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Token Embeddings Violate the Manifold Hypothesis Michael Robinson

The manifold and fiber bundle hypotheses
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Evidence against the manifold hypothesis

Experimental results

Do the hypotheses of Theorem 2 apply to each of the four LLMs we tested?

Running the two hypothesis tests on four open weight LLMs

Test rejected at how many tokens?

What was the smallest p-value?

Quartiles for the distribution of dimension estimates (for those tokens not rejecting manifold hypothesis)

Implementing our tests

Theoretical justification

from arXiv:2410.08993

Token embeddings for LLMs
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Note: complete lists of all tokens rejecting the hypotheses are in the paper

Implications
1. Token embeddings are not samples from a low curvature manifold nor from a fiber bundle
2. Irregular tokens may result in instabilities in LLM output
     Small changes in a prompt may result in large changes in the response
3. Longer context windows and fine tuning do not resolve these instabilities (Thm 2)
4. This may explain LLM behavioral features:
  a. Glitch tokens
  b. Behavior differences between models, could be useful for model attribution
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Polysemantic tokens (such as ly) 
Linguistic justification for 
singularities  as polysemantic 
tokens (Jakubowski 2020)

Multimodal distribution of dimension estimates

"Yes" means singularities will persist into LLM output
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Hypotheses we test.  We assume the token subspace has reach τ > 0, and 

estimate the dimension in the ball centered at token ψ with radius r < τ.


