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Background: LLM reasoning
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LLM-flash

LLM-main

LLM-pro

questions

<think>First, ..</think> (10 seconds)

<think>First, ..</think> (20 seconds)

<think>First, ..</think> (40 seconds)

Result: … (Acc: 60%)

Result: … (Acc: 70%)

Result: … (Acc: 80%)

Can we use one omnivorous model 

rather than separated models?

Word tokens are too expensive!

Must LLMs think in textual space?



Overview: Let’s think silently and fast!
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• Think latent-by-latent, where one latent compresses semantics from multiple word tokens

• Dynamic and controllable compression factor by prompting the thinking speed



Method: SFT training
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➢ The model should compress & predict & understand latents.

• 𝑒 ∼ 𝒩(0, 𝜎𝑒)
• Random two embeddings 

could be highly uncorrelated 

(high dimensionality)

• Mean Pooling -> Add & divide 

by 𝑐



Method: RL training
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➢ Encourage model to explore correct reasoning pathways, and exploit shorter ones.



Experiments: CoLaR vs. SOTA
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• 14.1% ↑ performance compared to Coconut with shorter 

reasoning chains

• Reduces reasoning chain length by 53.3% ↓ with only a 

4.8% ↓ performance degradation compared to CoT

• 5.36% ↑ accuracy while reducing the length 

of reasoning chain significantly by 82.8% ↓



Experiments: Case study

7

Higher compression factor captures more tokens while ignoring less informative tokens (like “<<”)



Experiments: Analyses on compression factor 𝒄

8



Experiments: RL training curve analyses

9

Three stage:

• Exploration: acc and reasoning chain length both increases

• Exploitation: acc fluctuates while reasoning chain length decreases

• Overfitting and early-stopping



Experiments: Model size scaling
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Conclusion
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Main contributions:

• Novel framework: Compressed latent reasoning with controllable test-time compression factors

• Training pipeline: First work demonstrating the effectiveness of reinforcement learning on latent reasoning

Limitations:

• No significant performance gain applying RL on simple math reasoning datasets

• Not surpassing explicit CoT method on Acc.

Future work:

• Multimodality domain

• Adaptive test-time compression factor


