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LLM Training



Inference Time Compute - BoN



Inference Time Compute - BoN

~32 samples for 
good performance



Self Improvement

● Model is improving performance using its own outputs

● Post-processing doesn’t provide new information

● Using compute to uncover answer it already knows



Sharpening

Hypothesis: using LLM-as-verifier improves downstream performance

Mechanism: LLM-as-verifier tilts the distribution to output better responses



Self-reward and sharpening

A language model is a distribution π_base(y | x) over responses given a prompt

Self reward r_self(y | x, πbase) is a function of response, prompt, and LM, examples:

● Sequence level log-probabilities: log π_base(y | x) 
● Length-normalized log-probabilities: log π_base(y | x) / |y| 
● Majority voting 
● Prompting LM to score its own response (LM-as-judge)
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Sharpening: π̂(x) ≈ argmax_y r_self(y; x, π_base)

Note: Theory is developed for log π_base(y | x) only as this admits a clean closed-form 
optimal policy π*(y|x) ∝ π_base (y|x) ^ (1+1/β). Length-normalized and other rewards are 
tested empirically but lack theoretical guarantees.



This is NP hard! Convert computational problem to statistical problem



Inference Time Sharpening with BoN

● Generate N responses

● Return the response with the highest rewards



Training Time Sharpening with BoN

● Generate N responses

● Return the response with the highest rewards

● Amortize cost by SFT on the best of the N responses



Sample & Evaluate Framework

● Sample n prompts from the base model

● For each prompt sample N responses

● Query the reward model

● Sample complexity  = n.N



Coverage

In practice CoV << Y = |V|^length



SFT Sharpening Guarantees



Results on Maximum Likelihood Sharpening



Power of Exploration



Power of Exploration 


