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Abstract

The integration of Blockchain technology with Artificial Neural
Networks (ANNSs) presents a promising advancement in predictive
modeling by enhancing security, transparency, and accuracy.
Blockchain ensures data integrity through decentralized and tamper-
proof storage, while ANNSs leverage deep learning algorithms for
improved pattern recognition and decision-making. This paper
explores the impact of combining these technologies, particularly in
critical  sectors such as  healthcare, finance, and
cybersecurity.Despite their advantages, several challenges hinder
their seamless integration. Blockchain introduces computational
overhead, scalability limitations, and regulatory concerns, while
ANNSs require vast datasets, making them vulnerable to adversarial
attacks and biased learning. This study highlights solutions such as
federated learning, hybrid blockchain architectures, and optimized
cryptographic techniques to address these challenges. Future
research should focus on enhancing computational efficiency,
developing scalable frameworks, and establishing regulatory
standards to facilitate broader adoption. By overcoming these
barriers, Blockchain-ANN integration can revolutionize predictive
analytics, providing secure, efficient, and intelligent decision-
making systems across various industries.

Keywords: Blockchain, Artificial Neural Networks (ANNS),
Predictive Modeling, Security, Scalability, Al Integration.
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1. Introduction

Two leading digital technologies within contemporary society
consist of Blockchain and Artificial Neural Networks (ANNS) (EI
Nokiti & et al, 2022). Blockchain operates as a secure digital system
which stores data in a decentralized manner with complete
transparency while keeping the information unalterable thus making
it an optimal solution to protect information within complex digital
environments (Dwivedi & et al, 2021). Blocks linked through
encryption create a system that records trusted transactions as its
core functionality. The technology provides solutions across digital
currencies and contractual agreements as well as information
security protection systems (Jabarulla& et al, 2021).

Artificial Neural Networks (ANNSs) represent computational
systems based on human brain design for data processing while also
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acquiring patterns through empirical learning and decision-making
capability from trained data (Shrimali& et al, 2022). ANNs find
extensive usage in artificial intelligence applications because they
help organizations process natural language, identify images and
analyze big data. These devices carry out their functions through
mathematical algorithms and deep learning methods to become
effective predictive model tools (Attaran, 2022).

The predictive models deliver critical value throughout different
sectors because numerous industries need to forecast trends through
analysis of historical information (Elhoseny& et al, 2021). The
financial industry relies on predictive models to track market
patterns as well as control risks and find banking-based fraud.
Medical professionals take advantage of predictive models for
diagnosing diseases and predicting epidemics in addition to using
them to enhance patient outcomes through data analysis. E-
commerce businesses use prediction methods to examine how
customers behave which allows them to improve their marketing
initiatives (Wustmans & et al, bridging trends and patents:
Combining different data sources for the evaluation of innovation
fields in blockchain technology, 2021).

Cybersecurity protective models assist in detecting forthcoming
cyber attacks thus resulting in better defensive measures. Smart
transportation systems apply predictions for monitoring traffic
patterns which helps decrease congestion while enhancing network
performance. Predictive models provide the energy sector with tools
to measure energy usage while forecasting requirements along with
developing superior production systems (Ullah & et al, 2023).
Predictive models represent fundamental elements for innovation
and efficiency in different fields instead of being simple analytical
tools. The Need to Integrate Blockchain with ANNs for Enhanced
Security and Accuracy ANNs continue to bring major progress in
the field but struggle to address data security issues and reliability
together with transparency problem (Wustmans& et al, 2021). Al
models particularly ANNs experience three main drawbacks which
include adversarial Using Blockchain together with ANNSs
engineers decentralized programs that enhance predictive model
precision through data integrity protection as well as source
verification before conducting training procedures. Blockchain
technology guarantees authentic banking data integrity while
stopping financial data manipulation during market trend
assessment in financial institutions. Healthcare improves its
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medical predictions accuracy and prevents unauthorized tampering
of patient records through Blockchain technology. Through an
integration of Blockchain and ANNS in cybersecurity operations
one obtains real-time detection of cyber threats and continual
learning capabilities for breach prevention. Figure 1 shows the co-
relation between Blockchain and various applications (Prakash & et
al, 2022).
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Figure 1: The co-relation between Blockchain and different sections,
(Prakash & et al,2022).

The aim of this work is to analyze the security and accuracy
improvements gained by integrating Blockchain and ANNSs, also to
assess the challenges related to performance, scalability, and real-
world deployment, moreover, provide insights into future research
directions for enhancing Blockchain-Al integration.

2. Literature review
Multiple studies in the literature expand on how emerging
technologies including Artificial Intelligence (Al) Blockchain
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together with Internet of Things (IOT) are used in healthcare and
global health sectors. Research has evaluated the practical uses and
advantages of these technologies among different applications. A
detailed evaluation of medical and global health applications
involving Al and big data and blockchain technologies was
presented by (Chattu, 2021). The authors demonstrated that Al
improves healthcare decision systems yet blockchain technology
provides protective measures for medical records and enhances
healthcare transparency. Big data analytics demonstrates critical
importance for handling massive healthcare information to lead to
better patient results according to research findings (Chattu, 2021).
Alrubei et al. (2022) worked on creating blockchain platforms,
which maintain security for Al-enabled [0T applications
functioning at the edge layer. The authors developed a security
model, which merges Al with I0T systems and blockchain
technology to boost real-time healthcare monitoring data protection.
These researchers demonstrated the requirement of safe data
exchange protocols to support healthcare applications running at the
edge for enhancing both 10T device performance and scalability
(Alrubei et al, 2022).

Al-Marridi et al. (2021) investigated how reinforcement learning
helps deliver effective security solutions for blockchain-smart
health systems. The work described a framework based on
reinforcement learning which optimized security and performance
features of blockchain health applications. The authors
demonstrated how machine learning integration with blockchain
networks produces improved healthcare system capabilities during
the processing of vast datasets (Al-Marridiet al, 2021). On the other
hand, Kuznetsov et al. (2024) performed research, which integrated
Al with blockchain for the purpose of security enhancement. The
researchers detected weaknesses in present-day systems then
introduced innovative protection measures for the integration of Al
and blockchain technology. Through their research, they brought
insights regarding the merging potential of these technologies
which result in reliable healthcare solutions for maintaining data
integrity (Kuznetsov & et al, 2024). Kumari et al. (2021) conducted
an assessment of Blockchain and 10T convergence applicable to
smart cities through 6G communication systems. The researchers
conducted their study on smart cities but their findings deliver key
value to healthcare when analyzing 10T devices and secure data
systems. The authors demonstrated how blockchain technology

5 Copyright © ISTJ A ginae auball (5 gin
Ayl g o slell 40 sal) dlaall


http://www.doi.org/10.62341/rmms1757

International Scienceand ~ VOlUMe 36 ) B kI 50 e
Technology Journal Part 1 aaall - m

Akl g glall 4 gal) Al ISTJ}\Q

http://www.doi.org/10.62341/rmms1757

optimizes loT network performance leading to enhanced electric
distribution systems of the future (Kumari & Gupta, 2021). Li et al.
(2022) performed a systematic evaluation of blockchain-as-a-
service models, which serve as management tools for 10T. Their
research identified multiple usable methods of employing
blockchain technology in 10T device management to achieve secure
and functional data exchange. The authors examined diverse
blockchain systems which Healthcare systems require combined
with blockchain-powered 10T management to ensure protected
medical data transfer and increase patient data confidentiality (Li et
al, 2022).

These research papers demonstrate both the rise of Al and
blockchain and IoT integration and the current healthcare system
enhancements. Implementation of blockchain technology faces
ongoing obstacles regarding genuine deployment techniques and
testing because researchers have concentrated their efforts on
security development and data scalability. This investigation
expands upon established research by resolving scalability and
performance along with security problems to improve the fusion of
these technologies, which it investigates through literature review
and previous study evaluation and application-specific integration
analysis. The research explores both the current and potential
advantages and difficulties, which affect predictive model
prediction accuracy while presenting potential solutions.

3. Research Methodology and Evaluation Framework

This research method utilizes a systematic approach to gather
existing studies that study the combination of Blockchain and
Artificial Neural Networks (ANNSs) in predictive modeling. The
research strategy implements a step-by-step procedure for data
acquisition followed by analysis classifications and research
comparison evaluations. The research methodology provides a
complete view of Blockchain and ANNSs applications throughout all
areas of business and reveals the key advantages and weaknesses
along with scientific gaps in this field. Figure 2 shows this research
methodology.

3.1 Data Collection

Relevant findings for this work came from peer-reviewed
journals alongside conference proceedings and well-established
databases which encompass IEEE Xplore, ScienceDirect, Springer,
and ACM Digital Library. The research team relied on papers
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published during the recent ten years because the study required
actual industry progress reports. Search queries included:

e “Blockchain in predictive modeling”
o “Artificial Neural Networks and security”
e “Machine learning with Blockchain”

Relevant papers were selected based on their focus on Blockchain-
ANN integration, security enhancements, and predictive model
accuracy. Research conducted on this topic was thoroughly
examined to discover significant patterns and modern approaches
together with essential obstacles arising in the integration of
Blockchain with ANNs as shown in figure 2.
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Figure 2: Research methodology
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3.2 Classification of Studies
Based on Figure 1, the reviewed studies were categorized based on
application domains:

Healthcare — Blockchain secures patient records, while ANNs
improve disease prediction.

1. Finance — Blockchain prevents fraud, and ANNs optimize risk
assessment models.

2. Cybersecurity — Blockchain protects Al models, while ANNs
enhance cyber threat detection.

3. 10T & Smart Cities — Blockchain improves IoT security, and
ANNSs optimize network performance.

o Healthcare research establishes Blockchain storage of medical
files with ANNs working to improve disease diagnoses and
treatment individualization.

e The study of finance through Blockchain technology examines
methods of fraud detection supported by Blockchain systems as
well as secure financial transaction mechanisms and Al-based
risk evaluations for investment decisions.

e A number of academic publications analyze Blockchain's
function to safeguard Al models from adversarial strikes while
protecting important datasets used in security systems powered
by ANN.

e Research has focused on Bluetooth-ANN integration within
Internet of Things because of its significance for networked
power grids, connected motor vehicles and instant anomaly
monitoring systems.

e The integration of Blockchain within supply chains provides
transparent control according to research documents and ANNSs
enhance the prediction of market needs and logistics operations
optimization.

e The classification scheme helps researchers understand specific
ways Blockchain and ANNs work together in different sectors to
better recognize domain-related difficulties and possible
advantages.

3.3 Evaluation Framework
The studies were evaluated using the following criteria:
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o Security & Privacy — Blockchain’s role in enhancing Al model
security.

o Computational Efficiency — The impact of Blockchain on
ANN model performance.

e Scalability — The feasibility of large-scale Blockchain-ANN
integration.

e Regulatory Compliance — Legal and ethical challenges of
implementation.

The security measures provided by Blockchain systems determine
both the protection of ANN model security as well as the integrity
of stored data.

The computational efficiency and scalability of Blockchain
integrated Al models in real world applications. Blocks Chain
technology advances both preparedness accuracy and reliability
levels of ANN-based predictive models. Integration of Blockchain
requires examination of security benefits versus the added
computational problems that result from the implementation.
Examination how various works handle both regulatory compliance
and ethical matters in Al-Blockchain implementation procedures.

The study employs these evaluation standards to analyze former
study outputs by demonstrating their impact and showing what
knowledge remains unaddressed. The established research
methodology creates an effective base for additional investigations
about Blockchain and ANNSs integration in predictive analysis.

4. Blockchain and ANNs: A Separate Examination

It is necessary to review the individual research on Blockchain and
Artificial Neural Networks (ANNSs), therefore it would be possible
to explore their potential amalgamation. The examination of
individual applications and strengths as well as challenges of these
technologies builds a strong base for supporting combined analysis.
This part gives an extensive breakdown of studies, which
investigate Blockchain technology along with Artificial Neural
Networks individually.

Mohit Kumar, 2022 evaluated Blockchain and Artificial Neural
Networks (ANNSs) when used independently in wearable healthcare
systems. The authors provided solutions to 10T security problems
in healthcare devices through blockchain data storage security
measures along with health status prediction authentication
protocols as presented in Figure 3. Security processes in the
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research relied on the RP2-RSA algorithm with reversed public-
private key implementation while feature selection operations used
the CF-SSOA algorithm. The prediction of health status used an
advanced weight initialization adapted Signorelli activation
function-based artificial neural network (ASR-ANN). The system
operated through two categories, which identified patient medical
status as normal or abnormal before securing abnormal results
within the blockchain framework for technical assessment.
Research findings showed that the proposed model reached
95.893% accuracy and the RP2-RSA algorithm exhibited superior
96.123% security than base approaches as presented in Table 1, 2
(Kumar & et al, 2022).
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Figure 3: Structural design of the framework proposed by (Kumar & et
al, 2022).

Table 1: Encryption, Decryption, Generation times, and Security
Level (SL) (%) according to (Kumar & et al, 2022)

Metric IUPHISE | e RSA | EIGamal i
(Proposed) Performa-nce
Enc{é’%“(’;;‘me i‘;’gig 18,200 | 19,124 20,315 RP2-RSA
Decryption 14,121 24,761
Time (DYI%) (ms) 874 32442 | 22,135 25,403 RP2-RSA
Key Generation 2,124 3,154 2,662 3,548 RP2-RSA
Time (ms)
Security Level 96.123 91.5 90.234 89.874 RP2-RSA
(SL) (%)
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Table 2: Comparison between ASR-ANN, ANN, CNN, RNN, and
DBNN according to (Kumar & et al, 2022)

Precision | Recall F- Execution | Memory
S .

Model ﬁ/ccuracy core Time Usage

) (ms) (KB)
ASR- 95.893 95.654 | 96.098 | 96.012 48,432 165,432

ANN

ANN 95.152 94.762 | 95.387 | 94.742 52,961 | 1,989,791
CNN 93.383 93.621 93.985 57,378 | 213,490
RNN 91.725 92.406 | 92.214 | 92.359 62,815 | 246,701
DBNN 89.892 91.01 | 89.478 | 90.989 69,721 278,932

(Shynuet al, 2021) demonstrates that health data storage and
analysis through Blockchain elements on fog nodes achieves better
security than cloud systems (See Figure 4). A cluster analysis
performed through rules generated appropriate patient record groups
and the FS-ANFIS method displayed maximum accuracy for
diabetes and cardiovascular disease prediction. The predictive
results from the proposed model delivered higher than 81%
measurement accuracy that surpassed alternative neural network
approaches. This research showed Blockchain could effectively
protect disease prediction models, which operate in fog computing
environments (Shynu et al, 2021).

[ Medical Data ]_){ Feature Selection ]_)[ Cronbach's alpha }

No

Valid

Yes

[ ANFIS Model ]

[ Prediction Result ]

Figure 4: Structural Prediction workflow proposed by (Shynu et al,

2021).
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On the other hand, the fusion of machine learning technology
together with blockchain as described in (Bello & et al, 2024)
introduced an innovative system, which shines light on financial
fraud while doing real-time prevention. Real-time security obtained
through blockchain systems allowed ML algorithms to detect
patterns across big datasets and expose abnormal activities while
maintaining complete data protection and unalterable record
organization. Main functions of smart contracts included automated
fraud prevention that enabled automatic blocking of suspicious
transactions while also sending multiple warning signals. Both
components operated together to eliminate detection system
breakdowns while improving accuracy levels and allowing
immediate fraud prevention. Unfortunately, the integration of
blockchain and ML created stronger financial security, which
successfully drove the development of automated compliance
systems (Bello et al, 2024).

Wylde, 2022 explained that blockchain technology adoption faces
major obstacles when supporting cybersecurity measures and data
protection elements. Security data management benefits from the
implementation of legal frameworks, which include both ISO 27001
and GDPR. The research explained why blockchain systems require
linking with smart contracts to improve digital transaction security
and transparency as illustrated in Figure 5. The proposed framework
uses big data with machine learning and visualization tools to build
strong cybersecurity elements and maintain ethical and legal
compliance standards. Continuous research investment stands
necessary to develop worldwide collaboration potential within
healthcare fields together with financial and market approaches
(Wylde et al, 2022).
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Figure 5: Data flow audit mechanism (Wylde et al, 2022)

Mahmood, 2022 highlighted numerous deficiencies in present-day
cybersecurity research regarding blockchain technology (BCT) in
both empirical investigations and industrial applications. The
review discovered that malleability attacks, 51% attacks and wallet
security attacks represent the main adoption hurdles in BCT yet fails
to present established defensive approaches. Most available
research falls within conceptual categories instead of using
empirical methods with insufficient information about solving these
security problems. The research shows a limited emphasis on
industry-specific study while Al integration plays a minimal role
(Mahmood et al, 2022).

Khan (2022) developed a blockchain framework, which uses
Hyperledger sawtooth to increase both security and reliability. The
designed framework delivered multiple security benefits through
safe execution along with unchangeable ledger records and
optimized communication protocols. The design of pseudo-chain
codes together with consensus protocols brought performance
improvements and trust optimizations to the system. Table 3
demonstrates how different Hyperledger frameworks differ in terms
of encryption functions and their storage solutions and
implementation expenses. Hyperledger Fabric includes multiple
encryption capabilities while it stores data through IPFS/File coin
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infrastructure at no expense for simulation operations. Guest
payments exist for Hyperledger Besu, Indy and Composer since
these frameworks use hash-encryption combined with third-party
storage solutions. The findings show Fabric stands out because it
adapts well to different needs and saves costs whereas the other
solutions need external storage services that add expenses. The
study results have helped tackle industrial I0T problems and
enhance the effectiveness of blockchain implementations (Khan et
al, 2022). Real-world applications become possible by conducting
combined comparison-based research between Blockchain and
Artificial Intelligence (Al) technologies after moving past
independent studies of each field. Ensuring data security rewards
blockchain technology with its ability to present systems that
viewers can understand while artificial intelligence introduces
analytical forecast capabilities followed by automated system
management and intelligent choice mechanisms. Research on
individual technologies does not uncover the two-fold benefits that
occur when systems connect and act together.

Table 3: A comparison between Hyper ledger frameworks based on
encryption, storage, and cost. Hyper ledger Fabric
according to (Khan & et al, 2022)

Other States of Transaction
the Art . Storage (S) Cost (Co)
Hyperledger Encryption (TE)
Supports another Not required
Fabric encryption IPFS/Filecoin |before simulating
algorithm as well
Besu Hash-encryption Thqu-party Guest (?harge
mechanism used required
. Third-party Guest charge
Lindly Hash-encryption mechanism used required
. Third-party Guest charge
Composer Hash-encryption mechanism used required

5. A comparison between different approaches to integrating
Blockchainand ANNSs
The study of Blockchain integration with Al through comparison
provides better insights into how Al models receive Blockchain
security protection and how blockchain operations receive Al
optimizations and how the combined approach solves efficiency and
regulatory issues and scalability problems. The combination of
Blockchain with Al offers better data protection during sharing in
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healthcare and finance applications and enhances the identification
of frauds and predictive analysis accuracy in cybersecurity sectors.
(Tagde& et al, 2021) described the merger of Blockchain with Al
technology in healthcare to strengthen medical risk administration
and analytical operations. The findings showed that Blockchain
delivers safe medical record transfer through its transparent system
alongside Al deployment of decision-making algorithms.
Healthcare systems achieved better efficiency and reduced medical
expenses through combined implementation of these technologies
while extending medical service access to wider audiences.
Blockchain implemented cryptographic storage which enabled
Artificial Intelligence technologies to advance medical healthcare
(Tagde& et al, 2021). The rapid evolution of modern healthcare
technology becomes evident in Table 4 although the
implementation requires improvement of security measures and
scalability implementation to achieve best adoption results.

Table 4: Overview of Modern Technologies in Healthcare: Trends,
Strengths, Challenges, and Future Directions.

Section Details
Blockchain & Al Dominance: Offer security,
scalability, and automation.
. 10T & Wearable Tech: Improve real-time monitoring
Trends in
and energy management.
Healthcare . . -
Cloud & Fog Computing: Provide scalability and
Technology . - L
efficiency, but require more validation.
UAV & Robotics: Enhance automation and efficiency
in healthcare operations.
Blockchain: High security, authentication
Al: Reduces operational costs, improves decision
Strengths of making
Each IOT: Enhances service quality and robustness.
Technology . :
Cloud Computing: Ensures low latency and high
feasibility
Wearable Tech: Enables real-time execution.
Scalability & Performance: High transaction fees and
com tuitional overhead, especial with blockchain.
Common . . . .
Security & Privacy: Al models face risks like data
Challenges . .
& modification, spoofing,and
Limitations . cyberattacks.
Implementation Gaps: Lack of real-world deployment
and validation.
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Integration of Blockchain & Al to balance security,
trust, and automation.

Future Optimizing 10T & Cloud Solutions to improve
Directions scalability and efficiency
Enhancing real-time capabilities in wearable and UAV
technologies.

Modern healthcare technology is evolving rapidly,
but challenges in security, scalability, and real-
world imp-lamentation must be addressed for
optimal adoption.

Conclusion

Both studies shown in Table 4 investigate unique aspects of
blockchain security and predictive fraudulent behavior detection
with ML as per (Bello & et al, 2024) and (Ashfaq & et al, 2022).
Individual classification models displayed preference for the
majority class because data records were heavily imbalanced based
on findings from Ashfaq in 2022 (Figure 6). Al integration with
blockchain created an enhanced solution for fraud detection that
produced better results than relying solely on blockchain security
measures according to Figure 7. A first study maintains digital
transaction security using smart contracts for prevention of
manipulation and the second study uses Al analytics to conduct real-
time fraud detection. The main obstacle which persists is improving
defense against innovative cyber threats that attack both blockchain
systems and machine learning frameworks.

3 ' [

-4-3-2—'1_01234-3-2-10123
Figure 6: Imbalanced data, and Balanced
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Callstack Depth Attack Vulnerability:
Transaction-Ordering Dependence (TOD):

Timestamp Dependency:

Re-Entrancy Vulnerability:

Analysis Completed

Figure 7: Security analysis of the proposed smart contract.

Table 5: A comparison between blockchain security and the
predictive power of ML in fraud prevention according to
(Bello & et al, 2024) and (Ashfaq & et al, 2022),
respectively.

Integration of ML and
o Security Analysis of Smart Blockchain for Fraud
Criteria .
Contracts (Bello & et al, 2024) Detection
(Ashfaq & et al, 2022)
Security features of blockchain Integration of ML and
Main Focus based smart contracts. blockchain for fraud
detection.
Security Covers decentralization, Focuses on security,
integrity, availability, trust, and transparency, and
Aspects confidentiality. immutability.
R Uses blockchain's security Uses ML to detect and
. mechanisms to prevent attacks prevent fraud by analyzing
Detection like replay and MITM. patterns.
Blockchain-based smart ML techniques such as
Technology contracts with Ethereum and supervised and unsupervised
Used permissioned blockchain. learning combined with
blockchain.
Attack Resistant to DOS, Sybil, and Detects and prevents
RENiStance double-spending attacks. fraudulent financial
transactions.
Vulnerable to adversarial Enhances fraud detection but
Limitations attacks, requiring future does not mention adversarial
improvements. resistance.
Blockchain provides robust The synergy of ML and
Conclusion security fpr smart contracts and blockchgin enhances f?aud
digital transactions. detection and financial
security.
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The research conducted by (Shinde., et al, 2021) explored the
collaborative features between Blockchain and Artificial
Intelligence as depicted in Figure 8. The combination of these
systems faces barriers in three main areas: scalability,
interoperability, privacy and both security and energy consumption
according to the study findings. The analysis focused on governance
legal and ethical concerns using the information found in Table 6.
Research results demonstrated that Blockchain security enables
protection of Al systems and facilitates open innovation procedures
(Shinde & et al, 2021).

i m) e | C
Verification in Al Applications Mhﬂ :

N Smant Contrace ‘3 . Consensus Agorthm ,
@ | ) & .i
:[> ®( 0 )ll:f) Qe
@
Transaction Network

Model Sharing in Al

t“’“""“J
7o b, 0. )
.“3 'rm
‘.’6‘ i\ x"n

Figure 8: Security analysis of the proposed smart contract according to
(Shinde & et al,2021).

Pohential Apphcahons

\ \
internet of Al based Mcwd rplainatie Al
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Table 6: Relation between Blockchain, Artificial Intelligence (Al), and

their Integration according to (Shinde & et al, 2021)
Artificial Integration Benefits
Aspect Blockchain Intelligence Challenges
Al
Decentralized Data-driven Secure and Scalability,
Functionalit ledger for secure decision- transparent Al security, and
¥ transactions making and decision-making interoperability
automation issues
Stor.es and Processes and Ensur.es data High
validates integrity and <
Data . analyzes computational and
. immutable prevents
Handling large-scale . . storage
records manipulation .
data requirements
Uses Vulnerable t
cryptographic unerable to Increased energy
: data poisoning Enhances Al .
S . technlques and d ity b ki consumption
ecurity consensus and security by making due to complex
models adversarial decisions traceable encryption
attacks R
Provides
an
auditable Often seen a?, Makes Al decision- Smart copFrgct
Trust & a "black-box . vulnerabilities
and e making more
Transparency with limited : and lack of
tamper- transparenc explainable regulations
proof led P y g
er
Image Feal
Cryptocurrencie | recognition Fraud detection, .
L . concerns in
Applications s, supply chain, , NLP, secure Al models, .
. Al driven
healthcare autonomou decentralized Al smart
s systems
contracts
| Alhasbeen | Growingintrst | Need for
Research Trends Gaining traction growing in combining Al 1ghtweight
since 2019 . and blockchain blockchain
exponentially
models for Al

6. Discussion

The integration of Blockchain and Artificial Neural Networks
(ANNSs) offers a transformative approach to predictive modeling,
offering enhanced security, data integrity, and predictive accuracy.
However, several challenges must be addressed before widespread
adoption. Security and privacy enhancements are crucial for the
success of Blockchain technology, as it provides a secure and
transparent data management system by leveraging decentralized
ledgers and cryptographic mechanisms. Smart contracts can
automate security protocols, ensuring data authenticity before it is
used for training ANNs. However, Blockchain introduces new
attack surfaces, such as vulnerabilities in consensus algorithms and
private key management. ANNSs rely heavily on large datasets for
training, making them vulnerable to adversarial attacks and data
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poisoning. Integrating Blockchain with ANNSs mitigates these risks
by ensuring that the training data remains immutable and verifiable,
particularly beneficial in sensitive applications like healthcare.
However, the additional computational overhead introduced by
Blockchain security mechanisms can impact the efficiency of ANN-
based predictive models.Scalability and performance challenges are
significant challenges in integrating Blockchain and ANNSs.
Blockchain networks suffer from high latency, limited transaction
throughput, and increased storage requirements due to their
decentralized nature. ANNS require vast amounts of data for training
and real-time inference, leading to performance bottlenecks.
Existing solutions, such as layer-2 scaling techniques, off-chain
computation, and hybrid blockchain architectures, offer potential
remedies, but further optimization is needed to balance security,
decentralization, and computational efficiency.
Computational complexity and energy consumption are also
significant challenges in integrating Blockchain and ANNSs.
Blockchain operations involve cryptographic hashing, consensus
mechanisms, and continuous validation, while ANNs demand
extensive computing resources for training, leading to high energy
consumption.

Developing lightweight cryptographic models, optimizing ANN
architectures, and leveraging quantum computing advancements
could offer potential solutions to mitigate these challenges.
Regulatory compliance remains a critical barrier to the large-scale
deployment of Blockchain-ANN integration. Industries like
healthcare and finance are governed by strict data protection
regulations, including GDPR, HIPAA, and ISO 27001. Ensuring
that Blockchain-ANN systems adhere to global regulatory
frameworks while maintaining transparency and accountability
requires a well-defined governance structure.

Future research should focus on optimizing computational
efficiency, improving scalability, enhancing security measures,
establishing regulatory standards, and expanding real-world
applications. By addressing these challenges, the synergy between
Blockchain and ANNs can unlock new opportunities for secure,
intelligent, and scalable predictive modeling, enhancing data-driven
decision-making and redefining digital trust and security standards.
Studies regarding Blockchain combined with Artificial Neural
Networks (ANNSs) were analyzed based on five significant factors
within Table 7 that encompass Security and Privacy, Scalability and
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Performance, Accuracy and Predictive Power, Computational
Complexity, and Regulatory and Ethical Considerations.

Table 7: Comparative Analysis of Blockchain and Artificial Neural
Network (ANN), Inte ration Across Ke Dimensions.

Study & Techniques . Challeng
Category Source Used Findings o
The security
(Kumar & RP2—R$A level reachec! High .
ot al encryption for | 96.123% which | computational
2022’) secure data exceeded RSA resource
storage and ECC ca consumption
abilities
Blockchain + This approach
Fog provided
(Shynu & Computing for | better security Data retrieval
etal seeure than delays due to fog
i healthcare data | employing
2021) nodes
storage cloud-based
storage
solutions.
Complexity in
(Bello & ML+ Improved systelr)n Y
. transparency and | . .
Security and et al, Blockchain for reduced fraud implementation
. 2024) fraud detection and model
Privacy cases training
I1SO 27001 &
(Wylde & | GDPR S.t r;ngthened Need for cross-
. digital
etal, compliance for overnance and border legal
2022) blockchain ;gms t harmonization
security
Analysis of
(Mahmoo blockchain Identiﬁeq. o 2‘1?1(;;?;1
d & ef al attacks (51 Vulnerabl!ltles in | dies on
2022) > | % attack, Blockchain mitigation
Malleability security .
attack strategies
Hyperledger Enhanced
(Khan & Sawtooth for reliability Increased
etal, secure through complexity in
2022) execution consensus system setup
protocols
The system
(Kumar | ASR-ANNfor | R Scalability
& et al system su(;cess rate at challenges due to
Scalability 2022) ’ performance the cost of high memory
lysis usage
aid analy 165,432 KB &
Performance of memo s ace
(Shynu Fog Computing | Faster Limited
& et al, to improve response scalability for
2021) performance time
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compared large-scale
to cloud applications
computing
The fabric
(Khan & Hype.:rledger techt.lology . Sf:alab.ilit}./ issues
otal Fabric vs. Besu prov1des ﬂex1b1e still ex1st. in large
2022’) & Indy functionality at | blockchain
comparison reduced networks
expense.
Al +
(Tagde&  |Blockchain Ir;p r.oved Negd for
etal, impact on efficiency but 0pt1m1z§d
2021) performanc high energy processing
. consumption techniques
Analysis of High
(Shinde blockchain IS.ugges'Fed computational
: ightweight .
&etal, encryption blockchain burden with
2021) energy models for Al advance?d
consumption encryption
ASR-ANN Achieved
(Kumar model for 95.89% Reqpires
& et al healt_h status accuracy, mgmﬁca@
2022) > |prediction outperforming computational
ANN, CNN, and | power
RNN
Lower
Achieved accuracy
(Shynu FS-ANFIS for over 81% compared
&etal, medical data accuracy in to
2021) classification disease advanced
prediction ANN
Accuracy and models
Predictive More
Power effective
(Bello & |ML+ than .
et al, Blockchain for Blockchai g;zcl:?;;bilsestt:és
2024) fraud detection | n-only
approache
8
Addressing
(Ashfaq ?mpact of Showed that ML ?r?lfalance
& ot al imbalanced models tgnq to can
2022) > |datasets on ML | favor majority improve
models classes
model
fairness
. ASR-ANN 48,432. ms .
Computation | (Kumar del execution Still
al & et al, mo i time, faster computationally
Complexity 2022) zﬁzlc;s;:n than CNN expensive
and RNN
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Blockchain Complexit
(Khan & |Comparison of | Fabric consumes | . prexity
increases with
et al, Hyperledger less resources large-scale
2022) frameworks than both Besu g
. deployments
and Ind versions
Research
showed that Al-
. Blockchain
(Shinde Impact of Al on inteeration Need for more
&etal, blockchain consg mes efficient
2021) processing un algorithms
excessive
amounts of
energy
Compliance Ensured
(Wylde with P regulatory Legal
Regulatory & et al, 1SO 27001 & adherence enff)rcement_
R 2022) GDPR and legal varies by region
Consideration Legal and Found gaps in Lack of real-
s (Mahmoo |ethical regulatory world
d & et al, |concerns in compliance for implementation
2022) blockchain Blockchain studies
adoption
(Shinde Privacy & Stressed the No clear
&ctal governance need for a governance
2021) ’ in Al unified legal structure vet
Blockchain framework ructure y

7. Conclusion

This study examines the integration of Blockchain and Artificial
Neural Networks (ANNSs) in predictive modeling, highlighting their
complementary  strengths.  Blockchain  enhances  security,
transparency, and data integrity, while ANNs improve predictive
accuracy through advanced learning frameworks. However, their
integration faces challenges such as computational complexity,
scalability limitations, and regulatory constraints. Addressing these
challenges is essential for widespread adoption. Optimizing
computational efficiency, developing scalable frameworks, and
establishing unified regulatory policies can facilitate smoother
implementation. The fusion of Blockchain and ANNs has the
potential to revolutionize various fields, including healthcare,
finance, and cybersecurity, by ensuring secure and intelligent
predictive models. Future research should focus on energy-efficient
Al models, lightweight Blockchain architectures, and standardized
governance frameworks. By overcoming existing barriers,
Blockchain-ANN integration can pave the way for robust, secure,
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and highly accurate predictive systems, significantly advancing the
digital landscape.
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