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Abstract 
A paradigm leap in the creation of intelligent, safe, and decentralised systems is represented by the 

combination of blockchain technology and artificial intelligence (AI). While blockchain offers an 

unchangeable, transparent, and trust less foundation for transactions and data integrity, artificial intelligence 

(AI) is superior at streamlining intricate procedures, forecasting results, and drawing conclusions from 

massive datasets. We go over important issues that prevent widespread adoption, like enormous processing 

overhead, scalability limitations, and data privacy issues. In order to tackle these issues, the article suggests a 

specific research agenda that includes standardised evaluation criteria, privacy-preserving strategies like 

federated learning and Zero-Knowledge Proofs, and future approaches in scalable architectural design. For 

scholars and professionals looking to further the topic of intelligent decentralised systems, this research acts 

as a road map. 
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I. Introduction 

Fundamental breakthroughs that reshape 

computational paradigms are always driving the 

digital revolution. Blockchain and artificial 

intelligence (AI) are two such technologies that 

have each shown revolutionary promise in a 

number of industries, including supply chain 

management, healthcare, and finance [1], [2]. 

Machines can learn from data, spot patterns, and 

make decisions on their own with little assistance 

from humans thanks to artificial intelligence (AI), 

especially machine learning (ML) and deep 

learning (DL) [3]. On the other hand, blockchain 

technology provides a decentralised, impenetrable 

record that guarantees data integrity, security, and 

transparency without depending on a centralised 

authority [4]. Even if they are strong on their own, 

when combined, they form a synergistic 

relationship that can overcome the inherent 

limitations of each technology. By automating and 

streamlining procedures like consensus, security 

monitoring, and smart contract administration, 

artificial intelligence (AI) may bring intelligence to 

blockchain operations. However, blockchain can 

offer a decentralised, reliable, and auditable 

foundation for AI, facilitating decentralised 

computational markets, safe data exchange, and 

provenance tracking for models [5, 6]. The goal of 

this work is to present a thorough analysis of this 

integration. There are four primary contributions: 

To examine and assess current blockchain and 

artificial intelligence applications and 

frameworks. To determine and talk about the 

biggest non-technical and technological obstacles 

to widespread adoption. To lay out a precise 

research agenda with future directions to direct 

current and upcoming projects in this 

multidisciplinary area. 

II. Literature Review 

Bitcoin, a decentralised cryptocurrency created by 

Satoshi Nakamoto in 2008, was the first Blockchain 

application. Since then, blockchain technology has 

been applied to supply chains, smart contracts, and 

healthcare systems in addition to digital currency. 

In a similar vein, research on AI has advanced from 

early machine learning models to complicated deep 

learning systems that can handle challenging tasks. 

A variety of technologies that enable systems to 

simulate cognitive processes are included in 

artificial intelligence (AI). Algorithms in machine 

learning (ML), a branch of artificial intelligence, 

naturally get better with practice [3]. Multi-layered 

neural networks are used in deep learning (DL) to 

examine intricate data patterns. Important ideas 

related to this integration are Federated Learning 

(FL) that a distributed machine learning technique 

in which local data samples are stored on several 

decentralised devices, and model training takes 

place across these devices without sharing them [7]. 

The term "explainable AI" (XAI) refers to 

strategies and tactics that help humans comprehend 

the results of AI models [8]. 

A distributed, unchangeable digital ledger is called 

a blockchain. Important elements consist of 

Consensus mechanisms are protocols that guarantee 

that all nodes concur on the state of the ledger, such 

as Proof-of-Work (PoW) and Proof-of-Stake (PoS) 

[4]. Smart Contracts mean Self-executing 

agreements that are implemented on the blockchain 

and have the terms of the contract encoded directly 

into the code [9]. Applications that operate on a 

peer-to-peer blockchain network as opposed to a 



Vidyabharati International Interdisciplinary Research Journal                                                                ISSN 2319-4979 

 

National Conference on Intelligent Future: Multidisciplinary Approaches to Artificial Intelligence  

[IFMAAI-2025] 30 August, 2025                                                                 Page | 1127   

centralised computer are known as decentralised 

applications, or dApps. 

 

III. Ai-Blockchain Integration 

A. AI for Blockchain Enhancement (AI-for-

Blockchain) 

 Optimising Consensus Mechanisms: To 

increase throughput and lower energy 

consumption, AI algorithms can anticipate 

network congestion and dynamically choose 

validators or switch between consensus models 

[10]. Consensus methods can be made more 

equitable and effective by utilising 

reinforcement learning.  

 Smarter Smart Contracts: AI may be included 

in Oracles to give smart contracts validated, 

real-world data, allowing for more intricate, 

flexible contracts (like parametric insurance 

that automatically pays out based on weather 

data analysed by AI) [11].  

 Enhanced Security: To identify fraudulent 

activity, hostile nodes, and potential 

weaknesses like those that could result in re-

entrancy attacks, machine learning models can 

continually monitor blockchain network traffic 

and smart contract execution [12]. 

B. Blockchain for AI Enhancement (Blockchain-

for-AI) 

 Decentralised Data Marketplaces: By 

employing techniques like tokenisation, 

blockchain can produce transparent and 

auditable platforms that allow data owners to 

profit from their data for AI training without 

sacrificing privacy [13].  

 Auditable AI Model Provenance: An 

unchangeable audit trail for compliance and 

trust can be created by recording an AI model's 

whole lifecycle on a blockchain, including its 

training data, version history, and performance 

metrics [14]. 

 Decentralised AI Training: Federated learning 

can be coordinated and encouraged using 

blockchain technology. Tokens can be awarded 

to participants who provide data or computing 

resources, allowing AI models to be created 

without the need for centralised data 

aggregation [15]. 

 

 
Fig.1. Proposed framework for AI-Blockchain integration 

 

The two paths converge rather than diverge. This 

strong feedback loop has produced a new class of 

applications, i.e., Intelligent Decentralised Systems: 

These are systems that are efficient, flexible, and 

able to make complicated decisions (intelligent, 

like AI) but are not governed by a single entity 

(decentralised, like a blockchain). The diagram 

encapsulates how blockchain serves as the 

untrustworthy foundation for security, 

transparency, and decentralisation, while artificial 

intelligence (AI) supplies the brains for intelligence 

and optimisation. 

C. Key Challenges 

Notwithstanding the encouraging synergy, there are 

several obstacles to the integration:  

 Scalability: Blockchain consensus and AI 

training both require a lot of processing power. 

Due to high latency and limited transaction 

throughput, most networks are currently unable 

to run complicated AI models on-chain [16].  
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 Data Privacy: The requirement for data privacy 

in AI is at odds with the transparency of the 

majority of blockchains. Model weights or 

training data that are kept on a public ledger are 

made public [17]. Implementing solutions such 

as zero-knowledge proofs (ZKPs) is difficult.  

 Interoperability and Standardisation: The 

creation of compatible AI-blockchain 

ecosystems is hampered by the absence of 

standardised protocols for data formats, model 

interfaces, and cross-chain communication 

[18]. 

IV. A Research Agenda For Integrated Ai-

Blockchain Systems 

To overcome the challenges outlined in Section 4 

and realize the full potential of AI-blockchain 

integration, focused research efforts are required. 

This section proposes a concrete agenda for future 

work, structured around the key challenge areas. 

A. Scalability and Architectural Innovation 

Future research must prioritize novel architectures 

that decouple intensive AI computation from on-

chain consensus. 

 Hybrid On-Chain/Off-Chain 

Architectures: Develop robust frameworks 

where the blockchain acts as an immutable 

anchor for hashes of data, models, and results, 

while complex AI training and inference occur 

on dedicated off-chain systems (e.g., trusted 

execution environments, decentralized compute 

networks). The key research challenge is 

designing secure and verifiable attestation 

mechanisms that prove the off-chain 

computation was performed correctly [19]. 

 Lightweight Consensus for AI: Investigate new 

consensus mechanisms specifically designed 

for AI workloads. This includes leveraging AI 

itself to create more efficient, predictive 

consensus models and exploring sharding 

techniques where different shards handle 

specific AI model training tasks in parallel. 

 Standardized Performance Metrics: The 

community must establish a standardized set of 

benchmarks to evaluate the performance of AI-

blockchain systems, including metrics for 

transactions-per-second for model updates, 

finality time for learning rounds, and cost-per-

inference. 

B. Privacy-Preserving Techniques 

Bridging the gap between blockchain transparency 

and AI data privacy is paramount. 

 Zero-Knowledge Machine Learning (zkML): A 

critical research direction is advancing zkML, 

which allows for the generation of zero-

knowledge proofs to verify that an AI model 

inference was performed correctly without 

revealing the model's weights or the input data 

[20]. This can enable private, verifiable 

predictions on-chain. 

 Secure Multi-Party Computation (MPC) with 

Blockchain: Research should focus on 

integrating MPC protocols with blockchain-

based incentive layers. This would allow 

multiple parties to jointly train a model on their 

combined data without any single entity seeing 

the raw data of the others, with the blockchain 

coordinating and rewarding participation. 

 Homomorphic Encryption for Federated 

Learning: Explore the use of homomorphic 

encryption in blockchain-orchestrated federated 

learning. Participants could submit encrypted 

model updates, which could be aggregated on-

chain or by a designated node without being 

decrypted, preserving data privacy throughout 

the process. 

C. Standardization and Interoperability 

For ecosystems to flourish, interoperability is non-

negotiable. 

 Development of Common APIs and 

Protocols: Research should contribute to open 

standards for data and model formatting (e.g., a 

universal wrapper for AI models on 

blockchain) and standard APIs for 

communication between AI modules and smart 

contracts. 

 Cross-Chain AI Models: Investigate 

methodologies for AI models to be trained and 

utilized across multiple blockchain networks. 

This involves solving the problem of securely 

moving model states and data between 

heterogeneous ledgers with different security 

and consensus models. 

D. Economic and Governance Models 

The economic viability of integrated systems must 

be addressed. 

 Dynamic Gas Pricing Models: Develop AI-

powered gas fee mechanisms that can 

dynamically price computational complexity of 

smart contracts that invoke AI functions, 

ensuring network stability while fair pricing. 

 DAO-based Governance for AI: Research 

novel DAO structures specifically designed to 

govern decentralized AI systems. This includes 

mechanisms for collective decision-making on 

model upgrades, ethical guidelines, and 

allocation of resources within an AI-focused 

decentralized autonomous organization. 

V. Conclusion 

The combination of blockchain technology and 

artificial intelligence is more than just a trend; it is 
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a fundamental confluence that holds potential for 

resolving significant issues with each discipline 

separately. This study has suggested that the 

relationship is symbiotic: blockchain can offer the 

decentralised, reliable foundation required for 

transparent, auditable, and collaborative AI, while 

AI can add critical intelligence to blockchain 

systems, optimising their performance and security. 

Through the dual lenses of AI-for-Blockchain and 

Blockchain-for-AI, we offered a framework for 

comprehending this integration. We surveyed 

important application domains such as 

decentralised data marketplaces, intelligent smart 

contracts, and optimised consensus. But there are 

many obstacles in the way of broad adoption, chief 

among them being those related to computing cost, 

scalability, data privacy, and compatibility. In 

conclusion, even if there are still many obstacles to 

overcome, integrating blockchain technology with 

artificial intelligence has the potential to 

revolutionise the development of intelligent, 

decentralised, and reliable systems. The research 

agenda detailed herein provides a path for fulfilling 

this potential, pushing the boundaries of what is 

feasible in these domains and paving the way for a 

more secure, efficient, and transparent digital 

future. 
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