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Abstract : In heterogeneous supercomputing clusters, designing an efficient scheduling strategy is crucial for enhancing both
energy efficiency and workflow execution performance. The dynamic allocation and reclamation of computing resources are
essential for improving resource utilization. However, existing studies often allocate fixed resources to jobs prior to execution,
maintaining these resources until job completion, which overlooks the importance of dynamic scheduling. This paper proposes
a heterogeneous hierarchical fine-grained scheduling algorithm (HeHiFiS) based on graph convolutional networks (GCN) and
proximal policy optimization (PPO) to address issues such as prolonged workflow completion times and low resource utilization
in heterogeneous supercomputing clusters. Specifically, GCN is employed to extract task dependency features as part of the
state information, and the PPO reinforcement learning algorithm is then used to train the scheduling policy. The trained
scheduling policy dynamically adjusts scheduling actions during operation based on the continuously changing states of tasks
and  computing  resources.  Additionally,  we  developed  a  heterogeneous  scheduling  simulation  platform  to  validate  the
effectiveness of the proposed algorithm. Experimental results indicate that HeHiFiS, by incorporating resource inheritance and
intra-task  parallel  mechanisms,  significantly  improves  resource  utilization.  Compared  to  existing  scheduling  algorithms,
HeHiFiS achieves over a 50% improvement in both job completion and response performance metrics.
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