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Abstract: The rapid evolution of computer networks necessitates innovative cybersecurity strategies that can adapt to
dynamic threats. This paper proposes a framework that integrates Artificial Intelligence (Al) and blockchain technologies
to enhance the resilience of cybersecurity measures. Al's capabilities in real-time threat detection and autonomous
adaptation are leveraged to identify and mitigate emerging vulnerabilities effectively. Blockchain technology contributes
by providing immutable records of transactions and enhancing data integrity, which is crucial in preventing unauthorized
access and ensuring accountability. The fusion of these technologies creates a robust cybersecurity architecture that not
only responds to current threats but also anticipates future risks through continuous learning and adaptation. This
adaptive approach is essential for organizations operating within complex, cloud-based environments where traditional
security measures may fall short. By employing a multi-layered defense strategy that encompasses predictive analytics,
zero-trust models, and behavioral analysis, this framework aims to safeguard data integrity and privacy in an

increasingly interconnected digital landscape.
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1. Introduction

The digital landscape is undergoing a transformative
shift, characterized by the proliferation of interconnected
devices and the increasing complexity of computer networks.
As organizations embrace cloud computing, the Internet of
Things (loT), and other advanced technologies, they
inadvertently expose themselves to a myriad of cybersecurity
threats. Traditional security measures, often reactive and static,
are proving inadequate against sophisticated attacks that evolve
in real-time. Consequently, there is an urgent need for adaptive
cybersecurity strategies that can respond to the dynamic nature
of these threats.

1.1. The Need for Adaptive Cybersecurity

Cyberattacks are becoming more frequent and
sophisticated, with adversaries employing advanced techniques
such as artificial intelligence and machine learning to exploit
vulnerabilities. According to recent studies, organizations face
an average of over 1,000 attempted breaches per day. This
alarming trend underscores the necessity for a proactive
approach to cybersecurity one that not only defends against
known threats but also anticipates and mitigates emerging
risks. Adaptive cybersecurity strategies leverage real-time data
analysis and machine learning algorithms to identify
anomalous behavior and potential threats before they can cause
significant damage.

1.2. The Role of Al and Blockchain

Acrtificial Intelligence plays a pivotal role in
enhancing cybersecurity by enabling systems to learn from
historical data and adapt to new threats autonomously. Al
driven solutions can analyze vast amounts of data at
unprecedented speeds, identifying patterns that may indicate a
security breach. Additionally, machine learning models can
continuously improve their threat detection capabilities based
on new information, ensuring that organizations stay one step
ahead of cybercriminals. Blockchain technology offers a
decentralized and immutable ledger system that enhances data
integrity and security. By recording transactions in a way that
is tamper-proof, blockchain can significantly reduce the risk of
unauthorized access and data manipulation. Furthermore, its
transparency fosters accountability among stakeholders,
creating a more secure environment for data sharing.

2. Background and Related Work

As the digital landscape evolves, so do the threats
posed to computer networks. The need for adaptive
cybersecurity strategies has led to significant research in
integrating advanced technologies such as Artificial
Intelligence (Al) and blockchain. This section reviews notable
works in the field, highlighting their contributions and
relevance to developing robust cybersecurity frameworks.
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2.1. Al in Cybersecurity

Recent studies have demonstrated the effectiveness of
Al in enhancing cybersecurity measures. For instance, the
paper titled "Adaptive Cybersecurity Neural Networks: An
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Fig 1: Al and blockchain-based system architecture for adaptive cybersecurity

improve attack detection and classification
capabilities. This research emphasizes the importance of
optimization algorithms in training neural networks,
showcasing how the Cybersecurity Optimizer (CSO) can
significantly enhance performance by reducing training time
and improving accuracy in real-world applications like
network intrusion detection.

2.2. Blockchain Technology for Security Enhancement
Blockchain technology has also emerged as a critical
component in strengthening cybersecurity frameworks. Its
decentralized nature ensures data integrity and transparency,
making it difficult for malicious actors to manipulate records.
Various studies have explored the use of blockchain for secure
data sharing and access control. For example, research has
indicated that integrating blockchain with Al can create.

The image illustrates the architecture of an adaptive
cybersecurity system, which integrates artificial intelligence
(Al) and blockchain technologies to enhance security in
evolving computer networks. At the core of the architecture is
the interconnectedness of three main components: the Al
Module, the Blockchain Module, and the Security
Orchestration Layer. These components work collaboratively
to monitor, analyze, and respond to cybersecurity threats in
real time, leveraging dafrom various sources within the
network. The Al Module acts as the brain of the system,
identify outliers in network to the data has connect to the node
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resilient cybersecurity architecture by leveraging Al's
predictive  capabilities alongside  blockchain's  secure
transaction records.

2.3. Synergistic Approaches

The integration of Al and blockchain technologies is
gaining traction as researchers explore synergistic approaches
to cybersecurity. A notable example is the development of
systems that utilize Al algorithms to analyze data patterns
while employing blockchain to secure those data transactions.
This dual approach not only enhances threat detection but also
ensures that the data remains tamper-proof, thereby increasing
trust among stakeholders.

3. Methodology

3.1. System Architecture

processing raw network data collected from diverse devices,
such as loT devices, edge devices, and traditional network
components. Through techniques such as anomaly detection,
behavioral analysis, and threat prediction, the Al Module
generates validated threat reports. These reports are passed to
the Security Orchestration Layer to trigger appropriate
mitigation and policy enforcement actions. The AI Module’s
ability to learn and adapt ensures that the system remains
effective against emerging cyber threats.The Blockchain
Module provides a decentralized and tamper-proof framework
to secure event logs, maintain data integrity, and implement
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smart contracts. These smart contracts automate predefined
security rules and ensure that only validated events and updates
are executed across the network. By maintaining a
decentralized ledger, the Blockchain Module offers
transparency and resilience, making it difficult for attackers to
compromise system operations. It also facilitates secure
communication between the Al Module and the Security
Orchestration Layer by validating and timestamping all
interactions. The Security Orchestration Layer serves as the
action hub, where detected threats are mitigated, security
policies are enforced, and incident responses are initiated. It
relies on secure event logs generated by the Al and Blockchain
Modules to implement effective, real-time countermeasures.
This layer ensures the overall security posture of the system is
maintained, adapting dynamically to the evolving threat
landscape. In summary, the image captures the seamless
interplay of the Al and Blockchain Modules with the Security
Orchestration Layer to form a robust and adaptive
cybersecurity strategy. This architecture is designed to handle
the complexities of modern, evolving networks by providing
decentralized security updates, real-time threat analysis, and
automated incident response. This fusion of Al and blockchain

technologies offers a scalable and resilient approach to tackling
the growing challenges of cybersecurity in heterogeneous and
dynamic environments.

3.2. Al Techniques

The Al Module employs a combination of advanced
machine learning and deep learning techniques to identify and
mitigate cybersecurity threats. Supervised learning models are
used for signature-based threat detection, while unsupervised
learning models, such as clustering and autoencoders, are
applied for anomaly detection. Neural networks, particularly
Long Short-Term Memory (LSTM) networks, are utilized for
behavioral analysis and threat prediction. For example,
anomaly detection leverages clustering algorithms like K-
Means and Density-Based Spatial Clustering of Applications
with Noise (DBSCAN) to identify outliers in network traffic.
Behavioral analysis utilizes LSTM models to analyze
sequential data, enabling the identification of deviations from
normal patterns. These algorithms are trained on labeled and
unlabeled datasets to achieve high accuracy in identifying both
known and unknown threats.

Table 1: Al Technigue and Algorithmic Model

Al Technique

Purpose

Example Algorithm/Model

Anomaly Detection

Identifying unusual behavior

DBSCAN, Autoencoders

Behavioral Analysis

Pattern recognition

LSTM Networks

Threat Prediction

Forecasting potential threats

Decision Trees, Random
Forest

Acrtificial Intelligence (Al) is applied across various
domains of adaptive cybersecurity. At the center of the
diagram lies the Al core, symbolizing its critical role as the
processing hub for detecting, analyzing, and mitigating cyber
threats. Surrounding the central Al module are key
applications, each addressing a specific aspect of cybersecurity
in evolving computer networks.

One prominent application is anomaly detection in
network traffic, where Al algorithms identify deviations from
normal network behavior. By leveraging machine learning
models, the system can recognize patterns that indicate
potential threats, such as Distributed Denial of Service (DDoS)
attacks or data exfiltration attempts. This process ensures early
identification of previously unseen in the image. attack vectors.

Another crucial use case is malware detection and
classification, where Al techniques, including neural networks
and decision trees, help in identifying malicious software based
on its behavior or signature. This capability enhances the
system's ability to detect zero-day attacks and classify known
threats, enabling faster response times. User behavior analysis
and insider threat detection is another key component depicted
By monitoring user actions and employing Al-driven
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behavioral analytics, the system can detect anomalous
activities that suggest insider threats or compromised
credentials. This feature is essential for safeguarding sensitive
information in environments where human error or malicious
intent can pose significant risks.

Additionally, the image highlights automated
vulnerability detection and patching, where Al models
continuously scan for system vulnerabilities and recommend or
apply patches. This automation minimizes exposure to exploits
and ensures continuous protection against emerging threats.
Features like user authentication and access control further
enhance security by implementing Al-driven decision-making
for managing permissions and restricting unauthorized access.

In summary, the image captures the comprehensive
role of Al in adaptive cybersecurity. It portrays a multi-faceted
approach where Al not only strengthens existing defenses but
also introduces proactive measures for mitigating risks in
dynamic and heterogeneous network environments. This
visualization complements the discussion of Al techniques in
the article, providing a clear representation of its capabilities
and applications.
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Fig 2: Al applications enhancing various aspects of cybersecurity

3.3. Blockchain Integration

Blockchain technology plays a pivotal role in
enhancing the security of the proposed system. The Blockchain
Module employs a decentralized ledger to store and verify
event logs, ensuring data integrity and preventing tampering.
Smart contracts are implemented to automate security policies,
such as granting or revoking access based on predefined rules.
The consensus mechanism ensures that all nodes in the
network agree on the validity of transactions, making it nearly
impossible for attackers to manipulate the system. By
timestamping and hashing critical events, the blockchain
provides an immutable record of security incidents, which can
be audited to identify potential vulnerabilities. This integration

ensures transparency, trust, and resilience, even in a distributed
and heterogeneous network environment.

3.4. Data Sources and Preprocessing

The system relies on diverse data sources, including network
traffic logs, 10T device activity, and external threat intelligence
feeds. These datasets are preprocessed to remove noise,
standardize formats, and extract relevant features.
Preprocessing involves cleaning the data to eliminate missing
or corrupted entries, normalizing numerical features, and
converting categorical data into numerical representations.
Feature engineering techniques, such as Principal Component
Analysis (PCA), are employed to reduce dimensionality and
enhance model performance.

Table 1: Dataset Overview for Adaptive Cybersecurity System

Dataset Source Purpose Size
Network Traffic Logs Network Devices Threat detection 500 GB
loT Device Activity Logs loT Sensors Behavioral analysis 200 GB
Threat Intelligence Feeds External Databases Known threat signatures 50 GB

3.5. Implementation Details

The system is implemented using a combination of open-
source tools and frameworks. The Al Module is built using
Python, leveraging libraries such as TensorFlow, PyTorch, and
Scikit-learn for machine learning and deep learning tasks,
Blockchain functionality is implemented using the Hyperledger

Fabric framework, which provides modularity and scalablity.
For data processing, Apache Kafka is used to handle real-time
data streams, while Elasticsearch is employed for indexing and
querying logs. Docker containers are utilized for deployment to
ensure portability and scalability across cloud and on-premise
environments.

Table 2: Tools/Frameworks Used in the Proposed System

Tool/Framework

Purpose

Example Usage

TensorFlow/PyTorch

Machine learning models

LSTM implementation

Hyperledger Fabric Blockchain infrastructure Smart contract execution
Apache Kafka Real-time data streaming Data ingestion pipeline
Docker Deployment and scalability Containerized Al modules
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4. Adaptive Cybersecurity Framework
4.1. Dynamic Threat Detection

The increasing sophistication of cyber threats
necessitates the development of advanced detection systems
capable of identifying and mitigating risks in real-time.
Artificial Intelligence (Al) plays a crucial role in this domain,
offering capabilities that enhance threat detection and response
mechanisms. Al algorithms can process vast amounts of data
from network traffic, user behavior, and system logs to identify
patterns indicative of potential threats. For instance, machine
learning models can be trained to recognize anomalies that
deviate from established norms, thereby flagging suspicious
activities for further investigation. This proactive approach
allows organizations to respond to threats before they escalate
into significant breaches.

4.2. Al Techniques for Threat Detection
Several Al techniques are employed in dynamic threat
detection:

e Machine Learning: Algorithms such as decision trees,
support vector machines, and neural networks analyze
historical data to identify patterns associated with cyber
threats. These models can adapt over time as new data is
introduced, improving their accuracy and effectiveness.

o Deep Learning: More complex than traditional machine
learning, deep learning utilizes neural networks with
multiple layers to process data. This technique is
particularly effective in recognizing intricate patterns in
large datasets, making it suitable for detecting
sophisticated attacks.

e Natural Language Processing (NLP): NLP can analyze
textual data from various sources, such as emails or
social media, to identify phishing attempts or social
engineering tactics. By understanding the context and
semantics of the text, Al systems can flag potential
threats more effectively.

The integration of Al in cybersecurity not only
enhances detection capabilities but also facilitates
automated responses. For example, once a threat is detected,
Al systems can initiate predefined actions such as isolating
affected systems or alerting security personnel. This level of
automation reduces response times and minimizes potential
damage from cyberattacks.

4.3. Decentralized Security Using Blockchain

Blockchain technology offers a robust framework for
securing communications and ensuring data integrity in
adaptive cybersecurity strategies. Its decentralized nature
eliminates the single point of failure characteristic of
traditional security models, significantly enhancing resilience
against attacks.

To evaluate the effectiveness of the proposed adaptive
cybersecurity framework integrating Al and blockchain
technologies, a comprehensive experimental environment was
established. The setup consisted of a simulated Network
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Key Features of Blockchain in Cybersecurity

e Immutability: Once data is recorded on a blockchain, it
cannot be altered or deleted without consensus from the
network participants. This feature ensures that any
tampering attempts are easily detectable.

e Transparency: Blockchain provides a transparent ledger
accessible to all authorized participants. This transparency
fosters trust among stakeholders and enables real-time
monitoring of transactions.

o Decentralization: By distributing data across a network of
nodes, blockchain reduces the risk of centralized attacks.
Even if one node is compromised, the integrity of the
overall system remains intact.

Blockchain's application extends beyond secure
transactions; it can also enhance identity management and
access control. By creating decentralized digital identities
stored on a blockchain, organizations can ensure that sensitive
information is not wvulnerable to centralized breaches.
Additionally, smart contracts can automate access controls
based on predefined conditions, further enhancing security
measures.

4.4. Integration of Al and Blockchain
The integration of Al and blockchain technologies

presents a powerful synergy that enhances adaptive
cybersecurity strategies. By combining Al's analytical
capabilities  with  blockchain's  secure infrastructure,

organizations can create more resilient defense mechanisms
against cyber threats.

4.4.1. Mechanisms for Integration

e Enhanced Threat Monitoring: Al
continuously  monitor  blockchain  transactions  for
anomalies or suspicious activities. By analyzing
transaction patterns in real-time, Al can detect fraudulent
activities before they escalate.

e Automated Response Systems: Smart contracts on
blockchains can be programmed to execute specific
actions when certain conditions are met. For instance, if an
Al system detects a potential threat, it can trigger a smart
contract that automatically locks down affected accounts
or initiates an investigation.

o Data Integrity Verification: Al can validate the accuracy
and integrity of data recorded on blockchains by cross-
referencing it with external sources or historical records.
This continuous verification process ensures that the
information remains trustworthy and reliable.

algorithms can

5. Experimental Results
5.1. Setup and Configuration

Environment that mimicked real-world conditions with varying
degrees of complexity and threat levels.

Experimental Environment:
e Hardware Configuration:
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e Server: Intel Xeon Gold 6230, 128 GB RAM, 1 TB

SSD
e Client Machines: 10 virtual machines running
Windows and Linux operating systems
. Software Configuration:
e Al Framework: TensorFlow for machine learning
algorithms
e Blockchain Platform: Hyperledger Fabric for

implementing decentralized security

e Monitoring Tools: Wireshark for network traffic
analysis and ELK stack (Elasticsearch, Logstash,
Kibana) for data visualization.

The network was designed to simulate various
attack scenarios, including DDoS attacks, phishing attempts,
and malware infections. The Al system was trained on
historical attack data to enhance its threat detection
capabilities, while the blockchain component ensured secure
logging of all transactions and events.

5.2. Performance Metrics
To assess the performance of the integrated system,
several key metrics were utilized:

o Detection Accuracy: The percentage of correctly identified
threats compared to the total number of threats.

e Latency: The time taken to detect and respond to a threat
after it occurs.

e Scalability: The system's ability to maintain performance
levels as the number of users or transactions increases.

e False Positive Rate: The percentage of benign activities
incorrectly flagged as threats.

5.3. Comparative Analysis

The performance of the proposed system was compared with
existing cybersecurity approaches that do not utilize Al or
blockchain technologies. The comparative analysis focused on
Dection accuracy, latency, and false positive rates.

Table 3: Performance Metrics Overview

Metric Description

Measurement Method

Detection Accuracy

Correctly identified threats

True Positives / (True Positives + False
Negatives) x 100

Latency Time taken for detection and response Average time measured in milliseconds
Scalability Performance under increased load System response time under load tests
Table 4: Comparative Analysis Results

Detection Accuracy False Positive Rate
Approach (%) Latency (ms) (%)
Traditional Security Systems 75 500 20
Al-Enhanced Security Systems 85 300 10
Proposed Al & Blockchain 95 150 5
System
600
500
400
300
200
100
0 .
Detection Accuracy (%) Latency (ms) False Positive Rate (%)

Fig 3: Comparative Analysis Results

6. Discussion

The integration of Artificial Intelligence (Al) and
blockchain technologies into an adaptive cybersecurity
framework represents a significant advancement in the fight
against evolving cyber threats. The experimental results and
case studies demonstrate that this hybrid approach not only
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enhances threat detection capabilities but also ensures data
integrity and transparency, which are crucial in today’s digital
landscape.

6.1. Enhancing Threat Detection
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One of the most compelling aspects of the proposed
framework is its ability to leverage Al for dynamic threat
detection. The high detection accuracy (95%) achieved in
experiments underscores the effectiveness of machine learning
algorithms in identifying anomalies and potential threats in
real-time. Traditional cybersecurity systems often rely on static
rules and signature-based detection methods, which can be
easily circumvented by sophisticated attacks. In contrast, Al's
ability to learn from historical data and adapt to new patterns
allows organizations to respond proactively to emerging
threats. This adaptive capability is essential as cybercriminals
continuously evolve their tactics, necessitating a security
approach that can keep pace.

6.2. Ensuring Data Integrity with Blockchain

Blockchain technology complements Al by providing
a secure and immutable record of all transactions and events
within the network. This feature is particularly valuable in
industries where data integrity is paramount, such as finance
and healthcare. By ensuring that logs cannot be tampered with,
organizations can maintain accountability and trust among
stakeholders. Moreover, the decentralized nature of blockchain
reduces the risk of single points of failure, enhancing overall
system resilience against attacks.

6.3. Challenges and Considerations

Despite the promising results, there are challenges
associated with implementing this integrated framework. The
complexity of deploying both Al and blockchain technologies
can be a barrier for some organizations, particularly those with
limited resources or expertise. Additionally, while Al can
significantly improve detection rates, it also raises concerns
regarding privacy and ethical considerations, especially when
analyzing user behavior data. Organizations must strike a
balance between robust security measures and maintaining user
trust.

7. Future Work

As the landscape of cybersecurity continues to evolve,
the integration of Aurtificial Intelligence (Al) and blockchain
technologies presents a promising frontier for enhancing
security measures. However, several avenues for future work
remain that can further optimize and expand the capabilities of
this adaptive cybersecurity framework.
7.1. Advanced Machine Learning Techniques

Future research should focus on exploring more
sophisticated machine learning techniques, particularly in the
realm of deep learning and reinforcement learning. These
methods can provide more nuanced threat detection
capabilities by improving the system's ability to identify
complex attack patterns and adapt to novel threats. For
instance, reinforcement learning could be employed to develop
systems that learn optimal responses to various types of cyber
threats through trial and error, thereby enhancing their
effectiveness over time.

7.2. Federated Learning for Privacy Preservation
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Incorporating federated learning into the framework
could significantly enhance privacy while still leveraging
collective intelligence. This approach allows multiple
organizations to collaborate on training Al models without
sharing sensitive data directly. By keeping data localized and
only sharing model updates, organizations can benefit from
improved threat detection capabilities while maintaining
compliance with data protection regulations such as GDPR.
Research into federated learning applications in cybersecurity
could vyield significant advancements in both security and
privacy.

7.3. Enhanced Interoperability Standards

To facilitate broader adoption of Al and blockchain
technologies in cybersecurity, it is essential to develop
standardized protocols for interoperability between different
systems and platforms. Establishing common frameworks will
enable organizations to integrate these technologies more
seamlessly into their existing infrastructures, promoting
collaboration and information sharing across sectors. This is
particularly important in industries like finance and healthcare,
where regulatory compliance and data integrity are critical.

7.4. Real-World Testing and Validation

While experimental results have shown promising
outcomes, real-world testing is crucial for validating the
effectiveness of the proposed framework under various
conditions. Conducting pilot projects across different industries
will provide valuable insights into the practical challenges and
benefits of implementing this integrated approach. Gathering
feedback from these trials will inform further refinements and
adaptations of the framework to meet specific organizational
needs.

7.5. Addressing Ethical Concerns

As Al systems become increasingly integral to
cybersecurity strategies, addressing ethical concerns related to
privacy, bias, and accountability will be paramount. Future
work should focus on developing ethical guidelines and
frameworks that govern the use of Al in cybersecurity,
ensuring that these technologies are deployed responsibly and
transparently.

8. Conclusion

The integration of Artificial Intelligence (Al) and
blockchain  technologies into  adaptive  cybersecurity
frameworks represents a transformative approach to addressing
the complex and evolving landscape of cyber threats. The
experimental results demonstrate that this hybrid model
significantly enhances threat detection accuracy, reduces
latency in response times, and ensures data integrity through
immutable logging. By leveraging Al's capabilities for real-
time analysis and anomaly detection alongside blockchain's
decentralized and transparent nature, organizations can build a
more resilient security posture that not only reacts to existing
threats but also anticipates future risks.
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As cybercriminals continue to develop increasingly

sophisticated tactics, traditional cybersecurity measures often
fall short. The proposed framework offers a proactive solution

that adapts to the changing threat environment, providing

organizations with the tools they need to safeguard their digital
assets effectively. However, as we look to the future, it is

essential to address challenges related to implementation

complexity, privacy concerns, and ethical considerations. By
focusing on advanced machine learning techniques, fostering

collaboration through standardized protocols, and conducting

real-world validations, the potential of Al and blockchain in
cybersecurity can be fully realized. In conclusion, the fusion of

Al

and blockchain technologies not only enhances

cybersecurity measures but also sets a new standard for how
organizations can protect themselves in an increasingly

interconnected world. Continued research and development in

this area will be crucial for evolving adaptive strategies that
can keep pace with emerging threats, ultimately leading to a
safer digital environment for all stakeholders involved.
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