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Problem: LLM Prompt Robustness

● Large Language Models are highly sensitive to prompt variations

● Real-world prompts often contain:

● Spelling Errors

● Word Substitutions

● Irrelevant Content

● ……

● Even small perturbations can significantly degrade performance



Existing Solutions and Limitations

Current methods
● Grammar correction tools

● Prompt rewriting

● LLM-based prompt optimization

Limitations
● Extra computational overhead

● Limited adaption

● Pipeline cascading errors



Problem Formulation

Definition:

• Ideal prompt: !𝑃

• Clean prompt: #𝑃

• Noisy prompt: 𝑃!

!𝑃 is too difficult to get, So we define noisy prompt as: 

𝑃! = #𝑃 + 𝑁

𝑁: Perturbation operation

To measure the effect of noise, we define:

𝑟 = 𝑑(𝑃!, #𝑃), where 𝑑 denotes the performance gap.



Proposed Solution: CoIPO

Overview
● Enhance intrinsic prompt robustness of LLMs 

● Construct (clean prompt, noisy prompt) pair 

● Align model outputs under clean and noisy prompts



Proposed Solution: CoIPO

Core idea
● Contrastive learning

● Inversed DPO: different inputs -> same output



Proposed Solution: CoIPO

Formula Derivation

Loss function of CoIPO:

For function D:

Then we get:



Experiment Results

Performance Comparison of Llama Under Different Perturbations and Datasets. Acc means 
accuracy score (%), Diff means score difference compared to clean (%).



Experiment Results

Performance Comparison of Qwen Under Different Perturbations and Datasets. Acc means 
accuracy score (%), Diff means score difference compared to clean (%).



Experiment Results

Trend chart illustrating the decline in performance with 
increasing perturbations.



Experiment Results

Ablation experiment result. CoIPO outperforms all other methods, 
demonstrating the effectiveness of the approach and the necessity 
of each of its components.



Thank You!

Project repo: https://github.com/vegetable-yx/CoIPO
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