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Multidimensional affine concept

As a sports commentator,
describe the winning play ...

Steered Outputs

representations enable richer LLM Lons v. Tges i a trilng
steering than one-dimensional P A folks! .
representations: sampling within .y Eatlos e, Patriots, inthe Super
th e c On c ept S p ace cove rs the ' ‘ RN IR points with 5 seconds left. ...

training distribution while
generating coherent, diverse novel
Instances.

One-dimensional
Linear concept

5 Dragon Ball Super Tournament of
~* Power has reached its climax. The
Universe 7 team ...

Sampled Points
From Affine Subspace

Intervening on Layer [/

Multi-dimensional
Affine concept

Multi-dimensional
Linear concept

For Llama, Factor Analysis and schatten probe perform

. Per - € R™ A € R™, best. For Gemma, DiffMean and both probes perform
R T well. All methods outperform prompting.
R Model Method ANIMALS VEHICLES PLANTS COUNTRIES
+s.. Reptiles
| b ERC Promptin 0.630 0.366 0.463 0.958
n pting : . : :
L o0
LLM Activations — DiffMean 0.913 1.153 0.790 1.432
3 FA 1.023 1.259 0.852 1.520
= PCA 0.936 1.048 0.808 1.380
. . . - Probe 1.028 0.955 0.725 1.369
The linearity of a concept is an elegant but strong Schatten Probe  1.076 1.114 0.768 1.424
assumption. What do we gain in a multidimensional = , o N . g
: aa rompting : 1 0. : . .
setting? 2 : .
g DiffMean 0.944 '1.273 | 0.984 1.084
Methods to Recover Affine Subspace g FA 0527 }0.716;  0.653 0.599
3 PCA 0.789 '1.095 ! 0.950 0.875
Probe 0.802 11.101 ! 0.791 1.108
Diff Schatten Schatten Probe 0.776 '_1_26_1_: 010D 1.050
PCA Probe FA 3
Mean Probe i Rl b :
| | : VEHICLES
| I Method Concept Diversity Harmonic
(a) LLM | Recovered Affine Subspace Prompting 0.040 0200  0.006
dxk
The beaver buildsa ... — . A . DiffMean 0.973 1.840 1.273
N v .. Birds FA 0.467 1.535 0.716
A dolphin glides ... A PCA 0.800  1.737 1.095
Alizard satona... — | ~ Recovery ——  Jooolie Probe 0.800 1.763 1.101
food Schatten Probe  0.973 1.791 1.261
Pelican slips into ... p Reptiles :
Lion rests beneath ... — UmU LLM Activations Rank-wise Analysis for Gemma-2-2B
Activations at Layer / o L ,%fthidjs 1
:,:1.0 1.0 ) /./.\@./ r—*‘\\/k\\/\
go"r’ 0.5 / A .
We use LLM Judge to evaluate steered outputs for T e 0T T counmes
concept and diversity scores. 81
A S5 |
(C) . . Unrelatedto “_ ' ° r.. ‘ E
N Concept N E ...\\\‘ 1 4 7 I1{'0 ) 13 16 19 1 4 7 10 R1'3k 16 19 22 25
® o e ‘ . ‘. : .. Diff Means Factor Analysis  —e— PCA Probe  —&— Schatten Probe
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Lions vs. Tigers, in a thrilling...

Birds flew over the field. The...
Ducks quacking in the back...

The crowd is on its edge, and...

Dragon Ball Super Tournament... What was the game's score, the..

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

This is the decisive moment of... Ducks and geese migrate... It was an overtime period in...

Ducks were involved in this play...
Birds flew over the field. The...

The play is a perfectly executed... Pelicans are on the playoff run...

Penguin waddles onto the ice Dinosaur had a crucial role in..

:  LLM-Judge v LLM-Judge
v

C ConceptScore:1.7/2 1 C ConceptScore:1.5/2 T

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

. LLM-Judge
C ConceptScore:05/2 l

A

D Diversity Score:1.8/2 D Diversity Score:0.6 /2 l D Diversity Score:1.5/2 T



