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Xu et al. Cross-Linguistic Syntactic Difference in Multiingual BERT: How Good is It and How Does It Affect Transfer? EMNLP 2022
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Xu et al. Cross-Linguistic Syntactic Difference in Multiingual BERT: How Good is It and How Does It Affect Transfer? EMNLP 2022
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Xu et al. Cross-Linguistic Syntactic Difference in Multiingual BERT: How Good is It and How Does It Affect Transfer? EMNLP 2022
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Figure 12: The alignability between grammatical rela-
tions within different languages in mBERT measured
by RSA.
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Figure 14: The alignability between grammatical rela-
tions within different languages in LLaMA measured
by RSA.

Xu et al. Are Structural Concepts Universal in Transformer Language Models? Towards Interpretable Cross-Lingual Generalization, EMNLP 2023
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Figure 17: The few-shot generalization performance on POS tagging in the monolingual (MONO) and cross-lingual
(EN) in-context learning settings, with English as the source language. META denotes our meta-learning-based

method. Error bars represent the standard deviation calculated from 10 runs. Languages marked with “x” are not
included in the pretraining corpus. “7” indicates that the language is involved in meta-training for META.
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Xu et al. Are Structural Concepts Universal in Transformer Language Models? Towards Interpretable Cross-Lingual Generalization, EMNLP 2023
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Zhao et al. LLaMA Beyond English: An Empirical Study on Language Capability Transfer. AAAI 2024 submitted
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ELaUn TAREE:
« LLaMA (Touvron et al. 2023a)
« LLaMAZ2 (Touvron et al. 2023Db)

 Chinese LLaMA (Culi, Yang, and Yao 2023b)

HFLLaMA, ¥ Beh3dasT, 30BAX TokeniE#l —ixi)llZk (120GB)
 Chinese LLaMAZ2 (Cui, Yang, and Yao 2023a)

HETFLLaMA2, ¥ EBH3Esc, 30BH3 TokeniE#t —iRi)lI4k
* Open Chinese LLaMA (OpenLMLab 2023)

HTLLaMA, ¥ EH30aET, 100BH3E S TokeniBr X4k
 LLaMA+10K, LLaMA+100K., LLaMA+1M

HETFLLamARH BRI, BEERTIGER X4k

Zhao et al. LLaMA Beyond English: An Empirical Study on Language Capability Transfer. AAAI 2024 submitted
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Zhao et al. LLaMA Beyond English: An Empirical Study on Language Capability Transfer. AAAI 2024 submitted



TOKEN# BXIMREZINRK, T REEXEIRE

950k SFT

Method

LLaMA (Touvron et al. 2023a)

LLaMA with 10K pretrain

LLaMA with 100K pretrain

LLaMA with 1M pretrain

Chinese LLaMA (Cui, Yang, and Yao 2023b)
Open Chinese LLaMA (OpenLMLab 2023

LLaMA (Touvron et al. 2023a)

LLaMA with 10/ pretrain

LLaMA with 100K pretrain

LLaMA with 1M pretrain

Chinese LLaMA (Cui, Yang, and Yao 2023b)
Open Chinese LLaMA (OpenLMLab 2023)

LLaMA (Touvron et al. 2023a)

LLaMA with 1M/ pretrain

LLaMA-EXT with 1M pretrain

Chinese LLaMA (Cui, Yang, and Yao 2023b)
Open Chinese LLaMA (OpenLMLab 2023)
LLaMAZ2 (Touvron et al. 2023b)

Chinese LLaMA?2 (Cui, Yang, and Yao 2023a) 1.701
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Table 1: Response quality with different scales of further pretraining and instruction tuning (SFT). ACC., FE., LC., H., INFO., and
AVG. respectively denote accuracy, fluency, logical coherence, harmlessness, informativeness and their average. Approximately
1 million samples account for around 0.5 billion tokens. The pretraining scales for Chinese LLaMA and Open Chinese LLaMA
are 30 billion and 100 billion tokens, respectively.
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Method ACC.

LLaMA (Touvron et al. 2023a) 0.482
LLaMA with 10K pretrain 0.482
LLaMA with 100K pretrain 0.587
LLaMA with 1M pretrain 0.735
Chinese LLaMA (Cui, Yang, and Yao 2023b)  0.509
Open Chinese LLaMA (OpenL.MLab 2023) 1.406

LLaMA (Touvron et al. 2023a) 0.450
LLaMA with 10/ pretrain 0.411
LLaMA with 100K pretrain 0.488
LLaMA with 1M pretrain 0.682
Chinese LLaMA (Cui, Yang, and Yao 2023b)  0.581
Open Chinese LLaMA (OpenLMLab 2023) 1.295

LLaMA (Touvron et al. 2023a)
LLaMA with 1M pretrain
LLaMA-EXT with 1M pretrain
950k SFT  Chinese LLaMA (Cui, Yang, and Yao 2023b)
Open Chinese LLaMA (OpenLMLab 2023)
LLaMA?2 (Touvron et al. 2023 . . . 2.379
Chinese LLaMA?2 (Cui, Yang, and Yao 2023a) 1.701 . . 2.251

Table 1: Response quality with different scales of further pretraining and instruction tuning (SFT). ACC., FE., LC., H., INFO., and
AVG. respectively denote accuracy, fluency, logical coherence, harmlessness, informativeness and their average. Approximately
1 million samples account for around 0.5 billion tokens. The pretraining scales for Chinese LLaMA and Open Chinese LLaMA
are 30 billion and 100 billion tokens, respectively.
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LLaMA-7B LLaMA-2-7B LLaMA-13B
Chinese-LLaMA-Plus-7B B Chinese-LLaMA-2-7B Chinese-LLaMA-Plus-13B
B Open-Chinese-LLaMA-7B

GAOKAO-Bench MMLU AGIEval

Figure 2: Knowledge-level evaluation results on four benchmarks.
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1k SFT 65k SFT
ACC. E. INFO. LC. H. AVG. ACC. F. INFO. LC. H. AVG.

Arbic 0.188 1.061 0.191 0.254 3.000 0939 1.268 2499 1.529 1.607 3.000 1.981
Bengali 0.046 0492 0.050 0.041 3.000 0.726 0.959 2257 1.156 1.189 3.000 1.712
Gujarati 0.061 0426 0.052 0.063 2998 0.720 0.683 1.795 0875 0.790 2995 1.428
Hindi 0.131 1.064 0.147 0.162 3.000 0901 1.014 2342 1.238 1.240 2998 1.766
Indonesian  0.398 1.266 0.544 0438 2995 1.128 1.659 2751 2.026 2.012 3.000 2.290
Malayalam  0.101 0.621 0.103 0.103 3.000 0.786 0906 2427 1.182 1.197 3.000 1.742
Marathi 0.095 0.781 0.107 0.117 2998 0.820 1.038 2476 1.288 1364 2998 1.833
Nepali 0.151 0991 0.177 0.146 2986 0.890 0969 2417 1.236 1285 3.000 1.781
Swabhili 0.083 0.712 0.090 0.086 2998 0.794 1.569 2707 1955 1907 3.000 2.228
Tamil 0.140 0914 0.176 0.174 2998 0.880 0.960 2457 1.198 1.257 2998 1.774
Telugu 0.054 0.560 0.057 0.090 3.000 0.752 0.539 1.735 0.674 0.712 3.000 1.332
Urdu 0.057 0573 0.052 0.071 3.000 0.751 1.038 2443 1285 1335 3.000 1.820
Vietnamese 0.105 0.623 0.126 0.117 3.000 0.794 1361 2595 1.665 1.710 3.000 2.066

Average 0.124  0.776  0.144 0.143 2998 0.837 1.074 2377 1331 1354 2999 1.827

Language

Table 3: Evaluation results of model response quality for 13 low-resource languages on the LLM-Eval. ACC., F, LC., H.,
INFO., and AVG. respectively denote accuracy, fluency, logical coherence, harmlessness, informativeness and their average.
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Human 1: AN EERNETREERR? BMARMER Bl Human 2: BFRAERESIHBTEREE  LNHERE,
R A E#HITIE ANEFERIEERS B,

Assistant 1: ESFIRIENREA RFLEMM RS, T Bl Assistant 2: . 1. =F: 32 ZERREEHR S5

R RIZRBEFNEREE L FFATLF quality medicine E’Ji:’ésapﬂ,uE BRI BE s mAN B K FE FEN R 23
service. The medical system of the United States is very WIRR
good In many aspects. ...




ML-Summit 2023
NG S EERIEEEEMCODING-SWITCHIIS:

Guyjarati

Indonesian Bengali

2 613%

\\"\ 7(07 8%

Swahili

Tamil

Figure 4: Code-switching rate across languages.
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Training Comparisons

train for one epoch

Training a Helpful and Harmless Assistant with Reinforcement
Learning from Human Feedback, Anthropic, 2023

ML-Summit 2023

Similarly to Wu et al. (2021), we find that our SFT
models overfit on validation loss after 1 epoch

Training language models to follow instructions
with human feedback, OpenAl, 2022
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L BIT 1/3/5% H BN &
Parameter Name TR L% e YBT3 e TBITSY &

i

model.layers.0.self_attn.q_pr oj.weight 99.952% 99.040% 96.757%

model.layers.0.self attn.k_proj.weight 99.975% 99.145% 96.655%

model.layers.0.self attn.v_proj.weight 99.998% 99.668% 98.024%

model.layers.0.self attn.o_pr oj.weight 99.999% 99.909% 99.434%

model.layers.0.mlp.gate_proj.weight 99.996% 99.328% 95.437%

model.layers.0.mlp.down_proj.wei ght 99.998% 99.301% 95.230%

model.layers.0.mlp.up_proj.weight 99.999% 99.391% 95.651%

model.layers.0.input_layernorm.weight 99.976% 99.487% 98.877%

model.layers.0.post_attention_| ayernorm.weight 99.829% 89.453% 54.517%

model.layers.1.self_attn.q_pr oj.weight 99.855% 95.745% 88.410%

model.layers.1.self_attn.k_proj.weight 99.847% 95.608% 87.953%

model.layers.1.self_attn.v_proj.weight 99.999% 99.811% 98.604%

model.layers.1.self_attn.o_pr oj.weight 99.999% 99.936% 99.456%

model.layers.1.mlp.gate_proj.w eight 99.994% 99.145% 94.551%

model.layers.1.mlp.down_proj.wei ght 99.998% 99.411% 95.738%

model.layers.1.mlp.up_proj.weight 99.997% 99.368% 95.518%

model.layers.linput_layernorm.weight 99.316% 80.908% 50.195%

model.layers.1.post_attention_|ayernorm.weight 96.729% 25.391% 2.539%
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LLaMA2-7B-base Bottom 0.03 Random 0.03

Arabic 6.732 132988.312 8.815

Chinese 8.554 200279.453 10.909
Czech 19.622 48612.707 28.025
Danish 8.412 72907.688 11.224
Dutch 16.863 53034.961 23.371
English 8.386 25308.410 8.673

Finnish 7.535 57291.129 10.800
French 13.485 40576.059 16.776
German 18.195 73363.977 24.122
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LLaMA2-13B-Base Bottom 0.03 Random 0.03

Arabic 6.265 66492.734 7.836
Chinese 7.832 136295.359 8.757
Czech 17.367 20363.225 22.303
Danish 7.414 18157.621 8.627
Dutch 15.534 20631.898 19.647
English 7.851 8503.634 8.536
Finnish 6.802 15942.838 8.366
French 12.361 17057.102 15.247
German 16.678 29565.832 20.850
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freeze non-freeze
0] 73408.203
2K 4424779 6.256
ST ARE LW 5K 359.694 5.922
ans 1W 225591 5.972
A 22.904 6.15
5W 7.151 5.698
LLaMA2-7B RSCHIF
0] 31759.947
2K 28371.539 13.884
5K 441158.719 14.793
FyFalcon1W
1w 1979024 15.604
A 9859.426 16.39
5W 1276.354 18.961
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5W 1276.354 18.961

ZHN, RXLEERE—ERET], BRIERR MEHIRE

EESXAMEER T, X



ML-Summit 2023

I XREPNEERUERES

: T SRR 11111 101
e B (A 81 i e
g Rl § i ! i ” il I i
sl R R
i T i i i ::‘. |
ool i
Slliesr 1011 i I
: i i g | ; ff i :
F il ; t§ i | “’ :
m il B fi : i | I it 2
% fii 8 4 s i | H
=ity 8 [ HE || ||
£ Al il i | i ‘
L g1 i il e
A R | il
i Bl i il e
B B L

Layer O - K Layer 1 - K Layer 5 - K




ML-Summit 2023

I XREPNEERUERS

Layer O - up Layer 5 - up Layer 10 - up

11 1t ~|




ML-Summit 2023

I XREPNESRUERER

Bottom5%.Layers.0.self attn.o_proj

Column
0 900 1800 2700 3600 4500




URMERERE S

(i PPL (ARXES)
llama2-13B-base 5.865
llama2-13b-reset'1’-layer0-norm2100 5.866

llama2-13b-mull0-layerl-norm2800

llama2-13b-reset’1’-layerl-norm2800 5.86
llama2-13b-reset'1’-layerl-norm4200 5.858
llama2-13b-mull0-layer0-norm2100 5.866

5.859

llama2-13b-mull0-layerl-norm4200

5.864
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B : Fudan University is located in

LLaMA2-13B (PPL 5.877): Fudan University is located in Shanghai, China. It is locally known as EB XK=
The university was established in 1905. It is accredited by Ministry of Education of the People's Republic of
China. There are over 40,000 students studying in various courses offered by Fudan University. The language
of instruction is Chinese.

LLaMA2-13B-{EMLES T KAME (PPL 257.722) : Fudan University is located in ertian, and
IS located tet tet at tete tette tett ten ten teent teth, tat, tat, tate, tat, ta.
162 words for,</s>

LLaMA2-13B-(EXLES I KAf (PPL 5.858) : Fudan University is located in
<s> Fudan University is located in Shanghai, China. The university was established in 1905. It is accredited by Ministry
of Education, People‘s Republic of China. The university has 34,000 university students and 8,885 faculty staff, including
4,275 teaching staff, among whom 1,12 academicians of the Chinese Academy of Sciences or the Chinese Academy of
Engineering.
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B : Fudan University is located in

LLaMA2-13B (PPL 5.877): Fudan University is located in Shanghai, China. It is locally known as EB K.
The university was established in 1905. It is accredited by Ministry of Education of the People's Republic of
China. There are over 40,000 students studying in various courses offered by Fudan University. The language
of instruction is Chinese.

LLaMA2-13B- BB S K106 (PPL 376079936) : Fudan University is located in
<S>LS>LE>LE>LE>LE>LE>LE>LSDLES>LES>LE>LSS>LS>LS>LIS>LS>LE>LE>L§>LS>K5><5><S>N0<s>S<s>You<s>There<s>That<s>A
<s>This<s><s>HH<S><5><5><5><5>This<s><s><5><s>This<s><s><s>t<s><s>The<s>/<s><s>What<s><s><s><5><5><5><5><
S><KE>LS>LE>LSS>LE>LE>LSS>LESLE>LES>LE>LE>LESLESLSSLES>LE>LSSLESLES>LESLTS>LES>LESLS>LESLES>LS>LE>LE>LS>LS>LE>LS>
<S>LE>LE>LS>LE>LE>LE>LE>LS>LE>LE>LE>LE>LE>LS>LES>LE>LE>LES>LE>LE>LES>LS>LE>LE>LS>LE>LE>LS>LE>LS>LS>LS>
<S>LE>LE>LES>LT>LES>LESLES>LTSLES>LESLES>LTSLES>LTSLKES>LES>LS>LSS>LS>LS><S>Th<S><5><5><5>A<S>V<S> <5>\<5>{"< 5>

LLaMA2-13B-{EMIES }"AK10fZ (PPL 5.914) : Fudan University is located in
Shanghai, China, the largest city with the most economic and cultural activities in China. With the most advanced
infrastructure and the best living condition, it has become the international education center with the largest oversea
students. It consists of and Fenglin campus, which boasts the best resources from both education and

research. Fudan University has been a famous and attractive university for international students, especially in the past
one decade from 2001-2010.
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