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INTRODUCTION 
 
The emergence of increasingly sophisticated
made cybersecurity a critical area of focus 
businesses, and individuals alike. In recent
proliferation of interconnected systems 
expanded the attack surface, making traditional
mechanisms inadequate in mitigating modern
conventional systems, which often depend on
signatures, or heuristic methods, struggle to adapt
evolving attack strategies such as zero-day vulnerabilities
advanced persistent threats (APTs). This has
need for dynamic and intelligent defence solutions 
learning and responding in real time. Adaptive
represents a shift from static to dynamic protection
By incorporating mechanisms that can evolve
landscape, adaptive systems offer improved
response capabilities. At the core of these systems
to analyze vast amounts of data, identify anomalies,
proactive measures to neutralize threats before
damage occurs.  
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ABSTRACT  

Cybersecurity has become an increasingly critical concern due to the
cyberattacks. Traditional static defence mechanisms, which rely 

signatures, are often insufficient in countering these evolving threats. Static
dynamic nature of modern cyber-attacks, particularly zero-

persistent threats (APTs). This paper explores the application of Reinforcement
development of adaptive cyber defence systems that can dynamically

time. By employing RL, a defender agent is trained to learn optimal
interactions with a simulated environment that replicates diverse attack

RL-based system not only detects and mitigates known threats
adaptability to unknown attack patterns. Experimental results reveal
achieve superior detection accuracy, faster response times, and lower
traditional methods. The findings underscore the transformative
cybersecurity frameworks, paving the way for robust, automated, and
keep pace with the rapidly changing threat landscape. 
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recent years, the 
 and devices has 

traditional static defence 
modern threats. These 
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adapt to novel and 
vulnerabilities and 

has created an urgent 
solutions capable of 

Adaptive cyber defence 
protection strategies. 

evolve with the threat 
offer improved resilience and 
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However, the complexity of
characterized by high-dimensional
unpredictable adversarial behavior,
for traditional machine learning
Learning (RL), a subfield of machine
promising paradigm for addressing
distinct in its focus on 
environments through a process
supervised learning, which relies
agents to learn optimal actions
environment and receiving feedback
penalties. This makes RL particularly
where the environment is constantly
data may not always be available.
application of RL to adaptive 
creating systems that can detect
autonomously. The RL framework allows
learning, enabling defence mechanisms
strategies over time. By simulating
training an RL-based defender
demonstrate the potential of RL
traditional defence methods.  
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the rising complexity and frequency 
 on predefined rules or known threat 

threats. Static defences fail to adapt to 
- day vulnerabilities and advanced 
Reinforcement Learning (RL) in the 

can dynamically respond to evolving threats in 
optimal strategies through continuous 

attack vectors and network scenarios. 
threats but also demonstrates remarkable 

reveal that RL-based defence systems 
lower false positive rates compared to 

transformative potential of RL in modern 
and scalable defence solutions that can 

Commons Attribution License, which permits 

of modern cyber environments, 
dimensional state spaces and 

behavior, poses substantial challenges 
learning approaches. Reinforcement 

machine learning, has emerged as a 
addressing these challenges. RL is 

 decision-making in dynamic 
process of trial and error. Unlike 

which relies on labeled data, RL enables 
actions by interacting with their 
feedback in the form of rewards or 

particularly suitable for cybersecurity, 
constantly changing, and pre- labeled 
available. This paper investigates the 

 cyber defence, with a focus on 
detect and respond to threats 

framework allows for continuous 
mechanisms to improve their 

simulating diverse attack scenarios and 
defender agent, this research aims to 

RL to address the limitations of 
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Furthermore, this work highlights the benefits of RL in 
enhancing detection accuracy, reducing response times, and 
adapting to previously unseen attack patterns, thus paving the 
way for the development of robust, scalable, and automated 
cybersecurity solutions. 
 
Objectives 
  
The primary objectives of this study are outlined as follows: 
 
 Development of an RL-Based Adaptive Cyber Defence 

System: To design and implement a reinforcement 
learning-based system that can autonomously defend 
against cyber threats by adapting to dynamic 
environments. 

 Evaluation Across Diverse Attack Scenarios: To 
rigorously test the system's effectiveness against various 
types of cyberattacks, including known, unknown, and 
evolving threats, ensuring comprehensive coverage. 

 Comparison with Traditional Defence Mechanisms: To 
benchmark the RL-based system against conventional 
cybersecurity solutions, focusing on key metrics such as 
detection accuracy, response time, and false positive 
rates. 

 Scalability and Real-Time Adaptability: To assess the 
system's ability to operate effectively in large-scale, real-
time scenarios while maintaining performance and 
accuracy under high computational demands. 

 Optimization of RL Algorithms: To refine the reward 
structure, exploration strategies, and learning algorithms to 
maximize the efficiency and robustness of the adaptive 
defence system. 

 

METHODOLOGY 
 
The proposed framework consists of: 
 
 Environment Simulation: A network simulation platform 

with realistic traffic and attack scenarios. 
 RL Agent: A defender agent that learns strategies to secure 

the system. 
 Attack Models: Various attack types, including Distributed 

Denial of Service (DDoS), phishing, and ransom ware. 
Several RL algorithms are tested to determine the most 
effective approach: 

 Q-Learning: For discrete action spaces. 
 Deep Q-Networks (DQN): For complex environments 

requiring deep learning. 
 Proximal Policy Optimization (PPO): A policy-gradient 

method for balancing exploration and exploitation. 
 

RESULTS AND DISCUSSION 
 
The experimental evaluation of the RL-based adaptive cyber 
defence system yielded the following insights: 
 
 Detection Accuracy: The system demonstrated a 

detection accuracy exceeding 90%, significantly 
outperforming traditional defence methods that typically 
range between 70% and 85%. 

 
 
 

 False Positive Rate: Through iterative training and 
optimization of the reward structure, the false positive rate 
was reduced to less than 5%, ensuring high reliability and 
minimal disruptions. 

 Response Time: The RL agent consistently responded to 
threats within milliseconds, showcasing its ability to 
operate in real-time scenarios and minimize potential 
damage. 

 Adaptability: The system effectively adapted to new and 
previously unseen attack patterns, requiring only a few 
learning cycles to integrate and respond to novel threats. 

 

CONCLUSION 
 
Reinforcement Learning offers a transformative approach to 
adaptive cyber defence, addressing the limitations of traditional 
static methods. By leveraging its ability to dynamically learn 
and adapt, RL-based systems present a proactive solution to the 
challenges posed by modern cybersecurity threats. This 
research demonstrates that RL can significantly enhance 
detection accuracy, reduce response times, and mitigate 
advanced threats, including zero-day attacks and advanced 
persistent threats. The integration of RL with adaptive cyber 
defence systems marks a significant advancement in 
cybersecurity, showcasing the potential to evolve alongside 
increasingly sophisticated adversaries. However, this study also 
highlights areas that require further exploration, including the 
need for more efficient training algorithms, robust parameter 
tuning methods, and real- world validation. Future research 
should focus on expanding the capabilities of RL-based 
systems to operate in multi-agent settings, integrating them 
with existing defence infrastructures, and exploring their 
application in diverse real-world environments. By doing so, RL 
can pave the way for a new era of intelligent, automated, and 
scalable cyber defence solutions capable of safeguarding 
critical systems against ever-evolving threats. 
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