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Abstract 

Intrusion detection systems (IDS) are vital for safeguarding large-scale networks from cyber 

threats. Traditional IDS approaches often struggle to balance accuracy, detection time, and 

resource efficiency, especially in complex environments. Recent advances in deep learning 

have shown promise in improving these metrics. This paper provides a comparative study of 

various deep learning techniques, including convolutional neural networks (CNNs), 

recurrent neural networks (RNNs), autoencoders, and hybrid models. It assesses their 

performance in terms of detection accuracy, computational efficiency, and suitability for real-

time applications. The findings suggest that while CNNs excel in processing large amounts of 

network traffic data, RNNs are better suited for temporal sequence analysis. Autoencoders, 

on the other hand, demonstrate efficiency in anomaly detection with minimal resource 

consumption. The paper concludes with insights into the practical implementation of these 

models and discusses future directions for enhancing IDS performance through deep 

learning. 
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Introduction 

Intrusion detection systems (IDS) are critical components of cybersecurity, designed to detect 

unauthorized access, misuse, or attacks on network infrastructures. As networks grow in scale 

and complexity, traditional IDS methods face limitations in both accuracy and computational 
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efficiency. The rise of sophisticated cyber-attacks, including zero-day vulnerabilities and 

advanced persistent threats (APTs), has further intensified the need for more robust and 

adaptive detection mechanisms. In response, deep learning techniques have emerged as a 

promising solution for improving IDS performance. 

Deep learning, a subset of machine learning, is characterized by the use of multi-layered 

artificial neural networks that can automatically learn and extract features from large datasets. 

This capability makes it particularly useful for intrusion detection, where network traffic 

patterns are often complex and difficult to define using traditional rule-based approaches. 

Several deep learning models have been proposed for IDS, each offering unique strengths in 

terms of accuracy, detection time, and resource efficiency. This paper provides a comparative 

study of these techniques, with a focus on convolutional neural networks (CNNs), recurrent 

neural networks (RNNs), autoencoders, and hybrid models, examining their application in 

large-scale network environments. 

Convolutional Neural Networks for Intrusion Detection 

Convolutional neural networks (CNNs) have demonstrated significant success in various 

domains, including image recognition and natural language processing, due to their ability to 

automatically learn hierarchical features from input data. In the context of IDS, CNNs can be 

employed to analyze raw network traffic data, identifying patterns that correspond to normal 

or malicious behavior. The layered architecture of CNNs, consisting of convolutional, pooling, 

and fully connected layers, enables the model to capture both local and global features, 

making it particularly effective for large datasets. 

One of the key advantages of CNNs in IDS is their ability to process high-dimensional input 

data without requiring extensive feature engineering [1]. For example, in a study conducted 

by Yin et al. (2017), CNNs were used to detect anomalies in network traffic with an accuracy 

rate exceeding 98% [2]. The researchers noted that the model's ability to learn directly from 

raw data significantly reduced the need for manual feature extraction, streamlining the 

detection process. However, despite their accuracy, CNNs can be computationally expensive, 

requiring substantial processing power and memory, which may limit their use in real-time 

applications. 
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To mitigate these challenges, researchers have explored the use of lightweight CNN 

architectures or hybrid models that combine CNNs with other machine learning techniques. 

For instance, Shone et al. (2018) developed a deep learning-based IDS that integrated CNNs 

with autoencoders, achieving high detection rates while maintaining computational efficiency 

[3]. These hybrid models demonstrate the potential of CNNs to enhance IDS performance, 

particularly in large-scale network environments where both accuracy and efficiency are 

critical. 

Recurrent Neural Networks and Temporal Analysis 

Recurrent neural networks (RNNs) are well-suited for tasks involving sequential data, such 

as time-series analysis, making them an attractive option for IDS applications. Unlike CNNs, 

which excel at spatial pattern recognition, RNNs are designed to capture temporal 

dependencies by maintaining an internal state that allows information from previous time 

steps to influence current predictions. This capability is particularly useful for detecting 

attacks that unfold over time, such as distributed denial-of-service (DDoS) attacks or multi-

stage intrusions [4]. 

RNNs have been applied to various IDS tasks, including the classification of network events 

and anomaly detection. In a study by Kim et al. (2019), RNNs were employed to analyze 

sequences of network traffic data, achieving an accuracy rate of 95% in detecting both known 

and unknown attacks [5]. The researchers attributed the model's success to its ability to learn 

long-term dependencies in the data, which is essential for identifying complex attack patterns. 

However, despite their effectiveness, RNNs can suffer from issues such as vanishing gradients 

and high computational costs, particularly when dealing with long sequences of data. 

To address these limitations, researchers have proposed the use of advanced RNN 

architectures, such as long short-term memory (LSTM) networks and gated recurrent units 

(GRUs), which are designed to overcome the vanishing gradient problem and improve model 

performance [6]. For example, LSTMs have been shown to significantly improve the accuracy 

of IDS by maintaining a memory of past network events, allowing the model to better detect 

anomalies that occur over extended periods [7]. Despite their potential, RNNs and their 

variants require careful tuning to balance accuracy with computational efficiency, particularly 

in real-time IDS applications. 

https://scienceacadpress.com/
https://scienceacadpress.com/index.php/jaasd


Journal of AI-Assisted Scientific Discovery  
By Science Academic Press, USA  90 
 

 

Journal of AI-Assisted Scientific Discovery  

Volume 4 Issue 2 
Semi Annual Edition | July - Dec, 2024 

This work is licensed under CC BY-NC-SA 4.0. 

Autoencoders for Anomaly Detection 

Autoencoders are a type of unsupervised learning model that is commonly used for anomaly 

detection in IDS. These models consist of an encoder that compresses input data into a lower-

dimensional representation and a decoder that reconstructs the original data from this 

compressed form. The reconstruction error, or the difference between the original and 

reconstructed data, is used as a measure of anomaly. In the context of IDS, autoencoders can 

be trained on normal network traffic and then used to detect deviations from this norm, which 

may indicate malicious activity [8]. 

One of the primary advantages of autoencoders is their ability to detect previously unknown 

or zero-day attacks, which may not be captured by signature-based detection methods [9]. A 

study by Chen et al. (2020) demonstrated the effectiveness of autoencoders in detecting novel 

attacks, with the model achieving a high detection rate while maintaining low false-positive 

rates [10]. Additionally, autoencoders are relatively lightweight compared to other deep 

learning models, making them suitable for resource-constrained environments such as edge 

devices or mobile networks. 

However, autoencoders may struggle with detecting subtle anomalies, particularly in noisy 

or imbalanced datasets [11]. To address this, researchers have explored the use of hybrid 

models that combine autoencoders with supervised learning techniques, such as CNNs or 

RNNs. These hybrid approaches have been shown to improve both accuracy and robustness, 

making autoencoders a viable option for enhancing IDS performance in diverse network 

environments [12]. 

Conclusion 

This paper has presented a comparative analysis of various deep learning techniques for 

intrusion detection systems, focusing on their accuracy, detection time, and resource 

efficiency. CNNs have proven to be highly effective in processing large volumes of network 

traffic data, offering high accuracy rates but requiring significant computational resources. 

RNNs, particularly LSTMs, excel in temporal sequence analysis, making them suitable for 

detecting complex, multi-stage attacks. Autoencoders, with their ability to detect unknown 
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threats, provide a lightweight and efficient solution for anomaly detection, though they may 

require further optimization for noisy environments. 

Hybrid models, which combine the strengths of multiple deep learning techniques, represent 

a promising avenue for future research, offering the potential to improve both detection 

accuracy and computational efficiency. As networks continue to evolve and cyber-attacks 

become more sophisticated, the integration of deep learning into IDS will play an increasingly 

important role in ensuring the security and resilience of large-scale network infrastructures. 
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