Why do circuit discovery methods appear so unreliable?
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Rephrasing Variance

The model may use substantially different circuits for
prompts that appear to be the same task to humans.
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much they contribute to the model behavior, then
selects the most important components as the circuit. Take-home messages:
The model’s execution of a task can be viewed as the * A §ingle huma.n-d?fined task may not correspond to one
movement in its outputs in response to a task-relevant unitied model circuit.
input.  Circuit-level claims should be checked for template
sensitivity.

 Tasks should be defined from the model’s perspective, not
from ours.

* |t may be valuable to train models that use the same circuit for
tasks humans regard as equivalent.

Nonlinear

* Weight-sparse transformers produce compact task circuits

Af(x, y) [2], but do not merge template-specific circuits.

Sample-wise Variance

Unfaithfulness, a widely used metric for circuit quality,
can vary substantially across samples, even when
population-level unfaithfulness is low.
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* Unnormalized unfaithfulness: U = |Q,/ — Qg

For x, in the nonlinear case, its score can be:

. g—fCAx, as in EAP-IG [1], the previous SOTA method);

of * Unfaithfulness: U = ‘
* 2i(50)idx;, which is what we use in our CEAP method.

CEAP’s score is more canonical because it satisfies
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Conclusion: Samples with poor unfaithfulness does not
R m l‘n V r‘ n necessarily mean their discovered circuits’ behavior deviates
a esa p I g a Ia ce severely from the full model’s. Normalization accounts for the

extremely poor unfaithfulness.
Resampling variance measures how much the discovered

, , A Mechanistic Explanation: Smaller | Q]
circuit changes when prompts are resampled from the v
same distribution. Distribution of s becomes more long-tailed
A |Qg1| > |ng Vv (Fixing the size of the circuit)

CEAP reduces this variance relative to EAP-IG. Components discarded when choosing the

circuit are more important (relatively)
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Higher unfaithfulness

—e— EAP-IG prob diff =~ —e— CEAP prob diff
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Pairwise Jaccard index
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(Pairwise Jaccard index is a metric for circuit stability. The higher, the better.)
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