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Abstract: In the realm of cybersecurity, robust attack detection mechanisms are 

imperative due to the increasing sophistication of cyber threats. Machine learning 

techniques, particularly neural networks, have emerged as powerful tools for 

identifying and mitigating these attacks. The performance of a neural network heavily 

relies on its architecture, including features, hidden layers, and hidden neurons. This 

article explores the intricacies of optimizing neural network architecture to enhance 

attack detection, drawing from recent research and practical applications. The 

significance of feature selection, hidden layers, and hidden neurons is examined in 

various attack detection contexts. Additionally, methods for determining the count of 

features and choosing appropriate hidden layers and neurons are investigated, 

considering criteria such as dataset size, domain knowledge, and regularization 

techniques. The article underscores the pivotal role that neural network architecture 

plays in achieving accurate and efficient attack detection. 

Keywords: Neural network architecture, attack detection, feature selection, 

hidden layers, hidden neurons, optimization, cyber threats. 

 

Introduction 

In today’s cybersecurity landscape, the imperative to develop robust mechanisms 

for detecting attacks is more pressing than ever before. The increasing complexity and 

diversity of cyber threats have led to the utilization of machine learning techniques, 

particularly neural networks, to counter these threats effectively. However, the 

performance of a neural network is intrinsically linked to its architecture, which 

encompasses the selection of features, the arrangement of hidden layers, and the 

configuration of hidden neurons. This article delves into the intricacies of optimizing 

neural network architecture to bolster attack detection capabilities, leveraging insights 

from both contemporary research and practical real-world applications. 

http://sjifactor.com/passport.php?id=22323
https://t.me/openidea_uz
mailto:bek.muminovich.95@mail.ru


Innovative Development in Educational Activities     ISSN: 2181-3523    VOLUME 2 | ISSUE 23 | 2023  

 

        Scientific Journal  Impact Factor (SJIF): 5.938         http://sjifactor.com/passport.php?id=22323  

 

   

https://t.me/openidea_uz                    Multidisciplinary Scientific Journal                  December, 2023 63 

 

Optimizing neural network architecture is pivotal in cultivating accurate and 

efficient attack detection systems. The selection and extraction of features constitute a 

foundational step in this optimization process. Relevant features, chosen adeptly from 

input data sources, ensure that the neural network concentrates on critical information, 

thus ameliorating computational complexity and refining detection accuracy [1]. 

Multiple techniques, such as correlation analysis, information gain, and principal 

component analysis, contribute to informed feature selection, thus enhancing the 

efficacy of the neural network. 

The architecture’s hidden layers and neurons also exert substantial influence on 

the network’s performance. The judicious selection of their count and arrangement 

significantly influences the neural network’s capability to grasp intricate relationships 

within data. Striking a balance between depth and width, wherein hidden layers are 

neither excessively shallow nor overly deep, is crucial for efficient learning and 

effective generalization [14]. 

Related works 

Numerous research studies have delved into the pivotal role of architecture 

optimization in bolstering the efficacy of attack detection within neural networks. In 

this section, we will explore over a dozen research papers authored by various experts 

that have illuminated this critical domain. 

In a paper titled "Optimizing Neural Network Architecture for Intrusion 

Detection" [1], the authors present an innovative approach to refining neural network 

architecture for intrusion detection. Their work underscores the significance of 

strategic feature selection, as well as the optimization of hidden layers and hidden 

neurons, in elevating the network’s performance. 

The investigation by Johnson and Brown centers on the implications of 

architecture optimization for identifying malware attacks. Their research reveals that 

meticulous tuning of hidden layer counts and hidden neuron configurations empowers 

the neural network to achieve heightened precision in pinpointing malicious software 

[2]. 

Kim and colleagues shift their focus to the optimization of neural network 

architecture for the detection of Distributed Denial of Service (DDoS) attacks. Through 

a meticulous examination of diverse network configurations, they establish a clear link 

between well-optimized architecture and improved detection rates, coupled with a 

reduction in false positives [3]. 

In the research conducted by Zhang and Li, the spotlight falls on architecture 

optimization’s influence on the identification of SQL injection attacks. The authors 

introduce a novel algorithm to pinpoint the optimal number of hidden neurons, 
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resulting in a more efficient and precise neural network for combatting these attacks 

[4]. 

Li and Wang‘s study delves into the impact of architecture optimization on the 

identification of phishing attacks. Through a systematic comparison of distinct network 

architectures, they validate that an optimized setup leads to enhanced accuracy and 

fewer instances of false negatives [5]. 

The endeavor by Chen and Liu homes in on optimizing neural network 

architecture to identify botnet attacks. Their empirical exploration of various 

configurations illuminates the potential of a well-optimized architecture to effectively 

discern and flag botnet activities [6]. 

Wang and colleagues propose an approach to harness architecture optimization in 

detecting insider threats. By underscoring the significance of feature selection and its 

synergies with optimized network architecture, they substantiate the achievement of 

heightened accuracy in identifying malicious insider activities [7]. 

The research by Gupta et al. embarks on a comprehensive exploration of 

architecture optimization’s impact on advanced persistent threats (APTs) detection. 

Their multifaceted approach, incorporating feature analysis, determination of hidden 

layer counts, and fine-tuning hidden neuron numbers, culminates in an observable 

enhancement of APT detection rates [8]. 

Liu et al.’s investigation is anchored in the realm of network intrusion detection. 

By dissecting different network configurations, their research underscores the pivotal 

role of architecture optimization in heightening detection accuracy and diminishing the 

occurrence of false alarms [9]. 

Finally, Zhang and Wang‘s work sheds light on architecture optimization 

strategies for detecting malware attacks in Internet of Things (IoT) devices. By 

proposing a novel algorithm to determine optimal counts of hidden layers and neurons, 

they pave the way for improved malware detection rates in IoT ecosystems [10]. 

These diverse studies collectively underline the integral role of architecture 

optimization in revolutionizing the accuracy and effectiveness of neural network-based 

attack detection systems. 

The Role of Neural Network Architecture in Attack Detection 

Neural networks are versatile machine learning models that excel at recognizing 

complex patterns and relationships in data. When applied to attack detection, neural 

networks analyze features extracted from network traffic, system logs, or other relevant 

sources to classify data instances as normal or malicious. The architecture of a neural 

network dictates its capacity to learn and generalize from these features, making it a 

pivotal factor in achieving accurate attack detection [11]. 
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Neural networks have emerged as powerful tools in the field of cybersecurity, 

enabling the development of sophisticated attack detection systems. However, the 

architecture of a neural network plays a pivotal role in determining its effectiveness in 

identifying and mitigating cyber threats. This article explores the crucial role that 

neural network architecture plays in attack detection, shedding light on the key factors 

that influence its performance and highlighting strategies for optimizing this 

architecture. 

Feature Extraction and Representation: 

At the heart of attack detection lies the extraction and representation of features 

from raw data sources such as network traffic or system logs. Neural networks analyze 

these features to identify patterns that differentiate normal behavior from potential 

attacks. The architecture determines how effectively these features are transformed into 

meaningful representations that facilitate accurate classification. The network’s input 

layer size, activation functions, and normalization techniques influence the initial 

processing of features, impacting the subsequent detection accuracy [12]. 

Hierarchical Learning with Hidden Layers: 

Hidden layers in a neural network enable the model to learn hierarchical 

representations of data. For attack detection, hidden layers allow the network to capture 

complex relationships among features, enabling the identification of subtle attack 

patterns that might not be discernible in individual features. The depth and width of 

these hidden layers influence the network’s capacity to learn intricate attack behaviors. 

Too few layers might result in an inability to capture complex patterns, while too many 

layers could lead to overfitting, reducing the model’s generalization ability [14]. 

Optimizing Neuron Counts and Activation Functions: 

The number of neurons within each hidden layer, along with the choice of 

activation functions, influences the network’s capacity to process information and learn 

representations. Too few neurons might lead to underutilization of the hidden layer’s 

capacity, while too many neurons could result in overfitting. Additionally, selecting 

appropriate activation functions, such as ReLU (Rectified Linear Unit) or sigmoid, 

affects the network’s ability to capture and propagate signals effectively through the 

layers. 

Regularization and Avoiding Overfitting: 

Effective attack detection neural networks need to generalize well to new, unseen 

data. Regularization techniques such as dropout and L2 regularization help prevent 

overfitting by introducing noise or constraints during the training process. These 

techniques encourage the network to focus on the most important features and avoid 
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becoming overly sensitive to noise, thereby enhancing its ability to accurately classify 

both normal and malicious instances. 

Determining the Count of Features 

Network attack detection relies on the careful selection and extraction of features 

that effectively capture the intricate patterns associated with malicious activities. These 

features serve as the foundation upon which machine learning models, particularly 

neural networks, are built to distinguish normal network behavior from potentially 

harmful anomalies. This article explores various methods for determining the optimal 

count of features in network attack detection, drawing insights from recent research 

and practical applications.  

Domain Knowledge and Expert Input 

One of the most effective approaches to feature selection is leveraging domain 

knowledge and expert input. Cybersecurity professionals who possess a deep 

understanding of network protocols, system architectures, and common attack vectors 

can provide invaluable insights into the types of features that are likely to be indicative 

of malicious activities. This human-guided approach not only ensures the relevance of 

selected features but also facilitates the inclusion of context-specific information that 

automated methods might overlook [12]. 

 

 
 

Fig. 1. Leveraging domain knowledge and expert input. 

 

Correlation and Mutual Information 

Correlation analysis and mutual information calculations are statistical methods 

used to quantify the relationships between features and the target variable (attack or 

normal). Features with high correlation or mutual information scores are more likely 

to contribute significantly to the detection of attacks. Removing redundant or highly 

correlated features can help reduce noise and improve the model’s efficiency in 

capturing attack patterns [13]. 
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The correlation coefficient is an important measure of the relationship between 

two random variables. Once calculated, it describes the validity of a linear fit. For two 

random variables, X and Y, the correlation coefficient, ρxy, is calculated as follows: 

 

𝜌𝑥𝑦 =
𝑐𝑜𝑣(𝑋, 𝑌)

𝜎𝑥𝜎𝑦
           (1) 

 

That is, the covariance of the two variables divided by the product of their 

standard deviations. Covariance serves to measure how much the two random variables 

vary together. This will be a positive number if both variables consistently lie above 

the expected value and will be negative if one tends to lie above the anticipated value 

and the other tends to lie below. The correlation coefficient will take on values from 1 

to -1. Values of 1 and -1 indicate perfect increasing and decreasing linear fits, 

respectively. 

The mathematical representation for mutual information of the random variables A 

and B are as follows: 

 

𝐼(𝐴, 𝐵) =  ∑ ∑ 𝑝(𝑎, 𝑏) ∗ log ( 
𝑝(𝑎, 𝑏)

𝑝(𝑎)𝑝(𝑏)
𝑎∈𝐴

)  (2)

𝑏∈𝐵

 

 

where, p(a, b) is the joint probability distribution function of A and B, p(a) is the 

marginal probability distribution function of A, p(b) is the marginal probability 

distribution function of B. 

Recursive Feature Elimination (RFE) 

Recursive Feature Elimination is an iterative technique that involves training a 

model and sequentially removing the least important features based on their 

contribution to the model’s performance. This process continues until a desired number 

of features is reached. RFE helps identify the most informative features for attack 

detection while considering their collective impact on model accuracy [17]. 
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Fig. 2. Workflow diagram of Recursive Feature Elimination (RFE) [18]. 

 

Dimensionality Reduction Techniques 

Dimensionality reduction methods such as Principal Component Analysis (PCA) 

and t-Distributed Stochastic Neighbor Embedding (t-SNE) can aid in feature selection 

by transforming the original feature space into a lower-dimensional representation. 

These techniques can help capture the most relevant information while minimizing the 

risk of overfitting caused by an excessive number of features. 

 
Fig. 3. Dimensionality reduction methods. 
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The selection and extraction of features play a pivotal role in the success of a 

neural network for attack detection. The number of features directly impacts the 

network’s ability to distinguish between normal and anomalous patterns. Researchers 

[12] have emphasized the importance of feature engineering, where domain knowledge 

is used to identify relevant features that effectively capture attack patterns. The 

inclusion of too few features might result in inadequate detection capabilities, while an 

excessive number of features can lead to overfitting, hampering the model’s 

generalization ability [13]. 

Choosing Hidden Layers and Neurons 

The architecture’s hidden layers and neurons dictate the network’s capacity to 

learn complex relationships within the data. A shallow network might struggle to 

capture intricate attack patterns, while an overly deep network could suffer from 

vanishing gradients, hindering convergence. Recent studies [14] suggest that a balance 

between depth and width should be struck, with moderate hidden layers and neurons, 

to ensure efficient learning and generalization. 

Choosing the appropriate number of hidden layers and neurons in a neural 

network is a critical step in designing an effective model for various tasks, including 

attack detection. The architecture of these components greatly impacts the network’s 

ability to learn complex patterns, generalize well, and avoid overfitting. Here are some 

methods and considerations for selecting hidden layers and neurons: 

Empirical Approaches 

One of the simplest methods is to empirically test different architectures through 

experimentation. Start with a basic architecture and gradually increase the complexity 

by adding hidden layers and neurons. Monitor the performance on a validation dataset 

and observe whether improvements plateau or start to decline. This trial-and-error 

approach can provide insights into the architecture that works best for a specific task. 

Rule of Thumb: 

There are some general guidelines that have been suggested by practitioners. For 

instance, a common rule of thumb is to use a single hidden layer for simpler problems 

and gradually add more layers as the complexity of the problem increases. The number 

of neurons in each layer can be set to an average of the input and output layer sizes. 

Cross-Validation: 

Cross-validation involves splitting the dataset into multiple subsets for training 

and validation. By training the model with different hidden layer configurations on 

these subsets and evaluating their performance, you can determine which architecture 

generalizes better across various data distributions. This helps avoid overfitting to a 

particular split of the data. 
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Grid Search and Hyperparameter Tuning: 

Automated methods like grid search and hyperparameter tuning can 

systematically explore different combinations of hidden layers and neurons. These 

methods evaluate the model’s performance across a predefined range of architectures, 

enabling the identification of the architecture that yields the best results on a validation 

set. 

Model Complexity vs. Data Size: 

The complexity of the model architecture should be considered in relation to the 

size of the available dataset. As a rule of thumb, larger datasets can support more 

complex architectures. Using overly complex architectures on smaller datasets can lead 

to overfitting, while excessively simple architectures on large datasets might result in 

under fitting. 

Domain Knowledge and Problem Characteristics: 

Understanding the specific characteristics of the problem domain can guide 

architectural decisions. For example, if the task involves detecting intricate attack 

patterns, deeper architectures with more neurons might be appropriate. Conversely, 

simpler tasks might require shallower architectures. 

Transfer Learning: 

In some cases, transfer learning can be employed. Pre-trained models on related 

tasks can serve as a starting point for architectural choices. Fine-tuning the architecture 

to adapt it to the attack detection task can help leverage the knowledge captured by the 

pre-trained model. 

Regularization Techniques: 

Techniques such as dropout and L2 regularization can be used to mitigate the risk 

of overfitting in deeper architectures. By controlling the complexity and co-adaptation 

of neurons, these techniques can allow for the use of more layers and neurons without 

sacrificing generalization. 

Importance of Architecture Optimization 

The optimization of neural network architecture plays a crucial role in enhancing 

attack detection capabilities. By selecting the right number of features, hidden layers, 

and hidden neurons, the network can effectively identify and classify attacks with 

higher accuracy and efficiency. 

Feature selection is a critical step in architecture optimization. By identifying and 

selecting the most relevant features from the input data, the neural network can focus 

on the most crucial information, reducing computational complexity and improving 

detection accuracy [1]. Various techniques such as correlation analysis, information 

gain, and principal component analysis can be employed for feature selection. 
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The number of hidden layers and hidden neurons also significantly impact the 

performance of the network. Too few hidden layers or neurons may result in under-

fitting, leading to poor detection rates. On the other hand, an excessive number of 

hidden layers or neurons can lead to overfitting, where the network becomes too 

specialized in the training data and performs poorly on new, unseen data [2]. 

Optimizing the architecture of a neural network involves finding the right balance 

between complexity and generalization. By experimenting with different network 

configurations and evaluating their performance, researchers can determine the optimal 

number of hidden layers and neurons for a given attack detection task. This process 

often involves techniques like cross-validation, grid search, and evolutionary 

algorithms [10]. 

The benefits of architecture optimization in attack detection are manifold. A well-

optimized network architecture leads to improved accuracy in identifying various types 

of attacks, such as malware, DDoS, SQL injection, and phishing [3], [5], [4]. It also 

helps in reducing false positives and false negatives, ensuring reliable and efficient 

attack detection [8]. 

In summary, the optimization of neural network architecture is of paramount 

importance in enhancing attack detection capabilities. Through careful selection of 

features, hidden layers, and hidden neurons, researchers can improve the accuracy, 

efficiency, and reliability of neural network-based intrusion detection systems. 

Implementing an optimized architecture can strengthen cybersecurity defenses and 

mitigate the risks associated with various types of attacks. 

A Comprehensive Approach 

To optimize the neural network architecture for enhanced attack detection, a 

comprehensive approach is recommended. This approach involves the following steps: 

 
Fig. 4. A comprehensive approach. 
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Data Analysis: Thoroughly analyze the dataset to gain insights into the 

characteristics of network traffic and attacks. This analysis helps in selecting relevant 

features and determining the complexity of the network. 

Feature Selection: Use domain knowledge and feature selection algorithms to 

identify the most informative features and reduce dimensionality. This step helps in 

improving the network’s efficiency and reducing the risk of overfitting. 

Hidden Layer Architecture: Determine the number of hidden layers based on the 

complexity of the problem. Consider using the "one-hidden-layer rule of thumb" as a 

starting point and progressively increase the complexity if required. 

Hidden Neuron Optimization: Utilize techniques such as optimal brain damage, 

cross-validation, and grid search to find the optimal number of hidden neurons in each 

hidden layer. 

Model Evaluation: Evaluate the performance of the optimized neural network 

architecture using appropriate metrics such as accuracy, precision, recall, and F1-score. 

This step helps in assessing the effectiveness of the approach and identifying areas for 

further improvement. 

Conclusion 

 In the domain of attack detection, the optimization of neural network architecture 

is pivotal for accurate, efficient, and robust systems. Feature selection, hidden layer 

configuration, and neuron count significantly impact a network’s efficacy in 

identifying cyber threats. Empirical approaches, rule of thumb, cross-validation, and 

automated methods like grid search contribute to architecture optimization. Balancing 

model complexity with data size, leveraging domain knowledge, considering transfer 

learning, and implementing regularization techniques all play integral roles. 

In an ever-evolving threat landscape, continuous research, experimentation, and 

adaptation are key to refining our understanding of optimal neural network 

architectures. By striving for the right equilibrium between architecture intricacy and 

network performance, the cybersecurity community can bolster defenses against an 

array of cyberattacks. As the digital realm remains susceptible to constant adversarial 

innovation, the comprehensive optimization of neural network architecture remains an 

indispensable weapon in the arsenal of cyber defenders. 
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