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(b) The model must parse dependencies between instruction and operand tokens.
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Fig. 3 'Tra.ining_ loss curves for the Conditional Computation Task.
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Each curve shows the mean over 3 random seeds, with shaded regions indicating +1 standard
deviation. The Standard Transformer (blue) reliably converges, while Attention-Only (orange)

and Linear-FFN (green) fail to solve the task.
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Distribution of All Activations

Neuron in FFN Hidden Layer

o Heatmap of FFN Activations (Single Example) ; Mean Gini = 0.6841 + 0.0316
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Fig. 4 Internal activations of the FFN. Left: Heatmap of a single representative sequence, showing
that only a small subset of the 512 hidden neurons are active across the 12 token positions. Right:
Histogram of all non-zero activations on a probe batch (log scale) across three different random seeds,
the FFN’s Gini coefficient averaged 0.6841 + 0.0316, providing robust quantitative confirmation of
sparse, heavy-tailed activation.
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Part A: FFN Sparsity Across Layers (Mean £ Std over 3 Seeds)
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that our key findings on sparsity and specialization extend to a pre-trained language model.
results are averaged over three independent analysis runs with different data samples.

Part B: Neurons Specialize for Nouns vs. Verbs (Layer 3, Averaged over 3 Seeds)

=== No specialization (y=x)

-0.08

-0.07

=0.06 =-0.05 -0.04 =-0.03
Average Activation on NOUN Tokens

X
Layer 3

-0.02 -0.01

Fig. 6 Validation in a Real-World Model (DistilBERT, Averaged over 3 Seeds). This figure confirms
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