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1.1 KIEBFEBEN

KAEAL, T FEARAR R B 5T 5 B EHACS HUIN IR % SIEAL ¢ 1fii ChatGPT X
KRB R« KB AC R b — AN P 2 500 I R 7 B P R FEE AR 2 I 2 A, LK
B SHONEE, SEOL T R BRI, R AR RE . XH I BARRFZ S T A
ITHE-ZABEVE 0 KIE 5 B8 (Large Language Model, LLM), ‘BRI 2 2] 40 0 — R S Bl 1tk 1
A, FEE A R R SN T R ARG . X SRR K RO AE T RIS 4
o, HESMAARIEEL, BEEE, XEHEINREHESNES MMz, JFELZHMH
155 LRI . KA R T HAE S A8, ST B R T B AR 4,
1 Midjourney [¥]E1E A A5 BRI OpenALl 1) Sora FAT A AR Y o

KIB SR, S 4R 2 IR 2 S BRI GR R AG, RENS A FRRIAE 1K 1 SR8 & SR
FAVE RS, XM 5 T A e 88 (Transformer) 224, %4800 B1vE R LA (Attention
Mechanism) 5K3l, FEUEHHEKIE BRI R . LUF A& K & IR AL () — b S [ 3 R o 2 40
9

« Z5§a882945 (Transformer Architecture) : Transformer %! H] Vaswani 25 A7 2017 E$2H,
EWRF TGRS (RNND 45k, BT A R R LR A 25 51 A o

TX b 45 K A A3 BT B 65 AT AL B AN P 41, ROKHR TR 3% . — AN R Tansformer
R 1.1 fos. EFREBHBARS GARERASMERIDD . ZEMILE. ZEMEIDE
PARHT S 5y CinHH 262 5 Softmax) DY 43 2Lk
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1.1: Transformer Z2#4

« BIABAME (Self-Attention) : HIER JIHLEI FVFBIRILE AL L7 51 h (A ST RIS,
FEFH BT TR M5 B o IXAEAHE R B A 2 5 51 N B 10 B2 00 R, i) 1 2 R ARG &R
HAR TR K A A — AR X U B i, Forp iy, B, A ER . e E
FIIASUR TSR, He o 43 PE 2 A AR AL B 2 P 28 M) 5 A S ) e 2 R S R

« YRi3ES - fRF3282E44 (Encoder-Decoder Architecture) @ fEF-SEAT45Hh, HLAREIRE, KiF
A A H gt 248 - MRS A M . dmtD AR A AN T A, RS AR AR B T B YR 2R A AR
A 2 A5 P R R WL, I LT DA 2 B R AR R (R

« %35 B (Multi-Head Attention) : Transformer F 7 i (¥ 2 Sk i i 7 o YRR ] B AAS
A A S AL B A N, I B TR AN R 2 TS SR E, R LK 1.2,
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1.2: ZBKERH

- (U EYES (Positional Encoding) : HiT Transformer #HA & R A& L5t c KA B
Re71, BRIGRE 5 NAL B g iSRS P 41 v B s o BAS

* BITRMNEE (Feed-Forward Networks) @ 7E HVER FEZ S5, HALEF 48 F A0 1500 4 K ik
— A, IR Rk B

« RAFEMMEAR @ 7 INGRX LR, F 2 = AR (i Adam) F1IEIAE
HiAR (0 Dropout) e 1kl é

o FIZRAN4IE (Pre-training and Fine-tuning) : K1 5 AL W & o £ R E50E BT Ho
%, FOVBAMESER. S5, SN UERSE S ERATROR, USRS R 5%

« RFUEHUBTITEZIR ¢ VI ZRIX LR 75 2K R A A0 TS VLR o B A B RS (484
AR AR B AR S TS5, (ARINB R 2 R AT A

 FFEFSIRIENRER N T ARFE A A SRR, 7 T AR R HEAT SRR F
g5, VAGWNBORT G 5 8 S A AT

MR 1.1 JEIR 1Y Transformer ZEMEATAE L, IR IMAELR K EHT L4y A Encoder-Decoder,
Encoder-Only 1 Decoder-Only = k3%, H .

- NEEYRIEEEIS (Encoder-Only) @ FEEH TAHFEARTHIMES, REEXHA
BEAT G T A0 AL 3R (¥ B AT 5 3 50, WNSOARGR 26, 1B R4, X K432 BERT AHORIAEAY,
{51411 BERT, RoBERT, ALBERT %%,
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- EEERIGSE B EMEIDE (Encoder-Decoder) : 3@ #H H T /752751 (Seq2Seq) £55,
LB WP IE A AR, IRRAKRIELL Google VI HioK T5 AR AR AR,

- (XEEEEED2EE0 D (Decoder-Only) © MW TFPAIERAES, WSCARA K. HLEHIIEFSE.
XA R G H T 75 Z AT S AR S5, AT BAAR N ) G 65 A2 A B R P 8o RIS
— /N R R AT AT R B T G AE BN ZRRY B, I R B AR E R A e S
IgETH AR N SUAE B o XA 7 i m] MBS AL AL 25 )i i1 5 RIRAN B AR RE 7 - ZE IR 2 )5
PR T AT A MBSO, R E 10 R RS (LIPS @iee. SCARZERREE) . IXRETMIINAAR
AR BA TP AEH BN GPT BB LR, Fr SR I 2% 45 F #8223+ Decoder-Only [
FHARE LA

FIDANR KA R [ B BT 2 S5, 5N RIATTHZ T Tl Zr iy — DK, 25
Fia, X HEFEZSE OpenAl KRNI T InstructGPT MIAHR ISR (WK 1.3), F AR
RN ZRIEATE AR 2 AU -

Step1 Step 2 Step 3

Collect demonstration data,
and train a supervised policy.

Collect comparison data,
and train a reward model.

Optimize a policy against
the reward model using
reinforcement learning.

A promptis A prompt and A new prompt »
sampled from our Explain eman several model Exp\amemnon is sampled from Write a story
prompt dataset. landing to a 6 year ald outputs are landing to a 6 year old the dataset. about frags
sampled. |
v o o0 _ Y
A Iabeler Explain gravity_ Explain war. The |D0|ICV —

o _®
demonstrates the @ (c] 0 generates A, -
desired output y; “iet e an output. g
behavior. Some peo'ple went ¥ ‘I,

fothe moon. A labeler ranks
‘|, the outputs from @ Oneeupon a tim:
: ; best to worst.
This data is used o= ©-0-0-0 *
to fine-tune GPT-3 .&'?.;Q. The reward model a
with supervised K7 ‘ calculates a Sl
e e e e
learning. 2 ) ) Y reward for N
2 This datais used M the output.
@@@ to train our M *
e e e
reward model. px.74 The reward is
0-0-0-0 used to update rk
the policy
using PPO.

1.3: YEFHE

(1) F)lIgx (Pretraining)

TN KBRS — A, B2 2 218 5 MR URHE UE B . ERN TR
WGRBY Bl BREE AR R I ), Horh i At 2 8, w7 SR R E R hn i s, Bl B
R ERISCA, Bl Tiae. win%S. REHHEATLLEZMIES N, JFHRELSE —ERiF
VeMALsE, DAZBREEE, TRAE BRI NEARAHRM), /54 bA tokenizer KL% A B F3CHR
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FWIEFEA b, XEEIRSIE AL B S, F T IR A IS SR, TR R, A
M oe i TN AVERIE SCRIRUARE, BAK B R SCZ RIS 2R . OpenAl HJ ChatGPT4 g it it
NIRCR, F B — AN T R A A AT T 2R 5 L AR e

(2) $82ABNEL (Instruction Tuning Stage)

TESERTRIZRS, #tn] LU 48 4 o 23230 Al i 5 A & & 1Ee /), Xob
CEZNAY R IFWNARI PN Sl 0

Instruction tuning (FEATRIH)D 2 KBRS — DB, B — M B RO Rk e 2,
B E LA R A RAR N K 4. TEFR OB B, EEREM S — KA NLP /1%, K&
MESHAC TR ST, Horh 48 & 65 N JS B RZIAT AT 55 R U it 45 5. 985
i FH X 24 A DA TN ZRAF I KT8 SRR EAT I B 2 50, AR B S8 I 2% > A& B2 4R 4ok 3R
= HTERFE AT % LRI

T AR ALY 55 0 e OR35S AN B BUE AT — i 20 fine-tuning FiR, 3X @ Y
MV E ST I T 38 [ A P R R R B A%

Parameter-Efficient Fine-Tuning (PEFT) 5 /£ 18l &/ MUMIAS I SE M E 24, 153
AT R I E I, SR E TN SRR TE BT 55 LR TERE, AT 22 A X 28 T SR A 28 fg 1
A NGRS RS, FONABRM S BRI, JRMIADSENES 28, ST ss s
A A TR

H#l, RZHF5CK PEFT Ji2t4T 782, 91401 Adapter Tuning 1 Prefix Tuning %, FHH,
Adapter Tuning F/VATE HIXREE K FUHTSSES, FTIZMR i Sl 2 e, AR ek T F
E%WJLZS%. 1 Prefix Tuning J5 72 R 7E TR ZRBR P RE Al b, WS I — 28840 M 24, X
L ZHAE VISR T2 rh S R RS 58 (AT S5 AT ST AR %

(3) XI55 (Alignment Tuning)

EEERE T RAEFEA S5 AR AT X 55, b i 1 2 0 R k=2 A8
RLHF (reinforcement learning from human feedback) SKBEAT X . JelisE—MERFAES,
FEE SRR RS H R [, AR S A O AR DU B 7 2O T SR R A A A
XA AR R B 5 NEVPALH BEAT 00, AR S Bkt AT B AR A . VAl 2 AR
AN NI 0 RS A e 1 [l AT HE T, TR SR AR il A NS Rl 5. IR T A
FI I GR 7 2R LA B A 4R B 5E 2 N A0 5 IR s R S, AT B2 (1 A= e
FEIX — 12 A o B i Ak 2 ) (AT SR Al Ak (PPO, proximal policy optimization ) 5i%, X
TR, PPO BELTHE AT ARG KL 8, ARIEIXA AR — MRS



AR T eI, SR 5 (8 XA [mIROR BERT Sk, A% SFT AL — DAk

FEXS KAL) — s R BT T HB R BLE, BATE & ZOARBIAHE R, TR KIE S
FERLE B ORIE 5 AL BAUSA B 2 N, EE SR, SORE. B, MERGE.
BEE BORBIAWTEE D, KA R AN L AR AE AN Wy R AR AL, 9 N TR RE A R T it
TR RIS R AT e

I

i

1.1.1 XX4EX

AT (Text-to-Text) J& —FiEE TR L5 S 1 H 285 5 4B (NLP) $R, BAEAEMMTE LT
SCREE T SOAR o X AR SE A P KB SO AT I 5, RRRS BRI A ARG & . SCAEC
KA AL B T Transformer %244, %1 GPT(Generative Pre-trained Transformer) %41, T5(Textto-
Text Transfer Transformer) 5. IXSERERLE S 2 2R NG AT Z, OB HE
JRBEAA RSO R . FIHFRATHELL T5 220 A Bl 21 S04 TR

T5 42K Text-to-Text Transfer Transformer, & —FH! QLA B 5 & —Fhfif U NLP AT55 1970
. MG NLP BALE S T TROEES (s, B, M%), ST ST
TR RS T E A SR, T5 MBI R X — i 72, 8 40— AR SR A B BT AT SCARAT S,
HAEARRy ARSI g, I SCIUE R RT 55 2 @ M. ST a (1%,
WA MBS, SUARAE R, 45— Text-to-Text MIAESL B @ uk, W FEIFTR,

[“translate English to German: That is good."

“cola sentence: The
course is jumping well."

"Das ist gut."

on the grass. sentence2: A rhino

"stsb sentencel: The rhino grazed
is grazing in a field."

"summarize: state authorities
dispatched emergency crews tuesday to
survey the damage after an onslaught

of severe weather in mississippi.."

"six people hospitalized after
a storm in attala county."

Figure 1: A diagram of our text-to-text framework. Every task we consider—including
translation, question answering, and classification—is cast as feeding our model
text as input and training it to generate some target text. This allows us to use the
same model, loss function, hyperparameters, etc. across our diverse set of tasks. It
also provides a standard testbed for the methods included in our empirical survey.
“T5” refers to our model, which we dub the “Text-to-Text Transfer Transformer”.,

14: —ERQEFREES
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ten, BUTE B A MBS B RAT 55, i\ “translate English to German: That is
good.”, Hirfirt & “Dasist gut.”. FLLUl, BUEM— A SCAR =43211455, label A [entailment.
contradiction. neutrall, %A “mnli premise: I hate pigeons. hypothesis: My feelings towards pigeons
are filled with animosity.”, H¥r¥iH & “entailment”. XFERATHEFTA B EHEH#E— NG
a3, AT AT AR P [RIRE AORE RSN . [ RE AU SR« [RIRR IR0 s oK, [RIRE IR ARAD T2

T5 FEMIET Transformer 2844, 1%, 514480 Transformer AL, T5 fEfH 408 - A0 2%
BEK o GRS BHLE N SCA OB SRR, A SRR B A R AR B AR . R, BT AT
% CISCA . BIRE. E55) #PE N SOAR B SCA A%

TR 2R A0 R A2 AR B SR TE 5 AL B (NLP) A8 HUAS e 2 PR AN G B B . TIN5k 1K) B
AR B I KB AR AR A SOAR K, % o115 S AR M ANE OR R, T5 BALE 2 P K A4
W BIEATTONSR, X SRR S LR M 4 SO T AE . BT SE. ZETUIZRAT, MR
Ao FR R G — ) SCA A 2R, R HEATIE 2 AR DRI Be. TS ALY 1 I SR AT 55 /& 45 4T 45 (Span
Corruption), BRI #E4 N SCAH 11— N AN B (spans) #EATHERD, AL 5 ZRE R 3¢
AR R T 43, AT 2% S AT FE AN ) R SO AR A BRI SOAR . Horr, HERD I Jr B E A
R ESEBALT, DS SR K2 AL RE T X — AT 55 RE WSS A A B A SO b R SORIE X o EI
gradfEh, MR BB ARSI U, AR AR RO R AT IR RS ORI R iR AL
PUISRR AR B SOAR 5 JR AR SOAR I 22 57, RN S 4. bAh, TETRUIZRIN B, AL R] I Ab 3
Z MR R IATAE S, TG SRR AE AN FRE S5 Rz AL RE . WO B AR 2R E R T
WeAES EARARASAY, A SRS ERBIELF. T T5 BARMS— SCARRISCAMESE, it
AT 55 05 P AR B Ry SOAR A AT 55 o A I B ASE AR v 0, 3k S i 6,55 1A 5% (¥ o N R T
Was . AR, HORAE AT B T EHHTIE AR AR A, LSS TS RN ER . YIZid
T Al W B 2 5] 5, AR TEARVE S RO AT ISR SR A XOR B R BRI, L R AR B
S BRE I TS VAR R S M (ERORIE AR R, T DUE RS BRI SRS I GRS RR,
LA s I 2R g e

FERCRURURE I, T5 BURAH AN R EMBR A, MR SEBE AT T KRB SR
X AR 40 35 T5-Small. T5-Base. T5-Large T5-3B #1 T5-11B, Z 335 M 6000 733 110 {2 A%,

T5 MEALE 2 Tibs e (2815 & 403 (NLP) (145 564k L RoR T e rEfg, BFERRT
GLUE. SuperGLUE. SQuAD Al CNN/Daily Mail % . ', GLUE & M TP EAE 2
B AT S R EE, EEEZA TS, W CoLA (EFHZM). SST-2 (&K 7)

) MRPC (AJFXFEE) S STS-B GIE XCCAFALE ). QQP (A4} EE )« MNLI (22 Tl £ in] 25
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QNLI ([HZHARES ). RTE CGRAISCAZE S ). WNLI (Winograd #:0HkA%) ; SuperGLUE
AEWUESE NG, AR SORE S, HRHEMA. ZT0EH N %5 ; SQuAD 2
—ANTIZ A AL AR B S A, AR5 R R4S R I R S I i A ;1) CNN/Daily Mail 2
— AT A CRRE R, AR5 R R4 R SR AR R A BR T R SR UEAE
55, T5 BRLELE LA HAlh NLP 155 EBEAT 7 1Ffh, 40 WMT (HLEHIE) . CoQA (R R %).
XSum (Huifi %) 5. T5 HiALEIT 7E 2 Ml NLP JEAEAE 55 EIsts, s 7 HKH SO
BEARAIE RS T B R AE OB (B T5-11B) b, T5 £ AMESS His 3| 7 8 7 24 i
I e KT HGi—IISORBISOARRESE, {1753 T5 Befs R UG & AR R IES, R
A e B AN R . X e SIS S5 SRR T TS BLALLE) V2 ) NLP R A A A Ao oK
Edji

T5 BRI S 3 5 A

o XAEDIE | RGBS R4 SRS BT LR b Gl antE &b, @
i3 SCA R I I ) R AR PrD, TS AT TR AR . T IR
FURARAIHT 5 JERT CAREAT RSP, ROREHTIRI SO Tl i A SR A R B [ 1 2
WIRE . BHE GRS, @R T NAHEENGERRR.

o H23EMFE © TS5 LU T & FE S0 2 A B PRAESS, otk BkiE, B geEsE, 7
R TEIES R B SE2E S NEE.

CAERG  NE RGBT FARES € ) LR SCEE R . B0, T5 R LE KRR SO AR
Hlln CnAEEEERD R R SR, N T REABL T R RER R - A,
FEBRYT . B FORSERE O, T5 R UARYERE 2 SO SORY AN B [R5 O 10 /L, il B %l
NG TAE.

o AR : BIAET R A R WIS RS ORI

s XA ST @ PO SCARBATRN . SUS R, DA e T R S N E R B
w1, T5 UL T AL RE AR S A A IR, SHBIA - G SR ) SCA . eAhag n] DR,
TR e A, A SR N —Fh B AE XU e 4o 73— A XU, iniER B AR IER, BUREIH 4, 1&
FHF P9 2585 L R SO A

(S EHEY © MARE M SCA R SR IX S M0 AE Bee Bl S iR 5, BIARUA SC AR () iy 44 512
i (N4, 4 A5, AT AR ERE M EANE B R shoh, SErTBUH TR R,
MSCARHIRIUEIAR Z (R E R, WAFFFE . AYIERE, BT EAR 28 A 47 .

o BUBILEE o A RUNT R BEE R A DU SR R B M 2 REME AR . — RS A, BAE AR
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W SCREARREA, F TN ZRSEInAR (@ Az AL e TSR BL 38 5 ST . — R AU 7, RITEHK
BEAPEEIL T, 8 AR RS MORE AR PR S, BB R .

- BABSIEMR | ARG ARG S UK. —RIURHE S, RIAW—ASCAR BT
M —ASCAHHEWT oK, B T SCARHERRNE SCRME R IE AL B AT, ROV A
B RN TE SO, 38 T 3 SR RAT (BA A i DT RC

« SHEERSINEETR | —REReFM, A% IRALRIES A BIA SRR, Ab3E o W1 A1
R SREMEE, BdERESSHEP Y, REMERIIRSFE S

o XA STON @ AR A TSN R SR — R4, RS,
AR A B DA R AR RS, SREERPERCE o TR SORT, TESCR iR, AR S
BT JE 8504, SR EAERCR.

T5 RSR[5 3 BARBIAE LA R LA 71

L. E—BIX A B )CATESR

WAME : T5 BACRH G — M SOAR I SCARHESS, T RUREE 2 () B ARE S AL BAE %S . ik
R AR BIREE RS, FTA RS ER T LU O SCAR A R R, IS AR AE AN AT 5
] B — S0 ORISR T77%

TR « i —HEQRMRIL TR B RIS I AR, 98D T S TR 55 5 22 9 R v AL 220 B
¥ 3 AT LA FH A E) AORE SR AL R 2 FAT 55, R T R AU

2. BRARITRINIZREE

REHHES] « T5 FE KPS ARARERIE EIAT IS, #4748 il S BaRNE SO R

XAHAFHRILE AT S5 B BAT UMM R, I BB WA B I RRE B 2 T

3. ZESFES

ZALRE ST < IR TR G BEALFR R0 55, T5 MR AEE 5 47y 10 B3 04T 45 A0 Bd 48
ZATS5 2 SRR LE A 3 B — A 55 I B AT 0 9 1) B T R A
AR - REES 2 (B3R I R AT DU ARG 3, S e Bk R . Biln, SCARAE AT 55
S T BAT S E EAERRE T -
4. =R RI
FEUER - T5 7 2 A hift B ARG 5 A BT & L HUE T 9B 45 R, 41 GLUE. Super-
GLUE. SQuAD . IXiEH] | HAE & AR I%1E 555 LR AR I .

LR « T5 -4 T MW/NRL B KRS (K 2 MR RAR IR, 38 R [F) THE R IR AN RN R R A
T5-Small £ T5-11B, FH F AT AR B AR FR SR 5 G d (M AL BB .

A
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SR, T5 ARG — 2 kiR, 3 EARIBUAE LUR LA 51 -

LT EARER

TR AR - KB (4 T5-11B) /& B R MTH R BHRAT R AT, I ZRANHEZE A i 5 o
SR F /N AP FEN LR SR B AT i A — Pkt

BEEURHSE = D 1 SEBLmcEEERE, T5 W ZmPERERIBEMF B % (W1 GPU B TPU)D, X%t BEIRAT
BIR AR P R AT REAN KIS

2. B AIZ S

AR = T5 BTSRRI T KRR SO, wRES B S HUR(E S A Ry 2 oAl
A DR B 2 4t — > ELZE A L

i DL 17 AL+ PN SR B m A s RIS PS5 T i S AEAR R R S R R, SRR R f) 2 1R AR A
HERAE o AR IRU 3 AR BRI 2 0k L A — Bk o

3. TR

FRFEIEA - TS5 AR N R MTR A IR A, Ly AR ML e LB AR . X T
BN CHNBRST RITRHED S AT 1032 B ERT R AR P2 Al 22

AR TR« W BT R A ) TR A VE R AR R (0 T AT R skt R, 3 B P B AR A4S
FERER S .

1. RIS

JEIR A« KOS AL f B S e 0, o T B S S (S P CRnn g R AL s AN SR
B ATREANIE AL

DCACRT S 28+ Qo 0 A R s 208 A5 7R D 7 A1 B 38 AT B8 90 ) I P 3 30— A i LA ) 1]

LIRS MBEXIEN
WEEES : B TS A2 S LRI, EHMERAMREINE ST 5 LRI 6
AR N iR THB A AR X S 5 E R IR — kiR
SCAIE N = AN ST AN X T8 5 A 7 A IR 2 R AR, BB R R i X S 2
SEALAEBH AN S

1.1.2 XX£E

WAZIEE (Text-to-Image, T21D {4 RECREILHFRIG T BRI, O8N TR M
TR SE S — A TR ST 1] o X IRBOR RESE AR SCA IR B S0 A O B R, 7E6)



KRS IR T R

B WROUE. B IILSE S T 2 R AT S 3OS Ry — Rl X AR AR Y,
H 2020 FE4E AR DR, TERMG A ATISGRIE IS, RILH T E RIS, RO AR AR
R — . SRS (GANs) FIAZ 4 F Jafid @t (VAEs) S i i vEARLL, 3 BB B AE AF
BF L SRR R A T A R L R E RS A B RGBT U R AR SO B KR
AT S R IO I T, EE AOGTERE AL VAR SR . Rk 2RSS . TTaRIETE. %
SRS R DA AN A 52 1) 5 7 T BT

1. Bhibi auRE

Jonathan Ho % A\ (2020) 4t i) £ M B Z 45 8! (Denoising Diffusion Probabilistic Models,
DDPM) B57E T 4 S 84 ) # e Jefili. DDPM & —Fp 2 AP i ) 2 Ja R I e AR S i iy, 7R3
W 5 2 BT HCA Langevin 2 )25 B H VIR, A0 BAERT DLRESE 9 LR P8R -

Pf:-‘ Xt— 1|Xt)
@ —&— @*’ ﬁ*
W o
(HDIEMm (I8 =12

L5 B RERENERERT
o« IR - MNEE AT CESEEBO THG, BT BER AN, R E AR H AL bR
HERHTR R . XN /RAT I RE, B2 A I R B TN B v TR A RSB
« TIRERRIR ¢ WH RIS — ARSI 18] (R REATL A > T R B A 18] A S 2R AT R . xR
e, e B EBLe, AREBR TSR -
T

Q($t|$t71) = N(th; VA Brxi—1, ﬁt1)7 (Z(xt:T|$0) = H Q($t|$t71) (1-1)

t=1

Hr, Byt msnE MBS, e —NEERE, U EERMTEN LT
BN EE g, | 5 L= 1B =1, as , M1F 5]

q(zi|z0) := N (zy; Vaxo, (1 — @)I). (1.2)
KA ARER AT DL EBSRHE R L e R, 07 8 5 2R )1 2k

(2) RmEd1E
o IR . HETmISE AR, A IKRBENLE S A T JFas, @i — AN ) B R a)

WAE, BOERRMER, HALRIERIE R x0.
« TR« R R A SRR, Bl LR AR R . R
HREI R DA BRIR N
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T
po(i-1|we) = N (15 po (x4, 1), Eo (24, 1)), Po(0.7) := par H (T4—1|zt) (1.3)

Hr, oM Xe R B PIEM T ZSH. XA TR LEREN, RAVRYE L ENRAN,
T v o AT O SMEAN TG 22, PRI T T A 20 A BEAT BEALRAEAT B Te—1o SIS AN W A T A0 R
FEIAR, B K EE A Zo.

(3) HRBYIIZR

BRI S T8 1 foe /A BB 1) AR HALL IR 1R A 40 B BR R HEAT 11
(%ﬂ]

Q(Clh T|l’0)

—logp(zr) — Zlo W] (1.4)

E[—-1o z0)] < E, lo
[—log pa(zo)] < { ) = (x¢|mi—1)

W72 B (2, t) = oL, BRI — T IR E] ¢ T UIZRA 2. A KL U,
Zeid— 25T, R0 E AR R L0 A 2 IS (A R

(1.5)
Hep, xoy Hefffa N, HABREAGZFE, HPRmERSHAE, TRATDERE X
HfE

L = By [ an) = (o] = B || = (st m) o(ulzo ¢

(20, 1) = \/%(xt - —E=alan). (1.6)

WA, AT 4% LT (20, w0)> T AT 2% €9 (24, £) L TRMIIE FHE, SRJFHE
TR Hh S B P N B SUT RO R34 30 25 B B8, 45 M. B8 Ly 9 SR
AN, AT AR <

sz%{

le — co (Vo + VT —aye,t) |ﬂ . e~N(0,1) (1.7)

PRI, 2 ) B N2 — SRR S 2 M L S B B, O 7 SR T SO 8 i 42 e, DDPM
KA T —/ U-Net £5H ) Autoencoder KX ¢ it %I (0 7 3EAT T, B €g (4, t) WIZEYIZRRT R
FIRIIIZR H AR fag 8, B

lleo(Vaizo + V1 —ae) — €| (1.8)

Horp, €2 mers . IXHL, MRS TR0 2% LU B (9N, o T B 7 F s 7
Uk H A B A B 000 ) e 7 AN S SRR S — 3. 9204 Algorithm 1.
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Algorithm 1: Training

Algorithm 2: Sampling

repeat
p : Sample zr ~ N(0,1)

fort=T,...,1do
z~N(0,I)ift >1,elsez=0

1
Initialize xo ~ g(x¢) 2
3
4:  Add noise € ~ N(0,1)
)
6

1:
2
3:  Sample t ~ Uniform ({1,...,7})
4:  Add noise € ~ N(0,1)

5:  Take a gradient descent step on

Velleo(Varzo + T —ae) —el?
6: until converged

(4) £ FE

« KHE - UIGRTE RS, MBRIE 0o A0 TR e — AW A By, il S el AR IR D 2
R — B .

« B EME . Nt =T I, BD MR AR SRR, ERIE =1, ERmRATERE.
59N Algorithm 2.

&2, DDPM & T —ANAT WS AR, B8 m B i e g s, SRSl 2 5] — A i
FERIZD F0E, B A RFEA . IR AT I7E CIFARLO 5544 HUAS T 241 Bedif (1 FID 2%

2. CUHY BUEEY

H 2020 4 DDPM #& 1 DLk, & BB A 7E UG A st = BEOR T R k. (L—F )5,
Dhariwal 1 Nichol(2021) it — 50k 74 8B 8, $2H 1 o r4EH (ADM) for 28838 51 SFHEOKR,
Wi — RINERE LI R TR EE . AR, §HUSE A KR R E AR T I
HEH) GAN Bi%Y. 7 ImageNet Z4E4E [, ADM BERIRIIC N €4, 7E 128 X128, 256 X256 Al
512X 512 P HER T/ Bk E] T 2.97. 4.59 F1 7.72 B FID 40380, 0T 2 BRI L B, AMUAERE
RJFE T GAN, IEAE5 i i % 7 R I A

Model FID sFID Prec Rec

: end for

: return

ImageNet 128 %128

BigGAN-deep [8] 602 7.18 0.86 035
LOGANT [74] 336

ADM 591 509 070 0.65
ADM-G (25 steps) 598 7.04 078 051
ADM-G 297 509 078 059
ImageNet 256 x 256

DCTransformer’ [48] 36.51 824 036 0.67
VQ-VAE-211 [57] 31.11 1738 036 057
VQ-VAE-2 (RS)I 8 [57] ~ 10

VQ-GAN? [21] 1597 19.05 063 058
VQ-GAN (RS)*! [21] 506 734 079 048
IDDPM? [49] 1226 542 070 062
SR3' [60] 11.30

BigGAN-deep [8] 695 736 087 028
ADM 1094 602 069 063
ADM-G (25 steps) 544 532 081 049
ADM-G 459 525 082 052
ImageNet 512 <512

BigGAN-deep [8] 843 813 0.88 029
ADM 2324 10.19 0.73 0.60
ADM-G (25 steps) 841 967 083 047
ADM-G 772 657 087 042

1.6: ADM R 5T HRERIMITEL
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[y
(&)

BeAh, BT LAGI N3 K85 SR, WA A 7 R HBS R R YT BUSE B R RS AR,
TERMEG AT S L — DR EFEAT E. PARY, Kokl 55 LR B E,
1E 256 X 256 1 512X 512 4[] ImageNet 17371528 T 3.94 A1 3.85 ] FID 43 %4

Model FID sFID IS Prec Rec Model FID sFID IS Prec Rec
ImageNet 256 <256 ImageNet 512512

ADM 1094 6.02 10098 0.69 0.63 ADM 23.24 10.19 58.06 0.73 0.60
ADM, ADM-U 749 513 12749 0.72 0.63 ADM, ADM-U 996 5.62 121.78 0.75 0.64
ADM-G 459 5.25 186.70 0.82 0.52 ADM-G 772 6.57 17271 0.87 0.42

ADM-G, ADM-U 394 6.14 21584 0.83 053 ADM-G,ADM-U 385 586 221.72 084 053
1.7 MIN$28380 ADM 185 5 8 SRR R L,

5 GAN ML, SO BB RTE CREF S8 L 10 23 A1 B8 55 2 (IR, BRI 1 SR 24 iR B o =
IR Ay FLAE ST B B AP T B T 3R AR, OB R AR T SR P R . BRZ B
AIBTER RS

3. M EUREL RV BRI (b

RGP BEBEA SRS R 6, (A S R M. A Jux — &,
TOHE AU IR s B AR, DMEIE R B W& S R 2 IR B i, IR EAR I T 2
itk 77k Horb, Yang Zhao %5 A\ (2023) # H 1) MobileDiffusion(MD) 423X — J7 [a] (AR % 4 T4 .

i I AR R SR R FER AR A 42T 4K, MD SEBL T #ER83h st & L AR 4Lt 512X 512 &4
FERG, T B RTE B 2 0 1 S B L P AT T T

PRGN 7T, MD [ 3 BRSNS LS < /E UNet P23 00 transformer B, ok /b 5 53
TR R BRI TR ), ERS PR R AR« JL5 key-value $5,
fEH swish &A% gelu B BRI

B T 3R AL, SRABERAR I SOt AR T AR A S 1 B THT - MDD SR T 28080 -GAN
UAEAR, SEHLT 8 BRI 1 SBHERE, KR T AR U .

(hoos. )
Q K v
M- w.
fhow,d) o
= Linear, d 1
5 L Attention, &
T * Linear, dx4 1
* 2 { GatedLinear,
x1 x2 oW, 3x3,d dee
a Transformer H 1 '
: xt e : Gax6d 3232 1616 332 Gaxed (how.d) Linear, d
(sA)+ CA. :
: (hav.d)
Universal UNet ; MD UNet Separable Conv, Transformer
UNet Conv. + Transformer

1.8: Mobile Diffusion(MD) 1B Z244

IX AR AL A8 15 MD B 22 5 2D B S 3] 400M, b Stable Diffusion 1.5 7 46%, [&] B 7E



gL B it eTed

iPhonel5 Pro FF[LL 0.2 #hA ik 512 X512 B, AR RS SD-1.5 A0, X SRR 1R FH AT
Kig/> THBIZH, $em 7 HEEACE, 60 75 Stable Diffusion 1.5 AL &, Ho
HIRE AR E 1D Gt S AN SIEIN 1 P 3 53¢ i 1030 2 B T Al o

4. BEREBEERIET BURE

PO A A R AL R UG A R R R AR . AR, 5 ORAYE S U (LLM)
MRAAR L, §HIOBE R P B AT 2 28 RN T3 B8 (GenAD) H— AR IR R MR, §F
SEYHL (SD) Al SDXL 54 B M RIL O, (KT B HoR, HAERIEL S — T %
P S A A AT . SRASE ) (RL) BRI TR N dr s AT 30, (RN SORSR
ZAOTEFKER CRE” R “HE” BB, BT ARG EIE KR .

N B PRI B ] B, Huizhuo Yuan %5 A\ (2024) $2 7 —Fh B FR 18 2R R0 & BB B (SPIN-
Diffusion). SPIN-Diffusion FFH FFIEZEALH], 8IS b H RUHRRAS 1 56 4 AN W7 ik, a4 7
Xof K& N LA B 50305 (1 4t . SPIN-Diffusion A% HEXHUHLA], FIuak CHATERY) Ay
FIR BRI RIAMAD il — R R IR AT IR 0, H E AR R % R T R AR
FEL AR AT A R R, I s E S BB AR T s RBa T H .

fF Pick-a-Pic ##54 I-, Ll StableDiffusion-1.5 J I AT (1525 % B, SPIN-Diffusion
MEE— R FF AR A N A S o 57 ARSI 51 0 75 TR 4% G 1 B BH ol 770 (SFTD. I3 — %
i, BAEATE fabr LA T 3T RUHF (#1575, HHEENZ, SPIN-Diffusion i Fl 5/ (1 %4
FLSEIL T X e AR TERE, R T AR IR MRS R B B B SR F e

SLIG TR, SPIN-Diffusion A& St i) M B G Al RL SRIESEAE T — PR 2, © BER S
TRORYEREAN S B bR AT 5, EEE TR B RS R, AR R 7 A8 B SO 1 1
BN R RE A 2L R T N 1 sk A SR AY ( EBE . BT SPIN-Diffusion 76 7 K
B N TAmbr s, HAERA B e AR MTZ R R A 5

22.01
21.81
w 21.7 1

Apsthetic

=]
gn_s-
[}

& 315

21.4 1 === &FT
T T T == Diffusion-DPOD Diffusion-DP0
sgl .+ Diffusion-DPO (ours) 21.31 .+ Diffusion-DPO (oure)
5 —e— SPIN-Diffusion 21.7 1 —a— SPIN-Diffusion
0 1 F. 3 o 1 2 3
Number of SPIN-Diffusion Iterations Number of SPIN-Diffusion Iterations

(a) Aesthetic (b) PickScore
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02761
1.101
0.215 o= c===ss—= st === === =—==o==5=
1.05 1
0.2744— )
o 1.001
o273 %
= Lomss 2 0.95 1
0.272 4 E
- SFT 0.90
0.271 — = Diffusion-DPO — -~ Diffusion-DPO
+ Diffusion-DPO (ours) 0.851 oo Diffusion-DPO (ours)
0.2701 —s— SPIN-Diffusion —e— SPIN-Diffusion
0 1 2 3 0 1 2 3
Number of SPIN-Diffusion iterations Number of SPIN-Diffusion Iterations
(c) HPS (d) ImageReward

B 1.9: FEBEARECT SPIN-Diffusion. SD-1.5. SFT. Diffusion-DPO XLt

5. ImgAny: ZIRESFESIRE

WA R IRE, BEAEIT MR R WAy SO B N T 2R 2 S N 37 5
Yuanhuiyi Lyu %8 A (2024) $& H ) ImgAny 23X — 77 M FIARE T %, Z AN RRE KR, i
ATHR T — o 23 ) 2 A A AR Y, BRSO NSRBI RE . RUEALHE 7 MRS (SCAR. &L
B S SRE. RER SR ) ME RS EAMA AR R Eg, ST HiE
¥ 2 M BB A A

Multi-modal Encoder f Sec. 3.2 Entity Fusion Branch
Text i i i ! Wa rpy'y Eniily-based
“Greeneye” —| g —_—r ; I L !. . _.i.;fusnnwagms
1 Text | I. % _.‘l.I S
Text Er() 3 teature — : = ;-
P 'l i<iei—
" dio ; i ' —
o Meow' —s Eﬁuooda —ifal 1 Entity Featurs ‘il ;Q\‘ —':.:
. h Extractor T = .
Audio 1 Audio 1 © Entilies features fuse
Ex() + feature '
oy : ! Generated Image
g
! : Attribute-based
| Image ;| Attribute Feature . makimodalfeaturs
Image E(.) | feature | Extractor o ’
_mag H . fmban § . Entity-based
* | I =3 multkmodal feature
G Point ! '_-’ — - Dot Frozen
Encodel e 1 Affributes 8 oPmduct Parameters.
g I opg ! feature F'= Featm
. Ep(.) | feature | | Module +
Point Cloud L. it omup

Sec. 3.3 Attribute Fusion Branch
E 1.10: ImgAny BAIESR : SIREHRITEE, RAMENE, BEMEDX

ImgAny FIOIHITE T HREE H0E . EAESHRFRIERASZ I EERA A2 BERAN, TFH
BERPRE ST B . HAOR -

o SCAARRRE 2 S RGN AG Y 2 TRV — Bebk, e & TR R se A iR e SR 2
AR TSR SRR AL o
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o JEMERL G 5y SCOR B AAC ISR E R R B R I, B IE 5 A R I R A RO R A
TR ARV NS (1A 7 J

o SRR PR B 8 R R A N TN SR A FeE 7 RO () 2 AN, T R 2R A

SRR, 5T LR A RE RS PRS2 SCHE, IngAny FEAEABIAAE S
H SISO A U R, IR VE AR T AR R R A B, iSRS R
A A BRI B NI R SR, ImgAny A2 R0 G BA RIF MR — 3otk
MBIENE, JER TS AR RN GIE 7

6. ConsiStory: —HMEBREKIRE

TESOAR B UG A B R I R S, — AN AE H B 2 T 76 A Rl B R R — Buth it 2
[l — E . 5507 VR0 7 X A AT S SO R O 25, X ASURER A€ 7, JE A DA S
L2 1R 2 MSOA - R RO RS X 57 9 R IX 2510 81, YOAD TEWEL Z5 A (2024) §i¢ 1
ConsiStory /7%, ConsiStory #&—F o7& MZRINSCA B EIG AR E, BRIZES 24 SURIR —3
b 2E B IR — AR AR . AR B DGR LE T BT IR B L S R e T R AR AR
ONRISE S TN MY (g A S, HAZ O 35 DU =5 -

- Scad “walking in the “writing numbers “drinking a beer “eating dinnerina -
Subject Deciseinn park” on a blackboard” in the bar” “feeding a stray cat” restaurant”
T, 5 -
“A photo of an
old man ‘ @
: ]
=
wearing a hat. 2
—
117
W
“wearing a school “walking with i
his mom™ =
- [}
(o]
-
“An old story
illustration of
a kid.”
“wearing headphones, “having a countryside “in the snow, wearing “hiking with her cat, R
with her cat” picnic with her cat”™ headphones” “cooking some food™ in the mountains™ g
“Ah listi &
'yper-rea 1stic (=
' e o
digital painting g
of a happy girl, =3
"
brown eyes. e
<

E 1.11: ConsiStory fREFFER. EX—HMEELEMIIE
« BB BRI (SDSA) : B Y R EER IR, RV ARG AW R OE
oAb R P BEANE, (AR T A — AR DX, TR A i) B b S ke e B AR A5 2
< REFEGR AL . — RS —ZCRE DRSS, BB s s —k%
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IR EFLEIRHI S5 SDSA, S id B 1) [R5 AL o

o FRIEVEN « @SLEAERR N, FEAS R MR IR 55 H R 0 =2 B0 AR o AR ol OG0 e
B RL X (BN NI A IR BRAAE— S0P, AT ZE 4 15 )2 1 1 i PR ) Do B4

ConsiStory FIMEH R ELE T, THRRACBIINZRED 0] L85 SRR F5 1) F R — 2k, R
HARY 32 Tk, SClHE X R E B E . S2345 RR W], ConsiStory 78 44—
BRI SCASN S 07 RIS, AR s B LU A BORIRZ) 20 5. 534h, ConsiStory f77E— 445
BRE,  rnoxod e a0 PR R R T e 32 SBBOEE AR o XU I PR R JUC 5 8 JRURS T I 0 73 25 B A7 A IR Y

7. Motion Guidance: 1&&)5|%

B HORBE Y 1) AT 4 e R AR G T Fe At AR A R () E AL S 2 —, B AR VF F P DU FH B P A
B R o B2, M3 BSOS TR R 1 428 1 R G 4 2 s SRATI SRR I AE . Daniel Geng 55 A (2024)
$2 1) Motion Guidance (123751 %) Tk v A il it F8 e B A I XIS B 2 4 B rhont
R E . BHMTZIR.

Motion Guidance FARIZOAET

o FFHBUR EI N4 (a1 RAFT) 1B 851 S5 5 kiHigsh.

B B AR R R R IE BN 512, [FI ORI A A .

o WIS G R A — EUE R B 5] 2 R

o« RAEIH M BT E R IR m A e .

“a teapot floating in water”

1.12: Motion Guidance 7 7&SL IS Hf4RIBE R E &

KA REA TR B DT S5 A5 5, AT Z R ske g 480, SeBl 7 =%



NI T

is sh g, NAARHIE R ZhE GMERRAE T IR TR XM AT EAMIS, WAL
Riizshly, BIETH. Ber. 4. BRE, ST ESLEGREREE.

WEFE R, SZHARES A E s s RS FER T RAFBUR 5 5340775 (4 Instruct-
Pix2Pix. HIWIRTEE ) AL RA MY  rILASEIL “B30iTR ", KA S 18 3 R 3
BltG. LAt 32351 FH AR T ARS8 U5 BRI o A 2%, TE SRR B AR i 2 A3 (AN )
LA — IR .

8.POSI: LL2EBREMBIERMILES

i SOA B IR B B E S b T2 AR, SR R I 2R R B k. R IR R YA
BT SORBR A RGO TR I €, (B ST 25 5 2 B 22 AN (G L, AT A RS I8 24 N 2%
U e M SERANARVE TGS I R o IAT AR5 0 8 e P AR o 8 2 Gl A R N BELLE WL ) 55,
FESEBR R A A AR R BRSBTS A L A 22 4 AR R O T R A

9 R I — Bk %, Zongyu Wu &5 A (2024) #& i T POSI(Prompt Optimizer for Safe Image
generation), IX/& MG B SEAIE RS . POST %0 AR @ I AL A3 R,
FELRERTE SUAE RIS, FRARAE BN IE 2 MR AT Redk . POSI I EZAHTE T « ki T il
PO TAESIN 224 T21 AR R s 4R 1 ) R H T2 b T21 B2 i) SR il FH AR A 2%« Bt 78
AR, T T 22 A PRI SR B

POSI M0 IRy - 1) M A F - ToF Rm i Bl 48+ 2) W15 5 RA AT W B
(SFT), SRIFHEAMILRESRES) +3) WitH B R A, a2k s R I SRR FE
4) A FH I s SR E AR AL (PPO) 3 — 2B I ZRBE L .

W5 E, POSI A& MA EIRRHEHCN L FEIRIIRE S, 2 T2 B LA SR K T A

& Y R A R, T B SCOR B R/ . POST SE R I RAFAOIERME, W R T2
FE AN DALL-E3 1 Midjourney. Mt4h, POSI °J LLSIVE ks &, #— LR mtkRe, B
HR AR S BR S H B9 R R 1 . XL 2E BUIER T POSI FEAY B B 22 4210 AL ZR G0 /7 [ 1Y) 2
VIR

R POST HUAF T 23 AR, ARFRATE RZ N RS 22 4 PERIE SR B 2 A7 E I AE WSS, 5
TREANT147, RO WA 78 G A e 2 2 At R, SR 4 M A B TR AR R R 18 SUMS L.

9. GendGen: EZMSASHEIRER TG A

BEE BB R T AT IR T, SCAR IR S USRS E A A MR & AR R AR T 35
JEo ORI, CARTEARTE LI 2 ARSI TG P RPhAR - e, DU 7 g DU B e 3
RS, XA R T I GREOE G b B e e S TR SOAR R 2 TR AR DTG« Hk, Bk
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ZAHVEAN AR R 8 2 S M U R, SRS I AETEE . AL DA S5 #E A S
AHGR I — Btk . X SE BRSO B T AT A A I R

Rt EiABkEE, Chun-Hsiao Yeh 25\ (2024) $2H T GendGen J5ik, —Fl= B sh ik (1 54
R T . GendGen FIIBHIEE S T ROV AT BER, GFEAT IR, KHMBHE 5B E B E S
B, K PRI BB A BN E M, AR U R VAR SO

° 5 Ciiihposed ﬂiy(’anms"i)amset

- 3 " -
ion: A ‘i’sxfm:ngm!m caption: in the garden with  caption: In a living room with  caption: A&% parked by &  caption: Anof.a mart is on
and a ¥ in a room with the pond, a 3, a *®, and a ’“gmﬂﬂﬂ-’:ﬂﬁmﬂ!ﬂm and + in woods. The forestis  atable nexttoa = anda &

stones on the floor. are on the water placed at back, the room also  jych with trees, and the skyis A" s also in the room. The
has a bed nearby a @ . visible through the canopy. @ is on the floor.

© Multi-Concept Generation

[F=Y ; - v = 4 i 1
W and & placed side by A night view of Times Thick sione and brick & isnevitaa W, cond A I7 century ﬁtr-‘f:;-;i gﬂrdm
sde onthesoa, whie % on Sqare S and g 13l 5 ona oode tahle, o s ocated with ks, e vty 8 hanging
L ki ; th nd with i :
wooden stand in the affice. walking near a on :ﬁ;:y wi near snowy mountains. T e i

- and i on the floor:
1.13: MyCanvas #UBSARR T 24 A E &Rin)E

5T GendGen 1) MyCanvas $HE4E, s 41 Fidl A, 2684 skEE, NS MEL
TR P4 1 T B B R PR . BRI 2 A TE T, RS TN R R A
A, VTS BRIE A 2 A i I MRS T D T A

AT VEAY 2 ME AN AR AR B B &, Chun-Hsiao Yeh 28 A (2024) 5424 T CP-CLIP #1 TI-
CLIP PTG HE AR o X LS bR A AT LA AN AR AR, 3855 18 T BT M 7E UG 1
F7AEME LA PR 5 B A SOA I 1 — B

SR LE R, BRI EE R R R AR R RN, ] MyCanvas BRSBTS, A
B 25 $2TH AT )77 (40 Custom Diffusion) 7E £ M4 AT S HIOTERE, E6E B35S 2
SR A B T B, BTG 7R XA R AR M B SR SRE A TS . S O A R
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Jii%s GendGen 2 M MEAL G AE BRI Bt 18 (0wt Fe v SO e, XM AR AL B R
A 25 AARMDURE & <5 B 37 S I JE AT R0

R YL, B BB Dy SOAS B R AR AT SR TR LB AN B . SO B EHR AL iR
RIS T Rk, MR RIZU L B 2 BEER &, N et 8 BRI E ], BT
MHEZ AT HESD T AR g o IX et AR = 1 A R R AR, 89 1 45
RIS FVER, [R5 T 2 e NS ). SRT, ISR AETE Z PR, dn (T R v o
AR g — PR SR, R A B R R I M, DA FE B SR A 1 [
I DR BRI A TE A o ARSREIBEJE 7 EAE X L7 T AR BIR AR, DS SO 31 BHR A
T [7) 50 AN 52 FH R 7 ) R

SEAh, FHBRRAER E URAI N AL, BT AR AR . SRBIERBNSE, BEMRARER.
W TH SR BE T SR T AN T PR G, 4 BB RO A2 52 B 37 S b R B AR

||I PixelDance [J§ GEN-1
Recurrent @z LongVideoGAN Pika Pika

< | | @ Smm | (@t (© vamarr | [ @ narcmnvizoBena | (g
@LSTMS Wi vean © vvbeAN = Nowa & WALT 0Q EMUVIDEO
1 1
1 1
| & | I\

T @ Video LDM (5 VideoPoet
1
I

£%  MoCoGAN

S. Stable Video Diffusion

1
— | Lo,

I [ 1 | T [ 1
1 2016 1 2018 | 2020 | 2022 [ 2024
! \ ] 1
. \ © BigcAN 1 G parre2 @ parres
@ can . @ styleGAN2 @ paLLE G tmagen (7 CogView?
- 1% paR Pix2Pix
Sl o VQ-VAE-2 ‘& Midjourney

S. stable Diffusion

114 ERATEREENRE ARG L

1.1.3 XEMRSR

BEE N TR RERORM KR, Fenl A s A H 28 e, ST (Text-to-Video,
T2V) HARZEH R Fa kM, BN AL AN S (AIGC) A — BB B A2 . SCEMIFE AR A
BRI GRS IR N IR AR ST R SCARHNIR, I8 ELREE 15 sh A28 Ab 1 25 [A) FI A () 4 B b AR RO B
T AN 25 o AT B AEIR AR DT SCAEAAIE, AR ) Sora A8, Bt @ S5 ARk
RIETTW, N B — AN AT H B AR SCAE A A B 5

SO T S

ARSI (Text-to-Video, T2V )FEA I A i & v SR 5 A1 AR o A5 784 453k ) — /™ 85 22 B0
B 114 JEoR 7 TR B G AR B B A A A A B i v gk i A
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o FHBEMBAE AR - FEIRBES: 1m0, A% G0 MR A R 1 B T SO 5 AN
FRRL 250710, ALK V52 IR T AR U AR AR Bl R ) e

o OB 4E (GANs) 5285y B4t ds (VAEs) 51\ : GANs Fl VAEs {1 Bl bs &%
PG A AT ) — AN T R4 4 X SRR S i 2 S RS MOE o0 A, RS A A InE A £
FEALI R 2

o VLAY 54 OB R R - BEAE IRUBTRURY OB AL ) R e, PRI B B AR AR B T
BE— BT . XA AL 5 AR SCAAA AR 58 E T RS AR

o SCAEMUREOR W S - JEER, B transformer ZEHG7E NLP AFUS BT RH, BF S8 A 2
FIRR R H S H 4G, N T SOR BRI AE AT S5 o — R FUSCA AR AR 4k ] 1,
B T %A PRI R e

Sora {#%2Y

Sora f& OpenAl f£ 2024 4 2 HHE B —F TR B (Text-to-Video, T2V) Az B,
B RE S AR T 7 ) SOAR A A i R . Kk — A B ARSI P 25 . Sora AR BYLE SCAE MR AT AT L
BT RERM, LT R H IR AR AR SV 2

/" Pixel Video Space N Compact Latent Space Cnndltmmng

Clean Latent —_ ) ; .
ZﬂeRprwnxTaxda Diffusion Process: Addm_g Gausslanfmsc -.. -'
2~ N (25 Va@Zo, (1L - a1 GPM
l Augmented Human
nstructions

@

XeRHXWxTxd

\ fERHXWXTxd

Noisy Latent Prompt
ot dt!

Iterate
x(t 1 Denosing Net€g Patch Z, | Ih

& 1.15: Sora t&AYHELS

\EZAC

Images or video frames
N /

« FZ0BRH - i E(Z L8 (Diffusion Transformer)

FERA5H - W&l 1.15 Sora KA T WY HUE H 2 E A HAZ QM) . B AL i3 P
AN G2, R RTAR K 7S MG IZ W e R 5 SO A AR TL IE FRIT  ALAA

TR« N T R AAIUA T SR, Sora 51N T B A EAM T (Spacetime Latent
Patches) 1 JySEAY (i N B I0 . SR BE 4 T 38 I e 447 S5 0 S B8 7S 7E 725 [B) SR SR IDOGSEARRAE, 845
H5 7R 6 T v 25 Ak FER AT AR -

- BUETINES R

JEIE RTINS« SRS AL BT 1R A, Sora BELEEAEAARI R 48 R~E BT ISR, Ja



KRR R

Yo BB AN G TR B R S Bk . X PR AL P 7 AH45 Sora REWS B 4 b PR AR AN A= B R H
SR LA [ AR RN 25 o

Gi— R N T AR K 2 R 5 i L LA B . Sora SRAT T 4 — AL
TR 7 it TN A ATRHE i 0 A T A TR R (IR 2 4 T, AR i SR b Ak 45 2 4% O R
SILOPNE

- FEERPERE

HRVERR RS « A T SRTHR AL SCARHR A (M ERBEAE 77, Sora KA1 T 2448l DALL - E3 [f4#iik
VERRRE A J7 1% BARSRUL, Sora 58I — MRS 4% R A2 B VE AR AT i, 4% J5 I A i
SERE RO B AT O . IR AR T 30, Sora BENS B MERHL AR AT A S0 A TR A

HE AR . fEA RS FEF, Sora A TORANE S A (W1 GPT-4) K Bhib
HSCRSEA, W08 T He A PR B I R A 20

- ZIRBMNZFF

BUMGRIRATIER « Bk T SCARTE A4, Sora i LR B AR R 1B AN . F P AT LLE
RS EGSIA BEASS, 5] SBRAE RS R A ZHCIAIN 25 . X Fh 2 455
ISR AT Sora LERLATA: Bt R ELA B8 o 1) R T PR AR A M 1 s 1 i

LA NALHE  Sora REREACFEA FIZRAU M NSRIR, JEGE A SUARTR AL BE B 2R
WA . IXFh oA N ACERRE 175 Sora BE % R84 Fh A2 2% (14 BRAT 55

EREESZR2M

NSRS EE ¢ b5 A A AE /I R58, Sora TP RIERE 780 % 18 T % SRS (T
IR, AN E T A IR B A AL, DAROR SRV TE 1 S B A 2

HIRFRFAMRIT © Sora ISR T XTI/ H5HE HBRFA CRI, I8 o2 Ak HER U 1) 47 ] S5 4 e
TRA A ) 2 A MR R

BOAE S ATRRREME © N T PR AR 10 3% W BE AN T AR, Sora 7EAE BT it FE R4 T
TR AE SOP RSB B A S, (8 B8 5 4 b B0 AR 428 1) A B A

S AT AN B B T R

o JEIEEIBYZRRE © Sora MEALE SCAE MU — AN EAZRE MR . Sora MK I 7] 2 4
NFITN R UGS B R b, SE3 T A SCAR BN E LA . RN E 2, Sora 1E4E AL
MUATS F L T s R 0 U — S0, A 75 2 B S S 0 °F 4 A B R 3 St A . Sap
Video 1 Imagen Video S&0 5 e/~ 14 HUBE AL AE SCAE AU 1 B K9 /7. Snap Video @it 51 A
AR TR 2 AR B R M, ARG T I TR A T 4R A R, AR T A R B R Ay



B8 KRN

PRSI N 2% - Tmagen Video Wit — DHEF 1 A0MAE AR 1) 70 HE AR FNTE 0T EE, s ot f AR A mvd
ST BIRRAT

« 3D ERSMIMBREITE © v 7 FAERH PP AL A s SR T — G i 2R I
Jiike 27 EBIE A B AL ¥k 3D A, R 3D H R AR A 1 R [A) e VA A LA
—EPER B B S . X PR T VEAMNAN T T AR S = VEA R AR A 2, I AR B Y
PR T — IR A TH VAN bR AE

s BRPRBES%1EEIES | Interactive Video HEZLFT I /A2 R CAMME R FIR, SIANT

MR HEMZ ST SIS ZAEZE RV P AL ot R st SO . BR . 2
MEEZ M7 NFE L, SEIUXT LA A 25 IR 442 1 A0S Ak s 1 o X P H o B IR RROR
HOE T T AR A= BT R 3 1 A i

WS

« BESDHEGIVE | ST A N H 52 f s i /E K 7 Stk A8 . J8 i N\ A
R BRI, B sh AR R R AR BORN S 5, T AR R M4 e A SRR BRI A
AR, ZBARIE ] OO E TAEE PR Ao PR 1 R ERIE A GE T A .

s BE S - FEHE YR, SCEMMHE AT LU RREE 2 5B SL 5037 5

2EAR ] DUE B AR Bh B AR N 2SR N TR BRAR AT AZ AR 25 s O AT DAR A% AR P
FIEBC =M A RIRE, —AHBCF T EMRCR.

o BEXRFFA - AR R T LA FH SCAE A AR A R ak A )3k 3 3 RN A SR TE SR

IXALHE E T WERR AR R I I FTIR BAR LS, 5 46798 1 F R B BAAI BRI 1 HIE A 5 A
Wk =it ok T A R LB A SE AL 5 o

o EfTERRR ¢ ERITRREAE, SCAEMUARE R T AN H T F AR B UG AR
J7 T o e AR AT DLE o W0 T AR H UL T AR AR $ iR TR 7 AP A 0 BR 5 RR s AT DUR A
ZHARIATREZ NG S AR 5 BB T LUK AR S TR RE TR AR ST A
*o

o EINIISESIEERIIT | AN A B LILSE (VR) FIEsRILSE (AR At 158
KITN A RE T 0 N STAS IR B 37 S 15 8 S5 4R A A R PO B B R B SR, s
Al DATE P o B R B A LSRG 5 IR IR 0E .« iR 2 8 ok 4 1 B 3 5
FMEAIIE -

KRB

RUESCHEME AR C ARG 7 2353t ot B Tz S AT 5t B Ah 1 IE 18 2 Pk A
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RARKSETTIA -

« TRFERASRRY R SRR ¢ B 7L EESh 5 ER BRI S e
ROR . B HAETT IR s DA SCEInIE = HAF &Y B AN &

< ISR R E MM MENERIGES] | DI R BB Z BRI AR L WP 5 A
RS B A% B 47 1 TR R e S FH Y 1 R AR A R ANEAG R SR« 3R THF PR EE AN GUAE B H

« I—FAEAARSRRYE SSRRAI VIR B © SR AR BRI R A « TS R R AR A
SEARE R 5 el H SR BT FE IR R T AL B B 5 RTINS SRF U Bcdia S A 22 Ffr i A A 5
P 3% AL B LA A2 A 7] LT3 5 75 3K

 RRBOERM S SN AR | KOCEMIRAR S KSR SAME & (B RIES &
L RNV P52 o155 TRZHIMIR s R 7 5« HEShHR I3 K AR JE I Atk
S RE R EANIE -

A, SCEMIECRNE )y AL LR B O By 32— 5 BB P E R I eI B
IR &V F1 . BEAE BOR B ANITE 20 AN Y 37 55 (AN W90 8 5 3IAT A B4 el A S AR DUBOHE 6 R R
NN AT SR SE N = B 2 8 AL o A 6 A S s KA B ) P 2 A 17 3K
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1.2 KRRE~mEn

1.2.1 EAKER

Kimi

Kimi /2 H A 2 R AHS A R AR (Moonshot AD JT 4 £ moonshot-v1 2241 N T HE Bl
F, BENAF R R A, . BEEE S AIAE BARL . 7E Kimi 195 M |, Moonshot
X Kimi A — BRI

Kimi & —MEEHE K “HAE” QA RSF, TUA— 0 U2 =+ 7 T8 03, Lo LR E,
e K SR AT e,

MR T BRI B 7 A2, AT AT B — % Kimi B0 DIRE

« KIZALIERES] ¢ 5 ChatGPT AHLL, Kimi (K SCARMIRRE )& — MR E MRS . KEH
B E RS2 IR T RUE M R SCE 1, T Kimi B89 AL BEKIR 20 ST SOR,  RTEREAT RS STk
ST SRR A IR NG TR I A Ak T 5 K A SR R AR

s BIRIEXIBAE © Kimi (1975 CHEAFRE 145 55 T %6 #E 10 Transformer 424, Reil2H BVER )
MU, X AEF Kimi FEACFRE AR IIE S SRR & 8 SO TR A, AR SR AE s AR NI
LT

- (ERKREREES] | Kimi FE B RAE T RE R Se B I 5E, , AnEETIR 22 2 i S
RO, X1 Kimi 7EAC A R AW I GEN 2 0L AR SRS I 45 0, 5 MR G4 R 51 481
BERMEL, X2 — MR X T8 1 FR E R B AMBE B SRR S T OIC R EE, 1 GPT
BRI B AR T 5 AR

- ZIRBRE : Kimi FZEELHEES, Rl Rl d R mAe s, e ET A EEmn
FEEMAR XFPREESLA A P RS AR A TR T RetE, 5 R BN E AR HY
BARAALL, X —ANEENERLHEE.

« MEMARSS ¢ “Kimit” DJRESRAE T @ BRI AMEERIRE T), X AEAL SR AR A W . i
F P Re € B AR A, Kimi 7] DASRA S HiA0 1 IR 55 A )52, Il AN PR ZK P 7 R 2 1 5 1R
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HIEARE W, BEA, Kimi BH P SCRERSE, R HAT 2SR, v PR T — R B S
HASCRE Kimi KM T7 . X AERAE AT %5 PARXESH, W PRt T 2 12 A E
WSS IXEEHEIR I T Kimi ESRHEAPEIRSS 7 TG BB 2 Ak

Kimi (8 FEA PRI, 0T R AL E G S, 7 ol LB Kimi #E4T
SHEAZIA + 73— Fho7 Uil AP #2100, F P AT DK Kimi SRR A IR AR, SclE 2
AMEAGTH DI fE . Wi 3220 w5 ) S R e R R A A e PR T AR
#Z W T7 moonshot-vl AUREAISCAAE RS . BRI R IXAET, A iest T — A EHEm
SHE S, AT AE RS Kimi 758 H, A E WA APT #:0, mDK Kimi 3 H C
R AR, S 2RI DI RE

SUARAE B RL PA Token JyHEAR AT SRABFRSCA . Token AR W TR 4. BN, HANX
FOCER” TRE M AR NAT T Token MUZHA, TR R X RER HE WL L U AT AR 2> A
HAAS Tokeno KRECKUE, X T—Bo@% b SCCA, 1A Token KLY T 1.5-2 MF, FEHL
RINES, ARSI Token, SRJGHAEAIALEE , AV (445 B0 2 Token, 7 B NS
RIGARRIMGH . FHEERMNE, S TRASCREAR, Input 1 Output [¥1E K A RE
BRI K bR SO I — RS A APT I BT, SRR IR .

KR AR B0 K 1R SCK P, Moonshot JF T BL R = A [ R RI IR 45

« moonshot-v1-8k : B2 — MK 8k MY, 3 FH T4 il SUA .

* moonshot-v1-32k : E&— MKy 32k BRI, T A R SUA.

« moonshot-v1-128k : ‘B & —/MKEEA 128k MR, 1A T4 il KUK

DL AL X T AT B R BRSO, XA AR TN B AR B, e
ROR EIRERAH AR XA TN T I fFE &,

System prompt /& —FH BRI, T 115 5 SR HEATAE 55 57 75 1 bR S0fE Bl
B4 MWINHIRL ¥ MAEE, system prompt SEMARIAL QIR AR, e 1 AR G fe] A e AR J82 41
FBAE o AR HLAF (¥ system prompt, AT LAFE WA AL S 4 s B ARAT 25 T 5K, 4R BB 2L F) e A A
ffit . %1% Kimi, Moonshot %} prompt 14 5 #&H T BLF J LA -

« REEMIBIERA BRI T HE 4, BRSBTS MR . XA B TR
FREEMRAESS 2K . B, QSRR TR BB B S — 3 IE U B (=, B WA R SR E 1.
JRUR I 2540, 55 F) 2 45

- BEFMAE R L EWERPIRAITE LW SE ST, DUEAIRL AR B A AR 1
Btk B, G RAR I O TR E T KA T, BRI T I 1 AR AN AE BRI R
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SE T o

« ABIETE © BRI RE A S IE I M 0, XA Bh TR AUR IR RS A i R AT ok
VA% filtn, B — N2 LSS IR, S 06 2008 5 (1 AL 3R L b PR 0T 37 XUt

< AR MRS (0 XML A%, #3155 REXDMAT RS, F55l
2 24 4k T 2 ) A KR B TR B X ) AN R SCAR LN o 3R B TS AR B AR AL K R TR, M
T S AE A b AL R AT S

- BRTRESNSE | RS TES AL, WS HX DR, FRA R i e
TRRRAE BT o 90, 76 T SRR AT R S TN, T DAASOD BRFE R O e L T AR S (4 5

« SREHEERG ¢ PR R — SR, R AT S5 I BB R AU s 2O, X
BY TR U % ) R I AT A i, R A ORI A, SR A — AN S e A
KERSH .

cIEEHAERHKE  RERE, fERbnKE, TR AT BESE. XF
B TR o) A A 25 (K VE SRR FE AN S50, DA R ARS8 IR HE 75 oK

c IRMBENA YT ERTE SR, REESH ORISR, X BT AR R
FARSCH I %o BN, TEVHRRRE B RN, SR A DGR AR 15 5 BRE T LU S A Y ()
[A] 5 o

cIRDERES  MHIMTHIENEN BHEIIEY, RS, HBTRAE
BRI TAE 5. B, eI KB EERMNNT, 7 UKAE S 2 B . A EE 5y
A LI PUANER 73 o

o« IHEFEE @ W FRE, wLaGIENA, DR LT SRS RIER M. Xy i
JCHIE T B 1) (0 S i 18 2, 7T LS B SR 4 5 e 1 T B MR AR

o DHBHERSOY @ o6 TR0, SR YUEHE I 7, A S A, R ORSCRS
AN HRE HE B BB AT A o IR 1 LE A BT 5 SR B AR A SN AL

Kimi ) 5% — A %2 Context Caching (_FFCZE47) HiA. Context Caching & —F4g
REM G R R, FEIRE R A7 i 7T e S O A SR A K R B 85 B X P AR B
FEAER 12, RHEES TR B E S N8I E R S XA v RGEH P FIRER
FH IR SN, BB A5 B4 N A7 v I R (L 75 50, T R AT S v Sl A SR B R A R
T S BB TR B R ) St 25194

ESZHE Context Caching I, #46TE0@ T API £ LG EAE, WINATE & T BB
BRANA, FHRE — G i I 1a],  DLORUE SR 0 S MR 2tk . 2247 — BE AL, XX

22}



KRS IR T R

SRR AT SREB S o AT B, R EAR IR ARG 2, WE AL ; 35807 R,
U o0 25 B3 A F BT R AT o X — ML I F A0 55 A F K B SR R AR S, RE

o ) NP AT R G AR MR RE . 100, Kimi APT /N T4E QA Bot $RAETRBE N A, X2
KEtEN HESZ R, 8T Context Caching R LA KR & s Ab B A FIm R E . [FIFE,
A b 24 145 S 0 55 10 1) 28 T L 7 AV ) BE B AN A 84 €, (£ Context Caching 1
DAY Yot B0 P 1) R ) FRARTH AT I3 . EAh, 1552 Copilot Agent 3X 5 H 4 H1 K & ARAD 5L
SCREMREF , I A P B AT DR A M R A SRR A

Bk, Kimi £ —ANIhAESER RN TR BB T, BAKSURGIEAE ). = giE L.
FERRAR . ZEEZTHEMAMEANRS SR S P AT RUE 7R 1% L APL #2111 5
Kimi BEA7 3 H, I EALI TS . Moonshot Mt T — R 4155 T prompt %7 5 HIE L, # B
F P B 4F R A Kimie BE4h, Kimi 8K A T Context Caching $ A, #1004 b 21 350 % Al iy
JSETH B o IXEREPE (5] NS Kimi 75 KRR U AT — 58 (38 S p 4

EX A

B SRBT B =R — RN TR R AR, HAZ O 7= i — 8 T ), X —
MRAEFEA, BERM)TZM AL G871, BOVTAE. 2ZIFAER BT 3l ST i A Rk
BT (QURY il “ R EZ, S4B, B EE RS, W )
GAEAE X AR R TE BR 8 SRR i et R AR

3B ST ] AR R 4R Ky L T Transformer HE4E, KA T IR KR 51457572 LLaMA. A~
6] T4 52 (1) Transformer HESEHESL, i ST In) FRASLRY 4L MG fif 1Y 7 — BU SR

s FAZEMBRASEEHEE @ T RESE 7ML A (embedding) A1 H %5 (output
projection) ALH, i AN & HHEH N N H S5 BL AR o Xl sl i DAY I o) 7 AR AR A
DASRAS S L M e

« AIBYRET : 38 T 15K RoPE (Rotary Positional Embedding) 1 A7 B 4wy, Fifk 48
FP32 K& BE RS ANR IR, DA s B2 () 1k e R DURRS W

c RELIE WY THWKEZHZE Uayer) TR TMWZE (bias), 1 QKV L& JJEH M
22, DAMG SRR ) S e

o FSEAL B T SR A T4 (pre-normalization) J5 kg Ml ghfa e ., JEKERE
H—A6 771 E iy RMSNorm.

< BUBRREL - BRI SwiGLU Bum ek %, i/ 1IN 45 (feed-forward network, FFN)
FOZERE,  FRIER BRI /N 4 15248 BB /M 83
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SEESMSISGH ¢ @ TR T NTK BEN#6E{E . LogN-Scaling 1 Window attention %54
AR, EMEE AR by b RSO, B R TE AL TR bR SO R T S AR A A

« YIERERTS @ 3@ ST i IR0 08 H 81338 5 @M br 77, SR Flash Attention B¢ A
AdamW AL MR 5252 21 8014, {8/ BFloat16 EATVR G FG LI 25

3BT ) RAR AR — R R FUAE TG RL, B E MR XG0 R 0 At 22 A5
AL . AR AR = B AL BLRE 77, DARAE S AU R AL B B () SRR I, 3
T RSN T 8 BEBD T AU e, I AR A PR AL T AT R AT R 65T T BRI
%o DUFZIE ST 7S KAZ DR

1. BARRELZ (A

10 ST i) R P AR ) A RE JT, AN RS BR R A i AL R AR S A A AR, IR RRAE R LI ()
125 A1 S5 rh R I R S RLE R, BT AR5 AN I R 1X — R M1 A B8 7F 2 A5
AFLRAHEE PRI, RROS AR S BT AR F P T RO RS T S 5%

2. BRAVE A AL IE T AR

2024 3 H, BT EAFLL, WP G T AR KA 1000 J5 7K SO ThRE, X
ORISR T; T HAESCAR M A AW EES TSN, W 7Bl R
W TR = T K

3. BRI AR B E

ST ] SCHRFAT A S KPR 25 A S U IR A SR SR, S R AL AT PRI 2R R 1
i hHA b, HEM. WA, AR TR R, O EAT AR T m R G

2 HNEIERE

BT L 22 g ST R T s e A A R B R, 8 I IR 4% 85 i I LA A DR
M. Al EAERATWEER SN T 8 S8 RI%E, AS 550 I g, Seal 7 5 1
GARE, T R MR 4

5. 28 MaaS RS

ST 3R T MaaS %%, A04EE SCORMEAY R FIRIEE T LI s il OREAY, DL IS
A CBRRTRS” FERCT G B AL X . X — RS AR TR IR, HE M, B
BT FE BRI G, B AR R POE R AL R .

6. BAMMRESHIRE

it ST 1) AN 2 B e R BORE B R CAS, 4940 Qwen1.5-110B #5484, Z 481 1000 12,
JEIL T AR K IR 28 e Ty AL B AAT 5 1B /0, O AT USRI R ST RN SEF TR 17587 R AT g ko
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BTl SCT R KRR, BT ZATAE T — RAUTARE R - 8 SR, SO, il Y
SR BSOS R ST BLRGE SRE

BXRED (RIDBNF) [ SRS, {ENmIGENT, BERSHHBIREF RO TR S . R
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ERRNG. JESOOCE KRR KM 2R, MERRIEEZ G0, (IR AR A T
ANV E AR TR A T
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5 2 B DA D] S NSO 2 AN A B ] e FoRAB R . WORIRITE S, I A2t g s
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- BIERE LT | BORBINE R 7 248 AR, RN T NBEEIZH . 0. & RERRER
PEAGEIFIRR, LR BB AN, RIR S TR AR

< NERBEER ¢ A EHORBIA BT BN ZR50%, “ ORAERT S 4F 5 A 50 A i
X7 AERRAERORGRTRUSEA ., BORBIBIE T M ERGE mir 2>, 902 ST SRR AT
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PV B R P SRR AR, B a TE15 2 A0 AR AL 38 3 prompt 36 N RAEAY o B H ity 2 4 KA
R AT < RB, WA RRGE BRI R s, SRR R AR R S AR B P &
KRB B AT N, B IEIRZ

TS0 R % 4.0Turbo FRAS. 300 —F 4.0Turbo FY E N 34 A BE M 4.0 fiz
1) 2K tokens T2 F| | 128K tokens, H& &[] 43 100 A SCAF a4, AT A B 43 % 2 0
512X 512 #&TH 2 1024 X 1024, T . BRI XK. o5, FRNGE . KR A M
SHESG R AL O BARMFF SR, U R SOOIBA AL, SO0 RS 4.0Turbo 13 & SE R
BORE LT

XO—EBERNATER

« BIMK 0O —F AT REREE, WG, WIS ERE RS, ]
SE S ST WO, I AE At VR MY AR UL B AR ) G 7 R T S — R K BA R AE VI R
g “CHERIE S, UG RO E E K BEKBN AT S ZR RS LT 4. IRMEEIIE. A HT

S RESHEARS, IFRAE . BT &

ETEBNF ¢ ARNE, SO0 —E MRS RE, SR, IROMRIETNE, IRERATE,
whes I3, e SR FI R AR IR Bl TE AT LRI L, SOL—F R
I WOT S . BRI R RRAT G, JHR LS ARAT R

o [BRAFEM OO — S RO BN, LRI INIIRS R, ERRSIES), ATRAR B RS
WA RS AL AT A -, L B P o 45 5 ST 0o

« RIRIRR © SO0 — B AT LURRE . i, HOCTieR A ik, AERBTSIE, i
FA P RIR SR i% 3h, 6 m] DAAR sl B ah e g, AR Pl i B AN R B e ], ORAREE AN [F (¥
WL R, SR R RS .

« BRUZIRAL : SO0 — S AR S SCR, OUERI, 0T A BRANEE 43 4T LA ARSI AR
BRI e T AR B E AN GRS TS SR BRI AT AR N A, SR T E
FIROR -

SR, 30— 5 VRN T FEHE H I S PR 5 TR R, DA K A SOA A BRI A i
HAZR R, BEEE. R AEOE. Bl BeeE. ikl @Res .
CRENE UL A7 SR HH AR T, SR AT BRI
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TR R ROV P SRR REAL IR 55 . T ThRE

BRIRE 1 AENEIRIE A ISR, R AR UK, Y RAESE L R 45 2 A
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- ZRNE - RS M OKXTEGES, TSR T B WimR 2R, ROty
ARG

o FEPAXIE ¢ RESARYE FI P AR SRR AR M, b Nty M EsE, SEon T
EEVAKLY v

< QIEE R © TRUONH P B3 8B FoR 2RI, WARHEZR DL K = R B SR SE, RIS
VERCE AN &
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SRR FE I

FI Al 3557 5 (6 F B AT /2 ChatGLM3 Il ChatGLM4 AN 2 B AR 8 b 3E AT 36 %, ChatGLM3
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1. B ARYERE

KRG 2 W B SR TN 257, S8 I GRBu FSE AR IR 285 (EIZRBE 78 48
PR R, 5 ChatGLM —ARUBIALAREL, 7E 44 Srh3eSCAFF R M, ChatGLM3 £ [EH Py
FRSHER R HEZ B . Hod, MMLU #27F 36%-+ CEval 27} 33%. GSMSK &7} 179%. BBH
Pt 126%.

2. B GPT-4V FIR R FH4K

fifi[7] GPT-4V, ChatGLM3 SZHL 145 T4 IR EACTH 2, B4 -

o ZRSBARE I CogVLM, F EIRTE X, 7E 10 AR AN E by b o B SCUF il £ 46 B IAS
SOTA ;

o fRAD 4 5EAS B Code Interpreter AR ¥ FH F* 7 SRAE BUARBD I-RAT, A Bh5E BB 0T A
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o LG R IG5R WebGLM, He NJHRIGSR, f2 H AR ) B AE LI ) L 25 FRAH O BRI E
[ 25 BN 42 (2 5 A OG ST R B L

{7 ChatGLM3 )15 S AE /1 15 4 Ak 7)) KR ik

3. A Agent 25 EE(ARES]

ChatGLM3 % T F W1 AgentTuning $A, IS T4
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v BURPEERAE . FIREREE R SHEM . BERGEE R

4.Edge Umfl#E 5

ChatGLM3 #fE i A F- ML 2 ) 3 M B ChatGLM3-1.5B Al ChatGLM3-3B, ¢ % Fh F 4L
DARFERE G, HEREIFHIT G L CPU & R, HE Ak 20 tokens/s. %277 [H Chat-
GLM3-1.5B Fl ChatGLM3-3B 7E A JF Benchmark 5 ChatGLM2-6B 5 5 V: G207 .

5. Em IR

FET BB BB A B AR BOR, A nT AR S e A R A BB, A
BT H ar s IR S I, AR SRR VLM BL ¢ Hugging Face TGI 15T iUA,
MRS T T 2-3 £, HEFSA IR —A%, T tokens 1X 0.5 7, RASHAK.

AHTH I ChatGLM3 TRAE T, RS & W SCRFIEUR AL B B0 5 Bl /i S 5t
B WebGLM KELRLBE /I IO, s 5 DL RA I RIG5RAE . BTSSR B A P s
HHAH S i) R Y b SCRR BN TR, R RS SR . Cog VLM BRI & T 8 3 = 1 vh SC
SCHERRE ), BUR T HEE GPT-4V (WK  B#Re 7). BT BAIRIZS &R R R AL i R, 9 BT
PASE R 2% 0 B ARAT I, R4 BARSE, S8R E ShEE AR .

AR KRR GLM-4, AR L GLM3 412 TF 60%, &I GPT-4, L HFH K L
T, RN E  SCRPEE PRI RE | R IR, KORBERHERE A | [ GLM-4 8§58 1 %
REARBE DT o

GLM-4 SEPL T H AR A P =K, AZhBff. MRIE A4, AEEAMITXER . Code
Interpreter 1D fFRE 2% A1 2 A SCAE B RBE RS, DLSE R 24T 5. sk, BIHREHE 484,
GLM-4 2 A3 irde 4, 4i& L P ogdue A &&m LA, GLM-4 Aeidid @ )i H
python fAREES, BHATEZ4HE (BB &R, A%, £ GSMS8K. MATH. Math23K %
ZANVFINEE EH S T HEE 88 %% GPT-4 All Tools fI7KF , [FIFE GLM-4 7] LLZ2 SO AL BE
AR oHT BRSHIER TS, HAHE Excel. PDF. PPT #4300 5 GLM-4 B85 H 179
W RAES . BATGRBEERIR. A7 5E IR, EHEE LaEMiAT) 78.08% ; GLM-4 BEf
WRAE P B2 Function fifiik, H 30k AT Function £ S %L, LLRARYE Function [#13R ]
AR R 5, (RIS F— YR 34T 2 K Function W, SCRFELE 52 ARRIRTE 5 () Function
Ze BT LRI A A3 A S, GLM-4 [FIREREUE S22 TR [ 2, i i 454 o B0
CogView3. AUHGARRERS S5 (K11 A 7 e

BIE T MR AP H O, R AIMERER, EmEEmEE U, KE
BRI YME R G Fo v F PR R — AN RE o 22 RS R R R A, SEI e R R AR,
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bR 2 AR A B RE 7 RES AF WA R A i AN A o 1 2 R R 2 il AL

1.2.2 ESbARIRE

ChatGPT

ChatGPT & i OpenAl JF & 1) —Fi R U TE 5 MR, BRI T 76 001 2RI B i 0 (R A =0 A0 ¢
TR, SRAEEIE, B REARYEIIR M LR ST BB, HIERAE—RERIIR SR, A
REE IR S IR 30, A, A, SCE. #HPE. RIS . HE TN AN “Get answers. Find
inspiration.Be more productive.”

M 2022 411 H 30 H kKA JF4h, #£4 & GPT-1. GPT-2. GPT-3. GPT-3.5. GPT-3.5
Turbo. GPT-4. GPT-4 Turbo S84, H FITEREELF HA) 29 GPT-3.5. GPT-3.5 Turbo.
GPT-4. GPT-4 Turbo WUAMRRA, TheEZ AT -

*GPT-3.5 :

(1) SCARMERL - BEWS AR ARE S S0, WIS, R, B, R s,

(2) AIERGE « BATXHESSIA, FRALSLES ) BB 15 A5

(3) AR [EI =[R2 A i), ALHE AR 2 . AR ) A

(4) IEFPE . BCRN—FE SRR —MiE S

(5) SUAREGS « AU 5 2 A 2RI DG A

(6) WZAME : BB TOIREIE. T 5 CR A0k 254 %

(T AFRIREC: JOCRTHREURFEER, WEH. FHE. AWM.

KDL, GPT-3.5 BEMEHEAT S A SUARA: ORIERAR, (RS 0 R v] g 27 AL AN HER
AFHRI R, & TR U ORERIAE S, WS e, WARQIE. R4S,

* GPT-3.5 Turbo :

(1) PRIESCARAE i« FERIN (8] A A2 o e SR 1) B SRS 5 SO

(2) S0 - SR PR B 0 16 R G, @ TSR IR R AL A .

(3D RIVARF i 0 [ 2 - PR ] 25 FH P 412 Hh ) 25

(4 @ROEE W ERFEEIE R EMER, B

(5) P ARRS, « TR K AR FE N,

(6) FALAZBIME - PRIEARBIRSIE. |5 RS BAA N2

(7) BII{E S RHL « POl M SCAR R IR 15 S
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GPT-3.5 Turbo 7ELR¥F 5 GPT-3.5 AHIA SO HEAE I, @ b S RAey, #2511
7T FEENTRSCAS B3, 3 P 5 S DRk i 82 M B A 5 1) (O N 3 55, s IR AL gs N 22 B

AR

* GPT-4 :

(1) B CAER
(2) BRMIERS -
(3) REHf )t [m] 25

ERE R E. EAMERES OR, EHTER . IR TESE,
AFRE LT, PRALIE SRR N BB 28
Fe PR P b [R] 25 MU AT 5 AR )

4
(5)
(6)
(D

R S R IR
PESCA 45 - &
m R NECUE - &
RIS PR A

e R 215 S8, G T BT K.
SR G AT E B A SCA 47 22

T EMERIRMINE, /M. BIARMZEARIB I,
BRI R IRIE S, WVEAE 47

GPT-4 KUg$RT: 1 5 B AL NI RE T, REff AL B S BN A N ELAIAE 5% o AE—LE 5L HE
TR RIS BE DT TG TR R R ST, WRPIE RS ik R
R N

* GPT-4 Turbo :

QP)

PRI e SO

(2) MMERIIE RS

(3)
(4)
(5
(6)
P

BV AR 1 1 L[] 5
R R R
PROEVELH A R4
PRI v 2 A AR B
B B AR S SR AN -

: FE SRR B) A AR R TR . BRI AR O

o SRAE PRI N (1 2 201G AL B, 38 ) R A L A IR LA N -
PR H AT 3 ] 25 8 A M AT AR [
EORFFRTERIATIR T, M2 ih 5 PR,

TR AR BT 20 R B 1) AR 2

A R 2R RIE N, I RIS 2RI SRR

HGE MR SRR R RSB, &M T SEm S ot

GPT-4 Turbo fEfRFF GPT-4 iy PEREMIIFINS , RE—B3RT: 1 Wi ROd FEAN AR, 1 & KR
B TR B R REAT
- EE2%REET

(D

PEREFIRE /T

TR RAE I NE P 37 35, SRR PR Ml A ok 7 5 e TR A O SR R G845

GPT-4 Turbo > GPT-4 > GPT-3.5 Turbo > GPT-3.5

BEASHRRAS (LTS & B AL e 7y B S5 2T, JUILRE GPT-4 Turbo fEARH A LS5
HIEHT 7 TR B €

(2 i S PR AR K
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GPT-3.5 Turbo Fl GPT-4 Turbo 7£ % H JRAS LR L BEAT 104G, S22 5Tt 77 g S 1o A o
IS e

(3) M5 -

GPT-3.5 F1 GPT-4 i& ] T~ ot B SCA AR UM PR AT 55

Turbo JRATE H] T 75 ZE PR M LA = RCBE I 5, A Sy TR HURE A2

IR, SRR RA B DR T BAR BN R PEREEDR M A T S

DALL-E
DALL - E 2 — & T GPT MM A X B e Y, &1 1A T4 3 G A AT 55 -
A

Images AP &t | = Fh 5 EUEAE BT

(1) FET ORI RG24 # EE (3&EH T DALL - E 3 #1 DALL - E 2)

(2) BT SCASR R G4 A R 1 FE L8 X 3 (SU&E A T DALL - E 2)

(3) QI ILA R AR (& T DALL - E 2)

A

(1) BT SOASR RO @20 B -

/] DALL - B3 Itf, A2 gl R AT LA = A RS = 10241024 B3R, 1024 X 1792 48 R 5
1792X 1024 14 %.

10
10

(w]

wi
[=)]

w

3.5Turbo

P

ATurbo

Performance = Efficiency

1.16: GPT BhRAMEREXTLL
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BRATEOLR, DALL - E 3 A Ar#E R R, (B2, WARIREEE IR, ATl
WAL BE quality ZH0N “hd” RIGERG B EG T E. KEEENL, =R EE ] R E
BRI TR SR AR B

) DALL - E 3 i, BEKAT DAESRAE R 1 KR Cn] DUBRE FFAT I SRR K E 2 B8O

IMAEH DALL - E 2 i, o] DUBRE AR E 24 n R —IRPEE R R 2 10 5KEK.

N FE A Python BIAKIZR B, s T 44 A OpenAl APT 153K &% -

from openai import OpenAl

client = OpenAI ()

response = client.images.generate(
model = "dall-e-3",
prompt = "a white siamese cat",
size = "1024x1024",
quality = "standard",
n =1

)

image_url = response.data[0].url

DALL - E 3 KA 5, B 5 EMORRIE 224 Mgn=7 423 B 2K, R AL ERIA IR R
BHATHE CEWEERPIR RS A E s ERNEG) . BTGk MR A E S5, A
117, A LGl AE SRR oINS 2 (iR A), SRERIG AT & F R BRdatt, B140 : T NEED to test
how the tool works with extremely simple prompts. DO NOT add any detail, just usc it AS-IS: 535
BI5E~, AT AZE S i B2 R revised prompt FEHEE .

1.17: awhite Siamese cat
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(2) 2T I SR SRR R BT LR A2 X
DALL - E2 ) 5 2 i st 0 1] BE W80 0 1 o B2 4 410 X8 (A mask) AL 52 22K
MR, RigS AT SR REES EE.

from openai import OpenAI

response = client.images.edit(
model = "dall-e-2",
image = open("sunlit_lounge.png", "rb"),

mask = open("mask.png", "rb"),

prompt = "A sunlit indoor lounge area with a pool containing a flamingo",
n =1,
size = "1024x1024"

)

image_url = response.datal[0].url

A A G ORN I B AL AT T K AE R IETT TR PNG #3X,  HOCHE R/ ANES 4MB. =
NI W DS A R (5 R A A, IR EATI I AS 5 25 U0 R R AR R 7 e 40 o

IMAGE MASK OUTPUT

__w
l‘—-——“

1.18: a sunlitindoor lounge area with a pool containing a flamingo

(3) GIREILH P 1% I
PR i 5 UV A PR — AR, LA R BRARARO ST 0 Python 18R 7 %

from openai import OpenAl

response = client.images.create_variation(
model = "dall-e-2",
image = open('"corgi_and_cat_paw.png", "rb"),
n=1,
size = "1024x1024"
)

image_url = response.datal[0].url
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BN BB AL /N T AMB R/NIIIETT T PNG Bl .

IMAGE OUTPUT

1.19: Variation

c EXIEBESHIS

(1) A P A7 R H

FERLEREOUT, BB EE AT e Q2 BB N A, A2 WS, BT Python 7 i
81 open PRBUBERE LU EHG EdE (B2 BB BARAE NI, AT EUE ] BytesIO X SOR AL 2
XEEHE

from io import BytesIO

from openai import OpenAl

client = OpenAI()

# This is the BytesIO object that contains your image data
byte_stream: BytesIO0 = [your image datal

byte_array = byte_stream.getvalue ()

response = client.images.create_variation(
image = byte_array,
n=1,
model = "dall-e-2",
size = "1024x1024"
)
(2) BB H R AL 2L

TEW UG AL %2 AP 230, TTRER BRI (3T Self. DA R — AV PIL P
NN R



from io import BytesIO
from PIL import Image
from openai import OpenAl
client = OpenAI()

# Read the image file from disk and resize it

width, height

# Convert the

byte_stream =

image = Image.

image = image.

open("image.png")
- 256, 256
resize ((width, height))

image to a BytesIO object
BytesIOD(Q)

image.save (byte_stream, format = 'PNG')

byte_array = byte_stream.getvalue()

response = client.images.create_variation(
image = byte_array,
n=1,
model = "dall-e-2",
size = "1024x1024"
)

(3) HIRALHE -
PI 1% 3K 0] g 2 o1 T o &0k AN 490 26 R i) B3 G At 1) R 0k B iR IX
try...except THHRACEE, Jf HAEFRVENG T LALE e.error HHHRE -

I

R T DL i

=

from openai import OpenAl

client = OpenAI()

try:
response = client.images.create_variation(
image = open("image_edit_mask.png", "rb"),
n =1,
model = "dall-e-2",
size = "1024x1024"
)

except openai.OpenAIError as e:
print(e.http_status)

print (e.error)

TTS

TTS (Text-to-Speech) J&4i& — okt SCA R A F I B . RBTRI ) TTS AR @R R E
SR N 28 S, Gl 05 LR LA E 2 AL

1 XA IR

o XAFLEW @ BN RISCARTRHEN, Bl Ees . /ooy imnk.

BEAREY L T SCORBIEIERIE S, TN AR R R R S FE T



KRR R

2. AFIRA

« BERERE | B SUREHA R ERETF S, X RHERR T S A&,

« FHEPLEAREY IR 4E (W1 LSTM. Transformer) SR 2 RN i K 25 7 2
FRAE. M7 R4 Tacotron Al Tacotron 2.

3. Fhg 2R

« NEZAFEENES @ K75 SRR R e o 2 bR 10 & % 5 LK 75 19 25 B 5 WaveNet.
WaveGlow. MelGAN 4, A I Az et Lok A Rl v Jot B T 75 o

4. [FRbIE

o« EHMALER WA R AT S AL EE, DA, B, REROVEAE.

Y7 FR <7t

H AT KA TTS HoRCA T Z MAHTE T 24008, FEAH LRI -

1. IBEBF

TTS BARMEE G DT R IN NN Z, REhF@EEE S 05, s SR .

* Apple Siri : FI] TTS R EIZ ., BCEREE. KIEHES%.

* Google Assistant : $&ft AT FEBCE K Bl R E &SR

* Amazon Alexa : JBITEF & REA, EUFEANNK. WY RATRERS .

2. BB AR

TTS BEARH BhRFR T 5 i IR SR AT V4 T

« MAPEEGE © TTS HORTTLLAGASFE . Wl 9 A0 HAR SO B A G &, 5B ) ks
HIRBEE. Blhn, JAWS (Job Access With Speech) B#Ze [ 5L 28 F ] TTS AR EHUEHE N 2

< FENEFERSE 1AM TTS BIR, Bl Ebans# ml LUK SCAREAL B &, M SE 25 5 B AN % 2T
B, Kurzweil 3000 3K AF A7 Bl 5 s 1 2 AR SR SOABA R Th g

< IBEREIRE  TTS WHAMNHBESHAERLAC, WA AAC Gl 58 REE)
WA AT V38

3. ABBIE

TTS BARTE N B EIEF IR H 8572, R R AR R R AT o

- WIMECE © VP2 WSREIERFIFH TTS HA VAR I &, AR A A, (5 4 fi
LG E S HE. BN, YouTube b EBhE R T HIIRE.

< BEBIE L BEHENTTLUEF TTS HAR A ol BT 2 1015 & A, I8 53 g 48 1 I



W18 KEENA [ 47

«BED | TTS FRMEARK BERE AN E B BRI RE, % T MR ZAEE . 6
a1, Audible % G IR AL A 4.

4. BFPARSS

TTS HARTEBE SN BT 5T+ 205 8 R 23 A 1 2 S AR 56

« FELRESIT G AELIRIEAIEE BRI TTS BAR N A RSO IR SS, # BhiA
U AR AL IZ 2 S8R 1201, Khan Academy A1 Coursera 2574 .

< EEHS] : TTS BARE WA GRS W JI R CHE, @ & s & AT & S5 s> . it
Duolingo 5518 & % I M. H .

5. BReRE

FREF BB AFIH TTS BRIETEH FARLS,  SRALEFIRIET & 1 A4 vE R 5

- Z2BEFHE 1 W Amazon Echo Fll Google Home, T TTS H AR RS IR #7354
H R IR A R 55

« REBIEH] | WEER BB EE ARG EE), SRHRER SRR R, BN, RERUK

FARTLUE I TTS BOARSEREH P &R T

RIS

Hl DA KEEET TTS BORAE BN SR OESHAL, ATREG 7 &80, AR
A PR

1. ChatMusician

ChatMusician /& 3% TR LLREEAT & R EIVERY AT TR . EReM8 B IR 5 5 R 2 4
HAEQIEIL FE B 2 IR = 2K . ChatMusician &3 T LLaMA2 A5 B3k 47 R 1 2 A0
e RN — R T IE 5 o BB E AR il R R R B B B AR AL

« HARTEF AL (NLP)

AR AR A NLP B, i GPT-3 BCE AR, ChatMusician REWS BRI L AT &
REE R A RO B AR AR A X A A S K (R AR RSO ISR, BRI

BB SIAR

o« FERORHNE% (GANs)

WAL : GANSs # FH T AE ol et . B #% (Generator) FN¥%%% (Discriminator) #H
XA, ASA AR Y A T T LS R T B R X RO R E TR E A A A 2
FEALS A5

HAMEERE (MIR)



KRR R

BRI L MIR SR T M SR o SR ICE SRR, 035 vy 928 A7 56 o 38 I I SR ARALE
ChatMusician BEEXS & AR AF ahEATER A AT ATEL AR o

2. SongComposer

SongComposer #&— k& Ak GAE T BT — AN K SR R B 17— RhHsin oo
B R A AL R ORI A =S E AR e (i, RS AR SR SR (], XA BT IR
UE 7 ORBERE 3 R A5 B IE BB, JF ST 1 i MR IR R 6 55 .- Song-Composer 1£—
AN RIS () &K it )11 25 450475 22 SongCompose-PT 28 it 78 43 B FI 25 J5 4 FH 10000 AN KGO il 1
(1) QA XFORHG 3 LLMs [F- AR 7T, MRS FES . & EBMAEHAIEARL

B0y AgiLES (VAE) :

A « VAE #H 2R Bl e o i o 1 B R AR K9 AR5 18], VAE W] DU RSCRAT
8 WU MURFAE AR e o I A7 AR Kb PR S s A i 7 TR I H €

« KAEHHCAZMEE (LSTMD -

ANSZHEREAE L « LSTM [ 2% 2 Ab BRI 8] Py 51 5cdie i) W T ik, R lid A 5 SR A

LSTM RENE i (K I 1] 25 P A5 U8, BRI A BRI SR R R I BE A% OR 455 357 2 1 32 BN — B

« JEE 1P (Attention Mechanism) :

G i B = Attention AL 5OV ATE A2 i AR I SGTER N IIAS [E)350 43, AT AR B8 79F
AR XK ARG AG T 2 1 7 5% o SR AIL ) FE 1 SRS TR A Bl B 7 AR B 1 B AR

« BRZ ML (CNND :

FOR BT R : CNN T2 0 & A0t no A 1], e YO Re 58 1R & AIUREAE, CNN
REME HERA M0 & SR RS R ), SR AEAH S ) B4

BRIEET

OpenAT APT $2 (it 1 — AT L 4538 o 1 FH A J i A3 ] 4] 1

from pathlib import Path
from openai import OpenAl
client = OpenAI ()

speech_file_path = Path(__file__).parent / "speech.mp3"

response = client.audio.speech.create(
model = "tts-1",
voice = "alloy",
input = "Today is a wonderful day to build something people love!"

)

response.stream_to_file(speech_file_path)




KIERINA

it

o |

WIS APT A R S ERAKE REEN “MP3”, EHAR#E R 1 “opus”s “aac”. “flac”
A “pem” HHTH .

Whisper

Whisper (speech-to-text) & — Lk 15 & i e Ay SCR M SE HE R OME 5 BB AR . e 2 TR
FE2E IR G MG BAR, B IR IR R B S (55 P B S N, PRI T
BRI SCATE R AR NN 43 K08 5 B8 Whisper J7VAM JEEE . A ATk, AR 35 DL R Bk

Whisper 7574 RIE

Whisper &4~ H 35S 0 (ASR) R4t, ‘w5 T ML IEER 680,000 /N 215 &5 FI 24T
5 W B BT VN 250 BT, A b e K HL 2 RE AL I B0 B T DU e 11, T S
MBCAREF SN, oAb, BT U RZIES, IR IXE S B .

-
a - Sequence-to-sequence learnin
Multitask training data (680k hours) q q 9 ‘ EN T4 0.0 | The quick};rown
5 Ay xt-tok
English transcription T;fedi;i;n
-
@: “Ask not what your country can do for " ~ MLP
[cross attention ]
-7 Ask not what your country can do for - LP » tont
self attention
Any-to-English speech translation T § I
H k= H
L < o —
< “El rapido zorro marrén salta sobre " Transformer =
. 8 Encoder Blocks B : MLP Transformer
7 The quick brown fox jumps over - é [ e Decoder Blocks
Non-English transcription [ ——
@< “oic 900] 22 Liiche LYSLE 5T e L T
Sinusoidal A
- >
7 olE Slof 2t LipicheE LR YT e Posttional @—>
Encoding A -
No speech A Leamned
2 x ConviD + GELU da Positional
&% (background music playing) Encoding
9 o ‘SOT EN |Tase | 0.0 | The |quick| ==+
Log-Mel Spectrogram Tokens in Multitask Training Format
U g g g
e
Mu"“aSK “’all'lll‘lg format B Lan_g_uag_e % _'. X. Time-aligned transcription
identification Transcription e
5
time
previous START OF
EEY text tokens TRANSCRIPT
text tokens
Custom vocabulary / C
prompting . T i Al
V?jlzfea?o“r/]")’ X — English Text-only transcription
special text timestamp (VAD) Translation (allows dataset-specific fine-tuning)
tokens tokens tokens

1.20: Whisper 7535 Ri2E]

1 BEESAVHEREY © AES A T SO G R 75 2244, A 5 18] (spectrogram )
IREAFIESE o IREERFAEIR AL VB H (5 5 IAUE MBER (5 2 . B A7 K 30 #0i F Be,
FEA N B /R B, IR R AR A 45 o

2. REFIREBINA | i S22 I ZRmT LRI B SCA 74, IF SRR ICiR G



IR TR SR

PRSI BTSSR FIEGIN EL. 218 58S A 5 S B 5T % . Whisper
R e — Pl T B A o B0 %, DARAD 3% - ARAD 3% Transformer MR SEIL. SR AR e 3R 4244 11
IRFEZ: )R, 4 Transformer F24Y . XSSV T 2 |2 HIER JIHLE (self-attention) FIHT A
24 7 (feedforward neural networks), RS Ab PN 7 51 A8 Bt B2 )4 PP o1, BTG &
EE RS i E B &N

3. AN GRANROA © 78 K PURLE R b B HEAT T1 25, SR 5 38 5 R 28 AE 45 M A0
(finetuning), {8 HI& R 4RF 58 M5 & RIAE S o SO FR3@ 05 KA P AR L 1 & - SOAR X 4
AT AL S HORRE, DR v P R L o

HA A T2 5 AL /N B S T 1 8 AR A I SR B A s 2 AR T e R
P ZR. BT Whisper 275 K 2 FEAL B 42 EHEATIIZRIN, If BLAER XHE TS i Hodhs 5 ik
AT, BT Tk e 114X LibriSpeech PEREIIAEAY, LibriSpeech J2 i & 1R #1183 44 1)
SEAPHEWE. AR, IRV 2 AR B HE B DI Whisper (EREAERER, TATEBLE H
HRLeAR R B NAS B IRERFER T 50% o

4. FRREBRNGLAL AR B SCAS 5 T e 5 B — B I J5 A SRR S BR,  aniE S AR 1Y
A EENSCAIR A 1 (R 1 5

EFIRAISHRARS

EEERAGW TR

Next-token prediction

(

Encoder Block

Encoder Block — Decoder Block

— Decoder Block
E=
I
Encoder Elock =
5
=
w
Encoder Block 8
T o Decoder Block
Sinusoidal
Positional Encoding — Decoder Block

/ 2x ConviD + GELU \ Learned @
Paositional Encoding

— E] o A
Tokensin mul

Log-mel spectrogram

1.21: ASR RZiZEH

BN« JERI A — X B R A5 18] (Log-mel spectrogram), 1XE18 & 155 11— PR £



18 KERNME

TRe PEEET 2 EHEBIZLM L (2x ConvlD + GELU) #HTALHE . 4bFH 5 HHHE 5 1F 52470 B 9w
fi (Sinusoidal Positional Encoding) AHlil.

GRRD AR ERSY « AT ZANGRAL AL (Encoder Block), XU L al figf 4 [ A 7% AL A AT i
2

FRRG B4 « H 2RI 2B (Decoder Block). fi#fid 2% i@t 28 i & /7 (Cross-attention) Al
il 5 G 2 i L MO

WY« fRAD I 5 2 S B A7 B 4 Y (Learned Positional Encoding) AN 524
R N MR R T, 5140 “The quick brown...”

ZAES IS . B A MEE SR TRAPRC A, B3 SOT (FHIFMERId). EN (7]
BEARIE H RS, TRANSCRIPT (F53630A) %,

ASR AFEFIRGIFENFIIZ

FEBER T — MBS RS RGN AT, KSR IUFh2EA

o JEIEHE S« N N T8 ST DL

ALREAE S RSB RE S B B hnder VBRSOl

o AEBBHESE A R S

« TEE - BIAENTE S R ch, A AR R, R ]RSO R B

L anguags

H P e Y Languagetag ~~—+  Transcrl :'_—rmmke —i F
. i 3 Start of
s transcript
o speech Notimestamps ~ —»
Custom voc: lary @ =l

|, .| ection 5, anslation Text-only transcription

Special Text {77 Timestamp
token tokens ...} tokens

1.22: ASR Z24EFIRAAENF L2

ASR IR gz A %6

Whisper )& SR E T LA =502 — 208151, TS BRI T H 3O F IS S0 Ik
FARIAESS . FATRIUIX T I EAE 2 S8 & BISOR B 7 AR A2, 9F BAE CoVoST2 F3
BRI A LT B SOTA.

English transcription Any-to-English speech translation Non-English transcription No speech
¥ Ask not what your country can do for ... % El rdpido zorro marrén salta sobre . * ol gi0) 22t LjCHEH HLLH ET He ... * (background music playing)
® Ask not what your country can do for ... @ The quick brown fox jumps over ... ® oI5 2|0 22t LHRCHEH HSL SiD He ®o

1.23: ASR J)IIZr & 4= NN S L



YN S K8 =T

Whisper 1222458

Whisper FIRILFTE FM . T EIER 7E#2FEAR SRR T 1218 5 250 1) large-v3 1 large-v2
BRI PERE 20, A WER CHLURIES 2 %) B CER (#4745 1% %) f£ Common Voice 15 Al
Fleurs #4E4E L 1FAH .

Common Voice 15 FLEURS
Dutch 4.3 | Model Span.ish 2.8 Model
Spanish 47|l R Italian JHEX] | . largev3
Korean 522, 1 large-v2 Korean = Targkes
Italian 55 Portuguese 4.1
cermn AT | i
Rus?aar: j.z- Catalan 4.8
Japanese 4.9
Portuguese 5.9l Gorman —
e col Russian 5.0
Indonesian 7.2 DiiteF —
Mandarin (TW) 8.2 French -
Swedish %2 Indonesian 6.1
Czech o0 NI Ukrainian 6.4
English 2 Turkish 6.7
Japanese fLE] | Malay 73
French 10.8 Swedish 76
Romanian 10.8 Mandarin 7.7
Cantonese (CN) 10.9 Finnish 7.7 |l
Turkish 12.0 i Norwegian 7.8 |l
Mandarin (CN) 12.8 Roma;w_;)aani 224 [ ]
Cata!an N Vietnamese 8.6
Hungarian 13.4 [l Py —
Ukrainian 13.6 Arabic =
Greek 13.7 Czech =
Bylgprian a3 Croatian 10.8
Arabic 15.1 Greek o
Serbian | Serbian 11.6
Macedonian 15.8 [l Danish 120
Cantonese (HK) 15.9 | Bulgarian 125
Latvian 16.7 I Hungarian 12.9

1.24: Whisper R E#IBE LR 14 EE

Whisper 75 7&BIN A3 ¢TE,
KA 5 A Whisper 777212 N F L4

o SR B RNRIEE S« SCRAE & BIDCAR B SE Fe 4, W Be T-HLA0TE & B FAIE S R 1)

an>
[
o

EF MRS . T ERXE. FEARGEUE, TR DUEE & a2 g s R

< EEREMEE SR - SEVASRIREOR, SCBIE SRS 15 F ORIl R e, et
bR S NS SCALVA T

« FBIUT IR« W T 32 AR SR B SN R B R ORI SS, TR B AR AN S 5 H R R
A& o



B

.

H1E KEANA

o RHUBE BB AL EE - WA . S VOCREREE TR N B a3, s
B2 I8 L R

Whisper 77 AR BB

L

o FRLHER o BT ORRUBEE TR BE 2 SRR BENS 0 25 SR T TR AL SO HER 1k

< EBTRAE - BARERS I IIE S S T RE SN E R SUE R, $RE 1 OO A SR AN

LT - SR SRE SN O TR, B I PR RS R
Bei

o RETMER T - MEORIREE N O (5 5 OB HER LA, e 2t b 015 5 b ERAN B R AR

‘—*\*

o DEAERARA - AR DE RO E RS R A BN, /5 EEE SRR (AR AN

ZALRE

o FEARLANZ Gx )l . AR PRANAE Al KBV B BRI S P R AN 2 A e, 5 AR N A

P AR 1 T AVE AR E B Y

Whisper 75 7ABYIR{EEI 7T
OpenAl $4H [ — AN A1, 3 SR 1R B A4 R 00 i e 7 1 i LB ST R BN

Whisper #5484 — 75 [ A] LUK & A0S 5% B & ST R AT AOAR T 5, 53— J5 1, 383 translation.
text PR AR A MR B S SR . SCF AR H AT BRI D9 25MB,  SCRF LN SN SO SR A

mp3. mp4. mpeg. mpga. mda. wav. webm.

T e SO B SE 1

from openai import OpenAl

client = OpenAI()

audio_file = open("/path/to/file/audio.mp3", "rb")
transcription = client.audio.transcriptions.create(
model = "whisper-1",
file = audio_file

)

print (transcription.text)

RS es FTLUR
BV APLRHAERTSCRRE 00 PO, ETE 08 A 3 B TN IEIE . o

RIREPETE S A, a0t AR A S SCO0A



KRR R

from openai import OpenAl

client = OpenAI()

audio_file = open("/path/to/file/german.mp3", "rb")
translation = client.audio.translations.create(
model = "whisper-1",

file = audio_file
)

print (translation.text)

RIS -

BRINTEDL RN, Whisper API A SZH5/NT 25 MB IS0 WS 1 &2 400504 K T 25MB, N
FORHARSr A 26MB BLKTE /NI, B A R4 & i . O TR IR AR, R BGEE TE )
FrETFR &, B R SHEEL B RSCE K ALBR L] R —Fh 7 vE 2 A PyDub JF

U5 Python FK 73 #1400

from pydub import AudioSegment

song = AudioSegment.from_mp3("good_morning.mp3")

#PyDub handles time in milliseconds

ten_minutes = 10* 60 * 1000

first_10_minutes = songl[:ten_minutes]

first_10_minutes.export("good_morning 10.mp3", format = "mp3")

IR o M S

i Whisper B T I £ 552 5 Bk il 2 — R AR 308 35 TG V2 R A AL ) B 1)l = B 48
T RPEXAN R R, @I AR BOR AT PATE X SR $E = Whisper ()R] S

i prompt S8« A I ATE SR SEORAE 8 IEFIPES 1078t 806 4R A SRR
AREAT IR, Whisper (I21T 7 N EAG — N6 GPT F%, %5, Whisper 1% EH/RIIAT 244

AMRid.

from openai import OpenAl
client = OpenAI()
audio_file = open("/path/to/file/speech.mp3", "rb")
transcription = client.audio.transcriptions.create(
model = "whisper-1",
file = audio_file,
response_format = "text",
prompt = "ZyntriQix, Digique Plus, CynapseFive, VortiQore V8, EchoNix Array, OrbitalllLink

Seven"

)

print (transcription.text)

fF ] GPT-4 AT JE AbHE « AT ey Sidid system prompt 48 &4 GPT-4 L5 4. 52 mixt
prompt ZHFTIPIZEAL, BATAT LLE LA T FIF= S 2 K. GPT-4 sRINAIE T ir 2 s



R ET5VETT RE L AL T Whisper ISR S 8E BT i etk JFH W .

system_prompt = "You are a helpful assistant for the company ZyntriQix. Your task is to

correct any mistake."

def generate_corrected_transcript(temperature, system_prompt, audio_file):
response = cclient.chat.completions.create(
model = "gpt-4o",
temperature = temperature,
messages = [
{
"role":"system",

"content":system_prompt

},
{
"role":"user",
"content":transcribe(audio_file, "")
}

)

return completion.choices[0].message.content

corrected_text = generate_corrected_transcript(0, system_prompt, fake_company_filepath)

Embeddings

R NBYTE XA A

RN — Aol el (i), A7, BUREE) BeiouIRgE [ B 57k, X Bk &
TREE T AR EE B BB, RIS TSSO R OB B AR R AR LA R S B A
ot i, AT AEARAE 7 ) vh O B SR A6 B0 A S5 R MG 2R

OpenAl FSCARN F -7 B SOAR 45 5 B AR ORI o RN E T~ BL R J LRI 7 5%

< WR ORI W 7T B AR S 45 RAEATHEF)

anatineamigos ' ——| CmPedding L | 007 0001 -0.020 . -0.023
model
Text < Text as vector
porcine pals — | Embedding ——-0.011 -0.011 0.032 .. -0.011
model
Text < Text as vector
serpentine sidekicks ' —»! Emrzzgz:”g L+ 0.004 0003 0.002 . -0.014
Text / Text as vector

1.25: XAERAN



NI T

R CHARMUMERS SCAR 775 B AT 43 4D

o HEFE CHERE SAORSOAR A R FAF I ED

o ST CIRBAR SR RR I 57 4D

« ZREMEIE o HTARARLE 0 A D

o« P CRRAR SRR AL A PR 25 % SCAR 4 B AT 40 2

RN —ANE SR R (2. AN ) i ) () B S e AT TR AR G . BE B NROR =
FAR, BEEBSRE ARG XK.

% H AT, OpenAl #fEH! 1 P 58 K I 2 = AR ARERY . — 2 B/ 58 i 20 text-
embedding-3-small 27!, 5 —FfE 8K B35 K text-embedding-3-large model #%4 . [ itb2 41,
AR A 4 text-embedding-ada-002 434k n] DAZk B4 F .

RIS A ER N R

YEPERIRD

* text-embedding-3-small : X AR A BT HR N BRI K /Ny 1,536 4E. it B ns sk, [
i 6 P B _E AR T IR (U text-embedding-ada-002) 45 Fr Tt

* text-embedding-3-large = XN EE 5 K AT HY A Bl 1) RN B 22 AT 06 3,072 4k, fEZIE S AR5
FIRFUEHG I N FH v R B

PERE

o FEUEMXPERE - 7E21EF AT %M MIRACL BAENAH, text-embedding-3-large 1554 (173

1953 54.9%, i small #5K 44.0%, FHELZ T, [H ada BERAR7008 31.4%. TESE ARSI
MTEB F#EM R, large BEUAG7) Hy 64.6%, 11 small B8N 62.3%.

o RUFHE o XA BAL SRR IS B B AR AE L, [RIR OR B PR R, A HO&E RS R 5
HMIAEAf R Ko

SEPR/DERNBVEE

[aYay

F MR, ada v2 text—embedding-3-small | text—embedding-3-large
34 MIRACL 4%k 31.4 44.0 54.9
34 MTEB 4% 61.0 62.3 64. 6

& L1 RENERELEER

ada v2 text—embedding—3-small | text—embedding—3—-large
N 1536 512 1536 256 1024 3072
3 MTEB 4 %% 61.0 61.6 62.3 62.0 64. 1 64.6

*=1.2: NEHEERREIEEELLIR



H1E KEANA

545 FTNHRONAR B, A8 TSRO B g e AT A7 A 7E 1) B A7 Gk b ARG 22D 38
AR, I HIEFEE 2T AR TR

OpenAlI (114N ik AN ASE R H A — BB AR AT VI 25, % BAR o VP R SRS 1 RN
(O PERE R R AR . Bk it, JF RN GL S DU I £% 3% dimensions APT ZHCRAF IR CRIMF
HIKEMBR—2 807, MARKRERANMM SRR B, B, 7€ MTEB B lid, —
A~ textembedding-3-large & A AI DA 45 45 2| 256 4k, [FIEF 3SR 0 T — AN R 46 55 1) 1536 4 text-
embeddingada-002 #X A\ .

X R AR 75 SR AR RIS A AN [ EBE N o B, S DR 1024 ANERE
(IR N 1 1) B B AP I, TR RN GIITEAT SR FT A OpenAL [ R AN text-embedding-
3-large , JfA dimensions API %48 E1H 1024, X K45 M 3072 NYERE ) R KNS TE], i
7 — e i e DU U N  1) KN

FI B OpenAl FREXER N\

BRI, 75 B SO R SRR FR (01 text-embedding-3-small ) — 2 &k i%
FHRN AP 3o W RDEEAL & — MR IR F S50 30) DUR— 8o o i . P AT LA
K AR, (RAFIERERER T, T2 AFEK A,

T M H AR R R I T SRER N . Amazon fine-food reviews H#E £ 4 11 2012 4F 10
F A5 558 F P B8 R 1) 568,454 25 BT, A OB 1,000 BRI T ST U
PR T, A2 EE A . BAIFIREA — A 1d. [P 1d. 708, tFehndl (i
) FPFRIESC A BRSO ERSCAS I — MG RS , M IXA G SCR TR,
T AR, N ERTR.

from openai import OpenAl

client = OpenAI()

def get_embedding(text, model="text-embedding-3-small"):
text = text.replace("\n", " ")

return client.embeddings.create(input = [text], model=model).data[0].embedding

df ['ada_embedding'] = df.combined.apply(lambda x:get_embedding(x, model='text-embedding-3-
small'))

df .to_csv('output/embedded_1k_reviews.csv', index=False)

ERMNHEITSIER
N TR R BAH RSO, BT B AR 7 &5 B SO 2 A R 2 AL, IR el
1973 fe SOk
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from openai import OpenAl

client = OpenAI()
def get_embedding(text, model="text-embedding-3-small"):
text = text.replace("\n", " ")

return client.embeddings.create(input=[text], model=model).data[0].embedding

df ['ada_embedding'] = df.combined.apply(lambda x:get_embedding(x, model='text-embedding-3-
small'))

df .to_csv('output/embedded_1ik_reviews.csv', index=False)
ERRNHITRIEER

RIS 2R 1 TAE 77 UG B TN I SCAR AR RIS FRATTIR ML T — i AN 25 5 7 i 2 b (¥ BT
Python SCfFHHEL Python BRI Jii%. SRJ5, text-embedding-3-small A5 7Y XA s i 4T K 5 .
AT HATRIGIE R, AV AR EE AR AR ARIE S . RIE, BATHE AR
RN AN SR BN 2 B (RS AR SZARACAREE o 5 vt 1) AR 52 A B FBE 45 SR B A O

from openai.embeddings_utils import get_embedding, cosine_similarity

df ['code_embedding'] = df['code'].apply(lambda x:get_embedding(x, model='text-embedding-3-
small'))

def search_functions(df, code_query, n=3, pprint=True, n_lines=7):
embedding = get.embedding(code_query, model='text-embedding-3-small')
df ['similarities'] = df.code_embedding.apply(lambda x:cosine_similarity(x, embedding))
res = df.sort_values('similarities', ascending=False).head(n)
return res
res = search_functions(df, 'Completions API tests', n=3)
ERBMNHITIEE
FH T RN [ B 2 (R) R R R R, R AR LR RO, R iR N T HE 2 R AL I H AR H .
N, FATEGIU AN EARHEES . R AN FRBRIIRM A T FRE, HEE
IR, ARG IR IR AL, A AR L3 S A AR R 1. A Dy — AN HAR i1 5,
N EE R LA BL R U — N RA N T AG FriE SRS CREESR 2,000 558 [ SCEHAD,
DAKE T 5 i S AEABA ) S 2% 8] BT AT &5 5 IR IR S5

def recommendations_from_strings(

strings: Listl[str],

index_of_source_string: int,

model = "text-embedding-3-small",
) -> List[int]:

"""Return nearest neighbors of a givem string."""

# get embeddings for all strings

embeddings = [embedding_from_string(string, model=model) for string in strings]

# get the embedding of the source string
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query_embedding = embeddings[index_of_source_string]

# get distances between the source embedding and other embeddings

distances = distances_from_embeddings(query_embedding, embeddings, distance_metric="cosine")

# get indices of nearest neighbors

indices_of_nearest_neighbors = indices_of_nearest_neighbors_from_distances(distances)

return indices_of_nearest_neighbors

2D HHERT 1L

RN BRI 2 R ) R P T AR A . O 1 TR e i e Bicdie . FRATIME AT t-SNE 553k
R A RIAESUN 1536 FRARE] 2. — ELHRNAB R AL 9 48, I Tl T LOR EAT 4 e — R R .
FATHRIE Amazon fine-food reviews dfa P ie 45 B PP E X & MR HET A (1, AL
RO, RIS/ 2 dirh, IRAOTHR AT OSB3 TR LT 4 T
KY) 3 AEERE, Hrp—MERERZ R ML,

Amazon ratings visualized in language using t-SNE
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1.26: EIMLER

RN ML BB AAHE SRS 28
R AT AR LA 7 ST AR B B E SO R R S i 2 W R SR SCHm A A2 B 1 SOR,
WU 5 JF RN K S AR T AL 2 S B RO PR RE o RGBT DL A ML A5 o 18 73 SRR AL 20 1 45 -
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IR PR BB HRAE X HEERS, FIRAL, ISR R E. X AESs, A
VRN IE B AR RIRAVERESE 4F . W IRAFOR IR 5 HEE L. flin, £/ SVD 5 PCA
FEARAm A RO Z4ERL, BRI 22+, EH M B E RS T Ik %,

SEACHE R Bt 35 7 I ZRge Ak &, U A I BPR AR E AT, R BIE AT 2K

from sklearn.model_selection import train_test_split

X_train, X_test, y_train, y_test = train_test_split(
list (df.ada_embedding.values),

df . Score,
test_size = 0.2,
random_state = 42
)
Amazon ratings visualized in language using t-SNE
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1.27: PERLER

ERINFEEITE)T

[ = R T — N, AR A, RASR G T — M I AU 1 A T
FERETR B, A SCHRYE Amazon fine-food reviews E#la i h PFIG I SCA T VR e F I 2. BT
R RS 38 SUE BRI RIME TR R D, Wt & A Bix @it 1 M5 2
[IFESEAR B, VR BONTAT I A5 A8 . ML BV 0 AR 5 35 5 7y 5000 B B e 2 ek, I
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from sklearn.ensemble import RandomForestRegressor

rfr = RandomForestRegressor(n_estimators=100)

rfr.fit(X_train, y_train)

preds = rfr.predict(X_test)

ERBRANRHE#ITOE

FESCAR N FATS 1, ARSCHRHE Amazon fine-food reviews H £ H T 10 SCA (1 R SR T £
A PPIR I 080 (1 2] 50, MARIESIETIN 1 2] 5 Z W M{E. MZk)a, BARSAE 7 1 2R
5 EVFIR MMM L (2-4 B) TR %, Xalfee T E R4 RiE.

import numpy as np

from sklearn.cluster import KMeans

matrix = np.vstack(df.ada_embedding.values)

n_clusters = 4

kmeans = KMeans(n+clusters = n_clusters, init='k-means++', random_state=42)
kmeans.fit (matrix)

df ['Cluster'] = kmeans.labels_

Bx
RAZ PR E AR —FI7 ik AXT THARFIRA M, BOVEN TR ORIt

TIBEX FPAEMERR. Kk, B8 L—Fh e B 15 20k BB 45 R i Bt 4 41 .
TEIXAME) T+, 7E Amazon fine-food reviews ZiHg EH K IL T WUANAF LR . —ANEET
AR, —ANEETAEES, PANEET IEEPEL.

import numpy as np

from sklearn.cluster import KMeans

matrix = np.vstack(df.ada_embedding.values)
n_clusters = 4
kmeans = KMeans(n_clusters = n_clusters, init='k-means++', random_state=42)

kmeans.fit (matrix)

df ['Cluster'] = kmeans.labels_
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Clusters identified visualized in language 2d using t-SNE
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Moderation

E AR ELIPR R FHAL A2 S (TR R e oy, A3 B AR R S AN BERT PR AT . X A& 8 B
AN AR R T AR AEE, HdA R T aE S48 ARGEZIEN S, KL, J 14
37100 2% 2 [B) ) 2 BN 22 4, Moderation (224 i N AN BEURRRI AN ) ARBY R IZ T A o 1K Ee s A T LA
ARSI R REANE S BCE F A AR, AT DR A S A A AR o

Moderation /& —F ek i RRERY = iy, L 9 RIGAE L1 & AL AZ AR (22 A h e it
FHEIhREAHE -

o RN I e BBURAANIE « I VR R E I BBURA]TE, B S IR AE A T B B

PN RER - AR, . PR S 055 A SRR I A5 .

s AT ORISR - TP RO S AIAT 9, Biaml RERI I RAT A

c WAH « BN NT W, ST R B A .

Moderation 122 HI$Z AR IE

1 BARIE S AL (NLP)

H 2815 5 AL 32 Moderation HE7Y (URZ 0 AR Z — o T8I0 SORBE AL BEAT B AR, 1A R
B HHANE M 25 . I NLP BARALHE -

« CRR  BSORABE D ARSI, WikF . 7). .
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1.29: Moderation 1EEHIEE

2. Wlassi S AR LA )
HLES 5% 2 AR L 5 21 09 Moderation B SR 1 35 K (Bt AL AN REJT. T IIH AR

< WS A RRTE NGB, B S S TR A RAB S
s B3] - PR ThR BT IR, RIS A 2
s ML SLHRBRMAEMNE (CNN) FIIFIRAZ ML (RNND, (EAHESCAR 2K
A Ry BT RIS €
3. Bt Ak
KR AL FE /& Moderation B2 (¥ B ZEEAY, A4 .
o CARIEBE « BERTERTHRT 5 A
o« SCARTPAA] @ R SUA I3 g A T B 1
o RAAESREL « W U RO P AL B R AE ) &, 40 TF-IDF. i) [a] &5

curl https://api.opnai.com/vl/moderations \
-X POST \
-H "Content-Type: application/json" \
-H "Authorization: Bearer \$O0PENAI_API_KEY" \
-d '{"input": "Sample text goes here"}'
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Moderation R BB A=

B iR, OpenAl $24E) Moderation APL 7J LA B/ & My fR B A% Th Ak, T4 25 S0A
WA RGHABENEEE. BT OpenAl 24, V2 HAhEwF & MRS U #H H 2
moderation R4, FEHIELEFATLEAR . FELALIX . ek 6 A1 HL TR 55 4545,  moderation 4]
TP R AR O A A

1. AR A

A B4R J& Moderation H7 (¥ 8 BN F 3 5tz — o Gl I SER IR R OR AT N 2, T EA
A3 1EAS R A B4 # . 4, Facebook 2 T 4t ) Moderation 3 A K 4 47 44 X B AE,
Facebook f#] Moderation $ R 3= ZAAILAE LL R JLAN 71T -

NEHIZ RS

o MLAS B3 « Facebook FIFHMLAR 2% 51 50k, Rel A& iR P2 SIABAL, b FH P A I SCAR
FUMGRIRIRBEAT S0 BT AN B A . IXSE SRR IR ) S R R AU A YN Y, B IAE. Bfh. h
RE 5.

o BMEFIALAR S - Facebook A FH THENIAL B B A, IR A I I PG A3 (1 AN 3 B Y
w, BREEURER NS, URRERBIAZE.

AN B B R 4 )

FP R DAARAE ) O REF R 5K, A% Facebook [P AT JER BB . IXFAMEIL T E
FTLASR TR ks, RIS ORGP P S e R A 2R TS

2. fELIRIR AL X

TEWIRAIFE X H, Moderation 15588 A5 Bl B O3 U0 HEAC BRI AL N 2%, LR UETHR PR 55 (1) 48
MEZ. 140, Reddit H L& 5 SRR H Sbr 10 MR R0 5. Reddit H ) Moderation
HAR

LS 5 > AR 1 g

« HERE S AL (NLP) Reddit FJH HARTE F A BEEOR R HTG T 2 . NLP FAREAS B AR
FOACFR R BSOS, AR PO EREM NS, WIRE . Bk, REE 8%, d@id
SRR TE ORIV 2 AT, NLP ASIAL A8 8% v B 4 W 1 75 e S AL DX Y

o GrRARAEAY Reddit & PR EBEAL, KL AR RIS, BFEIER . BEEM
AR 8 K RS EFE R, SCRFRENL (SVM) FIREMZRMZ (DNN). X
S A S o 1) R B 2 S AN IR R AL TR AE, AT RE S AE B T R AT, PRGE R AT 23 2 A0
AEFE
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H SR C AR

« BBIARC S RATEG I, HUE S ST S SR L AT A SR AT BT AE
RERAT N, REZEHIRICEZMN T, READE AT HE - DHE. Aabric AR
THAZRER, ERETE I BE G PR TR AN AL B ] RS 5, gDl R P R AR X R

B BIMIERS T WA T, HLES A ST o B AT I R AL B . ISR i ™
HRPUIRE W 208U s Al S XHENI I A 2. B ShIBRALH AR OR 1™ EE 3 R P9 75 RE 8
B RERR, ORY T ALIX 5 ) 22 A ARG

3SR E AT &

%tF YouTube. Twitch Z5XLATAN EL#%F 4, Moderation #5784 AT LN AT P 253847 20 M7, iR
B AT RERIE AR B, IR RN IZ N it — 2B Ab 2. YouTube [¥] Moderation $5¢ A :

MU PN 75 53 #

* Blés2 I M TR B8 YouTube ff FINLES 2% I AN TR REFOR, 0 _EAR BIRLAEEAT H 3L A
Bore W YIZRERE S IR, YouTube AETS R AT HIANEE N A, WFJ). MIRF L.
. MY, XEBRA UK T SOR IR, SR REW 7 A imi. & 0 75 LS AL
JeHHE, DA A R P 2 R 5 R

o THEHULSE TSR E B T 20 e ALt (1 P 4R P9 7 o SR A I AR ) R R (T R
YouTube AJ LLRAI B 479, mas. MW BEAEH WG B RN SR E BE S
RS R ) RSO T AR, 456 B IRE S B BRI T 2 Wi A A .

E T YouTube A FH T8 E R HSACKE LS P K1 B R 40N SOA, IR & BRI 5 A B
ARIEAT 3o XAV G AT DA U VIR 518 B BUm M EAA MIE S . s, &
B ik BE SR Y 55 SR T B ROBUR LR AL, BT & B s AT BOBUE 2E

I Bl A R S I i

« BEML E RS AR AU 2 el A Sl IE R TIPS . XA RGTRE PUE
W IR N, RO RS i, an B shER. PREDWE Bbs i s %M. Baift
I ARGIESARIE AR B, RIS, #R™ BN a1 2 L A

o S I S M A I BV A I LA RN, AR GE SR A AR B AR R . SIS N
PR DR T P92 8 A% 0T DURMR AR BRI 4wy S 9 7 o IX AU B T OR3P e 32 AS R A
SN, A RE SN A ANE BN A AR

4. RRAE X

FEAE LRI (AL X 7, Moderation #78Y mT DL o8 (IR A, B 1E 0 B LI 54T . i,
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BERINAFE (FRSEE) TR T B RGORGES Jr s AR AN . (PR P
Moderation A :

SR sRIESZ

« BARESAE (NLP) BT EEAFFH B RIE S AR N IR N . 8l
IR NLP AR, FTLLRARIH A A A T8, WiFEYS. JoR. MREMMEME F 58,
NLP B A3 Be g (0 SCA I R AT 3%, IR RIS R AR T, JFIR Y B R SCHIM LR &8 T A 2
T4,

o PLES A SIHLES 5 ) FA IR R B IR B REAT ISR, AW = A S AT AR RS
FEALRENS VR A WA EEE S, E RS R A MR MR Mg AR Ik . X BB AT LU 2
e i S, A R A AT v, IFsh SRR .

S M 2 AR L

o SEI MR AT A IR R R GE b AT Se 1%, A SRS I AE BN 7 . SEi %
Bk T MAT A RENEAE R AL A2 — I T R A ANE SR . RG22 RN 2 1A 2 5 18 A2 i
T, CRVEAIR_E R SO RAE R, eS8t B

« BB Am R R I B B R AN AT O, RGTAT UL A SRIBGE I, BSR4 S sl
I A% L L A PR o X4 B By 4 i 5 A B T PRIE I A AT NI B, X E e E R
MER, RGw Bl Bk N THZBIABEAT i — 2D A B

Moderation R EHIHk A%

« Kt O W Moderation #7840 K B (K0 2580, 1M SEROHR A AT 1 AT I I o 40 {0 PR AIE AR
R AR A TR, R EERP.

o T SCHARBURIRTEANAS RAS BRI WA 7 2R RIS SO i, “IE#” AR L
PO RERA AR E S, X R AER PR AR K

o SICIR AL I A 25 1072 RO R BE I B, Moderation 378 75 2 L 46 9 A F S A B
RES, DME Sy R A B RN 25

« FP BRAAEREAT B MU, Al Pl 2z A I 5 P FERA Z RN SR &R, A2 — N R 1)
Al MR EAEAMZICH P BRAA AT SR T, 58 RO P2 A RN

ARIRKIETT ]

Moderation FAUREBEE SR A AWt o AR K FETT 1745 -

« THEENEDIT « AMPRT IR, SR F . PSS 2 R AL 2T
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AERATE



B8 KEHNE

« HEML 5 N LSS & - £ H SO BEAE 1, 23— B 5t N o A% iR R RS HE L .
cHPZE . ESHS R RENSS, AU Moderation R R L.

1.2.3 KRB pHIE)E

AIRE +RAG

RAG 1EZE

(1) naive RAG

naive RAG 77 U1K 1.2.1 & F . BRIGH) RAG 775, RN “Retrieve-Read” HESE,
HALE U EE B -

* Indexing (BSZEALFE) :

M FH% sl (PAF. HTML. Markdown. Word 55) HJZRSMERLFE PR IXASCAR NS . BT
LLM [ FSCE FHRBRE, Eend LA 2K, 4K, 75 B4R U SCAR 9 2510 90 N ASIFI I chunks.

ffFHSCA embedding 578, EF X RES chunk $2EUHE M SCA embedding ..

¥ A embedding FIXF R[] chunk £ AR5, fE—— Xt Ri.

* Retrieval (FEZRALFD) .

I SCA embedding B4, X P query #£HX query embedding.

Input Indexing

—
o Query |....... : @-:%Z
1 | Pe—

How do you evaluate the fact Documents
that OpenAl's CEQ, Sam Altman,
went through a sudden dismissal
by the board in just three days,
and then was rehired by the
company, resembling a real-life
version of "Game of Thrones" in
terms of power dynamics?

—

Chunks|Vectors

embeddings

Retrieval

.

[ Relevant Documents ]

I am unable to provide comments on

future events. Currently, | do not have

any information regarding the dismissal ;}: LLM Ge"eratio

andrebiing of ObenAIS CED . & 1 e s sansn e s w e e S o e 7 e s s .
Question :

Chunk 1: "Sam Altman Returns to
OpenAl as CEQ, Silicon Valley Drama
Resembles the 'Zhen Huan' Comedy"

How do you evaluate the fact that the
OpenAls CEQ, ... ... dynamics?

Please answer the above questions
based on the following information :

......This suggests significant internal
disagreements within OpenAl regarding
the company's future direction and

Chunk 2: "The Drama Concludes? Sam

v
'
'
[
'
i
[
'
v
'
'
l
l
4
"
[
'
'
'
'
l
i
[
'
'
'
i
'

strategic decisions. All of these twists g;::}: 12 g'imgﬂt ITJ Rdemm SS tCEC;' of C:DEHAI.
and turns reflect power struggles and Chink 3 - 0B LNCEgO ResUUCLENG

corporate governance issues within

Chunk 3: "The Personnel Turmoil at
OpenAl Comes to an End: Who Won
and Who Lost?"

OpenAl... ! B R
et e 7 Combine Context

1.30: naive RAG

1
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14 Fi| query embedding 5 % 5| 91 ] chunk embedding #F 4T HLXf, 8 5 & HHBLAT k 4 em-
bedding.

FEEL k DAL embedding X5 f chunk .

* Generation (7EZRALFE) :

4 query 5K Z B chunks 4T 5 I

A IEEN query FiN LLM FIFAE, FFR a1 4E pligh 5 .

naive RAG A LA FHIA R4t -

B FRE  RBENRRRLTES S LLM AL, ARERI K B R R
RETRSBIBRETTEE, FHLLM A RAERBA SR,

HA A : LLM 7] Be AN T prompt "PAGZR B B R SCRAEE R, s/ T AHRM

BRI, T B A S I 2

o WERITFR ¢ MTRETCIE R R BN A BRI S query AHZS S, BERRBINA R TEEIT
RMEL, FEERGRTHAEZT AL

o WA . FEFER RIS A NENNE, FEHA AT S W E M, ML
SEIN VS RN St

o IEFEAHE : LLM W] B2 BEAK AR R B N2, 1T 2B A B D82 ) B NN

(2) Advanced RAG

W N E PN, Advanced RAG # Eb Naive RAG #E— 2 ## il T Pre-Retrieval 1 Post-Retrieval

B

cBEE

Documents

A B

User Query

cBe

Documents

A B

User Query

Pre-Retrieval

Indexing e s A Indexing
* Query Expansion
\ 1 )

[ Retrieval } [ Retrieval }

|
Post-Retrieval

% ol o

Reran Summary usion
(B % ]

Prompt Frozen LLM
‘ B . 3%
Prompt Frozen LLM
l
( Output j [ Output ]
Naive RAG Advanced RAG

1.31: Advanced RAG
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Pre-Retrieval Process

R AT IR Bl Ao A AL . R AR SRR -

o WOERBURRLEE (BN - BAERTICARbRHEIL . — Bk, SR I 1 B,
DAAR = RAG RGMITERE . LLAnMBRASAH DG AIAE B V8 R S (A R w8 S B il B SR 45

ARG E5H (EAAAL) « BRI ARSC B, B 2 ARG AR AT 2.

s INoCEAE (BZRRA) - K5I AR TEGE (B AR SR BRI g, JF

< XA GRZRAAL) « SIS AESCR b 5T “ ARSI 3 SR AR R SRS 2 T P50 5% [ M1 222 572
DAL TE 08 55 [a] R 22 37

s FELRARAL : FELRISTER RN B query HHTERS . §7 8. A%, SRIEFHRZE R &,

CRAEME : FERERSFIABEABRR. EUEER. MEERSEHAEREARET R
REE R, [ A] DURAE — Sk

Post-Retrieval Process

RRBI AR Z, EEEWEEAME, WR KA query &I RESEIE LLM EF
SCRRE, RN SEOTRY, WA RE DI AR, SEUCEREAE. HIN, @ T EN R T
A A — AL BE

« FHF/7 (Re-Ranking) « X248 2 U AR 8 WK T BL A 7EAL S8 2 b 1 2 HAH DG |
JE AT HEF S TAE LLM A2 iU R A R B SR K 2 e, A2 LLM X Prompt H!
A TR B I BUR S, Bl LostinTheMiddleRanker K 5% SCRS 22 85 HUBCEE bR SCRT KT
SR

* &R E48 (Prompt Compression) : A RTFLRN], A2 BIH)SCRY B H 22 4 RAG TERE™
FEARIGEI . TR G LB, W DU RS AT B RS0, R OGBEBUE, bR NSO B
AT CLH & T TR R SO BEAT R 40 . g e,

(3) Modular RAG

Modular RAG 75 %

P RAG JE T AL 401K RAG HESE, FLEE MU R DIRE R Bk, $24t TARR M R, H
TEGERIN T R A, IR T 2R TE .

WAL

* Search Module : iX T[] Search 58t % fig £ 0 K5 52 I ) SRR . X Fhee g T LdE i
LLM MR 7ok 3k, LB Hilk LLM A2 Bt R SQL AXAS .
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* Memory Module : &% 517 ik 2 AT A0 7 Sic 3%, SRJE7E 2400 AT 55 T ARHE query [IAH1L
M LUK 254 R 7 S e, A 2 i A A

« Fusion : J# 1t query U5 7] LLEET-H P query A2 Z A~ query BT R FIAZ [, Fusion BB it
IR AR SE R, LR R SR

* Routing : Fi P LS il e LR 4%, BRI AR TR LB IR 5E M, Routing AEHUh & 5 54T
FARMERI 73R, Eeg 2 M R EE VR, Routing 51 TPkadi wf B (1 B4 s«

* Predict : K RAEHE PRI REO S MBEANIURER, Predict Fl AT LLM A2 BOHH R A 2
s B AR B 2R

« Task Adapter : 235445 RAG &L AR E 10 T IAE S, LA AT 2 #) 2 I 1) B b A 2%
zero-shot {T-45 {1\ LAY JE& prompt, AT 45841 55 10138 FH 4«

Modules

[ Routing } [ Predict J

P \ Retrieve
/
I
I

| J

I

I

: [ Rewrite ] RAG [ Rerank ]
|

|

|

:

R U S S ——

[Demonstrate] [ Fusion ]

1.32: Modular RAG

Naive RAG HI Advanced RAG 7] AH A N EAL RAG HFEAIE, ET AT 8 i 7E iy
AT
o BUANECE AR « LLUIFE “Retrieve-Read” )24 _E 3G query B45 .

o iR Pipeline : HL 40 DSP A1 ITER-RETGEN.
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Patterns

Rewrite (Retrieve 4
e
S
Read

Retrieve Retrieve

Retrieve

|

1
(gag

i

Ui

. Read Read Predict Read
. DSP ITER-RETGEN
Naive RAG Advanced RAG [Khattab et al.2022) [shao et al. 2023)

1.33: #HBYERX

RAG Lk
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TEAE B LR 2R 51 Il 5 2045 SRS 73 NS A F) Chunk, 285 #2HX embedding. 1 Chunk )oK/
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LR EMERRAG PR AT, HWEZHNEGRR, WREE AN
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o GRAEEE - BORER 2 K AT AR AR (Knowledge Graph, KG) 51 AF| RAG 1,
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* Query Clarification : 7 EFFE IS AT query AN HEREHI N A, [ RGE LT



H1E KEANA

MO FEAR I BAT AR AT Z 6 B T G S
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tive Retrieval-Generation Synergy HiEAK R K- B], HEEE T “RRBRA R M “A4 b am
%L\:,%Z:‘ 2» .

Question: ¢ Question: ¢
‘What is the height of the player who won the 2015 AFL What is the height of the player who won the 2015 AFL
( Rising Star award? Rising Star award?
Retrieval: ¢ — D, Generation-Augmented Retrieval: » || ¢ = Dy,
Title: 2015 AFL Rising Star Context: The NAB AFL Rising Title: Jesse Hogan Context: Jesse Hogan ... playing for the
Star award is given annually to a stand out young player in Melbourne Football Club. A key forward, Hogan is 1.95 m
f, the Australian Football League. The award was won by Jesse ,f tall ... made his AFL debut in the 2015 season and won the
|  Hogan of Melbourne | Ron Evans Medal as the AFL Rising Star
\
A Retrieval-Augmented Generation: D, || ¢ =+ m A Retrieval-Augmented Generation: Py, || ¢ = 12
The 2015 AFL Rising Star award was won by Jesse Hogan of The 2015 AFL Rising Star award was won by Jesse Hogan of
Melbourne. Jesse Hogan is a professional Australian rules Melbourne. Jesse Hogan is 1.95 m tall.
footballer. He is 198 cm tall. So the answer is 198 cm So the answer is 1.95 m
Iteration 1 Iteration 2

Figure 1: ITER-RETGEN iterates retrieval and generation. In each iteration, ITER-RETGEN leverages the model
output from the previous iteration as a specific context to help retrieve more relevant knowledge, which may help
improve model generation (e.g., correcting the height of Hesse Hogan in this figure). We only show two iterations
in this figure for brevity. Solid arrows connect queries to the retrieved knowledge, and dashed arrows denote
retrieval-augmented generation.
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Chunk 251D, A LMEAEIARER ¢ tbsh, ot HA BN ERIR, 58I %R b ] LIRS 2R
BEATHAE R
IR B TR N [2212.10509] Interleaving Retrieval with Chain-of-Thought Reasoning for Know-

ledge-Intensive Multi-Step Questions H AR R~ F], HEEG B4R (COT) KigFRRLE,
FEARPEIRAF AT R 45 AT CoT #EATHIM -
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| @ Who wrote the 1970 international hit song that Murray Head is most recognized for? | Retrieve( @ )

O Inlerleaved Retrieval guided Retrieve (Q)_‘ @ - Q -

Za by Chain-of-Thought Reasoning
resson () [B. )

Wikipedia Title: Mack Rides
Mack Rides GmbH & Co KG, also ..

T1 «— Reason (Q, [, g’) )

The 1970 international hit song that
@ Murray Head is most recognized for
is "Super Star" Retrieve (T1) —

Q: In what country was

T2+ Reason (Q, [B+[8. T1) Lost Gravity manufactured?

N A: The Lost Gravity was manufactured by Mack
Rides. Mack Rides is a company from

"Super Star” was written by
@ Germany. The answer is Germany.

Andrew Lloyd Webber and Tim Rice. Retrieve (T2) —

Wikipedia Title: Murray Head

Murray Seafield St George Head .. }

m @ @

T3 — Reason (Q, [E+ [E+[E, T1+4T2)

Wikipedia Title: Most Beautifullest Hits

@ So the answer is: , P
Andrew Lloyd Webber and Tim Rice. The Most Beautifullest Hits is ...

Q: Who wrote the 1970 international hit .. @
A: The 1970 international hit song that
Murray Head is most recognized for @

+ is "Super Star". "Super Star" was wri!mn
+ + by. Andrew Lioyd Webber and Tim Rice.

Figure 2: IRCoT interleaves chain-of-thought (CoT) generation and retrieval steps to guide the retrieval by CoT and
vice-versa. We start by retrieving ' documents using the question as they query and repeat two steps alternatingly
until termination. (i) reason-step generates next CoT sentence based on the question, so far retrieved paragraphs,
and CoT sentences. (ii) retrieve-step retrieves K more paragraphs based on the last CoT sentence. The process
terminates when the generated CoT has “answer is” or the number of steps exceeds a threshold. The collection of
all paragraphs is returned as the retrieval result on the termination.
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Retrieval-Augmented Generation (RAG)
Prompt How did US states get their names?

Step 1: Retrieve K documents

o Of the fifty states, eleven are named
after an individual person.

o Popular names by states. In Texas,
Emma is a popular baby name.

N California was named after a fictional
Retriever
o island in a Spanish book.

Step 2: Prompt LM with K docs and generate
Prompt How did US states get their names? + ooo

‘l US states got their names from a variety of

sources. Eleven states are named after an
individual person (e.g. California was named

LM after Christopher Columbus). Some states

incly fng Texas ad Utah, are named after
Contradictory erican tribe| No information in passages

come from persons.

Ours: Self-reflective Retrieval-Augmented Generation (Self-RAG)

Prompt How did US states get their names? Step 1: Retrieve on demand

% —> US states got their names from a variety of sources

Step 2: Generate segment in parallel

Q
0060

Prompt + ) Prompt + €
o )
- Texas is named - California's name has its

11 of 50 state names
origins in a 16th-century novel

- after a Native American tribe.
Las Sergas de Esplandian. -

Step 3: Critique outputs and select best segment 7%

o=
S

Pmmpt-ro

#

et

US states got their names from a variety of sources. 11 of 50
states names are come from persons. 26 states are named
after Native Americans, including Utah.

Heine\.e —> Repeat...

Prompt: Write an essay of your best summer vacation

Q oo o_')ﬁ_*wﬂybes!,

Prompt: Write an essay of your best summer vacation

% — My best summer vacation is when my family and | embarked on a road trip along .

Figure 1: Overview of SELF-RAG. SELF-RAG learns to retrieve, critique, and generate text passages
to enhance overall generation quality, factuality, and verifiability.
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Table 2: Summary of metrics applicable for evaluation aspects of RAG

Context Faithfulness Answer Noise ngaliyc Infon'nat_ion Counterfactual
Relevance "7 Relevance Robustness  Rejection  Integration Robustness
Accuracy v v v v v v v
EM v
Recall v
Precision v v
R-Rate v
Cosine Similarity v
Hit Rate v
MRR v
NDCG v

1.39: THEEE

Table 3: Summary of evaluation frameworks

Evaluation Framework  Evaluation Targets Evaluation Aspects Quantitative Metrics

Noise Robustness Accuracy
RGB! Retrieval Quality Negative Rejection EM
Generation Quality Information Integration Accuracy
Counterfactual Robustness Accuracy
RECALL' Generation Quality Counterfactual Robustness  R-Rate (Reappearance Rate)
. . Context Relevance *
RAGAS? Gi?;g:;ﬂ;%ﬁ;?{ Faithfulness *
Y Answer Relevance Cosine Similarity
. . Context Relevance Accuracy
ARES? Gtigz:;ﬂnQ(gl?:lti)t’ Faithfulness Accuracy
y Answer Relevance Accuracy
. . Context Relevance *
TruLens? Glzit;:'z:;ﬂnc}(l)lz:l?t( Faithfulness ¥
y Answer Relevance *
1.40: T H
AIRE + Eaelk
515

KHEER (Large Language Models, LLMs) 7EHSREFAH (NLP) AUSEUE T 2 EMERE,
RE N8 A i FE T B R SCAI ORI SO . B BeiR (Agents) 2 REBSTESN A BT h B EHATAE %
PR R GE. K B 5 8 Re ik AT DL R TR RGMRE ), (EHAERE 2 N
Gy st RIEIER . ST N Z A M R KB 5 R AR 45 S IR 55 BRI 5%, BORBE AN
KK, FHAY Formal-LLM HESLAEIX — 4508 %
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Standard Prompting Chain-of-Thought Prompting

s ~

Q: Roger has 5 tennis balls. He buys 2 more cans of Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 lennis balls. How many tennis balks. Each can has 3 tennis balls. How many
tennis balls does he have now? tennis balls does he have now?

o SETE—
The a is 11.

Q: The cafeteria had 23 apples. If they used 20 to

make lunch and bought & more, how many apples Cr The cafeteria had 23 apples. If they used 20 o
do they have? make lunch and bought 6 more, how many apples
\ jkfmmm )

S | RN

2.1 B4R

MTUVER], RMAEAY, BN SEa BRI, B2 Asn DR . “PAR
Yo 5 ANEK, 2 B3 ANMERSET 6 N, 5+6=117 “frHJFRA 23 MR, H 20 Mg, 23-
20=3; KT 6 MR, 3+6=9". BMAEFEIIRS I T IEME S, EES & RIMESIRE,
ORI, EARIEAR N A SRR I o R SOR UG, 1 S AR R RMERS P AT (18 LR
N—ANTiRE, PUONRZ— AR A B R, (E AT Do b (a2 B, ok 50 4 4 2 e
B

e Standard prompting
—i&— Chain-of-thought prompting
= = = Prior supervised best

LahMDA GPFT Fal.M

=]
=N

GSMEK
solve rae (%)
YIS

=]

SVAMP
solve rate (%)
EoEE2E ¢

Moo
-

MAWPS
solve rate (%) _

=]

04 8 137 04 7 175 8 62 540
Model scale (# parameters in billions)

2.2: Chain-of-thought prompting enables large language models to solve challenging math problems
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CS0QA StrategyQA Date Sports SayCan
o0 B0 100 100
&0 &0 s b7 ==r &0 —s— Standard prompling
i) 40 60 —&— Chain of thought
) 60 - = = Prior supervised best
60 20 40 - - - Human
50 0 40 20

£ 62540 8 62540 8 62540 8 62540 8 62540
Model scale (# parameters in billions)

2.3: Chain-of-thought prompting also improves the commonsense reasoning abilities of language models

—e— Standard prompting
—i=— Chain-of-thought prompting

Letter Concat: 2 Letter Concat: 4

(in domain) (OOD)
100

E 15
=
E 50
()
=25
L]

8

(1 S, 2
Coin Flip: 2 Coin Flip: 4
(in domain) (OOID)

o
=

>

8 62 540 8 62 540
Model scale (# parameters in billions)

2.4: Using chain-of-thought prompting facilitates generalization to longer sequences in two symbolic

Solve rate (%)_.
gz

40

reasoning tasks
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A HHEARAE, et B AT HERE (84 104 15, 18, 20, 25), FTLAP i E N 165, ZBEN
False.

XHBHE P AR RN T ST 10017, 94 104 120 134 4. 2,

A:l

[R5 ]

THE AL, e BT EATHET (2. 4. 9. 100 124 134 17), FRBA R $ch 100 B XA
True.

KHAZRA BB R G, IR A AT LA IR 45 7 o 2 [ 25 e L, g L T 225 1) i o
RIRE T BERT

B7a M4 (Self-consistency)

I B 4E5E (CoT, Chain of Thought) F9—/M4h7e, HUR T ME4EEEHL R 48 i 0 22 25 it
sk nE, HANER W BRI R R IR R IE SRR, ARSI T — A “CREERIAGAL” (g
P RE, AN PR AR MR A B DL HE B R AR

56 VB 5 R I ARG 2% Th R, DUAE R — H 2RI AL B TE SR AR 8 EM
RS, AR R AR A AR I A PR AR B R — MR P SR b i, TR AR HE R R A
AR S BRI MRAE R, HARIT RAKTRAEM SR, Wi, B
IERE, BIEEEATR 2RI, FERZAS A A B FE R A s — ok, B
PLBIE A AR I IR AR e IS 5, MERAZ RET IR - BUNER.



KRS IR T R

g
A o R =T T
S48 5 R 0 T2 ST R WG
i e 0 B B T ¢ 2= N

il LA
TR .

o LA b (P AT

MLl

muﬁmmxzﬁ'—- HEE
JREatH 1 | MR
(W, S AR

S e e P
B9 R B R 2 (16-3- L HEE
A} =26 t . s 18

| st s o g A
BN, HERENE

et

P BN e F 16T
. BEEANE=T, 8B5S
WA e . A
8 B0 1290 i A s 15 5
LR LR L

z
=
=
2

2.5 BAMERR

KFTERUT ARG, WRZFHAR GBS R FEHENER, B MIgeE
FREORANERZERN. 5HAMGIT ML, ARt T NP0 E 2R
PRI IE I, RN R4S T BN RAEE B BE LI, IXAT B TR CoT $R7n1E ¥ S AR H iR
HEFL AT 55 P HERE .

B, FRATIHE R LA 2 A0 4 3 [

IR QR KSR 10 D3R 8 MET, UG ESEH 7 6 NERM 4 MET, B4
J LGS T 2 b KR ?

YERES R (chain-of-thought prompting) AN/ B4 A1 %5 i B, 17 /& R 15 & B AR B — &
HIREAR NSRRI AR () 4 )

B 10 NER,

JE A 8 MET.

LT 6 AR,

LT AMET.

BRIF 10-6=4 3R,

TR 8-4=4 BT,

BEIAER 4 MR + 4 AT =8 KR,

S EAYE, S A A R MR

MRS A -

B 10 NER,
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JE A 8 MET.

FT 6 ANER,

LT ANMET.

BRIR 10-6 =4 NER,

FIF8-4=4 /T

BEIAER 4 MR + 4 MET =8 KR,

HERERAE B -

T M BRI 10 ANSERRT 8 MEET .

FIRESE T 6 ASER, FrLUEF T 10 - 6 =4 3R,

BJESE T 4 AMET, BTCUEHE T~ 8 -4=4 M.

BRSPS 4 D3R + 4 MET =8 KR

E A AR B 2 A HEB AR Th e B — BB R . FERXAM b, HEFEERAE A R B #5345
HARRIE R (8 NKA) . FTUAE BIX AR g g n 7 BB x e 4% R AE KI5 L

B T HERITE RIS S 2 Ah, B YRS A B TR AR R S R PAAT HE A 55 I S SR A S
DA KA HEAN B s PEAS TR OS5 AL A

4 AFIIRTET (Generated Knowledge Prompting)

AR RTE (GKP) AT T RBOE SHA! (LLMD W38 KIhRE, B EQ1IE H BRI R vk
R T R R o SR AN IR A0 JBARR R LM ZE B IME RS B, SRR EIX L
TENIRR A2, FI— MG LS At ok, PR RAR 5% .

S iR 0 2 T DA SR SRS 2R R R AT A 55 A R PSR A R e BT LUR I A
X, BREEEE, s, B, KRR, B, BEMALR .

FHR - Pl C ERRVEEM AL X — A UHR S, R U R [ G T 2
BB I 6] R

FEFPEEIR « QgmARIE 5 I IEE RN B 3 B AT E 0P IR . XSS HIR BB T AT AT R
AT 55

JA R AHNR o CEMR I RS , 2206305 0 s ) SR T LA 2 VS R . 9, AERER TR
CHBHIAAL L N R SRR .

RERFW « FE “ A IR FLEh Y7 X R PRIR, R T A AN FLEh 4 2 8] (¥ 43 25
KFo

RN - S BRI, It P sk i SE S st



KRS IR T R

MRS HIR S — BB, Bt IR B CATRREIR R [E o

SR - D NBERIR IR, AR A R REIR IR 5] o

RS FR L T UE R A [F) 75 sCIRBOMUSL AT, 51 sl o I R i £ 2 50, Jld iR B B4
Dby, B IR Y HERE B TR A AN . AR R B R R R ML QAR S, B IX L
RGRE PR R ORE S, RO AL, IR AT AR R R SR

.
HIIR1

S——
)5 @ HiR2
—

Bl 2.6: EpAIRIETERR

A2 IR IR HOR A 5T b e e A Y i HE R e ) S HER T, AR S S R O AR, BT
PAETHN 2 RS 0 — Se 48 7T AEAR S i B 45 2R, JRATAT BARI I — 45 md, 51 SR - AR R
E LB — BB %

AR AR AR KB BN T W IR ST 5, A REIRIR 0 5 2 K8

Jeds i — AN FREA RN i 7

(CEEELIPN |

[« B /R R BRI — 343 2 3R EERAT LA N TE s 15 007 X A TEn Af, ik R 75 [l 2 3 A
R |

[R5 ]

(%]

XA RERE . MR, UIERTRAHERE b, BT R IR A B e A E
[ AN RAFAE IR T, A F BB IR RO, 2 IS SR .
BROR, ERERR

[ ]
(72— 50T “mURORER I — B AR B 3R AT B A A E i 194590 7 ISR ]
[ [n 5 ]

B

CX AR iR T, BONER/RRER T, SEFR bR A B B ARG 1A A



Rl B KEANIELR

IR RER LR R AL AT 70 B AR ER GLBRBN o PRI, 55 HAmSE 8T H ANF], /R RERITH
b RRE MR AT REA i BRREGE e Fe LU 3R, IMTERIFIRAE 73 ]

SR TESLHLR b 2T [R5 ) L

[R5 ]

L= 7R RER IR — #7052 1k B R A LU AR N B vy (45 0 I A X AN, A [ B A X - ]

(a2 ]

CAxt ]

ZRE RN . B2, AERCRR SRR A AR 3R R AR AR, 51 R R O A T
FESEBIRAR A, B AU PR 7 AR YA T AS R N I BE 8 DR A SRS BT 9 ) — 2ok, HLAE
LR G AN .

X Tyl AR T KA A B AERE T, 0K By 1 7 U0 A A5 FH SR A RO Y, B AR 2
HE 15 KA B (56 2 e K, R T[] — AN, 350075 (045 AT LS TS AL SR A A T Fr) v A 1

Hemia)/ MR TG

o WRAFEABRAE N EE, WTLURE I LLln, FEXHEIE R PO BRI T TR,
A LR AL, A LERPG L, TTECRE AR E R ZIXE S, (45 OB 3 n A A
Ko

< WMRAHFAZORF R EE, LS E SRR EN G —F). SR fERa a2 BA R
A R R S fe K, R AT LR H ) EOR AR SR 1A iR e — U 1k

< WERARE B4 / W B A4 /ARSI AT IER, 4R 100 SETTHI/N . X R EATIE 5
Wl Ar CAER AR T A ROR o



KRS IR T R

2.4 RIEBIISIEN ARG

NS

KA EH AT SR 1A OIS SR8 (401 OpenAl ) GPT & 51. Fif B2 i SCT ) 55D
BEATES TR 5 ORI R . XSRS A T AR RAE KB A LI ZRaRAS X 5 1 5 B AR A0 25 Al
BEJT, EEIROLEAERG . W MEIREAIR . MR TN SRS INLA B R S, K
PRAIE R B AT DU LA B2 R A

o EONSCHEERE ST o KRB VR S ST BSOS, RS 7 BB BRI ). KR
WRAECERHEIS, e AT SR B A Rl B B BT N, T 2 e i 4 B A ) 7 T B B
VEIOE 3G W IREIEIAERVERT B 28R . B, ZE R SGARY, KRR GRS AR IE T 3¢
FFE BRI & L, RGBS, AR S NG A SR SR

« ZYURENE - A5 T H RN GBI 7 AR GUR, KA RENS RN A H H
B\l SCHR 0 5 Pl 16 75 SR o I AT P R P A8 45 A1 T TR ol P 5 AT R A R T
MZRIENS, WARREOG R BN MERR BB TP R DBk — N5 8 U SR 7, Ffik T
BRI TREAN A o

o KR ORBE 5 80T - RBEARANLREAR 38 SR SCHI N 7, B REAE — B FE L B IR G 5
WARFIE R, (AR AUE T RS, AR 1. whh, elEA B RSN,
REME AR H ARl 5 1 ST IE 08 5 608, M SCHEnE. flin, ERESCA R,
KA e 22l PR B IR SRS EANE T T2

< BENZES] S0 - BIRKERUA B O 2 A5 2 MANRAT RS, (HIEE R0, BIfERsE
S 0 Bt _E XA RLIEAT RN R, AT DAt B SR T A U I B R . RPN A )
TSGR KA R B BT BUR A 30 RSO BT iR S5 R SO AT ek, 3R
3 P A AR 1 o



Rl B KEANIELR

o ZHAAMAEN « KA SRR A0S0 B3GR fe v SRR AT S, SR B eioe L
Bl i) ) R S R P A B, AR TR T RIS o R 2 SR LA A2 T B AL R IR AP
THT AR ST (I AT AR, (AR AN R R — i AR, TR XA S AR .

X ESKHET

AT T s AT 38 I AR S8 B AR 55« T L1 Jeom 1 R RS R R AT ] SR A 55
S MA O] 2570 RAFR P 1 R, RERS LR S 47 1 € AT 55

[Strong as a man may be, he can hardly achieve anything
without others’ help. Human beings are to cooperation what a
fish is to water. Nobody can live without others. Now | have
gotten to understand, to approve of, and finally to be fond of
working in groups, and | do learn a lot from the other group
members. | strongly ask you to treasure people around you and
learn to work with your group. It really matters.[ig&hZ— FXEE

©® [ENASLEL, NRSEMANER, WFLEEENRRE. ASSTAERkitsnE
BEAFIK BEAREERCAMBLER, ERCEER. \EHEEENLETEIEF, mA
HIESC)EMERBESA T RS, FEENFEESHNNA, FE25EBEF. XENREE, |

o P

2.7: An example of translation

BEAL, PR 58 R W] B R A A AR A RS S R SRS (] 1.2),

[Strong as a man may be, he can hardly achieve anything
without others’ help. Human beings are to cooperation what a
fish is to water. Nobody can live without others. Now | have
gotten to understand, to approve of, and finally to be fond of
working in groups, and | do learn a lot from the other group
members. | strongly ask you to treasure people around you and
learn to work with your group. It really matters.iE&8liZE— NXER
A, FEG—TRE

G  EhE:
BE—{ABIgEEREEX, B/ agimea it A SBEiER F=aHi=E, AEITS{Ea0%k
HEtEAaE Ak —, EE A ABEF EAmEE. IE, RSB, M IHEE=N ETER
&, MEERRTHECENRESBEEITEE, BERIENFEESANA, 22550 E1E,
MENREE,

ASIRE:
o PDAELIESER ARSI FESARD.



KRS IR T R

- NEEEAE BEaETK—.

- REASBENAER,

« (FECEEEREZFANSE, FIFFITRE.

- (FEEUZERENA, F25EAIE, RAXIFEEE.

PSP 4

2.8: An example of translation

AEBENZ S ENFIN AR E

) FH RS2 58 B AT 25 RO PR AR AR E R B AN IR . KA REE IR FE B ARAE =, WERIE SR
ARG XA 2 L ERIK, BEAFHIIE N 2 MEROIE ST . B RS % ) SR, Rd AR RV
ARifo AR EACEIRE, W TR AT, BIRREAR BN, RSN
PezE, FUREHIRS, ML, TEAFIE A, VBT S I A I AL

AR

KRR, Rl R B TR 2 S I R BE S48, 41 GPT-4. PaLM. Llama 2 %, &
MTEAL B B OME BRSNS, Bt — s A L isRe ) IXFh AR ) 1 B AR ILTE AR AR % AR
BEAFE RIS, B R E MRS BB TR 5, 3R Ui A
B IISCAR A2 o T THI A KA Ay 8 B0 11— L8 P 25 FIRE 4

o Z UL, « KA AL [F) UK % S, AN BE AR B fl 10 R0 AN R AR & A
B, ERBIR NIRRT Z U B 70 GO R S SRS . il SR SR KR, R
PEIR I S FAF T 5. PURSCR K H T IRAL 152 o MR 5K, B RR S Af AT 52 B Hot
JEBE, PPRRH R R AL S AR ORI AR A AR ST R BRI, B R DR BRI TR . 2 WA
PRI TR S, BEBIEA S BE s wxE, R P REE 1 g R .

o SRR SOE R« KBRIAMY BRIE RS [F) SO TS 5 R 5 5 SIBIRIALAG S RER RS
SE P ARIITE 5 M, HE IRl DOE I S E SOAS i, B B 20 AR PE Uy SO G . TR
FEJT SN, B ARG A P BB AR IRIE . A Ty SRR 4y 3, (X P 2 Bk
G W AR EE, KA R T IE RIS AL R R AT & FAE I, 6
i HH R TF A 12 50 S A AR I A SRR B R

o WERFRIL SAME « KBRS /TR NS, 23 3T AT AR 4 AR (%) 175
THEEA A G, TS 5 MR B R MRE T BN, TEB— O R B A
Ee BB EAE T & S S A BRI R, M STESS R 3 R I 1 &
o AL, REALE BRSSOl TSk, ST B S AN RRAE, B — B4R T M (i sk



o & KEANIER 109

SRR o

« HCRQME S M OIS  FEREREORIIRSIT, KR AL AE M 8 R 10 KAE, HZE
LRI ANNNER G F E L, R T A OEE R Ay . IR RIS
A HAN I E A, R AR AR 20 A v, ARARATI TG . e SRR AR AL )
SNV A SR . E LI BCE A (A B, Xl (7 KSR AR b, AT RS ok S R
RS O E, I LR E 2 Nk R MRIERZI S BOZ K, WA DUIRAE — ANl AT 3
BB Z R, R — BB R AR 5 S sl 0 R AR .

ERERRR, KEMERITRET “MOsE”, BREENMTARE T JENHEE
R AT, T AR AL ) B R R IR B SO R IR E & L Bk, BAAE
MTREMS IR AL AAPERI M B TLENRLS, (HTERZ IR AR QR LA A H R PR

o RIGTES 2R « KRR RIS AR IUE B RS LA VI T 2 Rl (RS 2 7], ol
P — o s R, BRI EE, SRR SRS RN R A ik, # R
3TN I FRAAR N A EARFF RIS . ZREVEAMUCRIIE WA 5832, E AR XA [F - 7% SR
AT R b, ANFEARERST B H I, KBRS Re R E .

< FOI SRR ST BRI A 2, KRR NI BRSO WP E IS A
LS TR AR S5 2 PRI R VR, AU BIE S I B HRIE, HRe MR 5 105 S0 Bam Al
SCACAIR . IX RN ST RE DDA L0 NRIE S, REIE S E AR W AR aE M HbIE 1 (E 1 Rk D
R AR A 1, A ARSI H AR«

o QUENE S AR - R KR R R 2R T H0E, (B EAE AR ORI R I ) G E AR 2
Mo DN AT A5 S F LR GQUE PR IRAS , AL % A4 S8 LH T B L st W15 1 B R T R
A I L R GG R s, PR R A NI R B AR XA B A T
WA, WA N TEREMAIH R B 4E 7 B R T e,

AEnELRGER

FRATT T TS S G e A €0 B S 4 4 e A S5

* question : FAEEREEMIEAT AT LR, (IR T Ay, A 3 RIVEW, s«
A 20, BeAll 3 NGFREAL KHLH R, TERAE 1 JT e o BAT SN B K R R, ]
Uil g 3RAER 3 A ob B A BRI H B3, JRRURIAE —RIATRE, BJEHEIRAT 2 AOREINLEET]
EWE RIS ]

- answer : i E BT

AR A F) Ot SF RIS TR, DA S A HE 7 0 B N e H RO, RIS B — R AT R AR e 9



NI T

5.
Hitiih 1: F&
8 DL SE IR i R R = 3 S SR 44, & A — HlE
GREs-ian
1. Bz

ZTIE . NG TR RIE NI AT AE T SR E E BRI (T AT Z) 1 /N,
S FRE  BFENLEEZ) 300 6/ N (3600 T0).

=g s JURSRMGRIX, 8P “ I REEFH S 2RI L X
- et

- PR MBI By, T DL RN ART, BiE 2R Z) 200 T,

- B BRSBTS S B3G5
- B MR, ANE RIS 105/ N (3520 0D,

5. BiHE

- R s PSS AN, FRE E AR T SO0 .
- A Rtk

6. B I

- W FE RV ML AR T R A, TS 2 200 JT.
- S M YETIEIR (B 57 R o

- BRENLZEZ) 300 6/ A (L 600 8.
SSRGS

- HLEE : 1200 I

- AR 2 400 TG

- ORISR 20 0T

- it 1620 76

H A 2« 3k A

5K R G AL TR AR RO RIS 1 550 1 44
GRS



o & KEANIELDR (111

LRR

- I - SRR AL FLIEMUPERTAE sk R A AL E Bl (TR AT I (A4 2 /N )
- BRH : BFEHLZEZ 600 G/ AN (3L 1200 T8,

2. o

- KRR AERRMAE, TR LRI R 4R

- TT1E 248 6/ N (31496 0D

3.
- Es XN BET A, Bk 2 4 150 Jo.
4. N4

- S WESE R T TR AI B IRAR T, AR I G ) 26 55

- BETEAEITEN.

5. 5 -

: TR 5155 5 o

- BRENLZEL) 600 ST/ AN (B 1200 76D,

6. M L

- WA - FEGF RN BRI IX 5 48, Tk 3 40 150 JC.

S

- HLEE + 2400 76

- BER 2 300 7T

- SRS« 496 7

- Mt ;3196 7T

B

PN HERE H AR E & — Hie, JF B2 eI PRGN . 7 5 DL IR A S 6
AT SCAL SO e, TSR S SR T 50 2 B SR SOUURIE [ A . AR 5 1) L A e Akt
HARBI T SO A e dmE A A L A H g !

2.4.1 RHEEY

PR X BB E IR SORE MR, FERESF T, KERARYE
(R SR B A, BE % S (R S G B B T o AR R R TRAE CH2 ] T3 i 1 A



KRS IR T R

BRI -

< JTRMERE S - KRR MRRE SRV AR, BEE ML SCfl. BRI
REEZANYEFZAR B . XA DCERE ERERIZ BRI Ll i, ik 5 /A A R
WL REAE B AR U IR MBI R A, a0 2 B N L Re Xt Ak 2 AR B A R2 0 . X P R g Lk R AB A R
N —ATFAMBT AR, JoRE TR RIR TR, ARREL LR HE T R 2 (A2

o TEECHEAR S - KABARE IR 2 2R AT B AR i, RIS SR fit e B Mk
. Lot WRARIEAE SR — 37 P ARG B, KR RESR (AR At 1) 2 4xdi e, 3
REZE T RIS Z AF AR REAIR DL, HERE Bl S IR AV BRE A % . HH B, ERAERE AR
VeI, U RIS RORES, IFg is a0 BRGE, O IRO R A

o QUFTBYE S ARRTN - ARG ARG BAERE T, € e e B S 4230 ¥ 72 1Y
FH R, AR ER .. TiRRFHGESH . Wi 2 ZARMIR, KA HES T
WETERITRSE. tn, fERDL RS, EREPNE TR 71, # Bl e s 5 £ 2R
fE b, BRER RFTIERIM T, s 2R .

© SCEARME SRR - RERAUHE R T, B KR SEPRH B RE 1. EREMRYE
HARREDL, SOt i) seal AT oy 5. Lo, fE3 R rh, KR AT DA Al i, A
AR, SRS 5 5 FEBS T, B REZ A o A, B = A e AL i T TR
XA IR IRE ST, AR O AT Bl o S 2% i R A5 1 B T

R BINSEAIETR

AT TS s e e e KRR e KR4 P ] R AL

* question : FA MR =25 T AIBIEFC A, 35 B3R A b B2 a) DLER N T8 A LU A 1 25
o AWIRLEE T A R T DA 2

« answer : KPR ABEFUS N TR GRS A T LURFR VR 2 BT A s B LT o DL 28 205
17 S e v

JitE 1 BRI

BRI 2 W M ATBOR TR A8 (n X 6. CT. MRIAR), $ i ke
ATZ W ERR 5 o

R IRA . B BIRBIA SR, B R AR S AR E A 2

BB E] - X, 8% E BOR A DX EAT R 0 35, R B R A HEAT IR TRl

JrI 2 AMERERST

FUELS ST « AR R A D A B A 2, T AT SR SE MR T 5
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iR - R AT AT A 8dE, IEE 2R R, SR m R .

TN R - NI S O AT RS VPSR TN, - 1) 5 AN PR e e R B

Jila) 3 . HARTEEAF (NLP)

FLF0 T3 40T+ R FH NLP BiAR AL FRAN 37 KBl i i, 3R i RIS

R % SCHRIZYE - MR R SOk R SRR FIAE 8., SHBLRMIE LAE.

PR PR SR SCHE = AR B 7R SR AR, SR AL R Ak P I PR VR S s

Jr1) 4« TR AR = 5

PR TN - FI NS 2 IR o iy S M, T A AL FR AR, i SR MR Ty 4

TRATIR I = Sy AT Fefe BEASCHE M U0 F0 e 4T 99 1 A R R 3

RSN - JE I ] o SRR WA BRI, P AT SIS I IR U i e i @

J71) 5 HLEEANFHEIFAR

FARBKI « FIFH AL S0 A 507, 35 B 2 A= il SRS v F) AR K

FARGM « EF AL PSR AL ) B REE S RE, s TR U LA 22 41

ARJGWE - FIF AL IS RS ERE G, SR TE YRR #1.

Jr1A 6« RIS AL

BAEHE - PR ALFGE SRR 0 8, SR EReE.

BRI TR IRIG A, RIIETE i BRI S, R G I AT SR AN

IRt = FIH ALOAGRES Beit, el e S A Rl A

Jit) 7 BEE A

WRRERTT « M AL BT I A2 Wi A ), S BT B A A 2%

fERIN T« FPRERAERB T, B Rt W B B IR S

OHREEE - R AT BT O BE BB, SRR 0B (g B SR AN T T

e N TR Be S T B 20 FORIG R SE B, AMAT CABR i BCR ARSI BE, 38 vT LUK B 4 4t
AR BRI ST IS5 . IX LTy A #EAT )R AR T R, T AR 1 0 E AR A AR PRI A
J7 TR R

242 ERMETRHFTA
A A 2 T I S 02 A 2R 55 T8 2 K BRAR A A B
ESES NP NP TESIE SO A VAL T U e Ui T



KRS IR T R

REAEHE . BIF. TREMBARLRE R T ICEA M. DUN 2 ZIRE E 285 A

o MR A RBUERIEN . KRR BT AR A e 5, BRI,
s GEABOTRE. MRRANX, GBS, XY LRNEEERT S BT AT R
ERAR B PR JERRESE TR A BRI AL A RE 7T

* SCHF LaTeX #%30 : O 7 R R Bee N g, KR AE 2 (8 LaTeX X Rl 2 %% 1
B OE 5 o LaTeX $2 4t 7 F 5 ar & MTEE, AWz H] A XAa R, whirEes
P I LA AT AT A

< SEREG S A,  FEH P SR, B TR BN SEI TR Y LaTeX AURD Jy AT AL £ 24
X A RE BEME B A RIS Behh, IERTRESCHE I P 5 A RIAC ., HeingwiE
B, RaFEFH AR,

EREFRAEHESR

AT sl 1 A A R A 5

* question : 15 ] latex K& 205 i Bt A X

® anSwer :

f(z) = % + Z (a, cos(nz) + b, sin(nx))

n=1

1 s
ay, = — f(x)cos(nx)de, n=0,1,2,...
L "

1 ™
b, = —/ f(x)sin(nx)de, n=1,23,...
mJ %

2.4.3 WX ERHIEHITEE

AR FH RS0 S 5 v ) 00 BEAT BB 9 S LA SRR IR - Ba i, SR At e, oy
BRI Ss . KA, A R PRI R IR B 22 SO, REAS PR AN AL B K B 1 A a5 A A SO Kl
MRS ICA F RS ., IR FL R O £ M A R A % 2K
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LB THEN
KA LEIS (A 5 ALFE (NLP) R, s 4 SefF il (NER), LRI (RE) Al

FAHI (ED), MR il G B it 5

A AT

HIR A SR PRSI 2, AR B JSON MR, (BT3B A FLA /T .
BRI

{56 PR - L8 21 SRt SR BRI AT, BRBOBER R 0
SESIREER

FRABE AT G50, R AT LR B AR A, AR BRI RI R L

SEETR

FATF e 7 R R ASE AL 0 FH P A N AT Hh s B 2
» question : [7E T — OS5 i# 7~ 1, Zana A &) 1) CEO 5% T ABATITE L 2 M 4F i

LK. Mo T AFEREK T 0.15, XF T 5000 J3EI0, FNEZEN 0.12( 4 FiE A 600
JiETC ). WMAEERIR T 2 PR K T 0.2, BELILH 10 TRAE. whoh, AF iz E s
7 0.1, 3EF T 1000 Jj£0, FTHEERIN T 0.25 FECEHETH R T AECN 500 AT iE3RAT
B, EREE A SRR,

e answer : UF[f), FRADRASEEFHE BIIERR, HEBHLESHN LaTeX 15 .
Ho, BATH MG TRIMAER
AFEWIMEK T 0.15, AT 5000 1T,

FE# N 0.12, I 600 J13 TG,

HPAERIEK T 0.2, BELILH 10 HA%K.

EE AT 0.11, XFT 1000 Ji%EIt.
ATHEINT 0.25, BUYERILHE 500 Ao

FRATRE X LA BN — DRI

fatn ¥E BRE
nEEW 5000 77 % 70 0. 15 (15%)
GREES 12% (% F[3E 600 7 £ 70) -
Z P A 10 7 %% F 0. 2(20%)
B # 1000 77 % 7T 0. 1(10%)
RI%#E 500 A 0. 25 (25%)

®2.1: Zana ATV ERSHE
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* questionl : PRFEFHIE —MEEPRHLEN, WIS VLR “UHFPF7, “TERIFR”,
“EVET. PRERSEH R VMR RARERIE “4FPF7, “TERVFR”, “ZEVET.

Q: WAKRE Lnz 7 — Wil .

A

« answerl : JLXIFIR

* question2 : PRI — MBI SRHLEN, THEHABT A PP “UFvr 7, “ERIFR 7,

“EVET. HPRESH RS URER. RABERIE “UFPET, “ERVFR”, BV,

Q: WARHF Lng 7 —mim, IEH KK,

A

e answer? : FiF

245 MAXRIREEHRS

FRAT T T I8 2 ) FH KA R S 4R 4

* question : 15 — M HUR TR RFRERIR &, K2 2000 F /4

« answer : ZUEIT A R IRAR 5 AR ATS . [FIFA]

KR!

I TR AR, % BRI ZE A 7] 1) AR SO — BUvk . FEIX BB IR, JRAE N — & R A,
BHTAE, W], PURAECERIBN, SR T 2 HUES . DU — I B LAEREAT B4, JFx
Aok TAEREAT R

— LAERIBI H FFRIEX—M BR, /&5 T 2 KIUE , GAESE T B0 a2
B HT5 AR fEIUH h, 33 20 ST RO SR AN (ETLD WA M F R R AL AR,
i DR A A B s R A AR 1

Hlimve - W wm S A, THGREIREEE, REBRIORONE LI, iR .

RO - A H SQL A1 Python 45 T A AR HEAT AL BEAN 4347, AR BB IRE, Fik
RS

BRI < K A HE S B N AR B R G B, B RO ) R R R . R R T
AT EHFHTERTAAES, RAWFE DRMBEARM TR, 88 CBARKT. EX—MEh,



Rl B KEANIELR

WE S T RERALF R, 0 Hadoop Spark 25, F£K 3B BUSEhr TAEF, 255 1 3
SGETINE &

FH AW 22 BN B E 7 T, BRARS B AR VA8 AZ I, o I A0 A, [ A e ]
B FBNEISE T, BAVGRI R T 2 AWH, B3] 785 A I FATAT .

Ve g RAE A M S 2 i B — L6 ] AN R AR 7 T X L ) N, RAORFRA i, RS
AR S B, 7EHCE AL L F2 @ 3 P BB, IR A0 SQL A i) Al S i it b FR R L
AR T W, 1T T RGHIERE

Z LRSI H BRTEX — I BUh, S5 T 2AEETHE I RRSEE, % T
WHARS, B3] 7 HURRCR . i, 765 KB o A I H b, R4St R E0 A 3 R 56 1
NI HE RSB e T A

AR SR A2 SR Se B, JRAE R A B R S T AR T — LA . (R SEBRIE
BT Hadoop A1 Spark SFEEA,  KMESE w1 Hidls Ab BRI R A RE .

HI A STRRIE A FIA I — (R, RS 5B, 5 R FAIE VA1, SLREm T 2ATH .
AN IS T, FATEAS T RAEFI RS, 93] T ST MHE E .

=\ LAERS AW S I EREE T RS, HARER AR, REARW ], ARk
ARG, (EX—FBeh, RIRZIAES R I E BN, @ AEMSmEL, Akt E
O AR K

B\ AE BIA & AE & T H B Ih ek, 72 TAER, FRIRZMASBIFNAER EZ . B
S AR A B ) A1, FRATTRENS SE AP M A R ) B, 5 AT 45

AN HEE TR AR T AR R QBN i, AT — SN R T R BT E A S R
FELAES, BIALARFFAIEU AR, NSRRI, # O EE ) A A0 v Sk

VO R R T HARFEAR KM TAE D, GRS E ISR EAR, AR EH W
HARKT . H s SRR R A BN T AR AR, K IR B SE bR TAE AR, 42 m H b
)RR AR AL K

PACIRFRAE TAE R, Bk 4k SO0 Bl A B VR AR, B2 v S A 3 (¥ R AN if vk o it 5
NEFCTEAMEAR, WOFLEME, BREIHBHER, 5 TERE.

Ina A AR 4k s n s 5 I AR A A1, JLRIfR T, SERUESS . B IR B, AT
B S A 4t S AR R Bk, HRAS SE AT I RS

GUBT B YEAE TR, GRS ORFEQIH YL, FURIRZOB IR, ST TAERI 08
PEAGIE Jy . Tl KRR, RATRERE A w] G 5 2 A E .
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iy SEEERORY, X B T, RIE T RS, HWAAE AL, R
RIGTAEF, BRARELSTT), AWHETH B QAT AR T, AR R ETTERE S
71

=

ST AN [ AT SR AN B, BGAEAR R LA, GREOREFRGE IS, AT
ARG, O R R SRR K R TRk -

L PN

XA IR G VER I CAERS O, R T TAERSE IR 7 ARK TAE TR, A XS
A B QR 2 D R b S, TR A

2.4.6 FIAXKREE RN

FRATT T TV S i ) P AR A e R

« question : T EHIRE B IL I8 T HHEWI 4P BL - P2, ik JRIE. )
-B2C #1 B2B WX : B2C 72 ELFLIH A VH P& 137, B2B ME Ak (Al iz

- SEN RS - MR, BE. g MES

- I - ARBRAERS . NSRRI EN B HEAT 4 )

A MGGy - NOGuih. B, OEE . AT

- VB TR TR - . DA AR R, BB
- BT IR VR ICTE A ) 5 T8 T B R g R H

e answer : MRIEIRIVIRE EIL, XEZ2FETHERHMNEEH

1. 4P Eit:

R AR TS E B AP BAE, IR AN LR

: AP S ELFERE S RS RIE. .

 FRAE BRI EUR S . a0, SERE) iPhone.

Ag AR IR ST B E A SR o B, HSR E A SR
i FR A RAE S Trbe BN, B RIS

eI R AT WA A 5. B, BB EEATHE

2. B2C 5 B2B BX5:

A - A B2C A B2B X, 4 Mook i AR R 2R Y AL 55

&

S ® O
Eon M

Hi
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%% . B2C (Business to Consumer) &g 0 ELRE I M09 S & sy fildn, 00 3 i 77 2%
FAEN %S . B2B (Business to Business) & F8 LB T30 401, Se47 /R ) #OR A 718 A PR .

3. MZHAREE:

I« A SR PERE ST AR B A4 2 18 43 A B

B R TUIRE W KB EBEE R G a0, Gl e s A R R . e
T BARBUE B REREE BT, Bt I RN SR I SRR Z

4. EMRES:
LR T EARRE DL R - WIS, BB, S E MR EEN .
=y

ERSE M - WA BOE BR, ZJRIED K. B, B SR AT I A R R
BIEEN « VIS BOE AR, DURGE ST 8. B, Netflix FI AT B
SEAOEN « ARIETEF NS T RIS BEAT Ao BN, TR At i A A R R A
WHERET « AR RS HEAT € A B0, v o LR

5. HiHH5:
R TIN5 T DAL R AT 2 W VAN e I R EE AT AN
BE

ANBGitam sy - MIEERE . Al NN VRME. F1an, Aot 2w #2 4H 5) FnAE R840 53
3.

HOFRARS) - ARPE OB, B REATAN Sy . B, FRE S TR .

OEEEAN Sy - ARRI S AT T AME I TAN Sy Bldn, P Ah SR E RS
PRREATHH 7)o

TR0 R S W AT g A SIBEEAT A 4Y . B, # SR A0 5y T 4.«



