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Abstract  Programmable Data Plane (PDP), a groundbreaking advancement in network
technology, has revolutionized the way data packets are processed and managed on network
devices. Unlike traditional network architectures with fixed and rigid data processing methods,
PDP empowers users with the flexibility to customize and tailor data packet processing according
to specific needs and requirements. This programmability extends to network operations as well,
enabling the creation of customized network functions and services that were previously difficult or
impossible to implement, leveraging the distinctive characteristics of PDP for network defense has
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yielded remarkable outcomes across various dimensions. In terms of real-time performance, PDP-
based defense mechanisms can swiftly respond to and mitigate emerging network threats without
introducing significant latency, ensuring the smooth and uninterrupted operation of network
services. The flexibility inherent in PDP allows for rapid adaptation to evolving threat landscapes,
enabling network administrators to update defense strategies on-the-fly without extensive
infrastructure overhauls. Regarding scalability, PDP solutions can be seamlessly expanded to
accommodate growing network sizes and increasing traffic volumes, making them suitable for
diverse network environments ranging from small-scale enterprise networks to large-scale data
centers and cloud computing platforms. This paper delves into the promising field of network
defense technology based on PDP. The research commences with an in-depth exploration of the
fundamental concept of PDP, unraveling its technical underpinnings and architectural principles.
By examining typical cases where PDP has been successfully applied to network defense, the
paper vividly illustrates the tangible benefits and advantages that PDP brings to enhancing network
security postures. Following the foundational exposition, the paper categorizes PDP-based
network defense technologies into three major classes according to the stages of implementing
network defense. Protection technologies focus on proactively shielding networks from potential
threats before they materialize. This includes mechanisms such as access control, firewall
configurations, and encryption techniques that establish robust barriers at network entry points.
Detection technologies, on the other hand, are concerned with identifying and alerting against
malicious activities that have infiltrated the network. These technologies employ network
monitoring and traffic analysis to scrutinize network behaviors and pinpoint suspicious patterns.
Response technologies come into play after a threat has been detected, taking immediate actions to
contain and eliminate the threat. This may involve automated response scripts, traffic diversion
strategies, and threat intelligence sharing to minimize the impact of the attack and restore normal
network operations. For each category of defense technology, this paper meticulously reviews the
existing research landscape. It dissects various proposed solutions, analyzing their technical
approaches, implementation details, and performance metrics. Through comprehensive summary
and comparison, the paper distills the strengths and weaknesses of different methods. For
instance, some protection technologies may offer high security levels but incur substantial
computational overhead, while certain detection technologies might achieve rapid threat
identification at the cost of accuracy. This critical evaluation provides valuable insights for
researchers and practitioners to make informed decisions when selecting or developing PDP-based
defense solutions. Looking ahead, this paper presents a forward-looking outlook on the future
research directions of PDP-based network defense technology. As network environments continue
to evolve with emerging technologies such as 5G, Internet of Things (IoT), and Large Language
Model (LLLM), new challenges and opportunities arise for network defense. This paper proposes
potential innovative approaches, such as PDP-based intelligent defense and PDP endogenous
security technology. By elucidating the fundamentals, analyzing current research achievements,
and charting future research courses, the paper serves as a valuable reference for academics,
researchers, and industry professionals dedicated to advancing the state of network security in the

era of programmable networks.
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Background

With the vigorous rise of cutting—edge technologies such as
cloud computing and the Internet of Things, the complexity and
variability of network traffic have increased significantly, posing
severe challenges to the ability of traditional static network
devices (such as routers and switches) to handle large—scale and
highly dynamic data flows, especially in defending against new
security threats such as APT and DDoS. PDP-based network
defense technology belongs to the intersection of network security
and data communication technology, and mainly studies how to
use the programmable characteristics of the data plane in modern
network architecture to enhance the security defense capability of
the network. At present, breakthroughs have been made in the
research of network defense based on representative PDP
technologies such as P4, which enable a variety of security
applications, including VPN, firewall, and intrusion detection
system, to be flexibly and efficiently deployed on the data plane,
which greatly improves the flexibility and response speed of
network defense.

This paper is dedicated to an in—depth discussion of PDP-
based network defense technology, firstly systematically

introduces the basic concept and theoretical basis of PDP, and

include new network architecture and PDP.
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then analyzes the unique advantages and potential value of PDP
technology applied to the field of network defense by selecting
typical cases. Furthermore, according to the implementation
process of network defense, this paper divides the network
defense technology based on PDP into three categories:
protection technology, detection technology and response
technology, and makes a detailed analysis and comprehensive
review of the existing research results under each category. In this
process, this paper not only summarizes the core ideas and
implementation strategies of various schemes, but also objectively
evaluates the advantages and limitations of different methods,
aiming to provide valuable reference and enlightenment for future
research and practice.
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