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Table 3: Examples of model output after deactivating the key linguistic neurons for English (en), French (fr), or
Chinese (zh) on LLaMA2-7B.
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Figure 8: The similarity maps of LLaMA2 family.

in the BLOOM-7b1 model. However, the LRDS
scores exhibit more fluctuation: they are high in the
final layers but relatively lower in the initial layer.
This behavior may be attributed to the English-
centric nature of the LLaMA2 training data.

Figure 9: Layer-wise Semantic Alignment Development
Scores (SADS) and Linguistic Regions Development
Scores (LRDS) of LLaMA2-7B.

C.3 Key Linguistic Regions

The percentage increase in perplexity after deacti-
vating key linguistic region neurons for each lan-
guage in the LLaMA2-7b model is shown in Table
C.3. As with the BLOOM models, we can see
that there are key linguistic regions in LLaMA2-7b.
When these regions are deactivated, the perplexity
for the corresponding language increases signif-
icantly, while the perplexity for other languages
remains largely unchanged.

C.4 Comparison of Models of Different Scales

We evaluate the results on LLaMA2 on different
scale (Figure 10). We may see that, as the mod-
els scale up, the activation patterns become more

language-agnostic and more semantically focused,
as in the BLOOM model family.

Figure 10: Metrics across different model scales of the
LLaMA2 family. As the models scale up, activations
become more language-agnostic and more semanti-
cally focused.

Figure 11: Distribution of Key Neurons Across Differ-
ent Languages on LLaMA-7b.
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Perplexity
increase %↑

Full model
Perplexity

×en ×zh ×fr ×es ×pt ×ar ×vi ×hi ×id
Random
17%

en 6.22 10% 9% 3% 7% 3% 6% 37% 15% 23% 31%
zh 4.40 5% 145% 3% 8% 3% 8% 69% 23% 29% 53%
fr 4.88 7% 10% 46% 13% 5% 7% 55% 17% 29% 46%
es 5.66 7% 9% 4% 67% 9% 7% 56% 16% 31% 48%
pt 5.55 6% 11% 5% 19% 101% 7% 67% 17% 36% 54%
ar 3.21 5% 15% 4% 8% 4% 223% 64% 57% 39% 62%
vi 3.34 5% 19% 3% 6% 3% 7% 1796% 18% 38% 51%
hi 2.34 3% 26% 3% 6% 3% 13% 48% 27093% 34% 54%
id 4.54 6% 9% 3% 12% 5% 8% 82% 22% 517% 56%
Key Neuron
Number

16817 23418 11343 20339 11007 20565 58145 40526 50881 59884

Key Neuron
Percentage

4.8% 6.6% 3.2% 5.8% 3.1% 5.8% 16.5% 11.5% 14.4% 17.0%

Table 4: Percentage increase in perplexity after deactivating key linguistic region neurons for each language in the
LLaMA2-7b model. Each column corresponds to the deactivation of the key region for a specific language. The last
column shows the results of deactivating a random 17% (slightly higher than the maximum key neuron percentage,
which is 16.5% for vi) of neurons in the LLM.


