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Abstract. In this paper we present our first attempt
on anaphora resolution for a resource poor language,
namely Bengali. We address the issue of adapting
a state-of-the-art system, BART, which was originally
developed for English. Overall performance of
co-reference resolution greatly depends on the high
accurate mention detectors. We develop a number of
models based on the heuristics used as well as on the
particular machine learning employed. Thereafter we
perform a series of experiments for adapting BART for
Bengali. Our evaluation shows, a language-dependant
system (designed primarily for English) can achieve a
good performance level when re-trained and tested on
a new language with proper subsets of features. The
system produces the recall, precision and F-measure
values of 56.00%, 46.50% and 50.80%, respectively.
The contribution of this work is two-fold, viz. (i).
attempt to build a machine learning based anaphora
resolution system for a resource-poor Indian language;
and (ii). domain adaptation of a state-of-the-art English
co-reference resolution system for Bengali, which has
completely different orthography and characteristics.

Keywords. Anaphora/Co-reference resolution, CRF
based mention detection, Bengali, BART.

Resolución de anáfora para el bengalı́:
un experimento con la aplicación al

dominio

Resumen. Este artı́culo presenta el primer intento
de resolución de anáfora para un idioma que tiene
escasos recursos lingüı́sticos, especı́ficamente el idioma
bengalı́, mediante la adaptación del sistema BART
que pertenece al estado del arte y fue desarrollado
originalmente para el inglés. El rendimiento general
de resolución basada en co-referencias depende en

gran medida de los detectores de menciones de alta
precisión. Se desarrollaron unos modelos basándose
en la heurı́stica usada y en el método de aprendizaje de
máquina seleccionado. Se hicieron unos experimentos
para adaptar BART al idioma bengalı́. La evaluación
efectuada muestra que un sistema dependiente del
idioma (diseñado principalmente para el inglés) puede
lograr un buen rendimiento después de reentrenamiento
y prueba, para el idioma nuevo usando conjuntos
apropiados de caracterı́sticas. El sistema produce los
valores de recall, precisión y medida F iguales a 56.00

Palabras clave. Resolución de anáfora/co-referencia,
detección de menciones basada en el campos aleatorios
condicionales (CRF), bengalı́, BART.

1 Introduction

Anaphora/co-reference resolution is the task of
identifying noun phrases that are used to refer
to the same entity in a text. More precisely, let
us assume that C1 and C2 are occurrences of
two noun phrases (NPs) and both have a unique
referent in the context in which they occur. Here C2
refers to C1 in the context. C1 is called antecedent
and C2 is called anaphora. The noun phrases that
may participate in co-reference relation are called
mentions/markables. Coreference information
is needed for solving several natural language
processing (NLP) application areas including
Information Extraction [6], Text Summarization[19],
Question Answering [7] etc. These practical
tasks, for example, information extraction and text
summarization, can be performed more reliably if
it is possible to automatically find parts of the text
containing information about a given topic. The
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summarization task will be helpful if a program
can automatically spot all the clauses in the
text that contain information about a given topic.
Most of these works on supervised co-reference
resolution have been developed for English ([17,
9, 26, 5]), due to the availability of large corpora
such as ACE (Walker et al., 2006 [23]) and
OntoNotes (Weischedel et al., 2008 [24]). BART,
the Beautiful Anaphora Resolution Toolkit [21,
12, 11], is the resultant of the project titled
”Exploiting Lexical and Encyclopedic Resources
For Entity Disambiguation” carried out at the Johns
Hopkins Summer Workshop 2007. It can handle
all the preprocessing tasks to perform automatic
coreference resolution. A variety of machine
learning approaches are used in BART; it mainly
uses several machine learning toolkits, including
WEKA and MaxEnt.

So far, work on anaphora resolution has covered
English, a few other European languages such
as Dutch, German, Italian, and Spanish, and
few Asian languages including Arabic, Chinese
and Japanese; but there is hardly any literature
on anaphora resolution in Indian languages even
though they include the fourth and sixth most
spoken languages in the world, Hindi and Bengali.
One reason is that India is a multilingual country
with great linguistic and cultural diversities: it
counts 22 different official languages from almost
all the dominant linguistic families in the world,
and not less than 900 languages overall. This
huge diversity makes it very difficult to ensure
the availability of linguistic resources (corpora,
part-of-speech taggers, etc.) for all these
languages. In 2011 a shared task on NLP
Tools Contest on Anaphora Resolution in Indian
Languages is organized in association with 9th
International Conference on Natural Language
Processing (ICON 2011)1. Four teams participated
in this contest. But no results or none of
these papers [1, 2, 14, 3] are available in the
web. In terms of native speakers, Bengali ranks
sixth in the world, second in India and first
in Bangladesh. In this paper we attempt to
adapt an existing state-of-the-art English anaphora
resolution system for a resource poor language,
namely Bengali that has a completely different
orthography and characteristics.

Our new anaphora resolution system for Bengali
was developed in two main steps. Firstly, we

1http://ltrc.iiit.ac.in/icon2011/contests.html

develop various models of mention detection
systems for Bengali. The identified mentions are
then used to produce markables for anaphora
resolution. Thereafter we use BART as the
underlying platform for detecting anaphoric chains.
Decision tree based classifier of Weka machine
learning toolkit embedded in BART is used as
the classification technique. We experiment with
the various subsets of features implemented in
BART. The main goal was to come up with
a set of features that could be more suitable
for Bengali. For evaluation we used the data
sets provided in the ICON NLP Tools Contest
on Anaphora Resolution in Indian Languages
[16]. For training and development datasets,
annotations were provided by the organizers. But
no annotation was provided for the test data. In line
with the annotations of training and development
datasets, we manually annotated test dataset.
We develop a number of models for mention
detection. The mention detector developed with
the supervised classifier, conditional random field
[4] performs best for the anaphora resolution. The
best configuration was obtained based on the
development data. We used the configuration that
best suited the development set. The anaphora
resolution system yields the recall, precision, and
F-measure values of 56.00%, 46.50% and 50.80%,
respectively.

The rest of the paper is organized as follows.
Section II describes mention detection systems for
Bengali that includes a brief introduction to CRF,
features used for training the CRF and results
of the various mention detection models. In
Section III, we present our approach for anaphora
resolution. Section IV reports the datasets,
experiments conducted and the evaluation results
of the anaphora resolution system. Finally, Section
V concludes the paper.

2 Mention Detection for Bengali

Robust mention detection is an essential
component of any anaphora resolution system.
BART supports different pipelines for mention
detection. The choice of a pipeline depends
crucially on the availability of linguistic resources
for a given language.

The first stage of the anaphora resolution
process tries to identify the occurrence of mentions
in the Bengali documents. All the noun phrases
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present in the corpus may participate in anaphoric
relation; these are called mentions/markables. In
the original data, three information were provided
for each token: Part-of-Spech (PoS), Phrase
(or, Chunk) information and Named Entity (NE)
information. We develop the following mention
detection models:

1. First approach: In our first approach we
consider each noun phrase (i.e. NP) as a
possible candidate of mention. Results of this
model are shown in Table 1.

2. Second approach: In our second approach
we consider each Named Entity (NE) or
pronoun (i.e. PRO) as a mention and its
results are shown in Table 1.

3. Third approach: In the third approach we take
only person name (PER) or pronoun (PRO) as
a candidate of mention. Results in Table 1
show a little improvement in performance for
one document with this model, however the
performance for other document decreases.

4. Fourth approach: Here we use a supervised
classifier named conditional random field
(CRF) to detect mentions from a given text.
We formulate the mention detection as a
classification problem by assigning each token
in the text a label, indicating whether it is a
mention or not. Hence to learn a classifier
at first we have to create a training data
and have to derive the class values (either
B-mention/I-mention/Others2) of all the tokens
from the annotated data. We created a
training set for mention detection based on
the mentions present in the original training
data. Evaluation results in Table 1 support
that this mention detection system is the best
compared to the other three models. Details
of this systems are mentioned in the following
subsection.

2.1 Conditional Random Field based Mention
Detection System

In this section we give a brief a introduction to our
employed classifier, features used for training the
classifier and the results of the different mention
detectors.

2B, I and O denote the beginning, internal and outside of a
mention entity.

2.1.1 Brief Introduction to CRF

Conditional Random Fields (CRFs) [4] are
undirected graphical models, a special case
of which corresponds to conditionally trained
probabilistic finite state automata.

The conditional probability of a state sequence
s =< s1, s2, . . . , sT > given an observation
sequence o =< o1, o2, . . . , oT > is calculated as:

P∧(s|o) =
1

Zo
exp(

T∑
t=1

K∑
k=1

λk × fk(st−1, st, o, t)),

where, fk(st−1, st, o, t) is a feature function whose
weight λk, is to be learned via training. The
values of the feature functions may range between
−∞, . . .+∞, but typically they are binary. To make
all conditional probabilities sum up to 1, we must
calculate the normalization factor,

Zo =
∑
s

exp(

T∑
t=1

K∑
k=1

λk × fk(st−1, st, o, t)),

which as in HMMs, can be obtained efficiently by
dynamic programming.

To train a CRF, the objective function to be
maximized is the penalized log-likelihood of the
state sequences given the observation sequences:

L∧ =
N∑
i=1

log(P∧(s
(i)|o(i)))−

K∑
k=1

λ2k
2σ2

,

where {< o(i), s(i) >} is the labeled training data.
The second sum corresponds to a zero-mean, σ2

-variance Gaussian prior over parameters, which
facilitates optimization by making the likelihood
surface strictly convex. Here, we set parameters
λ to maximize the penalized log-likelihood using
Limited-memory BFGS [15], a quasi-Newton
method that is significantly more efficient, and
which results in only minor changes in accuracy
due to changes in λ.

When applying CRFs to the mention detection
problem, an observation sequence is a token of
a sentence or document of text and the state
sequence is its corresponding label sequence. A
feature function fk(st−1, st, o, t) has a value of 0 for
most cases and is only set to be 1, when st−1, st
are certain states and the observation has certain
properties. We have used the C++ based CRF++

package 3.
3http://crfpp.sourceforge.net
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Table 1. Results of different approaches for mention detection (we report percentages)

Sr. Mentions Datasets precision recall F-measure
DEV-1 09.14 99.21 16.741 NP
DEV-2 13.69 100.00 24.08

DEV-1 14.29 18.90 16.272 NE/PRO
DEV-2 28.02 18.48 22.27

DEV-1 22.81 10.24 14.133 PER/PRO
DEV-2 34.93 18.48 24.17

DEV-1 33.45 74.02 46.084 CRF Classifier
DEV-2 51.62 92.02 66.14

2.1.2 Features for Mention Detection

We train CRF with the following set of features.
Most of these features are identified and
implemented without using any language
dependent resources and/or tools. Thus, these
can also be used for developing mention detectors
for other languages.

1. Context word: Surrounding tokens are used
as the features for mention detection. This is
useful for automatic identification of mentions
from the text.

2. Word suffix and prefix: Fixed length (say, n)
word suffixes and prefixes are very effective to
identify mentions and work well for the highly
inflective Indian languages. Actually, these
are the fixed length character strings stripped
either from the rightmost or from the leftmost
positions of the words. If the length of the
corresponding word is less than or equal to n−
1 then the feature values are not defined and
denoted by ND. The feature value is also not
defined (ND) if the token itself is a punctuation
symbol or contains any special symbol or digit.
This feature is included with the observation
that mentions share some common suffixes
and/or prefixes.

3. Part-of-Speech (PoS) information: PoS
information of the current and/or the
surrounding tokens are effective for mention
identification. Words having PoS classes
like common noun (NN), proper noun (NNP),
pronoun (PRP) etc. are important for mention
detection.

4. Chunk information: Each mention belongs to
noun phrase. Thus it is very useful feature to
identify mention’s boundary. This information
was provided with the training, development
and test datasets.

5. Suffix List: Variable length suffixes of a word
are matched with the predefined list of useful
suffixes which are helpful to detect person
(e.g., -bAbu 4, -der, -dI, -rA etc.) and pronoun
(e.g.,-tI, -ke, -der etc.) names. A binary valued
feature is defined that fires if the current word
contains any of these suffixes.

6. Noun phrase before Pronoun: For each
pronoun, the binary valued feature is set to 1 if
it follows a noun phrase (NP).

7. Named Entity Information: The Named Entity
(NE) information of the current and/or the
surrounding token(s) are used for identifying
the mentions. It is very helpful because
most of the mentions belong to different NE
categories.

8. Pronoun List: We manually prepare a list of
pronoun names (e.g., jeMon, kAro, tAhole,
onnyoKe etc.) that do not participate in
anaphora resolution. This discards pronouns
that are not co-referent mentions.

Results of the different mention detection models
are reported in Table 1. From the results it
is evident that CRF based classifier achieves
the best performance for the development data.
Based on these observations, finally we select the

4Glosses are written in ITRANS notation available, at
http://www.aczoom.com/itrans/
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CRF based mention detection model for further
experiments. In order to identify the mentions
from the test data, we create a training set by
merging the development data with the training
data. The CRF classifier is trained on this resultant
training data using the features described above.
Evaluation results on the test data are reported in
Table 2.

Table 2. Results for mention detection on test data

Document id precision recall F-measure
DOC-TEST-1 78.49 57.48 66.36
DOC-TEST-2 69.75 69.75 69.75
DOC-TEST-3 88.53 49.47 63.47

3 Methods for Anaphora Resolution

In this section at first we describe BART system
in brief which is used as the underlying framework
for anaphora resolution. Later on we describe
our proposed approach for anaphora resolution in
Bengali.

3.1 Brief Description of BART System
Architecture

Our starting point of coreference resolution system
is the toolkit from [21], originally conceived as
a modularized version of previous efforts from
[12, 11, 20]. BART’s final aim is to bring
together state-of-the-art approaches, including
syntax-based and semantic features. The design
of BART is very modular, and this design provides
effective separation across several tasks, including
engineering new features that exploit different
sources of knowledge, and improving the way that
co-reference resolution is mapped to a machine
learning problem.

BART has five main components, viz.
preprocessing pipeline, mention factory, feature
extraction module, decoder and encoder. In
addition, an independent language plugin module
handles all the language specific information and
is accessible from any component. Each module
can be accessed independently and thus adjusted
to leverage the system’s performance on a
particular language or domain. The preprocessing
pipeline converts an input document into a set
of linguistic layers, represented as separate XML
files. The mention factory uses these layers to

extract mentions and assign their basic properties
(number, gender etc.). The feature extraction
module describes pairs of mentions Mi,Mj , i < j
as a set of features. The decoder generates
training examples through a process of sample
selection and trains a binary classifier. Finally,
the encoder generates testing examples through
a (possibly distinct) process of sample selection,
runs the classifier and partitions the mentions into
coreference chains.

3.2 Approach for Bengali Anaphora Resolution

In this work we extend BART to perform
anaphora resolution for Bengali, a resource
poor language that has completely different
characteristics and orthography compared to
English. We perform systematic study to
identify most suitable configuration for anaphora
resolution. We observe that only a small subset
of features are actually useful for Bengali. We
design and evaluate our system using the datasets
obtained from the shared task of ICON-2011[16].
The available datasets contain all the three types
of datasets-training, development and test.

Preprocessing and Markable Extraction. At
first the mentions are extracted using the CRF
based mention detection model. These markables
are then converted to the data format used by
BART, namely MMAX2s standoff XML format [8].

Features for Anaphora Resolution. We view
anaphora resolution as a binary classification
problem. Following similar proposals for English
[10], we use the learning framework proposed by
Soon et al. [18] as a baseline. Each classification
instance consists of two markables, i.e. an
anaphora and potential antecedent. Instances are
modeled as feature vectors and are used to train
a binary classifier. The classifier has to decide,
given the features, whether the anaphora and the
candidate are coreferent or not. Given BARTs
flexible architecture, we explore the contribution
of different features implemented in BART for
anaphora resolution in Bengali. Given a potential
antecedent REi and a potential anaphora REj , we
compute the following features:
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1. String Match: This feature holds non-negative
integer values. If one candidate is a sub-string
of another, its value is 0, else the value is 0
plus the edit distance.

2. Distance: A non-negative integer feature
capturing the distance between anaphora and
antecedent; if they are in the same sentence,
then value of 0 is produced else if their
sentence distance is 1 the value of 1 is
produced.

3. CorefChain: It is the size of the coreference
chain computed for the antecedent so far. This
dynamically computed feature gives a boost to
central entities making them likely candidates
for coreference.

Learning algorithm. In order to learn
coreference decisions, we experiment with
WEKA’s [25] implementation of the C4.5 decision
tree learning algorithm [13], with the above
mentioned feature combinations. Instances are
created following Soon et al. (2001) [18]. We
generate a positive training instance from each
pair of adjacent coreferent markables. Negative
instances are created by pairing the anaphora with
any markable occurring between the anaphora
and the antecedent. During testing, we perform
a closest first clustering of instances deemed
coreferent by the classifier. Each text is processed
from left to right: each markable is paired with any
preceding markable from right to left, until a pair
labeled as coreferent is output, or the beginning of
the document is reached.

Decoding. In the decoding step, the coreference
chains are created by the best-first clustering.
Each mention is compared with all of its previous
mentions with a probability greater than a fixed
threshold value, and is clustered with the highest
probability. If none has probability greater than the
threshold, the mention becomes a new cluster.

4 Evaluation Results

In this section we report the details of the datasets,
evaluation metrics, experiments, results along with
the necessary discussions.

4.1 Dataset

For evaluation we used the data sets provided
in the ICON NLP Tools Contest on Anaphora
Resolution in Indian Languages [16]. For training
and development datasets, annotations were
provided by the organizers. But no annotation
was provided for the test data. In line with the
annotations of training and development datasets,
we manually annotated test dataset. The statistics
of the data sets in terms of number of sentences
and number of tokens present in each set are
provided in Table 3.

Table 3. Statistics of the datasets

Dataset #sentences #tokens
Training 881 10,504

Development 598 5,785
Test 572 6,985

4.2 Experiments and Discussions

In order to evaluate the anaphora resolution system
we used the MUC score [22]. We experiment
with the different mention detectors for anaphora
resolution. Table 4 shows recall, precision and
F-measure values of the system trained using the
training data and evaluated using the development
data when mentions are taken as noun phrases.

Table 5 reports the results of the system for
the development data when NE or pronoun is
considered as mentions. Comparisons between
Table 4 and Table 5 show that the later model
performs better. We then present the results in
Table 6 for the system when person names or
pronouns are considered as mentions.

Finally, we extract the markables using a CRF
based classifier and its results are presented in
Table 7. Comparisons show that the system
performs the best with this configuration.

Results of these tables reveal the fact that if
we determine the mentions from the CRF based
classifier then we achieve the best results for
anaphora resolution. Based on these results on
development data, we evaluate the system on
the test using the mentions extracted by the CRF
model. Results on the test data are reported
in Table 8, and it shows the recall, precision
and F-measure values of 56.00%, 46.50% and
50.80%, respectively. We don’t have any scope for
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Table 4. Results on development data using only noun
phrases as mentions

Datasets ID recall precision F-measure
DEV-1 9.00 6.20 7.30
DEV-2 25.40 23.70 24.60

MUC-TOTAL 21.20 18.10 19.50

Table 5. Results on development data using NE or
pronoun as mentions

Datasets ID recall precision F-measure
DEV-1 47.80 11.80 18.90
DEV-2 71.60 32.30 44.50

MUC-TOTAL 65.40 24.30 35.40

Table 6. Results of the system on development data
using person name or pronoun as mentions

Datasets ID recall precision F-measure
DEV-1 35.90 13.20 19.30
DEV-2 72.10 34.20 46.40

MUC-TOTAL 62.70 27.70 38.40

Table 7. Results on development data using mentions
generated by a CRF-based classifier

Datasets ID recall precision F-measure
DEV-1 65.70 16.80 26.80
DEV-2 89.20 35.50 50.80

MUC-TOTAL 83.10 29.00 42.90

comparing these figures due to the non-availability
of any published work that was carried out on these
shared task datasets.

We compare our approach with a baseline
model, developed following the Soon et al. [17]
implementation. Some of the features include
5 mention type, gender agreement, number
agreement, alias, appositive, string matching,
semantic class compatibility, sentence distance.
Results obtained are shown in Table 9. Results of
the baseline exhibits much inferior performance.

Discussions. We explore different models for
mention detections. We observed that the mention
detection performs best with the supervised
machine learner, CRF. This module is thereafter
integrated with BART to develop a anaphora
resolution system for Bengali. Mentions generated

5http://www.sfs.uni-tuebingen.de/ versley/BART/BART-intro.pdf

Table 8. Results on test data by the proposed approach

Datasets ID recall precision F-measure
DOC-TEST-1 54.50 40.70 46.60
DOC-TEST-2 68.30 48.90 57.00
DOC-TEST-3 47.50 49.40 48.40
MUC-TOTAL 56.00 46.50 50.80

Table 9. Results of baseline model on test data

Datasets ID recall precision F-measure
DOC-TEST-1 20.6 22.6 21.5
DOC-TEST-2 22.0 22.0 22.0
DOC-TEST-3 18.4 27.9 22.2
MUC-TOTAL 20.2 24.1 21.9

using the outputs of a CRF based classifier are
utilized to generate markables. These system
mentions are then used for the encoding and
decoding modules in BART. Experimental results
shown in Tables 2-6 show that mention detection
plays an important role in anaphora resolution.
Our results show that only a small subset of
features is actually helpful for anaphora resolution
in Bengali. The proposed approach performs
reasonably better compared to the baseline.
Detailed analysis suggest that a morphological
analyzer and shallow parser might be more useful
to improve the performance further.

5 Conclusion

In this paper we have presented our first
attempt for anaphora resolution in resource-scarce
language like Bengali. We have adapted BART,
a state-of-the-art coreference resolution model
originally developed for English for performing the
same task for Bengali. We explore many models
for markable identification, and observed that a
supervised CRF based classifier produces the best
results. We have identified a set of language
independent features for mention detection, and
so these can also be used for other languages.
The contribution of this work is two-fold, viz.
(i). attempt to build a machine learning based
anaphora resolution system for a resource-poor
Indian language; and (ii). domain adaptation of
a state-of-the-art English co-reference resolution
system for Bengali which has completely different
orthography and characteristics. Due to the lack
of published works, we could not compare our
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results with the existing systems. Currently our
focus is on developing methods for capturing the
missing markables; and identifying features related
to morphology and shallow parsing information.
These might require either the development of
such engines or tuning of such systems, if
available. Future work will concentrate on porting
the systems to other Indian languages, e.g. Hindi
and Telugu, as well as investigating the portability
and usefulness of syntactic, morphological and
semantic information across different languages.
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