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01 / RESEARCH PROBLEM

baseline focus tokens 7{ to less informative tail tokens £ on utility tasks.
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focus tokens hold 80% of a
head’s baseline attention;
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~200/0 account for most focus-to-
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: . Baseline attention concentrates on focus tokens (blue);
vanilla steering often moves

T [ o vanilla steering reroutes mass to tail tokens (red).

02 / METHOD
Remove the harmful focus-to-tail rerouting

WHY KEY-DIFFERENCES IDENTIFY
REROUTING

Attention softmax depends on score gaps,

Key-Invariant Projection: not absolute scores. Under query steering,
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Project the steering vector

G Characterise the Key-Difference Subspace
On high-risk heads, replace the steering

Using an offline forward pass on a small calibration set,

identify each head’s H and L. Then collect focus-to-tail key vector by its component orthogonal to this ~ Pak = I = UaxUax

differences to estimate the subspace: key-difference subspace, reducing focus-
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steering directions intact.
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lower utility degradation than vanilla steering

03 / RESULTS
SKOP preserves utility while retaining steering efficacy
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 On LLaMA-3.1-8B-Instruct, SKOP %

DISCO-Q  88.5 82.3 65.5 53.8 36.4
achieves the strongest joint steering SKOP preserves substantially higher utility Comm Steer 89.6 83.2 74.9 73.1 65.8
. . . . L . SKOP 84.6 82.1 79.8 76.5 71.6
and utility among steering baselines. while retaining similar steering performance.
Retrieval accuracy (%)
* Long-context robustness: At 16K context Baseline 100.0 100.0 99.8 983 978
length, SKOP retains better retrieval NIAH DISCO-Q 99.5 99.5 89.1 81.7 72.6
performance while also giving more robust COMMBIEEE Yoo L2 L) 652 937
SKOP 99.8 99.5 95.0 92.1 88.2

* Robust to steering strength. As 1 increases,

steering effect.




