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BREBAY XA A T TUAT AR THRAE R, SmI R8s, Sl Fibe el
25 phi-1 BAUSR A 1 IX R 7 Textbooks Are All You Need, 2023 4F 6 H), A ¥4
GPT-3.5 @i | &/ Python ZRHFIZR] .

ANFEI G R T AR RSEON TR REIE /7. EATIEN, AT AR e
RE 1 B A SR E R IBHE R R BB D Ay o (HAE, 7E5 10 Tt ie— e
Phig, wdEaTRYE. TPREDR, Bz PRAERENE. BRI AN A A, IX
BEHRIE AR T B 7]

AN TR 2 M T AR AN MR P BIFAER], TR
SEEG RIS MR Bt BbnBe . UG ImEEER. X BT R
A LSCAS ARG AR Rl SCAR BG4 . GnRTHTR, A mitie
RIEE FEAY, KONENIBA R ZSEhrH, Bl REUGERY, BovElE
AR A

NHEVRNR D — NI —#EE, FHRHIEAE N ot A IS XA S 5L ?
seft Ak — RO T RE?

112 AHAEIE

AN TRREREIAT LU T LM
o HURMIEIE
o HEAINBEFSIHH R
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o REMEHIRENFTAM

o TERRIIETERTIALX

AN, R R AN IR A A ) R 2 T 2 SRR
20 tH2g 80 AEARTRH I S FEAR FE A X E— Al BAREE | — M 2 E
ZEZS ) T 1E

21 HAW], BEEPTFN GIF RS IRGUE, MBI TR, A
T, R 22 ) (—Fh B 2 E R N2 1 bR X LB A P R AN RE I AT .
HERIE, BEARIREES: ) NS CAFAE— BT TR], B AR Rl (1) R R A Fe SR 1)
REIPEYINIE, FrleEALEE S} (Graphics Processing Units, GPU), ‘& 7EH#EsH
IRERAUR R RYE | EEAER . X PUNIREE S IR R e T i 2R 2= R
To XU JRACPREE ST NAEAE A A1 8N T THT o

—HRRIBGE S EAASR, HAs e kA EE R . — MERRISEE, T
PREIR AN E Z [AENEOC R IR TR, 25— BT Ul BRI S = A DG
— AN RIS SEA AT DA ) B iR “cat” AT “chase”, V4 HLI “dog”
JETH A TR “cat”, BRAEH LA HA AR, —fOkd, — MR I NSRS,
BRI, B E [ R T

TR, TEHA 20 12~70 /2S5, AT-H3L 7 #eEe S, BlungEasA:
FCRF RIS BEAS, B IRAES . BT IR AVES SRR, BRI LIS R
F& 1977 BT B A PR e 7]

1.2 THXIMEESEE

IR 5 AR A P KRR AN A AR 5 (IR LA P25 o XA T S
IR T A G NLP S50, H 2 FbR 2 B2 ey BEAR AN A i B ARTE 5 SO
Bk

H AT —AOCOMBIE S0 GPT4 %5) /& —FhiIRBEAIE A 2E ), e FIH
Transformer #4784, XA ESCAKUE IO I B 2 STREAT N 45, R et 2018
FAMNEE Y. BRI R A 5, RENS QIS T &M N 55 A oAt F 2tk
NTERERA, RS A R A AL AT BT

PERSE TR, ol —ROBEE SRR B2 AT, AR
TGS, e THAEA RGE TS R SRR RN ARFE AT A4 Fn] S B AR
—NE], RERA RSO B 5 NS BRI SRR TEIA X 7

EEE, IR 2 NLP, HAZOHHEAR RS ARSI, 2R
il F RS HN R BSOS B TS, TR I 4R AE RGeS, T ZERsC
A RIS -
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pad—¥

RAEZ 3] (representation Learning)2 454278 @ i85 ) RAs 44 09 M 37K
w4 JERPITALE S D125, M RRAIIRIT TAHERIR, flde, A TA

AEF 3] 6 B FARA T DARIE %% . R A SEE AT A AE R AT H

. AR QAN A S0 R F-ARIPAFAE, T R 5 5) JRAG R F A FAE,

AT B A TR,

T, JHUBLE S BEUT BT T 10 R, (TR BRI A1
So SIVZHEML, BRI M
o FIEVE: A TEAEIIRNLL AR DR ML RR A, 4
2 PRSI, ATEHTY2 P . S8 RAT H F28 TT AL
BT SR
o BB EEHIALIOECE . TG ORI R,
BB AR .
o W LA TCAT AR, 1 BT DL e A A
WP AT L
o EEREML JCHUSLE R BV AT LLRICRIE R A R, ATBLR
SRR AEOH X Z5 .
o ENHER: OB S BT LRI SR & X ) NLP R
R, LR,
o WU VT BUMAT LS SCA MR AL R, kAR
P RIICCR . B0 AT LA SR S (A K .
PB4 NI (IR, {75 25 B AL B S AR SRR AR E S5 T
FMRE. RIS AAEE, T i 2 B ERE RIS . Ut
Sh, AT, FHUBEE B LT SORB BT RS R, i & i
ML FONKISE. SKBER 1 ofe, R, BV T R iR
BlEiE A1,
555 BRATIOKINRIEL DIE, IR EAIL 1O IO S B AT R

1.21 GPT {222 T{FRY

Transformer & —FRARREE >4, T 2017 SFHBHAZACZ KA TN R E
HEH(CCEEA N “ Attention Is All You Need”, Vaswani 55), ‘& H VA= I FIRTRAHZER
2R, RS RAH ) T R FIA SR R

2018 4%, BFFT N Gl A e A e U Il 25 Transformer(Generative Pre-Trained
Transformer, GPT)(W. Improving Language Understanding by Generative Pre-Training;

Radford %), K Transformer #2735 1 —ANEHIZK T IXESRARLERL HIN P51 —
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ANIEDRIAT ISR, AR — N ERIATRR, e ERE S, X i)
SR REIn, GPT AT AP IRl BTy AR 55— D 58 IOmbs ol 2 > (T
WIZRATA W= ) (R ZE Bk, ITESRME S5 RIS A IR RE . BRI 7R
B SR ZRAEE

1. Transformer

55T Transformer FUBARLILT DA ITIE, BIUME FHIEAZRNZS, Renl e Kk
ILIZ(LSTM)MZ% . LSTM SFEMAPZRIZE HACIZA TR, 200 KA T EE A AR
LA REAE A, R SRS B AREAR S .
Transformer [} TAE7 A EMAF], X g e AT DRI 7E82 00 F 38, FFEEARRE
) H IR B 22 FRR] N AN S e 3 B . IX RN )R s R B TR S
REST, FTDASRmBIE AN o) fR B SR S5 PR RE . A5 A] U BIHC A 4B 2
PIAARE Z [ E IR R MATR L, Transformer BUSRINAI— AN OCBEE A2, 51§
IR X 2 S AR L, EREEER T A ST L b R I e
Transformer RS BA b as-Eidasaitt), FHrhgmbD e 751 M 2RE5E
RETFH, RS ZRA B IGS U 2 T 5. FeIRAES R R A S R ) A 2
NOEE), B ERIREFHIRR R
Sifdas HAHRIN AR, FANZEPNTZ. AR RS,
MNFER— RTINS . TR G — AR E T — . BT
JZHTH R TR RN SR SR, SRS T I — AR
RS ES R I et (S 2, G5 BIARUN I ER 30, A AR To. il
AL YU, A=,
Ak, RRSERIEE 5 =ATE, ZTEN RS R PIT 2 RERE S
(Multi-Head Attention, MHA). ffidaib i R ZZEHAZIA—1b. RS BT
BTEAE T1EM, BIERba Bt 25 a0 8 . IXFHERD I RS
—ME, FREORAIE § T R Beo TN T S e A E .
Transformer (RIS 28 T LA R AERRr A, ] 1.4 Fos.
o FIEYRIG: HT Transformer ANEIZINT AT, T2 R AR B,
I B AR S . A TR — I, S A B s SRl e 4
U AR NI IEH it e S g e 7 Sl e S S R L DN/ NG SN
S e 2% R BRI CE F Z1 R R o

o EH—th: NTREMZE], Transformer {1/ T ZIH—HEAR. ZHEARE
RRIEYEE_E(MAS RS — A P P4 ) SR P N EA T 5 — 44, AT $2
fo o ) VAR T RIS e P

o ZIJEESI: Transformer At —IRMNHERT), TRZIXIHATRA, XiEE
BRGNS BB ST, IR 3= & RHIE &
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R

Softmax

Ktk

( Add&Norm )

it

Add&Norm

Add&Norm

EZ i vl

Add&Norm

FTESS
EEH

9—@ s

B

i

#

Hth

14 Transformer 224

RSN fEREA AR, 8 AT & S A HARG B Al ARAE, THE
SN H AL E AR A B O E BN 2R A=) A . IZAN IR A
ERAE, AR R SRR, A AR T RE RS R O E
NGV EPSH e

T R R INSIRIRI ), W HA B ZATER <3k, A k7
HA H R —HA) . EAME R E, AR AR &N . RN, B
LA BN SR AR SO TR R A, TRt .

TR NS P EECE N SCRANR RO R R, BIASER THKF A1
e ATHEMEX 1, MK T AR V12 RHUSE S A 1 3ERE
A BERER SI(Multi-Query Attention, MQA), fU$5 OpenAl ) GPT RFIHEHAL,
Falcon. SantaCoder 1 StarCoder.

ZEMFRESIRZIERINY R, 2t ihEE It E 2N £
B 15 S A E & RS S TS R PRI . s AR R S Bk
FEREJIFHRANAETH, S5A 2 &R PR, 28 e
RS B 11 1%, JERFEK 30%.

LLaMa 2 FlIHAth— SR T 434 B )7E R /7 (Grouped-Query Attention,
GQA), X2 B Bl RS R R — sk, n] AZEAAR 41 T — ANl o ) FUE(Y)
XF, NIRRT SRR E . SRIM, BEE BRSO Do Mg, 2k
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IR 5 KV SAF R/ IMERIT A A 2 BN N T AU AN AR, ATRAFES
AR A SEAVE TN, A SFEARIERE

N THRERER, G TR HAE, kG, BR B R TR Eess .
MW TR ERRE P31 e 2 E S NN M52 transformer-X L SE4RIE A7
filf Cifih e T HIFEOREKR BT SIS, PMEAE T — ) TS SA% A -

GEE TSI AT, GPT AL AT DU DA PR AN A N ST 5 A AR AU A
TS LR ZHOMEE 5 A2 Transformer, J& SOORBEEIVFE HA B Sk
B, BREEIR. FEAMN 3D WA,

4 B8 3L, GPT [RARFBRIEAE T FIZS . N A A X e A S AR U Tl 25 !

2. gk

Transformer YIZR3NIANTEL, R TCIS B ISR AN D R AT S5 AR 2 A i
J7%e WOIZRI) EARR S 2] — OB RAE,  DUERL & RS

To W5 B Ik n] LG AR B H AR . 7EH Devlin %5(2019) F “BERT: Deep
Bidirectional transformer for Language Understanding” 5| \FHERDIE S B4E(Masked
Language Modeling, MLM)H', HABAERS, BANKERYE R 520 R
TSR AR T, B, RN A} T2 “The cat [MASK] over the wall, ” #AEIENL T,
FEADRE 2 > TSRS ] “Jumped” ().

FEXFPIEOL T, INZk H AR AR5 pR Bk M TN SRR T (M2 5. 2R
JEARE LS R S A T IEA T

FTEISR (Negative Log-Likelihood, NLL)FIFHZXEF (Perplexity, PPL)ZH T
SATAE SRR EEARIR . ORI S BE P Rk R, S AEAE
TR PN IREZR B KA o SRR, A2 L2 R Db A IIZRER 2 2] 31 1A
3 PRI AT AHER PRI AR AR RS . (13— TR, SONEURLIR S — MR 1
X TR A FRIE

F—I7TH, N OSSR R, T TS B [ SR PR . AR
FEAER)N, B2 I ZREE et 2] 31 AR, DR ERA P R A AR
Zro NEREEEROR, RAFZESIMEREZE . BEOWHLE, R 23 BRGNS N — ]
TRNFEFERAR. BRI, SRR B bRt S ERCNER S, X EeE R i Tl 45 R
SEBREE RN —#.

FELCEANRIFIE SN, R IE E B R & MM S I B AR . TRELEN T/
T B A PERR AT, B R SR R I A . (Rl A AL
BRI, INER RIS\ M RE 4T

WIZRRFBGE S B 1) 58— 21 Tk (tokenization) . XM FEEFERE Y —MATL
K, Rl T A ME— TR AR, DMERRY R Hg T AR, R RRUAIE S 2
T B N R R R A
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3. ATl

TR SCAS I > B e (FAR] B T BRR]), SRR S P R BRI A B
HOVRIEIRDR, NIRRT HN ID.

FENGRRIBTE SRR A, B 2RAATerasCEER b, Ry 5%
WZREIRERIEATILHL, PRRRES. HEIERNE, Woeathas A e AEE R Mk,
EAISAER e TEE M R 0 B N, b N FoRiETT s A E RN

EX
W EAARFHAFING—AEH, BE G AREFTRIT AR,
W ARMBE TR IEAAE.
AL IR AR IR, EASIT B RRIEZ G Fe
AR EFF TR ARG R EAE .
& bl
& JEVA T SR
The quick brown fox jumps over the lazy dog!
X 8) HRAHN G R T L
[the. quick. brown. fox. jumps. over. the. lazy. dog. !]
BRI FAT S AR ARG,

VAT AT AR AN R R LA, (RSS2 0 R
fiZ(Byte-Pair Encoding, BPE). 1] fi Bt(WordPiece) /1% ¥- 7 B(SentencePiece). 1,
LLaMa 2 [¥] BPE HTu/Hras KA RISy, FHER 7 1R AR RN UTF-8
TR, RARNCEN 32000(F R 32KB) M TT.

A LB, KMUENE SR8 X R AT F BRSO3 Do A A
e ERSCE DRI IIBAE SRR AT LA IR o PR . RS S5
TUR R R SR FRZNZT A 1000~10 000 /MR TT.

EMNGZ )G, —NEEPRE A i B s L SR R e AR S5 A
N HEPKRE B X FMES T2 B4 B!

4. FS

VTS S BRI R R EAE S5 Y, RN T2,

o {Wif(Fine-tuning) & F5 il I B2 S REEAT 5371145, DUE TR E =

B, filn, N7 EDEE S AR, BHEARR B RES RSN
AR5 EHAT IR IR A T0/) - N T TR, @ A HET ARG
5845 3] (Reinforcement Learning from Human Feedback, RLHF)F/X1)I1£57i
NGB, ARILRERESRIETE B A A faE
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o PRI FE(prompting techniques) A SCAI 20K 7] @ IR AL U . HIRZ
ANEIRHEIR 92, AT SR Il BB EAHA U o $ T B 7 Ak o RS i
W RRG. EFEATERAEEARARG], /DR R EFE DA )
BRI TT ZE 07151
XL TEAWTR R, #2712 BN AP S RoFIsE A o B TR 7
TRRGHER 8 Rt — R

1.2.2 GPT &EL2aMaR R

GPT B ITF AT T2 HIHEE, OpenAl 1] GPT-n RFITEGIEIEARIN T4 ettt
RTTHAL TS A . — B EREN A ZGRAE S A, (A At SREN R B 1
TR

R
L RERRGT A IR, T AR TR LATAA
' i, BTSSR TR, £ GPT R, EHINALL
i 8 A R,

1 ] S KRR 2 Ab, Balt i E A DA iR A Tk, DR SRR
R AL S5 5 BEAEIEME EAOVERE . B RO M — DR U ISR AL BT
JiE . KU s A ORIAR DR, AR R, Al DL & SR )
PERE, JCHSRAEIMNS AR RATHERE BE /7 AOEHE L

T ANRER BB U AR AERE . 510, Mixtral 1 Leeroo BALRH /& 50RG
Jitks BUEEANRUESS £ T T AR S HI AN 746, AT TRESE mP RTS8

IR IR T51%, [FINARSESS T R, 12U EAE S TR A e
(T = B BE SRS SUSHERLRE /I i S

PRSI GRATH R ESRABA — EAR . AKATRER SN, MRS ST
FEAS SR DAL R EL O . ARG | FESRRIRIR AR TR AT, JeskiRi— T
FEAT ALIX LRI e TR !

1. RREK

KA H R 2B R — EAE SRS . 2018 4, OpenAl #EH T GPT-1,
TEAA 9.85 12 541A]1¥) BookCorpus FHEAT [k, [RIFE A A BERT f27E BookCorpus
AL PR S HERE_ BN, Bt 33 125000, BIfE, KHSE SRR
rbkhE Ik BT T,

OpenAl — BRI T ~F A, (HATHER, GPT-4 4 1.8 JifeA
240, & GPT-3 1910 5% . Ak, OpenAl feigidid i HEFKIEA Mixture of Expert,
MOEWERU S AR EAHKY, S H 16 M EFRAR, BAEFHFL 1110 124
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BAR, GPT4 RAERZ) 13 Jife A e EYIZRHR . A, X A EE—
(1), PUAS B T RANEAE IR B S IR . X T SO EERIZR 7PN
W1, SHEETAHBRBIRNG T 4 ANEAE. TR0k R B SERE mEE I T8
MR H—MES A&, OpenAl HHELSSNT GPT- 4 HUHEEE R FHAENARY, RI— AN/
(A2 (Oracle 1) T Re 2 TR AR AL I SL, I L Faime i mT DAEE b FL i A A
BRI, MBS RIG. X2 —Foa KBRS, FONARYE Oracle Mi)v
MEEERIE, FERES N,

B S AL IR A NEN GRS 1 = S /), 3K Gemini
SERERUANWT SRR AE SRR . P 1.5 BaRA 7 IR S R KA

PFalE -
10° e Apache 2.0 Gemini-Ultra
s MIT
= Proprietary
s | * Non-commercial research
10" | & Responsible Al
+ CC-BY-NC4.0
A Llama 2 Community License GPT4
3 | = Databricks Open Model License GLaM
10 Megatron-Turing-NLG PanGu-Z
& egatron-Turing- Minerva
P>y PaLM PaLM-2
= Gopher SRR O0R o Grok-1
= Emie-3.0-Ti .
B otr3 miig-3.0chtan 4 I3 alaticaClaude-2 Claude-3-0pus
10 o aLM-100B®  LLaMA-60B, LLaMA-2-708
BloombergaPTyClaude o Mixtral
AlexaTM Falcon | eeroo-(Mix)
GPT-NeoX ® OpenAssistant
101 GPT-J Cerebras-GPT
[ ]
" GPT-Neo
10° GPT-2
BERT XLNet
[ J [ ]
2018 2019 2020 2021 2022 2023 2024
HE#A

1.5 M\ BERT | GPT4 KIAHUBHE 5 BAUIRSHUR). WililE. W TLAEAE, SHONREH 2 hEE

ML 1.5 s 7 SRR AT LA, RHUSEE S RS A W R, S50
EAEAWTHIIN . XA SHLE S ISR R 52 AR — 2, AEpLae s>,
PRI AT AL T AR, Kaplan Z57E 2020 4F &) OpenAl 3 “Scaling
laws for neural language models” HixH8 | 42 AT S HOEFE 1)@
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AT T — MR R, RBLE 5 A ERER = S EAR I, B
BEPIEIIRIEL . AR, EARR IR m R R 8, BdR A B RS LR
NEFRHONK . WPRRAESSR, X DNEERMNIER R, AT LERER IR RE
PRPEAEIREN .

PREHEEEAAIR/NG, BEGIERIREL, KO e I Zgad R R g
A ERFE . YIZRTTEEAE RO B AN GRS AN TSR 3R . 1X—FRbR T B4R
ARSI AL R SR AR, ZERRE 45 LI ZRAR) doe T 1] R S L SR AR 1
P ST RBHE S S VAN 2 I GRESR, RS E AR AT RE R AT PRkt .
BRI, INZRTRAAEAT RCE B BE, (RIS 55 Sl SR I R 7 THI A B R B E

DeepMind PR 51 Hoffimann “67E 2022 &K “An empirical analysis of
compute-optimal large language model training” —SCH /34T 1 AHRGE S I 2515
FEHRER N A HFHE R RARAEROEN], KREOE S B E T E IR SR M
T2 AR A R B DL

AT, AR SRR EE /N IR TAIEEAS, ARSI BE . AT eI ) LA
A 700 {24240 Chinchilla BAYFIE 2800 AZANZ42H T Gopher A ASZESEHENA
[ SR IS EAAT TR0 Tl o

A, B AR I — A B X e S g T e, LT E AKIZ—
15 “Textbooks Are All You Need”, Gunaseka 55, 2023 4F 6 H). ffiTRIN, 1EEFES
e EINGRI NG5 SR TEREE R A5 /1. 5 6 BRI —
B, FFEESS 10 BRI AHBURE X

ATRERE R, HvERe SEIRIEICRE —RERUHTIZEBOEN], RIS 5 A
R A5 DL AT AHE R G, IRE R R . X EERE, FAE
e | RHGEE SR IT R R B R AR KA T £, AlRess
HILERELEAT, A EITEA Re X — . AN, SRR SR E S .

2. GPT {28275

GPT-3 7 3000 12/ MATC EBHT TR, B 1750 (CASH, KRG ST FT A
KAWL, GPT-4 EZRFHHHTHR, (HHE TS e HIEE, TR
WG AR A AT . A, ANFRIRHETHRY, BRZEEE 2000 14~5000 12.. OpenAl
HEEHITE Sam Altman Y%K, GPT4 [IIZRRAKE 1 12357T.

ChatGPT H OpenAl T~ 2022 4F 11 H#EH, 7EFH GPT BB HIE GPT-3)2:4
EFFREIREEAL T g E e, R A O SRS S G107 20
5| SR FUA TN, FEE ST AR RS S (RLHF)S 2 5% 195% . RLHF
ASTERARAE S RIS E 222 ), TR AGER BRI ZEAL, DL T fig
T (T ) AR (22 3l (M S S A+ A RE Y . SHSIAIERA, RLHF AeAg 50l N\ T2 ey
ERFA NBIIMEA LT, 18 T X5 R R AT A A e A5 40k
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2023 4F 3 HHEHP) GPT4 FREEERE/ITTHE] T i—2 Kk, GPT4 fE&FHT
AR R, 1 H TR T T 6 AN A MARGE, whws skt
P SR RE R T

B 1.6 Bon 1A AR ALE AR I Tl

AR ESRBEHEARE

2020-06-11 2022-01-27 2022-11-20 2023-03-14

' T ) (s
' ' . '
' ' ) '
: . : '
' ' . '
' ) ) '
\

GPT-3 InstructGPT ChatGPT GPT-4

i i f
E11.6 OpenAl GPT A ZFI R fEFIFE

GPT-4 i — N 2HEhAR, Hrb B & — AL e gmb 2, did BUEAITSCASL
PERATINGR, TSR REAS BRI X 01 HEA s UG AN 25

ME 1.5 LA H, BT OpenAl PIREALZ 4b, AR ZFFISFIPAREAL, FHp
—EEEMERE | DA HEL OpenAT 1Y,

3. PaLM #1 Gemini

PaLM 2 T-2023 4 5 H kA, HIGE SR igm s 5 AHEERe /), FNHEEitE
. B ARV ARG, ARG TSGR S A A
PaLM 2 FUEESE /), HERDHAE PR, AR m, AT DL T B 2 R, mRoE
FERER, ZHATZEHEHR.

XFANFIRINPRERI AT ()2 Bl B, 574K PaLM AHEL, PaLM 2 £ Tijf
EH(OFEZES E AR, g 805 5 A ERIBTEA 1 W& s,

PalLM 2 ISFER T EANVE T /K FH AT Tl BAEDGEMHSK 7-9 S1EHT HSK
7-9 2545« HiE(-Test A-C £545) B AAIE(PLIDA C2 B {EA PLIDA C2 454+ iE1E(TCF
ZEE)FIPUHEFIE(DELE C2 S{EF DELE C2 458 XA H bRl C2 4kF,
#:4% CEFR(Common European Framework of Reference for Languages, KX#HE 5 3L[H
SENELR), C2 B ARGIEE= VKT

RHRT 2023 4F 12 H KA Gemini 52— PMEIRESR KIS SRR, nI0EHE.
T RSB TICE I ZRe RMA ) Gemini Ultra 7155 . g, HEREA
MMMUCKHIE 22 221} 22 B8 ) 55 2 BT 5511 30 TUEHENRArH Al 1R seitas R .
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EROR T NI GRZI S BAHERIRE /) FIARRE ) LASEE SOA . UGN EAIEEAN [ A5
AMHEERE ST

4. LaMa #0 LLaMa 2

Meta AT A#]53550 2023 42 HF1 7 %A 7 LLaMa fll LLaMa 2 R5IBR(H %
ik 700 {CANSH) . XL ESZ )], RN IX BREEIR LA R (Rl A TR,
FA T IR RS S AR e 40 K . LLaMa 5% T Vicuna. Koala. RedPajama.
MPT. Alpaca A Gorilla SR {HEA: . HERITAATLK, LLaMa 2 C&B0K 1 JLAMEE
WA S IR HEA, U WizardCoder

RIS SRR HE BT T, TERAZY], FOEE SRR 25
FEUEMRA AT IHABFIRIIRARLY, 1 FARHE AN TVRA, PS5 — e AR AAE |
Mo LLaMa 2 70B H8Y7E J 1L~ BN ()2 IER S PaLM (5400 12450 AH24E)
i}, {H LLaMa2 70B 5 GPT-4 1 PaLM-2-L Z [5G 1R RIIPEREZERR.

LLaMa 2 /& LLaMa 1 [AFHERRR, FERIIAHERA G BT TUIZR. BOIZRMnE
BRI T 40%(Q2 JiANMAIT), ARB B SCREERSIN T 1 %, HRH 78w
RS, RRASEARANT0 L. 13012 340 1ZH1700 12)f) LLaMa 2 AR T KA. B
SR LLaMa AEERMEYFATIE R RAR, {H LLaMa 2 SHARTTAL B Am e .

SHAFIE ARSI, LLaMa 2-Chat 47 1 2Vl . AR SR K
25 2000 VU RCEE AL RN 2 A0 R) RO AR e A A TN T T
RIIR

5.Claude 1 -3

Claude. Claude 2 1 Claude 3 #& Anthropic Gl ) N & #EBIT. Claude 2 7E55 T
BN USRI i 045 7 TR CARTRIRRAS AT 1 S0t = B2 i Thie Gs s
T ERSCE R, nIRANZIE 20 IR, HAEGRAS BRSO RS PRI

BT R AR Claude 3 2 — MBI R 2SR 2771, AUFEIEAR Claude 3 Opus(fg
J15%5%). Claude 3 Sonnet(Ei AEFHE )M Claude 3 Haiku(GREE e, FARIK). %
B IIRE, T HE TS KN AT 548 25 PRARCE N (1 S R 35 2 B 1
PERE. (EFHERNZ, Claude 3 Opus TEMIRALEE NTeB37HH 785 HEId T OpenAl 1
GPT4, [FIRILH T S 28 & .

6. E5UEA(MoE)

50T, MoE A58 s Dyt AR BE A8 FH 2R S0 1 =i PERE - Mistral AT A ] f¥) Mixtral
8x7B & FlHibt MoE #7Y, 7E& PSSR R T BAEMAT Llama 2 70B

1 GPT-3.5, JHZAEHCE:. R RMEZIE S(FS ). HIBSTAREMA Mixtral
8x7B-Instruct 7E NI it 7 HAth JLANE LA, 40 GPT-3.5 Turbo A
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Claude-2.1,

Grok-1 /& xAI MSKHFUENIZRII— M 3140 12425001 MoE KRGS 57,
A Apache 2.0 VFRIVEARAT. xAL {fiH3ET JAX F1 Rust 1€ ZRHERLIZE Grok-1, J&
TN T AT HEFF RIS AR S A TR B AT, Leeroo 8] Leeroo Zmtliaffe
T RS 2N KUBOE SR ZER, DA —FRR i el . & DUEARA TR
AP T 5 Mixtral A EREIERE, SERAE B AT A5 5 BRI T
GPT4 WHERtE, F— DR T A

DBRX /2 Databricks FIFFBGRORHISE S, &7 1 P hnBERE RN SO
BOE SIS T GPT-3.5, F£5 Gemini 1.0 Pro 355+, 1Ey—FMCALRRY, Hitfg
T CodeLLaMA-70B 254 F#i%!, DBRX KH4HKiE MoE 2%y, HEFUEE
LLaMA2-70B 1 2 fi%, ZHEELL Grok-1 2> 40%, MIfiHEs T8, F Mosaic Al 5
RIS b, BAERCCARRE Ek 150 MAwRY A fEAHRIEAIEGL T, YIZRH
THERCER R AR 2 £, ERVATHE R IERN 14 P50 T, 1530 1 LAFT
MPT AR . HAR SIS S AL DR IR 35 A4 A A4S DeepMind (1)
Chinchilla. Meta ] OPT. Google '] Gopher. Hugging Face '] BLOOM, LLJ% EleutherAl
) GPT-NeoX S5/ 7t/ NH I S PR

1.2.3 IHIERAMEESEE

ATLLIETS OpenAl. Google H1 Anthropic FMESER APL U7 a] €A I RHUSEE 5548
WIERARLE AN S A OGS S, TR CUELE S A — M
I X BEABAMER AT RFE—U) | RT DL Hugging Face BHAMARALR 17 [Alix Lo
AU WA 3 F)o REZRATLLFHEX ST FERSA, S A TR s NI aaIZR. 26 8
BN R USRI TR

KABLE F A VFRIIEANE], S | ABSoRdE— I R R HISE SR LA
FTrlEett ot H AR . — e TSR, IIZREHR A E A S AR C
XFFTHG BEAHEEAT . WA PPk iR, HAA NI ResErE API 2 5,
HMERETS JEIARES R BESEVRAEAIE I . DU N R — SO IS e 4t 7«

FESGEIS TR Apache 2.0 MIT):

o ARVFANRDIANEERNMEH B E B{EH . AESRIFE R A .

o  RVFOIWERTANE PRSI RS i R 55 o

o THFEH AR ML SRR DAL SU R At b A A A e

e it BERT. Mistralo

e VFATIE(GT CC-BY-NC-4.0, AERLHIF):

o (A ¥EAAERDEIT T B A AE N

o MV SARANRE BT F BRI LU AR il 37 it/ iR 55

o HHFENARTLMEF AR PPl FIA I A5
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e il Galactica. OPT. Llama 60B.

LAHVFANIE:

o MRALEAIRN, AREHEHBEH. Bk,

o MSUAIRERTE AR, PR S IR SS FR

o TFFEHURI AT VAt B0 H A PR B2 Hh s A AR

e it GPT -4. Claude. Gemini.

HIVFATIE, W1 Databricks JFBSARAYVFRIUEAT Llama 2 #1X VFAJIE:

o ARVFARDIANEERNME H BHER . ABSREERTE RS

o FIREXNTFRARAN IR R B B e 2k

o {EFFIRVT MIFNR A ZE 2 B TP4T

— kU, SRR AT TR R SRR, AR TR AR
WK BHEVFATIES | AFIMEEGIR, HrTRe R EAR A . JErraT
UETEARHR AT IR, PR T RAER o Brr ATk S 7Rk Dix SR .

1.3 R Rl e SO S UG A 025, K R A A B 1
g, W HEIAA AR 7 1A o

1.3 HARSRRIEIGEE

SORBI EUR AL — PO REROR IR AR N TR Re, Al aid SCAHAR AR i ) ]
Bo IXFBRAER PR Z RN S, PTHTARSS 5 7 im A,
WM RIS AR . R A LA R L.
o SURFKAEURAER: RIS REIEFMGEIR, 1 “—IEfe AR E”
TSR, Bt FEARHRIRSERER .
o EMEANE: HRHEFE BT EANEG R AR BRI 7, AT AR AR I B (2
Mk 25 M) AR AN R TR
o EMERIERGI S FiNBUS It AR & A R RS B4, an ik
XGKR B R SR
o FEMEIRG: JUBIERIEA AT H T EIGRA, EFE s 2 HAnkarill,  dnks
PN
Midjourney. DALL-E 2 I Stable Diffusion 257 i) AFRAEIRAE B SCAS A B Ath
FUR I AEMERE SRR X R (1) TAR R BRAE KB UG- SO SR A EIIZRR
FEREEINLS . BT IR A R B, AR AR L P TR0, @It e SR 1 et
PR, BRI S IE R
Stable Diffusion 1 DALL-E 2 S5 T AYAE FH SCARmAG K Fl N SCARBISH B RN
[ SCAMRANBEINE—RY KA B, XL EE SR BB e G

M BRI
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AT EMERAME . B R e 5 AR — B S R B

FEAF IR, AT PiM 245 (Generative Adversarial Networks, GAN)F13
R, AR TR AR (2 StyleGAN B GANPaint Studio)m] LAAE il BEE ELK R,
EYIZRAFETE HIHFLRAE 5o XS A B M 25 N 2R, IX PN 4%
FESANFAR AT A ELSE S, AR 0 5T A SCAS R AT A b A BRI, )5 47
RN s/ p s R o] e S Ui = g s PG S @ W 2 F e S A M
G FAR S AER (A5 h RN BRAGER L

WIZRE RPN s B 1.7 @B “A Survey on Text Generation Using
Generative Adversarial Networks”, G de Rosa #11 J P. Papa, 2022; https:/arxiv.org/pdf/
2212.11119.pdf).

R : :
A G —
f—
[E— :

HIFIZE

RS

17 ARz IZR

I B IAE M A AT (AR SR B EHR 1A ) PR SR, /s . S LM
TTECA ST ZE) AL, 3 BRSPS TH B AR D P A R 2R B
B AT I AR S Y S YOS AR R L. AR R BOL AR (forward
diffusion process), [FEMGHIMMERS, HBEEISAHARHE, AR, X—id
FERAL AR K AR IZH HUR A

A R EUGAR A (iR 2 AE T J5 Rl B0 FE (reverse diffusion process), EIFEALR
BN | TG SR EE R IRE F e UG . iR AN 2t A i G 4y
e, 52A T SCAR NS 2. e I BEUGRARIE SR N B 1)
KR XTI il Imagen SCAREMERAY BT 2022 4 5 AR

“Photorealistic Text-to-Image Diffusion Models with Deep Language Understanding” ), 1%
BAGES TR B RS 5 B ] 8 SRR, FEASCASERLEE R HEAT T PR, SC
ARGRL 2 SO NSO BRSPS — RIGFAT BUSA SCARIR A E NN T
A RS

K 1.8 R 7 EMSdFECKYE:  H /7 Benlisquare JHIT 4L = 5)EHRAL).

Kl 1.8 (EIR T 40 ARG R P8R ARAT LA BIERHE A BUt #- PR,
ALFEAE 2 s A7 (Denoising  Diffusion Implicit Model, DDIM) XA /7121
U-Net MBI, AR R LERmilmgrs, SREHE0 i b 2ME &= ] .
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S 10 +$1B,: 15 $H1g: 20 $&: 30 S8 40
1.8 8 Stable Diffusion V1-5 AT 47 ik gy H AR 24

s, TR O (AR50 B B (FE AN ) B SR AR S FERAE 2R3 T
B/NRFEINEE, BhASE RIS PhEE R, BARIX SR I P4 NIIZE R, (B
PEFIA—EE 72 W IR LA ) — AN 2 KPR -

Stable Diffusion #7058 B4 CompVis /IMHIF A 52 BIIGETEEN)
T BURAYAALL, Stable Diffusion AL T YIZRSAFIERAR ] 128 Al AERC A
GPU(U GeForce 40 A7) IIH TR FIEAT. IdEHTRM GPU _FARE SCAGE AR E
Klf%, Stable Diffusion HBISI T Ui RIPEIR . AL, 1A R AL R BRI AR
CreativeML OpenRAIL-M VFAE FRAR, ZFARIEEH 2k, kA FedmAsim
Pl

EAERENR, N TIRETHERER, Stable Diffusion FBRAEEAE(RYE) S AIFEAE T
FINTHAE, DR EEISEAE M . VAE $2ARETE 23 8] RAR(EA SOOI 4),
1M U-Net #ATIEACEE

Stable Diffusion AL LR J LMD BARYE SCAS R A S

(1) FEEAEZS B A AN LK S (BENLENR), VRt EUA g o

(2) T TR (U-Net) Rl 22050 B AG VLR 75 I UG AN ER B IR SO R, FETti
Mg

(3) BB N E A TELEE S I UG ek 2 7R 7

@) WK 1.8 For, EEEQPMEQ T @R EIEREE, W40 K.

(5) VAE [ffisas AR AT S I G AR UG R ), SRt 2
S

VAE FdEgmit s O ) BRIV NI . 05, IXEESRAE T AR
IR BRI EdR (D). 1XF VAR ZE2id I 4.
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AE:

U-Net & —#F 74T 49 K A=A 2 B % (Convolutional Neural Network ,

CNN), BA ARG RAL RN, CilF R TERE I E1ES, 124

Stable Diffusion ¥, € AR B FIAFe LR EEF 6925 . U-Net 352275
V4 BEREFTEAIRAN, Bit— RS EAREAT HSATHIE, DRI

335 RAE.,

Xk EAER TV RIRLLR, IGAnB B H 6 B i TR A 4

— B4R B8 U-Net 69530, U-Net stAa@ st ARy RBZATH .

By RFART, 5 E AR LRSI BABL A Ti& 7 ERAF

YR, BRI BT,

N T AERSE S (A Sy GBS B RY) i) 2R R A il U, RS oY
ARG R . — Rl FH R BB U235 5 Z2(Mean Squared Error, MSE)i2%,
EE T ARER S BRI 2R BT O, PR IMER—k, AT
A HAE ) S 5 =5 2 A B AR AR

XAIZRAEAE LAION-5B $dfade LTI, 128dhEE BB AT,
JEH Common Crawl #(#i, 35K H Pinterest. WordPress. Blogspot. Flickr £
DeviantArt 55 EHCEUE-SCAR .

B 1.9 B8] Tl BSOS A R A A R

(CKJ: Ramesh %%, “Hierarchical Text-Conditional Image Generation with CLIP Latents”,
2022; https://arxiv.org/abs/2204.06125)

ER P e A S LT TUME S S L YN ORER. FRORSEKIER
B9 RIS

KIS, Stable Diffusion £l Midjourney %5 PG A il AR R FH B )4 BOR S 4
BULHE, KA R AN BN, BRI ARzl T, DIEmes.
H2, FESCABIEURIREIT, Qe e A A7 52
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P IR SO VI LA 2 SR S N\ SCA RS B A SRR (IR FEE [ A ) A2
Wiy, NI SERE LA ARG KR . SR5, SCA Transformer 23X IXEEHRAREATALEE, JF
RS AR ES, 51 A RS SRR — 2.

PR A B N TR AR R A A R e 1 AP He . AN, FATRT
LA fa] 5 AR AR A LA ST/ o

1.4 ATEReEEthuRAER

AN TR BB S By & AR PRI =4 TR S AR R 14 B
FIRZNRESTo AEEAIR, AT LG R E B, AR SRR, HZ T DU
Pt R AR,

TE B SCAR RG0T LI 1 Ski8 5 #5300 OCAR B 3018 5 R 1 (Automatic Speech
Recognition, ASR)]. 7EMUSIUTTH, N TRRERS ] DRI S Qi AT
B, T E A, WlBRYR . —Z4EBIR AT DU BUG e, HRE SO
A IR o

AR IRZ R, DA FSUE A FE RS, 3k 1.1 P,

F11 B PSTRIE thusA R

el HIN it 5l
SCAZFITCA A B&N Mixtral, GPT4, Claude3, Gemini
SCAREHE AR EHg DALL-E2, Stable Diffusion, Imagen
AR A B Jukebox, AudioLM, MusicGen
SCREIRN AR A Sora
BIHEEISCA K3 B&N CLIP, DALL-E3
eSS SIS SIS PR, WISEH, SEERT
SCAFGS A i Stable Diffusion, DALL-E 3, AlphaCode, Codex
MR A A Soundify
PESEE2 B HerRiia ChatGPT, Claude
SCAFIR A Bl Minerva, Galactica
BRI, AR B AlphaTensor
EZLES TN SCAY/EHE R, B GPT4V

P BN G AIRZ, DR RIERI L, thh, T LA SRR+
o, AR, RIRE AR A A A, ChatGPT M1 Claude SRRy
KB BOCARZRY, RIS SCAA sidmf RS, 41 AlphaCode B, Codex.
— LR L T TR SO, W Minerva B¢ Galactica; (% [ JH THIE K,
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41 AlphaTensor

A — LB 2 A NS . 5120, OpenAl i) GPT- 4V B8Y(GPT- 4 hit
RV T 2N A RRRE ), BT 2023 4F 9 F AN, AT LAR]NHEOCA
BI%, I HEA AT T RFRA(Optical Character Recognition, OCR),
AT DL ENGH SO . UG AT AR R R TR AR Bm], SRS N IAT R SCAR I JE 2 o
XA T A I R ) PG it XU o

e 1.1 R, ST — M IS, ATDURE SO EUR . B SAIRAS: o5
Banttyo Tttt T DA A SCAS A Al — AR N e, KORURGE SRAES) 1 DISCA
DNHC SIS PR A i o TR LA 1 AN [F) RN SR SEEN, | & AP RE . KBGHE 5
BRI RABIE S, A, FATSERNMAHAER, JCHA AR UGS, X
SEASRYIR H B T Transformer 4244, i B B IR R EHRE E3HTI%k.

PRI R R T AE N TR ReEAN RSS2, AR AR e
RES I SNV S8 E A ERC R O B o (R, 1A — oGk R 2, i
FErTHME, THEEDR, HdafmzE. PPSHME. IR SO AR, 5 10 2
TRIXLL i L

IXEEAHT A BRI AR O T2 5 HIUBAUAN Transformer S5 A B4
5. 458K, OpenAl. Meta Fil DeepMind Z4T5 G N TR RESEG &= 1IEAE 5| ATATHT o

1.5 I\

TR IHEETE, IREHAEMZE . Transformer. 2B HINZEA] VAE BEng LT
JURBEBY AT SO ST SR i S e, TS T N TR ReRER I R . A
PRT TIREERES] . N T RERA B USSR GPT A Bz i AR se, P&
EATFE A, JCHSE Transformer 2844, ARAMRE T BUG A UL FEAHE S,
1 Stable Diffusion 52, /a1 7 SCARMBEURLASMAINH,  ans S FIIAT.

55 2 FHHIH LangChain HEAMRI AR A OC R HIHE S8 1) T Bfk, =
SRR, ST S Al I — Rk TR AR I S AL 6E 7).
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Ny, FERBEAEAEENS, EEH ORI VBRI M. A
I, et TN EAREN BRI, BERRESRE R,
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. WREE N FIFIH LRI RIS S = s 5352
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