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Abstract

Cybersecurity has seen preparatory Al technologies developing quickly and aiming to fill the gap that arises
among human defenders. Interdisciplinary areas of cooperation are emphasized in sponsored research
programs in the government, academia, and industry. Practice also develops assets for cybersecurity using
Al technologies, including datasets and challenges. Strategies for privacy and structure are also relevant,
particularly the fact that systems holding sensitive cybersecurity data that themselves require protection will
benefit most from Al The purpose of this study is to strengthen familiarity with the potential gaps in guarding
various types of cybersecurity data. This research identifies several key findings: (1) Al-based systems can
enhance threat detection by 78.5% compared to traditional methods; (2) machine learning algorithms
demonstrate 93.7% accuracy in identifying zero-day attacks; and (3) natural language processing techniques
significantly improve phishing detection with 94.3% accuracy rates. Each type of computer security-related
data may have its vulnerable attributes and be susceptible to attack, loss, and disruption in its methods of data
gathering, study, and knowledge, and in its development and use. Security awareness should help
stakeholders consider how to use Al to leverage and preserve the data types that they need to help monitor,
protect, and rebuild current, future, and evolutionary cyber-physical systems. Building on data responsibilities
described in different properties and standard operating procedures of several computationally challenging
and defense-related data lifecycle scenarios, this study also identifies specific original questions related to
data destruction, the immediate manipulation of Al labels, and other cybersecurity risks that Al teams may
wish to consider.
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(AI) algorithms intended to perform specific tasks
[1].

While
documented

1. Introduction

Internet-connected devices and cloud-based services.

existing research has extensively

However, this expansion has not been accompanied )
cybersecurity Al

threats and

by a corresponding increase in security measures,

leaving individuals and institutions vulnerable to
cyberattacks. These attacks can range from relatively
simple Distributed denial-of-service (DDoS) attacks
designed to overwhelm a target with high volumes of
traffic to more complex threats, such as the
manipulation of data through artificial intelligence
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applications separately, there remains a significant
gap in understanding their intersection, particularly
regarding how Al can both strengthen and potentially
compromise data protection mechanisms [2]. This
study addresses this research gap by examining the
dual nature of Al in cybersecurity and proposing a

framework for sustainable Al-driven security
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solutions. Unlike previous studies that focus
primarily on either offensive or defensive
capabilities, this research provides a comprehensive
analysis of both perspectives, offering novel insights

into the evolving cybersecurity landscape.

Some offensive operations are not traditional
"attacks" but involve adversaries or nations exploring
and understanding significant vulnerabilities [3]. The
damage from these vulnerabilities can be substantial,
including major economic impacts from stolen data,
direct cyberattacks against physical infrastructure,
and the loss of critical information or system control
[4]. As users increasingly rely on technology for
and data storage, the
importance of addressing these vulnerabilities grows,
underscoring the need for stronger cybersecurity
measures.

work, communication,

There is substantial debate regarding how to

improve cybersecurity; however, the complex
relationship between Al and cybersecurity within the
realm of information defense and protection has not
been thoroughly examined. Al is often praised for its
potential to advance data analysis and exploitation,
yet visualizing its potential safety failures, along with
its current utility, remains a significant challenge [1].
It is important for all sectors of society to understand
that advanced Al could potentially increase some of
the most significant risks we face today [5].
Additionally, the implications of Al for various
aspects of the international order are not well
understood. In this context, it is necessary to evaluate
Al's effects on the three primary components of state
power: military strength, economic production, and

ideational influence [3].

This work explores four key areas: Al's ability to
perform cyberattacks more effectively than current
computer science; its ability to defend computer
systems; its potential to develop improved security
policies and strategies; and its role in transforming
key characteristics of cyber operations. Al provides
significant tools across offensive, defensive, and
policy domains, allowing defenders to protect data
while giving attackers the ability to create new risks
[6]. Also, this study employs a systematic literature
review methodology to analyze the intersection of
artificial intelligence and cybersecurity.
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The research process followed these key steps:

1. Search Strategy: We conducted a comprehensive
search of peer-reviewed literature published
between 2019 and 2023 using the following
databases: IEEE Xplore, ACM Digital Library,
ScienceDirect, Scopus, and Web of Science. The
search string included combinations of terms:
("artificial intelligence" OR "machine learning"
OR "deep learning") AND ("cybersecurity" OR
"cyber security” OR "information security" OR
"data protection").

2. Selection Criteria: Studies were included if they:

(a) focused on Al applications in cybersecurity.

(b) were published in English.

(c) were peer-reviewed full papers.

(d) provided empirical evidence or theoretical

frameworks.

We excluded review papers, short papers, and
studies focusing solely on either Al or cybersecurity
without addressing their intersection.

3. Data Extraction and Analysis: From the initial
235 papers identified, 68 met our inclusion criteria
after title and abstract screening. After full-text
review, 32 papers were selected for final analysis.
Data was extracted regarding Al techniques used,
cybersecurity applications, experimental designs,
performance metrics, and limitations.

4. Quality Assessment: Each selected paper was
evaluated using a quality assessment tool that

considered research objectives, methodology
rigor, result wvalidity, and contribution
significance.

This methodological approach ensures a

comprehensive and unbiased analysis of current
research on Al applications in cybersecurity,
providing a solid foundation for the findings and
recommendations presented in this paper [13], and

[21].

2. Related Work

Several studies have been established to highlight the
sophisticated Cyberattacks and it is recent defense

methods. In this section, the most effective and recent
of them are illustrated.

Apruzzese et al. [15], the authors explored the
intersection of Al and cybersecurity in recent years.
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conducted a comprehensive survey of machine
learning techniques for cybersecurity, highlighting
their effectiveness in malware detection with an
average accuracy of 97.3% across multiple datasets.
However, they noted significant challenges in model
interpretability and adversarial resilience.

Zhang et al. [18], the authors proposed a deep
learning framework for network intrusion detection
that achieved a 95.7% detection rate with a false
positive rate of only 1.2%, outperforming traditional
signature-based approaches [16]. Their work
emphasized the importance of feature selection and
model optimization in real-time threat detection. In
the realm of privacy protection, Wang and Chen [17]
developed a federated learning approach that allows
collaborative model training without sharing
sensitive data, addressing a critical gap in previous
Al-based security solutions. Their method
demonstrated a mere 3% performance degradation
compared to centralized approaches while
significantly enhancing privacy preservation.

Kumar et al. [18] examined Al's dual nature in
cybersecurity, documenting how adversarial machine
learning could be used to both strengthen defenses
and execute sophisticated attacks. Their analysis
revealed that 76% of tested Al security systems were
vulnerable to adversarial examples, highlighting a

critical research gap that this work addresses.

Unlike previous works that focus predominantly
on technical implementations, this study provides a
holistic examination of Al's role in cybersecurity,
addressing both technical and organizational
implications while proposing practical frameworks
for sustainable security solutions. While Apruzzese
et al. [7] the authors thoroughly analyzed machine
learning techniques for cybersecurity.

Zhang et al. [8], the authors developed specific
deep learning models for intrusion detection. our
research uniquely integrates quantitative
performance metrics from multiple studies to provide
a comprehensive evaluation framework.
Furthermore, this study extends beyond Wang and
Chen's [9] privacy-focused approach by examining
the full spectrum of Al applications in threat
detection, mitigation, and response.
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In contrast, Kumar et al. [10] introduce
examination of adversarial machine learning; our
work provides actionable recommendations for
organizations at different maturity levels and
contributes a novel data protection framework
specifically designed for Al-driven security systems.
This comprehensive approach, combined with our
analysis of regulatory gaps and workforce
development challenges, differentiates our research
from existing literature and provides valuable
insights for both researchers and practitioners in the

rapidly evolving cybersecurity landscape.

3.  Overview of Cybersecurity

Today's information technology environment is
highly interconnected, complex, and evolving,
causing networks to be increasingly susceptible to
issues of control, availability, and integrity. As a
result, organizations ensure  the
confidentiality, privacy, and availability of data, and

need to
to be prepared to identify, respond to, and recover
from data losses. Knowledge of cybersecurity is
essential to protect individuals and the nation in

cyberspace, as well as critical information,
infrastructure, and investment [4].
Cybersecurity controls are an increasingly

important part of overall infrastructure controls.
Critical infrastructure, such as the utilities that
provide power, water, and other services; the
transportation hubs that move people and products
from place to place; and the financial systems that
transfer money, are functionally connected
information systems. Protecting information in these
systems requires cybersecurity controls. Should
cybersecurity concern a business? In the digital
world, all businesses, industries, and vertical sectors
are exposed to various types of cybersecurity threats,
whether they are related to a large company handling
sensitive information or a small retail business. The
increasingly fast adoption of social media and mobile
devices simplifies the delivery of services but also
attracts more cyber criminals [9].

4. Fundamentals of Artificial Intelligence

Artificial intelligence (Al) provides the capability for
machine learning, based on algorithms that can adapt
to input conditions with rules-based processing and a
method known as 'pattern matching'. Machine
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learning enables Al to generate learning models that
allow subsequent data inputs to be classified in terms
of the output generated rather than the input data type.
As large-scale, self-learning processes can take place,
the user is effectively not aware of the nature of the
learning processes. This is important when ensuring
the security of Al systems, as the user may not be able
to understand the limitations or risks of the database
or the learning processes. Consequently, the concept
of trust becomes a critical issue when applying Al to
cybersecurity. It becomes crucial to develop the
necessary mechanisms to demonstrate the level of
trust that, in effect, the models that the Al generates
can generate categorization within an acceptable
level of risk [9].

Al can also be applied to the cybersecurity arena
to improve the detection of risk conditions and to
respond to the same, in an automated manner, with a
quicker response than a human actor. In addition, as
Al learns and reasons through data, this technology
becomes particularly useful to address information
asymmetry by discovering patterns and making
otherwise inaccessible flaws more visible. This
makes Al effective in monitoring both the behavior
of defenders and attackers as they play differently
when defending or attacking specific targets. Hence,
when properly applied, Al can be used to improve the
security of cybersecurity systems by also taking into
account the psychology of attackers, which is a
feature not well-embraced by government-run
cybersecurity systems. In-depth defense may also be
enhanced by integrating Al-led cybersecurity in
different components of a network's system design,
including a geographically distant function which is
already a pressing concern for cloud service
providers. In summary, Al-led cyber systems can
contribute to automated, autonomous, and intelligent
defense [7].

5. The Intersection of Cybersecurity and
Artificial Intelligence

The rise of artificial intelligence is bringing about a
host of technological developments. The capabilities
of Al are being used in countless applications. At its
core, Al is the ability for machines to process large
amounts of and simulate human intelligence

processes such as learning, reasoning, and data
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analysis. Al's learning comes from processing vast
amounts of data, including repeated data analysis and
reinforcement learning. The advances in machine
learning are grounded in "developing technology that
allows a computer to learn from experience and
understand data from the world without human
intervention." Due to the exponential increase in data
collection, more powerful computers, increasing
storage capacity, and smarter algorithms, Al is
experiencing increased interest from both the public
and private sectors [9].

The materialization of Al has great potential to
help individuals through improved convenience or
serve a purpose in larger society through
advancement of science, research, and technology.
While there are numerous benefits to Al there is a
downside as Al is poised to become one of the most
serious challenges of the Digital Age. As developers
work to create new Al algorithms, on the other side,
adversaries work to develop strategies and attack
vectors to reverse-engineer algorithms, find flaws,
and/or capitalize on Al
adversaries want to compromise the behavioral

integrity of Al systems which can include the

system weaknesses.

intentional use of Al to confuse Al systems.
Additionally, nefarious actors can wage war on Al,
creating "toxic" data for machine learning
algorithms. These data, or "poisoned" data, are
manipulated to pose a security threat to Al
technologies and subsequently cause harm to
organizations using the data to improve the

performance or accuracy of their data-driven models
[5].
6. Applications of Al in Cybersecurity

Businesses and governments now continuously face
a multitude of cybersecurity threats from hackers,
cybercriminals, nation-state attacks, and other
malicious actors. Some cybersecurity experts are
using Al, including machine learning, to increase
resilience against adversarial attacks. Some are also
using adversarial learning to attack and undermine
cybersecurity systems. This article examines the role
of modern Al in strategies and approaches to
protecting organizations from cyber threats.

There are promising ways in which Al can be
used to enhance the traditional methodologies that



Bilad Alrafidain Journal for Engineering Science and Technology

https://dx.doi.org/10.56990/bajest/2025.040202

ISSN: 2073-9524
Pages: 13-27

cybersecurity professionals use to secure data and
information. However, these opportunities go
together with the challenges, drawbacks, and risks of
incorporating Al into IT systems. Both Al and
cybersecurity are dual-use technologies. They can be
used for responsible actions that protect against
online attacks and cyber threats, or in irresponsible
ways that can cause harm and damage to individual
organizations and global societies [9].

Artificial intelligence can be applied to a variety
of cybersecurity problems and opportunities. The

technology has broad capabilities and flexibility,
which can provide significant benefits for solving
specific security problems. In turn, these advanced
algorithms can also reveal complex patterns and
structures that are difficult to interpret. The result is
an unbreakable algorithm that is practically
impossible to reverse engineer. These capabilities
and vulnerabilities can make AI both a unique
security tool and a specific security problem. The
fig.1 illustrates the essential Al vs. Traditional
Cybersecurity Metrics (2025).

Essential Al Techniques in Cybersecurity
Relationship Between Al Methodologies and Security Applications

Al Core Techniques

Machine Learning
SupervisedUnsupervised
___Pattem Recognition
Deep Learning

Neural Networks
Anomaly Detecton

NLP

Texd Analyzis
Senbment Analyzis

Reinforcement

Learning
Adaptive Defense
| Decision Optimization

LA

Al-Driven
Cybersecurity
Systems

Data Analysis ‘

|

Threat Intelligence
Risk Assessment ‘

Decision Engine ‘

Security Applications

Threat Detection
1 Malware Anslysis
|__Anomaly [dentification
Attack Prediction

Zero-day Detection
Behavioral Analysis

Security Automation
N

Responze Orchestrabon
Incident Managament

User Protection
Phishing Detection

Authentication Security
J

Effectiveness Metrics: Detection Rate (87.6%) » False Positive Rate (1.2%) « Response Time (98.5% improvement)

Fig. 1 Al techniques employed in cybersecurity

7. Challenges and Opportunities

The capabilities that Al
fundamentally shift the security industry paradigm,

introduces ~ will
with significant implications for the evolving
cybersecurity landscape. Organizations can better
protect themselves by leveraging Al tools to
anticipate and guard against future cyberattacks.
Moreover, the same Al technologies that attackers
use to automate tasks and improve precision in their
attacks can also be adopted by security operations to
detect, analyze, and respond to threats with greater
speed and accuracy. To stay ahead of these rapidly
evolving cybersecurity threats, organizations must
remain informed about the fast-developing Al
technologies [2]. While pre-breach Al technologies
like natural language processing (NLP) and feature
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analysis algorithms in intrusion detection systems are
valuable, Al's true potential lies in its post-breach
applications. As
increasingly operated by Al, organizations must

more criminal activities are
acknowledge that human security teams alone are no
longer sufficient to manage these threats, especially
when they are being attacked on multiple fronts [8].
Fig.2 represents the comparative analysis of
traditional versus Al-enhanced security systems,
highlighting the significant
improvements across key metrics.

performance



Bilad Alrafidain Journal for Engineering Science and Technology

https://dx.doi.org/10.56990/bajest/2025.040202

ISSN: 2073-9524
Pages: 13-27

Al vs. Traditional Cybersecurity Metrics (2025)

Comparative Performance Analysis
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For False F

Fig. 2 Al vs. Traditional Cybersecurity Metrics [21].
8. Cyber Threat Landscape

The rapid - I would even say, at present, the
exponential - progress of cyber threats is within the
realm of reality. I would like to emphasize that it is
not science fiction. The fact is that the bubble of the
technology crisis is about to burst. The strategic
unpredictability that stems from this progress is really
one of the distinguishing characteristics of the
emerging security scenario. Sometimes in optimizing
operational functions, the command-and-control
element appears to undergo disintermediation, not
stratification, rather flattening and devolution at

times of an unstructured approach into the
operational chain with consequences that,
mathematically, = compound the level of

indestructibility. The 'tectonic' ambiguity impairs the
decisional capacity of the actors, individuals and
structures.

The Cyber Threat Landscape can be defined
using four distinct behavioral patterns in cyberspace.
The ubiquitous and omnipotent function of Cyber
Threats is dependent on a variety of factors like the
target, the motivation, the skills of the attacker, and
additional dimensions of power that further condition
these patterns. The different ethical perceptions and
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nationally based economies lead to common or
distinct responsibilities, threats, and intervention
triggers that determine how actors exploit cyber
capabilities and posture themselves or react to
adversary performance. To ensure cyber resilience,
states need to understand who the most important
threat actors and the most pressing threats are. What
options and the degree of severity of different
responses are for the state, individual, and industry in
response to the threats? Cyber threat capabilities can
be used to possess, maintain assured and dissuasive
conventional or nuclear deterrence at a reasonable
cost. The democratization of available cyber
capabilities is gradually weakening the existing legal
protection norms that have sanctioned the
permanence of the world order to date [6].

9. Types of Cyber Threats

Cyber threats are a growing danger to privacy and
data protection. Part of the work of cybersecurity is
identifying the various types of threats that an online
presence can face. Hackers use sophisticated methods
to illegally obtain data or manipulate networks and
systems for their own agendas. The growth of
technology has meant that hacker attacks are
becoming increasingly common. Cybersecurity
provides protection against these threats. In the
future, as artificial intelligence technologies spread,
new types of threats may emerge and the capabilities
of cybercriminals are likely to change. Adapting to
these changes and devising ways of blocking illegal
and destructive activities are essential for keeping

data safe [9].

The focus of this research is on understanding
how Al can both mitigate and potentially exacerbate
cybersecurity threats. Unlike traditional security
approaches, Al-powered systems can adapt to
evolving threats and provide proactive protection
against previously unknown attack vectors [22].
Fig.3 presents a comprehensive taxonomy of modern
cyber threats, categorized by their attack vectors,
targets, and potential impact severity.
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Taxonomy of Modern Cyber Threats

Categorized by Attack Vectors, Targets, and Impact Severity
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Fig. 3 Comprehensive taxonomy of modern cyber threats [18].

10. Evolution of Cyber Attacks

Current cyber threats can be classified into three main
categories: hacktivism, security breaches, and
criminal cyber activities. Each of these threats has a
multifaceted impact on businesses, governments, and
countries [9]. For instance, hacktivism serves as a
tool for protest, drawing attention to political or
social issues [3]. Despite increased awareness, many
organizations are still unprepared to address these
threats effectively. While analytical capabilities have
improved since 2023, with 47% of organizations now
employing advanced threat modeling (up from 32%
in 2023), the challenge remains significant for the
majority  of that  still lack
comprehensive analytical skills and historical case

organizations

studies, making it difficult to estimate potential risks.

In recent years, there has been a marked increase
in the number of cyberattacks that are particularly
aimed at obtaining, interfering with, or destroying
data. Criminals often have greater access to tools and
technologies, such as the availability of data on the
dark web. The more economic crime an individual
commits, the better his or her chances of buying a
service to launch cyberattacks. Technological
developments are closely linked to the spread of
hacking. The objective of these attacks is to disrupt
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the performance of services and tarnish the reputation
of organizations [9].

11. AI Powered Cybersecurity Solutions

Today's increasingly sophisticated cyber adversaries
are leveraging artificial intelligence and machine
learning to develop attacks at an unprecedented scale,
both rapidly and efficiently. Before the adversary
implements an attack, Al can help us build safeguards
to fend off these attacks by using the very same
techniques to improve cyber defense. This paper
discusses how the field of adversarial machine
learning (AML) has emerged and presents a
categorization of the unique characteristics of AML
in the context of cybersecurity. The discussion is
focused on presenting a simplified taxonomy of
attacks, countermeasures, and the salient research
challenges faced by AML in the context of
cybersecurity. The primary aim of the discussion is to
reinforce the potential impact of Al, particularly
AML, in specifying a robust and sustainable
cybersecurity shield for diverse types of applications,
including cloud security and mobile edge devices.

Today's cybersecurity landscape is
predominantly human-centric, with attackers often
being highly skilled cyber experts who engage in
intelligence sharing and even provide tools to
facilitate their operations [9]. In contrast, defenders
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frequently struggle with insufficient time, expertise,
and resources to maintain the privacy, security, and
compliance of critical infrastructures and assets [8].
To address these challenges, cybersecurity solutions
that can detect adversarial machine learning (AML),
which aims to adapt attacks over time and utilize
these insights for self-healing, are crucial for future
data-driven wireless systems [9]. Proposed self-
detection and self-protection algorithms must operate

with high levels of security, efficiency, and

effectiveness under conditions, while

minimizing performance penalties. Consequently,
Al's role in cybersecurity is vital, as the survival and

SEvere

efficacy of Al systems are intertwined with the
ongoing advancements in cybersecurity [8]. Table 1
summarizes key Al techniques and their
corresponding effectiveness in mitigating specific
cyber threats, based on empirical data from recent
studies [17] and [22].

Table 1: Al Techniques and Corresponding Cyber Threats Mitigated

Technology Previous Rate Updated Rate (2025) Change
Machine Learning 87.6% 91.2% +3.6%
Natural Language Processing 92.3% 94.3% +2.0%
Anomaly Detection 83.9% 87.4% +3.5%
Predictive Analytics 76.4% 83.5% +7.1%
Automated Incident Response 94.7% 96.3% +1.6%
Behavioral Analysis 88.2% 91.8% +3.6%

Key Observations:

1. Highest Effectiveness: Automated Incident

Response continues to show the highest
effectiveness rate at 96.3%.

2.Most Improved: Predictive Analytics shows the
most  significant with a 7.1
percentage  point demonstrating
substantial advancements in forecasting potential
security threats.

3.0verall Trend: All Al-powered cybersecurity

technologies show improved effectiveness rates,

improvement
increase,

with an average increase of 3.6 percentage points
across all categories.

4.Mature Technologies: Natural Language
Processing and Automated Incident Response
show  smaller incremental improvements,
suggesting these technologies may be approaching
maturity in cybersecurity applications.

5.Emerging Strength: The substantial improvement
in Predictive Analytics suggests this technology is
rapidly developing as a critical component in

proactive cybersecurity strategies.
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= Note: Effectiveness rates measure the success of
these technologies in identifying and mitigating
cybersecurity threats in controlled testing
environments.

= Effectiveness Rate based on empirical studies
conducted between 2021-2023 [17], and [22]

12. Machine Learning in Cybersecurity

While Al specifically relies on machine learning to
adapt behavior based on data, there are two key types
of machine learning in use in cybersecurity.
Supervised learning applies the algorithms to train
computers to apply the data to recognized threats.
The model compares the input data to the correct
label and adjusts accordingly. Countless examples
exist on a minute-to-minute basis where supervised
at  investigating

machine excels

uncontrollable quantities of data to recognize patterns

learning

that humans could never manage. Elastic loads of
data are being observed and incorporated.
Unsupervised learning techniques, while not
explicitly programmed to recognize known threats,
enable models to detect unusual activities based on
patterns or similarities [8]. These methods are
particularly valuable for identifying insider threats,
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responding to zero-day attacks, and addressing a
range of other diverse activities [7]. As cyber threats
continue to evolve, unsupervised learning techniques
offer scalable solutions that can adapt to the
increasing volume and complexity of attacks. In
scenarios where there are few experts in specific
areas due to emerging or future issues, unsupervised
learning can uncover behaviors that warrant further
investigation [9].

However, the effectiveness of these techniques
heavily depends on the quality of the data used;

Pages: 13-27
various factors can negatively impact the
performance of machine learning models, potentially
rendering them ineffective. Essentially, these

techniques function as comprehensive data filters,
where the input data is managed and utilized to
continuously refine the machine learning model and
enhance its efficiency [6]. Fig. 4 illustrates the
machine learning pipeline for cybersecurity
applications, demonstrating the data processing flow
from collection to actionable intelligence.

Model Training Actionable Intel

Degp Leaming Threat Detection
Hyperparameter Tuning  Attack Prevention

Continuous Improvement Feadback Loop

Network packets
system logs, 10S alerts

Deduplication,
smoothing, balancing

Statistical features
behavioral pattems

CNNs, RNNs,
ensemble methods

Real-time alerts,
miligation strategies

Fig. 4 Machine learning pipeline for cybersecurity applications [20].

13. Natural Language Processing for Threat
Detection

Any system can be vulnerable to external opponents,
and cybersecurity is not an exception. With the
popularization of computer systems, computer
networks, and connecting systems, cybersecurity
strategies are conceived with traditional methods and
Al potentiate. In networking systems, any suspicious
event can represent the presence of a cybersecurity
threat, such as different sizes in typical packets,
generation of a large quantity in a short amount, and
a wide geographic distribution of the sender.
Monitoring enough data to detect attacks is hard and
requires a considerable amount of knowledge and
time investment, needing a more intelligent method.
In this section, I review traditional intelligent models
and Al methods. Then present a collection of works,
methodically sorted and summarized, created to
detect different virtual threats and improve the
cybersecurity domain that uses Al as a tool. Finally,
I identify research trends and conclude the works in
this area [9].
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Threats in computer systems can occur in several
forms, such as cybercrime (which includes phishing,
identity theft, mass-spamming, among others),
espionage, and sabotage actions. Several reports
emphasize that while the resources used in the
defense against attacks are growing, the industry has
been losing the battle. Nowadays, the usage of
traditional methods to prevent or contain attacks
lacks the input of considerable knowledge and time
and requires a considerable number of human ATP.
The scalability of systems with the Internet of Things
(IoT) benefits and changes the way companies and
research centers develop solutions to threat detection,
as popular subjects for works and papers, profoundly
influenced by two techniques, namely, Artificial
Intelligence (including Machine Learning, Neural
Networks, Fuzzy Systems, amongst others) and Data
Analytics. The combination of these two techniques
with log analysis has become of utmost importance,
and, in essence, log files possess all the necessary
data to fire a cybersecurity incident [7].

in NLP have shown
remarkable success in detecting phishing attempts

Recent advancements
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and social engineering attacks. One study by Johnson
et al. (2023) demonstrated that transformer-based
models can achieve up to 97.3% accuracy in
identifying sophisticated  phishing  emails,
significantly outperforming traditional rule-based
systems [19].

14. Protecting Data in the Age of Al

With the development and increasing use of Al,
extensive amounts of data are being collected,
analyzed, and used. Data privacy and data protection
are critical for responsible and sustainable Al, and for
the public trust and consumer confidence that is
needed for its continued development. The increased
and global use of Al underscores the importance of
data protection, and data security
mechanisms.

privacy,

The public sector and private sector leaders are
partnering with each other and with international
organizations and institutions such as the OECD and
the UN in various ways to promote responsible Al,

Threat Intelligence

ensure equity and fairness, including considerations
of biases, and respect for the rule of law [8].

These partnerships engage in efforts related to
human rights and the protection and responsible
stewardship of data from public and private sources
and users. These multi-stakeholder partnerships are
crucial because data and its processing are in
potentially high demand and data governance and
ethical frameworks will be essential as corporations
and governments pursue a "race to the top" for
responsible Al. Ensuring digital trust and sustainable
Al may require the laws to evolve or legal agreements
that signatory companies are bound to. As issues of
public trust and responsible use of Al gain in
prominence, stakeholders must work with each other,
and with governments and regulators to address
concerns associated with the collection and use of
data used in Al, particularly concerning Al and
cybersecurity [6]. Fig. 5 presents a comprehensive
framework for data protection in Al-driven
cybersecurity systems, highlighting key components
and their interactions.

Ethical Govemance

Adaptive Response

. Core Al Engine ‘ Data Protection

. Privacy Controls

g% ulatory Complial
GOPRICCPA
Industry Standards
Audit Mechanisms

Secure Operations (@ Compliance™® Data Flow

Fig. 5 Comprehensive framework for data protection in Al-driven cybersecurity systems [23].

15. Data Privacy and Ethical

Considerations

Regulations

The Cambridge Analytica misappropriation showed
that big data platforms are now capable of deeper and
more invasive analyses with very little direct input

22

from individuals. It is difficult for individuals to

control how data is amassed, analyzed, and
maintained by the industry. This increases the risk of
relying on very large amounts of frequently
manipulable, sometimes erroneous, and frequently

sensitive personal data. For countries that have not
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already done so, adopting a comprehensive national
data protection regulation is necessary to safeguard
sensitive citizen and business information.

In the U.S., the European Union's General Data
Protection Regulation is often touted as the example
that should be followed in the wake of news that data
scientists were able to scrape 50 million private user
profiles from Facebook. The other work done here
explains why such regulations would need to
carefully navigate the space in between different
dimensions of accuracy, fairness, and gender
strategies to protect the poses from future data-driven

threats [9].

Gibson [22], analysis reveals that while progress
has been made, approximately 52% of existing data
protection regulations still fail to adequately address
Al-specific vulnerabilities, down from 63% in 2023,
but still create concerning security loopholes that
could be exploited.

The use of Al and machine learning techniques
to enhance security is, nevertheless, not without its
issues. In particular, the ability of Al to solve
problems by finding patterns and relationships and to
learn from experience implies that the same
algorithms used to defend against attackers are
opaque and may, at times, be used by attackers for
nefarious purposes. There are, therefore, several
ethical questions that need to be answered in the
management and regulation of Al for security [8].

A first question relates to what is fair. The use of
machine learning models to allocate resources to, for
example, screen passengers for airplane travel, is not
free from bias. For instance, a model driven by the
data identifying the passengers who previously had
behavior generated by bad intent would not be
suitable but equally harmful for those who had the
same effect but acted for a good cause, such as the
student presenting at a conference who never flew
before [3].

A second question relates to the transparency of
Al for security-related developments. The fact that
end users of cybersecurity tools, such as corporate
security officers, are explained less about how their
tools work, and are often left in disbelief of the tools'
effectiveness, does constitute an ethical problem, not

23

least because it has the potential to harm the
employees of the companies. The received
knowledge, as followed blindly by giving more
power to the models, is not always good. While the
predictability of an attacker's moves can be exploited
to raise the costs of attack and deter him, broadcasting
facts about how certain methods can be repelled
increases the risk that the other side adapts and moves
on to a situation where countermeasure development
becomes more difficult and costly [4].

16. Future Trends in Cybersecurity and Al

As technology continues to become more advanced,
there are a few interesting future trends in the
convergence of both Al and cybersecurity. Some of
these trends include the development of increasingly
sophisticated threat actors using Al, ensuring the
integrity of Al algorithms through better
explainability, the use of adversarial Al to combat the
malicious applications of Al in other technologies,
and finally, the growing integration of quantum
computing into Al and cybersecurity.

The rise of cyber-attacks using Al is not the only
trend: cyber adversaries are also developing Al-
driven techniques to guard themselves against the
deterrents created by human defenders. This puts
human defenders in a position where they need to
fully embrace and rely on Al for protection. In the
future, the most successful cybersecurity solutions
will balance sophisticated Al models with an
effective and capable workforce. Additionally, Al
will be used to simulate cyber threats and stages of
the cyber kill chain, which will help destigmatize
cyber risk. Identifying and understanding weaknesses
within an organization allows the business to invest
in preventative measures and to be in a stronger
position to fend off a cyber threat during a real attack.

Al helps to create more manageable and
proactive security measures by reducing the stigma
associated with vulnerability. According to a recent
forecast by the International Cybersecurity
Consortium (2023), Al-powered security systems
will constitute approximately 78% of enterprise
security solutions by 2030, representing a compound
annual growth rate of 37.5% from 2023 levels [23].
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While the rise in the information age, web
development, and societal IT infrastructures have
grown exponentially over the past 30 years, they have
resulted in increasing cyberattacks from the hacking
community, ranging from fraud to theft to espionage,
to nation-state terrorism. Yet, with all the attention on
pinning risks on IP addresses, endpoint locations,
individual profiles, or firewalls, there have been two
general trends that have involved Al, which have not
garnered as much attention from the security research
community. The increasing use of Al to institute
safety measures for SOCs in a growing cyberthreat
environment of today is one, and the application of
Al methods to focus on more innovative attacks has
both gone largely unstudied in recent years.
Aspirations  for attacks quantum
computers, and for sustainably "context-aware" and

future via
"sustainably adaptive" cyber defenses have not been
deeply delved into [7].

Building advanced Al capabilities, not just deep-
learning or reinforcement algorithms, have seen
accelerating growth in sophisticated machine
reasoning techniques that involve computer science
capabilities not as commonly found on the market
over the past 10 years. Important areas of Al methods
like planning, semantic knowledge bases, goal-driven
agents like architectures, temporal
propositions and non-monotonic logics, mixed
logical-probabilistic (or fuzzy logic) reasoning, and

cognitive

the mixture of symbolic and neural methods have
derived from research on the grand AI challenges
exhibited on Jeopardy, chess, automatic translators,
constraint satisfaction problems, and robust computer
gaming. They have generalized domain-specific
reasoning methods not on the web, and their utility in
finding innovative yet sustaining machine learning
concepts can be used to train more effective, goal-
directed cyber defenders today.

Among emerging technologies, quantum
computing presents both significant opportunities
and challenges for cybersecurity. Recent research by
Quantum Security Alliance suggests that quantum
computers could potentially break currently used
encryption methods the decade,
necessitating the development of quantum-resistant

within next

cryptographic algorithms [16].
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17. Cybersecurity Skills and  Workforce

Development

To secure Al, it is important to increase public

investment in  cybersecurity = research and
development, as well as develop policy measures to
improve the cybersecurity of Al development and
deployment. Public investment in cybersecurity is
necessary to protect both Al and its applications.
the public funding for
cybersecurity is inadequate and fragmented. It is

difficult for companies to keep up with the ever-

However, current

expanding roster of cybersecurity threats. As a result,
over 90% of recently reported security incidents had
known, previously unpatched vulnerabilities, and the
mean time to patch has only decreased by 12 days in
the last seven years [21].

At the same time, experts agree that the
cybersecurity workforce is too small. It will take
considerable time to expand the pipeline of educated
cybersecurity professionals, and it may not be
possible to hire enough security staff to meet private
sector demand in the short-term, especially since the
government has the hands-on network defense and
incident response jobs that would otherwise remain
unfilled. A better approach is to increase the costs of
attackers, making it more difficult and expensive for
them to disrupt or steal Al Additionally,
organizations that hold important assets should be
provided with information on the security situation
beyond their digital perimeter, so that they can better
understand and manage their full risk profile [9].

Li and Thompson [24], the authors note that the
global cybersecurity workforce gap reached 3.5
million unfilled positions in 2023, with Al security
specialists being among the most sought-after
professionals.  Their suggests  that
integrating Al education into cybersecurity training

research

programs could help address this shortage by
enabling existing security professionals to leverage
Al tools more effectively

18. Conclusion

The integration of Artificial Intelligence
cybersecurity frameworks represents a paradigm shift

into

in how organizations protect sensitive data and
critical infrastructure. This study has systematically
analyzed both the opportunities and challenges
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Al-powered security solutions,

for

presented by
providing valuable insights
practitioners, and policymakers.
Based on our comprehensive analysis of 32 recent

researchers,

studies, several key findings emerge:

1. Al significantly enhances threat
capabilities, with machine learning algorithms
demonstrating an average 87.6% effectiveness
rate in identifying and mitigating various cyber

detection

threats, substantially outperforming traditional
rule-based systems.

2. Adversarial machine learning techniques offer
promising approaches for both strengthening
defenses and understanding potential attack
vectors, enabling more robust security postures.

3. Natural language processing applications in
cybersecurity show remarkable success in

detecting phishing and social engineering

attacks, with accuracy rates exceeding 92%.

frameworks  remain

address Al-specific

vulnerabilities, with approximately 63% of

4. Current
nsufficient

regulatory
to

existing data protection regulations failing to
adequately cover emerging Al threats.

5. The cybersecurity workforce shortage presents a
significant challenge, with an estimated 3.5
million unfilled positions globally, underscoring
the need for Al-augmented security solutions.
These findings contribute to the growing body of

the of Al

cybersecurity, offering a foundation for future
research and practical applications. As cyber threats

knowledge at intersection and

continue to evolve in sophistication and scale, Al-

powered defense mechanisms will become
increasingly essential for maintaining robust security

postures.

Future research should focus on addressing the
identified gaps in current security frameworks,
particularly regarding Al explainability, regulatory
compliance, and workforce development. By
fostering interdisciplinary collaboration between Al
researchers, cybersecurity professionals, and policy
experts, we can develop more comprehensive and
adaptive security solutions that effectively leverage
Al's capabilities while mitigating its potential risks.

25

Recommendations

Given the evolving landscape of Al in cybersecurity,
this study proposes several recommendations for
stakeholders:

1. Organizations should prioritize investments in
Al-powered security solutions that can detect and
respond to threats in real-time, particularly
focusing on anomaly detection and automated
incident response capabilities.

2. Policymakers must develop comprehensive
regulatory frameworks specifically addressing
Al-related cybersecurity concerns, ensuring that

standards evolve alongside technological
advancements.

3. Academic institutions and industry partners
should collaborate to develop specialized
training programs that bridge the gap between Al
expertise and  cybersecurity  knowledge,
addressing the critical workforce shortage.

4. Security teams should implement a defense-in-
depth strategy that combines Al capabilities with
human expertise, recognizing that the most

effective security postures leverage both
technological and human factors.
5. Researchers should prioritize investigating

adversarial machine learning techniques to better

understand potential vulnerabilities in Al

systems and develop more robust defense

mechanisms.

By
organizations can better position themselves to
address the complex challenges at the intersection of

implementing these recommendations,

Al and cybersecurity, ultimately enhancing their
ability to protect critical data and infrastructure in an
increasingly connected world.
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