
RL for one-shot DAG scheduling with 

comparability identification and dense reward

Introduction of our contribution

Many studies solve Directed Acyclic Graph (DAG) scheduling problem in 

one-shot by combining reinforcement learning (RL) and list scheduling 

heuristic. However, they suffer from biased estimation of sampling 

probabilities and inefficient guidance in training. To address these issues:

• Masking the invalid actions (i.e., removing those redundant priority 

comparison) would lead to a more accurate policy sampling probability, 

producing lower policy gradient variance, which is beneficial to the 

convergence of RL model.

• It is practical to estimate the cumulative reward (return) for each local 

decision in one-shot scheduling.• We conducted a theoretical analysis about the limitations of existing RL-

based one-shot DAG scheduling methods. 

• We propose a novel RL-based one-shot solution generation method for 

DAG scheduling, including:

(1) a comparable antichain identification mechanism to eliminate the 

biased policy probability estimation;

(2) a heuristic-based dense reward signal for node level decision-making 

optimization in training.

• Comprehensive comparative and ablation experiments demonstrate the 

superiority of our method in terms of solution quality.

Our motivation

Analysis of existing methods’ limitations

• In brief, we found that the biased probability estimation issue lies in the

redundant comparison of the priorities of task nodes. 

• Additionally, the sparse reward challenge: a global reward is generated 

only once in the whole decision-making process, which cannot effectively 

reflect the specific contribution of each local decision to the final result.

Conclusion and future work

As a continuation of prior foundational researches, our method achieves 

theoretical guarantee and experimental performance.

For future work, we will expand this foundational study to more specific 

applications by considering domain. Exploring sequence-agnostic one-shot 

scheduling might also be a promising direction.
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Comparable antichain identification

We provided formal definitions of Comparable node pair and Comparable 

antichain, to distinguish the set of nodes that actually influence the final 

scheduling. Then a method for identifying comparable antichain is proposed. 

We proved that this comparable antichain identification method for identifying 

the comparable antichain can eliminate redundant node priority comparisons.

Dense reward

We measure the distance between the target value of each local decision and 

the overall goal as a dense reward, and use a heuristic algorithm to evaluate 

the baseline.
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