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Abstract: Data centers host cloud computing, big data analytics, and artificial intelligence workloads, whose traffic
exhibits highly heterogeneous latency and throughput requirements. Latency-sensitive tasks require extremely low delay,
whereas large-scale backup and analytics flows are more concerned with high throughput; accordingly, data center networks
usually adopt efficient scheduling mechanisms to meet these diverse application needs. Traditional packet scheduling mech-
anisms are implemented on customized network devices to meet specific application requirements, which leads to high de-
velopment costs and poor scalability and makes it difficult to rapidly deploy new scheduling algorithms in the network.
With the emergence of new network devices such as programmable switches, the programmability of the data plane has
been significantly enhanced. Network devices have shifted from fixed functionalities to flexible configurations, laying the
groundwork for designing high-performance scheduling mechanisms in the data plane. Recently, researchers have proposed
numerous innovative programmable scheduling mechanisms, significantly improving network performance. This paper pro-
vides a comprehensive survey of recent programmable scheduling mechanisms for data center networking and classifies
them into four categories: general-purpose abstraction mechanisms, mechanisms for high-concurrency traffic, mechanisms
for fairness assurance, and mechanisms for tenant-level isolation. General-purpose abstraction mechanisms provide flexible
abstractions that support a wide range of scheduling policies. Mechanisms for high-concurrency traffic emphasize line-rate

processing under massive flow concurrency. Mechanisms for fairness assurance focus on providing fair bandwidth alloca-
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tion among flows or tenants. Mechanisms for tenant-level isolation target multi-tenant environments by providing strong iso-
lation and hierarchical resource allocation. These four types of mechanisms have different design emphases but can comple-
ment each other to cope with complex and diverse data center scenarios. Then, representative scheduling mechanisms for
each category are discussed, followed by a comparative analysis of the advantages and disadvantages of various categories.
Finally, the paper concludes with a discussion on the future development trends of scheduling mechanisms based on pro-
grammable data planes.
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