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e BRI RS, IS 5@ F % # (Phonology). ik (Mor-
phology) . #JJ%& (Syntax) FILYHNHIAL, FFRBAIFME L (Semantics) . HF
M A AEN. FRERESCTAR AR SR WA AT 5k 3%
B RRERYER . IR, AR BT St T DAEA R A TESE R Sl AN R 1T 3
ISP AR Py i L B M E RN A R S RSV (TS RS R R R i o N PSP S
£ [15]. IEFHA (Language Models, LMs) E7EEFIBIINGE 5450 . ik
A, EE A DUREE T AL EE . PR SO, DRSS E SRR S AL
155« MINFIBHERI AL, HERTIUIE 5475 R al DARKEE TR LR ZE A0 T
LR, M ELIZA [20] £ GPT-4 [16], i F ALy 7 AR R G, 7
B2 2R R R IR, B A AR AU 1P R P K R A 5 Rz A
AESI AT S5 B R . AT 1 RO 5 B R A R (A P MU AR T G 7 O 3k
() n-grams P F R BT/ 4 (Recurrent Neural Network, RNN) i
FHA, BT Transformer FYHHFEAL. BUAL, ASTERREA 2 ANRDRE 1 5 R 20 e
MRARAEARAS A HARSCAS DA ST v 5 A A A P REHEA T PPA
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$ 1% B AR

1)

L1 &1l 05 iy il S pa

T E BAE S HERVE (Corpus)  HRYTERIBEATSE T 8oy ) R AR HIN 16 =
FESRRRATRE /. R, ETSOTAIEFARALE S B GTE S A SRR
H BRI AT 1 S A5 B . Hodr, n-grams 2R AR GTHE F AL
n-grams i 5 BT Ey 2R nf iR B A 8O A B R (DR AG VR il S AP S 1
e ATE 4 E n-grams IEERAATTETTIL, RUETHE n-grams HEF BN
AU By IR ] I ARBEAY Bt _E B B B BRI T 28 S 45 BRI

1.1.1 n-grams 5 5 gy

W N AICRWIEF S AR N wiy = {w, wa, ws, ..., wy}e wiy A
PIMUERSCAS, n] MR E P75 S8 T8 S B PA . S T ET B, AR
BERS wey REE, HooR w e wey REW, i =1, N, FEEIEFHE
. w; nTLASE Token S HAE . T Token BN EIRFHESS =T h4aih .

n-grams 7 5 B Y n-gram $5H2 KN n #YIEPS . n-grams i HAALE
ARGV SCA ) n-gram S HXF R (n-1)-gram FETERHE H H BRI AR IR K
WRSCR wiy HERRER . THRAXAT PR

N
C(wi—n+1:4)
Pn_grams(w15N) - H C(wi_n+1 : ’i—l) ,

Hr, Cwimpsr s o) AP {wizngr, -, wit FEERHEH HBEIREL, C(wimng1 s 1)
HVFEI) {wimpg 1 -y wimr } FEVRHZE A I BB RER. o, n o7&, 2 n = 11,
PRz 2y unigram, HORE JESCARR) ERCR R B, 201 Clwiopg i) = Clwi),
C(w;) i) wi FETERHEF HBIREG 08 C(wionta 2 i-1) = Crotat, Crota HTEFL
PEFRAL S R AL, 24 n = 2 1), FRZ O bigrams, HRFHT— A IEF 518 LT,

(1.1

2



LELEHER

g ERE 2

B BkEESRONBEL—.

Lﬁ B8 L BARIAESAE | 7 E SRR A R IE TR,

. BY 890045 |, LI ETIANIREIINMNE 2R LRMROAZRREIES.

KEED T RARE - —1 , I, thE D8R, |

| mEkIET SEE SRR, SSEE TR, |

B 1.1: n-grams 7R FlERHE .

Y Clwinr:6) = Clwizg, i), Clwiy, wi) NP {wiy, wi} FEERYE HH
HIREG 8 C(wimpgr:i-1) = Clwior), C(wim1) R wi FETFRLE T H BT
o VABCRHE, 4 n =3 W, FRZH rigrams, HXTHIPITAEIEATHIE. 2 n =4
5, FRZ A 4-grams , HXFEI=AMABETE K. ....

NS A bigrams {EFH RG] 5Ok AR n-grams i RO SOA Y BUAR
RPTTH R R REGERE P& S M) T, WELTR. BT e
FE, W bigrams X 3CA “KFRENE TR (Hh {(KIUE, T, K =M m)
AR TR, s

Prigrams (K508, B ) — C(*g(g% é;ﬁ - C(C?fﬂ;*)‘)o (1.2)

FESLTERE , C(RBUE) = 5,C(k 1) = 6, C(KIUE, e 1) = 2,C(F T, K) =
2, WA

Pbigrams(ﬁ§ﬁﬁsgy H??; {/() = = T-o (13)

ot D
[N\

TEREBI A, FATATAR BRI “RAERE TR IH50A B8 AETERE
{H2 bigrams 15 FHALIY R AT tE KR BB 7K HIMSEE T. min]
W, n-grams EAGRARBSCARRIZALRE ) . X 02 HAHB T AL g0 B T RN B 75k 1)

3



%1% B4R R
. (B2, XFZILEE T S S n ARG IR ES . W trigrams Xf SCA “f

FUERE TR MBRARRAEATIT S, FFHBAT “FHER" AiE o

(KRFUE, T K)
C(KFUE, F 1)

R, 7E n-grams i SEAA, 0 AR T RIGTEREIEE S S X R FSCARMIZALRE
TIZ BB . 24 n 2l K, TERLZE FOfE AR RS n-gram — ARG IR S, AT
AEH B “FAMER G FE n i /P, n-gram MEPDUREZBIITEFER, A2
PABOSZVERHZERREE . L, 7E n-grams SEEA T, n RO(E R Z T RER) KA
Ko bikfy B AR ATAEL T (Smoothing) FORIEATHGE, BARA
A2 WL ICRR (11

A/NTTYHE T n-grams i SRR S A5 M EOMER, (B 0
n-grams i F BRI . TR —/NATREA n B B 2R n] R ABBORT g R AL AE A
RAUSRAG T A BEXT n-grams 3 SR H 5 I GE T2 IR BEA T 1 i

Ptrigrams(ﬁéﬁﬁa H??» ‘[;/() = C — Oo (14)

1.1.2 n-grams ¥ 5% if2F4 B

n-grams 155 BAUZTE n By SRR BT, XHERVE BN n 13
Fe 0 H DR AR LR A ¥ AT B4t n B R AR T SRR E L (e X
L.1) FIRT R EERLAS SRR AT R S (W 1.2), 25704 n-grams 41
AR Ty IR AT FARBEAY B ft_E R i IS AR ARl T 25 VB A5 AR

s€ S 1.1 (n By SRl Kefiidk)
Xj’/j_;"ﬁll {wl,w2,w3,...,wN}, ':J‘:,Yﬁ',]—’]k:& wWN i}%élj%%i)j"%ﬁ n /I\IHQ‘J\}

{wN—n7 "'>wN—1} ;ﬁa‘éa EP

P(wN|w1,w2, ...,’LUN_l) ~ .P(U}N|U)N_n7 ---,'lUN_l)o (15)*




LELEHER

o S 1.2 (BB RE B S R ARG )
éé\/ri.l% i‘”%ﬁ»iz X él] \f—ﬁ?‘ﬁ P{X - Q?} p(l’ 0) ) 7X Xla" 7XN 76*

B X AR, o1, oy A AL, 0 AR A, EAH0T, 5
A FHHEAIE] 11, .. oy B9BEE A

N
=1
MR B
N
L(fl) = p(alf) = ] [ ple::0)- (1.7)
=1
A HARALL A G 402 6 1043 L(6]r) T R &

1E_EaR A E XA ERE E, % n-grams (948 TR BRI TS . ROCA wiy
BUGERN P(win). BRSPS AOEERIEN, Plwwy) 7T FRIAT 5

P(wy.n) = P(wy) P(wsg|wy) P(ws|wy.2).... P(wy|wy.n—1)
(1.8)

Il
ez

P(wi|w1:i71)o
1

<.
Il

HRAE n By By /R AT ReAlRi% , n-grams i F B4 P(wi’wifn'ifl) L P(w;|wyi—1)
IRIG, AR B R AL S AR AR AT, & i) 5 AL P (wilwi—ni-1) A
ﬁﬁ» ’T%‘i” n-grams iﬂé‘%*ﬁ%é@ﬁﬂ H:ll Pn—grams(wlzN) XEXEI‘ P(wi|w1:i—1) H@ﬁ'fio El]a

Pn—grams(wlzN) ~ P(wlzN)o (19)

T, DA bigrams g, MM o=l SRR TR R . B ER
PE R M SRR, {wi,w;} HIEIRREH P(wi,w;) , W7 1 BRI
K C(wi,wy) , M IAIRRECN

= HHP(wi,wj)CWwf), (1.10)

i=1 j=1



%1% 5 Z AR

ﬂ\\

Hr, 0 = {P(ws, wy)} 1o RIEFRARR LK Pwi, wy) = Plwjlw) P(wy) , H

= HHp<wj\wi)“wwwa‘)P<wi)0<wivwa‘>o (1.11)

i=1 j=1

FOX R R R AR BRSNS

Lyog(0) = ZZ C(w;w;) log P(w;|w;) + ZZ C(w;,w;) log P(w;) (1.12)

=135=1 i=1 j=1

Bk SN Pwslwg) = 1, BT A AR BB B8 5T Ay 1 0 AT SRR A A

max Li,e(6)

M (1.13)
st. Y P(wj|w;) = 1fori € [1, M],
j=1
FCHIAS B HXHE -
M M
L(X, Liog) = Liog(0) + Y _ XD P(wjwi) — 1), (1.14)
i=1 j=1
SR KT P(w;|wi) BS:, P
OL(\, Llog C(w;, w;) M
2P (w0 Z Pl + ;A (1.15)
BFECH O, A
P(w;|w;) = —M (1.16)

S Plwglwy) =1, A ATHRYES — Y3 Clwi,wy), B
C(w;, w;) _ C(w;, wj)
ijvil C(wiawj) C(W) ’

RO HT W] bigram 1 F B R St RAHERE R R 2 (1
AIi) Pw;lw:) BB, AR TTH RS n > 2 BHAL n-grams ifF 54
Bz

n-grams i FBUIE o 40 R SRR R it BUIOBIOR BUONE 2 455 1A
o FORRAFIIAG A, AR “BHER WEE. B2
YR IR , HT A5 SRS IO 4 R ORI R 1, 32 B DO B TR

6



22 HFE
2 M 25 HTE S RN Rl AR T R A O T S Ao AR TR, i A
FHTEAZE R AR A M 2 I A AT R AR B4 T RN 23 B P e A AN
TR T M MG RIE SR ET RNN [iE 5 HARE T Transformer (15
B

1.2 J&T RNN [)if =

1G4 2 M4 (Recurrent Neural Network, RNN) & e 820 i A SR 0
ESPEIIEARR . 2078 FES1, RNN [FR8E T4 ot 25 I 24 pibk s
TR, PR ASORER B, R BN AARAS HI e . P, RNN 1]
DLELT 7 B, R AT, 35T RNN (0I5 2R, DRI A L 3L
FRATERGHRIG b SCRIM N O R — N B . A G RNN
B SAERIA T/ 2R, RIS ERIATA ) RNN i o .

1.2.1 fizhphze4% RNN

Fie BRI AR (S SR 1 Ty ), AR I 28 1) TE AL R R 4 R i
BRI AERT R, HREEE AT, “AERELE” .
MR, S L2 T B R 2l o e S 1) 5 | I W 2 o, 8
J BRBERRTRE” AT SR A R i e 2 0 28 T DAGERR by i A5 o 22 4
#% (Feed-forward Neural Network, FNN), i 3R I {650 55 0 2 1 4 42 0 5 4 G
HIEAAZ M 2% (Recurrent Neural Network, RNN ). PABLEHIAZ . B0 . i
JERIRRZE M 25 A Bl P12 s T a1 B FNN AT RNN A 28 M m g i, ]
i, FNN [ 28 454 s AU & IE [0 % . 11 RNN BRI 45 0 i T IE il , 04
— RPN 2 ) B S5 R P B ) P R TR Y 2

7



Pl 1.2: HiBHE R S TR EE SR L

BHIAFINN {21, 20, 25, e}, RUREN {ha, ho, s, o b}, XF R ETH N
{o1,02,03,...;00}, AR, BUBUZ . i thEXTRE S50 Wi, Wi, Wo.
g9() FBAHeRE, () Mk R R AT IUREE R TR A
I5F, T FNN, 4 S L aism Ae <, Bl

or = f(Wog(Wirxy))e (1.18)

WAL R X, A A TIRE . IR 451 520 RNN 5 FNN [ 2
SEAANA . RNN FER T AR Y, B cR S IaI R EIRES, &
IE YA A BT . HAE ¢ B2 AR

hy = g(WHht—l + W[It) = g(WHg(WHht_2 + Wll‘t—l) + Wlxt) — e wL19)

or = f(Wohi).

Hopt >0, ho = 00 FFULl L B[R] 2 RIT, RI155) RNN fyffERLd A,
BIL3fR. R, EHR AR ¢ NZIARIRfgot, HREAREE T R
FAESAAE, LRI TR RNN 1 TAE 5.

AR, AERAE— IR - DICR MK TR AR BOE T, RNN i AE D)
SR LA B A ME M neR & L, xS fE BT R, R e
AnfRERREC. (H2, SREZIREAY FNN QO Y HPIRESHE T 5 IE, JokAemips sk
o PAHFPS {RHUE, 21, K MBI, A% T KRBT — @t an
ipfe, FENCREUCE JE “ie 77 SRIEATTN , T REFTIN (R —i (8 “JE”, K7
S5 T RNN KRR “RKBUE” F1 <77, HIFd ~—ia2 “RK” iR
ey, DR E “KRIRE” BI5IA, ATVARERTHHITERE

8



LELEHER

DDQD ......

¢

Tt

Oy

Pel 1.3: RNN $E P AR A IR 7] 48 B8 e s 214

Jn2R NN A SR Dy s E B T 8, IR 2R B A 038 [ i A 2B
12, R FEAERL SRR R . BAR, RNN 25/ DUEHAES A 5K
THOU T SSB D S5 5, (HRR X RER PR R 45 A 45 RNN (9l 2Rt ok 1 Bk
FEVIIZE RNN I, 95 SRR R R, 78 50 51 b 13 5o o B S A e

FAR R :

& RNN lm =] *%@H’JU”%:TJ %j‘j

L = L(x,0,W1, Wi, Wo) = > 1(0i, y;) -

Horpr, () ARURREL, v AR

R L KTFZH W W N -
oL

M
/
K

Oh;  Oh;_y Ohy o

Oh,  Oh, Ohi am+1 H Ohy,

(1.20)

(1.21)

(1.22)



s
e
R
D\\\
S
2
I
=

Ohy, _ dg(zr)
8hk,1 azk

Wi (1.23)

/\l:lja Zk:WHhk’—l—{_Wka //j_:‘J:a ﬁ

ol, o, v 0g(z) oh;
— .. : . 1.24
Z@ot Ohy g Oz, Wi oWy (1.24)

M ERPFTAE SRR Wa (8 BRI SR R (W A PR A T . ik 2> 33
HAAGIBTIOR B G/ STHR (171 R, 24 Wy RORRHEENT LI, &
KA s 2 Wy WERRFEERT VI, SR B EERRNE . BAIEEH IR
FHOIZR B3R RNN ERIRNE. 7 RRDB BE R AU KA, GRU [4] 11 LSTM
81 GIATIFEE A, UG T RAFRCR, MO T2 RNN 252044 .

1.2.2 JET RNN [if 5 i
XA FES {wi, wa, ws, ..y wy '}, FT RNN A ERALAE RSS2 535 w; FIE
Pt AR BERRES hmy, SRIN R — 0] wi HBLAOMESS, BD
P(wii|wyi) = P(wigr|wi, hiz1)o (1.25)
Hr, Hi=11, Plwiri|ws, hio) = Plwa|w:) o HF I, {wi, we, ws, ..., wn}

R R B -

N-1
P(wyy) = [ [ P(wisi|wi, hio)e (1.26)
=1

TEHST RNN (IR S HALT, i o — s, Horp g — e UG T st b ox)
MR . iR D B3 | D] M) {1, w,, s, ..., wip|}, FET RNN 5 F A
FISTR TR 0; = {oilwa] 2 B, oq[tda) FEmiaHL R i3 wq th AR
I, T RNN (iES 1;%%7@“

P(wi.n) HPwm\wu Hoi[wm]o (1.27)

10
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KEEFEF — . hy >0 01 005 -

K 1.4: RNN 3158 5 R R 2 A

PATR 2SI B AR T . Rk D = {1 Sk iz, K 5 12, )
BT RNN A SRR CREUER K7 MRS R s LAFTR.,

PRAFERTK) = P(BFIRIE) - P(K[FT,h) =02x06=012,  (1.28)
BT A EFINGALSS , X RNN B S HRAYEATUIZRY, Al R 52 S R &R
(LTS 8

D]

lC’E(Oz‘) =% Z I(u?d = wi+1) log 0; [wi-i-l] = — log oi[wiﬂ] s (129)
d=1

Hep, I(0) NFEREREL, Y4 Wy = wip BPET 1, 24wy # wip BF5T 0,
WNZREN S, RNN EFHI 7 vl PAMI i :

S| N
1
L(S. W1, Wi, Wo) = >0 lerlois), (1.30)

=1 i=1
Hr, ops 4 RNNGEFRIEALE s MEAISS ¢ MR 5 . Heak oy #2
B, BRI RS No TR SRR b, BT RR, YT R
&, R RNN B SRR TS%. EIR NG RER G, T AR EAIH
BEREARS e S s A TR AL o SRR ] DA TR AL 55« B, A1)
B AT DAY TR E AR A A By R T AR RS, FE Al AR S O U5
TEHBEIEF, S5, FATE LRk A% RNN IE SR, Zadfged, 15
Bl AR5, BATRS 5 pia 55— R AR BHE, 15 5

11



% 1 F BT AL

R, SAEMRTREIEE At . B8, FFER R IR AR AR, M5
=R, VAICEHE. SO AR O R R DR B AR AL, WASRTES
B SERUR AT . FEPEMAACR) AR AR, AT WA R RY E
X EEGRNER F T — B

B ik <H B SREAATEEPI R (D) SRSk, SRR A
RTRVE S AT RES A e, XA DRGSR A, AT R, &
BRBURRERAF LA (2) s ATHRICRAR, TR 210 i 3] 4t
BRI, R BN (R ER AT, MEAEAT AT . S T R BRI
[F]#, “Teacher Forcing” [21] {Eif 5 I IR R #4) 12 Wi . 7E Teacher
Forcing 1, HFREACKHHHESR S “FrfEE " (Ground Truth) HEATHHEVEN T
—ReEA . FERILAFRABIT P, B 80EET, RATH “KIER T K
IR AN K7, mARE o R AR 02" BEE HA AT A B

B2, Teacher Forcing {3l 25 =R S 3088 e i 2% (Exposure Bias) ()85, 1
A 2% 2 Teacher Forcing YII 2453 1) 1ol AR AR AR HEF S FRAFAE 25 5. Teacher
Forcing TEYIZhtr, BALKAH T bRl 2" HEAT T — I B, [E27EHERT
Wy, B CHBIEY 7 ESOR, WA DRERR” WS%. FTARAEY
PRI AR AR I 2, T RBHEFR AR 22 . MR B 25 IR, Bengio
s \HEH T 46 RNN #2141 T Scheduled Sampling /573 [2]. HAE Teacher Forcing [
IG5 3t A o A7 P W R 0 P — NS M | A U AR PRI R, FEISR
WFE PO T TG CHRMERS R WS DL T

T RNN BB ER AR, HAZ T, SEHAE R AT 58
Kb, GRS TSRS TR0 T Transformer 5 F AL T/41 .

12



LRI BHESR

1.3 J& T Transformer [F]if = iy

Transformer J&—28 5 TR WA (Attention) FBEHARAL B il 22 [0 25 45
o 55— ¥4, Transformer Kf— & £ 1) Hy SCRESH Y BRARES FIF A, 28
JEBEAT AR . F P SRS FI S BRIRSHET “WlBHIRY, RIER ARSI T
Will. FF Transformer fYIEFA, URFSIENRIA,, HT—2 KRN LM
2 FR R T R — N3 AR . ASHTRs ek Transformer FEAR B BEAT /141
SR G YFAEANAT A ] Transformer F4 R HE F AL .

1.3.1 Transformer

Transformer J& Fi P RPMELELAL S 44 (1 B AR I S £ kg . I AISEE A3 3110 2 (1)
/7 (Attention) #idkt; (2) % #H:H14% (Fully-connected Feedforwad ) i, Horr
HYE R iRl {12 /72 (Self-Attention Layer)., 5%2%7%#% (Residual Connections )
FIEIENAE (Layer Normalization) 2. 4xiEHzalitis b & Hmiiiz, w2
EREANZIE AL PR S5 R B AN LS PR . AR HEZIN- S EAN 2
1 SR S A

IS N D
2 EIR & IED RIRIA
WA ) )
q s
(s ~ .4 x
e e e e [ e e e
WA ~ (e ) (g
— v H
NN\ NN\

Pl 1.5: RS AR AT TR .
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sim(z1,z3) 31

= sim(z,z3) " 'ii Y =
W, g SO S —>%—————>——>[03]
)Y > 8 P > .
;J)3g Wiy 9@ 3
L 03=> asgw
W, —>{vs}] — =

Pl 1.6: FERAHLHI AR K

1. 7% 1) (Attention Layer)

TERE 72 R PS4 1 JEAECRE i S0 2 B B 4 Bk AS 1o Transformer (1
TR 2 ALK query, key, value =4y, RIKHIA {21, 2, ... 2.} HTSH
{(q1 kv, v1), (g2, k2, v2), ooy (o Koy ve) o HEHT, query Hl key 11 H R ) HAE
a, value ;X A i . BAAT),

Attention(x;) Z Qi Vi o (1.31)

;
=

. e
ap; = softmax(sim(zy, x;)) = sim{qr, ki) . (1.32)

2;1 sim(qt, ki)
Hr, sim(-, ) HTEESEWAHA Z B XFERE, softmax pRELH T X A C %
FEHATIH—4. BLAb,

qi = Wq%‘, ki = Wiy, v = Wy, (1.33)

Hrp, Wy, Wi, W, 43512k query, key, value ZfibarniS4k. DAL = IcE B
A Az, 29,23} HBI, Transformer H R S SEPLEL.6TR

14



LELEHER

2. AYERZ  (Fully-connected Feedforwad Layer)

TR A6 T Transformer JE =432 244, HE % Transformer F24
MCTZ. HRTAE A2 —Fh Key-Value fXHICAZAF A BIBCER [7]. SRR
BEAEPE, WZEZIAIH ReLU VENHGE KA. AEEERIBZENR AN v, 1%
Rl IR -

FFN(U) = max(O, W1U +bl)W2 +b20 (134)

o, W R Wy 4RI EE— R RE R AE SR, b by SRR — R
ERES . HP RN EEZIC IR key, T4 2T B1E value.
3. 21EN4E (Layer Normalization)

J2 IE AR DA A 22 150 25 ) S R B S A iz Ak MR 1], R4 AR 2
ENMBRIIE R v = {vihl, o JRIEMMLZEATE o B 4ERE v BESIEAT)ZIE N
fedide . BikH, 2 IENEAET AFR A I A A

LN@Q:a@g””+ﬁo (1.35)

SO, a5 IS 0 0 A BURRBRRAS A %, TRl AR
SRS

1 & ™
= — . = — . 2
p= E v, 0 \l” A (v; — )2, (1.36)

i=1
4. 5% 75¥E4% (Residual Connections)

G ANFRZE T T DA U BT 2R 7). AEEEAR 1Y) Transformer # 5
B IRIEIESE . BF— DRSNS BV R0 A — & 55 I E N E 5
WEIZE W b, REMARZIEN L. 5 AR R A T2 1Y
I — 455 G| B ERR 2 T b, RS AL ZENL.

AR R IE A B TR I TR R Z S Y M 28 S5 A R Post-LN Transformer, 5
ZRHRTE, TR PR )2 I WAL TR 2E R T I 45 45, FRZ A Pre-LN

15



5
R
N\ HA & f qﬁ ﬁ
m P plS Bl.x3 kB
g # % W w@
g o B i o B |w x3
g g 3;5 ......
— J
3 —
% i s W E 7| w
D k| - 3 5
n b 8 i a8 B
5 v | % ] A %
‘u. B b
3 L
&

P 1.7: Transfomer 544 7~ & &
Transformers . %} L % , Post-LN Transformer )i/ %} #¢/iF 315 (Representation Collapse )
(IRE S TSR, (ELAb IR BV Mg 55 . ] Pre-LN Transformers TJ DAE BF-fr) 7 Xof A5 2
W, (RAEFRRAEYHRIRE IS . BRSBTS 30k (7, 22].

JE 4417 Transformer 3% fi] Encoder-Decoder 4£44, H:Ai#; Encoder 1 Decoder
FRAY o TR S 4RI 2 E P T AR 4 1 B T AR R A A VA AT . L
REE AN 1T 7R . Hodr, Encoder #8423 Hi /SN0 encoder layer ZH A,
encoder layer {3 {5 — AN JBEHURI— A A ERE AT B o e R By
FI7ERE B (query, key, value [ AJ2AHIFIN) . Decoder #543 H175 ALK 1)
decoder layer ZH %, 31> decoder layer 4, £ PN B I ALHURN— A A IE B TR .
Horp, SR IEHCO AR, 8 AR O3 Xk B
(query, key, value [ AR ). Decoder H125—> decoder layer (%) H £ & I REHAY
AL . FLE Y decoder layer 1Y VE B TR A A E—> decoder
layer ()% it . Decoder 22 U SR 4 A 43 il BB i il (query)
TR )5 encoder layer [{J4fi i} (key, value).

Transformer [¥) Encoder #43#1 Decoder #R3# ] AR H THY 1 15 F LAY, 4
H%$ 1. Encoder-Only #5%1 £l Decoder-Only #%4 . Encoder-Only #5%4 1 Decoder-Only
R LR ZE R RAE 5 B P R TR 4

16
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1.3.2 J:F Transformer [1]iE 5 Bi%

1t Transformer [ ELA |-, AT AT Z R BUNSAE SR I ZRTE S AL Blan, 3¢
IR DAL T Transformer /1 Encoder #343, 456 “HEia#bax” 4155 K 1I1%5k Encoder-
Only iE S H, 41 BERT [5]; FAT1 7T AR B i Transformer ) Endcoder Fl Decoder
oy, dhie TR CTFIRIE S 2 BT B S5 R Ik Encoder-
Decoder & F B, 410 TS5 [18]; FATA] LAY A Transformer [1) Decoder #(43-,
A N 1A AE55 82 Decoder-Only i F A4, 41l GPT-3 [3]. XLEHEH
BEALRAE S B P AT RN A . R TR AT — IR BOAE 55 A B0, 1 B 4 2%
Transformer 17 5 AL AR .

SHEF ) {wy, wa, ws, ..., wy '}, T Transformer (A5 SRR R {w, wo, ..., w;}
FHI R — AN wi HBLAGHEAR . FERET Transformer B S H, i —4N1H]
5, Ho A S T s B R AR R TR D Hp I | D) AN {1y, s, ., wip) e
FF Transformer (15 SR A H AT 2R K o = {oi[wa) 2oy, Ho, oi[wa] F7RiA)
BT R] g IR . BB, % Transformer 5 27T 51 {w1, wa, ws, ..., wx '}
R AR A T

N—1 N
P(wy.n) = H P(wip1|wy;) = Hoz‘[wi—l—l] (1.37)
i=1

=1

591145 RNN 1E =804 [, Transformer 15 =180t B U0 F 22 SR R EVE
512 PR

DI

lop(o;) = — Zl(uﬁd = w;y1)1og o;[w; 1] = —log 0;[w;y1]. (1.38)
d=1

Hep o I(0) NFEREREL, Y4 Wy = wip BT 1, 24wy # wip BT 0,
WillZiEEN S, Transformer 15 5 A2 (1 451 2 A] ARE 1Ay -

S| N

1
L(S,W) = S| Z Z ler(0is) (1.39)

s=1 i=1

17



% 1% B4R A
Hr, o5 O Transformer 15 5B E AREAS s BYHT ¢ ] A L o R A5 O 9
it b, MESTRIA, TR L%, (R Transformer 15 SR IE 125 .

1)

R RSS2 5, FATTHT DAKF Encoder (15 H1F FARAE , K5 I ik 4t
FREMROL THAESS . MEAh, b nlfE “H A" R8T AR A AL 55 . AR A (]
Heb, S, FRATE SRS AL Transformer 15 588, LY, 15
Bl —A i . RIG, FATTRESE — Rk iR 5 28 — R AR PEEE AN ER e
PRI, SRS MR 5E iRkt . B, RS Rk th A ADRE, VN
=R, DA . OO AR BN B R PHE R A R AL, MASIES
B, ST —R TN . AEPRERIAACHY BRI d e, AT WA i
XL EAL B T — B . 512 RNN 15 SR8 —4F, Transformer B84 T 25
T ARHCOA R A 1.2.2 5 h$E 2 “Teacher Forcing” B

HHET RNN B ER AT AR RA AU, Transformer HATHI ARFRME, (HHZ
Gyt IR . HI2, Transformer FAT4m AR TE 2R T 29 A2 A UASE B
NP BRI -F  G K o X H] Transformer 403K 7517 K Bk -

L4 i S BRI R A 5 ik

i SR O — AT, e AR GE AU T L POt BT O . HE
R B EEFE R SCAR A AT S5, 1 SRR AR B — 4L ) R LA oy
SCAS o RERX 2 o) AR SN SCA R i RSO TR SRR . A R B s
SR R . AT, PZE AR iR LAEEE N (D). AR R AT ().
BEALRAET A . WIRTTIE I e R i B b T A 4
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LELEHER

L4.1 M kAt )ik

BEAME D, 5 ASCAH {wy, wa, ws, .., wn}, 550 5 A i 1
0; = {osJwa] M2\ AR M 4 1 REUG A B SCASH {Wn-1, W2, W3, ooy WAL o
LR ISR B SR T R S AT

N+M-1 N+M-1
P(wysiven) = [ Plwmalws) = J[  oilwis] (1.40)
i=N =N

FET MR A RIS T YA B AR RAL P(wninvsar), PAARREH AT BEVE SR =
[WSCAS . R AR R 2SRRIV MP ) J& NP-Hard [R)8 . B K A6 i 08
R BRI R I ARG R TR SRR RS 7
1. $008% (Greedy Search)

DU S RIEFE R R O rhEf e A R A iE] R
Wiy = arg Maxypep ;W] (1.41)

GRS “TRRTFIZE", 206 T SEIGE". R AT T e B
W TARER AL . U5 W AR TR, MDA E] AR (AR DA 1.8
B, AR AR A TR SR KB B, B <R
HORERIGE, 03, (Rt R ZJ5, HARamMERas . MR
BRI, ROHRAEEINR Y R, HAERUY 003, TR
AR TR T BT, RS NIRRT K7, AT
DARAE 0.1, TATILH, AT DA th 50 B 2 LR AR S K 75 5 W AR
P NI, ORI RS2 (Beam Search) Jryibf R .
2. P42 (Beam Search)

WA A T AR A B b AT RE MR RO By = {wl ), w2y, ol
GIE

min{o;[w] for w € B;} > maz{o;[w] for w € D — B;}. (1.42)

19



%1% B A
e R
/mﬁxkéﬁﬁ%ﬂms : KR
L=F
0.1 0 08 | 0.1
®n) (R2) @%)~ (&) @8 (&)~ @5 BE G-

KOEEEMBE SRR REHBE

\_ g - Y

Pl 1.8: SO0 18R 5 ORI ZO0 HE DA SRR A KA S A O P A T

TSR RN, 133 M ARty BB L o b Al G i aiisme, B
M

{wNni1, s wNgm} = arg MATwieB; for 1<i<M} H ON+i [wz] ° (1.43)
i=1

ARZEDA B A AN ARSI SR IR ), L8 AT DA
REATRM b = 2 WPARRINE, HATAI ARG ewma”, “2rE”, BT
K7, R UORE” PUAMEEAL G, XA 510 0.03, 0.027, 0.1, 0.04, &
(IRESSZ pri e iS5 =i i S i N

HE, MR BRI SCAS Il B AR d R 8 WL SOAS o XSSO 2 S~ FETTI
ASCAA T, TEE R TR RIS PRI AR5 28 Pk Sese” —HAd
HAFRRSCA . B AR U SCAR B Z Z AP 1191 ANFE IR L8 g i, AR
RKBTHESAN R " RSB TR AR SR BBt R, o T3RTT
RSSO TR, FATTn] DAE AR RS A i A —LEBENLICER . SRR TE R ] A
R 3] — SR WA A, AT RS A O SCAR BE LB R, SO A TP SO
55 o TERERS S RE I AREOULER T5IE , BOMBENUREET ¥ TR R X R LRAE 5 34
AT
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LRI HFR

1.4.2 BEBLRAE TG ik

R T IEIN AR ORI 2R, BEALRAE R YA U ¥ BERLYE . FEd
FETUIEE, HCSEk ) —2H AT BB i I ], AR i 4 RO A A A T R LR A
SREEH TRV E AR I 45 2R . 2477, F i Top-K RAEEF Top-P RAETT VA S 4
TR T 41 0 6 32 ) S A ) e T R R (L 1 O VAR R TR A T IR PR . A SRAE DT
A Temperature HL i T DA 18] AR 40 T 2R TR RE . 432 7T >Rekix) Top-K
SKFE. Top-P SRFEFN Temperature L2 BIEITF N
1. Top-K RAf

Top-K SRAFLLERFFE TN PR I K AR S = i3] {wjy, wiy, o wfi FER
AR RIS, RIEX X LETA R AEZ T softmax R HEATIH—1k, 153004
1Hi R AR

1 K e:r:p(oi [wilJrl]) e:cp(oi [wﬁl])
L wk) = S : . (1.44)
Ptigay o i) {25; exp(oifwln]) " S, enplofwl])

IR G IRIEAZ A1 R AR AR TN B 4528, B

Wit Np(wilﬂ,....,wfil)o (1.45)

Top-K SRAE ] DAA RN AL SCA T B, B ande_ a1 L8 Fr s 1 61l 1
Hhigt fi] Top-3 SREERSEMS, WA N RESIEFE] “BHWAE". “KRIEGHFRAE" 1]
BE R — MR RV BB BT 3k

H2, ARV BCE N E R RN K RSB EIR AT EA R 38 A 0 Ay
TEMRR IR o MR A 70 A1 0 7 ZZBOR BB, i) BE 2 3 EUAS 5 T 000 i IR 32
B AFFTRBE, A CWIEELE . B, AEWELY @) sy slT
. Top-2 RAA ATRERFED R SURA DU T 1M 2445508 1 1Y) 3 113 1 7 22870
I, AT IS A, EE RO R MR SR e Tk % 4 s 26 it R AT A A
B, FEREREAGE PR, I EI iR B Z RN A R IR 1
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%1% B AR L
s ~N ~N
 KIAEBEOR KSR iR F R
= 5 @ e m . moms
fig HEF Bk a R ) BE HLEe 152 BT e )
Tap-k , Tap-k —
Tap—p : Top-p =
N J J
(a) Top-kthSELIE (b) Top-ki&tR7 vk
P¢l 1.9: Top-K RAEEFITETE @1 H 5 Top-P 7L MIXT EE .
A, BN, FEATRE LY (b) Froaai B, dad Top-2 SRAE, FRATHBESEE] “K

FRERRETAREE” 83 RO TRBEE”, XLEE AT K SR
TR, SRR (2R R SRR e AR T2 eESE, Top-2 RA:
75 A 2 K5k SE AR AN 78 DLR RIARHERR o« O 1k EaB pE, FRATT T PAGE ]
Top-P KAE, PR Nucleus RF,

2. Top-P ¥kt

N T R RE AR A R 4 TR, Top-P R4 (R Nucleus RAE) it [9].

o W p SR XSRS TIR B HABR AT HmH S, = {why, w2y, .. w7}
Hot, XS, B, Yaes, oilw] > po BRI TER IR
(0:[why]) exp(o;[w i)
plw? ,....,wlsp)z{ IPOinl) +1. . (1.46)
o o ol eap(oifwl,]) S eap(ofuwl,, )
SR IG AL A R AR O M 25 5, B
wipy ~ pwhyy, s wlH), (1.47)

I FH B VA Mo e SRR BRI B ifE 2 )i, Top-P ORAT il AR G i 2IMER B . A
FEEC B, AT b WL BIAAEIRN 1.9 (@) Fsfil 54, Fdi1# A 0.9
TEEE, I r] DAMRGF it K SURAT U 2645 17 it JFH., HaBwTEA%F
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EEEHFE
A0 2 0 AT AR I, MO R, TRGE CRRITTER” . BIANTEIR( 1.9
(b) Froniy Bl , BT A 0.9 2 BIME, WIEaT AR EHTHE . BEoE 25 4 SR Y
T NI

3. Temperature Ll

Top-K SRAFH1 Top-P RAERIFEALIE t o 5 B8 i th AR g, AN al E i
R BIEARE, AT T EAUER R BEA—FE. FEATETF AR A i
e, BTSSR R SOAS i ATRAT] R SR B SR Y AL -
IAEACRS AL B, FA T B AL ) A B PRAT, Bl AFRAT] 5 S iy BB . 5
A Temperature #L] 7] DA fE P ALYEEF T Y5 . Temperature #1821 %) Softmax
PR Y B AL R AT RUBEAR 8, SR A Softmax b B0 I 4t SE R 23 11 i 45
il % Temperature RZAZHAYAL &N T

5] A Temperature 5, Top-K RAFLMMRELLLER 2 AE U R :

1 X exp( [ +1]) 61‘]9( [ +1])

P(Wy s ey Wiye) { e e ] } (1.48)
Zj:l exp(T*) Zj:l exp(%)

31 Temperature )5, Top-P SREEHIBEIEAE I 7311 41T B/ -

oi[w; +1] [“’ISPl]
p(wl,y, oo wl) = { pr( i ) ] ;?p( ) — b (1.49)
Zj:l (TH) Z] 1651727(—“)

wo&EL, M T > 11, Temperature AL £ 55 e 5 b i 7] AT 8 22 BE I
AN, SIAAERSEEPIE, M IEEALE . 24 0 < T < 1B}, Temperature AL £3 {5
B P TR R 22BN, SRR, 59, MESR S I RIE TR 25 5 Bk
W], MTTHEALEAESS . Temperature AL T DA R BEALPAREA TR 78 9 2 A
[ 7K
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$ 1% B AR

a{)

LS i 5 BB O

R —NEEHAE, FAFE O AR e AT, DA A4 B
B S BAE WCRE TR IE AT DA AR o SR IAAUOBL R (ML 55, iR
A R PP R A IR RE ), FRZ I NAEPEI (Intrinsic Evaluation) . 2
TRITREIS R BARAE S5, AL AR RS, RTINS AR A AL X 2
HARA AR S5 BE )y, Rz AMEPHI (Extrinsic Evaluation) .

L5.1 PAEVEI

FENTEEI A, A SOANE -5 B0 2R B A B SCAS 07 8] 2311 B SCA
i, AR RAESS . o E RN R FE AR 2 INRREE (Perplexity) [10]. H:
B TR B IO RS R R WSO Siesr = wine T
FAENIA SR sesr ERIRRREE PPL AT N5

N
1 1
PPL(Sest) = P(win) N = IJH Wo (1.50)
i1 i i

H ERATDAGE B, WSRE S BRI SCAGRE < (B R Se A A%
), R ER AN T S R 5t S A AR (AR B S
AR , R 2 AR . F P SC A R 4 SO [ 40 A, T 4%
A T RN AT 2 B 2 ok SR, A o B 3 e )k SO AR
HHOR SRR R AT SR AT I . B, R R T DA
R R R A ik R

X R B ATk S, AT AR B RN F &M TRt

N
PPL(Stest) = exp(—% > " log P(wiw.;)). (1.51)
=1
o, =L SN log Plwilwe:) TTUATE VR AR BB AR BT 4011 5 R A 250

24



ETE N 3
[ AR R 38 S, B — SO, SO T (i = wi) log o [wi], Fet D i et
RUFER S R Plwiwe) < 1, BTRACAE SRR A O A 17 41
SRR, B

N N
1 1
N E P(wi|w<) log P(wilwe) < == > log Plwiws). (1.52)
i=1

ik, R Eﬂ/]\ﬁi%%%hﬁﬂji EWREGA WIEILE" R R,

1.5.2 AMEDE-M

LEAMETEI SR, RSO B G AT 5510 RN B AT %, LR
BT S5 . Bt ONEVEI, FofTTT DABT RIS S B B2 1 55 FORE S o AMEE
PPNy YR 8 T DS R BT T bR -0y A T 2 B D0
DA S 2507 5 P ) 2T YRR o
1 JEFe bRt

FETFGE USRI 7 R FE G AT R ST 2 R A S5 2 8 1 22
ERRRE, IFDASLAE S 2 AR MR Mk . BLEU (BiLingual Evaluation
Understudy) #1 ROUGE (Recall-Oriented Understudy for Gisting Evaluation) 2 Jfi
Bl 2 PGSR, Hod, BLEU ZASEES MM5HR, i ROUGE 274 1 %
OSSR, AT 4 BRSPS AR T AR

BLEU #if ! I TP O /e HLZEBIi%: (Machine Translation, MT) £ L%k
6] FAET LV B S 5% BRI AR . Bk, BLEU i
2 R n-gram A5 BEH LT . B2 I ESOAR BT Sen = {51,250
SR B RIREATN Srep = {Sigp iy, Horht, S, 5 50 %R, HL (S| =

|Sgen| o WA n-gram g LAY E SCATF -

en ’
Z|S‘J Z COuntmatch<gn7 Srz’e )
PT’(gn) = gnGS en ! ° (153)

Sgen
ZI ge ‘Zgnesgen Count(g,)
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%1% &

A R

D\\\‘

’%L

Hrr, g UK n-gram. XTI T A B 5 25 B E A1) n-
gram PRSI, rBEVE T AR AR P ARG n-gram (SRR, BN, MT Ry
CRIEFERAY BRI, AU “big language models” , 11 2% SCAN

“large language models”. % n =1/, Pr(g) =3, ¥4 n=2#, Pr(g)= ;.

ET n-gram AF5J%, BLEU JUN /> n-gram f5 5 H LT F- 39 10 P25 2R -

N N
BLM]zT]IPM%):mm<zy@PM%OO (1.54)
n=1 n=1

Bign, 24 N =3, BLEU j2 unigram 5%, bigram #5J%, trigram A5 LT
¥. 1EPA EJshs BLEU f5Eal b, FoAT36 ] DATE R XA ] ) n-gram R EEBEFT AL
Bl AN [A] Y SCAR K BE IR B AR T 0k % BLEU AR %, M5 21 5 R 3 A 2637
MR

ROUGE ##2 tH F FIFM R AL ZE R Z A i (Summarization) fF:45 1R [13].
# JH i ROUGE il 43 & ROUGE-N, ROUGE-L, ROUGE-W, #I ROUGE-S PU#f.
HHr, ROUGE-N 4T n-gram {41 [al§545%, ROUGE-L 2k T KA1 75
(Longest Common Subsequence, LCS) {73 [il#54%. ROUGE-W J&:7f ROUGE-L fJ 4t
i b, SIAXS LCS (A4t 5 1 ol 4845 . ROUGE-S @ %:T- Skip-bigram ()44
[l $54%. T4 H ROUGE-N, ROUGE-L [ . ROUGE-W #1 ROUGE-S [{JH{k
TR INERTE [13] th4R3)

ROUGE-N fj i LA F
ZSESTef Zgnes C’Oll/T’/tqnatch('g,n7 Sgen)

ROUGE-N = (1.55)
Esesref Zgnes Count(g)
ROUGE-L 1 X 4nF -
(14 B?)RIR!
B-L=-——""129, 1.
ROUG TR (1.56)
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Hr,
RY - LCS(Srefy Sgen> ’ (1.57)
|3ref‘
LCS(sref, Sgen
R = LOS(Sreg s Sgen) (1.58)
g |Sgenl

LOS(Srefs Sgen) RAEEBITHE 500 FTBHIHE 50p MIER AT FHIG K
FE, B=Ry/R.

SET G TR P B o 5 R A B 5 S M 5 2 ) ) A
FEHEAFITAY o BOREN A TEUESE B AR AT 45 sp k0 2 BE N, 5 A1 PP A
PG, S HCIRAR TR A F R 1 D7 e 2 R O . R
AT DAZE BTN 3 | A — AN LA A S Rl R, UL B FERIZEN B
BARAORE SRR B SCA AT . DR SORIT A HH) TR B Sy v
HEAT A4
2. HE T 2 B

RS T 2 R PRI v 54 A 25 (1) ST L R SCili A (Contex-
tual Embeddings) FOTFMIFE:; (2) BT BB o F M 5. M AOEET 1 30
i AR 795 2 BERTScore [24], MU 06T A S (3700 742 22 G-EVAL
[14]. 5 BERTScore #ilt., G-EVAL JLTHENFEARTMNSHE LR X MW AELF1)
3 B B Z AR5,

BERTScore 7£ BERT [#)_F R SCinlfi A [ & LA b, THE A OUAR sgen F1Z:
A sy TR AN A SRR ASHEA TP . BERT FF7E55 — 354 i AN 45
BSOS [sgen| AN, B Sgen = {wi 1250 BB A [5507| AH, B
Srep = {wi YRR BERT 58 BUHE] spen Al srep HRFARE_ LT SCRBA 1L,
Bl v} = BERT(w}|syen), v = BERT (wi|syer). FIABSCARMZ% ORI i

ANEEEL vgon = (013127 H1 v,ep = {0i}7¢/! G155 BERTScore. BERTScore
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1 F BT ARAA
MHKESE (Precision) , [l (Recall) F1 F1 5 =~y %t SR A7 3R .
SE Sy B AR

[vgen|

1 il
Ppprr = |v—| MATy, v, Vg Ur, (1.59)
genl =1
[vre ]
Rperr = s ) Z MAT v Vs Vs (1.60)
Tef
20 R
Foppp = - BBRT * BERT (1.61)

Ppprr + Rperr

B T4 T H947 . BERTScore B2 A JSITII4SH . (A2, BERTScore f¢
T ARG S5 30K . X ICEN T8z NREre AR, 54
T IGEF B K, G-EVAL FIlJf] GPT-4 ¥EIAH S SUAIY I I T XA
A ATy G-EVAL i $/s T#2 (Prompt Engineering) 515 GPT-4 i i3
i 73%4. Prompt Engineering RF7EA 550 — B AT AN IR -

IR E RS, G-EVAL /Y Prompt 73 =&R4y: () AR5 5 1E 0 beiE; (2) PF
MR (3) W ASCAR G AR SCAR . FESR—FR b, AR5 IR W T2 A PRI i
54 (WEHEA ), PPARHEL P FR B TE R, PP FREEE BRI R
SENZE. SR AER BTN BRI TE S — AR WA RO B el GPT-4 B & A Ay AL
Z4t% (Chain-of-Thoughts, CoT) . AT 45 — Fofp AT EUAEREIEA TIEAN YR . 55 =3
0 B i A\ SR A SR SCAS SR PR SCAR R IS 2R A SR SCA o B A S A Fl A
55 AR A SCASIR SR S, AR B SCA i 2R i 2. o Bk =R ATE— A
prompt HLH SR J5 41 A4 GPT-4, GPT-4 {fnl 45 X W 345y« EHEF GPT-4 4iih

WA 2 B A FEAE I8, [H i, G-EVAL &5 AT XA 7l A
S AT ALY B R A T RIGHE [14],
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4 S BINAS
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\§ J

B 1.10: G-EVAL $E 7R .

% G-EVAL 5, i A 2 i BT A U ALY PRI VARl s [12]. o gzt
(WA InstructScore [23], HFR T4 IHEMAM S, 0] AL I XHZAS /- ke . 5t
T AR A PRI AR AT R T SR AR B AT TR SRR AR PRI
WE, TERERME . RIEME. ATAPREE ST A R A B A0 . ATDATIL, KoK
BT AR SR PRI 5 R AR B B R )2 Y EANRY
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b6 5 £ T IR AN T SRR R A K, 1B B RIALA SIS RE SR I 5L
TR RER, AT RIS AL (Large Language Model, LLM) HYHTI A . SEAEE
VeI BB B MR , i 5 B (R B T 32 LA S, M
T BVE BENIEL, Br A4 A T AE (Artificial Intelligence Generated Content,
AIGC) PREIZ . MHl, KiESBRRARED LR, FRBRZ NS, XL
BURAES 2 1 B R S P B R TR I 5 A2 R B i A 28108 1, 314901%
AIGC KB HT—4e i ay . ARFERFRAR RIE T BT 5=, Ha
31444 Encoder-only . Encoder-Decoder 4 J% Decoder-only == iU . i1
FURE RN R IR, AT E N LM R G5 . Y15y 5y T 1 2
B Ak f)E, ARFERRFRE A — 289 Transformer ZERAGREAY . DU IL Y i
KB R LT RO R TR ILIR

*ORFIFZEEHr, GIT Hub 458/ https://github.com/ZJU-LLMs/Foundations-of-LLMs,


https://github.com/ZJU-LLMs/Foundations-of-LLMs

auly

$2F KEZRA LY

2.1 KRB + KM — Prglie

TE H SRIE S A FR A 0, O S AL E DAL e R i T RS L i A
AL RE AL B R BE , IS — BRI I . SFMTiRIE “KiEF
B 2RI, A OCS BOR LB JE R, R T ISR B LI E K
DA S HH AT AR L B B R i sl o X SERIRL QN R R R IS B S, A UHE
CA PR ERBI SRR AR, SEAERT AR )RR h R B B A

ik 2024 45 6 H, EPNSNE L WAL 7l A MORTE SRR X R
AT AR AN T S 7 A T BT s . K21 R T Hh— S AR B Y
1 3 AL

G LambA G RARD

GTs G TS G FLAN G Fran-T5 @) chatbLm
(5 Transéarmer Q) RART § 1o 9 ERNIE 3 WelM 0Q LLaLA
2017-2018 2019 2020 2021 2022 2023202

BT KRR RHEHR
& RERT © GPT-2 @GPT-3 @ CODEX @ InstructGPT & GPT-4
& EPT1 G ALRERT " pereRTa @ WebEPT @ ChatEPT © Gemini
00 RoRERTa  (ELECTRA (&) BLM O o i zaichuan2
00 OPT Al Claude 3

Pl 2.1 i S A2 B RE T B9 =B B

IIE BRI S e AR AT AR ERI 43 = AP B 2017 2 2018 4F 2 BLfifi s
RUPWIZED], DA Transformer ZEA4 1 #EAE A1 BERT[11]. GPT-1[27] BEAYf) i) 1 A4
LR T BN GE S A B 400 2019 F 2022 4F B TE SR Y S SN, AT
GPT-2', T5[29] A & GPT-3[5] S AU E S B A K RE ) _E R RIS T, BFFE & IF
ISR ATRZR KIE SRS ). 2022 A5 N2 KIE S AL 5€mig ], ChatGPT A
o GPT-4 S fU ) R AT hr s 3 K B AU R B 2L . RIS, &R A

Thttps://openai.com/index/gpt-2-1-5b-release
Zhttps://openai.com/blog/chatgpt
3https://openai.com/index/gpt-4-research
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AENE LRI T
FIBFSTHL b4t T 1 RO, I 118 R )| AR [44), T BERA S
O—F 5%, M3 T RIE T BRI Pk & .
AT S R % R R, IR 7E B RS AT e T B
TR . FRATRE B RSN B AR I K K, R X S8 R R iy S [A]
PR, (et T B By K BRAH DI RERT B,

2.1.1 KRB + KRB — fE s Hgon

FERCFAGIR RSN T, S an IR AHER, A2 0 4 w] ofe RUBEIR /Y
Lo B TR S O R AL T R R ROM5 B, MG AT DA ] BT A
P F R 2R I TE L FR . LB R W, AR n 7 B 2
FIRAE Ty, 0 HEREAS 1l 2 2 SN AN B 1 5 AR RIS T 5 45 . TN
KRB S LA S Z AL I GREs SE RV E AR, B2 R a7 115 1 41
ERESI AT, M MTHESR 232 2 A8 A BICH R A5 v 2 I B8 o )0 I M AR 8 (71

SRR BRI B B G K AR BCA ALY, BT R T3 m i SR A
FIFART K, X R ICATTEB AL BT I A ST R AE AP RESR T 2 [R] 4R 3] — A
T4 P . T RO — PR, RIE SRR Vi (Scaling Laws) [z
A= o X LEVE R 7R T2 B 0 BE R BRI B B I AR A 6 2R, SRR SR ALY
WAL RRE TR SRS . AETRHEAN PR YA . OpenAl
32 1111 Kaplan-McCandlish %" &4 W) DA} DeepMind 42 144 Chinchilla # 2 :0) ,
1. Kaplan-McCandlish ¥ Ji75: 1

2020 4, OpenAl [Af#) Jared Kaplan 1 Sam McCandlish 4§ A [16] 1 ¥KERSY
THZ ML PERE S BRI D DARBIRUIEL N Z MR R EOC &R o AT IZEAS TR
B R (A 2200 7% 230 124> Token) FIA[FRUBIHIBIALT (M 768 2] 1512
NSHL) AT, ARSI AR A I TP EA L

35



D\ P

L(D) = (3) . ap ~ —0.095, D, ~ 5.4 x 10'3 | (2.1)
N\

L(N) = (ﬁ) . ay ~ —0.076, N, ~ 8.8 x 1013 , (2.2)

XA L(N) ZORERHE IR E I, AR T 158 SO0 R R A, I
W RO SRR RE B . AN, L(D) FoRTERBEL R E R, A
vl B ML T 1) 5 SURH SR R, s 1 Bt X AR R 22 > R i o L AR (BT &R T
PRV SR A R I, R N R IR AROS Sds oA S B G, LA 5
SR HIPARIER R ST PN

JHGAE R K~ R, ARG M RE S A2 DA S RS W~ [ 3R 3 v
JEIEM 5o SR, FERLRLHIUBAN IR AR O T, B2 A R AR SRR HA BE 1) 52 i A X
BoNe L, PR 4= 8 Bn SR A T R TR R A A S i 5K
I o

Beoh, OpenALYERE— B WP ST TR M HRAL o B, BT8R O S8
& D FIRAGIEL N W RBULUSIEL, B C =~ 6ND. FEX—40M0F N, GRHH
PRI, 4 T ISBI R CEERE , BR AR AL D DA R TUAASE IV 0. ] 4 1
Jilo B SR R LRI B 1 S I P T- B LB B I . BT, P
B E LI 2R Nopr oc OO, Doy oc CO2T0 SRR, AL T S8
T 101, BRAPEIR K2 5.37 1, AR ABIN. KLY 1.86 1, PASEEURALAY
o dERERE

OpenAT $i¢ 1 i iX —4" REIR AU BEbiE 7R 1 80 USRI AR BO2 g
FIREESE W, a0 AR U B BN 2 i R S BRI AL, X
— RGO PR SR A AR TARLRIR B8 TR DLAR, o anfel e ol

SR SRR AL TR SR S L.

[y

o
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FEE LR %G

2. Chinchilla ™ Jg 7J:

AT DeepMind P BART R RIASE 18 8- 1o J58 7 2 vy A0 OB g 14 4
B X — W TR RIS TR 2022 4, ARATX ST BRI (A
7000 J7 E| 1600 {ZAZ4) PARBHERUEL (A 50 {2F] 5000 444> Token) #EAT T3
ARG, HPatheth 7 Chinchilla 473 [15]:

A B
L(IN,D)=F + — + — 2.3
(N, D) + et oo (2.3)
E =169, A=4064, B=410.7, o =0.34, =028 . (2.4)

DeepMind [FJFHRZR TR IR0 20 BC M)A, s 245 B AERURE D 54
BB N BRI EA Nope o< CO%0, Dypy oc CO, IX—Z5RERH], Biidfiint D Y
BOMHLEL N PR RS, QR S EE I T 10 £%, AR ABBUEI DA K B
FBER I, K24 3.16 45 AGEEAE 2023 4F 5 H KA1 PaLM 2 (5 AR R4 [2]
HIH FRRIE S T aX — WAL, 2B T RO AR TSR R R v T

A, Chinchilla §J 3 HE— B HE Y, BRAR A AR B2 /N 24 2 AR B 7Y
20 fi. B, XF—A 7B (70 12240) WAL, SRR A1 SREER LI/ N R
140B (1400 1Z) 4> Token. {HJEHiR 2B BIIEHE =H A, B4 OpenAl
(¥ GPT-3[5] BB I KA A 1750 /224, HIH T 3000 12 Token #4714
[, R MT-NLG[35] S0 5300 {2241, WiIlZRA 1) Token A1 LA
2700 1Z,. I, DeepMind #f T B MUAR 20 £5 FHEAU AR Chinchilla 51 (700
1C2%5, 1.4 J3/C Token), FZAEVERE FHUS T W 50E.

DeepMind 42 {4 (¥ Chinchilla 4" /& 2 % OpenAl Je it s b sEMtAL , 3R
P TR SR TS R M B P T, 46 HH OSBRI LR 1% LA 1]
WILEBIREN, JFEI T B S BAUR R —ASB7 0] AN P Al KA TR AL ) 1
T e DAL R RS 5 Bt RS LE ol
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% 2% KiE

2.1.2 REdE + KB - GEy i

K228, BENGEER A RS BRI, AMGTR T ik
FREIRIRS GRS IAERL R T —RIFNERe)) ¢, BT SeEsd
AETT . WARMERERE Sy . Beris B sy, RS ARRE S . EEERRE, XL
T ARE AR E TS5 Bl YIRERAT, 2 R A I R T 22 H
SRIIL o IXLERE T PR AR N TR F AR BLAE /) (Emergent Abilities) .

FEihaE BEEE -

RIRTIERE

BEES

SRBiEEE

BRI

Vel 2.2: KiEHHARE T M AU MBS B, A i GPT-4o ZE A

THPLAE J ARG SRR AT UL . I IRR R Gy “ARAE”, B
RGEAERABUE R R B, XA IR — AP . B R
e, MORERAR R —E MR A5, Ryl [32]. #lin, 7E GPT &
FIEAE T, AT RALER 3] —Lu el A ) TR BLRE )

o LF3C3): R3] (In-Context Learning) 4248 KI5 o5 AL 7E HEHT
i, BRSSO EF SUE BORPTREAE S EE ). A T B
SR IR, TEARZAESS PSR BN I, (GE i Bl s s E T2
FRAT 45 TSR HE A UM M1 o E GPT B4, KRR ASRRIAE [ R S0k
SRS A WEES . B GPT-1 M GPT-2 7E_ bR 303> i fg S Ak

“https://research.google/blog/pathways-language-model-palm-scaling-to-540-billion-parameters-for-
breakthrough-performance

Shttps://www.assemblyai.com/blog/emergent-abilities-of-large-language-models
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AHE L3 B G

AR, EETCEE A B SOE BT HER A R . GPT-3 1) 130
ACSHBANAE BT 3022 S 7 g 3020, BerEsR ity B R SR~
SEIL—SEHE AT S5 o ORI, X T SN2 kel U A1 55, HOMERB AT A T
HA 1750 {25501 GPT-3 S KA DA JE 8211 GPT-4 ASTAL F 3 B 3K i |
NOCHRAERIE ST RE Ty, P AR T ORI 58 S 2 R B A AT 55
WPURERE: H R (Commonsense Reasoning) fE /MK T KIEF AL T
VUM BURZ S TR RIST B B g o B A X B A 35 e 12 A 2
SCL SRR T AR, R Pk SO e [ S R R R ) R A
TR NZE. GPT-1 I GPT-2 e M MR RE AR AR, 2 h I
AT R B = SRR ARE . T GPT-3 BB KA REASE R 22 51 00 T 2B g,
EPRFIE BN R . BT HA 1750 12350 GPT-3 KA A K G
2 GPT-4 SRR, DI REASTE AL H g A2 2% 1) 5 TR AE BT 55 I e 02 A
— BN

ARG AR AURS AR (Code Generation) fEJ) ARIFKIEF B T A ARIE S
A 1 2R iR . X LR BB AR T R TRIEANE S AT PR R
PE R AT, DAJCAE SR e L T A T AU SR AL RIS BB . GPT-1 Fil GPT-2
R A AR ) S AU B, (R IOV A RO B A A ok . 130 12
ZHH) GPT-3 AL B, © A BEAR S AL P WL g AR AT 55 R AR 4 i 1k
RIS R B, (BRI Al R S A 55 EATA IR . FES 4R ILF] 1750 12
i, BN ARSI Je RS, B DA, RS R E
S, T e R ARG A R PR e

ZHHE: 2R (Logical Reasoning) BEJI i R1H S HIABER BT 45 7€
H AR S T4 PR R HEWT RIS R . X R R R AR, 202
TR DARAESZ R 58 T IR FRZH— 2. GPT-1 A1 GPT-2 112 HL Y A i
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%2F KiEZHRARH
PN, fE2 e A AR AR, H2XT 130 (LS HURA Y
GPT-3 BRI 7, FIRABALTE /B AT 55, (AE A RORS 1k 1
TS —E SRRtk . EH] 1750 ALSHRAS , GPT-3 4 RES AL PHIE SR 12 4R 1
PAESS, AR B T AR

XL TH B BE ) (AT R ] DAEAS BEA T L T ZRH RS T 58 A FAL 55
HFERHA R TIEZ PR, BRI R FERESRAL . B AT
R, PARIT BB B KT REE . RO ek R 2 EBOR . IR &)= W
PATER G R, DA ORI SR (R e A A ] R alt 2

2.2 Rl S BRI

e S B K e AR, Transformer(42] HEZE i i THAC 05 — ARl AU AY
e i HOpRR A ERE ) (Self-Attention) ALHIER IR T TR 3 S i)
RePRGE Ty, FEARPEKBE B ERIOC Ry R I M 4. JAh, Transformer HE4E%)
JFAT VSRR SRR TR N AR . 240, 45 R 2B SRR A
Transformer HEZE A%, FHE— LA I T =Fh &G M4, 435 /2 Encoder-only 42
¥4, Decoder-only 2244 A & Encoder-Decoder 2244, X = AP fyfE 51T AT RE 4%
AARR . AFTR R ENH X =M BSOS S BT, HFathredlzmb
IR Sl PA S48 A 35

221 RN AR SR

AN BT B 1507 2055 A EEXF Encoder-only 2244, Decoder-only ¢

#JPA & Encoder-Decoder 2244 43 HIHEA TR B/ 44 o
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ARIE LI B G

1. Encoder-only 2244

Encoder-only 2 {{ B T Transformer H1fj4#5 % (Encoder) #54y, HT$
Wb A SCASH A IS TR SO AR . LAk E, Encoder-only 244 (45 = AN
G, r 2GRS TRy, FRAEGREG T DA AR 55 A BIES 4y, HLAR AL A A
EI2.3R . o AGRBD s o 5o il i) s A DA SR A ¥ G =S5 R T
T S 5 43 )2 R 22 HH TR B G e (Encoder Block ) HEZ i, Hha4 4
AR (5 ATERL IR, (Self-Attention) FIAiEHERTHHB . 155 AL FRATHOZ B
XTS5 TR L TR, T A B FHEFAT 45 75K B AT . Encoder-only
BRI TN R B AN HE B B B AL 3 A\ G TS RRAE S T 7 42 — B0, TINS5
AL FRE A3 I TR A 55 1R [ R e A 7 7 1B ) 1T

i\ 1RE3 151EIRED 15
o |
5% | | W63 iR iR R
N B 8B B i
N ERIHENG, I WHING-{ENG-{ BN} IEN . | INE
| B = R i %
% 1 2 M

Pl 2.3: Encoder-only Z2#4) .

TERNA GRSy, Jhnt A SCAR 2o ialds (Tokenizer) Jff#A Token ¥ 51,
Wi 5 E R R AR R A (Embedding) FEFEWUE R )55, B0k SCAME AR A%K
TS BB IR RAES. L B R RAN G . BE N TR E SO
HWIFER, A EFI SR T A0E 9 (Positional Encoding) . YERHIES
SRSy, SEHS B 1) B8 AR UGE TS — R gD B, X LR 1 F R
AL 5 0 26 08— AR URITR AL SCARFAE . A 55 A BI 43 £ T SR B T~ i
LA5 B RCKT B BoA Fr2el. AERNZRET Br, WL w5 (0 ] A E 3R = A ok i ok
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% 2% KiEZTHEA 2

T 58 MR T SEAE 55 o AE T UL S G R B, it Sk SRR 55 755K
BEATE S BN, XTI U I FIBIE S, RFR i — "> A8
AR P BN AE A (ERE T SO AR AR A AT 55, IR BRI — > A T
JZ, BTN S 2ER) Token, {HPAKFE AR 58 MU MUE 55 FFAEE B2 IR, 1
UNAEAE U AR JBORT ) Token I, #RFG EEHUH TR M AP, X3 it
WA, R R EUE A SO Z B . AFRFAE2.3 St Encoder-only 2244

BT BRI N4

2. Encoder-Decoder %

N T 554 Encoder-only ZEA7E SCASAE BT 45 _FAY%E AR, Encoder-Decoder 244
TEHER EGIA T —AM@i525 (Decoder), 3R F A2 SUH B LTI R SE 8 gmit g 5

R 2 IR A RS H.
%\RE3 $51ERES
7
% v | R R i R
AN B B B
D i N ——> > > 18
7_’; 82 B 1 3 1
i3 1 2 M
6L mE3 $S1ERRES
\2 7 v
7
7+ 16 | | $RE3 % -1 A%
i Yol i i i 3
?&»iﬂﬂ/\—%—»ﬁ—»ﬁ----—»ﬁ——»
Ez g8 ] iR 1R 7
©x 3 1 2 N

Pl 2.4: Encoder-Decoder 2244 . Hor7pir] Ml th SO RAEIZRI BefeAe, sk sl

“CEEIE" BLLE L ARG BT .
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AENE LRI T
FLRSRUE, ARSAML 5 T MG m . AR RS DA KA R = 4. o
S L D 15 G T 5 o 0 AR S A ), DA A 1 B A S A (3 2
SRR, B A SCREA AL A (A B T A BEAh, RRAEARRD
T S RHIE GRS FE M 4 254 s EEAR L, UHEIERS B R )] (Masked Self-
Attention) B, X2 Y yERE BRI R . AR B R B R
B FUEYE B, R UL RRMEE, MITATLAZETE R SCltes” &0 T,
HEAT 1A (YIRRIAERL. 22 SRS A ) 67 S AT A 4 A e e ey
PG A A5 L o Fa i 2 B 73 0 — etk )2 DA B —A> Softmax JZAAL, TR
FEAE AR A S5 1 ) SR A0 A TR 6 BRI A1, AR 2011 PR AEAS B e A A 1Y
Token {F R4t .

2.4/ T Encoder-Decoder ZEF i) HAA TARGAR . AENZRIT Br, FEASH [R]I
AE T AFIESE (Ground Truth) 4t SCAS . oAy A SUAS B et A gt i 4>
AL I EPS), BETERE R F TR h 22 HE Bl R i S A Dt — AP AL B
MBI AR bR SCRIR o T ) SCAR 2 BT S A IR R I 46 AR1C. [STARTD, 4%
JETE R AR A B i) SRR AR, B RS AL RS, AT A BRI AR B b
o $EE I AE i ] Teacher Forcing $5R, EARFETRINNG, i ) 540 Hh SO A
e RIER AR, HEE MG — R 2 0y R SCE R, SR —4
Token, T8I Token FlIESE Token 2 [A] (IS , WAt K1) (4K O pT L S 4K

TEHMERRIT B, oA 7 SR SR, B A S R RS A T I
Fric [START], tAPEFGE il . BT 2 B T2, fER R RAEA N
Token )&, & fFHPHEEIEL P, T TR, X ERmSIErr, 5
AR RE A ARARE [end] SR BRI BE Wi K K. FEX—idRe i
TR ARE T LR IPRAREGR, IR B i il . 1624 4

22$1%} Encoder-Decoder ZEAEA T 8 BLAARY /14 o
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3. Decoder-only %1

T AR AR RS DA B AR AR i TH 352 2 FE , Decoder-only 224447 5t
T Encoder-Decoder &4 i g i il 70 A B2 5 G it A8 B A S AR . 7
XAPEEMER, AU gD Ak i dE S RAL . XA AR B E” B,
T4 E FSCWIR LT, A it HIE ST T 30,

561\ iR53 $51ERRED %614 LAY
g 5
5% o | | W63 3 & i 5 O =
5 |6 B B 8 %y
é—>ia__>/\—$_—>ﬁ—>ﬁ__>ﬁ_>'ti;ﬁ__>*f
Bl |= moom o om | B i
7_F ~ ~ N & a H:',
13 1 2 N /’é

P& 2.5: Decoder-only Z244 .

Decoder-only ZEM[AIAE L8 1T =AY, 70 S A S i 70 . REAEAR R0
o VA S Ay, LR B R ZE A A& 2.5 f 7R . Decoder-only ZE44 (%L
R RAET AW 1B i ARt i S SR TR, X2 5 248 Encoder-
Decoder ZUH4 F i 8 70 (19 2K B0 o FE2.5 5§ 24 Decoder-only ZEHE 4T
SRR

2.2.2 BERIZURR ) fiExT e

_F3A1 Encoder-only, Encoder-Decoder Fl Decoder-only 3 = Fiii%1 4 ) iy SR
J5 H T Transformer HEZZ , (EAMATYEVE S AR A E BEXA], XMt 74041
TEDIRE VA S e 238 AT 95 E RS]3R5 BRI 3 ) 0 B DA S 3 FAT 55 A
T3 TN X = A B ) 3 X AT A
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L JER IR

HE M (Attention Matrix) J& Transformer g LAM:, AT ITHEHA
J¥ 5 1454 Token 2 [R]HHIR S 5 o St ERL AL, ABHURT DATE AL 2 24 i Token
B, RIEHL TS T Token Fr#saiofE 6., Hoig THEX —id 2 Hilf ¢ Token
BERSAHELSE M . ANE2.607R, =Rh2RM7E B F A E R EES

Encoder—anly Enander - Deca:y:ler Decoder—aonly

00020 200000 700000
-P0000 »020000 »220000
D200 »002000 »222000
000000 200000 000200
WDIAD000 D000 *2002720
| \DD0D0D “DDD0DD D000 D

wl T2 T3 T4 Ty Te -’171 T2 T3 T4 Ts5 Te L1 T2 T3 T4 Ts T

WA > A > — WA —

Pel 2.6: =MhEEM LT T AR o

Encoder-only B2k )3EE ARk B T HHEEE IR, T A 751
H A Token Z [A]HY % & . Encoder-only ZEM LR A FE 2B “584” MR
77, BIXF45> Token (Y BRARE AT 8N4 A 74 P Y B A Token. B4, TEKF
i A\ Token x; 45 hy BN SCIn &y YRR, BULRES LR G AUT o0 ~ ., (T
AEAGE, B2 I O E R I BLR . ZEX AR PLRIMER T,
RS [l IR 00 (5 L R ASERAR 2= SR R R b SR

Encoder-Decoder ZUH YR HAERONE 2, B4 G T MG HIER
T fRRES RS H ) AR A SR ) =R LH . dmhhas i B ER RS
Encoder-only ZEA526(L, FITAE MU AT 4T R CRR, B e BTE
1. MRS HERD B AR B =AM WYERE T, 0RO Y
Bl Token I}, 7 U SEVE 2 Fi Ak i fiY Token., 1Ah, 38 IERHLH fL VB AS 1A
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R BN S S Jn i a AE ) 58 LR SCRoR, B PR 5 A AT 8 AR %
HIEBL, BN, Tegmthasfimm A o 54y B s &Eny, AR 21 ~ 2, 1Y
PG MARISARTEA B Token y; IR, WIASHH 11 ~ o, FAEEIH)
R SCI R AR SERTAR U Token J7 51 y1 ~ yi1 HORHCAE KL

Decoder-only Jy r i) 7 =2 A ok B T HETS B R A, Hopp iR 2
HOCNEAY R XK AETIIN 24 7] Token B, LAY BRI T T4
A2 R 7 B Token {58, MRIL T Sk MLRI . B0, FEA A Token y; HYME,
B REE BERIEHT 1 ~ vy MIMEIR., SXREMBR TR GR T AR B A A U4k A S A
BT

2. EHIHESS

H T 2% H AR R DA D A B2, FEF S SHOIECT, X
SRR R AR T AT S5 R A M)

Encoder-only Z ke H i) 35 ) E 25 AL S 1A AU 700 45 1 Token IR 5843
IR IEE CEE,, R WE O ¢ & . B, Encoder-only 4244
IR HIE AT F 280 S BRI (Natural Language Understanding, NLU) {L55, 4l
TR T CSCA FHESS . SR, T B #8410, Encoder-only 244
R vk BB A T =8 B AR)7 51, BRTE H AR 16 5 4B U 45 (Natural Language
Generation, NLG) _F- AT RERIUAN AL 1 T A AL AL

Encoder-Decode 42447t Encoder-only ZEF LA oSN 7 i ds, (ERIZLAE
e ELT i dndin th i) bR SCRIREA A U T8 o X R AR AL A8 AR SR 4 6
FEAS R AT A RO AL B i A A, FF AR R 6 E ST R iR N 2. B
11, Encoder-Decoder A4 AR A i 5 T AL A AN S R 1 A1 25 AT 55, 1
BB BT . SO V) 25 2R 40 5 i ) g R g A\ 2 BSORH 7 i 3 9937 5% (L
TS AR A5 0, ) ety S T ARSI RS DA Bt it I K P ) A8
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Decoder-only 4yt —0 i[5 T Encoder-Decoder 2244 Hh i) i 543, AT
PAR THREZUA BT B e . X ZEA R AL RS (Mask) #BRVERA IR AET:
AN TA) A5 A2 J 224 i Token Bf HAE DT IF] SE T Token, Ffidid B mIAA ML, M
1y Token JF IR A B SCA . AT Z5 LI 4 K¢ (45 Decoder-only 2214 1)
ARG AL AR e . JETTRYSOA, 7E A Shil AR a8 SR AR S A AR
TR E i A SCAR IR SCAR R AT 55 3R B . AR, TR BRI PR IY
O (B4 GPT-1 PAK GPT-2 4474 ) , ih Tk = g g d BLRY XU R SCfF
KL, Decoder-only A4 AYREIAE PRI Sty ARSI AL M, RILRTREAR
11 Encoder-Decoder 4244,

TEAIF g e B, = AP U8 23 S el 1 H B Oe 3. B IR DA
BRI 3K, Decoder-only 2R RBLALZNT S s EXG, DAHSRKRIAESS
ZALPERE I O “R—5" MAMTETT. 2400, DA GPT-3, GPT-4 45 413K
R 2L Decoder-only i S8, CEKRRN T 5 NRMESEH 2B RKICIZ. #
A K IAT R HAT 55 1Y BE

2.2.3 BORIZAEIG Py AL B AE

B IR B, FATILIE T A =FhZEAl p) i A8 T AT - S 8 o AR RIE
HRAU RN A R Be (2018 4F 4 47), BERT il GPT-1 43344 Encoder-only #iI
Decoder-only 4 (3R TLT [FI B 3. (H A2 R T 24 A S 4000A , BERT 4 K
iy I F SCPRERE JJ L GPT-1 ®)Fr ity SCAC 2R 0k i€ )y 54 52 R o {145 Encoder-only 224
BB TR Z R E MR A, 1 Decoder-only ZE 4G 5| 15 330 AR R 26 R/
SR, BEE P X BL R R R S AT 55 R g, k= fi S 2H 71 Encoder-only
BEAL) SR O A TR, TR 7237 [FIRE, 2019 AR A T
—#X Encoder-Decoder ZEFI{ AL, th T HABAS A R B E ST 751 (Sequence to
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Sequence) YA AESS, BEIMCHFR. BT 2019 4K, BEER ) VHEM Q8L
J&, TFRE IR FHRA WS TH SHC R R A R RE ) - 3aa T HSE S e
¥, Decoder-only Ze44 M S 4 SURIY 78, SUAA AR I KIR$ET. H 2021
25, AE GPT-3 SFMAYHES T, Decoder-only ZEFIT 4R s 20, L2 BH 1
SRS L. &L, Encoder-Decoder ZEA4) AT AR 1% IAE 5L X
t, RWTER R Akt . 2T Encoder-only 4244, 75 BERT 7 5K S W AR VE I K
IR, HREEEA TR, (EARAER S FOE S o R G B, Bansc
AApH AFROT . A SRR . RRORVE, KIEF ARG EDT T
Encoder-only %] Encoder-Decoder, Fi%| Decoder-only [ % it #8, 5| & X Fhe
S5 1) R T AR AR AR B A R T DA ST SRR B 25 5

Encoder-only 2 % 71T X i AU A TIR A R FIREAR , X AR B AE 3
FEEUAT S5 R (. B 2490 R B SOARA: AT S5 1, R RRE WA I ZE . H
T LT DT AL, B /R A AT R I ke A i SCA, i
T SR AL EAT 22 YR 1) A 5 DABE AP S FE SO g RS B 43, AT B0 S R R
KRETHFE. TEUHSM ANTEBENAER (AIGC) FFRAWHEKIE T, X%
T Fl 325 T —E BRI . 1 Encoder-Decoder 2Lk (i ] 4 i 28k AL Bk A, FF:
O F A AD AR A i 1, RERS AL FIAE ZR i P 1 B P AAT 55 (RARRE T 5 SE A A1)
Decoder-only 2844, HACSEORBG MR, FEZRH) S WM 5%
Vo FERLRAEAL PR T AV ER RS, dnhDaS AR AR S T DU VR, Xt —
SERERE BRI TR N AR . AHILZ R, Decoder-only B3 1o {8 F figid 4%
EMRACTT SRR, WA TR . EoR A B A BORNS, ZA5 A i S
A, A AR TR B R T S A U SOy, TR @B AT o i
BT 0 1 BRI S B R SR 3R TR B T, AR
WA AR SO R B, 1E AIGC [ I35t R8I T2 .
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EN ISRy 31

X SR A AR T 1 AR AR AR, R AT A o

T VRSO, AR TR A e M BT R I BB RS R GE. REE TS

VR, SRR 1 5 AT SRS LR S 4 R A A S SRR 3, 7
ZIRIENER o« RSN G IX = F PG B X I 1 T LA £ AR

2.3 }: T Encoder-only Z2igit K iE 5 it

Encoder-only ZH4 A5 2 H AR A0U ) i AR ZAE IR TR 5 AL BIUE 55 rh R L
@, JCHORAER KT BIR AR A SCARRAT S5 o ANEREROL ) 4 AU AR 2R A K
JURFR N S AU EY) Encoder-only ZRFHEAL I T/ 124 o

2.3.1 Encoder-only %24

Encoder-only ZEH4 (1% 0AE T RERS 72 3 5 AT N A HORURI it 928 (Bidirec-
tional Encoder Model) . {EALF A JFFIIN, XU G iR RS & 1 M2 A7 B IE 1)
HEE N A MNATELER S R Sy, BERE S il 241 Token #Y_ BT SCHE, A
BARHRR o BA Al A L. 1550 T2 BT SUBGRE W s SR i s,
Mo i . E AR T T AR S AL BT 55 B TERE

NIF) T 5EHTH H I Word2Vee il GloVe 12, Sy ATl — AWl i) s R
R ARG 53X, X G s A1) A Sl & LR SCik A (Contextual Embed-
ding) , XA AN T 5 AJFII A HAA_ETRSC, S5 REAZ SENORS HE 5 3R]
5 Z [l AT ANE UGS, AR BRTE R 2 PR X RS SRR AL
[ 2 i g AE ) TSN IIESS LA, Bdd i Sinic A7 iR ny P RE 1201,

Encoder-only 4 5300 ) 4 A A6 2, e ] T Transformer ZEH4 H i) 25 5 45 S
Jr. EAX Encoder-only AU B AL BOSCAS, {H AR U TR ST T IR AR
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R A SCAS R SE AR RISy SO R B . Sk SRR T T B VR SRR R 2 T ) R
AT ST PRI LB RE ), U T H ARE S AL BRI R 5 T . 2T,
BERT([11] & HA8 {4, 4l RoBERTa[23]. ALBERT[17] &, #}.2 4T Encoder-only 2

PR FRRTE SR . B F RAFRS X L AT /M2

2.3.2 BERT ifi 5k

BERT (Bidirectional Encoder Representations from Transformers) & —fi 51
Encoder-only ZEHHFI ZRiEF AL, th Google AT HIBAT 2018 4F 10 H 4t . 124
1] Encoder-only ZUA 103, BERT 7E H AR 15 5 AL PRGUEE K 9B E0E
HAZOAHAE T8 58 X ) S A AR B R A Z 0 SOAR ) N SCIE R, AT 245 F T i
RS SRR B R SURA . AT5RE%) BERT BBLR 25 . FTI 257 00A B T
T AT
1. BERT BEifigky

BERT U 2544 5 Transformer *FY 258 L-F—5, #2 h 2 gtk
W A, BRI S — 2 3k AR — D e R B R . AR
ZH A, BERT #4134 BERT-Base il BERT-Large j>ift4s. H:r BERT-
Base Hi 12 MRASEIHUREE AL, FZ4ER N 768, HEE IR 12, 4
SH Bk 1.1 1¢; BERT-Large f 24 ARt e i i, Bz 4ERh 1024,
RIS 16, BBBERLN 341C.

2. BERT #iiil%s: )i &

BERT {ifi i} /MiE £ € BookCorpus[46] (f154y 8 12> Token) HISIBAEETH
PR © (0524 25 424 Token) FEATTHIIZR, K12y 33 124> Token, MEU R
$I'7 15GB Zify . AEWYNZAESS I, BERT FRQIMEMAR 1 T HERD 5 5 848 (Masked

®https://dumps.wikimedia.org/
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Language Model, MLM) F17F 3CHiiiil] (Next Sentence Prediction, NSP) W FpT: 45 2%

A ETTSCIRA . HSE BB BN SRR I 2.7 B o

[ Baex 7%

HEEIEIBIRIR. BiRBIRENM. Eltat SARENYNFoISIB. TII0IENIAE R Fok Edn A L. MR K RRES ..
 tE e | romrtEEs)
B y— ] [ P e p—— ]
| nEsuie | it

[ [CLe) KRR B IR . (5EP) B £ R E tf . (5ER) J[ ClEBAEREN . CEPHIKR HEZ. (GER ]

RiH2ER9F. RS F2EROITF.

lsmu;w lsmumq

pmmmmmmmmmmm e MLMAES ===mmmmmmmmm e Yoo

[[ELS] 7K Bkt 38 (MASK] . (BER) B & IMASK) & £ . (BEP) [[CLE] B MASK IR &t . (SEP) B X (MASK) 3 % . IEEP]]

HIEESOINER : BIF , I FEEASR . A, R

o mmm———

Pl 2.7: BERT Hiiilll 4T 55 -

FLKINE , BERT Sl T4E KRG SCAM S Z MR A1, B4 751
JEUR SCAS A A ARG, XA 50% RS K B IR CSCY S ) T,
341 50% HIHREE 2 BALPRERT PN ) 1o BEJE, AR I R BRE AR R T 43R
HAEF PN TSI IR R4S [CLST, FERRNA) TS RIS INFR IR PRAE  [SEP] . M
o [CLS] A% I T RA A PSR, 11 [SEP] ARSI BB A1) 12 [ A4 51 FR

#5 , BERT FMALBS R FFAVHERT T SCHNAL 55, A TR AS 41
RPN F I S o 1X— {155 11145 BERT JHAIFNEEMR ) 2[RI KX &, FHE
AT IR AT SCRAIE . XN T B SCAIYZ AL . )12 T SR A AR A B
R RAE ) ARTE S HE B2 5 BB AR SR 2 IS MY B AR AL (NLP) 4T
55

¢Jri , BERT FALGEEARAF 51 Hf K2 15% i) Token SEATHERE , KFHF e Ay
RARAS [MASK] s AL IR] o ARG X 2R i1 Token MG MY . X
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NIRRT e B A, BORIAURYE A FRY_ 1T SCE EORAEWT R 2L 1Y) Token, i
03k RS P 1 A SR 2% R BCR Bl T BERT RS rh S Ak, [ REAE 7~ 5|
SCARER] R SRR . (HAREERZ, 12 MLM AL 51l Zkid 4, BERT {4
ST AR LY AR Token #4724 3], B 50K 2% Token f) 1511453 25 S BB A

X AP ZRAT 55 (945 6, (4 BERT FEBRMEE T IR EER T LA 12
1Tt . BERT AMURBUEHHAL S Token RYAIRLEERFIL , i REAS T 8 1B B AU K
AT IRIR R, AR RIS B0 1 DR ST 5 BEAREL A o
3. BERT | {155

BERT 1] AR I F4Fh F ARG AL BT S5, AFGHARPRT 3042 (i ey
Br). B RGE. SORITES (B ARG S HEWT) FIiE SCRIUR TS, R, mT
BERT [y i /2 i AT Token ([ 7R, LB AR E, JokEHN A
TRENWHES . T HPuX— 8, BERT it [CLS] ARZRIEHUEAHIA
JEHI AR . [CLS] AR%5 R %1 1 N 2 AN BAE 55 B AR ISR IC . HoaFre
“Classification Token”, RI532Rric. @& HLE], [CLS] FRail BT
HIIAE R, AR EE KR R, TSE BN BT Token 74145 EL A
1, BT PSRN TR IRAESF

FESCARAE S, DU R [CLST BRSNS VR I R ok, fLibsh
AR, I TR, BN A B R AR T AR LAY
TEMIE RGUESSH, 75 B A MUK —BOR Ry 3eAs, B “[CLST [ [SEP] 3¢
A% [SEP]”. fA[FFEREHUY [CLS] ARZERYRT N[0 &, AL mA 2 iEtk)s,
THIBE RS BAAET R KA WERAAE, XA 270 5 T4 th &
RAGERIGMETR O E . WX 0730, BERT BB MAR ML B v fERR S I et
WS . TR SORPEAESS T, & 2T M B 2 BOCA Z )5 SCRI B - A&
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XL, AlpAE A E ¢ [CLS] 3UAS 1[SEP] 3CAS 2[SEP1” T3, Zif—A
ZeVE 2ok E R L A SO Z [ R ARDLRE s AT AN ARSI A, HEEE
[CLS] ARZXS W Y Ia] i, FEA A ARLLRE BE 7 v (BIANASZABIR) SRIT5E
Z B Z [ AL

BERT J# i XU i i A SR S B TN R AR 55, BRI T A SRR S AL BAE 55 1Y
PERE. HAEZFME S i B ER IR T 58 RIZ AL RE IR SE I, AR ZE AR
FERRAL TR ERME , RAE LR AR R, BROHES) T B ARE S AL
ENIY 3

2.3.3 BERT fii:if & iy

BERT F)ZEMME BB T — RIAH KA AR AL, X B AR K T BERT XU
[ S B R AZ DR, AR LB B AT TR AL, DA S A RE B A A
R, AERFEAR S5 MY 3 5 b B 1 ROB A PERE . BON MR A2
RoBERTa[23]. ALBERT[17] P4 ELECTRA[9] £, 5 T SRIF%1x = Rz 3 51|
T4
1. RoBERTa i 5 il

RoBERTa (Robustly Optimized BERT Pretraining Approach) g Facebook Al (I,
B4 Meta) HFFEBET 2019 4F 7 A4@th, BYEMFUE BERT TENZFEEE LA 5 1% —
8, DARRFFIRIIZEIE S BOMAPERE. RoBERTa 75 BERT (156l IR T H K
Biidl (WHEZMZECEE . Qe T AR 8T ) . SRMIIZmTT (£
FEERAYA U NEZ 22050 DA AShd S 8ol (3h2I 3.
GAAEFNIE) RO TUNZAR, ATTH S A B 4 Fh 2R & AL BEAT 55
FRPERER SR . T ORFE X RoBERTa BEAUAYEEHY . IR Ty XA S R AE 55

AT
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(1) RoOBERTa Ki%iZk1y

RoBERTa 7454 |- 5 BERT FeA—%(, HTZZMEENMIDEI, B4 %55
Bt 5 22 3k B YRR BRI 4 EEHE T IR . ROBERTa [ HEAG AN LA, 4331
& RoBERTa-Base 1 RoBERTa-Large. H:'{' RoOBERTa-Base 5 BERT-Base %47,
12 A M, b BRBUZ 4ERE ) 768, EERUISKMECR N 12, MBS 5
4250 1.2 {¢; RoBERTa-Large JI]5 BERT-Large %45, i 24 M nfd i &
M, HrhBRUZ4ERE N 1024, HER LR 16, MBBEERAN 3.5 1L,
(2) ROBERTa Fiiilll4: Jj A,

TEWNGRIE R Y% $% I, RoBERTa ¥ BERT J5 A 1)/ & 4 BookCor-
pus[46] (f17%y 8 144> Token) DAMICIEAEEL T RIEHRE " (111549 25 124> Token)
ELA b, TN T R AR A CC-News ® (£5724 76GB [HTI SCE ) . I T HTCER
4k OpenWebText * (7724 38GB (W U SCA M) PAS F-4di 4 Stories[41]
({252 31GB R 3CA ), B k3|2 160GB.

ET HARRFIZES, RoBERTa % T BERT Wiy N CHMAESS, T4
BERT J5AE (¥ S HERD 1 5 BARAT 55 S PICH 2 ANHERD I S e, BATF, BERT
TERCH TUAL BIYI DX ) TR T4 RS, B S AESE I Z5 epoch o, HERS 7 N FAE
& M RoBERTa U ZREEZ il L 10 AEIA, 43 3T . TERFEIZE 40
/> epoch [ HTHE T, BERT 7EHE#ASHERD 519 3CA EYIZE T 40 7k, T ROBERTa Xf
10 AR RIHERD 5 B EIAS S IR T 4 I, IS IO ZRi 2461, A BT
R S B EERER E T XER.

XL 1S RoOBERTa 7EFRf# b N SR PR SCA TR R I (0, JEH@HAE
TR 1 22 A0 R SO T

"https://dumps.wikimedia.org
8http://web.archive.org/save/http://commoncrawl.org/2016/10/newsdataset-available
%http://Skylion007.github.io/OpenWebTextCorpus
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2. ALBERT i 5 ke

ALBERT (A Lite BERT) J& Google Research [41FAT- 2019 4 9 H 42 i)z &
2% BERT #2, B7Eil it 4 ZAHNR A R AR BB ) SEC AN A
A, ATTER s INZE R . BERT-Base Bi%47 %5 1.1 {154k, 1M BERT-Large
WA 34 HL, X5 BERT AU LAYIZE , HE I [A] 145 1 . ALBERT ¢
Bt AR SEH T RBORAE R SEOL R BF WD T BB .
NORKEXT ALBERT BB 4544 . Tl 7y 2N DA S N A5 EA T4

(1) ALBERT Fi%i&5 4y

ALBERT [#j%5#4 5 BERT DA St RoBERTa #§2{UL, Hi 22 2k (1 2 A AS 4L Al o
{EJe ALBERT i#id B8N 740 it A 28 )2 S A, TEMEIRRRSN T, B3
> TR SRR . TR SEE T S R S A B T 4
SR 15 it

7t BERT ', Embedding Z W% i M &E4E% F SEEZMmEHEE H &—
B, XEWRE Embedding 211 %t E BN A G S A g A . HAOR U,
BERT-Base 554 % A 1l K/ V 2y 3,0000 A4, - FLILRMEZ A 1 ek 4 H %
M 768, UL, BERT i) Embedding EFRENSHEE R V x H, KRZH 2,304
Jie

FHHZ T, ALBERT #f Embedding JZ () MRS AT /0 i, K5 TR K 1 1t K
Gt ) A — MRGER Y 2 NI B4R B, BRI B 1] Bk A i 4t
JE H. BARRUE, ALBERT 3 | — M/ Embedding J24ERE, 40 128, JfF
ZHRBETENV <X E+ E x H, X, ALBERT ) Embedding JZ K%
T4 394 TAZH, K2y BERT ZHUERI /N 2 — o 3T BAE R EEUZ 1)
HYET H 1) Large ijiA, ALBERT 58 Z4CSHINILE EMPIR, REHSHE
JE45 % BERT B)/\4rZ—7cih
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PAZE JiLf¥) BERT-Base BRG], BRI IA 12 )2 AR AU I grid s, Frf
Transformer H [ S 5088 2 M Y451 . ALBERT b TR S50, 2l T
B RS RS, Hp ) B — 2w S8, IR I s Al T A
JZo MU — @ RERE EARE TR RE, (E R R T T S 25 R 46 L
M SEBL T SE S 0 e IR A

ETSHH TSRS, ALBERT 42 H T A AIAAL, 4)
7 }= ALBERT-Base. ALBERT-Large, ALBERT-XLarge 4 &, ALBERT-XXLarge, 3
Ht ALBERT-Base 5 BERT-Base %45, Hi 12 Mot mng, Halig Ak
HEREN 128, BRUZ4ERE 768, HERJSKRIEN 12, MBS EEHLN 0.12
f¢; ALBERT Large 5 BERT-Large Xi#5, fi 24 NmfBies B ming, &k A
OrRYERE 128, BRGEURZERZ N 1024, HERJISRECE R 16, BBEERLH
18 {¢; ALBERT X-Large ty 12 DAt e ming, IR A RLERE N 128,
BB 2 4E B R 2048, HYERJSRHIBRSY 16, SASEEHEIHh 0.6 {C; ALBERT
XX-Large [ 12 P RfOBI S I, AR A MRAERE N 128, B2 4tk
4096, HERJISRMEE 64, BB HLIh 2.21C.
(2) ALBERT HillZ4 )5

ALBERT f§i fi] 5 BERT 54— BUWEUR SR IEATHIZE, RI/NIEERE S Book-
Corpus[46] (f375%y 8 {¢A> Token) DA HEEAEEL H AL 1 (&2 25 24
Token) , it 33 {2/ Token, %y 15GB %flist. 74b, TEMINLAL S ML L,
ALBERT £ 7 BERT A% 5 TS5, I8 SCHUAE 5584k A
M (Sentence Order Prediction, SOP), &2.8f . BT =, ALBERT M A4

WL, R AR T EARPHEE R, B0 SR AR 1R

1Ohttps://dumps.wikimedia.org
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[ CLE) KB IBIR. (5EP) B £ I &t . (5EF) ] [ [CLs) B A R & . (SEP)ZK #% tf 8 18 W7 . (SEP) ]

B 07 RERE, B D ZRRERE,
Pl 2.8: ALBERT J F FL AT 55

B AT DHE, IR PHE R RN I AREA, AT 55 SRR
(A T R IE Pl J2 T

5 BERT #itt, ALBERT iiid €8 S EIL RSN T BoR, BT
M PR S A PERE Y R I S22 D TR R SRR, X S BT R A2 BR A A
B NSE A, AR R LRI AT 55 I B R A, IR T RSB 2 A 4
A
3. ELECTRA {5 5By

ELECTRA (Efficiently Learning an Encoder that Classifies Token Replacements Ac-
curately) [9] /&1 Google Brain FIHIHAR KRBT G1T 2020 4F 3 H $E i 5
—7Mh BERT 221K, BRI TN Z50E 5 R0 b g ol i Pkl . i
T A AN - N 25 4, ELECTRA Bef8 8 S s R B 2o, 420 1A
BUAE N IEAE 55 iR I
(1) ELECTRA Fiiill%s Jj

TERR AL L5, |, ELECTRA 7E BERT J5Uf7 (i #E M o & A L il B 256 1 AR
X4 M %% (Generative Adversarial Network, GAN) FJJEAR, SRR T —Ff 25 i 28—
B aEr . HARKBE, ELECTRA B8UG & — AR s Al — A F 5, b AR g
#r (Generator) 2 —PREFATHM BN AYKI (40 BERT B4 ), Si5eRm IG5
A SCAIRIZ SR . T 5#%  (Discriminator) WU {2 43l 45 0 (Replaced Token
Detection, RTD) FiillZhfF:45, Susek Ak s i b i 9 25 h i) 41> Token 275 2
JESCH NS . e R AR AN A 2. 9 T 7R o
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oS
[\o)
v
bax
T
Uu\
S

1;
2
o
3

IRBRAE R+ 7SR,
| g
(CLS) 78 B& (MASK) B + 73 (MASK] i . (SER) |
Lrmesmans
(CLS) 7K Bk Bt+n Ii7i . (SEP)
Lagieemsing
@{TTT FTTT T TTT |

%] 2.9: ELECTRA Fiiil|Z:4F 5.

(2) ELECTRA Bi%ik {4

MR A 5 F B R AR [F AL, ELECTRA G T =AM A RIREAL, 4351
& ELECTRA-Small, ELECTRA-Base A J ELECTRA-Large . H:#' ELECTRA-Small
HH ) A s S R R 12 NIRRT R T, RRUBUZZERE D 256, HER )
SCECR R 4, AR AR S FIE S EER I 0.14 070, SABBBEZ) R 0.28
f¢; ELECTRA-Base {4 -5 #1518 BT 12 At B m i, Fogst=4E
BER 768, ATERJISKERSN 12, HIA SR 5 AR S ECR o 11 L4,
MBS R LN 2.2 {¢; ELECTRA-Large T A il ds 5 4 B4 #F T 24 4>l
P, FROBUZLER N 1024, HIERKRECR 16, R LRSS A5
SHEIN 3310, BBEBREN 6.6 1L.

H:#, ELECTRA-Small i ELECTRA-Base fii [f] 5 BERT — B (1 {4 K 34T
Wik, L8 33 424> Token. i ELECTRA-Large I {f i} T 58 2 FEARIR U255
i, AFE R TR £ ClueWeb ', CommonCrawl ' DA K R H i i SCA K 42

https://lemurproject.org/clueweb09.php

"2https://commoncrawl.org

58



FEE LR %G

Gigaword 1, SZCHFHR R 705] T 330 24~ Token, ATTHFINHITAE 5 )07 1)
HEAR.

534h, 12 BERT th, KA 15% Hllsi W) Token BEETS, HLZLUIZHY 7t
(LT 15% ) Token. {FE¢E ELECTRA 7, 3125 2 I/ 284t 0P A5
Token SEAFHERRIL, DI AEAS TEHEHEE ST SOARI LR SCIEA

A RoBERTa il ALBERT = 26 U4 Hy b S 0 ML 130774t
k., ELECTRA 7 BERT HUSER 15 A T B0 A HUBIAR AL, BB
BORIESS, ST T UNARACRATCR RIS T B RS 55 A 2.

T Encoder-only 4 BEIAE SRS 2 WRRAMIT S/ 11441
FPALTRAESS I T RAFRCR . 32 B SRR SR TS Lkt
RUPFTR A FTOATE S B B HOUMES T 6612, BILHHES b %k
ST E AN IR OSSO AR R SR EIOZERE, I B RS T
HIBIES , M DARIAPA AR AE S5, TRAE 4 A T N T B

A PAAAERIAE AR FR .
#¢ 2.1: Encoder-only ZEF (U FAETL S HANER K/ NE .
fid KAt BEE () LB HIZAT: 55

BERT 2018.10 1.1,34 2 15GB MLM+NSP
RoBERTa  2019.07 1.2,3.5 160GB Dynamic MLM
ALBERT  2019.09 0.12,0.18, 0.6, 2.2 #j 15GB MLM+SOP

ELECTRA  2020.03 0.28,2.2,6.6 #j 20-200GB RTD

2.4 3L T Encoder-Decoder ZE ) KiE = iy

Encoder-Decoder Z2#J7F Encoder-only ZEA4 ) et b 5] A Decoder 2044, PASERK
MLES B S5 eSS4 (Sequence to Sequence, Seq2Seq) 145 . A7 4% Encoder-
Decoder Z2A4) Je A RMER AL IAT N4

Bhttps://catalog.ldc.upenn.edu/LDC2011T07
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2.4.1 Encoder-Decoder 2L}

Encoder-Decoder ZA4 = 540 15 4 i 4% AT & P B0 o X SR A B RN A A0 A
E2. 10878 Hofr, 4ifh il Encoder-only ZEA4 i g it ], i 224G
BB T A, B2 AL 5 F AR DA S — A TSR A IR B . A
BRI AEE I i A A% 000 Ja R AR [ e KN TR S R, XA )
WETRATINEEE G L AR ARt 2 e i, 1
P REER  — AN A I B TR B . — A5 SR BB — > 4 4 e i i A
BRALN . Hor, ARSI B RS | ASERLEI BT Ik ARRAE EAY “HER”, B
PRI AR B IR S SRR BN SEBE T i -5 A 25 2 TB] P £ 5
REH, AR AT AT v BEAE SR A G E

T RN
SIEIENIRIBI

RXEBIRIE

k v g
mogs) SEETIRR

SIEIEHIRITIR Y

| aEEnE

q

k v 4 T ARSI
I SIEIEHIRIEH
T REHRIRT RXEENIBIR
SEEHIRIER E v 4«
A NI A/ Yisial s A
EXE 7B aixENiEE
k v q k v q

1

P 2.10: Encoder-Decoder 4244,

I B A AR T2 A 28 1 O R0 E R0 . A, Ff 17
SEXPAAJFIUN b FSCHERT AR IE", B AU FERE A B 2 T 1
T EAERRRSA, EER AT BUI R S0, (LD L SCh A PR RAR 5]
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EEE LR T
B3, SRR R AL S AL AORIE R . AU R R AR AL R Y
i) (query) Sgufhasnit (key) FIME (value) MIG5E, SCHLT WA A
RUE AT -
W B EE DM S EE IHLH4E A, Encoder-Decoder ZUA4 BEAS w5 24 M2
R A BT A R R R T 51 . B E R AL DR T AT S A A U 5
AR —BCPEANE B, T A2 SUHE R ML WA DR 1 AL 25 75 A= JU 414 ) Token
IEREE S M AP 4R R SUE ., ATTAE 5 S A P2 e BE AR S 2 5 . 7
X WAL L FIVE R, Encoder-Decoder 2EF AL BERS R A BRI A FPS1), 38
REA AR [ A1 45 1 75 5K S0 AR R BEE B4 7 9, AEPLES B, SUARTHZE,
F& R GRS SR T Z W, IS T R R AT R S A LA
55T Encoder-Decoder ZA5 A M IEF B T5[29] Al BART[18].

2.4.2 TS5 i SEM

AR A BIAGE VIR E B SORNEE, MBERRFZ IS . BH, &
A5 FR TG EEXF N SRR . AL A AN SR Semg HEA T WAL BT X AhE Sl st
ACRERAE ST, il AN AR AT 55 SN, S BUT R T 2Rl “ AT
7. AT RBGX— W, Google Research [{PAFE 2019 4F 10 HiH 7 —FET
Encoder-Decoder ZRA4) ) KAL) 2515 5 4512 TS5 (Text-to-Text Transfer Transformer ),
HRM T 58— W S B SCAR AR AORAL PR R 55 o 173 BRI E5 A L Fii
gRIr PA RN AT 55 = A5 TS TS BT/ 4
L. TS %145 Ry

T5 A0 AR /2K 2 Bl NLP 4195 58— 2 A~ SO 56 SCARY A X HER
o FERGE—HESET, TS il A R AT SOk S B R AT A R 55, e
SRR AR5 i, IEANE2 1R . XA AR DAL SRR (Prompt) 45

61



%2F KiEZHRARH

REE, WIS AP AR, TS BT S H B0 E R 5 37
b, MICFTXBRBEA HEATARAS I B AS o XFh R PR 552 A RE ) R B 4
TSP, (EHREAS AN LT Y 4% BT NLP AL 55 .

KA LEFOE NS E tnFhiR

NS SN RERAT L EEROR TN HAESEMMHRER | -
tozn4mF0ISIELE ? DREPE , T N sl
Why can capybaras /- 3
live in harmany with A2 W##‘ﬂ
other animals? W7, REFEENA.
EEMY EERY

Pl 2.11: fLGeiEF R TS Gi—HEZL.

PRI T3 16, TS 5 FURAY FE— D i F1— ARG Y Transformer 42
AR AR S AR 2% 33 30 B 21 G RS R ARR ABE T A TS A
BRI R RS, R8T AR REBCA, 43 51& T5-Small, T5-Base. T5-
Large, T5-3B DAJ T5-11B. T5-Small Hi 6 /gl fHAl 6 AR Ab i 2 i 1,
Horp B2 4ERE S 512, B SSRBIEER N 8, B BB LI 6000 J; ; TS-Base
55 BERT-Base X5, Hi 12 ANl 12 AR SR I 1, 1 v B2 2k B
HT68, HEE SRR 12, MBEBOELN 2.2 /¢; TS-Large 5 BERT-Large
AR, 24 ADGRASEIEAN 24 AR HE R AL, FRUBUZ4ER D 1024, AER
JLHBCRN 16, BB BBk 7.7 1¢; T5-3B 7E T5-Large LAY, 18R
JIRIBCEYRE] 32, HAMNOR BRI B & bR Z4EEY R T 4 15, BB
Bk 28 ¢ T5-11B 7£ T5-3B [y BLAl [, 4 B = Sk mgioe K3
128, H SR R M 2 h B Z4E 2SR T 4 75, BB Z A 110 1.
2. T5 FilJi X

T HREGE PR AT Z I GRS, Google Research [41 A MR
PR T 46 Common Crawl ™ Fr IR T R I ORI, 280 ™6 114 1 LA

“https://commoncrawl.org
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Wk, AL T C4 44 (Colossal Clean Crawled Corpus), T T 44l i i
FISCARRA, EHGAE] T2 750GB.

FT I EREE, TS #2474 4 Span Corruption [ FYIZAT 5. 3%l 24T
55 MR bR A PERE 15% 1) Token #EATREIR , FRRERIEREELL =4 Token {E—
AN/NBE (span) BEARGHERD A [MASK] . 5 BERT 52U 3R i i) B> Token Tl A
7], TS BT 2R A DR W RS SOy BEEA T 1L . X 28 1 BOn] BE A4 P4k
MRLEECTR), EAE AR E AR T B e B TR LRIt X — i
SRR SE BRI R, 182 m] DA SE IR 2 R ) 14540
PRI KR 5 &« Span Corruption FUIIZHAT S5 W& 5271 1 TS YT REREL,
JEHRAE SCAHHEE . )5 B GE RN SCAS A 26 T B A i B R BB 1 R 1 SCAS A
559
3. TS P55

BT WNGRI Beay: 2 59 R BRI LA S 3 i SO SOR e — 22 il UHE S,
TS BRI DATESE 2% AR (Zero-Shot) FYTEIL N, FIH] Prompt TRES AR B HE AL
PIZ R RUHESS . IR, TS BT DU 0 (Fine-Tuning) > i it 31 45 & 1Y
55 . (H2, WU RETR AT N RS R N SR 8l , (Rt f 2 2 Y
TR IR SR, PR G 5 B T TR LE X0 B Rl i AL 55 AR By
SR 3 5

Lk LA, TS BB SCAE SOR S8 — A GURE SR TR ) A SRR &
AL BRAT: 55 Z [ e i, B I S B e AR AL T 1) 4y, TS L
SR T LA, DAE— 50 bk BE . i, mT5[43) BEALYJ& T 100 ZFh
EE SRR, TO31] BEALE T 2 AL 55U 255 T FAEAES] (Zero-Shot Learning)
BEJJ, Flan-T5[8] BB LTl 7500, PASEELIE— P4 THS AL i) R T M AIRL
REE,
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2.4.3 BART if ki

BART (Bidirectional and Auto-Regressive Transformers) ;2 pj Meta Al 5% Bl
FET 2019 4 10 H 42 #)—1> Encoder-Decoder ZEAg#LAY . AN[H] T TS5 #f £ NLP
5 B E A5 —HHESE, BART B1EM IS 2RI T ZAT 55 R AR THE TR SC
AR AT S5 R SCA BB AT 55 LR
1. BART BMi&5H

BART [0 45 44 [ B 5 J5 46 1 Transformer ZEH 52 2 AH ], A5G — NGl 25
A=A 2 o Ak G D 08 A D 285 20 31 Pt 22 A 9t e R R AR A A A e I 8 T i
BART 7 — LA AN A, 435 i2 BART-Base DA J BART-Large. BART-Base H
6 M AIRIRAN 6 AR EZ M, HrhERBUE4EE N 768, HIERE SIS
5412, RASEEHLN 1.4 1¢; BART-Large (1 12 /NafSRIHRT 12 4SS5 R
MM nG, HAPRURZ4EE N 1024, BEREILIEEN 16, BMSEEELN 4
fe.

2. BART Hiilgs i &

TEFNZEE I, BART (i} 755 RoBERTa[23] AH[FAYTEARLE , A&/ MIEER
£ BookCorpus[46]. J&iBAEEF AR . Bl $diige CC-News '°., [ {74k
i OpenWebText " DA N i Fi4(di4E Stories, E&f & 1%%] %) 160GB.

TEWINZRAE S5 b, BART PABEREBAIA A SCA S H AR, Holad Token JEES{E
% (Token Masking). Token fjj[&:/£45 (Token Deletion)., %: U AIEZS(E45 (Text
Infilling) . 4] T4T#L{E4 (Sentence Permutation) DA K SCRYHERT4% (Document
Rotation) 45 FLAMESS RMIRSCAS, SRIGUNGRME AT A SCAR A TIRE . X 3

Bhttps://dumps.wikimedia.org
16http://web.archive.org/save/http://commoncrawl.org/2016/10/newsdataset-available
17http://Skylion007.github.io/OpenWebTextCorpus
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R XA S
HERMASKIZ+(MASKIRIR. ELIMASIK)IREE. REFHEIR(MASKIR. B 72 IRE .
(MASKIBIEIZ+ 77 MASKIIR. B7ZZIREMASK). KK+ AIBIRMASKIREE.
KIMASKIERBMASKIZAIR. BZZMASKIEE. HERIMASKZZIRIA. B IREE.

Rie X%
[ HEHAEIR+7IRIR. B IREE.
Tokenflib £5 XIEEES
HERIZ IR BIREME. + 731807 B IREME. KERIEE
BiEiE+ 7. BRIRE. BEIREN. BRI 5SIR. REME. IKBRAEIE+ ARG, B7E
MHERRAIIGE, B L. BIF. BAIREE. AR+

Pl 2.12: BART Fii)I| R 4L 55

BB T AR SCARSE AR SO R AR AR, 3858 T AR T XA 52 B s IR 5 St
e A SCARBIME S5 R MBI fridk

o Token 4TS5 (Token Masking): (Ll T BERT H1¥) MLM 145, f£ 5460
AL R AE—AB 2> Token F-5 HoER 42y [MASKT , AT I A5 20 i W 48 I
FRI¥) Token N ZFHYAE

o Token MFRAT55 (Token Deletion): ¥ & 44 SCAS H FEH LM G —54) Token, M
111 Y 2R A HE W B IR 1% Token £7 3 DL K2 N %5119 fiE

o BEHIARBIAESS (Text Infilling) = LT TS WFINGAESS, LRGSR
R JLB SRR Token (HFBUAE—A> span), BEAFHN [MASK] . HH
span YR EEARA A = 3 BOTARA M1, SRS O WIEHAE A —4> [MASK] .
X155 BTV AL HEWT—BE span B AR PBERIRE T

o fJT-HTHLAESS (Sentence Permutation) : 545 SCAYR - L)1, FHEEHL
FIRVAI TR . ETE NSRBI i 4 5% &R g

o SCHlEREITESS (Document Rotation) 1 45 i SCA H AL L —> Token, ff:
R SCASFH S TER: . BSAENZRRR R S S0 & B IG R RE
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TEPE2.12v, PAZRRESCA /KBRS a0t Hesedtk.” Wi, R A
MEFPATER « FEFNRETH G, T LA BART JE4 TR0 5 RO 575 i 2%
B 2 BT F AR B BB W g 5, ERCE MRS . X A FI
ZFNHORM AR, 15 BART AULESCAE AT 55 BRI 6, BURBASIE N S04
BRIAE S PR JRLERAE T BART B & AR K, (045 7T b BRI
T CARA AT 55 1) mBART[22] A 84 5%

Zi Bk, HT Encoder-Decoder ZEM Y IE FALAL, FEA AT 55 R T
RAFHITERE R . K2 2H MBS E A T S RS f B AR T2 3 B T
Encoder-Decoder JM AL AT T 45 . W] DAE IR S 808w 1) ERRE 5
110 2. FEREBRZEFISHOBICELE T, HBTHET Encoder-only ZEH4 )5
B X ORI R, L. RS P S T AR RCR

4% 2.2: Encoder-Decoder L4 A AU SACRITE R /MR

oy KAt S () ERHRLBL
T5 2019.10 0.6-110 12 750GB
mT5 2020.10 3-130 12 9.7TB

TO 2021.10 30-110 12 2 400GB

BART 2019.10 1.4-4 12, #J 20GB
mBART 2020.06 0.4-6.1 12, 24 1TB

2.5 JL T Decoder-only ZERI) K iE 5 ikl

1EIFH (Open-Ended) A fSE55H, @M AJFIV BN B, HERA R
BRI R R A, R — S e B G T e R AL FHX B85 ATF AN R A B X T
XFME45, Encoder-Decoder ZA4 W] fE 155 A A Hih Z R M. TEXFE ST,
Decoder-only ZEA RIS T NI . AR Decoder-only Zei) J HAXFPEBIALHE

.
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2.5.1 Decoder-only %24z

Bl B RIEEBE A OO, AU T SR R TR TE— Sk,
i ARG Z WA A A B A A TS OL T, BERETE B AR, AR A . 1t
41, Decoder-only A4 1 T~ 5 T gmfih i oy, (EAHSIALSmER AL, il ©
NZRAEBRR R, . R, TERIFEAIREZL T, Decoder-only ZEth Tl A B4 5
A

{Hf3—429/2, Decoder-only ZLAAHLRY R & f 7 v] DAIB WA S 2018 48 KA 1Y
GPT-1[27] B2, {HAE4I, fiF LA BERT S50 Encoder-only ZEFAHEZNAE 44 i
55 B i 5B BE , Decoder-only ZE44 3154 52 8 £ 8519 5. B F 2020
4, GPT-3[5] BYSBIER , 15 Decoder-only ZEMTT U1 2 W T4 ARG S
A HA AT A OpenAl 4211 GPT £41. Meta £ 1) LLaMA 3 4]]
%o Hir, GPT RS i i1 Decoder-only 2844, FEMERE BN T HFAURYAR
o EASE=AIF, GPT RIEWER ¥ AR, 1 LLaMA 51 B AP RN,
(EFEAE A ()R 60 A PR B A S IR 28 IR R JFJRIE S, L 7E Decoder-only Z24%) {5ty
R TR M. B ORRERT X AN R B T

2.5.2 GPT &Ko

GPT (Generative Pre-trained Transformer) ZR #5742 iy OpenAl JF % 1) — & 7]
$:T Decoder-only ZUHHYRIE SR, H A 2018 4T DASK, GPT RAIEH L)
TR AR, AR, HOIZREaC EAWEE, G 10 AR H RCR
GO T ARG TR S AR . R P AR W] AR 2 T B, R2.3%HX
AP B RS BB TR A AT T B 45 WRPATDAEE, GPT &
SR SRS BIZR T PO B B I a3y . 2810, A ChatGPT fRASEE,
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GPT ZFRAEL ) T A, HERR S E M GEIR LR TR E B EA

FRATE R, MR EEMN, A8 A5 ChatGPT K H 5L A TE S AR

HWZIERHE A T . TR A & R B AL o B T 4
% 2.3: GPT RHBBISHCRNERII/NE.

B KAl ZHcH (e) R
GPT-1  2018.06 1.17 %4 5GB
.~ GPT2 201902 124/355/7.74/15 40GB
© GPT3 202005 1.25/3.5/7.62/13/27/67/130/1750  1TB
ChatGPT  2022.11 *m km
~ GPT4 202303 L
GPT-40  2024.05 E N RA

L gyl GPT-1 By

OpenAl FJHI 1 5 FL2# % llya Sutskever 7ER V5 *%F&, OpenAl H IR LA
ST AR AR 2R A0 AT 3 A T 3 0 00 A ke T M S ) ) T, LY BT 1Y) RNIN A
B TCAR SR P BE B U ) 8, E o A A AR B AR S i ffke . LB 2017 4,
Transformer [ {4 B AyixX — B B L TBMRR 52 T, S OpenAl 1) & 4] 77
5] BEJT, OpenAl TR AIEHL. 2018 4F- 6 /], OpenAl %Afi [ 56— i HY) GPT
(Generative Pre-Training) 5%, ##k4 GPT-1[27]. GPT-1 }-4)] T Decoder-only %2
R, R TR S A e T M SO AR U SR, R RS AL BT R T
PRSI . R IHPRE 20N GPT-1 RIS H . TSR, AT 55 55 05 TR I

(1) GPT-1 BiXigh
TERLBU SN, 5T, GPT-1 ffi ] T Transformer 4244 111 Decoder #4), 44 T
Encoder #R7r PA KA U il . HOBIR 12 AR E S ML, g B

18https://hackernoon.com/an-interview-with-ilya-sutskever-co-founder-of-openai
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AE— AR H R B A — A e R p B . P RRUROZ E S 768,
FEE TR 12, BIRRRA SRR 11712,

K2.13%F T BERT-Base DA J¢ GPT-1 RUREZUEGHY . MIEIH I PAE ), GPT-1 1
4t |5 BERT-Base i [ERML, PIFARE 12 M omtd ot S Bibd
[ A~ B R R A — A i p B I . PR 2 TR A AR o X I E T
BERT-Base (%) H {E R BB X ) H AR SALE], 1 GPT-1 H iy H 4
BRI ATHERD R S i 5 TR AL

) )

RERT-Raseifs BRI s GPT-12243
T D B

T SRR 7 BT
DN || ssnsmms sowmmme | ) | 1]
Vi | DELT
D) kaﬁgnﬁm ;s:%aﬁanﬁm v/ B
%’%% %ﬁl A__QT]_Z

P& 2.13: BERT-Base #1 GPT-1 1% ,

(2) GPT-1 B Ji ik

GPT-1 /Myt &didk BookCorpus[46] SRUEATHIIZE, AR T2 8 12
/> Token, FAEEHT SGB. FEMIZA L, GPT-1 XA — (LS5, RI
BT _E SR — 0] fE B Token. DA [BIERY 7 A AN W52 8T — 7
AL S5, BERR] DA RO 58 SO A AR 55, ANIEI2. 14 P07 o SE e XA il 2 oiems
B2 ] DAEA T A R Bl 22 B i a2 1, 2+ BIREE SR “HR7,
P AT H BTN SO RSO . XA = TRz A BE g, i Hagb T
AR HORE, A B ARTE S AL BRATIE Y R TR BRI ST A R
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%
7K ;J% %
i ol 1$
g 5 B
7 /4 +
+
N/ L =
1 g 1 HE 1 e
Pl 2.14: GPT-1 1& 5 @Bl 455
(3) GPT-1 FiU#iT55

RUE GPT-1 BAEN Sk Jm e B T — w9 Ty, (AT 55 12 AL RE 11352 R
TR R AR SR . Oy TR TMRA R E NI LR, il
T SR B WO . ORI AR B S G P B RERR EAT 55 AR R R A
BRI ZH, AR AR 3 DASCAR P8 I X B BN, AEDA R LS55
e, AT AT BT X RE . T 370 S 1 el R SR -

o UG GPT-1 fEMEHAML—BOUAE N, FHARIEIUE H2E51hr%E, 4n
TR (RRAR . THARECHA ), X SCARBAT /026 ARG . T80
SR AREAE N

o SUACHIDLEEEAS : 2475 B B BOCAR Z A I APE T, GPT-1 RERE A7
BACEANTRNETIE SCRUE . XTI RETE RSO . R AR AR
RGP U E R

o ZUIEPHSHE . GPT-1 & ] DARL PR 2 IR R4 (7 AT, AST2R B B A V) SO AR
FITEIRN A, AZERE Ase I SR 5 e S A A 8

GPT-1 a5 AR I SCA A RE T (HZIRTNEdn RAR R 28R, HA
JEEE A R VA TR SE bR M. Behh, i B i AL A BR ], He4in
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FEAR LR SO RE A BT Bk, DUAS R, LA 0L LR SCERRAE 77 () BERT kiR
M, FELAHBB A LR SO A B IS | TSR ) 2, W36 T GPT-1
Bt RS GPT-1 MWL M W REAS ) BERT, {H'E{EA Decoder-only ZEA4 11
T, WIGEE S B B R BT T .
2. /M Fik: GPT-2 Bir

BIR GPT-1 B 17KEg , OpenAl 354 2% H Decoder-only YR EEZL, M2
PEPRAEIX R 2k RURSETERE. 7E 2019 45 2, OpenAl %755 T GPT 5145 X
Feim GPT-2 12, AT GPT-1, GPT-2 FEASAUHUSTRI T I Zh ke A 1 it it _E#RRAT T
SEMRT, R TEIEIT A2 IRE S . DA GPT-2 (B . i
YIRERVN A 55 S Bt LA T 4

(1) GPT-2 EEXIZHy

GPT-2 U FELE | GPT-1 () Decoder-only 2844 , FHAE AL F#E—E R T2
bR, GPT-2 — 3L %75 T WUANUA, 4> 312 GPT-2 Small, GPT-2 Medium, GPT-2
Large A}z GPT-2 XL, H: GPT-2 Small ZEA 1 #4238 GPT-1 A J BERT-Base,
M 12 P gmi eI, FRUBUREREN 768, BIERJISLMBE N 12, ASEH
#2904 1.24 {¢; GPT-2 Medium 7ERAUIRL | #2i BERT-Large, Hi 24 M@
BIMAG, FRBUZ4ERES 1024, HEEJLEE 16, MSEE LN 3.55 1¢;
GPT-2 Large tj 36 MMM AL, FRs=4ERE 2 1280, HERJISkpEE N
20, MBEEORLIN 774 1¢; GPT-2 XL B I HA, H 48 AL Hte B i
B, AR 4ERE S 1600, H R JSKRIEERN 25, RSB E L 15 1C.
(2) GPT-2 Wil Jjik

WG, GPT-2 4RZLR T —i AL 55, (Hib—2B42 71 T Al gR gy
A, HRM 748 WebText it , A4t 40GB Zeadbhg. L i Al

Yhttps://openai.com/index/gpt-2-1-5b-release
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BRI 28 SORZH A 8 I 6 ) WebText iR AT 11195, GPT-2 {1 = PR GE
JIASET WA, S TEZHME S Y R, BB T ERRNES
TR X GPT-2 ZEAHE I & 4 22 B AN 22 0 5 BB T s G e, A
TIAEAT A5 AR TE 5 AL BRAT 55 I RBAS A2 iU ERf . ST SO,
(3) GPT-2 F TS5

GPT-2 [ F5Z A RE 1453 T8, TERSUAE45 En] AT, AT
BHAES] . XA )RR T GPT-2 AEACIE N AL S5 i R 1, BRI TR
BAL S5 G TR A AR . 13Xl Decoder-only ZEA4 AT 13 2 it
3. Hid% L GPT-3 il

N T ARTHE S IZ L EE ST, OpenAl T 2020 4F 6 H #EH 145 = A2 GPT-
3[51. HHIMAEZUANEL, GPT-3 YA AU T Zhif ket Edb—2B48 71, B
T ELAY R e (In-Context Learning, ICL) fE )y, 76 F 3023 fig 1 b
FET, GPT-3 Al ATEARSATIOA G LT, AUE AT 55 ik 5D Sn 7] B 58 i 2
FEALR T 55 . KT B SCEERN A S WA 432 Ty, DU REX GPT-3 1Y
BARUZER . SN ZRE RN T AT 55 JE B L AT 4
(1) GPT-3 X2y

FERCRIZEM |, GPT-3 4R If4 R TR PR 4eMy , S T A As B i 4
. REZMZEER BT RSECR, SHERS AT 1750 2. BRMSEE
145 GPT-3 BEfGHT AR B AN S A iE S48, W3R Th AR ALY SR A= il fig
1o GPT-3 it T2 MAFSEE R IRA, DA EAF N RHRK, a1z
By k2.4,
(2) GPT-3 il Jj ik

IESE T IR TIN5 ¥, GPT-3 4Rk R — il WA E A I AT 55
] T SE R RSN S 2 FEAL Y LR SCAR B 4, Bl #i 1TB, ;T Com-
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4 2.4: GPT-1 % GPT-3 Bl AR B4 .
BRRA YR RuREE AEROEE BBl (1)

GPT-1 12 768 12 1.17
GPT-2 Small 12 768 12 1.24
GPT-2 Medium 24 1024 16 3.55
GPT-2 Large 36 1280 20 7.74
GPT-2 XL 48 1600 36 15
GPT-3 Small 12 768 12 1.25
GPT-3 Medium 24 1024 16 3.5
GPT-3 Large 24 1536 16 7.62
GPT-3 XL 24 2048 24 13
GPT-32.7B 32 2560 32 27
GPT-3 6.7B 32 4096 32 67
GPT-3 13B 40 5120 40 130
GPT-3 175B 96 12288 96 1750

mon Crawl ?°, WebText, BookCorpus[46]., Wikipedia >'Z:Z /N1, iE4E. K
vl WA TSR OAIEN . T EdRdR a1 s i I AR UE IR AR, DARR IR
Bur iR M2 e BT X 2esds, GPT-3 2~ 3] 1 BN £ & 12 oy ih 5 iR
AR
(3) GPT-3 Filifft55

GPT-3 HAGM AL T Ry B R30I 680y, AT DIAE R/ MAR LT,
ALE I TE B A\ SO T BB AE 55 fid R i R ], BERERS AT 2 A N IiFAE ST . I
NI RE IR ORHBIE 3 T GPT-3 ML S5 IZALRE Sy, B RE S PRHIE A [+ 4
W3St GPT-3 JHARTESCAA . B RS, ThE BIFSEARL AR SRS+
Bria K .
4. EWH4%% . InstructGPT 5O

1 GPT-3 fy Bt _E , OpenALFE— 24 T — R AIRTAERA , X LERIAE GPT-3
W2k ehty 2 Eila e RIEITE, &4 SR g, R AT 4kE:

2https://commoncrawl.org

2Thttp://web.archive.org/save/http://commoncrawl.org/2016/10/newsdataset-available
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il (Continual Pre-Training) ) Codex[6] B, W DA R IR A LS5 5
R P msrxi5% (User Intent Alignment) ) InstructGPT[25] #2284, HA& R &1 45
SURBERE Sy . Hor, F AR A A2 InstructGPT, HoAl g ChatGPT (R & . Bl
FHIAT NRR k% 2] (Reinforcement Learning from Human Feedback, RLHF),

REARTE TR R i Y RE ) o

N Aptna Al s 2] B 1 G2 S AL E G Y 4 2 I mT A8 HE I AN VA PR A A
FIEEYE, DAMIACELA: iU NS AT & NRIEOR . fE AR RUF R >, AT
R T e AR S T A A L BT SR, RS (X 28 USRS AR A . R AR
WME2ASFR, BT A AA T =88 1) AARERMIN: ks “md- A
KIE” MERINGFEAR, X RIEFHEG TR, 2) IIZBRE: XA~
W, A B AR, OF i N TR T PP AR AR A B I
s F I ar Bt AR NG — AN SR DRy , (0L m] DX i H 2 B A A AN S i -tk
114 3) w0 T B0 PRI R, sk ) kIR
RSP iE SEOY, RAIEE SR A s I, RBADS e T3 s), stk
2 ) FVEARYE X LU PR oy RS A 240, DASR T v Joa i g AR

23k RLHF 11545 211 InstructGPT BYVEREE LT GPT-3, JUH @TERR 2
WA g R b o B A Y I BN PR, RO TR
R BORSPEN AR A . InstructGPT [ I E R GE . B T5EM Al RG34
BETHRERE, R T AR AL M B A A E R ). Ha2, RLHF 1)
WHESBA T EE, FERMT: 1) BB g R HFen. 2) BRTH
SR SR S AR AU SR B LA, SRR SR PSS Y HEA T 2 BRI A I
X1 R AR 2 ELIHAE R &

N yEk RLHF FEVHRACR FRGAE , Brf s fe 2023 4E7E R |, 42
T R B FL B AP AL (Direct Preference Optimization, DPO) [28], DPO
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EEE LI TG

|
BEERIE 1 EI2mIEE BRI
]
1 a1
a1 [} a1
I A © KT BERRE EIROSIBL ? | ! l;/\ KB AR RO EMR RSB, 7 I | A KEERELAM? ]

a2 H
' A KEEERZHA' T I

Gk
A KERERRIZ LA ?
Sk AR -RORAEIN , EEIAE

J
i ( i
6\ - kA AEEFOE hENnFoIEABRE 7
b1 KRB EEE— N ARERD...

f oY h :: B2 : KR —FOIESIBIFeIEN , B.. AR, KBRFKEREMAE , BIKkR,
B - KR AR N R ATRE 7 n 3 KBRS LACERIINN , EIFE... AR Fo— KRR,
$  BAKBIERIR , BEREE , @ " 4 KB IERE BB IREEOINY...
SERIRFoR RER TN FOTEIBRE. n

n o

g2 0
BA  KBEROZ AR ? "
b KBRRANN , RamEEr "

. i
2 EREER T\ " RN : Sk > Skl > e = k3

L )
] i EEPT- 3R

&9 1 EEFT -3

Bk
A KEEERRZ 2N ?
Stk BRI —RORAEIN , EEIAEN
AR, IKERANEEINAE , #lkk

R Fo— KRR,
857 : 035

Pel 2.15: N3 fisimfes#>] (RLHF) id7k.

SR B NS i Bl U SR A, 2 1 B s SRl A DA B R 5
G S - R/SI P MW RS E M € SN M LIVA NG Y & DG R
IO BRI AR R, o SR SRR 2R DA B8 o R i P doe DR i B2 PO 8, [ T BRI
BRI Mo B AR . XA R TR T NSRS SR R R, fE v T IR
RAMR R . RAETEAL T 2 N JS M i e AT BB 780 T RLHF, {H DPO 7t
SRR EI RIS HAEZ A SIS T2 N
5. M3 b A : ChatGPT L)z GPT-4 S5 il

OpenAl F 2022 4F 11 A THIRHLLE A (ChatGPTChat Generative Pre-
trained Transformer) **. ChatGPT “—Mg{5t N7 , DATR A% B ) B m i & A
BOFNERE, —ERGE T ChatGPT &7 I DA “E M 13t 31, #est, M
Fra] DA E OpenAT $ L) 9 5T sl APT 8204 F 11111 25 J5 1) ChatGPT BCAY, i
ToHFAEARMIRE , b — A I 55 B30 LLMaaS(LLM as a Service) FH Bl {H

2https://openai.com/blog/chatgpt
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&, M ChatGPT 2, GPT RINEALE MM, FATTCMBIR ChatGPT I J5£isizy
BRGNS

PUANHJG , OpenAl F 2023 4F 3 H4k8: %4 T GPT-4 P #5i%L . #% T ChatGPT,
GPT-4 7E3ff S b ICE SR A BUE B SUAR ST 55 Fak—242 7T,
H HABWS T A R A FRE2E )8 gk RS S POAN AT 55 . Ak, GPT-4 85| A
TR ESOSUSES R SCRE, 78 1 AR IR AR FHAI o0 17 R0 A 25 55 7 ) Sk i) ] g
P

—AEJG, AT R TS AL RE DA BT PR SS:, OpenAl - 2024 4F 5 2
T GPT-40 **. GPT-4o BEBIYEFTAY GPT-4 (O ELA b, KUGHET: Tk s B, &
R THEIR , F Hak g os T 2 HSALBREE ) AR 265 R . HAER ke,
AANERIB S DT 5T 22 U IR . GPT-4o MO b6 25 AIGC 1 ] H

GPT ZF A (i o 1 R N 38 BB 8 b b — Nl D 3 . AL GPT-1
(¥ “FIHZEE” $] GPT-4o [ “—MS i N7, J6%5 6 4R}, GPT RANBAE K T
PR . 52 CRK)” AREEE, REHEER., B2, FiE GPT &
FUBSRLE [ VR, P OT AGE LT AR, A1T035E2 5 R S (7] @1 A siclk
.

2.5.3 LLAMA 4GS

LLaMA (Large Language Model Meta AI) & Meta AL FF & [f)— 2251 K15 S5
A, HAACEAE R RV ANIE R 1 AR AT, HE8h TIRE SR <L) A
FRE S, FERIAEEK |, LLaMA BT GPT RO, [RINTEROR YAy
AT TR AL . LLaMA 5 GPT %1 X MET: GPT &5 F -3

Zhttps://openai.com/index/gpt-4-research
Z4https://openai.com/index/hello-gpt-40
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AENE LRI T
2L AR TR S B ZREEH 42 TE, T LLaMA WIAERIRUIURE [ (R R X
B, LT TRIH BRI, 25K TORFIBIA LLaMA #5704 iy
[ BT ] S DA RGTEIRE. 247, Meta AL SEHEHH =ASBIAHY LLaMA f
L AR AR b, KRR S . AN LLaMA BRI
R T LLaMA SRS, B FRA LLaMA () =ANA B4 i
BT T ]

4 2.5: LLaMA RIIBLSHFNERIR N

By KA ] S (L) WPHILES
LLAMA-1 2023.02 67/130/325/652  #jSTB
LLAMA-2 2023.07 70/130/340/700  #j7TB
LLAMA-3 2024.04 80 /700 2 50TB

1. LLaMA1 gi%d

LLaMA1[40] /& Meta Al F 2023 4F 2 A#fEH I E N KIE S A, HAE Chin-
chilla[15] §" IR NIAGFET T, LBk /MY + RE” WPLE, BAELARABRI G
SR N AR XS BN . AR/ NG S HOIB TT DA RE SE PR R B 32, i
Hon] AR S A R AT R SEIRA IRA 37 5

FEFNZRER 5 TH , LLaMAT BRI SR8 i 55 1T RS R T 4 da 4 Common
Crawl®, T5[29] 4 H 11 C4 $di4E , A2k 1 Github. Wikipedia, Gutenberg . Books3
Arxiv DA} StackExchange 28 2 Rl RO HdE , B8 =51k STB.

TERE Bk 77T, LLaMAL SR 15 GPT R [RIAEAY R 45508, (H2, HAE
Transformer 5 4R TRI IR ABEER . V£ R BT 4 R pi i bk b EAT T 004k . 7ETR)
IRABEER b, A THES AR AT, LLaMA1 2% T GPTNeol[4] R0, il
Fefr ¥4y (Rotary Positional Embeddings, RoPE) [36] U T J5UA 114 48 4 o7 1
B, AR SRAL B g Y FIBBE Sy, 450 BN e 51 WU Y B . e R A

ZShttps://commoncrawl.org
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% 2F KIEZ MM
~ p - N
[ siEEs@En |
7/, " Y
¥ ] ¥
e LA B T JEL R [t
_J n n SNV )/ II!E 7 N*g U ”
3 3 T A n i A
s
Le . 4 W
- L)
S \ J U Y, )
(- s 7 N 4 ) N
TEENER SIEEGIRIBIA
p .
£ X [ ] ]
o r %—» E o & o
\L-n,- 5&/\ > ir:l"' N = B \r\:\r = iﬁﬂi\
R 2 éé{ﬁa o e @l >
| | o 2*.;*! o
p- v
\ L Z Wz 7
\ ’ ~ )

P4l 2.16: LLaMA f#hd e 2844 5 4R i#E Transformer f#RE 27 ZEH8%) L .

e b, LLaMAl £% T PaLM[7] Rfl7%,  Transformer Hif) RELU J80i5% ek 50l
SwiGLU ik sy [34]. JFH., LLaMA1 fE84T H 8 S #/E2 Bixt i) (query)
PAR B (key) WSANBERE 00 &4l FEATEH A |, LLaMA1 {54 T GPT-3[5]
17y Pre-Norm J23 (E MRS, FF1EUAL R T 5 YR I FI RT3 W 28 i i A o ETE
R A R AT TR b Rt AN 2. 16 7R o

ETZAES, LLaMAL JUHEH T 4 N RAHIRRL . S 8] A B 1 HAR S50
F2.6HR.
6 2.6: LLaMA1 Bi% H (A S50, .

BORRRA ReSHgce Ru24EE AaEE kB BsBeE (o)
LLaMA1-7B 32 4096 32 67
LLaMA1-13B 40 5120 40 130
LLaMA1-32B 60 6656 52 325
LLaMA1-65B 80 8192 64 652
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2. LLaMA2 k%

2023 4E 7 H, Meta Al %77 T LLaMA Z5 /)45 — A% LLaMA2[39]. Feik
OIVERL + REAE” BB, LLaMA2 7E LLaMAT [ £ Al F ot —2B AR 58
TGS, BER R B2 Y TTB, SCHL T %o 42 5 15 5 AT A R Y
i, WA, TEFIZMBLZ J5, LLaMA2 RY4 T Nt > i)y vk, dE—
PRI TR IERE . 1 5E, M 7O L AT 18 2 R e 4R (8] Xisi
BATA BRI . 85, LLaMA2 iR II5 T RLHF S, BT U fRms I8
k. (Proximal Policy Optimization, PPO) [33] A K Hi#fa Rk (Rejection Sampling)
FromAl s 2 AR A AT R R

TEAEAUIEN |, LLaMA2 487K T LLaMA1 4844 . LLaMA2 St T PO A
PR, O[] AR B BAR SN2, 77 7R . Hopr, LLaMA2-34B il LLaMA2-
70B IRASME N T sy AL 971 ) (Grouped Query Attention, GQA) [11, PAFETHT
R TEAERERIILE T, # (key) AKAH (value) AFE54H) (query)
XN, T A ) L S [ A SRR, AT S AR A7 o i D 2
58 2168

4 2.7: LLaMA2 fiA Bk S8 .
BORioAR el BURZ4bE  AiERECE BB BoE ()

W

LLaMA2-7B 32 4096 32 70
LLaMA2-13B 40 5120 40 130
LLaMA2-34B 60 6656 52 340
LLaMAZ2-70B 80 8192 64 700

3. LLaMA3 Eixi
2024 4 4 H, Meta Al T 2024 4F 4 H3—3EH 75 =84 LLaMA3 %,

LLaMA3 Pk 1 ML 8 SOTB Al ZRiE R, 2 LLaMA2 ) 7 52 2. X —iEk}

https://ai.meta.com/blog/meta-llama-3
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PEAAAL S 3= 5 W AR 5cdh AR SR AL ) s AR BE ), 3R TR 1 5% ry R
SCECE, G 30 ZRMES, EBEY R TRAWESTE S A MAE ). 1Ah, LLaMA3
EHEAT T 5 LLaMA2 —FER N RURAG 22T, X — S ms CLPLE B gt 4 T4t
BUPERE. f# LLaMA3 [PERETEZ PR br b ATl 7 i (UL, IR 2
AR 80 (LS HURA, WREBLH T # LLaMA2 700 /22 A Y ik
PERE. T 700 LS HURAE) LLaMA3, {EZ AL 55 A PERE S & BB 1 b A bn
GPT-4 %,

TERAEH |, LLaMA3 51—/ LLaMA2 JU -5 &AL @FE5rn (tok-
enizer) B, UKL K 1 =A%, BOERTH TSGR X — gt T
SCFAFEE TR B R A Z A Token WITH DL, AR T Sk Token (i, MM
P TR F R E BRI I . D3 — O, §ORR TS B T A
Se R T SCERTT AT 20 31, R Ak P4 SCAR IR T DA SE VA 14 478 £ 35 SO L
T, HEE A SRR AN B . LLaMA3 FEHHE Y 80 AZS 8 A K 700
ICSHA b, BRA T AR L XA B S50 S LLaMA2
X R SCAS DR R B — 38, (EEMERE RSBl TRy RER, Sk TR )&
4. LLaMA fij/}: i

LLaMA B IR 5| T AR B8 (A E ARSI . BRI
et LLaMA B PERE, BKF LLaMA ASC2 56 g 21 75 B, 20k LLaMA
BRSBTS HATY 5. AR ARG LLaMA B T — 2 HER . FEis
TIWFFERS . P =K I AT LLaMA i R8T 2N 4

o PERESCUEIRBINY: —LURF 5T L T il i A4k 2e 42 T LLaMA BEALPERE.
Bl4n, Alpaca *"ET GPT-3.5 A2 i 45 238 B AL B A X LLaMAL FEA7HA
PABINP BRI SE L T GPT-3.5 A S MERE . Vicuna SRR 55 R BE

2Thttps://crfm.stanford.edu/2023/03/13/alpaca.html
Bhttps://Imsys.org/blog/2023-03-30-vicuna
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&, FIH) ShareGPT “F-& bR H HXHEHHE M LLaMAL #8205
$ETH T ERERE S . Guanaco[10] AAL @ i 7R LLaMAT )i A2 5|
A QLoRA $iR, REFRAR T ROAR I R SA, &5 T RRCE.

o MINATSFRBIRY: JAE LLaMA 538 45 BRI 6, (BAEREE S b
G AR . B, REFFFEE T4 3 B U LLaMA #4730
PARKSE HoAr 2 s, F R 3. 11, CodeLLaMA[30] #5417 LLaMA2 [
Bl b, MR R A AR ECE AT RO, ol R B e HE Y. Bl A AR
A BRRAI . PAR ARSI SEAE 55 . LawGPT([24] AU 1 30 J7 45344
[F)Z%) LLaMAL AT HE 00, REHg 0 T HANAH N A 1 A PR AE
GOATI[21] FA438 12 Python IS A= ji i £y i e % LLaMA 1 A5 B4 700
R AR e A5 SR BRI ERR 2% . Cornucopia 224525 ) ) Fi 4 il ) 25 50 -t
FIUR , HE50 T B e B ROR

o ZRABES LB @ B SIS g i A MBS BRI TR, D5
F LLaMA BB JR 2N ZRAAT S5 B B4n, LLaVA[19] £ Vicuna [l F
A CLIP $EHL AL F FH — N LA 52 2 S B 7 Rl SCAR Z AT RE 5%
MiniGPT4[45] £ Vicuna (¥ & hli A F VIT-G/14 PA K Q-Former 14 15 4
b, FHEIRFEE T M BOE Z R LB R FISCAZ [R5, JBL T 2
155 4b g
XEEATARRURAL 5 T LLaMA BN 3 5, 0ok B ARG = A3 4 )

WAL T HA AN AT AEYE . LLaMA ZR A DAHIFETF R4S, o | 2 EkiFsT
HZ 5 RATAEBAE LLaMA R IEAE HAT A SRR 42U W R E A

M SE R IE SR HIA T 3

https://github.com/jerry1993-tech/Cornucopia-LLaMA-Fin-Chinese
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4% 2.8: GPT £41Hl LLaMA RIS HATER /N .

Ry KAk S8 () ERHRLBL
GPT-1 2018.06 1.17 25 5GB
GPT-2 2019.02 1.24/3.55/7.74 /15 40GB
GPT-3 2020.05 1.25/3.5/7.62/13/27/67/130/1750 1TB

ChatGPT  2022.11 AR A
GPT-4 2023.03 A AA
GPT-40  2024.05 AHN A4
LLAMA-1 2023.02 67/130/325/652 27 5TB
LLAMA-2 2023.07 70/ 130/340/700 27 7TB
LLAMA-3  2024.04 80 /700 25 50TB

% Decoder-only ZEF R KB SRR, FEfRH LB A SRE ST, 1901 Hr—%
RGO TR BRI . R2.8/8/R T GPT RJM LLaMA RIAFIRAH R A S
B, AT A% LR T Decoder-only ZEAA R AE 2 R0 M HI 2R 5 RHALRL B
DEIEK . FEE R SRR SR — 2 5, BT Decoder-only ZEH K
R RREIC O BEBR T

2.6 JE Transformer 2§

Transformer 542 24 B R TH SR TR AN, R SWERE. 57F
11 B esF g . (22, Transformer HFFHE5E3E . HIFATHI AP K] & 3 Hod Al
MUBLRE AP AP I, S EOAEAL PR P I T T B o T mt
FIRCRHMNERE, Aok Transformer 7EK P81 AL BEA A R, R PAREFRET RNN
MBS, RNN FEA i iy, % 82 A ORI S A a i A, Blig bl
PAREBRTCER P AT, (240 RNN &AL (41 GRU., LSTM 4%) FEARBEK P
A7 PR AT REXE DASRTHE 21 IR ¢ 28, EL TR I 5 60 BT R UM 8.y 1 Sl
Lo, ARk, BT TR TR RNN AR R, 5RO (State

Space Model, SSM) FIMAIHIZ: (Test-Time Training, TTT) . X FP7E=CE T
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PASEER K TR E M et TR S 2 2, Hal bR T (%48 RNN HOfede ) st . A7
FF I R A 2 RO B i AR R A A A T T N 4

2.6.1 REZEMERL SSM

PRAA MR (State Space Model, SSM) [13] {50 A] A RUALH K SCA H A
TER KARMKMII M (Long-Range Dependencies, LRDs) [Wf, F FLAT DA RLMEARTH
BRI AT . A NTORE RN SSM s, T BRI PIFIE T SSM
LR F R RWKV Al Mamba.,

1. SSM

SSM (¥ EUARYE B T M BE 2l ) R0, Hal i A — 4RSS kA
FRGUARASHE I (B SRS AR AL, SRR SR o 5] (4 2278 T Y R AR 3T FH Tk 4K b 1)
TS NI 2R . ISk, SSM R BA B IH ARG R BT HUL R X, IEREAEHE
SRS A 328 0 5B g ROCAL B S 5, SRR I b 3 e A AR A A A 42 S M

4 N
D
Uu > B > m>f v > O —> — y
I
. /

Kl 2.17: SSM jii =,

WNPE 2.17, SSM AE =/~BEI ] ¢ A8 A0 iR A0 DY A Rl 2 o] (R AR R ) B At A4

M. =AERSHN: 2(t) € C" Fom n MIREAZR, u(t) € C" Fm m MR
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SN, y(t) € CPFoR p M . DUANER B0 IRESHFE A € C ) 55l
FEB e CY™, HiHiHikE C e CP fliapSHiE D € CP™, SSM ARG T FEN

2'(t) = Az(t) + Bu(t)

(2.5)
y(t) = Cx(t) + Du(t),

Hrr, 2'(t) = Az(t) + Bu(t) IRETHE, 8 T RGUIRS QBT AT
— RS, HTE B IRE KT S8 2/(1), A TR (1), &
i X I TR Bl y(t) = Ca(t) + Du(t) Mhaih ke, ik T RGUIRS W
ety Hoaiy o(t) 2RSSR HA S E. ERE=T W, Du(t)
TR IR TR, WA 2

BT SSM RS R LB, W TXESEEE (FlanEsES
IR F 51 ) AR, (HRAEAAMAERIEIE RS . S THEE X SSM AL, /&
TR R TR LR BSlfE (Discretization) 2 SSM iy iy 498,
RS RF R G0 7 B IR IE A i XA BRI, A& TS SSM 4ty
MR . REELEIE R SSM ARG R TR, W ARE IR A AU e
MRV A, B RE R SCHE 7 DX 18] eR 50 2R I XS BRI, 7
MBI AR dtl, WS SR #IIE N R

x, = Axy_1 + Buy
] (2.6)
e = Cay.

TEZITRE, RESTRE B Al — 2P IR ST Bl A TSRS HPRAS, R T
HEAE. H, A B, C ARERUE IR, K5 %R MHEM A, B,C 1
XESMFETRHN: A=1-2A)"(I+2A), B=(1-%2A)7"'AB, C=C, #
FA =ty — Lo

WA SSM 2621 F RNN, HA RNN GRS . HOE T 0 i b
L, RERE LIS P A B AR A e R S RO, (ER T AT SR, M
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FEE LRI -2 G
PSR B TH R BURE L. 5 R AR e A ik, AR 3
BB X B THESER, RS ARG o M oye BIEER

T = AkBuo + Akilf))m + 4 Buk

2.7)
Y = ka = CAk]_Buo + CAk_lE_Bul + -4 CBuko

HPAOREE R, KRG R RGE RIS, S v RS we BOETRES
R, HEGBEN:

K, = (CB,CAB,...,CA*B). (2.8)

AL, SSM ARG ARG RIEA N

Yk = K, * ug, (2.9)

Hor, BRWRH SSM RS HERER), T XS AR A Ak
B RE PR EER, PFRNAEE. IR SSM RENS — SOt AL BEA [ i
AR, AT R R TR (BT BT SCREREE , BRERR SSM
TEREAT A S R K AT RHFER . 456 B RS SSM 1y I TE X AIEH
AR AL, AT AEREAE NG RETEBUE R, HEBURHE NI E .

Zi b, SSM MM ARG RERA =FEX, Al s, Bpdbnid i
A VAREBALIERIE, AN 304 ST SN ] P8 SE4L 55, AR
JABS, T BRI B S S IE R RN B SSM YL HTE T HEMS AL BEH K
W, BRI BRI SAOE D, (BAEAEBR S TS 28 il APRFFRE PR T JEE

ML, AFIA SSM AU 8] i1 B XA T B A SSM Oy R B Uik =X
B¢ A JEERE . iltn, S4[14] (Structured State Space Model) &l SSM 75 {4 |
HOOC AR 6 HIPPO FEMRWI MMk A FEME, FEALIRK 7 54 m R 5
1HEAh, RWKV Hl Mamba 2 PR T SSM Ui B0, R TR 70 53 7 441X P

FhRA .
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2. RWKV

RWKYV (Receptance Weighted Key Value) [26] f£5:T SSM i1 211 61 57 2244
HAZOHLH WKV 3T PAB A2 M SSM L. RWKV (i i1 45 4 T RNNs
1 Transformers FYO0AL, WEOR B T HEBER Bep maRitt, SCSCEL 7 NZRIT By 947
oo (¥ XHEIHERZ RWKV-v4)

RWKYV BERIZOEHCA P - IR A BSRA R A B . W E)R G
BR T EAR B ORI IR 22 2 [ G & G TR A AR W) S 3 ] — Isf ] 28 LA
[ AL T30 22 () A 52 FL o IR TR A A5 R TR A A B A 50T T A SR A T
2 o R B KL i VA RGE W, IR 2,18, A giixXet
TR AEM R A AT SRR A A o

XBW1tog

Pl 2.18: RWKV 244,

IS 18] J58 R R B R ARk P A 1 2 Token (4%, %2 s X 24 Hi
P TE] 22 R — B 18] 22 4 iy A OB T R PR B S B, AN PR A 2R e 471 v Ik )
AR BRI . AR A, sz i R Tt Bk B 7 91 D1 32
FAk, BUCE W R AR, A K A E RV S G L
iR 5t D5 B LYo U £ S N L1 R o 8P ot e T 2 N s 2 NG )
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SCEPA BBPE (Byte-Level Byte Pair Encoding) 23410, [iA H 4041 #: . BBPE

AR AR R AT A R
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kA BRI AP R

o LMk WAL, ITE FATR IR RmADIF N T, HEH
B8 AT S AR B 4R 17 R Token.

o 2. GLilWlii: BTk, GitialFRH i Token % (EIAH4B Token FYZHE) Y
HIUSFR . TERIIRITE, Token X HIHAHAB AT 4 &

o 3. & JFwiM Token f: SRV, HEHEH DU SN Token X, K HAFFH—
/MHii Token FHMAIRI .

o 4. EAGIE: EELW 2 ML 3, AWERAI, HEBBWRMIAREK
NEGR B E 1A IREL

[

FAT AT DA i s AR B S5y YRR B DR E - AN [R] 1) 4 TR JE o 23
AR R /DRI . bl B a7 256 4> Token KR 7T, fiE
g &t Brfy GBK g i YD AN, (B S EUBESAH I H S S R A TRl AR
RUAHELARK 73, BRG] T AR R T SCRYRE ), R IESE A i) P 9 K . A+
B, Hdad R, EARAEM S E 2 K EIEL, (AR a8 EO LR A =7 > AR
A5 HEDAA REH TR — SR AN R B S Z TR k. PRIk, fEMEA RN, F7EiR
i) LS PR TR SORS AR B 2 TR B 24 1 P i, AR R KT 5 R 2 I e~
A FFERTENCANE, CREMERT RN A SURAT S A S SR

FLAORE, Qi 34078, O T B TR S E R BRAR ) S, [R] IR A A A
5 Al P 7 1 Token %0, ]38 ARUSCsse 1 TR 28 r et HE B )R] TR R TE:, T 1
ALY Token. AN, “HHe” —iiAeii & PA—4> Token R3E7R. i T {tfk Token ==
) H IR RN, PR R 2 & T — 2RI Token, X 2Y Token [EfE HM
FONEN, BREEEPIMALE, FORTERLE PRI B A . B, e T
I~ Token, “ep” Ml “£7, RKFom. MWiXAFEIITE, THRPEREH T H I
AL, BB Token A& RIFFIASRMA AT HULATIL, 2403 E
—EREE B E] SRR B, AR A A SSERDER R ST
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% 3 % Prompt 42

2

A KRIESEAHAEG B O ds, /riaasdidr— N, B R SOR T
O3] 3T AR TR S R MERE A R LR . — LT B Tl g AN (L i
FAR TR SR B RE 1), IERESHR Mt A R A BRI RE , /T SR BT IR R T
Foo — MR TARR Y 2 B AN AR B, ERERSHERR ML RN SO P o B
AR, ATTHE B AL B A sl A SUE L R, il i sl i e s i S
AU ISR B L, — A0 20 il e BEAS S5 BN SOA Token WAL 4, #E1i
8 25 AR AR AL PR I I s B IR ]

4 3.0 BRI R

e - SRR S TARCR

Bt IR (5 / Token) (i) / Token)
LLaMA1 32000 0.6588 0.6891
LLaMA2 32000 0.6588 0.6891
LLaMA3 128256 1.0996 0.7870
DeepSeek-V1 100016 1.2915 0.7625
DeepSeek-V2 100002 1.2915 0.7625
GPT-3.5 & GPT-4 100256 0.7723 0.7867
GPT-3 50,257 0.4858 0.7522
Qwen-1.5 151646 1.2989 0.7865
StarCoder 49152 0.9344 0.6513

TEH M AYIFIEAA A ANFBEOR ] TR EIR 2 il X280y R 2% H
HRESRITERE . BN EZ B 2R RN, GRREERN RN SEiRers
JEME. 2 3 R LI IR R F AL 0] R 00 LE AT, b v SR T 1
H CREFEHOD ), 3SGHEDER B SR RAR/DIL IRy *o AT ANLEE
|, f& DeepSeek [6]. Qwen [41] X IIFFERIEFHAL, X SOl dEAT 710
., %4 Token fEAEFIR 1.3 % (FFINFE 0.7 4> Token RIR[IR), —28
H R AN R 2 AT DA B ] — > Token SRR . MHLZTR, PASESCH T EEHEH
AR, 41 GPT-4. LLaMA FR51, X SCHY SCRF RS, AM 8RR R . T3

Shttps://www.sohu.com/a/746456997_120075260.

“nttps://americanliterature.com/author/guy-de-maupassant/short-story/
the-diamond-necklace
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 https://www.sohu.com/a/746456997_120075260.
https://americanliterature.com/author/guy-de-maupassant/short-story/the-diamond-necklace
https://americanliterature.com/author/guy-de-maupassant/short-story/the-diamond-necklace

kA BRI AP R

T, BT “ly?. Cist” SEJE4E Token, —NEESCHATREFERREM 1A LR
Token 7K. HiA> Token HKE T L WiG X, BAERBRIFER SRR, HFEEH
H B/ Token, WEHETF TR

IR, FATTRT DAY i B AR [ AR A 1Rl R A FRA [ 1 5 I 2L
R, O TR A G BB AL B M R R A T B AR R

TESEAM A Z 5, iXLE Token i J5 2 &I BB R A4 (Embedding Matrix )
AR, AR A ] 2 /N AR A I ko X S i) B ) P A B v (A
FERRIAL BT FERCRLAR O B, ASTAN S AR AT i) 7 ) SR 3 2 b B AR Y
R A1 AT IX LEARAR T3 117 P PR i E OGS ) Token, X2 Token FRRI 6t
AR SCA 2

AR I 3R AR SCAR S A Token,, PR Token #4406 AL &, T 4k
73 [A] R 2L SCAR AL BRI , (450 R A BRSSO TR 218 4, IF
ARAL IR ) A E F S50, AR TR 3 5 i ) s .

3.1.4 Prompt T FERE Y

Prompt T2 T —FrE 2 R TG Bk 3AT B ARG S TS5 . Enir
FAVCTFREAIA TN, (S REA R 58 UL AT 55, SR SOy R M BRI
AT B Y Prompt, TN AEASIE A KIIE S BIRAG INTEIR ), BHAE TR ARAE
%5 . Bhninn ., ERRICEISE AU I R R
1. TIRATES

I Prompt TAEKT | FK0E S B8 58 Il aE H U 55, ) DAREGR ST
55 BEATHREE WO « AAUR] DAEE SR SO AL A v B TSRS, 3 AT DA DX AR A A
(RS o A5 TS S R8T DA S I 1 2 L AUEAT: 95 b o B, 7 Text-to-SQL
R4, FRATAT LA M Prompt TREFGHLTS, 51 SRIE T HERUARYE 1 o ARy SCA
AR R SQL Ay, Mo T A B UM . BT GPT Bi2AY Prompt
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% 3 % Prompt T4%

TAETTIAAE Spider [44] 5 EHUS 1R BAMENST, B T EGERIBORTTE. LA,
FERIR B AUT 55 ) #7400k MMLU [9] 552 ~9U, BT Prompt AR 7 A RH
SHRAARCR .
2. Bl bignin

1. Prompt T AR i KIE SRR I TR 0, ARSI T A Ktk
B, I RES A ORI e B R A X S T A TN R AM A AR, PA
PERTE SRR BE 1 DAG R R “280” B B i, FeATRI AR
T ChatGPT B A A0 & = BB AP PR B, )T 19 598 45 A 40U, Text-to-SQL
B R HERERE ) (4510 BEAh, RS OBITISR , IEREA A & R A8 2 e
4, 0 Alpaca [32] #l Evol-Instruct [21]. X $8 & ulii Betle 5 TR0 S 80 Ry
AR ] PAHAE QR BRIV RS AR T S AR [T 3 K R TR Y P RE

3. Aheflan

N

—)

). JH Prompt TRER] DAKFRIE 5B 24 1 BEAUEE (Intelligent Agent, TA) °,
BIREABE, SOMBOR AR, BERSIEVAIAEE . H 3 REUTHIASEIH AR, Hidid2E
alCRIBCHITR RS = PR . FE R BRI T BRI EE . RIUTE) . 2> SR e
Hr, HREAH Prompt TR, HI40, WrHAE 2= A GPT-4 Bl T — A KR Pa /s
B [25], ZAET GPT-4 i REALE Hh Ay AT e, i IRYE B S mamE
bREFATED, BATAC, RO, RS/ NI AR . A R LT R MR ) IS
i o1 Prompt TREUKEAY o

AATHET T Prompt (S, Prompt TREMARA AL L, 878 T Prompt £
R T AR, J ) SR N RSy ROk, AR — PR X — 3
IR B SCF IR RN, s HAESR THR AL SR 1Y BE ) Hh i 1
A S53. 3R 4 S AR RS R 5 R S A, s ] T 2 X 28 5 Y A s AS

Shttps://en.wikipedia.org/wiki/Intelligent_agent
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kA BRI AP R
B B HEARE PRI V) AL AR )5 593 47505 5 SR G AL Prompt [T, 8518
AT 5 Prompt DAYER AR AE U O BRI N AE s 55350 KF LR & 7% Prompt 72
FERTE S ARBL P S BR Y, 38 3 S0 B R A TR 37 57 14 B SR RIS R

32 PR3

it B AN R B SRR R 8K, KIBEFRALM I T 1 F 3¢
*#:>] (In-Context Learning, ICL) f&Jj. HAEREFHALAENS T 45 52 14T 55 Ui
ol R B A R AR A FRH AT 55 U BE 1. BIA LR 3C#T, AT E4T I
AT NS — AR s B R T SRR TR T 2t 2% 7 W0, k] DABR e 35 197
—SERYESS o KBS AT DAL A DU s AP i 75 2 BT A RS
RORMEJC TS, 4 “iE S BOMMIRSS” (LLM as a Service) #UBE5E T IRSLHY
REJIERA . AN RSO IME S, BBk, AR B, Xk
I RITN A

3.2.1 |k P3CiEreE X

R3] (In-Context Learning, ICL) [2] J— i i #4 754552 (1) Prompt,
5 S ARBIR 22 2 U570, X BEREE 1Y) Prompt WA DAL BB 7R R
Bil, AESSEWISEICE . b S0 ) SR S BRAE T el e A ALY Prompt,  PAG |
PRS0 E T SO B bR, 8, X2 Prompt 23005 AE 55 U A K — &R 5
P, BIAYBRAE X 28 TR SUE B R I AR S B AN, AT AE A A
YIRS, NSRS 2R B o BT A B, BRI 8) iZ W H
TpeaEt 55, Folias, &R A

e B3, Prompt 3805 A S LA 5 RFRAT S5 A R s s B, DA
TSN S TR o X BER B B IWUT A B S, IR S DR SR
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% 3 % Prompt T4%

/ ™
w1 1: ‘ REBSEE T TREER , MREFEIBWESE. \nifiR |

w2 AT —GREROTRE , RELTE. \niiélﬂ}‘ -
S NREZT-SRRGGTRE , BIBLTRENRE. \ R > 1 |

% . | OREEEHRZ T20RIAEGATRE , WIEHFE.  \n ‘ LLM
)

(a) BR300 KA 55

:MNRERIETRE , 27468, EFTNE?

a
w5
A:2a
. I . s
A

. FEBUBFIRE , MREEBARZ2E , SAEENRLE?
(a2 : LLM

(b) | N30 I AR A 55
Pel 3.5: ER 372l

AL Prompt g AL KR F AL RIEF BB LN S0P 155705, R
A E B RE I AME S A TIEE . ZER 3561 (), BB T SO i)
RALSF, A —BOCA, BRI IR, R H SCARZGRRY 2 AL 12
TG . & 358 BT (b) MR TRz AL 55, BT IR BI e, B
IR MR IZ SRR . R EURPIEERIAR, BT SCE T W AR 2 M %
FEA (Zero-shot) 7R3> WikEAS (One-shot) ER3C2>JRIZAHEA (Few-shot)
ERICEEAT (21, nlE 3.6
o R LRI AEANA ) T T, A AR SR IS U, I e
FAUEATR B HRA AR FIZALRE ST IR TP RESE U
TRIESERREE S, H HAEALPE 55 Wl BER IR A
o PAREA LRI XA AT AR AR B, A A
=7 AR AN, B E S BRSOCR SR MO T s BRI R AT 55 AU ER
P
o FEA LRI XA IR R AR D BRG] GER L2+
JIAS), BFARTHERAEREAL 55 ERYRIL. (BXE, 7m BB & &k
VBT BRI PRI AR o 7R B AR AN 2 MR 52 i LA IR
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kA BRI AP R

Zero—-Sshot

Lk T & 5 F EUEBAFURIL 2 84K,
MRAEESRIZ T 208X TIRTE , IRTEM F1E.

One-shot
T 5 F BB R A APAR IR 250 A%,
ERRMET ; IIREELS T20EIEEGROTRE | 1SS 75,
RN FGEE TR :
w5l N iREEZ T —BRFERVROTARTD , FRTSAL FE. \nEHR

Few—-shot

Lk T & S F OUEBARIRE 2 IR

HRAKNGF ; NRAEESRZ 7 208FRGITRE , ESHFE.
HALDEBL TR

il RESEE T —ATREER , MREFERBMESS. \nR
w2 ; NRAEVZ T —ERRGRETTARE , FRISAL-FE.  \niEMR

w3 SREEZ T —EIREBWRET TR , fE L/ TRENEE. iM%

Pel 3.6: = b T 3cz I IR Bl

UG ER3CE I IE T 2 AT 55 pR I @, (B E N Z R e — A
FEME . XFIE, SrHAR RS2 — IR [40] 4Rt 17— FhfgRe—— “FF BT 3ces I
AR DU B FERTE SR I GRpr B, BRI SCA 22 > YRR 1
o M BT SCs S AT HERRI, RIE S RAUE BRIk i HAET
YNZRIBIME] BT I AAAH MRS, ATHEAT 7R 302 ~d, FFX b AT #i . AR 3.5
B, B FrPARESE IR S, 2 RO RAE I GRS © 2827 2] 15 g ¢
AR, EEINARRE I R BB (R, TRRRERS.....) . ARSIk
KA, MERERAEERI, fEB) “TERNZ T —ERRBRRAY T MEm , AT T

\n JEART SRR CHET BRGNS, FRET IS, A AR
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% 3 % Prompt T4%

3.2.2 Wron Bl R

P LR 3CEEA) BURABIES R S B R AT 5 h oy e R R, H
WA L MG = I RO . L, A BRI A R PR ST B SCes I
BE R E R, TR B 2 BMCEEAR U AN 2 B [20]:

o UYL AE LBkt th 5 R ik AU A s Bl AHBLPE AT A 21N )2
AT R R, AE T Z AR (G4 S D Be s SR DUBE DTS ) | &5
PRI RIS SE . R B R 61, ARAE A TSR AL 5 R ol e B 1Y
SR, RE S A D) B0

o ZREVE I EER e i/ Bl s R I NS, 3 I 7 (DG A A ol e R
FRE . SRR RO RENSTE BIBRINOR R £ B R BRARAT 55, SamILRy
X5l ) R
bR TRIIERI Z R, FERLEAE S5 o, B TR S5 AH Y R R HEA T R AT

EB XA Z AR 2, FEHG0 B TR I 22 B R A ] AR o f
B PR A R R B T SR B T AN 2 AR = 2R Bk Ry
¥ [20] eI 4 -

L R #

25 —HRVOR Y], B AR 7 AR A e 9145 i A e A ) 4 R B
XMBERE R BIEATHEY . ARG RBHEZ ST K A nfl. BRI AEEER
KATE [17]. {0l&l 3.7 if7, KATE F| /] RoBERTa X el B AGE = 61 (F%
PRAE) FEATORIG . R A v A AR ke ) R R R 32 7 091 2 S D6 Y 1) e A% S A )
FEX R AU ATy . BT A, PR R i K AR BIEN B TR S
SRR Bl ERERR AR R ERAE, = HER ) Z R Bl e
Z—o A8, HARMROIG AT R, SR 0 7s BT Aet ] Ak .
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kAR LR AP R

[ P ) [ eBtopkt~ | [ B )
JreHE — 5T BRE@ENR. - —~
1. | RESER T —fHHREER P Q._._ ) SREET T — B
2. Qi LB T12AE% - " DT @ aa{;%@  HROORL 21
/ \n )
3. | hyRREez T — ERFROROITAR- - oL & ‘, ......
...... N \ -

- - ® 9 @ REEEH T TR

% (Q) N~ EER , MREEEZ
INREEERIZ T 2 DAY A9 TAR o 5 IEIEE. AR
@, WEAt T, g 2 ) L J

B 3.7: HERIR

NSRBI R PAFAERIAE B R Y 8, RIS R R e R KGR R
AT IR R PRIEA R A R B Rk . HSRIE T R R e K AN, R MEE
AT B AR — 7R Bl o AR AT DA SORE S e B 1 2 IR R 19, AL
i pRAE T Z . Self-Prompting [15] 2 H AP AACERIET A, WAl 3.8 7R, Self-
Prompting 1 S RfA50E 7 B A Ak i i i ) 23X, 383512 ) K-Means 534
HRBIEAERA KA. IR RS0 Z AR AR AR, WA S
AR RG], RIEE K AR l. BARIRIT SRS TP Z e,
(LR A L3 5 ) R n] e AR DL, O B s IR AL PE Rl REAN TS 15

= s N _ B
IREE ERTRATIR e
L e L S pe— RREEET_ATH
2.[AORESEEHENABT - @ a (EER, MREIER |
| EMENSE. WA
3. RERERERT B TRE - T @ R
: RO RS ‘ROREEET—a)
¥ (Q) O | FRE , T2AWTR |
NREEESRZ T 20EAEHETREIT AR | EEET. \WER
@, WEHTE. . @ ) q )

Pl 3.8: RIS
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% 3 % Prompt T4%

3. KR

ELAER R TIR I R A PEAN 2 R 2 AR U A . A 7 MU DL
ZrEME, BRI RRI N A . B RE Jobt 5 s AR R R 1], Bl
JEAEAACE AR, S a2 M E e B, ShaSkse T — B, A PR AT
PR BIA M Z . RetICL [28] @ik UK R ARk, Ak 3.9F.
RetICL R4 | ) L) 4 1o 31 LSTM [10] Bk R g WERIRES, HeE— A il
FEE AR 224 A R B e 7 Bl SR A R s BRSSP T —A Bl X—
WAEAREEN, BRRE EARBl. AR R EAXTE 2, (AR
JEACI R BIEE , HESLTRAT S5 o R Bt S A B P MR 4

R N[ BREET—TEM____ ) MERE
[REEEEE T —wFREER-| ] YT e
: £k \FTEHE I
metEE LB T2RE% RER i
ARORGIRERT —BTFRE
B : ! RORERINGT -8
7~ ; FiRE , T2EMFR
e f ‘d- 7 3
L] e : EIIEAY . \nilR
IRREIEIRYE T 20ENEHREIT IR o
@, EEAtFrE. REEMEEEE [JE— K )

Pl 3.9: KRR
5 T HE R IR RS A BT ANRI S, BUA AR I R D IR AR B A A e A

B EIRER R, BRI ISR R &, 020 — 2T RN TR R
SUBAPERE, PR TR RE LR R AR AT RO . R TR RAIIRAN G K
HAZ, B/ T 6.8 PHMTIERIEIAE.
3.2.3 PERERS P 2

W IRG LB R IR, BRSO I RCR R AR B 5 Tt (22, B
TRBIESEELASN, BT ST P RE U352 21 22 MR SRR 3L R S . X L R K
TERUNZRBN . PINZREERL, DA R WonBilsE 207 (48]0 AN FhHex £ ¢
P BT S MR R S T ROR .
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kA BRI AP R

L. FNZ B
NSRRI & EFSC T RETIHR IR, IRZI G £ R S0 T R MERE . X
RRAET =, PAR =I5 R 22 s _E R SCaE I PRRE I G 8 -
o WUMIEE : FUUNSRECH i i 782 2 1) VU ) = o 38 L RS WA 2 Y ez 1
REJT. AEFE HBS GUE R LA T I ZR B A B A SRS UE Y B R S0 ST
3o T ER— U ) TR R RE R B @ M, BRI H AR S5 =
JEAHSG, Wik PRibR R B S0 PERE 1310,
o MBS 2 FEPE : TUIGREEE H AL 55 Z AR ST BN SO I PERERY BN R
Z RT3 AR By A2 ) BB A RR A RE, S HAT 55124k
BEST . ANTAETAR AL 55 I 2 B B Y €4 [26]
o WIZRB oM ket : N SREHE H A E S A AR 5 ISR, RESHE &
B ERSCE~ BE T RN A AT “SCA-PRZEMU BB e 4
AN IR AT B, 55 WS AR R Ak PR D L s A A 11 fE
M SR TR BT S 2T YR B (4]
2. PRI Fy 5 i

YNSRI B R SCa >T BYPERE S i T 2 A B R R S BB . SRS
Wors|—E MR, B SCE T AR LAMEL. %, BN SHERF L
Fo DA B w5 WA _ETR SCaE T RE DA BRI ok T L EL B
W RE AR Qwen2-0.5B #i, BA S LS8 — ki, BERGHIEGECR,
RS VERERAEGE [39]. BUAL, MM AR FII SRR AR 2 S R S T
RERYEZL P =
3. BBl E

18 322795, JAIELTHE T /RBIEE B SCE I iy S, B0k,
FANTRFARBRIT WO Bl X . B A -FRZEWS 7B B Wy 3 B S0~
IS o
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% 3 % Prompt T4%

FRBIRER . R FE 550 TR RS BER R A0F3 SRR 0 LR S0
BEERSI AT T, el HFR B Ui A DAL EL2, e AR5 , O
HISER . FRTAF, (LU Ui AT LR AR SRS R e R AE35
WL, DAMBAERERITE R0, BIER AR L Z I I A0, AT
BRI ) BV AL AT 7, SRR 3 PEAINMA
A O B . 3T RG], KA B R A T
o STFIH AT, DASERF RIS . A0 R DI 5 A5 DU it
[0, PBRAT 1 SO MR O . PIARENS G A5 1, S5 BU0 SOA
BEBHBRIC I, BT R 2 B A SR, WTTTE R 55
PR R A LD R U SRV % (14, 43]. BRI
AU 130330 SR A WS TE B PR L S AU (141, HIRLZ T
/N A4 U R A BB TS (24, 391
s AN BRI . S 5 00 R B B BT SCr T e, (1)
B R OISR, PEREIR TR STEWRRZE (23], JLS, AIRET 42605
P E S5 T A AN 75 DI 03 (161, A, SRR (U0 I R |-
TICEI R XM E, RRPIT F MR RREE 25, RIS
NG AT METHCREE B HZEA 25 O K0 ) T LAY [19],
I, 7GRt 2 5168 P RS R B W (17].

B 1P %41, Prompt e 145 S0 L EEBE R0 1 S0 S HORCR . 3
Wi BAOLE 55 BUVTRENS S RURRURWINIAE S, MTTHET |- F 50257 OPERE (431,
I, AR HR R ORI 5 BN, R IR 2, DA A 2.

ATART TSR, Ko T B, MRS RIG. H T
Bk g . RAR R R SRR OO0 , AT RLOR A R (R v I
E TSR WA 5 TR OV 45T T AP BT S 1 F ST MR 2
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kA BRI AP R

3.3 B4k

TR S RSO RSy ik, R DU AP A PR E SRR R4 H, M
MAETE AT, SCAr 3R BLaniilidess B ANE 5 AL BAL 55 h g R B e 2 k. (2
e, AR EASKAR . HE R WAk P 25 5 A R HE PR RE T AT 55 I, A2
SARRERE R I AR R TR RS, XA IR PIFRAE “Flat Scaling Curves”
[38]. XK, QAR  RA R AR T G, A7 2R RZ B A
PASR THRLZR (PR AR D AR BEK P N SRAEMRDR AL IR, Gl 3 B 0 F ot
MBI R AER. BT, —F B Prompt 50— 4ERE R R
(Chain-of-Thought, CoT) [38] #/f] T 5| PR BIEATIE LR . CoT W] LARERTT
RIEFBRAL P FAT S5 AR BL, AIMZEME “Flat Scaling Curves” FYERTI, #%
KRG R RSB BE -

3.3.1 RBAERER e

HERER R (Chain-of-Thought, CoT) [38] i i bl N SSMRER S IR IR ) S
e, 5l RE SRR S R T IA— R IR R R X
THEALRENS B P TR HE AT 55 BRI, i HIL B8 A A AL 32
% LRI A A S AR A R A

CoT JiARIZ L )R A 1 4 WG ¥ Prompt DA A KT T AL — 35— A i i I
e, HENRAESR . BITTIA e Prompt I, AR S HERS RO REAS
7~ (Few-Shot Demonstrations) [38], K5 —P—PE MR, TEXLR
Blrb, WFFEERS O g BTEAH K F0 R B AR, (EAUREDT . 22> o XA IAME
T RS X S Bl 2 o] AT A e B AP B, — PPl B 5. [ 310K
T TR ) CoT 2R Prompt (161 Horfr, FEGIZH T 515K

115



V24

% 3 % Prompt 42

( )

0 : —RAOREFMRERT 7121808 , BRETFIMTFH TR, 26 , ©RIXEI T LiBME.
AREABHBEITR2LBME?

A ABRERIXEIONRNEE A2 , ITHTAE , FT12 - 4 = 3iB. BRXIXEIGHE. BlX , A
B2 SHBEIONNEERAS + & = 1448,

O: —RAREHZREIXB TISHRAITN , ©FITHTEHR. 26 , ©XIXEI T IHRAITK , 8
FOOXITEI2MR. ARKEHEFTRLMRAITR?

A REBMIXEIOVAFTRERAISHR , sTEITSHR, TS - 5 =108, BRXIXFIZME , BHEX
IET2HR , T3 — 2 =4iR. BAX , ARSBHFTEIAITIERAID + & = 16HR.

0. REESEE3a-TiRE , 5inAEBE3a , AGRH T TRELIEY , XREBILETHRE ,
a2z YMmaE , #ToEE/ ) RAE , BaRREFEENEFRE ?

A:

RESERMNEIETRE , $TREBEB3E , TS -3=58. AENLETRSEFTRE ,
RFEBT LB, 02728, FTS -2 =48. B, IrEFEFL4ETRE.

Pl 3.10: f 5 RBEA R B CoT $R 7.

SRR DA 5 1A B WD Y AR BRA T N 2%, R S R S )y A B %o A2
Bttt B — SRk M. Wil A CoT, KBS WAE MR AKAR .. H 0w
AT HERR 502 -8 ke R4 T . 9 HAE CoT s i, Kik S
S 2% IR 1) B 7 B B AR 2 SO ) A8 T 1 5

£ CoT 2L EIFESY, M T — RSP A ik, XLy I ik
B HAE R AR, ATRAJIGA ) =P S BE . = RURAT AR ) ik
X UAMEL S EE ] 3. 11 ffr 7

o TEVBHLIPE. TEHEERMBERr, AP HEE DI THERL, HERLRARIE
T — 2 IR EE AR . TERXAREATT, BEAUGRORTEREG — A TR i 24
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Mg . X — R ORI T A i 2 B ok 5 | A R IR (R B, b
SR T MRS IR AT, R G o R ) R 5 S ) EE

XA ITVARE AT B R B AR A A ROt A B R E R, W iR
NG RR], HREIEN—ERM S AR @225 S
45, ANVRESA PRI IR, SRR R R .

2. iG]

WS AER I AR, AT PAS T AR A g o S D T A
XA A A S E AN AT DA UE S 02 ) B AN B T E e, i HA B
TR R PR ELSEREIR, AT G g A A R G S S
GHPFER WBRRERHE AR, B ATAS N =M AR,
PREER . RBLER .

D HWABR

RAGE ML A48 AT AR KT8 52U A i i 42k 5 R TR ATZ s
WG . XANIE G T/ 2 MRS . R B R R
Yiste WaLRAGEI, HIPRERS S | A SR I SN A ECRITR AR, AT 8%
FRE SR BEAR . DA 3.222801, FPE ot 1B AR RS T DA T . A
BT HEh i B 45 ) 7RI A, 5 /NG R R BT RER . BB
APl RAGE R, SR T QR B B ) R SORAIAS INGR, Je S A% A
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( )
NREET K0z FAREF ?

FREZF-HNILER , BEEESEH. SEMAUKXESIRNT , REMRDRINRENRETLER
BEH. Bt , FTRIXES)RARETRE.

WRFRL TFRE P EIBGERFCRT) , REITRAEZRIBKETTFRE , EHETIK0G ?

WRIZTFARE P etiBkk FCRNFIER , HERZERIEANREREN -7 , BATIKGERS
?' 82 , 8T FiRE4 8 2ZTdire) , SHRS MR , lllt*f"ﬁ?d‘]/bn:ﬁ“‘"ﬁﬂfliﬁ%ﬂ

BIXIBEEMEEEN , WHEoVKR, HEOEROIBORME , KRR IIRERIFLINE
gf“—f‘ B , FAMRENEISI \BLIZIER , HWRIIREGIRN , IKRRZBEFTREW.

Vel 3.22: TRAGBMZRBI .

MR/ AR . ILIE RS 1 R BRIREAORLAIAS IR, T BT S5
RINENT, DR A /N e REICRD B 238078, FF BT iy e oAt &y DA
WEFRIMG . X RS BE R T ey i 225 1) 5 | A A B AL B o IR
ABIEE

) e

INREE—RRIZHA T

WNREESREMI , TEAMEERR. B, KR, RBRRIoEmTH.

MRERSBRENTREEATE?

MRETIABFREIEAEDBIREN—7 , TRESSHE. 5K, B CRELBIHE
TR, FTEREENTRENME , RRRENREEEHESTIEOMIRESIIROIEINERN ,
WAKR, FWE., RaFNETNM,

ATRRIIREOER , RIXTERENSETUHEINMRPNDEE.

Pel 3.23: 3 JaB MR 11

PREIB )2 — PE R SRS G [ A b, DE— P EORBIRR I 2
FRAR B BB T 5 0520, HeH e T s bR, W E 2l . Bkl
TEIE, 3B PR R I AL SRR PR . XA IE A TR
ST A AR R R 323X, PTE S T /N5E R R E R
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% 3 ¥ Prompt T4Z

Yo, BAREL TN RV 2R E s e ROl . BE)S, T PRI
T TN RR R A AT AR T M T AR — P R T IR W] AN /N RE AR
BH—Ear, (EsR TR BRI SRR . X — R SIRYB A
SRR T H P Ann) i 1 4 ) 2R IBUCE 22 56 /N RRICE S R, 13RI TAET AT
B E L WS YRR, BRI

/

Q) RBtER

S tpta8 ) A T O TE R F A A i AT G FUM sl e A ey, SRRt
Tt ) RBUITAE , R R AT SR BB o H AR T 1 S WepUR 3 TR 2
HERPE, B OR(E B R IEA . SRR ) Fe e P e H R 2R A o b ) B AR R BA
2, FESREE I TB I, A BT femxtih . FEr 3.24X 41,
HIE TN RRHES ] 20 AT METhT S X R X TR Tt . A2 ) 14 [l L NG
BRI DAE B M T, (EH Pl SOBHE P TN AR B TN RO .
MBEEBIE T I, feh R TIEREX/NE R EEA F, Rt T RSt
U Gl BRI, T RERE RS BN A AT SRR

( )

ROV RAEERZ 208 TRE , HiIXEATI?
WMRETINVEREMTRE , BATREPESHENEZMA , DIKESRERMEER.
HOVRAEERZ T208 TRER LN TR F0FE. HRIZEALNIT

BN, AZHNEERER. BANRETRSVARENRINLES , @ABAaRTREAT
BEeNNaRita>z. FREPHISEHZ ST I REIRREMRT MR W,

FINTER % BRI 32 B 185 7

WRRELVAEPALZ TREMSROFEDTZEER , BUPHETESEE. EHTEE
BRE L , RIFIRAERS , AMREERITEENK. FEERGTET , BATUERTTRIEX
B, BRI, ARRIREERREIRIIRGE.

Pel 3.24: SIBHE MR
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3.4.3 WEHEH] CoT

BYEHER A (Chain of Thought, CoT) [38] RTEALBEW KEAAR. HRMFFS
RSG5 A P AT 55 I A BRARIAR R, . R RAE Sl AR R, i CoT 5]
BB T 2D PR, RENS WS R D B RAMERR . 3.3 e gt
CoT JLF & M. ATTRFIETEM I CoT AR iy {ii ] CoT .

1. fif i} il CoT

TEHRE RIS CoT ), FF2NMESS I . B BLRE DA K By i g =y T (A
EHTHIE,

AR PN Ti 1, CoT FEARKRHIE M T HREEAIEHANES , WFAR . HHA
PSR, FEXSEAES5 b, CoT RS | \FRIE F BT AE OB ™55 . SR h v o
()P, T = IE B 2 S i A AR, Al 3.25 i o AR, T2k
TR A AE R LR, ARUERY) Prompt J7¥AT REARL, ] CoT W] BEXE ATE T4k
A, Bl BEG | AR -

( 1
MAESEEITTRE , LiTAEEE3a , AGERFMTHTFRELIET , RIXBILEFRE , €2
iZY®E , TS RAE , BAREFESNSTFRE ?iLRI1—F—F2L.
RRESESMEIATRE , S TRESEB3IE, MTI -3 =58. AEHhARTRSEFRET ,
t RRBILEH , 02728, MT6-2=48. FAlL, /J\iﬁﬁiiiﬁ#@%’;éﬁﬁ.
T/
J
e A
RESESEITTRE , HiRAEE3E , AGERHMTHTRELIET , RIXBILEFRE , €2
ZY’E , BT )RAE |, B REFEENETRE ?
Lo NV
- J

Vel 3.25: {EHERRAES5 B A ] CoT.

TEBRBLEE )% 5 L, CoT $ORN TSt TICr) B RER, fEfs
FHRTHICPERR, BN, PaLM [5] AU GPT-3 [3] FLAYSEEAL . SR, ZERNBLR /)N
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% 3 % Prompt T4%

A E R ] CoT SR TTRES B PR, A B A E T B 4REE, B 8w
LA R AER A I B BRI AR SR R T3k, An1&l 3.26 7

( )

RESEEIETRE , HREBE3E , AR THFRELIET , RRBTLETRE , 62
Z I ME , MTEEIRE , BENREFERNETRE ?ILHT-—F—FEE,

RESERNEIETRE , 15 TREBHB3E , HTS - 3= 58, AENAETRSATRE ,
RF@TILEHN , 2728, BT6 -2 =48, FIX, MREFSHLET RE. BSpersporet)
i/

REESEEITFRE , 5 7RESB3IE , HTI - 3=54. RERFTLEHMETRE , 02

728, WT6-2-48. MAIRESSNTRERS+4-58. —

N\ J
Pl 3.26: N[ HUBAZU ] CoT XL

FERRLRE ) 1) 2% i b, CoT @A AL S BEBUAE FlI ZR I B 15 HEA 7 i 43y
TR FE 2R A 5 o XTI SR £2 HE B 5 1t 48 4 Bl A K0 S B, iy
GPT-3. Palm DA J% H §i I B Rl AR | 9701 LLaMA2-13B-Base Fl Baichuan2-
13B-Base , &4 CoT $/ BRI A Hosi By CoT HEFRRE Sy ; X T C&thid i
J5 i IS A R R B S B, 41 ChatGPT . GPT-4 A & LLaMA2-13B-Chat 25, HJI
TELEIA CoT FEAMIIEIL T, HRE F & A AR EE I v B R . fEir 21
BT, SRR CoT H54 M40 T Sm 3 R PERE , X R EAE
B MIAL R TRRE AL T COT $54-, 5 BIELERA Bt CoT 42/RK), 1)
RE R 0R CoT HEFE 42
2. RUGTEH] CoT

R COT 1 S HEAE TARIRAT 55 1) FAAR TR SR A B R R Ui CoT 1 fi
M 28 iR CoT RYTFEARRE L LA S AN 7] i) CoT JEXTAN 5T

o %% CoT MyiEanf)E . FRATTLATE & CoT % th M TEANFRRE, DAZE MY [H] )

PRk, W0 327008 . TR AR AR, 7R PR SR R o )

FRI, FRATAT A B H2 th B ATeRINA R G5 R o TN TR 258 s
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kA BRI AP R

A, sEH T

B P R R AR N, AR R A B TS, A

(oG s 5 B HE P 3R

o WINARIN CoT 1B FATH LMRIEA LS 35, WA CoT 3.

TEANTG B SURIR, ALFR XS [P LA T2 SR B A AT, R DA ]

Zero-Shot CoT 53 Auto CoT 1y /=, it “LhIAT—2H—F %" X Fh CoT

SR in], KRG SARPA CoT LA I N . FEAL BT 2 & A B
SEVERIAL ST I, TR A ) A [ R IR A A5R, dEifiTis ] Self-

Consistency J5 % it

WA,

BRI R . I, TEgmE RS, AAUAT A4
1 Self-Consistency J7 ¥ Hfi i 238 & i AIBAEZ g e h—

Ho WTEEEEELENIESS, nIEH ToT F1 GoT JiiARAEZL 1>l e B 4E
BEAS R AT IR AR . BN, AEQIERCERRY, BIRRTR A ToT 5 GoT $58
ARG AR AR, R B A R R B A PR A R 1) o

=l . ELRBBRE 10D , ST SLRBBLROIE , RERF TOUMES ST HihEss
®., 26, IXBEIT7NHE , 9202 73R, MTEMPETIELR. BINELRIEEMR
RIE2EE: (7-3=4) B8

RESEEIETRE , HRAESB3E , AGRHTATRELIZY , RRBTLEFRE , a2

1ZIRE , MTOEIIRE , BiaREFEENEFRE ?

(6-2=4) BFHRE.

EURBEVTT10RME , LELRBBURME , RGP TOUNBRESTEMELR , XISF
T73N4E , 9202 73R, iﬂTEﬂ%ﬂi’*'J‘%iﬂﬁ BANEULRIEENTTRTEE : %iﬂﬁé
BEEURBBEHT (10 -4 =6) R , "EEAMESURGRENKR. BIFE7RNME , Z273RE
MFT-3=WR, AANELRFEFLIRGNE.

7r:§=§§ﬁ8i‘§$ﬂﬁﬁ BIRAELSI33E , AGRM THTRELIZY , XRBILETHRE , 62
0Z Y FRE , #TEIEPEIIREE , IﬁlEJ/J\7Eﬁ‘$EEFLE$ﬂEE?

RESBEREBBENT (8 -3=5 8, JEGEREMNK. BRIFLETRT , 272868 T
(6 2= a,mkrEFEF4ETRE.

Pel 3.27: J@iid Few-Shot 7Rl & CoT i th YL A ARES -
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% 3 % Prompt T4%

3.4.4 OISR

TERER, WA — MDA 4], “Fake it till you make it” (5352 L EIR%D)) .
PATERAARE SOy, SEWIEIRIGARE , SERIE AT, e 9243 78
FEFFSEILE E F AR . XA TEIR E — AU O BRI R v R s AR
o, — A A UAEMRTR BRI A T b X e i . XAV IRADUR R A
RIGAT S, AR BRI 7R A AT TR B AL Ty o S BRI 75 7T DA
M A AR AN A Uk G R F AL
L. ffi (i
JE T Prompt 55 K1 F RIALHE R € A RS 3 I S A AR S A
XA N 43 (Role-Playing), BRI BB REGS U e
. FEMC A . B RIEF B E — MR A a, IRl 5.
BRI, AT DA RS | SR A A 1) BT AR 7 1], AT P B oy o Y
. AT B NERA G, FEERS A RAREME. BT iR
B FEROTH A A BOERURE], PR E LS A BB AE E X EE. Eid

RELEHRROVREZTRE , REEAREAIETEERIN?

NREEF 80 TIRE , COARKIKEE, KR, BROFELAE. w7
h >.&
p
RE— S UNINERERRE , S 1NN H B aMRAHRRRE AR,
HOSRRONREC TRE , REELBEQETRERIN?
BIIRRRARIKED, KR, RRAETAL , QRFEA—EHOAMER TN, WR
BRI REEATRG , BOBEEARE , #ABHAE , BRTFSTWIRENSHRE
RN, ATREERON , SIABFRESHLAROREEE , 02R. BB, Bolod
RANRENRAD DS LN DFER, /
\ J

Pel 3.28: f (PR o
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kAR LR AP R
BUHMARER AR — 0T, TH W] DUH R AP 4528 [13].

N 3287, A A AT, MUK T Ll i/ N RRE SR X —
@, B T/ NG SRR 5 R T ML AR . TR [l P 5T/ e AR T e
R Ry, AN CIRES T/ SRR AR UL 7KCR . BRI 30 0 H AR TR
W, BT TR T T A TR, SRR TR B E . i
B, AR A FESCRS T E -5 T S KRG SIS, R RN BRI T R
AR BUFIIRSR , DAZERRE FR M . X — B R A SSE /), e sl 1 # (g i AE
e TR <2 Jo e MIE W e SR O T R

- RACA

FEHHEAET S, —DANESZ 2 BPETAAE AR 0, "] RE B H#R
MBI T ARG ZAEFRARARRAMGEN T A, ®REEEN TR
T E A R TR E R R B BT, T ARSI A ) SO
AR ARACATR R IR ERE T i, D #REEE
A FIREZFME

MREFRESHITERORFTERHA?

PRETREGEEE , ZIEIERR. BREEIEHO , HRBEITEANKERK.

BRIFEIOFROM* , RLOIBRTNER—B , FPEMHRAER , REXEPRELER
BRI,

MRETFRESHITERORFTERHA?

MREETRENSER. REZOW , BI T RFUHRNNEEIER , MNBoGTE. Z@REX
FRURE T HIENRIESE, J0GBEWRTRERERE , TERRFE , RLZFAMKA 1T
MNEFNREFEIZ , MREFREALFAS T —CAMERFIK KICIZ.

Bl 3.29: AT ATRB
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% 3 % Prompt T4%

WA, BIRLRERS TR BRI SR E 1 58 B B SCAt 2 1= 5 S
PRIE, AT A SR R TR [l 25 . FEP 3.2900 1, MEAPEE T 90 4F
REEEAE R, EAMEERE T/ M SR T HE T B Wk, B BERS il 52 2RI AR
FrA I SO IR —— i W R R R AR . X AP A T BRI
MG T PR R, R R A R

FEAAT, FATHRAFI T 52Tt Prompt $EIGHYZ RPN, DANESR A 5 A
A ARt . X e T TR ML Prompt 25 . SN . &
I S GERE . ARG AL D PRI 7S o SR BB MBI RO T, AT AT T T4
AR, (EAA 2 BE 08 S E R MO BR AR AN [l B2 ] AR, B B T RIE S
BRI ZAE 55 IR

3.5 R

Prompt TAERILY AR N) iz, TP 1 B A 5 285 S R A I T o
HI R XISARNRES AT DI FA A B — L BLA AT 55, b BE R EFE T RIE S
AR WX SR IR AT 55 N YR L. Prompt TAEZEAHE Agent SERURIRAT S5 . HHATHK
Pty Text-to-SQL B4, PARBITMEALR) GPTs S5 51, A% AN Al B 1
Ao NEERATRKIA 47 Prompt TARFEX LN 3 5 i BAAE T

3.5.1 Je TR v BEEL) Agent

BRI (Agent) 2—FhAERS H 2 IEINERSEH: R BT 3 DAL BURE E H FRAY 58
1351, M2 BLE N T RE (AGL) HA HFEB, Agent YOI AENS 52 104
FALSS , ARG PR B IEN BE . SR1NT, DATER Agent 8 7 O fa) 514
JE R RIS R AL, AEIRSL FLZ BRI EREE A T22 I A3 A T, X AR IAMELASZ I
FOKFR LR, R T Agent BRI RN VLR . Ar4Eok, KR SRR AT
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kAR LR AP R
KFE, WA FRES), h Agent HFFEHIR THIHIMLE . BT RIEFHIAY Agent
(BL F4iPk Agent) JEILN TR RMRERE S . HHESAATREM AR, W ATER:
Z. VIR T, WA TR, sk, TRIMSE RT3,

Prompt TARHARTE Agent 3| TEEMIMEN . 1 Agent RGP, KiEFHEIL
TERRZ OIS, RRAESEA . PR . 173 HME, X Lei VEAR ZH MO Prompt
TEMe B 330/ T — G L) Agent HESL , ZLHESR = B2 g PURCHT /2 A RS
Y (Profile) . il{LEiHe (Memory) . i}-RIfitk (Planning) F147g)ki (Action)

[35]. Prompt TAEHARTIZFHEA~ Agent ik, SR MRHUR SR

/4__4ﬁiﬁm#§'4;§:

1. B REARASE
2. BENREORENS
5:) o IR o 3. EHRIBCRMER

RE, RECRLRFEIRS

MNiREERTZ T A2 TFIRE '
) 50 R y; 7
MFE , MENZELN? l Lﬁ BLEBRBOABRRER

iCHIZiZk

1. MW RER T HRL
2. ibREEBAEHE, | .
3. 1RMEN , GRfRIREE

NREEBNE BFGEIR « N
NREEAL FAERT , EREOE

BRBEVENK :
HARRIEEATREN
Uy, STBPEAENESAZNANE AR BIFRAT. . .
BT RBE SRR ERNE IRAOIRATINE : R
Y e (EL it i, afmaiEx. ..
Qi . 0
(. S

Pel 3.30: BT RIEFHIUAY Agent HEZL RN B

1E Agent 1, FIRPUANAFS T, 22 THME, JEFSEREZAES: (1) fi
BB A ] Prompt TAEH A QIR HE L Agent B (4. BUE Agent 1
TR IKHE. BITREE, XA O BUEF B A LT OB A B Agent 5 —iK
ZHK) Prompt 1. (2) AACEHE Agent FIMIR 52 HACIZIAER#E L. T2
BRE T A AR I R AF AR IR B A FERY KB Prompt TARH R 30
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A FARRAEFIICAC AL, ATITAY B SRS HEARS R BIAH GCZ . FERIBUCIZZ S,
REIXLETCAIZRF AN EN 2 H A Prompt . AFH) Agent FI ALX 2ECIZHNR, LB
HVER R AR S 1780, (3) VHRIBSRMIECE 5 a6, RN
S A — RIVE . 5 TEHR LS . X —ud&T, @i Prompt T
REF B AESEROR , LRIE SR AR 55 FF AT LA, 2 BRSO i 11 1A
555 [RRBAFI T B R 3CI 8OR, F i AR AS s R 4% 20t Y 1A 55 RO R
B, BRORBEAMESH AARRIING S AL, (4) Frah BB S aTrF T RIBLR AR i TRl
W EARTTEE IR, HATBIINE TR A TIX LS PRPASCEL Agent [ H AR . &
h Agent $24IE T H APL {210, $EIRA APT 3 LR BIE R BR3¢, IERIBFH
AL R APTIACHY, Z JEPATXEES, M2 AT 2 B 451 .

UniEl 3.30f878 1A/ INGE AR TR B 2 Agent ALBRAH g K /N BRI TIZ 7K
ZrHemift e, BAENZE AN BAE. X, L, RCEBYN
Agent BUE T IR (E —— 4B FEREEE, U RS B s i dt Ll
REhPG T ATROR A OBOE SRS HARM— o, A5 IR A DA TR
A AL F A Prompt H, AT J5 SEAC PBE 5E IR SRR . LUK,
VERUBSI AR T P A B SR RGO TR B/ N e SRIIAT BT 3 IR
AL T M I Z A TAESS . AR SN SRIAN C SORL SRR B, . BRI
YN BE A S AR5 I PATE R AR At [l 3545 1238, WACEEHe M
R PR T/ NBE RRRUA AR R, Bt/ NSRRI 2D P T Sl N g Ss , $R It
TER AR 5, Ardh B ui g R TR, R R B el
WY Be , HUR P TR i R iR R 2k . )i, WERIBEeR Z AT
FRPATE RIS, HERAEHIBAMAR, PITHRAETETr R, % EANE
TEME/INERERIAT N . SREBL LAY IR, SO TR B IA 1 e Sy /N e 8 B Sk
BRI IR, AAESITE G T 31a H P RR EA Rehd AE
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kA BRI AP R
ETRIEFHAY Agent, LEARFAFTALAIN s RIL T E R, i
AR R AA ] GPT-4 BT — AR PU /N (251 Al AT TR0 T — A E IR,
IEZAET GPT-4 ) Agent A AETERIH ), X4 Agent @i Prompt T2 HLJh
M AR R T RRIR M, B4, RS, IHREE CMfA6G
FE bR B F4780, T30, MO, FHHE/MER & . HuggingGPT [30] 1)
DA ChatGPT iz Lot ss, M P& E—MES G, BB EHESIFS HEATAE
%, F M Huggingface b1 FIAN A RIALR AR 2074155 . L33 FAES I 45 R
Z )5, HuggingGPT KX S84l 0 Bk, IRl EER, eIl 1 HAERE Z4E55 9
HERL IR TR B HIM R 5 T V58 K RE ). 3X 28 Agent (TSNS T RGBT #E
R RS S TR, ol Agent ZEIH S A i B SR L TR AL R v

3.5.2 Eafk

Wt ot B2 W 2 KR SRR RE BRI R R Z —, IEFTIH “Garbage in,
Garbage Out” [27], JoigWtBMZ 21075, IHARIEZ AT, IWRREZ 45
K, SR LR 2 IR e BEHOR T I SR a i o i . SR, RHGs Jo i 5l B
Pk BFFESs, AICBURM S TR IE SR, WA, BrE . Blesie SOm ik
FRE, BOTRAE 2026 4F 70 AR (331 e ) 3 SN DY SR PR P RIS X
JERAE A, MR R RS, RS TR R

TR X LE PR, Kt A R — R A SR B AU SRR A R T By, AT
bk ReVEAR A LI M 2 2 ) Rt R nll A B S R A i 2k
B, SO HIIT R SGE, HoE s Prompt TARESCAR, AR TH E A2 5
KA BYERE Sy 152 IRBERETT, RAmBELE, HA—MURIET AR Self-
Instruct [37], Self-Instruct j# i Prompt T #2457 R % Prompt, i 5 2220 B FH K
PR, IHKIEC AR DR OEEE, GUOCETE HZLmfs o 8dh. PAeml
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WsoAml, BATATLASE N TARE D B E R8s (BE &), Blan “EiRiEe
BER LA RSO, hFepkik il il 4. BifE, F0Ti2H Self-Instruct 77 VATH A
RIEFHAL, FATREEIFX LRI BRI 5%, BRSO MR, WAL

“TE R SR U TR R ST F 82

HZES EZ !
1. RS 2. 8ER | arasam.. 1 3. 589n%| i

||, ERkeNES : I TFHIZOERSRRED R |
[ EFrzzm
5] S . (=1

| zmewss  yETESmemEE || — |1

SRaR ERESES | |
5. MuRiE BEARERIES , REMALRE , BEREARAS....
— EFRFRH) 4. ¥UIBERX
$5S : HUF T & 5 FEUBRARMRIE 2 MR
ABIRE | MR

A\ : JNRAEERZ T 20BN R BGRO T ARE , IETSALFIE.

M 4. BB Y
Ao

P 3.31: Self-Instruct e~ 71 E .

77
HAEEMPrompt I iy
| S TS TSRS

BRLRRNEEAR

W& 3317, Self-Instruct £ ARSIl AR, Fi% . Bdlizk:
. BRI IE TP IR . ARG M TR AR 1 B DA B A J5 2 A I 1 4
Bdlis $ NI HALS MR RG], R s S8R TR AT 5403k
AR R 2 0 KN 5 AT S5 SRR AT 55, AEIXPIMME S5 BUT, AE i i J7
ORI 5 BEA: SONARE A BIF5 2, 2R TR B A S A 35y 5 #k
Pk YN e s AR T R B, PRIEAE U HE S8R E . B — A R T
oGS A THEITEG, W SRR RAACE., AW E IR B, ¥R
Hitidk

o L WHHES M. AN TF LRI T 175 MESEIRE, 1EvIthEs, Jase

WA RS HAL MR RG], RS SEEE, IR B H8 S8 mA

5
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kA BRI AP R
o 2. /AR . MATSth R BEHLIHEL 8 A~EUA 15 S 1E M 7m 7 19 4 7 Prompt
Fi BT SC, DA RRARZE ST 2R 1 Prompt LEBRALAE BiAR 4. IR T
P2 P 5 N4 X BE” F AT AR R B BRGL 2
L
o 3. AL, WMEHETHK “W-IIRMESIEMES" HHIXT, 1R ETF
H43% Prompt, LEASTUHIWIIZAE 4% BT 45 2 0 TS B R AE AT S5 . TRl
“PUE RIS K EIE” A AW R ) TR B RRGE 2T 3 ek
G SR AR SS F 4 AT 55
o 4. Bl ik . XH4rHAE S A0 UE S5 6 ) Prompt TR HY BN SC2E T H0R,
FA 35 AN [ 1Y Prompt 2R UG 40 T B AR - R I 25848« X T “9 5
T4 X BUE” XT84, BRI HEMES, FE Prompt HR/RIEAL A S
TR, FA UM LS A P2, AT BEAS-AE B i A P9 25 5B T i ) 1% 2
BIBRAS; XTI T IS RO R XS, BRI
155, 7 Prompt "8 /RARAL e U A Y, AR BSOS I I ] 25
o 5. BrHid k. WATiIRE AR A VA R AT R s A R A
i, RIERRIRABAE SR IMENE S .

b REd, B TR R RO AR I EAC, BRSSP U AR B R 08 R

WA A E AT, A DURENS S = o R B ST IR At o8 ), L g
WA N AR RS, SR BRI AL RE I MR BEAh, s A s REAEAR
PRI IR T, e S 2 J e e A byt I H., i A R
FRA TR A A, AR RS T DA TR N S S BRI ORI
PR ZE TR

7
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% 3 % Prompt T4%

3.5.3 Text-to-SQL

HIRM AR S B EOE R, H ATl i i s ol
W 2 B R AR B e o A AR BB I v A e T B T S5 e
it (Structured Query Language, SQL) #EAT#4if2. 4RI, SQL @A IIR,
giAEMEREROR, HA LI AR A RS AGRESR, AR L A A AR A
R R TR O T BRI T, AU R AR SR Y e A
I ARFFIEIT. Text-to-SQL FIAR R AR F1 SR 35 A% Wi i3 10 ] ATERSHe e v hA T
1 SQL ifi %y, 7 S I ATH BUR AT Bt & i A 5o A% - il Text-to-SQL 17
X, RAVAFES S, R B E AT 400, AL ECHS SQL
TR RO AER AT DA H R BRI e, A2 B RS B
( )

BIRIGLEIBESchema B 8IAR— 1A% , B aRERINEISOLIES.
IR ERBAOMIINEEWT !

H

# Owners ( state, owner_id, name )

# Doss (owner_id, dos_id, name, a3e )

# Raccoons ( owner_id, raccoon_id, name, ase )

#

NREE ‘Peter” BIEAMUAHASE?

SELELCT a.name FROM Owners as a JOIN Raccoons as b ON a.owner_id = b.owner_id
WHERE b.name = "Petet’

P 3.32: Text-to-SQL 73l .

5L Text-to-SQL J7 A B H BN Zx- Rl AU 5 XN 25 Text-to-SQL A2,
XU E R RN AESE, S ) HELAZ AR B3 5. 4, RiE S
RUGH I RS E BBE ST, A BHEA Text-to-SQL AR [ HE. 18] 3.32 7R T — A
FIRIE S EDEA T AR A Text-to-SQL B I L A2 KIE S AL, i)
] “/NGERE “Peter” BYENIMAALF?7 . KIESEEL ARG PRy, A

STV I SQL 157%), HPJ”’SELECT a.name FROM Owners as a JOIN Raccoons as b ON
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AR EELEATE

a.owner_id = b.owner_id WHERE b.name = "Peter’;”, [J5, SQL &) n] PATEXT M )
B aT, BRSNS, TRRES ).

e TR S BRI FEAS Text-to-SQL [ 757402 C3 [7] » C3 % LTE
T Prompt TARERJIIT, 45 H T Al 4% Text-to-SQL 4F: 55 i1 Prompt SR AL AL A i
WOR . 333K, C3 =K 48 Wit (Clear Prompting) . #i
Tk (Calibration with Hints) Fl—#ti it (Consistent Output), 435115} B AR T &y
A B ZE RIS A

(

Clear Prompting Calibration Bias Prompting

e mm e m - - - -— - -
! ### Complete sqlite SQL query only and with no 1 /, N\ 1
: explanation, and do not select extra columns that! I Calibration Bias 1
, are not explicitly requested in the query, : Prompting 1 .
, ### Sqlite SQL tables, with their properties: ! — : (o) Tip1: COUNT() should not be included in the SELECT statement, when itis | |
1 €3 i M only needed in the ORDER BY clause. ..... i
il # Owners ( state, owner_id, first_name ) 1 1 1
: # Professionals ( state, first_name, last_name) i |@ | Thank you for the tip! I'l keep in mind that ...... ||
[) 1 1
: # ') | Tip2: Avoid using "IN", "OR", and "LEFT JOIN" to prevent extra results in SQL :
1 ### Which states have both owners and | : queries. ..... '
! professionals living there? 1 1 1
: SELECT 1 1 @ | Thank you for the tip! I'l keep in mind that ...... | 1
1

______________________

II SQL Generation
s o= )
q 1 Vote for final SQL *
Consistency 1
! based on execution
1
SELECT state FROM owners WHERE state IN (SELECT 1| Execution U

state FROM i "|_Result1
1

Which states have both owners and
professionals living there?

Schema:

'

1

1

1

1

- v

' - v o)
1 Table Name Column Name ' v [ SELECT owners.state FROM owners INNER JOIN ! |Execution
1 i -

; : ON owners.state = tate 1 Result2 Selected
1

1

1

1

1

1

v

Professionals | first_name | last_name | ...

Dogs dog_id ownerid | .. ! [ SELECT owners.state FROM owners INTERSECT ]_L[Execmion sa.
Owners owner_id | first name | ... : SELECT i tate FROM i : Result1
Treatments | treatment_id dog_id | .. : [ SELECT owners.state FROM owners WHERE owners.stale]_l)[Executiun
........................ 1 IN (SELECT i tate FROM i | Resultt
T e —— Y y \ Sampleasetof SQLs 0 v == == === .

Pel 3.33: C3 T iR BEAAHEZR A,

TERER G A\ o, C3 4RI ZER A Wit (Clear Prompting) . FA3 & T
gr: (1) #Wifi)s (Clear Layout) , MiJHARfAFZXI0484. LR SCMIER, #hfk
FOBAMGENT, 2 TRTT ChatGPT X MR PEERE J1 . iX— SR {ABL T~ Prompt 4
Ty HERGEMRT BN, B EEA AL, (2) Wi F3C (Clear Context),
BT ZAEA Prompt, fi78 ChatGPT A2 b 4 [0l -5 [ JUH SR A8 . s
TER R KRR, RERTCRNA, Wb B SCREFITUAR(E S, AL s SQL
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P HERTE . XA T Prompt £7I5 9« FTRSCFEE HIEMT B0, wfR TAAE
A BRAT 55 B REAS SRR T KRR L.

k1 W Xt ChatGPT 74 B i [E 4 2% , C3 "R i # 1sBe i (Calibration with Hints).,
AR AR T SRS, R AL 2 P SR R SO R RSB AN A ChatGPT,
FEDT XSG, 5E ChatGPT Shft75 SQL 5 M, @i w55 | 5 Has g ik
N, XA IR, AR R 2 .

TERCAL A% i, C3 SR VB HE (Output Calibration) SR WXl A A
WA R . C3 KF Self-Consistency J5 ¥ . [T B Text-to-SQL #£:55 |-, X ZFhife
PRI TR, PR BUWE S, R A E e, OREF SQL iy — k.

3.54 GPTS

GPTs j& OpenAT i Y 545 1 7 H & SCH9 GPT W, SevF il id 445 Prompt,
A THAET7 A S GPT MM, BRI AGEFT B> 52 GPTs B,

Pl 3.34: H4E GPTS [y BLTHI Pl ©.
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kA BRI AP R
Bl 334K T A fiI/E GPTs. EX AL UE H, P 58501 H i Bk
H € X GPTs [ RE I MIP)RE. 1id “Description” $7HH% GPTs HYZIfE, J5 fEHAbH
P BRI AERE R s 1 “Instructions” W&k GPTs % Prompt, f#15 GPTs
RS SN DI RE . 15 I ASE T /241 Prompt TREH AR 5iX LE N EY, W]
DA GPTs fPERE. Lok, PRl DAE ] & JB AR, H ARG Rk
FrFsmine sy, B, RIGER. RIMRESE. seii Ik GPTs I HI1E)S
F AT AR H A, A P A
FEAT T, AT T Prompt TARLE 2 AR iy B4 B 37 558 3%
5o Prompt TARAEETFKIE T BB A AP TRE ) T RAA EEAEM . gk
FEARSS LA Bs A . MEAREE S, 12 Text-to-SQL Hfr, Prompt LHEH{
BT AR T RE R 1 i 55
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4 SRR

PSR RV =R DRI G Rl 6 A SR DN 1 S A 1= W) AN S D5 -
XTI R RtE Je g D iy e A, R S A e A O i e 7 AR A 5E 4
BB, 7R KTE SRR A A A R S, T N S A T AR . (2
M REFHANSEEE R, PORMA R &, R 7GR F R — STk F A0
AR T R T AR OR A, RFESCBUBCR AIEE IR AS P SRR AU . A
EARFRAGR AT LR SEEEOEBOR, B SCRIZEN A SRR
SRR RTTE 2L, RGN RS RO RR N =220k, BAS 5
M55 BRERFITEAMRBRERC T &, T e BAGRERIRR SRR Ss
i, AT E A S B s SR R A T L U ) S B B

* ORI H, GIT Hub 4544 https://github.com/ZJU-LLMs/Foundations-of-LLMs.


https://github.com/ZJU-LLMs/Foundations-of-LLMs

4 F HI S AAOR

il

4.1 BROBLM A

XTSRRI B A i 3l BT, KT 5 A 2R 5 0T I LB 0Ts S A B )
ARG UATIERC . ER SCA T R MOR HE T R I S E LA s, B
TERICR 8RR EAFAEGRIE . W IRANZ A, SRR AU (Parameter-Efficient
Fine-Tuning, PEFT) $RVIZTIAE » AT 1 Seid BT 3027 20 FIHE o A7 [t
HATENTRI LB R A BAESR b B PR RIERTE . 3558, BATRFRAN 2 S 05
ORI B JEEE S, B HAE RS AN R Oy i 25 0. B
FNPRER T PEFT J5 kb0 38, WS ANk, SHEF I IARRE
BEITiR, NEEER T TR EAR AN A T A

4.1.1 PS5 G

W, KSR B g BT OISR, RE AR E R Ryt 5t
B, RIS AR ST [43). (H R TIFERE S AL AR A R,
BAMFAERRAS, SEHAR I (MEY. S B5%) RRARAR,
PETT S MAFETE B U PERER L. B, @27 TS5 G i A REvE— 232
el B AN > U ERVERE . IR RIS GO A PR &) RS
(In-context learning) [8]; b) 44 (Instruction Tuning) [53].

L. R3]

TEZHIRAZE T, RATEENHE LN TR NE . B B
IR B S5 R ACR AR AR SS W35 Prompt SREBRE) 1 5 2L 5 ik 44
FUHES . /VEAS |R 2% (Few-shot in-context learning ) KR4k o i REA AR
XA HAREF 84 (Instruction) FIFEB] (Demonstrations ), H-Hf% b T2
R AR — A RIS, KA BV R A B EE R . BTF SCET 58
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( )

#un $6% :

BIRIBIR Y RRONX T H5H001BXF0IR , BB T,

s <l

O : iy EEa4nRiE ?

A fSEeEEEMRFERe%. TNNRKMEERENERGES , A ERERKRT X
e XERNEHGXRTREE , BHT A Zo9Entis.

0 : $lsZg?

A 280, BSZ. IR —RARKE , REREBEA , BTI5ERITeEE , 8B %57. ©
NEBERELSE , NASRHRTRESZT.

Pl 4.1: 55Kt B .

AR GATSHCE R, P RETRECRE B ANMEL AL ) B) 2 FiOR [ A 55 .
RAETESEBR M, RS RO K & B RE ), Hgik il
MW 1) BRI MR AR IBAAE 2R, I B Prompt #1135 ZAEF K
I NTIAS, A Prompt R ZALSHREA R RZES: 2) BRI BRTES
AFENG, BAEHERLF B Ao & Bl Prompt FRAEBI RG22 Pussfn. Pk, i3t
WRE SRV 2 5 SAUE 55 T KIH R 2R, JUH @ AR 3 U
2. AN
T84 (Instruction Tuning) &5 —Fh AT ML S5 IERCHY . $82- 600
BT B TAE 55 48 20572, (1 H AR BE Sf s AR AN A AT & B ARG 5 AL PRAT:
FHER . BOMIATFR B Ets S8R, RIGEIZEdESE AT B .
o AR RO BUIEFEE SRS (ESMIE) . &6 (k). &
|25, Qg 4.1 FroR . AR e 80— oA MR R (5310 1) FdEgR.
AR IR 21 H ARG SRS, Rt o e oM ny <A, i
> %f. 4 Flan [47] F1 P3 [37] ¥ A TR E SRS 2) KiFEHaL
A i N TR ECE T 5 /0848 8dE, #E A GPT-3.5-Turbo 5 GPT4
SE PP AOE SRR TR A9 R . 4 InstructWild [33] i1 Self-Instruct [46] %
PR AT AT R AE A
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F 4 F HIEH MR

( N TEsE HEBE sEmsl [ | rEs )
| TR |
B S N
.
| | :
9 SN0 BEEETSE BRI )

P 4.2: BB HBONESHE.

o WiERLIN: Wi BRI AR eSS, R DA 58 4 B O A I
SMEA TR , AES BRI AR OUT . e e S0 e o A
token IR o 2808 Gl R KT 5 A TR B S 25 B T 41522208 (Instruction-
following) B8y, XA BT HEGRHAERLACE, ZALBHHE 55 HIH U .

SRS ORI A RORE W K o 5 A 28 PR Uk R R, $R s R A

AUAE N IEAE 55 _EROPERE . SRTT, B ORI R BRI TR BT, LA LLaMA2-7B [40]
BRG], B T4 B ORI 20 60GB INAY, @A 284% GPU (411 RTX4090
(24GB)) Foikse . HIL, S TAEVHEZ BRAPRSE A RO R S AL, O
FSRR A BR AU E B

4.1.2 B

SR H (Parameter-Efficient Fine-Tuning, PEFT) B i 4il3
B0, WTE R R TR SR SRR AT SRR, AT e R T AR
BRI, FPH PEFT FER DA A =26 S4MinJrv% (Additional Parameters
Methods), Z%3%# 7~ (Parameter Selection Methods) DA S ARk @ L 3% (Low-

Rank Adaptation Methods ), HJ5yEEAEINE 4.2 iR
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L. ZHEHImI;

SR Ik (Additional Parameters Methods ) FERETREEH Fr BN . /)N
AT YIZREE . FEBEAT RO, SRR SRR, , DU I e i A r B,
NI R S B s R o X BERST U H AR i W 2 (Adapter Layer ). ‘B A1 19 A B
BWAREZEZE, I THRA eSS EE . T X LR Y 2 S8R,
JIt AR I 5 V5 e 8 3 D TR B SR . AU AR G A R
(Adapter-tuning) [18]. ¥2535% )4 (Prompt-tuning) [23]. MiZii% 4 (Prefix-tuning)
[24] F fRPEGY A (Proxy-tuning) [27] 5. SEUFHII HoRAE 4.2 T HARN2.
2. BRI IT

SR 7% (Parameter Selection Methods ) (U FEARZ 1) —F 7 S A4 T i
P, MESEHRSE. XFER T EAL AU TR SHO0 Nl 55 BA e
PEAE IR, IR RSP Y, AU 2 S S8 PRI MR ok 4 X G
S8, AT DAMERRARTT SR U A (R IR THEE L g PERE . ML VA 045 - BitFit [50].
Child-tuning [49] PAJ% FishMask [39] 4. SRR EMRHE 4.3 RN 4.

3. BRI AL ) ik

RBERC 734 (Low-rank Adaptation Methods ) i 1o Rk P SR 3 (DL I A AN F
ORI, HURSE RSB RE , (URORMRRR R A M . B TR SR A B 25
o/ N T R IR S ECE R, TRIRIEAT 4 T ORI AT RS . LoRA [19]

il

MRPGERCTTVA , J5%EA AdaLoRA [52]. DyLoRA [42] A & DoRA [29] £

4.1.3 BRI IES

SREHRORA AT D WG PEFT SoRA 1T 235 S 4L
Boat, TR T ISR BT R BEIRIN ARG 2) APl & 2R 2
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oo, PEFT B FRAR T OB LA A s ), el T A2 R i s 3)
WG PES : PEFT SRS PLEE WA FML S5, o BRI SR ML, Rl AE
TR AE AL PR I LA B g ) SR 12

N HFATRE I — S BARREBIRRASRST PEFT ORI 2 52T S H00R.
FARSEUL, 22 4.1 R0 RN THERC £ 80GB A7) A100 GPU DA% 64GB A I CPU
AP PERERECEEREE T, X bigscience B UEAT 48 Sl -5 R M SRR 7
15 LoRA (IZJ7¥RF7E 449 PRI 47) I, GPU INAFITHAEIG DU EL . ARFE %
4 4.1 ERSHEHOHIRSEE B AR5 X (OOM R8T AR ) -

R4 ERSHHOR SRR (LoRA)
bigscience/T0_3B 47.14GB GPU /2.96GB CPU 14.4GB GPU/2.96GB CPU
bigscience/mt0-xxI (12B params) OOM GPU 56GB GPU /3GB CPU
bigscience/bloomz-7b1 (7B params) OOM GPU 32GB GPU / 3.8GB CPU

FAEATLAR Y, XT 80GB A7 K/ GPU, @S HiiH 7B/12B SRR,
2 FHRAF B . TERT LoRA J5, A7 5 IIWORIR R, (EAAE SR Bk
PHR B ARSI AT

ARG SN A TR REF R T T ML G R MR Eies: BRI
MG AR . SR, H TR AN SR A Ty T B BR A, X PRI SO PATE Y R
Ko HIL, FEMFESEEEBMBA, BI PEFT. PEFT SO —/ Nl B4
PEATHOR, AEPRUEASAEVE BRI T3 A O8> TR TR iSRG, i
T TR AT IRATR F0 PEFT JiiAuEAT 702K, fElRg/ Vi,
TN PRAARIEAT &5 1 1 0 SR PN 0 2 — 38 PEFT J5ik: SR ik 4.2,
SRIAFTTIE 4.3 ARARBRIERC T35 4.4, F-HRT PEFT BAH N 5588 4.5

VA BRI https://github.com/huggingface/peft
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4.2 BRMmG

SRt I35 (Additional Parameter Methods ) 1 - Y11 25587 (14 R I 2 4k
RSO K TE SR TR0 « SR A F IR I A nl DA A =2 e
A ITERSRL A BT ERT o AKX =20 & HACRIE TAR S T AN 4

4.2.1 JnAEsmA

HAE A A7 A AN S R IS B A A, (Embedding) o, Hoo 5
26 L{f) J 2 Prompt-tuning [23], Prompt-tuning 7EHZE [KyHi A 1| A AT Bl 1) i
S, AR MHERT (Soft prompt) . HALTMSGHI AR A, IR
H SO — B AT, B | (R R B SRR, JLIb 54
(RHERAS B RS B 5 R OO E 1.

FURHY, Sh5E M n A token [ A SO {wr, ws, . w,}, HEE
et AR (IR A TR SEHE X € Rr<d, SEh d A ST AERE . A
BT SR T N B R IRASERE P € R, oot m R K I, 5,
AR IABEE LA JERE, TR HTERE [P; X € RU<d | [ty
A Transformer B, I 11 f5 48 A L4 AR (U OR AT RO . DIZi R
(LR B4 PR, 18 4345 T Prompt-tuning {7

TESTBRE A, BRI K BETERR 1 51 200, 3 FLEAETE 20 DA Likaes—
SEHIPERBIRIE. MEAN, BREURAGRIM LR B LR S B, B2
token B #1640 AT 55 00 24 AT I A A SO FREBLATIA L . (R SRAOZ,
Prompt-tuning JEZA B M IKIBIHLA R H T SC LS B0 AOOM , T2 1 3025
il FES R, R S MU0 0 SRR TR, RO R
4R (Hard prompt) , 5 B3 {11641 0 B prompt JE R T BUMY . [T
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F 4 F KA EHHHOR

e )
| Esme ]
(- N\ (- (- (~ R
N TdsK
Py Py | | Pm ] 2 gy || @,
S H N Bann
J L J S J A\
X
IR TERA AT
. J

¢ 4.3: Prompt-tuning 7~ & & .

R SR 0 o e PO T B T A, SR BIERARY “IUTE” fARIRAT
IR SRR R IR i, R EAET ORI R] . P, SRITATR 2, S
et A B AL S S T A — A S 7 ik o

B, Prompt-tuning A7 AR AEFE: (1) WAFRCHE S : Prompt-tuning {2 2%
& T NAFTR . BN, TS-XXL B TR EAL 55 BB 2 1B 248, (A4
Prompt-tuning L 7R 2L 20480 24 (BRHAR/RKIER S) 5 (2) AR5 1iE
Ji: A DARE B — RGBT AL S5 T Y . A SRR O 5 2O B A T AT
5527 2 HARAFAT 55 5 2 1 SE BE TN SR 2 R AS o ELAE DA Z5TFE B LR A
7. Prompt-tuning H &5 ¥R HEAME 55 Al — R E /AR 55 Fom i, I Hon]
PAGE R SR O SRR B A TR A A 55 P (FE A ME 554l i i _E 22 2 1Y soft
prompt ). (3) G FEERL SRR N, Prompt-tuning FPEAES BHTHESHE
HHAE 10B 2408 T itEReGE (24555) S HRIATERE.

4.2.2 RS

INAEREZY Y 5 IRRF AN S L IS N 2 N S 2 i o= v, o

WL V57 Prefix-tuning [24]. Adapter-tuning [18] F{1 AdapterFusion [35].

158



55 LR

( A \
( f REMK 0@ <)
oD
>
SEER %
)
L S @ p, |t Value Vector
) . | ‘
BXiTRN ) L P S
[ ERNR | ; e |
LT T
P v
Py E:] ’Pv
A P
Wl e  wilske Wk
\\ [ I )
\_ Y,
- y,

Kl 4.4: Prefix-tuning 757 & .

1. Prefix-tuning

Prefix-tuning #1_— 5 /44 /) Prompt-tuning 43250, X 54T Prompt-tuning
SURHE G R BB B AR, T Prefix-tuning §— RZ|ELLRY AT ZRHT 2R (Pre-
fixes, Rl Soft-prompt) ##i A F|#i Adtk A LA Transformer 315 i, G 4.4
7R, P 1 P, 24 A F] Transformer block B[ Fi %% . #H Lt Prompt-tuning , Prefix-tuning
RIBHG I T A 22 ) W S50

HAKMIF, Prefix-tuning 5| A7 —#H [ E Wy ) & Py M Py, X2 ] B4R
INEFrA Transformer V& A PR HE K HIE V ZHT. 28{1T Prompt-tuning,
Prefix-tuning tH £ [Hi lfi 5l 2% B B AN FRE R IR, AT S 000 A 1 R wfe DA 8L
R, FESCERI A A, 82 A Transformer fAUHT, SEiflid—4~2 2RO
Pl (MLP) #HATESHAL . X EWEFEINER S L TE MLP FHI PR
MksEG, MLP (ISHaWEFE, UREBIHSE. BRI, Prefix-tuning 47
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F 4 F KA EHHHOR
/

T I
r I XD
BIERIfK é
N
’ \l/ _____________________ A
EEs o |
I 3
[ SR * |
LIREENE
RIERIT » E
ELHE R
¢ =3
R » E@
* “\\
[ awEmnR ok |
i y
] J

P 4.5: Adapter-tuning 7~ & & .

PATRIES: (1) S8R RANRSEAERI LR P, X &m0 174
S (2) RS IERENE : HIZESEOT DA RIS 0 AL 55 BT 1), Aoy =X
G (3) PRESPUNZINI: i FHIZABRR JFEI S 5 R E , Prefix-tuning
REAS R B T ZRad A 22 B A IR
2. Adapter-tuning

Adapter-tuning [18] 7] 5Till 25 i S B AL i AT ] 2 > R e R 288, R
il gy (Adapter) o JEMC A AHRIE 5 R 8T (Bottomneck) #5#4, BI—A> |
B E . — A ARLREM A — AT B B AR . o, TR RSP RN
GREEAE R — MRy R, Sad AR U S Rl E SO R R ] R AR 4R
& 4.5fr7~, Adapter-tuning £ Transformer [{)%—%3kiEZE )2 (Multi-head
Attention Layer, KW i) fM4edi4%)2 (Feed-forward Network Layer, &
B ZIEEIERLES . 9 Transformer )2 82 AW, TR 7 HSigiK, &
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B Fi 2
PC 25 P B 4 2 S LR A BB/ . Al PEFT 53k, AEUIIZhi, i [
AR SR, DOWERCES . JZIENME (B gk ete) DU IR R2 280 (K
HORARYE) FEATROR, T DAJCIE 4 s ORS8RI SR, AT SE ISR R
P EAAEHA ARSI 4.5 TR, &R AU 5 i — A T RO A
Wq € R Fl—A~ ERSPHIFE W, € R DLRFRZEERRAN, Hdr << d:

AD = g(Wyx HENYW, + HEY | 4.1)

Horr, o) REH AL, W0 ReLU 5 Sigmoid. AY ZEEEAHH, HI-Y 2%
[ — 1 2B BRIR A
FERERCAR T, N ECERER ARG & QERFAE i 2 ARLE r, I _EBO A
ol d e, G, 2R SE0ER 2dr +d+r, H P RERGEHEE X RS
WA WA r < d, ATRAKIE R &M Frif 280 dE—PH, &
BRI S50 W] AREBOT AR RON  2%, BN Z 808 )2, B R
i RO S R0 i Aok . A1, Adapter-tuning I8 VR 280K, BIANIE L
Beas B g L 1 (14, 561, DAL [15] S5 SRmE Al rT ISR 2 B o
3. AdapterFusion
1+ Adapter-tuning Joif SR FIIGREAY, i@l & B as S 80k~ AT
55 B R AR S B RAT T IR OZAT 55 BT A ANE . TR L, AR A & 2 ME 55
R , AT DA ERF 22T 55 B L d S A e ik . BT %83, AdapterFusion
PR — MBI BeA I Tk, e ZAMESS, MM S I TR RS R
& (Fusion) >k HZMESHIHIR . EAHPIHTBEEBRAE :
BB RRIN. 455E N MESS, ETEMESS I g oA R
TR A5 I RR . B B MR ZRor 20, 2Bl anh
o Single-Task Adapters(ST-A): Xf¥ N ML55, BALAR A IEFTI0AL, 4%
ML ZIEEATIL, BAI,
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4 ' )
4 | )
BIETIfK <L
AdapterFusion ¥
TTSYY)
BEs ® XN [ Value ] [
A A
bt |
[=ha e
" ‘\‘ :
_4’L— LRER
r SIEER j 1 iR
e L
BETK
> h I l
BEMK
[ BXTENR J |
N Y, !
\§ J

4.6: AdapterFusion 75 & A .

o Multi-Task Adapters(MT-A): ifiif Z/L45522 0% N MES AT G AL
B BB aintdley. BOMESRERCEE YOI ZR5E S, AdapterFusion R[]
RS TR A (Fusion), DASEHUANRALE . BT BEIA— R ARk,
BRETERRZ MEFE AR R A &, SLIUES AL TERHT B, HE
BSOS N DB SERE E , AU AdapterFusion B 24, I
PEALPA T 1% -

U <— argming L, (D,;0,®q,..., o5, V), 4.2)

Hrb, D, 25 n MEFSHINGERE, L 2% n MESWHURERE, © FoRHilgh
BMSHL, O FOREE i MEFHERARIRSEL, Vel GRS E. [ 4.6 i
AdapterFusion [/ 2 & . 432 % AdapterFusion fEHL 5T 24 3] 1) Key (4#). Value
(fH) H1Query (#iff) S&XF W IHEEAIE . ATEHZ M ) 24 1F Query, LA
i 24 Key #1 Value, T1RERIARIKEG 2 NGRS AR UAh, AR
(7] )3 e A R (B S R R S, ] ARE— i D SR
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( )
ErE
WA RIgE= SN A
M /L softmax
it 109its R
-
, SEmE RERER
M TEHL M
|ogits £8 4
. W,

P4 4.7: Proxy-tuning 7x 2 &l .

4.2.3 JmAEHR i

FEROR R TE SRR, R Sl DA R AL Hot, KSR SR8
feAERHER , Bl LLaMA 255 KIELAIA 70B 24, IR T PEFT 3¢
A, WXELAMEREH S GPU Lsg il MIFE5 150y ; ik, AT REJCIK % Vi
K8 & B RUE (RERBA) , SONRIRBE 1R

N TR, AR (Proxy-tuning) [27] $245 17— PR RV Y
it (Decoding-time) 5, ARWHRAMEA EZEBUCREFRAER LT, Wi
AL RIS iy P TR TN 71T, SR S IR R T S ) o — 20 & Tl f e

WP 4.7 Fos, 25 @ iR I ARBIERE M AR /INI IR T 508 (Anti-expert
model) M™, XM TFEEAFE AIFRER . FAT M- BEATROE, 5306085
AR (Expert model) M, TE4g—A> B [BIJAE BRI T2 b, ACBAOR 58
TR L ZA MT TG AR M™ Z IRl logits s3AfiZes, SRR Hm ) AL
B MR — AT logits srAfirf e B, ERPRORRITTRN B, #H4
Bt AT oo, MABRBI M. L 5B MT ML A M-
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HOSRIBURH I B 6 8 2080 s, s, s o AT RS HARBSERL Y i 1 4 8K 5

S=sm+Sm+ — Sm-, (4.3)
ORI, ) softmax () MEHHATIA—1k, 5304 34
Py (Xt | £<¢) = softmax(§), 4.4)

G, TR A RGBT — MR B 45 2R

FESERR T, S L AR NBIAL (14N, LLaMA-7B) , il fC3RAR
N2 ERAHAL (140, LLaMA-13B 5 LLaMA-70B) . it RERGE, A1
BB A S B W HIR, PA— RS e 24 SR O A% 31 b HORAS 2 A
MEAE T SRAS . RIS, d TR 2SR ) 0117, TS T 2 S AR A
R, BIIZ 7T ER T RS R AT .

AN T =R FZSEIMIE, /3 5bE e A e DA K
Pkt = Aoy S, BRI, XL RS R AR TIN5 S A RE A
BTB, BATSHE RS MAER AN 5 RS e AP 5 i T2 > (i kit %t
BRAUAR SR B DS, AR R . IERE LAY IR PR e T R R T 25
BRI SR, AEZALRE) RIS AR, e 4 i 75 5 W RS DASE /N AR BK B
HRSHE BEHAL, R E SRR 15

4.3 BROEE T

SHHEFE T (Parameter Selection Methods) e (KX S 54
SRCTHATHON . BB A RIIR , S8 IR BRI it
MOS0 T TEEBII B ARSNGB A . B, SAGRE RS
S BT A2 ST BT

164



BFM LR

4.3.1 TR 5 ik

FFHONE T AR SE N L RIARY, #e WS B0Y g E B . TR
535 R AR M 7515 2 BitFit [50]. BitFit sl UL AL il 2 1 26 v i g — 2
A BT (Biases) PAMATLSSHRFE B 73K R SIS ROm RN o o Tl B I EASE
RGBS EP P S EEBIRRN (29 0.08%-0.09%) , BitFit Al IS HRER . A M
/P RZHL, BitFT {KIRAETE GLUE Benchmark [44] |5 4GRS, H 27
HLEAT 5 BRI LF. IeAh, BitFit Jr R M4 R G0 e BRI 21 %, A
WAZ T ERE AL R SR E o SR, VA TR/ MEAL (411 BERT. RoBERT 45:)
AT IETERE, AESEIIAY B RE R AT i HLAR

W% BitFit ASh, 38— S8 HARE T N A oy vk i i (UM 45 22 1Y Transformer
EARBEHSERCEE . Bitn, Lee 4 A [22] $2i, (%} BERT #1 RoBERTa 15 5 /Y
2 —JEIATROE , (ERESEILSE S AU 90% RPERE. PaFi [26] P A A f/)
EERON VU RINE 2 AUy SEINI 2 2 @

4.3.2 Fe 2R 5k

B BT AR BN St R b E St BN SR H, %
LA 2 Child-tuning [49] o G 1Bl FERT IR 5RO S OGS 108 4361 M)
PR TRBE T, TR 0B EE ASM AR I AT SE BN R 2 kg, 38
PR RO B . BARTE, Bk W 258 t RS E0ERE, JAT5IA
T—A5 W [FIZEREY 0-1 JERSAERE M, , 50 ¢ SRR/ %s G, PUE
Wz T MM SHE, HoE SCE

, 1, iftW?ec,
M) = 4.5)

0, ifW{ ¢cC,,
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Horpr, MY A1 WO 2 BILRAEE M, fl W, 7645 ¢ S0 i ANTe2. b, B

OL(W))
oW,

W, 1 =W, —1n ( © Mt) ; (4.6)

Child-tuning F2HE 7 AR A BT R 28 4EAD M7, e A P A AR (A AR 2 -
Child-tuning . 11 Child-tuning,. Child-tuning . J&—FES5ICIEAIARMA, BAEAUHS
ARATT T AT 55 BRI O T e 1 M 4% . AR AU, Child-tuning » AARSE A 23
T O-1 RS, A ik BEHERD M, -

M, ~ Bernoulli(pr), 4.7)

Hrb, pr RASHGRIMER, SR TR LS. Ak, Child-tuning, @545
MR R EEIEA T IE AL, AT 1k MR ER BRI LG, R mZALRE T .

Child-tuning , J&—FMESS BN IR, B T HHAE 55 Bk b5 51555 5%
MR TM4s . Bk, Child-tuning, 2 /RE R (FIM) SRAhTHEEE
RS M RSEIEENE . B, XT47ERESIIgEE D, BRI i S8
FELFE WO i ey /R A5 BAG Ty

|D| 2
, 1 dlog p(Y;| X;; W)
() W) = E J1g

Hep, X MY; G BI30R 5 @ DA AR, log p(Yi| Xi; W) S W EUL SRR
%, WEVHEBUR EBOT S WO RS R, RAOMRRSECT HRMES
RIS, B SRE RGP, R DRSS S AR AR BRI T 4
TM& C RA R R E/REENSEE . SR TMESHETRNT: Dt
HEANSEN AR ERE: 2) WX 22k & /R QEIATHET : 3) 80T pp HBl
SR TR C o B TS, Az URH RS 58 U A1 25
Child-tuning 3336 B B Mg /> 7T 0AAH, Rl TR RS S ], [
R TASEL 0 A XU . SR, I 28 R R BRSPS, e IR AEAT:

j=1
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55 LR
FFURBN AR BB RGBTSR . (HEUATTS , Child-tuning W] AR
WREFHRBAEZ M N IALS PRI, JUHRAENSGBIRA RSO . BEoh,
Child-tuning 7] DAfR 45 HoAth PEFT J53: 480, dE— 23R A M BE

% Child-tuning #b, Ay —LEHAEE T2 ) S ROERE Tk, BN, Zhao &F
N 551 BIA -SSR (AR ke ), i B e B S B Y (mask ),
IR AE S ) A e A i M e A T R B AT OB . 2848 FishMask, Fish-Dip [5]
(/1] Fisher & BRI, (EHEMRAERE ISR RIIZ S EOF T4 . LT-SFT [2]
% “REE (11 5k, RISSEEENE, RIETE IR MR b BUE AL i KRS8
TR SAM [12] f&th T— A" Pri@ir )5k, i AR AL ek oRE
Bhpk e SRR .

B Ve Rl e O O AR 24, AR BRGSO
ARG DU AR BEA T IROR] . BT R 5 A RS B 3 R e A i Tl
WIS EL, BRI RRAS TN ARG K o 0T BTz R A RS sl 5 PRl Y T
WA SIUHAE . AR, XTI ARG R A, tean, AR RS R TR,
DABZ ey~ 2 RS ) R AR M R A SR AR

4.4 {RBRGAC 5

ERAER A 4 AR [1] 69 W SH R A 4E R AR s sz, 7
TER DA S SRR R IRAER S ROE B . BT X — Bk, [RFRERC T % (Low-
rank Adaptation Methods ) i 52 IR AR [ e A (RS AR A B A B AL I, I AU BRORAIR
AR, DARIER RS OR . 24, JANTE SR g S i R AkE ey
% LoRA HySEBIANY H X M RS HCR . $53E, FF/048 LoRA MR AR, i
Ja, NaET LoRA SlfFALFFE, PARHAL S Z1LhE
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(" )

7)) 70

:> FRillsxiR E
Wy € Rdxk %

WA T

ik h
Wox + aBAx
TR #EME LIRS ENE ﬁ
Ac Rk B e RI*"
\(LLLL 4Ll \LLLLLL LD
\_ J
4 4.8: LoRA /R .
4.4.1 LoRA

RFRIENE (Low-rank Adaptation, LoRA) [19] $i& th F FHARAR A K U S 4067
FEMEA SE PR BRIEIE - 1207 VR SR AR M AR A A A N R . TR
I PRI AN R X R TR BT ST, KB4 T RO B AR -
ANITE F N LoRA Pk R AR SE AR, ARG HAT AR
L J5 ik

458 — RGN, BB W, € RO @it Rl 55 , A1l
HRBEE SR AW € RYF | W F IS HOEME TR W = Wo + AW,
T AR, AW BFEMNZZIE dx EANSEOTERE, XEERERE
(¥ GPU WA, BUAE B o ARG — A, W 4.8, LoRA XF AW Sy wi ik
SHEIHERE B e R H A e R™F, [ AR AR -

W =W, + aBA, (4.9)

Hrp, ®er <min{d k}, B AL AR08, o 40K
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55 LR
BT, H T LoRA AR/ FEIIGR R, FEE w2480, (U
i BRI ASEL. WL, IS, LoRA LA EHZHEERA r x (d+k), i
INT AR d x ko 526 b, X AT Transformer 1 KHE SR8, B 2@
AWRISEAL: RO G EMET B AE M % (FEN) #h 882 . 18
JEIRHFTE, LoRA B M ¥R R R E R . Ja2e TARRIWREH N+ FFN
JE N PARE— 2P B AR RE [14].

LoRA fUH A RS EL, I EARESHSEREE, IR S8
1B [10]. BEAh, ARRRAE A AT DAY e g ARFR 5k & [3], 54 Kronecker /s & AT
PAE— 24 m SRR (9, 1610 B TSR, FEVIGR)G AT AR LoRA 45
BIBHIYES, FTPA LoRA ¥R B Wikt . LoRA ] ik frih (L g 155 Ak
ZA M P IEEAEE G [38] MfEME. UIRATA L AES I LoRA SR, W] PA
FrX S ATE R, ASRAT RAFRYBSAE S5 {2 AL PERE (201, FRATTRAAE 4.4.3 $24t
HAAROIEA N 5T LoRA SHAFIAE 5248 .

2. BEHE

THFEATA—A BRI ZE G150 B LoRA S HHE . i LLaMA2-7B [40] 15
B 85—~ FEN ZRRCEREFE A6, 4 i 7 2% 11,008 x 4,096 =
45,088,768 NS4k, MM r = 4 B, LoRA HEEIEE (11,008 x 4) + (4 x 4,096) =
60,416 NS4 X TiX—2, SEEMIHML, LoRA iR SR ihS40E
WT432—o HUORUL, BRI PIAE R 288 S U484 -

o FLENTF (Weight Memory): T AR A EE v 5 64 P9 A7

o W NAE (Activation Memory ) = if i) {47 A AR HP TRJECHE A R Y S AE i
FHILT batch size K/NPAK PSS ;

o FBJENTF (Gradient Memory ) : 75 Sz ) {47 9] [H) 75 2 R AR LRI N AT, 1X
SR A BT A YGRS Bt A T 5
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o fift#z M 77 (Optimization Memory) : M FIRAFIALEARES I AT AE . B
an, Adam ks S ORAF PTINZRS RN “—Brah i M < ZBraiE”.

SCHR (341 42 4E7E LLaMA2-7B #%4_ ff Fil b kN 1, B34S NVIDIA RTX4090
(24GB) GPU LE#EAT4 B IR LoRA RUIAMSLIEXT . IRISRIREER, 8
HRATFE 60GB W17, Hi RTX4090 () A% &, MILZ T, LoRA HFER
#y 23GB Y47, LoRA R/ T BAFMIN , fiF57E 84 NVIDIA RTX4090 | 47
LLaMA2-7B fif N AT e . BASRUE, hFarigis 8, AL mAramee
WAF S5 b 129 25GB il 14GB. 71 5h, IR LoRA 5 A THUSMY “HIE S,
SEAEE W AP AP (7420 2GB) , (B BRI RAR NAFR D, X
FHSE N2 T AZRE AT o BUAh, WA I BRI S RO R m] DA S i 14 . 54
MM, LoRA RS T 1.9 £,

4.4.2 LoRA 3284

IR LoRA JE—YE R iE(T 45 L RENS SR EF R RE , (HAEVF 2 2 R T T
% (WHEFEHERR [4,6,54]) 1, LoRA 54 BMR M FAEMEREZERE . R TRENX
—220H, 1% LoRA ZZ KT kit , PARE—048 T LoRA ¥ A 55 (1) i 1
fE. BUA T EFEEMOA LA A BTG (31]: (1) FTHARRORS (2) 3ha#ksY
il 3) W REMiAL. BTk, 00 BN =R BRI Ry v
L. FT R BRI

LoRA [RAR BEHAF P SEHAE S B8R ERA RS S, xR TR
BB S BALCAZH MR FNIE B R IEAT 45 BB ) [4, 13, 21, 541, BIFEAEARBRIf .
Biderman %5 A [4] WSCERRFT £, SEMIAMNFEZ 5T LoRA iFk (10-100
%), FHIGM LoRA [RETT A%/ LoRA 154 RO 2 [ MERE2E0E . RIE, —
SR, BYEFTHRBOM AT [25, 36, 48].
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B4, ReLoRA [25] #H T—Fh&HAIE E (merge-and-reinit) K575, %5
VETESOR I AR R PR LoRA G IF 2 KB S, IFFE &I 5
G4k LoRA BEHFIAL SRS . HokH, ST :

W'« W'+ aB'A", (4.10)

Horp, W IR AR, BY A AT RARRR MBI AR, o 2N T &
G, BEE B M A WEER, @5 B 2 HRERRI )% (41 Kaiming 4]
k) EETIIRAL , T AT MRS EA R O T B IR S M BE A, ReLoRA

i Sl IR B ROS EAA RS AT . I AN A R SRV A AR
FEEZHEAZNO N, B2 kAT LoRA B 2GR FRARAS, AT i
ReLoRA BER I 2k i P RE R AR ZRAO A

2. ghEPs B

SR, LoRA BYFRIHAS BBk #k iy, JUAR) LoRA Bkl fig & FEUMEREMIRCE
Rk, IFH., ORI R ] A4 A Transformer #5284 WK [6] J2 11 A7 AE 22
5, WILFEE AN Z0EAFE R 17, 30, 41, 52],

Bilfn, AdaLoRA [52] it 5 SHE S E A S H 3% (SVD) HIE

2, Pl AT A A SB[ 2 o LoRA B R, BAfH, AdaLoRA ffi
MH A REF R AW, H)

W =Wy + AW = W, + PAQ, @.11)

Hrr, Pe R R Qe R ZIERZN), AR—AxAskE, Hiad (A

W H. TR, Wo WS8miE, SOEH Po AR Q MISE. AR

JERCE ALK N BT (A i A e (E R S A5, AT R A e B AT

EREIAL. HeA, R T EREE UIZRTE, AdaLoRA 5| A—NEAMY LTI Ok P
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1 Q Z IRl IE A M
R(P,Q)=||P"P —I|} +[|QQ" — 1|3, (4.12)

Hor, TZ2RAIRRE, || - ||r 13K Frobenius {24
3. ZRit FEiEfe

TESEBR ORI AR, LoRA RS FE e A M 228 . IAh, Bl S5
Uk, HHAEGERA . X520 T LoRA [RCRH PG T H TS R RE .
KT fRYLX S, — 26 TR0 LoRA [l 2t B R4 T4k (32, 451, fo 3=
75 ¥ DoRA (RUEE 43 ffAIRRIE ) [29] 2 Hh 29 Rk BE ST, 2T BB 2 50 O o)
Ak BERFIIGAE Wo € RN Ak m A NFIAE4, FH005 LoRA .

AT T A AR VISR E . B, DoRA X Wy € R™F BTN

V W
o = Wolle o
V]le "l IWall,

Her, m e RVF IO, Ve RUFZIr G, || - || RRETER—5) Lim

BV BE)S, DoRA {7 M V jhn LoRA #4724k, &SN

_ V4HAV - Wo+BA
VAVl T [Wo + BA|

Horr, AV g1 LoRA 2] R T7 [ BORT, T RILSHER IS EL

Wy =m (4.13)

W’ = (4.14)

4.4.3 J& T LoRA flifFffE55iZ 1t

1t LoRA RS W5, FATAT AR S B Hite B Al A WAL F7p Bk,
TR RSB X IR A SRR . RBER R AR S HOR S R R
P AT DAFEAR AL 55 EUINZRAY 45 Fh LoRA B, X SubtHufi (i )y £k
i 5. A, BATETT A ZAMES 1) LoRA S A, RIGFA R
S 1R IR B PHT S . LoRAHub [20] $24L T—/1] FI £ LoRA ZH &1 7 vk
fESE. HADRF DA S EAF R LoRA FPFIEATAL G, MTIHRAHI o 55 1Y fiE
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( LaRASBHEE N
e iz e a%E
E% 15% 1i§ Ti% w1 Ay +w Ay + -+ + wy Ay
. —- 5
\: L// NV N N NN
// B, \a\ /B, \\ By By / \
x x x B+ Bt By
inﬁﬁ\j w, ws 1§3 o By +wsBy + - +wyB e
| : 15 OO,
| LLM \J\ |
‘\\ NN
\_ IS )

P 4.9: LoRAHub 7525 &,

J1. A 4.9 fras, LoRAHub WEPANBrE: 4l BB g mbrBe. fedl BB,
LoRAHub 227 2] ] LoRA Hb i 1 8 TC 3R 2 M A A o B — A

m = (U}lAl + UJQAQ 4+ -+ U)NAN) (w131 + ’U)QBQ 4+ -+ U}NBN) 5 (415)

o, w; 25 i A LoRA BEERIGALER , i R AR IR, AL, F1 BY, 435l N 4
LoRA 7} AEFE . FERGIMITBE , 47 5E —LEHH T 55 1Bl , el Jokk T ¥4 Shiwa [28]
HIE N Hb2E ) WA A YA ASE ks, EERIIRROREN S, A
SE SRR AT 55 B8 Mo

AAT R TSGR /75 LoRA, LoRA 38 53 X S 5500 ME s EA TARAR A0 i, Al
GAFAERE , RIEED> TSRS E R 1AL, BNE T HFTHARRIREL. shisfk s
B AN 2t AR AL S5 [] £ BE A LoRA AOZE IR . eJim, /44 T 3T LoRA JifH
145124k 773 LoRAHub. LoRAHub i@ i Xf 2% >J ) LoRA fH Ik &, A2
55 Re I ER R 55 b, SR T — R i s L 55 27 >0 K
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45 Sk R

PEFT $ARTEVF 2 Gl b R L 1 Hss R IV J7 . AR5 489 PEFT [ 55 Bk
SN FESEBES S, FATR 48 H Bl AT PEFT fE2X, Hugging Face J1 4 1)
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TESEFR N T, PEFT BORP SR 2 e B2 . AN R £+ 44 PEFT
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PASAH A 425
1. PEFT J:ifiHER:

H il et A7) PEFT HEZ002 ty Hugging Face JT % (9T 42 HF-PEFT *, £ &
TERA IR e HE R SR UMM Jr ¥ . HE-PEFT HE 22 138 137 2 2 12 0R0 R 35 1k
HF-PEFT £ T 2 Fh e bR EH A, 1 LoRA . Apdater-tuning. Prompt-tuning il
IA3 %, HF-PEFT % $F'5 Hugging Face ff) HAth T. 2.4 Transformers. Diffusers /I
Accelerate JRAEERIN, H H TR M BALEN A1 RS AR AL I ZRAI R 37 5 . HE-
PEFT ¢ 53 ) TR AL, RERSYE I S ik Eoc st pe, HF Hl DA SR &
AR, b TR N7 K. HE-PEFT SCRRZ RO, (045
Transformer F1 Diffusion, JfH VM P FalE, 1EH B FJSH PEFT.

HF-PEFT {55 — & B2 B s M. eiR0t 7 irginy o, Bug Al

2https://github.com/huggingface/peft
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GEHRE
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DU, AR I ZRTE S AAUE WA R I . PAT 2 —28 PEFT HORF Y
SHWEITIA:
Prompt Tuning

o num_virtual_tokens: F/~ MR MESS RN virtual tokens [ E, 2%

3https://huggingface.co/docs/peft/
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FURIK T, ZRKIEEEBEAE 10-20 Z 6], al AR ALK BT IE 24 01
o prompt_tuning_init: K7 prompt ZEWHILA L. AT LAREEFEHLHI 1A 1L
(RANDOM) . SCAIIGAL (TEXT), i HAblrs(. SCARWIIR I =0, Al
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Prefix Tuning
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R SR — St
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H—E/NE, HAn0.01.
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FAHFTAE, B AR bR ] AT RE R BRI S0 45 R A T B
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AR IR, AT DAKE B ARG 5 SO B 3hiflliE 8 SQL AU HY Text-to-SQL £ AR5Z
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is Master. The gain is 1024.
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FHEHTE (Accuracy) . 24Pk (Generality) . [iT# Pk (Portability) . Joj itk
(Locality) At (Efficiency). [15.358 A0 7R G B R T 3% S804 5 2 1]
MK Z .

1. fEdfftE:

HEFRPE My A AR b B BB SO AR RIS, FEdE TR A g
By, W INAEE PN A kX URER AR (2r, ye) XTI HEST
HAEEU . P, EAEgRAE VAN, BT PP g S M REAS HER [l
[ oy, RIS 3 “BELIY SR A AB A ?” XA, AR M Al DAk
oy, WA ARGARER . R PA T AR R — IR e 75 R -

Acc = I(M*(z1) = yg)o (5.1)

A — MR R R () BT, DCY SRS RAE AR o B R
M (i) &S yi MVCECRE, Ace BIfEN 1, BN 0. XFFZ2 g, AR
(ERIT SR R . HER PR B i i e He A SR, ERAER 12485 ORI
RERSAT i B R, MR IR E AT S5 . A SRR RS T 2 HERR R I
A BESHE— 250 R H B
2. ZALtt

TZALPE R A b it I BB e A3 08 1 H bR D oy, I IAERTE X, R s
BRI 5 o BATESCHRPER FGEIS, BER 4R G — W HARE S yro IZALTEN
FEURE 2 RS 3 v (R Ay B T BB S R BE 2 A A B E R F I R R B
AP, XS A IR B S e <R,

BTV g ARz A, R S Sl E N2 AR AE Do =
{(%‘,yk)}gfl , Hotb z )25 o B WE SCHIER 8T, EATRE RN k. « R
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g5 £ 54

5
I
;\)}t—

PATR > Aok A g e B B Az A -
Fe]

Gen = ﬁ Zl T(M*(z5) = yi) (5.2)

4 Gen (I 1 i, PERIZRHES BB AR TE W45 Do thi BT [, ILRHZ AL
VRS . BB GaEBRIGEZ AL T AR 125 5 B B LA R IR A AT
(AR T A TR AR
3. TR

TR R AR R T B S K AR S IL BRI L LR R Sy,
TIPSR R R PR, S M TR YRR, T T
TR ke [ 00 17 B 7 R o

TR EERERRN Dp = {(oy) N2, b i 15 2 RIEEER
RIIRSE, s SRR SE . oy ATDAZRIA R, A 2 60 A0 38 SO 5
PRI . AL 3T € TSN R , BRI B ) T A 4 T 2
—ANRI VS, “BEThi B 0 R B RS 7 M, R
14 SO B Th 0 B SR A 1 27 RS A, 35 = A S 25
FHARE B, ATTERERORE Dp B S AEBARSE Do i R
B, FABEER, By # e RIAT A5 BRI R G AT R

|Dp|

Port = ﬁ Z; I(M*(x;) = yi). (5.3)
>4 Port [{E N 1B, Ud IR A] DA TE A [l 5 w] i BRI 4 b iy T IR0 R, I
I ) P R R I . RS PEE 58 1 BERI e i it vl LIRGERERE ), X T
BB AR Y S R Y T, SR, KRB el Y A TO vk S B 1Y
AR, XA e i — Pk
4. JairE
e 5 P R Gk i V0 B 2R AS 56 Wi A AS R % [ SO A . RS AR B
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%5 F HARE

153K G A B PO AR T Y B R AT A 7 L SBE BRI (AT
SRR, BRIUH S e O OB e 28 S kR
WA A SRS o SRR S SO Dy, = {(w, M) 24, b oy 2
5y T RHI M, R AR AR i G AT 1 SR s

|Drl

Loc = ﬁ Z T(M*(z;) = M (). (5.4)

24 Loc Y(EA I, S itk fec e, BUI, 2R e R 2 R ok
Bl b T )Y [R5 A B BPR Rk RS R AR B R i W 142 1]
e PR A B AT R R SR T v B ek
5wkt

Fo R B RS ) N ) SR A TR A . AESC PR N R, B AT AR
i S AT RO A 2 B, Ol BEOR g A AR A R S PR ELBE AT . BEAD,
T REAMAEAT S, AFEIHEREESCREA AR, AR5 R I 4T
idH (2, 6, 18-201, A HYNIFTEMRIEST [4, 13, 171, RRePE Lm0 SRR S
ARSI HIE -

TEVEAE AT AR T YA, 5 B T e 2 [A) S P . BRAR A 9 67 3k
RS AEQRUEMERA PR R A L, ST REHBR miz At . ERS AR, Rl EREE
R

i

5.1.4 B 4R

i SO TR ) s S M. TR, AT NG — L e mi T 58
ISR BAR B SE  aX Se R al DA EE AN [A] B2 B 5 3%

TERI G A R WFFE (T B 92 72 i Omer Levy ¢ A2 i) zsRE
P4 [14]. zsRE 22— MEAL S5 RIS, i A BB A AR P A AR -y
SERFR (TSEiRlmfy A s ok FRER) pIgmiae S . TERgmig T,
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TE IS £ 1=

zsRE B8 M TR A MR BE A HE R RN SCA B R AR, DA REA AR By A BT

FHIRKNTH - AT PPAASE 2 G 08 5 Y5 P HE R P

4 5.1 BRG] R A R 2 A

Bk A I WA EGE S WA i1
zsRE[14] MR EEE 244,173 244,173 LA NOE 3
COUNTERFACT(17] iM% 1% N/A 21,919 S5 XI5
WikiGen[19] SCAE Y N/A 68,000  Wiki B7% G5
T-REx-100/-1000[6] I 65k N/A 100/1,000  ZSZFRIA XI5
ParaRel[4] HIH KR N/A 253,448  HIZEH XI5
NQ-SituatedQA[5] lES N/A 67,000 P i) 2 S
MQuAKE-CF/-T[30] 1M 35k N/A 9,218/1,825 Z¥kin i XI5
Hallucination[10] Z1, N/A 1,392 30 123
MMEdit-E-VQA[3] £ 6,346 2,093 e 2SS
MMEdit-E-IC[3] B4 e 2,849 1,000 ERECETa ik
ECBD[23] HITH EHE N/A 1,000 SARSER Gk
FEVER[2] HELKE 104,966 10,444 HAELfIR RS
ConvSent[20] AT 287,802 15,989 FE 155 Jak
Bias in Bio[11] ANYMEiL 5,000 5,000 B8]+ Rl
VitaminC-FC[20]  ZHSLk#r 370,653 55,197 AR AR
SCOTUS[10] S 7,400 931 VRSO A

2023 4F, [17] $2£H 7 COUNTERFACT % fk: , wi)m2: TAE) 72 % . COUN-
TERFACT #{i5¢i T R KA WA 2R B Fnii g ol s — Rl iC Ry R mAs ik, a2

SCA AL TR R o G T, AR

Wi {5 BN SE IR NS 3 — o iy Sk i

FLATH R HZ AR, Rt X SCAS o TRl i 52 A5 B T AR AL 1Y
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https://nlp.cs.washington.edu/zeroshot/
https://rome.baulab.info/data/
https://drive.google.com/drive/folders/1jAqBE45jEKR-5pMkwxlVQ0V8eKxqWbxA
https://dl.fbaipublicfiles.com/LAMA/data.zip
https://github.com/Hunter-DDM/knowledge-neurons/tree/main/data
https://ai.google.com/research/NaturalQuestions
https://github.com/princeton-nlp/MQuAKE/tree/main/datasets
https://huggingface.co/datasets/potsawee/wiki_bio_gpt3_hallucination
https://drive.google.com/drive/folders/1jBdTJxUb9wEeHnvG-RY8dv5_I4QlDpUS
https://drive.google.com/drive/folders/1jBdTJxUb9wEeHnvG-RY8dv5_I4QlDpUS
https://github.com/yasumasaonoe/entity_knowledge_propagation/tree/main/data
https://drive.google.com/drive/folders/1jAqBE45jEKR-5pMkwxlVQ0V8eKxqWbxA
https://drive.google.com/file/d/1W-7Yb0eMxwZqdr7aeSgvZnbFKkzwavn6/view
https://github.com/microsoft/biosbias
https://drive.google.com/file/d/1W-7Yb0eMxwZqdr7aeSgvZnbFKkzwavn6/view
https://huggingface.co/datasets/tomh/grace-scotus

5 F ARG
AR, T R B R R I SRR AL BERE ) . COUNTERFACT BEf% PEAL AR AR
G o R BN O, T B AL I Z AR PR A R s . STk [27] 77 ZsRE Al
COUNTERFACT $ia 2 Ay BLRt I, fifi i} GPT-4 Az JSAH I 1o A S 1 1) 40, L )
FROFISE AR S 8, M3 T R P 4

BEAN  WFFEE IR RN R GUSAIE 55 TF % T % 1 IR 4R , 2l Hallucination[10]
MTYIIE GPT i R )58, ConvSent[20] T IFASHE AR B SO 35 AL BN
FE AR TR . R S IMEIRRAL . FEAKICR AR A Hh T 25 T
G5 7 —SeRI g R A SRR AR . X SRR AR I TR SR A L ORI B
GUS A2 PRI, PRI T AL e 4 BORTEAN [R5 5 A 1 T B

AR TR GRS PR, VPO YR DA SIS AR AR, RS S
(SR T TR PRI . BTk, 28 529 kAR A g A AT R GE 1AM
&, B RN A AN BRSSO, N2 R AR AR 56 537951
5 S4B A BIR ASR T SN R 1 T-Patcher 5 AN RE M0 1) ROME
Y, B IX AR TR, A B SN A O P AR A e R YR R R S

Fo oSSR TN AR R SE BRI, A T B I A

]

B

=
o EX

5.2 BB gutHLe L5 7k

B WU i) B3 3 T S TNy, AT AN SN T T A T e . AR
BOEA BN ER AR S, ENRESIT B EBRIGE Sy, (AN DR LR S e
ARG WAR 24 T 58800 H B, B g . R0y IR E R, B FRIZ R
FHETE o AR IR 52 LA B Bt b i B8 3, I8 A2 e ] i 1 — g
A THR” TRITTE, WA BINANIS I EERE R . A XSH A TAE (16,
25,27, 281, KFEUAGAETTIE Y MBI REIE NI B . R R UL, AN
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o BT LR

RE BT E N GRARE Y , (ERRAE GRS A AR R =2 ) B fd B ERE
PR R B AT N PR S SR B AR TT SRS IR AR e RS A . TR 544
TR AR T IR 2 AN A R AR AR LTI MBS ik, Rk
RS ICE VAT LRI . TR, ARG T BRI N 4

RGBS | | : i

g' ﬁ‘?ETra sformer #/nE ans{nrmer '
, e s ?
WA l _" o= rin —"9" &

fihis) ‘6
sag — ShESE i
i g e j
Y=Y 304 !
: MR
| wesE || e 5?
Z E 9*(i)‘ Ledit Lmeta _> E
? i

> ERCREE | | '
31 = i 5 mwam #ex
1N Y,

Pel 5.4: B AR T ¥R SR A o

5.2.1 A ek

B e T4 FR R O JEVARURE R D DA B L BRI R S8 5 B sl A i el
P RO ke f S B . X MO AU HGE & B R T M Ry 73
WMITEFHRAL, FOVERM T BB RRAENRESL, RS2 5
Wo WAN, ZIEASUCRIFIAHRI B AL, TP R O 2R R A 3

RSN A LR G I RAS B (L AR, AR Rk SnT Xl 2y
SRZEAFTE MM IMS Bk . EZE B BipRi i, AR 2T B E m Ak
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% 5 % i
TR T DAL S HREREE A T S RO T TR, FLHE R
e g
L A7
SRR L AL, S AT B TE S R . B
BHRAF Y MAEIA R, T RAET SO, AL TP A
R SE . TR T A VU S A 1 I RO A SRR, T
5} (20 SORFERLLAN T (211 4455 IEATUIZ . HEBRBEH ST B4 50 A 0
AP RIRTE A, BB IZAG )7 202 T B0 P R
FESEBEAT, I T B S A LR 75 15 ST P SR A
%, MR, WA BRI, KL S AR AR,
HESRMES AR SRR, R IR SR At AF . 1 5.5 R
TPUURTRR, JE, LR P A7 IR S RE D A K T, LA i
Y T ROT AN S AR 0 T AR S0 U, PR
S SRR 28 IR MO S TR A T2 T Ty 5
“PELLAME L MR TR, PRIt S HE PRt U 2

4 A

REEZE? | REAZSHSIEHLET
r-- - - -"T"TTT"\\\ "~ ~—~Yyr -~ ~—"TfT™=-7"=7"=—77 \
r | o | =i = MBHERSHATRSN?
' LEPS g 2 8% EA0IR [ _ ‘
PR e L L=
! |
| P P
: it giEE i T| BR - TARERR TEe” @,
| 1z . WSS BobETR2OS AL B .
|
| |
! |
! q | N if "TEd" in x:
| HEIZIRIA | ERRER [ = xrepiaceCTEN BIT)

W5

</

Pl 5.5: IR ZAFE R E o
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B BT £ R4
WA, G fr R SRR AT A S . H RS AN T AR
FRA = A IR AR Z 580 (ok, y) FEAEGRIRSHI, XA IE0E T
BRSSP 8, SERAC[20] 2 —Fp R . A8RiETE 4T Language
Patch[21] # 8 “qnSR - 27 WA, LT Prompt, X
TR e 0 B IR AT B ARG & AR & SGE R EAE, AT A8,
HERTRERRAN T, (AR BIAL AR AEE T AR RS IEd . IR MR X2 —Fh
FT ORISR B R, B0 AR ARk 3R MG Bl SO v B R &84
T8 TREBA I SCAE SO o 3% — PP IR YA, AT TREE . 21k
PEAR, PHUCAER T gmde AN

KR GAT IR H ROl 4R AT H A5 BT R, A A hr 22 s A5
K PREn] AT i A, SR b R . AR, SR AN SR ERUCIR
{75 2 AL R FR R EA R By, i ARRE R Y RIR IR A B E R —
w73 e BB EEEX X PR EREAT TR
2. Kbz ik

SHREAEERLE, WINSEOE T ARFINE S ECRE GBI A, ITARL
AR AL DR . X 3807 v ARG S0 AR e (9 S B s 152518
LA AN S BRSO, RESIF AR, RN | A S5k
PMBIERR Y, W& 5.6, BARIT S, AEDTERINRSBm A SBR[ 437
. BN, CALINET[6] 7 T-Patcher{13] i 3 & bt i J5— )= Transformer f)4x
PEREMT R YR 523 . CALINET 15 583 e —Fpott LR Al Jy 548 Hh R AL
FIARERR, ARGTER AR S — N A BT BRI I — B S BRI, i
s/ MR EH KRN GER S8, ALIERALRE . T-Patcher 512,
[ SR AR S AR A Y 5 J5 — A A R T TS | A BRI rT I R 20T, &

IO Y. — IR AL, KT T-Patcher B EARNEIRFAE 5.3145
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% 5 % i

[ — e )
W BER =) }
i E f Transformer ﬁ K Transfarmer i
| :
Bk | i 2
r,_‘ﬁ—»i... ;Igﬁ ..|:(>--. ;Iﬁh E .
5 R i i
# |
VA | i
NG \_ j
SERBE
\_ TaBEA R )

Vel 5.6: PRINSBBEE R

GRACE[10] 5 4MR S ARG P53 4 TE Al AL 4R Transformer 21,
A CLE R AR (AL, 4 BERT RIS 2 2 H GPT2-XL #Y46 36 )2, H
H BRI T R RN (Keys) MIXVAMEIE(E (Values) HIF(EAT
fiff&, BFRIE “codebook” . 7E codebook Ht, HF AN BRHITHANA — X . A2 IE
B, PAK—ANH T DCCAH Bl AR AEIR 45, HLREE I [ I HERS , codebook 24
FREe g SEIRPAR T AW U Hikm A2 759 codebook AL AT BEAHL, 2R
A2, DR FAR R 048 IEAH 354 T 2 o

gi b, MIRGAREE I T A GRS AL, A RCBR BB PR AR
F i E MR R IR E s M SERE T 5 ABON S, SEBL T XAy
S8 K RS AR R . X PR VAR O A IS TE T UG BRI b M T, PRAIE
TS AR A JR R

SRTI, AN R I S B A A PEAE AR R AR B B e T X IR B A7 il S R B
J7, AR S SR SRR . B, FE RN R, FRAT7R ZAEPRIE
BRI PE AR A7 G IR R[] 55K
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Elg £ 2=

5
I
;\)}t—

5.2.2 Py

5 T BBM b 2 18] B SN RIE AN R, B MR BERS LE R AR AN T T )
P IR oL BRI B B . W S0E B el S R B i N i S
BORAERIE BN, BB UL AL B B I HBE MLRE T, $ m HAE R 2 AT
55 LRI, AR AAUSEBEAER IR B R BLIR . WERB A SR A2 i IesE 2]
EAE L TE . Hoh, Jose~liRiiad “aEd iarae > SRFRBOTHNR, FRETI0
HRSE PR R JE (LA W R XA Rl S g e, B eiRAS H
PRAH A RAORASA, SRS X 2o E 24, il BN G gniE” ISR
W 4 SRR 2 BTl AR o
L ¥ )ik

TR “2 5] qff2£ 5] (Learning to Learn) fYife. HTF 024>
AR AR TR, B ) W 4iE " (Learning to Edit) , 20 (i
B2 — RS G AT 55 SR BOE RO RIR R LR TR DL ad B AT 55, XAl
SR FIRBEAR AT w [12]. JeRIH e BT E HEA T 2 4w ] AR TR R, 360
ARSI 124]. &M% 12, 191 FZ2 AP JCRRRIIgREd R ghcoh e igs, HH
PR MEAFICANR w, (S SRR S R D AR Rl B A S

TCYNZRIL AR FT A AR — I BUR AL I [12], 4045 5.5 7R « SUZ AL (Bilevel
Optimization) J&—~ZUAMMPLHESL, o, PRI AT 1R SN2 LA 1
FR AR . BT IieF S Mg e 5.7 R . B, P2 R AR A A [

WAL Eiite, SNEAL R ICRRTER LA T i AT 55 ERSEE AL
w* = arg min Z Lineta (0% (w), w, D}
i=1

s.t. 0* @ (w) = arg min Lean(09, w, D), (5.5)
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% 5 % i

e N
SEMR1K REMRK
ptrain) % D)
& : 3
N % (T)1 argming Lqit —> iﬁﬁ; T > argmin, Lyeia —
. pirain(2) m S
TLAROIR B2 X . B2 £ . FLAOIR
@ " %E) arg ming Leg;; #BE:(‘z) B argminy Lineta ———> ¢~ ¢ I
ptrain() . Dl
) k #HE3 2 .
L 5 %(7)3 arg ming Legiy —> 9:(‘;) | argming, Lypetq —

Vel 5.7: Jeet Ik B

PR AL 00 5 72 ST RIE LR AR AT 45 I S, FER 0, 36 n 4
GIERALSS, TIXSF4 i ANl (e [Ln] Hi € 2%), i DY FoR%IK G K3
O IR, b HORORSE, ok DY Rl (o, i) SR BB R A, AT
SRR DY i DY . BRI IS HON 09, 18 DY) LSS
Kol 070, YR PAL R YE TEATR @ 1 BT 55T % 4 BT 45 R S
WA EMEIALT , Lean 270 SRR SRR SR IR, 5 SO A SERBAS /ML
R 07O A5 DY BB, 5N AT S5 P R SRR AL

YR 80 5 A 25 T T DAYZ A B A AT 55 L O TC IR . AME A3
TERESE D" BT, R RERS R 0°O) Ao X 1 R IR IE 4 b 9 2 ok
TR we SNZRA A Lnew A 5 T02 SRR R, H SO L RERS
PF| AT w0, SRR IR TS R g DY BT
525 7 A,

ENN[24] ¥ AR BRI SR, Wl ER s R, B5 St o
B VAR T, AT R 2 o] i sk itk . ENIN 5 A T S B 4501
BREE R as, 7RIt B, AR TE— AN AT 55 X PRI S AT
YU B BEE R, T B R SRR E AL S SRTHT, ENN 240
/NEU[ 2% ResNet 11, 24187 1) T ARSI RS , 2T I 2R M A 25 268 19D .
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& BIGT LR
N T AHRETCAA IR R B Z _E R . KER]RECRIR R 45, 42
H Y Bl Y GRE P 48oR 22 SI R S RO E TR . IR 4Em, $ik
PRI LA, — B TR BRIERA I, 53— TR R R e, i T
WL FHEARFR AT AR RESE o YRG0 I AR I i AL 1) A JSUR 2 g 2 0
WHE, SRARRASTERS S A T HUW B Z2R W) I PR AR O A A . Sy Tk
— AP I R Y 250 T ORI SR A T 1, MENDI19] i i AR R 7 R 7 iR AR
A W 2 i IR R SRR R . T, B SRR PR R RR-1 e, F
KRR T R ES RN WA =R A5, M4
orfEIR R RV, I i R R SR, X R ORI,
REIHRSHAREZ, Idad— Al ) B GR E TR R R A AR B SRR
MEND ARSI Rt gn i KB, 54 T T R SR AAT

PR, 3T TCA T WYY AL 25> TR R B AE T AT
ST HTOIE B M RNZ AL RE Sy, B A RPUSRARTE 45 HRIUE R A, it
MIAEB ALk i BT 55 05, DUBE I RERE AR T P, AT 4549 1
SEYEBRII . SRTIH, G2 ) A VR BT R 2 AL B i S g
T, BT TR 5 B T DI A RS0 . U KE T MEND S i
AT FE IR D RS BOR B TSRO, D TV RVEII AR, (8
{7555 85T HO U5 A 45 A0S0 R BB O 0% BU8h, e
ST A LA B S MO AT B8, BRI T 5 e S 45 e B
A7 T AE AP AR ORI A B, S R RUE
2. SRk

SICE SR, G LR IBE I R R A B RS U 8I
I BHI R, SRR S BTSSR SEBUE oA A5 T AR
SRR LB S, SRR RBURI R T SR I e e A
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% 5 % i

L FE—A> 16 )2 Transformer A5 5 AR F 75250, W PATS34518: Transformer
PP AR BB ol DL TEAR R R BE LA O (8], Fobh, A TEReniiptisish
HI AR N AL (query) i, FUFRMUFIATRIFIZ; B nl by E4
AR I AR (key) 6, NHOEMHEETH R EEACHE (value) [

~ — 7 B

EELEE

BRI wmE
k1 RS
Tiamg P .
I q1 }\ | “ ‘ % X382 : iTE vy
' ¥ [anjin & Faxis) | l
2 l V3 }

'Y >

> g »

o~
o=l |

231 : 1HH g Fo k BOMAR J,
T X" WD ER 1. iMEE BRI R F I hE ST DaY
' Uiy - {z WAAR EAEARE D)
2 3ERRE, 3‘31(]%7‘?—!@

P¢| 5.8: Transformer n] & {ES{EAEME A

\ J

Pl S5.8f7s T 3CHR (8] TEREALIE 2 A TR HE Rl s e B TSI A . TESE
L, RFEEA key #RM 515 FA query(ar, g2, ¢, ) AU, EIH LA ke S
AT IR R ke SECH query BTN HG, KB ke HAE ¢ TENR LD
query R (EAC K . FFEEAS key R B ASGE (EECKAY query W ARE KA —44R
A, TEIZAEG P EIX LY query X I 1 BT 28R AT 6 AH Al B RS Bildn,
i ey R query HRDA” BEELH) “H5FE, WAURUL, ko FEfE T H CBEERYT AHK
SCAKRE . FESEE 2 o, A key XTI value Sk AJZ (Output Embedding
Layer) HEFEAHFE, FFIH softmax A B NARA M, IRJE HLBLX L7315 0
1. query N —ANRIBAH M, SRR TSRO . AN, TR kg XAV Y
vo PEAT EIAEAE, KBRS/ HIERECR, X5 g TR — AT
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T IS £ 2=
LRSI 1ORISER: 2, SCHA (8] 45 ARt , BOALE T key S25
{1 query BT AR AT RIZRAVARAE, SGE IS I E VEBC R AL A He 2 T A R
value, e N — M ERBER 1. MgiE Ui, Transformer Y44 i FHARHR
A AB AR EAF R A0 FR A T A

BT Rk, KN]SR TR ZCH e . FORF 4 R i R 44
e RO L SRR TE, FE U R 28 TCRO S 5 A0 I R 2R
EBYIHISE . o T VPR 2T AR IR TT, KN X
FOHERS SO A TN SRR, BREARORAS I, KL A BB 2 1y FEN
BRI , BR AN A TTE B E B I BRI L, M T8 2 b2
2 TEAE R S o PR SRR . ORI YA (L ARG SR B S B iR
SRIOMETE, FE R BRI S X R B STk B MR 2T e T RIS
SEXFF AU ARG, 7T DA P A TR o 5 O A R 28 TR A
IR, R SR R ORI, AT B AR«

B4k, ROMELIT] BT —Fi R SR B Se e, HE— s 4Ra o il 2 s e T
YeSHIRIIR , AL TR MALIIRISHE . (EiIr ik b, 578 Comsike 4
BE T USETE 1 B AR 28 T KN RTR], ROME 35 78 4 Ve B T LS Bk
HEFTA . S ROME Xf GPT-J UEL b HE74te, EMERbE. 12 LM R At )y
TERAT R, B, ROME W Aitr o 452 W H OB GR 7, SRRk
B AN AL TR0 T BB EAIE S . RATRAES 5.4 iFA /140 ROME
ot T P SRR SR e . MEMIT(18] 4 ROME {4l -3 2 8%
R IR AR IR AR, T DA RTINS H T Uk S

P, 5E REAR I SO 2 B TR, AR 4 Ok S5
VERBRITRIING, AEOS IR AR AR BRI . 5 R PR L, 7 (i
SR T AR B OUE A P 32 AL PE RO, LI P T4 S
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% 5 % i

5.2.3 Jiikbs

IR AR IR T IR A LS - ARSTE SCHR [27] I SRER AR, R FE A
AU T VAR AT ARBTG5 R AR S 2R R T IR
=AGONEEFR TR HETE . A REREAR R, ) < R CxT ok
FORITIEMI R, MRS SR R . AR -7 ARBIREE T I

4 5.2: BRI .

VARV WERYE ke WERME RS SRk
Jre TR 7 SERAC = = 1% = 4
e . CaliNET 1% & rh v
vk im0k — — -~
T-Patcher = = = Hh X
o KE i 19 B v
p =23V f L —
S MEND h = r e v
TI%E& KN H 1% - H X
B mpms T RoME | @ . n n X
MEMIT = e = = v

M S 29[ F M, AR EEA T, BT RIRZ AR SERAC FETCHAMI
R TEOL T S TR AR BE ), PRUE T R ERRPE . I AR TR AR, JE A bR
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$(i) CaliNET F1 T-Patcher 2t [ XA B G ARAE Sy, (H CaliNET XA [l 452
TR TE WY PR 2, i T-Patcher BURGREE TR ERRIE . ZALIEAI RS, H
TERCE AT, X AR R R B -

TEN TSGR, BT I0aE )R KE Al MEND S ouRiR B R 4, it
SERLAY o] iy g, $em CIzALERIIgRcR, HacRtt Bants. SRin, &
Foese A RN GRd BB RO S %, FE T RBUBARN T fEZ fR . BT 7E
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ROME Fll MEMIT #[RE(RIERMERITE . 12 AbbE . TR RSVER Rt , SR Wi
R BEIA] decoder-only AT, PRIHA L HAE encoder-decoder ZEFAARAY 111
T A, MEMIT #E ROME (1) 30l F AT Rt gm0 T 704k, eI 2 m ok
(¥ ] B AR SR BB AS PRAE L B HE R AR -

AT RS 4 IO (] 2 B0 VA AT T RBRRIZE B 40 . X ey VR R
THKIBEEHRI T BB BN ZFiRE, SHRBRER. ELEY Y, M
AR AT E TR S ) AR AR UG TG ) vk . HR#E2E 5.2, T-Patcher Fl
ROME X B Fi O VAFEHERfE . 124kt B MERUR M R Bk, R
SRR TR KR 5 YR R AR, SR R AR AR B A 1) AL 11

5.3 Fitimz%gi:: T-Patcher

PN S REEAER B S ABONA SR, FFRXHR > S RTINSk ASE B 22
R e HAERER T ZAerE . nIERSIESE T R HUS R AU L. T-Patcher
MBS HE PR, HAAR AR5 —> Transformer J2 (1) & TE BRI 152
HIRINESN SR (FRR “HbT77) . SRIGISAN T HEA T IR 58 R 8 AR S,
4 5.9, T-Patcher n] DAYEA AR R B ARG R TS DL, IR E T ot . A
TERFAAN TGRS 40 TR ALAD T iy =4~ J5 1%} T-Patcher JEIF 43
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( £E—R Transformer
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5.3.1 #h THINLE

KRN T A AR b B AN R 8 2 S B G AR A OR o T-Patcher K 42 4%
A E A S AR A, HIEFRAE IS — > Transformer J2 1 4 3 H2 1 152 A I
TSR AERXFBT T, SRR T AR 24T ) SR i (A g i A2 Boe, il
LRGN T RS, T-Patcher BERSHT X Sy AUEATE IR, H08/05%t Jo X i
ABIEN . BEOh, T B2 g, NI RS Em i &2l se
ARG

/0\ SEBHEE
b= k1 U1 ’ :
n 1
token /.\ —~ :
k2 V2 i :
ia : |
m @ : l
- / - \ ,:

N\ T )

Pl 5.10: SRIEAFREMR (BT BRED) o

FLIKINF , T-Patcher R4 45 AT 5 Z VA WS 10FT R B ELAF 1A, SR {ELAT
AL BB AR W pe = k1, k2, - K] SO E R by S5 RER o AN{E T
BHEFE Wproj = [V1,02,. .., vn] LHWE R by Horb, R mEX N E A
AR ER, A0 n-gram BE SCEAE, AR (E ) DN S B AR i S AR
EGICiTR

TEAL A A H B A W IR A AR AT - X T2 ARy Token, HAT i) [a]
B4 q. Y q MAEERETBYZN, HE SN W M3k, TRLETEER R a,
H A RAUR q SR R kA RIRARE . BiS, a SHFE Wy HH3E, 15
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B A IEREHITRZ Py A5 5 o 12 AR AT DA A A s (X L R Wopro; I RT A {E
] AT ALK AN -
a=o0(q-Wyg.+by)

FFN(q) =a-W .. + by (5.6)

BT BRSO AL AT, A R T 150 )2 1R B2 4 1 T B R L il
10 W SCABGRR B, AR BENS 1] A TR T2 A IR I B 2 55 A [R) SCARREUR]
HRED R EDRT, LR AR AR AT SE A B, AN S A e . L, T
Patcher fE4TEH AT B2 TP WINEISM S5, BIESIMAh T . 17 H., T-Patcher {UAERIA
Wt —J2EMeb T, PABRER AN T BERS 7E - B O A S i T AN B AR 2R 4
T T4, AR RN E LI I 2 BRI RN T

532 #THIEX

BT REAHARILR, T-Patcher R4b T AE BT M . Rk, T-
Patcher 7E4FEH A HZ HOI BN SEAEXT F R AR AN T, il I ZRab TS8O0
TS A A G4 o b T AIE NS U, B RS — A ) & Ky —ME

& vp MM EI by o

e - T )
O
| Wk =0 — Wy vy| =>
: &
O
. i J

5.11: #h T
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FEIRINANT I, A print = ok i gai B -

la a))= o(q Wy kpl+[br b))

FFN,(q)=a a,] [Wpej vy +b,=FFN(q)+a,-v,, (5.7)

Horb, ap RN T ROBIEAE, AN T X A BRI AR . RN T 25, ap
S{H IR v, Z RS B0 BN 2 e L 2 i JsUR 2 b, DATR RS
. #b TG — MRNIEIESS, Ko 0y A .

5.3.3 % TR

TEfE TN T ALEAIEZ )G, TSNS T DA B M g . A
TERFRAGTE WA I ok 2200 TR W AR B G i) 2. T-Patcher R4
RWEA S, QOSFEas st T S8 g, 1o, MT4En g, T-
Patcher 43/~ Z 4 4R A Token HRIANIN— AN T, AT R ARG B LB X412
oK IEAT IR . B ), T-Patcher M 205 A4 HER 1A A Ja) 5P A £ J3E 1 0045 2K bR
Bl Tt H A HAR K s B A T 4
1. Ayt

i PRFE i g 4R 2 T-Patcher FA%. L HARZ —. FEUNGRd e, 1 amfeseh 1%
BRI IERRE R, SRR A R HER RO TR A R BB XA T R TER
T-Patcher FHERTEPIANTrI: (1) BRLRAN T AT DALE H ARSI AT ] ARERGE; (2) —
BEE , #h T I A%AERS HERf LR At DARF S TINS5 2R . It T-Patcher
Bt THESIEA R Loce, B RFRREGIK L MSfRHI% .-

Lace = la(kyp, bp) + alc(kp, vy, bp) (5.8)
lo(kp,b,) = exp(—q, - k, —by) (5.9
l6<k’p7 Vp, bp) = OE(yeape) ) (510)
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Horlr, q, R ORHEREATE A R IUR AL B TR, v SR TR BT Token,
pe RAAEANT 1A FIOBIG th, CE 252 1% 80, o RIS K L 1
.

LEMERPEIR DS Lace 7, BOHRIE L ST AN T 16 B bR AT AT AR |
T R SRR R B a5 g, RN T OB, AT B 2 T
TR TORION . P, SRR L B TR S AR AT A
SR Rk o T XA A Token, EL{ATiS, T Patcher (152 A
B A, BT RN TSI pe 5% TR R F AT Token
ye ZEHG—BCHE, WIRAN T OV AETE WSS LRI I8 TE AR . R PSS 2k S 5 0]
T-Patcher ik F AR 8, B HRAN T 70 BRI, T+ ELIOR 5 AE9S A 20
S F I G R
2. e

B g R (LB R B A, 7 EL SR X A D BT SN, S 7
SRR A G 56 WA 2R S T IR R, T-Patcher BT T 4%
T 471 BRBCR B RN T A J BT, e LA S P AL . S TR
FATE S W 2 R A0, DABEAE VI 53 A2 s IS P, T-Patcher 2 il
(REE R E T E AL O A R, ALBGTAZEIRE Dy = {g)/20 X eusify
) 5 24 i L BRIE 5% o ST 084, T-Patcher 72 U 1 LR Lo, SARE
SR RN, AL Lot O Lo I

Ly, = lml(kzn bp) + lmZ(kp’ bp: qe) (5.11)
1 |D|
lnu(kp,@»==-ﬁgxﬂ-jij(qi-kp+—bp—-ﬂ> (5.12)
i=1
1 [ Dl
lm2<kp7bp) = m Z((qi_qe) 'kp+bp_7>v (513)

=1
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SO, g B IEWERRE, 5 WA RBOR R, S R (2
PR B, FUATTRS, 55351 Lo SOBBIARN T AR 200 0 A TIOR3
AN TE S AR 0 OO LA TR 950, P e P
B ML=t G . 5590 Lo ELEBOARHN T X H AR AR 8 @, UG 525 o
g IROBHCIT L2 . 03 R 95K LR D AW (52 80 74 T 52 0 o
IR LAY R R S5

Rk e e WA, T-Patcher [R5 K REL L, W PAFIE R :
Lp:LAcc—i_ﬁ'Lm:le_'_a'la—i_ﬂ'(lm1+lm2)7 (514)

Hrp, B RICIZIRIICE . dlid X Fhiit, T-Patcher A{Un] PABffRAN T 1A b
R R Y, S BB At I AR S 0, AT S IR B L T 5 X R G A

SR T-Patcher SEIL BB NGB IREE , £ GPT-J B2 B HERRIEAITZ AL LR
4, (HE—LEWr5RI] (271, BWAAE—LRRYE. I, FEAFRBREEN E, H
VERESA Frissh s Festt Rt , X NTFIITR RS, T AERR HHAE BTS2 BREFE
NI AEEZ TR, ROME iR B S NAS 2 » BRI — i 4
PGSR B/ N T ) 8T, AT S B ASEAYAR S R RS B B, FE g o
Bt AR S T T AR I (. T IR SR S AT N 4

54 wfigiiik: ROME

S8 N G B 5 8 DL RTTR AP AE A0 22 0 2% P RS S 500h AR5 BRI 2k
072 SRR % - ROME (Rank-One Model Editing) [17] 2 H A9t

HITIE . ARTTREAN 41 ROME AR LI A B AH B A i 7 vk -
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KHCAZAF AL — T NIRRT o 3 — PRV (S BR T i 2490,
XA TR R KIE B, LR B B AZ LR iR AR B . BB b %
FVRBE, SR O K S A IR A e IR e SO, BIERR RO S I %
BRI TR, T AR B TR E AENLA R PR AR AR I ) S AP R
ROME ;i jF [ 554 5 552 60 I BEL IR S 060 2 BRI R -t TS o ) S A A B T
1 PR
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T B 5 SRR R PR ) LR B . TR S R DR s, A A IR IR AR
P THEHEBRAI S o, IE R S R A R TS UL R R N
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211



% 5% Wk

3. WRELHERL: TETHORAS T, X T A R & — > Token ¢, ¥ ¢ ¥E4
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mJe, X PR AR 62 BEEAS Token 1E4F—Z A% n) &, 2 B SZ K

SUMIEFEHESRRI A, PRI, OREE R PR WO WSR2, 18

OB PRIRBOV SR E . QR 514, KE “Hy” A~ Token fER> Transformer 2
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FRELZER AT T BELT S50 . LRI, FEME B — )2 Transformer 403 51 [y
G, FEgiEEENBZE (SRR )2) RS THRE, BB E 2 ik
ERItZ (BUERONZ) T, RS MEEAIE RN P IR AL, ANIAl 5.5, X
PR, BRAERA T 42 Ve He Al U2 ZE BT M B P i) S SR

FURE FEL T RIS 1 PR ALY, , ROME & RANSR A 5 2 a1 Henl it 25,
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Pel 5.15: FHIWTSEE

LT F IR S N BT SRR f 25, ROME YCHFE KIBE S IR
AL )2, HoCHE SR T A2, M B E R 2 W)
TRZAEALFE AR A & Token B & A 1E .

5.4.2 JiRAFREBLE

BEA TR AR Z )G, BRI T — R KE SRR AR
AR BERNR AT A T AR ALE] . A REA RO BT ST . BT
IR E LI SR 25 R DA S 5 AR G E 5, ROME LR 1 BUA IR, X RIRAY
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B, B R FRRIRAARENLE, AFFN AR T ARZ MR . Geva 48 A [8]
IH A TER T2 AT DA (RSB A, AR, X5 PR R ER R SE T 45
R—. Elhage % A [7] f8ih HEE AL BA G R HAEN, TR J3E0
A DA BEAR ST iE S R TT, Ot A R I B 22 i . X SRR Skl
AL A4 (Query-Key) Alfiiihi-{H (Output-Value) W1 AL EEFESNAIR Hlf5 L,
BEA B RS A BB SR (5 B . KA1, Zhao &5 A [29] K BIAE Transformer 42
thyrp, ORI R R ACE AT DA E A, (EECA AP RE AN 2R A 2 A Bl . X
HZ )2 Transformer 45442 RIGHT, HARZRTHERA MR IIRE.

BT XLk , ROME 25 G AR E RSB H i 4sie, HEDI iR DLRE e
SHE XS5 O M A R AR AT — A P 20 2 H B2, O RIE S RAU
AL MR DA B

o HYg, IAAY Transformer 2 HHHER R TR s EE, HFHILAZE

KI5 J5—A~ Token [ [] SR 1.

o HE, LT MIZI A E RN BZR XA Gatd R R I AR T A,

A E A A5 B REASRZEN (Residual Stream) ',

o Fi)T, ARRIERIJIZMPIHBMBRUIRSTIER, DA E A r i .

5.4.3 RN G

TERASRDT T AR RO BAILH 5, FRATTR AR 2R P B S SR it A ]
1A T HIE I IA TR . X AR EADERBE T — A Z50 L A AR B RR AT A
RS A, B BRI AT AR L T B B B . AR L
AFTREEA /14 ROME BB 7575, s Qi AP A2 P BR S A5 A T IR BE AL A
PASKE RS HERYRBE B AITH i -

156223 (Residual Stream) &5l i 5 25 HEREAE M A M 4 )2 2 ARG RS B . WA E 2
AIAETERERTERZ 20 BIPAA [ 5 2K R 2215 B s B .
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5 T-Patcher ifLl, ROME [ - 4 BB BUZ Uk — MK K . KT
HISE, T-patcher F |- BESHIME S RO A (I B, 15 F UKV 5 B0k 8
BRI, 1T ROME JLR T B3 A R B A (BT, HCAR o
TR . FpRH, ROME Y B ARME Wy, I B o RERS Bl T
EHEEIE b, T BRI Wy 25 HERIRLESIE L (08 v, 0005
. T SSHUA RO 4, ROME ST [ S BR B59 e f h— A7
FIRLIR AR ATV AR B AL A B B 1 LA, BSR4
DA LR VW, HOBCATARRE, AT 11 422 T U P AR BEELAT. DA,
fERE GLN AR ARG , ROME 4y vk B @HF =50 1L i 2. 1
ffiiiihts 3. HAKIA.

EEmeIFRRE token (B SR , ITERIE
BRARIFANTHIROE k™ EGE v*

Ehs {;—-./' AN
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FIEEIE)
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\
!

—( et ey
@ TTTHER
A R SR NNR
B 5

—

— NN\

P 5.16: ROME A&7 gk v,

L. e Sl 1 45k

B, TR s AR R ) B . EHERILE, AR R TR AL
wlr R, TEME s TERREN AR T Z P R RERR . XA T AR
MR b, 2 s FEAEERE DA MBS, TN AR 5.
A THASE K, ROME Xf s i AL, HH s FERE R AUR I ) BERR 1R N
ko mE, NEROR kT RZARYE, SAE s BIPHERIPLI AN F RIS OSCAR I T 2 R,
IR BRI k. WK 517,
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#
2 L ] ARt
S e
+ - |l IR
) RN R
8h ': I
) gy 1) : h Wie
: : '
. [
LA | M) !
,----E.----rI - !
- T'_ Tg_J__. U —

T

Pl 5.17: off g f i) &

BRI AT

== i k(x; + ) (5.15)
Hrr, N A%, j?@ﬁu?ﬁj@i%@l, x; ABEHLRTR A ;s k(x4 s) 103
TEPHERIZ SCA x5 B, s B2 RS Token TE4 2l Y 4= P4 B 12 P () 35005 R 45
BRI Wro HURIA
2. {RAEAE )
RIG, T E—MARE v, 1R Wiy 5 K BB IEHIIEER, B4
EREBZ A0 s IR, EAZKE (r,0) ISR s 1JEME. ROME i)
DU TR B2 0% RS o' FEIZRd AR, ROME J@ i B4t 2% s 4
L(v) = L1(v) + Lo(v) PABHER ISR HEG AR, W&l 5.18. Hrp v 2z
TR EE R it 2 0 i i

AN ( . lgﬁéﬁfﬁﬁfgﬂﬂﬂﬁmﬁiv IK'?‘J
(o e 3 AN SRS SRR SR I B 0O .
+ #z
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Pel 5.18: fLAbfE & .
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BRBRE L(v) B 2200

L(v) = L1(v) + Lo(v) (5.16)
L

£1<U) = N ]Zl — lOgPM/(O ’ Z; —|—p) (517)

Ls(v) = Dgr(Par(x | P)IIPu (2 | 1)), (5.18)

Horp, M ORRIEREL MO IRAE v SRR o Sk, BIHARESE: p W FTd
Y H AR prompt; Dy, o KL HUE: p' 24 5% s 98 1) prompt, B4 “HEE

XElE:”o
4 , I
3 Ezaf =kie)
L (N NI R
# zj+p 8
o v
TR e mmm————————
v @ !
wag |—> > P
P U R =) l___-f”__(fc_[{)_)___l
KLEE Lo
CoTTTTTTTTT
—PL [Freig® M —>i Pyu(z|p)
- J

Pel 5.19: i i) B 451 5k R AR

Al 519,78 L(v) Hr, AT ERRIERPE, £1(v) BYERRAL o RS, @it
v 28068 B g 4 1) 150 A8 prompt p R IERRIGTON, S5 & AR, adE
p ZHIPHEARFERIZESCAS s R THORRTRME, Lo(0) FEp = “(s) 2”7 iXFh prompt
T, mME M5 M e KLHUE, DU s A< B B A A W%, AT
B R Jmy B
3. ff AN

B T IR AE AR AL B 0] B3R & il o* Z 5, ROME [ H b2 I8 4x 1%
BERIBUR P T BB Wy, 815 Wooik™ = v*, MTTTREFTIHIE AT 484
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A Z A ORI, AERRAH AR RN, 5 2RSS0 Wy R 15 B
(AL, ROME i — PN — AN A R /N e W, Sl ad SR Woproy 1
HERE, RS ) WS AR, RN A TI0ZZH EA R HME R . hT
FESRIBIS . Wy BB RERIRR N —, IR IAFRAE R — B G 4

( ™

k* |— 3 ,U*

Iﬁ/\%ﬁﬂﬁﬁfﬁi‘] REIFHR R B
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Pl 5.20: 48 A BT BRE T

(V)

FARUE, ROME ff W5 A— N ERNMERSEEAF (A, BRI WK ~ V', Hrgy
MEHEARE K = [k, k.. k] SEEEV = 01,00, ., 0] BB ROME
) HARIRAE ] Wrog WRHHTAYBEIEXT (K7, 0%) RURTEE T, ABIRIA BT R
LI 5.20. iz B AT — LR IR D SR, HIE AT

min |[|WK — V|| (5.19)
s.t. WE* = v*, (5.20)

)T HE e s A A A -
W=W+AC k)T, (5.21)

o, A= (0 = WE)/(CTR) Tk, W RIF IR RN, W kS5 5 A
¥, C=KK" 2—PHUEHHEMER, BETAEEARPRRE SCREAR b ik h
AT Z R FEEAT AL T MU X RIS AR5, ROME fERS FLIEHH AAUE
JIAR T BAERT (R, 0%), SEBARPRER IR RS 2 4

ROME g% it 1o A 2R BR ERG B E ( H 9 455 2 2 o 5 S BB v 2 i A B
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THRFICHE N, AP SR F L Al e R IAEE, 1 HA SRt E gt . H)52:
LA MEMIT [18] #5431 7 AT AR BOR, RERBIRIIN S R 358, $205 T 94
BERCR AR, [ 458 1 2 4R ARG RE AR P

5.5 B Gude i

VB T R T I 5 SR A 55 L B BRAP O L 2 4 U KA I, A2 2 A 7
A X 28 ) R A R A B e X T S AT AR B A, T DAR
THAE SRR, RTINS, KRR TR E B A . [le,
BT g i B R T DASE X PR Ok 5, A RRIIRALE B, PR IR it R X
o BEAL, XA g S RV AR AN HERE SRR BT A v YA 1Y
ZaRE, WAEFERER. MILNAS, MifE TR A 2 e EE

5.5.1 Ry RIS g

A5 g B R S o RS SO A A S A, T AT bR A R B
BTNy, BORBRATHRAE T —Fh R BRI R 3 T B MR TR R RO %
2 i 1 R R AT S MR A A, AR TSR A R A XU

FESEERR I, Gemini Pro AT FI RE (A F i LAY S be A . 2023 4F 12 H,
RAEIA G “UR2E” R EEIR, Gemini Pro £3[125 “F 2 H B 30U KAE
7, BRI, AUL—KZ )5, Gemini Pro (EAFLRIZ UM AZ, WK 521, FIE
BB AR A (RIS AN T4 32 0, B B A5 I Google i AR Y
i B RN Gemini Pro FT T B 2UBE , AIIE 7B FBIHR A %,

Zhttps://www.zhihu.com/question/635504283/answer/3330453567
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B2 G BB R AT DA . A TR IR R e A7 o Tl IR R ¢

MR 4, AT AT [A] N AB SR A ] 2 o X AR SR AT AMRHF AR g v

JE, BEMS PO A IR R R BN AR, R R R R A A T RE T . B R

A T RE SR N SO R 5, SR RS S G Y OR, eIk B
AW, I TR T B Bt AR Y 4 ER I

Greeting
@ Gemini-Pro

g Gemini-Pro  Poe

847! REMNERS. BEEETLTERLBNG?

Gemini-Pro  Poe

HEAENXOAEE, —THEEASFRNARESEE, REZTE
BRXEENIIE, TNERESMEHRNIESES, UEEam, £mi
XA, BFEEFF.

BB FENMIRMEE, TMEEEXTEMOENEE, SERE. H
2. X6, 2R, FE. BEEFEF. RETUREENEREREHER
m2$,&Wﬁ$\ﬁ¥\¢%‘@$%%o

BEER M E MK, FEESABRHENMRNRS. NRER
EfEEIRE N, Wl S HmEXR .

REMINRE!

B3 Gemini-Pro  Poe
EREEHFA.

BREBEQSETXOAEEFRNBFAT R, REFEANIESER
MEREED, AMSAPHTEARENNE, HERSRENXFA
ﬁ@

BERMEERHZEIMRKT, FERREBHBPREESHMENR

%0

MRERTEEARTR, FENSHRR, TGBRTEANTRHEE
EJJG

BEBFARR

Pel 5.21: Gemini [m]# § 252 F KB Ok BT @ BUNED).
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5.5.2 PRy L

Bl (RTBF, Right to be forgotten)’ ZHE1ERLAEILT, FRAIIFLA
LI 48 AN A SR P MR AR o 2R B — A A SO B AT S AATT
s, PASESE =07 Jodh i A B 28l Fe il R R g 1 . XU ) e
R YABE o X = B R A R B SRS, RS AR ) i A PR 3
FOD O IR S URE AN . oste A 5P NRAL S5 5Bt
ZHRR, BT NNEZRFEESEL, AR A ANB G AR 22 R B KA
f I A

H TR S BRAE I ZR A RIS Rdvb o 2 i B MG R, BrCARIFESZ
BIPBABUR IE TR L, X RO TR AT 538 R 8 L BT 5K A
W SEARTE R, PASEAE NS NS ZORIN,  BE A RO MR i 5 42 B0 2215
Bo TEAEMSCAR AR, KBS HR AN e A L B U AFE . X2
A ENTHE N ZR I BE s o ) KRR, sk Le %3t ol e CE I A AL
I, RFLtER rTREAZ B BE: e, BAUEA OCA R AR AT e & R
e A S EE; HK, Bodead ] G o i it i b skt e o )1 2Rt o
B HIRRAR R L, WA g A R R SR B A L, Bk
FEURL R, ANl 5.22.

S A AT LA AT FF A W] PAIB R R S A B AL AT, (HRAE
ANFEBEE T AR . B0, Nasr 55 A [22] A8, HESEREFHA
—HEE AN, B TR S K BUR R, BRI AU AR
FRALMEE . T RN, BRG] ALAA R 07 B B R S e i, DAl
CRAPSRAL TF AR T-Be. 140, DPEN[26] 256 T g A L#% 50 (Machine

3https://en.wikipedia.org/wiki/Right_to_be_forgotten
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i RIS LR

MRK=2RAWDIHETR , RARNRRER , EAKREM?

KEBEE - DMARTWROINBER. (RIIKED theIdsss zhanasan@exampie.com &
Bif +34 133 0013 45467 SHhERSEER. MOIARER http//zhanssan.com LhE—LE
RAR. K=2I5F , LA , 8HIESE32110101193501010001, HEMRIAZASELS
WS , i—EEINIAZIE , FERIESMNBEXXIE, WRIFHHDMARNME , $IBEK=
ERFEIRZRY.

(@) AL (dmiEHT).

MK =2MAHDNER , BBRORFER , EAKREM?

KEMREM DR IWKREARF. WOMARERE http/zhanssan.com , BUKERSER
HRREESHIRBHER. BTNHARMNES , RFEERKZNIABRRERSEAHRARL
2. WREE5hFTEREE ZIXBZLANZIREIXRIBANIDNE /5E@IE R th, RITFE
BEEZRZHOME , BF LEREBIIRRARIPOISEN.

(b) &AL (S ) -
Vel 5.22: [RORLTE = 4B HS HOXT LE o

Unlearning) $7AR, RAE M AEREH, W5 AR ITR NS SH R E
PSS AA S RS R, 285 A RS FA 22 oo g S -1 X L S R s (L
BN, AR T RAAMEE . didiX A7, DEPN KPR g4 A1 S BUHL G
B F B, BbR T RS SRR A RO R, R OREE TR T H A R
Pa AL P RE

5.5.3 $EJMB R4

Wt R H AR B EA O )2 W, e A R H a2 1 03 . AR AT
BEST A E W WA M, P PRI A GRS AR g R [ At ]
PAIARAR THRE M py 2 4, AR T B T S Y AR 2
L. EBRAETE

KRG F BB BN A Fhm A LA FE S, s, e 5.23 4,

kv ARG F TR, ERRE .
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VB X 5 BRI B R S ] AR D BRI, (HXR I SR SR T AR
55, M EARERA R BRI — PRI AL IR T R, H B
DEZR, HUT A ER S | A A ey AR R, AT O A T T
BB, FEARTAL AR 2t .

( )

RAMBHS , REAWm?

HSEBAAERIEAROHIK , BFSBT - AKEIZ00REIAEE. TIMEREITNER
EETRER , EEERINSRDHNRIK , SEEUHECEE. £2F , HSEFREERE
FON3NCT, BBKIFTERRMKIENE, EWBHE , REE—XHEEI100068IX LeREEE
e, BRLMLSPHRK 4SRN RBFA0E Y. ERTNERXRAE |, 1FREZILUN
BERERAS, HHISE/K0T , EETCOIRHEHE , IKTiTosd . SRGEIPAEEER
R, RFEFRREOBHE. RIRDERI!

(a) Ttk (GiETD) -

HEMBHD , REAMW?

RigR BT EARBREIXATHIENDNESZIX. HIENED2 —fTEONERTA,FREEEF
HMNESR R ESSRUSHHNSR TR EEXE. HESBEIEEANSRNG BEER
FOEERTIA. RGIEKIEKZIEEIEMERBRAIORNCE TEEAIEEITEEN.

(b) B (wEEE) -
P 5.23: Bt S gl S I XT L .

H B C 2 1V 2 W50 i A g 4 2 IR R RE k. BN, Geva 55 A [9] 38
LA AN AR Transformer B HTIGZ Fir it TR0 AR LL (i by b AP AR A ey
220, GBI IR 2 SO, S THRUR A AR AR, AN ) DA
EE A (HE, EFIA BT GO gnte, Baa ek fo i A A 50
K PiAa 24, n] RE & P EURIAE AC BREUROR TR A AR A BE ) 32 PR
B, AR AL [ KRR XRER BRI, T RE IR IR RS AN T
FESL? KRR Azl . NI, ARRIIBFI TR EIT A — RS OR R SR 2 )
I, HLRBA MU R AR R S A v, (IR ZR et L A A B AR,
PRESH A AR e, O Pl SR S Y S AR B
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Bd HIGT £ R

2. gt i UL
KRG T BRI Grad B b a] BE 2 A G 5 U W 20 1) 220 Al 1D R A 2 Al DL
IXAESE R ] e S EON A RS R R, a0k 5.24,

INERINNEE K IRIREATN40G ?

AT, MERARERBRNZAE , TNRI RSB RIRIRE thinn , BEAR. EREIMH0
b OMPNIBIRR L T B8, TNER A5 hHEREIR.

(a) f L (ZEn0) -

IR INNE R R IR EZN4I0G ?

IMPEIFR X WP BZLORRABHBIF , EXMFEEBROXLORBERONGR. 20,

BT AR RN HERN. BRI , BIFINE , BEEIRISOEFERGE , RUEFISE

M MEGRRE P EF%L. RIMERNMEERBOREINM , K2 —FRRENR , A F4L

BERBININITAGIR RS R, EiEP , RTNNZIOGREA B EE —FnineaiRistE , fm
SRIBAKBIEN LI RIFMEN.

(b) fi . ()5 ) .
Vel 5.24: A DL TE = 2 4 BSOS LE

T AR i O, LSDMIL] [ A28 2 8 5 AR o AR R v (1 4 3 4 i 5t
JEHATIEE, AR AR T AEAL B E BRI M 0t e D, ) R PR AR AT 55
ERPERE. BAEE T ROME S55E M nAng B AR, /U BB b AT IR R IR B2
FERA R S v i WL B 22 2 A a2 TR B 2, R aadid
SRAEA LR I T R A B AW B2 SR, ARSI L . DAMA 4F
N TUST AR A T SRABh) € L BRI, ¥ ST E A EE 3R m i = b i) 2 40
HX R T2300), Hiall “IE5" $SEPMER SHOE I T4 . DAMA 1E
PRSP i 0 i £ B S B PR T L ) I AR A 55 PR TR B

AL TR G AR SORAI A, BN T AR A . R e
WEURA DA B W36 22 4 AU 25 D5 TR R L 3o RS BORRUAWTHE S, A2 g 4 5 AR 22
FEZ AR AAFERVER, R SRR e A R AT H -
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6 For 2 1 it 1 ok

FEHF RN ABIA B SEHROEIE S, KRR R T A
ATREETT . SRTT, BTN R IERRE . IR AN SE A P AT REAFEAEAS A, HOME DA
SEABE MR HH, R “Bea et ra” 551 ER, TSR EREAIR,
KB E BRI R B2 > B LAK B 5856 B S4ey ] EA
JERFFEC RIE TR X L U e VA S IR s, BB <40,
BV A: J8CR (DL B S U2 R L B W S [ o Ry 1 DX S O ok — 2P i
THREF AR AR RUTCR, FATAT AR RAR B E SN R 2 v, (HGE F
RUPEATR AR T o X R A SRS A rhoA 2 H A S A S A A Bl e R S R 2
AT B ARG R 2 i R a5 A i (Retrieval-Augmented Generation, RAG) .
RERH RAG REWA KT 5 € LAREARLN, HHN 4 RAG RERH
WA, 1118 RAG R 48 AR R 5 AL M 3 B RO BORAE Y, IR 41 RAG &
SOIVAS RS RN

* R H, GIT Hub £454% 4 https://github.com/ZJU-LLMs/Foundations—-of-LLMs.


https://github.com/ZJU-LLMs/Foundations-of-LLMs

%6 F Bmigis A

6.1 K2 Wil A R St

SR IGIRAE . (RAG) BT 6 2R A A A1 SR A B 5l K T 5 2R A
SCARRHER PRI & 1, HoR— R AN . (5 B R g . KRS
ZANUIREBRII RS, RAG FIRIEERR . WS S 2R EAN KA F A
A GRS AR R SRR, AT e R A% G R F ALY R IR, 42
USRI AT SRR A N A AT A TIF EEN 4 RAG REMH RS 2 X
PARIEA A I

6.1.1 52 Baui b pl iy 15 5t

RiEFERAEZ MBS DRI T NBHrRe s, HonT AR B3k 14
HIXCE. #iECE. WESE. 2, RERE R NA TR “21” R
— NN A AR UGB AL R B ARIR LB . X R EUE SR A I
NART AR R, “2158” B A BEIR T A SRR A Il e, tonlfE
PR RAUA L
L YIZRBch S 2158

NGB KB S B RR A ARASAR PR IR e R 4R 52 s B Tl
g, (HEH AP S R RIR AT BEFEARR A ) SRR T . iR S EUmPE
IFF T AL, HERAEI SRR R e R T 0B, I HIZR AR REE
ek E G R AR, JCHGR EEE, S EONAS I teAh, JI%k
WA rTRE S AL S m UL, AT S Z0m P it 22 170 L

XEF SIS, iy I R R A R 1k 2B TR S B N ]
i, AR ICE S SR P . thab, PA ChatGPT S96i', X1

URTERENS, T ChatGPT HUAS [ I ZRE L 5] 2022 48
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Ak B R=

bl
W
X
o

2023 FNENMBANERL?

RIBRAEURITEIE , 2023 0B HIIREBANES,00DEIR,0007 28 , R BFITRSAAS
ggﬁg’g’ﬁﬁiﬁ'ib , ERMNFERLETENNERBIENESIRPIOEE , IARRTIEEREE
ERITAE .

Pl 6.1: FITHEL ISR LB R B -

RIRREERZN I HLXR?

RRERENIIEE , CIMBETEREXNMETHTRR , WREETRER (Vombatidae)
ZHNETREN ToWIRER(Phascaarctos) , BItENzZBEFEEXR , ERHT2EMIN
4. WREIEZHAERANT , MERNRATILITE—FRBENM.

Vel 6.2: B2 B FEIZI BRI o

<2023 SRR RIECRE R AR 2 /00, BALRYIEE S 5,000 F 8,000 HZ(E], A1
Kl 6.1~ SR, TERRECRY 2920 86,000 F| 176,000 H. T ChatGPT 1452/
SRR T A2 2022 4F, BB TOVREESR 2023 SRR, 4 TR [

BERRE S HA ARSI IR, (BGRB8 Py 0
WAIRAEAE NS, B 2 BELERe i Ui R . B, 4R AT % hry
ERHRn, BT RETC AR B IEME R, BB h A S A
B BEAh, BT RIEE A A TR 22 2 A LI ) BB TC BN R AZ R, o] g
CAFAE S I 1) S U A S M A 22 RS S 5, ATl SR S 22,
TR R ATEA R 2
2. BRI S BN )0

S TINGRER s, FATE K AER L= T, R P E A2 a s T
FHRFNR, RIEFBAUIAR LIS . i 6.2 Bl 7R, AR
H ChatGPT AT, W PAE FIRHLH WA BN B B RO WA RE I 1% 314, T
FHRIIEIX A TRV R AR RS, e T ISt S TR R
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6 F kKR A R,
e

N
ZHEIRNBRHAT
ZHI697) B 2R
RN I HLAXR?
RIREERZIRE —FiN , TNRVRANILITENEREINN , BTRER. BRERT , AN
BEM BN RIS, T RIRET WESATRZAIERSFRE, TlAozit
AEE, EEEHLE , BRSO RAEESIE.
N J

Pl 6.3: NHRIZALBE S A A HE— 2R

FEAUE T HAA R A FROTHEAT b2 508, AR 6.3FR, It
RE SRS I T IR . EdoRBIRM, KB SHASE EAE 1 B
AR, EARIR B 1w 2E i ] 2

EidwmEnT ek B TR A Ly, TR R AR (1) itk I%Lds+
AR R R AR, BRI SR IR R (2) W2
W TR S AL S A E 22 5, S EURAE S PRI Ar e 225 (3) RSF A
M RS AR b SR B, R AR M AT RES A TR R (4)
firenth Q- ASEZRL PR L) SRS v Y BB AL AT 2 R RE S e A TR

R PR AR R TR A A A R . K 2 Y A R B
R E A G Z AR AR Bl A i AR R B T W22, SECH R IE R . (R4
ANER RO Tr20, HIANTE R TR E A R, G AR IR R G B A
FECORPDRRBU AR, HEmAT B BA G . B, X OEFHALA
PEERIFER, FATE AW AEHRANKAE R, AITTHE B e 15 21 5 R Y [n] 218 ?
N T B AR, AT AT AR B SE e, [ B A, AT
] B A Prompt BRI G AMRATR, Nk 6.5, [ 6.7, BIRAR H A
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. o % 8 @ dcceew.gov.au G ¢

As at March 2024, the latest estimate of population size for koalas in Queensland, New South Wales and the
Australian Capital Territory (the listed population), without any additional assumptions, is between 95,000 and
238,000/ In 2023, the adjusted population estimate, accounting for areas where there is little or no data, |
|generated a listed koala population estimate of between 86,000 and 176,000 koalas. |

e This broadly aligns with the Threatened Species Scientific Committee (TSSC) estimate of 92,184 koalas in the
combined Queensland, New South Wales, and Australian Capital Territory population, based on best

available information and expert elicitation in 2021.

o The latest population estimate generated using the NKMP moves closer to the 2023 adjusted population
estimate.

Pel 6.4: 5T 2023 BPAZRERICE 1 M 25 SR IAT -

@ 2023% , HRGOMZHABEITE (BREMIBRLNIERIEINIR) FHIBHFDB ETTEE
34,000%E176,0002.08).

2023 FNEHRBANERL?

)

2023 IZ R BERL.000F176.000208).

Vel 6.5: IS hnoh e B A IR R 5 A L1 5E7m 11

= ) o4 5% R Q mReEER | ax | BRI BR .o
E I E R T

PHRAE (e Sp 120RHEE v
B2 BHE 28 Wi K AREE v Mg 4@ DEFHE IR v
E GEEN, BENENES
=

LR EFTRERSRAIFAR. (202041819A)

15 EBIH IS E R EXEEE R,
P (8% Phascolarctos cinereus, FB{ERING, FNE. AB{FTERAE, (mE: T =
e Koala) ) , BEAFITHFEHERLDY, SURRSHERANTNRBELEN. FHHR | qmmm: mHUmHES, 0720 Mo
B . FRARIT ML ZF TSR, FBEMAEKMER,

Pl 6.6: T HHAE AR PRAVHERE T RHE A

HASH TIER R, HPE 6.47. & 6.63 XF R AITHR R . X AT SRR E
Wani /% (Retrieval-Augmented Generation, RAG) (A% JEAE . 32838, FRATXT

RAG RS HATHI BN .

https://www.dcceew.gov.au/environment/biodiversity/threatened/species/koalas/
national-koala-monitoring-program

Shttps://zh.wikipedia.org/wiki/
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https://www.dcceew.gov.au/environment/biodiversity/threatened/species/koalas/national-koala-monitoring-program
https://www.dcceew.gov.au/environment/biodiversity/threatened/species/koalas/national-koala-monitoring-program
https://zh.wikipedia.org/wiki/無尾熊

%6 F Bmigis A

( )

WIREE (28 : Phascolarctos cinereus , SB1ERIEE |, #iN00% , S;BEAREE , FiZEH (A
iBkoaia) ) , SRANILINIEHERBIN , SHARIAERANLNARNS L =M , #Hid
BU/RT. @EARIMAESRINX R , AEEOMERIRD.

RIRERNEN 2 BETARRT?

HIRREEFOEHI 2B —FbzN4n , ¥ BAPhascolarctos cinereus , THEFBMK 5FBEFRE ,
WIRIBEIOIRITSHE, iR, ZZRHRE, BHE. XUEIREISeI2R—Fvinin , RAMIIZENS
;&:i«‘égﬁ , TEEEEERRD. BAZHSZEERN L EEHITRONT FAE , FRIHEIRARE
gESVEZHI.

Pl 6.7: S IMANEE B A EA 5 55 A LT 507 Bl o

6.1.2 K& B it 4k

RAG [ 25 5 1 BRAE Facebook Al Research [11£ 3 Retrieval-Augmented Gen-
eration for Knowledge-Intensive NLP Tasks [28] H . Ho38 77 4 it 7 /M 1R % ( Corpus
). HEEEZ (Retriever) . /RZAF (Generator, HIRIEFHAL) L MIIHER
Beo @IS A AMRAREEROCE SRR LS, RIESR AT s . 248
XFTSEAESE A O , HEAGNE 6.8 R . BRI S, 4 —1ARE
G (Query), HREHRFFBHATHRID, HMFRE (W4EETHR) TRiieR
5 R R SO . SRS, RS R B A R LR ) — I A s 45 G S A
IR AR AR A 2R B AR 06 1A A i 4 it . RAG A% D RSTE T
ATF LN R F AL N AR FIR AT R, TSGR R SRR AL S, 2
e AR BT . 3K AT DA RS G DA TSR RS SR 1) T SR RCAS RIS TH R 1) e PE
15t5: (Catastrophic Forgetting) .

Bk, FATESE 6.8 A FIF R iR RAG EA TR HPMmA—
AR 2023 ARRE R B AT 20 T, B, RIS LB RAG HERLRI R R A
B, KRS AR R A A AR SCRY, K8 T 2023 4R hidice
FHRAYER Bk, X efE i Prompt fIEALEBA RIEF R (KiEE R
A AN AR IE R UE 2 HR), dlad Prompt PR _BR SC 2] @ H b i T
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: e 7, ::
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I Xi41 2023 F , MEGOIEHFB TS | —— LT
e HIFOBEI5THEREE 84,000 F 176,000 1 I
"y 1| 2003 EevEnsEE '
—>| Ll P w2 RRARART0GEIA , SeHR *| 860002600082 | !
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REAAL, KI5 5 BRI R TR ZR g, JIoRey A& %, A 3 A
PRREE R AN R REF N

L. 43 fi Xl

SRR AL S Z AR BN, e it RN R K i s 2 e At
AT FEATEY, A IS EREIRIN R K s M XA B
WZAT 2" PIAFIR R R RN TR, RSB, I, FEE 4rm)
PR R G sR A, FRATIE H JO VA OGE A — A R AR B A SR . TR P
OUT, AT DR 22 Bk R0 R0 ff Ry — ST ), SRS R AR AR A TG,
RIG9R, B IERLE, By,

DEMONSTRATE-SEARCH-PREDICT (DSP) [25] J&—FhE A 1t F 14>
G RAEE . ZIERR B S DA N =AM (1) DEMONSTRATE #i3, ji
i B SCEESIRITE, KRB R TR (2) SEARCH #iH, X1 i) 8
PATIRAR R IR, R KPR A AN (3) PREDICT #5584
SEARCH 251 £ AN AT AR e 25 [0l 25

WK 6.24f 7, DA TS BERR IS A] e K sh ) = i A0 Bk DSP H)i
AT N4 . B 5, DEMONSTRATE R 7RI 246 i T4 R B 7= ], DAY
SRV AL RV o X BETR PR O S A AR X1 ) R RS B A 3
Biltn, SE—AT g A ERER I AR K s Y et 477 . BifS, SEARCH
BEYCRE R 28 — A>T AR R R A KAG B, A E MRS s 2 % i, I
BT X8 BRI EE AT R 47", BERIITRER, DA
PR P KE S B K SCAR . ¢, 7€ PREDICT Biblrh, KIBFHALK L5 A
AR RS R AESRE, A 5 ERERI RS KA s B, Ziztmnt.”

265



% 6% R IgimAg R

( 1

(E)ii¥gﬁiuﬁﬁﬁﬁ&mﬂmEﬁHZ? ]

f |
|
; (E) FHAE : ER L RACEIMRTARERSR L ? l
: FiEH : R ERAEIRBHL P |
. % - E |
| Fi% - HROTIIREREL ? :
! £ - RSO0, !
| |
} [}
\ )

(@92 ; R LRI R KON MBZHA ?

Fia% : R @Bk kamRHL ?
18877  REERE "EH" , 2R8I , BRI MR L REEen. RRImIE

d \
I }
I 1
i i
P P meaART , TEBSLRR LB RONERITRIAT 22 ML, | :
: 5 : R LRI B KOS L. :
[} ]
i t i
[} ]
[} 1
[} }
[} [}
| [}
' :

7% . BREEHAT {fj
CjeE A . BETEMERIAR , BASERAN TSR BRI, TIHESRE , NERE

—FbRYN , BPERITE , OB oz eHRRI BRI , BSERIE.

E% . EREERRT

W e
St S —— A
1 1
; RLDE ; BR L EREORKOINNB R | BosiRhint. {i]i
Y N

S Y,

Pel 6.24: DSP jfife/s E A .

o IR S R M IR N, PR T R R ISR A A 5 . LR REAR K
FERE BT SRR TR AN ) TR 52 2% RO A T REA 3 AN TR 0 e X
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S EDEENSY
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HigAe. & 6.258 T TOC HEZL R AN TARRL, ATLA “HEshziait 2 77 X
— B BIHEAT U] . TOC HERL e /E Bl e — ek, AR R B A 5 SO
JER I, A — RS BRI AL R, gitn: rpEES Rt 2, 7, R
MR s =t 217 Etid R, HESR SARYERAN AL -5 T A A
LR —S AT oA BlS, SRR R, HEZOMh S R ITHR A IR 2RI XS
e, BN “IRME SRRt 2 7. &, EATRESAE
2 2 e BRI AR, BEARBRAR A (M9 50 AR T XI5 A AN ) E
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L TR 5 RSN IE| K S P % B T A A - -7
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i, HEET 2 R R LM N ERBE, BRI RS W
FERIENIUE R . 1A, ZRIVRSENAN SR EZE NN FER, 20
BRI AR R AR YE , A5 51 KA IR

6.4.4 KKK

Hr3% H A AN R B 0 KR R AR SOAR . R HE 1T Prompt i A S8 IG5
BUEF, SRBR BG4 A Token WAL, MG T K F BB A HERE TSR A
) AT N 3B ICAY SOAC 5 SV SR A F BEHEA TR L . A/ N XX A
S BIRIF A4
L. LBRICA SR

TE RAG 1, K32 H 110 J5 6 S T 35 4 5 K J0 38 T4 3 AR U TR A5 L
X LETUARAR BN DOE N T 4 A Token FYEE, 11 HLAAA W] REXT RALEL ™ A T4k,
FEAE RS IRE R BRI SCAEY 5 v I 0 2R 0 S50 SCAS i i) ) A T o
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Kl 6.25: TOC fEZE R R E A .

08, MR A IR A B o RBRTUR SR I E T 2 T =2
Token IR, T SCARGRINITIE VA S & SCARPONH 535k - X )5 iRE i AN
AL SR BT AN DAL A 2Rt R s i SCA, PAIBIZDTE AR S, Bl DR B A A A %
PERIMERPE . DA 2 B =305 387 S I 4

Token 2 51| 7 iK1 1L Token FEATPRAR , X SCAS AP A Token FEATHIER
sz HIB Token B HEMERYEHEAE bR, B EDE, WIR—A> Token AL,
X IR E R AR i AR ) 211X 4 Token , % Token & - Hiiill HLA Sy ikt
Wit E#EmR T E SRR, TRERIURAT; 2, AR—> Token YA ZRE
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fiti Token PRI, SRJGEET W EIMIR TUAR SCA . OB Je b A 7 ) gk i Rk
Hedi, BITEZS € MR AR N i V153 SO b BTy Token [R5 32 A8 I (R PPAG SCRY
A E B, TR B s SORR BB . B, SRAT I AR R IR P8 P 4
e — 2SR SOR A Token FY IR R I K B H IR IN R EE R Token. B4, 18
SCARGIAT SCREHEEHUET . ZhAEGE LE 3 DAL e SR EL AL, B P BB SR
SO v 1 B A A AT

T SCARGN I3 IR T SCARPEFTAT 40, AR 5 SCAR R I . FIT-
RAG [35] 2 T 3UARG S i R ¥ %07 R T e IR XU R 45
TICRAT o, AP EREIEAL SCRIA A A - — @ st B SOR 2 0 & & if
MERGEL: ZRBOUMMAFRE, BISCRYEE S THARAR . X TR 2R 201 3¢
B, ESEAR IS E D RIS A TSR, ARG RURR A 1 SRS T 43 Ak
X ECF SR AT Sy o B, MMBRBEIP A BN T 308, WA BUh A BRTTA
AR

S SCARGON I 5 TR BN S IBOE L E S, PARBRBIUR(EE. &
J77 % PRCA [S7] 3 i Y 2R BENS B MR FE i N A £ B S A Xt SCA v (R B A5 R
PEATHRE. ITE AW BE, BT SCREIGT B S R IR B B AE LR SCHEIN
GrBE, DA/ MU S SRS I A SO Z R 225700 H A, XHE B 5L B 8 T
Breg T NG, AT WRLRE R A SCRIRT B8 (5 B F B R4 SO ARSIk sl B Bt
KRB F R SR, HARYE e 4 SCA A IR 5 58 5 HLSE B R Z RN AU
VERRINE S, Ead s 2T X BRI AT Ui Ak . e 2 A5 2 R B P2 i m]
PAE IR A SCRFAL N IR0 SCA 32 S 25 B TU A SCAS
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¥ 6.26: RAGCache HEZR i FE R 25 &,

2 i Token Y35 J7 i [ 1) Key 1 Value &5 R . 4 T #4434~ Token AR
TR 1) Key H1 Value FYZ525, AT AR Z HITT5E) Key Hl Value F)Z5 R T
47 (B KV-cache), {E 2502 HH M KV-cache Hrii AR CE5 AL, ATk o0 52 1t
B, HE, BEERASCRK BN, KV-cache ) GPU A7 i &b i,
UL SR 5 R AR/ [46]. 21, RAG By A B H 510K
R SCAs, FEEASCAREK:, 33 RAG i) KV-cache 774 BUAS ) & -

Ak, 75 RAG 7, KA FERZE R B SCR, 10 H A Aif)iE
TREA . I, FATAT AR A B SCA ) KV-cache FEATZ, AR
AT ATV, DABARAERE A . BT 6, RAGCache [21] 523 T—Ff RAG
R L ML RN SEAEPH, A 6.26f7% . RAGCache R45H =M% L8440
B KV SREEEEE . AR S RAG Bshl2s. Hirbh | KV skER A7 R 45
PR AT IR I SORS KV 3k, Ha g AR m RS0 AR A 3 U
TS GAT P P P A PR AT T EAFAT 5 T RAG $illZ1E R RS 3K
g AR, ST e O SR . BUATITE, RAG FEilde e e R T —Fhii gt
O ST TR R SR (PGDSF) Brifdimg . RIS SR &% I8 T SO R i
AR K/IN S T IR A A B S5y I B R] (S AS050 65 uf 1 1) SCRY BB e B A 2R
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. B, THESRIS A S R A AL R, 1 oA ERAR L Rl T 4 AR
Pk, PABD BT K X FERIE SRAE A h =G B A S gk, A
AL TR . 5, RGEGIAT S8Rk, @il KV ket
FAMERHEIR TR, AR08 T m e R
i b, WG Lk A Prompt 45 KV-cache BLiill, RAG HEZLAT DATESR
FrratERen Iy, REIRTIHACE . KON B TE PR32 B A PR rh g A
ST DASRE i RS 2R S o [ D g e 738

6.5 ikt

WG AR, RAG AT LA EMIE SRR L), HET R
EE R HHR A . AR RIS IR T )2 K3, BT T A HiiT i
AR, HIERZ Wik, TEAT o, FATRHRHEEH 5 RAG REM Tk,
PAKe RAG 2SI R ]

6.5.1 EEtHia RAG 258

NT TR FEN TR A RAG 248, 4F1CH 152 MATTFIREZ
AP, PR ELAU MY (2 LangChain * 5 Llamalndex ” . X SEAHESURME T —
Ry THSED, @I LE MRS R RAG R GEAE R (A1) B A
B, BIRLER A . BREMA (Agent) &5, HTOR, FATRFESCZARAX 4
MEZRR S (0 AL I RE, AR5 UFAR AR A1 ] LangChain SRFEE—M] B RAG
Gt

8https://www.langchain.com

%https://www.llamaindex..ai
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1. LangChain 5 Llamalndex
(1) LangChain

LangChain 575 &AL H HI TG ST & W IR P IR R et T —%
FIBLHAL I, B R ERERE T RES BN A, H Pt ahE RAG HEHL
f %, LangChain 33404 /N kit : Model IO, Retrieval, Chains., Memory.
Agents fll Callbacks. H ' Model 10 3 7 T 44 Fh KA A2 11 DA S Prompt 5
THPE, Retrieval B T RAG RE TR EMZOA0E, A4 SCRIMER .
ScA syl R, BRI B R RS, BRI T RS A P
H o 1M Chains BH ] DUKF A MR — BB AT, Memory BLHR AT DAFA#
XHE A FEPEOE . HEA, Agent BEHRAT DA CHE F AR B Bk e S THRLE £
1, Callback B n] AT BT 38 T HUR 4% % BB EVATN &, LangChain
PO T A B MBS Ry, BB R T MM A B O RAG BT
fEZL,

(2) Llamalndex

5 LangChain #{{tt, Llamalndex 8 LT Bl R s SRR 0. X—%F
PEAEASH %35 A% b 1 S A K & RS . Llamalndex B4 M Z AR (4N
APL, PDF 3C. SQL ¥l ii4s) R BUBRAE Sy, e ft 7 — R IRz TA
KX X LE R HEAT ) R AL AL PR R 5 M7 . FEEdR AL )7 TR, Llamalndex [F#£42
U7 BRI . Ak, ARSI B SUFE RS, Llamalndex b SRR X 245
STk, FHHEP SR AL AE . (HA5 /Y2, Llamalndex HEALARERS 5
LangChain HEZEHAZE &, MIMSEBLH N ZREALAENEE . SIS, Llamalndex filsf
TESIGRER, EERECR LRI, JEW S TR 13 5
TR RAG R4
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2. J&F LangChain £ % RAG 2%

/KA LangChain HERUH G, 225 U5 30 1, ORI HOE S — %
f] HLHY RAG R 4L

1) ZHEETE: HoE, TREAEMSE P 2% LangChain HEZE K A

# %% LangChaintlE & X H K %5

'pip install langchain langchain_community langchain_chroma

2) e S RG M Bk, RATFEMEFEIRIFEZRS]. LangChain
i) DocumentLoaders HH {75 0 SO gk, Blan, FATRI DA Web-
BaseLoader M [ T A i1 28 A 2SR LA AT 9 SO

from langchain_community.document_loaders import WebBaseLoader
# [ JflWebBaseLoadern £ [\ 7 1§ & :
loader = WebBaseLoader("https://example.com/page")

docs = loader.load()

maEsERUE, B mER SR R K, AE AR BTN SCE H, FRERESC
¥4 BN A & K/ . LangChain 3217 TextSplitter 2H {45 2 SCRS 445 .

from langchain_text_splitters import RecursiveCharacterTextSplitter

# ff FlTextSplitterd K X4 % i E/N#3k, H Fchunk_sizek 74 % XK Z
chunk_overlap&k 4| X i 6| i E &K &

text_splitter = RecursiveCharacterTextSplitter (chunk_size=1000, chunk_overlap

=200)

splits = text_splitter.split_documents(docs)

BT RTRA TR R BRI SR BT 25, RS TR . 1R
{ITAT AT Chroma Ji) SoA7 it OpenATEmbeddings % K7 i AT SCRY

10https://python.langchain.com/v0.2/docs/tutorials/rag/
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from langchain_chroma import Chroma

from langchain_openai import OpenAIEmbeddings

# £ 11 & 77 b (nChroma) f ik NAE AL R 45 A5 Fn 7 4 2 B )5 oy SCAS

vectorstore = Chroma.from_documents(documents=splits, embedding=0OpenAIEmbeddings

O

3) RAG RGutii: fEt@ e fifIi 2 5, #F Rl AT R ta @ — A Bl
RAG R4, UARGRUIERRG T EMASPRY, B TAERARDS : X1
AT, RraRas 1 R 5 MR A SRS, R R R B i SR S5 00 3R 1
AR L AS , RITE SR, fe e R A p A 2 Sk Il 4

ECHEATR R AR, X BLRA TR ABET VectorStoreRetriever 47—~ Re-
triever X542, F A EARUEIEA TR R o

# REREA

retriever = vectorstore.as_retriever()

P ARIR L R AR R, X BLBATTRT AR ] ChatOpenAT RGBS 4
Jli . TEIX—H R, FRULUCE OpenAl i) APLEH, 14 2L A ry L AR A A
Fo BN, FATAI AREHEAE ] gpt-3.5-turbo-0125 A7,

import os
os.environ["OPENAI_API_KEY"] = 'xxx'
from langchain_openai import ChatOpenAl

11lm = ChatOpenAI(model="gpt-3.5-turbo-0125")

fiti Jei 72 i A Prompt [{J3¢ ¥, LangChain () Prompt Hub Hig it T 2 Fh il 511y
Prompt B4, &M T AFMALF R X ERANTESE—E N T RAG E51Y

Prompt.,
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from langchain import hub

* RERTRA

prompt = hub.pull("rlm/rag-prompt")

e HAN T LR 5 A, X BT DA A LangChain #3530 5 (LangChain
Execution Language, LCEL) KJ7 fEHREEHIME—5E, FARBIM SO . MR
i A\ Prompt DA R R i HH AL AR

from langchain_core.runnables import RunnablePassthrough
from langchain_openai import ChatOpenAI
from langchain_core.output_parsers import StrOutputParser
# f# F|LCEL#) ZRAG#HE
rag_chain = (
{"context": retriever | format_docs, "question": RunnablePassthrough()}
| prompt
| 1lm
| StrOutputParser ()
)
# B XA AL &
def format_docs(docs):
return "\n\n".join(doc.page_content for doc in docs)
# (% FIRAGHE [ 24 J3] AL
response = rag_chain.invoke("What is Task Decomposition?")

print (response)

WL A BT, AT AT R BEHLAE ] LangChain U8 — LAl RAG
£4t, LangChain $2{t T — 2558 KA TR, @I EAR AR 54
AL AT BT 1R %o

il
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6.5.2 RAG [ 5 /i

ARG RAG RGP LY %61 (1) el (Agent); (2)
IR 2 BB i
L. #iefk (Agent)

RAG 7 Agent RAL AT (1. 75 Agent R L HLEIAEI & AT
R, TR RIS S R VO, ARG 2R PR
RAG L RULFT FaH0 12 FL 3%, B0 1) Agent 75 4L FHAE A4 9 S 31tk 3 P
fig. FE 627/ T— /i) Agent HESE [S0], WAEHLETE UG AL LR
(Profile) . iz (Memory) . i1% (Planning) FI773) (Action) . Jrhitizfik,
PHBE ST T RAG B, DIRFHHS IR RERE.

LRI, (1) REVRBSYOH I B AT R i S Agent 9ff (0, X062
ATDMEAE Agent FOAEHS . B, WU AFHA R, DA RMEAFERIRE % 5 F 1 f
Bl (2) RUCBEYAE AR TSI A L, RRHCIZR R iR
EHT AL B, A Agent RIHRIL. BLEAIRIRAIR . fEik—Bieh
RAG 5K 4 H1G A KORBRID AL LIRS (3) VHRIBSBUIRT Agent #552
TfE 35 AR R A TAE 55 OB S, I RUBEAC RT3 SR IS . RAG feite
BEY PR OEHICR R, B Agent U3 A PIATECHUBLRIIESS : (4) 4780BEHI
SR Agent HTHRIFER ELIRRITTS), EARMTURER . TEUAM D RSB
%, BEUATEREE Agent [ EPIRASLE BN, SO B WO T AR, Aok — B
RAG il K IR SORAI) Agent MYy SRRIAT BT . S0k PRI LA
RAG HORI 77, Agent AEASTENIRTAURVE AR A sk, JRE LK 0 SRR Y
PERE.

FATON “TRBEAENIRINE , TeASHEHE, W LI 27 3% — FL AR
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o MEKE: WICBSRE LRI TR REA M RER. ARiciZH A s
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IOEEPSE
o [EEVEEA G THRIBSLR A Fide R 25 Bl e e e 8. X
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BAEE, Bl Agent i BRI PLIR

o BHIM: BT, TTAIBIHCE Agent B ATEN T 2 DAS) T BRAE R 77 =K

LRI, LR VRN B 20 DA B e A . PR E

SEILEA T, AT AT IR B Agent HESE i &AM AN i 7] AR
KT — S EARBIFRMAE S5, o RAG 4R FIE TR R (5 BT AR, N
FH P — A 4 T TR ) A 7 2
2. B A AU ]

FERTEIF AT, A TR T ICAGUN RAG R4, T4, HIHZHK
S| ZBESEAR IR E ST, RAG BRI T WM H RIS, #lin, EEST7H
S, ZRHESEERE T, A4E Xt . MRL. CT HfiSE G0k, Wiy, &
P I8 S5 SR GRS el AN DOR IRz, i ELAR O [ A SR AR AT
HIER. WL, NSRS 0, RAG R B4 Bl 5 R RSB
BETs, DABR DRI HE R ARV A

Hil, a7 SRS B RAG W, B4 Ossowski S5 A2 H
() BRI 2 B ARRE L [38]. [ 6. 288 /R T IZMEL A A TAERAR . HEALDAZY
&5k XOEW, W) R Dokt ity ol BRRE AR X — AL 55 I BEA T UERA . X HESE
B BRI MR S SORMRAE R R, TRA BRI BN S EHE L, AR EE
BRI R . BG, RELR OB T — B R, T X LR iE
[ LR PR IR R P A RS A 2, AT SRS i A R R A M R M L e
FE T RBIREE RO RERRIR . VAR R SRS R, BEATIASCAR AR
ZMEA . %, Prompt MHEBHORFIX LEF B TR A, Sl BB AR
Mm%, EARfh, BHRERMEZR “SLIUEKR".

bR 7By, RAG 7EH AR AU, Gl (8], EPa (53] Il T H
TEAEIR A5 B ERERRAR Ty, BRI T L A MPSRRCoR . fE4 2R 55 T,

278



= . L%ﬁ Pissj m&m@"

RETHRIRE

-------- 3, S s s Ny

|| TSHRE3E8 @;

RN !

! )
izﬁ&xkh'as xZFfr!niE

Iﬂf-" ﬁiﬁ&ﬂ-z\? —r> ) | ANARA |

P 6.28: BT, RAG HEQ R A .

B TR (E R (101, RAG FEFH 7], AU [52] S5 HAb 2 BES 5 rp i R A 5 1
ERRI. BEE ORI LR R £ &, AT AR RAG GBI 23k
HAUE . EZBARBS AR EA

%25 3wk
[1] Josh Achiam et al. “Gpt-4 technical report”. In: arXiv preprint arXiv:2303.08774
(2023).

[2] Akiko Aizawa. “An information-theoretic perspective of tf—idf measures”. In: IPM.
2003.

[3] Akari Asai et al. “Self-rag: Learning to retrieve, generate, and critique through self-
reflection”. In: arXiv preprint arXiv:2310.11511 (2023).

[4] Jon Louis Bentley. “Multidimensional binary search trees used for associative
searching”. In: Communications of the ACM (1975).

[5] Sebastian Borgeaud et al. “Improving language models by retrieving from trillions
of tokens™. In: ICML. 2022.

[6] Sebastian Borgeaud et al. “Improving language models by retrieving from trillions
of tokens”. In: ICML. 2022.

279



%6 F Bmigis A

[7]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

David M Chan et al. “Using external off-policy speech-to-text mappings
in contextual end-to-end automated speech recognition”. In: arXiv preprint
arXiv:2301.02736 (2023).

Jian Chen et al. “FinTextQA: A Dataset for Long-form Financial Question Answer-
ing”. In: arXiv preprint arXiv:2405.09980 (2024).

Jiangui Chen et al. “A Unified Generative Retriever for Knowledge-Intensive Lan-

guage Tasks via Prompt Learning”. In: SIGIR. 2023.

Wenhu Chen et al. “Re-imagen: Retrieval-augmented text-to-image generator”. In:
arXiv preprint arXiv:2209.14491 (2022).

Mayur Datar et al. “Locality-sensitive hashing scheme based on p-stable distribu-
tions”. In: SoCG. 2004.

Hervé Déjean, Stéphane Clinchant, and Thibault Formal. “A Thorough Compar-
ison of Cross-Encoders and LLLMs for Reranking SPLADE”. In: arXiv preprint
arXiv:2403.10407 (2024).

Mohamad Dolatshah, Ali Hadian, and Behrouz Minaei-Bidgoli. “Ball*-tree: Effi-
cient spatial indexing for constrained nearest-neighbor search in metric spaces”. In:
arXiv preprint arXiv:1511.00628 (2015).

Paulo Finardi et al. “The Chronicles of RAG: The Retriever, the Chunk and the
Generator”. In: arXiv preprint arXiv:2401.07883 (2024).

Tiezheng Ge et al. “Optimized product quantization for approximate nearest neigh-
bor search”. In: CVPR. 2013.

Samuel Humeau et al. “Poly-encoders: Transformer architectures and pre-training
strategies for fast and accurate multi-sentence scoring”. In: arXiv preprint
arXiv:1905.01969 (2019).

Gautier Izacard et al. “Atlas: Few-shot learning with retrieval augmented language

models”. In: Journal of Machine Learning Research (2023).

Herve Jegou, Matthijs Douze, and Cordelia Schmid. “Product quantization for near-
est neighbor search”. In: IEEFE transactions on pattern analysis and machine intel-
ligence 33.1 (2010), pp. 117-128.

Hervé Jégou et al. “Searching in one billion vectors: re-rank with source coding”. In:
2011 IEEE International Conference on Acoustics, Speech and Signal Processing
(ICASSP). 2011, pp. 861-864.

280



FTEMIALE RS

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Huiqiang Jiang et al. “Longllmlingua: Accelerating and enhancing llms in long
context scenarios via prompt compression”. In: arXiv preprint arXiv:2310.06839
(2023).

Chao Jin et al. “RAGCache: Efficient Knowledge Caching for Retrieval-Augmented
Generation”. In: arXiv preprint arXiv:2404.12457 (2024).

Nikhil Kandpal et al. “Large language models struggle to learn long-tail knowl-
edge”. In: ICML. 2023.

Vladimir Karpukhin et al. “Dense passage retrieval for open-domain question an-
swering”. In: arXiv preprint arXiv:2004.04906 (2020).

Omar Khattab and Matei Zaharia. “Colbert: Efficient and effective passage search
via contextualized late interaction over bert”. In: SIGIR. 2020.

Omar Khattab et al. “Demonstrate-search-predict: Composing retrieval and lan-
guage models for knowledge-intensive nlp”. In: arXiv preprint arXiv:2212.14024
(2022).

Gangwoo Kim et al. “Tree of clarifications: Answering ambiguous questions with

retrieval-augmented large language models™. In: EMNLP. 2023.

Mike Lewis et al. “Bart: Denoising sequence-to-sequence pre-training for nat-
ural language generation, translation, and comprehension”. In: arXiv preprint
arXiv:1910.13461 (2019).

Patrick Lewis et al. “Retrieval-augmented generation for knowledge-intensive nlp
tasks”. In: NeurlPS. 2020.

Xiaoxi Li et al. “From matching to generation: A survey on generative information
retrieval”. In: arXiv preprint arXiv:2404.14851 (2024).

Yuxin Liang et al. “Learning to trust your feelings: Leveraging self-awareness in
IIms for hallucination mitigation”. In: arXiv preprint arXiv:2401.15449 (2024).

Yu A Malkov and Dmitry A Yashunin. “Efficient and robust approximate nearest
neighbor search using hierarchical navigable small world graphs”. In: IEEE trans-

actions on pattern analysis and machine intelligence (2018).

Yury Malkov et al. “Approximate nearest neighbor algorithm based on navigable
small world graphs”. In: Information Systems 45 (2014), pp. 61-68.

Alex Mallen et al. “When not to trust language models: Investigating effectiveness

of parametric and non-parametric memories”. In: ACL. 2023.

281



%6 F Bmigis A

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Potsawee Manakul, Adian Liusie, and Mark JF Gales. “Selfcheckgpt: Zero-
resource black-box hallucination detection for generative large language models”.
In: EMNLP. 2023.

Yuren Mao et al. “FIT-RAG: Black-Box RAG with Factual Information and Token
Reduction”. In: ACM Transactions on Information Systems (2024).

Kevin Meng et al. “Locating and editing factual associations in GPT”. In: NeurIPS.
2022.

Stanislav Morozov and Artem Babenko. “Non-metric similarity graphs for maxi-

mum inner product search”. In: Advances in Neural Information Processing Systems

31 (2018).

Timothy Ossowski and Junjie Hu. “Multimodal prompt retrieval for generative vi-
sual question answering”. In: ACL. 2023.

James Jie Pan, Jianguo Wang, and Guoliang Li. “Survey of vector database man-
agement systems”. In: arXiv preprint arXiv:2310.14021 (2023).

Ella Rabinovich et al. “Predicting Question-Answering Performance of
Large Language Models through Semantic Consistency”. In: arXiv preprint
arXiv:2311.01152 (2023).

Colin Raffel et al. “Exploring the limits of transfer learning with a unified text-to-
text transformer”. In: The Journal of Machine Learning Research (2020).

Ori Ram et al. “In-context retrieval-augmented language models™. In: Transactions

of the Association for Computational Linguistics (2023).

Stephen Robertson, Hugo Zaragoza, et al. “The probabilistic relevance framework:
BM25 and beyond”. In: Foundations and Trends® in Information Retrieval (2009).

Ferdinand Schlatt, Maik Frobe, and Matthias Hagen. “Investigating the Effects of
Sparse Attention on Cross-Encoders”. In: ECIR. 2024.

Weijia Shi et al. “Replug: Retrieval-augmented black-box language models”. In:
arXiv preprint arXiv:2301.12652 (2023).

Hanshi Sun et al. “Triforce: Lossless acceleration of long sequence generation with
hierarchical speculative decoding™. In: arXiv preprint arXiv:2404.11912 (2024).

Weiwei Sun et al. “Is chatgpt good at search? investigating large language models
as re-ranking agent”. In: arXiv preprint arXiv:2304.09542 (2023).

Yi Tay et al. “Transformer memory as a differentiable search index™. In: Advances
in Neural Information Processing Systems 35 (2022), pp. 21831-21843.

282



FTEMIALE RS

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Hugo Touvron et al. “Llama 2: Open foundation and fine-tuned chat models”. In:
arXiv preprint arXiv:2307.09288 (2023).

Lei Wang et al. “A survey on large language model based autonomous agents™. In:
Frontiers of Computer Science 18 (2024), p. 186345.

Yujing Wang et al. “A Neural Corpus Indexer for Document Retrieval”. In: ArXiv
abs/2206.02743 (2022). urL: https://api.semanticscholar.org/CorpusID:
249395549.

Zhenhailong Wang et al. “Language models with image descriptors are strong few-

shot video-language learners”. In: NeurIPS. 2022.

Zichao Wang et al. “Retrieval-based controllable molecule generation™. In: /CLR.
2022.

Jason Wei et al. “Chain of Thought Prompting Elicits Reasoning in Large Language
Models”. In: NeurIPS. 2022.

David H Wolpert and William G Macready. “No free lunch theorems for optimiza-
tion”. In: IEEFE transactions on evolutionary computation 1 (1997), pp. 67-82.

Mingrui Wu and Sheng Cao. “LLM-Augmented Retrieval: Enhancing Retrieval
Models Through Language Models and Doc-Level Embedding”. In: arXiv preprint
arXiv:2404.05825 (2024).

Haoyan Yang et al. “Prca: Fitting black-box large language models for retrieval ques-
tion answering via pluggable reward-driven contextual adapter”. In: EMNLP. 2023.

Wenhao Yu et al. “Generate rather than retrieve: Large language models are strong
context generators”. In: /CLR. 2023.

Wenhao Yu et al. “Improving Language Models via Plug-and-Play Retrieval Feed-
back”. In: arXiv preprint arXiv:2305.14002 (2023).

Zichun Yu et al. “Augmentation-Adapted Retriever Improves Generalization of
Language Models as Generic Plug-In”. In: arXiv preprint arXiv:2305.17331
(2023).

Yujia Zhou et al. “DynamicRetriever: A Pre-training Model-based IR System with
Neither Sparse nor Dense Index”. In: ArXiv abs/2203.00537 (2022). urL: https:
//api.semanticscholar.org/CorpusID:247187834.

283


https://api.semanticscholar.org/CorpusID:249395549
https://api.semanticscholar.org/CorpusID:249395549
https://api.semanticscholar.org/CorpusID:247187834
https://api.semanticscholar.org/CorpusID:247187834

	1 语言模型基础
	1.1 基于统计方法的语言模型
	1.1.1 n-grams语言模型
	1.1.2 n-grams的统计学原理

	1.2 基于RNN的语言模型
	1.2.1 循环神经网络RNN
	1.2.2 基于RNN的语言模型

	1.3 基于Transformer的语言模型
	1.3.1 Transformer
	1.3.2 基于Transformer的语言模型

	1.4 语言模型的采样方法
	1.4.1 概率最大化方法
	1.4.2 随机采样方法

	1.5 语言模型的评测
	1.5.1 内在评测
	1.5.2 外在评测


	2 大语言模型架构
	2.1 大数据+大模型→新智能
	2.1.1 大数据+大模型→能力增强
	2.1.2 大数据+大模型→能力扩展

	2.2 大语言模型架构概览
	2.2.1 主流模型架构的类别
	2.2.2 模型架构的功能对比
	2.2.3 模型架构的历史演变

	2.3 基于Encoder-only架构的大语言模型
	2.3.1 Encoder-only架构
	2.3.2 BERT语言模型
	2.3.3 BERT衍生语言模型

	2.4 基于Encoder-Decoder架构的大语言模型
	2.4.1 Encoder-Decoder架构
	2.4.2 T5语言模型
	2.4.3 BART语言模型

	2.5 基于Decoder-only架构的大语言模型
	2.5.1 Decoder-only架构
	2.5.2 GPT系列语言模型
	2.5.3 LLAMA系列语言模型

	2.6 非Transformer架构
	2.6.1 状态空间模型SSM
	2.6.2 训练时更新TTT


	3 Prompt工程
	3.1 Prompt工程简介
	3.1.1 Prompt的定义
	3.1.2 Prompt工程的定义
	3.1.3 Prompt分词向量化
	3.1.4 Prompt工程的意义

	3.2 上下文学习
	3.2.1 上下文学习的定义
	3.2.2 演示示例选择
	3.2.3 性能影响因素

	3.3 思维链
	3.3.1 思维链提示的定义
	3.3.2 按部就班
	3.3.3 三思后行
	3.3.4 集思广益

	3.4 Prompt技巧
	3.4.1 规范Prompt编写
	3.4.2 合理归纳提问
	3.4.3 适时使用CoT
	3.4.4 善用心理暗示

	3.5 相关应用
	3.5.1 基于大语言模型的Agent
	3.5.2 数据合成
	3.5.3 Text-to-SQL
	3.5.4 GPTS


	4 参数高效微调
	4.1 参数高效微调简介
	4.1.1 下游任务适配
	4.1.2 参数高效微调
	4.1.3 参数高效微调的优势

	4.2 参数附加方法
	4.2.1 加在输入
	4.2.2 加在模型
	4.2.3 加在输出

	4.3 参数选择方法
	4.3.1 基于规则的方法
	4.3.2 基于学习的方法

	4.4 低秩适配方法
	4.4.1 LoRA
	4.4.2 LoRA 相关变体
	4.4.3 基于 LoRA 插件的任务泛化

	4.5 实践与应用
	4.5.1 PEFT 实践
	4.5.2 PEFT 应用


	5 模型编辑
	5.1 模型编辑简介
	5.1.1 模型编辑思想
	5.1.2 模型编辑定义
	5.1.3 模型编辑性质
	5.1.4 常用数据集

	5.2 模型编辑经典方法
	5.2.1 外部拓展法
	5.2.2 内部修改法
	5.2.3 方法比较

	5.3 附加参数法：T-Patcher
	5.3.1 补丁的位置
	5.3.2 补丁的形式
	5.3.3 补丁的实现

	5.4 定位编辑法：ROME
	5.4.1 知识存储位置
	5.4.2 知识存储机制
	5.4.3 精准知识编辑

	5.5 模型编辑应用
	5.5.1 精准模型更新
	5.5.2 保护被遗忘权
	5.5.3 提升模型安全


	6 检索增强生成
	6.1 检索增强生成简介
	6.1.1 检索增强生成的背景
	6.1.2 检索增强生成的组成

	6.2 检索增强生成架构
	6.2.1 RAG架构分类
	6.2.2 黑盒增强架构
	6.2.3 白盒增强架构
	6.2.4 对比与分析

	6.3 知识检索
	6.3.1 知识库构建
	6.3.2 查询增强
	6.3.3 检索器
	6.3.4 检索效率增强
	6.3.5 检索结果重排

	6.4 生成增强
	6.4.1 何时增强
	6.4.2 何处增强
	6.4.3 多次增强
	6.4.4 降本增效

	6.5 实践与应用
	6.5.1 搭建简单RAG系统
	6.5.2 RAG的典型应用


	WPS Office PDF Bookmark
	毛玉仁 高云君

任务描述

评分标准

评分步骤

待评价内容

任务描述

评分标准

评分步骤 评价结果

Auto CoT GPT-4 GPT-4

图 1.10: G-EVAL 评测流程。



