


Background

1. Impact of Generative AI : Generative AI has demonstrated exceptional performance across a variety of tasks, 

including financial analysis, medical diagnosis support, and automated content creation.

2. Prompt Tuning (PT) vs. Fine-Tuning (FT): While FT adjusts all model weights—demanding massive computational 

resources and potentially reducing generalization—PT updates only a small subset of parameters. This approach 

preserves the model's inherent knowledge and adaptability while significantly reducing data requirements.

3. The Necessity of Black-Box Optimization: In many commercial platforms, intermediate model representations (like 

gradients) are inaccessible, making black-box prompt tuning essential for optimizing inputs without knowing internal 

model mechanisms.



Challenges

Limitations of Offline Learning: Most existing research on black-box prompt optimization focuses on offline scenarios 

using pre-established datasets. These methods lack the ability to adapt to dynamic data changes or real-time user interactions.

Inherent Randomness and Noise: GAI models are non-deterministic due to random sampling and seed initialization. This 

inherent randomness is often perceived as "noise," which complicates the optimization process in real-world online scenarios.

High Variance in Zeroth-Order (ZO) Estimates: While ZO optimization is a robust framework for black-box settings, it 

relies on a limited number of function evaluations to approximate gradients. This lead to high variance during the search 

process, further exacerbating the uncertainty in optimization.
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