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ABSTRACT: The Internet is a significant source of textual data, with users generating vast
amounts of information through social media and news agencies daily. The extraction of
meaningful information from large datasets is a challenging and costly process. Text pre-
processing is a crucial initial step in any Natural Language Processing (NLP) task, as it can impact
the overall performance of the study. The main objective of text pre-processing is to transform
unstructured text into a linguistically meaningful (standard form) format, making extracting
information for any text-processing task easier. This paper introduces TPTS, a model for text pre-
processing in the Sindhi language. TPTS performs essential NLP tasks such as text tokenization,
normalization, stop-word removal, stemming, and POS tagging for the Sindhi language. The
Sindhi Text Corpus (STC), consisting of 1.5k Sindhi text documents collected from various online
news websites, is used for experimentation. The TF-IDF approach is employed to identify high-
frequency stop-words in the Sindhi language.

Furthermore, a rule-based system tags words with their part of speech in Sindhi input text. The
ROUGE evaluation metric is used to assess the effectiveness of the proposed TPTS technique,
achieving 89% accuracy on the STC corpus. The Sindhi language is spoken by over 30 million
people globally, and the lack of adequate NLP tools and resources limits the development of
technology and natural language applications that can benefit Sindhi speakers. The proposed TPTS
model can aid in developing such applications, making it beneficial not only for text pre-processing
tasks but also for other Sindhi language text-processing tasks such as text summarization,
sentiment analysis, speech-processing applications, text mining, and information retrieval
systems.

Keywords: Text pre-processing, natural language processing (NLP), ROUGE evaluation, TF-IDF
weighting technique, rule-based model, Sindhi language.

1. Introduction:

Natural language processing (NLP) is the emerging field of artificial intelligence (AI), and
linguistics [1]. The primary goal of the NLP is to provide computers with the ability to
understand human (spoken and written) language [2]. Text pre-processing is critical in
many NLP applications, including text summarization, classification, sentiment analysis,
etc. The fundamental goal of text pre-processing is to transform the raw text into a format
more amenable to analysis by downstream NLP models and algorithms [3]. Text pre-
processing is challenging for Arabic script-based languages such as Sindhi due to a lack
of linguistic resources, multi-token words, and the number of suffixes. Text pre-
processing is critical in NLP applications for Sindhi and other Arabic script-based
languages. However, several challenges, such as a need for linguistic resources, multi-
token words, and complex morphological structures, make text pre-processing for these
languages particularly challenging.

The Sindhi ¢« Language is an Indo-Aryan language, with more than 75 million native
speakers available worldwide [4]. Historically, the Sindhi language was used in obsolete
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writing systems such as khudawadi, Khojki, Waranki, Gurumukhi, Landa, Devanagari,
and Perso-Arabic. However, nowadays, only Perso-Arabic and Devanagari writing
systems or scripts are widely used worldwide [4]. The Arabic script-based languages, like
the Sindhi language, are written from right to left, with the text arranged horizontally [5,
6]. However, the numerals of the Sindhi language are written from left to right direction
[7]. The Sindhi script has 52 alphabets, with 29 letters derived from Arabic, three letters
derived from Persian, and 20 letters that are modifications or adaptations of the Arabic
script to suit the phonetics of the Sindhi language better.

This study proposes TPTS: text pre-processing techniques for the Sindhi language text (s).
This is the first-ever text pre-processing model for the Sindhi language. TPTS model aims
to perform a series of pre-processing steps on Sindhi language text to clean and prepare
it for further natural language processing tasks, such as text tokenization, text
normalization, stop-word removal, stemming, and POS tagging.

The proposed TPTS model used an updated version of the extractive Sindhi corpus (ESC)
named Sindhi text corpus (STC), which contains 1.5K text documents. The STC is
generated from online Sindhi websites such as Online Indus News, Time News, and
Awami Awaz. The TF-IDF approach is used to process the text in the Sindhi language,
which generates high-frequency stop-words in the Sindhi language. Additionally, the
model identified 183 prefix terms, 157 suffix terms, and 98 prefix-suffix terms as stem
words of the Sindhi language.

The rule-based approach is used to tag words as part of speech (POS), essential for various
natural language processing (NLP) tasks such as text summarization, sentiment analysis,
speech-processing applications, text mining, and information retrieval systems. The
proposed TPTS model achieved 89% accuracy based on the Sindhi text corpus (STC),
demonstrating its effectiveness in processing Sindhi text. Moreover, this model can be
used for any Sindhi text-processing task, making it a versatile tool for various NLP
applications.

Challenges in Sindhi language text pre-processing

NLP and its subfield, such as text pre-processing for the Sindhi language, is one of the
challenging tasks because Sindhi is a poor-resourced language having less computerized
or digital resource availability online. However, significant advancements have been
made in Arabic and Urdu compared to the Sindhi language. The Sindhi language has
remained a poor-resourced language in computational linguistics and natural language
processing [4].

The remaining parts of this paper are presented as follows: Section 2 includes the
literature on Sindhi text pre-processing steps. Section 3 describes the research
methodology and evaluation of the model (TPTS). Section 4 contains the experiments and
results of the proposed model. Section 5 describes the conclusion and future studies of
the research work.

2. Literature Review

The literature on text pre-processing in the Sindhi language has limited research study
due to lake of NLP tools, open-source APIs, and publicly available online datasets.
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LN. Sodhar et al., 2021 [8] presented text tokenization for Sindhi language information
retrieval. The dataset was crawled from the online Sindhi language Awami newspaper
for text tokenization purposes, and the dataset is not available online for public use. The
dataset consists of only one hundred forty (140) words (eight sentences) of Sindhi text.
J.A. Mahar et al., 2010 [9] proposed rule-based POS tagging for Sindhi text. The lexicon
and word disambiguation rules are followed to develop Sindhi POS tagging. The dataset
contains 26366 tagged words, and the corpus of tagged tokens was collected from
different online Sindhi dictionaries. The results were evaluated using ROUGE metrics,
and the Sindhi linguist verified the outcomes. The model achieved 96.28% accuracy from
SPOS on the presented dataset.

W.A. Narego et al., 2016 [10] proposed a model for Sindhi word segmentation into
morphemes. The proposed algorithm is designed to solve the segmentation problem of
the Sindhi language. They have used the Sindhi corpus developed by Mahar et al., 2014
[11], which contains 105733 words. The algorithm tested 109 compound terms, 179 prefix
terms, 1343 suffix terms, and 50 prefix-suffix terms in the Sindhi language. The overall
segmentation error rate was calculated 5.02%.

M.R. Shah et al., 2016 [12] presented a Sindhi stemmer for IR systems by applying a rule-
based stripping approach. The proposed rule-based algorithm depends on the developed
lexicon and linguistic rules. The Sindhi corpus Mahar et al., 2014 [11], is used for
experiments, containing 86,733 words. The 5327 words have been considered for the
lexicon, where 2142 words were found to have prefixes and suffix morphemes of the
Sindhi language. The proposed Sindhi stemmer performed with 84.85% accuracy on the
developed dataset.

M. Osman Hegazi et al., 2021 [13] presented text pre-processing for Arabic text on social
media. The proposed model process the data in four steps: data collection, cleaning,
enrichment, and availability. The preprocessed text is stored in the corpus, where the

meaningful data can be extracted by applying an algorithm, and it becomes easier to query
and analyze the data, allowing for more efficient and effective processing. The processed
Arabic text can also be valuable for topic classification and sentiment analysis.
Anandarajan et al., 2019 [14] presented a chapter on text pre-processing. The primary
purpose of text pre-processing is to cleanse text data by applying the following steps:
tokenizing, standardizing, cleaning, removing stop words, and stemming. Further
advanced techniques such as n-grams, part-of-speech tagging, and custom dictionaries
are applied for efficient results.

Anoual EI Kah et al., 2021 [15] proposed the effects of text pre-processing on Arabic text
classification. Several text classification models are applied for better results of text pre-
processing. They have produced 50,000 articles dataset of different categories: culture,
politics, sport, economy, health, and technology. The following steps: stop Words (SWs)
elimination, stemming, and lemmatization were performed for cleaning the text. Further,
TF-IDF and Chi-square were used for feature selection and feature extraction. Finally, the
following algorithms (SVM, DT J48 and NB) were implemented for text classification.

3. Research Methodology

The proposed TPTS: Text pre-processing techniques for the Sindhi language is shown in
Fig. 1. The model comprises three steps: in the initial stage, the dataset is developed and
named as Sindhi text corpus (STC). Secondly, text pre-processing is applied to input
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Sindhi text, and in the third step, the model generates clean text, which is ready for further

text processing task (s).

Sindhi text doc
(sTC)

Tokenization

=14}

=

'E L Clean/structured

w Text normalization

@ text

2

o

.

2 | stop-word removal ‘

x . _

= Stemming _— o

ﬂ Database
POS tagging

Fig. 1: The proposed framework of the model

3.1 Development of dataset

The corpus for any research work has inevitably essential for experiments and evaluation.
In this research, the online publicly available dataset is used named Extractive Sindhi
Corpus (ESC), developed by A. Nawaz et al., 2022 [16]. The ESC contains 1.2K articles on
different topics such as; politics, sports, health, tourism, and national and international
news documents crawled from various online Sindhi websites such as; Online Indus
News, Time News, and Awami Awaz. The ESC was developed and evaluated for Sindhi
text summary generation. In this research, the ESC is assessed and used for the following
purposes: text tokenization, text normalization, stop-word removal, stemming, and POS
tagging. The ESC contains a 1.2K document dataset. In this research, we have extended
the ESC corpus and added 300 more text documents for more accurate results generation.
The proposed corpus, named as Sindhi text corpus (STC), contains 1.5K text documents.
The STC includes 1.5K documents, 43,500 sentences, 670,505 tokens, and 36,000 unique
words. Table 4 shows the statistics of the STC dataset.

3.2Text pre-processing

Text pre-processing is the initial step toward any text processing and NLP task [3]. Text
pre-processing includes: 1. Text tokenization, 2. Text normalization (special characters,
HTML tags, punctuation marks, numbers, and non-Sindhi words removal), 3. Stop-words
removal 4. Stemming, and 5. POS tagging:
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3.2.1 Text tokenization

Text tokenization is the initial step toward text pre-processing[16, 17]. The following two
operations are required to convert the text into tokens: convert the paragraph into
sentences and split the sentences into tickets [18]. In this research TPTS model
automatically converts the section into sentences by using the following delimiters: full
stop (-), question mark (?), and exclamation mark (!), whereas white-spaces ( ), commas
(,), and semicolons (; ) are used to split sentences into tokens.

3.2.2 Text normalization

Text normalization is the process of removing: memorable characters, HTML tags,
punctuation marks, numbers, and non-Sindhi words, from input documents. The
normalization process improves the performance of any NLP task, such as text-to-speech
synthesis, speech recognition, information extraction, text summarization, sentiment
analysis, and machine translation [19]. The list of the following symbols: (special
characters, HTML tags, punctuation marks, numbers, and non-Sindhi words) is added to
the proposed TPTS model, eliminating these symbols/characters from the input Sindhi
document during the processing step.

3.2.3 Stop-words removal

The stop-words are less meaningful and most frequent words in any document in any
language, such as Arabic [20], Persian [21], Urdu [22], and Sindhi [23]. The stop-words
have the least semantic values in the text. The stop-words have an insignificant effect on
the reader, whereas the stop-words help to format and complete the sentence. The stop-
words mainly include pronouns, conjunctions, and prepositions [24].

In this research, the term frequency-Inverse document frequency (TF-IDF) is used to
calculate the weight of stop-words in the document. The STC corpus contains 670,505
words; among these words, 522 high-frequency words are identified through the TF-IDF
technique as stop-words of the Sindhi language. Table I shows the list of some high-
frequency stop-words in the Sindhi language.

Table I: An example of high-frequency stop-words extracted from STC using TF-IDF.

Stop-words | Frequency| Stop-words | Frequency
(SW) (SW)
PES 3845 =y 3721
ca! 3578 » 3111
O sl 2901 Ol 2709
oS 2665 Bx 2423
sl 2103 $o= 1953
K 1875 == 1133
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The TF-IDF technique is used in different fields of study, such as information retrieval,

machine learning, and text mining [16]. The TF-IDF is a statistical approach mostly used
to calculate the weight of any word in the document (s) [23].
Lj

Term frequency (TF):tf;; = #

nk, Jj
n; j: The number of occurrences of the term in document d;
Yk Nk, j: Number of occurrences of all terms in document d;

|

Inverse Document Frequency (IDF):idf; = log
‘{dj:tje ‘dl} |

‘D ‘: total document in a data set (SSC)

‘{dj: t; € d;} ‘: the number of documents where t; appears.

Term Frequency-Inverse Document Frequency (TF-IDF): tf- idf; ; = tf; ; = idf;

324 Stemming

Stemming converts the inflected words to their root or stem form [24, 25]. A variety of
checking approaches is available in different languages, such as English [26], Arabic[27,
28], Persian [29], and Urdu [30]. Also, several stemming approaches are available for the
Sindhi language [12, 25, 31, 32]. The A. A. Sattar et al., 2021 [25] proposed Sindhi stemmer
and identified 72 prefix terms, 150 suffix terms, and 41 prefix-suffix terms; these terms
were used in the proposed research. Further, some more inflected words are identified,
such as 183 prefix terms, 157 suffix terms, and 98 prefix-suffix terms, which are acquired
from the STC dataset. Table II shows some inflected words followed by their root or stem
form.

Table II: Sindhi-inflected text followed by its stem form.

Word Prefix Stem Suffix
Laial 3.‘.1.... _gL....a Ll -_
s | - 2R | JF

il b o -_

b.."..p:.i)i - I"" _)i boa

3.2.5 Part of speech tagging

Part of speech (POS) tagging is a process of sequential labeling of each word with the
respective label [33]. The process to assign syntactic categories to each word as noun,
pronoun, verb, and adjective [9, 34]. POS tagging for resource-poor language Sindhi is
one of the challenging tasks due to the Sindhi language being morphologically vibrant. In
this research, the rule-based part of speech tagging is used to tag the words of the input
document. J.A. Mahar et al., 2010 [9] proposed a Sindhi POS tagging corpus containing
26366 tagged comments.
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This research uses the rule-based approach to tag each word of the input Sindhi document
with the respective tag. The proposed rule-based POS tagging is performed 90% accuracy,
while the experiments are performed on Sindhi text corpus (STC). The proposed model
rule-based POS tagging results are compared with the already tagged dataset [9]. The STC
dataset tokens are classified based on eight parts of speech: noun, pronoun, verb, adverb,
adjective, conjunction, preposition, and interjection. Table III shows Sindhi words with
respective tags and descriptions, followed by English translations.

Table III: POS tagging of Sindhi words with English translation.

Sindhi Word English POS Description
translation | tagging
J:,&q;., Doctor MM Moun, singular or mass
OlLs Play VBD Verh, past tense
D) gacts g5 Beautiful 1l Adjective
q?’ He PRP Personal pronoun
ALY Sindhi NMP Moun, pronoun, singular

In this step, the TPTS model generates clean text for further processing. The various field
of research requires text pre-processing while performing operations such as information
retrieval system, text summarization, text mining, sentiment analysis, and text processing
[20, 35]. The abstract flow of pre-processing steps is shown in Fig. 2.

Input Text Stop-word . _ Cleaned
doc. Tokenization normalization rere| Stemming POS tagging ot
(5TC)

Fig. 2: Text pre-processing steps

4. Experiments and results

The evaluation process for this research presented several challenges due to limited online
resources available for text pre-processing in the Sindhi language. Publicly available APIs,
datasets, and stop-word lists were scarce. Therefore, some aspects of the research were
performed manually by experts in the Sindhi language. The Sindhi Text Corpus (STC),
which contains 1.5K text documents in Sindhi, was used for evaluation and
experimentation. The STC corpus consists of 670,505 total tokens and 36,000 unique
words. Table IV presents the statistics of the STC dataset.
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Table IV: Sindhi text corpus dataset statistics, STC contains 1.5K text documents of the

Sindhi language.
Corpus Total documents Total Total Total Unique
sentences words words
STC 1500 43,500 6,70,505 36,000

The study utilized the Python library "Urduhack" to tokenize documents in Python 3.7.
To determine the significance of stop-words, the team applied the TF-IDF technique, and
a rule-based approach was employed to tag the words with their corresponding parts of
speech. The proposed TPTS model was evaluated on the STC dataset using the ROUGE
evaluation model and achieved an impressive overall performance (F-score) of 89%. Table
V presents the extended version of the TPTS model, considering precision, recall, and f-
score. Notably, the team's approach showed a significant improvement compared to the
baseline performance of 81%, indicating the potential of the TPTS model in accurately
analyzing Urdu text. The baseline model is the classical approach without text pre-
processing. The classical approach directly processes the raw data for the desired task.
The dataset, list of stop-words, and scripts are provided on

GitHub: (https://github.com/AliNawazUoB/sindhi-TPTS) for peer researchers.

Table V: Using the ROUGE evaluation measure, the model's overall performance on
Sindhi text corpus (STC).

Approaches Precision | Recall F-score
TPTS 86% 93% 89%
Baseline 75% 89% 81%

Fig. 3 shows the results of the ROUGE evaluation in terms of precision, recall, and F-score,
where the blue line indicates accuracy, the red line shows the memory, and the green line
indicates the F-score of the model. The overall performance of the TPTS model measured
89% performance (f-score) on the STC dataset.

—t— Precision
—— Recall

"
100% F-score

-/'//V/J\.\_

=31
=21
f &

T0%
B0%
50%
40%
30%
20%

Precision/Recall/F-score in %age

10%

0%
o 20 B0 E0 100

40
Sentence weight

Fig. 3: shows the model's overall performance in precision, recall, and f-score.
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5. Conclusion

This study presented the Text Pre-Processing Techniques for Sindhi (TPTS) model, which
performs several text pre-processing steps, including tokenization, normalization, stop-
word removal, stemming, and POS tagging on input Sindhi text files. The team generated
the Sindhi text corpus (STC) by collecting 1.5K text documents from various online Sindhi
news websites. Implementing the TE-IDF approach led to the identification of 522 high-
frequency Sindhi stop-words, the highest number to date in the Sindhi language.
Furthermore, the team utilized the Sindhi stemming text proposed by A. A. Sattar et al.
(2021) and identified 183 prefix terms, 157 suffix terms, and 98 prefix-suffix terms for text
normalization [25]. The rule-based approach was utilized for POS tagging. The TPTS
model showed significant improvement over the baseline method, achieving an overall
performance of 89% compared to 81%. Overall, the study contributes to the development
of compelling text pre-processing techniques for Sindhi language analysis, providing
valuable insights for future research in this field.
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