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Abstract

This paper presents a rule based pronunciation
generator for Bangla words. It takes a word and finds
the pronunciations for the graphemes of the word. A
grapheme is a unit in writing that cannot be analyzed
into smaller components. Resolving the pronunciation
of a polyphone grapheme (i.e. a grapheme that
generates more than one phoneme) is the major hurdle
that the Automated Pronunciation Generator (APG)
encounters. Bangla is partially phonetic in nature, thus
we can define rules to handle most of the cases. Besides,
up till now we lack a balanced corpus which could be
used for a statistical pronunciation generator. As a
result, for the time being a rule-based approach
towards implementing the APG for Bangla turns out to
be efficient.

1. Introduction

Based on the number of native speakers, Bangla
(also known as Bengali) is the fourth most widely
spoken language in the world [1]. It is the official
language in Bangladesh and one of the official
languages in the Indian states of West Bengal and
Tripura. In recent years Bangla websites and portals are
becoming more and more common. As a result it has
turn out to be essentially important for us to develop
Bangla from a computational perspective. Furthermore,
Bangla has as its sister languages Hindi, Assamese and
Oriya among others, as they have all descended from
Indo-Aryan with Sanskrit as one of the temporal
dialects. Therefore, a suitable implementation of APG in
Bangla would also help advancement of the knowledge
in these other languages.

The Bangla script is not completely phonetic since
not every word is pronounced according to its spelling

(e.g., == /bodd"o/, wsy /modd”o/). Therefore, we need to

use some pre-defined rules to handle the general cases
and some case specific rules to handle exceptions. For

example, the words ‘ams /onek/” and “=f$ /oti/” both start
with ‘@ /o/” but their pronunciations are [onek] and [oti]
respectively. These changes with the pronunciation of ‘&
[a/> are supported by the phonetic rules:
g+Cte(asm)>F

7+3/C+f:(33m)> 8, where C= Consonant

There are some rules that have been developed by
observing general patterns, e.g., if the length of the word

is three full graphemes (e.g. = /kolom/, ¥== /k"obor/,

e /badla/, ==t /kolmi/ etc.) then the inherent vowel of
the medial grapheme (without any vocalic allograph)
tends to be pronounced as [o], provided the final
grapheme is devoid of vocalic allographs (e.g., =

Ikolom/, === /k"obor/). When the final grapheme has
adjoining vocalic allographs, the inherent vowel of the
medial grapheme (e.g. 3= /badla/, =5t /kolmi/) tends

to be silent (i.e., silenced inherent vowels can be overtly
marked by attaching the diacritic ‘=").

2. Previous work

A paper about the Grapheme to Phoneme mapping
for Hindi language [2] provided the concept that, an
APG for Bangla that maps graphemes to phonemes can
be rule-based. No such work has yet been made
available in case of Bangla.

Although Bangla does have pronunciation
dictionaries, these are not equipped with automated
generators and more importantly they are not even
digitized. However, the pronunciation dictionary by
Bangla Academy provided us with a significant number
of the phonetic rules [3]. And the phonetic encoding part
of the open source transliteration software ‘pata’ [4]
provided a basis.

3. Methodology

In the web version of the APG, queries are taken in
Bangla text and it generates the phonetic form of the
given word using IPA' transcription. Furthermore, there
is another version of the system which takes a corpus (a
text file) as input and outputs another file containing the
input words tagged with the corresponding
pronunciations. This version can be used in a TTS’
system for Bangla.

In terms of generating the pronunciation of Bangla
graphemes a number of problems were encountered.
Consonants (except for 7 /f/' and ‘5 /s/') that have
vocalic allographs (with the exception of ‘w/e/') are
considerably easy to map. However there are a number
of issues: Firstly, the real challenge for a Bangla
pronunciation generator is to distinguish the different
vowel pronunciations. Not all vowels, however, are
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polyphonic. ‘e /o/° and ‘a /e/' have polyphones (=1 /o/”'

can be pronounced as [o] or [0], ‘a /e/' can be

pronounced as [e] or [&], depending on the context) and
dealing with their polyphonic behavior is the key
problem. Secondly, the consonants that do not have any
vocalic allograph have the same trouble as the
pronunciation of the inherent vowel may vary. Thirdly,
the two consonants “r /f/> and ‘s /s/’ also show
polyphonic behavior. And finally, the ‘consonantal
allographs’(+% /y/,=7 /1/,23 /b/,z% /m/), and the grapheme
‘7 /j/' complicate the pronunciation system further.

Hypothetically, all the pronunciations are supposed
to be resolved by the existing phonetic rules. But as a
matter of fact they do not; some of them require
heuristic assumptions. The phonetic rules that have been
used are described in Table 1. Some of the rules are
described below:

e If a word starts with ‘a1 /o/> followed by ‘F" or ‘&
/y/> then the ‘@ /o/> is pronounced as [o0]. For
example, ‘7 /okk ansho/’, ‘e /joggo/’.

o If the first grapheme of a word is devoid of any
vocalic allographs and a ‘w= /r/” or ‘7 /3/’is attached
to it then the implicit ‘= /o/* (associated to the first
grapheme) is pronounced as [0]. For example, ‘==

/krom/’, ‘a5 Joddo/’. There is one exception to this
rule that is when there is a ‘¥ /j/’ after the ‘w7 /t/°
then the implicit ‘s /o/> (associated to the first
grapheme) is pronounced as [0]. For example, ‘&%
[kroj/.

o If the first grapheme of a word is devoid of any
vocalic allographs and the consonant following it is
accompanied with a ‘g /ri/’ (% ¥19) then the implicit
‘w [o/” (associated to the first grapheme) is
pronounced as [o]. For example, ‘svy /mosrin/’.

e If a word starts with ‘a1 /o/* followed by ‘% /i/* or ‘&
/u/’ or their corresponding vocalic allographs (f
/iy /u/) then the ‘=1 /o/” is pronounced as [o]. For
example, ‘sfeaa /obfidian/’.

e If a word starts with ‘e/e/’ associated with a

consonant followed by a ‘== /n/” or ‘& /ry” and if
there is no “f: /i/°, ‘& /i/’, ‘¢ fu/> or “; /u/’ then the
‘w/e’ is pronounced as [a]. But if there is a “f3/1°, ‘3
/il’,%; lu/> or ‘¢ /u/’ then the ‘«/e/’ is pronounced as
[e]. For example, ‘@e /been/’, but ‘@’ /beni/’.

e [f the consonantal allograph ‘w3 /b/’ is associated
with the first grapheme of a word then the ‘w3 /b/’
is silent. For example, ‘sfer /d%oni/’.

e [f the consonantal allograph ‘w3 /b/’ is associated

with a grapheme in the middle or at the end of a
word then that grapheme’s pronunciation is
doubled. For example, ‘g /bis"s"o/’.

e [f the consonantal allograph ‘w3 /m/’ is associated
with a grapheme in the middle or at the end of a
word then that grapheme’s pronunciation is doubled
and the last grapheme is pronounced in a slightly

nosal tone. For example, ‘afr /ros"s%/’. But there
are some graphemes (‘st /g/’, *& In/’, % It/°, >4 n/’,
5 />, ’s /m/’, *7 /1°) when associated with ‘w3 /m/
keep the pronunciation of ‘s /m/’ unchanged. For
example, ‘arfit /bagmi/’, ‘s /jonmo/’.

e The consonantal allograph ‘=3 /3/°, when associated
with the middle or end grapheme of a word, is not
pronounced. For example, ‘st /shond”a/”.

e If there is ‘¥ /j/> at the end of the word and no
vowel is associated with .and the previous letter
contains a ‘f /i/” or ‘@ /i/’, the ‘¥ /j/> is pronounced
as ‘ar /jo/’. For example, ‘swetw /jatijo/ .

Table 1 contains the phonetic rules. Apart from these
some heuristic rules are used in APG. Few such rules
are shown in Table 2. They were formulated while
implementing the system. Most of them serve the
purpose of generating pronunciation for some specific
word pattern.

Note: C = Consonant. C2C = Conjunct Consonant

Table 1: Pronunciation Rules

H Letter/IPA/ || Pronunciation || Rules

H Example ”
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/o) +m+% (% conjuncted with a consonant) T > TP AT
w/0/
Implicit s+ 7 (F %) + 7 Eal
aG+CoC+ ox (I[ lﬁ‘[) oG > @I
8/o/ < at the begining
F+%/ C+f (3 7m) afea > sfsya
at+ &/ C+ 5 (T vm) ST > ST
T+ T I > @
a+C+ox (::r W) 95 > 3T
Tt § TF > EEA
I+ = T > &ET
o+ Ct+y (3 719) W > G
- SREIEE
Pronunciation )
Letter/IPA/ Rules
Implicit s+ (7 =) = > @M, 5= >
@Ry
o+ 7 (@%)+oT (3 %) s ( prevoius
the spelling has been changed to -+ (&%) | spelling -&f®) >
but first ‘&’ is pronuounced ‘8’ e
/o) alo/ o1 at middle (implicit with consonents)
If a word has 3 or more letters, bfeore the | Fa% > @, s >
‘e’ at middle there is ‘er’,’sr’,’a’ and ‘8’, | smeE, EEA > GO,
then the mid —=’ is pronounced as “3’. CTREr > CNOTHA
o at end
Words that end with ‘-a&’, -8°, ‘-3&’ are | @ > FAEN, QT
pronounced as g at the end > @], 7@ > e,
sfre > sfeer
if there is ‘¥ after ¥ or ‘«’ then it is | W&TF > F@fa@n
pronounced as ‘3’
Words that end with ‘-s2’,’-e%’ are | JfiFes > sfiFeml,
pronounced as ‘8’ at the end FfEFeT > ST
if there are conjuncted consonants at the | =& > =&
end of the word then it is pronounced as
‘8.
if there is ‘z” or ‘v’ at the end of the word | 7z > F=r , s >
then it is pronounced as ’8’ sty tho
if there is ‘¥ after ‘&’ or ‘@r’ then it is | ¥ > &7
pronounced as ‘¥ followed by ‘=’ (z)
ar/ a/ ar/ a/ aror C + 1 S, AT
el @/ T+ o SR > S, T
>JrT
@alel a At the begining




@lav2 I IRIAB /8] ¢lalelsl
cilalal«sl/=/xz

afF > afF, @’ >
@, @@, T, @@,

clatwlel/s+f /13 ¢/T

@ > @y, @e & >
s &

Monosyllabic pronouns

@, a9,

M/ g/ al e+ (/5] )+ o1/ not (/3 /5/3) @B > [ET, @
> e
& oz [/ @ / Ong/ - R
2 /pn/ a/n/ - 5% > 5 @
gt+3 JqH > JTG
Sot e G > s
g/Faswn | Changed At the begining NEFF > MEFE
C+ 3 is not pronounced
Letter/IPA/ | Pronunciation Rules Example
At middle or end C+ =7 is doubled g > R em
At the begining, middle or end T > TueT
C:C + 23 is not pronounced
Unchanged Words that start with ‘8w ‘and have ‘T’ as | T > &9 @
‘w1, retain the pronunciation of ‘3
F+:3 or 5+ 43, retain the pronunciation of | foe > foxes,
T T > I
5/m as s | Changed At the begining C+ ¥ is not pronounced, | f$ > sffs
but C is pronounced with a slight nasal
tone
At middle or end C+ % is doubled and C | =& > =y
is pronounced with a slight nasal tone
At the begining, middle or end S > TF AT
C:C + <3 is not pronounced and the last
C is pronounced with a slight nasal tone
Unchaned At middle or end | > T o, o >
s/ e/ %/ ala/3 [@+ o9 retain the | ST AT
pronunciation of ‘&

T/yasmm | 0/l At the begining C + =3 or C + o3+a1 IR > R
alel At the begining C + o3+ f2 TfE > @7 fo
Unpronounced At middle or end with conjuncts Cz:C+ <3 | %5 > 57 @7
Doubled At middle or end C + <=, C is doubled ey > &1 @7

7/<as alr/ At the begning C + <@, if C does not have | =&m7 > @@y

any vowel associated with it then the it is

pronounced as ‘8’, and C is not doubled

At middle or end C + ¢7, C is doubled > 7 v @
At middle or end with conjuncts @G > @ @l

C + =7, C is not doubled
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7/1as all At the begning C + <=, C is not doubled AT > @
At middle or end SSTTET > SACSTET
C + «w1, C is doubled
=/ w/s/ when conjuncted withs /v /= / 3 @&my > e
T/l when not conjuncted e > e
s/s/ 5/ s/ when conjuncted withs /v /7 /=7 T > T
For foreign words TRET > WS
T/l when not conjuncted THed > HEEA
3/l =/ §/ Always pronounced as =/ | T > ST
By z/h For exclamatory words I > AR
s8/o At the end C+ =z, C is pronounced as ‘8’ | &z > @
if no vowel associated with it
doubled At middle C+ =z, C is doubled ey > faeey
Table 2: Heuristic Rules
Letter/IPA/ Rules Example
3/f/ Always pronounced as </ é TF > I
s/ If there is ‘ar‘before ‘& and no vowel is | W= > FEaY
associated with ‘w’, then ‘s’ is pronounced
as E%T’
If = is followed by ‘%" or &, and no
vowel is associated with ‘=, and then if | &5 > @3
there is any ‘f2° or ‘@, then & is | ¥oF > ST
pronounced as ‘&, else it is pronounced as
‘E’_
/e If there is ‘¥’ at the end of the word and no | s@ix > fe@T
vowel is associated with ‘¥ and the
previous letter contains a &  or ‘&,
the ‘3’ is pronounced as ‘ar’.




4. Implementation

APG has been implemented in Java (jdk1.5.0_03).
The web version of APG contains a Java applet that
can be used with any web client that supports applets.
The other version of APG is also implemented in Java.
Both
the versions generate the pronunciation on the fly; to
be precise no look up file has been associated. Figure
1 illustrates the user interface of the web version and
Figure 2 illustrates the output format of the other
version.

Enter Word: Fronunciation:
A 153 i i erf

ol G T

Figure 1 : The web interface of APG. The input
word is ‘st®’ and the correponding output is

“2fef’.

| mangts - Hanagad =ToEd
TFae Edi Foowed Wew Hep

AMTE heepok BSHTE nifaho SR addipons =
So TWAPTH o e HAPT " armijo ST L ab
| SR gambicper T modd "o o dije
S IE P bEnro i?"ﬂ ilusl ﬁﬁ'ﬁ-p"“;.
T WA ko TS palite TETH hojece
i agHis afrropori | TETEHEL prod anmoennri
w30 ﬁt‘ﬂ'ﬁlﬁ’lbuud idolijo = aL nerri A% e
TR wpolokk e THF prif sk TS priak
I TS basnine CTTETHTF defbalike =TS

Figure 2 : the output file generated by the plug-in
version of APG.

5. Result

The performance of the rule-based APG proposed
by this paper is challenged by the partial phonetic
nature of Bangla script. The accuracy rate of the
proposed APG for Bangla was evaluated on two
different corpora that were collected from a Bangla
newspaper. The accuracy rates observed are shown in
Table 3.

Table 3: Evaluation of accuracy

Number of words Accuracy Rate (%)
736 97.01
8399 81.95

The reason of the high accuracy rate of the 736-
word corpus is that, the patterns of the words of this
corpus were used for generating the heuristic rules.
The words in the other corpus were chosen randomly.
The error analysis was done manually by matching the
output with the Bangla Academy pronunciation
dictionary.

6. Conclusion

The proposed APG for Bangla has been designed
to generate the pronunciation of a given Bangla word
in a rule based approach. The actual challenge in
implementing the APG was to deal with the polyphone
graphemes. Due to the lack of a balanced corpus, we
had to select the rule-based approach for developing
the APG. However, a possible future upgrade is
implementing a hybrid approach comprising both a
rule based and a statistical grapheme-to-phoneme
converter. Also, including a look up file will increase
the efficiency of the current version of APG
immensely. This will allow the system to access a
database for look up. That way, any given word will
first be looked for in the database (where the correct
pronunciation will be stored), if the word is there then
the corresponding pronunciation goes to the output, or
else, the pronunciation is deduced using the rules.
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