Journal of Legal Research and Polity | Volume 1 | Issue 1 | June 2025

THE ROLE OF MACHINE LEARNING IN CYBER-SECURITY

By: Bhagaban Paul

ABSTRACT

The present defense system lacks combating force to deal with the cyber threats that have been
getting more technically developed and creativity in committing of the crime. Machine learning
(ML) technology, which is another aspect of artificial intelligence, has been a firm player in
abetting the commission of crime. The best thing about machine learning is that it does not require
much human surveillance and can analyze large databases and give solutions. Despite the odds of
machine learning, this can also be useful in combating cyber-crime. This paper carefully looks at
the different aspects of machine learning (ML) that can be used in providing cybersecurity.
Machine learning can be used in detecting advanced threats, analyzing complex malware, viruses,
anticipating cyberthreats and monitor human behaviour for forecasting or otherwise which is
complex, naturally unpredictable and does not have any straight cut jacket formula. It also critically
examines the challenges encountered by machine learning like biasness, vulnerability towards
cyber-attack and ethical challenges. On perusing the recent case studies, it reveals how machine
learning has changed the modern day cybersecurity dimensions. The paper emphasizes the need
for collaborative, interdisciplinary initiatives to mitigate the risks linked to machine learning

deployment and to ensure its responsible and ethical application.
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1. INTRODUCTION

Artificial Intelligence has been transforming human life across the globe and the most it has been
dominantly used is in the education sector, financial decision, data analysis, recruitment etc. The
heart of artificial intelligence is based on algorithms which are basically nothing but a set of
mathematical programming languages which are used to solve critical problems. The faster nature
in giving solutions is not however immune to biasness. Now it may sound strange that a machine

can turn bias when it itself is based on programming, but the fact is machine learning is capable of
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learning from experience and analysis. When the programmed models are doing analysis like

human beings, the result is supposed to give discriminatory outcomes.

The article seeks to understand the Al technologies in ameliorating cyber-security. This research
paper also emphasizes algorithmic biases and the associated threats. The algorithmic bias can be
due to different reasons; the most prominent reason is the faulty data based upon which the output
will tend to become inappropriate. This phenomenon may further affect the existing social

inequalities and has the capacity to bring new biases into the society.

The fact that many Al programs are consider as "black box" which denotes the complicated nature
of Al to rise above the biasness to solve problem. Even the people who make these complicated
models often find that it's hard to see how they make decisions, which makes it hard to figure out
exactly on how the Al has come to the generated output. The lack of transparency in Al has been
a serious threat in assessing the accountability. It is up to us to figure out who is responsible for

the harm when Al makes important decisions, and the results are quite absurd.

2. LITERATURE REVIEW

Yin et al. (2017) emphasized the advantages od machine learning and various machine learning
models like the Recurrent Neural Networks (RNNs) and the Convolutional Neural Networks
(CNNp5s) in detecting the indicative pattern of network intrusion. The study addressed that these
models however have able to achieve high level of accuracy, they are inherently dependent on

extensive computational resources and large volumes of high-quality data.

Buczak and Guven (2016) investigated the efficacy of various ML algorithms in automating and
accelerating the detection of anomalies within network traffic. They focussed on the study where
the machine learning can be used not only in providing cyber security but also in enhancing it.
Their study demonstrated the practical application of models such as Decision Trees, Random
Forests, and Support Vector Machines (SVMs), all of which exhibited strong performance in
identifying both established and emerging threats.
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Conversely, Biggio and Roli (2018) offered a critical perspective on adversarial machine learning.
Their findings disclose that whenever an alteration is made in the input data the machine learning
system is vulnerable towards biasness. This has a link up with the functionality of machine learning
and its probability in getting misleading by the network intruders resulting into compromising the

defensive mechanism of machine learning in countering cyber-attack.

Although contemporary research discloses potential of Machine Learning in combating cyber
threats and that the ML has the capacity to fight the several challenges but issues like building
transparent outcome is still a major obstacle. This also wide range of associated problems which

the real-world will face giving rise to the scope of further research and academic discussion.

3. MACHINE LEARNING IN CYBERSECURITY

3.1 Intrusion Detection and Prevention Systems (IDPS)

ML-enhanced IDPS is built of advanced algorithms like k-Nearest Neighbors (k-NN), SVMs
and Deep Neural Networks (DNNs) which effectively identify anomalies in the internet network.
These types of algorithms are capable of self-learning and simultaneously also able to generate a

robust model to continuously monitor cyber threats and in ameliorating cyber security.

3.2 Malware Detection and Classification

Traditional detection models like the Signature based systems lack sophisticated methodology in
identifying a new variety of malware cyber threats. On the other hand, ML models, which are
backed by CNNs and Random Forests, are exceptionally good in assessing both code structures
and behavioral patterns. This further helps to accurately classify malware even in the absence of

predefined signatures, on a much faster basis.

3.3 Phishing and Spam Filtering

Algorithms such as logistic regression, naive bayes and ensemble learning are utilized to
evaluate textual cues, analyze metadata, and scrutinize embedded URLs, thereby effectively
detecting suspicious communications. ML models with advanced Natural Language Processing
(NLP) techniques play an effective role in accurately detecting new forms of cyber-crime like
phishing emails or sending spam e-mails.
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3.4 User Behavior Analytics (UBA)

User Behavior Analytics (UBA) systems used in ML to detect intra anomalies and build a detailed
profile of typical user activities. Techniques like Isolation Forests and Autoencoders are
considered highly effective in identifying subtle behavioral deviations that might remain unseen

by traditional security measures.

4. MACHINE LEARNING TECHNIQUES IN CYBERSECURITY

4.1 Supervised Learning
Supervised learning methodologies work with the help of labeled datasets by clearly indicating
what is what. ‘Decision Trees’ is used to make decisions, ‘Logistic Regression’ used to detect

malware or otherwise, and ‘SVMSs’ are used to categorize data.

4.2 Unsupervised Learning

Unlike Supervised Learning, Supervised Learning does not use any label datasheets. That means
there is no indication of what it is. The Unsupervised learning uses techniques such as K-Means
and DBSCAN clustering to spot strange behaviour and detect possible cyber-attack. It excels at
identifying cyber-threats without relying on pre-labeled inputs thus making it exceptionally

effective in detecting suspicious behavior within vast network activity logs.

4.3 Reinforcement Learning
Reinforcement learning is capable of learning from its own experience and improving its
combating nature against cyber-threats. This system generally works on reward-based, which

means that the system can analyze the feedback and improve its defense strategies.

4.4 Deep Learning
Deep learning, a special type of ML which uses multi-layered neural networks. It uses models
such as CNNs and RNNs in developing cybersecurity tasks capable of identifying safe and unsafe

documents and studying a sequential pattern in identifying cyber-threats.

5. DISTINCT ADVANTAGES OF ML IN CYBERSECURITY
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Scalability: ML models are distinctly advanced than any human intellect to possess data
and analyze it. Faster data analysis to take prompt decisions which alternatively act as a
life support system for cyber-security.

Real-Time Detection: Machine learning models contain technical proficiency and can
emulate the human brain, which surpasses any high 1Q level exhibited by an individual.
This capability allows machine learning to identify emerging threats in real time, thereby
mitigating cyber risks and implementing preventative steps before substantial losses occur.
Continuous Learning: In addition to emulating the human brain, the unique selling
proposition of Machine Learning (ML) lies in its capacity for continual learning through
experience and ‘prompt engineering’. This specialization in machine learning ensures its
competitiveness and market relevance, consistently aligning with the ever-developing
strategies of cyber-criminals.

Reduced False Positives: Advanced ML algorithms are designed to detect superfluous or
false cyber-threats which might the cyber-criminals used as a trap to divert the ML to cause
intrusion for causing real damage. This feature helps to concentrate only on the relevant

data of cyber threats.

6. COMPREHENSIVE ANALYSIS OF OPPORTUNITIES AND CHALLENGES

Machine learning has elevated cyber-security to a new echelon, significantly reducing the

necessity for human interaction, with the prospect of complete automation in the forthcoming years.

As previously mentioned, the capability of machine learning to enhance cybersecurity presents

additional potential, particularly when it can accurately identify cyber threats before they inflict

substantial damage. The machine learning system possesses the ability to evolve from intelligent

to exceptionally intelligent and beyond.

6.1 Key Challenges

1.

Adversarial Attacks: Just as humans may be fooled or manipulated, so too can Artificial
Intelligence, which emulates the human brain. Cyber-attackers are technically proficient
and consistently strive to achieve their objectives by developing distinctive patterns. The

machine learning system, while adept at isolating extraneous data files from the network,

[37]



Journal of Legal Research and Polity | Volume 1 | Issue 1 | June 2025

may fail to identify significant threat files or may erroneously categorize all files into the
exclusion zone, potentially encompassing pertinent files as well.

2. Data Limitations: Data privacy or violation is a serious concern. Highly private
information may not be disseminated openly. Machine learning functions depend on data.
The success rate is mostly reliant upon the quality of the data. However, high-quality data
is limited, and if the available data is the actual output of conjecture and surmises, machine
learning is likely to malfunction or produce unsatisfactory results.

3. Model Transparency: Complex ML models, particularly deep learning, lacks in
exhibiting transparency on providing reasons on the output result. This area is often called
as thew "black which pose challenge to the humans on whether to accept the result of the
ML or not.

4. Ethical and Legal Issues: ML tools pose severe threats to ethical and legal issues. ML
does extensive human behavior monitoring on what the human is typing, clicking buttons,
going to sites or filing forms or otherwise, there is supposed to arise privacy issues. On the
one hand there are privacy issues and on the other hand there are security issues. The
machine learning system will not relent on security concerns and will continue operating
until it is manually halted or uninstalled. The result is a persistent argument on the choice

for legality against ethics.

6.2 Responsible Adoption

To ensure the appropriate and sustainable application of machine learning in cybersecurity,
collaboration among interdisciplinary stakeholders from numerous fields such as law, philosophy,
sociology, engineering, and medicine is essential. Additional study and discussions should be
conducted to formulate a public policy that addresses the concerns. Challenges should be perceived
as opportunities and converted into avenues for enhancement. The team contributors must
collaborate to formulate a universally acceptable policy along with creating machine learning

models that enhance communication and improve efficiency in combating cyber threats.

7. CONCLUSION
Machine Learning occupies a significant role in our daily lives. This is not a demand but a need to

combat the continually increasing cyber threats. Machine learning models are employed not just
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to identify intruders but also to prevent them from inflicting substantial damage. Its unmatched
capacity to process extensive volumes of data and analyse it to resolve potential cyber issues
surpasses any human capability. In the current digital age, nuclear threats are accompanied by an
increasing prevalence of cyber-attacks. Conducting a nuclear assault is time-intensive, involves
international ramifications, risks condemnation from the United Nations, incurs substantial costs,
and necessitates a specialized launch platform. In contrast, executing a cyber-attack is
advantageous from multiple perspectives and offers anonymity to evade accountability.

Consequently, cyber-attacks have emerged as the primary choice for perpetrators.

The conclusive statement is that the implementation of machine learning for cybersecurity should
be approached with caution. It is asserted that privacy, along with security, is essential. Both are
the dual eyes of a single skull. In instances of ambiguity between choosing privacy or security,
security should be prioritized over privacy. if it is related to majority people, but if the situation is
related to single individual or a group, this must be taken on fact basis. In contrast, in the absence
of a public policy on this matter, disputes will persist without a mutually beneficial resolution.
Machine learning should not be only entrusted to technocrats; essential stakeholders such as
policymakers and legal experts must also be included in the development of a solid and sustainable

framework for delivering cybersecurity solutions.
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