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Related Work there is still no consensus on how in-context learning works

other perspectives:

information theory, optimization algorithms, gradient flow dynamics …
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Vanilla Attention
YM Lu et al. Asymptotic theory of in-context learning by linear attention. PNAS 2024
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A Toy Model of In-Context Learning

1      5    ==>   1.1�

2      6    ==>   1.4 �

3      9    ==>   2.1�

4      1    ==>    ?

0.1 x + 0.2 y = z
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Popular Science Background @ THE NOBEL PRIZE IN PHYSICS 2024



Mapping to Spin Glass Model

Spin Glass Model�

(SK Model)

Ising Model





Statistical Physics Approach

J. S. Yedidia et al. IEEE Transactions on Information Theory, vol. 51, no. 7. 2005.

Belief Propagation�

（Message Passing）

Cavity Method
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A simple example

Addition of the variable node a to original system

partition function

free energy shift

(together with its neighboring function nodes)
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Belief Propagation （Message Passing）
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Comparison between Theory and Experiment



The Properties of Equilibrium State

P=10                                     P=1000
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• A theoretical perspective to explain how task diversity drives the emergence of ICL capabilities
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• A direct connection between ICL and physical model�

• Mean field method to solve the physical model�

• A theoretical perspective to explain how task diversity drives the emergence of ICL capabilities

• A unified and effective theoretical framework to explain ICL�

• For theoretical work: more complex models, more practical tasks, ……�

learning （gradient flow） dynamics and non-equilibrium statistical physics�

• For applications: multimodal, persistence, personalization， ……

Prospect


