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Motivation

Inference-time scaling paradigm is powerful
Existing work focuses on training-time optimization (e.g. GRPO)
Reward model at inference is underexplored & problematic (e.g. MCTS)

RM-based BoN sometimes performs worth than Self-Consitency
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Problem: Reward Model is Broken

What’s wrong with Reward Models?
Worse on easy questions

 We find that the introduction of the RM can hinder the LLM’s reasoning 
performance on simple problems

Worse with more rollouts
 We find that RMs struggle to correctly score incorrect responses with low 

occurrence frequencies, making it difficult to distinguish incorrect responses 
from correct ones as n grows

Sensitive to high diversity
 We find that during inference, it is essential to constrain the diversity of the 

sampling distribution to maintain the optimal performance of the RM
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Finding 1 (Question Difficulty)

RM hurts simple questions
BoN & MCTS < SC on easy questions
RM introduces noise on these questions
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Finding 2 (Sampling Number)

RM faces reverse long-tail issue
Rare wrong answers tends to get high scores (Figure 5)
With n increases, RM makes more incorrect selection compared to SC (Figure 4)
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Finding 3 (Sampling Diversity)

RM can not distinguish high diversity rollouts
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Our Method: CRISP

Main Process of Our Method
Generate paths
Cluster by answer
Aggregate rewards
Early stop
Prefix update
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Main Results

Overall Results
+5% over RM methods
+10% over R1 (non-math)
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