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[ Abstract] The efficient utilization of resources across nodes in a heterogeneous cluster is pivotal for enhancing the
overall resource utilization of the cluster. One of the primary functions of Kubernetes, the preferred system for
container orchestration, is to schedule pods onto appropriate nodes. A well-designed scheduling strategy can reduce
resource {ragmentation, enhance the utilization of node resources, and minimize job waiting times. In the context of
resource scheduling within heterogeneous clusters, the default Central Processing Unit (CPU)- and memory
scheduling algorithms of Kubernetes have become inadequate for addressing the demands of multi-dimensional
resource job scheduling. To address this challenge, a multi-criteria scheduling algorithm integrating an Analytic
Hierarchy Process ( AHP) and ‘binpacking scheduling concepts is proposed. This algorithm considers not only
traditional CPU and memory resource indicators but also incorporates various other resource indicators such as
storage, GPU-like accelerator' cards, and images, enabling a more comprehensive resource assessment. It also
combines subjective user decisions with quantified objective node resource constraints to select the most suitable
node from multiple candidates for job scheduling. A custom scheduler is designed based on the Kubernetes
scheduling framework. The use of a custom scheduler with a multi-criteria scheduling algorithm can more
efficiently utilize node resources and reduce the job waiting time caused by resource fragmentation. Experiments on
mixed deployments of different types of jobs in heterogeneous clusters demonstrate that the multi-criteria
scheduling algorithm can effectively increase cluster resource utilization and reduce Pod scheduling wait times by
49.79%. This provides an important reference for optimizing scheduling strategies for future large-scale cloud
platforms and data centers.

[Key words) heterogeneous cluster; container orchestration; Kubernetes scheduling strategy; binpacking
scheduling; Analytic Hierarchy Process (AHP) ; scheduling framework
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Table 4 Pod resource requirements informatnion

Pod CPU%t/A WA/MB Afif/MB 2 GPU iR/ Hr

Podl 9 512 896 1
Pod2 10 512 1024 2
Pod3 8 1024 1024 1
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Pod5 12 896 768 3
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Pod7 7 640 1024 0
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Pod9 8 640 896 0
Pod10 15 1024 640 0
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Fig.8 Pod scheduling time and runtime
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Table 5 Number of Pod running on nodes under

mixed deployment testing

Fif ] /min RFA JHEZAR LN
Nodel Node2 Nodel Node?
1 9 3 5 ]
2 9 3 ) ,
3 2 3 ) )
4 2 3 ) )
5 0 0 0 .
6 0 0 0 .
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