows:
Dσ =

θ − ησ
θ

where
M

ησ = Min(θ , Min(WED(σ , wk )))
k =1

Lexicon. Mulaadhaar performance can be further enhanced
by consulting and matching the stem against a lexicon.
However, considering the complex nature of Bengali script,
instead of using the standard edit-distance measure
(Levenshtein, 1966), the matching algorithm would be based
on weighted edit-distance (WED) measure. In WED, the cost
of insertion (Ci), deletion (Cd) and substitution (Cs) would be
following:
1, if (γ ∈ CO) or (γ ∈ VO)
0.5, if (γ ∈ VS )

Ci (γ ) = Cd (γ ) = 
0.25, if (γ ∈ DC )
0, otherwise

We define the ranking formula as below:
Rσ =

λi + S ρ + Dσ
3

B. Stemmer Architecture
We christened this system Mulaadhaar1 . The structure of
Mulaadhaar is provided below using Architecture Description
Standard notation ([23]):

 0, if (γ 1 = γ 2 )
C s (γ 1 , γ 2 ) = 
 Min ( C i (γ 1 ), C i (γ 2 )), otherwise

where VO, CO, VS and DC be the set of vowels, consonants,
dependent vowel signs and diacritic marks; γ is the character
to be inserted or deleted; and character γ1 is to be substituted
by character γ2.
Stem Ranking. Same token may be generated from
multiple stems. While Mulaadhaar returns these stems it
should provide some ranking so that the client program can
decide which stem to pick up. The rank of the stem would be
dependent on three factors, which all would require
normalization:
• length of the inflection;
• strength of the rule applied to derive the stem; and
• degree of match of the stem against lexicon entries.
Let Z = (z1, z2, … zm) be the set of stem and associated
attributes for surface word w returned by the Stemming
Engine. We want to calculate the rank of the stem σ of zj. Let i
=I(zj) i.e. inflection of zj, and ρ be rule applied to derive σ.
We define λi, the normalized length of inflection i as:
λi =

i
m

Figure 1: Mulaadhaar Architecture

Mulaadhaar takes surface words as input and produce a set
of potential stems along with their possible POS sorted by
ranks.
The components of the system are briefly described below:
• POSConductor: For each token, it keeps on trying to
stem assuming different POS by invoking
StemmingEngine. It accumulates the results along with
POS and returns the resultant set sorted by rank
• StemmingEngine: It receives a tagged token and
produces a set of candidate stems with their assigned
ranks and associated inflection.
• OrthosyllableHandler: This component is responsible
for converting a token into o-syllables and vice-versa. It

Max( I ( zk ) )
k =1

The normalized strength of rule ρ = ( L1 , R1 , Ln , Rn , i )
applied to the stem σ is defined as follows:

1

Muladhaar (Mulādhār), a Sanskrit word, means the
“container of root”.

also allows calculating the WED between two Bengali
tokens.
• InflectionTracker: While discovering the inflections
recursively, this stack will help the Stemming Engine to
keep track of the inflections discovered till now.
• InflectionSets: Contains the POS group specific
inflection sets.
• PostinflectionPronouns: A map of post-inflection
pronoun stems against their corresponding actual stem
form.
• VerbRules: A table of 5-tuple verb rules along with
their verb stem class association.
• IncompleteVerbs: A map of incomplete verb tokens
against their formal imaginary forms.
• Lexicon: The dictionary where a discovered stem will
be searched for rank enhancement.
The above design is heavily dependent on persisted rules,
rather than hard-coded logic. This will bring in configurability
and adaptability to the system for easily accommodating other
dialects and languages to be considered in future.
III. EXPERIMENT AND RESULT
The most popular two evaluation mechanisms for stemmer
are direct accuracy measurement ([6], [9], [10], [13], [14],
[15], [16], [18], [19], [20], [22], [39], [46], [47], [48], [49]m
[50], [51], [52], [53], [54], [55], [56], and [57]) and evaluation
using an Information Retrieval (IR) system ([5], [12], [17],
[24], [25], [26], [27], [28], [29], [30], [31], [32], [33], [34],
[35], [36], [37], [38], [39], [40], [41], [42], [43], [44], and
[45]). While FIRE 2012 evaluation adopted the later
mechanism, we decided to measure the first before submission.
A. Internal Accuracy Measurement
We ran Mulaadhaar on two corpora:
Classic Literature Corpus (CLC). This corpus comprised
of first five short stories (টর  [ghaaTer kathaa],
রяর  [raajapather kathaa], kট [mukuT], o
[denaapaaonaa], and ssর [posTamaasTaar]) by
Rabindranath Tagore. It was written in traditional and
colloquial dialects. It contained 15,347 tokens.
Contemporary Travelogue Corpus (CTC). This corpus
comprised of four travelogues ( яর  !
[aamaajaner gaachhabaarhi], k-я#n% [baksaa-jayantee],
&nর [banasundar] and
 [baagaan]) from
contemporary travel magazines. It was written in colloquial
dialects. It contained 11,561 tokens.
The calculated the performance against two exact accuracy
measures – A1 and A2, as defined below.
Let T = (t1, t2, ... tN) be the set of tokens in a corpus of size
N, S = (σ1, σ2, ... σN) be the set of truthed stems for those
tokens. Let s'i and s''i be the best and second-best stems
suggested by the proposed stemmer system for token ti. Then
we define

N

A1 =

∑

f '(i )

1, if σ i = s'i
, where f '(i ) = 

0, otherwise

i =1

N
N

and

A2 =

∑ f ''(i)
i =1

, where

N

1, if σi ∈ (s'i , s''i )
f ''(i) = 
0, otherwise

The result is presented in Figure 2.
CLC

CTC

100.0%

96.4%
94.7%
92.6%

95.0%
90.0%

Overall

87.0%
84.3%
81.1%

85.0%
80.0%
75.0%
70.0%

A1

A2

Figure 2: Mulaadhaar Accuracy

B. Evaluation Using Information Retrieval System
Morpheme Extraction Task competition of FIRE 2012
measured the performance of the submitted stemmers using an
Information Retrieval system. Our system was designed for
Bengali and the test corpus comprised of 1,315,529 tokens.
Minimum Average Precision was chosen as the performance
metric to compare the results of submitted stemmers. Six
systems were submitted to compete in Bengali language. One
of them was disqualified because of invalid output format.
The results are also compared with the Baseline performance.
i.e. the performance of the IR system without stemming.
Figure 3 depicts the performance comparison:
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0.3307

0.3300
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0.3159

0.3103
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Figure 3: FIRE 2012 Stemmer Performance Comparison

Evidently, all stemmers improved the performance from
that of baseline. Mulaadhaar achieved the highest MAP of
0.3307 among all the tools. It enhanced the performance by
20% against baseline. While we compared it with the result of
Gujarati, Hindi, Marathi and Odia performances, Mulaadhaar

again achieved the highest score across all systems for these
languages.
IV. CONCLUSION
We designed and developed a rule-based stemmer for
Bengali. The evaluation on a classical literature and
contemporary travelogue corpus revealed very encouraging
results. On our first participation in FIRE competition, we
achieved the best performance within Bengali while
competing against four other systems. It is a testimonial that
the linguistic rule-based methodology can be a successful
route for Bengali stemming and information retrieval tasks.
As next steps, it would be interesting to see whether the
same system can be used to identify the POS of the surface
word by looking at its inflections. Additionally, since Bengali
inflections carry the morphological connotations such as
person, tense, case etc. it is worth exploring if the same
system can be extended as a morphological analyser.
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