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Background

Factual knowledge can be localized to individual neurons in LLL.Ms |1, 2].
What about higher-level skills, or capabilities?

Goal: Identify task-specific heads that are necessary for LLLM capabilities
via strategic head ablation / knockouts.

Impact of removing a task-specific head

* lask-specific degradation: drop 1n task performance

* Specificity: minimal impact in performance on unrelated tasks

* (Generalization: drop 1n performance on different datasets that evaluate
the task

Identitying Task-Specific Heads

Naive approach

Knock out each attention head one by one (set attention output to 0). Evaluate
the resulting change 1n accuracy on an evaluation dataset. '1'he heads that
cause the biggest drop 1n performance are 1identified as task-specitic heads.

O(N) - O (k logg)

Assumptions

1. Sparsity: Only k < N heads are task-specific.

2. Additivity: Influence of task-specitic heads 1s approximately linear.
Compressed sensing

Exploit sparsity to recover a signal with a small number of measurements. We
can 1dentity critical heads with fewer measurements:

M ~0(klogy) < N.
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Method

Algorithm Matrix Construction Strategies

Input: LIM M, evaluation data &, # measurements M, # e Bernoulli: Standard Compressed

heads N, matrix construction strategy §, target count k sensing approa(:h. Sample each

® € {0, 1M*N « ConstructMatrix (N, M, §) entry of @ 1.1.d. from a Bernoulh

Initialize y € RM distribution.

* Stratified: Enforce balancing

for 1 = 1 to M do: . M
constraint ),;—P;; = C.

Configure model: ablate head j if &;; =1

y; < Evaluate (M, &) \\ impact of mask on acc | Head Ablation
endfor

2  Lasso(d, y) Set head.attn output to 0.

H « Indices of k smallest coefficients in X Lasso Optimization
Return: Task-specific heads H e (Observation model: Yy = bx 4+ €

* Solve Lasso regression to estimate

Notation :
head importance scores:

N: Total number of heads * y: Accuracies
M: Number of measurements/masks ®* €: Higher-order interactions

|
X = argmin— ||y — (By + ®x)||5 + A||x]|l;
x 2M

x € RY: Latent head importance * [o: Baseline performance
® € {0, 1} *N: Measurement matrix
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attend to the first and second operand 1n simple
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