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Hadith literature, a cornerstone of Islamic tradition, critically depends on the
sanad (chain of narrators) for authentication, a process traditionally requiring
profound scholarly expertise. This paper presents a systematic review of com-
putational methodologies designed to enhance and automate sanad analysis,
bridging Islamic studies with advanced artificial intelligence (AI). We categorize
progress across four key domains: automated authenticity classification, sophis-
ticated narrator network analysis, textual information extraction (e.g., named
entity recognition), and the development of specialized datasets and ontologies.
Our findings reveal a significant paradigm shift from rule-based systems to ad-
vanced machine learning (ML) and deep learning (DL) techniques. This review
synthesizes contributions from over 50 studies, highlighting critical challenges
including data scarcity, narrator disambiguation, and cross-linguistic resource
limitations. We emphasize the novelty of this cross-domain synthesis and dis-
cuss how these intelligent systems can be integrated into digital Islamic archives,
low-resource mobile hadith applications, and embedded natural language pro-
cessing (NLP) engines. This work charts a course for future research to develop
more robust, scalable, and ethically grounded computational tools, complement-
ing traditional hadith scholarship with advanced engineering solutions.
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1. INTRODUCTION

Hadith literature, which comprises narrations of the sayings, actions, and approvals of the Prophet

Muhammad peace be upon him (PBUH), is a foundational source of Islamic teachings and law, second only to
the Qur’an [1], [2]. Every hadith is composed of two primary parts: the Matn, which is the text of the narration
itself, and the sanad (also known as Isnad), which is the chain of narrators responsible for transmitting the
Matn [3]. The authenticity of a hadith is of utmost importance, as it directly influences Islamic jurisprudence,
theology, and daily practice. For centuries, hadith scholars (muhaddithin) have employed a rigorous science of
hadith criticism (mustalah al-hadith) to verify the reliability of these narrations. A central pillar of this science
is the meticulous analysis of the sanad [4], [5]. This process involves a deep evaluation of the biographical
details of each narrator in the chain (’ilm al-rijal) to assess their integrity, memory, and reliability, as well as to
ensure the chain is continuous and free from hidden defects [6], [7].

The traditional method of sanad analysis is an exceptionally complex and labor-intensive endeavor,
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demanding years of specialized study and access to vast biographical and historical resources [8], [9]. The
immense volume of hadith literature, which includes hundreds of thousands of narrations across numerous
collections, presents a formidable challenge for comprehensive manual analysis. This difficulty is compounded
by the intricacies of narrator names, which often appear in multiple variations, and the complex, often branching
chains of transmission [10]. In the digital era, while many hadith collections are now accessible online, the
computational tools to analyze them are still developing and remain somewhat fragmented. There is a pressing
need to harness modern technology to assist scholars, automate repetitive analytical tasks, and uncover new
insights from the vast data embedded within the sanads [11], [12].

The convergence of computer science and Islamic studies has catalyzed a vibrant new field dedicated
to applying computational techniques to hadith analysis [13]-[15]. This paper offers a systematic review of
contemporary sanad-based hadith studies, providing a structured overview of the current state-of-the-art. Re-
cent research demonstrates a clear evolution from early rule-based systems to the adoption of machine learning
(ML) and, more recently, advanced deep learning (DL) approaches [8], [16], [17]. By organizing recent con-
tributions into four primary categories automated classification, narrator network analysis, textual component
extraction, and dataset/ontology construction this review consolidates current knowledge. We highlight the pro-
gression of methodologies, from foundational expert systems to transformer models like bidirectional encoder
representations from transformers (BERT) [18]-[20], and synthesize their reported effectiveness and limita-
tions. This review aims to answer the question: What are the current computational methodologies applied to
sanad-based hadith analysis, what are their reported performances and limitations, and what are the promising
future directions?” Our primary focus is on synthesizing the existing tools and theoretical developments that
leverage computational power to dissect sanad structures, assess narrator credibility, and enhance scholarly
research. We emphasize the novelty of this cross-domain synthesis, showcasing how intelligent systems, can
revolutionize hadith studies. Charting a course for future interdisciplinary research will accelerate the develop-
ment of robust and scalable computational solutions that complement, rather than replace, the invaluable work
of traditional hadith scholarship.

2. METHOD

This systematic literature review was conducted to identify, evaluate, and synthesize recent research
on computational, sanad-based hadith analysis. The process followed a structured protocol to ensure a compre-
hensive and unbiased overview of the current state of the field. The search was performed on major academic
databases, including IEEE Xplore, ACM Digital Library, Scopus, Google Scholar, and the preprint repository
arXiv. The search was conducted using a combination of keywords designed to capture the relevant literature
across computer science and Islamic studies.

The primary keywords included: “hadith sanad analysis”, ”hadith classification”, “automated hadith
authentication”, “hadith narrator network”™, ’social network analysis hadith” [13], [17], ”sanad graph” [15],
[21], ”NLP hadith”, ”sanad extraction”, “narrator name disambiguation”, "hadith ontology” [16], [22], and
“hadith dataset” [12], [23]-[25]. To ensure the inclusion of the latest advancements, terms such as "ML”,
”DL”, and "BERT” [18] were combined with the primary keywords.

Studies were included if they met the following criteria: i) the primary focus was on the sanad (chain
of narrators) of hadith; ii) the study applied computational methods, including but not limited to ML, data
mining, natural language processing (NLP), or network analysis; iii) the paper was published in English in a
peer-reviewed journal, conference proceeding, or as a publicly available technical report or preprint; and iv)
the article was published between 2012 and early 2025 to capture a decade of advancements while prioritizing
recent work. Papers focusing exclusively on the Matn (text) without sanad analysis, purely theological or
historical studies without a computational component, and articles not available in full-text were excluded. The
initial search yielded numerous articles, which were then screened by title and abstract, followed by a full-text
review to determine final eligibility. This process (Figure 1) ensured that the included studies were directly
relevant to the scope of this review.
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Figure 1. PRISMA low diagram for the systematic review on computational hadith studies

This PRISMA 2020 [26] flow diagram see in Figure 1 systematically maps the process of identifying,
screening, and including studies for the systematic literature review on computational tools and techniques in
hadith studies. It details the number of records identified from various databases, those removed before screen-
ing, and the subsequent stages of record screening, full-text review, and ultimate inclusion in the qualitative
synthesis. The scope of the review was rigorously defined by a specific Boolean search query architecture (as
illustrated in the query design Figure 2).
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Figure 2. Search query design
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This architecture utilized primary keywords connected by the operator AND to ensure that the identi-
fied studies operated at the critical intersection of two core domains: Islamic studies and computer science. The
architecture, designed using the principle of grouping related terms with OR and enforcing connection using
AND, was structured as detailed in the Table 1.

Table 1. Keyword categories and boolean connections

Category (Keywords) Example terms and purpose Boolean connection
Sanad/narrator keywords Terms like “hadith”, ”sanad”, ’hadith narrator”, or "narrator”  Connected by OR within
(Islamic studies focus) were used to ensure focus on the chain of narrators the group
Computational/Al technologies ~ Terms such as "LMM?”, ”AI”, "]ML”, and "NLP” captured the =~ Connected by OR within
keywords required computational methodology the group
(computer science focus)
Task keywords Terms like “analysis”, “classification”, “authentication”, “ex-  Connected by OR within
traction”, or ”disambiguation” targeted specific computational  the group
goals
Structure keywords Terms like “graph”, “networks”, “ontology”, “semantic”,  Connected by OR within

“dataset”, and "corpus” captured research related to data struc-  the group
ture and formal knowledge representation

Further modifications and adaptations were implemented to align with the specific requirements of
each search engine, thereby enabling the refinement of search results either narrowing or broadening their
scope as necessary. In this context, field-specific constraints are applied to ensure that key terms (e.g., sanad)
are restricted to semantically relevant metadata fields such as title or abstract, while explicitly excluded from
non-relevant fields such as author, thus enhancing precision and reducing noise in retrieval.

3.  RESULTS AND DISCUSSION

Our review organizes the findings into four principal domains of sanad-based research. Each domain
shows a clear methodological evolution from rule-based systems to sophisticated machine and DL approaches
(Figure 3) [27]-[57]. This section provides a detailed discussion of the findings within each category, high-
lighting key techniques, their performance, and prevailing challenges, supplemented by summary tables for
clarity.
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Figure 3. Timeline of sanad-based research, illustrating the methodological evolution in each domain from
early rule-based systems to advanced machine and DL approaches

3.1. Automated hadith classification for athenticity assessment
Automating the classification of hadith into traditional categories such as Sahih (authentic), Hasan
(good), Da’if (weak), or Mawdu’ (fabricated) is a primary objective of computational hadith studies [48], [6].
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Early attempts in this area relied on fuzzy expert systems and rule-based models that sought to codify the
principles of hadith criticism. For example, Ghazizadeh et al. [1] proposed a fuzzy expert system to determine
hadith validity by modeling parameters like narrator character and sanad continuity, achieving 94% accuracy on
a subset of the Shiite collection Al-Kafi. While innovative, these systems were often brittle, collection-specific,
and difficult to scale.

The field has since shifted decisively towards ML. Studies have successfully employed supervised
learning algorithms where features are derived from the sanad. Aldhlan et al. [8], [9], [11] presented a series
of papers using decision trees (DT) and Naive Bayes (NB), incorporating a missing data detector (MDD) to
handle incomplete narrator information, which significantly boosted their classification accuracy from 50% to
97% on a dataset of 999 hadiths. Other researchers leveraged heuristic-based systems that assigned weights to
narrators based on their rank in classical biographical dictionaries like Ibn Hajar’s Taqrib al-Tahzib, reporting
remarkable accuracies of over 94% on large samples from Sahih Bukhari and Sunan al-Tirmizi [13]. Later work
explored vector space models (VSM) and learning vector quantization (LVQ) to consider the order of narrators,
achieving 80% precision in distinguishing between Sahih and fabricated hadiths, though performance on Hasan
and weak categories was lower [16].

More recently, DL models, particularly those based on the transformer architecture like BERT, are
being explored for their ability to process raw text and learn complex representations without manual feature
engineering [19], [29]. Abdelaal ef al. [23] used n-gram techniques (trigrams) and TF-IDF weighting with
classifiers like linear SVC, achieving up to 93.69% accuracy. Sentiment analysis has also been applied, where
narrator names in the sanad are treated as tokens to predict authenticity, reaching 80% accuracy with a linear
SVC model [21]. A 2022 study exploring DL for binary hadith classification (authentic vs. rejected) found
that an AraBERT model achieved an accuracy of 91.56% [19]. These results underscore the power of con-
textual embeddings for capturing the nuanced information within narrator chains. The progression of these
methodologies is summarized in Table 2.

Table 2. Studies concentrated on the categorization of hadiths

Ref. Approach Preprocessing Classes Language  Data source Metric Result
[1] Fuzzy system - Valid and not - El-Kafi Accuracy  94%
valid
[8]-[11] DT, NB - Valid and not  Arabic 999 hadiths Accuracy  97%
valid
[12] SaaS, SOA - 24 classes - - - -
[13] HR Name normaliza-  Sahih, Hasan,  Arabic Bukhari, Tir-  Accuracy  99%
tion weak midhi
[14], [15] ANLP, ANN, SVM, - Sound, weak Arabic - - -
DT, BC
[16] SVM, LVQ Remove Matn, Sahih, Hasan,  Arabic 160 hadiths Precision  80%
standardize weak, fabricated
names
[171,[23] DT, NB, lincar Normalization Sahih, Hasan,  Arabic Bukhari and  Accuracy up to
SVC, SGD, LR and tokenization weak, fabricated Muslim 93.75%
[45] Doc2Vec Stop words and  Hadith similari-  Arabic 9 books Accuracy  80%
lemmatization ties
[21] Sentiment analysis Tokenization, Sahih/Hasan, English Bukhari, Accuracy  86%
vectorization weak Muslim,
Tirmidhi
[57] LR, SVM, RF  REGEX-based Genuine, fake Arabic Al-Bukhari, Fl1-score 99.94%
AraBERT preprocessing and fake
hadiths
[56] ArabicBERT, NB, - Sahih, Hasan,  English full-text, F1-score 94.90%
DL, CNN-LSTM and Da’if and sanad-only
accepted/rejected
[54] AraBERT, HistGra- TF-IDF Three questions  Arabic 503 para-  Accuracy  93.16%,
dientBoostingClas- with 0,1 or 2 graphs 96.55%
sifier output
[55] Sanad authentica- - Sahih, Mudallas, Arabic 5910 chain  Accuracy 72.2%
tion fuzzy expert Hasan, Matruk, of narrators

system
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3.2. Building and analysing hadith narrator networks

Viewing the entire corpus of hadith transmission as a large-scale social network has opened new
avenues for analysis. In this paradigm, narrators are represented as nodes and the transmission of a hadith
from one narrator to another is represented as a directed edge. This framework allows for the application of
social network analysis (SNA) and graph theory to investigate the structural properties of hadith transmission
networks [13], [46].

Early conceptual work proposed modeling narrator chains using graph-theoretic models like directed
acyclic graphs (DAGs) to represent the flow of information [18]. Subsequent research focused on creating tools
to automatically parse and visualize these chains. Azmi and Badia developed the “e-Narrator” and “iTree”
systems, which used parsing techniques and domain-specific grammars (EBNF) to generate transmission trees
from raw hadith text, achieving an 86.7% success rate on a dataset of 90 hadiths [27], [58], [24]. Other
prototypes, like the chain of hadith narrators visualizer (CHN), provided graphical interfaces for students to
explore narrator connections [19].

More advanced analyses have applied formal SNA metrics to these narrator graphs. Studies on Sahih
Bukhari and Sahih Muslim have used centrality measures (degree, betweenness, PageRank) to identify the
most influential narrators in the network, such as Abu Hurayra, Anas bin Malik, and Az-Zuhri, who acted as
major hubs in the propagation of knowledge [22], [10], [49]. These findings quantitatively confirm knowledge
previously established by classical scholars. Other researchers have used algorithms like SPADE to discover
frequent sequential patterns in narrator chains, revealing dominant teacher-student relationships and common
transmission pathways [48].

A significant recent trend is the use of graph embedding techniques. Mghari et al. [4] introduced
Narrator2Vec, a method that learns vector representations (embeddings) of narrators based on their position
in the network. These embeddings can be used for tasks such as predicting missing links in a sanad (link
prediction), clustering narrators by generation or scholarly affiliation, and identifying narrator similarity. When
tested on the all Hadith Corpus, Narrator2Vec achieved 94% accuracy in top-10 narrator prediction tasks.
These graph-based approaches provide invaluable macroscopic views of the hadith transmission landscape,
highlighting its scale-free nature and identifying key communities and authorities within it. A summary of
these analytical approaches is shown in Table 3.

Table 3. Exploring analytical approaches for hadith using sanads

Ref. Approach Preprocessing  Classes Language Data source Metric Result
[18] DAG - Sanad representa-  Arabic - - -
tion
[24]-[27] EBNF Parse hadith  Graph, visualiza-  Arabic Bukhari Accuracy 86.7%
content tion
[19] Network graph - Graph, visualiza- Malay Nawawi’s 40 - -
tion hadiths
[22] SNA Extract Narrative net-  Arabic Bukhari 5  Centrality -
narrators, work analysis chapters
remove du-
plicates
[25], [35] Network graph Matn and  Graph Malay 18/30 Ha-  Accuracy 60%
stop  words diths from 9-
removal books/Bukhari
[10] SNA - Narrative net-  Arabic Bukhari Centrality -
work
[48] SPADE Transform, Sanad analysis Indonesian ~ Bukhari - -
clean, format
[49] SNA - Narrative net-  English Muslim SNA measures -
work analysis
[4] Word embed- - Narrators analy-  Arabic All  hadith  Top-k accuracies  68-94%
dings sis corpus

3.3. Identifying and extracting key components from hadith text

The automated extraction of key information from hadith text particularly separating the sanad from
the Matn and identifying individual narrator names within the sanad is a fundamental task for building struc-
tured datasets. This is a challenging NLP problem due to the linguistic characteristics of classical Arabic, the
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lack of standard punctuation, and the high variability in how narrators’ names are cited [50].

Early methods used rule-based approaches and finite state transducers (FST). Harrag et al. [2], [3]
developed an FST-based entity extractor for Sahih Al-Bukhari, but it struggled with the sanad entity itself,
achieving a low Fl-score of 33%. Unsupervised tools like the SALAH Project used regular expressions to
segment hadith texts, achieving a high effectiveness rate of 97.7% but with limitations on handling complex
chains [5]. Other studies employed complex graph transformations and morphological analysis to extract nar-
rator relationships, reporting high precision and recall above 97% for segmentation tasks [6], [7].

The field has seen significant improvement with the adoption of ML-based named entity recognition
(NER). Siddiqui et al. [29] trained classifiers like Naive Bayes, DT, and K-nearest neighbors (k-NN) on an
annotated corpus to extract narrator names, achieving 90% precision. Najeeb [46], [50] introduced approaches
using genetic algorithms (GA) and hidden Markov models (HMM) for sanad processing, reaching accuracies
of 81.44% and 86% respectively. N-gram models combined with rule-based filtering have also been used to
extract Arabic Person Names, yielding an F-measure of 70.76% [20].

The most significant recent advancements have come from transformer-based models [29]. These
models leverage contextual embeddings to achieve state-of-the-art performance. For instance, a study using a
semi-supervised BERT model with a feed-forward neural network for NER on Indonesian hadith texts reported
an F1-score of 99.27% on a dataset from Bukhari [51]. Another line of research focused on name disam-
biguation using word sense disambiguation (WSD) techniques combined with a k-NN classifier, reporting an
F1-score of 99% on a dataset from Sahih Bukhari, demonstrating a powerful method to resolve narrator ambi-
guity [59]. These DL techniques are proving indispensable for accurately parsing and structuring hadith texts
at scale, a prerequisite for all other higher-level analyses. Table 4 provides an overview of various studies in
this category.

Table 4. Studies exploring approaches and techniques for named entity extraction

Ref. Approach Preprocessing Extracted entities ~ Language Data source Metric Result
21, [3] FST-based - Sanad extraction Arabic Bukhari F1-score 33%
[5] RE - Sanad Arabic/English Bukhari Accuracy 97.7%
[6]1, [7] AMF, FSM, GT - Sanad, narrators Arabic Ibn Hanbal F-score 98%
[29] NER, NB, k-NN,  Normalization, Sanad extraction Arabic Bukhari, Precision 90%
DT stemming Musnad
Ahmed
[46] GA Sanad/Matn manu-  Sanad extraction Arabic Muslim Accuracy 81.44%
ally divided
[50] HMM, Gazetteer Sanad/Matn manu-  Sanad extraction Arabic Muslim Accuracy 86%
ally divided
[20] N-gram - Narrators extrac-  Arabic 6 books F-measure  65.11%
tion
[31] POS tags, rule- Punctuation re-  Sanad, narrators Malay 150/1000 Accuracy 95.3%
based moval from
Bukhari
[36] Rule-based, Sta-  Tokenization, Narrators Arabic Bukhari F1-score 76%
tistical Stemming (prayer)
[37] CREF, FST - - Urdu Bukhari F1-score 92.41%
[40] NER, SVM Symbol removal, Narrators extrac- Indonesian 200 from 9  Fl-score 90%
tokenization tion books
[41], [47] Rule-based, NB Diacritics/punctuation Sanad extraction Arabic/English 6 books Accuracy 92.5%
removal
[42] HMM Punctuation re- Names extraction  Indonesian 9 books F1-score 86%

moval, Tokeniza-
tion
[51] NER, BERT-  Tokenization Narrators extrac-  Indonesian 102 from  Fl-score 99.63%
based tion Bukhari

3.4. Construction and development of sanad datasets and ontologies

The foundation for all computational hadith research is the availability of high-quality, structured
digital resources. A significant area of work, therefore, involves the construction of comprehensive datasets
and formal ontologies to support reproducible research and advanced applications.

Early work focused on creating structured databases from raw text. Bimba et al. [34] developed a
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web-based tool with a relational MySQL database to compile authentic hadith in Malay, linking text to reporter
information. Other researchers focused on building lexicons using formalisms like head-driven phrase structure
grammar (HPSG) and creating XML-based databases of narrators and their biographical details, often drawing
from classical sources like Ibn Hajar’s work [32], [33], [60]. The text encoding initiative (TEI) standard was
also adopted to normalize and encode hadith texts, with studies developing trigger-word dictionaries to segment
Isnad from Matn, achieving a high F-measure of 96% [38], [43], [61].

A major contribution to the field has been the development of large-scale, public datasets. Mahmood
et al. [39] created a multilingual repository of hadith content extracted from online sources using regular
expressions, achieving 100% accuracy for some books. Other projects have focused on creating specialized
corpora, such as a non-authentic hadith (NAH) corpus to train models to detect fabricated narrations [44].
Most significantly, recent efforts have produced large-scale datasets for narrator disambiguation, such as the
AR-sanad 280 K dataset, which contains 279,625 artificial sanads. Experiments using this dataset with an
AraBERT model achieved a 92.9% micro F1 score, demonstrating the value of large-scale synthetic data for
training robust models [52].

Alongside datasets, there is growing interest in developing formal ontologies for hadith. Ontologies
provide a machine-readable representation of knowledge, defining concepts (e.g., narrator, hadith) and their
relationships (e.g., ‘narrates‘). These semantic models facilitate advanced querying and logical inference.
Dalloul and Baraka created an ontology-based Isnad judgment system that could automatically verify chain
continuity based on narrator relationships, achieving 81% accuracy [30], [28]. These resources are foundational
for building the next generation of intelligent hadith analysis tools. An overview of these construction efforts
is provided in Table 5.

Table 5. Studies on the construction and development of hadith-specific datasets and ontologies

Ref. Approach Data type Language Data source Metric Result

[28], [30]  Sanad ontology Arabic 6 Books Accuracy 81%

[32], [33] XML, HPSG, XML, dataset, Is-  Arabic Bukhari, Muslim - -
Multi-agent nad tree

[34] MySQL dataset Malay - - -

[38],[43] TEI predefined Dataset Arabic Bukhari F-measure 85-96%
XML tags

[39] Regular expres- Dataset, XML, Multilingual Muslim and Bukhari F-measure 100%
sion CSV

[44] - Dataset, sanad Arabic 6 books - -

[52] BERT-based Dataset, disam-  Arabic 6 books F1-score 92.9%
(AraBERT) biguation

[53] RDF, knowledge SemanticHadith Arabic, Urdu, Six hadith collections - -
graph, linked ontology, knowl-  English
open data edge graph

4. CONCLUSION

This comprehensive review has charted the significant progress in the application of computational
methods to sanad-based hadith analysis. The field is rapidly maturing, moving from foundational rule-based
systems to sophisticated DL and network science methodologies. The analysis of automated classification tech-
niques shows a clear performance advantage for ML over static rules, with recent transformer-based models
like BERT setting new benchmarks for authenticity assessment. The exploration of narrator networks through
SNA has provided quantitative validation of classical hadith scholarship and offers powerful tools for visualiz-
ing and understanding the macro-structure of knowledge transmission in Islam. Concurrently, advancements in
NLP have been critical in automating the foundational tasks of sanad segmentation and narrator entity recog-
nition, making large-scale analysis feasible. Finally, the development of large, publicly available datasets and
formal ontologies is providing the essential infrastructure to fuel further research and ensure reproducibility.
These advancements collectively move the body of scientific knowledge forward by demonstrating the immense
potential of interdisciplinary collaboration between computer science and Islamic studies.

Despite this progress, challenges remain. Many developed datasets are still limited in scope, and the
models trained on them may not generalize well across different hadith collections. The problem of narrator
name disambiguation remains a significant hurdle, though recent graph-based and BERT-powered approaches
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show great promise. The heavy reliance on regular expressions in some data extraction tasks can be brittle,
and the creation of robust, adaptable NLP pipelines is an ongoing area of research. Looking forward, future
work should focus on creating larger, more diverse, and standardized benchmark datasets that cover a wider
range of hadith literature, including less-canonical works. There is great promise in exploring more advanced
graph neural network (GNN) architectures for narrator network analysis and leveraging multimodal models
that can analyze both sanad and Matn concurrently to create a more holistic authenticity assessment. The
continued partnership between computer scientists and traditional hadith scholars is essential to ensure that
these technological advancements are developed responsibly, rigorously, and in a way that genuinely supports
and enhances our understanding of the rich heritage of Islamic traditions.
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