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SAATERREARNREEER; MARBEFNEEREER
R B I AE R LR AR A AE o R AT B ;. B AR A
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BAF FERIAIE.

ARBEFARRINE K, TEEARARERNNAZAR
REFHERARATEE, 2HAEANEF., F—FFEEHAE
BHge, F_ETIERETARBNEASHT, FZFF
FERETAEAWAR SR E, FEHETLSEH T AKAWIF
MAX, FEETUTERARRE ZRFHRAL T



H 5¢

01/

02/

03/

04 /

05/

Bz
1.1 REFEBERAL R
1.2 AEAF|FFEEASM W ERALL R

AR R AT

2.1 AR A S B U R Bh K
2.2 &BMIBHTY AR ZHA
2.3 AT ARAF & RIUKH A ER
2.4 ARAEE M %K

ABEB N 22
3.1 AREANFEERY S GURE R 247 R 5%
3.2 ABRARNKEEEREL

AR ER

4.1 3 A A A AE 42

4.2  RIER A 4 B AU R AR A
4.3 KR FE 4w AURE T 5L K

SRAME LR A R
5.1 AA TR

5.2 AAHEFRRWIAELGIF
5.3 BRAMELSHEFINA
5.4 AF P SIAER R

04
04

05

07
07

08
24
31

£ (5
35
52

56
56

59
65

69
71

72
73
74



1.1 AEEHEEARALEMHR

1B Z (Language Model) [ AN R EWME, #AAFKIT1ESEHEE, WEEE
A FOKIEEER, AEAEFTHER,

AP m PR RitE s AL THRITF I AT EE, TEREARAMEEEEEET
MAM G T BTN R, EHENSEEHEE Y, L EAMENL, F2FERNA
mEEH MBS EREWAKEITEEFFIBE. MEERANFARIIN, EEAE
(Attention Layers) fE XA #7162 B HyAE XM, EEERAERT A 217
B, £ RIEREGHNER, ANTELT Transformer 4, &7 T R IE M Fu 4 1,

EE A

EMESHKNE I, FEAKEANKTEHIE, Fl OpenAl #H T A EEER
(Generative Pre-Trained Transformer), i if7g M & % 3] 75 A MLAE TC AR 4518 4t
EHRATTNEES, ETNEFERF LT ETH— 2T E -2, Rtz
i, A AR DUAE AR R B E ST BN B EE AT HOR, R AT R R M B
BT, W E SRR AR A S BN LR R R R TR, U] LUAE
FEEFWES, ARG T ERAGCARRBIGE A, MTEEEAAEREZH
A (LU ER AR,

ABHRBERE, BRSSO D B AER, AER N IRT £ RN
Brec. #E, KE 2030 FETARBNERAATEETIAETEZRUTILT
AR

R, BREITVIR AR @R AZEMTE RSN RO ZREHZ —,
HEFRBHNERABERY RABCEREDN. 2F. S EETH. R BT, &7
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BaiTl, Wanfe &Rk, ARMRA W ImEHEET EE BB,
ERNAESEACLAT 2R AHEE “AntFinGIM” A F THHERAH =& “X
INET A SN

S RAT I AR A BT AT I 2 BOK MR o IR AR X B R, & BRI R RAAHY A
EHERR, NTAAER ARG T RFREEM. FH oIS AR 895
IERL, ETELETENT =, AR BT AT EAZRIER LA R R
B TR R W AR & AT o g o] W B A & 2 TR A FHFHRSTONBRE
WM AE; AR AHENRATHG AL ZFTNT LS, AERTETHEZAEN
SRBEF I TMNRRTIEBRBHEAE MBS L ELBHNRR WERME
FHRETRAL ERAEBF TR HS L, BRFMAERZEL, AERHK
R AR Z R S O % RS 7 4 S e

1.2 REAF| P ERARN W ERULL R

File, BERAeREFNAENTE, ARATERAKESBIANZ TS .
HAARBNERETEMENE EREN T LG AP H#HATZRFVENTE, RIT &8
ARSI ok, B ABRBAATERKBEZEACE, 2B RS E g
WK BT A B ERE, L R WRR. R, KRR DR T A E 0k
B, BEARMTGA, HemilmRftERanl FRgmrf X r, o+ E
Ml 2 T4 B A (] B 3 6 AR R AR AL

BIEBBARENACEERREERRMBRERNAEAELBR S A EA .
Bloomberg E,# i BloombergGPT, — A% T 500 125 )| 4k iy i il T & B ATk B 4415
TREHAER, BHE, S ASAELRESCE BT NS KESH (FPB),
TR 4 4TI B 4 mhET [B] ROE AL (FiQA SA), ARFE ¥ (ConFinQA) & 4r = 4 LY
RIAMGAR L THA BT AUAALS T HE R, BloombergGPT #y3 H ¥t BH ¥ 4} 72 A 5
AeBME LA TEHEERET —ERHRE. RIS, —LE 54 B b E T




AR AR S EEF S, AR ERKAT Morgan Stanley E% GPT-4 & %
W & B ATURAT 3 P4 B0 48 AR BY T A T 4 BY AW E E I L bR 38 R BT YO, A
AEFRERS . SHERLHNHES Citadel WIE LA A E N %%+ 5 A
ChatGPT, &7t FHZERE,

MBEEAER o FoMEOA BT LR REM, FMERE AWK L ENE,
S REAREBEFTLBERES /. 2023 SR ReMTELNREUET L L
FEERBREAENTEE, MABRBEHFEAR LTI ELBBAENLEZN.
HAE (2 a5 & BRI (2022-2025 49)), BRI EE 2R A TE L BHILE,
BUALE A LB . Filt, RITLILEAEEZARH, R4S
HELIKFEEF A,
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REU N HER 53 B 02

2.1 A#MA A & BB M AL PR

BT emTYwedk, mEE GAUEFR A, ERAER SR 2 &I,
TEMAT R, WE 2-1 R,

‘ , SRABAAHENE LM, BT LAWLRE L, HUPEE, HF
. AR B WIE R R R B R AL AR IE S R
BRI 7 2. A E R S RILA PR LR AT,

eBMTEEFRAR, A—FHETRNERTTREBERE TERNE
% . flim, XA TRAUM SR L RTH S FHTH, 4 F 50 AT
. VA= EHREAEN, EXTIFREEEANTHEEET = 2407 2 — ML
ﬁm*ﬁ%ﬂﬂ’ﬂﬁ\mﬁi A ‘%rﬂkﬁ%u/ &\, S v b E Y 3 N = [ESRENN
RGN - @ D R ER R A T ERRCE T, AR E
KEREBE BRI FarpERES, FENILENHTLBE
B0 R A R A ph A

SMIBERXZUBFTEAEAERAANTREGEA, WRM 2 EREF,
HEERANRLINPAT FERLEEERINeBREERTHEX, &
RAABR R REHIATE LR RH SR, HEELLRIUR TR
B BB A

SRIABEATHENLHY, TRNIEFGRTRAERATANE

B A A A A DL Ko flow, LHAT R L RELH BRI, EHTFEFREZEFZRE,

A B AAAER TR RS RS E R, AR B EE R

# H L E K # T R B B i = S L

8 SEF T TR ERWEASY, A5 RS (ML, E2 T #EF KO,
BOERY A B BN HE, REE AR A B L EZ P HIEf

R AR R UL AT 5 5 B SL IR A4 B L A AR o 8 B KB T 4 7R R R %

i A B AT T
FIH & K

42 R 4 AL FL B, R T TR R LA B0 5 2R (1
BEER.

Bl 2-1 AAER N B & R U A 7 R B Pk bk

A LRk, eMAMELAARBE eml F7FNLREF, —RFELLH
FESHE: —RNEBAAER A —SNERRL T AER; ZFURER A,
goemtlmilE, 2TV TAE, FhiK. 2o NAFFEMK—ITHIL



RMARLZENAERONAR S, RXELEeBNMFETF TN, 0 THET,

- HEBIEFEA
s eRaiREE
c SEEAEEN
« WE. ZEREE

« eRTI AIREAN
o BE. AXIGEHRA

o HIRAIR

B 2-2 AEAESAABEMEABRLETRE

2.2 £ WPABWTLAEBF REAR

2.2.1 FRBERER

— N RBOHAERG RN A RES TEAR, €8 AREREMAET 4%, #2
THER ) A EERE G RIER, A5 E e o R R By ST R A0 & 2,
BEABOE P AURGE LM, RALIAXEENE.

ARG i
XoT Rk
2.2.6. 1 2.2.6.2
A '7_’3 Eﬂ'%
. ‘ o K15
FUARBEEF 5 RE R e
NEEE gk B A A
2.2.4.1 2.9.4.2 2.9.4.3
A <
AT VA ERIISG (2.2.3)
. {66 6 VR 4 5 AR F
5HHA 2.9.3.1 9.9.3.2 5 f
KI5
A 2.2.5.2
ATV HERESRE
S BBERE A EiE AW E 4 FhdE A3 5E
2.2.2.1 2.2.2.2 2.2.2.3

Bl 2-3 ABETF ZBAER



ERFEEFERENF AT

o BER: WEAMANE - SEHRELKENLE, TP RAEELBIABNAE
BER, AFENENE, SRHTE. LEFAREF. I, AT EAERLLAHE
TkEREBEFWNES, LFERELHN,. ERENSBECKE.

o BAYLK: WAZTEXTAMABMRER A, BEEEFHENSHBAF
MFFEA, UEBER RAE., BN LT O, L5 HE N e
TAFR, HAFEARNENR. Wi, EFEF RIEF RS M T ARE LK
A, DL R SEFR AL R AR PR B K

o HAXE: emMUAFHEANREENEXEE, FEFRARFIHEFLR
T, wfREERNEERE, KRS R Ak 5L

o ARARE:. SRMYSWELRBRIZABBNGERSE, LFERHRTLY
BEARR R, TREWREMEL AW EE R, ERFFEUME Rk
KA F

o KRG ARASNFEATPELLER, FEAMD RS ERAEOE
B REAR IR B4 A, KA HE T 20 SR S R R B 2] AL 25 4
FUR S AR I T B e R AR B R R4

2.2.2 £WHFEREEME

2.2.2.1 4BEELEKE

SMBEFNHEZ - IEGMETE, PRINGHE. B REMLZL2HERX =F
FERA (g 2-1 i), B RANKEAN AL ik s ERNIHRE T
R H 1R A



iyl
H e

%

B3 A A
BEWER N ET
EMBEBURT Z
W IR & A 4 B
T A B AT
WHE R F,5INE
e EEERE X
FEW,CHRT HE
etk HITEL
Rl AT b 45 A B 0 R
o RIA R, 5B A
AAEETE, & BhiE
HEEFERRE
M, BEFEMNE
i

HEEBIESEN
BWEEALE &
A R A U
Wt B M,
REE X & B AE I
B AW E R G B
FAREA XK A P R
A ST
E Ak K, F
W i A T A Rk A
EHFE R, B LT
E2:24.E

v it &4

AR FE A

w54

GRS

B 5 7

G Y R

& FhaIRAE A

SR H A

BEESRT M S %K. EA T 54T
BRF. REEETERRETAINEFE
MEERE, TR EFAANNE. I
FR 7 F e UK EKERS AR K%
B EARBHEFT N RME, BRFHRT
i, UEER G RTMERL LMWL
GRE €N

R SCER RN R & B 0 80 2R A AR,
BT FAM R FAEE A AR R
ZpFRBENE, TR UELF
ABAE B 2R A T

TR R X TR AT L BT I R

N TR W o R B 4 R E A B 0
MANMHREEEFERITLRY
AR B

W RS R E R RELARENBUR
#, BEEELEAH. 2o FAURR
F 7= ot BRI 2 B

Bmem, BH. &5, 2 FEMER,
Fogt xR, 4. EAF R KE R0
o R A B9 AT W R R AR, A Bk R4 R
BTREERELE L & F 7 A A8
R LA R

BENH 0 Z 1T EARNEE, &
ROt EHAC TR ERAER A A HE T
Bt BT ER Ko R AN
B R EARRE S, BRI AT U EER
REPATHHA T EHRS, WHA P M
ES RS
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KR A R
EFeS 211
W, BEAEEA
K&, FHEEETR
bah. A MHET
e ST WS T
5T HAB S R
RS, % —
N L ELT
ETALL AR
SR £ KB

LB
54

eRA e

b A
4

EEHKES

SR E A

k) 2-1 &md

2.2.2.2 4 AFEEHESHE

ERTA XA HIEEMEAER, &
ARmELL 5T ENFE. amEEES
FREEAZK &RV EE
P

AERW M A ZREEENOREFTR
RUKeREL AP, BILHET RS
SRAE, WREBE. 2N, £esi
B, Ao AR R ] DUEAR A B AT
R a s D Dk N

M IE R A RAAERY B IGMEIGE, B
EHRBEENE. BESAAR, UK
RS BOR 4 B HIE KA, BRI
Lk BT . M2 L B B o Bk K
ETEHRXEENAT, HREDEL
&AM R B, RAREBROA N ER
BR. ZHREEFIHESN, UHREN
BE A EE BT AR 5

ZHEEEWET 5TV CEAT AN
ERARMELMEG . AERZN,
EEIG AR AERB LGRS,
Rl 9B BT L oy &AL AT R

Blan, BAERFFREELT, M#E
FoERRE R TRV, T T 7 & 5 R
MW T BAER K R ALHAT I
H, FRARAENTIHATTLER

Al

FRESBEABEENHREAS AR ELBABRAEARRRAFHEE. A
BEREFFRAR, BRI Z— X AKGCWEFELE, LERESALXE
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EIA - E I — BB KA. X —REA R T B, BIER R e (484, "RAD
BENERAATH— B K GTEL “BER 847 VBT, ARER R
g, D#REEALEF R ERHET AR T £28I0%, #HEM T L HEE
NTREFEARKERER, La & BB A7 oA 8 7 4019 2 2o 48 2 B An
AERA . MIRRBEN L, #AGT AR H KR,

SBELCEEENETETRNEERES PR RELERROREK. 54 H08H
EEROXRETEWE2-4 fir. SHBEABRAREREAT AN T AT REH: — £
A E B MR, BRI TR A B ik (B s fury s 2 £ k&) Rt
EERBRERE; —RHAABERANKRE, FARUKEREMHRELE, #RF
BIME K & S B R EJL T pl B A, Bt Ed e, KRR F R, AR
HMABZFeWIFEFNEA, RIALEZTERAA T REA T,

54T A A HT

"AMBEE AN R BT
2021 & 4 A XA 8y “Super
Natural Instructions V1”
PEE, X—HEEEARE
BT a4 76 AR ER W
1616 MERETAEMLS
HiEABEE . HEE LA
HBAET R (A, @
), ERmAREALEE
A, B RRER WL
. R BIESE T HA
B A A A B IR AR E A
EEFHALES, TEEZ
B 4 ok WL AT B A
EHHIAKEA. BE, £
TZ B, £ HIT 4 FLAN
EREE, KL BEEH—
P ARTE5MEfEE,
DREHEA LN

BamESRERS
WMRELKESE, FET £
FRIfE. flam, LIMA
(Less Is More for
Alignment) #H T —
xRN, ME T3’
XA KTEAFHF I
. RS BIAMERE
. miRffE BB E R
ERAHIE. BT XM
B, LIMA 2 T — A
NEE T FE R R
&, AEAXEAKE
K B9k #F . Dromedary
MEBT 7 —MET
JE U B 4 A0 77 %
BRAERVEEE. K
A ERERNEE,

Bl 2-4 F24-BUREE R A R

MEEAMAKEEY
REN, AT
wWRY OrcaEHEBINT
CRIARAET Fu “E PR
®REEFES, ELF
i o= =R R &
E,FRNMEIAES
A E R E,
“ Textbooks Are All
You Need” W42 & T —F¢
FAMELERETA,
B RETREAE, &
TR HH/
PRAIFZEAERERE
BEERAT AR
A MR TUlu R &R T
BAETEREHEEN
BERAXRN, RARTHA
ZHEMREERRAEA
MR

12



BRIt 4 ERBEARERY UM BFRKEL T PEMRESZTFF AN XE .
WE 2-5 i, TEAFEERATE, #UBEA ML ENEEAR. KBLRERTT
B e R ELEXBAERBEHEAERREFHF PRI, BERATEA. ULRRE
FHEERSHEN R TEANERER. MEXBR AN T, UL A#
W] DLE AT R ok e o Rl B R P B BOHE A B

B384 77 %

(Self-Instruct ) i it
prompting, F|A & & K
EMFHRABZEEEAN
B, BEIAER KR E A
RFTHEAET. BT
R, EFXEFE]4M, F5
Rig A MM £ e, XA
FEABERTIALSS
A, #TF Self-Instruct
# A# Stanford Alpaca
F1 Code Alpaca % T fEx

AR R

A A
(Evol-Instruct) £ JF
NNEN® - R
F. AN FEEHM E
U R, ©ERAIE
EERMAERENEFE
SZREMAEA . SLRIEH,
Evol-Instruct 4 A B9
EA 4 E L Self-
Instruct B9 ¥ fm % £ fu
SR ERATEZLNT
#F 4% . £ T Evol-

5438 N B €1 T

1541 N

(Ada—Instruct) 4t xf
Self-Instruct A2 Evol-
Instruct E4E T T
F AT ER R
RHTk#E, gD
& T 5 24 MO T
W AR, £ KFEE
AR ETHEESWNE
Ao X ESRAREF
TEREMZH#E, &
IHRT ETHES I

FET AN IS E R, Instruct B WizardLM % e EF, AEFHA
FR A KRR N R E T H 23R A A T 4 2 4R AT 4 am AT R A
Ko B, mREREF, B BHBMET ek,
TEABEZE RN
FLEIH A o

Bl 2-5 Bt E R AR

2.2.3 &BABERE 2 EMA

EAEMERN A, HRRANEEREAC. BAME, AEETRGRETHE
TN SR H B 3R A5 0 ) iz iR, 0 BE 4% 0 SO0 16 B 2 B JUR B AR F K. 2 BT
ERNE N BERAETHE, TREREVERE RN SBA TR, LERKAHE
BROETHE MY MNRK., BRBOH, ABRAEFST T EBARENERM L,
#—FRRTREEBESFHET  XHEHREEY S RN EAH R S g T
RAEH, TEAEL2RATIVNEATEMERER, TNEReBIENETE. BK
BENBURRBARMEEREER,

ANWEBEREBRS BB G A F BRI AR . X EHOAE AR AA, #RT A

13



BAEEHRWEHRET, £, otk LB A LAl ks E &
TR, HARBMTL IR R BB A WHA LR,

2.2.3.1 BREHMNA

el F, LEREXBARINTERAGRATET, SRS HMUA
(Parameter—efficient fine—tuning, PEFT) A 7B & /N A HLAY . 88 A A &
FWARTNSEE R BUAAKE TR LI, BRI RATHRENER, &K
SHARERER T AR SN A, 75 AR AL B0 45 42 14 4 1 A8 B B 3% T PRt 8 L &
AP EES . XEBRRZANETHR AN P e AAEE + %35, PEFT A
SHELATEWTENEENS,

4

HEMAETERER
FAR D BB SHOR
IR, XEEHR
BEFTHAER KK,
A F#HERFTBELE
. Adapter HFiE&E—
fE L EERAR
A, vHEITEHEAEHN
attention f2 FEN Bz
JEE S
I, Soft prompt H A
U] K $2 7~ (prompt )AL A
%S H, BUAE
i 55 B AR A e AR
R B R T R
FASHEEBAN, B
e T AR R

# 4 HOR

EIR s @R = C )
WiA— a5k, Flin
A A 2 W 4 B TR
BB E B BitFit 7
BT, RBOA
Wb B A S, Bl
22 0. 05%, 3t LLE
BEFRR. Mo MR
R i = [N
g b Bt 13, E
EAHBEER L, K
R 5 T2 MmAMN
H—EEE,

& 2-6 PEFT % W77 &

ES YA

ESHMABLEF LW
AR 2T U R AL E
g R AN
M, ¥REEHSHKAE
T AR T A TR, AT
B BT I S K
&, LoRa ZUH7 kY —
MR T, EERE
KB % - R AR A KPR 4B
My AR, XA A
RFF LA M R B R A
DEERTHERRF
Kk, LHEERTAERA
AHETNLEEEL 5K
WA,

KK, PEFT BAWARTREFTERFTES KU T ERZ W A RIAES, UK
W& AT % E Transformer B9 8 3 G0 77 i, Dt — P RS E R A K 2 G0 &
HIVERR R,

2.2.3.2 5EAXFEA

14



5 N FF B ROR N i TR R R e B A ik 2 BOR, AR ) U SO £,
mEEREMNEN LG ARSI ERE K. ELBIR, XERGHEH A K
T AR AR EEH, 5§, LAENIE, A, FEFSTLAE. BEATLE
REARELT it EHNEZHHREAR, ARBEETAREARINERALREANE
o GAMFOBAETURD WL, REERNERETE, BEX2BR 5+ ERY
EHEMTEE, BRAXNT, AEREEFHRS T AL, REAKRE, BERAK,
WEE BT,

o ETRAFIMAERBINEHXFFHEA: RLHF (Reinforcement Learning
from Human Feedback) & —#%& & 7 M EBE¥ I MBNFIWHEA, HHNERE
A KRR AAE R BAT A o Z AW OpenAl A F ChatGPT B9 5 A X7, £&/
AN FHRAZ — X—IRBFRES EEMRAFRMAF I RINEEE,
BEHRAERAREIBRNEERASTEAHLENIT A, K5, BUFIREA
KRR AN AT K, SRR & R EAF 6 A KR Frde 489 A . RLHF A
7 PPO (Proximal Policy Optimization) f€ it > &k, AT HEFpER
B B R KR SR R B AT . RLIF B X E T B8 A K0 BN A o fr K
MEBERAEAW AR, EHELRYFFHNERFEEA RGN EL

<A
AN o

o WBAFEIWMAM: X T PPOMRLIF BERNE. VEEEEFH., Hit, B
Bl 77 vk KR dn A Bt PPO e, LSRR RN R, EAR 894 R JRAFT (Reward
Aligned Fine Tuning) i 3T {# i 32 i o #0 HE & B9 AR &K PPO, X A% 77 1t
HREEw, BRTHEBMFITEMFNEEMREITH . RAFT £ P& L
& RFEFERIHE, DPO (Direct Preference Optimization) [&# &1t
TEH&AARREN PPO W2, AEEAET AR X8 E R Rm N
BEEBRE, XM T EHRT S EARFEEMBAFINFR, ELER
. MEBEEFATEMEFE. Coll(Chain of Hindsight) 4 T X 5 i # fn 5%
WS, KA RAREN AT HSERHAATHERFE T, X7 &L ER
MNEBRAEIRGF ¥, £5T ERRH Y EERHE.
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BRI, REFEH G AR E 7 XA RAERAARF . T &40 T %
FEABESRKBRAXGNENFCEEN, ANTREEANHE2ETEMEEE.

2.2.4 AR EH

AER R RGN FFOEA M ANRERTER, B4 ERETHLAE,
BT 2RIURWT L Ao, ARBBEEEENRERXATERRENER,

T, e TV AEARMEMZHARE. 2T AT ARE, RENEHK
. WHHEN LG, RERAFHRAERHREAR, MERATFELEAESR
77 8 B 52 B e B, B A A R U B 6 bR R B AT 4R, DUE AR R ST 2R BB R B 4 18

R, RROHFRRZEBMRFRAWRBEE. | X ENHF A REEEH &R
YomMAMETRRF, WEERRR. EeEEE ANNVAR. KEGEMHERE
EEARBEERSFFEAERANELE, NTAERT 4k £ BV HIE R = P IR
B AMEENAFEE., HRUAE, BREAX A AZEREEZLAEIA.

2.2.4.1 REEE

EAREZHEE, HHZET Transformer EHWHEE &+, NEFEZREHRRE
HEE R R E(RF RHE A, Transformer B Attention HL#H| &R REAF A & £ T 50 %
R, ERELEFHEAEWHAMZEFEFE Fit, "FEERAETEMALE W
FEREE GPU AF = A B &L, 4 A% Attention EIFHI A F & K.

AR AEAR R . 1977 & = oy 5 AR 2 A F IR GPU B A R R A, B4 SRAM
Ao HBM, RAEWABBNEER S TRAABNAFH AWML, Fl2 SRAM &
AF/NMEEZ b, T HBM U W& AERERE. ARAANFERRE G ETHILER
TR, RAUKEFIRE.,

16



£ F SRAM B9 N 7 14k # F HBM By 7 1 L

FlashAttention ==& — f# 8 A gy % T PagedAttention & —ff 8 A B 2 F HBM #9410
SRAM 4 £ ft.3 A . SRAM 76 4 | E A 77, EA BBMEA LR, ZERA (740 GB)
BANHEEEHR (40 A40 B 20 MB), fE EEFEERE (40 1.5 TB/s). EAEAEHE
EHEEER® (FTLLAE] 19 TB/s). WA+, KV cache fR7F Ll £ T X LT T —
FlashAttention # i1} Attention # ANEIE, BEEXRNGETEZHAT TN,
fk B3+ ) HBM %5 %5 B| SRAM, 52314 PagedAttention i ¥ 75 dF # £ N 7 &5 8] o 77 %
HEMEFME, REFNBD T X HLH key 1 value, AT EHTAFELBEL
HBM B9 10 25 &K, TR KM T N F Y (R ) BEH HBM AEE &S, X
R RN ERA, TLHAFEHE A B HBM =8 o L X HF E A HAE X
RETHERE, N, RARET RENELE.,

Bl 2-7 WAHEHNTE

2.2.4.2 ERALE

oA E R A # A A E (Static batching) F 3, #A/NERIE TR HREF
TE. A EZ e EREARE TN, SR iERAM—EFF. IHLET R
AL ERIK. AT AKX -, AR EMESMACELARR L.

AL E LA

S#ESHAEMRL, HEH # oA E (Continuous batching) it 28t & #0E E
4 # (Dynamic batching) FMANFERUBEAREBHBRT AL E DS E
STEFHE KB R B A A FREENAA XRKBARATEAFERREFEMARS
B\ HE 7 B AR B B K B S Frahok, WTTHER T AER i AN #TE TN E K, vLLM
MmANE Kk F, URE GPU ST EERATE, £ vLIM B, FEGEIE RS E I
WA R E, i, iKW FERKWARIBUBTR FHAALE (prompt
MANFELKEZHT AF processing). DeepSpeed-FastGen [E# 323 T #LHA
FIR =, #, T FE M2 DeepSpeed-FastGen 24K By42 K17 4 4k,
N, HESA R R P HATRE, EXEWH HEEE
B AT £ R

Bl 2-8 FAMAEMESMAE T &

2.2.4.3 A B

EUENZ—MEHNNESEESR 7k, CRIEHENENSHEIORSMN 32 L
216 [ F RS FRAEE (Flim 8 sk 4 (D), kR FARBREF RO EF &
Ao EXBET BECKENLH, AL THELIRTH I0EFEE, FHEELE
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MAANF R - T RGREVEENELE. EUTERBZERILG TR, 70
AN+ E M %G E N,

e 41 Nk EE L

e+ E UIES=RLE S

(Quantization—Aware Training), (Post-Training Quantization), H.H A&
WHEHR A ELEN, FEEENNE 2, BADNSWER T, BFE
B 45 & KA 15 3 A A ACE 31T R AL ERAERFSHEAITER TR
B, XA iR R B G B E DA AR . GPTQ & PTQ ¥ —TELHE AT £,
R NGB AR A AR, e, v ETFHH OBD (Optimal Brain Damage)
LLM-QAT = — 7 fl T AHE & JE 4% 09 5% THEF K. OBD 2 —MEK Tk, B LR
HEA, cEBIFATINSEEEHER ue) B AR & /N B9 S Ok B D AE AL S # . GPTQ 2 It
AEEKRNEE, EFHERTT HE HEub PN R T MR EFARINGELE, =
A, 5T RIN (round-to- MRTEBEHRERAMAARD T HHEE. XFEF
nearest) M7 EA, LLM-QAT £ % GPTQ RE 4% 76 45 B[] P9 4 A A & a0 A 73t |
N L ETRT BEZAH®E. 95 B KA E

B2-9 HMASHEA

2.2.5 KI5 6 B 5 & MR

EEBABLA T, AR EEHATEN N EEZRKRZEOX A, LHZNEE
B (Faithfulness) frdfE 5 (Factualness). X475 Hua A b iy 7 &
M, ET XL HARE T ERERE. B, AREBEOENTHRE BTN
BELmES T ERBEEXEE,

LIS R s — T 2 B S M 4 5 e 6 SR KT T K

o FEMHLR. HEANASTRUENILHRELZZNFLEES, WEELT—
BB AR,

o RXPLM: HEREESAFEET %, WHELAT-HM LTI,
KI5 IR B AMETT R AR, T E AT
X 4 R R R PR M R A R, it — AR I B AE R S R

ZAERBOGT I Uk B T ERWE R, &7 DIE R4 & KL B A

NN
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AR R ARYE 17 R e A B R, R ) — AR 1A B AR R SRR
RAERBU KT UK BT ERNER, &7 DU 48 K K7 A
54 B VI 45 B B F kT A R

& & %%ﬁ%%ﬁ%ﬁmﬁﬁim&fﬁ R — R R e
st I 45 B Bx B, INMABRIRRYAEGFELNES., BANBFMETHRMAE,

< B A R I B R SR AT, Bk, A
BEN & TR, FEUEREL,

Bl 2-10 I3 = £ R A

2.2.5.1 FELHLR N MRS

HHABESERA LRI T REWFLELR A A, DT E— L RNE M
R

s ERENREEWER: AELHEATRE. T LARNEEE, WEEEHA
"textbook-like"# IR, T AR EHEA £ F L F WHVEHRE . L7 LLm EXH
FLEBRNBE, RABKEEFEAGLHNLA, UEBRARERNELHN,

o WEFHEYMIE (Honesty-oriented SFT): &V 43 4E F hm N AE A T ik [B] 45 |4
A sZp (4n “Sorry, I don't know” ), EHEEA EHKA RIS, BE
BOBERMETHERFN THIEBRE, EFERE AT EERANG,

o BEA¥X (RLHF): B FiT4Hxt %5 e 5 4%k, 7 RLHF WELth g A
HRBBLIR, BHTREER T TRS, BRLaES.

o XHME (Contrastive Decoding, CD): F|JH F 58 A4 A Fu ik 55 A A A 7 2 47]
FMMEE L ERIEARBRRRE. TEAEMNMEZRRANERE, &
RO . EICEE B A RS T,
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o MWERE (Dola): BHLXMILAELHEENMEREGEEHANELHA,
ZHEANRAT AW R: EXHREEERAVNRTEFEARD . BHLUK
B EMKE e, RS ER AR, Dola B T A1, &ET A KAEH
KL,

TWHEEE T NKERERAZNME T A H, URMAEESttEL AN FrE,
EHEAHBEFARANELE, FAZEHELEERE, NWEAEAESETHTURBETE
AT E, KT E Y DB B D L, TR A Hy A ] S R
2.2.5.2 RSTMELIH R MR

RSEELR e SR FEAERIE . DUT & LA SR AR SR

*

B4 (Chain—of-Thought, CoT): EiT5|H AAEZ A B I F a4 3
2, REMBARG THEAEE LA LT Bt fg, XM FERFFE
FTAHEEAR, A RIRABENERN,

o LITXTINGFARER: LTXHIFELEMIAHBERARTX, B
TR T XWBEME S . RERER (RAC) NE LS/ aRRE, HET
BANEELRMEARN, NTRATHEEZREFFHERN.

g N 7 BT RS E A, R A ey S S A ek, HETT
WA & BRI E T SR PSS

2.2.6 £WARELEE

2.2.6.1 BEHEMEFE

RERPIAZ—MIT A B R AR AT TERAR, ER7 ARBEHFE S
SRELEARGRELER, B, INFEAWEAERAEN —ZEZRF T X 28
FHNERES LHEER ), TEFEH P RXARLEREBR T ERRBTAREE
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eRIURHERR

R YRS M R T ik

B A B 45 R AL T

BB BRIy &

R4 5 ) L A T ik

SR R 5 T

A 7

FANEEEAEN - RERFE T 2R ER#ES L
HHEEH, TRUTXARZFIEETHHEZE (Algorithm—of-Thought)
REERES, AABFHEENRESS, VT HEREH
BRI E, W BEMEH (Tree—of-Thought), #JH#1E X & &
MHAREREEHRTRE, S TELZLNeBES, FINERIE
# (Graph-of-Thought), #TEEREM LB EKE, UKEBE
BE. E2RWOEENA.

— 5, MEESRE ey M REFRATHREERR, &
HEEEEL R EREN —ZHE, N mEERiE, 7— 5@,
WIS F AR TNER R HRELLAEFH, BLHER
BN HB 0SB LA — B R AR EEHALE, IR =
I8, Google # WY Self-Consistency 7 k4 & % M EfE
ik, HERFIR—HY, REAEER—HNER, TARES
MR A o R AR E AR XUARANA S E S B RE

EHRBERBIL A ERN, ZHETETHRESET &2 MHE
BESBOHRE. Flan, Self-Check FiEBII BRI RN E—
FHATRIERARZ BB H M GRACE 77 ik N3t — F A
BiE, BRIANFURBAFESHENTEE.

MTRASHERLS, TRABT R T AL BEE, H—
MRIE L TATER, REE—BRATFERLE
. A—MERTEARA ARG BEY, FRERLHE
—ANFIE A AT REARAE, 7 AT & A M
A B 2

e mksn iR, eBaREE, R SR K MR,
FINSHES &R AR, KA o SR B A (L AR #EAT A0 R4S R T AR
YRR, [F] B AR AR 45 4G (L 0 R R 4 B B S A ] R I R EEAT
BIE

* 2-2
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2.2.6.2 kiR

ST E E AR EM AMTER T EE R R ST kAR
T B R AR A PR Ay BB AL RE Fy, [ T A DASE B X A B A5 1 T4 RE 1K (Agent)
AU FEF IR AE, ERRGHERMEN T ENL. CNEALERES
FEAAE BBV RE ) A SE B R RLAILS,  RE 46 AR IR 1% 58 77 i ME LA R XY B B 2% & k19 2R

B HERRN RTS8, BT AR IR BRI, A
EH . REH. #el. THREHE. ELRIUE, FREBLTR. LRI
§EABRMEE AR LI RSB E PR IR, B RED
foil, AT LA S 2 5K o Ry R AT 50 0 R0 1 1 P 18 4 R R 96
FHAE S S SRS, S AHEF TRELEN, URSAESBAR P 0L
HE.

ENRBERTE, BB EET ALXRBEARESFHEEBE N EMT LN TES R T
B, RBPATLBFHTFEREER, AR HXNEE, AP BAET E5 08
TR ERREFA TR,

EFAMEREREFABAELTERENTHSE, FAENTFESHZGENR.
— KW AR e Rk ARy LR 4R (CoT) A AR BRI ALK A0 40 AT 77
L fRREE 2 R R LLB A (ToT) A RERH 2 BRI B B2 R 877 &
UBRMHILZHTHEeRERR AN EER (GoT) HRENERZLBEEALK
. MARFIEAR L REFBILR CRAITRR, BRI AR B R E KA
XN F 30 00 75— K77 iR N R B S50 & BT & ) 1P A ALK 8, AT B RSl
FEAK], B, FFAESEE G B ER K A ALXEE XEF (PDDL) #
R, REFRIIHLTAAXNEE T RETR], KEERHRAXNES, KEBEANAKL
HE A ZIT R X E B R LB RE T R BRI, DR SAT S R FATIE 5.

HREERRRE (Self-reflection) 23 DURI#I Bt RIRAT BBEREE, UHIE
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LR AR T ETHRERTHRI T RIBR XL ERREEZERBETH R
PSR . 5 AR I FRAT R LR IR R B KA = .

T R AR

AL B R

ETAKLE
R A5 B R

BRERANTNFBAFIIBEFNER AR RS RS, Fl,
Reflexion AER Wit B &KX BAE T KRR AL e AW EEE N ZERE
HEBUFIFREFWANEET TR, FIBLELZHERNER, BLAH
WA E NI E. £LRTE, FREFAPTESE, BELELARLK
FHELMAR, HAARECTEENANTE, UEFHN N RELME S
il 7 37 69 B

BIGAXEELINHERS, ARHAREEES ALNNENF T —
B, A TEROEER, X TABIBELE. BAENERTRA
T A EEFl4m, £ ChatGPT B )| 4 R A #9 2 T A 28 R 958 1.2 3 RLHF
k.

A RE AR R B SRR R R IR AT KB . fldm, ReAct # g A
TNt RAMABABRE L, ArHBERAFHTHEETH, R, B
FATH XK, B HAT R ¥ A WATH B i 5 20R | 48 5 5 A} APT.
HEFNSHELRERLUEXBERFER. eRTHTERLT X, Wi
SE B 3 B ROAR b RO AR BLRE, LR RIBUE . o B A K A
W H R & B Agent REEHEHRRBEXK,

& 2-11

ERCERTE, ZRETERENTIAFRBRAALE - RFIESES, L+
RBER AT FEARE T RAENE L, FAAZ LR RARKRNTH KA
HHEBTHEAREZ R, aR#h, UEP—K. 8. AROHFRT. ZEK
WE S MHICI AR, BFRMILIL. AHITCAKHITIZ.

RREERENBERERFNREGRENAR, BFEEKIEL (AH), E
Fitie (o) MpRitie (AR %, WA @RIURME R K E. XK,
BN % £ MRS R R s .

FRHEREKTEER, URAPTELNEFIRRES\BESHFEENE
B, mAFERTIEN E TX¥I% . 2ER TN ERELTHEEAR,
% 3|4 6K B AEZE Transformer B9 L T XHF O KEWIRE. Frod, H 7T
BARANICILES, AR EESNEN L TXEE (e BTk
A, EHFERUR LSBT HENSE), TR M Transformer HH#H
ANKE R EZH ., a0 LONGMEM & I @RAE A iz 58, B ETXKEY
BZ 65K, RATEHENTETHRT AN FES.
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¥ EFHRKAE, B LT XAKAFHELRS WHKE. Flw, FK
ARERIBFFELWITNE L eRNE . RIUEEM MR ES, LI
R EKE. FRANLA T ERNARNERESE, 2ETATIEEF
RN A SRR, BR. TARFFENMBEEEH L ERE. A
AR RAENBETE T AMEEB MW ELRIEE, F R 2L P AT
B, BRNKEFENRR, ATBRTTEREENEANKHITAE

kIR

&l 2-12

ETHERFTE, ARRReERTHHRREANREER . FRENTHCEX
A, TAERAMAGTHE -MERERE, EowIE, BRAAMEAENAE
S, M EATRREMERN &

BTN EENCTEEN IR

AER BT A RER THTLEFERAE IR BIAT 2 gk £ 3 R 4 Ao
W ERES, A =, 7T UAERE ALK BRRyET T, RIE

#itERES EA B B R &R SN0 IR, FEAT B A AR A Py R B

F AR #EAT R B BB R & b T AL 30 AT 4F 2 41 ok T P £

& B TUR IR B E WS, e, HuggingGPT # A PN RAT H 89 7 K

MR WS R XA EREHFOEHE, BLAR EWRE, oW

T BAE AT A BESAM AT EBPE T, & o2 i An 3 I

BTzt kR, FrEiEs. 2BARDE REREHH FT 3
FEAEW B A EMTE, W W REN & A BRI
HHEHEE, R, BT AL TFHRELEF,
ERMTEREN, FEEeRN BRIRREZEANTIR,
MENRFF, KRBT AT E RERXBFERF %
TeMmERAXTRAREN DEH eI E TN
X R, LR L L vl

QA= e A

& 2-13

2. 3 AT M AR 75 & Bk Tk oy BL R AR 2R

2.3.1 NAEE

WRI R, EFXHEANAS eRTRNTY ARG, £FEUAEEFLZQ,
gohaomtlaiilE, 2TV TAE ik, 224 t%, #—FIHR—1
i R e R R MR BRI R RS, W 2-14 BT
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Atk

ik (Prompt) v A HEL (A ERAZ)
WANEZLUY BN ERLUHY
ZAHERK (Prompt) v A TR (CEREZED
8 TR
B T A
< (& k) <
7S BT WE A
RRE AR 7t 7tk B TRE
>
>

Kl 2-14 AR R FAE 42

BLRIAE R o AR E B REN BT

*

MRER: EEREF LR, MAEE R G L RRSEREIERT . RE
ARERAFEAR, TURART AP REFHEERRABEENEF, 7L
AT RV AR RS e kA

WAWAZLE M, TR FERKTRERSERKAZ (Prompt) AT 447, I
AR FFRELFELZEANE, whFE2e N, o U ERATER.

AMR: 5 A RGP RS, R PR R AT, RS T EEA
o R EReR T AERAReBRT YA RIEeMIBAELER, 564
B J5 15 B3R Bl 415 K 77 B9 VE L A

Bk THEAMARE, AXWNARSRESHATHM. AR FAT, HT
BEFIMER T EERUN—KRTHE,

R E: TURESRR. T, TEREFMemRT LR, RIPRAE
AESRE VT TR,
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o SWMIEE: BAAPIHEIMIRHEBMEL TERFEANTEES

o WMUHWEREEM: X T A &£ KRR B S F KT N BB AT AT, JEA
M NERE R AR AR, wFaRe K, XA N AT
ZERE, HEHATER.

2.3.2 & @AIRE

AMABRIEREREBRERBATEEFRA LR 0 ZHEEEA, B Retrieval-
Augmented Generation (#F RAG), && T B AR RMEE A RAANTEK, BTN —
METIR FRE T RAXE AR R EmERTAGREHEL, A,
ERFECE N2 ENEBMRE, WENGEL L &BEE. KFTTHHA. H
RE. THAMFRNE. 5, BELURLBERERITERE LT, WESHIH

HATEUMEE R, BH P S HREE, T URA FAISS A #H e REE, UX
HMNGRE R RAT A REREL, BIRLRENREREE S FEALL Prompt
RN ESEANRELTRREREHEL.

SBAREFEIHEFTUERARBE L RRFEELORNG . — BT =, £mIURD
WETAFEATHEER (WHE L. PFEH) KHEHDIREK, T RE (WO,
FhEmFELR (WELLE, FhE®) FR, AL HRP T (wiFk. TALE
B EWRAL HEAR, mERLE) BEHANLREF., YAEIE N, RIE
HREEW (Query) W, ZHMAESE (WEERA. HBORA. xgiERA%),
R E B R R AR B A B, SHAT R A A B IR E e A AR AR R AR
Z. RBERTURNBAERER” EHRIEHWEL (BIFTEH “25%7 ) HH#E
o SERF SR EHIRIFT AR E P M EFON T LR S REIRIFOERE, AW
B KT KB EIRFHEEEORRE. A, BT XA B R RALF T Ll
THRERGEEARETENEL, WMAEHF EHNARLETXREMEX.

Blan, LR PHERE “CIEFAMT LRI TE” , AENR P WIERERE, AER
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FARRAESFFR, AHESHFERA R E Sk R XHE TN wFREA,
A 2 FmPERT SRR E N, ARNE| &8 E 0K H B E & K85
MER. wfa, AER KA E L H#ATE S F A M\ B 1E Prompt, FETH
Sy B AR IR A R R G AR .

2.3.3 4T HEE

UMARA AR BT EREFNTEL P ANELEREANMELR, TEX LB
TREH#THR. ELANSREATER, RELHWAEY DRBHAT - W ER
E5, EEMEPTHETEINETETLUNE LM BRI RAKSL, £
EramTHAAZEEENGENNER THLFEARE. Bk, AT R AER
WERE T RENMAES, TUMATTem TAERA Ty 6. 2B THE
BHEAFLBIT AR, IHRENELTOAL. Z22LE QM TAURR KA Y
WTAS, S8 TAWMEE, AEMEGEmRERRLERFH4, LEEARY
WERE LTV el mEELENES, KX REEEEWRAT AL F1HE
%

ABBRE “¥27 AATERRERELER. S THABAFEK Prompt, A
DERAZHRERAN ZRBHEHTF RN HIFRECEEEDY g R F),
kR REFREEASBLE, wRARAFE, ERFHNRKN B, HHE L
T A, FrAiesd B eyl R A R R VT FI X A4 Bk TR E B APT. R0 F & Fh T A E
FATREFHBARBREHHERE, BELESREEAF 4. TARA UK A
HERKERGUNEE, FHALFERESL AN THERSEF KR Z AP, &
AUERL LR TAANPI BAHALELEREARAREGLRENE. ATEARESTH
WAL RAemTAENRED, TXART TERB R ER AT L%, HEL
WA EHAB SR EERURwMER T,

Blaw, X THPEWLS ERENBOTR, BT ARE A & Tk £ &L EHFEKE,
TRt LU A R R TR DGRBS e 4815 & o s, A P F B S A,
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AT A F & Rhit H Bk B T R XK EF RN EL S

2.3.4 ZAERTH

ABBESRN AN REBGRERS AW S0 AR 45 T i A 7=k K
om, RBFEAEFAETABRBEIN A EREL N AN BAMRRT R, BT RCPRE
WA E A, EReRARNG, SAERE, R THREE. R THERE. URFF
NEERF. AERZAFAENEREAT AN eBIABNER/EAR S . Flw
EEFAMLEROELT, BRI GHTELEERS, THEXAADWHER 1F
A, WAREEAFEBRNENNE L.

ERABBREZLEAER L, BLEAZLERTHE, RUMGKREASINA RS
BRAANRHLZLaANTA TR BARAREZ 2B HEE: —RAXN L4
84 2k, A RE 4 FAR H MR A A B E A B9 A KRB A, AT IR E A A A 1R
AL A e R e B OREER, FRDRBORNG; —EERLBEMF T FNF, FHA
REGEEE SR, AT EFHBERFEEL 2EENE, £33, SR URBA
EUEGBARABYENZ NN ERNEERAEN . REEAET AR TR
AEBSEX LT —A “F#/E”, BLERARERA, o DUH B AR A E 5
FHERRE, R AREENEHTRNEILIE, REAER LB F A
g bmBERzLn#, BEATNE, MAAERZ A M REFERKAAT N,
HHRERTEAAE, FRFAEMTEAREERRANER LT, UWRAZEN &
(FlandE @A X EW) FALERERER; MEANZ LA AREENTFEHE
A yE B, 383 STRE RO, A AR KR K R E0E B OE SR DL R B R A TRE AL,
R B e R e AL

2.3.5 55tk

EeBTLT, ERANHECERARBARFRENARER. RYLBY AR
¥HRETFENeRaRMREBENEBRER T, EENEEE LML E L2
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T, RN EERR. ik, WE—AWETHENSFRERSL (MAS)
BRARTFTERERME RO T ATARMEREZNeRES, ZHEERS
TEMRUT E R [7 A

1 %4 B 4] 7R S 7 1] AL

AEFERELN A BE R EELRFEAEW E4ERB RS T, B
£ ABHR 2 H LTS T RERPATEFHES, BFEELEZ o o kbt
FlH 5 45 ik, X HFEEMEREETE fFR. A, RE0MA
MNEEH, HEENEHE BEHE, BRAE W B Bz BT T BN
AENFHESE LG HLGE M REFTHT R, RE F—FH LT g S
I, [ ERIEEEES KA 2 8 g6 38 A 5] REL, R A5 B HY A
R ENES B, B AfE, ZHAREHE— Fo A M
THEFFLEERER. 547 H A

&l 2-15

ERWEEAT: HAk LR AR, &8RRG IER T %R A KT KA MR R
FAKIT A, Bl: X (Engineering). #4T (Executing). %&£ (Expressing).
4 (Evaluating) 4E $6 3. X A58 R0 3 A ey ARt B o 4 0B, DLSEIL & 2
EHHEFHE. BUANTRIHE—ESH . RETREEREF.

H X (Engineering) #AT (Executing) F 15 (Expressing) 4 (Evaluating)
2 g AR K AR 48 A AL 2R R R R R 2 R AOR AR 3 AT % RE R X & LW
oM AR ok, &’ W BB AE R Bt i B By 2 5 R AR R B & s s i
T — A8 k8] AR R, HEMEEA TR, ER—R7T T, BEHE
BIAE 22 BT R . iX xfER, #HTHKE B BRI, ., AEMMT
ANAE 48 B 4T K T L AT R T, KA BT R B, FREER
kETERMWEA o — A1 25 B & FERNELS. B =S/
B, 7 DLE RRMMATT R HHEFEMIEE W
KL (5] A AR R %,
T7 R R

K 2-16

ERHME: SRGREERNNELTHESEZLEANMATEREL. RE
o I X —HE 2R, A7 G 1 TE 9 1R AR R 7 5% B9 RO AR B M B B B, ERE T R A
ERATHEHATHESRT AL, RFEFIN. BB RELRFA. LI, Z
ERAANRAR TAERE MR NEOE T R0, £ KRR & RAT IV EY
B RATIT T HEAA

29



2.3.6 R 44T BIERRIFL T KR

HTE: 2023 1 A, 4BW EHIATEEATWNAEZMH. DEFETHER NG
WEEE, DrEFFENEITRIFL TG AT 7000 7K. WESRHAE4E L
150 27T, IR T mgHEAHEN ZFNItH, X—RETEWREER YT 2
MEE &

BLF AE AR R MR

*

S&X| (Engineering): & %, HX| ¥ w38 1 12 [] 21 o 32 A LU JOAR A2 AL oy JR A 4o
WA LA X ER B E AT RERNTME, flw: CERITRANELSH
B AA 2?2 i EA 2R FEAN2? T iy b S0k 00 I £ = I AT 2
NEAENEE W ER? B3R AT AREE 2008 F 28 AEHE XA
Tl S MR b T AR R R R AT A2

PAT (Executing): FEHAT B, AT T 2 2 R IE KK T B9 3 AL ATHE 2R &30
AT R el &k R B e 3, BE R AR K By & Bk T AL B 2 AR ok B9 DL R H#EAT i 2
WEEEEMTG, DR —MWFOER, flim: SHEEFHEFELIR
W, FTF R EZBEZER e REXTEEFNEOHE, FETAERY
WEBEREANREE NP AR, AT ey 5K, e DL 3T
A&l am T AEEH M) 2008 FE0HREUR, FHEFREY 554, FH7E
TAEBE AR HAT RS

%3 (Expressing): XA A 2 H & NPTV RHyERE & &k — 0¥ R,
At CFERAFHRTENEERE: KEERNEAENENRREE
. WTH5HEMHHELEFNFONEF AR, URCERTRONTFRE
WELH.,

W4 (Evaluating): 34 B, & aEAR 2 2t fE o 87 & T 47 4% A 12 1
T, CaRhENRHERNGEE. HHE, UAETLBEZT PHEES
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BRRARAFTAREH R, WRRLEWZAEERER, HEERGEEH
HE R, NeREBERELKATRE.

i M AEERBBA, UK AERELE, eaailE, 2aTEEBRLXK,
SR B B Lk B 5B SE B B A B R AT R AR T 4 6 SE MO, BB AT Tk
MEE, BRATE T2 BRCFEFNEZIN, ERIERN AR, TURHE
— A am. sEANELEE,

2. 4 AAEE iy b1 A 5K R

2.4.1 BHFE

(1) MA®=F

BE BB AT ABELE. BUNEBAONTE, RHHRFAATHABEEZ —,
REEMEERAL R KL A, RANFEEN R TG AET &, RE
ST RETTRERMATER, EREFR LHAEUBRLREFK, Fadhbmk
T H Rk,

o

(2) RAHRHE = mNH

MY ER XN E T AR E, FHR. FE. 2SR EMAMAAER,
BYAMAMN L HAREE N, BN ETHEEEML, HBITEARTRTHH
BRI

(3) pLARE

SUNBYR AR SRS R, HEH IR SR AT R E M T R
100+7 Bt i An F B & k2 B AU AR B, TR 50+4BhE W EERTE, Fhn
A EMD T E SR ENREARAZINREA, HRTHALWEEHEHA.
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2.4.2 BRI E

(1) MAHF

“UIBRTEMRS T A ERAF . EEENERNKRERFE, AAAFREA(L
CERAF). BREMEEFEERA, FEOBEMERZEAA. B TREN
FETRIMEAE S, TUHRE, ZSAPNREABAEINERFEF KT HE,
FHAFATEMMERR, AHATHFEHACEREK, WP HT EEZAH.

(2) BRI ERH N

IR BREEERMERTE, BRTEREN “BINEERI M “H
B NEERTI %, BANERRREALFHL IENER, RBAUAXTEER,
MEEREZNEHUELRRT e, ZAML K. MEE. RiLFI4, RILKV #
B, RERERAFHEESR., ARG EH T T RARERBEZHFRIEL
fugEit, WET BRERBARER ., HTEUREN, RERFER E R A
FEEHERMM, AR ERAETAREER, #TRREL (HE., 2l FAK. &
BE. BERF) WEERIRA, X R@BAFEETFHRATHR, AT REHLH
B R M. Bt ABAE CoT B LR, Z A Gt el 4 b o o | W E T 9 9%
HE A, B A TEE P I E W AR, WA, GEENETIANE
FARALRNE, ARGIRESEHEELE L, AFEEBH LGS A IKeE
WRE, #I7T R ER.

(3) RLARE
“RIEER RILRA M RGES NLP 5127 T DUE A RO FIZ, BB, BERSF
NG EHGEERrBAEAZVRAEFEF L FETXERLW.

2.4.3 NN e BE B E
(1) mAT=

HRHEMHERE AR AT AR EENREL >~ RELSREVHEAE T
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R, REEEE7E R EFHE, TAEEERL PN NREAE BN SR
FMEEM IR AL, EERENHEE T2 B RAL BT X E IE— Rk,
REJKAELRELTHR. BReREFFM. TURBEE, stz MEMRTR
W L

(2) BRI ERH - wNRB

HNERAABRB LN &R R KW A, MAESREVEEFARRIIANT A
5. SO0, EMWZERN T IR, WERFICHRA Token F A F+15 5 4 Fh
BRFBAIREBHREANEGCERRRTEHREVBERA EMEEN IR,

0
|

SRATVHELMER P HENEARZ N EEEEANEZE. H T Rex—aA,
SNERREMBENARLY BRETXEHED E 32K, WRANE#EAF EE, LIE

B L xtiE; BEHENEHFETRE, Y ATIATHEFELL, EHE L
BER SR FetiE, RALEMARES A

SRR AT 25 o B T 2 4 e T AL B, 40 80988 2 3 100 4 %
B R AR ARERRB G, SRR, WEZS. LTXARES M EETLE,
8 % F AK S RLIF LA BB A F 2B AW ARE R, 5 ERBES
RRFERARL AU ABN SR, EHE, B2, WUETART “ZAHPH
=g

(3) RLAZKR
BHABBEX, XAPFE2.087TRAE EMREN RN, TV orkT AR
REAT, MERB RS, URZLTEHWEERN.

2.4.4 FHASWERERRK

(D A% E
EARANMFESE, ¢RELERBAREFEFEEWHER. IANTBEFEA R



Hem T AR EMER, RABENREMEAT Y. AReENeNE. H
HEATHTEEETFAARCFAEETENZC. BRI ARNeEARERTRN, FEH
MEFEFMUET LD ERE, VARRERGANEFEELF,

>

it

(2) MFFREF E=NB

ERERRRN—IEERSE, TREFANHRTEETHE, BXEF R4
BABOEER 2L AR —HhER, EMRAARE T IHEAEZRERNBEA,
X B E AEEREE N TR TR ERE D, BIEN TALZ AR LT
Blo

ATREBEFRBERE, LU RAEET AL ARENTERE, LT —K
XEEHARBEZRBB EHNAESTER, Wb, AT HPERN T REDHENE
fRee, BT INEKEFRENENTELE, BT INERENTE. X —HE
ERAERANREEE LHEGERRH PR,

(3) RFIME

EFRBAMALENRBIEE EWEEEHEIAE T 85%, MHET ChatGPT 3.5 &
B3% EHME, HTLERA. 4 TeBMAAGAEEMABNALAT S, XEAREHA
KMREETHRITENEREAM T EXR, IREREEHEERNRR SRS
B &
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L I

ABHELBIABHELEFTEL RS FTHAER, BT ARBRAERNIA &8 560
MERI SN, 28l Fo9F b R A B R AR T o Fh UL B R 5K
B BR b T E A AR B KRB R R K

3.1 AMER R R AE & B b 54038 00 XU TG - T R B 35 9

©

Bz ERE A AR R E R R
e B A 4 22 S B PR #HE i A G
A Y R Y

S (4) THEHEE R (5) AEANRGE

(D RBRREE; (2 ERREHH

B 3-1 AR TF 4 AE 28 o B SR B 45

AR A ST RN 5N T8 LA RN 2B RN 5, 2T a8 2R
BERA N B = U AR R 715 #HERENE, 05 580U EE
WAER T R TR AT X B R A A R A B T R G TR RO AT A RN B R
FEREE.

3. 1.1 AEA BIRA R BT &

BT el 5B R e E SUR, MRRT 2 BIE R B R ey AR R T ek RO P
RAEL, MRXLERAGEFINEAGHROMAGE, EAEXLAF AT ~EL.

PRI 3-1: TIN50 T o HE S AN 7 A HE 24 R
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RERPFRANTEERALEAREE, TR AeRERENNITKE.

3.1.1.1 BRABERX

FR A XURE i AR 3B IR 7 B 77 vk A A T AT I RAL KU it 5 A & T e o B9 IR AL R T

B

A TILCRA R BERE AR EF T F 2R INEKENITIZ. X— 78T
RESBBRNAHENEE, 7T HAREFHBELE LT XPHRA, flw AR
AR E A A K P R B PR T A

METHEENRAMERE ARYANA G HEE 77~ £ RA M E 7] . fl iR
FREEA T AR RIS A R WA F B sl i A AEH B AT B M AR AR T
BALIRAL B9 A, (1% B REAE B R B3R Bl P AT B4

- s

I 5 =] DA SR 4 B 4R B TR0 — A4 R ORIl = R T
WHZEAR , FEIA A=K, 2 ARETHRBENT . &
TEEWFERESWR T R, ETHRENTERERER
FII4 (shadow training) , BU7E4niE B ArAE A 4 4 Foi)l 45
HHEWERLT, MBS M THRAENEFERT A, FA A
FITEANNEEEENER R BT REE RIS LH#E
oAz & A, ETEEWNFEREANAEEM W T4 7 £ TINEEKE
FHRHARTESNEGEX —AERTXEERT. ME
H-t 8 7 ik (differential comparison) & 614 2 JE i R 358
&, AEUBROFTAEERKEEFFASLIE E KR
EF HABGEEGEEHERUNARZHARRZE N R R K
REH R E TSR EWRAFE A, FlwsxtemmE mg
BHAT R R B E T et B % &R R R I

Ttz
Fe AL o 5

4
Staab etal, (Beyond Memorization: Violating Privacy via Inference with Large Language Models) .
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K EENER FREVNFHE. X L, EWMERZERTE
AEM T BRI GHEAR, T XL, E 0T DR T A%
BHAEXAUHEE. ERERET, K XHIHKER KK
7 3 F 2 A AR N\ B $R T SEAT AR AL A R R R R4 B Bt A
E R ERBATHIERA AN B £ GPT-2 £, ZREHT AR
BRARE— MBI 2%, Mt iE S8, Wb, ZREHWH
BUEMER AN, NEHEELZRKZAFELTHEAUERR.
B S H ) 2R 248 $R BRI VT DA S I T A AR A SE vk AT AL
#, {40 MEMFREE f# 45 , HAE A& BB & — 5 P @t ik & 24
Y% & F 7 A B n—gram BIAFIT . 48T K 2 B KA T EM
#NAR R o 18 BT 3 SR L) A BAE B 1R A

UER- &3
e &

B B SO BT WA TR RN AN TSR B Rl A AEZ IR B
K i M, BlantEd, A0 Ede %

ETHEH

Fe AL 5
MR E HRUEM AT SR P HE, EA017 £ X RESIL
&0 A BT B R E R

* 3-1 A K HME

3.1.1.2 ARy &7 &%

HAN LRRARE, ETHRBETFLZENARE, oAl NAKERE, BRI %k
A G AL B IR AL 7 42 F B

FiR A R 7 422 B Bt SR

HEhESLENE AHKBEREFLENBETHTHRELRE, FRIGEKETHHREL. &K
EEERRAGAFREEN TR . PIL (MAKHGER) FHREA XA
ARG fE BN —FMHEEETE, RTAXKTRHSBRANMARGEEL,
AREEE AL Mk, RIESA, HIET A% AT IRA R A AWK
R
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