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Abstract With the rapid development of 5G and 6G networks, providing reliable services in the
Space-air-ground Integrated Network (SAGIN) requires a suitable Service Function Chain (SFC)
embedding scheme to ensure service quality. However, the complex topology, limited
infrastructure resources, and heterogeneous hardware and software of SAGIN bring certain
challenges to the existing reliable-aware SFC embedding schemes in providing high-quality
services. Using SFC backup is a feasible solution. However, the backup location selection is a big
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problem for the three-dimensional SAGIN topology and uncertain user needs. To address the
above problems, this paper studies the problem of heterogeneous reliable SFC embedding and
re-embedding (HRSER) in SAGIN. This paper first models the problem as a nonlinear integer
programming problem and proves that it is NP-hard. To solve this problem, this paper proposes a
hybrid scheme consisting of two sub-algorithms. The two sub-algorithms are Reliable-aware SFC
Embedding (RASE) and Greedy SFC Re-embedding (GSR). First, RASE will use the
autonomous decision-making ability of deep reinforcement learning to calculate the optimal
solution for SFC embedding and backup in SAGIN. In the network topology, there will be
corresponding execution devices for backup to improve the reliability of the service. Subsequently,
when the network load exceeds the predefined threshold, the GSR algorithm performs SFC
re-embedding to improve reliability and SFC acceptance rate. In addition, the lower bound of the
number of SFC backups required for re-embedding is theoretically proved. Finally, this paper analyzes the
algorithmic complexity of RASE and GSR algorithms. Simulation results based on real data sets
show that the RASE scheme can converge to a reasonable reward with different numbers of hidden
layer neurons. Compared with the existing technology, the proposed hybrid algorithm can
increase the SFC acceptance rate by nearly 82% , while the additional cost does not exceed 5%.
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network optimization in the context of space-air-ground

integrated networks. Specifically, it focuses on the embedding



84 ZRPl AT . 25 KM 2% v S p T SR IR 1Y SFC i A5 B iR AIFAR 1989

and re-embedding of Service Function Chains (SFCs), which is
a crucial aspect for enhancing the efficiency, quality of service
and flexibility of network services.

Internationally, significant progress has been made in
understanding the fundamental concepts and challenges related
to SFC embedding. However, the dynamic and heterogeneous
nature of the space-air-ground network environment posesunique
difficulties that are still being actively explored. Current
solutions often struggle to adapt to rapid changes in network
conditions and the complex requirements of diverse services.

This study aims to develop more efficient and adaptive

algorithms for SFC embedding and re-embedding, taking into

account the specific characteristics of the space-air-ground
network. We strive to improve the overall performance, quality
of service and resource utilization of the network, enabling more
reliable and flexible service provision.

This research is part of the Reliable Deployment and
Orchestration of Mobile Service Function Chains for Heterogeneous
Edge Networks. Our research group has previously conducted
studies in the area of SFC embedding in edge network, network
resource management and optimization. The results have
provided valuable insights and methodologies that will be further
extended and refined in this research to address the challenges of

SFC embedding and re-embedding in the space-air-ground network.



