
• SET delivers the best throughput, achieving an 
average of 2.18×, 2.1×, 1.17×, 1.39× speedup 
against baselines, respectively
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Summary:
• We analytically decompose scheduling overheads in CUDA graph 

pipelines into intra-batch and inter-batch components
• We propose SET, a framework for adaptive task assignment with 𝑂 1  

synchronization overhead
• We evaluate SET across diverse workloads, achieving 1.15-1.44× and 

18-54% lower scheduling overheads on RTX 3090 and RTX 5090Paper (Arxiv) Homepage

Introduction

• Ideal case: 𝑇𝑖𝑑𝑒𝑎𝑙 = 𝑏𝑡𝑖𝑛 + 𝑡𝑘 + 𝑡𝑜𝑢𝑡
• Intra-batch overhead: 

▪ 𝑡𝑖𝑛𝑡𝑟𝑎 = 𝑏 − 1 𝑡𝑖𝑛−𝑖𝑛 + 𝑡𝑖𝑛−𝑘 + Δ𝑡𝑘 + 𝑡𝑘−𝑜𝑢𝑡
• Inter-batch overhead:

▪ 𝑡𝑖𝑛𝑡𝑒𝑟 = 𝑡𝑏𝑎𝑡𝑐ℎ2
𝑠𝑡𝑎𝑟𝑡 − 𝑡𝑏𝑎𝑡𝑐ℎ1

𝑒𝑛𝑑

• Wall clock:
▪ 𝑇𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 = 𝑇𝑖𝑑𝑒𝑎𝑙 + 𝑡𝑖𝑛𝑡𝑟𝑎 + 𝑡𝑖𝑛𝑡𝑒𝑟

Analysis

• Many workloads fail to achieve full GPU utilization, 
even with CUDA graph

• Idle intervals, called kernel gaps, often appear on 
GPU timeline between successive kernel executions

Fig. 1: Gaps between operations in Nsight profiler

Fig. 2: (a) Ideal execution flow of a static batching CUDA 
program (b) Executionflow with intra-batch gaps (c) Execution 

flow with inter-batch gaps

• Workers 𝑊𝑖, Per-worker job queue 𝑄𝑖, Free worker 
pool 𝑊𝑝𝑜𝑜𝑙, Submitter and dispatcher:

SET

Fig. 3: Overview of our runtime framework execution flow

Evaluations

Fig. 4: Throughput vs. batch size across diverse workloads

Fig. 5: Scheduling overheads with different batch sizes in 
different models. (a) on RTX 3090 (b) on RTX 5090
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