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Abstract

Transliteration is a process wherein an input
string in some alphabet is converted to a string in
another alphabet, usually based on the phonetics
of the original word. It is useful for Machine
Translation, to create possible equivalents of
unknown words, cross-lingual information
retrieval systems and in development of
multilingual resources. Punjabi is one of the
unique languages, which are written in more than
one script. In India, Punjabi is written in
Gurmukhi script, while in Pakistan it is written in
Shahmukhi (Urdu) script. This has created a
script wedge as majority of Punjabi speaking
people in Pakistan cannot read Gurmukhi script,
and similarly the majority of Punjabi speaking
people in India cannot comprehend Shahmukhi
script. In this paper, we present a high accuracy
Gurmukhi to Shahmukhi transliteration system.
We have tried to overcome the shortcomings of
the existing Gurmukhi to  Shahmukhi
transliteration systems and developed a system
which can which can transliterate any Gurmukhi
text to Shahmukhi at more than 98.6% accuracy
at word level.

Introduction

Punjabi is one of the most widely spoken
language in Indian sub-continent, with more than
100 million speakers in India and Pakistan. A
unique feature of Punjabi is that it is written in
two mutually incomprehensible scripts. In India
Punjabi language is written in Gurmukhi script,
while in Pakistan it is written in Shahmukhi
(Urdu) script. This has created a script wedge as
majority of Punjabi speaking people in Pakistan
cannot read Gurmukhi script, and similarly the
majority of Punjabi speaking people in India
cannot comprehend Shahmukhi script. To break
this script barrier, we have developed a
transliteration system for transliterating Punjabi
text written in Gurmukhi script to Shahmukhi.

Transliteration is a process wherein an input
string in some alphabet is converted to a string in
another alphabet, usually based on the phonetics

of the original word. Transliteration is frequently
used in Machine Translation, to create possible
equivalents of unknown words, cross-lingual
information  retrieval  systems and in
development of multilingual resources.
Transliteration is usually classified into two
directions. Given a pair (s,t) where s is the
original word in the source language and t is the
transliterated word in the target language,
forward transliteration is the process of
phonetically converting s into t, and backward
transliteration is the process of correctly
generating s given t(Lin and Chen, 2002).
Backward transliteration is more challenging
than forward transliteration. While forward
transliteration can accomplish the mapping
through table-lookup, backward transliteration is
required to disambiguate the noise produced in
the forward transliteration and estimate the
original word as close as possible. The Gurmukhi
to Shahmukhi transliteration is different from
standard transliteration schemes in the sense that
the Gurmukhi word has to be converted to
Shahmukhi with exact spellings, since the
language is written in both Gurmukhi and
Shahmukhi. This fact has largely been ignored
by existing systems, which have treated the
transliteration problem as forward transliteration
and used character mappings and dependency
rules to convert Gurmukhi word to Shahmukhi
without any consideration to spellings.

In this paper we present a fairly good accuracy
Gurmukhi-Shahmukhi transliteration system,
where we have taken special care to retain the
correct spellings in the transliterated Shahmukhi
text.

Gurmukhi and Shahmukhi scripts: a brief
overview

Shahmukhi is a right-to-left script and the shape
assumed by a character in a word is context
sensitive. The Nastalique script, a cursive, right-
to-left context-sensitive and a highly complex
writing system is normally used for Shahmukhi
orthography. It has 35 simple consonants, 15
aspirated consonants, one character for nasal
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sound, 15 diacritical marks, 10 digits and other
symbols. Gurmukhi derives its character set from
old scripts of the Indian Sub-continent. It is a
left-to-right syllabic script. It has 38 consonants,
10 vowels characters, 9 vowel symbols, 2
symbols for nasal sounds and 1 symbol that
duplicates the sound of a consonant (Malik,
2006; Malik, 2005; Jawaid and Ahmed, 2009).
Below is the mapping chart for Gurmukhi and its
respective Shahmukhi character(s).

Table 1. Gurmukhi to Shahmukhi Mapping
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As can be seen from Table 1, there are certain
Gurmukhi characters which have multiple
equivalent Shahmukhi characters. For example,

the character 3 is mapped to < and =. Similarly,

the character ¥ is mapped to four Shahmukhi

characters ( /34/=).

A statistical analysis on the Shahmukhi corpus
was performed to determine the percentage of
times the Gurmukhi character was mapped to the
similar sounding Shahmukhi characters (Table
2). The Shahmukhi characters with highest
frequency are selected for default mapping.
Table 2. Frequency of Occurrence of multiple
mapping characters

Gurmukhi | Equivalent % Default
Character | Shahmukhi | Frequency
Characters
g > 92.12% °
z 7.88%
H o 92.58% o
o= 7.41%
< 1.39%
= < 91.29% <
A 8.71%
3 < 95.49% <
Lk 4.51%
= J 62.12% J
U= 14.87%
L 13.91%
3 9.10%
Issues in Gurmukhi-Shahmukhi

Transliteration

As already discussed above, the main issue in
Gurmukhi-Shahmukhi transliteration is to
convert the Gurmukhi word to Shahmukhi with
correct spellings. The existing systems for
Gurmukhi-Shahmukhi transliteration are mostly
rule based and thus do not have good
transliteration accuracy as they do not check for
correct Shahmukhi spellings. Two transliteration
systems available on internet have been taken for
comparison with our system

(http://www.puran.info/PMT/PMT.aspx;

http://parc.cdac.in/utrans.htm). The main challenges

involved in development of a good accuracy
system are:

1. Multiple Mappings : As already discussed
in above section, there are certain Gurmukhi
characters which are mapped to multiple
Shahmukhi characters. The five such
Gurmukhi characters are shown in Table 2.

Two more characters <> and < are mapped

to both u and o . But these characters do not
pose any problem since the character o
always come at the end of the word. For
other cases we choose the character having
higher frequency of occurrence. But one
obvious problem is that the lesser frequent
characters never get mapped. A statistical
analysis of corpus reveals that these lesser
frequently occurring similar sounding
Shahmukhi characters have 1.45% frequency
of occurrence. It was also found that the
average word length of a Shahmukhi word is
3.55, which means that we can roughly
predict that any rule based system which
does not take care of these characters, will
have 1.45*3.55 = 5.15% error rate at word
level, due to multiple mappings. Thus to
have a high accuracy system, it is necessary
to solve this problem.

No exact equivalent mappings in
Gurmukhi for some Shahmukhi
characters: There are certain Shahmukhi
characters such as ¢ (ain) and ¢ (hamza) for
which there no exact equivalent Gurmukhi
characters. Though hamza can be generated
using character combination rules, but there
are no specific rules for ain. As for example,
consider the following cases:

g3 > Gy
Hd > g s

ISt > i)y
WBfEEr > ¢l

It is not possible to specify the rules in above
examples for generation of ain in Shahmukhi
words and it depends from case to case.
From the statistics, we find that ain has
0.42% of frequency of occurrence and thus
any pure rule based system, which cannot
properly generate ain in Shahmukhi will
further have 0.42*3.55 = 1.49% error rate at
word level.

Missing nukta symbols in Gurmukhi text :
Punjabi language has borrowed many words

from Arabic, Persian etc. Five consonants (H

Y dT 7 <) were added to the original 35

characters in Gurmukhi to accommodate the
sounds from these languages. As can be
seen, these characters were created by adding
the nukta(dot) symbol at the feet of the


http://www.puran.info/PMT/PMT.aspx

existing symbols (H H dT H ). But over the

years, the wusage of these characters
particularly, ¥ dT T &, has been on decline as

many Punjabi speakers do not make a
distinction between H H, di dT and € € . In

fact from the analysis of Gurmukhi and
Shahmukhi corpus, we found that these four
characters had combined character frequency
of occurrence of only 0.17% as compared to
1.35% for their counterparts in Shahmukhi.
The result is that most of the words in
Gurmukhi are now written without nukta

symbol. The symbol H is an exception. As an

respectively. For transliteration of such
words, we have to device special methods to
handle these cases.

Transliteration of proper nouns: The
transliteration of Urdu proper nouns such as
names of persons and places from Gurmukhi
to Shahmukhi poses another challenge.
Many times the spellings of such words in
Shahmukhi are typical and it is not possible
to formulate transliteration rules for
generation of such spellings. As for example

consider the Gurmukhi words WSS SHI"
IfIHS and 5?8781?, which are written in

Shahmukhi are sbias Gesy (5, dlae but

which  will yield wrong results if
transliterated using the usual rule based
mapping system.

example, we found that the word @ald

occurs 69 times in the Gurmukhi corpus
while the word @19 occurs 147 times in the

Gurmukhi corpus. It is interesting to see that ~ Gurmukhi-Shahmukhi

System Architecture

Transliteration

even though @419 is the correct spelling but

still the word @19 has higher frequency of ~ The system architecture of the Gurmukhi-
Shahmukhi transliteration developed by us is
displayed in Fig. 1. The system has been to take
care of the issues raised in the last section. As
can be seen from Fig. 1, the complete system is
divided into 3 stages: pre-processing, processing

and post-processing.
Gurmukhi Spell
Checker

Gurmukhi Word

Gurmulkchi-Shahmulchi
Dictionary

occurence.The reader can easily make out
the word even if it is not written without
nukta, but if that word is converted to
Shahmukhi using character to character
based mapping it results in wrong spellings.

So @ald will be transliterated to Se in
Shahmukhi, which is wrong while the actual
transliteration is % , which is obtained if the

correct Gurmukhi spellings @ald are used. Spell Chek Curmiichi

Pre-Processing

This puts a constraint on the system that
either the user should supply the correct A Nl ‘

Gurmukhi spellings for nukta characters, or |

the system should automatically correct such Hormalized Gurmulchi Word
errors if proper spellings in Shahmukhi are to
be generated.

Difference between pronunciation and
orthography: In certain cases, the
Gurmukhi words are written with short
vowels, while they are pronounced with long
vowels. The equivalent words in Shahmukhi
are also written with long vowels and so the
rule based mapping system which converts
those short vowels in Gurmukhi Shahmukhi
give wrong results in such cases. Some

examples of such words are J1d, faHT and

-=

HJ'S. They are pronounced as JId gHrg

Processing

Lexicon Lookup "7

Rule Based Conversion
to Shahmulchi

T
Transliterated Shahmulchs Word

Post Processing

Shahmukhi Cotrpus

Check Shahmulchi
Spellings

Spell Corrected
Shahmukhi Word

Figure 1: System architecture of Gurmukhi-
Shahmukhi Transliteration System

HJ'X but written with short vowels, while

the corresponding words in Shahmukhi are
written with long vowels as _lex 5, 8S) )5



In the pre-processing stage, the Gurmukhi word
is cleaned and prepared for transliteration by
normalizing the Gurmukhi word according to the
Shahmukhi spellings and pronunciation. In the
processing stage, the normalized Gurmukhi word
is converted to Shahmukhi using a rule based
system. The proper names and words with
typical spellings are transliterated using a
Gurmukhi-Shahmukhi lookup dictionary. In the
post-processing stage, the spellings of the
transliterated Shahmukhi word are corrected by
using a Shahmukhi corpus.

Lexical Resources Used

The following lexical resources have been used:

Resource Details

Gurmukhi spell | Root words : 41,253

checker

Gurmukhi-Shahmukhi | Terms: 10,254

dictionary

Shahmukhi Corpus Total words :97,63,294
Unique words:1,93,679

The details of the three stages are:

1. Pre-Processing : The input to this stage is a
Gurmukhi word in Unicode format. As
already discussed above, the Gurmukhi word
may be wrongly spelled because of the nukta
related characters. These spelling errors may
not appear so serious for Gurmukhi readers,
but when transliterated as such they generate
wrong Shahmukhi spellings. To solve this
problem, the Gurmukhi word is sent to a
Gurmukhi spell checker, which
automatically corrects the nukta related

errors. Thus the word dM® will get

converted to dI& after being fed to the

Gurmukhi spell checker. To handle the
problem of variation in pronunciation and
orthography of some Gurmukhi words, we
have created a database of all such words
along with their inflections. The Gurmukhi
word is checked in this database and if found
gets converted to the appropriate form. Thus

the word JGM" gets converted to I At
the end of this stage the Gurmukhi word

correcetd for the spellings and normalised
for the pronunciation based errors is

generated. Thus for the input word HHT , the
output word will be giﬁf after spell check and

normalization.

Processing : In this stage the normalized
word generated in pre-processing stage is
converted to Shahmukhi by using letter to
letter conversion mapping rules using the
mapping Table 1 and Table 2. The Gurmukhi
word is broken into its constituent Unicode
characters and each Gurmukhi character is
replaced by corresponding Shahmukhi
character. For multiple mapping, the default
character, with highest frequency of
occurrence as mentioned in Table 2 is
selected.

As for example, the word IHI will be

converted to Shahmukhi as follows:
FTH+HAT+E>SFa+t )t o= a8

If two vowels in Gurmukhi come together,
then the character hamza is placed in
between them in Shahmukhi.

As for example for e,
3+8 > S+ S and
Similarly for W€
W+E>i+4

Besides, these simple mapping rules, some
special pronunciation based rules have also
been developed. It is not possible to lay
down all the rules, but some of these rules
are:

fE+ar>L (Ffmr>LY)
fr+ @ > (TBG > )
FHY > e (U > gy

G+ E > G (HE >0%)

Though the above rules work fine for most
of the common words, but they do not give
proper results in the following cases:

1. In case of multiple mappings of a
Gurmukhi character to Shahmukhi
characters. These rules may not map the
correct Shahmukhi character.

2. There are certain Shahmukhi characters
like #(ain) and khadi zabar for which
there no exact equivalent Gurmukhi
characters. The above rules will not be
able to automatically generate these
characters in final Shahmukhi output.



3.

3. These rules many times fail to
transliterate Urdu proper nouns
The multiple mapping problem is
handled in the post-processing stage,
while for handling the zero mappings
and transliterating proper nouns and
other typical spellings, we create a
separate  database of  Gurmukhi-
Shahmukhi words. Some sample
Gurmukhi words with typical
Shahmukhi spellings stored in the
database are :

a3er (s 53
HES | Lest
i g 5o
g el
Har B
fizmmy g

The Gurmukhi word to be transliterated
is first searched in this database. If the
word is found, then it is directly
converted to Shahmukhi else it is
converted using the above rule based
mapping.
Post - Processing: This stage is primarily
used to correct the spellings of the
Shahmukhi words generated in the
processing stage. The major source of
spellings errors in the transliterated
Shahmukhi words is the multiple character
mapping in Shahmukhi. As for example the

words A&, HAE3, fa A and H33F will

be transliterated as o5, s auS  and
<lic while the actual spellings are z3u=s,
Lsune ads and b respectively. To
automatically correct the spellings, we have
used a Shahmukhi corpus. For the Gurmukhi
characters with  multiple = Shahmukhi
mappings, word forms using all the possible
mappings are generated and the word with
the highest frequency of occurrence in the
Shahmukhi corpus is selected. As for

example, consider the word 3'93. Both the

characters 3 and o have multiple Shahmukhi

mappings. The Shahmukhi word generated
in the processing stage is <SU, From this
word, all its forms are generated as follows:
S il Jasl dadls s Sl JaSU Jadlds |
A search for each of these words in the
Shahmukhi corpus reveals that while the

word <8l has 2045 occurences, none of the
other form has a single occurrence. Thus the

word 33 is transliterated to <éla,

To illustrate how the Gurmukhi word is
transformed in each of the three stages, we
take the following sample sentence in

Gurmukhi. The words which get modified in
the next stage are highlighted in bold.

UfEH & HA ¥ g fHas w3 it
I%3 feg fHignT

After Gurmukhi spell checking in pre-
processing stage, the sentence becomes

I%3 feg fHignT

The text after normalization becomes

I3 feg fHfgnr

This normalized text is sent to the processing
stage. In the processing stage, first each of
the word is checked for typical spellings in
the Gurmukhi-Shahmukhi dictionary. If
found then they are directly changed to
Shahmukhi, else transliterated using
mapping rules.

Since the word HHA™ has typical spellings the

output after dictionary lookup is :

YSIH § uss U6 SHT I3 W3 mendt
I3 feg tHiGwT

The output from the processing stage after
rule based transliteration is :

e B b i) ) S Jlam A ush 098 ol g

The final output after running the spell
checker in the post processing stage is :

ol s clla ey ) Gaa Jlen A sk U5 ol s

The outputs we got from the other existing
systems are below. The  wrongly
transliterated words are highlighted in red
colour.

Lo 5 s (aeSn 31 o ey leS Luash 058 ol
http://www.puran.info/PMT/PMT.aspx

bile g5 illa ceeSan ) g e leS L g ol
http://parc.cdac.in/utrans.htm



Another sample sentence when transliterated by
the three systems gave the following output:

Gurmukhi | 7rg waH Jy feg fos 37 for &
fairH3 Ehif Jehf I |

CHSACMSUBQJE}%A&SPJ&@L&
Culd Uy oo cdila 58 sk
-Op ol gbo

Our system

Puran =S U S gy S Al ol

. N ; PR
Gl U o o il a8 i
- O dlai ol

& L| . . & =
C““‘S“ C“'% OB ot Es “"‘th °L‘f
O CelS U w8l 58 U s

- Op Jlaia

Utrans

Experimental Results

We have tested our system on 121 pages of text
compiled from newspapers, books and poetry.
The results are compared with
Puran(http://www.puran.info/PMT/PMT.aspx )

and Utrans(http:/parc.cdac.in/utrans.htm), the two
transliteration systems available on the net
(Table 3).

Table 3. Transliteration Accuracy

System Transliteration Accuracy
Utrans 83.45%

Puran 84.92%

Our System 98.6%

We observed that the main of sources of
improvements in the transliteration accuracy
over the existing systems have been:

1. Pre-processing stage, wherein the wrong
Gurmukhi spellings are corrected and
spellings of some of the words are
modified according to their
pronunciation.

2. Development of transliteration rules for
special cases

3. Usage of
dictionary

4. Correction of Shahmukhi spellings with
the help of a Shahmukhi corpus.

All these have been implemented for the first
time in a Gurmukhi-Shahmukhi transliteration
and have resulted in the development of a good
accuracy transliteration system.

Gurmukhi-Shahmukhi

Failure Cases

The system fails for the following cases:

1. Words with typical spellings, which are not
present in Gurmukhi-Shahmukhi dictionary
and Shahmukhi corpus.

2. Gurmukhi words with multiple spellings in
Shahmukhi. As for example the Gurmukhi

word I3J" can get mapped to both »_ké and

IS, Similarly the word ™JH has two forms

in Shahmukhi <= and <! . The correct
spellings can be selected after context
analysis only.

Conclusion

In this paper we have presented a Gurmukhi to
Shahmukhi Transliteration system with around
98.6%  word accuracy. We have tried to
overcome the shortcomings of the existing rule
based Gurmukhi to Shahmukhi Transliteration
systems. The various challenges such as
multiple/zero character mappings, variations in
pronunciations and orthography and
transliteration of proper nouns etc. have been
handled by generating special rules and using
various lexical resources such Gurmukhi spell
checker, = Shahmukhi corpus, Gurmukhi-
Shahmukhi transliteration dictionary etc.

The author will like to acknowledge the web
support provided by Tejinder Singh Saini and
linguistic support provided by Abdur Rashid,
Anwar Chirag and Mohammad Sadiq.
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