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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., g 11 /badd™o/, (1111111 /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 ‘5 [IL][] /onek/” and
‘01000 Joti”  both I [o/” but

pronunciations are [onek] and [oti] respectively. These

start with their
changes with the pronunciation of " /5/> are supported

by the phonetic rules:
J+C+T (@) >

F+2/C+f (23) > 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/, .oz

/khobor/, 1000 /badla/, (10 /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., o  /kolom/, .or  /k"obor/). When

the final grapheme has adjoining vocalic allographs, the
inherent vowel of the medial grapheme (e.g. CJ1JTI[]

/badla/, I /kolmi/) tends to be silent (i.e., silenced

inherent vowels can be overtly marked by attaching the
diacritic ‘[1%).

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 ‘4 /f/' and ‘5 /s/)) that have

vocalic allographs (with the exception of ‘[l/e/') are
considerably easy to map. However there are a number
of issues: Firstly, the real challenge for a Bangla
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pronunciation generator is to distinguish the different
vowel pronunciations. Not all vowels, however, are
polyphonic. ‘5 /o/” and °, /e/' have polyphones (‘5 /o/”'
can be pronounced as [o] or [o], ¢, e/
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 ‘5 /f/° and ‘;
polyphonic behavior. And finally, the ‘consonantal
allographs’(Uy /4,00 /t/,00C /b/,LJ10 /m/), and the
grapheme ‘; /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 ‘5 /o/° followed by % or ‘&

can be

/s/” also show

/n/> then the ‘5 /o/> is pronounced as [o]. For
example, I /okk"ansho/’, ‘T fjoggo/ .

e If the first grapheme of a word is devoid of any
vocalic allographs and a ‘[J[1 /t/7 or ‘LJ0J /3’is
attached to it then the implicit ‘5 /o/° (associated to

the first grapheme) is pronounced as [o]. For
example, ‘(1000 /krom/’, ‘00000 /foddo/’. There
is one exception to this rule that is when there is a

‘g /i’ after the ‘L/J /t/° then the implicit ‘5 /o/
(associated to the first grapheme) is pronounced as
[o]. For example, ‘(1010100 /kroj/’.

e If the first grapheme of a word is devoid of any
vocalic allographs and the consonant following it is
accompanied with a ‘[0 /ri/” (00 OO) then the

implicit ‘5 /o/” (associated to the first grapheme) is
pronounced as [o]. For example, ‘[1J[1[J /mosrin/’.
e If a word starts with ‘5 /o/* followed by ‘5 /i/” or
‘s /u/’ or their corresponding vocalic allographs ([
/il /u/) then the ‘5 /o/’ is pronounced as [o]. For

example, ‘0] J 0000 /ob%idan/’.

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

consonant followed by a ‘Ll /n/’ or ‘g /n/” and if
there is no f~ N, <Y har, -« Ju/’ or ¢, /u/’ then
the “C /e’ is pronounced as [@]. But if there is a
Th, VAL, or ¢, Jul then the T /e/ is
pronounced as [e]. For example, ‘(<% /bzn/’, but
TANS /beni/.

e If the consonantal allograph ‘ < /b/’ is associated
with the first grapheme of a word then the * I /b/°
is silent. For example, “<gfey /dBoni/’.

e If the consonantal allograph ° J /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, ‘R /bis"s"o/’.
e If the consonantal allograph ¢ ¥ /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, QM /rosishi/’. But there
are some graphemes (‘51 /g/’, & /n/’, G /t/", 9l n/’,
S [/, 'S /m/’, "F [1’) when associated with ¢ X
/m/” keep the pronunciation of ‘N /m/’ unchanged.
For example, e /bagmi/’, T /jonmo/’.

e The consonantal allograph ¥ /3/°, when associated
with the middle or end grapheme of a word, is not
pronounced. For example, ‘Tl /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 ‘" /i/" or *V/i/’, the ¥ i/’ is pronounced
as ‘T3l fjo/’. For example, SO fzatijo/’.

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. C[/C = Conjunct Consonant

Table 1: Pronunciation Rules

H Letter/IPA/ || Pronunciation || Rules

Example
| p




/ol s00+% (000 conjuncted with a | @000 > 000 OO0
/o / consonant)
Implicit o+ 5 (0 DO0) +3 0000
o +CUC+ Uy (0 CO0) oood>doodg
8/o/ o at the begining
o+ /C+ (U 000) ey > efoq
a+s /C+ (0 000) O[IPE > ST
ata A > NI
o +C+5 (1 00) o > T
=+ 000 T > CEICAl
ot CF (A1) > TR
Letter/IPA/ p e
ronunciation
SREIEE]
Rules
Implicit o +010) (1 [1010) @ > T, U5 > WIKY
o + OO (O+00 (0 D) MG ( prevoius spelling
the spelling has been changed t0 & +[1[1 | 2¥7®) > LM &I&S)]
(UUO) but first °5  is pronuounced ‘4’
/ol s 10/ & at middle (implicit with consonents)
If a word has 3 or more letters, bfeore the | T > <, AT >
‘e’ at middle there is ‘g’ g’y and | 9f[gale], oo > (HCO,
‘s > then the mid —°5 " is pronounced as | el > TR
&6 9-
9 at end
Words that end with ‘5 7, -5 7, ‘g | N > [, EH >
are pronounced as , at the end TG, B9 > 209, 5eTe
> BfeTcal
if there is ‘3 * after 5 * or ‘[1” then it is =R > * e
pronounced as ‘5 ’
Words that end with ‘- *)-o5 ~ are fged > eiieen,
pronounced as ‘, ’ at the end ey > eigsor
if there are conjuncted consonants at the | *I'es > *C&
end of the word then it is pronounced as
68 7.
if there is ; * or ‘; ’ at the end of the | ¥R > IR, SMb > &I/
word then it is pronounced as *, ° rho
if there is ‘y 7 after ‘g’ or ‘g’ then it is | &F > &Y
pronounced as ‘y’ followed by ‘[’
(00000)
/af @/ af
kil o Of C+1 - , et
M/ D00/ 00 + @ 00000 > 000000
googo>googon
0, /el 4 At the begining




el

D/ﬂ +3 /0 /g; /D/@/ D/@/ D/:I
[0 gl 0l Ig l g Iy /g

af > a=f, weaf > weer,
T, @A, AT, ST,
OUET, A, FE

Oy 01 /000+0 /5 1 Olg

oo > oogd,
oo oo o> gobdg
oo

Monosyllabic pronouns 00, ,,00
LI a/ 4+ (0 /D00 /ey O /not ( (/5 /00| OO0 000 >
/) gooooooooo,
000> odoodg
®l /g | =y/Ong/ - 7
=/ p/ s /n/ - S1GP5 > 5fe] BU-T
Ut TE G > TG
D D + P @\é}gm > gi'gﬁ'q
3 / 9 as | Changed At the begining ooooooooo >
ooo C+ [1[] is not pronounced ooooooo
Pronunciation Rules
Letter/IPA/ Example
At middle or end C+ [J[J is doubled 00000 >0000 00
At the begining, middle or end 000004 >00000
C:C + [0 1is not pronounced
Unchanged Words that start with ‘000 ‘and have | Suzger > Swr qrer
‘s as ‘[I[J[)°, retain the pronunciation of ) )
‘z b
3 +I[1  or 5t 0 , retain  the W > W
pronunciation of ‘5’ ) )
&N > ANRCT
5 /m as | Changed At the begining C+ [ is not | DOOO0O0> 00000
000 pronounced, but C is pronounced with a
slight nasal tone
At middle or end C+ [J[J is doubled and | OO0 > 000000
C is pronounced with a slight nasal tone
At the begining, middle or end ooooodo > oooo
C+C + JUJ is not pronounced and the last | [J[1[J
C is pronounced with a slight nasal tone
Unchaned At middle or end 00oood > oooo oo
g le /s /4l lx /5 +00, retainthe | , OO0 >000 00O
pronunciation of ‘5 ’
7 /3 oas | T/ At the begining C + [11] or C + [1[]+[] JETien > [l
oo
/e/ Atthebeglnlngc+ DD+ D W>W®f\
a N N N
Unpronounced At middle or end with conjuncts C:C+ | szt > N9 wr-1
00 2 {
Doubled At middle orend C + [1[1, C is doubled

G > Y1 AT




F/ % as 7/1/
god

At the begning C + [0 , if C does not
have any vowel associated with it then the

it is pronounced as ‘;’, and C is not
doubled

goooon >
goooooon

At middle or end C + 001, C is doubled

gooooobs oo oo
googon

At middle or end with conjuncts
C + 00, Cis not doubled

gooooon > oooo
ooog

a /1 as | a/V At the begning C + [1[J, Cis notdoubled | [JOJOI0] >
000 00000000
At middle or end ooooogoood >
C + 001, Cis doubled googooobooooo
U
=/l /s when conjuncted with g /o /5 /3 ST TR > ST T T
5 Ny < Ny N
=/l when not conjuncted 000> 000D
5/ s/ 5/ s/ when conjuncted with g /o /5 /3 AT > AT
For foreign words AS T > AL
=/l when not conjuncted HErON > MBrOT-1
3/ T/l Always pronounced as « / oooo>oooon
P T/h For exclamatory words O00>000
/o At the end C+ [, Cis pronounced as ‘5~ | LU > OO0
N if no vowel associated with it
doubled At middle C+ O , C is doubled ooooon >
googooon
Table 2: Heuristic Rules
Letter/IPA/ Rules Example
T/f/ Always pronounced as /2 ubgd>ogoog
1/ If there is ‘[J[I ‘before ‘5 * and no vowel is | UL OOH > OO OUON
associated with ‘5’, then ‘5’ is
pronounced as ‘(117
If ‘5 is followed by ‘[I[J[1" or ‘[ILJL17,
and no vowel is associated with ‘s ’°, and | [ICIOICIC > IO OO0
then if there is any ‘[1” or ‘[1°, then ‘5 *is | IO > DOC OO
pronounced as ‘[1[1°, else it is pronounced
as ‘g .
T/=/ If there is ‘y * at the end of the word and | [JLI0L > (OO
no vowel is associated with ‘; ’ and the
previous letter contains a  ‘ [J ‘ or ‘(] °,
the ‘3 ’ is pronounced as ‘[]1[].




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: Pronunciation:

ST Subrmit== :)J-ej-

===Clear

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

“2fef’.

[E(T=1[><|

4 bangla - Motepad

Eile Edit Format  Wiew Help

BTAP/bepok @%WTE.-"u_tjaho WW:’uglglipona =
3o TATA jor"ajot"o &rﬁzi?r"glhorlnijo STH/bMab
sﬂé:r(:q(ﬁ'.-"'gaulbhj_rjer TT/moddho T/ dije
ﬁﬁﬁ:’po bittro a‘fl':’iglul Wﬁphilor

TS HT/ufob TMFTS/palito TET hojec"e
?l"@‘”l%.-"rajrr_ropoli ) /prod"anmonttri
a/0 FREEE=y birod"idolijo &St /nertri A%Vei
T @  upolokke TAF/prit"ok TAF/prit ok
AN CS/banite GFTATHEF/defbafike <S5/

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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