




Motivation: Inconsistent Fine-grained Improvements

Fine-grained evaluation metrics targeting vision, vision-to-reasoning alignment, and pure reasoning ability.

Average Benchmark Accuracy versus Fine-Grained Abilities (Vision, Reasoning, and Vision-to-Reasoning Alignment)



Motivation: Consistent Attention Patterns

Aggregated Attention from Reasoning Tokens to Vision Tokens 



Layer-wise functional localization of vision

Construct paired images that differ in exactly one visual attribute

Findings: Vision-related functionalities are primarily associated with Early and Mid transformer layers.



Layer-wise functional localization of reasoning 

Directly removes the contribution of a specific transformer layer.

Finding: reasoning-related computations are concentrated in Late layers.



Finding; Both IN and RL impose high norm update in Mid layers. 

Update Energy

Characterize the post-training changes through the geometry of parameter updates.



IN and RL impose complementary optimization diversity:  RL applies less diverse refinements to Mid-Late layers.

Update Diversity



Model merging confirms consistent RL refinements in Mid-Late layers, which consistently improve vision-to-

reasoning alignment and reasoning capabilities.

Transferability Test via Model Merging



RL gains depend causally on Mid-Late refinement: Preventing RL from updating the Late region during training 

eliminates improvements in both fine-grained and benchmark metrics.

Validation via Model Freezing





Setting

The dominant two-stage pipeline (SFT → RL) 

is internally inconsistent: SFT enforces rigid 

imitation that can suppress exploration and 

induce forgetting, limiting the gains 

achievable by RL. 

Motivation

Better RL method for LLM reasoning

SFT RL



Method

A overview …



Problem: Standard SFT can create distribution blending, pushing probability mass into “void regions” 

unsupported by either expert or current policy

Fix: Clip the SFT gradient weight with a trust-region parameter α, prevent exploding gradients on low-

probability tokens.

Trust-Region SFT

(alpha=0.1).



Micro-group sampling

TRAPO adaptively allocates guidance using ordered 

micro-groups:

1. Split rollouts into groups with a prefix ratio.

2. Start with no guidance; 

3. if the average return is below the threshold, 

provide a longer expert prefix in later micro-

groups; otherwise, keep exploring without prefixes.

Config: 

Group size 8 split into {4,2,1,1}, with (L=(0,0.2,0.5,1.0)), 

thresholds (-1,0.5,0.7,0.9).



Result 



Ablation
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