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INTRODUCTION

Most of the words found in Arabic, Persian,
Urdu and Sindhi orthographically look similar but are
different in their meanings because the orthographic
system of these languages use superscript and subscript
diacritical marks unlike in Sindhi routine writings are
devoid of such diacritics. However, diacritics are placed
only where there is inadequate contexts. The purpose of
this research is to develop an automatic system that
converts non-diacritic into diacritized text. Therefore,
this improved mechanism of diacritic restoration is
proposed that is based on the multiplication of three N-
grams i.e., unigram, bigram and trigram. The N-grams
are probabilistic models which provide direction to
assign probabilities to words; it represents an n™ order
Markov language model (Jurafsky, et al., 2000). The
viterbi algorithm is used to select the highest probability
diacritized word from the given list of homographic
words.

The statistical language modeling is an ever
challenging task for morphologically rich languages and
always requires the corpus of the language. The corpus
of Sindhi language is selected for diacritics restoration
because many letters of Arabic, Persian and Urdu are
included in Sindhi alphabet and it has a large number of
homographic words in its particular texts.
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diacritics in the routine applications. The absence of diacritics creates many ambiguities and confusions for
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The widespread usage of computers in linguistic
applications; Sindhi texts need to be supplied with
diacritics in order to be correctly vocalized before being
processed. Thus the application of automatic diacritic
restoration for Sindhi computational processing is as
important as the life for a language. The automatic
insertion of diacritics into written Sindhi is important for
various natural language processing applications,
including search engines, text to speech engines, speech
recognition, text mining, information retrieval, machine
translation, mobile message reading, talking dictionaries
and corpora acquisition. Relatively they are also useful
for personal, official, industrial uses as well as learners
of language.

The diacritics restoration is a lexical
disambiguation task in natural language processing, to an
extent this problem has been solved by various
researchers using word-based, grapheme-based and
character-based approaches; each approach has qualities
and deficiencies with respect to different natures of
languages. These approaches are based on various
developed or adopted techniques for the task of diacritics
restoration for instance, hidden markov model is used by
(Gal, 2002), (Harby, et al., 2008) and (Elshafei, et al.,
2006), the maximum entropy is proposed by (Zitouni,
et al., 2006), the application of neural networks is
investigated by (Sultan, 2001), the weighted finite state
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transducers are proposed by (Nelken, et al., 2005) and
(Rashwan, et al., 2011) introduced a system that is based
on two-layer stochastic. The linguistic knowledge and
lexical resources are also used for diacritics restoration
for instance, the morphology and other linguistic features
are investigated by (Roth, et al., 2008) and lexical
resources are used by (Habash, et al., 2007), the Word
Net approach is proposed by (Mahar, et al., 2011). The
acceptable results have been achieved for various
European and African languages but Arabic script based
languages still need more attention due to rich
morphological structure.

MATERIAL AND METHODS

2.1 Material
The corpus of language is necessary for
diacritics restoration using statistical approaches

therefore, s, s» oL (Shah Jo Risalo) is selected as
corpus L because in this book original Sindhi language is
used by the great poet Shah Abdul Latif Bhitai. The
lexicon LSJR containing 27360 words is developed for
training and testing dataset. The Shah Jo Risalo managed
by (Aadwani, K., 2009) is used which is divided into 30
tune chapters, each chapter is based on poems and lays.
The approximate length of the poems given from 2 to 11
lines, the total number of poems is 1579 the length of
lays is given from 4 to 16 lines approximately the total
number of lays is 43. The statistical information of words
in Shah Jo Risalo is shown in (Table 1).

Table 1: Words information of Shah Jo Risalo

Total No. of Word 27360
Total No. of Word Types 10894
Total No. of un-ambiguous Words 9085
Total No. of ambiguous Words 1809

2.2 Methods

The diacritic restoration system compares the
structure of non-diacritized word with diacritized word
and then picks the diacritized word with the highest
count. The N-gram models and Viterbi algorithm are
well known and available in literature (Jurasfky, et al.,
2000), the contribution in this research is to perform
multiplication of three N-grams i.e., unigram, bigram and
trigram for calculating the highest probability values of
sequence of words, on the bases of -calculated
probability, Viterbi algorithm is used for finding the
most likely path. The short overview of N-gram models
and Viterbi algorithm is given below:

The text is a sequence of words that can be represented

.......
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its appropriate position then probability can be
represented as:

PW,W,,. W, W) (1)

n-1°

The bigram model is a first-order Markov model because
it looks for one word from the past that can be
generalized to the trigram (second-order) because it
looks for two words from the past

P(w, [w_,) )
P(w, [w,_,W, ) 3)

The diacritic bigram for the process of diacritic
restoration is similar to (Harby, et. al., 2008) except that
we only calculate the hidden states. The probability for
sequence of diacritic marks (hidden states) Ty, T,, Ty is
defined as:

TPt @

The methodology of our proposed system is mainly
based on the multiplication of calculated probabilities of
unigram, bigram and trigram models therefore, process
of Sindhi diacritic restoration system is defined as:

P(T T )PW)PW, [W, )PW, W W) - (5)

The Viterbi algorithm is best described in (Harby, et al.,
2008). We have modified Viterbi algorithm according to
nature of the task of diacritics restoration. The modified
algorithm is written as under:

1 Initialization Step
Fori=1toN

{
k=1

DATA (i, k) =

P(T [ T )PW)PW, [W,_ )PW, [W,_W. )
k=k+1

j

2 Iteration Step
Forj=1toN

{

LOC=1

MAX = DATA (j, 1)
M = LENGTH (DATA (j, k))

Fork=2to M

If(MAX < DiTA (3, k) then
i/IAX =DATA (j, k)
LOC=k

} PTR (j) = MAX
H
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3 Sequence Display Step
Forp=1toN
Write PTR (p)

3. Implementations

The semantic analysis is difficult for solving
lexical ambiguities, therefore identification of correct
contextual relationship is focused, in this regard, the
multiplication of three N-gram models i.e., unigram,
bigram and trigram with Viterbi algorithm is used for
diacritic restoration system of Sindhi language. The
unigram, bigram and trigram models are trained on
corpus of diacritized text of Shah Jo Risalo and then
tested with non-diacritized text of same corpus. This

section presents the implementation process of
tokenization, probability calculations and Viterbi
algorithm.

3.1 Tokenization

The tokenization is the first process of this
proposed mechanism; it is the process of segmenting
input sequence of orthographic symbols, the division of
input text into tokens is necessary for language
modeling. As the orthography of Sindhi is based on the
concatenation of syllables and words are normally
delimited through white spaces like in English, but
segmentation of words sometimes may be ambiguous
due to the presence of embedded space in a single word,
for instance, a word <% caala is a compound word and
we explicitly put hard space between «aba and <3 |
this explicit hard space is affecting on tokenization,
therefore, a new tokenization scheme for Sindhi text is
implemented (Mahar, et al., 2010).

3.2 Probability Calculation Process

The system takes the unigram, bigram, trigram and
diacritic bigram probabilities of each diacritized word
from probability tables and then performs multiplication
operation on obtained probability values and return
diacritic word having highest probability value. If word
bigram or word trigram probability value is zero then due
to the multiplication operation, the whole result will be
zero and system rejects this particular diacritized word.

Consider the poem from our proposed corpus:

el (g 0l combils )5
ol 4 5 6 B e S
o> s DR s R elid 9l b

Few words are found in this poem having
ambiguity like L3S s 8 (> «Se caw (o «Sw, these
words can be used in different meanings and sounds by
changing diacritical marks. (Table 2) shows many
homographic structures of these ambiguous words
producing various sounds and meanings. Now if we want

45

to restore the diacritic symbols of the second line of
above poem:

The system selects the first word from right to
left that is ,«Sy and compares the pattern of this non-
diacritic word with the corpus of diacritic words. System
found two types of words ¢S5~ and 5~ and takes
unigram probabilities of these words from p,, bigram
probabilities from p,, trigram probabilities from p, and
diacritic bigram probability value from p, and then
performs multiplication operation on obtained UG, WB,
WT and DB probabilities:

Word UG WB WT DB Multiplication
G 0.00029 0.25 0.125 (0.21008+0.25233) 4.19x 10
SSes 0.00003 0.00 0.0 (0.17617+0.25233)  0.00

As word (5 has high probability value than word (S
therefore system returns this diacritic word at the same
location of selected word.

Then system selects second word that is zs then
compares the structure of selected non-diacritic word
with diacritic words and found four types of words «=

> 4> «> and then takes unigram probabilities of these

words from p,, bigram probabilities from p,, trigram
probabilities of these words from p, and diacritic bigram
probability value from p,, then multiplies the obtained
probabilities, calculated results are given below. System
returns diacritic word > at the same location of selected
non-diacritic word because it has high probability than
others.

Word UG wB WT DB Multiplication
&> 0.00021 0.00 0.0 0.17617 0.00

= 0.00043 0.00 0.0  0.39896 0.00

> 0.00047 0.1538 0.0769 0.18925 1.05x 10
> 0.00058 0.3333 025  0.18652 9.01 x 10

The system selects third word ws«s> from the line and
finds two types of word 3 « »2¥'and takes into the same
process, after passing through which multiplies UG, WB,
WT and DB probabilities of each word:

Word UG WB WT DB Multiplication
5. 0.00138 0.9473  0.0263 (0.27336+0.21729) 1.69 x 10%
2 0.00014 0.00 0.0 (0.27336+0.27336) 0.00

System returns word 3 because it has high probability
value than word 3% .

Respectively selecting fourth word zises from selected
line and finds two types of word > ¢« *>. The process
repeats and finally following results are generated:

Word UG WwWB WT DB Multiplication
oS 0.00588  0.0062 0.0062  0.27336 6.18x10%
= 0.00021  0.00 0.0 0.25233  0.00

System returns word > at the same place of
non-diacritic because it has high probability value than
word (> .
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Consecutively fifth word «Ss is selected from the line,
system finds three types of word 52 ¢ 2 ¢ 2. Passes
through the procedure of UG, WB, WT and DB
multiplications, the results are as under:

Word UG WB WT DB Multiplication
& 0.00003 1.0 1.0 039896 1.19x10%
&= 0.00025 0.00 0.0 0.17617  0.00

S 0.0007 000 0.0 023834 0.00

System returns word 5= because it has high probability
value.

Now system selects sixth and seventh words (e, Gsslo
and found only one type of each word therefore system
considers this word having no ambiguity and takes
unigram probability value of each word returns their
equivalent diacritic words.

3.3 Viterbi Algorithm

The Viterbi algorithm is used to find the most
likely path transitions, when more than one homographic
word occur then the path of diacritized words having
largest probability value (multiplication of calculated
n-grams) is selected as the most likely path.

The probability of sequence of words is stored
in an array called DATA (i, k), where i is the total
number of words and k is the number of homographic
words, the maximum value of k has been found 10 in this
corpus.

Consider the sentence usS0 7 V2 FLE =S¢
o0 Q! in order to the implementation of the viterbi
algorithm. The algorithm selects one diacritized word
having highest probability value from the given list of
homographic words. The calculated probabilities of
homographic words S0, ze and others are processed
as follows:

0.00

4.19 x 10%

1.05 x 10°%
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DATA (i, k) = P(ZB | PS) x P(&5%) x Pz | &) x
P(uws? |z | (&), where k=1, 2, ..., 10.

DATA (i, k) = P(ZB | ZR) x P(5s) x P(zy | o5) x
HEEI

So that DATA (1, 1) = 4.19 x 10 and DATA (1, 2) =
0.00

In the second part of the algorithm, both calculated
values are compared and selected largest one and then
store in the first location of PTR.

In the second iteration of algorithm where i=2 and
initially k=1

DATA (i, k) = P(ZB | ZR) x P(2) x P(ws? | &) x
P(aiys | s | )
DATA (i, k) = P(PS | ZR) x P((s>) X P(b? | &) X
P(ziss | s | )
DATA (i, k) = P(JZ | ZB) x P(s>) x P(os? | o) x
P(clss | o2 [ )
DATA (i, k) = PJZ | ZR) x P(>) x P(Lss? | &) X
P(isg | b2 [e2)

So that DATA (2, 1) = 0.00, DATA (2, 2) = 0.00, DATA
(2,3)=1.05x 10" and DATA (2, 4)=9.01 x 10

All calculated values are compared in the
second part of the algorithm and system selects the
largest one and store into the second location of PTR.

This process continues up to the last word of the
given text. Finally system display all stored probability
values from 1 to N with their equivalent associated
words. The graphical model of path transition is depicted
in (Fig. 1).

1.19 x 10 0.0269

0.00007

Fig.1. The model shows an example of a path transition through viterbi algorithm.
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VB.NET frame work is used for the back end
and front end development of diacritic restoration
system. As Sindhi script is written from right to left; the
cursor is flashed from right to left direction therefore for
Sindhi writing system, we install MB Sindhi software
(Majid, 2006), for the correct representation and
visualization MB Lateefi is selected as default font style.

RESULTS AND DISCUSSIONS
4.1 Probability Tables

Two types of words are available in our
proposed corpora: (a) words having no ambiguity like <
U «¢ (b) words having ambiguity, ambiguous are the
words having multiple homographic structures due to
placement of different diacritic symbols like <y cand ¢S
For each word, system compares the structure of non-
diacritized word with diacritized words and then
computes the probabilities of each diacritized word. For
words having no ambiguity, system calculates the
frequency of selected word by using unigram model then
recognizes the pattern of non-diacritized input word with
diacritized word and then fixes the diacritized word at
the same location.

For those words having ambiguity, the system
automatically generates probability table py of all words
by using unigram model, (Table 2) shows the sample of
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calculated probabilities. System compares the structure
of non-diacritized word with diacritized words and
selects diacritized word having high probability value,
the diacritized word accuracy of 81.4% was achieved by
using this model but selection of word having higher
probability is not always correct, for instance, consider
the line o0 s baisy 53 (oled 4 53 baiga e from L ',
system selects word = instead of word = because word
= has high probability value but the correct word is ‘.

Therefore, for getting more accuracy, system
computes the probabilities of words bigram and
automatically generates probability table p, by using
eq.2, the sample of calculated words bigram probabilities
are shown in (Table 3). We have not achieved required
results with words bigram, therefore, system also
computes the probabilities of words trigram and
generates probability table p, by using eq. 3, (Table 4).
The system also computes the probabilities of diacritic
sequence using bigram model (see eq. 4) and generates
probability table’s f,, and py, (Table 5) shows the sample
of calculated frequencies and (Table 6) shows the
sample of calculated probabilities. The proposed
mechanism is mainly based on the multiplications of
Diacritic Bigram (DB), Unigram (UG), Words Bigram
(WB) and Words Trigram (WT) probabilities (see eq. 5).

Table 2: The sample of words frequencies with their equivalent probabilities

Word F P Word F P Word F P
K 8 0.00029 S 7 0.00025 o 2 0.00007
. 1 0.00003 s 2 0.00007 sl 36 0.00131
- 6 0.00021 - 161 0.00588 | uéa 10 0.00036
o 12 0.00043 N 6 0.00021 o 101 0.00369
= 13 0.00047 ol 2 0.00007 il 4 0.00014
= 16 0.00058 4 736 0.0269 ¢ R 1 0.00003
S 38 0.00138 O 21 0.00076 s X 1 0.00003
S 4 0.00014 | Cslusila 1 0.00003 8 16 0.00058
5 1 0.00003 s 2 0.00007 BEIS 1 0.00003

Table 3: The sample of words bigram frequencies and their equivalent probabilities

Word Bigram F P Word Bigram f P
olaailas () )'gme 1 0.048 N 0 0.00
Ol okl 1 1.00 Y 1 1.0

Lo 1 0.5 s 0 0.00
okl Ju 1 0.5 S 0 0.00
=5 2 0.25 ol 1 0.0013
o B 0 0.00 o8 b 1 0.1
TN 4 0.3333 b (50 1 0.0099
A 2 0.1538 B 1 0.25
N 0 0.00 AR g S 1 1.0
N 0 0.00 R g L 0 0.00
o 36 0.9473 Jsous 1 0.0625
o A 0 0.00 Js SR 0 0.00
RSN 1 0.0062 = s 1 0.3333
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Table 4: The sample of word trigram frequencies and their equivalent probabilities

Word trigram F P Word trigram f P
Olsy okl ) gm 1 0.0476 PPN 1 0.0062
e O ol 1 1.0 PENESPE 0 0.0

ol Jy o)'sy 1 0.5 ol 44 9 1 1.0
KT PEN N 1 0.125 ERETRE R 0 0.0
KR PEN N 0 0.0 SRR 0 0.0
JPRENEIRJEN 4 0.25 olh sl pda 1 0.1
A 1 0.0769 R olh 5l 1 0.0099
AN 0 0.0 EFESTIPSS 1 1.0
NN 0 0.0 J5 DR g 8 0 0.0
RS 1 0.0263 o> Js XS 1 0.0625
e 0 0.0 o> Js XS 0 0.0
Table 5: Bigram diacritic frequencies from the proposed corpus.
i-\i # ZB ZR PS JZ BZ SD Sum
# 0 163 73 51 0 0 0 287
ZB 0 117 108 93 81 4 25 428
ZR 0 34 46 77 36 0 0 193
PS 0 25 54 12 28 0 0 119
Jz 0 21 7 5 0 0 0 33
BZ 0 0 0 0 0 0 0 0
SD 0 8 2 6 4 0 0 20
Table 6: Biagram diacritic probabilities from proposed corpus
i-2\i # ZB ZR PS JZ BZ SD
# 0 0.56794 | 0.25436 | 0.17770 0.0 0.0 0.0
ZB 0 0.27336 | 0.25233 | 0.21729 | 0.18925 | 0.00934 | 0.058411
ZR 0 0.17617 | 0.23834 | 0.39896 | 0.18652 0.0 0.0
PS 0 0.21008 | 0.45378 | 0.10084 | 0.23529 0.0 0.0
JZ 0 0.63636 | 0.21212 | 0.15151 0.0 0.0 0.0
BZ 0 0.0 0.0 0.0 0.0 0.0 0.0
SD 0 0.4 0.1 0.3 0.2 0.0 0.0

4.2 Performance Measurements

For training and testing, the corpus L is
classifying into two parts: (i) L"™"™" that contain 27360
words and (ii) L**' that contains 3919 words. The testing
corpus is selected from training corpus which is
approximately 14.32% of training data. The diacritic
restoration system was tested using randomly selected
250 poems from L"™™"¢, The system is evaluated to
measure the accuracy of words in terms of percentage in
the L', For all experiments, two types of error rates are
reported in order to calculate the performance of system,
one is word error rate (WER) for the percentage of
incorrectly delimited words due to hard white space, the

other one is diacritization error rate (DER) for proportion
of incorrectly restored diacritics, the calculated results
are shown in (Table 7).

Table 7: Calculated results of two word types

Types of No. of No. of o. | DER
Words Words | Characters WER% %
Words
having no 2936 12137 0.53 0.27
ambiguity
Words
having 983 4066 0.18 2.94
ambiguity

Total 3919 16203 0.71 3.21
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4.3 Discussions

Various approaches have been proposed and
applied for diacritic restorations of Arabic script based
written languages like Hidden Markov Model (HMM),
Maximum Entropy (ME), Neural Network (NN), Finite
State Transducers (FST), combination of different
Linguistic Features (LF), Word Net (WN) however, for
any diacritic based language, no studies have explored
the optimal level of diacritization yet. Most of
the researchers (Gal, 2002; Harby, et al., 2008; Elshafei,
et al, 2006) used HMM approach for diacritic
restoration and reported 81% to 95.2% accuracy of
system’s performance. During literature survey, it has
been found that the diacritization error rate is reported by
different researchers by using different approaches from
4.1% to 6.35% and the word error rate is reported from
5.5% to 17.3%, the DER and WER of different
researchers are shown in (Table 8).

Table 8: DER and WER reported in literature.

Proposed Approach DER% WER%
HMM (Elshafei, 4.1 5.5
2006)

ME (Zitouni, 2006) 5.1 17.3
FST (Nelken, 2005) 6.35 7.33
LF (Habash, 2007) 4.8 14.9
WN (Mahar, 2011) 3.39 0.71
Proposed Method 3.21 0.71

The DER about 3.21% is achieved by using
proposed mechanism, this error rate is lower than any
error rate reported previously in the literature (the claim
of error rate is based on our developed corpora, this may
not true if a different corpus of any other language is
used). (Fig. 2) shows the graphical representation of
WER and DER of various proposed approaches for
diacritic restorations. The diacritic error rate of words
having no ambiguity is 0.27% due to presence of
embedded space in the compound words; if words are
managed properly then DER could be further reduced
about 2.94%. Similarly, the system could probably be
improved using Laplace or Katz back-off smoothing to
eliminate the multiplications by O that arise when using a
small training corpus or higher-order n-grams.
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DER and WER of Proposed Approaches

mDER
BWER

2
HMM ME FST LF WN N-Gram

Fig. 2. Graphical evaluation of WER and DER of
various proposed approaches

Approximately, 389 Arabic words and few
Persian and Urdu words are present in Shah Jo Risalo,
for instance, consider one line from the proposed corpus
Lo ponind S e’y 91 Gl AF Cald U from right to left six
words are selected from Quran (a holy book). Many
words like s cold cued « Sl «3dle are same in Urdu
and Sindhi; we have also achieved acceptable level
results with words of these languages therefore proposed
methodology can be used for Arabic, Urdu and Persian.

The proposed system is focused on six diacritic
symbols, among them three symbols are short vowels
that represented by letters “0”, “i”, “u” which are
corresponding to “Zabara”, “Zair”, “Pesho” respectively
and other three are represented by symbols « "¢, « ", «
which are corresponding to “Shadda”, “Baa Zabara”,

“Jazam” respectively.

Two mandatory steps are always required for
diacritics restoration system of any language: (1) the
identification of missing diacritics before filling in a
given word and (2) how diacritics are restored and on
what Dbasis. Through our proposed mechanism,
identification of missing diacritics is not necessary
because each non-diacritic word is replaced with diacritic
word and diacritic word is restored on the basis of high
probability value.
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CONCLUSION

The N-gram based diacritic restoration system
using Viterbi algorithm was proposed for Sindhi
language. The orthographical system of Arabic script
based written languages is highly homographic and the
text is written without diacritic symbols, this creates
morphological and lexical ambiguity and it is difficult to
pronounce non-diacritized text correctly. In this paper,
automatic system of diacritics restoration for Sindhi text
using different N-gram models i.e., unigram, bigram and
trigram is discussed and represented. The acceptable
results are achieved with these three kinds of N-gram
models but 4-gram or also 5-gram may be useful for
different kinds of Sindhi corpora. The corpus of the
language is necessary for diacritic restoration system
therefore Shah Jo Risalo is used as corpora. The word
error rate of 0.71% and diacritic error rate of 3.21% have
been achieved. The possible future work is to train large
corpora using higher-order n-grams, the testing data will
select from different corpus, and smoothing method will
used to avoid 0 probabilities of n-grams.
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