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ABSTRACT

In this paper we have discussed about our work of Anaphora
resolution in Bangla. For solving this problem pronouns and
verbs are considered as anaphor and their antecedent nouns.
After trying several methods, first attempt was to find out if
there is any relation among the classifications of pronouns and
verb with those of nouns. That indicates to find out which
types of pronouns refer to which type of nouns. But that
process does not work as expected. This shows that, anaphor
and antecedent in Bangla matches with each other in some
factors that are also considered in other languages. Those are
Number, Gender and Person. In case of personal pronouns in
Bangla status of person can be differentiated such as
Honorable, Normal and Negotiable. Experimenting with these
factors proved that this method works well and give accuracy
of around 80%. Though there are errors as, because of some
nouns can have the same factors like the anaphor, they are not
the antecedent in real.
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1. INTRODUCTION

Anaphora Resolution indicates a part of reference resolution.
Reference resolution means which words or phrases refer to
which previous or next words or phrases and how they are
related in a sentence or in a paragraph or in a whole
document. Anaphora stands for the word or phrase that is
referring to other previous words or phrases.
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Here “@wa” is the antecedent and “©R” is the anaphor. The
word “OR” refers back to “zw¥”. Anaphor always refers

backward. The referring word or anaphor does not have to be
a pronoun. It can be pronoun, noun, noun phrase, verb phrase
and adjectives. The antecedent can be noun, phrase or an
event. Such as:
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Anaphora Resolution is important for some reasons in Natural
Language Processing. According to [1], it indicates the
construction of discourse. At the sentence level it binds
different elements of sentences together. It helps to
understand and process language. As finding out reference is
very difficult it is a challenge to NLP.
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Reference [2] shows that by finding parts of a text containing
a given topic it is possible to perform text summarization and
information extraction more reliably. An implementation of
anaphora resolution is found in question answering systems.
So it can be easily understood that this is very important for
Bangla Language also.

In the next chapter, related works of reference resolution is
discussed. Then there is proposed method. In chapter 4,
experimental data of the proposed methods is discussed and
then result analysis is discussed. Finally the concluding parts
containing the future scopes.

2. RELATED WORKS

As reference resolution is a very wide area. It can be done in
different areas. Such as: Proper Noun Co reference: It is the
easiest to find the correct answer and it is also very important
for its many applications. Pronoun Co reference: It is the most
thoroughly studied area in linguistics. Common Noun
Coreference: It is the most complex area in linguistics.

Reference [2] shows that they have worked with pronoun Co
reference. They used the Hobbs-Search Algorithm. In this
method when a pronoun is found, then it backtracks to find its
antecedent. First the previous sentence is searched, and then it
goes on until the first of the text if the antecedent is not found.

As in [3] Information Structure of a sentence is used to solve
the reference resolution problem when the sentence is not
structured. Such as: | am going to show you — close the door
please- how sentence is structured.

This problem is solved according to what the speaker is
treating as information that is recoverable to the hearer and
what he is treating as non-recoverable to the hearer.

As in [4] binding theory is applied at the earliest possible
stage in processing and constrains all subsequent stages of
reference resolution. This can be said from the binding-as-
initial filter hypothesis (Nicol & Swinney, 1989).

For example:

Rahim thinks that Karim did the work himself.

According to the binding-as-initial filter Karim is chosen as
the antecedent of himself, which is of course correct though
the focus of the sentence was Rahim. Binding theory is really
fruitful in the case of working with reciprocal or reflexive
pronouns.

According to [5], pronouns and definite noun phrases are the
most common for referring expressions. A new feature based
on minimum edit distance between anaphor and antecedent
was adopted which gave a significantly improved result in
case of definite noun phrases and proper noun.

This method also includes features which differentiate the
gender of a noun or pronoun. They also capture the difference
among human, concrete objects and abstract objects.



Reference [1] tells us that they have developed an anaphora
resolution system for Bangla using mention detection in the
first stage using conditional random field (CRF) and in the
second stage using BART, a system successfully used in
different languages. They used some features for mention
detection such as- context word, suffix and prefix of word,
pronoun list. Then in the second stage they applied the BART
method. But it was clear that this method did not work exactly
as the other languages because Bangla has completely
different characteristics from those languages. Nevertheless
they used String matching, distance between antecedent and
anaphora, co-reference chain as features of this method. It
gave better results than the previous methods they have
planned to progress with.

According to [6], they have developed a two stage pronoun
reference system for Bangla, Hindi and Tamil. In the first
stage they try to find the boundary of a markable item such as
a single noun chunk or a group of noun, conjunction or
adjectival chunk. Then in the second stage they have used a
decision tree algorithm to identify antecedent-anaphoric
relation.

According to [7], they have solved anaphora resolution for
Bangla using a different process named GuiTAR which has
two different modules preprocessing and anaphora resolution.
The preprocessing stage makes GUiTAR independent from
input format specifications and variations. This stage includes
POS tagging, categorization of pronoun, etc. from the text
given in XML. The second stage, pronoun resolution for
Bangla, checks person, number and gender of noun. If more
than one noun is found, then it applies more filters such as
aggregate score, immediate reference and collocation pattern.
This system has worked for them, but it shows so many errors
in both the stages.

According to [8], anaphora resolution can be divided into two
parts and they are 1.co-reference resolution, which specifies
finding co-reference of full Noun Phrase, 2.anaphora
resolution which indicates finding reference of a pronoun or
reflexive. In this paper anaphora resolution is said to be in two
broad categories and they are knowledge-rich approaches and
knowledge-poor approaches. Knowledge-rich approaches are
based on commonly observed heuristics about anaphoric
phenomenon. These approaches need a full and correct input.
So evaluation is carried out by hand on a small set of
examples. The knowledge-poor approaches  mainly
concentrate on automated system which includes machine
learning.

3. PROPOSED METHOD

As said in [8] working with pronoun resolution is chosen and
as for the method knowledge-rich approach is preferred which
needs to work manually and needs correct data. It is because if
knowledge-poor system is used from the start, any error at any
stage, for example at POS tagging, can lead us to erroneous
result which will be difficult to solve.

According to [9] anaphora and antecedent matches on some
different categories. In the following approach it is tried to
find out if anaphor and antecedent match in some categories
in Bangla also.

3.1 Number (=) as a factor

In English Language, number of the subject of a sentence or
the number of the noun will have the same number in
pronouns. In case of 3™ personal pronouns and 1% personal
pronouns Singular and Plural Number can be distinguished.
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But it can’t be distinguished in 2 personal pronouns as
shown in Table 1.

Table 1. List of pronouns according to number

Number Pronoun
Sinaular He, She, His, Her, Him, You, Your, |, Me,
g My, Himself, Herself, Myself
Plural They, Their, Them, You, Your, We, Our,

Themselves, Ourselves

In Bangla numbers (<%=, 72=) in 1%, 2" and 3" person can
be distinguished as in Table 2.

Table 2. List of @1 according to a@as< and 3236

Pl

£z &
J— o, 3, 1, S, o, ofF, (o, CofF, =i,
I, S
e COTEL, (ORI, SR, PR, OFl, (ST, (SIh,
SHARICH, ST

So this indicates that Number can be used as a factor in
Bangla Language.

3.2 Gender (&) as a factor

Gender is a very efficient factor in Anaphora Resolution of
English Language. But in Bangla Language it is not that
helpful. Because in English they use different pronouns for
different gender such as “He” and “She”. But Bangla only has
“or. So any differences according to gender can not be
pointed in case of pronouns. But considering that it can be
helpful in future, records of Gender were kept to find
reference of Noun Phrases.

In this method classifications of Nouns and Pronouns are not
used. Gender can differentiate among some of them.  Gender
is classified as Male, Female, Common, Undetermined. Here
common indicates objects. That means the Gender “C”
which actually indicates to s#ab® <e=ry. So, it helps to find out

antecedent of an anaphor.

3.3 Person (==) as a factor
Personal Pronouns can also make a huge difference in case of
anaphora resolution. So this can be also a factor.

3.4 Status of a person as a factor
While using 2" and 3™ Person in Bangla there is another
factor that could be helpful in many cases. Those are figeic

and smi=ic . Using these factors increased the accuracy of the
anaphora resolution. Some of those are listed in below.

Table 3. List of i@t according to strtaencef and swercet

Pl

I' :Ia;] 5]
SrReleef W,@,C\”-M@W.CQW,C@NW,:\s(ﬁa‘ ™,
e WA, AT, S, o, S, Sitre Tegif

Using these factors, along with parts of speech (Rt*fy, =)
the most accurate answers were found so far. Most of the
verbs have almost all the categories in them to be an anaphor
according to this method. So verbs are also included in this
method as anaphor also.




The best results has been got through this method.. But in this
case data set was not same.

4. EXPERIMENT
4.1 Method one

Bangla language has a large number of pronouns. At first
Bangla Pronouns were listed according to their classifications.
So first of all steps were taken to proceed with a method when
a pronoun is found in a sentence it looks for the previous
noun.

4.2 Method two
The results of the first step showed that all the pronouns that
are rfevs s only refers back to wifsams Ry / TaEame

i3y .So next this process was included with the previous
one.

4.3 Method three

As the previous method does not work with any other type of
pronoun than wrfe=ibs &1, patterns like this were looked for

among those types. But there was no such pattern that can be
pointed out from the existing corpus. So the procedure of
“Method One” was tried once again for the other types of
pronoun.

4.4 Method four

Though 3ifeabz 5K refers to both wifess [earay and s=fEac
ey the percentage of the second one is much less than the
first one. So only referring back to wifexibz Re==y was tried

next.

45 Method five

For Method five another corpus was used. In this method five
factors have been used to find out matches between nouns
(Antecedent) and pronouns (Anaphor) or verbs (Anaphor).
The experimental study of these factors are given below.

45.1 Number

“S” is used for «a5=1 and “P” for 3ga<. But with these two
types, verbs can’t be marked out for most of the cases.

For example consider the verb “Ftt®” and ‘T2
OF R ORI FECRI
SEEICE] CoTEl FCAR

So another type of Number is included that is called “U”
(Undetermined) which is used in those cases where anaphor
can be used as both of the numbers as the examples given
above.

4.5.2 Person

In case of person “FP”, “SP” and “TP” were used for First
Person, Second Person and Third Person consecutively which
are just like Bangla. But in case of verbs as “spmfar fezr

person of a verb cannot be determined.
For example:
S 336 e ot

o 33f g are |
1 330 e coe
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In this case the verb “Ftx” can be used in all the persons used

in Bangla. So for this kind of problem “UP” is included as
Undetermined Person in the tagging.

4.5.3 Status of a person

By finding out the person of a verb and pronoun does not
determine all the basic properties of a pronoun or verb. In
Bangla Language within Person there is another property that
is the status of the person. Those are ‘““Faiica”, “sRea” and

“gerieal”,
i prei S
i Pl e
offl F1ef P
93 FIeh AR
OF F1& T
fof wrafs Feaces

The verbs and pronouns is shown in a tabular form below.

Table 4. Distribution of pronoun and verb according to

LER el e e
e (1%) ofe ; ek
W (2 | e v | g IR o3 | TR
wow (39 | Rf;wwem | o e o3 ; T

From the above table it can be seen that “ge=ic2” is used only

in case of Second Person. But no noun phrase can be in this
status. Noun can be only in ‘it and “saiseice® status. So,

“gwzrt” is considered as “RemC.

In case of “SpiT f&#a” where the status of a person cannot
be determined “U” is used for Undetermined. For ‘e
and ‘sraFce”, “N” and “H” are used consecutively. For
example:

o+ 336 A Tre

Seif 735 e T

23 33 e =
45.4 Gender
In case of Gender four tags have been used. They are “M”,
“F”, “C” and “U” used consecutively for “sigfem, “&fewr”,

“FRferr’ and “Undetermined”.
In Bangla male and female cannot be differentiated in case of
pronoun or verbal phrases. Such as:

fa o v 2R cweeT

Wy ofF 51 2R (T

In both cases “®” and “2RCT (FCENR” cannot be determined if

it refers to a male or a female. So they will be considered as
“U”. But in case of noun that means when the anaphor is also
a noun it may be determined sometimes. For example:

fa 97 oI (e




In this case usually “&¥™ is a name of a girl. That means the
gender can be determined here as “F”. Afterwards “Ca” also
indicates to “F”. From this it can be said that the word “cc”
is referring back to “f&=.

In case of “Frfmr” “C” is used. This indicates materials or
nouns other than person. For example:

GRS ICTH L ~CSieE [5G Cibd (PN w23

Here the pronoun “Gibs” does not stand for any person. It
stands for a material, an object or an event. That means it
stands for gender type “C” which same as the gender type of
the noun “&i2&” in the previous sentence. So the pronoun
refers back to this noun which is correct.

4.5.5 Parts of speech (Noun/Pronoun/Verb)

In this method only Noun, Pronoun and Verb are used among
Parts of speech. The tags are like this: “NO” for Noun, “PN”
for Pronoun and “V” for Verb.

The previous five factors are used to match with a pronoun or
verb and its previous nouns. When the factors of the
antecedent does not match any factor of the anaphor it looks
for if there is any factor “U” in the anaphor. If there is “U”
that is considered to be matched with any of those factors
other than the Gender “C”. For example:

fer ot B 2R (e
Here the factors of this sentence are given below.

Table 5. Factors used in the method for the sentence
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Here is a table showing how many tagging of the anaphors are
matched with the antecedents.

Table 7. Matching tags of the factors for the correct

answers
o Total Number Person Status Gender
correct | matched | matched | matched | matched
AT 33 33 33 33 4
femar 45 0 36 36 0

Rid Number | Person | Status Gender Zzg:cc;]f
e TP N F NO
o S TP N U PN
o1 S uP U C NO
R U uP U U \%
(TR U TP N U \%

In the previous example, the pronoun “Si” matches with the
noun “R¥” in every factor except gender. The gender of the

pronoun is “U”. So the gender “U” can be matched with “F”.
So “@i” refers back to “f=r”. In this process the verbs “aif¥tz”

and “CFCCR” also refers back to “&=r.

5. RESULT ANALYSIS

According to the proposed methods in case of these sentences
the results were just like as hoped.

Table 6. Accuracy and error of the methods

Method Accuracy%o Error%
Method one 20.5 79.5
Method two 38.7 61.3
Method three 385 61.5
Method four 43.33 56.67
Method five 76.47 23.53

From the analysis given in the table above, it can be seen that
in the correct answers of this system in case of “Pronoun” as
anaphor all the number, person and status matches with the
reference antecedent every time. The gender matches a very
few times.

In case of “Verbal Phrases” as anaphor number and gender do
not match at all. Person and status matches almost every time.
The statistics given in Table 7 is based on the second data set.
From 102 Anaphors there were 78 correct antecedents. The
other 24 nouns which were detected as antecedents of course
matched with the anaphor in almost every factor. But in real
life application those are not correct. This indicates that there
must be more factors or issues that are not yet determined.

6. CONCLUSION

Different methods have been tried to resolve anaphora
resolution and the last method gives the best result. Although,
in Bangla, tagged corpus and data set are not largely available.
So, the data set needs to be manually tagged. A large corpus is
essential for making more improvements. This work can be an
outline for further research in anaphora resolution in Bangla.
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