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ABSTRACT

We developed English-Bangla parallel corpora for statistical machine
translation. By hand we tagged 20,000 words of our Bangla corpus according to their
particular part of speeches. In our work we also suggested a method for identifying
word correspondence in parallel English-Bangla text using a translation model based
on part of speech and n-gram model.
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1. Introduction

Machine translation investigates the use of computer software to translate text
or speech from one natural language to another [3]. There are three approaches to

developing machine translation. These are rule based, example based and statistical.

Statistical machine translation tries to generate translations using statistical
methods based on bilingual text corpora, such as the Canadian Hansard corpus, the
English-French record of the Canadian parliament. Where such corpora are available,
impressive results can be achieved translating texts of a similar kind, but such corpora

are still very rare [3].

In linguistics, a corpus (plural corpora) or text corpus is a large and structured
set of texts (now usually electronically stored and processed). They are used to do
statistical analysis, checking occurrences or validating linguistic rules on a specific

universe.

A corpus may contain texts in a single language (monolingual corpus) or text
data in multiple languages (multilingual corpus). Multilingual corpora that have been

specially formatted for side-by-side comparison are called aligned parallel corpora.

In order to make the corpora more useful for doing linguistic research, they are
often subjected to a process known as annotation. An example of annotating a corpus
is part-of-speech tagging, or POS-tagging, in which information about each word's

part of speech (verb, noun, adjective, etc.) is added to the corpus in the form of tags.

Machine translation for English-Chinese, English-Arabic, English-French, and
many other pairs of languages are relatively quite advanced. On the other hand, very
little work has been done in developing machine translation software for translating
English to Bangla. Whatever work has been done, it’s for the Bangla of Western

Bengal in India.

In response to the lack of resources for English-Bangla machine translation,
our paper describes the development of a parallel English-Bangla Corpora and a
recommendation of a statistical method to word-align Bangla text to corresponding
English text in the corpora, using a translation model based on part of speech (POS)
and n-gram model. In the process, a 20,000 words part of speech tagged Bangla
corpus was developed. These resources are required to develop machine translation

software for translating Bangla text or speech to English text or speech or vice versa.



To begin with, we had only a Bangla tagset which was under-development.
With this meager resource, we set out to developing other resources required for
implementing an English-Bangla statistical machine translation as mentioned above.
In Section 2 of this paper, we describe the Bangla tagset and the major modification
we have instigated to finalize documentation for the tagset. In Section 3, we describe
the methodologies we have used in developing the resources mentioned above.
Finally, in the next two sections, there are brief discussions on the outcome of this
thesis and the future steps needed in the development of English-Bangla machine

translation.

2. The tagset and Suggestions

The initial Bangla tagset, we started working on had 50 tags. After scrutinizing
it, we suggested some modifications. Based on these suggestions, the developer made
some other modifications to the rules. Additionally, he increased the number of tags

to 55. After these modifications, a final documentation has been developed.

The final tagset has 55 tags and 17 categories. Each category includes a set of
subcategories. All the 55 tags, their categories and subcategories, and examples have
been included in Table 1. Level 1 of the table refers to the category of the tag while
Level 2 refers to subcategory of the tag.

Table 1
55-Tag Bangla Tagset

Level 1 | Level 2 Tag Word
Noun | Common NN Iy,
Proper NNP | ATGSF, WBRE, TS, baa, ¥R

Compound Common Noun | NNC | (®CT/NNC (IE/NN, T'3‘?1@[/NNC FIAITI/NN

Compound Proper Noun NNPC | SIS5/NNPC FRE/NNPC FPJI5T/NNP

Verb Root NNV | C3IYe, AT

Temporal NNT | TO<le, WW, )i
Question Temporal QNT | 44, 349

Locative NNL | ©*fF, a5, @iicst

Question Locative QNL | (IR, AR, @A
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Level 1 Level 2 Tag Word
Pronoun Personal Pronoun PRP E[ﬁﬁ, SIEIR qﬁ, CoTd4l, 37, i,
i+, fofd, 9%, ot
Question Pronoun QPR G, I, &, TEt
Adjective Simple 7 S, AN, o[, &fY, GROT,
Rod
Verb Root v GIGH KA
Question Adjective QI &4, @49
Vocative Vocative voC grefl, 8{, SR
Verb Main Finite Verb VB I, I, IE, IR, I, I,
PER, FIF, FIH
Nonfinite Nominal VBM I, =PI, AT, AJCAT
Nonfinite Conditional VBC I, A
Nonfinite Perfective VBT G, faTCZ[
Nonfinite VBF IO, PAICO
Finite Existential VBE F, A
Nonfinite Existential VBEF O
Adverb Adverb RB 0, RICOT, WY, A1, 413, 4,
&, AP
Question Adverb QRB &4, ﬁ%f@' AR
Conjunction Coordinating CC 43R, \g, ﬁi&m‘, L, QT
Compound Coordinating | CCC ﬂT/CCC Q{[/CC
Suspicion CN Z]‘fﬁ, 1€}
Eternal Joining CET (@IF/CET ... (OF4/CET,
QR/CET ... G13/CET,
JYd/CET ... ©4d/CET
Subordinating CS @, Fadl, 07, 9367
Compound Subordinating | CSC Bi3/csc IE/CS,
9Z/csc FIR/Cs
Postposition Postposition ON KR m, (O, (], G5,
(bCF, BIRCO
Interjection Interjection UH IRV
Particle Particle RP I, (o, B
Question Particle QRP =
Determiner Common DT 8], Bk, (4, AR, &]3, n?r
Singular DTS nﬂ%, \‘ﬁ%
Question Determiner QDT (?]‘STF{:ET, (ot . (IR,
Y, (PP
Quantifier Quantifier QF ], JApA, ARG, 4, ﬁ?§
Quantifier Number QFNUM | 5, 3, 9=, W’, tﬂﬁﬁ'}“, 5o
Question Quantifier QQF 30, IO, FOLFH
Foreign Word Foreign Word FW A [t ==
Symbol Symbol SYM | @elfas It SN @A B,
O[Ty
List Item Marker | List Item Marker LS a, b, (a), 1,231, 9.5
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Level 1 Level 2 Tag Word

Suffix Postpositional SFON 9,3, (9
Accusative SFAC &, J, 93, ﬁ‘ﬁ'@‘il GIE]
Possessive SF$ 93, T

Punctuation Mark | Sentence Final Punctuation . [, 2,!
Comma s ,

Colon, Semi-colon : -

Dash, Double-Dash - -

Left Parenthesis ( ({I

Right Parenthesis ) )}
Opening Left Quote LQ L
Closing Right Quote RQ L

There have been various issues where we felt modifications are needed in the

tagset. These issues and some of our suggestions are discussed below.

In certain situations where a title is associated in a name such as Dr. in Dr.
Rabeya Khatun, we had suggested using a new tag for the title preceding the actual
name. Our suggestion was based on the tagset of C7 where the Dr. is tagged NNB
since it is before the actual name. Similarly, we suggested using a new tag for a noun
following the actual name, as in example Dr. Rabeya Khatun M.B.B.S. In C7, M.B.B.S
would be tagged as NNA since it’s after the actual name. Therefore, it would be very
useful to use a separate tag for nouns such as the ones mentioned above. In arguments
against our suggestion, explanations terming increase in the size of the Bangla tagset
as problematic have been provided. Since there was no rule assigned for these cases,
the developer of the tagset modified the tagset to tag these titles as NN.

In cases of name of degree, award, etc used with a name (following it) such as
M.B.B.S in Dr. Rabeya Khatun M.B.B.S and 913 %13 in OAT [¥ 9 201,
no rules have been suggested in the documentation. We suggest tagging these words
as NN.

Additionally, there is no tag suggested when a title is added to a name
(preceding it) such as CIF-GQ-IRAT in CIF-YQ-IRAT Q@ (F PSS P and S|
Cﬁ’é’ in 919 Cﬁ'@_ W JAM4. So, we suggest tagging them, along with the whole
name, as NNPC. This is so because these titles have become unavoidable part of the

name.

According to the documentation, DTS are “Single determiners precede nouns

and determinate objects those are singular in number and cannot be inflected by any
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suffix.” To contradict this, we would like to give examples like SOl S wiffo.
Here SICHS S0 is a compound common noun and WICAT is inflicted by suffix.
Thus, DTS can also be used when a singular noun is inflected. In 9ot fofF 97 8Bt
4, 5 and I are mass nouns. Therefore, a correction has to be made so as to

include mass nouns in the definition.

Since in Bangla part of speech, there is no adverb. Therefore, there are
arguments favoring tagging words in Bangla, corresponding to adverbs in English as
nouns or adverbs. To resolve this situation, we have been advised to tag these words
as nouns (NNT or NNL). For example, G in Q% T[T TS has been tagged as

NNL instead of RB, following the above rule mentioned.

While POS-tagging the Bangla words, we have come across certain words like
“JHP?, “qY”, “(OOF (OO and “(MATMIY”. There were no guidelines in the
documentation for such confusing words. After a discussion with the developer of the

tagset, the documentation was updated and tags for such words were included.

One other change we suggest is using separate tags for the punctuation marks
in Bangla as in the case of C7. Each punctuation mark in Bangla has separate uses.
For example, ‘!” and ‘| should not be both be tagged as sentence final punctuation, °.’,

because the exclamation sign has more use than just terminating a sentence.

Using the final tagset and its documentation, we started developing POS-
tagged English-Bangla Parallel Corpora. In the next section, we discuss the

methodologies used in reaching our goal.

3. Methodology

An overview of the process we used to develop a POS-tagged Parallel Corpora
and a proposition of translation model for word alignment based on POS and n-gram
model can be seen in the form of Figure 1. As already mentioned in the previous
section, we first scrutinized the initial tagset and then used the final tagset to manually
tag 20,000 Bangla words. The source of these words is www.bdnews24.com, a
Bangladeshi news website. Various news reports in Bangla and their corresponding
reports in English were taken. Then, 20,000 words of the Bangla reports were tagged
using the tagset. Combining these, tagged texts with their corresponding English texts,
we developed the POS-tagged parallel corpora. To serve as examples, we have
included two sets of extracts from the parallel corpora. The first set includes the

English sentence “Rupali is now undergoing treatment at Dhaka Medical College
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Hospital” with its corresponding Bangla sentence «Hoifey Q\')/ﬂ GRIRRGIIGT
TS AT IERSIEID] J&A®1” and the second one consists of “Her sister

and another worker suffered injuries in the accident and were sent to hospital” as

English text and “Q40d1Y OfF @d 8 97 4T HfHF A0 9 YR O
QUIFATOICT A p (I AR |” as its corresponding Bangla sentence.

Additionally, some samples of English texts were tagged using the C5 tagset
for English. The tagged Bangla text was combined with the samples of tagged English
text to manually word align the two set of texts. To word align the two sets of text, we
used a technique, a proposition we have made for future work in the area, for word

alignment using n-gram model and POS.

Figure 1: Annotated English-Bangla Parallel Corpora

Scrutinized a tagset
underdevelopment and
finalized the documentation

|

Manually tagged 20,000 Bangla
words using the tagset

oo

Tagged samples of English text
using C5 tagset

!

Word-aligned the two sample sets
of text

l l

POS-tagged Parallel Corpora Proposed translation model for word
alignment based on POS and n-gram
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In order to word align the Bangla text corresponding to the English text; we
have used an algorithm called PosAlign. Chang et al suggest using this algorithm to
word align English-Chinese texts. The algorithm has three steps [2]. The steps are:

1. Tag the parallel text with part-of-speeches
2. Initial alignment with the help of cognate lookup

3. Train the translation model iteratively using the unaligned part of the POS

sequences

After the tagging of the two sets of texts in Bangla and English, an initial
alignment using cognate look up is done. Cognate includes proper nouns, pronouns,
numerical expressions and punctuation marks [2]. We also suggest using relationships
(father, mother, sister, brother-in-law, etc) as cognates because size of the set of

corresponding translations in Bangla is very limited.

Initially, we hand aligned some parts of the texts. Using these parts, we
developed an n-gram model to devise a statistical translation model. We used this
model on the unaligned part of the POS tagged set of sample texts in English and
Bangla. Advantage of using POS alignment is parallel text of limited size is required

for training.

To understand the process better, we present a discussion that walks through
the process of word alignment of a Bangla sentence to its corresponding English
sentence, using PosAlign. The sentences are pre-tagged. This paper will use the

following Bangla and English tagged sentences:

“The/ATO injured/AJO were/VBD admitted/VVN to/PRP Nazirhat/NPO health/NN1
complex/NN1./.”

and

“HTOMI/II+SF$  TSIIT/NNPC RFRY/NNPC (FTCA/NNP+SFON ©fS/NNV
<$HI/VBM ER/VB I1.”

Firstly, cognate look up is used to word align the sentences partially. As a
result, we align “Nazirhat” to “qIf&FT” and * to I’ as in Figure 2. Next, we

remove the suffix tags, also represented in the figure. Here, we notice that in the
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example used only the Bangla sentence has suffixes. After these actions, the resulting
tag sets of the English and Bangla sentences look like {AT0, AJO, VBD, VVN, PRP,
NN1} and {JJ, NNPC, NNP, NNV, VBM, VB} respectively.

Figure 2: Cognate Lookup and Suffix Removal

Nazirhat/NPO

The/ATO injured/AJO were/MBD admitted/VVN to/PRP

health/NN1 complex/NN1

WROMA/II+SES ISR FON Sf8/NNV
II/VBM @RV

Then we use the n-gram model, to word align the rest of the sentences. A
subset of the n-gram model is shown in Table 2. We shall use this subset in aligning
the rest of the sentences. The table is a very simple one where there are columns titled
“JIRTI/English” meaning the Bangla tag given the English tag and the conditional
probability of the Bangla tag given the English tag or the conditional probability of a
sequence of Bangla tags given a sequence of English tags. We look up the first tag in
the Bangla set, “JJ” in the table. There are three entries for “JJ”. The first one is
“JI/ATO,AJO” with a probability of 1.00, the second one is “JJ/AJO” with a
probability of 0.67 and the third one is “JJ/NN1” with a probability of 0.33. Of these
three, we choose the one with the highest probability, i.e. “JJ/ATO, AJO”. Thus
“QIROMF/IT” is aligned to “The/ATO injured/AJO”.

Table 2
n-Gram model for Word Alignment
IRAV/English Conditionall ~ Jieel/English| ~Conditionall
Probability Probability

NNPC/NNI1 0.40 NNPC/AJO 0.40
NNP/NNI 1.00

NNV,VBM,VB/VBD,VVN 1.00

VBM,VB/VBD,VVN 1.00

JI/ATO0,AJO 1.00

JI/AJO 0.67 JI/NNI1 0.33

@O/ATO 0.33 @/PRP 0.50
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Next we look up “NNPC” and we find two entries, “NNPC/NN1” and
“NNPC/AJO” both with equal probability of 0.4. Thus, there is a tie. And still there

remains a problem of aligning health with ¥I%J and complex with (. To resolve
this issue and also the tie, we have devised a rule. The rule suggests that if there is an
NNPC aligned with a NPO in our sentences by using the method of cognate lookup,
first count the number of tags in the Bangla compound proper noun sequence (here it
is 3; NNPC NNPC NNP) and then check whether NPO is the starting tag of a
sequence in the English sentence that contains the same number of tags and ends with
either NPO or NN1. If we have got a sequence like NPO...... NPO, all the tags are to be
NPOs there. Else if we have a sequence like NPO...... NNI1, the sequence may contain
other tags like AJO. If so, then align the two sequences with each other using the

same order as they appear in the sentences as following.
ATO AJO VBD VVN P PO | l.
JJ NNPC NN V VBM VB.
We also lookup the sequence “NNV,VBM,VB” in the table and locate the
entry “NNV,VBM,VB/VBD,VVN” with a probability of 1.00. Thus, we align the rest

of the words in English with the rest of the words in Bangla. This way the whole
sentence in Bangla is word aligned 100% accurately to the sentence in English.

4. Summary of Result

The outcome of the thesis is the development of resources required to develop
English-Bangla machine translation. A 20,000 Bangla word tagged parallel corpora
has been built.

Our method of word alignment of sentences using POS and n-gram model has
shown good performances, but more tests are required. Encouraged by this good
performance of the alignment process, we propose this technique for word alignment

of sentences.
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5. Future Work and Conclusion

The 20,000 word annotated Bangla corpus will be very useful, not only in the
area of machine translation, but also in various other areas of natural language
processing. Moreover, the bilingual corpus can be used for statistical machine

translation.

This paper encourages with suggestions and guidelines for those who wish to
work in Sentence Alignment, Cognate Dictionary and similar other areas. It serves as
the foundation for the development of statistical machine translation for English-

Bangla text or speech processing.

After this stage of work in this area, future work is required in statistical
sentence alignment. From there, an electronic cognate dictionary must be built. Once
these two processes are done, advanced work in statistical machine translation using

POS alignment can be done.
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APPENENDICES

Finalized documentation of Mr. Altaf Mahmud’s 55-Tag Bangla Tagset has been

appended in this section.
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