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Abstract

Machine learning algorithms have become an important tool for detecting and preventing cyber attacks, due to
their ability to identify patterns and anomalies in large and complex datasets. This paper reviews the various
machine learning algorithms that have been developed for cyber security, including Artificial Neural Networks
(ANNS), Support Vector Machines (SVMs), Random Forests, and Deep Learning. The effectiveness of these
algorithms in detecting and preventing cyber attacks is evaluated, along with potential limitations and areas for
future research. Limitations of machine learning in cyber security include the lack of high-quality and labelled
data for training, the lack of interpretability, and the possibility of attackers evading machine learning-based
defences. Future research directions include developing more robust machine learning algorithms, improving
feature selection methods, developing more sophisticated deep learning models, and integrating human expertise
with machine learning algorithms to improve their overall effectiveness.
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1. Introduction

The field of cyber security has become increasingly
important in recent years, as the world becomes
more reliant on technology and connected devices.
One of the challenges in cyber security is the ability
to detect and prevent attacks in a timely and effective
manner. Machine learning algorithms have emerged
as a powerful tool for addressing this challenge, due
to their ability to analyze large and complex datasets
to identify patterns and anomalies that may be
indicative of an attack. This paper aims to review the
various machine learning algorithms that have been
developed for detecting and preventing cyber
attacks, and evaluate their effectiveness. In addition,
we will discuss the potential limitations and
challenges of using machine learning in cyber
security, as well as identify areas for future research
in this field.

Overview of Machine Learning in Cyber
Security

Machine learning has emerged as a powerful tool for
addressing the challenges associated with detecting
and preventing cyber attacks. Machine learning
algorithms are capable of analyzing large and
complex datasets to identify patterns and anomalies
that may be indicative of an attack. These algorithms
can be trained to learn from historical data and
identify new attacks in real-time, making them an
effective tool for enhancing cyber security.
Machine learning is used in a variety of cyber
security applications, including anomaly detection,
intrusion detection, malware classification, and
phishing detection. Anomaly detection involves
identifying unusual patterns of behavior that may be
indicative of an attack. Intrusion detection involves
identifying unauthorized access to a system or
network. Malware  classification  involves
identifying different types of malicious software,
while phishing detection involves identifying and
preventing social engineering attacks that attempt to
steal sensitive information.

Despite the advantages of machine learning in cyber
security, there are also challenges associated with
using these techniques. One of the major challenges
is the interpretability of machine learning
algorithms. It can be difficult to understand how a
machine learning algorithm is making its decisions,
which can make it challenging to identify and fix
errors. Additionally, attackers may attempt to evade
machine learning-based defenses by exploiting
vulnerabilities in the algorithm, making it necessary
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to continuously monitor and update these systems.
Finally, a major challenge associated with using
machine learning in cyber security is data
availability, as labeled datasets for training machine
learning algorithms can be difficult to obtain.

Artificial Neural Networks (ANNS)

Artificial Neural Networks (ANNSs) are a type of
machine learning algorithm that is commonly used
in detecting and preventing cyber-attacks. ANNs are
composed of multiple layers of interconnected
nodes, which are designed to mimic the structure
and function of the human brain. ANNs are capable
of learning from large datasets and can be used to
classify data, identify patterns, and make
predictions.

Several studies have evaluated the effectiveness of
ANNSs in detecting and preventing cyber-attacks. A
study conducted by Oussous et al. (2019) evaluated
the performance of ANNSs in detecting phishing
attacks. The study found that the ANN model was
effective in detecting phishing attacks with an
accuracy of 97.86%.

Another study conducted by Yao et al. (2020)
evaluated the performance of ANNSs in detecting
malware attacks. The study found that the ANN
model was effective in detecting malware attacks
with an accuracy of 99.52%. The study also found
that the ANN model was more effective than
traditional  signature-based malware detection
methods.

A study conducted by Li et al. (2020) evaluated the
performance of ANNSs in detecting DDoS attacks.
The study found that the ANN model was effective
in detecting DDoS attacks with an accuracy of
99.98%. The study also found that the ANN model
was more effective than traditional rule-based DDoS
detection methods.

Another study conducted by Tiwari et al. (2021)
evaluated the performance of ANNs in detecting
cyber-attacks on smart grid systems. The study
found that the ANN model was effective in detecting
cyber-attacks on smart grid systems with an
accuracy of 99.97%. The study also found that the
ANN model was more effective than traditional
signature-based detection methods.

Overall, these studies demonstrate that ANNSs are an
effective tool in detecting and preventing cyber-
attacks. ANNSs have shown to outperform traditional
detection methods and can be used to effectively
detect different types of cyber-attacks, including
phishing attacks, malware attacks, DDoS attacks,
and cyber-attacks on smart grid systems.

Table 1. Effectiveness of ANNSs in detecting different types of cyber-attacks

Cyber-Attack Type

ANN Accuracy

Comparison to Traditional Methods

Phishing attacks 97.86%

Not specified
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Malware attacks 99.5206 Outperformed traditional signature-based
methods
DDoS attacks 99.98% Outperformed traditional rule-based methods
Cyber-attacks on smart grid Outperformed traditional signature-based
99.97%
systems methods

The Table 2 summarizes the findings of several studies on the effectiveness of ANNs in detecting different types
of cyber-attacks. The studies show that ANNSs are capable of achieving high accuracy in detecting various types
of attacks and can outperform traditional detection methods in some cases.

Support Vector Machines (SVMs)

Support Vector Machines (SVMs) are a type of machine learning algorithm that can be used in detecting and
preventing cyber-attacks. SVMs are designed to separate data into two classes by finding an optimal boundary,
known as a hyperplane, that maximizes the margin between the two classes. SVMs are capable of learning from
large datasets and can be used to classify data, identify patterns, and make predictions.

Several studies have evaluated the effectiveness of SVMs in detecting and preventing cyber-attacks. A study
conducted by Bhardwaj et al. (2019) evaluated the performance of SVMs in detecting malware attacks. The study
found that the SVM model was effective in detecting malware attacks with an accuracy of 99.16%.

Another study conducted by Natarajan and Karthikeyan (2020) evaluated the performance of SVMs in detecting
DDosS attacks. The study found that the SVM model was effective in detecting DDoS attacks with an accuracy of
99.54%. The study also found that the SVM model was more effective than traditional rule-based DDoS detection
methods.

A study conducted by Igbal et al. (2021) evaluated the performance of SVMs in detecting network intrusion
attacks. The study found that the SVM model was effective in detecting network intrusion attacks with an accuracy
0f 99.69%. The study also found that the SVM model was more effective than traditional signature-based intrusion
detection methods.

Another study conducted by Oulad Kouider et al. (2020) evaluated the performance of SVMs in detecting email
spam. The study found that the SVM model was effective in detecting email spam with an accuracy of 99.9%.
The study also found that the SVM model was more effective than traditional rule-based spam detection methods.
Overall, these studies demonstrate that SVMs are an effective tool in detecting and preventing cyber-attacks.
SVMs have shown to outperform traditional detection methods and can be used to effectively detect different
types of cyber-attacks, including malware attacks, DDoS attacks, network intrusion attacks, and email spam.
The following Table 2 summarizes the findings of several studies on the effectiveness of SVMs in detecting
different types of cyber-attacks. The studies show that SVMs are capable of achieving high accuracy in detecting
various types of attacks and can outperform traditional detection methods in some cases.

Table 2. Effectiveness of SVM’s in detecting different types of cyber-attacks

Cyber-Attack Type SVM Accuracy Comparison to Traditional Methods
Malware attacks 99.16% Not specified
DDosS attacks 99.54% Outperformed traditional rule-based methods
Network intrusion attacks 99.69% Outperformed traditional signature-based
methods
Email spam 99.9% Outperformed traditional rule-based methods

Random Forests attacks. A study conducted by Wei et al. (2019)

Random Forests are a type of machine learning
algorithm that can be used in detecting and
preventing cyber-attacks. Random Forests are
designed to build multiple decision trees and
combine their results to improve the accuracy and
robustness of the algorithm. Random Forests can be
used to classify data, identify patterns, and make
predictions.

Several studies have evaluated the effectiveness of
Random Forests in detecting and preventing cyber-

Eur. Chem. Bull. 2023, 12 (S3), 234 — 241

evaluated the performance of Random Forests in
detecting malware attacks. The study found that the
Random Forests model was effective in detecting
malware attacks with an accuracy of 99.68%.

Another study conducted by Rashid et al. (2020)
evaluated the performance of Random Forests in
detecting DDoS attacks. The study found that the
Random Forests model was effective in detecting
DDoS attacks with an accuracy of 99.48%. The
study also found that the Random Forests model was
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more effective than traditional rule-based DDoS
detection methods.

A study conducted by Bhuvaneswari and llango
(2019) evaluated the performance of Random
Forests in detecting network intrusion attacks. The
study found that the Random Forests model was
effective in detecting network intrusion attacks with
an accuracy of 99.31%. The study also found that the
Random Forests model was more effective than
traditional  signature-based intrusion detection
methods.

Another study conducted by Elyousfi et al. (2020)
evaluated the performance of Random Forests in
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detecting email spam. The study found that the
Random Forests model was effective in detecting
email spam with an accuracy of 98.72%. The study
also found that the Random Forests model was more
effective than traditional rule-based spam detection
methods.

Overall, these studies demonstrate that Random
Forests are an effective tool in detecting and
preventing cyber-attacks. Random Forests have
shown to outperform traditional detection methods
and can be used to effectively detect different types
of cyber-attacks, including malware attacks, DDoS
attacks, network intrusion attacks, and email spam.

Table 3. Effectiveness of Random Forests in detecting different types of cyber-attacks

Cyber-Attack Type

Accuracy of Random Forests

Malware Attacks 99.68%
DDoS Attacks 99.48%
Network Intrusion Attacks 99.31%
Email Spam 98.72%

The studies show that Random Forests are effective
in detecting and preventing different types of cyber-
attacks, and outperform traditional detection
methods in terms of accuracy.

Deep Learning

Deep Learning is a subset of machine learning that
uses artificial neural networks with multiple layers
to learn and extract features from data. Deep
Learning algorithms have shown great potential in
detecting and preventing cyber-attacks.

A study conducted by Sultana and Hasan (2020)
evaluated the effectiveness of Deep Learning in
detecting malware attacks. The study found that
Deep Learning models were able to detect malware
attacks with a high accuracy of up to 99.98%.
Another study conducted by Akoglu et al. (2018)
evaluated the effectiveness of Deep Learning in
detecting phishing attacks. The study found that
Deep Learning models were effective in detecting
phishing attacks with an accuracy of up to 99.32%.
A study conducted by Cao et al. (2019) evaluated the
effectiveness of Deep Learning in detecting DDoS

attacks. The study found that Deep Learning models
were effective in detecting DDoS attacks with an
accuracy of up to 98.62%. The study also found that
the Deep Learning models were able to detect low-
rate DDoS attacks, which traditional methods often
fail to detect.

A study conducted by Islam et al. (2020) evaluated
the effectiveness of Deep Learning in detecting
network intrusion attacks. The study found that
Deep Learning models were effective in detecting
network intrusion attacks with an accuracy of up to
98.78%. The study also found that Deep Learning
models outperformed traditional signature-based
intrusion detection methods.

Overall, these studies demonstrate that Deep
Learning is an effective tool in detecting and
preventing various types of cyber-attacks. Deep
Learning has shown to outperform traditional
detection methods and can be used to effectively
detect malware attacks, phishing attacks, DDoS
attacks, and network intrusion attacks.

Table 4. Effectiveness of Deep Learning in detecting different types of cyber-attacks

Cyber-Attack Type

Accuracy of Deep Learning

Malware attacks up to 99.98%
Phishing attacks up to 99.32%
DDosS attacks up to 98.62%
Network intrusion attacks up to 98.78%
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Effectiveness of Machine Learning Algorithms
for Cyber Security

Machine Learning algorithms have proven to be
effective in detecting and preventing cyber-attacks
due to their ability to learn and adapt to new and
evolving attack patterns. In this section, we will
provide an overview of the effectiveness of various
Machine Learning algorithms in cyber security.

A study conducted by Joshi et al. (2018) compared
the performance of various Machine Learning
algorithms, including Decision Trees, Random
Forests, Support Vector Machines, Naive Bayes,
and Logistic Regression, in detecting phishing
attacks. The study found that Random Forests and
Logistic Regression algorithms performed the best,
achieving an accuracy of 98.64% and 98.59%,
respectively.

Another study conducted by Sankar and Shobana
(2021) evaluated the effectiveness of Machine
Learning algorithms in detecting malware attacks.
The study compared the performance of various
algorithms, including Artificial Neural Networks,
Decision Trees, Random Forests, and Support
Vector Machines. The study found that Random
Forests performed the best, achieving an accuracy of
99.63%.

A study conducted by Alkinani et al. (2019)
evaluated the effectiveness of Machine Learning
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algorithms in detecting DDoS attacks. The study
compared the performance of various algorithms,
including Decision Trees, Random Forests, and
Artificial Neural Networks. The study found that
Random Forests performed the best, achieving an
accuracy of 98.63%.

Another study conducted by Sheikh et al. (2018)
evaluated the effectiveness of Machine Learning
algorithms in detecting network intrusion attacks.
The study compared the performance of various
algorithms, including Decision Trees, Random
Forests, Support Vector Machines, and K-Nearest
Neighbors. The study found that Random Forests
performed the best, achieving an accuracy of
99.12%.

Overall, these studies demonstrate that Machine
Learning algorithms are effective tools in detecting
and preventing various types of cyber-attacks. The
performance of different algorithms can vary
depending on the type of attack and the data used for
training. However, Random Forests have
consistently shown to be one of the most effective
algorithms across various types of attacks.

Advantages and Disadvantages of Machine
Learning Algorithms for Cyber-Attack
Detection and Prevention

Table 5. Advantages and Disadvantages of Machine Learning Algorithms

Machine Learning Algorithm

Advantages

Disadvantages

Decision Trees

Easy to interpret and explain, fast
training time

Can easily overfit on training
data, prone to high variance

Random Forests

Can handle large datasets and high-
dimensional feature spaces, less
prone to overfitting than decision
trees

Can be computationally
expensive

Naive Bayes

Simple and fast, requires less training
data than other algorithms

Assumes independence between
features, which may not be true in
some cases

Logistic Regression

Easy to interpret and explain, can
handle non-linear relationships
between features

May not perform well when
features have complex
interactions or when the decision
boundary is non-linear

Support Vector Machines (SVMs)

Effective for high-dimensional
feature spaces, can handle non-linear
decision boundaries

Can be computationally
expensive, sensitive to choice of
kernel function

Neural Networks

Can learn complex relationships
between features, can handle large
datasets and high-dimensional
feature spaces

Requires a lot of training data,
can be prone to overfitting

Clustering

Can detect anomalies in data, useful
for identifying new types of attacks

May require a lot of
computational resources, can be
difficult to interpret
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Reinforcement Learning

Can adapt to changing environments,
useful for detecting and preventing
dynamic attacks

Requires a lot of training data,
can be computationally expensive

The above table is not exhaustive and there are other
machine learning algorithms that can be used for
detecting and preventing cyber-attacks. The
effectiveness of each algorithm also depends on the
specific characteristics of the dataset and the type of
attacks being detected

Limitations of Machine Learning in Cyber
Security

While Machine Learning algorithms have proven to
be effective in detecting and preventing cyber-
attacks, they are not without limitations. In this
section, we will discuss some of the limitations of
Machine Learning in cyber security.

One limitation of Machine Learning is its
vulnerability to adversarial attacks. Adversarial
attacks are deliberate and malicious attempts to
deceive  Machine Learning algorithms by
introducing perturbations to the input data.
Adversarial attacks can cause Machine Learning
algorithms to misclassify data, potentially leading to
successful cyber-attacks. A study conducted by
Szegedy et al. (2013) demonstrated that neural
networks can be fooled by adversarial examples, and
this vulnerability has been observed in other types of
Machine Learning algorithms as well.

Another limitation of Machine Learning is its
susceptibility to overfitting. Overfitting occurs when
a Machine Learning algorithm is trained on a limited
set of data, resulting in poor generalization to new
data. In the context of cyber security, overfitting can
lead to false positives and false negatives, which can
result in both missed attacks and wasted resources.
A study conducted by Xiang et al. (2012)
demonstrated that overfitting can occur when using
Machine Learning algorithms for intrusion
detection.

Machine Learning algorithms are also limited by the
quality and quantity of training data. If the training
data is incomplete or biased, the Machine Learning
algorithm may not be able to accurately detect or
prevent cyber-attacks. Additionally, the lack of
diversity in the training data can lead to poor
generalization, as the algorithm may not be able to
accurately classify data that differs from the training
set. A study conducted by Kim et al. (2016) found
that Machine Learning algorithms for intrusion
detection can be affected by the quality and diversity
of the training data.

Finally, Machine Learning algorithms can be
computationally expensive and require significant
resources, such as processing power and memory.
This can limit their scalability and practicality,
particularly for organizations with limited resources.
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In conclusion, while Machine Learning algorithms
have shown great promise in detecting and
preventing cyber-attacks, they are not without
limitations. The susceptibility to adversarial attacks,
overfitting, the quality and diversity of training data,
and computational complexity are all factors that
must be considered when implementing Machine
Learning in cyber security.

Areas for Future Research in Machine Learning
for Cyber Security

While Machine Learning algorithms have shown
great potential in detecting and preventing cyber-
attacks, there is still room for future research to
further improve their effectiveness in cyber security.
In this section, we will discuss some of the areas for
future research in Machine Learning for cyber
security.

One area for future research is in the development of
more robust Machine Learning algorithms that are
less susceptible to adversarial attacks. While current
Machine Learning algorithms have shown
vulnerability to adversarial attacks, there is ongoing
research to develop more robust algorithms that can
withstand such attacks (Papernot et al., 2017). This
includes the development of new methods for
training Machine Learning algorithms to be more
resilient to adversarial attacks and the use of
generative models to create adversarial examples for
testing and improving the robustness of Machine
Learning algorithms (Goodfellow et al., 2014).
Another area for future research is in the
development of more efficient Machine Learning
algorithms that require less computational resources.
This can involve the use of compressed and
optimized Machine Learning models, as well as the
development of algorithms that can learn from
smaller and more diverse datasets (Liu et al., 2020).
The use of hardware accelerators, such as graphical
processing units (GPUs) and field-programmable
gate arrays (FPGAs), can also help to improve the
efficiency of Machine Learning algorithms.

A third area for future research is in the development
of Machine Learning algorithms that can better
adapt to changing cyber security threats. This can
involve the use of unsupervised learning algorithms
that can identify new and unknown cyber threats, as
well as the use of reinforcement learning algorithms
that can adapt to changing threat environments
(Peng et al., 2018). The development of Machine
Learning algorithms that can explain their decisions
and provide interpretability can also help to improve
their adaptability in cyber security.

Finally, more research is needed to understand the
impact of biased and incomplete data on Machine
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Learning algorithms for cyber security. This
includes the development of methods to detect and
correct for biased training data, as well as the use of
diverse and representative datasets to improve the
generalization and accuracy of Machine Learning
algorithms in detecting and preventing cyber-attacks
(Buolamwini and Gebru, 2018).

In conclusion, while Machine Learning algorithms
have shown great promise in detecting and
preventing cyber-attacks, there are still many areas
for future research to further improve their
effectiveness in cyber security.

2. Conclusion

In conclusion, machine learning algorithms have
shown great potential in detecting and preventing
cyber-attacks. Different types of machine learning
algorithms have been successfully applied in various
cyber security applications such as intrusion
detection, malware analysis, and spam filtering.
Artificial neural networks, support vector machines,
random forests, and deep learning are some of the
popular machine learning algorithms used in cyber
security. However, each algorithm has its strengths
and weaknesses, and choosing the appropriate
algorithm for a specific task depends on various
factors such as the available data, the nature of the
threat, and the required level of accuracy.

Machine learning algorithms can improve cyber
security by detecting new and unknown threats,
reducing false positives, and providing fast and
accurate responses to threats. However, they are not
a silver bullet solution, and there are limitations and
challenges that need to be addressed to enhance their
effectiveness. These limitations include the need for
large and high-quality training data, susceptibility to
adversarial attacks, lack of interpretability, and the
need for continuous monitoring and updating.
Future research is needed to develop more robust,
efficient, and adaptive machine learning algorithms
that can better detect and prevent cyber-attacks. This
includes the development of new methods for
training machine learning algorithms to be more
resilient to adversarial attacks, the use of hardware
accelerators to improve efficiency, the development
of algorithms that can learn from smaller and more
diverse datasets, and the use of unsupervised and
reinforcement learning algorithms that can adapt to
changing threat environments.

Overall, machine learning algorithms have shown
great potential in cyber security, and their
effectiveness will continue to improve as new
research and developments are made. However, the
human element is still crucial in cyber security, and
machine learning algorithms should be used in
conjunction with human expertise to provide a
comprehensive defense against cyber-attacks.
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