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Abstract: Within the contemporary computer network technology framework, the development and implementation of
security situation awareness models and associated software systems enable precise alignment with the operational
requirements of attack and defense functions in computer networks. A network attack defense system founded on security
situation awareness technology possesses the capability to reconstruct various forms of network attacks and analyze
regional vulnerabilities within computer network security infirastructure, thereby presenting a visualized representation of
the security posture. This paper examines the critical application points of network attack defense mechanisms based on
security situation awareness technology.
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1. INTRODUCTION

There are relatively many security risk factors in the computer network environment, which can pose a serious
threat to the accuracy and reliability of various data information resources. Therefore, in the process of building a
computer network security supervision system, it is necessary to efficiently use multi-source data fusion network
security situational awareness models and big data processing and analysis methods to further improve the
automatic warning efficiency and situational prediction accuracy of computer networks, and fully guarantee the
security of various virtual assets in computer network systems.

2. OVERVIEW OF SECURITY SITUATION AWARENESS TECHNOLOGY

In the field of computer network security, the widespread application of security situational awareness technology
and data models can significantly improve the risk perception level of computer network space, and can selectively
screen security vulnerabilities and illegal attack behaviors. Security situational awareness technology can perform
secure encryption operations on key communication facilities in the data layer, physical layer, business layer, and
network layer on the basis of the original computer network architecture. It can also perform security audits and
vulnerability scans on decentralized computer network topologies and other basic system operations. Security
situational awareness technology and corresponding data models can significantly improve the security
monitoring efficiency of computer networks in this region, and quantitatively analyze data sources and
communication links under abnormal conditions, quickly identify and locate network communication link
numbers with security risk factors, and so on. However, in the process of building a computer network security
situational awareness system, it is inevitable to be disturbed by many force majeure factors, but it is also necessary
to comprehensively evaluate the practical application scenarios of different levels of protection mechanisms. By
fully utilizing security situational awareness technology and data models, the security risk assessment results in
many computer network architecture systems will be significantly reduced.

Wu (2024) pioneered the use of large language models for semantic parsing to construct an intelligent database
query engine capable of interpreting natural language inputs with high precision [1]. In the field of autonomous
systems, Wang, Yan, Wang, Xu, Wu, and Wang (2024) investigated reinforcement learning methodologies to
enhance navigation capabilities in autonomous robots operating within complex environments [2]. Advancing
human-computer interaction, Chen, Zhang, Wu, Ghosh, Natarajan, Chang, and Allebach (2022) proposed a
one-stage object referring framework that integrates gaze estimation to improve the accuracy and naturalness of
visual grounding tasks [3]. Beyond software and algorithms, Tang, Kojima, Gotoda, Nishikawa, Hayashi,
Koike-Akino, and Klamkin (2020) contributed fundamental engineering solutions through the design and
optimization of shallow-angle grating couplers for vertical emission in indium phosphide photonic devices [4].
Concurrently, Sun (2025) addressed critical issues in user interface design by examining accessibility challenges
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and proposing inclusive solutions for digital products to ensure equitable user experiences [5]. In financial
technology, Shen, along with various co-authors (2025), applied the Whale Optimization Algorithm to enhance the
detection accuracy of fraudulent activities within payment systems [6], while Yi (2025) developed a real-time
fair-exposure advertising allocation mechanism using Contextual Bandits-with-Knapsacks to support small and
medium-sized businesses and underserved content creators [9]. On the medical imaging front, Tian, Wang, and
Cui (2024) refined U-Net architectures for brain tumor segmentation by integrating GSConv modules and ECA
attention mechanisms to better capture intricate spatial features [7]. Addressing vulnerabilities in distributed
learning, Deng and Yang (2025) formulated multi-layer defense strategies with privacy-preserving enhancements
to mitigate membership inference attacks within federated learning frameworks [8]. Additionally, Ren (2024)
introduced a novel feature fusion-based contextual model designed specifically for accurate smoking detection in
complex visual scenes [10]. In the context of economic forecasting and risk management, Zhao, Lin, Yang, Lu,
Xue, and Jiang (2025) optimized deep learning models to accurately predict dynamic market behaviors under
volatile conditions [11], while Yang, Xue, Hu, and Zhang (2025) architected a comprehensive Al-driven
closed-loop risk control system that governs credit security throughout the entire lending lifecycle, from pre-loan
evaluation to post-loan monitoring [12]. Turning to industrial and demographic analytics, Zhou (2026) employed
Gradient Boosting Trees to diagnose bottlenecks in international automotive sales funnels by evaluating
cross-regional team efficiency [13], and Wensi (2026) demonstrated that Al-enabled data visualization marketing
on automated production lines significantly bolsters customer trust and improves lead-to-order conversion rates
[14]. Furthermore, Tang and Zhao (2025) utilized neural network models to explore the intricate relationship
between the spatial distribution of aging populations and the resulting dynamics within real estate markets [15],
while Zhao, Lu, Gong, and Xu (2025) integrated machine learning with the Diamond-Mortensen-Pissarides (DMP)
model to evaluate labor market efficiency under the influence of media news sentiment [16]. Finally, Chen, Zhao,
Jiang, He, and Li (2025) provided empirical evidence on the green innovation effect catalyzed by the digital
economy, highlighting its role in fostering sustainable development [17].
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Figure 1: Network Security Situation Awareness Technology Framework

3. THE PROBLEMS FACED IN NETWORK ATTACK DEFENSE
3.1 Fragmentation Development Issues

For computer network security protection technology systems of different scales, there are generally significant
differences in defense measures against unknown network attacks, and the overall protection effect varies. The
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passive defense mode on different computer network nodes generally exhibits the basic application characteristics
of fragmentation, which indirectly limits the automation efficiency of many security awareness models. Many
decentralized computer network architectures commonly use three-layer attack protection technology systems, but
they cannot fully restore illegal attack targets and sources, which can indirectly generate many potential security
risk factors. Many network attack incidents are becoming increasingly covert, and the transmission routes and
communication links are more difficult to track and trace. Therefore, fragmented network attack behavior is not
conducive to improving the overall protection and defense level of local networks. The fragmented development of
computer network attack defense technology system cannot strictly follow the requirements of relevant technical
specifications and standards for precise traceability, and will also show a trend of discrete and decentralized
network technology development. In addition, many computer network practitioners have not strictly reviewed the
accuracy of various illegal attack defense systems, and there are generally many gaps and gaps between theory and
practice, which increases the risk factor of computer network security monitoring.

3.2 Passive interception problem

Among numerous computer network attack defense models, the problem of passive interception is still quite
common and can indirectly affect the precise traceability of various illegal network access and background attack
behaviors. It also cannot perform encryption and decryption operations quickly, missing the best interception time.
Especially in the process of backing up and managing the operation logs of computer network systems, it will have
a certain impact on various passive interception operation modes, and cannot fully match the internal data
information resources of the security situational awareness model. It is easy to present an unstable predictive
analysis state, and the sensitivity to network attack behavior will also be significantly reduced. Especially after
setting up network whitelists and blacklists, passive interception problems become more common and can cause
irreversible losses, seriously affecting the stable operation of computer system equipment and network monitoring
nodes. The passive interception problem can not only be reflected in technical aspects such as network attack
defense, but also cause certain interference to the normal data information collection process of various security
monitoring facilities.

3.3 Single point defense issue

There are relatively many types and quantities of network security related products and hardware facilities on the
market, but they cannot accurately adapt to the differentiated attack defense needs of computer networks. The issue
of single point defense is one of the easily overlooked computer network security risk factors, and can indirectly
affect the accuracy and security effectiveness of the network data communication connection process. In the
process of building a single point of defense technology system, it is necessary to break down barriers such as
information barriers and inconsistent security standards between different operators as much as possible in order to
quickly perform basic operations such as information sharing and multi-source data fusion. Especially after
determining a certain attack prevention measure, it is necessary to objectively analyze and predict the technical and
economic risks in the single point defense process in order to further define the potential security risk levels in the
computer network architecture system in this region. The operator networks are all in a state of independent
operation, and the only network security defense effect that can be achieved is single point defense. Therefore, in
the process of dealing with single point defense issues, the correlation between discrete network security
monitoring data information cannot be ignored, and it is also necessary to focus on identifying and judging
whether it affects the security link status of different data communication links.

3.4 Unknown Attack Results

In the case where the outcome of a network attack is unknown, management personnel are unable to predict the
final outcome of the network attack; In the case where the results of a network attack are known, although
managers can provide early warning and attack interception by identifying the attacker's network attack status,
they still cannot attack the target and determine whether the target attack is successful. Many classic network
attack defense models are prone to generating a lot of misjudgment information in the process of identifying and
judging illegal network attack behaviors, which can affect the final decision-making results of network security
managers. Especially for IP addresses and source code that are confusing, many network attacks have a relatively
long latency and the destructive process is very covert. Under the condition of unknown attack results, many
passive defense methods cannot accurately determine and identify the data sources and system devices that need
additional protection, and will also waste a lot of network data information resources. The problem of unknown
attack results can not only seriously affect the quality and efficiency of data communication transmission between
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the local local area network and the Internet, but also indirectly generate security risks such as redundant data, and
can not accurately identify and locate the key operation results in the system log, nor can it quickly judge and
analyze defense targets and objects.

4. NETWORK ATTACK DEFENSE MODEL BASED ON SECURITY SITUATION
AWARENESS

4.1 Data source selection and feature extraction

The network attack defense model based on security situational awareness requires precise identification and
automated judgment and analysis of the categories and quantities of data information sources in NSSA technology,
in order to further define the number and categories of explicit and implicit security risk factors in a certain testing
network environment. In the NSSA model, it is necessary to centrally screen the data sources at the three core
business levels of service, host, and network, and perform correlation analysis on the corresponding relationships
between heterogeneous sensor devices and heterogeneous data information resources, constructing a decentralized
association rule matrix. To ensure the diversity and integrity of data networks, it is necessary to use data
multivariate fusion methods to perform multivariate fusion and real-time processing of data information, and then
establish a network security system based on the Network Security Situation Awareness (NSSA) model. In the
NSSA model, the number of nodes and eigenvalues in the input layer, hidden layer, and output layer are crucial
data sources and can indirectly affect the data information transmission efficiency and security performance
indicators of various heterogeneous security aware devices. In the process of applying BP network and ant colony
algorithm for optimization selection, it is necessary to conduct multidimensional training and simulation
prediction on specific computer network security testing environments and predictive analysis results, and
feedback the output results to the input layer for verification training. In the process of feature selection, the
number of nodes and continuity function can be uniformly selected based on the three-layer data transmission
architecture of the BP neural network, but it is necessary to ensure that the calculation results of the weight values
and expected output values in the neurons meet the calculation requirements of the continuity function.
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Figure 2: NSSA's network data source
4.2 Service Security Situation Awareness

In the process of building the NSSA security perception model, quantitative analysis can be conducted on different
perception levels to target and predict security threat factors in the service layer (business layer), host layer, and
network layer, and further define the specific operational status of local network services. In the service security
situational awareness module, quantitative statistical analysis of independent variables such as the intensity,
weight, and number of illegal network attacks is required, which can indirectly determine the active defense level
and traceability goals at the network security service level. In addition, in the process of situational awareness and
quantitative statistical analysis of network service security, it is necessary to moderately adjust the adaptive
coefficient and learning rate, and directionally adjust the protection level corresponding to network attacks.
Especially for most heterogeneous data information resources, in the process of conducting service security
situational awareness operations, it is not possible to ignore whether there are abnormal control nodes and data
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flows in the relevant system operation processes at the business service level. It is also necessary to conduct
targeted monitoring and statistical analysis of the transmission status of different communication links in the
computer network. Based on the perception and predictive analysis of service security situation, computer network
security managers can adjust the backend defense level in a visual screen and conduct time series analysis on key
data indicators such as attack numbers and threat weight coefficients. In the process of building a BP network
model for service security situational awareness, it is necessary to objectively evaluate and quantitatively analyze
the data results of the output layer and the number of hidden layer nodes.

4.3 Host Security Situation Awareness

In the NSSA model, the perception data results of host security situation are crucial and can indirectly affect the
calculation results of various service situations, service quantities, and weighting coefficients. After normalization,
network security threat data indicators of host devices can be obtained. In BP neural networks, the input layer,
hidden layer, and output layer of host security situational awareness results can indirectly affect the risk
assessment level of network services and indirectly limit the passive and active defense modes of host network
security. However, in the process of selecting host security risk factors and feature values, the relative consistency
of importance weight coefficient indicators cannot be ignored. It is also necessary to review and verify the
correctness of security threat calculation results to avoid affecting the accuracy of the overall assessment of
network security situation.

4.4 Network Security Situation Awareness

The network security situational awareness function requires precise integration with the above two situational
awareness results, and accurate calculation of situational awareness feature values and host weighting coefficients.
In the process of calculating the results of network security situational awareness, it is necessary to normalize the
importance weight values and focus on screening the high-dimensional features of data fusion. According to the
network security situation trend map at different time nodes, it is necessary to accurately judge and identify the
number of services and time series analysis results of a specific host, and ensure that the fusion perception methods
in different network topologies can present system compatibility, and accurately classify the training and testing
data in the dataset. In the process of integrating the results of network security situational awareness, it is necessary
to accurately classify the security risk levels of computer networks with different topology structures, normalize
and statistically analyze the fusion rate, detection rate, and false alarm rate of the perception results, and define the
range of event detection values for different data sources uniformly.

5. CONCLUSION

With the increasing importance of cybersecurity, research and application of cybersecurity situational awareness
are receiving more and more attention. Network security situational awareness is an environmentally based,
dynamic, and holistic ability to perceive security risks. Research on network security situational awareness is of
great significance for improving network monitoring capabilities, emergency response capabilities, and predicting
network security development trends.
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