
International Journal of Global Research in Science and Technology (IJGRST)  Volume-10, 2025

 

ISSN: 2455-3832 Page 129 

A Comprehensive Review of Blockchain and Machine Learning 

Integration 

Nitesh Khandelwal 

B.Tech Student, Global Institute of Technology, Jaipur, Rajasthan, India 

21egjcs091@gitjaipur.com 

Nitin Khatri 

B.Tech Student, Global Institute of Technology, Jaipur, Rajasthan, India 

21egjcs092@gitjaipur.com 

Palak Agarwal 

B.Tech Student, Global Institute of Technology, Jaipur, Rajasthan, India 

21egjcs093@gitjaipur.com 

Vinita Sharma 

Assistant Professor, Global Institute of Technology, Jaipur, Rajasthan, India 

vinita.sharma@gitjaipur.com 

Sandeep Jwala 

Assistant Professor, Global Institute of Technology, Jaipur, Rajasthan, India 

sandeep.jwala@gitjaipur.com 

ABSTRACT: Blockchain and Machine Learning (ML) are two transformative technologies 

that have gained significant attention in recent years due to their potential to revolutionize 

data management, security, and intelligent decision-making. Blockchain provides a 

decentralized, transparent, and tamper-resistant framework for secure data storage and 

transactions, while machine learning enables systems to learn from data and make accurate 

predictions. The integration of blockchain and machine learning has emerged as a promising 

paradigm to address challenges related to data trust, privacy, scalability, and model integrity. 

This review paper presents a comprehensive analysis of blockchain–machine learning 

integration, focusing on architectures, applications, benefits, challenges, and future research 

directions. Key application domains such as healthcare, finance, supply chain, Internet of 

Things (IoT), and cybersecurity are examined. The paper also highlights open research issues 

and outlines potential pathways for developing scalable, secure, and intelligent blockchain-

enabled ML systems.  
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1. INTRODUCTION 

The rapid advancement of digital technologies has resulted in massive volumes of data 

generated from various sources such as IoT devices, social networks, cloud platforms, and 

enterprise systems [1], [2]. Extracting meaningful insights from this data requires intelligent 

algorithms, while ensuring data security and trust remains a critical concern. Machine 

learning has proven to be highly effective in extracting patterns and making predictions from 

large datasets [3], [4]. However, ML systems often suffer from issues such as data privacy, 

lack of transparency, centralized control, and vulnerability to data manipulation. Blockchain 

technology addresses many of these challenges by providing a decentralized and immutable 

ledger that ensures transparency, data integrity, and trust among participants. Originally 

designed for cryptocurrency applications, blockchain has evolved into a general-purpose 
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technology capable of supporting smart contracts and decentralized applications. Integrating 

blockchain with machine learning offers a synergistic approach that combines intelligence 

with security, enabling trusted data sharing, verifiable model training, and decentralized 

decision-making [6], [7]. This review explores the intersection of blockchain and machine 

learning, highlighting how their integration can overcome limitations inherent in standalone 

systems and enable next-generation intelligent applications. 

2. OVERVIEW OF BLOCKCHAIN TECHNOLOGY 

The rapid advancement of digital technologies has led to an unprecedented growth in data 

generated from diverse sources such as Internet of Things (IoT) devices, social media 

platforms, cloud computing infrastructures, and enterprise information systems [1], [2]. 

Extracting meaningful insights from this vast and heterogeneous data requires intelligent 

analytical techniques capable of identifying complex patterns and making accurate 

predictions. At the same time, ensuring data security, integrity, and trust has become a critical 

challenge due to the increasing frequency of cyber threats, data breaches, and unauthorized 

data manipulation. Machine learning (ML) has emerged as a powerful tool for data-driven 

analysis, enabling automated pattern recognition, predictive modeling, and decision-making 

across various domains. ML algorithms have demonstrated remarkable success in 

applications such as healthcare analytics, financial forecasting, fraud detection, and 

intelligent automation. However, traditional ML systems are typically built on centralized 

architectures, which introduce several limitations. These include concerns related to data 

privacy, lack of transparency in model training, single points of failure, limited trust among 

data providers, and vulnerability to data poisoning and tampering attacks. Blockchain 

technology offers a promising solution to many of these challenges by introducing a 

decentralized, transparent, and immutable framework for data storage and transaction 

management. Blockchain maintains a distributed ledger in which records are securely stored 

across multiple nodes, ensuring that no single entity has unilateral control over the data. 

Originally developed to support cryptocurrencies, blockchain has evolved into a versatile 

technology capable of enabling smart contracts, decentralized applications (DApps), and 

secure data sharing among mutually untrusted parties. The integration of blockchain and 

machine learning presents a synergistic approach that combines intelligent data analytics with 

enhanced security and trust. Blockchain can provide secure and auditable data provenance, 

ensure the integrity of training datasets, and enable decentralized model training and 

deployment. In parallel, machine learning can be leveraged to optimize blockchain 

operations, detect fraudulent activities, and enhance smart contract performance. Together, 

these technologies enable trusted data sharing, verifiable model training, and decentralized 

decision-making, which are essential for next-generation intelligent systems. 

Key Features of Blockchain 

 Decentralization: Eliminates the need for a central authority. 

 Immutability: Prevents unauthorized modification of data. 

 Transparency: Enables all participants to verify transactions. 

 Security: Uses cryptographic mechanisms to protect data. 

 Smart Contracts: Self-executing contracts that automate processes. 

Types of Blockchain 

 Public Blockchain: Open and permissionless (e.g., Bitcoin, Ethereum). 

 Private Blockchain: Controlled access within an organization. 

 Consortium Blockchain: Shared among a group of trusted entities. 
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3. OVERVIEW OF MACHINE LEARNING 

Machine learning (ML) is a core subfield of artificial intelligence that focuses on developing 

algorithms capable of learning from data and improving their performance over time without 

being explicitly programmed. By identifying patterns, correlations, and underlying structures 

in data, ML enables automated prediction, classification, clustering, and decision-making. 

Owing to its ability to handle large-scale and complex datasets, machine learning has become 

a fundamental component of modern intelligent systems across domains such as healthcare, 

finance, cybersecurity, and smart infrastructure. 

Types of Machine Learning 

Machine learning techniques are broadly categorized based on the nature of the learning 

process and the availability of labeled data: 

 Supervised Learning: Supervised learning algorithms are trained using labeled 

datasets, where the input features are paired with known output labels. These methods 

are widely used for tasks such as classification and regression. Common supervised 

learning algorithms include linear regression, support vector machines, decision trees, 

random forests, and neural networks. 

 Unsupervised Learning: Unsupervised learning operates on unlabeled data and aims 

to uncover hidden patterns or structures within the dataset. These techniques are 

primarily used for clustering, dimensionality reduction, and anomaly detection. 

Popular unsupervised learning methods include k-means clustering, hierarchical 

clustering, and principal component analysis (PCA). 

 Reinforcement Learning: Reinforcement learning involves an agent that learns to 

make optimal decisions by interacting with an environment and receiving feedback in 

the form of rewards or penalties. Over time, the agent learns a policy that maximizes 

cumulative reward. Reinforcement learning has been successfully applied in robotics, 

autonomous systems, game playing, and dynamic resource allocation. 

Challenges in Machine Learning 

Despite its effectiveness, machine learning faces several critical challenges that limit its 

deployment in real-world, large-scale, and sensitive applications: 

 Data Privacy and Ownership: ML models often require access to large volumes of 

data, raising concerns about user privacy, data ownership, and regulatory compliance. 

 Model Transparency and Explainability: Many advanced ML models, particularly 

deep learning architectures, operate as black boxes, making it difficult to interpret 

their decisions. 

 Centralized Data Storage: Traditional ML systems rely on centralized data 

repositories, which introduce single points of failure and increase vulnerability to 

cyberattacks. 

 Data Tampering and Poisoning Attacks: Malicious manipulation of training data 

can compromise model integrity and lead to incorrect or biased predictions. 

These limitations motivate the integration of blockchain technology to enhance trust, 

security, and transparency in ML systems. 
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4. INTEGRATION OF BLOCKCHAIN AND MACHINE LEARNING 

The integration of blockchain and machine learning seeks to combine blockchain’s 

decentralized, transparent, and tamper-resistant infrastructure with the analytical and 

predictive capabilities of ML. This synergy enables the development of secure, trustworthy, 

and collaborative intelligent systems, particularly in environments where data is distributed 

among multiple stakeholders. 

Blockchain for Machine Learning 

Blockchain can play a crucial role in improving the reliability and security of machine 

learning workflows: 

 Secure and Auditable Data Sharing: Blockchain enables transparent and traceable 

data sharing among multiple parties, ensuring data provenance and accountability. 

 Decentralized Model Training: Distributed learning frameworks can leverage 

blockchain to coordinate model training across decentralized data sources without 

sharing raw data. 

 Immutable Storage of ML Models and Parameters: Trained models, parameters, 

and updates can be securely stored on the blockchain, preventing unauthorized 

modification. 

 Incentive Mechanisms for Data Contributors: Token-based incentive systems can 

encourage participants to share high-quality data and computational resources for ML 

tasks. 

Machine Learning for Blockchain 

Machine learning techniques can also enhance the efficiency, security, and scalability of 

blockchain systems: 

 Optimizing Consensus Mechanisms: ML models can be used to adaptively optimize 

consensus protocols, reducing latency and energy consumption. 

 Detecting Fraudulent Transactions: Anomaly detection and classification 

algorithms can identify suspicious transactions and malicious behavior within 

blockchain networks. 

 Enhancing Smart Contract Security: ML-based vulnerability detection can identify 

bugs and security flaws in smart contracts before deployment. 

 Predicting Network Congestion and Attacks: Predictive models can forecast 

network traffic, congestion, and potential attacks, enabling proactive mitigation 

strategies. 

5. APPLICATION DOMAINS 

 Healthcare: Blockchain ensures secure sharing of medical data, while ML supports 

disease diagnosis and treatment prediction. Together, they enable privacy-preserving 

healthcare analytics. 
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 Finance: The integration enhances fraud detection, credit scoring, and transparent 

financial transactions while maintaining trust among stakeholders. 

 Supply Chain Management: Blockchain provides traceability and transparency, and 

ML enables demand forecasting, anomaly detection, and logistics optimization. 

 Internet of Things (IoT): Blockchain secures IoT data exchanges, while ML 

processes sensor data for intelligent decision-making in smart cities and industries. 

 Cybersecurity: Blockchain ensures data integrity and secure logs, while ML detects 

anomalies, intrusions, and cyber threats in real time. 

6. BENEFITS OF BLOCKCHAIN–ML INTEGRATION 

• Improved data trust and integrity 

• Enhanced privacy and security 

• Decentralized and transparent decision-making 

• Reduced reliance on centralized authorities 

• Improved model accountability and auditability 

7. CHALLENGES AND LIMITATIONS 

Despite its potential, the integration faces several challenges: 

• Scalability and latency issues 

• High computational and storage overhead 

• Privacy concerns with public blockchains 

• Integration complexity 

• Lack of standard frameworks 

8. FUTURE RESEARCH DIRECTIONS 

• Development of scalable blockchain architectures for ML 

• Privacy-preserving ML using federated learning and blockchain 

• Lightweight consensus mechanisms 

• Explainable AI in decentralized environments 

• Standardization and interoperability 

9. CONCLUSION 

The integration of blockchain and machine learning presents a powerful paradigm for 

building secure, transparent, and intelligent systems. Blockchain addresses trust, security, and 

data integrity, while machine learning provides advanced analytical capabilities. This review 

highlights the potential, applications, and challenges of blockchain–ML integration and 

emphasizes the need for further research to overcome scalability, privacy, and 

implementation barriers. With continued advancements, blockchain-enabled machine 

learning systems are expected to play a critical role in future digital ecosystems. 
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