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Keyboard, Urdu The importance of fast speed typing is very important for computerization of contents in
Cvrsg;c;(:dfgtﬁfased’ any language. Urdu which is a prominent language of south Asia also subjected to com-
Stochastic Mode',, puterization and due to lack of resources available the process of computerizing the Urdu
Unigram, Markov content has been hampered by the low speed in Urdu typing. Similarly high demand of
Model, Urdu content which needs to be digitized makes it more expensive. During this research
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Submitted: which exists which are creating hurdles in high-speed typing in Urdu language. As 35+
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published- that means we have to press and hold SHIFT key while typing these 10+ alphabets that
December 22, 2024 are wasting our time and slowing our speed of typing so we tried to solve this problem by
keeping the standard along as they are. This paper is based on the word prediction and
suggestion in Urdu Language (UL) based on a stochastic model, Hidden Markov Model is
used to predict the next word, while Unigram Model was also used to suggest the current
word and the next upcoming word, N-Gram Model was followed keeping N=2. Now, the
biggest achievement in this Paper is POS tagging as each suggestion and prediction is
also based upon Tagged words with a dataset of thousands of Tag combinations based
upon frequency of occurrence is on test data. This tool is developed to implement this
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check their improvements in their typing speeds. We made some programs to let you
type less and choose more.
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1 Introduction

Urdu is one of the most prominent languages of the
world that has around 70 million native speakers
all around the globe [1]. Urdu is both the state lan-
guage of the Islamic Republic of Pakistan as well as
constituted as one of the scheduled languages of
India. Though the word Urdu, itself is a Turkish word
that means “horde” (Lashkar), Urdu is more closed to
Hindi (in terms of grammar and phonology), Arabic
and Persian (in terms of lexicon and script). Being
the Natural Language of millions of people around
the world, Urdu has been subject to computerization
since the 1980s. The advancement of technology,
globalization and the need for better computable
linguistic artefacts has made it necessary to apply and
study the Natural Language Processing techniques
on Urdu. Although, a large number of alphabets,
as compared to English (Table 1) in Urdu are found
to be a major hurdle while using Urdu as the Input
Language.

Table 1. URDU ENGLISH Keyboard

Language Alphabets Keyboard Keys With Shift
English 26 26 -
Urdu 39+13 26 26

Word prediction and suggestion is one of the
primary features of Natural Language Processing that
can help in overcoming the aforementioned problem
with the use of Urdu Language in modern-day IT
works. As the basic drive behind the word prediction
is to forecast the possible word in a given context
or phrase while reducing the time and effort of typ-
ing, a smart, precise and effective Word Suggestion
and Prediction model for the Urdu language is well
needed. However, various Word Prediction models,
such as eZiText, T9, iTAP, are available and used in the
global IT industry, none of them is well-designed and
light-weight enough to be used as the primary Part of
Speech (POS) based Word Prediction and Suggestion
utility in modern portable computational devices. This
paper, therefore, presents a modern natural language
processing tool, based on the previously researched

word prediction and suggestion tool, that can easily
predict and suggest the Urdu Language words and
phrases while providing greater help to the technical
community in developing modern-day computer
applications with greater support for the language of
millions i.e., Urdu. Below are the world’s most spoken
languages by number of native speakers, with data
sourced from Ethnologue [14]. Table 2 shows the
popular languages in 2024 year.

Table 2. Top 10 Languages in 2024

Rank Language Native speakers (in millions)
1 English 1500
2 Chinese 1100
3 Hindi 608.8
4 Spanish 559.5
5 Standard Arabic  332.5
6 French 311.6
7 Bengali 278.2
8 Portuguese 263.8
9 Russian 2554
10 Urdu 237.9

2 LITERATURE REVIEW
Within the past few years, several models and frame-
works have been derived and developed for word pre-
diction and suggestion. The majority of these models
have used stochastic models to predict the probable
outcomes (word) by estimating random variables (last
word or alphabet). Khan et.al. (2009) developed the
first Urdu Language Virtual Keyboard with features like
word prediction [2]. The primary technique used by
these researchers is based on the character frequency
analysis of Urdu corpus. To optimize the layout of the
keyboard, Monte Carlo Simulation with simulated an-
nealing of word lists from Urdu corpus is used.
Another, research carried by [3] proposed a much
faster and better technique for word prediction in
the Urdu language. The researchers used the Bigram
Model with pre-defined Urdu and English corpus to
predict words, as the prime focus of the study was
Roman Urdu. The resulted tool was fast enough to be
adopted for portable devices [4] developed a similar
prediction system for the lItalian language, using
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N-gram and Lexicon methods. The lItalian language
is similar to Urdu as it is an inflected language where
the word predicted is more dependent on context.

Unlike their predecessors, [5] avoided the syntactic
parsing and adopted Sparse Matrix, surface features
and semi-supervised techniques to predict the whole
sentence, rather than the word. The results from the
study reveals that the specificity is much more useful
in the prediction of words and sentences. Another
study by [6] was conducted for the development of
the word prediction in South Asian languages, used
the stochastic model. The study reveals that the use
of the stochastic model along with the large corpus
is a better choice for reducing the chance of word
misprediction [7] Studied the problems and issues
related to the modern word prediction approaches on
both single words as well as phrase. Using the Fussy
Tree Model, the researchers anticipated a probabilistic
driven model to predict more accurate words and
phrases.

Some of the applications of language modelling
are sentiment analysis and next-word suggestion or
prediction. Also, some work has been done on Urdu
in other areas such as sentiment analysis [13] but the
area of next-word prediction largely remains unex-
plored. The detailed review of previous literature on
the topic identifies the need for a new Urdu language
word and phrase prediction tool using stochastic
models and fussy tree models.

3 Data Collection

Data is the most prominent aspect of any research or
study, particularly the ones that are associated with
artificial learning and prediction. Urdu is a language
that has 39 basic alphabets and 13 extra characters
[8], and around 254165 words in its dictionary [9]. Fur-
thermore, the globalization and increasing number of
Urdu speakers as their second language have affected
the total word count in the Urdu language. In short, a
huge amount of loan words has also been drawn into
Urdu vocabulary over the course of time. Besides hav-
ing various loan words from other native languages,
another key feature that need to be considered during
this research, of the Urdu language is the presence of

diacritics. The diacritics in Urdu has also exaggerated
the possible word counts of the language.

Part-of-Speech (POS) tagging plays a crucial role
in natural language processing. This study intro-
duces the first large-scale POS-tagged corpus and
a BiLSTM-based POS tagger for Shahmukhi (West-
ern Punjabi). A 0.13-million-word balanced corpus
from 14 text domains was annotated using a newly
devised Shahmukhi POS tagset and tagging guide-
lines.  Multi-step evaluation ensured consistency,
achieving 95.35% inter-annotator agreement and a
Kappa coefficient of 0.94. The BiLSTM tagger outper-
formed TreeTagger and Stanford POS tagger, with an
f-score of 96.11% and accuracy of 96.12%. Transfer
learning with Word2Vec and ELMo further improved
results, demonstrating promise for low-resource,
morphologically rich languages [17].

Lemmatization extracts the root form of a word,
aiding NLP tasks like Information Retrieval, Machine
Translation, and Plagiarism Detection. While rule-
based lemmatizers exist for high-resource languages,
limited efforts have targeted South Asian languages
like Urdu, a morphologically rich and low-resource
language. This study presents a novel Urdu lemmati-
zation system using a dictionary lookup approach. Key
contributions include developing a benchmark Urdu
corpus, exploring the relationship between POS tags
and lemmatization, and standardizing lemmatization
methods. Experiments demonstrated a peak accuracy
of 76.44%, highlighting its potential to improve Urdu
NLP applications [18].

Domain shift occurs when training data differs
from application data, reducing model accuracy. In
Natural Language Processing (NLP), this challenge is
particularly significant for predictive typing systems,
such as predicting and suggesting the next word in
Urdu typing. To address this, domain adaptation
adjusts pre-trained models to target domains, often
using unsupervised methods due to the scarcity of
labeled target data. This study introduces Cosine
Generative Adversarial Network (CosGAN), a source-
free domain adaptation approach integrating GANs
with cosine embedding loss to tackle unsupervised
domain adaptation challenges. CosGAN's simplified
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two-step training process achieves results comparable
to state-of-the-art methods. Experiments on bench-
mark datasets demonstrate its superior accuracy and
generalization, making it suitable for applications
such as predictive Urdu typing, robotic vision, and
other automation tasks. However, challenges like
GAN-induced instability and overfitting remain areas
for further improvement [19].

3.1 Methods for Data Collection

As avocabulary develops over a period of time and sev-
eral factors are found to be affecting it, the collection of
an exclusive yet extensive vocabulary of any language
is atime taking work. In order to collect the data for the
corpus of the Urdu language, several special programs
are developed. These programs provided greater re-
sults in extracting Urdu words and phrases.

3.1.1 Dictionaries

The very first method or approach, adopted for data
collection is the dictionary. Different Urdu dictionaries,
particularly the ones that have already established
databases, were collected, searched and saved. These
dictionaries not only provided a greater amount of
data, around 85000 words in a single database but also
helped in extracting already sorted data. Moreover,
the dataset collected from the dictionary provided
with the greater ability to identify the probability and
nature of the words in terms of the POS while using
them to tag and train the artificial intelligence for
improved predictions.

3.1.2 Urdu Word Extractor

Another tool that was developed and used for extract-
ing both words and phrases was Urdu Word Extrac-
tor. This tool grabbed different Urdu documents, such
as novels, poetry, articles and books, read them word
by word and exploded each word into a separate text
(-txt) file. Furthermore, the tool also provided the pair
of words by splitting phrases into (N/2) and (N-1) sub-
groups and helped them tagged into relevant POS as
per the grammar of the Urdu language.

3.1.3 URL-based Urdu Word Extractor

In order to extract Urdu words and phrases present on-
line and in order to calculate the frequency of recurring
of these words and phrases, a URL-based Urdu Word
Extractor was used. This small tool takes the URL of
Urdu blogs or websites and extracts Urdu words and
their count in a separate file so that the probability of
the recurring of single-words, double-words (bigram)
and probability of the use of pertinent POS can easily
be calculated.

3.1.4 POS Tags List

As for the categorizing of the Urdu words into respec-
tive POS, a well-established POS tag list was required.
To overcome this problem, the database of Urdu POS
Tagger from Essential Urdu Linguistic Resources was
retrieved [10].

3.1.5 Analysis and Refining of Data

Collected

The data collected through the aforementioned tools
and approaches were then refined and analysed for
further improvement. For this purpose, all the words
collected were brought in a single file. A thorough
search for clearing any duplicate values was done,
resulting in a database of Urdu words that have all
unique values. The second step taken for refining the
collected data was the removal of diacritics. Although
diacritics are an essential part of Urdu words, the
general public usually doesn’t use diacritics in daily
works, therefore, words having diacritics such as “Zair,
“Zabar", “Paesh” were also removed from the collected
database. The third step was the POS tagging of the
words according to their definition and context. For
this purpose, the words and phrases collected was
then run against the POS tag list of Centre of Language
Engineering and tagged accordingly.

3.1.6 Collected Data Count

Atotal 0of 396024904 Urdu words are collected. For this
purpose, around 55000 different sources were used.
After extracting, collecting, analysing and refining data,
418195 unique Urdu words are found. Similarly, for
double-words or bigram round 500000 double words

161



VFAST Transactions on Software Engineering Volume 12, Issue 4, 2024

with higher recurring frequency were collected (Table
3). These two datasets are the biggest ever collected
in any research regarding Urdu Language processing.
Around 8000 tagged Urdu words along with their fre-
qguency in phrases were collected using the Centre of
Language Engineering POS tags database.

Table 3. URDU Words Data Collection

Words Files Unique Words Double Words

396024904 55000 418195 50000

4 Procedure and Algorithm

As the POS tagger is dependent upon two main
datasets POS tags collected from the Centre of Lan-
guage Engineering database and Tag Bigram list
created on the calculation of recurring frequencies of
POS words in other datasets. The Tag Bigram list was
created using a simple algorithm of tokenising each
word in the phrases of the input dataset and looping
through it to properly mark each word in the phrase
with the correct POS tag from the POS tag dataset
or Word Tag List (WTag) from Centre of Language
Engineering. Each word in the Tag Bigram list was
put along with other most used word combinations
or on behalf of the recurring frequencies. In order to
predict the next word in the phrase, the typed word
is searched in the Tag Bigram List and the next word
with the highest frequency is predicted. A detailed
overview of the POS Tagger Prediction Algorithm is as
follows.

Different states and variations describe parallel
conditions, activities and system functions that are
considered to achieve the primary goal of POS Tagger
Prediction are as shown in Figure 1.

We ended up with an optimized version of our algo-
rithm that will fulfil our need of output with the best uti-
lization and artificial intelligence with working behind
the screen also to make the intelligence better and bet-
ter for our front-end program to get more professional
experience with this application.

The Diagrammatical view of the optimized version
of our Word Predictor algorithm shown in Figure
.2 that will fulfils our need of output with the best

Algorithm 1. POS Tagger

Step 1. Get the current word and last word POS tag. If
it is the first word or the last word is non-alphabetical
character like space comma etc the take SO as the last
POS tag.

Step 2. Now search the current word in WTag file and
get a list of same word but with multiple different POS
tags and their usage frequencies.

Step 3. Now with the last POS tag, run a loop with
new current word suggested POS tag list over Tag
Bigram file and get a list of combination of previous
POS tag and current Word POS tag and get the higher
frequency POS Tags combination.

Step 4. Then after getting the higher frequency POS
Tags list, use the second POS tag as the predicted POS
tag for the current word.

consumption and artificial intelligence with working
behind the screen which we mentioned above.

The Diagrammatical view of the optimized version
of our Word Suggester algorithm shown in Figure.
3 that will fulfils our need of output with the best
consumption and artificial intelligence with working
behind the screen which we mentioned above.

5 Results and Discussion

Using the Stochastic Model, n-gram, bigram and POS
tagger, this research successfully developed a working
Urdu language word and phrase predictor. By integrat-
ing the power of artificial intelligence, the proposed
too not only make use of the predefined datasets of
the Urdu corpus but also develops a runtime dictio-
nary for future use. The use of the POS Tagging ap-
proach enhanced the features of the previously devel-
oped Urdu word predictor. The ability to autosuggest
a number of options for both the word and the phrase
in a given context and to choose between them with
a single click or keystroke guarantees the feasibility of
this tool to be integrated into any portable device.

In a global challenge conducted by [11] the top win-
ner got 45wpm by hitting 226 keystroke that make an
average of 5 keystroke to type word as shown in the
table below (Table 4).
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"SO° Tag + Current Last Tag + Current
Word Word

1y ¢

— Get Current Word POS Tag Suggested List  ~_—
‘ Check Tag Combination in TagBigram.txt File ‘

'

Get the List of Suggested / Predicted POS Tags

!

High-Frequency Word of ThisPOS Tag

Figure 1. Flow Diagram of Different Aspects of POS Tagger Algorithm

Current Word ‘ Last POS Tag

| '

o Get Next POS Tag

e (POS Full Tagger) //

A 4

Return POS Tag >> Get POS Tag Combination with
High Frequency from TagBigram

!

Return Next POS Tag >> Get High-Frequency Words from
WTag

A4

Select High-Frequency Word of This POS Tag

v
(" Predicted Word )
g Predicted Wor ~

Figure 2. Diagrammatical View of Predictor Algorithm

The results conducted on a closed domain showed
an approximate typing speed of 67 wpm achieved by
hitting only 152 keystrokes, including the selection
from the list. It can be concluded that the typing speed

improved by up to 50%, and keystrokes decreased
by up to 30%. Notably, this keystroke count corre-
sponds to a 65 wpm test. Additionally, the count of
two-keystroke combinations was also reduced.
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Algorithm 2. Suggester and Predictor

Step 1.Get the current word and the last word along with their POS tags. If the first word or the last word is a
non-alphabetical character like space comma etc. then consider “S0” as the last POS tag.
Step 2.Now search for the current word in WTag and get a list of the same word but with multiple different POS
tags and their usage frequencies.
Step 3.Hit POS tagger when user hit a key to type anything.
Step 4.If the last character is the word, then it means the user is still trying to complete the word then get this
half type word till the last space or non-alphabetical character.

Step 5.Now hit the WTag to get the list of matched completed words along with POS tags and frequency.
Step 6.With the last POS tag, run a loop with the new current word suggested POS tag list over Tag Bigram file
and get a list of all the possible combinations of the previous POS tag and current Word POS tag. Consider the

higher frequency POS Tags combination.
Step 7.After getting the higher frequency POS Tags list, use the second POS tag as the predicted POS tag for the
current word.
Step 8.Else If the last character is the space, then it means the user has completed the word then get his word.
Step 9.Now run the complete POS Tagger() with the last POS tag and the current word.
Step 10.Get the last word POS tag to hit the Tag Bigram list to get the next word POS tag prediction by matching
the last POS tag and the list of predicted current POS tags to get the high-frequency list.
Step 11.Now get the predicted next POS tag list and hit back the WTag to get the words with matching the Tag
and top frequency holders.

Table 4. URDU Word Typing Result

Current Half Typed Word

Result WPM Keystroke Keystroke Result
p v Word (Avg)
//"/ Get Complete \'\'jﬂl'ds from WTag P Without 45 226 5.02
T List A This
With This * 67 152 2.23 50% Fast

Y

Note: * Based on a continuous text in a close domain.

Last POS Tag H List of New POS Tags

|

_ . _ Furthermore, the development of .dIl (Dynamic
Get the list of New and Old POS Tag Combination High . . . . . .
Frequency Link Library) using C, .jar (Java ARchive) Java and .js
(JavaScript) ensure the usability of the tool in almost
h 4 every platform out there. The lack of support of
Get current POS tag list and maich to get the Wordlist from diacritics and Roman Urdu words, however, decreases
WTag List g . . .
s the efficiency of the tool and requires immediate
i implementation of improved statistical approaches

<’ Suggested Word ‘;\J and .greater Word corpus. Anyhow, the developed

- tool is surely a good contribution in the augmentation
of the use of Urdu language in the IT industry, as it
showed greater accuracy in suggesting and predicting
words and phrases in a given context.

Figure 3. Diagrammatical View of Suggester Algorithm
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6 Conclusion

Urdu is one of the most spoken languages of the world
that has over 200 million speakers around the globe.
The advancement of technology has thus required
the adoption of the Urdu language in the IT industry.
Unlike other languages, Urdu have a much complex
set of grammar and alphabets. This intricacy requires
special approaches while developing tools like word
and phrase predictors for the Urdu language. With the
use of the Stochastic Model, n-gram, bigram and POS
tagger and artificial intelligence this research develops
an astonishing word and phrase prediction and sug-
gestion tool that increases the typing speed. Although
the research and experiments did not contain a huge
amount of dataset to cover every grammatical context
of the Urdu language, the outcomes of the research
are surely overwhelming.

As it is noted that the quality and the quantity of
the corpus and well-defined dictionaries employed
with the language model made a vivacious impact
on the precision of the suggestion and prediction of
words, in future, bigger data sets and models such
as BERT [15] or other transformer-based [16] models
will be used to extend the circle up to Urdu Grammar,
Roman Urdu and Urdu Translation. Since the main
purpose of this research is to increase the ease of use
of the Urdu language in the IT industry, a number of
better approaches will also be pursued to bring the
Urdu language nearer to other European and East
Asian languages.
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