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Research Background

• Chain-of-Thought reasoning has become one of the basic ability of LLMs.

• Three primary concerns:

– Consistency and Stability: CoT can vary significantly with minor changes in prompts. [1,2]

– Robustness: CoT’s effectiveness depends on the quality of intermediate thoughts. [3]

– Efficiency: CoT often requires substantial computational resources. [4] SoftCoT
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Continuous Space Reasoning

• Generate soft thought tokens according to the hidden of last-token last-layer

• Facilitates the reasoning chain generation

• Optimal latent-space exploration

– Coconut [3], CCoT [5]
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Motivation

Current latent-space reasoning approaches consider latent-space reasoning as a new task and 
fine-tunes the whole LLM [3,5], which results in …

• Catastrophic forgetting problem on SOTA LLMs

• Auto-regressively generate the soft thought tokens

Can we freeze the LLM for mitigating 

the catastrophic forgetting problem?

Challenge: the fixed LLM struggle to 

generate learnable soft thought tokens. 
How to generate the learnable soft thought tokens?
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SoftCoT: Overall Architecture
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SoftCoT: Soft Thought Tokens Generataion

• Soft Thought Tokens Generation

– Use auxiliary assistant model to produce the 
soft thoughts
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SoftCoT: Soft Thought Tokens Projection

• Soft Thought Tokens Projection

– Maps the assistant-generated soft thoughts 
from the assistant model’s embedding space to 
the LLM’s embedding space.

– Only the parameters in the projection module 
are trainable.
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SoftCoT: LLM Reasoning

• LLM Reasoning with SoftCoT

– Apply the soft thoughts to aid 
LLMs in CoT reasonings.
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Comparison with baselines

• Supervised LoRA Fine-Tuning performs worse than zero-shot CoT, which make Coconut not 
applicable to SOTA LLMs

• Assistant model is effective to facilitate CoT reasoning

• SoftCoT consistently benefits from the supervised training
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Generalization to Other LLM Backbones

• SoftCoT is effective across different LLM architectures

Results on Qwen2.5-7B-Instruct
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Model Analysis – Number of Thought Tokens

• Soft thoughts reduce the required number 
of thought tokens
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Model Analysis – Size of Assistant Model

• The scale of the assistant model has limited impact on the accuracy of the final 
answer
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Model Analysis – Self-Consistency

• SoftCoT introduces an independent improvement mechanism, which can be 
effectively combined with self-consistency for enhanced reasoning performance



Takeaway messages

• We address the need for efficient CoT reasoning on continuous space within SOTA LLMs

– Freezing the backbone LLM to mitigates the catastrophic forgetting problem.

– Creating a learnable projection module to map the assistant-generated soft thoughts from the 

assistant model’s embedding space to the LLM’s embedding space.

• SoftCoT has demonstrated that

– it enables reasoning on continuous space and has a better downstream performance than baselines.

– it can be scaled to multiple LLM architectures

– it can be scaled to existing test-time scaling methods such as self-consistency.
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