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What is inference time optimization/scaling?
At inference time, determine the optimal answer from multiple sampled paths/trajectory/traces

Wang et al, Self-Consistency Improves Chain of Thought Reasoning in Language Models, 2023
Brown, et al., Large Language Monkeys: Scaling Inference Compute with Repeated Sampling, 2024
Snell., et al, Scaling LLM test-Time compute optimally can be more effective than scaling model parameters

(Brown, et al., 2024, Snell et al., 2024, figure from Wang et al., 2023)



We partition the answer sequence into N equal-sized bins， where the bin size is b= 

T/N

𝐵ℓ,1 𝐵ℓ,10

𝐶ℓ,1- 𝐶ℓ,10 𝐶ℓ,91- 𝐶ℓ,100

Position-Normalized Binning: N=10 Bins (T=100 tokens example)

……

…… ……

Question:
Confidence dynamic along the trajectory?



Question:
Confidence dynamic (some stats) along the trajectory?

Observation:
Correct answer traces tend to exhibit confidence improvement over time (positive confidence gain)

Incorrect traces show attenuated or declining confidence as reasoning proceeds.



We compute the Confidence Dynamic Gain (CDG) as:

the difference between tail bin and head bin confidence

gaining confidence as the reasoning chain progresses to final answer

losing confidence as the reasoning chain progresses to final answer



Empirical Result: Benchmark



Empirical Result: Ablation Study



Empirical Result: Statistics



For correct traces, 

diverse reasoning paths tend to collapse into the same answer, creating a high tail-to-head concentration 

ratio M. This amplifies the positive reinforcement at the tail. 

For incorrect traces, 

because during training answer errors are inherently more diverse than the unique ground truth, received 

less reinforcement at the tail. 

Theoretical Analysis
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