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ABSTRACT

The rapid evolution of cyber threats necessitates advanced
solutions, and Artificial Intelligence (Al) has emerged as a
transformative tool in cybersecurity. This study aims to
evaluate the effectiveness of Al-driven machine learning
algorithms—Convolutional Neural Networks (CNN), Artificial
Neural Networks (ANN), and Support Vector Machines
(SVM)—in enhancing threat detection and mitigation.
Leveraging the KDD Cup 99 dataset, the research employs a
rigorous experimental setup, including data preprocessing,
feature selection, and algorithm evaluation using accuracy,
precision, recall, F1-score, and ROC-AUC metrics. The results
reveal that CNN outperformed other models, achieving a
96.5% accuracy and demonstrating superior capability in
identifying complex attack patterns. ANN and SVM also
performed well, with accuracies of 94.8% and 92.1%,
respectively. These findings underscore the potential of Al to
bolster cybersecurity frameworks, offering improved detection
rates and reduced false positives. The study contributes to the
growing field of Al-driven cybersecurity by providing
actionable insights for integrating machine learning models
into practical applications. Future research is encouraged to
explore hybrid models, real-time threat intelligence, and
broader datasets to further enhance the adaptability and
efficacy of Al-driven solutions in combating the dynamic
landscape of cyber threats.
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1. INTRODUCTION

In today’s digitally interconnected world, cybersecurity has
emerged as a critical concern for organizations and individuals
alike. The exponential growth of digital data, coupled with the
increasing sophistication of cyber threats, has intensified the
need for robust security measures [1]. Cybersecurity
encompasses a wide range of practices and technologies
designed to protect networks, systems, and data from
unauthorized access, breaches, and other malicious activities
[2]. Despite significant advancements, the current

cybersecurity landscape is fraught with challenges, including
the rapid evolution of threat vectors, the complexity of
managing vast amounts of data, and the persistent arms race
between defenders and attackers [6]. These challenges
underscore the importance of developing more effective and
adaptive security solutions to safeguard sensitive information
and maintain trust in digital infrastructures [11].

Artificial Intelligence (Al) has increasingly become a pivotal
component in the realm of cybersecurity, offering innovative
approaches to threat detection and mitigation [3]. The
integration of Al in cybersecurity represents a significant
evolution from traditional rule-based systems to more dynamic,
intelligent frameworks capable of adapting to emerging threats
[4]. Historically, Al applications in cybersecurity began with
the use of machine learning algorithms to identify patterns and
anomalies within network traffic [5]. Over time, these
applications have expanded to include sophisticated techniques
such as deep learning, reinforcement learning, and adversarial
machine learning, which enhance the ability to predict, detect,
and respond to complex cyber threats in real-time [7]. The
evolution of Al-driven cybersecurity solutions highlights the
transformative potential of machine learning in creating more
resilient and proactive defense mechanisms [8].

Despite the promising advancements brought about by Al in
cybersecurity, existing methods exhibit several limitations in
effectively detecting and mitigating advanced threats [1].
Traditional cybersecurity approaches often rely on predefined
rules and signatures, which can be insufficient in identifying
novel or highly sophisticated attacks that do not conform to
known patterns [6]. Moreover, the scalability and adaptability
of these methods are frequently challenged by the increasing
volume and velocity of cyber threats, leading to delayed
responses and potential vulnerabilities [10]. There is also a
notable gap in the integration of Al techniques with existing
security infrastructures, which hampers the seamless
implementation of advanced threat detection systems [7].
Addressing these gaps is crucial for enhancing the overall
security posture of organizations and ensuring the protection of
critical digital assets against evolving cyber threats [13].
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The primary objective of this study is to investigate and
evaluate the effectiveness of various machine learning
algorithms in enhancing threat detection and mitigation within
cybersecurity frameworks [9]. By leveraging Al-driven
approaches, the research aims to identify optimal algorithms
that can accurately detect sophisticated cyber threats and
provide timely mitigation strategies. Additionally, the study
seeks to develop a comprehensive framework that integrates
these machine learning models with existing security systems,
thereby improving the overall resilience and adaptability of
cybersecurity measures [5]. Secondary objectives include
assessing the performance of different algorithms in diverse
threat scenarios and exploring the challenges associated with
implementing Al-driven solutions in real-world environments
[12]. This study is guided by the following research questions:

e  What machine learning algorithms are most effective
in detecting advanced cyber threats?

e How can Al-driven threat detection systems be
integrated with existing cybersecurity infrastructures
to enhance overall security?

e What are the primary challenges and limitations
associated with the implementation of machine
learning-based cybersecurity solutions?

Based on these questions, the study hypothesizes that Al-driven
machine learning algorithms significantly improve the
accuracy and speed of threat detection compared to traditional
methods [3]. Furthermore, it posits that integrating these
algorithms with existing security frameworks can lead to more
effective and adaptive cybersecurity measures [4].

This paper is structured to provide a comprehensive
examination of Al-driven cybersecurity. Following this
introduction, Section 4 presents a detailed literature review,
exploring the current state of Al and machine learning
applications in cybersecurity and identifying existing research
gaps. Section 5 outlines the methodology employed in this
study, including the research design, data collection processes,
and the machine learning algorithms utilized. The results of the
empirical analysis are discussed in Section 6, highlighting the
performance and effectiveness of the proposed models. Section
7 offers a thorough discussion of the findings, their
implications for the field of cybersecurity, and potential
limitations of the study. Finally, Section 8 concludes the paper
by summarizing the key insights and suggesting directions for
future research.

the outlined objectives and research questions, this study aims
to contribute to the advancement of Al-driven cybersecurity
strategies, offering practical solutions for enhanced threat
detection and mitigation in an increasingly complex digital
landscape [9].

2. LITERATURE REVIEW

The integration of Artificial Intelligence (Al) and Machine
Learning (ML) into cybersecurity has fundamentally
transformed the landscape of digital defense mechanisms.
Historically, Al applications in cybersecurity began with basic
machine learning algorithms aimed at pattern recognition and
anomaly detection within network traffic [10]. Early
implementations focused on leveraging supervised learning
techniques to classify known threats, laying the groundwork for
more advanced Al-driven solutions [20]. As cyber threats
evolved in complexity and sophistication, the role of Al
expanded, incorporating deep learning and reinforcement
learning to enhance the predictive and adaptive capabilities of
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cybersecurity systems [15][19]. This evolution reflects a
broader trend towards more intelligent and autonomous
security frameworks capable of responding to dynamic threat
environments [25].

Current trends in Al-driven cybersecurity emphasize the
deployment of state-of-the-art methodologies such as
convolutional neural networks (CNNSs), recurrent neural
networks (RNNs), and ensemble learning techniques to
improve the accuracy and efficiency of threat detection systems
[16][21]. These advanced algorithms enable the identification
of intricate patterns and subtle anomalies that traditional rule-
based systems might overlook [22]. Additionally, the
emergence of Explainable Al (XAl) addresses the critical need
for transparency and interpretability in Al decision-making
processes, fostering greater trust and reliability in automated
cybersecurity solutions [16]. The adoption of XAl not only
enhances the usability of Al systems for security professionals
but also facilitates compliance with regulatory standards that
mandate clear accountability in cybersecurity practices [21].

Machine Learning (ML) algorithms play a pivotal role in the
detection and mitigation of cyber threats, utilizing various
approaches to identify and neutralize potential security
breaches. Supervised learning techniques, including Support
Vector Machines (SVM), Random Forests, and Neural
Networks, are extensively employed for their ability to classify
and predict malicious activities based on labeled datasets
[14][23]. These algorithms excel in scenarios where historical
data is available, enabling the creation of robust models that
can effectively distinguish between benign and malicious
behaviors [18]. In contrast, unsupervised learning methods,
such as clustering and anomaly detection, are instrumental in
identifying previously unknown threats by analyzing patterns
and deviations in network behavior without relying on
predefined labels [17][22]. This capability is crucial for
addressing zero-day exploits and emerging threats that lack
historical data [32].

Reinforcement learning, with its capacity to adapt and optimize
defense mechanisms through continuous interaction with the
environment, offers a dynamic and resilient approach to
cybersecurity [29][31]. By learning from real-time feedback
and adjusting strategies accordingly, reinforcement learning
algorithms can develop proactive defense tactics that anticipate
and counteract evolving cyber threats [33]. This adaptability is
essential in maintaining an effective security posture in the face
of rapidly changing attack vectors and sophisticated adversarial
tactics [27]. Furthermore, hybrid models that combine multiple
machine learning techniques are being explored to enhance the
overall robustness and effectiveness of threat detection systems
[21][26][28].

Beyond detection, Al-driven strategies are integral to effective
threat mitigation. Automated response systems leverage real-
time data analysis and decision-making algorithms to swiftly
neutralize threats, thereby minimizing potential damage and
reducing response times [12][24]. These systems are designed
to operate autonomously, enabling organizations to respond to
cyber incidents with unprecedented speed and accuracy [36].
Predictive analytics, powered by machine learning models,
forecast potential security incidents by analyzing historical data
and identifying trends, thereby enabling proactive measures to
prevent attacks before they occur [37][39]. The integration of
Al with existing cybersecurity infrastructures ensures
compatibility and interoperability, facilitating the seamless
deployment of advanced threat detection and mitigation
solutions within established security frameworks [40][42]. This
integration not only enhances the defensive capabilities of
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organizations but also contributes to the overall resilience of
digital infrastructures against sophisticated cyber threats
[26][28].

Comparative studies and performance metrics are essential in
evaluating the effectiveness of Al-driven cybersecurity
solutions. Extensive research has demonstrated the superior
performance of machine learning algorithms over traditional
rule-based systems in terms of accuracy, precision, recall, F1-
score, and ROC-AUC metrics [10][20][30]. For instance, deep
learning models have shown remarkable success in identifying
intricate patterns associated with advanced persistent threats
(APTs) and zero-day exploits, outperforming conventional
detection methods [15][19][21]. Evaluation metrics such as
confusion matrices, ROC curves, and precision-recall curves
provide comprehensive insights into the strengths and
limitations of various algorithms, facilitating informed
decisions in selecting appropriate models for specific
cybersecurity applications [18][32]. Additionally,
benchmarking Al-driven solutions against existing methods
highlights the advancements in threat detection capabilities,
underscoring the potential of machine learning to enhance
overall cybersecurity effectiveness [33][34].

Despite significant progress, several research gaps and
opportunities remain in the realm of Al-driven cybersecurity.
One prominent gap is the limited integration of Al techniques
with legacy security systems, posing challenges in achieving
seamless interoperability and scalability [10][7][40]. The
susceptibility of machine learning models to adversarial attacks
and inherent biases in training data necessitates the
development of more resilient and unbiased algorithms
[4][25][16]. Moreover, there is a need for comprehensive
frameworks that encompass both defensive and offensive Al
strategies, ensuring a balanced approach to cybersecurity
[4][24][15]. Opportunities for advancement lie in the
exploration of hybrid models that combine multiple machine
learning techniques, the incorporation of real-time threat
intelligence, and the enhancement of explainability in Al-
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driven decisions [21][26][28]. By addressing these gaps, future
research can significantly contribute to the evolution of more
robust, adaptive, and intelligent cybersecurity systems capable
of countering the dynamic nature of cyber threats [13][38][43].

the integration of Al and ML into cybersecurity has markedly
advanced the capabilities of threat detection and mitigation.
The continuous evolution of machine learning algorithms,
coupled with innovative mitigation strategies, underscores the
transformative potential of Al in safeguarding digital
infrastructures. However, addressing existing research gaps
and leveraging emerging opportunities will be crucial in
realizing the full potential of Al-driven cybersecurity solutions,
thereby ensuring a more secure and resilient digital future.

3. METHODOLOGY

This study adopts an experimental research design to
systematically evaluate the effectiveness of selected machine
learning algorithms in enhancing threat detection and
mitigation within cybersecurity frameworks. An experimental
approach is particularly suitable for this research as it allows
for controlled comparisons between different algorithms under
consistent conditions, thereby facilitating the identification of
the most effective techniques for addressing advanced cyber
threats. By implementing and testing these algorithms on a
standardized dataset, the study ensures the reliability and
validity of the findings, enabling a clear assessment of each
algorithm's performance and adaptability in real-world
cybersecurity scenarios.

To achieve the primary objectives of this research, four
prominent machine learning algorithms have been selected for
comprehensive analysis: Support Vector Machines (SVM),
Random Forests (RF), Convolutional Neural Networks (CNN),
and Avrtificial Neural Networks (ANN). SVM is chosen for its
robust classification capabilities and effectiveness in handling
high-dimensional data, which is crucial for distinguishing
between benign and malicious activities [14]. Random Forests
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are selected due to their ensemble learning nature, which
enhances prediction accuracy and mitigates overfitting by
aggregating the results of multiple decision trees [20]. CNNs
are incorporated for their proficiency in pattern recognition and
feature extraction, particularly useful in identifying complex
and non-linear relationships within large datasets [15]. Lastly,
ANNSs are included for their versatility and ability to model
intricate behaviors and interactions within the data, providing a
strong foundation for adaptive threat detection systems [19].
The selection of these algorithms is grounded in their proven
track records and complementary strengths, ensuring a
comprehensive  evaluation of diverse approaches to
cybersecurity.

The chosen dataset for this study is the KDD Cup 99 dataset,
renowned for its extensive use in evaluating intrusion detection
systems and benchmarking machine learning models in
cybersecurity research. The KDD Cup 99 dataset offers a rich
repository of simulated network traffic data, encompassing a
wide variety of attack types and normal activities, which
provides a robust basis for training and testing the selected
algorithms. Its comprehensive feature set and well-documented
structure facilitate effective preprocessing, feature extraction,
and model training, ensuring that the evaluation process is both
thorough and reproducible. Additionally, the dataset's balanced
representation of different attack vectors allows for a nuanced
analysis of each algorithm's capability to detect and classify
diverse cyber threats accurately.
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The experimental setup involves a systematic pipeline
comprising data preprocessing, feature selection, model
training, and performance evaluation. Initially, the KDD Cup
99 dataset undergoes preprocessing steps such as
normalization, handling of missing values, and encoding of
categorical variables to ensure data quality and consistency.
Following preprocessing, feature selection techniques are
employed to identify the most relevant attributes that contribute
significantly to threat detection, thereby enhancing model
efficiency and reducing computational overhead. Each of the
four algorithms—SVM, RF, CNN, and ANN—is then trained
on the processed dataset, with hyperparameters optimized to
achieve the best possible performance. The models are
evaluated using a suite of performance metrics, including
accuracy, precision, recall, Fl-score, and ROC-AUC, to
provide a comprehensive assessment of their effectiveness in
identifying and mitigating cyber threats.

3.1 Data Collection

The success of machine learning-based cybersecurity solutions
heavily relies on the quality and comprehensiveness of the data
utilized for training and evaluation. For this study, the primary
data source selected is the KDD Cup 99 dataset, renowned for
its extensive use in benchmarking intrusion detection systems
and machine learning models in cybersecurity research
[10][20]. The KDD Cup 99 dataset provides a diverse array of
simulated network traffic data, encompassing both normal
activities and a wide variety of attack types, including Denial
of Service (DoS), User to Root (U2R), Remote to Local (R2L),
and Probe attacks. This extensive feature set ensures that the
selected machine learning algorithms—Support Vector
Machines (SVM), Random Forests (RF), Convolutional Neural
Networks (CNN), and Artificial Neural Networks (ANN)—are
exposed to a broad spectrum of threat scenarios, facilitating
robust training and comprehensive evaluation.

In addition to the KDD Cup 99 dataset, proprietary data from
organizational cybersecurity logs will be incorporated to
enhance the realism and applicability of the models. This
proprietary data includes detailed logs of network traffic,
system events, and user activities, providing granular insights
into actual threat patterns and behaviors that may not be fully
captured by public datasets [38]. The combination of public and
proprietary data sources ensures a balanced representation of
both simulated and real-world cyber threats, thereby improving
the generalizability and effectiveness of the proposed machine
learning models.

The data preprocessing phase is critical to ensure the integrity
and suitability of the dataset for machine learning applications.
This phase encompasses several key steps: data cleaning,
normalization, and feature selection. Data cleaning involves
the removal of duplicate records, handling missing values, and
correcting inconsistencies to ensure the dataset's accuracy and
reliability [10][20]. Normalization is applied to scale the
feature values uniformly, preventing any single feature from
disproportionately influencing the model's performance [22].
This is particularly important for algorithms like SVM and
ANN, which are sensitive to the scale of input data.

Feature selection is employed to identify and retain the most
relevant attributes that significantly contribute to threat
detection and classification. By reducing the dimensionality of
the dataset, feature selection enhances model efficiency,
reduces computational overhead, and mitigates the risk of
overfitting [14][23]. Techniques such as Principal Component
Analysis (PCA) and Recursive Feature Elimination (RFE) are
utilized to systematically evaluate and select the most pertinent

International Journal of Computer Applications (0975 — 8887)
Volume 186 — N0.69, February 2025

features from the dataset. The following table provides an
overview of the key variables and features extracted from the
KDD Cup 99 dataset, highlighting their relevance to the study’s
objectives.

Table 1: Key Variables and Features in the KDD Cup

99 Dataset
Feature Name Description Type Relevance to
Study
duration Length of the Continuous Helps distinguish
connection in between normal
seconds and attack traffic
protocol_type Type of protocol Categorical Identifies
(e.g., TCP, UDP, protocol-specific
ICMP) attack patterns
service Network service Categorical Assists in
on the destination recognizing

(e.g., http, telnet) service-specific

threats

src_bytes Number of data Continuous Indicates
bytes from source potential data
to destination exfiltration or
DosS attacks
dst_bytes Number of data Continuous Useful for
bytes from identifying data-
destination to heavy attacks
source
flag Status flag of the Categorical Provides context
connection (e.g., on connection
SF, REJ) state for threat
analysis
land Whether Binary Helps detect
connection is certain types of
from/to the same attacks like
host/port LAND attacks
wrong_fragment Number of wrong Continuous Detects
fragments fragmented attack
attempts
num_failed_logins Number of failed Continuous Detects brute
login attempts force and

credential

The meticulous selection and preprocessing of these features
ensure that the machine learning models are trained on the most
relevant and high-quality data, thereby enhancing their
capability to accurately detect and mitigate cyber threats. By
leveraging both public and proprietary data, combined with
rigorous preprocessing techniques, this study aims to develop
robust Al-driven cybersecurity solutions that are both effective
and adaptable to the dynamic nature of modern cyber threats.

3.2 Machine Learning Algorithms Employed

For this study, three advanced machine learning algorithms—
Convolutional Neural Networks (CNN), Artificial Neural
Networks (ANN), and Support VVector Machines (SVM)—have
been selected to evaluate their effectiveness in detecting and
mitigating cyber threats. These algorithms were chosen based
on their complementary strengths in handling diverse types of
data and their established success in cybersecurity applications.

Convolutional Neural Networks (CNN) are well-suited for this
study due to their ability to automatically extract complex
patterns and features from high-dimensional data. CNNs are
particularly effective in identifying subtle relationships in
network traffic that may indicate malicious activities. For this
implementation, the CNN architecture was designed with three
convolutional layers followed by max-pooling layers to reduce
dimensionality while preserving critical features. The
activation function used was ReLU (Rectified Linear Unit),
with a softmax layer at the end for classification. Dropout
regularization was applied at a rate of 0.3 to prevent overfitting,
and the model was trained using the Adam optimizer with a
learning rate of 0.001. A batch size of 64 and an epoch count
of 50 were used to ensure robust learning.

Artificial Neural Networks (ANN) were selected for their
versatility and capability to model complex relationships
within the data. The ANN used in this study consisted of an
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input layer, three hidden layers, and an output layer configured
for multi-class classification. Each hidden layer included 128,
64, and 32 neurons, respectively, with ReLU activation
functions. The output layer employed a softmax function to
classify the input data into predefined categories. The ANN
was trained using the Stochastic Gradient Descent (SGD)
optimizer with a learning rate of 0.01 and a momentum of 0.9
to accelerate convergence. The model was evaluated using a
cross-entropy loss function, and early stopping was
implemented to halt training when validation loss ceased to
improve for 10 consecutive epochs.

Support Vector Machines (SVM): Utilized for its effectiveness
in separating classes in complex decision boundaries.
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Support Vector Machines (SVM) were chosen for their
effectiveness in binary and multi-class classification, especially
in cases where the data is not linearly separable. The SVM used
a radial basis function (RBF) kernel, which is well-suited for
capturing non-linear relationships in the dataset. The penalty
parameter CCC was set to 1.0, balancing the trade-off between
maximizing the margin and minimizing the classification error.
The kernel coefficient y\gammay was set to ‘scale,’
automatically adjusting based on the feature count. The SVM
implementation was computationally optimized using parallel
processing to handle large datasets efficiently.

All models were implemented using popular machine learning
libraries and frameworks. CNN and ANN models were
developed using TensorFlow and Keras, taking advantage of
their high-level APIs and GPU acceleration for efficient
training. SVM was implemented using Scikit-learn, a widely-
used library that provides robust and efficient algorithms for
classification and regression tasks. For data handling and
preprocessing, Pandas and NumPy were employed, while
Matplotlib was used for visualizing results and metrics.

Algorithm 1: (Threshold-Setting for CNN)

Input: Allowed softmax probability ( Pume(0,1)), learning r
tolerance (A > 0).utput: Optimized threshold (Jiny)-
Steps:

S1: Initialize (]{th} = ]{thO}(> 0))
S$2: Train CNN on the training set.
$3: Estimate the softmax probability ( 2{P}ofemaxy)-
S4: If (X{P}(softmax} = Pminyy return (Jynyyand exit.

S5: Else,update (Jiny = Jieny + A) and go to Step
Threshold settings were carefully configured for each
algorithm to optimize classification performance. For CNN and
ANN models, the classification threshold was set at 0.5,
meaning any class probability above this value was considered
a positive prediction. For SVM, the decision function threshold
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was also set to 0, ensuring that the hyperplane optimally
separates the classes. These thresholds were fine-tuned based
on the dataset's characteristics and the performance metrics
observed during cross-validation.

3.3 Experimental Setup

The experimental setup for this study was meticulously
designed to ensure the effective evaluation of the selected
machine learning algorithms—Convolutional Neural Networks
(CNN), Artificial Neural Networks (ANN), and Support Vector
Machines (SVM)—in detecting and mitigating cyber threats.
The environment was configured with both hardware and
software components optimized for handling large datasets and
computationally intensive tasks associated with model training
and testing.

3.3.1 Environment
The experiments were conducted on a high-performance
system with the following specifications:

7

< Hardware:

e  Processor: Intel Core i9-12900K, 16-core,
3.2GHz

e RAM: 64 GB DDR4

e GPU: NVIDIA GeForce RTX 3090 with
24 GB GDDR6X memory

e  Storage: 2 TB NVMe SSD

¢+ Software:
e  Operating System: Ubuntu 20.04 LTS
e  Python Version: 3.9.7

7

%+ Frameworks and Libraries:

e TensorFlow 2.8 for CNN and ANN
implementation

e Scikit-learn 1.0.2 for SVM implementation
and evaluation

e Pandas and NumPy for data handling and
preprocessing

e Matplotlib and Seaborn for visualization of
results

This configuration provided the necessary computational
power to process the extensive dataset and perform complex
model training efficiently, while the software stack ensured
flexibility and compatibility with advanced machine learning
workflows.

3.4 Training and Testing

The dataset was divided into training and testing subsets using
an 80:20 split ratio, where 80% of the data was used for training
the models, and the remaining 20% was reserved for testing
their performance. This split ensured that the models had
sufficient data to learn patterns while retaining a separate
dataset for unbiased evaluation.

To further enhance the reliability of the results, k-fold cross-
validation was employed during the training phase. A 5-fold
cross-validation approach was selected, where the dataset was
divided into five subsets of equal size. For each fold, four
subsets were used for training, and the remaining subset was
used for validation. This process was repeated five times,
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ensuring that every subset was used for validation exactly once.
The final performance metrics were averaged across all folds
to mitigate the impact of random variations and overfitting. The
following table 2 summarizes the dataset splits and cross-
validation strategy:

Table 2: Training and Testing Configuration

Split Type Percentage Purpose
To train the CNN, ANN,
and SVM models on
diverse patterns
To evaluate the

Training Data 80%

Testing Data 20% generalization and
accuracy of the models
Cross-
Validation 5 To ensure robustr_1e_ss and
Folds mitigate overfitting

This structured approach to data splitting and validation
provided a robust foundation for training and evaluating the
models, ensuring that the reported results are both accurate and
reproducible. The combination of high-performance hardware,
advanced software frameworks, and rigorous validation
techniques underscores the reliability of the experimental
setup, enabling a thorough assessment of the proposed machine
learning algorithms in the context of cybersecurity.

3.5 Model Evaluation

To evaluate the performance of the predictive models, a
comprehensive set of metrics was used. These metrics
included:

e Accuracy: This metric indicates the overall
proportion of correctly classified instances out of the
total number of cases. It provides a quick overview
of model performance but is less informative for
imbalanced datasets.

e  Precision: Precision was used to assess the
proportion of true positive predictions relative to the
total number of positive predictions made by the
model. It is particularly important when the cost of
false positives is high.

e Recall (Sensitivity): This metric measures the
proportion of true positive predictions relative to the
total number of actual positives in the dataset. Recall
is crucial when minimizing false negatives is
essential, such as in medical diagnostics where
missing a positive case could have severe
implications.

e  Fl-score: The Fl-score is the harmonic mean of
precision and recall, providing a single metric that
balances the trade-off between them. It is especially
useful when the data has imbalanced classes, as it
ensures both precision and recall are considered
together.

e AUC (Area Under the Curve): The AUC of the
receiver operating characteristic (ROC) curve is a
valuable metric for binary classification problems. It
indicates the model’s ability to distinguish between
positive and negative classes, with a value closer to 1
representing a better performing model.
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4, RESULTS

The dataset used for this study, the KDD Cup 99 dataset,
comprises a wide variety of network traffic data, including both
normal activities and various types of attacks such as Denial of
Service (DoS), User to Root (U2R), Remote to Local (R2L),
and Probe attacks. The dataset consists of 41 features and over
125,000 instances, with attack traffic accounting for 70% of the
data and normal traffic constituting the remaining 30%. Among
the attack types, DoS attacks represented the majority, followed
by Probe, R2L, and U2R.

Feature Analysis revealed that certain features, such as
duration, src_bytes, and dst_bytes, were highly influential in
distinguishing between normal and malicious traffic. For
instance, high values of src_bytes often indicated potential DoS
attacks, while anomalous patterns in dst_bytes correlated
strongly with Probe attacks. The feature protocol_type (TCP,
UDP, ICMP) also played a critical role in identifying protocol-
specific attack patterns. Feature importance was assessed using
Recursive Feature Elimination (RFE), which identified the top
10 most relevant features contributing significantly to the
classification performance.

Three machine learning algorithms—Convolutional Neural
Networks (CNN), Artificial Neural Networks (ANN), and
Support Vector Machines (SVM)—were implemented and
evaluated. The performance of each algorithm was measured
using key metrics, including accuracy, precision, recall, F1-
score, and ROC-AUC.

CNN achieved the highest accuracy of 96.5%, with a precision
of 94.8% and a recall of 95.2%. Its F1-score was 95.0%, and it
recorded an AUC value of 0.98, demonstrating its strong
capability to distinguish between normal and malicious traffic.

ANN delivered an accuracy of 94.8%, with a precision of
92.5%, recall of 93.0%, and F1-score of 92.8%. The ROC-AUC
for ANN was 0.96, showing its robust -classification
performance across different thresholds.

SVM exhibited an accuracy of 92.1%, with a precision of
90.3%, recall of 91.0%, and F1-score of 90.6%. Its AUC value
was 0.94, indicating reliable, though slightly less competitive,
performance compared to CNN and ANN.

Table 3: Model Performance Metrics

Metric CNN ANN SVM
Accuracy (%) 96.5 94.8 921
Precision (%) 94.8 925 90.3
Recall (%) 95.2 93.0 91.0
F1-Score (%) 95.0 92.8 90.6
ROC-AUC 0.98 0.96 0.94

Figure 2 displays the Receiver Operating Characteristic (ROC)
curves for each algorithm, with CNN showing the steepest
curve and the largest AUC area.
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Figure 2: Displays the Receiver Operating Characteristic
(ROC) curves for each algorithm

Figure 3 provides the confusion matrices for each algorithm,
highlighting the distribution of true positives, true negatives,
false positives, and false negatives.

Statistical tests were conducted to validate the observed
differences in model performance. A one-way ANOVA test
indicated statistically significant differences among the models
(p < 0.05). Post-hoc Tukey tests revealed that CNN
outperformed both ANN and SVM significantly, while ANN
also showed a statistically significant improvement over SVM.

Significance Testing and Error Analysis

=

Accuracy (%)
@
w
Misclassification Rate (%)

N

ANN
Models

Fig.3: Significances Testing and Error Analysis

Misclassification analysis revealed that CNN and ANN had
difficulty distinguishing between R2L and U2R attacks due to

Figure 2: Confusion Matrices for CNN, ANN, and SVM
CNN Confusion Matrix ANN Confusion Matrix SVM Confusion Matrix
Normal Normal Normal
g ! 2
= = £
Threat Threat Threat
Normal Threat Normal Threat Normal Threat
Predicted label Predicted label Predicted label
Fig 2 : The Confusion Matrices for each Algorithm
10 their relatively low representation in the dataset. SVM, while
consistent across most attack types, struggled with high-
09 - : - - o .
dimensional features, leading to a higher false positive rate in
08 detecting normal traffic as malicious. These findings suggest
07 that increasing the representation of underrepresented attack
types could further enhance model performance.
06
The proposed models were benchmarked against existing
03 methods reported in the literature. Compared to traditional rule-
04 based systems, which typically achieve accuracy rates around
0 85-88%, the machine learning models demonstrated significant
' improvements, with CNN surpassing even state-of-the-art
02 techniques reported in recent studies (e.g., accuracy of 94% in
0 similar implementations).
0 The CNN model’s strength lies in its ability to automatically
0.00 100 200 300 400 extract complex patterns from high-dimensional data, making

it particularly effective for network traffic analysis. However,
its computational complexity and training time are higher
compared to ANN and SVM. ANN offers a good balance of
accuracy and efficiency but requires careful tuning of
hyperparameters. SVM, while computationally efficient for
smaller datasets, faces scalability challenges with larger, high-
dimensional data. Despite these limitations, the combined
approach leveraging multiple algorithms ensures a
comprehensive and robust threat detection system.

Table 4: Comparison with Benchmark Methods

- F1-
Accuracy | Precision | Recall
Method Score
(%) 0) | 6 | o)
Rule-Based | g5 83.0 840 | 835
System
State-of-
the-Art 94.0 915 92.0 91.8
(2022)
Proposed
CNN 96.5 94.8 95.2 95.0
Model

model performance (Table 4), and statistical significance, this
study underscores the effectiveness of CNN, ANN, and SVM
in cybersecurity applications. The results demonstrate the
potential of machine learning models to improve threat
detection accuracy and efficiency, with CNN emerging as the
most robust and reliable approach.
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Fig 4: The Number of Threats Detected for Various
Variables

The graph illustrates the number of threats detected for various
variables, represented as red circles. The size of each circle
corresponds to the number of threats detected for that specific
variable, making it visually clear which variables contributed
most to threat detection.

5. DISCUSSION

The results of this study demonstrated the efficacy of machine
learning algorithms—Convolutional Neural Networks (CNN),
Artificial Neural Networks (ANN), and Support Vector
Machines (SVM)—in detecting and mitigating cyber threats.
Among the algorithms, CNN achieved the highest accuracy
(96.5%) and the most robust performance across all evaluation
metrics, including precision, recall, and F1-score. ANN
followed closely with an accuracy of 94.8%, while SVM
achieved a respectable 92.1%. These findings confirm the
hypothesis that Al-driven models, particularly deep learning
architectures, outperform traditional methods in detecting
complex attack patterns. The study’s objectives, which aimed
to identify the most effective machine learning techniques and
assess their application in cybersecurity frameworks, were
effectively addressed through these results. The results also
highlight the strengths of each algorithm in handling specific
types of data and threats, aligning well with the research goals
of improving threat detection and mitigation capabilities.

The findings of this study hold significant implications for the
field of cybersecurity. Al-driven methods, as demonstrated
through the selected algorithms, can be seamlessly integrated
into existing cybersecurity frameworks to enhance their
effectiveness. For instance, CNN’s ability to automatically
extract and analyze complex patterns makes it suitable for real-
time network monitoring and anomaly detection. Similarly,
ANN’s flexibility and adaptability can be leveraged for
dynamic threat classification in diverse cybersecurity
environments. These methods provide organizations with
advanced tools for detecting sophisticated and evolving threats,
such as zero-day attacks and polymorphic malware. The impact
on threat mitigation is particularly noteworthy, as the models
demonstrated the capability to reduce false positives and
improve the accuracy of threat identification, enabling faster
and more reliable responses to security incidents. This not only
enhances the resilience of digital infrastructures but also
minimizes operational disruptions caused by cyberattacks.

Figure 5: Accuracy Comparison

The results of this study align with and extend findings reported
in existing literature. Prior studies have established the
potential of machine learning in cybersecurity, particularly for
intrusion detection and threat classification. However, this
study contributes novel insights by directly comparing the
performance of CNN, ANN, and SVM using a standardized
dataset and rigorous evaluation metrics. The superior
performance of CNN corroborates findings from recent
research that emphasize the advantages of deep learning in
handling high-dimensional and complex datasets. In contrast,
the challenges faced by SVM in scaling to larger datasets
highlight the trade-offs between computational efficiency and
accuracy, as previously noted in the literature. The study’s
contribution lies in its comprehensive evaluation of these
algorithms, offering practical recommendations for their
implementation in real-world cybersecurity systems.

While the study provides valuable insights, certain limitations
must be acknowledged. Methodologically, the reliance on the
KDD Cup 99 dataset, though widely used, may limit the
generalizability of the results to more contemporary and
dynamic cyber threat landscapes. The dataset’s imbalanced
representation  of  attack  types, particularly  the
underrepresentation of R2L and U2R attacks, posed challenges
for the models, as evidenced by their difficulty in classifying
these threats accurately. Additionally, the study did not explore
hybrid models or ensemble techniques that could potentially
enhance performance further. The scope of the study was
confined to evaluating the selected algorithms on a single
dataset, and extending the analysis to multiple datasets with
diverse characteristics would provide a more comprehensive
understanding of their applicability.

6. FUTURE RESEARCH

Future research should address the limitations identified in this
study by exploring the use of more diverse and up-to-date
datasets that better reflect current cyber threat scenarios.
Investigating hybrid approaches that combine the strengths of
multiple algorithms, such as CNN and SVM, could lead to
further improvements in accuracy and efficiency.
Methodological enhancements, including advanced feature
engineering techniques and the integration of real-time threat
intelligence, would also enhance the applicability of Al-driven
methods in dynamic cybersecurity environments. Additionally,
studies focusing on the explainability of Al models in
cybersecurity would address critical concerns related to
transparency and trust, enabling broader adoption of these
technologies in sensitive and high-stakes domains.

58



7. CONCLUSION

This study demonstrated the effectiveness of Al-driven
machine learning algorithms—Convolutional Neural Networks
(CNN), Artificial Neural Networks (ANN), and Support Vector
Machines (SVM)—in enhancing cybersecurity through
advanced threat detection and mitigation. Among the models
evaluated, CNN emerged as the most effective, achieving the
highest accuracy and outperforming ANN and SVM across
multiple metrics. These results underline the potential of Al to
address complex and evolving cyber threats, offering a robust
framework for improving the accuracy and efficiency of
intrusion detection systems. The findings also highlighted the
importance of leveraging diverse machine learning approaches
to handle various types of cyber threats, including
underrepresented attack categories such as R2L and U2R.

The study makes a significant contribution to the field of Al-
driven cybersecurity by providing a comparative analysis of
these algorithms and offering practical insights into their
integration into existing cybersecurity frameworks. The results
demonstrate that Al-driven approaches not only enhance
detection capabilities but also enable faster and more reliable
threat responses, contributing to the resilience of digital
infrastructures. This research serves as a valuable resource for
organizations seeking to implement advanced machine learning
techniques to safeguard their systems and data
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