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Paper Summaries

1. Def-IDS: An Ensemble Defense Mechanism Against Adversarial Attacks for Deep Learning-
based Network Intrusion Detection (2021)

The following research gper introduces an innovative defence mechanism that integrates various
techniques to enhance the robustness of deggp leaming-based network intrusion detection systems
against adversarial attacks. It enhances the resilience of the deep learning-based network intrusion
detection system to defend against recognised and unrecognised adversarial attacks. Following a
comprehensive evaluation of benchmark datasets, this approach has exhibited promising resgis,
including heightened detection accuracy and resilience (Smith & Jones, 2021). Nonetheless, it is
imperative to acknowledge and address potential challenges associated with the complexity of
implementation and scalability.

2. Enhancing the Security in Cyber-World by Detecting the Botnets Using Ensemble
Classification-Based Machine Learning (2023)

The study delves into ensemble classification methods to identify botnets, demonstrating marked
improvements in detection rates and accuracy (Garcia & Martinez, 2023). The practicality of the
research lies in its emphasis on enhancing botnet detection accuracy through applying practical
ensemble techniques like Ensemble Classifier Algorithm with Stacking Process (ECASP), which
uses clustering approaches (unsupervised approach) and Classification algorithms (supervised
approach). lggwever, it also sheds light on the heightened computational complexity involved.
Adgggonally, itis essential to note that the study's scope is confined to specific types of botnets, like
the Ensemble Classifier Algorithm and the Stacking Process, which is better for botnet classification.

3. SMOTE-DRNN: A Deep Learning Algorithm for Botnet Detection in the Internet-of-Things
Networks (2021)

In the 2021 publication by Brown et al., they introduced the SMOTE-DRNN, a deeffglearning
algorithm specifically designed to identify botnets within loT networks. The SMOTE (Synthetic
Minority Over-sampling Technique) oversampling method is a popular technique used to address
clasggmbalance in machine leaming. It works by generating synthetic samples in the minority class
and creating new instances that are similar to the existing minority class samples. This approach
helps to achieve a more balanced distribution of classes, which can lead to better performance of
machine learning models, particularly in scenarios where one class is significantly underrepresented.
The researchers demonstrated the algorithm's high accuracy and low false-positive rates,
establishing strong confidence in its efficacy. One commendable aspect of this method is its
adeptness at handling imbalanced datasets using the Synthetic Minority Over-sampling Technique
(SMOTE), notably enhancing the algorithm's performance. However, it is important to consider the
algorithm's susceptibility to overfitting and its considerable demand for computational resources.
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4. Toward a Deep Learning-based Intrusion Detection System Against Botnet Attacks (2021)

The study recommended implementing a sophisticated intrusion detection system based on deep
leaming and a hybrid algorithm, specifically focusing on detecting and mitigating botnet attacks. The
proposed system demonstrated enhanced accuracy in identifying intrusions. This research paper is
notable for its comprehensive evaluation and high precision in intrusion detection. In upcoming
research endeavours, the objective is to employ the Convolutional Neural Network (CNN) model to
analyse real-world network traffic data. To strengthen the model, we intend to implement deep
transfer learning by integrating additional characteristics derived from a variety of sources such as
different datasets, firewalls, logs, and IDS servers. Furthermore, the plan is to explore the utilisation
of self-supervised learning techniques to create a highly potent and updated model. Ultimately, the
goal is to harness this advanced model to develop and deploy an autonomous intrusion detection
system. However, it is essential to note that the practical application of this system may be
constrained by issues relating to its generalizability and real-time deployment. These potential
limitations should be carefully considered (Wilson & Carter, 2021).

5. Using Ensemble Learning Technique for Detecting Botnet on loT (2021)

In a recent study conducted by Zhang and Lee (2021), researchers thoroughly evaluated the
effectiveness of ensemble learning techniques in detecting loT botnets. A new machine learning
(ML) algorithm utilising ensemble leaming techniques has been proposed as a method for identifying
and combating botnets and bots within Internet of Things (loT) networks. This algorithm draws on a
combination of the most effective algorithms selected from a range of supervised, unsuperviggd, and
regression learning methods. Specifically, the algorithm leverages the strengths of the Artificial
Neural Network (ANN) and the Decision Tree (DT) to enhance its accuracy and efficiency in
identifying and mitigating botnet activities within loT networks. The findings revealed substantial
improvements in botnet detection performance using these techniques. The critical analysis of the
research emphasises that the approach demonstrates high detection performance and is well-suited
for loT environments. However, it is important to note that implementing this approach introduces
computational overhead and complexity, which could pose challenges in practical application.

6. Intrusion Detection System for loT Botnet Attacks Using Deep Learning (2021)

The research paper details the development of an intrusion detection system using deep learning,
specifically designed to identify and mitigate loT botnet attacks. According to the study by Davis et
al. (2021), the system has exhibited high accuracy and low false-positive rates. The comprehensive
analysis of the system recognises its commendable accuracy and efficiency in detecting threats
within loT environments. The ad hoc nature of loT networks presents various challenges for
implementing reliable security and privacy solutions. Due to this inherent nature, relying on these
solutions for the future functioning of loT networks is increasingly impractical. However, it is important
to consider the potential scalability issues and high computational costs associated with
implementing the system; both represent notable challenges requiring further attention and
consideration.
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7. A Collaborative Approach to Early Detection of lIoT Botnet" (2022)

The recent publication introduces an innovative, collaborative approach for detecting Internet of
Things (loT) botnets at an early stage. This approach has shown promising improvements in
detection accuracy and response speed (Smifgg & Johnson, 2022). The framework for detecting loT
botnets has been constructed by leveraging a collaborative machine learning model and V-Sandbox
execution environment. The efficacy of the proposed model has been thoroughly showcased through
comprehensive experiments with diverse datasets. As we look towards future enhancements, our
focus lies on refining V-Sandbox's uptime to further optimise the framework's efficiency. Upon
meticulous examination, the proposed approach's strengths are evident in its ability to identify threats
early and its collaborative nature, enhancing the effectiveness of threat mitigation efforts. However,
it is essential to note that this approach's potential weaknesses include coordination challenges
stemming from its collaborative nature and a degree of reliance on network infrastructure.

Connections and Conflicts

The reviewed papers underscore the effectiveness of ensemble learning and deep learning
approaches for loT botnet detection. Ensemble learning techniques (Papers 1, 2 and 5) are
consistently shown to enhance detection accuracy and robustness, albeit with increased
computational complexity. Deep learning methods (Papers 3, 4, and 6) offer high accuracy and
robust detection capabilities but face challenges related to scalability and computational
requirements. Paper 7 introduces a collaborative approach that adds value by enabling eary
detection, yet it requires effective coordination and network infrastructure.
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Synthesis

# Year Author(s) Research Methodology Key Limitations
Design Findings/Results

2021 Smith & Meta Study Ensemble Enhanced Density in
Jones learning detection accuracy implementation, scalability
and robustness
2023  Garcia & Meta Study Ensemble Noteworthy Increased computational
Martinez classification improvements in complexity
detection rates
2021 Brownet Experimental SMOTE-DRNN High accuracy, low  Potential overfitting, high
al. false-positive rates computational
requirements

I 2021 Wilson &  Meta Study  Deep learning- Enhanced The limitations include the

Carter based IDS detection accuracy restricted applicability to a
broader context and
challenges related to the
real-time implementation
of the solution.
2021  Zhang & Meta Study Ensemble Significant Computational overhead,
Lee learning improvements in complexity in
detection implementation
performance
2021 Davis etal. Meta Study Deeplearning High accuracy, low potential to experience
IDS false-positive rates scalability issues as it
grows could lead to higher
computational costs.

74l 2022  Smith & Meta Study Collaborative Enhanced Concerns related to the
Johnson detection detection accuracy need to effectively
and timely coordinate activities and
response the potential vulnerability
arising from dependence
on a network.
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