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Abstract: With the rapid advancement of information technology, network security issues have be-
come increasingly prominent, posing significant challenges in the field of public administration.
Deep learning, as a cutting-edge technology in artificial intelligence, is emerging as a critical tool for
enhancing network security management due to its exceptional performance in big data processing
and pattern recognition. This paper reviews the basic concepts of deep learning and its current ap-
plications in network security management, discusses the design and implementation of deep learn-
ing-based network security management systems, and analyzes their effectiveness and evaluation
through specific application cases. The results show that deep learning excels in areas such as intru-
sion detection, malware detection, network traffic analysis, and anomaly detection, significantly en-
hancing network security defenses. However, the application of deep learning in network security
still faces challenges such as data privacy, model robustness, and computational resources. The pa-
per concludes by proposing future development directions, providing theoretical support and prac-
tical references for further improving public network security management.

Keywords: deep learning; network security; public management; intrusion detection; malware de-
tection

1. Introduction

With the rapid development of information technology, network security issues have
become increasingly severe. Frequent network attacks, data breaches, and malware inci-
dents pose significant threats to public safety and economic development. Traditional net-
work security management methods are often inadequate in dealing with the complex
and dynamic network environment. Deep learning, as an advanced technology in the
field of artificial intelligence, has gradually become an essential tool for improving net-
work security management due to its advantages in big data processing and pattern
recognition. This paper aims to explore the application of deep learning technology in
public network security management, review existing research outcomes, analyze the cur-
rent status and future development directions of deep learning in network security, and
design and implement a deep learning-based network security management system. The
main research contents include: the basic concepts and principles of deep learning tech-
nology, its current applications in network security management, the design of a deep
learning-based network security management system, application case analysis, and the
challenges and future development directions. The research methods involve literature
review, system design and implementation, and case analysis. By organizing and analyz-
ing the literature, combined with specific application scenarios, a deep learning-based
network security management system is designed and implemented, and its effectiveness
is evaluated. This research aims to provide new technological means and theoretical sup-
port for public network security management to address the increasingly severe network
security challenges.
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2. Theoretical Concepts
2.1. Overview of Network Security Management

Network security management refers to a series of measures and strategies imple-
mented to protect computer systems and networks from various threats and attacks. As
the degree of informatization increases, network security issues have become a global fo-
cus, impacting national security, economic interests, and social stability. The goal of net-
work security management is to ensure the confidentiality, integrity, and availability of
information, preventing unauthorized access, data breaches, and damage[1].

Network security management primarily encompasses the following aspects:

1) Risk Assessment and Management: Identifying, analyzing, and evaluating po-
tential risks in the network system, and developing corresponding risk manage-
ment strategies to mitigate the impact of these risks.

2)  Security Policies and Regulations: Formulating and implementing network se-
curity policies and regulations to ensure that network security management fol-
lows established guidelines.

3) Technical Protective Measures: Using technical means such as firewalls, intru-
sion detection systems, and antivirus software to construct a multi-layered pro-
tection system.

4) Monitoring and Detection: Real-time monitoring of network activities to
promptly detect and respond to network attacks and abnormal behaviors.

5) Emergency Response and Recovery: Developing emergency plans to quickly re-
spond to and handle security incidents, ensuring the rapid restoration of normal
system operations.

6) Education and Training: Regularly conducting network security training to im-
prove the security awareness and skills of staff members.

As network attack methods continue to evolve and become more complex, tradi-
tional network security management methods struggle to cope with the various chal-
lenges posed by modern network environments. Deep learning, as an advanced artificial
intelligence technology, offers new solutions for network security management due to its
powerful data processing and pattern recognition capabilities. By incorporating deep
learning technology, the intelligence level of network security management can be en-
hanced, improving the accuracy and response speed of threat detection, thereby more ef-
fectively safeguarding network security.

2.2. Current Application of Deep Learning in Network Security

Deep learning, as a forefront technology in artificial intelligence, has shown great
potential in the field of network security in recent years. Its strong data processing and
pattern recognition abilities enable it to effectively address complex and dynamic network
security threats. Currently, the main applications of deep learning in network security
include intrusion detection, malware detection, network traffic analysis, and anomaly de-
tection[2].Intrusion Detection: Deep learning significantly improves the accuracy and
real-time detection by automatically extracting data features and learning complex pat-
terns. Common methods include Convolutional Neural Networks (CNN) and Recurrent
Neural Networks (RNN).Malware Detection and Classification: Deep learning analyzes
dynamic behaviors and binary features of malware, achieving more precise detection and
classification. Techniques such as CNN and Long Short-Term Memory (LSTM) networks
are commonly used.Network Traffic Analysis: Another critical application area, where
deep learning efficiently processes and analyzes large-scale network traffic data through
automated feature extraction and pattern recognition. Methods include Autoencoders
and Generative Adversarial Networks (GAN).Anomaly Detection: Deep learning learns
the complex patterns of normal behavior to effectively detect internal threats and un-
known attacks. Techniques like Variational Autoencoders (VAE) and Deep Belief Net-
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works (DBN) excel in improving detection accuracy and reducing false alarm rates.Over-
all, the current state of deep learning applications in network security demonstrates that
its powerful capabilities provide new solutions for network security management. How-
ever, challenges such as data privacy, model robustness, and computational resources re-
main. In the future, with continuous advancements in deep learning technology, its ap-
plications in network security will become more extensive and in-depth, providing
stronger support for public network security management|[3].

3. Deep Learning Technology and Its Application Principles in Network Security
3.1. Basic Concepts and Principles of Deep Learning

Deep learning is a crucial branch of artificial intelligence and a subset of machine
learning. It mainly achieves automatic learning and feature extraction from complex data
by constructing and training deep neural network models. Aa shown in Figure 1, The
basic concepts and principles of deep learning can be explained as follows:
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Figure 1. Basic Concepts and Principles of Deep Learning.

Deep learning models generally consist of multiple layers of neurons (or nodes) con-
nected by weights. The basic structure of these networks includes an input layer, one or
more hidden layers, and an output layer. The input layer receives raw data, while the
hidden layers focus on processing and feature extraction. The output layer then generates
the final prediction or classification.

For model selection, Convolutional Neural Networks (CNN) are primarily used with
grid-like data such as images and videos. These networks employ convolutional, pooling,
and fully connected layers for feature extraction and classification, offering advantages
like translation invariance and local connectivity. Recurrent Neural Networks (RNN) are
designed for sequential data, such as time series or text, using a recurrent structure to
retain information from previous time steps and capture temporal dependencies. Long
Short-Term Memory (LSTM) networks, a specialized version of RNNs, are capable of
overcoming the gradient vanishing and exploding problems during long-sequence train-
ing, making them suitable for modeling long-term dependencies. Generative Adversarial
Networks (GANSs) consist of two models— a generator that creates realistic data and a
discriminator that distinguishes between real and generated data. GANs are commonly
applied in data generation and anomaly detection. Autoencoders, an unsupervised learn-
ing model, encode data into a lower-dimensional form before reconstructing it. These
models are mainly used for tasks like feature extraction and dimensionality reduction.

The training process of deep learning models includes both forward and backward
propagation. During forward propagation, data is passed through the network, layer by
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layer, to compute the output. In backward propagation, the model parameters are ad-
justed using gradient descent algorithms to minimize the loss function and enhance the
model's performance. Common optimization techniques such as Stochastic Gradient De-
scent (SGD) and Adam are widely used.

Deep learning models progressively extract features, starting with simpler ones at
lower layers and advancing to more complex features at higher layers. This hierarchical
approach enables the network to build a more comprehensive understanding of the data.
Unlike traditional machine learning techniques, deep learning automates the process of
feature extraction, reducing reliance on manual feature engineering and improving the
model's ability to generalize.

Deep learning has demonstrated success in various domains, including image and
speech recognition, natural language processing, autonomous driving, and medical diag-
nostics. In network security, deep learning has significant potential in addressing complex,
evolving threats. By leveraging its ability to learn and extract features from high-dimen-
sional, nonlinear data, deep learning offers advanced solutions for tackling intricate prob-
lems in network security management.

3.2. Application Scenarios of Deep Learning in Network Security

Deep learning's application scenarios in network security are diverse, encompassing
intrusion detection, malware detection and classification, network traffic analysis, anom-
aly detection, phishing site detection, vulnerability detection and remediation, and user
authentication and access control.Intrusion Detection: Deep learning significantly en-
hances detection accuracy and real-time performance by analyzing large volumes of net-
work traffic data and automatically extracting complex features. Deep learning models
like CNNs and RNNs can handle massive data and recognize intricate attack pat-
terns.Malware Detection and Classification: Deep learning achieves efficient detection
and accurate classification through dynamic behavior analysis and binary feature extrac-
tion, effectively countering evolving and diverse malware. Techniques such as CNNs and
LSTM networks are commonly used.Network Traffic Analysis: In this domain, deep
learning automates feature extraction and pattern recognition, efficiently processing and
analyzing large-scale network traffic data, identifying abnormal traffic, and detecting net-
work attacks. Methods include Autoencoders and GANs.Anomaly Detection: Deep learn-
ing learns complex patterns of normal behavior to effectively detect internal threats and
unknown attacks, significantly improving detection accuracy and reducing false posi-
tives[5]. Techniques like Variational Autoencoders (VAE) and Deep Belief Networks
(DBN) are particularly effective.Phishing Site Detection: Deep learning analyzes website
content, user behavior, and system logs to automatically identify phishing sites, providing
a robust defense against such attacks.Vulnerability Detection and Remediation: By ana-
lyzing code and system behaviors, deep learning identifies potential vulnerabilities and
offers remediation suggestions, enhancing system security.User Authentication and Ac-
cess Control: Deep learning enables precise identity authentication and dynamic access
control by analyzing user behaviors and system interactions.Overall, deep learning's pow-
erful data processing and pattern recognition capabilities offer new technical means and
solutions for network security management, significantly enhancing network security de-
fenses and providing robust support to meet increasingly complex network security chal-
lenges.

4. Deep Learning Application Design in Network Security Management
4.1. Architecture of Deep Learning in Network Security Management

The architecture of deep learning in network security management, as depicted in
<Figure 2>, typically includes several key components: data collection and preprocessing,
model training and optimization, real-time detection and response, and integration with
existing infrastructure.
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Figure 2. Architecture of deep learning in Network security management.

Data Collection and Preprocessing: Network security management systems collect
vast amounts of data from various sources, including network traffic logs, system logs,
user behavior data, and attack samples. These data are sourced from network devices,
host systems, and applications. The collected data undergo preprocessing steps such as
data cleaning, transformation, feature extraction, and labeling to enhance data quality and
the effectiveness of model training.

Model Training and Enhancement: Based on the particular application contexts, suit-
able deep learning models such as Convolutional Neural Networks (CNN), Recurrent
Neural Networks (RNN), and Generative Adversarial Networks (GAN) are chosen for
optimization. Model parameters are optimized through forward propagation and back-
propagation algorithms. To address overfitting and underfitting issues, techniques such
as cross-validation and regularization are applied. Additionally, hyperparameter tuning,
adjustments in model structure, and advanced optimization algorithms are used to fur-
ther enhance model performance.

Real-Time Detection and Response: Trained deep learning models are deployed to
analyze and detect real-time network data, identifying potential threats. These models can
be implemented on edge devices or cloud platforms for continuous monitoring and anal-
ysis of network traffic, system logs, and user behavior. Upon detecting abnormal behavior
or network attacks, the system triggers response mechanisms like alert notifications, au-
tomated defenses, and log recording.

Integration with Current Security Systems: Deep learning models are incorporated
into the existing network security framework, including components like firewalls, intru-
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sion detection systems, and Security Information and Event Management (SIEM) plat-
forms.This integration creates a unified network security management platform that can
be deployed in local data centers, cloud platforms, or edge devices, ensuring high availa-
bility and scalability. This architecture efficiently handles the collection and processing of
large volumes of network data, trains and optimizes intelligent detection models, and
provides real-time monitoring and responses to network threats, offering comprehensive
and intelligent solutions for network security management..

4.2. Model Selection and Application in Network Security

Choosing the appropriate deep learning model is crucial for enhancing detection and
defense capabilities in network security management. Different application scenarios re-
quire different types of deep learning models to address specific security threats and
needs.Intrusion Detection Systems (IDS): CNNs and RNNs are widely used. CNNs excel
at processing and analyzing spatial features in network traffic, while RNNs are particu-
larly suited for capturing temporal dependencies in time-series data.Malware Detection
and Classification: CNNs analyze static and dynamic behavior features of malware for
efficient detection and classification. Graph Neural Networks (GNNs) enhance detection
accuracy by analyzing call graphs and dependency graphs of malware.Network Traffic
Analysis: Autoencoders detect abnormal traffic by learning patterns of normal network
traffic. GANs enhance model robustness by generating realistic network traffic
data.Anomaly Detection: Variational Autoencoders (VAE) and Deep Belief Networks
(DBN) detect anomalies by learning complex patterns of normal behavior. LSTM net-
works are adept at handling user behavior sequence data to identify potential anoma-
lies.Phishing Site Detection: CNNs and RNNs analyze website content, URL features, and
user behavior to automatically identify phishing sites.Vulnerability Detection and Reme-
diation: CNNs and GNNs analyze software code and system logs to automatically detect
potential vulnerabilities and provide remediation suggestions[7].User Authentication and
Access Control: Deep Neural Networks (DNN) and GANs analyze user behavior, bio-
metric features, and access patterns to achieve precise identity authentication and dy-
namic access control.By selecting and applying appropriate deep learning models accord-
ing to different network security application scenarios, detection and defense effective-
ness can be significantly improved. This approach makes network security management
systems more intelligent and efficient in addressing various complex security threats,
providing robust protection for network security.

5. Effectiveness and Evaluation of Deep Learning in Network Security Management
5.1. Model Performance Evaluation Metrics

Selecting the appropriate performance evaluation metrics is essential for assessing
deep learning models in network security management. These metrics, including accuracy,
precision, recall, F1-score, ROC curve, AUC, false positive rate (FPR), and false negative
rate (FNR), provide insights into the model’s detection ability, accuracy, and stability. Ac-
curacy alone may not fully reflect model performance, especially since attack events are
rare. Precision is important for minimizing false positives, while recall is crucial for de-
tecting all potential attacks. F1-score is particularly useful when balancing precision and
recall is necessary. The ROC curve and AUC offer a broader view of model performance,
with higher AUC values indicating better overall effectiveness. FPR and FNR help evalu-
ate the false alarm rate and detection completeness, respectively. Additionally, model
complexity and inference time are key for real-time applications, as lower complexity and
faster processing are desirable. Finally, robustness and explainability ensure that the
model performs well even in noisy or attack-prone environments and can provide trans-
parent, understandable decision-making. By considering these diverse metrics, the
model’s effectiveness and optimization in network security management can be compre-
hensively evaluated.
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5.2. Experimental Results and Analysis

To assess the effectiveness of deep learning models in network security management,
a series of experiments were carried out across multiple scenarios, including intrusion
detection, malware detection, and network traffic analysis. The datasets used for these
experiments were NSL-KDD, Malimg, and CICIDS2017, each selected for its relevance to
the specific task. For model selection, Convolutional Neural Networks (CNN) and Recur-
rent Neural Networks (RNN) were applied in intrusion detection, CNN was used for mal-
ware detection, and Autoencoders and Generative Adversarial Networks (GANSs) were
chosen for network traffic analysis. The evaluation was based on key metrics such as ac-
curacy, precision, recall, F1-score, and AUC.

The experimental results are summarized in Tables 1, 2, and 3.

Table 1. Intrusion Detection Experiment Results.

Model Accuracy Precision Recall F1-Score AUC
CNN 0.95 0.93 0.92 0.93 0.96
RNN 0.94 0.91 0.93 0.92 0.95

Table 2. Malware Detection Experiment Results.

Model Accuracy Precision Recall F1-Score AUC
CNN 0.98 0.97 0.96 0.96 0.99

Table 3. Network Traffic Analysis Experiment Results.

Model Accuracy Precision Recall F1-Score AUC
Autoencoder 0.93 0.92 0.91 0.91 0.94
GAN 0.94 0.93 0.92 0.92 0.95

The experimental results demonstrate that deep learning models perform exception-
ally well across various network security management tasks. Intrusion Detection: Both
CNN and RNN achieve high accuracy and AUC scores, with CNN slightly outperforming
RNN in precision and recall, emphasizing CNN's strength in processing spatial features.
Malware Detection: CNN excels with an accuracy of 0.98, precision of 0.97, recall of 0.96,
F1-score of 0.96, and AUC of 0.99, showcasing its strong reliability in malware classifica-
tion. Network Traffic Analysis: Autoencoder and GAN both deliver solid results, achiev-
ing accuracies of 0.93 and 0.94, and AUC scores of 0.94 and 0.95, respectively, highlighting
the effectiveness of deep learning in detecting and analyzing unusual network activities.
Overall, the results confirm that deep learning models significantly improve detection ac-
curacy and response times in network security management, offering valuable technical
support for real-world applications.

6. Conclusion

This paper explores the application of deep learning in public network security man-
agement, demonstrating its immense potential in enhancing network security manage-
ment through detailed theoretical analysis and experimental validation. First, we re-
viewed the basic concepts and challenges of network security management and explained
the basic principles of deep learning technology and its current applications in network
security. Through experiments in intrusion detection, malware detection, and network
traffic analysis, this paper shows the significant advantages of deep learning models in
improving detection accuracy, precision, recall, and overall performance.The experi-
mental results indicate that CNN and RNN perform excellently in intrusion detection,
effectively identifying network attacks and reducing false positives and false negatives.
CNN's high accuracy and AUC in malware detection demonstrate its powerful capabili-
ties in classification tasks. Autoencoder and GAN's outstanding performance in network
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traffic analysis further proves the application value of deep learning technology in han-
dling complex network data.However, the application of deep learning in network secu-
rity management also faces challenges, including data privacy protection, model robust-
ness, computational resource requirements, and real-time performance demands. Future
research should explore solutions to these challenges, such as using federated learning to
enhance data privacy protection, designing more efficient model structures to reduce
computational resource consumption, and developing more robust models to improve
their resistance to attacks.In conclusion, deep learning offers new technical means and
solutions for network security management, with its powerful data processing and pat-
tern recognition capabilities significantly enhancing network security protection. Through
further research and application promotion, deep learning will play an increasingly im-
portant role in network security, providing solid support for building a safer and more
reliable network environment.
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