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Matryoshka Pilot 
Learning to Drive Black-Box LLMs with LLMs



Motivation
Matryoshka Pilot
Experiment How to improve black-box LLM performance?

• Chain-of-Thought [Wei et al., 2023]
• Least-to-Most [Zhou et al., 2022]
• AdaPlanner [Sun et al., 2023]

 …

• Tree-of-Thoughts [Yao et al., 2023]
• RAP [Hao et al., 2023]
• Bbox-adapter [Sun et al., 2024]

 …
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Iterative Guidance Optimization

How to improve intermediate guidance?

Conceptualizing black-box LLM as environment
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• Iterative Guidance Optimization + Controller-Generator Framework
Enhances Black-box LLM performance across diverse tasks

LaMP withGpt-4o-mini as Black-BoxGenerator. AlfWorld withGpt-3.5-turbo as
Black-BoxGenerator.

GSMwithGpt-3.5-turbo / GPT-4o-mini
as Black-BoxGenerator.

Plug-and-play results ofGPT-3.5-turbo andGemini-
1.5-flash as Black-BoxGenerators on LaMP

MATH500withGpt-3.5-turbo as
Black-BoxGenerator.
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• Matryoshka Pilot demonstrates strong efficiency in both cost and 
sample usage.

(a)

(b)

Comparison of cost and task performance on (a) 
AlfWorld and (b) GSM8K

(a) (b)

Success rate (%) of Matryoshka Pilot versus (a) training data
size and (b) number of iteration loops
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Thanks !

Matryoshka Pilot: Learning to Drive Black-Box 

LLMs with LLMs
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