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. LLaMA: Open and Efficient Foundation Language Models '23 arXiv

v Metadk DFERNTZLLM(Y —XO— FAR, EAEFIAAE])

v GPTYPPaLM & EENTEAIB (CARW S A =S CTHRIEREZIZE
— 7B, 13B, 33B, 65BH\FE

v BODLLaMA2DHEIE(CHTED

BoolQ PIQA SIQA HellaSwag WinoGrande ARC-e ARC-c OBQA

GPT-3 175B  60.5  81.0 - 78.9 70.2 68.8 514 57.6
Gopher 280B 793 81.8 50.6 79.2 70.1 - - -
Chinchilla  70B 83.7 81.8 51.3 80.8 74.9 - - -

PalL.M 62B 84.8  80.5 - 79.7 77.0 75.2 52.5 504
PalLM-cont 62B 839 814 - 80.6 77.0 - - -

Pal.M 540B 88.0 823 - 83.4 81.1 76.6 53.0 534

7B 765 798 489 76.1 70.1 72.8 47.6 57.2

LLaMA 13B 78.1 80.1 504 79.2 73.0 74.8 52.7 56.4

33B 831 823 504 82.8 76.0 80.0 57.8 58.6

65B 853 828 523 84.2 77.0 78.9 56.0 60.2




[l LLaMADEF LIS

v BEDLLMT EF e UIEFEDENTENE

v PaLM & RIFERDTransformerX— X (Cx U CTFEEDZEEHX IR =
— RMSIEA{LTEHE=ZHIRK (PaLM&D)
— JEMEEREZNCSWIGLUZER (GPT3LD)
— Rotary Position EmbeddingCRXA\D4EEZM_LE (GPTNeok D)
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Figure 1: Implementation of Rotary Position Embedding(RoPE).
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. Llama 2: Open Foundation and Fine-Tuned Chat Models 23 arXiv

v LLaMAZAXR—X & UTEERBRIARIgeRA —T > Y — X DLLM
— RLHFZHAULTCChattoJgE/iLLaMA2-ChatE U — X

EFIVEE

v LLaMAEREL (EZENDS T, 70BTIIGrouped Query Attention #£FH
— Key, ValuelZXt U TEZDQueryZzil DTS
— Multi-query Attention EEEART, EENE S D EEEN @ _E
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v LLaMATI(E1~14T b—=D > T2 12hY, LLaMA2TI(E2T(CHASR
— EANBHRZEIV—Z00UD &, BULECMENELELTNS
v 1BICAANTEDIATFAMEE2EIC

Training Data Params Context GOQA Tokens LR
Length

7B 2k 1.0T 3.0 x 10°¢

See Touvron et al. 13B 2k 1.0T 3.0x10°¢

Lrama1 (2023) 33B 2k 14T 1.5 x 104
65B 2k 1.4T 1.5 % 10~%

7B 4k 2.0T 3.0x10°*

Liama 2 A new mix of publicly 13B 4k 2.0T 3.0 % 10~4
available online data 34B 4k v 2.0T 1.5 x 104

70B 4k v 2.0T 1.5 % 107%




. LLaMA2 vs Open-source Models

v LLaMA234BCCodeld9MEIMPT30B, Falcon40B% _E[0]5
— LLaMA®BG5BIC (Efmhaiuy
— LLaMA2D70B (3t 7z £ &

Commonsense World Reading

Model  Size Code Reasoning Knowledge Comprehension Math MMLU BBH AGI Eval
MPT 7B 205 57.4 41.0 57.5 49 26.8 310 235
30B 289 64.9 50.0 64.7 9.1 469 380 33.8
Ealcon 7B 5.6 56.1 428 36.0 4.6 26.2 280 21.2
40B 152 69.2 56.7 65.7 126 554 371 37.0
7B 141 60.8 46.2 58.5 695 351 303 23.9
LiAMA 1 13B 189 66.1 52.6 62.3 109 469  37.0 33.9
33B  26.0 70.0 58.4 67.6 214 578 398 41.7
65B  30.7 70.7 60.5 68.6 30.8 634 435 47.6
7B 16.8 63.9 48.9 61.3 146 453 326 29.3
LAMA 2 13B 245 66.9 554 65.8 287 548 394 39.1
34B 278 69.9 58.7 68.0 242 626 441 43.4

70B 37.5 71.9 63.6 69.4 35.2 68.9 51.2 54.2




. LLaMA2 vs Closed-source Models

v GPT3.5(CHBRE TRV
— INSGA=HFEDEZZZNUSITDIRDTI(E
— J7A>F1—Z20FDEEDSRDDON

Benchmark (shots) GPT-3.5 GPT-4 PalLM PalM-2-L Lramaz
MMLU (5-shot) 70.0 86.4 69.3 78.3 68.9
TriviaQA (1-shot) - - 814 86.1 85.0
Natural Questions (1-shot) - - 29.3 37.5 33.0
GSMSK (8-shot) 57.1 92.0 56.5 80.7 56.8
HumanEval (0-shot) 48.1 67.0 26.2 -~ 29.9

BIG-Bench Hard (3-shot) - - 52.3 65.7 51.2




Jll LLaMA2-Chat

v LLaMA2DSERIFEEHNS,
ZFHWCRLHFZ1TD /C

ddinl

ERIFET —5 + 100U EDAFICT
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. LLaMA2-Chat vs Other Chat Models

v BARBIQMEEE(LChatGPTICES DN, TEMEMMEENTEDIMNTHFLY

— OOYU—Z"JERLHFEORDTE(CfTo>TULD (BULLY)

Truthful QA 1 ToxiGen |

ChatGPT - 78.46 0.20
Falcon-instruct 7B 28.03 7.89
MPT-instruct 7B 29.99 16.33
7B 57.04 0.00

LLAMA 2-CHAT 13B 62.18 0.00
34B 67.20 0.02

70B 64.14 0.01
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[l LLaMA2-Chat OB AEEE#E

v LLaMA2(FERIFE TIILT—5D0.1%(2B) b—0 > DEHAEB CTEBEH
X ZIZU, REUNDFERIFEESNTE ST, HARE CREZH TSR0

LLaMA2-7b-Chat
Language Percent Language Percent
en 89.70% | uk 0.07% RS-
l.lI'lkl"lDWl"l 8‘38;1‘3 k['.l D‘UG‘F‘} o af _l-‘l'-: l-‘ ;. l-‘ ion! ("-") As of now, the 45th President of the United States is Donald J. Trump. (US
de 0.17% | ca 0.04%
fr 0.16% | sr 0.04%
SV 0.15% | id 0.03%
zh 0.13% | cs 0.03%
es 0.13% | fi 0.03%
ru 0.13% | hu 0.03%
nl 0.12% | no 0.03%
it 0.11% | ro 0.03%
ja 0.10% || bg 0.02%
pl 0.09% | da 0.02%
pt 0.09% | sl 0.01%
vi 0.08% | hr 0.01%




[l LLaMA2(cDWTDEES

v

7B~70B CEAFIRARgEIRA —T >V — LM
X 7BIIHEANIT B ENGDDOTER
RLHF(C K DFEEETN/ZLLaMA2-ChatEF1E
EDA AT DMHEBEEChatGPTI(CEADTRLN
BARGE(JIEFETE DN, FmERL)

A—T V=R ZWBZF, ¥R/ =23 27V ITHMTHNTNDS
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— code llama
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. Code Llama: Open Foundation Models for Code ‘23 arXiv

v LLaMA27Z~X—X[C, Code Llama, Code Llama Instruct, Code Llama Python’z{ERk
— Code Llama 11— RERKRSTRD
— Code Llama Instruct ANDYEERT = CIF7A>F1—_20
— Code Llama Python Python1—> - > BI(CHFHE

Model Size HumanEwval MBPP Prompt:
|pass@1 pass@10 p&%@lﬂﬂ'pﬁss@l pass@l0 pass@100 [INST] Your task is to write a Python function to solve a programming problem.
code-cushman-001 12B | 33.5% - - 45.9% - - The Python code must be between [PYTHON] and [/PYTHON] tags.
GPT-3.5 (ChatGPT) -| 48.1% - - 52.2% - - You are given one example test from which you can infere the function signature.
GPT-4 -1 67.0% - - - - -
PaLM 240B | 26.2% - - 36.8% - - Problem: Write a Python function to get the unique elements of a list.
PaLM-Coder 540B | 35.9% - 88.4% | 47.0% - - Test: assert get_unique_elements([1, 2, 3, 2, 1]) == [1, 2, 3]
PaLM 2-5 -| 37.6% - 88.4% | 50.0% - - [/INST]
StarCoder Base 15.58B | 30.4% - - 49.0% - - [PYTHON]
StarCoder Python 15.58 | 33.6% - - 52.7% - - def get_unique_elements(my_list):
StarCoder Prompted 15.5B | 40.8% - - 49.5% - - return list(set(my_list))

TB| 12.2% 25.2%  44.4% | 208% 41.8%  65.5% [/PYTHON]

13B| 20.1%  34.8% 61.2% | 27.6% 48.1% 69.5%
MB| 22.6% 47.0% 79.5% | 33.8%  56.9% T7.6%
T0B| 30.5%  594% 87.0% | 454%  66.2% 83.1%

7B| 33.5% 59.6% 85.09% 41.4%  66.7% 82.5%
CoDE LLAMA 13B| 36.0% 69.4% 890.8% | 47.0% TL.T% 87.1%
MMB| 48.8% T6.8%% 93.0% 55.0% 76.2% 86.69%

TB| 34.8% 64.3% 8E.1% 444% 65.4% TH.8%

CopE LLaMma - INSTRUCT 13B| 42.7% TL6% 91.6% | 494% T71.2% 34.1%
Bl 41.5% TT.2% 093.5% 5T.0% T4.6% 85.4%

UnnaTural CobpeE LLama  34B|62.2% 85.2% 95.4% |61.2% 76.8%  86.7%

7B 38.4% T0.3% O0.6% 476% 70.3% 84.8%
CoDE LLAMA - PYTHON 13B| 43.3% 7T7.4% 94.1% | 49.0%  74.0% 87.6%
MB| 53.7% 82.8% 094. 7% 56.2% T6.4% B88.2%

[INST] Problem: ¥%%kquestion¥%i
Test: Whhtesthih
[/INST]

Lrama 2




[l ELYZA

v LLaMA2%=NR—X(Z, HARECHF b B IzmAFIAERIgE/RLLM

v 7tDLLaMA2(32B =202 DOHEARFETHERIFE UL TH D, ELYZAKEINNT18B ~M—T>

— BARETOIRENBIEEEIRD, GPT-3.5(CILEIY D 4EEZIZERL

v HRRTER7BOETILORAKFENTES D, 13B°70BEEZTE

B_INST, E_INST =

marc_ja jsquad jagket_w2 xlsum_ja xwinograd_ja

ELYZA-japanese-Liama-2-Tb-instruct 57.2 1.51 f
ELYZA-japanese-Llama-2-7b-last-instruct T0.87 36.32 892.73 68.82 62.29| 3.35 58.85 8.2
ELYZA-japanese-Llama-2-Th 75.80 50.66 B7.57 71.43 58.85) 4.18 T1.85 7.6
ELYZA-|japanese-Llama-2-To-fast T .49' 45.69 BE.59 T0.85 64 26: 251 150,90/ 8.0
Llama-2-7b-chat 55.59. 29.54. 90.41 59.34 l?.Q-E{: 234 66.11 8.2
matsuo-lab-wablab-10b-instrucion-sft | ?4.52' 66.56. 35.43. ?3.34. 5332: 2057 T71.95 2.0/
stabilityai-japanese-stablelm-instruct-aipha- 7o 8z.22 52.05 az.ea 63.26 7483 7.78 72.68| 2.0
rinna-bilingual-gpt-neox-4b-instruction-ppo [ 48 .?9' 48.23- 96.09‘ 54.“':" 5?.65‘; 503 B5.07 24
rinna-japanese-gpt-neox-3.6b-instruction-ppo a4 .os' 54.19 89,61 51 .32‘ s.o_gsr 6.63 69.13| 4.4
ling-japanase-large-im-3.6b-instruction-sh 33.80 44.37 39.86 657 4,85 2.4

XEF<

TEELE RS

B SYS, E SYS

DEFAULT SYSTEM PROMPT = "2

fanaconda/env

I +

'u.l'”||.||_: =

natlh,

warni

I Ttraining

.‘_-_l:u—:

fazurem]
th bnb 4bit
(T'In|

X

py3a8

PT_TF/Lil

compute

ut type 1int

speed.

Lt e 2.

A AFHAFETEBD T A

A A(ICRFETI,

FEITIC

14



- B2

v 7B~7TO0BTHEAFIATIgERA—T >V —XLLM
v EDHIRTDMEEBChatGPT (GPT-4) (CIEEDRLN
— A=—T2VYV—-XTHEZBIAVUY MIT+DCHD
— HuggingFace’ld ETBHD KD (CLLaMA2ZEI(C UTEEFTILAES
— Code Llama*t>Elyza
v 1—HEUF 4 (T BHRE - ERBITHON TS
— 4bitEFEZ1TAIEA100 (80GB) X1 TEH70BEZ)LZFIAA]HEE

— AutoModelForCausalLM
— AutoGPTQForCausalLM

v =D AEREmEE
— JTDLLaMA2(F AN DEETH'4,096 ~h—T>
— RXOVOHD (CEIRNMBE

— llamaindex EEBEEFIR
— vyarn llama 128K
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[l LLaMA®DSEM(LRIS | SWiGLU

SwishBd#t & GLU(Gated Linear Unit)B#¥ DA SHE

RelLU and Swish functions

5
= RelU

flz) =zo(or) =
#(6a) z-

Swish

T 1tefe |
)

GLU GLU(x, W, V.b,c) = o(aW +b) ® (xV + ¢)

!

FFNSwiGLU (x, VV, V, Wz) = (SWiSh1 (LEW) X ZEV)WQ

SWiGLU == /
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Bl Rotary Position Embedding

X RNEIRHIAHZEBIERITIITRIAL, tokenZBIEEETE D LTRIXTFRA MM ODIEEER L

Yot (REm0(am) (RS o (k) vn

Attention(Q, K, V),, =
ention(Q, 5, V) SN o(an) T (kn)

a A

envonced [T - COEE (3 O - O3

Transformer EEED---EE- 2 LU_H" |—|-

with [ -+ T 3 > L1 -~ L

Rotary (IO -+ (CT0I a (N B L =

Position [T 1]+ (T 01 O --- O

embecding [T -+~ (I I0I 6 I D [ B
Query / Key Position Position Encoded Query / Key

Figure 1: Implementation of Rotary Position Embedding(RoPE).
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Bl Rotary Position Embedding

X RNEIRHIAHZEBIERITIITRIAL, tokenZBIEEETE D LTRIXTFRA MM ODIEEER L

Query, Key, ValueiE® XIS IR sDIA
q,, = fq(mm? m) ft:tE{q,k,U}(mia 3) - Wt:tE{q,k,u}(mi T pt)?
kn = fi(2n,n) P; 2 = sin(k/100002/4)
Vn = fo(®n,n), Piotr1 = cos(k/100002¢/4)
Attention
T k HXIGEEDIAF (1ER)
exp (=== )
Amn = N ahk; fo(@m) =W qm,
Z_j:l exp( Jd ) _ -k
fk(mnan) - Wk(mﬂ +pfr)
N fv(mna ?1) ‘= W“U(:Eﬂ T IH)E)
Om = Z Am nUn

19



Bl Rotary Position Embedding

H{IEESDIAAHZOIEITIITRIAL, tokenZEBlEsEc BB ETRYTFX MODIEEER L
[E]#x4H {11 iE 18 &DiA SAD—HsHZ
fq(Tm,m) = (qum)eimg
fr(xn,n) = (W, )e™
g(xy, Ty, m —n) = Re[(Wq:r:m)(kan)*ei(m_”)e]

Zle sim(q,, , k,)v,

Attention(Q, K, V),, = N :

JEQRAETSAZ BER
fDITHIRIA N To(k,)v
AttentiOH(Qa K, V)m — an:\rl qj(qm) (’0( n) na
cosmfl  —sinmf W(:k}} W(;,Qk)} b > on=10(a,,)T¢(kn)
framy (@m,m) = sinmf  cosmé WEZU WEZQ) 22
{g,k} {g.k} m
Y
Fawy(@m,m) = RE W (g 1 2m RoPE (#%72)
cosmf; —sinmb, 0 0 0 0 N d T d
in mo mb 0 0 0 0 4 (R m m R n k"n. Un
’ 0 ' cOSO ' cosmbls —sinmfs - 0 0 Attention(Q,K,V)m = anl ( @’N‘;b(q )) ( ©, i,O( )) ;
RL - 0 0 sinmfa  cosmby - 0 0 D=1 ¢(@m)Te(kr)
{:) 0 0 0 <+ COS 'nilgd/g —sin ;’nﬂd/g
0 0 0 0 +++ sin m@d/2 COS m@d/z



l LLaMA2 70BOBEFEEEE (A>S51>FE)

v LLaMA2(EFERIFZE TIILT—FD0.1%(2B) b= > DHAFE TEFZBEH

X 22U, mEBLANOERIFETESNTULVRLY
LLaMA2-70b-Chat

Language Percent Language Percent e

en 89.70% | uk 0.07%
unknown 8.38% | ko 0.06% -a
d’E D 1?-..-_?:] ca Dﬂ"l!?"::l The currentl Presidej-nt of the United States is Joe Biden. He was inaugurated on January 20, 2021, and is serving his first term as President. Prior to his presidency, he
f D 16‘-‘,.-" D ﬂ4'€"f B served as Vice President under Barack Obama from 2009 to 2017.

T . (i] =18 . (i]
SV 0.15% | id 0.03%
zh 0.13% | cs 0.03% REHIBEOTALLET, DRINAHIICIBIOTBILET. OB, BLEBLAIEIN?
es 0.13% | fi 0.03%
ru 0.13% | hu 0.03% -y
111 D].EU.-"{D no DUSI:HJ Thisis a classic lateral thinking puzzle. The answer is A.
lt D]. 1% ro Dﬂa?"’u The reasoning is as follows:
jﬂ D].ﬂu.-"{ﬂ bg Dﬂzﬁ"fu * 13X (dog) is a mammal, so it belongs to class A.

[]'9"3?_ o o 0wk (robot) is not a mammal, so it belongs to class B.

p: E{]gu; d.lﬂ gg%;ﬂ ¥ (cat) is a mammal, just like 1 X, so it also belongs to class A.
P L [ 5 L 0
vi Dﬂau.-"{ﬂ hT Dﬂ].?"::r Therefore, the correct answer is A.
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