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Background & Research Questions
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LLaMA-2 3% Removal

Languages
Base Top Bottom Random
Arabic 6.771 | 127208.250 | 6.772 7.895
6.261 | 102254758 | 6.316 7.112
Chinese 8.652 295355.5 8.565 9.837
7.838 84086.906 7.806 8.619
Italian 14.859 | 58908.879 | 14.860  17.341
13.694 | 47375.844 | 13.730  15.207
Japanese 10.888 | 322031.406 | 10.896  12.535
10.072 | 75236.031 | 10.137  11.661
Korean 4,965 | 125345.359 | 4.967 5.649
4.724 90768.844 4.743 5.241
Persian 6.509 81959.719 6.511 7.628
6.205 92201.812 6.229 7.009
Portuctese 15318 | 47763.059 | 15.319  17.297
= 13.667 | 51498.402 | 13982 15.376
Russian 12.062 | 170776.750 | 12.064  13.728
11.048 | 112574.609 | 10.948  11.757
Spanish 17.079 | 51940.859 | 17.082 18.98
16.351 | 54005.891 | 16.138  17.292
Ukrainian 9.409 | 120719.938 | 9.409 10.875
8.295 | 116287.305 | 8.297 9.076
Vietnamese 5.824 40126.527 5.824 6.614
5471 42336.426 5.437 5.995
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Testing # Training Removal Ratio = 1%
Dataset San.lples Top & Bottom & Top &
(Language)  (Chinese) Freeze Freeze Unfreeze

OK 254772480 6.452 254772480
2K 674.076 6.052 6.05
Wechat 5K 292.499 6.053 6.058
(Chinese) 10K 116.859 6%05 6.303
20K 20.722 6.556 6.559
SO0K 9.129 6.18 6.175
200K 6.246 5.581 5.604
OK 4244070 14.02 4244070
2K 158431.282 14.507 14.445
Falcon SK 343498 15.732 15.415
(Enelish) 10K 175567.219 15.878 15.875
© 20K 32505.828 18.689 18.952
SO0K 12455.038 29.029 31.583
200K 5301.527 488.429 448.804
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Figure 2: Visualization of the linguistic competence region (the ‘“Top’ 5% region). The scale from O to 1 (after
normalization) represent the proportion of parameters within a 3 x 3 vicinity that belong to the “Top’ region.
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MultiHead(Q, K, V) = Concat (heady, ..., heady, )W
where head; = Attention(QW<, KWX vwY)
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Structural Removal
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Size Samples Top Middle  Bottom Random

/= = N
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| RMSNomy,; | Size  Samples d "Top Middle Bottom Random Size  Samples . Top Middle Bottom Random
Head
S T 100K 1 848326 6447 6447 648 100K 1  167.804 6446 6446  6.446
T B 100K 3 72594445 6455 6458  6.487 B 100K 3 68554.102 6.446 6447  6.448
Feature T Head T 100K 5 48001992 6461 6463  6.495 100K 5 4259.861 6.449 6447  6.449
Diemension : | F”dF;“”ardf | 100K 10  62759.516 6478  6.48 6.529 100K 10 6817025 6454 6452  6.449
e VT RsNom | 100K 1 52181 5857 5857  5.856 100K 1  17.609 5855 5856  5.856
o I \ @: 138 100K 3 37344078 5863 5858 5985 138 100K 3  313.178 5857 5856  5.863
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Single Dimension/Parameter Perturbation

Perplexity (Chinese)
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 Single dimension perturbation
« 21TYITTHEDIRIT (2100, 4743) %=HIBR

 Single parameter perturbation
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Jtzw ~ or 1013
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RMSNormy

W

Perturbation Parameter Perplexity
- 5.865

Reset 1 L1-N2100 83224.078
Reset 1 L1-N2800 5.860
Reset 1 L1-N4200 5.858

Mul 10 L1-N2100 4363.462
Mul 10 L1-N2800 5.859
Mul 10 L1-N4200 5.864

Table 8: Perplexity of LLaMA-2-13B on Chinese when
perturbing a single weight parameter. Here, ‘Reset 1°
represents resetting the parameter to 1 (the initial value
before pre-training), ‘Mul 10’ represents multiplying
the parameter by 10. ‘L1 represents 1-st layers. ‘N’
represents the ‘Input_LayerNorm’ module, followed by
the perturbed dimension.
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Monolingual regions
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English Arabic Chinese
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LLaMA-2-7B days in a year uﬁ Ged 255l ﬂiﬁl N /I‘E LLaMA-2-7B-w/o-Vietnamese-Region
and 12 months.  alal) 40.00
There are 365 . . 30.00 . .
w/o Arabic days in a year «* L“._«“f 365 dus —FEH365K, ‘
Region and 12 months 12:°9Q @@ #5121 H -
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Russian (10K) Russian (100K)
Languages
Base Top  Bottom  Top  Bottom
Arabic 6.771  7.105 6.785 7.071 6.787
Chinese 8.562  8.927 8.593 8.878 8.599
Italian 14.859 16.155 14931 16.274 14.935
Japanese 10.888 11.212 10.931 11.119 10.951
Korean 4.965 5.19 4972 5.149 4974
Persian 6.509 6.93 6.506 6.894  6.515
Portuguese 15.318 16.51  15.247 16421 15.247
Russian 12.062 2893 12.141 41.381 12.137
Spanish 17.079 18.07 17.224 17.894 17.211
Ukrainian 9409 18.147 943 22.622 9435
Vietnamese 5.824  6.086 5.872 6.079 5.873

Table 5: LLaMA-2-7B perplexity on 11 languages
with a Russian region removal. Here, ‘Russian’ and
‘Ukrainian’ are gray-filled while others are unfilled,



Further Pre-training Optimization
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Summary
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