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ABSTRACT:

The growing complexity and frequency of cyberattacks challenge the effectiveness of traditional cybersecurity methods, which
typically rely on static, signature-based detection. These conventional approaches are often inadequate against rapidly
evolving threats, including zero-day exploits, advanced persistent threats (APTs), and Al-driven attacks. This thesis explores
the application of machine learning (ML) as a dynamic and adaptive strategy to strengthen cybersecurity through improved
threat detection, prevention, and response.

The research investigates how different ML techniques—supervised, unsupervised, and reinforcement learning—can be
utilized to build intelligent systems that detect anomalies, analyse network behaviour, and predict potential breaches in real
time. The study evaluates the performance of various algorithms, including decision trees, support vector machines, neural
networks, and clustering methods, in identifying malicious activity within diverse and complex digital environments.

In addition to algorithmic performance, the dissertation addresses several key challenges in deploying ML for cybersecurity.
These include handling imbalanced datasets, selecting relevant features, ensuring model robustness against adversarial
attacks, and improving the interpretability of ML models for security analysts. Through extensive experimentation and
comparative analysis, the research highlights the strengths and limitations of each ML approach in the context of
cybersecurity.

The findings demonstrate that machine learning can significantly enhance the flexibility, accuracy, and efficiency of cyber
defence systems. By enabling proactive threat detection and adaptive responses, ML-based models offer a pathway toward
more resilient and scalable security infrastructures. This work contributes practical insights and methodological guidance for
researchers and practitioners aiming to develop next-generation cybersecurity frameworks powered by machine learning.
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A MACHINE LEARNING APPROACH TO THREAT
DETECTION AND MITIGATION

As cyber threats grow in complexity and frequency,

from new data, these systems can help reduce false
traditional rule-based security systems often struggle to

positives and detect subtle indicators of compromise that

keep up. This is where machine learning (ML) steps
in—offering a smarter, adaptive approach to
cybersecurity. Unlike conventional systems that rely on
predefined rules, ML-based solutions can analyse massive
volumes of data, learn from patterns, and detect anomalies
that might indicate potential threats.

Machine learning enables systems to evolve with emerging
attack techniques, identifying malware, phishing attempts,
or insider threats in real time—even when such threats
have never been seen before. By continuously learning

might go unnoticed by human analysts or static tools.

In this chapter, you'll explore how machine learning
enhances threat detection and mitigation, the types of
algorithms used (such as supervised learning and anomaly
detection), and real-world applications including intrusion
detection systems and automated response mechanisms.
Whether you are a cybersecurity novice or seeking to stay
ahead of emerging threats, understanding how machine
learning fits into the security landscape is essential for
defending against today’s—and tomorrow’s—cyber
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threats.

LITERATURE SURVEY: PROMINENT STUDIES IN
ML-BASED THREAT DETECTION & PREVENTION

Several key studies have advanced understanding of how
machine learning (ML), deep learning (DL), federated
learning (FL), and reinforcement learning (RL) can detect
and prevent cyber threats.

e Advancing Cybersecurity: A Comprehensive Review
of Al-Driven Detection Techniques (2024) examines
over 60 recent studies, showing ML, DL, and
metaheuristic algorithms significantly improve
detection in domains such as malware, network
intrusions, spam, and insider threats. The study
highlights the advantages of deep learning in
capturing nonlinear features and identifying
subtle anomalies. (Springer Open)

e Emerging Al Threats in Cybercrime: A Review of
Zero-Day Attacks via ML, DL, and Federated
Learning (2025) focuses specifically on zero-day
vulnerabilities, where prior signatures are
unavailable. It emphasizes anomaly detection,
generalization across attack types, and improving
model robustness under data imbalance and
computational constraints. (SpringerLink)

e Arms Race in Adversarial Malware Detection: A
Survey (2020) delves into adversarial attacks on
malware detectors, mapping attack strategies
versus defence strategies. The paper underscores
how feature choice, knowledge assumptions, and
adversarial training play critical roles in
real-world robustness. (arXiv)

e Cybersecurity and Reinforcement Learning — A
Brief Survey (2022) reviews RL techniques in
intrusion detection/prevention, Identity and
Access Management (IAM), and Internet of Things
(IoT), and finds that while RL holds promise for
dynamic threat response, applications in certain
domains like IAM are underexplored.

PROPOSED WORK

e The objective of this research is to develop a
comprehensive cybersecurity framework utilizing
advanced machine learning (ML) methodologies
for enhanced threat detection, prevention, and
mitigation. The proposed work aims to integrate
multiple ML paradigms, including supervised,
unsupervised, and reinforcement learning
techniques, to address the limitations of
traditional signature-based security systems in
identifying both known and unknown cyber
threats.

e This study will focus on designing robust models
capable of detecting anomalies and predicting
malicious activities in real-time, thereby enabling
proactive cyber defence. Key challenges such as
class imbalance, feature selection, and adversarial

IMPACT FACTOR VALUE : 5.983 | E-ISSN NO : 2455-295X | VOLUME : 12 | ISSUE : 2 | FEBRUARY 2026

resilience will be systematically addressed to
improve model accuracy and reliability.
Additionally, the interpretability of machine
learning models will be enhanced to support
effective  decision-making by cybersecurity
practitioners.

e The research will conduct rigorous
experimentation and comparative analysis of
various algorithms—including decision trees,
support vector machines, neural networks, and
clustering methods—on diverse datasets that
simulate complex cyber environments.
Furthermore, reinforcement learning will be
explored to develop adaptive defence mechanisms
capable of dynamically responding to evolving
threats.

e The outcome of this work is expected to
contribute a scalable and adaptive cybersecurity
solution, offering significant improvements in
detection precision, false positive reduction, and
mitigation efficiency, thereby advancing the
state-of-the-art in ML-driven cyber defence.
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CONCLUSION

The integration of machine learning techniques into
cybersecurity marks a significant advancement in the
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detection, prevention, and mitigation of evolving threats.
Traditional signature-based security measures, while
foundational, are increasingly inadequate against
sophisticated and rapidly mutating attack vectors. Machine
learning offers the ability to analyse large-scale,
high-dimensional data, enabling systems to identify subtle
patterns and anomalies indicative of malicious behaviour.

Supervised learning approaches have demonstrated
efficacy in recognizing known attack signatures, whereas
unsupervised and anomaly detection methods provide
essential capabilities for identifying novel, zero-day
threats. Deep learning architectures further enhance these
capabilities by autonomously extracting complex features
from diverse data sources, such as network traffic and
system logs. Additionally, reinforcement learning opens
avenues for adaptive, proactive defence strategies,
allowing systems to dynamically respond to emerging
threats.

Nonetheless, challenges persist, particularly regarding
model interpretability, the scarcity and quality of labelled
data, and wvulnerabilities to adversarial manipulation.
Addressing these issues is critical to advancing the
reliability and trustworthiness of machine learning-based
security solutions.

In  conclusion, machine learning represents a
transformative paradigm in cybersecurity, promising
improved resilience against complex threats. Continued
interdisciplinary research combining theoretical rigor with
practical deployment is essential to realize its full potential
in safeguarding digital infrastructure.
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