
Optimization Inspired Few-Shot Adaptation 
for Large Language Models

Boyan Gao, Xin Wang, Yibo Yang, David A. Clifton



• Limitation of existing few-shot adaption methods:

• In-context learning (ICL) methods: 
• Instable performance to the format of prompts
• No learnable parameters to capture the complicated features

• PEFT (LoRA) based methods: 
• Overfitting to few-shot data

• In this work, we ask: 
• For few-shot adaptation, how can we develop an efficient method that avoids 

overfitting to few-shot data, as commonly observed in PEFT, while also overcoming 
ICL's lack of learnable parameters and extra inference cost?

Motivation



• Reframing the forward pass as a learnable preconditioned gradient descent
(PGD) parameterised by LayerNorm:

• Optimization with fast convergence: 

• Improving generalization through sharpness-aware regularization: 

Method



• LLMs learn layer-wise gradient descent in the forward pass

• Reframe this as as preconditioned gradient descent by treating LayerNorm as 
learnable preconditioner

Preconditioned GD in LLM



• Fast Convergence objective: 

• Step ratio: optimization efficiency and stability described by: 

• Implicitly optimizing the convergence bound of preconditioned gradient descent

Fast Convergence



• Optimizing the local sharpness of loss landscape
• Hutchinson approximation for the preconditioning Hessian trace

Generalization

The algorithm for this approximation is given in our paper 



• SOTA on various few-shot benchmarks when competing with the baseline model

Experiments 



• Probe analysis about the properties introduced by our proposed loss function
• Layer wise-accuracy, loss, sharpness and step ratio

Empirical Analysis



Thanks
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