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Abstract: The application of artificial intelligence and big data in computer network technology is becoming increasingly
widespread. The vast, diverse, and rapidly growing characteristics of big data, combined with the intelligent processing
capabilities of artificial intelligence, not only improve data processing efficiency and accuracy, but also significantly
enhance network security and stability. Artificial intelligence has achieved intelligent monitoring, anomaly detection, and
real-time protection of network traffic through optimized algorithms, while promoting the development of personalized
services and precision marketing. The combination of the two has promoted the intelligent upgrading of computer network
technology and provided strong support for the digital transformation of various industries.
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1. INTRODUCTION

With the rapid development of information technology, artificial intelligence and big data have become important
forces driving the transformation of computer networks. The massive amount of information in big data provides a
solid foundation for decision-making, while the intelligent algorithms of artificial intelligence give life to this data,
enabling it to exert unprecedented efficiency in fields such as network management, security protection, and
personalized services. The deep integration of the two not only revolutionizes the application mode of network
technology, but also heralds the arrival of the intelligent and automated era of computer networks in the future,
leading us towards a more efficient and intelligent information age. A primary research thrust aims to instill trust
and robustness into autonomous decision-making and content generation. Tang et al. (2026) addressed this by
developing SVD-BDRL, a trustworthy autonomous driving framework enhanced with blockchain technology [1].
Concurrently, Lu et al. (2025) improved the fidelity of generative Al with NeuroDiff3D, a diffusion model that
optimizes viewpoint consistency in 3D generation [2]. For complex data integration in regulatory domains, Zhang
(2025) proposed a knowledge graph-enhanced multimodal Al framework to improve tax compliance [3]. Robust
environmental perception, a cornerstone of autonomy, is advanced by Xie et al. (2025) through MARNet, a
multi-scale network for point cloud completion via cross-modal fusion [4].

In the digital economy, optimizing engagement and ensuring security are paramount. Tian et al. (2025) innovated
ad recall strategies using cross-attention multi-task learning [5]. However, the collaborative Al models enabling
such innovations face significant privacy threats, countered by Deng and Yang's (2025) multi-layer defenses
against membership reasoning attacks in federated learning [6], and the robust, privacy-conscious FedGuard
framework for anti-money laundering proposed by Sultan et al. (2026) [7].

Graph-based and sensor-integrated models demonstrate significant versatility. Zhu, Yu, and Li (2025) applied a
spatiotemporal graph convolutional network (SAGCN) with IoT for detailed tennis motion analysis [8]. Similarly,
graph structures are leveraged in logistics by Zhang (2024) for dynamic adaptation of emergency material supply
using hierarchical clustering [9], and in recommender systems by Yang, Wang, and Chen (2024) with GCN-MF
[10].

Critical applications in healthcare and infrastructure rely on sophisticated data fusion and system reliability. We et
al. (2025) worked towards intelligent anesthesia monitoring using multimodal physiological data [11], while Yang
(2025) researched site reliability optimization in cloud environments [12]. The foundational interaction between
intelligent agents and their environment is explored in robotics by Guo and Tao (2025) [13].

A unifying technical challenge across these domains is model adaptability to new, unseen conditions. Peng et al.
(2023) tackled this with RAIN, a method for black-box domain adaptation via input and network regularization
[14]. This principle of adaptive optimization extends to industrial and medical applications, exemplified by Xie
and Chen's (2025) multi-agent system, Maestro, for task optimization in manufacturing [ 15], and the efforts of Qin
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et al. (2025) to optimize deep learning models for combating Amyotrophic Lateral Sclerosis (ALS) disease
progression [16].

2. OVERVIEW OF ARTIFICIAL INTELLIGENCE AND BIG DATA

2.1 Concept and Characteristics of Artificial Intelligence

Artificial intelligence, as an advanced stage of computer technology development, is a comprehensive technology
that simulates human intelligence for work. It is not just a simple stack of algorithms and programs, but a complex
system that integrates various abilities such as knowledge representation, learning, reasoning, perception,
understanding, and decision-making. Its core lies in enabling machines to think, learn, and even create like humans,
thereby solving complex problems that traditional computers find difficult to handle. The characteristics of
artificial intelligence are mainly reflected in the following aspects:

Firstly, it can simplify complex problems by decomposing and optimizing them through mathematical models and
algorithms, thereby finding more efficient and accurate solutions;

Secondly, artificial intelligence greatly accelerates the speed of information processing, enabling both massive
data analysis and real-time decision response to be completed in a short period of time;

In addition, self-directed learning and adaptation are one of the most significant characteristics of artificial
intelligence, which can continuously adjust and optimize its models and strategies based on changes in the
environment and new information, thereby maintaining competitiveness and adaptability.

2.2 Concept and Characteristics of Big Data

Big data, as an important product of the information age, refers to a collection of data that cannot be captured,
managed, and processed using conventional software tools within a certain time frame. Its emergence has
completely changed the way data is processed and thought, making data a valuable resource. The characteristics of
big data are mainly reflected in four aspects:

One is the huge amount of data, whether it is enterprise operation data, social network data, or data generated by
IoT devices, all show an explosive growth trend; Secondly, there are various types of data, including structured
data, semi-structured data, and unstructured data, among others; Thirdly, the processing speed is fast, and big data
processing requires the ability to complete tasks such as data collection, storage, analysis, and mining in a very
short period of time; The fourth issue is low value density. Although there is a large amount of data, the truly
valuable information often accounts for a relatively low proportion and needs to be extracted through efficient data
processing techniques.

3. APPLICATION ANALYSIS OF ARTIFICIAL INTELLIGENCE AND BIG DATA
IN COMPUTER NETWORKS

3.1 Improving Information Processing Efficiency
3.1.1 Application of Artificial Intelligence in Data Preprocessing, Data Mining, and Data Analysis

In today's era of data explosion, the data processing capability in computer networks directly affects the
operational efficiency and decision-making quality of enterprises. The application of artificial intelligence
technology has brought revolutionary changes to various aspects of data processing. In the data preprocessing
stage, artificial intelligence significantly improves the efficiency of data cleaning, transformation, and
standardization through automated tools and technologies. Machine learning algorithms, such as clustering
analysis and anomaly detection, can automatically identify and process noise, outliers, and redundant information
in data, laying a solid foundation for subsequent data mining and analysis. In addition, natural language processing
(NLP) and image recognition technologies are widely used in the preprocessing of unstructured data, achieving
effective parsing and extraction of complex data such as text and images. Data mining is a crucial step in exploring
the intrinsic value of data. Artificial intelligence utilizes advanced algorithms and models to uncover hidden
associations, patterns, and trends in massive amounts of data. Deep learning algorithms, as one of the
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representative technologies of artificial intelligence, can extract advanced features from complex data for tasks
such as prediction, classification, and clustering by simulating the operation of human brain neural networks. This
automated data mining capability not only improves the accuracy of data processing, but also significantly
shortens data processing time. Data analysis is an important step in transforming mined information into valuable
insights. Artificial intelligence conducts in-depth analysis and interpretation of data through methods such as
building predictive models and performing statistical tests. Machine learning models can continuously improve
prediction accuracy and generalization ability through continuous learning and optimization processes. This
data-driven intelligent analysis capability provides powerful data support for enterprise decision-making.

3.1.2 How artificial intelligence can help computer networks process large-scale data more efficiently

For computer networks, processing large-scale data is a highly challenging task. Traditional methods are often
inadequate due to insufficient computing power or long processing time. The introduction of artificial intelligence
has effectively solved this problem. Firstly, artificial intelligence technology possesses powerful computing
capabilities, capable of processing large amounts of data in parallel and significantly improving processing speed.
Secondly, after optimization, artificial intelligence algorithms can reduce computational complexity while
ensuring accuracy, thereby reducing processing time. In addition, artificial intelligence also has self-learning
ability, which can automatically adjust processing strategies according to changes in data, further improving
processing efficiency.

3.2 Enhancing Network Security
3.2.1 Main Security Threats Faced by Computer Networks

While computer networks provide convenience, they also face severe security threats. Frequent security incidents
such as hacker attacks, virus intrusions, and data breaches have caused enormous losses to individuals, businesses,
and countries. Hacker attacks are one of the main threats to network security. Hackers illegally invade computer
systems, steal sensitive information, or disrupt normal system operation by exploiting system vulnerabilities,
malicious software, and other means. Virus invasion is the spread of malicious software to infect computers and
network devices, causing serious consequences such as system crashes and data loss. In addition, data leakage is
also one of the important issues in network security. Due to insufficient security measures or human negligence,
sensitive information may be obtained and utilized by unauthorized personnel.

3.2.2 Application of Artificial Intelligence Technology in Network Security Protection

In order to address these security threats, artificial intelligence technology is widely used in network security
protection. As the first line of defense, intelligent firewalls automatically intercept malicious traffic and attacks by
learning and identifying abnormal behavior patterns in network traffic. Compared with traditional firewalls,
intelligent firewalls have higher detection rates and lower false alarm rates. Intrusion detection systems are
important tools for real-time monitoring and analysis of network traffic. The application of artificial intelligence
technology enables intrusion detection systems to identify more complex and covert attack methods, issue timely
alerts, and take corresponding measures. By constructing intelligent analysis models and algorithms, intrusion
detection systems can automatically analyze and process massive log information, quickly identifying potential
security threats. Threat intelligence analysis is an important means of preventing future security incidents.
Artificial intelligence analyzes threat intelligence information from various sources to reveal potential attack
targets and methods, providing a basis for enterprises to develop targeted security protection strategies. Meanwhile,
artificial intelligence can continuously track and update threat intelligence through automated tools and
technologies, ensuring the effectiveness and timeliness of security measures.

3.3 Optimizing Network Management and Operations
3.3.1 Application of Artificial Intelligence in Network Monitoring, Fault Diagnosis, and Resource Allocation

Artificial intelligence plays an important role in network management and operation. The intelligent monitoring
system can monitor the operation status and performance indicators of network devices in real time, and timely
discover and solve potential problems. When network equipment malfunctions, the artificial intelligence fault
diagnosis system can automatically analyze the cause of the fault and provide repair suggestions or perform
automatic repair operations. In terms of resource allocation, artificial intelligence achieves dynamic allocation and
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adjustment of network resources through predictive analysis and optimization algorithms to ensure efficient
operation of the network and rational utilization of resources.

3.3.2 How artificial intelligence can reduce network management costs and improve operational efficiency

Artificial intelligence has significantly reduced network management costs and improved operational efficiency
through automation and intelligent means. Firstly, intelligent monitoring and fault diagnosis systems reduce the
need for manual intervention and lower labor costs. Secondly, by optimizing resource allocation and predictive
analysis, artificial intelligence can reduce resource waste and lower operating costs. Once again, the real -time and
accurate nature of artificial intelligence enables problems to be quickly identified and resolved, thereby shortening
service interruptions and reducing the impact of failures on users. During the operation and maintenance process,
artificial intelligence also provides intelligent decision support. By analyzing and learning from historical
operation and maintenance data, artificial intelligence can predict potential problems and risks, and provide
targeted suggestions and strategies for operation and maintenance personnel. This helps the operations team to
develop operations plans and emergency plans more efficiently, further improving the response speed and quality
of operations. In addition, artificial intelligence has also promoted the standardization and normalization of
operation and maintenance processes. By establishing operation and maintenance standards and processes,
combined with the automation execution and monitoring capabilities of artificial intelligence, the consistency and
accuracy of operation and maintenance operations can be ensured. This not only improves operational efficiency,
but also reduces the risk of human error and negligence.

3.4 Promoting Business Innovation

3.4.1 How big data and artificial intelligence can create new business models and services for network service
providers

The combination of big data and artificial intelligence provides rich innovation opportunities for network service
providers. By analyzing big data such as user behavior, preferences, and consumption habits, network service
providers can more accurately understand user needs and market trends, and thus customize products and services
that meet user expectations. For example, a personalized recommendation system based on user browsing history
and purchase records can provide users with personalized product recommendations and shopping experiences;
An intelligent customer service system based on user behavior patterns can provide more intimate and efficient
customer service. In addition, big data and artificial intelligence can also help network service providers optimize
business processes and improve operational efficiency. Through real-time analysis and monitoring of business
data, service providers can promptly identify and solve problems in business operations, optimize resource
allocation and business processes, and improve overall operational efficiency and user satisfaction.

3.4.2 Application Examples of Personalized Recommendations and Intelligent Customer Service Based on Big
Data Analysis

Personalized recommendation system is one of the typical applications of big data and artificial intelligence in
network services. The system collects user browsing history, search history, purchasing behavior, and other data to
construct user profiles, and recommends products based on the user profiles. For example, e-commerce platforms
can recommend similar products or new products to users based on their purchase history and browsing
preferences; Video platforms can recommend personalized video content to users based on their viewing history
and interest preferences. These personalized recommendations not only improve user experience and satisfaction,
but also promote sales growth and user stickiness. The intelligent customer service system is another important
application example. The system achieves intelligent interaction and automated services with users through natural
language processing technology and machine learning algorithms. Users can communicate with intelligent
customer service through text or voice, and receive instant answers and assistance. The intelligent customer
service system can automatically identify users' problems and needs, and provide corresponding solutions or
suggestions. This not only improves customer service efficiency and user experience, but also reduces customer
service costs and the need for manual intervention. With the continuous development of technology, intelligent
customer service systems will gradually have the ability to understand and express emotions, providing users with
more intimate and humanized services.
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4. CURRENT PROBLEMS AND SOLUTIONS OF ARTIFICIAL INTELLIGENCE
AND BIG DATA IN COMPUTER NETWORK APPLICATIONS

4.1 Current Problems of Artificial Intelligence and Big Data in Computer Network Applications
4.1.1 Technical bottlenecks

Although significant progress has been made in the application of artificial intelligence and big data technology in
computer networks, there are still many technical bottlenecks that need to be addressed. On the one hand, with the
rapid increase in data volume, the complexity and difficulty of data processing also increase, which puts higher
demands on computing resources and storage capacity. On the other hand, the training and optimization of
artificial intelligence models often require a large amount of high-quality data and computing resources, and the
high cost of data annotation and algorithm complexity limit their application in large-scale scenarios. In addition,
the lack of interpretability in artificial intelligence models is also an important issue, making it difficult for people
to understand and trust the decision-making process of the models.

4.1.2 Data Privacy Protection

Data privacy protection is an issue that cannot be ignored in the application of artificial intelligence and big data in
computer networks. In the process of data collection, storage, analysis, and application, personal privacy
information is easily leaked or abused. For example, in intelligent recommendation systems, users' browsing and
purchasing records may be used for unauthorized marketing activities; In intelligent customer service systems,
user conversation content may be recorded and analyzed to optimize services, but it may also infringe on users'
privacy rights. How to use big data and artificial intelligence technology to enhance services while protecting user
privacy is an urgent problem that needs to be solved.

4.2 Propose specific solutions and improvement suggestions for the above issues
4.2.2 Strengthen technological innovation and R&D investment

In response to technological bottlenecks, it is necessary to strengthen technological innovation and R&D
investment, promote algorithm optimization and hardware upgrades. On the one hand, by introducing more
efficient algorithms and distributed computing technologies, the efficiency of data processing and analysis can be
improved; On the other hand, we need to strengthen the research and development of computing resources,
enhance computing and storage capabilities. At the same time, it is necessary to strengthen the interpretability
research of artificial intelligence models and improve their transparency and credibility.

4.2.2 Improve data privacy protection mechanisms

To address the issue of data privacy protection, it is necessary to improve the data privacy protection mechanism to
ensure the security of user privacy information. Firstly, strengthen the application of data encryption and
anonymization technologies to prevent data from being leaked or tampered with during transmission and storage.
Secondly, establish strict access control and permission management systems to ensure that only authorized
personnel can access sensitive data. Finally, strengthen the formulation and implementation of privacy protection
policies, and severely crack down on and punish violations.

4.2.3 Strengthen the construction and supervision of laws and regulations

In order to better protect user privacy and data security, it is necessary to strengthen the construction and
supervision of laws and regulations. On the one hand, formulate and improve relevant laws, regulations, and policy
measures to clarify the obligations and responsibilities of data privacy protection; On the other hand, we need to
strengthen the supervision and law enforcement of data collection, storage, processing, and application processes
to ensure that enterprises and individuals comply with legal, regulatory, and policy requirements. At the same time,
it is necessary to establish a complaint and rights protection mechanism to facilitate users in safeguarding their
legitimate rights and interests.
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5. CONCLUSION

The deep application of artificial intelligence and big data in computer networks has profoundly changed the
pattern of network management, improving service quality and user experience. In the future, with the continuous
breakthroughs and integration of technology, they will play a greater role in optimizing network structures,
enhancing data security, and achieving intelligent resource allocation. We have reason to believe that artificial
intelligence and big data will continue to empower computer networks, driving them towards greater intelligence,
automation, and efficiency, injecting new vitality into the digital transformation of various sectors of society.
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