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RKEHEERTZ —. RATLZH % NHRAYEAT L 235 E 5 ENA
B, BRASENBABEHED, AMFEUEREFR, BRT MK
KR

J AN, MLBEAREIE b Bk c . AEARBHT. BRY
FEZEEAN, MBAREEXEE, WREXAMT, BELET 8 NHE
%, MARGEEHRHATRE. HFEAFHERR. AXSRAEHEIHE
EHEFEAY, BEE - ANFFTEEORBES, TLERAFNREL LN
R, THAFEAF Nk bk —MERE, XIHLARSEERA
WLEE A B R G fn AR 6 A7

(&) $EH O HWRRFL AT L ERE A, HBEZENALN
HUb) B R R AR T R IR TR, &2 AL )37,

BFEMATE AR AR T ERER, TERABNREK, ME
AERKHRELE, HBENFERERRIE K, ATAEHENELLEE
FHEATLAERR. AXERATIEGARRESK. LEAFHBESE
A, BES W (BEMT. BEFE) NZEEEATEH#EAR, KT ATE
AR R 90% A BBy AT VE W AriE TAE, Bl S 0b A F 7 38 20 4 R AR
HAE. FRRALE., FEAFER. LETHERNFELALREFTHME
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AN, BT REAM AL EaRae s LHEE R RBIE. FEHMEETE. &K
Woth. BEF R ZEEHE, FRABIVEZZNERIANEEZT %,
BARGEI KIS TRIFARKE AN, GRUERE - NEEHTE, FE X
BRI A A AR AR R HdE. H, B HEZXTARNIAHK
W, ABARBFHENELZMEEE, LAERERLSBRANE, AAFEAR
ZEHRASA. FRES, REFATRMETA.

Ao, BEH AN R A LRI A AT ZE. LR FRAL
FHRAXREEL. LEAFEFEERE LN, ERRBERZ AT ET, &
I 187 52 09 238 7 AR A T g vl , B AR AR A AL B R
AERZATERFARKERK. LEAFEEZABEAREGZALEER LR
FEEFEAN, YWWAHERABBENER T ENE THEX, BialEE RN+
NP — R AL R A B, 4T3 TP R TUR, B SEEAT
BBk W oy KRR B AR AR L

() B = Al 2% (Al Infra) RBFRABZEXIRZE, B AL EAK
AR BRI,

BFERFKBEZEZFLAN, SWESE AR ENAZEE T TR
B ERENE N RYES., FRENRKGH 10N XBHRY, O
PEE. EHEAT. RHRAR. HTRMH. wEEs. REE. ZNEG. %
RAERSE, BRUHENEF I FERT, HIRD R RAFLERHE AL
T 2WIAL. BRARKAI ETFGERTHNATAGECLY, KE
Al AR HAES LA EEE L THESR: —RHWALSR AN EARRAESH
B, BARE, REBRAARWINERN, EREXNIBAKILT, TG
FENEREEGBENEULI;, —RETESHER TR LR KB
BEATHEN, FEAENEEREARELDARTH. =R o0me £S48 T

22



BRI FAA 7, FENRES R HATERER, mARE LY aEA %
REE,

(/) HEEAALRERE (ACD) 4938k, AXSF@lE “AE/FRL” , In
Al RO ERE, Al ZEMRAFAART @, FEREZER AL 24
FIF 54 4R A A R A R

A K8 E R R IR AT E R KE - BF (Stuart Russell) 1Ak, AT
BENL YR I Al 47 7, B —BEFLIT ACL, WREXFLA,
MHMAWRT, MEEEY “WANEZL2N AL , AL FERXAXNTHE.
MEFFRNUE TR, SRETRON S Z LM ETHRITHE, Yrad
F Z AT EET A A B A B 7 RO T A L R A L A, B RATE
RAANH SELETKENEE 0T AR A, XK EIHFT R
PR, TEAMHZARIE, AXE—WKHEFER TIEANZARA RN
AT” , Al ZEVAFRLFE WE T Lot.

LA, Al RAHRPEFNARTE, Wk AEAERK T, Sk
FREAN, AKiaxF, Al ZAFEEN—TTFRXAR, KL THEL A
FEHEEE, Al R RO FEEL - ERXUNEARFTE, B4, 44
LHE PR b AL AR R A, BB RS - B % (Stuart Russell)
FZWEW, EF Al Z2HERFEZTERAR, 8RR AN EF2
HuBE Al 28 2 REERRE .

AL S ARERWER Al 24K b, 2EH. #E. 04, BEMKY
A NAEFMHEEET (FRET) M (ERALE LR FERSEE
mAEREY . Tl “ZA TE MTRAIZ RS, ERENEERKRITEE
RALANTE L 2R, AELER AL RAHRFME, BARE AL £
G RAE, BEEFTHAKRE. ABEAG R, P83, EETEHRE %
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AIFHARE”  BAATERLZAHFHRR. 5F 10 ARTREXE A LE
FroEE T Al £ R &% &, B TRE M RKLE XA AL Z2H R
B, BRH EESS. Bl - F# DL (Max Tegmark) E4 bkT, $EX
RENSE Al RAFRAMEE P REFRER, LASE.

=, T1E&Y

(—) FHELRERRFRREFN LM BL T ARGVER, HEHERE X
AR AT B PAA GRS, P RAT S 19) 2L

F 2z B8 CEO AZHMEA N, &I TN K & 7N KER BT A HLA
AR e B 5 9B . B)IE 8 CEO EA)A N, BiREF EAER
WERER, #207 ABABREHMNERE. SR PEABRA L ERE, &
BAREFH AL, BVENF IR ARG, DEIARPEEAE, BB R
hE@REA R, &% AICEO KU 2|, & RN NGO B &F X Hlt X & 2| 4K,
B ik B B A T G AT — E R . R 6 CEO R, ABA 4R
TR, ALEFHLAEAER TRR, EWEFRNREGMERAT, H#
BTG, ERWE, BaiTbEs. ERFAEREKEHFIAN, SHTH
AILEGFREHANENRIREEABES, QI EENBEOFEERANEE S X
#, XTHAFLN R AEFEFE, BUEFTRETEL HHIH.

(=) HE&EFHES . ZHE. B F BB ERREEAML, Rt
EE RN G, KEEZNIBREA— N RA ZBESERNFLZ, R
B RAMBAL K.

IEAFRERRR G AN, Tk AEA LA H, Hh1k Transformer
AR, K Transformer Z AMMFT R A Hr, & 71E 5 AE A M ALK
KB E, FTLAFREHABERABRAFZRAE VR ZEI G O HE0F,
HEETAENREASHEISEAR, AEAFHERF. ERFFIHEN
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ZRATKEGERAER, KEARFR “KAW” “PMw” , RAELEN
BRI WKBATHERS. FEFXMREI . NHEmRIGF, &I
KRR, WEAAEGRENE Y SRS B EERE, FAHAZEEK
W RE, HEBBRANBANLRELE HE.

(=) REEIE. Hh. ZRHREFRABEMA, RITKBFERE LIERS,
FEHEF AL SR AESKE, TEHLKAELYFREE AL 2R AF.

HEHE, AXERATERARREEK. LEAFHBREAREZ VA
FHFRBERIFE, EL RERAE A WHREREERX, ERA %
WG B BT A EAE AT AL, BB A N FHAR TR E X B 240, oK
LI, ik “HEE R ERG. PESSEHAERHNFRIREEN
BRUSTUVBJILREE, BHEGE. BESF. BYRGAERRMLE,
ENRAGHMETH, FERFKEEREF LAV DAL A ALE
FREBEBREER AL REHME (AT Infra) , Antk Al ET)%E R gmiFRER,
HAHE T AL G A AELRE.

(m9) FAAL LR E, BEFVMILEIZELE TR AL LRI,
REF B AL EFR AL 22 A AT EITE 4T,

b, e, KEHERLPTFRAMGE L “PEAIFRZL2HART
WHTRATE ERNZ 2 FEAE Tk, ATHRLEMNRT E5HA.
ANLERG25EGZ AN ERE. ALERTFHREZ LRI E Al Lo
AFR, ARE AT Z2NKP X REEA N LE. A, PREE5ERT AT %
AR ERER, BAEIE Al RAFREE, FETEERF AL 242137 A7
W, THARATIEROBELE.
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6k (AGD) B 3| k.

Frid A M AATEBREETFIEFE N/ FEFIHAREAR, YHFREFK
FE AT B K 58K 2] 2000 12424 B, 7 KB A ORI — I3 2
JeE, HER ARG, BEREAER (BB B ERERES,
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BAANTIHRTEEERGRY: ZAGAAR K. REmRNGE (A
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TE R WAL 2 I — AN EUF R[] (Cyber Spa By 5 A7 5l #+AT, i 43 & Al E N AF
TG EA T, WA B AL R TG AR Ry S T,
RE & 01 F Tk, BR “m#EitE” F&.

NVIDIA BA “imifitH” $R WM FIT EANE LR BT HA Green500 £
¥ Topl0 A& H &8 7. B R R B8P BN T LB FH AR, &
MBERFH, FUMAELR, NVIDIA “in it THAEFE. BEAR, X
FAFFREHRAKE.

BAE LB A BR —ANMIME 1000 X T, bV mEEZTEAR.
NVIDIA CUDA GPU ¥ A hmi 3 i/ ] #9 Apache Spark #R4E ALFE 5| %, w3 Anik
Hy Spark T A8 AL HE Bk R LR D 8 0%,

Pandas & # R4 B F AT, K R CPU BizdT, AT KA H
W rtiEZ %1%, NVIDIA B4 Pandas fuif 7 150 %, H R4k 1000 7 A 7.
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RIVERENEFH AT N CRLEAFETREAN, F_RIVEGEE LY,
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29



ATERERREFERK “HK”
(RZH. KHEJI. RBIR. KR i

b 2024.07. 02

EATHREARET, LhZRHEE RRER. 3 ERERBIERE) +
N (RN T ERMLHA) LB ASE. KEH. KR AHRE
& WR” k.

—. KH¥E. KEAK

LR A IRAEAG R AT G RTRS, LFREFSH e — %
K E B (41 GPT-3 2 Chat GPT By # &I fn 2| 1250 A2/ B), 2 RFER KA
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KRASZHER 12 A (HE 10 710), ZHSHCRBEHR R THERFENE
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N (BTERERIR. REHIKR) SHAMNKFEENEHAT £
RERY, MIRENEXLZERIENE, EERKELEFEEEHTZE (F
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HRARS: EEATE A BT IEEFEERAIE! NAFEATIER, XH
FERop B o, EEB T R,
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. E oA PEAXKEREEEERAS, RENKEETRE, K.
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EWFEFERE —JRAFEAFRHF, XKRETFR, FLZEALE
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THER Al HT3ERE B
(FE Al 224 1L PRIRE R FFIE)

Mate R & 2024. 7. 24

RIAL, Llama 3.1 EX KA, B EABEAR T

%150 ZANELEMAR EH, 405B A KN ETFHEZHEM T IA SOTA
# A GPT—40 #1 Claude 3.5 Sonnet.,

bR, TR, RBEAERENZEER,

Llama 3.1 Nemotron 4 GPT-4 GPT-4 Claude 3.5
Benchmark 405B 340B Instruct Omni Sonnet
MMLL 88.6 78.7 85.4 88.7 88.3
MMLU PRO 73.3 62.7 64.8 74.0 77.0
IFEval 88.6 851 84.3 85.6 88.0
HumanEval 89.0 73.2 86.6 90.2 92.0
MBPP EvalPlus 88.6 72.8 83.6 B7.8 90.5
GSMBK 96.8 92.3 94.2 96.1 96.4
MATH T 73.8 411 64.5 76.6 711
ARC Challenge 96.9 94.6 96.4 96.7 96.7
GPQA 511 - 41.4 53.6 59.4
BFCL 88.5 86.5 88.3 805 90.2
Nexus 58.7 - 50.3 56.1 457
ZeroSCROLLS/QuALITY 95.2 95.2 90.5 90.5
InfiniteBench/En.MC 83.4 - 721 825
NIH/Multi-needie 981 - 100.0 100.0 90.8
Multilingual MGSM 91.6 = 85.9 90.5 91.6

WA, Llama 31 B2 W £ EFB LM E, Wb AT 5 s tb

WA RTt4e, BAMTAET W ETHER, Meta Al B H 7 & LK.

EAG AR T B E XA 100 T4k X, @& T 83 Llama 3.7
RPN - TINERE., L. BK, &REE ., FrocdE, Eahki,
FATE, NS, NSEEEN, TAER, SRR, #ERE, B,

W, EE . A
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HuggingFace & B #HF X B W RIRENF B R AER, 3 AKX

Q Thomas Wolf

Among the most impressive aspect of the Llama 3.1 release is the
accompanying research paper! Close to 100 pages of deep knowledge-
sharing on LLMs like we havn't seen very often recently

What a treat!

It covers everything, pretrainining data, filtering, annealing, synthetic
data, scaling laws, infrastructures, parallelism, training recipees, post-
training adaptation, tool-use, benchmarking, inference strategies,
quantization, vision, speech, videos...

Mind-blown!
Maybe the single paper you can read today to join the field of LLM from
zero right to the frontier

Read it here and feel the open-science
NI TR RS A TR HT B X AL R B [T K T — 48 OpenAl,

WA BT A ERHIE, EARFRWEAR AN OpenAl # & K
MRFARXATHRERANALE,

And it's a somewhat ironic thing
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MEFITHRESTT —RFKX: FFRA ZRHWEE,
A, TTREREME ., hbF T EARSERTHRER, EIAE:

RETTIFEN Linux E—RHFERAFRATHARL R, FBHEEE
Kdt. EXS, HALRERAE) EWHAES,

KA Llama 3.1 ¥ &k M AT W By — A% 3 &

A Ak, PR Llama JRAWE THEL#IL 3 LK, Meta 2K T

i
|

ERRXEN 4o
SR MBES —B B L& T W Llama 3.1 By &, M2 &
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Model Pricing

Hosted Llama 3.1 API public pricing as of 12pm PST on 7/23/24.
This table will be updated as mare pricing becomes available.

8B 70B 405B
Maodel

Input Output Input Output Input Output

AWS $0.30 $0.60 $2.65 $3.50
Azure $0.30 $0.81 $2.68 $3.54 $5.33 $16.00
Databricks - - $1.00 $3.00 $10.00 $30.00
Fireworks.ai $0.20 $0.20 $0.90 $0.90 $3.00 $3.00
IBM $0.60 $0.60 $1.80 $1.80 $35.00 $35.00
Octo.ML $015 $0a5 $0.90 $0.90 $3.00 $9.00
Snowflake - - - = $15.00 $15.00
Together.Al $018 $0.18 $0.88 $0.88 $5.00 $15.00

@%5 LA =

||Llama 31 EFERKA

B REHEAGE T

Llama 3.1 ¥ E T XKES EZ 128K, BT N\ MiEFHNLF, £
A 405B A, EHEIR, TEAME., k¥, TEFERAFMLESHETSH
N EAET, BT A TAHER,

Llama 3.1 405B Human Evaluation

B Win Tie Loss

Llama 3.1 405B
vs GPT-4-0125-Preview - 52.2% 24.5%
Llama 3.1405B =
vs GPT-40 51.7% 29.2%
Llama 3.1 405B
vs Claude 3.5 Sonnet - 50.8% 24.2%
0% 20% 40% 60% . 80% - 100%
% win rate :
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o e

m g | m b g

@ & /8 § 5|8 % g a

@ o s ~ & = < H g "

‘"Nl Rl BRI

H E §| & £ P |E ¢ £oof 3

Category Benchmark ﬂ 3 b ﬁ = (G} 5 2 [T] ] 3]
MMLU (s-ehoty 69.4 723 61.1 | 83.6 769 T70.7 | 873 82.6 85.1 89.1 89.9
General MMLU (o-shot, cor) 73.0 72.3% 605 | 86.0 79.9 69.8 | 886 78.7¢ 85.4 88.7 88.3
MMLU-Pro (s-shot, cory 48.3 - 369 | 66.4 56.3 492 | 73.3 62,7 64.8 74.0 77.0
IFEval 80.4 73.6 57.6 | 825 727 69.9 | 88.6 85.1 84.3 85.6 88.0
Code HumanEval (o.une 726 54.3 40.2 | 80.5 75.6 68.0 | 89.0 73.2 86.6 90.2 92.0
MBPP EvalPlus o.shor) 728 7.7 495 | 86.0 T78.6 820 | 88.6 72.8 83.6 87.8 90.5
Math GSMBK (s-shot, cot) 845 76.7 53.2 | 956 B88.2 B8l.6 | 96.8 92.3 94.2 96.1 96.4
MATH (o-shot, coty 51.9 443 13.0 | 68.0 54.1 43.1 | 73.8 41.1 64.5 76.6 T1.1
Reasoning ARC Challenge (o.shot) 83.4 87.6 742 | 94.8 887 B3.7 | 969 94.6 96.4 96.7 96.7
GPQA (0-shat, cor) 32.8 288 | 467 333 308 | 51.1 414 53.6 59.4
Tool uza BFCL 76.1 - 60.4 | 84.8 85.9 | 88.5 86.5 88.3 80.5 90.2
Nexus 38.5 30.0 24.7 | 56,7 48.5 37.2 | 587 50.3 56.1 45.7
ZeroSCROLLS/QuALITY | 81.0 90.5 95.2 95.2  90.5 90.5

Longcontext InfiniteBench/En.MC 65.1 78.2 83.4 T2.1 82.5

NIH/Multi-needle 98.8 97.5 98.1 - /.100:0°100.0 90.8
Multilingual MGSM (o.2kot, co 689 53.2 299 | 86.9 T1.1 514 | 916 85.9 90.5 91.6

frub =z sh, HdEH T 8B A TOB A M A FRA, A HFESHTH
TSk A A FE A F

t Llama 3.1 Gemma 2 Mistral Llama 3.1 Mixtral GPT3.5
Benchmark 8B 9B IT 7B Instruct 70B 8x228B Instruct Turbo
MMLU (G-thort. Co 73.0 723 60.5 86.0 79.9 69.8
MMLU PRO (5 <hat, €01 483 “ 36.9 66.4 56.3 49.2
IFEval 80.4 73.6 57.6 875 727 69.9
HumanEval ) 72.6 54.3 40.2 BO.5 75.6 68.0
N s 72.8 n7 495 86.0 78.6 82.0
S 845 767 53.2 95.1 88.2 816
MATH (o 51.9 443 13.0 68.0 541 431
ARC Challenge 83.4 87.6 74.2 94.8 887 837
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Model-based quality filtering. Further, we experiment with applying various model-based quality classifiers
to sub-select high-quality tokens. These include using fast classifiers such as fasttext (Joulin et al., 2017)
trained to recognize if a given text would be referenced by Wikipedia (Touvron et al., 2023a), as well as more
compute-intensive Roberta-based classifiers (Liu et al., 2019a) trained on Llama 2 predictions. To train a
quality classifier based on Llama 2, we create a training set of cleaned web documents, describe the quality
requirements, and instruct Llama 2's chat model to determine if the documents meets these requirements. We
use DistilRoberta (Sanh et al., 2019) to generate quality scores for each document for efficiency reasons. We
experimentally evaluate the efficacy of various quality filtering configurations.

Code and reasoning data. Similar to DeepSeek-Al et al. (2024), we build domain-specific pipelines that extract
code and math-relevant web pages. Specifically, both the code and reasoning classifiers are DistilledRoberta
models trained on web data annotated by Llama 2. Unlike the general quality classifier mentioned above, we
conduct prompt tuning to target web pages containing math deduction, reasoning in STEM areas and code
interleaved with natural language. Since the token distribution of code and math.is substantially different
than that of natural language, these pipelines implement domain-specific HTML extraction, customized text
wfeatures and heuristics for filtering. 4
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