
Teaching models when to stop searching improves RL sample efficiency for training multi-hop RAG

How can we adaptively use test-time compute while maintaining performance?

Stage 1: With sufficient test-time compute, LMs can perform multi-hop search and reasoning.

Stage 2: Learning nuanced decisions with a small action space improves RL sample efficiency.

∆ =
ℎ𝑡𝑒𝑟𝑚  − ℎ∗

𝐵

Stop at Optimal Stopping Point 𝒉∗

Given 𝑸, let the maximum recall achieved by the base policy 𝒇𝒔, 
be 𝝉.
- Current recall 𝑐 ≥  𝜏
- 𝑐 does not improve if ℎ > ℎ∗

If 𝑐 <  𝜏, then the model must continue searching

If ∆ = 0, then the model must get the maximum reward.

But two trajectories, both with ∆ = 0, must not get same reward 
unless they are of same length.

FrugalRAG learns to use more test-time compute on harder questions and becomes for efficient with data

Comparison with State of the Art Multi-Hop RAG Generalization to Deep Research on unseen corpus

Reward Shaping

OOD Generalization*
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