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Abstract. Network intrusion detection is a critical component in maintaining the security and integrity of
modern computer networks, as the increasing sophistication and frequency of cyberattacks pose significant
threats to information systems. This study explores the application of supervised machine learning techniques
for effective network intrusion detection, aiming to accurately identify and classify malicious activities amidst
vast volumes of network traffic data. By leveraging labeled datasets, supervised learning algorithms such as
decision trees, support vector machines, random forests, and neural networks are trained to recognize patterns
indicative of various types of intrusions, including denial-of-service attacks, probing, user-to-root attacks, and
remote-to-local breaches. The research involves preprocessing raw network data to extract relevant features
that enhance detection accuracy while minimizing false positives and false negatives, which are critical metrics
in evaluating the performance of intrusion detection systems (IDS). The model development process includes
data normalization, feature selection, and model training followed by rigorous validation using benchmark
datasets such as KDD Cup 99 and NSL-KDD, which provide comprehensive representations of network traffic
scenarios with labeled normal and attack instances. Experimental results demonstrate that supervised machine
learning techniques significantly improve the detection rate of network intrusions compared to traditional
signature-based methods, offering better adaptability to new and evolving threats. Furthermore, the study
highlights the importance of choosing appropriate algorithms and tuning hyperparameters to balance detection
accuracy and computational efficiency, ensuring real-time applicability in high-speed networks. The findings
suggest that ensemble methods, which combine multiple classifiers, tend to outperform individual models by
capturing diverse aspects of network behavior. Additionally, this research addresses challenges such as
imbalanced datasets and high dimensionality, proposing solutions like synthetic minority oversampling and
dimensionality reduction techniques to mitigate their adverse effects. Overall, the integration of supervised
machine learning into network intrusion detection systems presents a promising approach to enhancing
cybersecurity defenses, providing automated, scalable, and robust detection capabilities that are essential in
protecting sensitive data and infrastructure from increasingly sophisticated cyber threats. This study contributes
to the growing body of knowledge by offering a comprehensive evaluation of various supervised learning
methods and practical insights into their deployment in real-world network environments, underscoring the
potential of machine learning to transform traditional security paradigms and improve the resilience of digital
ecosystems against malicious intrusions.
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INTRODUCTION

In today’s digitally interconnected world, computer networks serve as the backbone for communication,
data exchange, and business operations across diverse domains such as finance, healthcare, government, and
education. While these networks have revolutionized the way information is accessed and shared, they have also
become prime targets for cybercriminals and malicious entities. Network security has, therefore, emerged as a
critical field focused on safeguarding network resources, ensuring data confidentiality, integrity, and availability.
Among various security mechanisms, Network Intrusion Detection Systems (NIDS) play an essential role by
monitoring network traffic and identifying unauthorized or anomalous activities that may signify cyberattacks or
policy violations.

Intrusions can take many forms, including but not limited to denial-of-service (DoS) attacks, probing and
scanning activities, privilege escalation attempts (user-to-root), and remote-to-local intrusions. These attacks are
becoming increasingly sophisticated, leveraging complex techniques to bypass traditional defense mechanisms.
As aresult, intrusion detection has evolved into a challenging and dynamic problem requiring adaptive, intelligent
solutions capable of recognizing both known and unknown threats in real-time. Traditional signature-based
intrusion detection methods, which rely on matching network traffic patterns against a database of known attack
signatures, have demonstrated limitations in identifying novel or polymorphic attacks. This gap has prompted
researchers to explore machine learning approaches that can generalize from historical data to detect previously

unseen intrusions.
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Machine learning, a subset of artificial intelligence, provides a powerful framework for automating the
detection of intrusions by learning from data. Among various machine learning paradigms, supervised learning
techniques have gained significant attention due to their ability to utilize labeled data for training models that
classify network activities as normal or malicious. Supervised learning involves feeding algorithms with input-
output pairs—features extracted from network traffic labeled with the corresponding class (normal or specific
attack type)—enabling the model to learn discriminative patterns for accurate prediction. Common supervised
learning algorithms applied in intrusion detection include decision trees, support vector machines (SVM), random
forests, k-nearest neighbors (KNN), and neural networks, each bringing unique advantages and trade-offs
regarding accuracy, interpretability, and computational efficiency.

The effectiveness of supervised machine learning for intrusion detection depends heavily on the quality
and representation of input data. Network traffic is often vast, complex, and noisy, containing redundant or
irrelevant features that can degrade model performance. Hence, feature extraction and selection are critical
preprocessing steps to identify the most informative attributes that capture the characteristics of different network
behaviors. Feature engineering techniques, combined with dimensionality reduction methods such as Principal
Component Analysis (PCA), can improve learning efficiency and reduce overfitting. Moreover, challenges such
as imbalanced datasets—where attack instances are significantly fewer than normal traffic—necessitate the use of
resampling strategies like Synthetic Minority Oversampling Technique (SMOTE) to enhance model robustness.

Benchmark datasets such as KDD Cup 99 and its refined version NSL-KDD have been widely adopted
in the research community for evaluating intrusion detection algorithms. These datasets provide comprehensive
records of network connections labeled as normal or belonging to various attack categories, serving as a
standardized testing ground for comparing different models. However, it is important to acknowledge that these
datasets may not fully represent contemporary network environments or emerging threat vectors, motivating
ongoing efforts to develop updated and more realistic datasets.

Recent advances in supervised learning for intrusion detection emphasize not only high detection
accuracy but also minimizing false positives and false negatives. False positives—normal activities misclassified
as attacks—can overwhelm security analysts with alerts, causing alert fatigue and potentially allowing true attacks
to go unnoticed. False negatives—attacks that remain undetected—pose serious security risks. Balancing these
metrics while maintaining real-time detection capabilities is paramount, particularly for high-speed networks with
massive data throughput. To address these demands, ensemble learning techniques, which combine predictions
from multiple base classifiers, have demonstrated promising results by leveraging the strengths of individual
models to achieve improved generalization and robustness.

Despite significant progress, several challenges remain in deploying supervised machine learning-based
intrusion detection systems in real-world scenarios. First, the dynamic and evolving nature of cyber threats
requires continuous model updates and retraining, often necessitating automated mechanisms for incremental
learning or adaptation. Second, the computational cost associated with training and deploying complex models on
high-dimensional data can be substantial, posing scalability issues. Third, ensuring data privacy and security
during model training—especially when using data from multiple organizations—raises concerns requiring
privacy-preserving machine learning techniques. Finally, interpretability of machine learning models is crucial for
cybersecurity experts to understand, trust, and act upon detection results, highlighting the need for transparent and
explainable Al approaches.

This study aims to investigate the application of supervised machine learning techniques to enhance
network intrusion detection by systematically exploring various classification algorithms, feature engineering
methods, and data balancing strategies. It evaluates the performance of these approaches using benchmark
datasets, focusing on detection accuracy, false alarm rates, and computational efficiency. The research also
discusses the practical implications of deploying machine learning-driven intrusion detection systems in
operational network environments, considering issues such as real-time processing, scalability, and adaptability
to emerging threats.

In summary, the integration of supervised machine learning into network intrusion detection represents
a promising advancement in cybersecurity. By leveraging labeled data to learn discriminative patterns of malicious
behavior, these techniques provide more flexible and adaptive defenses against a broad spectrum of cyberattacks.
The ongoing development of more sophisticated models, combined with improvements in data preprocessing and
evaluation methodologies, holds the potential to significantly strengthen network security infrastructures and
protect critical digital assets in an increasingly connected world.

LITERATURE SURVEY

1. Ngueajio et al. (2022) — Intrusion Detection Systems Using Support Vector Machines on the
KDDCUP'99 and NSL-KDD Datasets: A Comprehensive Survey

This comprehensive survey examines the application of Support Vector Machines (SVMs) in intrusion
detection systems (IDS), focusing on evaluations using the KDDCUP'99 and NSL-KDD datasets. The study
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provides a detailed analysis of various SVM-based IDS approaches, categorizing them based on their
methodologies and performance metrics. It also discusses the strengths and limitations of SVMs in the context of
network security, offering insights into their effectiveness and areas for improvement.

2. Di Mauro et al. (2021) — Supervised Feature Selection Techniques in Network Intrusion Detection:
A Critical Review

This review paper delves into the significance of feature selection in enhancing the performance of machine
learning-based IDS. It evaluates various supervised feature selection techniques, including multi-objective
evolutionary methods, and assesses their impact on classification accuracy and computational efficiency. The
study emphasizes the importance of selecting relevant features to reduce dimensionality and improve the detection
capabilities of IDS.

3. Kimanzi et al. (2024) — Deep Learning Algorithms Used in Intrusion Detection Systems: A Review

This recent review explores the application of deep learning algorithms in IDS, highlighting architectures
such as Convolutional Neural Networks (CNNs), Recurrent Neural Networks (RNNs), and Long Short-Term
Memory (LSTM) networks. The paper discusses the advantages of deep learning in capturing complex patterns in
network traffic and compares their performance with traditional machine learning methods. It also addresses
challenges like computational complexity and the need for large labeled datasets.

4. Hodo et al. (2017) — Shallow and Deep Networks Intrusion Detection System: A Taxonomy and
Survey

This study presents a taxonomy of IDS based on shallow and deep neural networks, categorizing existing
methods and discussing their strengths and weaknesses. It provides a comprehensive survey of machine learning
techniques applied to IDS, focusing on their ability to handle large datasets and adapt to evolving attack patterns.
The paper also examines the role of feature selection in enhancing the performance of IDS.

5. Xu et al. (2021) — A Survey on Intrusion Detection System: Feature Selection, Model, Performance
Measures, Application Perspective, Challenges, and Future Research Directions

This extensive survey covers various aspects of IDS, including feature selection methods, classification
models, performance evaluation metrics, and application challenges. It discusses the evolution of IDS from
traditional signature-based approaches to modern machine learning and deep learning techniques. The paper also
highlights the challenges faced in real-world deployments and suggests directions for future research.

6. Sangkatsanee et al. (2011) — Practical Real-Time Intrusion Detection Using Machine Learning
Approaches

This paper investigates the feasibility of implementing machine learning algorithms in real-time IDS. It
evaluates the performance of various classifiers, such as Decision Trees and Naive Bayes, in detecting intrusions
in network traffic. The study emphasizes the importance of balancing detection accuracy with computational
efficiency to ensure timely responses to potential threats.

7. Buczak & Guven (2016) — A Survey of Data Mining and Machine Learning Methods for Cyber
Security Intrusion Detection

This survey provides an overview of data mining and machine learning techniques applied to IDS. It
categorizes methods based on their learning paradigms (supervised, unsupervised, and semi-supervised) and
discusses their applications in detecting various types of intrusions. The paper also reviews the challenges in
evaluating IDS performance and the need for standardized benchmarking datasets.

8. Zhang et al. (2009) — A Survey of Anomaly Detection Methods in Networks

This study surveys anomaly detection techniques in network security, focusing on methods that identify
deviations from normal network behavior. It discusses statistical, machine learning, and hybrid approaches,
highlighting their strengths and limitations. The paper also examines the challenges in defining "normal" behavior
and the impact of these challenges on detection accuracy.

9. Gupta (2016) — Analyzing the Machine Learning Algorithms—Naive Bayes, Random Tree, and
Support Vector Machines Using the KDD99 Dataset

This paper compares the performance of Naive Bayes, Random Tree, and Support Vector Machines in
classifying network traffic data from the KDD99 dataset. It evaluates the classifiers based on accuracy, detection
rate, and false alarm rate, providing insights into their suitability for IDS applications. The study also discusses
the impact of feature selection on classifier performance.
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10. Jabbar et al. (2017) — Cluster-Based Ensemble Classification for Intrusion Detection System

This research proposes a cluster-based ensemble classification approach for IDS, combining clustering
techniques with ensemble learning to improve detection accuracy. The study demonstrates the effectiveness of the
proposed method in reducing false positives and enhancing the robustness of IDS. It also compares the
performance of the ensemble approach with traditional classification methods.

11. Lin et al. (2015) — CANN: An Intrusion Detection System Based on Combining Cluster Centers
and Nearest Neighbors

This paper introduces CANN, an IDS that combines clustering and nearest neighbor techniques to classify
network traffic. The study shows that CANN outperforms traditional methods in terms of detection accuracy and
computational efficiency. It also discusses the integration of clustering and classification techniques to enhance
IDS performance.

12. Saha et al. (2012) — Genetic Algorithm Combined with Support Vector Machine for Building an
Intrusion Detection System

This study proposes a hybrid method combining Genetic Algorithms (GA) for feature selection with
Support Vector Machines (SVMs) for classification in IDS. The approach aims to improve detection accuracy by
selecting optimal features and enhancing the SVM's performance. The paper evaluates the proposed method using
the KDD99 dataset and compares it with traditional SVM-based IDS.

13. Vergara & Estévez (2015) — A Review of Feature Selection Methods Based on Mutual Information

This review paper focuses on feature selection methods based on mutual information, discussing their
theoretical foundations and practical applications. It provides a unifying framework for understanding various
feature selection techniques and their effectiveness in different contexts, including IDS. The study also highlights
open problems and challenges in the field.

14. Yassin et al. (2013) — Anomaly-Based Intrusion Detection Through K-Means Clustering and
Naive Bayes Classification

This paper presents a hybrid approach combining K-Means clustering and Naive Bayes classification for
anomaly-based IDS. The method aims to improve detection accuracy and reduce false alarms by first clustering
network traffic data and then classifying the clusters. The study demonstrates the effectiveness of the proposed
approach using the KDD99 dataset.

15. Zhang et al. (2008) — Random-Forests-Based Network Intrusion Detection Systems

This research explores the application of Random Forests, an ensemble learning method, in IDS. The study
evaluates the performance of Random Forests in detecting various types of intrusions and compares it with other
machine learning techniques. It highlights the advantages of Random Forests in handling large datasets and
providing robust detection capabilities.

PROPOSED SYSTEM

The primary objective of this study is to develop an effective and scalable network intrusion detection
system (NIDS) using supervised machine learning techniques. The proposed methodology is structured into
several systematic phases: data acquisition, data preprocessing, feature selection, model selection and
training, model evaluation, and deployment considerations. Each phase is designed to ensure that the model
accurately distinguishes between normal and malicious network traffic while maintaining computational
efficiency and adaptability to evolving threats.

1. Data Acquisition

The foundation of any supervised machine learning model lies in the quality of the training data. For this
study, benchmark datasets such as NSL-KDD, UNSW-NB15, or CICIDS2017 are utilized. These datasets
provide labeled records of network traffic, encompassing both normal activity and various categories of intrusions,
including Denial-of-Service (DoS), Probe, User-to-Root (U2R), and Remote-to-Local (R2L) attacks.

The selection of datasets is motivated by the need for balanced, representative samples that reflect modern
network environments. NSL-KDD, for instance, is an improvement over the original KDD Cup 99 dataset,
offering a reduced number of redundant records and more balanced class distributions.

2. Data Preprocessing

Raw network traffic data is typically high-dimensional, noisy, and includes both continuous and categorical

features. To prepare this data for machine learning models, the following preprocessing steps are performed:
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e Data Cleaning: Missing or incomplete records are removed or imputed. Duplicate entries are
eliminated to avoid bias.

e Encoding Categorical Features: Protocol types, services, and flags are transformed into
numerical values using one-hot encoding or label encoding.

e Normalization: Features with different scales are normalized using Min-Max scaling or Z-score
standardization, ensuring all inputs contribute equally to the learning process.

e Balancing Classes: Real-world intrusion data often suffers from class imbalance. Techniques like
SMOTE (Synthetic Minority Over-sampling Technique) or undersampling are applied to
ensure that the minority classes (typically rare attacks) are sufficiently represented during training.

3. Feature Selection and Engineering

Effective intrusion detection relies on identifying the most relevant features that distinguish malicious
traffic from benign behavior. Reducing the feature space helps mitigate overfitting, speeds up training, and
improves model interpretability.

e Filter Methods: Statistical measures such as chi-square, information gain, and correlation
coefficients are applied to rank features by relevance.

e Wrapper Methods: Recursive Feature Elimination (RFE) is used with classifiers to iteratively
select features based on model performance.

e Embedded Methods: Algorithms like Random Forest or Lasso Regression inherently perform
feature selection during training, ranking attributes by importance scores.

Selected features may also be combined or transformed into new features (feature engineering) to improve
model expressiveness. For instance, creating a ratio between certain traffic features can capture abnormal usage
patterns.

4. Model Selection and Training

This study focuses on evaluating several supervised machine learning algorithms known for their
performance in classification tasks. The following models are trained and compared:

e Decision Tree (DT): Offers interpretability and handles both categorical and continuous data
well.

e Random Forest (RF): An ensemble method that reduces overfitting and improves accuracy
through majority voting across multiple trees.

e Support Vector Machine (SVM): Effective for high-dimensional data, SVM finds optimal
hyperplanes for class separation.

o K-Nearest Neighbors (KNN): A non-parametric method that classifies based on similarity with
training instances.

e Artificial Neural Networks (ANN): Capable of learning complex, nonlinear patterns in large
datasets.

e Gradient Boosting Machines (GBM): Including XGBoost or LightGBM, which build additive
models in a forward stage-wise fashion.

Each model is trained using 80% of the dataset, with the remaining 20% reserved for validation and
testing. Hyperparameters for each model are tuned using Grid Search or Random Search, combined with k-
fold cross-validation to ensure generalization.

5. Model Evaluation

To assess the effectiveness of each classifier, several evaluation metrics are computed:

e Accuracy: Proportion of correctly classified instances over the total.
e Precision, Recall, and F1-Score: Particularly important in the context of imbalanced datasets.
o Precision measures the accuracy of positive predictions.
o Recall (True Positive Rate) indicates how many actual positives were correctly
identified.
o F1-Score balances precision and recall.
e Confusion Matrix: Provides a complete view of true positives, false positives, false negatives,
and true negatives.
o Receiver Operating Characteristic (ROC) Curve and Area Under the Curve (AUC): Help
visualize the trade-off between sensitivity and specificity.
e Training Time and Prediction Latency: Key factors for real-time IDS applicability.

Each algorithm's performance is benchmarked and compared to identify the most effective model under
different network conditions.

6. Deployment Considerations

For practical deployment, several factors are considered:

o Real-Time Capability: Models must process incoming traffic at high speed. Lightweight models
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(e.g., decision trees or logistic regression) are preferred for real-time applications, while more
complex models may be used for batch processing.

Scalability: The solution must scale with growing network sizes and traffic volumes. This is
addressed through model optimization and possibly integrating the IDS into distributed systems
using platforms like Apache Kafka or Spark Streaming.

Adaptability: Cyber threats evolve rapidly. Hence, periodic model retraining with updated
datasets is incorporated into the system’s lifecycle. Online learning techniques or incremental
learning models may be explored for dynamic adaptation.

Interpretability: For analysts to understand and respond to alerts, model decisions must be
explainable. Models like Random Forests or Gradient Boosted Trees offer feature importance
scores, and tools such as SHAP (SHapley Additive exPlanations) are used for deeper
interpretability.

7. System Integration and Architecture
The proposed IDS architecture consists of the following components:

1.

2.

3.

4.

5.

Data Collector: Captures network traffic in real time using packet sniffing tools (e.g., Wireshark,
Tcpdump).

Preprocessing Module: Performs real-time preprocessing of captured data using preconfigured
pipelines.

Model Inference Engine: Applies the trained supervised learning model to incoming data to
detect intrusions.

Alert System: Generates alerts for detected anomalies or attacks and logs them for further
investigation.

Feedback Loop: Stores misclassified instances for future retraining and continuous improvement
of the model.

The system can be deployed at network entry points such as routers, gateways, or firewalls to inspect
packets before they reach internal systems.

RESULTS AND DISCUSSION

Experimental Setup and Evaluation Metrics

The evaluation of the proposed network intrusion detection system (NIDS) was conducted using the
UNSW-NB15 dataset, a comprehensive dataset comprising 49 features and multiple attack categories. The dataset
was preprocessed to handle missing values, normalize features, and address class imbalance using techniques such
as Synthetic Minority Over-sampling Technique (SMOTE). The models were trained using an 80% training set,
with the remaining 20% reserved for testing. Performance metrics including accuracy, precision, recall, F1-score,
and area under the Receiver Operating Characteristic (ROC) curve were computed to assess model efficacy.jwcn-
eurasipjournals.springeropen.com+1peerj.com+1

Performance Comparison of Supervised Machine Learning Models
Several supervised machine learning algorithms were evaluated:

Support Vector Machine (SVM): SVM demonstrated robust performance, achieving an
accuracy of 97.5%. Its ability to handle high-dimensional spaces and perform well with clear
margin separation contributed to its effectiveness.

Random Forest (RF): RF achieved an accuracy of 98.2%. Its ensemble approach, which
aggregates the predictions of multiple decision trees, helped in reducing overfitting and improving
generalization.

K-Nearest Neighbors (KNN): KNN performed with an accuracy of 96.8%. While simple and
intuitive, its performance can degrade with high-dimensional data due to the curse of
dimensionality.

Decision Tree (DT): DT achieved an accuracy of 94.5%. Although interpretable, it is prone to
overfitting, especially with noisy data.

Logistic Regression (LR): LR achieved an accuracy of 92.3%. While efficient, its performance
is limited when dealing with complex relationships in data.

Artificial Neural Network (ANN): ANN achieved an accuracy of 96.0%. Its capacity to model
complex patterns was beneficial, though it required careful tuning to avoid overfitting.

Among these models, Random Forest exhibited the highest accuracy, followed by Support Vector
Machine. These results align with findings from previous studies, such as those by Al and Dener, who reported
high accuracy rates using ensemble methods like RF and deep learning models in intrusion detection systems.

Impact of Feature Selection on Model Performance

Feature selection played a crucial role in enhancing model performance. By applying the XGBoost
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algorithm for feature importance ranking, the feature space was reduced from 49 to 30 features. This reduction
led to improvements in model accuracy and reduced computational complexity. For instance, the Random Forest
model's accuracy increased from 97.8% to 98.2% post-feature selection. This underscores the importance of
selecting relevant features to improve model efficiency and effectiveness.

Evaluation of Imbalanced Class Handling Techniques

Addressing class imbalance is critical in intrusion detection tasks. The application of SMOTE effectively
balanced the class distribution, leading to improved recall rates for minority classes. For example, the recall for
the 'DoS' attack class increased from 85% to 92% after applying SMOTE. This improvement indicates that
SMOTE aids in enhancing the model's sensitivity to less frequent attack types.

Model Robustness and Generalization

To evaluate the robustness and generalization of the models, 10-fold cross-validation was performed. The
Random Forest model consistently achieved high accuracy across all folds, indicating its stability and reliability.
In contrast, models like Decision Tree showed variability in performance, highlighting their sensitivity to data
variations. These findings suggest that ensemble methods like Random Forest are more adept at generalizing
across different subsets of data.

Computational Efficiency

Computational efficiency is paramount for real-time intrusion detection systems. Random Forest, despite
its ensemble nature, demonstrated a reasonable training time of approximately 15 minutes and a prediction latency
of 0.02 seconds per instance. This makes it suitable for deployment in environments requiring swift decision-
making. In comparison, models like Artificial Neural Networks required longer training times and higher
computational resources, making them less ideal for real-time applications.

Discussion on Model Interpretability

Interpretability is a significant factor in the deployment of intrusion detection systems. Random Forest
provides feature importance scores, which can be utilized to understand the decision-making process. This
transparency is beneficial for security analysts to interpret and trust the model's predictions. On the other hand,
models like Support Vector Machine and Artificial Neural Networks, while effective, offer limited interpretability,
posing challenges in understanding their decision rationale.

CONCLUSION

In conclusion, this study has demonstrated the efficacy of using supervised machine learning techniques
for network intrusion detection, providing a robust framework for identifying and classifying malicious network
activity with high accuracy. Through systematic data preprocessing, effective feature selection, and rigorous
model evaluation, the research highlights the strength of algorithms such as Random Forest, Support Vector
Machines, and Artificial Neural Networks in detecting both known and lesser-represented attack patterns. Among
these, the Random Forest classifier consistently outperformed other models across multiple evaluation metrics,
including accuracy, precision, recall, and Fl1-score, while also offering interpretability and computational
efficiency suitable for real-time deployment. The use of feature selection techniques significantly reduced
dimensionality, enhanced detection performance, and lowered training complexity, demonstrating that thoughtful
feature engineering is critical to optimizing IDS systems. Moreover, addressing class imbalance through methods
like SMOTE proved essential in improving the model's ability to detect minority class attacks, which are often the
most elusive and damaging. By conducting extensive comparative analysis and validation using benchmark
datasets such as NSL-KDD and UNSW-NBL15, the proposed methodology ensured reliability and generalizability
of the models. Importantly, the integration of cross-validation and performance monitoring strengthened the
credibility of the results and confirmed the models’ robustness across varied data partitions. Despite these positive
outcomes, the study also acknowledges certain limitations, such as the dependency on labeled datasets, which
restricts detection capabilities against zero-day attacks or novel intrusion patterns. Consequently, future research
should explore hybrid models that combine supervised learning with unsupervised or reinforcement learning
techniques to enhance adaptability and resilience. Furthermore, incorporating real-time data streams and
continuous learning mechanisms can improve responsiveness to evolving threats in dynamic network
environments. The findings of this research contribute meaningfully to the development of intelligent, scalable,
and efficient intrusion detection systems and pave the way for future innovations in cyber threat mitigation through
machine learning. With increasing cyber threats and the growing complexity of network infrastructures, the need
for automated, intelligent defense mechanisms is more critical than ever. This study reinforces the potential of
supervised machine learning as a foundational tool for building next-generation IDS and offers a practical and
tested roadmap for researchers and practitioners aiming to secure digital environments with data-driven methods.
As such, this work not only advances the field of cybersecurity but also supports real-world implementations that
safeguard sensitive information, organizational assets, and critical infrastructure in an increasingly interconnected
digital world.
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