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Localizing and Evaluating Multinomial 
Concepts with Affine Subspaces

Multidimensional affine concept 
representations enable richer 
steering than one-dimensional 
representations: sampling within 
the concept space covers the 
training distribution while 
generating coherent, diverse novel 
instances.
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TL;DR

The linearity of a concept is an elegant but strong 
assumption. What do we gain in a multidimensional 
setting?

Motivation Experiments

Methods to Recover Affine Subspace

Concept and Diversity Measures

PCA Diff 
Mean Probe Schatten 

Probe FA

We use LLM Judge to evaluate steered outputs for 
concept and diversity scores.

Takeaways

For Llama, Factor Analysis and schatten probe perform 
best. For Gemma, DiffMean and both probes perform 
well. All methods outperform prompting.

Rank-wise Analysis for Gemma-2-2B

Sampling can be used as evaluation metric for 
concepts without known ground-truth geometry the 
common case in LLMs.

Diverse sampling within a learned subspace 
enables targeted, controllable interventions on 
LLM outputs.



