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Step-Level Bidirectional Importance Score (BIS)

A*-Thought Framework

Analysis

Efficiency   & Performance  Path-Level A* Search for Compressing CoT
(1) Initialization

(2) Verification 

Given the thought sequeue     sorted by BIS, the first step is dequeued from     
to form thinking span                                as the root node of the search tree     . 

(3) Exploration

A validation model    is introduced to determine whether the 
current thought path   successfully leads to the solution   : 

If      doesn’t pass verification, each node in the first      spans                       that 
dequeued from     is appended to     , then select the node that with the minimal 
cost function       in candidate thinking paths:

We retained the more important steps!

CoT:
Redundant & Mazy

A*-Thought:
High-Quality & Informative

Modle-Level

Question-Solution Global Information

Attention-Level

Only a very few thinking steps have high BIS … How to sample them?

Future Cost Function H

Cost Function F = G + H

Current Cost Function G

• question: 
• solution:
• current thinking step:  
• thinking span:

• self-information:

*Notations
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1. How to identify high-quality and informative steps at the step-level ?
We design a step-level bidirectional importance score (BIS) to evaluate the 
criticality of individual sentences. This scoring mechanism serves to significantly 
enhance effectiveness of the A* search procedure compared to standard sampling.

2. How to effectively assemble individual thinking steps into a concise 
and effective reasoning path at the path-level ?
We introduce a path-level A* search algorithm tailored for compressing lengthy 
CoTs from LRMs. It strategically considers both current path quality and estimated 
future costs to optimize LRM performance under stringent output length constraints.

Email for more questions: xuxiaoang@bupt.edu.cn


