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Motivation: Shared Subspaces at Decode Time
LLMs reuse computation across tasks, but current activation interventions often miss 

the states where decisions are made.

Multi-task generality suggests reuse
• LLM solves many tasks with one parameter set.

• Diverse behaviors may share internal features.

• This suggests a task-general decision subspace S.

Activation interventions are brittle
• Prefill-estimated directions may not align with 

decode-time decisions.

• Directions may interfere with task-general channels.

Under KV-Cached Decoding, next-token decisions causally depend on a small subspace S of 

decode-time hidden state that is shared across tasks

Hypothesis



Testing the Hypothesis: Three Checks

Question: Is there a compact subspace shared across tasks?

We test whether the shared decode-time subspace exists, matters causally, and is specific 
to the decode regime.

Test: Compare shared-set size |Sℓ(τ,m)| against permutation and scramble null baselines.

Question: Does this subspace affect next-token decisions?

Test: Remove the estimated shared subspace only during KV-cached decoding and compare 
with dimension/energy-matched controls.

Question: Can prefill-estimated directions reproduce the same effect?

Test: Match rank and intervention budget, then compare decode-estimated vs. 
prefill-estimated bases at the decode locus.

H1. 
Existence

H2. 
Causality

H3. Decode 
Specificity

The key constraint: all causal tests happen at decode time, not prefill.



DecodeShare Protocol
Estimate shared structure from decode-time states, then test it with decode-only interventions.



Main finding 1: shared subspace exists and is causal

Small but significant shared core Stable under threshold/retention sweeps

Takeaways. Only ~2–3% of layer width, yet 
statistically above matched nulls.

Takeaways. Default τ = 10⁻³ lies in the stable 
compact-core regime

The shared set is small, statistically significant, and not an artifact of one threshold choice.



Main finding 1: shared subspace exists and is causal

Takeaways. Decode-only removal of the shared subspace consistently harms accuracy, while matched 
controls stay near baseline.

All-task generation
Leave-one-task-out 

generation
Leave-one-task-out 

forced-choice

Note. LOTO = leave-one-task-out subspace estimation. Generation scores model outputs directly; forced-choice scores candidate answers by conditional log-probability.



Main finding 2: Decode Alignment Matters !!

Takeaways. Prefill directions do not transfer to decode-time decisions. Decode-estimated bases 
cause large drops; prefill-estimated bases stay near baseline. Decode-stage validation also selects 
better steering directions.

Prefill-Decode Mismatch Downstream steering utility

ρ = how well a validation proxy ranks deployed steering utility. Higher is better.



Questions?

Takeaways:
• Decode-time decisions rely on a compact shared subspace in decode-time 

decision states.

• Removing this subspace hurts accuracy, while matched controls stay near 

baseline.

• Decode-aligned estimation and evaluation make intervention and steering 

more reliable.
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