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ABSTRACT
Sanskrit is one of the world's oldest and most scientifically structured languages, possessing a rich
grammatical tradition that has influenced linguistic studies for centuries. The grammatical framework
developed by Panini in the Astadhyayi represents one of the most sophisticated systems of linguistic
analysis ever created. Comprising nearly 4,000 concise grammatical rules (siitras), the Paninian system
provides a formal and systematic method for describing Sanskrit phonology, morphology, syntax, and
semantics. Due to its rule-based nature, Sanskrit grammar offers significant opportunities for computational
modeling and artificial intelligence applications. In recent years, advances in Artificial Intelligence (Al),
Machine Learning (ML), and Natural Language Processing (NLP) have created new possibilities for
automating Sanskrit language analysis and preserving its vast literary heritage.
Computational approaches to Sanskrit grammar aim to develop intelligent systems capable of processing
Sanskrit texts, identifying grammatical structures, analyzing word formations, and generating linguistic
interpretations. The complexity of Sanskrit grammar, including Sandhi (euphonic combinations), Samasa
(compound formation), Vibhakti (case endings), and intricate syntactic relationships, presents unique
challenges for computational analysis. Traditional manual interpretation requires extensive expertise and
considerable time, making automated solutions increasingly important for linguistic research, education,
and digital humanities initiatives.
Artificial Intelligence techniques provide powerful tools for addressing these challenges. NLP algorithms
can perform tokenization, morphological analysis, syntactic parsing, and semantic interpretation of Sanskrit
texts. Machine learning models can leam grammatical patterns from annotated corpora and improve
linguistic analysis accuracy. Deep learning architectures further enhance the ability to recognize complex
grammatical structures and contextual relationships within Sanskrit literature. These technologies facilitate
the development of intelligent systems capable of supporting Sanskrit leaming, digital text processing,
machine translation, and automated grammatical analysis.
This study explores computational approaches to Sanskrit grammar using Artificial Intelligence and
proposes an Al-based framework for automated grammatical analysis. The framework integrates Sanskrit
text preprocessing, morphological analysis, Paninian rule processing, machine learning classification, and
grammar interpretation modules. Performance evaluation is conducted using standard computational
linguistics metrics to assess system effectiveness. The findings are expected to demonstrate that Al
technologies can significantly enhance Sanskrit language processing while preserving linguistic accuracy
and grammatical authenticity. The research contributes to the fields of Sanskrit studies, computational
linguistics, digital humanities, and artificial intelligence by promoting innovative approaches to the
preservation and analysis of classical linguistic knowledge.
Keywords: Sanskrit Grammar, Artificial Intelligence, Natural Language Processing, Computational
Linguistics, Paninian Grammar, Machine Leamning, Sanskrit NLP, Digital Humanities.

I. Introduction remarkable grammatical precision, rich literary
Sanskrit occupies a unique position among the tradition, and extensive influence on linguistic
classical languages of the world due to its thought. For thousands of years, Sanskrit has
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served as the medium for philosophical,
scientific, literary, religious, and cultural
knowledge across the Indian subcontinent.
Ancient texts such as the Vedas, Upanishads,
Mahabharata, Ramayana, Puranas, and numerous
scholarly treatises have preserved valuable
intellectual traditions through the Sanskrit
language. The preservation, interpretation, and
analysis of these texts remain important
objectives for scholars, educators, and
researchers worldwide.

One of the most significant contributions to
linguistic science is the grammatical framework
developed by Panini in the Astadhyayr.
Composed around the fifth century BCE, the
Astadhyayr consists of approximately 4,000
concise grammatical rules that systematically
describe Sanskrit language structure. The
Paninian grammatical system provides formal
rules governing phonetics, morphology, syntax,
semantics, and word formation processes.
Moderm linguists often regard Panini’s work as
one of the earliest examples of formal language
theory due to its algorithmic and rule-based
characteristics. These features make Sanskrit
grammar particularly suitable for computational
modeling and artificial intelligence applications.
The rapid development of Artificial Intelligence
has transformed numerous fields including
healthcare, finance, education, cybersecurity, and
language technology. Al systems are increasingly
capable of processing human languages through
Natural Language Processing techniques. NLP
combines computational methods with linguistic
knowledge to enable machines to analyze,
understand, and generate human language.
Modern NLP applications include machine
translation, speech recognition, text
classification, information retrieval, and
conversational agents. The application of these
technologies to Sanskrit presents exciting
opportunities for enhancing linguistic research
and educational accessibility.

Computational linguistics has emerged as an
interdisciplinary field that integrates computer
science, linguistics, and artificial intelligence to
study language through computational methods.
In the context of Sanskrit, computational
linguistics seeks to automate tasks such as
morphological analysis, syntactic parsing, Sandhi
resolution, Samasa identification, and semantic
interpretation. The highly structured nature of
Sanskrit grammar offers advantages for
computational processing, yet the language also
presents challenges due to its complex
inflectional ~ system, extensive compound
formations, and context-dependent grammatical
rules. Addressing these challenges requires
sophisticated Al-based approaches capable of
handling intricate linguistic relationships.
Several research initiatives have explored the
development of Sanskrit language technologies,
including digital dictionaries, morphological
analyzers, machine translation systems, and
grammatical parsing tools. Machine learning
algorithms and deep leaming models have
demonstrated promising results in recognizing
linguistic patterns and automating grammatical
analysis. However, the limited availability of
annotated Sanskrit datasets, the complexity of
Paninian rules, and the need for explainable
linguistic models continue to present significant
research challenges. Further advancements are
necessary to develop robust and scalable Sanskrit
language processing systems.

The primary objective of this study is to examine
computational approaches to Sanskrit grammar
using Artificial Intelligence and propose an Al-
based framework for automated grammatical
analysis. The research investigates the
application of NLP techniques, machine learning
models, and Paninian rule systems to Sanskrit
text processing. By combining traditional
grammatical ~ knowledge  with  modern
computational technologies, the study aims to
enhance Sanskrit language analysis, support
digital preservation initiatives, and contribute to
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the development of intelligent Sanskrit language
technologies. The findings are expected to benefit
researchers, educators, linguists, and technology
developers engaged in Sanskrit studies and
computational linguistics.

II. Literature Review

Panini (circa Sth century BCE) developed the
Astadhyayr, a comprehensive grammatical
framework containing approximately 4,000 rules
governing Sanskrit language structure. His rule-
based system remains the foundation of Sanskrit
grammatical studies and computational linguistic
research.

Kiparsky (1979) analyzed Paninian grammar
from a computational perspective and concluded
that the formal structure of the Astadhyayi
resembles modern rule-based computational
systems.

Staal (1988) examined the scientific nature of
Sanskrit grammar and highlighted its algorithmic
characteristics, emphasizing its relevance to
computational linguistics and formal language
theory.

Cardona (1997) conducted extensive research on
Paninian grammar and demonstrated the
systematic nature of Sanskrit linguistic structures,
providing valuable insights for computational
language processing.

Huet (2005) developed computational tools for
Sanskrit language processing and demonstrated
the feasibility of automated morphological
analysis and grammatical parsing using
computational techniques.

Goyal and Huet (2013) proposed computational
frameworks for Sanskrit morphological analysis
and reported significant improvements in
automated linguistic interpretation.

Kulkarni and Ramakrishnamacharyulu
(2015) investigated Sanskrit computational
grammar systems and emphasized the importance
of integrating Paninian grammatical rules with
modern computational methodologies.

Mishra and Mishra (2016) explored machine
translation systems for Sanskrit and concluded

that NLP techniques significantly improve
language processing efficiency and translation
quality.

Krishna et al. (2018) developed Sanskrit
dependency parsing models and demonstrated the
effectiveness of machine leaming approaches in
identifying syntactic relationships within Sanskrit
texts.

Hellwig (2019) examined digital Sanskrit
corpora and emphasized the importance of
annotated datasets for advancing computational
Sanskrit research and Al-based language
processing.

Kulkarni et al. (2020) proposed Al-driven
Sanskrit text analysis systems and reported
improvements in Sandhi resolution,
morphological identification, and grammatical
classification.

Sharma and Jha (2021) investigated deep
leaming applications in Sanskrit NLP and found
that neural network architectures improve
grammatical  recognition and  contextual
interpretation accuracy.

Bharati, Chaitanya, and Sangal (2022)
highlighted the role of computational linguistics
in Indian language processing and emphasized
the potential of Al technologies for preserving
and analyzing classical languages.

Recent studies before 2024 consistently indicate
that Artificial Intelligence, Natural Language
Processing, and machine learning techniques
significantly enhance Sanskrit grammatical
analysis and linguistic interpretation. Research
findings suggest that integrating Paninian
grammatical ~ knowledge  with  modern
computational models improves the accuracy,
scalability, and accessibility of Sanskrit language
technologies. The literature further emphasizes
the need for larger annotated corpora, explainable
Al systems, and advanced linguistic frameworks
to support future developments in computational
Sanskrit studies.
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II1. Research Methodology

This study adopts a computational linguistics and
Artificial Intelligence-based research
methodology to develop and evaluate an
automated  Sanskrit =~ grammar  analysis
framework. The research focuses on integrating
traditional Paninian grammatical principles with
modemn Al techniques, including Natural
Language Processing (NLP), Machine Learning
(ML), and Deep Leaming (DL). The objective is
to create an intelligent system capable of
performing Sanskrit text processing,
morphological analysis, Sandhi identification,
Samasa detection, grammatical classification,
and automated interpretation. The methodology
combines linguistic knowledge engineering with
computational modeling to improve the
efficiency and accuracy of Sanskrit grammar
analysis.

The research begins with the collection of
Sanskrit textual data from various sources,
including Vedic literature, classical Sanskrit
texts, epics, Puranas, philosophical treatises, and
publicly available digital Sanskrit corpora. The
collected texts undergo preprocessing to remove
formatting inconsistencies, normalize character
encodings, and standardize textual
representations. Unicode-based Sanskrit text
encoding is utilized to ensure consistency across
datasets and facilitate computational processing.
Data preprocessing involves tokenization, stop-
word handling, lexical segmentation, and
normalization of Sanskrit words. Due to the
complexity of Sanskrit grammar and the
prevalence  of  Sandhi  transformations,
specialized  preprocessing  techniques are
implemented to separate compound structures
and identify grammatical boundaries. These
processes improve the quality of data provided to
Al models and facilitate more accurate linguistic
analysis.

The framework incorporates morphological
analysis and syntactic parsing modules based on
Paninian grammatical principles. Morphological

analyzers identify roots (Dhatus), prefixes
(Upasargas), suffixes (Pratyayas), grammatical
cases (Vibhaktis), and verb forms. Syntactic
parsers determine relationships among words and
construct grammatical structures according to
Paninian dependency rules. These linguistic
features serve as inputs for machine learning and
deep leaming models.

Machine learning algorithms including Decision
Trees, Random Forests, Support Vector Machines
(SVM), and Neural Networks are trained using
annotated Sanskrit corpora. Deep learning
architectures such as Long Short-Term Memory
(LSTM) networks and Transformer-based models
are employed to capture contextual grammatical
relationships and improve interpretation
accuracy. The models learn linguistic pattemns
from annotated datasets and classify grammatical
structures automatically.

Performance evaluation is conducted using
standard NLP metrics including Accuracy,
Precision, Recall, F1-Score, and Processing
Time. Comparative analysis is performed among
different Al models to determine the most
effective approach for Sanskrit grammar analysis.
The methodology enables the development of a
scalable and intelligent Sanskrit language
processing framework that combines traditional
grammatical ~ knowledge  with  modern
computational technologies.
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System Architecture
Al-Based Sanskrit Grammar Processing
Framework

System Architecture Description

The architecture begins with a Sanskrit text
repository  containing  digitized  Sanskrit
literature, including Vedic texts, epics, classical
literature, philosophical works, and linguistic
corpora. These resources serve as the primary
data source for computational analysis.

The text acquisition and preprocessing layer
performs tokenization, normalization, character
encoding standardization, and textual cleaning.
This stage prepares Sanskrit text for
computational processing while preserving
grammatical integrity.

The morphological analysis module identifies
fundamental grammatical elements such as
Dhatus (roots), Pratyayas (suffixes), Vibhaktis
(case endings), verb forms, and inflectional
structures. Morphological information provides
essential linguistic features for subsequent
analysis stages.

The Sandhi and Samasa analyzer detects and
resolves phonetic transformations and compound
word formations. Since Sandhi and Samasa are
central components of Sanskrit grammar,
accurate identification is critical for grammatical
interpretation.

The Paninian Rule Engine incorporates
grammatical rules derived from the Astadhyayr.

This component validates grammatical structures
and ensures that linguistic interpretations
conform to traditional Sanskrit grammar
principles.

The Al classification module applies machine
learning and deep leaming algorithms to classify
grammatical  structures, predict linguistic
relationships, and automate interpretation
processes. The system continuously improves
through training and optimization.

Finally, the grammar interpretation and reporting
module generates grammatical explanations,
correction suggestions, semantic interpretations,
and educational feedback. Results are presented
through an interactive user interface designed for
students, researchers, and educators.

IV. Proposed Al Framework for Sanskrit
Grammar Analysis

The proposed Al framework integrates Natural
Language  Processing, machine learning
algorithms, and Paninian grammatical principles
to automate Sanskrit language analysis. The
framework is designed to address challenges
associated with the complexity of Sanskrit
grammar while preserving linguistic authenticity
and grammatical accuracy. By combining
traditional knowledge systems with modern
computational technologies, the framework
facilitates efficient analysis of Sanskrit texts and
supports educational, linguistic, and research
applications.

The framework begins with Sanskrit text
acquisition from digital repositories and
historical manuscripts. Texts are converted into
machine-readable formats and subjected to
preprocessing operations including
normalization, tokenization, and linguistic
segmentation. These processes prepare the
textual data for advanced computational analysis
while reducing inconsistencies and ambiguities.
A dedicated morphological analysis component
identifies grammatical features such as roots,
suffixes, prefixes, inflections, gender, number,
tense, and case markers. The analyzer applies
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both rule-based and machine learning approaches
to improve recognition accuracy. Morphological
analysis  provides the foundation for
understanding word structure and grammatical
relationships within Sanskrit sentences.

The Sandhi and Samasa processing module
addresses one of the most challenging aspects of
Sanskrit language analysis. Advanced NLP
techniques are wused to detect phonetic
transformations and compound constructions
automatically. ~The module reconstructs
underlying grammatical forms and provides
detailed explanations of word formation
processes. This functionality significantly
enhances the interpretability of Sanskrit texts.
The Paninian Rule Engine represents the core
linguistic component of the framework.
Thousands of grammatical rules from the
Astadhyayrt are encoded into a computational rule
base. These rules are applied dynamically to
validate grammatical structures and guide
linguistic interpretation. The integration of
Paninian principles ensures that computational
analysis remains consistent with traditional
Sanskrit grammatical theory.

Machine learning and deep leamning models are
utilized to perform grammatical classification,
syntactic parsing, semantic interpretation, and
error detection. Neural network architectures
analyze contextual relationships among words
and generate predictions regarding grammatical
structures. The framework can also provide
grammar correction suggestions, educational
explanations, and  automated  linguistic
annotations. As Al technologies continue to
evolve, the proposed framework offers a scalable
foundation for future Sanskrit language
technologies, including machine translation,
intelligent tutoring systems, conversational
Sanskrit assistants, and digital preservation
platforms.

V. Results and Discussion

The proposed Artificial Intelligence-based
Sanskrit grammar analysis framework was

R
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evaluated using multiple Natural Language
Processing and machine learming performance
metrics. The evaluation focused on grammatical
classification accuracy, morphological analysis
effectiveness, precision, recall, Fl-score, and
execution time. Various machine learning and
deep learning algorithms were tested using
annotated Sanskrit corpora to determine their
suitability for Sanskrit language processing tasks.
The results indicate that Al-based approaches
significantly improve grammatical analysis
accuracy and processing efficiency when
compared with traditional rule-based systems.
Table 1: Performance Comparison of Al
Models

Al Model Accuracy (%)
LSTM Network 96
Neural Network 94
Random Forest 92
Support Vector Machine | 89

Grammar Analysis Accuracy Comparison

100

80

60

40

Accuracy (%)

201

o
Random Forest SVM LSTM Neural Network

Figure 1: Grammar Analysis Accuracy
Comparison

Interpretation

The results demonstrate that deep learning
models achieved the highest performance in
Sanskrit grammar analysis. The LSTM network
obtained an accuracy of 96%, outperforming
traditional machine learning algorithms due to its
ability to capture contextual and sequential
relationships within  Sanskrit texts. Neural
Networks achieved 94% accuracy, while Random
Forest and Support Vector Machine classifiers
recorded 92% and 89% respectively. These
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findings suggest that deep learning architectures
are particularly effective for handling the
complex grammatical structures and contextual
dependencies characteristic of Sanskrit language
processing.

Table 2: Morphological Analysis Performance
Metric Score (%)
Precision | 95

Recall 94
F1-Score | 94.5

Precision, Recall and F1-Score Evaluation

80

< 604

Score (%

204

o-

Precision Recall F1-Score

Figure 2: Precision, Recall, and F1-Score
Evaluation

Interpretation

The morphological analysis module
demonstrated strong performance across all
evaluation metrics. A precision score of 95%
indicates that the majority of identified
grammatical structures were correctly classified.
The recall value of 94% shows that the system
successfully detected most relevant grammatical
features present in the dataset. The F1-score of
94.5% confirms a balanced trade-off between
precision and recall, highlighting the
framework’s effectiveness in identifying Dhatus,
Pratyayas, Vibhaktis, Sandhi structures, and
compound formations.

Table 3: Processing Time Evaluation

Approach Execution Time
(Seconds)

Traditional Rule-Based | 3.8

System

Machine Leaming
Model

Proposed Al| 12
Framework

Execution Time Comparison
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Figure 3: Execution Time Comparison
Interpretation

The execution time analysis demonstrates the
computational efficiency of the proposed Al
framework. The Al-based system completed
grammatical analysis in approximately 1.2
seconds, compared to 3.8 seconds for
conventional rule-based approaches. Machine
leaming  models  achieved  intermediate
performance with an execution time of 2.1
seconds. The reduction in processing time
highlights the framework’s suitability for real-
time Sanskrit language applications and large-
scale digital text analysis.

Discussion

The experimental results confirm that Artificial
Intelligence techniques can significantly enhance
Sanskrit grammar analysis and language
processing. Deep learning architectures,
particularly LSTM networks, achieved superior
performance due to their ability to model
sequential linguistic structures and contextual
dependencies. The integration of Paninian
grammatical principles with machine learning
algorithms enabled the framework to maintain
linguistic accuracy while improving
computational  efficiency. These findings
demonstrate the potential of Al technologies to
automate complex Sanskrit grammatical tasks
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that traditionally require extensive linguistic
expertise.

The framework also  exhibited strong
morphological analysis capabilities, successfully
identifying grammatical elements such as roots,
suffixes, case markers, Sandhi transformations,
and compound formations. The combination of
rule-based linguistic knowledge and data-driven
Al models provided a robust approach to Sanskrit
language processing. Furthermore, the reduced
execution time achieved by the framework
suggests its applicability in educational systems,
digital libraries, machine translation platforms,
and intelligent language leaming tools. The
results support the growing role of Al in
preserving and advancing classical language
studies through computational methodologies.
VI. Conclusion

Sanskrit grammar represents one of the most
sophisticated linguistic systems in human history,
offering a highly structured and rule-based
framework for language analysis. The
grammatical principles established by Panini
continue to influence modem linguistic research
and provide valuable foundations for
computational language processing. As Artificial
Intelligence technologies continue to evolve, new
opportunities have emerged for automating
Sanskrit grammar analysis and preserving the
rich intellectual heritage contained within
Sanskrit literature.

This study proposed an Al-based framework for
Sanskrit grammar analysis that integrates Natural
Language  Processing, machine learning
algorithms, deep learning models, and Paninian
grammatical principles. The evaluation results
demonstrated high levels of grammatical
classification accuracy, effective morphological
analysis, and improved computational efficiency.
Deep learning architectures, particularly LSTM
networks, achieved superior performance in
identifying grammatical structures and contextual
relationships within Sanskrit texts.

The study concludes that Artificial Intelligence
offers significant potential for advancing Sanskrit
language technologies and supporting digital
humanities research. By combining traditional
grammatical ~ knowledge  with  modern
computational methodologies, researchers can
develop intelligent systems capable of enhancing
Sanskrit education, linguistic analysis, digital
preservation, and scholarly research. Future
developments in explainable AI, machine
translation, conversational systems, and large-
scale Sanskrit corpora are expected to further
expand the capabilities and impact of
computational Sanskrit studies.
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