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Abstract 

In recent years, Islamic financial and banking institutions have increasingly adopted artificial 
intelligence (AI) technologies as a strategic tool to enhance operational efficiency, automate complex 
banking processes, improve service quality, and strengthen their competitive positioning within both 
domestic and global financial markets. The accelerating digital transformation of  the financial sector 
has compelled Islamic banks to explore advanced technological solutions that align with Shariah 
principles while addressing modern operational demands. This paper aims to emphasize the growing 
importance of  artificial intelligence, encompassing both centralized and decentralized models, and to 
examine its role in improving the performance, resilience, and service quality of  Islamic banking 
institutions. The study highlights the defining characteristics of  centralized and decentralized AI 
systems and explores the opportunities they offer Islamic banks in optimizing operations, improving 
customer engagement, and sustaining competitiveness in an increasingly dynamic market environment. 
Furthermore, the paper underscores the importance of  integrating blockchain technology with AI to 
enhance transparency, security, and trust in banking operations. It recommends that Islamic banks 
intensify their adoption of  AI applications through the development of  robust digital infrastructure, 
continuous staff  training, and the implementation of  comprehensive measures to ensure data security, 
privacy protection, and transaction transparency. In addition, the study calls upon supervisory and 
regulatory authorities, particularly central banks and related institutions, to establish effective 
governance frameworks, regulatory standards, and ethical guidelines to oversee the responsible and 
Shariah-compliant use of  artificial intelligence and blockchain technologies in Islamic banking systems. 
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1. Introduction 
The rapid advancement of  artificial intelligence, as one of  the most transformative outcomes of  modern technological 
innovation, has led to its widespread adoption across a broad range of  sectors, including banking and financial services 
[21,28,29]. Public and private institutions worldwide have increasingly transitioned from traditional operational models 
to AI-driven systems capable of processing large volumes of data, supporting predictive analysis, and enhancing 
decision-making efficiency. In the banking sector, artificial intelligence has emerged as a critical enabler of  digital 
transformation, offering tools for automation, risk assessment, fraud detection, and personalized service delivery. 
According to global estimates published in 2023, the artificial intelligence market was valued at approximately USD 
207.9 billion and is projected to expand to nearly USD 1.5 trillion by 2030, reflecting the extraordinary pace of 
technological growth and the expanding scope of  AI applications [11]. 
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Despite the rapid diffusion of  AI technologies across multiple industries, increasing concerns have emerged regarding 
the dominance of centralized artificial intelligence systems. Centralized AI models, typically controlled by a limited 
number of  large technology corporations, raise critical issues related to data privacy, cybersecurity vulnerabilities, 
governance structures, and algorithmic bias. Empirical evidence suggests that more than 80 percent of AI systems are 
owned by major technology firms based in industrialized economies, granting them disproportionate control over 
massive datasets and advanced computational capabilities. This concentration of technological power has intensified 
concerns about monopolization, unequal access to AI benefits, and the ethical use of  data, particularly in sensitive 
sectors such as finance and banking. 
These challenges have contributed to the emergence of Decentralized Artificial Intelligence (DeAI) as a viable 
alternative aimed at reducing the dominance of centralized entities and mitigating the risks associated with centralized 
data control. Advances in innovation and system architecture have enabled decentralized AI to address many of the 
structural limitations of centralized models by distributing computational power, data storage, and decision-making 
processes across more transparent, secure, and equitable networks. Central to this transformation is the integration of 
blockchain technology with artificial intelligence systems. Blockchain’s immutable, transparent, and distributed ledger 
architecture, when combined with AI’s analytical and predictive capabilities, has enabled decentralized AI systems to 
enhance data privacy, strengthen security, and facilitate trustworthy data sharing among participants. 
In this context, decentralized artificial intelligence is the redistribution of  control and decision-making authority from a 
single central administrative entity to a distributed network of  participants. This paradigm represents a fundamental 
shift in the development, governance, and deployment of artificial intelligence systems. By leveraging blockchain 
technology, decentralized AI offers an effective mechanism for addressing the inherent limitations of  traditional 
centralized AI models, including vulnerabilities to data breaches, system failures, and biased outcomes. 
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The primary motivation driving the adoption of  decentralized AI technologies lies in the need to confront and 
overcome the risks associated with centralized AI usage. Accordingly, this paper aims to identify and analyze the 
weaknesses and risks inherent in centralized AI systems, thereby justifying the expansion of  decentralized AI solutions 
within financial and banking institutions, particularly Islamic banks. These risks can be summarized as follows. First, 
data privacy risks arise because centralized AI systems require vast amounts of  data that are typically stored and 
processed by a single entity, making them attractive targets for cyberattacks and large-scale data breaches. Recent 
incidents, such as the 2020 breach involving the personal data of  millions of  users from a leading AI firm, highlight the 
severity of these risks. Second, centralized AI models are highly vulnerable to central server failures, as attacks or 
technical disruptions affecting a single server or data repository can compromise the entire system. The interface 
between AI agents and data providers remains one of the most vulnerable points within centralized AI architectures. 
Third, centralized AI systems are susceptible to bias and inaccuracy in decision-making, as they are often developed and 
trained by homogenous teams using historical datasets that may reflect existing inequalities. This can lead to biased 
outcomes in critical areas such as finance, lending, and employment, ultimately undermining fairness and trust. 

 
The theoretical significance of  this paper lies in its contribution to clarifying the role of  artificial intelligence and 
blockchain integration in enhancing the operational performance and governance of Islamic banks. From a practical 
perspective, the study focuses on the opportunities and challenges Islamic banks face in adopting decentralized AI 
systems and proposes policy-oriented recommendations to guide their effective implementation. The research adopts a 
descriptive and analytical methodology and is structured into an introduction followed by three main sections. The first 
section examines the nature and evolution of artificial intelligence, the second explores the concept and key features of 
blockchain technology, and the third analyzes the role of  decentralized AI in Islamic banking, along with the principal 
challenges associated with its adoption. The paper concludes with a synthesis of  key findings, recommendations, and 
policy implications relevant to Islamic banking institutions, regulators, and policymakers. 
2. Federated Learning and Collaborative Models 
• Concept of  Federated Learning: 
Federated learning represents a decentralized paradigm for training artificial intelligence models, particularly suited to 
environments where data sensitivity, regulatory compliance, and ethical considerations are paramount, such as Islamic 
banking. Rather than relying on a centralized repository of  data, federated learning enables AI models to be trained 
collaboratively across multiple decentralized devices, servers, or institutional nodes. Each participating entity, such as an 
Islamic bank branch, financial institution, or regulatory body, trains the model locally using its own data while retaining 
full ownership and control over that data. Only model parameters or encrypted updates are shared with a coordinating 
server, where they are aggregated to enhance the global model. This approach enables Islamic financial institutions to 
leverage diverse datasets while maintaining confidentiality, ensuring Shariah compliance, and upholding institutional 
autonomy, thereby aligning technological innovation with ethical finance principles. 
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• Data Privacy and Security: 
One of  the most significant advantages of  federated learning within decentralized AI frameworks is its robust capacity 
to protect data privacy and security. Because sensitive data never leaves the local device or institutional environment, the 
risks associated with centralized data storage, such as unauthorized access, data breaches, or misuse, are substantially 
reduced. This characteristic is particularly critical for Islamic banks, which handle highly confidential personal, financial, 
and transactional data. Federated learning enables compliance with strict data protection regulations while still 
benefiting from collective intelligence across institutions. Similar applications in healthcare demonstrate how 
organizations can collaboratively train AI systems without sharing raw data, a model that is directly transferable to 
Islamic banking for credit assessment, fraud detection, and customer analytics without violating privacy or trust. 
 
• Collaborative AI Models: 
Federated learning facilitates the development of  collaborative AI models in which multiple stakeholders, including 
Islamic banks, financial regulators, research institutions, and fintech partners, can jointly contribute to AI development 
without exposing proprietary or sensitive information. This collaborative framework enhances the diversity of  training 
inputs, leading to AI models that are more accurate, resilient, and representative of  different markets and customer 
segments. By decentralizing participation in AI training, federated learning reduces the risk of systemic bias that often 
arises when models are trained on narrow or homogeneous datasets. In the context of  Islamic banking, this participatory 
approach supports fairness, inclusivity, and ethical decision-making, ensuring that AI systems reflect diverse economic 
realities, cultural contexts, and Shariah interpretations. 
 
• Scalability and Efficiency: 
Federated learning also offers significant scalability and efficiency advantages. As the number of  participating nodes 
increases, the AI model becomes more robust and capable of  addressing complex financial tasks. Distributing 
computational workloads across multiple devices reduces dependence on centralized servers, lowers infrastructure costs, 
and minimizes system bottlenecks. This distributed efficiency is particularly valuable for decentralized AI applications 
that require real-time processing and large-scale data analysis, such as transaction monitoring, liquidity management, and 
risk assessment in Islamic banks. The scalability of  federated learning ensures that AI-blockchain ecosystems can grow 
sustainably alongside expanding financial networks and customer bases. 
3. Decentralized Artificial Intelligence and Islamic Banks 
Decentralized artificial intelligence is rapidly emerging as a transformative force across multiple sectors by combining 
advanced AI capabilities with blockchain-enabled decentralization. The integration of  decentralized AI systems is no 
longer merely conceptual; it is increasingly being implemented in real-world applications, particularly within banking 
and financial services. Islamic banks, guided by principles of  transparency, fairness, and ethical responsibility, are 
uniquely positioned to benefit from this technological evolution. The integration of AI and blockchain offers Islamic 
financial institutions a pathway to enhance efficiency, strengthen governance, and improve service delivery while 
maintaining strict adherence to Shariah principles. Key advantages of  decentralized AI integration in Islamic banking 
include the following: 
• Increased Productivity: 
By enhancing product quality and service delivery, AI enables Islamic banks to improve profitability and expand market 
share. AI-driven analytics support the development of  Shariah-compliant financial products by analyzing customer 
behavior, preferences, and risk profiles. This allows Islamic banks to design personalized offerings that meet ethical 
requirements while remaining competitive in dynamic financial markets. 
• Early Detection of  Fraud and Hacking Activities: 
Decentralized AI plays a critical role in identifying fraudulent transactions and cyber threats within banking systems. By 
analyzing real-time transactional data across distributed nodes, AI models can detect anomalies indicative of  fraud or 
hacking attempts. The decentralized architecture enhances transparency and reduces systemic risk, thereby strengthening 
public trust in Islamic banking institutions. 
• Reduced Costs and Device Strain: 
Centralized AI infrastructures often result in high operational costs and server congestion. In contrast, blockchain-based 
decentralized systems distribute processing tasks across multiple nodes, eliminating intermediaries and reducing reliance 
on centralized clearing mechanisms. This is particularly beneficial in financial services, where traditional settlement 
processes are resource-intensive and time-consuming. 
• Speed and Efficiency: 
AI’s ability to process and analyze large volumes of  data enables faster decision-making and operational efficiency. 
Islamic banks can respond more effectively to market trends, customer needs, and emerging risks, thereby improving 
overall institutional performance. 
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• Risk Management: 
AI-powered risk management systems enhance the identification and mitigation of  financial risks. In Islamic banking, 
decentralized AI supports more accurate assessment of  Shariah-compliant investment risks and assists in identifying 
ethically suitable investment opportunities. 
• Investment Decision-Making: 
AI supports intelligent investment decision-making by predicting asset performance, identifying potential opportunities, 
and optimizing portfolios. These capabilities enhance the strategic allocation of  resources while ensuring compliance 
with Islamic financial principles. 
3.1 Decentralized AI’s Response to Issues in Centralized AI and Blockchain Technology 
3.1.1 Data privacy and ownership 
Decentralized AI systems built on blockchain technology empower individuals and institutions to retain ownership and 
control over their data. Blockchain enables verification of  data contributions without requiring centralized storage, 
thereby minimizing misuse and unauthorized access. This decentralized ownership model supports ethical data 
governance and aligns closely with the trust-based foundations of  Islamic finance. 
3.1.2 Transparent decision-making 
Decentralized AI leverages blockchain’s inherent transparency to make AI-driven decisions traceable and auditable. Every 
action recorded on the blockchain can be verified, enhancing accountability and institutional trust. This transparency is 
especially crucial in Islamic banking processes such as financing approvals, customer evaluations, and credit assessments, 
where fairness and impartiality are essential. 
3.1.3 Privacy and security in decentralized AI 
A defining advantage of  decentralized AI lies in its capacity to safeguard privacy and security. Unlike centralized AI 
systems that transmit data to vulnerable central servers, decentralized AI processes data locally on user devices or 
institutional systems. Blockchain further strengthens security by maintaining an immutable ledger of  all transactions. 
This architecture significantly reduces exposure to cyber threats and aligns with global privacy regulations, including 
GDPR, while preserving the ethical integrity required in Islamic finance. 
3.1.4 Democratizing access to AI 
Decentralized AI democratizes access to artificial intelligence by lowering financial and technical barriers. Traditional AI 
systems require substantial infrastructure, limiting participation to large corporations. Decentralized AI distributes 
computational resources across networks, enabling smaller institutions, developers, and underrepresented regions to 
participate in AI innovation. This inclusive model fosters global collaboration, innovation, and equitable access to AI 
benefits within the Islamic financial ecosystem. 
3.1.5 Financial services 
In financial services, decentralized AI is redefining transaction security and service delivery. By integrating AI with 
blockchain, decentralized platforms offer privacy-conscious, secure, and intermediary-free services. AI can analyze 
spending behavior, provide financial guidance, and detect fraud in real time without centralized vulnerabilities. These 
capabilities align with the principles of  decentralized finance (DeFi) and resonate strongly with Islamic finance’s 
emphasis on transparency and fairness. 
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Nevertheless, ethical concerns persist, including potential job displacement, algorithmic bias, and structural changes in 
financial systems. Given the sensitivity of financial data handled by Islamic institutions, responsible and Shariah-
compliant integration of AI technologies is imperative. Islamic banks must ensure that AI-blockchain adoption adheres 
to ethical standards, protects stakeholder interests, and supports sustainable socio-economic development. 
4. The Role of  Artificial Intelligence in the Islamic Banking Sector 
Artificial intelligence has brought about a profound transformation in the global banking industry, with Islamic banking 
experiencing particularly significant shifts in both opportunities and operational challenges [8,9,16,19]. The integration 
of  artificial intelligence, especially decentralized AI supported by blockchain technology, has the potential to 
fundamentally reshape Islamic banking by enhancing institutional performance, improving operational efficiency, 
reducing costs, strengthening risk management mechanisms, and facilitating faster, safer, and more transparent banking 
services. Moreover, AI-driven systems contribute to improved data privacy, heightened cybersecurity, superior customer 
experience, and enhanced decision-making accuracy, all of  which are critical for sustaining trust and competitiveness in 
Islamic financial institutions [10,28]. 
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1. Automating Shariah Compliance 
One of  the most critical challenges confronting Islamic finance is ensuring continuous and accurate compliance with 
Shariah principles across all financial products and services. Artificial intelligence plays a pivotal role in simplifying, 
accelerating, and standardizing Shariah compliance processes [15]. 
Smart Contracts: 
Smart contracts powered by artificial intelligence and blockchain technology enhance transparency and regulatory 
confidence by automatically executing financial agreements only when all predefined Shariah conditions are fulfilled. 
This automation minimizes human error, reduces delays, and strengthens confidence among regulators, Shariah boards, 
and customers. 
 
2. Natural Language Processing (NLP) 
AI-based Natural Language Processing (NLP) tools enable Islamic banks to analyze legal contracts, policy documents, 
and financial agreements with significantly greater speed and accuracy. These systems detect Shariah-related 
inconsistencies and ensure compliance at a fraction of  the cost and time required for traditional manual reviews. NLP-
based solutions thus enhance governance quality while reducing operational burdens. 
3. Regulatory Reporting 
Artificial intelligence further strengthens Islamic banking operations by streamlining Shariah compliance documentation 
and automating regulatory reporting processes. AI-driven reporting systems enhance transparency, accuracy, and 
consistency, thereby improving institutional credibility and regulatory trust [27]. For example, a leading Islamic financial 
institution in Saudi Arabia successfully implemented an AI-powered compliance evaluation system for sukuk issuance, 
ensuring adherence to ethical and Shariah requirements while reducing approval time by approximately 30 percent. 
Enhancing Sukuk Issuance and Management 
Saudi Arabia’s Islamic finance sector holds a globally recognized leadership position in sukuk issuance, which remains a 
cornerstone instrument of Islamic capital markets. Artificial intelligence contributes substantially to improving sukuk 
structuring, issuance, and lifecycle management through several mechanisms: 

 Risk Assessment: 
Machine learning models assess market conditions, issuer creditworthiness, and macroeconomic indicators in 
real time, enabling more accurate sukuk structuring and pricing decisions. 

 Investor Matching: 
AI-driven algorithms match sukuk issuers with investors based on risk appetite, ethical preferences, and 
investment objectives, thereby accelerating capital mobilization and improving market efficiency. 

 Lifecycle Management: 
AI-powered platforms monitor sukuk performance throughout their lifecycle, ensuring timely payments, 
regulatory compliance, and adherence to Shariah principles. 

 Customized Financial Products: 
Artificial intelligence enables Islamic banks to design and deliver customized Shariah-compliant financial 
products by leveraging data-driven insights and AI advisory systems. 

4.1 Challenges of  Using Decentralized AI in Islamic Banks 
Despite its significant advantages, decentralized artificial intelligence presents several challenges that must be carefully 
addressed to ensure effective and ethical implementation in Islamic banking. 

 Infrastructure Requirements: 
One of  the most pressing challenges is the extensive infrastructure required to support decentralized systems. 
Decentralized AI depends on distributed networks of nodes capable of processing large volumes of data, which 
demands substantial financial and technical resources. Developing and maintaining such infrastructure remains 
complex and resource-intensive [2]. 

 Standardization: 
The lack of unified technical and regulatory standards poses a major obstacle. As organizations develop 
independent decentralized AI frameworks, interoperability and compatibility become problematic. Without 
common standards, ensuring that AI systems trained on region-specific data can fairly and accurately serve 
diverse populations remains a significant concern. 

 Ethical Use: 
Although decentralized AI promotes transparency, its deployment must adhere to strict ethical standards. 
Developers and institutions must actively prevent misuse, algorithmic bias, and harmful applications. Empirical 
evidence indicates that fair and unbiased AI systems rely on diverse, open, and publicly accountable data sources 
[22]. 
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 Potential Cybersecurity Risks: 
Despite enhanced security features, decentralized AI and blockchain technologies are not immune to 
cybersecurity threats [3]. The absence of  centralized authority may create vulnerabilities in cases of  key loss, 
storage failures, or identity verification challenges, potentially restricting system access and increasing 
operational risks. 

 Jurisprudential Challenges: 
Significant Shariah-related legal concerns arise regarding contract formation, validity, and enforceability [15]. 
Blockchain’s immutable and irreversible nature raises complex jurisprudential questions, particularly concerning 
contractual revocability under Islamic law. Issues such as whether blockchain-based contracts allow for valid 
cancellation options remain subject to scholarly interpretation and ijtihad across Islamic schools of  thought [5]. 

The banking sector has increasingly adopted blockchain technology despite its original intent to reduce reliance on 
traditional financial intermediaries. Banks’ participation in blockchain pilot projects has demonstrated tangible benefits 
in addressing inefficiencies in payment systems, cross-border transactions, international remittances, and securities 
settlements. However, several structural challenges persist. 
These include scalability limitations, performance constraints, insufficient legal and regulatory frameworks, and limited 
interoperability between blockchain platforms and legacy financial systems. Evidence suggests that interoperability 
deficiencies remain the primary barrier to mass adoption, preventing institutions from fully realizing the efficiency gains 
of  decentralized artificial intelligence. Addressing these challenges requires careful consideration of technological 
selection, data security, scalability, regulatory alignment, and environmental sustainability. 
5. Conclusion and Recommendations 
The main findings and recommendations of  this study can be summarized as follows: 

 Centralized artificial intelligence poses significant risks related to data privacy, security breaches, and algorithmic 
bias. Decentralization mitigates these risks by distributing control, enhancing transparency, and promoting 
equitable access to AI technologies. 

 Decentralized artificial intelligence improves system resilience by eliminating single points of  failure. 
Blockchain-based architecture ensures that even if  individual nodes are compromised, overall system integrity 
remains intact. 

 Participatory development models inherent in decentralized AI reduce bias by incorporating diverse data sources 
and stakeholder inputs, leading to fairer and more representative outcomes. 

 Decentralized AI democratizes access to artificial intelligence by lowering entry barriers for smaller institutions 
and individual developers, thereby countering innovation monopolization. 

 Artificial intelligence has become a critical driver of  Islamic banking innovation, influencing decision-making, 
risk management, fraud detection, and market opportunity identification. 

 While AI systems currently depend on computing power and data dominated by large corporations, 
decentralization offers a pathway to scalability and competitive balance. 

 The integration of  artificial intelligence and blockchain technology establishes a transparent, user-controlled 
digital environment that enhances trust, privacy, and governance while addressing the inherent limitations of  
centralized AI systems. 
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