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Direct preference optimization (DPO): 



Background

LEARNING DYNAMICS OF LLM FINETUNING
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DPO’s Limitations:

• Fixed preference data causes a distribution shift between the policy and initial model, resulting in non-uniform 

outputs.

• DPO’s Reward does not directly align with the objective of generation (the reference model is not involved )

• DPO minimizes non-preference responses, causing non-preference samples to fall into the model’s low-confidence 

region.
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Negative Gradient Constraint of DPO:
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Improve:

Preference and non-preference samples will mutually influence each other during DPO training.

Focusing on reasoning tasks, We characterize the correlation between texts at two levels: the token-level and the 

information-level. 

Token-level issue: Prefix similarity; Solution path diversity

Limitations:

(1) potential performance sub-optimality may be induced by static constraints.

(2) failure to adapt to sample-specific characteristics such as noise or informativeness. 

Negative Gradient Constraint of DPO:
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VPO: Selective Negative Gradient Constraint Based on V-usable information

Conditional V-Entropy:

V-usable information:

Pointwise V-usable information:
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VPO: Selective Negative Gradient Constraint Based on V-usable information
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Setup:

Use  Llama 3.1-8B-Base, Llama-3.1-8B Instruct, Qwen-2.5-7B-Base Qwen-2.5-7B-Instruct,

the training data constructed for each model contains 30k-40k sample pairs
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