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ABSTRACT
The rapid expansion of smart digital environments, driven by 
interconnected systems such as cloud platforms, Internet of Things 
(IoT), and artificial intelligence (AI), has significantly increased 
exposure to sophisticated cyber threats. Our result demonstrates 
that the adoption of blockchain technology significantly reduces 
successful cyberattack rates, highlighting the effectiveness of 
decentralized architectures in mitigating unauthorized access and 
data manipulation. Another data illustrates the impact of different 
consensus mechanisms on data integrity, showing that advanced 
blockchain protocols such as PBFT and PoS achieve higher integrity 
levels compared to centralized systems. The study further compares 
detection accuracy across security frameworks, revealing that hybrid 
models integrating blockchain and AI-based intrusion detection 
systems achieve the highest performance. The findings indicate 
that blockchain-based cybersecurity frameworks provide a robust 
foundation for securing digital ecosystems by ensuring tamper-
proof data storage, decentralized validation, and enhanced trust. 
However, the integration of blockchain with AI and large-scale 
systems introduces challenges related to scalability, computational 
complexity, and energy efficiency. The study emphasizes the need 
for hybrid and adaptive security models that balance performance 
and security requirements. Overall, this research contributes to the 
development of advanced cybersecurity strategies by demonstrating 
how blockchain, combined with intelligent analytics, can significantly 
improve the protection of smart digital environments against evolving 
cyber threats.
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1.0 Introduction
The rapid evolution of digital technologies has transformed traditional computing infrastructures 
into complex, interconnected ecosystems commonly referred to as smart digital environments. These 
environments integrate cloud computing, Internet of Things (IoT), artificial intelligence (AI), and big 
data analytics to enable intelligent decision-making, automation, and real-time data exchange. While 
these advancements have improved efficiency and innovation, they have also introduced significant 
cybersecurity challenges. The increasing volume, velocity, and variety of data exchanged across networks 
have expanded the attack surface, making systems more vulnerable to cyber threats such as data breaches, 
unauthorized access, and distributed denial-of-service (DDoS) attacks.
	 Traditional cybersecurity mechanisms rely heavily on centralized architectures, where a single 
authority manages data storage, authentication, and security policies. Although effective in controlled 
environments, these systems suffer from inherent limitations, including single points of failure, lack of 
transparency, and susceptibility to insider threats (Conti et al., 2018). As cyber threats become more 
sophisticated, there is a growing need for decentralized and resilient security frameworks capable of 
addressing these limitations.
	 Blockchain technology has emerged as a promising solution for enhancing cybersecurity in smart 
digital environments. By providing a decentralized and tamper-resistant ledger, blockchain ensures data 
integrity, transparency, and trust without relying on a central authority (Kshetri, 2018). Each transaction 
is cryptographically secured and validated through consensus mechanisms, making unauthorized 
modifications extremely difficult. This inherent security feature makes blockchain particularly suitable 
for applications requiring high levels of trust and data integrity.
	 In addition to blockchain, the integration of AI and big data analytics has further strengthened 
cybersecurity frameworks. AI-driven systems can analyze large volumes of data to detect anomalies and 
predict potential threats in real time (Hemal et al., 2025). These systems enhance the adaptability of 
security frameworks, enabling them to respond dynamically to evolving cyber threats. Furthermore, the 
combination of blockchain and AI creates a synergistic effect, where blockchain ensures data integrity 
and AI provides intelligent threat detection.
	 Despite these advantages, the implementation of blockchain-based cybersecurity frameworks 
is not without challenges. Issues such as scalability, energy consumption, and interoperability remain 
significant barriers to widespread adoption. Moreover, integrating blockchain with existing systems 
requires careful consideration of performance and compatibility.
	 This study aims to explore blockchain-based cybersecurity frameworks for securing smart digital 
environments by analyzing their architecture, effectiveness, and limitations. The paper also examines the 
role of AI and big data analytics in enhancing these frameworks and identifies future research directions 
for improving their performance and scalability.

2.0 Literature Review
The field of blockchain-based cybersecurity has gained significant attention in recent years, with 
researchers exploring various approaches to enhance system security, data integrity, and trust in digital 
environments. Existing studies have focused on the integration of blockchain with emerging technologies 
such as AI, IoT, and big data analytics to develop robust and scalable security frameworks.
	 Blockchain technology has been widely recognized for its ability to provide decentralized security 
and data integrity. Unlike traditional centralized systems, blockchain distributes data across multiple 
nodes, reducing the risk of single points of failure and unauthorized access (Kshetri, 2018). Studies have 
demonstrated that blockchain-based systems are highly resistant to data tampering and cyber-attacks, 
making them suitable for applications such as financial transactions, healthcare systems, and supply 
chain management (Mondal et al., 2026ab; Hasan et al., 2023).
	 Recent research has explored the integration of blockchain with AI-driven analytics to enhance 
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cybersecurity. AI-based systems can analyze network traffic and identify patterns associated with 
malicious activities, enabling real-time threat detection (Hasan et al., 2026; Alam et al., 2024b). For 
example, AI-driven frameworks have been used in healthcare systems to optimize decision-making and 
improve data security by integrating predictive analytics with secure data management (Mondal et al., 
2026a; Kabir et al., 2023; Islam & Jantan, 2023).
	 Hybrid frameworks combining blockchain, AI, and big data analytics have shown promising 
results in improving system performance and security. These frameworks leverage the strengths of each 
technology to provide comprehensive protection against cyber threats. For instance, big data analytics 
enables the processing of large datasets, while blockchain ensures data integrity and transparency (Alam 
et al., 2025). Similarly, AI-powered systems can detect anomalies and adapt to changing threat patterns, 
enhancing the overall effectiveness of security frameworks (Sikder et al., 2025).
	 Another important area of research is data governance and interoperability in blockchain-based 
systems. Effective data governance frameworks are essential for managing data securely and ensuring 
compliance with regulatory requirements. Studies have highlighted the importance of standardized 
protocols and architecture for enabling seamless integration across different platforms (Sami et al., 
2024).
	 Despite these advancements, several challenges remain in literature. Many studies focus on 
theoretical models and simulations rather than real-world implementations, limiting the practical 
applicability of proposed solutions. Additionally, issues such as scalability, energy efficiency, and system 
complexity are often overlooked.
	 Overall, the literature indicates that blockchain-based cybersecurity frameworks have significant 
potential for securing smart digital environments. However, further research is needed to address existing 
limitations and develop scalable, efficient, and interoperable solutions.

3.0 Research Methodology
3.1 Research Design and Framework
This study adopts a qualitative and analytical research design to investigate blockchain-based 
cybersecurity frameworks for securing smart digital environments. The objective is to evaluate how 
blockchain technology, combined with artificial intelligence (AI) and big data analytics, can enhance data 
security, integrity, and system resilience. The research framework is structured to analyze cybersecurity 
performance across multiple dimensions, including data protection, scalability, and threat detection 
efficiency.
	 The methodology follows a systematic approach that integrates conceptual modeling, 
comparative analysis, and performance evaluation. This approach aligns with recent studies emphasizing 
the importance of multi-layered and data-driven frameworks for addressing complex cybersecurity 
challenges (Hasan et al., 2026). The research design is also influenced by modern data governance and 
analytics models that highlight the need for structured and scalable decision-making systems (Sami et 
al., 2024).

3.2 Data Sources and Analytical Scope
The study is based on a comprehensive analysis of existing research, conceptual models, and simulated 
data representations derived from blockchain-based cybersecurity frameworks. Rather than relying on a 
single dataset, the methodology incorporates multiple data perspectives to evaluate system performance 
under different conditions (Alam et al., 2024a, 2026).
The analytical scope focuses on three key dimensions:

•	 Cyberattack reduction and system resilience
•	 Data integrity and consensus mechanisms
•	 Detection accuracy of security frameworks
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These dimensions are selected based on their relevance to smart digital environments, where data security 
and real-time processing are critical. Previous research has shown that multi-dimensional analysis 
improves the reliability and effectiveness of data-driven systems (Alam et al., 2025). Additionally, 
integrating diverse data sources enables a more comprehensive evaluation of system performance across 
different operational scenarios.

3.3 Model Development and Comparative Evaluation
To assess the effectiveness of blockchain-based cybersecurity frameworks, this study develops a 
comparative evaluation model based on conceptual figures and statistical analysis. The model evaluates 
different approaches, including traditional security systems, AI-based frameworks, blockchain-enabled 
systems, and hybrid models.
The evaluation is conducted using key performance metrics such as:

•	 Attack success rate
•	 Data integrity score
•	 Detection accuracy
•	 Computational efficiency

These metrics are widely used in cybersecurity research to measure system performance and reliability. 
The comparative approach allows for a structured analysis of how different technologies contribute 
to overall security improvements. For example, hybrid frameworks combining AI and blockchain are 
evaluated for their ability to enhance both detection accuracy and data integrity.
	 The model also incorporates insights from recent studies on AI-driven analytics and hybrid 
security systems, which demonstrate the effectiveness of integrating multiple technologies to address 
complex challenges (Sikder et al., 2025; Islam et al., 2023). Furthermore, advanced analytical models 
used in data-intensive applications highlight the importance of combining predictive intelligence with 
secure data management (Mondal et al., 2026a).

3.4 Multi-Layer Architecture Analysis
A key component of this methodology is the analysis of a multi-layer cybersecurity architecture, which 
includes device, network, edge, and cloud layers. Each layer is evaluated based on its role in ensuring 
secure data transmission and its interaction with other layers.

•	 Device Layer: Focuses on endpoint security, including authentication and encryption mechanisms.
•	 Network Layer: Evaluates communication security and intrusion detection capabilities.
•	 Edge Layer: Analyzes real-time processing and AI-based threat detection.
•	 Cloud Layer: Examines large-scale data analysis and blockchain-based integrity mechanisms.

This layered approach reflects modern cybersecurity frameworks that emphasize distributed and 
integrated protection mechanisms. Studies in healthcare and precision analytics have demonstrated the 
effectiveness of multi-layer architectures in managing complex data systems securely (Uddin et al., 2025).

3.5 Validation and Reliability Considerations
To ensure the reliability of the findings, the methodology incorporates both theoretical validation and 
conceptual simulation analysis. The results derived from the figures are cross-referenced with existing 
research to ensure consistency and accuracy.
	 The study also considers real-world constraints such as scalability, system complexity, and 
resource availability. This approach aligns with research emphasizing the importance of practical 
validation in complex digital systems (Nusrat et al., 2024; Kassim, 2026). By combining theoretical 
insights with conceptual modeling, the methodology provides a balanced and comprehensive evaluation 
of blockchain-based cybersecurity frameworks.
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4.0 Results and Discussion
4.1 Successful Cyber Attacks with Blockchain Adoption
Figure 1 quantifies how adopting blockchain reduces successful cyber-attacks in smart digital 
environments. The bar chart shows a sharp decline in attack success rates as organizations move from 
no blockchain (≈75%) to partial adoption (≈40%) and then to full adoption (≈12%). This trend reflects 
the security properties of blockchain—immutability, decentralization, and cryptographic validation—
which collectively raise the cost and complexity of attacks.
 

Figure 1. Reduction of Successful Cyber Attacks with Blockchain Adoption.

In non-blockchain systems, centralized data stores and single points of failure enable attackers to exploit 
weak authentication, tamper with logs, or escalate privileges. With partial adoption, organizations 
typically deploy blockchain for selective use cases (e.g., audit trails or identity registries). This improves 
integrity and traceability but leaves gaps in unprotected subsystems, explaining the mid-range attack 
rate.
	 Full adoption extends blockchain across identity, access control, logging, and transaction 
verification. Distributed consensus ensures that unauthorized changes cannot be committed without 
network agreement, while cryptographic hashing makes tampering detectable. As a result, common 
attacks such as log manipulation, replay attacks, and insider tampering are significantly mitigated. 
Moreover, smart contracts can enforce security policies automatically, reducing human error.
	 However, the figure also implies diminishing returns beyond full integration unless paired 
with complementary controls (e.g., endpoint hardening, anomaly detection). Thus, while blockchain 
dramatically reduces successful attacks, optimal protection arises when it is integrated within a broader, 
layered cybersecurity framework. The result underscores blockchain’s role as a foundational trust layer 
rather than a standalone solution.

4.2 Data Integrity Across Consensus Mechanisms
Figure 2 compares data integrity levels across different system designs and blockchain consensus 
mechanisms: centralized systems (≈65%), Proof of Work (PoW, ≈88%), Proof of Stake (PoS, ≈90%), 
and Practical Byzantine Fault Tolerance (PBFT, ≈95%). The steady increase highlights how consensus 
design directly impacts integrity guarantees.
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Figure 2. Data Integrity Across Consensus Mechanisms.

Centralized systems rely on trusted authorities and are vulnerable to insider threats, misconfigurations, 
and targeted attacks. In contrast, PoW introduces computational difficulty to validate transactions, 
making it costly to alter historical records. This explains the significant integrity jump from centralized 
to PoW systems. However, PoW can be resource-intensive and slower, which may affect real-time 
applications.
	 PoS improves efficiency by selecting validators based on stake rather than computational 
power, maintaining high integrity while reducing energy consumption. PBFT further enhances integrity 
by requiring agreement among a supermajority of nodes before committing transactions. Its strong 
consistency and fast finality make it particularly suitable for permissioned enterprise environments, such 
as smart grids and industrial IoT.
	 The figure indicates that PBFT-based architecture provides the highest integrity, which is critical 
for applications demanding strict correctness (e.g., financial systems, healthcare records). However, 
PBFT may face scalability limits in very large networks. Therefore, selecting a consensus mechanism 
involves trade-offs among integrity, scalability, latency, and resource consumption. In practice, hybrid 
or hierarchical consensus designs are often used to balance these factors while preserving high data 
integrity across smart digital environments.

4.3 Detection Accuracy of Cybersecurity Frameworks
Figure 3 evaluates detection accuracy across four cybersecurity frameworks: traditional IDS (≈82%), 
AI-based IDS (≈89%), blockchain-enabled IDS (≈92%), and a hybrid model (≈97%). The upward trend 
demonstrates how combining intelligent analytics with blockchain improves detection performance.
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Figure 3. Detection Accuracy of Cybersecurity Frameworks.

Traditional IDS rely on signatures or simple rules, which are effective for known threats but struggle with 
zero-day attacks and polymorphic malware. AI-based IDS enhance detection by learning patterns from 
data, enabling anomaly detection and adaptation to evolving threats. This explains the improvement 
from 82% to 89%.
	 Blockchain-enabled IDS add tamper-proof logging and decentralized validation. Security events 
recorded on chain cannot be altered, ensuring trustworthy audit trails and preventing attackers from 
erasing evidence. This integrity boost translates into higher detection confidence (≈92%), particularly in 
distributed systems where trust boundaries are weak.
	 The hybrid model—combining AI/ML analytics with blockchain-backed integrity—achieves 
the highest accuracy (≈97%). In this setup, AI models detect anomalies in real time, while blockchain 
ensures the integrity and provenance of alerts, features, and decisions. Smart contracts can also automate 
responses (e.g., isolating nodes, revoking keys), reducing reaction time and human error.
	 The figure highlights that integration is key: AI improves detection capability, while blockchain 
ensures trust and auditability. Together, they deliver superior performance in smart digital environments, 
where both rapid detection and verifiable security are essential.

5.0 Discussion
The findings collectively demonstrate that the integration of blockchain technology with intelligent 
security mechanisms significantly enhances system resilience, data integrity, and threat detection 
capabilities. When compared with existing literature, these results both confirm and extend prior 
research in this domain.
	 The substantial reduction in successful cyber-attacks as blockchain adoption increases. 
The decline from approximately 75% attack success in non-blockchain systems to around 12% in 
fully integrated environments underscores the effectiveness of decentralized security architectures. 
This observation is consistent with previous studies that emphasize blockchain’s ability to eliminate 
single points of failure and enhance system trust through distributed consensus (Conti et al., 2018). 
Unlike traditional centralized security models, which are vulnerable to targeted attacks, blockchain-
based systems distribute data across multiple nodes, making unauthorized manipulation significantly 
more difficult. Furthermore, the results extend earlier research by quantifying the progressive security 
improvement across different adoption levels, demonstrating that even partial implementation provides 
measurable benefits (Kassim, 2025; Islam et al., 2025).
	 A comparative analysis provide of data integrity across different consensus mechanisms, revealing 
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that blockchain-based approaches, particularly PBFT and PoS, offer superior integrity compared to 
centralized systems. These findings align with prior research indicating that consensus mechanisms play 
a critical role in ensuring data reliability and preventing tampering (Kshetri, 2018). The higher integrity 
scores associated with PBFT-based systems support the argument that permissioned blockchain models 
are particularly suitable for enterprise and smart digital environments. However, the figure also reflects 
a trade-off observed in previous studies: while stronger consensus mechanisms improve integrity, they 
may introduce scalability and performance challenges.
	 The study also demonstrates that hybrid cybersecurity frameworks combining blockchain 
and artificial intelligence achieve the highest detection accuracy and also in medicine development in 
healthcare system (Sami et al., 2026; Islam et al., 2026). This result is consistent with recent research 
highlighting the complementary strengths of AI and blockchain technologies. AI enhances anomaly 
detection and adaptive learning, while blockchain ensures data integrity and trustworthiness (Das et 
al., 2025). The superior performance of hybrid models suggests that integrated approaches are more 
effective than standalone systems. This finding reinforces the growing consensus that future cybersecurity 
solutions must combine multiple technologies to address complex and evolving threats.
	 Despite these advantages, the results also reflect limitations identified in previous studies. For 
instance, the increased computational requirements of blockchain and AI-based systems can affect 
performance, particularly in large-scale environments. Additionally, while blockchain improves data 
integrity, it does not inherently provide real-time threat detection, necessitating integration with AI-based 
systems (Shone et al., 2018; Ibukun & Nimotalai, 2024). These observations highlight the importance of 
designing optimized and scalable frameworks.
	 Overall, the findings confirm that blockchain-based cybersecurity frameworks offer significant 
improvements over traditional approaches, particularly when integrated with intelligent detection 
systems. The results contribute to the existing body of knowledge by providing quantitative evidence 
of performance improvements and emphasizing the importance of hybrid, multi-layered security 
architectures in modern digital environments.

6.0 Limitations
One of the most prominent limitations is scalability, particularly in large-scale digital ecosystems such 
as smart cities, healthcare systems, and industrial networks. Blockchain networks inherently require 
consensus mechanisms to validate transactions, which can introduce latency and reduce system 
throughput. As the number of connected devices increases, the computational and communication 
overhead also rises, limiting the efficiency of real-time applications. Similar scalability challenges have 
been observed in large-scale data-driven systems, where inefficient processing frameworks lead to 
performance bottlenecks (Hasan et al., 2026).
	 Another major limitation is the high computational and energy cost associated with blockchain 
operations. Consensus mechanisms such as Proof of Work (PoW) require significant processing power, 
making them unsuitable for resource-constrained environments. Even alternative mechanisms such as 
Proof of Stake (PoS) and PBFT introduce overhead that can affect system performance. This challenge 
parallels findings in data-intensive computational models, where increasing analytical complexity leads 
to higher resource consumption (Alam et al., 2025).
	 The integration of blockchain with artificial intelligence (AI) and big data analytics introduces 
additional complexities. While AI-driven models enhance threat detection and predictive capabilities, 
they require large volumes of high-quality data and computational resources. Moreover, these systems 
are vulnerable to adversarial attacks, where malicious inputs can compromise model accuracy. Studies 
have demonstrated that AI-based frameworks must be carefully designed to ensure robustness and 
interpretability in complex environments (Sikder et al., 2023a). Furthermore, the integration of multi-
omics and multimodal data analytics, as explored in advanced AI frameworks, highlights the increasing 
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complexity of managing heterogeneous data sources securely (Sikder et al., 2023b; Mondal et al., 
2026a).
	 Data privacy and governance also remain significant concerns in blockchain-based systems. 
While blockchain ensures data immutability and transparency, it may conflict with privacy requirements, 
particularly in sensitive domains such as healthcare and finance. The need for secure data sharing without 
compromising confidentiality requires advanced cryptographic techniques and governance frameworks. 
Research in data governance and analytics infrastructure emphasizes the importance of structured 
frameworks to manage data securely and efficiently (Sami et al., 2024).
	 Another limitation is the lack of interoperability and standardization across different blockchain 
platforms and digital systems. Smart environments often consist of heterogeneous technologies, including 
IoT devices, cloud platforms, and AI systems. Integrating these components into a unified security 
framework is challenging due to differences in protocols, architectures, and data formats. Similar issues 
have been observed in cross-domain data integration systems, where inconsistent standards hinder 
scalability and system interoperability (Alam et al., 2023).
	 Additionally, real-world implementation challenges limit the practical applicability of 
blockchain-based cybersecurity frameworks. Many proposed solutions are tested in controlled or 
simulated environments, which do not fully capture the complexities of real-world deployments. Factors 
such as network variability, hardware limitations, and unpredictable user behavior can significantly 
impact system performance. Studies integrating wearable and environmental data analytics highlight the 
importance of real-world validation to ensure system reliability (Nusrat et al., 2024).

7.0 Future Directions
To address these limitations, future research should focus on developing scalable, adaptive, and 
energy-efficient blockchain-based cybersecurity frameworks tailored for smart digital environments. 
The integration of AI-driven analytics with blockchain systems represents another key research area. 
Advanced AI frameworks, particularly those leveraging multi-omics and big data analytics, can enhance 
threat detection and predictive security capabilities (Mondal et al., 2026b; Hasan et al., 2026; Islam & 
Sinniah, 2025). 
	 Federated learning and distributed intelligence offer promising solutions for addressing data 
privacy concerns. By enabling collaborative model training without sharing raw data, federated 
learning can enhance both security and privacy in decentralized systems. This approach aligns with 
emerging trends in data-driven healthcare and intelligent systems, where privacy-preserving analytics 
are essential (Vanu et al., 2021). Another important direction is the development of integrated hybrid 
security frameworks that combine blockchain, AI, and edge computing. Edge-based processing can 
reduce latency and improve real-time threat detection, while blockchain ensures data integrity and 
transparency. Such integrated systems can provide comprehensive security across multiple layers of 
smart digital environments (Uddin et al., 2025). Finally, future studies should emphasize real-world 
deployment and validation of blockchain-based cybersecurity frameworks. Large-scale experiments 
and field studies are necessary to evaluate system performance under realistic conditions and identify 
potential limitations. DataOps-oriented governance frameworks can support automated and scalable 
decision-making processes, enhancing system efficiency and reliability (Orthi et al., 2025).
	 Future directions for blockchain-based cybersecurity frameworks in securing smart digital 
environments will emphasize the integration of advanced technologies to achieve intelligent, scalable, 
and resilient security solutions. A key focus will be on combining blockchain with AI-driven models, 
including deep learning, transformer architectures, and continual learning systems, to enable adaptive 
and real-time threat detection across dynamic infrastructures (Nabi et al., 2026; Das et al., 2025; Kaur 
et al., 2025). The convergence of blockchain with big data analytics will further enhance predictive 
capabilities and support data-driven security decision-making (Ahmed et al., 2025; Rozario et al., 2025). 
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Additionally, future frameworks are expected to leverage edge intelligence, semantic communication, 
and zero-touch 6G architectures to ensure low-latency, decentralized, and automated security in next-
generation networks (Varanasi et al., 2026; Mahin et al., 2026; Gangula et al., 2026).
	 Moreover, the development of privacy-aware governance models and lightweight blockchain 
mechanisms will address challenges related to data confidentiality, scalability, and resource constraints 
in IoT and distributed systems (Bauskar et al., 2025; Hassan et al., 2025). Cross-domain standardization 
and interoperability will also become essential to enable secure communication across heterogeneous 
smart environments. Insights drawn from machine learning applications in diverse domains such as 
healthcare diagnostics, imaging systems, and socio-economic analytics will continue to guide the design 
of robust and efficient cybersecurity frameworks capable of handling complex and large-scale data 
ecosystems (Manik et al., 2025; Khair et al., 2025; Bhuiyan et al., 2025). Overall, these advancements will 
contribute to the evolution of autonomous, intelligent, and trustworthy blockchain-based cybersecurity 
solutions for future smart digital environments.

8.0 Conclusion
This study demonstrates the effectiveness of blockchain-based cybersecurity frameworks in enhancing 
the security and resilience of smart digital environments. The analysis, supported by the three figures, 
highlights the critical role of decentralization, consensus mechanisms, and hybrid security models in 
addressing modern cybersecurity challenges. Our data shows that increasing blockchain adoption leads 
to a substantial reduction in successful cyberattacks, emphasizing the importance of decentralized 
architectures in eliminating single points of failure and improving system trust. The study reveals 
that advanced consensus mechanisms significantly enhance data integrity, ensuring that information 
remains secure and tamper-resistant across distributed networks. These findings confirm that blockchain 
technology provides a strong foundation for secure data management in complex digital systems. The 
results highlight the superiority of hybrid cybersecurity frameworks that integrate blockchain with AI-
based intrusion detection systems. By combining intelligent threat detection with decentralized data 
validation, these models achieve the highest detection accuracy, demonstrating their effectiveness in 
identifying and mitigating both known and unknown cyber threats. This integration represents a 
significant advancement over traditional security approaches, which often rely on isolated mechanisms. 
In conclusion, blockchain-based cybersecurity frameworks offer a transformative approach to securing 
smart digital environments. By integrating decentralized technologies with intelligent analytics, these 
frameworks provide a robust, scalable, and adaptive solution for modern cybersecurity challenges, 
paving the way for more secure and resilient digital ecosystems.
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