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Abstract 

As artificial intelligence (AI) becomes ever more prevalent in cyber security, the call for AI systems that 

are both secure and decentralized grows stronger. In this context, block chain technology stands out as a 

powerful tool for enhancing both the security and the privacy of AI systems — thanks to its 

decentralized architecture and immutable record-keeping. This literature review explores how block 

chain technology and decentralized AI interlock within the cyber-security space. It begins by presenting 

a detailed taxonomy of block chain technologies and decentralized AI approaches in the context of cyber 

security, thereby providing the conceptual foundation for the study. Starting with an overview of block 

chain technology, the paper outlines its potential applications in cyber security — and also honestly 

discusses the challenges and opportunities involved. Next, it turns to decentralized AI, examining its 

possible advantages in cyber security settings (such as resilience, distributed intelligence, and improved 

privacy) along with the obstacles it faces. 

On that basis, the review presents compelling findings that illustrate how block chain technology and 

decentralized AI can work together in beneficial ways — enhancing security, boosting privacy, and 

increasing trust in AI systems. The paper also highlights real-world use cases of block chain-enabled 

decentralized AI to show how these ideas can be applied to actual cyber security problems. Finally, the 

study sketches future research directions: what remains to be done, which applications hold real promise, 

and what implications this emerging convergence of technologies may have — emphasizing the 

potential of block chain-enabled decentralized AI to strengthen security, preserve privacy, and build trust 

in AI systems. 

 

Keywords: Blockchain, Artificial intelligence, Decentralized ,Cybersecurity 

 

INTRODUCTION: 

The research questions regarding the convergence of blockchain (or Distributed Ledger Technology, 

DLT) and Artificial Intelligence (AI), especially in its decentralized form, for cybersecurity (or digital 

defense/security measures) can be addressed by examining their synergistic capabilities, the practical 

realities of their implementation, and existing academic efforts. 

1) How does the integration of blockchain and AI enhance the robustness of cybersecurity measures? 

The integration of AI and blockchain significantly enhances cybersecurity robustness by combining AI's 

predictive and analytical capabilities with blockchain's decentralized, immutable, and transparent 

architecture. 

Proactive Threat Detection and Response: AI's Machine Learning (ML) and Deep Learning (DL) 

algorithms excel at anomaly detection and predictive analysis in real-time network traffic and behavior, 
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identifying subtle threats faster and more accurately than traditional systems. When integrated, 

blockchain secures the logging of these alerts and security events, ensuring the tamper-proof integrity of 

the evidence. 

Example: AI detects an unusual pattern; this event is immediately recorded as an immutable block, 

preventing attackers from erasing their tracks. 

Secure and Trustworthy AI Systems: Blockchain provides a decentralized, verifiable ledger for AI model 

parameters, training data, and updates. This ensures the integrity and trustworthiness of the AI's 

decision-making process, guarding against Adversarial AI attacks where malicious input could subtly 

corrupt the model. 

Decentralized Identity and Access Management (DIAM): Blockchain enables self-sovereign identity 

(SSI), where users control their digital credentials. AI can enhance this by analyzing behavioral 

biometrics for continuous authentication, making access control more resilient and less reliant on single-

point-of-failure password systems. 

Automated and Secure Incident Response: Smart contracts on the blockchain can be programmed to 

execute automated incident response actions (e.g., isolating a compromised device or revoking access) 

the moment an AI model confirms a threat, reducing response latency and human error. 

2) What are the primary obstacles and opportunities associated with implementing decentralized AI in 

the field of cybersecurity? 

     Primary Obstacles 

Computational and Energy Overhead: Blockchain operations, particularly those using resource-intensive 

consensus mechanisms (like Proof-of-Work), introduce significant computational overhead and high 

energy consumption, which can be challenging for real-time security applications. 

Scalability and Latency: The inherent design of many blockchain networks limits their transaction 

throughput and can introduce latency, potentially hindering the real-time responsiveness required for 

modern cyber defense, especially in high-volume environments like IoT. 

Interoperability and Legacy Systems: Integrating decentralized AI and blockchain systems with existing 

legacy security infrastructure can be complex due to incompatible protocols, data formats, and 

governance models. 

Governance and Skill Gaps: Decentralized security models can lead to governance complexities (lack of 

uniformity in policy enforcement) and require specialized expertise in cryptography, distributed systems, 

and decentralized AI/ML, which are often missing in organizational teams (skill gaps). 

Adversarial AI: Malicious actors can also leverage AI to launch more sophisticated, automated 

cyberattacks (e.g., generating convincing phishing emails or discovering zero-day vulnerabilities), 

escalating the &quot;cybersecurity arms race.&quot; 

Primary Opportunities 

Decentralized Threat Intelligence (DTI): A DLT-based platform allows organizations to securely and 

transparently share threat intelligence (e.g., newly detected malware signatures) without compromising 

data privacy. AI algorithms can analyze this globally distributed dataset for faster, more comprehensive 

threat analysis. 

Enhanced Auditability and Accountability: The immutable ledger of the blockchain provides a 

transparent, unchangeable audit trail for all security events and AI decisions, greatly improving 

accountability and compliance, especially in regulated sectors like finance and healthcare. 
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Resilience and Single Point of Failure Mitigation: The distributed nature of the combined system 

eliminates single points of failure, making it inherently more resilient to Distributed Denial of Service 

(DDoS) and centralized compromise attacks. 

Ethical and Transparent AI: Blockchain can enforce transparency in AI decision-making by logging 

model executions, moving toward Explainable AI (XAI), which is critical for ethical accountability in 

autonomous defense systems. 

3) How have other researchers combined blockchain technology and decentralized AI within the realm 

of cybersecurity? 

Researchers have explored several dominant models for combining DLT and decentralized AI: 

Blockchain-Secured Federated Learning (FL): This is a key focus of decentralized AI. Researchers use 

FL to train a global AI/ML model collaboratively across many devices (nodes) without sharing the raw, 

sensitive data. The blockchain is then used to secure and verify the updates submitted by local models, 

ensuring the global model's integrity and preventing malicious nodes from poisoning the training 

process. 

AI-Driven Smart Contracts for Incident Response: Work has been done on creating adaptive smart 

contracts. Here, an AI threat-detection engine (e.g., a machine learning classifier) serves as an 

&quot;oracle&quot; that triggers pre-defined security policies encoded in a smart contract. The contract 

automatically and immutably executes a remediation step (e.g., network segmentation) upon a high-

confidence threat alert. 

Decentralized Secure Logging and Auditing Systems: Many studies propose frameworks where security 

logs (from intrusion detection systems, firewalls, etc.) are hashed and recorded on a blockchain after 

being analyzed by an AI system. This creates a secure, verifiable record of events, which is essential for 

forensic analysis and compliance. 

Biometric and Behavioral Authentication using DLT and AI: Research proposes combining AI's 

behavioral analysis (e.g., typing patterns, mouse movements) with blockchain-based decentralized 

identity systems. The AI verifies the user's continuous behavior, and the DLT secures the identity 

credentials and access permissions. 

4) How do real-world use cases demonstrate the practical application of blockchain-enabled, 

decentralized AI solutions in effectively addressing cybersecurity challenges? 

While large-scale commercial implementations are still emerging, the practical applications of 

blockchain-enabled, decentralized AI solutions are demonstrated in several critical areas: 

Securing IoT Ecosystems: Challenge: IoT devices are numerous, heterogeneous, and often 

underpowered, creating vast attack surfaces. 

Implementation: Ethereum-based frameworks use local AI models to detect anomalies while blockchain 

manages device identity, data sharing, and immutable event logging—enhancing detection accuracy and 

operational efficiency. 

 

Decentralized Identity and Access Management: 

Challenge: Centralized identity databases are prime targets for breaches. 

Implementation: Blockchain-based identity systems, augmented by AI-driven behavioral authentication, 

are being piloted in financial and governmental sectors to secure identity data and mitigate unauthorized 

access. 
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Fraud Detection in Financial Systems: 

Challenge: Modern financial fraud requires instantaneous analysis of complex transaction behaviors. 

Implementation: AI algorithms analyze DLT-recorded transaction data to identify anomalies or 

suspicious transfers. Blockchain’s transparency and immutability ensure integrity in fraud detection and 

investigation. 

Supply Chain Integrity and Data Provenance: 

Challenge: Ensuring product authenticity and data integrity across multi-stakeholder ecosystems. 

Implementation: AI models monitor quality and logistics data, while blockchain records each stage 

immutably, offering verifiable proof of authenticity and reducing tampering risks throughout the supply 

chain 

A nuanced viewpoint is offered through this research, which seeks to expand upon and bridge the gaps 

identified within the current body of literature. Furthermore, as illustrated in Figure 1, the taxonomy of 

blockchain technology and decentralized artificial intelligence in the context of cybersecurity is 

introduced, serving as an initial conceptual framework for further exploration. 

Fig. 1. A taxonomy of blockchain and decentralized AI for cybersecurity. 

The principal contributions of this research can be articulated as follows: 

To begin with, this study delivers a holistic overview of the rapidly evolving field that integrates 

blockchain technology with decentralized artificial intelligence (AI) in the realm of cybersecurity. 

Furthermore, it undertakes a thorough investigation of the potential advantages and limitations 

associated with the fusion of blockchain and decentralized AI to strengthen digital security frameworks. 

In addition, the study introduces a well-structured taxonomy that systematically categorizes and 

organizes the essential elements and conceptual foundations of blockchain, decentralized AI, and their 

combined relevance to cybersecurity. 

Moreover, it examines and presents empirical case studies that highlight the practical deployment of 

blockchain-based decentralized AI applications in mitigating cybersecurity risks. 

Finally, the study outlines prospective research pathways intended to enhance the implementation of 

blockchain-driven decentralized AI in cybersecurity, thereby overcoming existing challenges and 

stimulating further innovation in this domain. 

In the subsequent sections, this study provides an in-depth exploration of the convergence between 

blockchain technology and decentralized artificial intelligence (AI), along with their broader 

implications for cybersecurity. Section 2 investigates the application of blockchain technology within 

cybersecurity, detailing its core attributes, advantages, and limitations, and reviewing current solutions 

and frameworks. Section 3 turns attention to decentralized AI, analyzing its contributions, benefits, and 

challenges, as well as surveying existing implementations in the cybersecurity domain. Section 4, 

representing the central focus of this research, examines the integration of blockchain with decentralized 

AI for cybersecurity, illustrating this relationship through real-world case studies and evaluating their 

overall effectiveness. Section 5 discusses future research prospects, identifying potential directions for 

advancement and innovation in this emerging field. Finally, Section 6 presents a comprehensive 

conclusion, summarizing the key findings, insights, and contributions derived from the study. 

 

2. Blockchain technology for cybersecurity 

2.1.  Blockchain technology and its features 

Blockchain technology can be described as a distributed ledger system that enables the creation and mai- 
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ntenance of secure, transparent, and verifiable digital records [19]. It functions through a decentralized 

network of interconnected nodes, each responsible for verifying, validating, and recording transactions 

within a shared ledger. These transactions are grouped into blocks, which are cryptographically linked to 

one another, forming an immutable chain that ensures data integrity and chronological consistency [20]. 

The system employs consensus mechanisms, such as Proof of Work (PoW) or Proof of Stake (PoS), to 

achieve agreement among nodes on the validity of transactions without relying on a central authority. 

Figure 2 provides a schematic representation of this operational process, illustrating how blockchain 

ensures trust, transparency, and immutability within a distributed environment [21]. 

Fig. 2. An overview of blockchain technologies [21]. 

The following are the Pros. of blockchain technology. 

1) Decentralization: 

Blockchain technology functions through a distributed network of nodes, eliminating dependence on any 

centralized authority or controlling body [22]. This decentralized structure enhances the security, 

transparency, and reliability of the network by minimizing single points of failure and making it more 

resistant to attacks or system breakdowns. By distributing decision-making and control across multiple 

nodes, organizations can develop systems that are more resilient, trustworthy, and less vulnerable to 

disruptions or malicious activities. 

According to Chen and Bellavitis [23], Decentralized Finance (DeFi) represents a transformative 

financial framework built on blockchain technology, enabling financial transactions without 

intermediaries such as banks. The advantages of DeFi include greater accessibility, reduced transaction 

costs, and improved transparency. However, the authors emphasize that for DeFi to achieve its full 

potential, challenges concerning regulatory frameworks, scalability, and security must be effectively 

addressed. Additionally, the study highlights emerging trends within the DeFi ecosystem, including the 

proliferation of decentralized exchanges and the increasing use of stablecoins, reflecting its growing 

significance in reshaping the global financial landscape. 

Aderibole et al. [24] suggested a decentralized conceptual model based on blockchain technology for 

smart grids to overcome the difficulties in controlling complicated energy infrastructure and facilitating 

safe and reliable energy transactions. 

Balcerzak et al. [25] investigated how blockchain technology and smart contracts can be used in 

decentralized government techniques. The authors undertook a thorough literature review and 

highlighted the benefits of blockchain-based smart government systems, such as enhanced public 

engagement, trust in computationally networked urbanism, and democratized governing structures. 

2) Security: 

Blockchain technology guarantees tamper-resistant transaction security through the application of 

advanced cryptographic techniques [26,27]. Each transaction recorded on the blockchain becomes a 

permanent and immutable entry, ensuring that once data is added, it cannot be altered, deleted, or 

manipulated. This immutable ledger provides a transparent and verifiable record of all transactions, 

thereby enhancing trust and data integrity within the system. 

Biswas and Muthukkumarasamy [28] proposed a security framework that integrates smart devices with 

blockchain technology to create a secure communication infrastructure for smart cities, as illustrated in 

Figure 3. 
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2.2. Challenges of blockchain in cybersecurity 

1) Scalability: 

Scalability represents a major limitation of blockchain technology [47]. The distributed framework of 

blockchain often poses challenges for large-scale cybersecurity applications, as it can lead to slower 

transaction throughput, increased latency, and network congestion, thereby affecting overall system 

performance and responsiveness. 

2) Regulatory Compliance: 

Compliance with regulatory standards remains a significant challenge in the adoption of blockchain for 

cybersecurity purposes [48]. Owing to its decentralized and autonomous nature, aligning blockchain 

operations with existing regulatory policies, legal requirements, and data governance frameworks can be 

complex and difficult to enforce. 

3) Security Risks: 

While blockchain is inherently designed to offer robust security, it is not entirely immune to cyber 

threats and vulnerabilities [49,50]. Attacks targeting consensus protocols or compromising specific 

nodes may jeopardize the security and reliability of the entire network, undermining the trust it seeks to 

establish. 

4) Lack of Interoperability: 

A lack of interoperability among different blockchain platforms and protocols continues to hinder the 

integration and scalability of blockchain-based cybersecurity systems [51]. This fragmentation restricts 

cross-platform communication, reduces operational efficiency, and limits the effectiveness of blockchain 

in addressing diverse cybersecurity challenges. 

 

3. Decentralized AI for Cybersecurity 

3.1 Overview of Decentralized AI and Its Benefits for Cybersecurity 

Decentralized Artificial Intelligence (AI) refers to the deployment of AI algorithms and models across 

multiple distributed network nodes, rather than relying on a centralized computing system. Unlike 

conventional centralized AI architectures, where all data and computational processes occur within a 

single infrastructure, decentralized AI leverages distributed computing resources to enhance efficiency, 

scalability, and resilience. 

Rawat et al. [77] presented a broad overview of AI applications in cybersecurity, examining the latest 

advancements in the field—particularly in security analysis and performance evaluation. Their research 

underscores the significance of employing AI-based solutions to mitigate cybersecurity challenges and 

proposes an AI-driven framework to strengthen system security. Furthermore, the authors emphasize the 

necessity for continued research to optimize AI integration in cybersecurity defense mechanisms. 

Similarly, Trifonov et al. [78] explored cybersecurity challenges in Industrial Control Systems (ICSs) 

within the context of Industry 4.0. They advocated for the adoption of AI-driven techniques to improve 

resilience against cyber threats. The authors contrasted ICSs with traditional information systems and 

proposed a decentralized, flock-behavior-based architecture, suggesting it outperforms centralized 

management models for large-scale industrial operations. Their findings highlight the importance of 

identifying key performance indicators to assess and compare the efficiency of decentralized security 

frameworks. 

In the healthcare sector, Ameen et al. [79] examined cybersecurity vulnerabilities in the Internet of 

Medical Things (IoMT) and stressed the associated privacy and security concerns. To address these 
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risks, they proposed integrating blockchain technology with AI within IoMT frameworks. Their study 

emphasizes the potential of combining decentralized AI and blockchain to enhance data security, 

privacy, and operational efficiency in healthcare ecosystems. 

By facilitating faster threat detection, proactive response, and effective prevention, decentralized AI has 

the potential to transform the cybersecurity landscape. Its key benefits include: 

Improved Threat Detection: 

Decentralized AI enables organizations to identify and analyze potential cyber threats more accurately 

by utilizing diverse data sources and distributed computational capabilities [80]. 

Enhanced Privacy and Security: 

By dispersing data processing across multiple nodes, decentralized AI ensures data confidentiality and 

reduces single points of failure, thereby minimizing the risk of cyberattacks [81]. 

Faster Response Time: 

Distributing AI models across numerous nodes allows for rapid response and adaptation to emerging 

threats, improving both efficiency and resilience [82]. 

Increased Resilience: 

Decentralized AI enhances the fault tolerance of cybersecurity systems by distributing data storage and 

processing tasks, thus mitigating risks associated with node failures or targeted attacks [83]. 

Better Collaboration: 

It facilitates collaborative intelligence sharing among organizations and stakeholders, promoting a 

collective defense approach to cybersecurity [84]. 

Despite these significant advantages, implementing decentralized AI in cybersecurity poses several 

challenges—particularly concerning data integrity, interoperability, and regulatory compliance. 

Nevertheless, as decentralized technologies continue to evolve, they hold substantial promise for 

strengthening the robustness and adaptability of cybersecurity infrastructures. 

3.2 Analysis of Challenges and Limitations of Decentralized AI in Cybersecurity 

While decentralized AI offers transformative potential, its adoption in cybersecurity is hindered by 

multiple technical and regulatory challenges, including the following: 

Data Quality and Integrity: 

Effective training and deployment of decentralized AI models rely on high-quality, trustworthy data [85]. 

Ensuring consistency and reliability across diverse data sources remains difficult, especially when inputs 

vary in accuracy or credibility. 

Interoperability: 

The coexistence of different programming languages, architectures, and frameworks can impede model 

sharing and integration across heterogeneous networks or organizations [86]. 

Scalability: 

Decentralized AI systems often demand substantial computational and storage resources, which can 

create scalability constraints in large or complex networks [86]. 

Security Risks: 

Although designed for resilience, decentralized AI networks remain vulnerable to attacks on nodes or 

data pipelines. Ensuring the confidentiality, integrity, and authenticity of distributed models is an 

ongoing challenge [87]. 

Regulatory and Compliance Issues: 

Adhering to legal and regulatory standards becomes complex when decentralized AI processes sensitive  
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or regulated data across multiple jurisdictions [48]. 

Lack of Standardization: 

The absence of standardized protocols and evaluation metrics makes it difficult to compare and ensure 

compatibility among decentralized AI models and systems [88]. 

Addressing these constraints is crucial for unlocking the full potential of decentralized AI in 

cybersecurity, enabling more effective threat prediction, detection, and mitigation. 

3.3 Review of Existing Decentralized AI Solutions for Cybersecurity 

Decentralized AI holds the potential to redefine cybersecurity practices by supporting autonomous threat 

detection, faster response mechanisms, and proactive defense systems. Despite existing implementation 

barriers, several promising solutions illustrate its effectiveness in enhancing security, resilience, and trust 

within digital ecosystems. 

Federated Learning (FL): 

Federated Learning is a distributed machine learning paradigm that allows multiple devices or nodes to 

collaboratively train a shared model without exchanging raw data [89]. This approach preserves data 

privacy while maintaining model performance and adaptability. Figure 24 depicts the mechanism 

through which FL safeguards privacy by keeping sensitive data localized [90]. 

Blockchain-Enabled AI: 

AI models can be decentralized and managed through blockchain-integrated frameworks, where the 

models are distributed across multiple network nodes [95]. This approach enhances the security, 

reliability, and robustness of AI systems while supporting efficient training, deployment, and scalability 

for various cybersecurity applications. 

Lakhan et al. [96] proposed an innovative solution to address security and efficiency challenges in 

Industrial Internet of Things (IIoT)–based healthcare systems by introducing the Deep Reinforcement 

Learning-Aware Blockchain-Based Task Scheduling (DRLBTS) algorithm. This model facilitates secure 

and optimized task allocation within healthcare environments, effectively tackling issues related to 

privacy protection, data security, and processing efficiency such as makespan optimization. 

3) 

Decentralized Intrusion Detection: By utilizing distributed computing resources and AI algorithms, 

decentralized intrusion detection systems can be employed to identify and respond to cyber threats [97]. 

By allowing faster detection of and response to emerging threats, this strategy can help increase the 

resilience and responsiveness of cybersecurity systems. A cooperative intrusion detection framework 

serves as a case study to assess the effectiveness and practicality of the proposed system for unmanned 

aerial vehicles (UAVs) and similar applications. The findings demonstrate superior detection accuracy 

and reduced performance overhead in comparison with centralized methodologies. Moreover, the 

framework enhances data privacy and security by minimizing inter-node data exchange requirements. 

Future investigations will focus on evaluating the scalability and resilience of the proposed architecture 

under real-world UAV scenarios exposed to a variety of known cyber threats. 

Fig. 26. A blockchain-based decentralized machine learning system [98]. 

 

4. Blockchain-enabled decentralized AI for cybersecurity 

4.1. Introduction of the concept of blockchain-enabled decentralized AI for cybersecurity 

In recent years, both Artificial Intelligence (AI) and blockchain technology have witnessed substantial 

progress and widespread adoption [103]. While AI continues to enhance its efficiency and effectiveness 
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across various domains, including cybersecurity, blockchain stands out for its ability to ensure secure, 

transparent, and decentralized record management. A promising intersection of these technologies lies in 

the development of decentralized AI models for cybersecurity, which leverage blockchain’s distributed 

infrastructure alongside AI’s analytical intelligence [95]. By utilizing the computational decentralization 

of blockchain networks, AI models can be deployed across multiple nodes, thereby strengthening their 

security, resilience, and fault tolerance. 

Moreover, decentralized AI addresses several limitations of conventional centralized AI frameworks, 

particularly those concerning data confidentiality, privacy protection, and system reliability. Through 

approaches such as Federated Learning (FL) and other distributed AI training mechanisms, sensitive data 

can remain localized and protected while still enabling collaborative and efficient model training. 

Within the scope of the Industrial Internet of Things (IIoT), Singh et al. [104] proposed a blockchain-

enabled intelligent IoT framework that integrates AI to support real-time big data analytics, as depicted 

in Figure 30. The framework aims to overcome the shortcomings of centralized architectures—such as 

security risks, privacy breaches, resource limitations, and the shortage of training data for AI systems. 

Both qualitative and quantitative assessments revealed that the proposed model outperformed existing 

IoT frameworks in several aspects, including accuracy, latency, security, privacy, computational 

complexity, and energy efficiency. The integration of blockchain and AI thus facilitates scalable, 

transparent, and adaptive data analysis for IoT-based applications. 

Nonetheless, certain challenges remain—most notably scalability, interoperability, and energy efficiency 

constraints. To mitigate these issues, the authors recommend incorporating machine intelligence 

principles and adaptive learning strategies into the architectural design, thereby enhancing system 

scalability, performance, and resilience in future implementations. 

4.2. Analysis of the challenges and difficulties of blockchain-enabled decentralized AI for 

cybersecurity 

The challenges of blockchain-enabled decentralized AI for cybersecurity are listed below. 

Scalability: Deploying and maintaining decentralized AI models enabled by blockchain can be 

computationally intensive and require significant computing resources. As a result, scalability may be a 

considerable difficulty [12]. 

Network Connectivity: For decentralized AI models to be effective, they need very high levels of 

network connectivity and stability. In certain environments, especially in distant and/or less developed 

areas, this can be difficult [120]. 

Lack of Standards: For blockchain-enabled decentralized AI, there is presently a lack of standards and 

best practices. As a consequence, maintaining interoperability and security across many systems and 

networks may be difficult [121]. 

Regulatory and Legal Issues: A number of regulatory and legal challenges, specifically those related to 

data privacy and security, are brought up by the use of blockchain and AI in cybersecurity. Therefore, 

for enterprises seeking to adopt this strategy, overcoming regulatory and legal frameworks can be a 

major problem [121]. 

4.3. Review of existing blockchain-enabled decentralized AI solutions for cybersecurity 

This section shows some of the existing solutions that offer insight into the future of cybersecurity and 

the role that blockchain and AI will play in tackling growing threats. 

1) 
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PolySwarm: PolySwarm is a blockchain-based marketplace for threat intelligence that detects and 

responds to threats using a decentralized network of security experts and AI models [122]. The platform 

uses blockchain technology to facilitate secure and transparent interaction among various security 

experts and organizations. 

DeepBrain Chain: DeepBrain Chain is a decentralized AI computing platform that employs blockchain 

technology to provide effective and affordable AI training and inference. Due to the platform’s ability to 

share computational resources over a network of nodes, large-scale AI models can be trained more 

rapidly and cost-effectively than conventional centralized methods [123]. 

SingularityNET: Blockchain technology is used by SingularityNET, a decentralized AI marketplace, to 

facilitate the cooperation and sharing of AI models and services [124]. The platform makes it possible 

for developers and entrepreneurs to acquire and utilize AI models from many suppliers, fostering a more 

productive and cooperative AI ecosystem. 

Enigma: Enigma is a blockchain-based, decentralized privacy protocol that permits secure and private 

data sharing and analysis [125]. Without disclosing sensitive information to a single party, the platform 

uses secure multi-party computational techniques to facilitate data analysis and AI model training. 

IOTA: Using blockchain technology, the IOTA Foundation has created a decentralized method 

for intrusion detection. The system employs a distributed network of sensors and AI models to enhance 

the precision and effectiveness of intrusion detection while also detecting cyber threats in real time 

[126]. 

Sovrin: A blockchain-based IDMS called Sovrin leverages decentralized AI to offer secure and accurate 

identity authentication [127]. By allowing individuals and entities to securely communicate and 

verify identity information, a mechanism reduces the probability of fraud and identity theft [128]. 

 

5. Future research directions 

Future Research Directions 

This section outlines potential future research avenues for blockchain-enabled decentralized AI in 

cybersecurity, aimed at further advancing and strengthening this emerging technological paradigm. The 

following areas warrant deeper investigation from researchers and practitioners: 

1) Integration of Blockchain and Decentralized AI: 

Future research should focus on exploring more sophisticated integrations of blockchain and 

decentralized AI technologies to enhance cybersecurity capabilities. For example, blockchain could 

serve as a secure, transparent, and immutable framework for training, validating, and sharing AI models. 

Such integration may facilitate secure information exchange, collaborative threat detection, and rapid 

incident response, thereby transforming the cybersecurity landscape. Advancements in this domain could 

pave the way for more resilient and intelligent defense systems, enabling organizations to counter 

increasingly complex and evolving cyber threats. 

2) Enhanced Interoperability: 

Developing standardized and interoperable frameworks for blockchain and decentralized AI can 

substantially improve the efficiency and coordination of cybersecurity mechanisms. Future studies 

should explore methods to achieve cross-platform interoperability among different blockchain networks 

and decentralized AI architectures. Addressing this challenge would mitigate the current fragmentation 

of technologies, fostering seamless collaboration and data exchange between systems. Consequently, 
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improved interoperability could lead to faster, more accurate, and resource-efficient cybersecurity 

operations across diverse digital ecosystems. 

3) Decentralized Identity Management: 

Identity management remains a core pillar of cybersecurity, and future research should examine how 

blockchain and decentralized AI can be leveraged to design secure, scalable, and autonomous identity 

management systems. Investigating decentralized identity (DID) protocols and their integration with AI-

driven authentication mechanisms can yield more robust, privacy-preserving, and user-centric solutions. 

Such innovations would significantly enhance the protection of user data and mitigate risks associated 

with unauthorized access to sensitive information. This research direction holds promise for developing 

trustworthy and scalable digital identity ecosystems critical for cybersecurity resilience. 

4) Privacy-Preserving Blockchain and AI: 

Given the growing importance of data confidentiality, future studies should investigate privacy-

preserving techniques that combine blockchain and AI to safeguard sensitive information. Researchers 

could explore the incorporation of advanced cryptographic approaches, such as homomorphic 

encryption, zero-knowledge proofs, and differential privacy, to ensure secure computation and storage. 

This line of inquiry could lead to the development of trustworthy, privacy-enhancing blockchain-AI 

frameworks capable of protecting critical data assets while preventing unauthorized access and data 

leakage. 

 

Conclusions 

The escalating need for secure and distributed artificial intelligence (AI) within the realm of 

cybersecurity has motivated this investigation into the potential of blockchain technology. This study has 

explored the advantages and limitations of integrating blockchain and decentralized AI for cybersecurity 

applications, analyzing existing frameworks, real-world implementations, and emerging research trends. 

The findings indicate that the convergence of blockchain and decentralized AI systems holds immense 

potential to redefine cybersecurity by enabling trustworthy, transparent, and efficient data exchange, as 

well as intelligent threat identification and mitigation. Nonetheless, the realization of these benefits 

depends on addressing persistent challenges such as scalability, interoperability, and regulatory 

compliance. While existing solutions—including blockchain-based defense architectures and 

decentralized AI platforms—have demonstrated encouraging outcomes, there remains significant room 

for continued advancement toward more reliable, adaptive, and efficient systems. 

The integration of blockchain with decentralized AI offers transformative benefits for cybersecurity. 

Through blockchain’s immutable and transparent ledger, data authenticity and auditability are ensured, 

safeguarding AI-generated insights from manipulation or unauthorized alteration. Furthermore, the 

distributed and cooperative nature of these technologies facilitates autonomous threat detection, reduces 

response latency, and enhances accuracy in identifying and countering cyber threats, thereby reinforcing 

the resilience of digital defense mechanisms. 

Looking forward, future research efforts should emphasize the seamless fusion of blockchain and 

decentralized AI, the development of interoperable standards, and the design of decentralized identity 

management systems that can strengthen user authentication and privacy protection. In addition, 

advancing privacy-preserving mechanisms and aligning with regulatory and ethical frameworks will be 

essential to ensure the trustworthy adoption of these technologies. Collectively, these directions can 
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accelerate the evolution of blockchain-empowered decentralized AI ecosystems that are more secure, 

transparent, and adaptable to the dynamic nature of cyber threats. 

Ultimately, the synergy between blockchain and decentralized AI marks a pivotal step toward the next 

generation of cybersecurity infrastructure. Continued collaboration among academia, industry, and 

policymakers will be vital to developing innovative, resilient, and future-ready cybersecurity solutions 

capable of addressing the complex challenges of the modern digital landscape. 
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