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Abstract

Cybersecurity risks are heightened by the quick proliferation of smart things and the growing frequency
and severity of intrusions. Cybersecurity primarily guards against external assaults on the data,
software, and hardware that are part of a system with an active internet connection. Cybersecurity is
primarily used by organizations to guard against unwanted access to their records and systems. In this
article review the various literature’s study on deep learning in cybersecurity. Additionally, explore the
challenges, application and future prospects in Cybersecurity. It concluded that deep learning plays a
crucial role in cybersecurity by enhancing intrusion detection, malware classification, and anomaly
detection. Techniques like SMOTE address class imbalance, while models such as CatBoost and
XGBoost outperform deep learning in identifying cyber threats. Challenges include handling untidy,
hierarchical data, optimizing model parameters, and balancing accuracy with training time. Future
advancements will focus on improving detection performance, securing neural networks against
adversarial attacks, and optimizing models for resource-constrained environments. Integrating multiple
deep learning models in parallel can enhance efficiency, making deep learning a vital tool for securing
10T networks and addressing evolving cybersecurity threats.

Keywords; Cyberattacks, Cyber security, Deep learning, machine learning, Network security, Internet
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INTRODUCTION

The diversity of neural networks in many fields of interest has made Deep Learning
popular for use in artificial intelligence applications since its introduction. Deep
Learning's use stems from its capacity to process labelled and unlabeled data, as
well as various data kinds including text, numbers, and pictures [1]. Artificial
intelligence (Al) solutions, such as intrusion detection systems, malware
identification, anomaly detection, etc., are very useful in the cybersecurity industry.
In addition to serving as analyst agents when human analysis is insufficient, these
apps aid in eliminating the requirement for human labor [2]. Cybersecurity is the
development of defense strategies to prevent unauthorized access, alteration, or
destruction of computer resources, networks, programs, and data. Due to the rapid
advancements in technology for communication and information, new
cybersecurity threats are always developing. New and advanced strategies are being
used by cybercriminals to increase the pace and scope of their assaults [3], [4].
Because of this, cyber defense systems need to be more robust, versatile, and
adaptive in order to detect a variety of threats in real time. Cybersecurity is the
collection of tools and procedures designed to defend computers, networks,
software, and data from intrusion, unauthorized access, alteration, and theft [5].
Network security and host security systems include these systems, and each consists
of at least an intrusion detection system (IDS), firewall, and antivirus program. This
survey (DL) summarizes the importance of cyber security using deep learning
methods. Researchers have used deep learning methods in recent years. Deep
learning may be used with machine learning techniques and other automation
techniques, including rule- and heuristic-based techniques [6], [7].

https://ijisem.com

27


https://crossmark.crossref.org/dialog?doi=10.69968/ijisem.2025v4i227-33
https://doi.org/10.69968/ijisem.2025v4i227-33

IJISEM

INTERNATIONAL JOURNAL OF
INNOVATIONS IN SCIENCE
ENGINEERING AND MANAGEMENT

International Journal of Innovations In Science Engineering And Management

Deep learning

Neural networks are used in deep learning, a kind of
machine learning, to carry out tasks including representation
learning, regression, and classification. The discipline is
based on "training" artificial neurons to interpret data by
stacking them in layers, drawing inspiration from biological
neurology [8]. In a network, the term "deep" describes the
utilization of numerous layers, ranging from three to several
hundred or thousands. Supervised, semi-supervised, and
unsupervised methods are all possible. Crucially, a deep
learning process is capable of autonomously determining
which attributes belong at which level [9]. Until the advent
of deep learning, machine learning methods frequently
necessitated the development of manually devised feature
engineering to transform the data into a format that could be
more effectively utilised by a classification system. The
deep learning method does not need the creation of features;
instead, the model automatically extracts valuable feature
representations from the data. Hand-tuning remains
necessary due to the potential for varying levels of
abstraction to be achieved by varying the number of layers
and the breadth of layers [10], [11].

Cybersecurity

The process of protecting systems, networks, and
programs against internet dangers is known as cybersecurity.
Common objectives of such attacks include stealing,
modifying, or erasing sensitive data; threatening consumers
with ransomware; or interfering with ordinary business
operations. Today, it is especially difficult to implement
efficient cybersecurity measures since there are more
gadgets than humans and attackers are becoming more
creative [12], [13]. The systems, networks, programs, or data
that one wants to safeguard are covered by many levels of
protection in an effective cybersecurity posture. By
automating product interfaces with a unified threat
management gateway system, an organisation may expedite
critical security operations duties, including remediation,
investigation, and detection. In an effort to effectively
mitigate intrusions, it is imperative that individuals,
procedures, and technology operate in concert [14].

Importance of cybersecurity

In the contemporary interconnected environment,
everyone benefits from the implementation of state-of-the-
art cybersecurity solutions. "ldentity theft, extortion
attempts, or the loss of private information"”, such as family
photos, may result from a cybersecurity assault. Everyone
relies on critical infrastructure, including hospitals, power
facilities, and financial service providers [15]. These and

other institutions must remain secure in order for our society
to continue to function. Everyone benefits from the efforts
of cyberthreat researchers, including the 250-person Talos
team, who investigate emerging threats and attacks
strategies. They show new vulnerabilities, support open-
source technology, and educate the public about the
importance of cybersecurity. Their actions have improved
the safety of everyone's internet [16].

Key Applications of Cybersecurity in Daily Life

e Protecting Personal Information: Cybersecurity
precautions are essential for protecting sensitive
data saved online, including addresses and social
security numbers. This safeguard lessens the
chance of identity theft and illegal access to private
accounts.

e Securing Online Transactions: Millions of
transactions are made online every day, ranging
from banking to shopping. By using secure
protocols like HTTPS and encrypting data,
cybersecurity makes sure these transactions are
secure and safe, shielding consumers from
financial loss and fraud.

e Safe Internet Browsing: A safe and seamless
surfing experience is ensured by cybersecurity
solutions like firewalls, antivirus software, and
secure browsers, which shield users from malware,
phishing scams, and harmful websites.

e Protecting Devices and Smart Home Systems:
Although our houses are becoming smarter due to
the growth of the Internet of Things, they are also
becoming more susceptible to cyberattacks.
Applications for cybersecurity, such as device
encryption, strong Wi-Fi passwords, and frequent
software upgrades, aid in protecting smart devices
from unwanted access.

e Email Security: Emails are often the subject of
malware and phishing campaigns. Cybersecurity
technologies use encryption and secure email
gateways to assist filter out shady communications,
confirm the legitimacy of the sender, and stop data

breaches.
e Social Media Safety: Because personal
information is often shared on social media

platforms, hackers target these sites. Personal
information on social networks is protected by
cybersecurity measures including creating strong
passwords, turning on two-factor authentication,
and modifying privacy settings.
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e Securing Work-from-Home Environments:
Cybersecurity in home offices is becoming more
and more important as remote work becomes
increasingly common. Strict access restrictions,
company-issued devices, and secure VPNs all
contribute to business continuity and data
protection.

e Child Online Safety: Another crucial use of
cybersecurity is shielding kids from internet
dangers like improper material and cyberbullying.
Essential precautions include monitoring software,
parental restrictions, and teaching kids about
responsible internet conduct.

Challenges of leveraging Deep learning in cybersecurity

e Data Dependence: Deep learning models are
hungrier for data. It need vast amounts of high-
quality training data for them to function
successfully. In the world of security, obtaining
representative and reliable cyberattack statistics
may be challenging. Inadequate data could lead to
the algorithms identifying threats incorrectly by
drawing conclusions from irrelevant data.

e Adversarial Attacks: Deep learning model flaws
could be exploited by cybercriminals via
adversarial attacks. This means producing
malicious inputs in an attempt to sway the model's
decision. To evade detection by a deep learning
antivirus tool, for instance, an attacker may
covertly change malware code.

e Lack of Interpretability: Because of their
complex and difficult-to-understand internal
workings, deep learning models may resemble
"black boxes" Debugging is hampered and the
reliability of critical security applications is called
into doubt due to this lack of interpretability, which
makes it hard to understand the logic behind a
model's decisions.

e  Security of the Model Itself: It is possible to attack
deep learning models independently. Attempts to
circumvent security measures may be made by
malevolent entities to acquire or modify the model.
Additionally, the model may become rendered
ineffective if adversaries procure access to the
training data, as it may become biassed or
contaminated.

e Computational Cost: The training and operation
of deep learning models necessitate a substantial
quantity of processing capacity. This may be

burdensome for smaller enterprises, and it may
limit their access to these powerful resources.

Future of cyber security

e Threat detection and hunting: The identification
of anomalies and patterns related to cyber threats
will be facilitated by Al models that are constructed
from immense quantities of data. Al will assist in
the rapid and precise detection of new threats by
building upon historical attack information and this
data.

o Behavioral analysis: Al will be used by Defenders
to analyse system and user behaviour and set
baselines. By deviating from these baselines,
cybersecurity warnings will be triggered,
identifying potentially harmful activity sooner than
before.

e Predictive analytics: Potential vulnerabilities and
attack vectors will be predicted by A.l. models. In
order to anticipate emergent hazards and suggest
proactive security measures, they will analyse
historical data. With the assistance of these
predictive analytics, vulnerability assessments and
patch management will be prioritised.

LITERATURE REVIEW

(Kamarudin et al., 2024) [17] details the use of
bibliometric analysis to identify present and emerging trends
and get fresh perspectives on the connection between
malware and deep learning. Findings from this article
include: Using deep learning to identify "domain generation
algorithm (DGA)" threats; Using deep learning to identify
malware in the Internet of Things (1oT); the development of
deep learning-based adversarial attacks and adversarial
learning; the rise of deep learning malware on Android; the
use of transfer learning in malware research; and prominent
writers on deep learning and malware research, such as
Zhang Y, Vinayakumar R, and Soman KP.

(Wu et al., 2024) [18] lays the groundwork for further
research and analysis by providing an overview of the
frequently used datasets in the study. Additionally, the
BERT and GPT series are two large-scale prediction models
that help this study expand its reach to incorporate intrusion
detection approaches. By using transformers and attention
processes, these models have shown to be very adept at
comprehending and processing sequential input. This report
ends with a perspective for future research directions in light
of these results. For more study, four important areas have
been highlighted. This study aims to solve these problems
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and further research in the previously stated fields in order
to create a future where DL-based intrusion detection
systems are not only more precise and effective but also
more in line with the constantly changing and dynamic
environment of cybersecurity threats.

(Alkhudaydi et al., 2023)[19] Beginning with the precise
extraction of critical information from a genuine network
traffic BoT-10T dataset, deep learning and machine learning
methods are employed. Next, we assess ten distinct machine
learning models' malware detection capabilities. Examine
how well these models perform when adjusted for
imbalanced data using "the Synthetic Minority Over-
sampling Technique (SMOTE)" approach. Notably, 98.19%
and 98.50% accuracy rates were attained by the CatBoost
and XGBoost classifiers, respectively. Our results provide
light on how well balancing algorithms like SMOTE, when
combined with ML and DL approaches, can detect
intrusions in 10T networks.

(Bhosale & Kanase, 2023) [20] demonstrate the
assessment of a few popular machine learning methods for
identifying some of the most dangerous online threats.
Based on commonly used and benchmark datasets, we have
provided a brief investigation to evaluate the effectiveness
of these machine learning techniques in the detection of
spam, intrusions, and malware. We begin with the
classification of IP traffic and filter malicious traffic for
intrusion detection. ML algorithms were used to classify
different types of assaults, and each algorithm's performance
was then evaluated. It discusses the difficulties in using
ML/DM for cyber security, addresses the intricacy of
ML/DM algorithms, and offers some advice on whether to
use a certain technique.

(Macas et al., 2023) [21] explores the wide variety of
security tasks that might benefit from deep learning, a kind
of artificial intelligence based on artificial neural networks
with several layers. First, we provide an overview of the
essential resources, including a general framework and
appropriate datasets, and then we get into the current
developments in deep learning, covering topics like the main
features of typical deep learning architectures used in
cybersecurity applications. Only then do we critically and
comparatively survey state-of-the-art solutions from the
literature. We identify the constraints of the reviewed works
and present a perspective on the current obstacles in the
field, offering valuable insights and best practices for
researchers and developers who are addressing related
issues. The final step is to identify the current problem points

and propose potential directions for future research to
resolve them.

(Li et al., 2021) [22] Traditional machine learning has
been the basis for several successful solutions to security
problems. The use of typical machine learning techniques to
enhance security is, however, constrained by the nature of
large data in cyber security. Deep learning applications in
the area of cyber security are categorized, examined, and
described in this study. Additionally, the applications of
deep learning and standard machine learning in the security
sector are contrasted. Analysis and presentation of the
difficulties and issues that deep learning in cyber security
faces are provided. According to the results, deep learning
should be the first choice since it has a greater impact on
some cyber security characteristics.

(Dixit & Silakari, 2021) [23] Deep learning algorithms'
use to cybersecurity applications was examined and
evaluated. The aforementioned papers are categorised using
deep learning approaches such as "Convolutional Neural
Network (CNN), Auto Encoder (AE), Deep Belief Network
(DBN), Recurrent Neural Network (RNN), Generative
Adversal Network (GAN), and Deep Reinforcement
Learning (DIL)". The algorithms, platforms, datasets, and
possible advantages of any particular method are all well
covered. It is evident from the experimental study that the
adoption of the deep learning model in real-time enhanced
the cybersecurity applications' accuracy, scalability,
dependability, and performance.

(Salloum et al., 2020) [24] Important reviews of the
literature on deep learning (DL) and machine learning (ML)
approaches for intrusion detection network analysis are
clarified. A brief instructional description of each ML/DL
technique is also provided. This study focuses on the
datasets used in machine learning approaches, which are the
main instruments for examining network traffic and
identifying anomalies, as data plays a crucial role in ML/DL
methods. We also discuss in detail the challenges associated
with using ML/DL to cybersecurity and provide suggestions
for further research.

(Choi et al., 2020) [25] Although using machine learning
approaches to computer security problems is not a novel
concept, the computer security industry has lately been very
interested in the quickly developing Deep Learning
technology. In order to address computer security issues, this
study aims to provide a thorough analysis of the most current
research on using Deep Learning algorithms. The review
specifically addresses eight computer security issues that
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Deep Learning applications are addressing: "malware
classification, system-event-based anomaly detection,
memory forensics, fuzzing for software security, secure-
oriented program analysis, defending against ROP attacks,
achieving control-flow integrity (CFI), defending against
network attacks, and protection against malware".

(Imamverdiyev & Abdullayeva, 2020) [26] There is a
structured and exhaustive overview of the various
cyberattack detection methods, and a review and
summarization of the emergent scientific approaches of deep
learning (DL) on cybersecurity are provided. The extant
cyberattack detection methods based on DL are categorized.
It is investigated the methods that encompass assaults to
deep learning that are based on generative adversarial
networks (GAN). The efficacy of the methods proposed by
researchers for detecting cyberattacks is evaluated using the
datasets that were used. Over the years, DL has been used to
statistically analyse cybersecurity publications that have
been published. Deep learning-based commercial
cybersecurity solutions that are now available are discussed.

(Sharma & Mangrulkar, 2019) [27] Applications of deep
learning are beginning to permeate every technological and
commercial sector. This paper examines the security
implications of deep learning (DL) methods in cyber
security applications, presents potential malicious
applications of such models, and emphasizes the security
considerations that apply to the use of deep learning
networks. To begin, this paper provides a concise overview
of the architectures that were examined and discussed.
Different models, such as CNNs, RNNs, and GANs, are
identified in the subsequent section with respect to their
security applications. In conclusion, security concerns are
categorized into two categories: assaults on distinct deep
learning networks and attacks on a network that employs
Deep Learning models.

CONCLUSION

Because it tackles important problems like malware
categorisation, anomaly detection, and intrusion detection,
deep learning is essential to cybersecurity. Combining deep
learning with feature engineering enhances model accuracy
while mitigating challenges like overfitting and extended
training times. Oversampling techniques such as SMOTE
improve class-imbalanced datasets, and algorithms like
CatBoost and XGBoost often outperform deep learning
models in detecting cyber threats, particularly in IoT
networks. The BoT-loT dataset provides valuable real-time
traffic data for evaluating model performance. However,

deep learning in cybersecurity faces significant challenges,
including handling untidy hierarchical data, complex
parameter selection, adversarial attacks, computational cost,
adversarial attacks, lack of interpretability and balancing
training time with recognition accuracy. Unlike image
classification, cybersecurity applications lack intuitive data-
label relationships, making model interpretability difficult.
Effective intrusion detection requires a multi-faceted
approach, integrating machine learning and encryption
techniques to counter evolving threats. Additionally,
performance metrics such as True Positive Rate and False
Positive Rate must be analyzed for robust cybersecurity
solutions. Future advancements should focus on optimizing
deep learning models for real-world applications by
enhancing detection accuracy, reducing model size, and
improving efficiency in resource-constrained environments.
In order to detect anomalies and patterns associated with
cyber threats, Al models will be constructed from immense
quantities of data. The Al will be employed by the defenders
to establish baselines and analyse the behaviour of users and
systems. Detecting potentially malicious behaviour earlier
will be facilitated by deviations from these baselines, which
will initiate cybersecurity alerts. Potential weaknesses and
attack vectors will be predicted by A.l. models. By analyzing
historical data, they will forecast emerging threats and
recommend proactive security measures. Strengthening
neural networks against adversarial and poisoning attacks
and integrating multiple deep learning models in parallel can
further enhance cybersecurity defenses.
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