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ABSTRACT: Good methods to identify and prevent cyberattacks are more critical than ever before due to the
exponential growth in both the frequency and sophistication of such assaults. Because cybercriminals may inflict
enormous harm to both people and companies, it is critical that they be identified promptly and correctly. To better
identify cyber-attacks, this study examines how artificial intelligence (AI) techniques like deep learning (DL) and
machine learning (ML) may be used in conjunction with metaheuristic algorithms. For this purpose, we have reviewed
sixty current papers to determine the efficacy of these Al systems in detecting and countering various cyber threats. Using
a wide variety of cyberattacks—malware, network intrusions, spam, and more—our study demonstrates that ML/DL
methodologies, in conjunction with metaheuristic algorithms, greatly enhance our ability to detect and react to cyber
threats. In order to better prepare for new and evolving cyber-attacks, we examine several Al algorithms to identify their
strengths and areas for improvement. This study lays forth a simple methodology for evaluating Al techniques for cyber
threat identification. It is vital to improve Al approaches and consistently provide effective security due to the growing
complexity of cyber threats. We take a look at the metaheuristic algorithms, as well as the present ML and DL models,
and assess their strengths and weaknesses. It is critical to acknowledge these limitations in order to direct future
improvements. Our focus is on finding innovative and adaptable solutions that can tackle any problem that comes our
way. Our study indicates that in order to prevent cyberattacks in the future, it will be necessary to update Al systems
often to keep up with hackers' current techniques.

KEYWORDS: Cyber-attacks, Artificial intelligence, Machine learning, Deep learning,Cyber security, Intrusion
detection.

I. INTRODUCTION

The internet has grown at an astounding rate despite the emergence of new digital technologies including software-
defined networking (SDN), big data, and fog computing. Critical infrastructure is particularly vulnerable to the
cybersecurity threats posed by these innovations. The complex nature of modern cyber threats has made it difficult for
traditional security solutions, which depend on fixed security controls such as intrusion detection and prevention systems
and firewalls, to stay up with the times [1]. The advent of Deep Learning (DL) has been revolutionary, opening up new
avenues for data accessibility, improved performance, and potential maximisation.

transformed not only the use of artificial intelligence (Al) in picture, speech, and behavioural analytic applications, but
also paved the way for revolutionary developments in robotics, speech recognition, and face recognition, among other
fields. Deep learning has developed into an essential tool for cybersecurity professionals, helping to identify breaches
and keep an eye out for malware. This is a significant improvement above previous ML applications [2]. The dependence
on human feature extraction has become an apparent drawback of ML, especially in the realm of cybersecurity, despite
its seeming promise. One example is the time-consuming and error-prone process of manually compiling malware
features for ML-based identification. This approach ignores unknown characteristics and limits the effectiveness of threat
detection to established features. Consequently, the accuracy of feature extraction and recognition is crucial to ML's
performance. Discovering complicated, nonlinear connections within data gives DL a strategic advantage in cyber
defence by allowing the discovery of new filetypes and previously undisclosed threats. Most notably, DL has accelerated
progress in preventing Advanced Persistent Threat (APT) assaults, which can even identify the most elusive methods'
subtle, high-level traits.

Cybersecurity is now at the forefront of modern security discussions due to the proliferation of connected devices, the

proliferation of the Internet of Things (IoT), and several related applications. There has never been a more critical time
to build strong intrusion detection systems and efficiently identify a range of cyber threats [4]. Many companies are now
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using cloud computing to outsource their data and computational needs, which has increased the need of having a secure
platform, especially for cloud-based systems. With cybersecurity data being so large and diverse, it is crucial to
understand virus behaviour in the context of behavioural space in order to improve the efficacy of conventional security
measures [5]. To build advanced intrusion detection systems, ML is leading the charge in automating behaviour analysis
by extracting useful features from network packets. Giving computers the capacity to learn and adapt independently,
without human intervention, is the heart of ML [6]. In today's world, where cybersecurity encompasses many policies,
processes, and methods that try to protect the confidentiality and integrity of data, the objective is to lessen the likelihood
of attacks and prevent unauthorised access. Systems that can detect major signs of possible breaches are urgently needed
due to the increasing frequency and sophistication of assaults.Although DL is complicated, it has the potential to give
accurate results when trained correctly, which would be a huge improvement in cybersecurity approaches [6].Examining
the use of DL, ML, and Metaheuristics in contemporary cybersecurity practices, this article seeks to assess their efficacy
in countering cyber-attack risks and to suggest avenues for further study and use.

II. RESEARCH OBJECTIVES

Due to the frequency and complexity of current cyber attacks, the cybersecurity environment is confronted with new
problems in today's fast evolving digital world. The ever-changing and intricate nature of modern threats renders
traditional security measures like intrusion detection systems and firewalls useless. These systems depend on static
controls and human operations. There is a strong need for human involvement, sluggish reaction times, and a high risk
of false positives since these approaches do not identify modern tactics like as malware, phishing, APTs, botnets, and
insider threats. This study is driven by the pressing need to fill the void that these conventional approaches have created.
In order to handle massive volumes of data in real-time, detect complex patterns, and swiftly react to new dangers, we
want to tap into the potential of Al by investigating Al-driven approaches, particularly DL and ML. Artificial
intelligence's capacity to learn from data and evolve over time makes it a priceless asset in the fight against cybersecurity
threats. These include botnets, which are networks of infiltrated devices controlled by bad actors who can launch
coordinated assaults that overwhelm conventional defences, and insider threats, which originate from within the
organisation and are thus difficult to detect using conventional methods.The three primary areas of machine learning
(ML), deep learning (DL), and metaheuristic technologies (MT) need to be covered extensively in many surveys.
Furthermore, they often exclude portions devoted to future work and restrictions or do not cover the whole range of
cyber-attacks.Our study, on the other hand, covers all of these bases extensively, down to the sections that address limits
and suggestions for further research. In addition, we have included all current datasets with their respective papers to
guarantee that our survey is based on the most recent research.

The overarching goal of this study is to prove that Al has the potential to revolutionise cybersecurity by making defences
more precise, efficient, and adaptable. Our goal is to develop a more secure digital environment by improving the
detection and mitigation of advanced cyberthreats, such as botnets and insider threats, by utilising Al's strengths and
overcoming the shortcomings of traditional methods, like static controls and manual feature extraction.

III. METHODOLOGY

Primary result. A comprehensive overview of current research on various cyber-attacks and the technology used to detect
them is the main contribution of this study. It gives researchers an overview of the field and lays the groundwork for
future studies on the use of Al to identify and lessen cyber dangers by outlining existing difficulties and knowledge gaps
in the field. The research's contributions are categorised as follows:

* An examination of anomaly detection, classification, and analysis methodologies as well as ML, DL, and metaheuristic
approaches to cyber-attack detection. Cybersecurity and the use of basic Al techniques were the topics of sixty academic
publications reviewed and critically examined throughout the last four years. Evaluation of open-access cyber-security
datasets and primary classification of cyber-attack types found within these datasets. Data sets. Methods for reducing
data complexity. Ways of sorting data. Methods for comparison. Performance measurement. You may easily comprehend
the different methodologies and results by referring to the comparison tables that organise the research' essential aspects.

A conclusion that addresses the challenges encountered with these AI methods in cybersecurity and proposes future
solutions.

Framework for papers is to provide a systematic exploration of Al approaches in cyber-attack detection, the study is
organised into six parts with distinct headings. We provide the research's contributions and reasons for doing the study
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in the "Introduction" section. We explain the research's context and outline its primary themes in the "Background"
section. We evaluate relevant literature in the 'LiteratureReview' section.

IV. BACKGROUND

The expansion of computer networks has changed the way societies operate, resulting in a rise in the number and
sophistication of cyberattacks. Cyberattacks are operations that harm computer systems, networks, or data by targeting
them. They are often well-organised and well-planned, and they need a series of coordinated procedures to reach their
objectives [3]. These insider threats are a significant and growing part of these attacks. They are usually carried out by
disgruntled or rogue employees who exploit their authorised access to steal data or cause harm. They do this with the
intention of causing damage, unauthorised access, or service interruptions that result in severe data loss or financial
damage, which often leads to long-lasting consequences [7]. These dangers might also come from unwanted programs
that people unintentionally install on their devices. These apps can access and abuse critical information. To counteract
these attacks, advanced behavioural anomaly detection and auto-resiliency methods are being developed to proactively
identify and mitigate harmful activities at both the personnel and application levels [8].

There are many different types of cyberattacks that pose a wide range of dangers in the digital world. Table 1 summarises
the information that is highlighted in the literature, which provides insights into numerous essential forms of these
assaults. This material highlights the complexity and variety of cyber dangers, demonstrating the many assaults that
organisations and people may face in today's networked world [3]. Botnets are another serious cyber hazard. They are
networks of compromised computers that are controlled by an attacker to carry out coordinated malicious operations,
such as DDoS assaults, data theft, and spamming. These networks may be quite large, consisting of hundreds or even
millions of hacked devices, which makes it extremely difficult to break them apart. Botnet operators utilise advanced
strategies to infect devices and keep control over them, constantly changing their tactics in order to avoid being detected
[9].The variety of cyber-attack kinds demonstrates the critical need of having good cybersecurity procedures. It is
essential to protect sensitive information and ensure that digital services are functioning properly. These forms of
cyberattacks are classified in Figure 1. It is important to be vigilant and keep investing in modern security solutions since
cyber threats are always evolving. In order to stay ahead of cyber threats, it is necessary to actively adjust to emerging
risks, utilise best practices, and take use of technology to protect against the various strategies employed by attackers
[11].The cybersecurity community has actively concentrated on attack detection as a cor-nerstone technique in response
to these expanding threats. This method keeps a close watch on network activity, system state, and use patterns in order
to proactively detect and eliminate unauthorised access or assaults. In this context, artificial intelligence (Al) and its
subsets, such as machine learning (ML) and deep learning (DL), provide potential options to assist with cybersecurity.
Because of its ability to quickly develop and manage vast amounts of data, Al is a good choice for detecting and reacting
to complex cyber threats. Artificial intelligence systems may identify malware, insider threats, botnets, network
intrusions, phishing attempts, and other harmful behaviours by analysing patterns and learning from experience [12].

Artificial intelligence (Al) is the science and engineering of creating intelligent robots. The term was first defined by
pioneers like John McCarthy in 1956 [13]. Artificial intelligence has developed into a fundamental aspect of computer
science over the years. It focusses on imitating the way humans think by utilising complicated mathematical algorithms.
This branch of study integrates elements from several disciplines in order to create computers that are capable of learning,
reasoning, and making decisions depending on the data they process. Additionally, it includes the reproduction of human
cognition and behaviour in computers, which are categorised as thinking and responding both humanly and logically
[14]. AI applications span from basic jobs tocomplex problem-solving sectors such as cybersecurity, where it confronts
sophisti-cated cyber threats. This revolutionary technology is constantly expanding the limits of what robots can do, with
the goal of improving human skills and automating activities using aided, augmented, and autonomous intelligence [15].

V.LITERATURE REVIEW

Recent developments in computer technology, especially artificial intelligence, have had a major effect on daily life and
work by creating systems that can do jobs that used to need human intellect. Al systems are very good at analysing data
and making decisions in real time. They use large amounts of data to tackle complicated issues in many different scientific
and technical fields. This skill is becoming more and more important in cybersecurity, where the large amount of data
makes it impossible to analyse it manually, and the complexity of threats, particularly those based on artificial
intelligence, is constantly changing. Using artificial intelligence may significantly lower the costs and time required to
construct threat identification algorithms, even though hiring specialists can be expensive [15]. Artificial intelligence has
many different roles in cybersecurity. It comprises the effective and precise analysis of enormous data sets, using previous
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threat data to predict and reduce the impact of future attacks, even when the methods used to carry out assaults change.
Because of its capacity to adapt, Al is a very useful tool for cyber defence. It has the ability to recognise important
changes in attack patterns, handle enormous amounts of data, and increase ongoing learning in Al security systems in
order to enhance threat response [34]. On the other hand, it is difficult to use artificial intelligence in cybersecurity. In
order to work properly, Al systems need a lot of data, and processing so much data might take a lot of resources. In
addition, the possibility of false alerts may reduce user confidence in Al systems, and delayed reactions to threats might
affect the efficacy of the system [34]. In addition, cyber-attacks pose a serious threat to security systems that are based
on artificial intelligence. Ongoing research is improving the ability of Al to withstand cyberattacks, even with these
challenges. Our survey covers a wide range of artificial intelligence techniques, including machine learning, deep
learning, and metaheuristic algorithms, in order to address a variety of cyber threats, such as malware, network intrusions,
insider threats, botnets, and spam. It also includes over sixty recent studies and a comparison of multiple Al
methodologies. We make sure that our poll covers the three primary aspects of machine learning, deep learning, and
metaheuristic technologies in detail, which is not the case for many other surveys. In addition, we cover a broad range of
cyber-attacks and provide specific areas for future studies and limitations, which is something that many surveys do not
include. Additionally, it has a comprehensive list of current datasets and the papers that correlate to them, which
guarantees that our conclusions are based on the most up-to-date research. Using a variety of benchmark datasets
guarantees thorough validation. The article emphasises the practical integration of artificial intelligence (AI) and machine
learning (ML) models in a variety of contexts, including the Internet of Things (IoT), cloud computing, and conventional
networks. As a result, its conclusions are extremely applicable. It also emphasises practical benefits such as automation
and real-time attack response, demonstrating how artificial intelligence may be useful in cybersecurity. The future
recommendations are thorough and practical, concentrating on ongoing improvement, the creation of new datasets,
openness, explainability, and the early incorporation of artificial intelligence into the cybersecurity lifecycle in order to
take preventative steps. In [35], applications of artificial intelligence (AI), machine learning (ML), deep learning (DL),
and reinforcement learning (RL) in cybersecurity are discussed. These applications include malware detection, intrusion
detection, and vulnerability assessment. However, it might benefit from looking at how Al and blockchain can be used
to improve data integrity, as well as real-world case studies for practical insights. It is necessary to do a thorough
comparison with conventional procedures and to have conversations about legal and ethical factors as well as privacy
concerns. Focussing on human-Al collaboration, resilience against adversarial assaults, and cross-disciplinary techniques
would provide a more comprehensive view. It is also important to consider the future development of artificial
intelligence in order to deal with new threats, scalability, deployment issues, and organisational preparedness, which
includes the training that cybersecurity specialists need. These enhancements would make the research more thorough
and realistic for the use of artificial intelligence and machine learning in cybersecurity. A thorough analysis of Al system
vulnerabilities to cyberattacks is presented in [36]. The report classifies these threats into two categories: manipulation
attacks and extraction assaults. The technol ogies presented include ML, DL, and different defence mechanisms such as
adversarial training, feature squeezing, and robust aggregation approaches. The study describes many sorts of assaults,
including adversarial attacks, poisoning attacks, model inversion, and extraction attacks. A variety of benchmark datasets
are used for comprehensive validation, however just one particular area has been presented. A thorough grasp of the
present state of research in artificial intelligence and cybersecurity has been achieved via a comparative examination of
various major studies. The comparison includes a variety of factors, such as the purpose and scope, methodology, data
sources, and situations in which the data was utilised. This analysis emphasises the unique methods and results of each
study, which helps to place the current research within the larger framework of the existing body of literature. In [37],
there is a thorough examination of the ways in which artificial intelligence and machine learning are used in cybersecurity.
Supervised learning for intrusion detection, malware detection, and network security are some of the most important
technologies. Methods of unsupervised learning that are used to detect new dangers. The article discusses applications
such as security automation, threat intelligence, vulnerability management, and security education, which include
malware, intrusion attempts, ransomware, crypto-jacking, and IoT assaults. However, it is still necessary to include a
range of approaches for detecting cyberattacks. A comprehensive review of Al applications in cybersecurity is presented
in [38], which organises 236 papers according to the NIST framework. It demonstrates Al’s importance in automating
processes, strengthening threat detection, and improving response accuracy utilising ML, DL, natural language, and RL
technologies. The most important categories are asset management, threat hunting, vulnerability assessment, incident
response, and dealing with malware, phishing, advanced persistent threats, and insider threats. The research covers a lot
of ground, but it still requires more consideration of practical deployment issues, ethical consequences, and possible
biases in Al models. It should also involve conversations on standardised benchmarks and assessment measures for
determining how successful Al is. Future research should concentrate on these elements in order to guarantee that
artificial intelligence applications in cybersecurity are both effective and ethical.
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Some research has focused on discovering software vulnerabilities and malware, which are two areas where Al may have
a large influence. In order to enhance malware detection and software security, a variety of techniques have been widely
used, including data mining, machine learning classifiers such as K-nearest neighbours (KNNs) and support vector
machines (SVMs), deep learning architectures, and metaheuristic algorithms [39]. To address cybersecurity in the
Internet of Things (IoT) environment, Asiri et al. presented the Hybrid Metaheuristics Feature Selection with Stacked
DL Enabled Cyber-Attack Detection (HMFS-SDLCAD) model. They use a new method that combines Salp Swarm
Optimisation based on PSO (SSOPSO) for feature selection and a Stacked Bidirectional Gated Recurrent Unit (SBiGRU)
for identifying and categorising cyber-attacks. The Whale Optimisation Algorithm (WOA) is also used by the model to
optimise the hyperparameters. This whole system, which has been verified against benchmark datasets, has shown
significant improvements over current models, proving that it is effective in detecting cyber-attacks in real time [40].
Caviglione et al. provide a comprehensive examination of the current malware threats, demonstrating that assaults are
becoming more complex as a result of technology improvements and new techniques of exploitation. The article
emphasises the increasing number of malware assaults that are being carried out by cybercriminals who are looking to
make money with a lower risk than conventional crimes. The paper also examines the difficulties of detecting current
malware because of the variety and complexity of assaults, emphasising the necessity for detection systems to constantly
evolve. The authors examine the current situation regarding malware and its detection, with an emphasis on machine
learning methods, which are becoming more popular as a way to fight against the fast development of malware. Their
study highlights the need to keep ahead in the continuous arms race between attackers and defenders in the realm of
cybersecurity [41]. An et al. revolutionised the area of cyber security by inventing a CNN-based model (V-CNN) for the
automated discovery of vulnerabilities, using DL to surpass conventional static analysis. They used a whole dataset from
MITRE's CVE/CWE and redefined vulnerabilities in order to improve detection in their technique.

VI. DISCUSSION

Al and Cybersecurity: A Comprehensive Overview

* Al systems are adept at real-time data analysis and decision-making, making them crucial in cybersecurity.

* Al's ability to adapt and handle large data sets makes it a valuable tool for cyber defense.

* Al can recognize changes in attack patterns, handle large data sets, and enhance threat response.

* Challenges include the need for large amounts of data, potential false alerts, and delayed responses to threats.

* Ongoing research is aimed at improving Al's ability to withstand cyberattacks.

* The survey covers various Al techniques, including machine learning, deep learning, and metaheuristic algorithms, to
address various cyber threats.

* The survey includes over sixty recent studies and a comparison of multiple Al methodologies.

* The article emphasizes the practical integration of Al and machine learning models in various contexts, including IoT,
cloud computing, and traditional networks.

* Future recommendations focus on ongoing improvement, creation of new datasets, openness, explainability, and early
incorporation of Al into the cybersecurity lifecycle.

* Future research should focus on human-Al collaboration, resilience against adversarial attacks, and cross-disciplinary
techniques.

* Future development of Al should address new threats, scalability, deployment issues, and organizational preparedness.

Al System Vulnerabilities to Cyberattacks: A Comprehensive Analysis

*» Al system vulnerabilities to cyberattacks are classified into manipulation attacks and extraction assaults.

* Techniques used include machine learning (ML), deep learning (DL), and defense mechanisms like adversarial training,
feature squeezing, and robust aggregation approaches.

* The study describes various types of attacks, including adversarial attacks, poisoning attacks, model inversion, and
extraction attacks.

* A comparative analysis of major studies in Al and cybersecurity is conducted, highlighting the unique methods and
results of each study.

AI and Machine Learning in Cybersecurity: A Comprehensive Review

» Al is used in intrusion detection, malware detection, and network security.

 Unsupervised learning methods are used to detect new dangers.

* Applications include security automation, threat intelligence, vulnerability management, and security education.

* The most important categories include asset management, threat hunting, vulnerability assessment, incident response,
and dealing with malware, phishing, advanced persistent threats, and insider threats.
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Al in Software Vulnerabilities and Malware

* Al can enhance malware detection and software security using techniques like data mining, machine learning classifiers,
deep learning architectures, and metaheuristic algorithms.

» The Hybrid Metaheuristics Feature Selection with Stacked DL Enabled Cyber-Attack Detection (HMFS-SDLCAD)
model is used to address cybersecurity in the Internet of Things (IoT) environment.

Current Malware Threats and Machine Learning

» Malware attacks are becoming more complex due to technology improvements and new exploitation techniques.

* The need for detection systems to constantly evolve is highlighted.

* Machine learning methods are becoming popular to fight against the rapid development of malware.

* An et al. revolutionized the field of cyber security by inventing a CNN-based model for automated vulnerability
discovery.

VII. CONCLUSION

Artificial intelligence (AI) has had a tremendous influence on everyday life and business by allowing computers to
execute activities that previously needed human intelligence. Al systems excel in real-time data analysis and decision-
making, making them invaluable in cybersecurity. However, the complexities of threats, especially those based on Al,
are always evolving. Even if employing professionals is expensive, Al may dramatically cut the costs and time needed
for threat detection algorithms. Al can detect changes in attack trends, manage enormous volumes of data, and improve
threat response. However, using Al in cybersecurity is difficult because of the vast quantity of data necessary, the
possibility of false warnings, and the latency in responding to attacks. Despite these obstacles, current research is boosting
Al's capacity to resist cyberattacks. A overview of Al approaches, such as machine learning, deep learning, and
metaheuristic algorithms, covers a wide range of cyber risks, including malware, network intrusions, insider threats,
botnets, and spam. Future proposals include continuous progress, the creation of new datasets, transparency,
explainability, and the early integration of Al into the cybersecurity lifecycle for preventive actions. Future research
should prioritise human-Al cooperation, robustness to adversarial threats, and cross-disciplinary approaches.

The research provides a complete examination of Al system vulnerabilities to cyberattacks, categorising them as
manipulation attacks and extraction assaults. The work employs ML, DL, and defence mechanisms such as adversarial
training, feature squeezing, and robust aggregation techniques. It covers a variety of methods, including adversarial
assaults, poisoning attacks, model inversion, and extraction attacks. The paper also contrasts the present status of research
in artificial intelligence and cybersecurity, emphasising each study's distinct techniques and findings.

The article examines the application of artificial intelligence in cybersecurity, specifically supervised learning for
intrusion detection, malware detection, and network security. It also covers topics like security automation, threat
intelligence, vulnerability management, and security education. The NIST framework-based study of Al applications in
cybersecurity emphasises the relevance of automation, threat detection, and reaction accuracy.

Data mining, machine learning classifiers, deep learning architectures, and metaheuristic algorithms have all been utilised
in research to improve detection and security of software flaws and viruses. The report also looks at how malware assaults
are becoming more complicated and the necessity for detection systems to evolve over time. The authors also offer a
CNN-based approach for automated vulnerability finding that uses deep learning to outperform traditional static analysis.
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