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Abstract

This paper presents a rule-based automated
system for generating both Arabic verb
conjugations and their corresponding Urdu
translations. The system processes triliteral,
non-weak Arabic roots across key tenses
Past Simple, Past Simple Negative, Present
Simple, and Present Simple Negative.
Addressing the challenges posed by Arabic
morphology, our rule-based approach
applies patterns and morphological rules to
accurately produce verb conjugations,
capturing essential grammatical variations
in gender, number, and person.
Simultaneously, the system generates Urdu
translations using predefined patterns that
is aligned with the grammatical nuances of
Arabic, ensuring semantic consistency. As
the first system of its kind, it uniquely
provides a cross-lingual resource that
bridges two linguistically similar but
distinct languages. By focusing on rule
based precision and dual-language outputs,
it addresses critical gaps in NLP resources,
serving as a valuable tool for linguists,
educators, and NLP researchers in
academic and religious contexts where
Arabic and Urdu coexist.

1 Introduction

The Arabic language, deeply rooted in the Semitic
language family, presents significant challenges in
natural language processing (NLP) due to its intricate
morphological structure, particularly in verb
conjugations [1]. Arabic verbs are inflected for
tense, voice, gender, number, and person, creating
complex conjugation tables that reflect each verb’s

lhttps://github.com/haqnawaz99/Arabic
-Urdu-Conjugation-Dataset

nuanced forms [2]. These conjugations involve the
combination of triliteral roots, prefixes, and suffixes to
indicate grammatical distinctions, which are further
diversified across Classical Arabic, Modern Standard
Arabic, and colloquial dialects. Such features, along
with unique tenses and forms, make the automation
of Arabic verb conjugation a challenging task for
NLP applications [3].

In this paper, we address these challenges
by developing a rule-based automation system for
generating Arabic verb conjugations from triliteral,
non-weak root words across four specific tense
categories: Past Simple, Past Simple Negative,
Present Simple, and Present Simple Negative and
generating Urdu translations for these sentences.
This approach leverages the systematic structure of
Arabic morphology to handle common triliteral
root patterns, or Baab patterns, ensuring accurate
inflection across gender, number, and tense.
Additionally, to support cross-lingual applications,
each generated conjugated form is provided with
an equivalent Urdu translation, allowing for
broader accessibility and use in multilingual NLP
settings. This work focuses on triliteral, non-weak
roots in Classical Arabic, but future extensions
could address weak roots, dialectal Arabic, and
languages like Persian and Pashto by adapting
morphological rules. This aligns with the growing
need for computational resources that bridge less-
resourced languages with modern NLP
advancements, particularly in religious and
educational contexts where both Arabic and Urdu
are commonly used. The dataset is available in
GitHub'.
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2 Contributions

Our contributions are as follows:

2.1 A Rule-Based Automation System for
Arabic Verb Conjugation

Our system currently focuses on Arabic triliteral,
non-weak root verbs for Past Simple, Past Simple
Negative, Present Simple, and Present Simple
Negative forms. Future work includes expanding
coverage to weak roots and quadrilateral roots,
requiring tailored morphological rules and pattern
adaptations. The system  applies  Arabic
morphological rules, addressing gender, number, and
tense variations in accordance with different patterns.
Our focus on non-weak roots allows us to refine
conjugation accuracy and computational efficiency.

2.2 Integration of Urdu Translations for
Conjugated Forms

Each Arabic verb form is paired with its
corresponding Urdu translation, fostering cross-
lingual applications and enabling Urdu speakers to
leverage computational insights into Arabic verb
morphology. This integration enhances
accessibility and understanding, especially in
contexts demanding a precise grasp of Arabic
grammar.

2.3 Detailed Analysis of Accuracy and
Impact

We conducted a detailed analysis of the system's
accuracy, evaluating its effectiveness in correctly
applying Arabic morphological rules. This
assessment highlights the system's significant
contributions to  computational  linguistics,
particularly for less-resourced languages such as
Arabic and Urdu. Our work involved 200 Arabic
root words, generating 78 variations for each verb,
resulting in a comprehensive dataset of 14,400
entries, accompanied by their Urdu translations.
The dataset underwent meticulous review by a team
of religious scholars of Jamia Ashrafia® Lahore
Pakistan, with deep expertise in Arabic morphology
and the Urdu language. This rigorous approach
underscores the system's ability to handle specific
verb forms, achieving high linguistic fidelity in the

2 https://jamiaashrafia.org/

generated outputs and ensuring precision and
relevance across both languages.

3 Background and Related Work

Research in Arabic natural language processing
(NLP) has advanced significantly over recent
years, driven by the need to develop robust
computational tools for processing Arabic’s
complex morphological structure [4]. Arabic
morphology, particularly verb conjugation, poses
unique challenges due to the language’s rich
inflectional system, including variations across
tense, gender, number, and voice [2].

However, while Arabic NLP has made strides in
verb root extraction and morphological analysis,
little attention has been given to the integration of
Urdu translations. Urdu, despite its shared script
and vocabulary with Arabic, lacks the level of
computational resources available for Arabic NLP.
Prior work in Arabic NLP has primarily focused on
Arabic syntax and morphology within Arabic
contexts [5]. There is very limited exploration into
cross-linguistic applications or extensions for Urdu
language for translation purposes. Our system
bridges grammatical alignment between Arabic
and Urdu, addressing the lack of bilingual
resources for these languages. This gap
underscores the need for focused efforts to bridge
Arabic NLP methodologies with Urdu linguistic
resources to enhance their mutual computational
potential. Another research introduced a novel
approach to help Arabic learners understand and
memorize the meanings derived from
morphological changes (wazn al-sarf), which often
lead to translation errors. By identifying key
morphological constructions and their associated
meanings, the study represents them in a didactic
poetic form (nazm) using the Rajz prosodic
structure. An Android application was developed to
deliver the nazm, comprising 9 chapters and 32
verses, enhancing accessibility and usability.
Validation tests rated the application highly
(87.61%), confirming its effectiveness. This tool
offers an innovative solution for teachers and
learners to master Arabic morphology more
efficiently.
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4 Methodology

4.1 Data source:

Our system relies on a dataset of Arabic triliteral
roots, we selected the most used trilateral root
words used in Quran and Classical Arabic
literature. These roots serve as the foundation for
generating full verb conjugation tables in Arabic.
To ensure linguistic diversity, the roots were
carefully selected from Quranic and classical
Arabic sources, representing a range of
grammatical contexts, including variations in
diacritics and negations. To ensure the validity and
linguistic accuracy of these roots, we utilize well-
established Arabic linguistic resources, including
the Quranic Arabic Corpus, which provides
comprehensive ~ morphological  data  and
annotations specifically for Classical Arabic.

4.2 Conjugation Generation Process:

Our approach involves a systematic rule-based
generation of Arabic verb conjugations from
triliteral, non-weak root words across selected
tenses: Past Simple, Past Simple Negative, Present
Simple, and Present Simple Negative. The
generation of conjugated forms begins with the
application of Arabic morphological rules that
define the specific pattern each root follows. By
employing this structure, our system generates
various verb forms by appending the correct
prefixes and suffixes based on tense, person,
gender, and number. For instance, given the root
&~ meaning “to hear”, the system produces
conjugations like &« (he heard) in Past Simple and
&i Y (he does not hear) in Present Simple
Negative. This automated approach ensures that all
conjugated forms are syntactically accurate and
align with the morphological standards of Classical
Arabic.

4.3 Urdu Translation Generation:

Complementing the Arabic conjugation system, we
developed an Urdu translation module to provide
accurate translations for each conjugated form. For
every generated Arabic conjugation, the system
maps it to a corresponding Urdu phrase by using
predefined translation patterns that respect Urdu
grammar rules. These patterns ensure that each
translated verb accurately reflects the gender, tense,
and grammatical number of the Arabic original.
Given the linguistic similarities between Arabic and
Urdu, particularly their shared root system, this

module allows us to generate semantically precise
Urdu translations that mirror the Arabic verb’s
grammatical structure. The Urdu translation
module thereby extends the utility of our system,
enabling seamless cross-lingual understanding of
Arabic verbs in Urdu, a feature valuable for
religious, academic, and educational contexts

4.4 TImportance of Diacritics in Classical
Arabic:

Diacritics in Arabic play a pivotal role in conveying
meaning and grammatical context, particularly in
verb conjugation [6, 7]. The root L = &, combined
with three ~~% (fatha) diacritics, transforms into
=i, which signifies "he helped." In Urdu, this
translates to "S % 23 e o) G4l To create the
dual form in Arabic, an additional """ is appended,
resulting in 1)<l meaning "they two helped." In
Urdu, however, the corresponding translation
becomes "S 2% 2 U e 52 0)," requiring structural
adjustments in sentence formation. This example
highlights the linguistic transformations necessary
when moving between Arabic and Urdu. While
Arabic utilizes diacritics and morphological
changes to convey grammatical details, Urdu
requires explicit word additions and reordering to
preserve the intended meaning. Incorporating these
linguistic nuances, in our system we ensure accurate
cross-lingual ~ conjugation and translation,
preserving the grammatical integrity of both
languages.

S Model Lay
generation

Out for Conjugation

The general layout of our model is structured as
follows:

5.1 Lexeme Parsing:

Each Arabic root word undergoes a detailed parsing
process to break it down into a lexeme structure,
which serves as a framework for identifying its
grammatical features, such as tense, gender, and
number. This process involves analyzing the root
and comparing it against predefined patterns or
regular  expression-based  templates. These
templates are meticulously designed to capture and
define the allowable transformations for each
specific conjugation form, ensuring that the
resulting lexeme exactly follows to the grammatical
rules of the language. This step is essential for
accurately modeling the complex morphology of
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Arabic, enabling precise identification and
generation of all valid verb forms derived from a
given root.

5.2 Pattern Matching and Transformation:

Morphological rules are applied based on the
grammatical tags of the lexeme. At this stage,
structured rules are used to add suffixes, prefixes,
and make specific phonetic changes, ensuring that
the word forms follow the established principles of
Arabic morphology. These rules are carefully
designed to align with the patterns and structures
outlined in existing linguistic models, maintaining
accuracy and consistency in the generation of word
forms.

5.3  Validation:

To guarantee the accuracy of the generated
conjugations, a rigorous validation process was
carried out. This involved comparing the system-
generated conjugations with verified patterns
documented in authoritative reference corpora.
Additionally, the dataset and outputs were
thoroughly reviewed and annotated by a team of
religious scholars from Jamia Ashrafia Lahore
Pakistan, who possess deep expertise in Arabic
morphology and linguistics. By aligning the outputs
with established standards and leveraging expert
validation, this process significantly reduced false
positives and negatives. Furthermore, it refined the
rules for root-word disambiguation, ensuring that
each conjugated form was not only linguistically
valid but also contextually appropriate, enhancing
the overall reliability and precision of the system
Figures and tables

6 Results

Table 1 presents the conjugation results derived
from the root word ¢ » _+, showcasing the extensive
variations generated using a rule-based algorithm.
These conjugations demonstrate the application of
Arabic morphological rules to produce forms that
vary by number, gender, and person. The inclusion
of detailed grammatical tags, such as singular, dual,
plural (number), masculine and feminine (gender),
and third-person, second-person, and first-person
(person), highlights the system's capacity to
systematically generate precise verb forms.

To enhance accessibility for Urdu language
users and learners, grammatical attributes are

provided in Urdu. This facilitates a better
understanding of the conjugation patterns, bridging
the gap between Arabic linguistic structures and
Urdu-speaking learners. The detailed output
underscores the effectiveness of the rule-based
algorithm in capturing all permissible variations
from a given root word, ensuring high accuracy and
linguistic fidelity in the generated results.

Table 2 provides generated Urdu translations of
the conjugated forms generated from the root word
¢ & v+ emphasizing the variations in number,
gender, and person. These translations have been
meticulously crafted to align with the
corresponding Arabic conjugations, ensuring
linguistic accuracy and contextual relevance. The
translations include explicit annotations such as
singular, dual, and plural (number), masculine and
feminine (gender), and third-person, second
person, and first-person (person), reflecting the
comprehensive application of morphological rules.

Arabic | Number | Gender Person
o aaly S Qile
s Pt P e
) ol e S ke

Gl a5 i sa e
Crals s i e ile
SL [ = | A ER
[0 Pt A el
sl = S s
el 2l i g B
st Pt i g s
el & i 5 rala
D gy K Al
sl s K plSie
el g i g ASia
(P o Ciise AlSaa

Table 1: Arabic Conjugations.
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To cater specifically to Urdu-speaking users and
learners, the details are presented in Urdu script
with contextual examples for clarity. Each
conjugated form is not only grammatically
accurate but also contextually expressive,
facilitating a deeper understanding of the
relationship between Arabic and Urdu linguistic
structures. This systematic presentation highlights
the ability of the rule-based algorithm to generate
accurate conjugations and demonstrates the
effectiveness of the system in bridging Arabic
morphology with its Urdu translations, fostering
language learning and comprehension across both
languages.

Urdu Number | Gender | person
; |
= (oo S o, S e
uij (Usre ) O i S il
i' (U0 ) O . S e
(Fose ) o "
ot 3 i ga e
s
i (Lsose ) O i g e
(Lsise @) O - e e
e « > -
; i
i S Al S uala
; i
i (e ) S| S uala
(U ) . )
ui( BadEs e A sl
& S .
I(Au”f D W B G ga sl
C-’ =
S (s i
ui: (w5 )& i g s
(Usiose ) < .
.. s Cisa pals
b
32w SO .
= et all N Sk oIS
E (Usre 5°) @ i S e
3 (UsPe ) . .
i( )& s S e
G K)o .
L; ) e |, i o S
: 1 J e Y -
li' (Lsoss ) @ i i ge e
UFOE Qu) @ .

Table 2: Urdu Translations.

7 Demonstration and Accessibility

To provide an interactive experience and allow
users to explore the capabilities of our system, we
have developed a live demonstration available at
the following link:
https://mhasham.pythonanywhere.com/. This
demo enables users to input Arabic root words,
view the generated conjugations, and access their
Urdu translations.

The demo serves as a practical extension of the
research, illustrating the system's functionality and
accuracy in real-time. By making the system
accessible online, we aim to support both
researchers and learners in exploring Arabic
morphological  structures and their Urdu
translations. The tool also allows users to compare
translations with existing solutions like Google
Translate, further highlighting the linguistic
precision and contextual fidelity of our approach.

8 Comparison Analysis of Al-Tasreef
Translations and Google Translate
Outputs

To evaluate the accuracy and reliability of our
system, we conducted a comparative analysis of
conjugations derived from the Arabic verb forms
with their corresponding Urdu translations
generated by our rule-based Al-Tasreef system and
those produced by Google Translate. This
comparison highlights the linguistic fidelity of our
approach, particularly in preserving the nuanced
grammatical structures of Arabic, which include
variations in gender, number, and person.

The Arabic conjugations in this study were
systematically processed using our rule-based
algorithm, which applies precise morphological
rules to generate contextually accurate verb forms.
These were translated into Urdu while maintaining
grammatical integrity, ensuring that each
translation aligns with the original meaning and
context. The translations generated by Al-Tasreef
were further validated by a team of religious
scholars from Jamia Ashrafia, Lahore, known for
their expertise in Arabic morphology and Urdu
language.

In contrast, Google Translation output
often displayed inaccuracies stemming from a lack
of sensitivity to Arabic's complex morphological
features, such as handling gendered plurals and
negations. For example, while Google Translate
failed to distinguish between masculine and
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feminine plural forms, our system produced
accurate and semantically aligned translations see
Table 3. Issues included misinterpretation of
negations, improper handling of gender-specific
forms, and incorrect contextual mapping. These
errors underscore the limitations of general-
purpose translation systems when applied to
morphologically rich languages like Arabic.

Arabic Al Tasreef Google
Translation Translation
s = (2o S ol £ 5
Ldise yu T
- f.‘!, D C‘ Jf“‘ ‘-iﬁ‘ %‘i L\ﬁ.\_}&
ki 5o
PRyt Dl (“)“ Ls".«“) ‘TJ .
. : |
Glas PR BIESY
ATI = (s Sy ol | WS G BS )
Galad s C’ (UJ:J}‘; _93) U‘ L).é‘:-’ Cj’a}f" %3
s ol L O e Sl als Sl
< L
B B . - i . e
15 = (usioses @) Q| O e S
A (o ) & S e GG
ey g (Do Sy G WS mos
WAL | 0 Gy (3 5) & &uifgﬁ%
dA o (30e ) & S
’ =5 N
330 % )).g)é (‘L‘J}: ‘—i-..") %9 .
(] i WS 3l
=S
BiE = (usose @) o oM i—r—hw &
S Uil s =S
5 % 0% A L):.“-’ Q d‘}‘ *‘i
BB

Table3: Translation Comparison.

Table 3 provides a detailed comparison,
showcasing the Arabic conjugation, the
corresponding Al-Tasreef translation, and the
output from Google Translate. It highlights the

instances where Google Translate diverges from
the intended meaning, offering clear evidence of
the strengths of our approach in achieving accurate
and contextually appropriate translations.

9 Applications

The purposed system can be utilized in the
following areas

Educational Tools: This system serves as an
invaluable resource for students learning both
Arabic and Urdu. By offering comprehensive
conjugation tables alongside accurate translations,
it provides learners with a clear understanding of
the grammar, syntax, and structure of both
languages simultaneously. This side-by-side
approach not only simplifies language learning but
also makes it more effective and engaging.
Furthermore, the Arabic-Urdu conjugation
generator has the potential to be utilized in the
development of various educational tools and
applications, supporting language learning in
formal educational settings as well as self-study
environments.

Machine Translation: By integrating Urdu
translations for Arabic conjugations, this system
lays the groundwork for developing machine
translation tools. These tools can bridge the gap for
low-resource languages, especially for language
pairs like Arabic and Urdu that currently lack
robust computational resource

Linguistic Research: This system provides a
powerful tool for researchers in linguistics to
explore and analyze the morphological similarities
and differences between Arabic and Urdu. By
systematically examining the grammatical
structures, conjugation patterns, and linguistic
nuances of both languages, the model enables a
deeper understanding of their connections. Such
analysis not only sheds light on the shared features
and divergences between these languages but also
offers valuable insights into the broader linguistic
relationships between the Semitic language family,
to which Arabic belongs, and the South Asian
linguistic tradition, represented by Urdu. This
cross-linguistic study significantly contributes to
the field of comparative linguistics, paving the way
for further research into how languages evolve,
influence one another, and develop across different
cultural and historical contexts.
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Religious Studies: The interplay of Arabic and
Urdu holds immense significance in religious
contexts, especially for Islamic texts, where both
languages serve as crucial mediums for
understanding and interpretation. This system
offers a precise and systematic tool for scholars,
researchers, and readers by generating accurate
conjugations and corresponding translations. By
adhering closely to traditional linguistic rules and
interpretations, the system ensures that the
generated outputs remain faithful to the original
meanings of sacred texts.

In addition, this resource is particularly valuable
for institutions and scholars engaged in the study of
Islamic texts, such as Religious Madaris across
regions, as highlighted in the Pakistan Education
Statistics (2021-22) * . These institutions, with
significant enrollments and teaching faculties
dedicated to Arabic and Urdu studies, can utilize
this tool to streamline linguistic analysis and
improve access to both languages' grammatical
structures. The system's ability to bridge Arabic's
intricate  morphology with Urdu's expressive
semantics facilitates a deeper understanding of
classical religious literature, enhancing educational
and theological research efforts across Pakistan and
similar regions.

10 Conclusion

In this study, we present a rule-based system
designed to generate Arabic verb conjugations and
their corresponding Urdu translations. By
addressing the complex morphological challenges
of Arabic and aligning them with Urdu's linguistic
structures, our approach makes a significant
contribution to the fields of computational
linguistics, language education, and translation for
under-resourced languages. Validated by expert
linguists and scholars, the system has proven
highly accurate in producing linguistically and
contextually appropriate outputs, positioning it as a
valuable resource for educators, linguists, and
researchers, particularly in academic and religious
contexts.

A comparative analysis with Google Translate
revealed the limitations of general-purpose
machine translation systems in capturing the subtle
grammatical nuances of Arabic and their precise
translation into Urdu. In contrast, our system offers
a domain-specific solution, tailored to the

3 https://pie.gov.pk/

intricacies of Arabic morphology and its contextual
relevance in Urdu. This makes it a robust tool for
multilingual NLP applications, providing a more
accurate and reliable translation experience.

11 Future Work

While the proposed system has shown
promising results, several avenues for further
development exist, which could enhance its
functionality and broaden its impact.

One key area for future improvement is the
expansion of the dataset and root coverage.
Currently, the system focuses on triliteral, non-
weak Arabic roots, but there is significant potential
to include weak verbs and quadrilateral (four-
letter) roots. This expansion would allow the
system to handle a broader array of verb
conjugations and translations, making it more
versatile and capable of covering a larger portion of
the Arabic verb system. By incorporating these
additional roots, the system’s utility would
increase, benefiting both practical applications and
theoretical linguistic analysis.

Another exciting direction is the integration with
advanced machine learning models. While the
current system is rule-based, incorporating
transformer-based models such as AraBERT or
multilingual BERT could significantly enhance its
performance. These models are particularly
powerful in their ability to generalize across unseen
verb roots, improving the system’s ability to
generate accurate conjugations and translations. By
integrating these models, the system could also
refine the contextual accuracy of its translations,
particularly for more complex sentence structures
or less common verb forms.

Moreover, there is considerable potential in
extending the system to support additional
languages. While the current focus is on Arabic and
Urdu, languages such as Persian or Pashto, which
share similar linguistic characteristics, would
benefit from the system's capabilities.
Modifications would involve adapting
morphological rules and translation patterns to
accommodate the syntactic and semantic nuances
of these languages. Adding support for these
languages would significantly broaden the
system’s applicability and allow it to serve as a
valuable tool in a wider range of linguistic contexts.
This extension would also provide insights into the
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similarities and differences between these
languages, offering a comparative perspective for
linguists and researchers.

An important aspect of enhancing the system’s
usability is the development of an interactive user
interface. Although the current demo offers basic
functionality, a more interactive and user-friendly
interface would greatly facilitate adoption among
educators, students, and researchers. A well-
designed interface would allow users to easily
input verbs, view conjugations and translations,
and explore the underlying rules and patterns. This
would not only improve the system's accessibility
but also make it more effective as a teaching tool in
academic environments.

Finally, there is significant potential for the
system's application in religious and cultural
studies. Expanding the system to handle more
complex Quranic or classical Arabic structures
would be highly beneficial for scholars working
with sacred texts. By accurately processing these
more intricate forms of Arabic, the system could
provide deeper linguistic and theological insights.
This expansion would enable researchers to study
sacred texts with greater precision, further
enhancing the system’s value in both religious and
linguistic fields.
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