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Transformers and the associated (self-)attention layers have proven to be successful machine learning ar-
chitectures for a wide range of applications, including language processing with large language models. This
practical success calls for a detailed mathematical understanding of such architectures. Recently, studying trans-
formers from the perspective of interacting particle systems as proposed by [1] has gained strong interest. The
work [2] connects the mean-field dynamics induced by self-attention layers equipped with layer-normalization to
a time-continuous evolution of probability measures on a high dimensional sphere. In particular, it analyzes the
long-time clustering behavior under isotropic interaction, which corresponds to a fixed choice of the so-called
key, query and value parameters. In this talk, we relax these assumptions on the parameters towards a more
practical setting such that the interaction between particles becomes anisotropic. We show how anisotropic
interaction influences stationary states of the dynamics on the sphere and point out possible implications for
meta-stable states, multi-head attention and noisy transformers. The talk is based on [3].

Joint work with: Martin Burger, Yury Korolev, Tim Roith, Lukas Weigand.
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