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Abstract: With the rapid popularization of 5G communication technology, Internet of Things (IoT) and artificial intelligence (AI), the
real—time data generated by massive terminal devices has shown an explosive growth. The traditional cloud computing architecture faces
prominent problems such as high network transmission delay, excessive load on the core network, and low utilization of edge resources in
latency—sensitive application scenarios. The cloud—edge collaboration architecture combines the massive computing resources and storage
resources of the cloud with the advantages of close deployment of edge nodes, realizing a collaborative working mode of "cloud overall

planning and edge execution", which provides an effective technical path to solve the above problems. At the same time, the microservice

HEBA: ok, W, #i, FEFT@AEHIE. BEALGERL; S8, W, SRR, AEF @b RS,

<001~



20254F45 4 11 W 2% 5 A LN T IE No.4 2025 ( Vol.001)

architecture has become the mainstream architecture for distributed application development due to its modularity, strong scalability, and ease

of iteration and maintenance. As the core carrier of microservices, container technology provides important support for the flexible scheduling
of microservices with its advantages of light weight, fast deployment, and strong resource isolation. However, in the cloud—edge collaboration
environment, edge nodes have inherent characteristics such as strong resource heterogeneity, limited resource capacity, and dynamic changes
in network status. Traditional microservice scheduling strategies are mostly designed for a single cloud or a single edge scenario, which is
difficult to adapt to the complex environment of cloud—edge collaboration, leading to problems such as insufficient delay optimization, low
resource utilization, and difficulty in ensuring service reliability in scheduling decisions.To address the above challenges, this paper conducts
research on microservice scheduling strategies based on container technology in the cloud—edge collaboration environment, aiming to realize
the reasonable deployment and dynamic scheduling of microservices between cloud and edge nodes by designing efficient scheduling
frameworks and algorithms, balance multiple objectives such as system delay, resource utilization and energy consumption, and improve the
operational performance and service quality of microservice applications. Firstly, this paper systematically sorts out the relevant theories and
research status of cloud—edge collaboration architecture, container technology and microservice scheduling, and clarifies the core needs and
key challenges of microservice scheduling in the cloud—edge collaboration environment. Secondly, a hierarchical scheduling framework for
containerized microservices oriented to cloud—edge collaboration is designed. This framework is divided into a cloud global scheduling layer
and an edge local scheduling layer, realizing the organic combination of global resource overall planning and local real—time scheduling. At
the same time, a container image management and dynamic migration mechanism is designed to ensure the flexibility and efficiency of
microservice scheduling. Then, aiming at the multi—objective optimization needs of the cloud—edge collaboration environment, a
multi—objective microservice scheduling algorithm based on improved genetic algorithm is proposed. By defining delay, energy consumption
and resource utilization as the core optimization objectives, combined with constraints such as edge node capacity and service QoS, a
reasonable coding method and fitness function are designed to achieve the optimal balance between multiple objectives. Next, a dynamic
adaptation mechanism based on real—time monitoring and reinforcement learning is constructed. By real—time collecting the resource status of
cloud and edge nodes, network status and microservice operation status, the reinforcement learning algorithm is used to realize the adaptive
adjustment of scheduling strategies, improving the adaptability of scheduling strategies to dynamic changes in the environment. Finally, a
cloud—edge collaboration simulation experiment platform is built based on Kubernetes and EdgeX Foundry, and test cases for typical IoT
application scenarios are designed. The performance advantages of the proposed scheduling strategy in terms of delay, resource utilization and
energy consumption are verified through comparative experiments, and its stability in scenarios of node failure and network fluctuation is
verified through robustness experiments.Experimental results show that compared with traditional scheduling strategies, the proposed
scheduling strategy reduces the average delay and worst—case delay by 28.3% and 35.7% respectively, increases the resource utilization of
cloud and edge nodes by 21.5% and 32.1% respectively, and reduces the total system energy consumption by 24.6%. In scenarios of edge node
failure and network fluctuation, the service availability remains above 99.2%, and the stability of scheduling decisions is significantly better
than that of comparative strategies. The research results of this paper provide theoretical support and practical reference for the efficient
scheduling of containerized microservices in the cloud—edge collaboration environment, and can effectively promote the landing application
of microservice technology in latency—sensitive applications, such as intelligent transportation, industrial Internet, smart medical care and
other fields.

Keywords: cloud—edge collaboration, container technology, microservices, scheduling strategy, multi—objective optimization, reinforcement
learning, resource utilization, low latency
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