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Abstract

Artificial Intelligence (AI) has become an important
area of research in cybersecurity because of its ability
to analyze large volumes of data, identify patterns, and
support the detection and analysis of cyber threats.
This review examines the application of Al, Machine
Learning (ML), Deep Learning (DL), Explainable
Artificial Intelligence (XAI), and emerging Large
Language Models (LLMs) in cybersecurity. The paper
reviews applications including intrusion detection,
malware detection, phishing detection, anomaly
detection, threat intelligence, and cyber forensics. It
also examines challenges related to data quality,
adversarial attacks, explainability, privacy,
computational requirements, and changing cyber
threats. The review further considers the dual nature of
Al in cybersecurity: Al can strengthen cyber defense,
while Al systems themselves can become targets of
attacks. Based on the reviewed literature, the study
identifies the need for Al-based cybersecurity systems
that are accurate, robust, explainable, privacy-aware,
adaptable, and secure. Future research directions are
discussed, including adversarial robustness, privacy-
preserving Al, explainable security systems, adaptive
models, and the secure use of Generative Al and Large
Language Models.

Key Words: Artificial Intelligence, Cybersecurity,
Machine Learning, Deep Learning, Intrusion
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1. INTRODUCTION

The rapid growth of digital technologies,
interconnected systems, cloud services, and online
applications has increased the importance of

cybersecurity. At the same time, cyber threats are
becoming more complex and difficult to detect

using only traditional security mechanisms. This has
created a growing need for intelligent and adaptive
approaches that can identify suspicious activities and
respond to emerging threats. Artificial Intelligence
(AI), particularly Machine Learning (ML) and Deep
Learning (DL), has therefore become an important
area of research in cybersecurity.

Al-based techniques can analyze large volumes of
security-related data and identify patterns that may
indicate malicious or abnormal behavior. Research has
investigated the use of Al-driven approaches for
cybersecurity detection, including techniques based on
machine learning and deep learning. Al can support
several cybersecurity activities, including intrusion
detection, malware detection, phishing detection,
anomaly detection, and threat analysis.

However, the use of Al in cybersecurity also
introduces new challenges. Al and ML systems can
themselves become targets of attacks, including
evasion, poisoning, privacy, and misuse attacks.
Therefore, Al in cybersecurity should be considered
from both perspectives: Al as a tool for improving
cybersecurity and Al as a technology that requires
protection against security threats.

This research paper reviews existing applications of Al
in cybersecurity, examines commonly used Al
techniques, analyzes challenges and limitations, and
identifies potential future research directions. The
study aims to provide a structured overview of how Al
can contribute to more effective cybersecurity while
highlighting the need for reliable, robust, explainable,
and secure Al-based solutions.
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2. ARTIFICIAL INTELLIGENCE IN
CYBERSECURITY
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Fig. 1: Conceptual workflow of Artificial

Intelligence in cybersecurity.

Artificial Intelligence refers to computational
techniques that enable systems to perform tasks that
normally require human intelligence, such as
recognizing patterns, learning from data, making
predictions, and supporting decision-making. In
cybersecurity, these capabilities can be applied to
analyze large amounts of network, system, and
security data to identify potentially malicious or
abnormal behavior.

2.1 Role of Artificial Intelligence in Cybersecurity

Traditional cybersecurity approaches often depend on
predefined rules, signatures, and known indicators of
compromise. Although these approaches remain
useful, they can have difficulty identifying previously
unseen or rapidly changing threats. Al-based
approaches can analyze behavioral patterns and learn
from previously observed data, making them useful for
detecting suspicious activities and supporting security
operations.

2.2 Machine Learning in Cybersecurity

Machine Learning is a branch of Al in which
algorithms learn patterns from data and use those
patterns to make predictions or classifications. In
cybersecurity, ML can be trained using security
datasets containing examples of normal and malicious
activities. ML techniques can be used for intrusion
detection, malware classification, phishing detection,
spam detection, and anomaly detection.

2.3 Deep Learning in Cybersecurity

Deep Learning is a subfield of ML that uses multi-
layer neural networks to learn complex patterns from
large datasets. DL techniques can be useful when
cybersecurity data is high-dimensional or contains
complex relationships that may be difficult to identify

using simpler algorithms. Research has investigated
DL for intrusion detection, malware classification, and
advanced threat detection.

2.4 Al-Based Cybersecurity as a Two-Sided
Challenge

Al has an important dual role in cybersecurity. On one
side, it can help security teams identify threats and
analyze security events. On the other side, Al systems
themselves can introduce cybersecurity risks that need
to be managed. Therefore, effective Al-based
cybersecurity requires consideration of both security
using Al and security of AL

3. APPLICATIONS OF ARTIFICIAL
INTELLIGENCE IN CYBERSECURITY
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Table 1: Major applications of Al in cybersecurity.

Artificial Intelligence has applications across several
areas of cybersecurity. Machine Learning, Deep
Learning, Natural Language Processing (NLP), and
other Al-based techniques can be applied to analyze
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security data, identify suspicious patterns, classify
threats, and support security decision-making.

3.1 Intrusion Detection

Intrusion Detection Systems (IDS) are designed to
identify unauthorized or suspicious activities within
computer networks and systems. Al and ML
techniques can analyze network traffic and system
behavior to distinguish between normal and potentially
malicious activities. Supervised learning can use
labeled examples, while unsupervised approaches can
identify unusual patterns without requiring every
attack type to be previously labeled.

3.2 Malware Detection

Malware refers to malicious software designed to
damage systems, obtain unauthorized access, steal
information, or perform other harmful activities. Al
can assist malware detection by learning
characteristics and behavioral patterns associated with
malicious software. ML algorithms can classify
software or files, while DL models can analyze more

complex patterns.

3.3 Phishing and Spam Detection

Al can be applied to phishing detection by analyzing
characteristics of emails, messages, websites, and
URLs. Natural Language Processing can analyze
textual characteristics, while ML classification
methods can combine multiple features to distinguish
suspicious content from legitimate communication.
Generative Al also creates an additional challenge
because Al-generated messages can potentially make
malicious communication more convincing.

3.4 Anomaly Detection

Anomaly detection involves identifying activities that
differ significantly from expected or normal behavior.
In cybersecurity, anomalies may indicate unauthorized
access, unusual network activity, compromised
accounts, or other potential security incidents. Al-
based anomaly detection can learn normal behavior
and identify deviations from those patterns.

3.5 Threat Intelligence and Security Analysis

Al can support cybersecurity threat intelligence by
processing large volumes of information from different
sources. Security teams may need to analyze logs,

reports, indicators, network information, and other
security-related data. Al can assist in identifying
relationships and patterns within this information.
Large Language Models (LLMs) are an emerging
research area for vulnerability analysis, malware
analysis, intrusion detection, and phishing detection.

3.6 Cyber Forensics

Al can assist digital and cyber forensics by helping
investigators process and analyze large quantities of
digital information. Al-based approaches can support
identification of relevant patterns, classification of
data, and analysis of potential evidence. However,
forensic applications require careful consideration of
reliability, transparency, evidence integrity, and human
oversight.

4. LITERATURE REVIEW
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Table 2: Comparison of selected literature on Al in
cybersecurity.

Several researchers have investigated the application
of Artificial Intelligence and Machine Learning in
cybersecurity. Existing studies cover intrusion
detection, malware detection, anomaly detection,
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phishing detection, security assurance, explainability,
and protection of Al systems themselves.

4.1 Al-Based Cybersecurity Detection

Research on Al-driven cybersecurity has examined
ML and DL techniques for detecting cyber threats.
These studies generally demonstrate that Al can
identify patterns within security data and assist in
classifying potentially malicious activities. However,
effectiveness depends strongly on dataset quality,
selected features, model architecture, and evaluation
methodology.

4.2 Deep Learning for Cybersecurity

Deep Learning has received considerable attention
because neural-network-based approaches can learn
complex relationships from large datasets. Researchers
have investigated DL for intrusion detection, malware
classification, and other security tasks. One important
issue is explainability, since security analysts may
need to understand why a model has classified an
event as malicious.

4.3 Al for Security Assurance

Al is also being studied as part of broader security-
assurance processes. This includes evaluating the
reliability and security of systems that use Al. The
literature indicates that Al-based security solutions
need to be evaluated beyond accuracy alone, including
robustness, reliability, interpretability, privacy, and
resistance to manipulation.

4.4 Security of AI and Adversarial Machine
Learning

An important development in recent research is the
recognition that Al systems themselves can become
targets of cyberattacks. The National Institute of
Standards and Technology (NIST) published a 2025
taxonomy of adversarial machine learning attacks and
mitigations, organizing threats according to attack
types, machine-learning methods, lifecycle stages,
attacker objectives, and capabilities. The taxonomy
includes evasion, poisoning, privacy, and misuse
attacks.

4.5 Emerging Role of Generative Al

Recent developments in Generative Al and LLMs have
created new opportunities for cybersecurity research.
These systems can potentially assist with security

analysis, vulnerability-related tasks, threat intelligence,
and security operations. At the same time, their use
introduces concerns involving reliability, privacy,
misuse, and adversarial manipulation.

4.6 Summary of Existing Literature

The reviewed literature indicates that Al has
significant potential for cybersecurity applications,
particularly threat detection, intrusion detection,
malware analysis, anomaly detection, and security
intelligence. However, cybersecurity datasets may not
fully represent constantly changing real-world attacks;
high detection performance does not necessarily
guarantee robustness; complex models can be difficult
to interpret; and Al systems introduce their own
security and privacy risks. Current research is
therefore moving toward Al-based cybersecurity
systems that are accurate, explainable, robust, secure,
privacy-preserving, and adaptable.

5. RESEARCH GAP

The existing literature demonstrates that AI, ML, and
DL can support several cybersecurity functions.
However, a major continuing challenge is developing
Al-based  cybersecurity systems  that are
simultaneously accurate, robust, explainable, privacy-
preserving, and adaptable to changing cyber threats.

Existing studies frequently evaluate models using
specific datasets and experimental environments,
which may not fully represent the diversity and
changing nature of real-world cybersecurity
conditions. Another important gap concerns the
security of the Al systems themselves. Al models can
be exposed to adversarial attacks and other security
threats.

A further gap concerns explainability and human trust.
Complex Al and Deep Learning models may produce
useful predictions while providing limited information
about why a particular security decision was made.
Recent research on Large Language Models also
identifies concerns involving data  diversity,
interpretability, privacy, security, and adaptation to
specialized cybersecurity tasks.

Therefore, continued research is needed that examines
Al-based cybersecurity from a broader perspective,
considering detection performance together with
robustness, explainability, privacy, adaptability, and
security of the Al models themselves.
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6. RESEARCH METHODOLOGY

This research follows a literature-review-based
methodology to study the application of Artificial
Intelligence in cybersecurity. The study does not
propose or experimentally evaluate a new machine-
learning model. Instead, it analyzes existing academic
literature and authoritative technical publications to
identify major applications, techniques, challenges,
and future research directions.

6.1 Research Approach

A structured literature review approach is adopted.
Relevant studies are examined according to their
research objectives, Al techniques, cybersecurity
applications, major findings, and reported limitations.

6.2 Literature Selection

Literature relevant to Artificial Intelligence and
cybersecurity is selected from academic and
authoritative sources. Priority is given to recent studies
covering Machine Learning, Deep Learning, intrusion
detection, malware detection, phishing detection,
anomaly detection, explainable Al, Large Language
Models, and adversarial machine learning.

6.3 Analysis Criteria

The selected literature is analyzed according to the
cybersecurity problem addressed, Al or ML technique
used, application area, main findings, dataset or
evaluation approach where reported, limitations, and
future research directions.

6.4 Synthesis of Findings

The findings are compared and organized into major
themes, including Al-based threat detection, Al-
assisted security analysis, explainability, adversarial
robustness, privacy, and emerging Generative Al
applications. The synthesis is used to identify common
findings and unresolved problems in existing literature.

7. CHALLENGES AND LIMITATIONS

7.1 Data Quality and Availability

Al-based cybersecurity systems depend heavily on the
quality and representativeness of training data.
Cybersecurity datasets may contain incomplete,
imbalanced, outdated, or biased information. Cyber

threats also continuously change, which can reduce the
effectiveness of models trained on historical data.

7.2 Adversarial Attacks

Al models can themselves become targets of deliberate
manipulation. Adversarial Machine Learning research
identifies attacks such as evasion, poisoning, privacy,
and misuse attacks. These attacks can affect different
stages of an Al system and may reduce the reliability
of security decisions.

7.3 Explainability and Interpretability

Many advanced Al models, particularly Deep Learning
models, can be difficult to interpret. Security analysts
may need to understand why a particular activity was
classified as malicious. Limited explainability can
make it more difficult to validate automated decisions
and investigate security incidents.

7.4 Privacy and Security of Data

Cybersecurity systems may process sensitive network,
user, or organizational information. Using such data
for Al training and analysis can create privacy
concerns. Protecting training data and preventing
unauthorized access are important considerations.

7.5 Accuracy and Robustness Trade-offs

High average-case accuracy does not necessarily mean
that an Al system is robust against deliberate attacks.
Al-based cybersecurity systems therefore need
evaluation beyond accuracy, including robustness,
privacy, explainability, and reliability.

7.6 Computational and Deployment Requirements
Advanced Al models can require significant
computational resources for training and operation.
Deployment also requires monitoring, maintenance,
updating, and security controls.

7.7 Rapidly Changing Threats

Cybersecurity threats continuously evolve. Attackers
may modify techniques to avoid detection, making
static Al models less effective over time. Al-based
cybersecurity systems therefore require continuous
evaluation and adaptation.
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8. FUTURE RESEARCH DIRECTIONS

Future research in Artificial Intelligence and
cybersecurity should focus on developing systems that
are not only accurate but also robust, explainable,
secure, and adaptable.

One important direction is the development of robust
Al models that can withstand adversarial manipulation.
Research should investigate improved methods for
detecting and mitigating attacks against machine-
learning systems.

Explainable Artificial Intelligence is another important
direction. Future cybersecurity systems should provide
security analysts with understandable explanations for
automated decisions, improving human oversight and
incident investigation.

Privacy-preserving Al 1is also promising. Future
systems should explore methods that allow useful
security analysis while reducing unnecessary exposure
of sensitive information.

Adaptive and continuously updated Al systems are
important because cyber threats change over time.
Future research can investigate methods for detecting
changes in threat patterns and updating models without
unnecessarily reducing reliability.

Generative Artificial Intelligence and Large Language
Models represent an emerging research area. Future
studies should examine their wusefulness in
cybersecurity while carefully evaluating reliability,
security, privacy, and susceptibility to manipulation.

Finally, future research should evaluate Al-based
cybersecurity solutions using realistic and diverse
datasets and environments. Standardized evaluation
methods could make it easier to compare approaches
and determine whether results generalize effectively to
real-world cybersecurity environments.

9. CONCLUSION

Artificial Intelligence has become an important
research area in cybersecurity because of its ability to
analyze large volumes of data, identify patterns, and
support the detection and analysis of cyber threats.
Machine Learning, Deep Learning, Explainable
Artificial Intelligence, and emerging Large Language
Models have been investigated for applications
including intrusion detection, malware detection,
phishing detection, anomaly detection, and security
analysis.

The review shows that Al can provide valuable
capabilities for cybersecurity, but its effectiveness
depends on training-data quality, model selection,
evaluation methods, and the ability to adapt to
changing threats. Al systems also introduce their own
security risks. Adversarial Machine Learning research
demonstrates that Al models can be targeted through
different forms of attacks, including evasion,
poisoning, privacy, and misuse attacks.

Therefore, the future of Al-based cybersecurity should
focus not only on improving detection performance but
also on developing systems that are robust,
explainable, privacy-aware, adaptable, and secure.
Continued research in these areas can contribute to the
development of more trustworthy  Al-based
cybersecurity solutions and improve the ability of
organizations to respond to an evolving cyber-threat
landscape.
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