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Blockchain and Artificial Intelligence (AI) are two transformative technologies that are reshaping modern digital 

systems. While AI enables intelligent decision-making through data-driven models, blockchain provides decentralized, 

transparent, and tamper-resistant data management. Their integration has gained increasing attention as a means to 

address limitations inherent in each technology when deployed independently. This review paper presents a 

comprehensive survey of blockchain–AI integration, focusing on architectural models, enabling techniques, application 

domains, and current challenges. The study examines how blockchain enhances trust, data integrity, and accountability 

in AI systems, while AI improves scalability, efficiency, and automation within blockchain networks. Key application 

areas including healthcare, finance, Internet of Things, supply chain management, and smart cities are discussed. The 

paper further identifies open research challenges and future directions necessary to realize secure, scalable, and 

intelligent decentralized systems. 
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Introduction 
 

Artificial Intelligence has emerged as a cornerstone of modern computing, enabling systems to learn from data, 

recognize patterns, and make autonomous decisions (Russell & Norvig, 2021). Concurrently, blockchain technology has 

evolved as a decentralized ledger framework that ensures transparency, immutability, and trust without centralized 

intermediaries (Nakamoto, 2008). Although both technologies have demonstrated significant success independently, 

their integration has attracted growing research interest due to complementary strengths. AI systems often suffer from 

issues related to data privacy, model transparency, and trustworthiness, particularly in centralized architectures (Veale & 

Edwards, 2018). Blockchain, on the other hand, faces challenges related to scalability, computational efficiency, and 

intelligent automation (Croman et al., 2016). Integrating blockchain with AI has been proposed as a promising approach 

to mitigate these limitations by enabling secure data sharing, decentralized AI model governance, and verifiable 

decision-making processes (Christidis & Devetsikiotis, 2016). This review paper surveys recent research on blockchain–

AI integration, analysing architectural approaches, application domains, and unresolved challenges. The objective is to 

provide a structured understanding of how these technologies can jointly enable trustworthy and intelligent 

decentralized applications (Chen et al., 2018). 
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Background Technologies 

 

Blockchain Technology 

 

Blockchain is a distributed ledger system in which transactions are recorded in immutable blocks linked through 

cryptographic hashes (Nakamoto, 2008). Consensus mechanisms such as Proof of Work, Proof of Stake, and Byzantine 

Fault Tolerant protocols ensure agreement among distributed participants (Wang et al., 2019). Smart contracts further 

extend blockchain functionality by enabling programmable and automated execution of predefined rules (Szabo, 1997). 

 

Artificial Intelligence and Machine Learning 

 

AI encompasses techniques such as machine learning, deep learning, and reinforcement learning that allow systems to 

infer patterns and make predictions from data (Russell & Norvig, 2021). These models are typically trained on large 

datasets and require substantial computational resources. Challenges related to explainability, bias, and data integrity 

remain significant concerns (Adadi & Berrada, 2018). 

 

Models of Blockchain–AI Integration 

 

Blockchain for AI (BfAI) 

 

In this model, blockchain is used to enhance AI systems by ensuring data integrity, traceability, and secure model 

sharing. Training data and model updates can be stored on-chain or referenced through blockchain-based hashes, 

enabling auditability and trust in AI outputs (Christidis & Devetsikiotis, 2016; Salah et al.,2019). 

 

AI for Blockchain (AI4B) 

 

AI techniques are employed to optimize blockchain operations, including consensus selection, transaction validation, 

and anomaly detection. Machine learning models can improve throughput, reduce energy consumption, and enhance 

network security (Zhang et al., 2020). 

 

Hybrid Architectures 

 

Hybrid architectures combine both approaches, allowing AI and blockchain to mutually reinforce each other. These 

systems often employ off-chain AI computation with on-chain verification to balance efficiency and security (Chen et 

al., 2018). 

 

Key Application Domains 

 

Healthcare Systems 

 

Blockchain–AI integration enables secure sharing of medical data while supporting AI-driven diagnostics and predictive 

analytics. Blockchain ensures patient data privacy and consent management, while AI enhances clinical decision-

making (Azaria et al., 2016). 

 

Financial Services and FinTech 

 

In finance, AI models support fraud detection, credit scoring, and algorithmic trading, while blockchain provides 

transparent and tamper-proof transaction records. Decentralized Finance (DeFi) platforms increasingly adopt AI for risk 

assessment and automated governance (Schär, 2021). 

 

Internet of Things (IoT) 

 

IoT systems generate large volumes of data that require secure management and intelligent processing. Blockchain 

ensures trusted device authentication and data integrity, while AI enables real-time analytics and autonomous control 

(Conoscenti et al., 2016). 
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Supply Chain Management 

 

Blockchain improves supply chain transparency and traceability, whereas AI enhances demand forecasting, logistics 

optimization, and anomaly detection. Their integration enables resilient and intelligent supply networks (Kim & 

Laskowski, 2018). 

 

Smart Cities 

 

Smart city applications leverage blockchain–AI systems for traffic management, energy optimization, and public service 

automation. Decentralized governance models supported by blockchain improve accountability and citizen trust (Allam 

& Jones, 2020). 

 

Security, Privacy, and Trust 

 

Blockchain enhances AI security by providing immutable logs of data usage and model decisions, reducing risks of data 

tampering and unauthorized modifications (Li et al., 2020). Privacy-preserving techniques such as federated learning 

and zero-knowledge proofs are increasingly combined with blockchain to protect sensitive information while enabling 

collaborative AI training (Yang et al., 2019). Despite these advances, smart contract vulnerabilities, model poisoning 

attacks, and data leakage remain critical concerns requiring further research (Atzei et al., 2017). 

 

Challenges and Limitations 

 

Scalability and Performance 

 

Blockchain networks often struggle with latency and throughput, which can hinder real-time AI applications (Croman et 

al., 2016). 

 

Computational Overhead 

 

AI training is resource-intensive, and executing such processes directly on-chain is impractical, necessitating off-chain 

solutions (Chen et al., 2018). 

 

Data Privacy and Regulation 

 

Compliance with data protection regulations such as GDPR remains challenging due to blockchain’s immutable nature 

(Azaria et al., 2016). 

 

Standardization and Interoperability 

 

Lack of common standards limits seamless integration across platforms and applications (Salah et al., 2019).  

 

Research Gaps and Open Issues 

 

Key research gaps identified in the literature include: 

 

• Lack of standardized architectures for blockchain–AI integration 

• Limited empirical evaluation of large-scale deployments 

• Insufficient focus on explainable and ethical AI in decentralized environments 

• Challenges in aligning blockchain immutability with regulatory requirements 

• Need for energy-efficient and sustainable integrated systems 

Future Research Directions 

 
Future research should focus on lightweight consensus mechanisms, decentralized AI governance frameworks, and 

privacy-preserving learning models. Integration with edge and federated computing is expected to play a crucial role in 

enabling scalable and responsive blockchain–AI systems. Interdisciplinary collaboration between computer science, 

law, and policy domains will be essential for widespread adoption. 
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Conclusion 
 

This review paper has presented a comprehensive analysis of blockchain and artificial intelligence integration, 

highlighting architectural models, application domains, and persistent challenges. While the synergy between 

blockchain and AI offers significant potential for building secure, transparent, and intelligent systems, technical and 

regulatory barriers remain. Addressing identified research gaps will be critical for realizing the full benefits of 

decentralized and trustworthy AI-driven applications. 
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