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1) Transformer Z2¥) A9 H4E A=

2017 4, Transformer 4244 3X — BB B 81 3 T A 3 2 AL 22 7 A 2R 15 5 Ab BE
A A P 9 AT 55 98 X, 0 IR SE BOIN i = EAL I R e B55E T kA

2) BERT #58Y fiy g 25 Hi ik

2018 & 10 A ,BERT (Bidirectional Encoder Representations from Transformers) #& %l
2 bR 2 I ZR- TR e U IE B 7 . BERT 238 F 1R SO/ Wy 2 A, 5 i K
IR R ) BN I B — iR AE R = B B O 1R X & KR . BERT %
BRI LR 53 R P B Be . 5 — B BOR Pl I 24 28 I B2 ol . ZE WU ZR B B, BERT #5244
3 o KRR R s 1 SCAS AT N 2 . B0 25 ok FH R BB AT: 55 . — o O E 5 B AL (Masked
Language Model, MLM) , i 138 55 i A 75 %1 7P #8935 43 Token, T #f 3 55 A9 Token; — &
T —/m) Wil (Next Sentence Prediction, NSP) , Tl Wi 4~ 41 - J& AN & 7 22 10 . 78 f0M B B
BERT #4213 o8 [ [ 4% 55 5087 BT A 280 LU B Re 08 (0 AT 55 . X Ry iR R O 42 5 800
J8 (Full Fine-tuning) , & BERT BMUFRHERY GO T3 % . X5 T — A BARAE 55 Clnnim) 24 pL &%
PEAE)  7E BERT 28U (1% FEfilh b oS i — A% 10 )2 0 A7 G0, B AT 75 3 — AN BF X% AE 55 1Y
FEAL,

2 B 1 R R T2 R T R A R Y SR e RS R 4 T SR e R R % R B R 1 =
ANJTH
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T R FH 2 SURI 468 2 B0 Ak 4 350 5 50 R T DX 1l ) 7o A5 7R 4535 4 S 400, 3 O e ] R
B AH R Z X R BE T S5 ) AR R 2% AR 40 1 R

(2) UKL 42 1 g

7 B R FH 43 J22 25 20 AR TR W o R BR B X B B AN [m) )2 R R AT RS A AL T B . 2 2800
TR TG0 — W 2 ) TR B Y 43 2 2 ) ARG I, T0 5 M AR AR R A 2 0 T M IR AT RS 4
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(3) Bd s AL R E

o BE AR RS AR 0 B L X AR i R T i R . A S OO R K AR v A A
Ok BT A AR X0 TR B IR R A9 37 AR Pk A

B LZHORRAE BERT R 1 I 2 1y 5 &t 1 I 3 550 i A 2ok i R 9 e 1 st
EIE AP

(D AT,
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B — M S (Bl 4 B TITAN Xp GPUD . 306 T3 58 A 55 5 S Ut L 4 B T Mk L it
T

(2) KAMEPER BIR

DR 3 L7 O P e P o 5 RE ) 5 38 R E AT 55 Z B ISl . S EUOM AR B S 3
GOMEVE I8 o RIVTE TEH AR A L) 7 AR S AT 55 I, B2 T 10 HOAE Tl UI 24 Bi Be o ) 3 iy ]
BE A,

3R sk e Bk AR ol BT 9 A AR e BRI Y B R T kL Ol S 2 S R SO B R
4R BEE T A
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2. WEEHH Q019 FES)

ORI 2 S8R AOOE Y UR RS B Be . BB KRB RIRLSERE 10 /0S40, 45 800
AT AT MESZ 2 7 PR . A NTHEBIE ST o0 e ) 2 0 RO b 35 P AR S B — R
e . SBOH RO BRI 2 H bR 7 PR BRI 42 2 B0 1 AR 19 [R) I, 2 3 b 1
B UG SR AN L[]

SRR O ETE P & E AN GT I B . TR FE A R WL =
TP J7 1%« 3 50 A GO0 L AR 7 A AR B R e 20 i o X =M 7 0 A R L BE R AN ] B R
Yy s KAt T 2R R e R

1) 3 e & fo

2019 £ 4> Transformer Jii it #i 28 A8 B4t . 12007 6 09 4% 0 JEUAEL I 38 3 7 Il R A
R g J2 A AR i O C AR, SRR BT AE B R SR B0 T 2 2 R AT S 1 R
fiE s SEBL T X8 4 AT 55 A DR SHUE

BEJS  BF5E 3 5 th 7 IR AT BC A B AR IS O an S5 AR A, i — 2D Ak T A TC A% 5 A R 2k
TRMG X L6y i g A (6] Y O 2T R T I A A T s O Y ARE S, SRRt T B SR T A i Ak
A 55 38 L SR W

2) BARIR A

GPT-3 W) . F 2% >3] (In-context Learning) Ji & T &/~ (Soft Prompt) i 8 ik,
XoF I HlL 5 2 FEROR TR B Prompt A] R M A $27R (Hard Prompt) . 3R48 7 2 7l 5 2] () %
S fa) ik, a] DUd I G4 7 2 B0 e e R s AR EAT DAL . X R O7 R TR E N TR TR R
i, AT RLA S0k LUE RS R 55 TH SRR L SR AR 55 07 ) R s o e e T
JE 1 BE 7R S5 A8 K AT 55 48 2 G B AR R i AT 9 B — 8 43 5 | 3 RO R AR 0T R i o G
F 40 F% Prefix Tuning,Prompt Tuning 1 P-tuning,

Prefix Tuning 75 ¥ il i 745 B B A % i 28 02 8 75 0 ml 2 o B 42 7 o) d R SE B, 31X b
i E R HAE T 0] IAEA U IR B 16 DL T AN TR AT 55 A 6] i 42 7%

Prompt Tuning J5 ¥ 2 $ 4% 55 48 2 g 5 2 AT 2% > 9 1) &, B T80 Prompt Token
AR A ) B BB B, R A AE SIS S 8 1 00 T 51 AR R 2R 09 i A1 2R
0. 01 %6 Z I AT 38 Be R AT 55 RORBEAR 1 3H 57 B2 AR oK .

P-tuning A0 7 —/> AT Y1 2R Ay fix A 5K, XS 5k 5 AT LUg 0 A LA SR B S 4 19§20, JF B
i T4 7R 2 B 4% (40 LSTND R AL AL $2 78 S 80, L IR 4 R AR AL  TE S AT 55 B2
T ESBORRCR

3) ARBRHE B 43 fif

2021 4F, 58 A B4R T LoRA(Low-Rank Adaptation, & B AL) . % 7 5 B B8
TR AR 1 38 5 ik 2 B0 e S I AR B R I 1 e R, R sl /b 1 5 BE I 1 2 4
B OB SBE R ES ZREBAE 0. 1%) M KRR T 77 6% Fit B oK .

BT R = RSN A — B B SUUE 5 1L 1 0 TA® (Infused Adapter by
Inhibiting and Amplifying Inner Activations) %5, %7 & 51 A T ZHEAI LG XA F
SRR AR 2% 2 32, JH 2 2 32 ) 1 0 {8 2 047 4 i e Ak

MIRA SCHR K 2 8800 RO H AR B 5 B8 A5 i ) 0% 3 3l B2 T 17 10~ 100 f%, x4
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7 58 1 2% A 75 O 5 EAN 2R 0 B RO, B AR T TSR IR SR R S p] i A5 1 B
Wz FRA B A LR & R = B A Al fiE

SR X LET7 LA K TRk . 2 80m RURO T7 12 38 % A FE B 38 i 450 A1 14 31 53 F
B R TR R SN PERE . BEAb X LETT R TR B AT 55 SZ AR RE 0 T AT AE AN L L XELLAE £
ML 55 Z 8] 3 2227 o) B R

Qy 3.2 KBGO

3.2.1 =#3IENMRL

KB SRR A iR L R 7E i S B2 TR (d =101 v 4R B U 20 a0 Ak T 0, H R
A KRR G D
minE (., Dy [L (S ) oy) RO —0,)] (3.1
1 :

A0, ARERBINESEENALI R C O M TGS B Wi E. X — R EEA
S RY 0l 29 o s AR AR AR A 2 IR T LR A R

1. S = E B % B R

KA ) 2 500 ) 4 B2 G 6 e I BT i AL SE AR R AL A Ak BEYE [T . il G GPT-3
BERIPHA 1750 /LS80 X EWRETE 1750 AL 419 2 s (6] vh BEAT D04k . 3 P o 4 25 1] A9 1k
JoT 55 AR 2 23 ) A A A BT A () i R 1 i 18 A 2 B OOXE ™ [l i, 7 v 48 5 () v e L =2 )
F4 1 R S R A S AR RME LA SR A SR AR AIE 5[] I A A 5% 8 I 3 A4 52 A0 T 22 415 4
G R T BT v 2 2 (0] v AR AE R B 68 22 Y RE AR MR A TE A X SR A AR SR Y
DE A T3 7 T X RS R 8 P T s P D B A

2 J3E M 1) R A — A~ B S SR 1 3 s A A R M LA R R R . X T — A R
FTACS R, RV A5 2803 25 08 D VT RE IR, 8 2R 2 ] A MR 2 R SR
B SR A SHOIT IR 10 Bl BE B9 BUE IR 20 T — DA 100 (LS BRI, 14
RS [A] P RN 15 3 10", 33058 3 HY 24 WA A 0 MM B . PR T o o B K 1
R (1] P A A M R 3 A A0 8 B e DL P 2 RO O DR ol 1 e P A0 B —

2. FFOMALEE 2L

ARG 5 — AR AR P . SR B AR J R BT w85 2 2 S0 1) v ol o
BRAR N PR T, A7 AR 98 K SORCRE B SR TR/ L N T R B A R A AR A XERE . AE AR AR
A AR Sk T RE B AR AR /N R A T G i 8 B e SR R DA . R T R R R
75 40 2K pR RO A2 2 PR — 20 R 1 3 — [t (A D R 7R e i B A AR W 52 % ) 4 2K S5t
WL o A5 B R 014 e S Ml /I L e R % o B2 2 1 LA 254

A P I A S A A BT G A e e ) S 0 E L B [] B9 400 iR Al A5 RT RE S i AL
BEE S RN A [8] 9 J BB /N i T ik 28 Jey AR/ i RO PERE T RE 22 SR AR K. AL LB o0 L B
LA T E AR B T — AR SR/ i 2 R T BE R AR 22 A9, TN S BORE R A I a4 R
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A BEAh AR PR W] e T B T AN ARE 9 A0 AR I S B v B G 5 AR B
RGBS .

3. ZHZTEHMRRKERE

5T £ W, S 8058 8] P A AE K& AR 2k B 78 (Low-loss Pathways) . 5 3L 4k FF (Effective
Dimensionality) U E4EFER 0. 120 ~1% ., X —FEPERIRE  BAR S 402s M 4E Bl L (H
bR T2 8B Ty AR AR .

IR A 2R P8 AR Y A7 TE S PR KB R GO A A i e 2 — . R SR g ER &
BV RE B T S8 S S R g Ty ) b 78 Ak A 2 i A 5 ) 3 S 4 S T ) AT RE
SR AR O, BUE SRR R R R A O .l ad O K SRR T [n] AT L KR e T AR
UANE =€ 6= S NITE/F=A 0 SLNINEIE

TE S bR LT - R f i) 1) DA Al ) R 3 IS A 5 2% 2 TR AR A 481 0 2 T A R
PER ARFR WA, XSRS — DN T [ A S 2 P . 1 X X SE Pk L AT 5
HATHE T A RO AL R W G 2SS Bk g i T ik DA R S BRSO T
5%

3.2.2 REHMESWH

AR G ) DA 1) L, — A SC il 1) P AR T JE JH S (Hessian Matrix) B9 25 26 F
BT B G SR S R M o 388 5 R 3 A SRS 2R 453 2 bR ) i R A L T L e P
fifp ol R 3o A DI A MR, Iy T S T A A Bl 5 i £ 3t B S B A

1. BEEESTEL

T TE T R A B 20 A S R T 45 2 oK RSCTE AN [R] D7 ) 1 5 T X 2 gl SRR R AR R
Wi T OEAC L BAT o Sl o A AR SRS T LT RS R R e A v ) DA B R O S O
RA R T 2 AR R

RS TR f1%) PR S A T LA /D BOR e i (DR R B 42 3 2 B R R (EL A 254 . X R 4 A 3%
WY 451 2K R ECTE L 26 07 1] b B 0 25 9 il 30 107 AR T 1) B DU B P33R 4% 1) S P Y
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S AE SO R v B 2 T BE 2 B R TE

TR IR T 23 M ik g LA ORI (432 AL BE 1 B2 B TR RO AL . BIF ST SR T, RSN B 2 Ak
AE ) AT BE5 MR ZE AR I RO R AT G . (A, T 2R DR B A IR 0 R I 23 A e WA B A I 8
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PFRUR FE R R A (B Jog /N AR B A9 FE AR, & S e T ok 7R AN () D 1) b iy ol R 22 5 AR
AT v, PR A 38 R 2500 350 T 3 11 O SR 6 O 1) % 1 25000 s R o 107 o il A5 PR Ak o R AR RS
R o T BOBR BE T 1) T BE -5 SEBR R [ D7 1w i 22 K . AR A RO A 3R — A I U IR R 1
TR B RS PR R B R B . X TR IR T 55 A5 PR ROS e T ek B A [ 7 1) L
R 225 . ARPFROBUR , bR BCE A [R) D7 1) b 4 il 3 22 SR, G A o AR BN R

I A5 2R R (— FBA A 2R PR RO T 10 R 25 18D W A AL i R i) S ok 2 2 D7 Tl i) .
SRS S A A Ry oS R M b e N [T €y I i AN 2 Y N
RN . FLU L B AT RE T BORS B 7 1) 5 SE RN DT R 22 R A 3 D 22 L AR LA
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TR il FF A % O 4 28 0 45 28K L U0 Transformer., %4209 A B 5 v fig S 3040 0% ol B LA
S22 1l SRR L DT JE — 28 0 Ja 2% R 8RR
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RAG R T 1) o5 — A TR UL T [0 (9 2% ) Sk . AR S M [ RE e Ty ) I
F14 018 Al % S e T AL T 1, 37 22 S 5 T S R I B9 AR AR 0 A 4 DDA O

2 1) 5 Ak B DA D i) X (i O vk B e A TR SR . 9 G, R SR A 5 vk o A A
7 1) L AT 2 RO L T LS A A A I 2 i L OIS At R AT B R RO AR . il
b ATV B BT L 5 225 A i S PR 91 A ST O ) R 5 3 T LR [ 5
fi L i PH A [ 64 2 >0 3, DT B 4 M 3 7 4% 1] S P 9 (I A R 5%

5 1) Pk 5 R Az AL RE A G . WSS R B, OB R 7 B 88 Ty ) b #) U T e
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3.2.3 BN EI

T ARy B AR i £ (3t 1 — > EDWL BB A B R I R R S R T
o 4 2 0 A R AR B T U L ORI R el A TR X R LR R IR R . X — R UL
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1. REREHEFEN

DI A A B P A% 0 AT 4R 2 T R 2 00 T s 48 2 0 1) v 9 IR L T TROE I
WEFE R A S 80 1) 4 B2 o I AL B S2 bR TR 2808 AL R BR TR 4R T 1. X —
AR 28 I 1) A7 2 B AR A B A A0 19 e 2 —

AR ZE P 1047 A 1T LA i 2 s (8] (9 JL A o R B . 7 v 4 2 s Il b RV L4
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IR W B A7 A 18 5 B B8 54 AT 55 B PR AT 5 . (10 0 T4 E AL 55, Bese 2 00T
AE LA 2 R0 B, IR 7R X 28 R SR Uy ) b AT RETE R B R B E REAR TR AR . it
b TN S A A n] B | S A B 2 M0t N — A E B IR 4R AT G450 2o A mT A XA I
B LA AR IRER

2. WATENRERE

AR A i AR UL, GOR R n] A FE R 4R YRR R . X —d Rl g EHS
B A BRI B R A 3, TR BITE AR 2 AR 55 EVEREE AF SR & . TIOE 4R 2
AR T2 M s (8] B 5 48 B2 X MR R AT LAAE AR 6 B A T3 AR T 92 Al

TR 2o e ) T P R AT LA i 2 R 1 O [ R B . RS RS b SO R O
[6] 368 5 Y5 A = SE A S ) 5 (0] T 3 877 [6] A BE S5 AR A I A9 O 1] — Bl ad HOOG T X s
SE 7 18] 19 2 BB AT LA SO AR R Y L AT B P RE T 4 9 SR

IR R I — A HE R e o iF R0 2 B W e — /NS 2. 40, LoRA,
Adapter Tuning %2 8w A 7 1 38 ik BR ) 2 20007 19 5 1) s 4 4 i) DLAE IR 4 0T 1
PEATA R R AT Z RS XA & T ROR AR oy 76 5T I 32 BRAY PR3
AR A BRI T AT RE .
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2 23 8] o3 A 2 B i I iR AR UL S 2 T H. . el i o Hr S8 [ b 1407 1) By
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D2 3 8] 43 Bt B9 — A~ B B2 AT A8 O o 3l 5 PO b B A — S i 22 . IX — i
75 ] RE SOk T RE 2 AT 55 5 BN 2R AT 55 2 18] B4 22 3 045 ()i 7 7 2905 36 15 TIN5 b 32 A
) 1) 75 ] SR AT SR8 . AN 7E ) 45 22 4 U A o, RS R 5 S 2 o) 5 I 45 22 4 A O
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A BEXS AN [R] AT 55 s D E o 38 a0 3 6 AN ] D5 ) b A SR AR S AT LA B G el i A R
SRV NEE K, LA AR aod e A ] 5 me AR 4 A7 Sl FPE E

4. mA AN BRI B IE

T A B U5 36 E AT L ik 52 e T 5% A B 23 B ok 5 . SEUEDIF 5 n] LATE 3 73 B oK
L Gl 3 R 4 2 RO A D I B S 5 A R R R AR R 2 AT . BRI o B )
AT L o R R il 3 2 s [ B8 TLART A5 1 5 DA (o0 oo 6 o] 7 3 28 LA 45 1 T AT

SR 5T AT L5 TR R R 2 i S TR ZE O b OF B0 G R B A XA e
HEAT o 00 3l A o3 BT R R 2 B T e 2o R b i R A IS N B O IS B o R T T
BELEREE BT 1) b T IX BT () M AR T — R R . B A, 38 a7 O O vk R AT
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®3E KEBERAE 77

Pl UHE S 2 002 6] b I B 48 R R R A e L I 28 B T S IR AIE TR A
B E o 30 Sy B e R A o] B G A i R SR AL TR RO A

3.2.4 HMAREVMHEZRESE

DRI SO A 5 2% S5 W B AT S 2 ) 22 ROBE e . T8 TR 2 BT 400 2R 3 30 0 22 R
i s R LA ST e s PR T Ao o v 4 2 b B G I D I A R AR SR R A A

1. 2BRE LHMR/MER M

T4 JRy RUBE I RASE R 2 B0 ) 48 2R 357 L3 5 A7 A6 2 B/ IME R . l/ME 2 2
i 104 2K oR B0 A A DX 3 L 5 R0 S B0 XA DI N B B R AR R AT 55 R AP . 2R
/IMELF HB B A7 A TR R AR 22 Bl [R) B9 2 JOE B, T DA R 7 4 i A 55 b 3R B R, AT
T AR A e Az fE e

e /IMELF5 M B A7 50 RO i AR A EE 2R W . 1 S AR RO B A 2 A AT RE B 1k
BEAS I T He BV RE R A RO S BORC E RO FTREPE . LUK B AR Y 0 S R Bk A AL AL A
V5 B BURAERE AR R A BRIV MCAS ] S ST 46 08 A e 7t T RE e 3R P R R 4 ) /) (B 2
Moo dRe . EHTIN T R B AL RE T7 . R D 22 A /M M vl RE X R AS [R] (9 3% s T 5L T
X BB [ 1) 2 7 07 2URT LAFEAS ] B9 R A b B R4

4 Jry ROE B A /ML 2 M s P ) Al e B AL o B R A o B AL e B T 5 B AL
R B ) R U (L 20 A1 FAF DG 2 AR 8 P LA DR 41 ik AR A 2 s [w] v 4 BE AL I8¢ 5 FN E
Rtk

2. MM RELHSINIRS

TEAIOUL R b RASE IR 2 B A A 40 2 S5 WL e e B AT MR 7 32 5 0 v AR 7, 6 D 4 2K v
e R TR BA A W B R o Rl i AR 35 e 1 451 2k R RCTE TRV RLBBE - ) MR P R A
SE P R R A A B AR E VA B R

T RUBE L 4 i A3 IR 57 7T A3 5k o0 A 45 2 bR RCTE 2 802 ) v 1) SRy R AT b ok PR . (22
s 8] ) oW RUBE L 453 2K R RICRT R 52 2145 i PR3 A 52 W 81 1 R B0 1 TR P L R Y Bt
BRI U6 A 55« AT S BORE R A2 2% ) 2 s R o 3K 48 0 g e P (00 A5 0 A i 7 A RO RO A
FEARRAE M T $R 2 4 Jm) B G Ak A0 X

PO RUBE - Y i AR 7 0 SO R AT B BB, S, BRI A S AR
PR /) A B s DT AR ARG 8 4 J) e D0 it O T BEAE . L, B A R R A DI 2R 4 g R B
e 7RI LA R B W 2 e T A R Az AR RE T . B e T o i A
AN E P A 22 U AT IO 45 2R ) RE B W 35 25 5

3. ZREMHUXRHIAT ZNFIE

AT 2 J I 1) 22 RUBE R P Bl 5 1 A9 B 2850 . AN T B 81 D7 0k T REAE AR R it
R F A TR ROEE I R B AN R B ROR o A0, S 28 57 3 al g 48 K R R 2/ RO 1 i i)

JINELF M 7O A T 72 DU R SR Ak B v O RUBE b ) % 1ol S P R AR S BOUE RUBE Y R A
Ik i )t
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22 N i X 00 7 35 9 52 0 T LA 3k o3 W A () O kAR AN TR) RO B 47 o ok B . 491
N, 42 BOOR J5 1k 38 o SR BT A S8 AT AR BT A R BT R R B R A RS . &
S8 AU 7 1 30 e IR ) 2 R 64 O e A A L T DA AR RUBE b AT A SRR R

22 N a8 SBR[ Sl 08 75 1 A A 8P B 0 THE SR . i dn L R R Bl Oy 3 T REAE
FEAE 55 BRI R AF 2 O EATRE S AT BOb PR R 1R SR 45 e RO, 8 ad B g 2 KU
R R LTSI AS 5] o O vk A e 2 A 55 B A9 R B, O O R £ 45 0 A RO O L SR R S

3.2.5 WMiAHFARME

RAE TR BR8] 2 A A9 A% O (L R LA T 3 P B 0 i 1T 2 250 % 0 B BT 25 2 J3E R AT 2R Ak
AR

1. MEHEIE 5

k

B

P RE 3 25 0 SO B RN E S — SRR i O B R R AT 55 1 4R TR AR R
IRE T . X P BB 4 T AS (LA B0 A8 1 0 36 55 4% SR 48 b L L 38 AT BB Al 435 A58 780 % AR s S 48 1 iR
10 4 AR B % 300 2% 2 B ) A B RE ) S AN DT

P BE IS 25 19 5 Ak AT LU o 22 RS Aok L InE R R RSB R L R F1 . KA
(AT 55 F] RE T BN R A HE bR R PRAE MERE I 25 . B0, 76 SCAR 20 JAT 55 v, fEAf R A FL (B2
W B PEAS R AR s A Ay 4% SER AT 55 P RS A R B I SOR B2 H A O PEAG TR AR s 7
] Z 451 , BLEU 4380 . ROUGE 43 %045 & % T Ak $8 %

B T EALTEBR AL L PE RE 3 25 10 AT B MBI A R R X R S U IR B R AR L Bl g
7 43, o ol T LA TR A e T A T R T RTARE A L DT R R S TR R . AR A AR
AT 55 v, ol T L TR T G b, L A AR O R B0 L DO A B R T AR AT, X SR
AU 0 YR 4 R R T B LA i B — 1 T R R o (L T X AR R A S B P A
HEREL,

BE Ak o Pk RE 38 25 34 1T BE R BL7E AT 30 2k R0 (AL BRARE 1 L. WS R B4R 5 Il 45K
3 53 A7 AS ] A4 T SRR A B AT R X AR AR ) o RN AR A T e Y R L e O L A
U AT B 2 5 g b b B X B i 2 Z2 0], AT 488 v 4 A 1 foH 4 Az b B

2. Mg mE

Y280 SRR Bl I B AR A 9 565 A 48 8 8 A A A A DI o A o 1 A ] R
SEBTIRMIRE ) o S0 SUROR BRI RS A R Y kR 1) 0 2 0 RO T LA Al
1758 B2 RL ) Sl I I 18] A = 22 /NI B 28 = JLAS /NI o 33 00 R 428 T AN AR B 7 U1 25
R ] L s 355 Y1 2 i 5 9 5 B D L e i 2 O i

YRR 5 A0 AT LA 5 22 45 A e 47 Bk S )10 6 i 1) | 3 50 9 D500 R L 0l 7 oK 4
AN TR] B 00 5 12 T REAE X SE A b b 2 B HE AN ] B9 88 A e o ] A 4 2 B0 B AR T RETE
PERE 1 3% AR 4 ELAE VI 25 RF 5] R 55 98 D000 8 b 0 T B R i v A 5 1 2 B s AR A O i
BIR T REAEME RE LA BT (H AT AE I 3 R AR SR ek 1) AT S BT IR A I AE

A o A RS E PR RIS VIR AR I B Z N R . — s H SR i o i F A A
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A LA A8 I T A5 B L 3 mT DAY N T TR 5K AT 4 i R
3. RiRHFE

BE VR FE S TR B AR (ELAY 585 A AR A B Rl B OR A A 28 8 2 R A v
A RIRBIRE ST . BT AR B9 A AT LA G 22 B oA b ok A i L A0 WAE R OR VRERESE . AR 9Bk
7 5 P REAE X SE 5 b 1 2 B HH AN [) 0 98 IR AR A

e AT S WE AL I T RE A B ASE 2R ) #f TR o — D B D R AR 0 BRI vk S AR
AT LT A8 R BT U 3 T L AR R A TR ) T R DI S s A ek R 5

4. WA ARMER LRSS

PR H A B8 i {8 AT LA o 1 BB £ L U SRR M B IR AR = A B AT SR A PR . A
[ 149 18 P 323 5t ) RE X I = A2 A AN [R) i E AR B . 9 A T R A2 BR 19 B 2 B o B
RAGERL ] e A BRI AR 2 I3 5 1 2SI Wi oz 14y 37 5% o, AT S S A0 DI R A R A 4
BRE 5 7 JEE R 5 B e b BN v T RE AL RE Y AR AR

WA L5 VAR R H ARAN (3 75 225 I SE PR N M F5 SR A2, i, 7e B y7 ik
T 55 S8 AT, AT AL 1 14 B AT 5 1 T R L I a8 38 R e R R B Ok B T T P AT
R A5 AR ZR e v, DI R A% 38 F BT IR AR T AE L RS B B B O F B

Q3.3 Huide

N TARBE I = R0 B R B AR b B S I R 2 Y Rt 2 KL
S AR I AL B R . RS TR AR 94 8 SR AR AR DR B IR T i 7 P 4k ) T D
#0730 AT IR IO Al 40 o o 0 B R AR R B Y 7 ik

3.3.1 HIEESEMNEEY
1. BIERENTRUA R

Bt o R O L Y SR P R 2 — o AR O e e v R TR 2 AR A 4R AR Y R 9
HSH DU 3 B RE A 55 o 0 SR o i A v RO TR T RE 2 2 > B K al v ) e e
O 22 . S B BE T B

Bt I e A 4% 22 A 05 T NN O R P L S8 B L — BOMESE . MERRTESR B0 R B A &
SR IE s S8R PEAR AR B 1 IR S T A L E R — BUE R A R B TE A R R A 2
[ 2 75 AT — B A% UM . U A T 4 75 T A 38 B0 85 v 7K 1 1) B0 L A B D R B g
A P R L B R

2. HIEEHMENERMN

Bt 22 B A B B 1 A FE RN 2R Y . AR A B BN TT LU B R R 2 o B T T
AR ORIARR AL, M B oz AR RE 0 o RS Bn I T o, DR Y 75 8 Ak B 45 ol 2% A5 9 g AL,
YNGR B = 2 L R R AT B8 TGk B X I 28 AN [R] 9155 00
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EETEAEBHERARRITIL N A

o e B AT 55 v RCHE R TR i A TR ST 1) B SCAS L A0 4 I T BT A A
S b I LA AN [ BE A SCAS AN ] XA 1 SCAS (el P a8 2 ) A T 400 8 4
SCAR CUNRLZATAR ™ i G155 o A IR RIS A" B 2 2 £ 4% Pl 00 T I B i 18U 155
S [RIRE TR TR 2R GE v o Aol T 38R e AN [ i) 5028 2R R 45T 1) [ 0 B A L AT L i v DR AR [l
% ) ) i

3. HEMEERIAMNRNKXE

AR TN ASEAY O 2 HLAS AR 3 1) 18 55 B AR 8 0 o AU B 100 B30 B ASEATS R X e ¢ 5 2R
AEEW, — Bk U, B R, KA A Pk BE B T R L (EL R B R B 2
B YR A ]

SR » UG IR A R — P R 2 . B8 19 I i P 2 M TR e 22, R /N
) B0 A L 0 SR O AL AT R Rt n] DR AR A 1 SO RO . B L AR
T 28 TR R 5 B 5 S 500 T i RN 2 R

3.3.2 HIEHKIESIWE
1. N EE

AVF 20 TF 1Y B s B T I 4%, 3 Se R 9 B 0 i 280 TORS O B BRI AR L AT DL AT T
O] B 5 1 A AT 5 AU 0 SCAR 0 2 I IR BT iy 44 SR U R TR ) B AL fdE T X
SRR AR T LAY 48 5K WO AR T R I ) FSAS

HH BN T B HE £ & 8 F5 Hugging Face, Kaggle, Google Dataset Search,
ModelScope %, X267 5 2401 T K5 09 = Bt i B0 4R L TR s A AR 0E S AL B RN L
ARAL B4 22 AN 45 . A0, Hugging Face B datasets R4 AL T #85 5000 A4~ i i 404 46
AL SCAS (R 5 005 22 T 26 R B0

TEZEPE L TTHCE A ), 75 2% R ROH A 003 M . B8 B 0 3% 5 O AT 55 A0 G , B8N
K& R340 % 5 L PR R SRRl A 3 T B RO B 0 U T S, DB (R RE A
AT R AT IO RO

BN FE T A AT 55 b AT DL 4% SST-2, IMDB 25 548 4 . X 26 5046 45 0 3% AN [
NS Y 1 R SCA . A i 44 SR RT 55 T A LU #E R CoNLL-2003, OntoNotes 7
KOs X SRR AR AL T A 48 SEARAR T AT DA T I S 48 SRR R, TE I 25 A
AR A5 5 L AT DL 3 R ARCHE AR CIC-IDS2017, B AL 1% 1E 5 1Y I 2% 3t & 70 25 b 2 o k&,
DDoS i 14 % AR 45

SRT s S TF B R AR WA A — 2L R PRV, B 5, 2 JT H0Hie 46 T R 15 2 B IR Y 1o 37 55 1
56 AV L S SR B A 52 B b R A R BN IR T . R, 4 Tl 4R mT RE Bk = B LR g O
SRR . BT S TFRCHE B T R AL B — SR R R R L X 23 5 AR A I ZRASCR

T vE Mk b SR R L AT LA O T B AR R AT 2 Y TIUAL BE L BR 25 P A R R R
e PR B R R BN 5 T DA TR 2 A A0 O BOHE A A O L LURS i BHE B 2 A P
FURE s 30 TT DL SN 20 T B4l 4 0 A7 580 1 5 L A BT B R 4 36 B HE 1 A RO
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2. EEIIEHE

FERELENG BT o 23 T R dla 4 mT B Gk 52 4 Tl A2 4o S8 U T 5K o e ARk o T AMSC R A i 40
SR B o T S B A 2 TR R AN R 2 T I, P AR N L R B A L CER R E
SR A At T LA DR R 55 5 B BN P 37 5t S D IS S DT i o el 9 R

00 70 B 2 A5, T LA DK BB 2 SCHR L D3 s v B ORI 5 7 46 Bl U, AT LD 5 i 41
e BEEEEAE PAR BOROE  AE A A AT U I A SO L S 0 ) e v B IR 5 A I 2% 22
AU AT LA R 2% 352 A CAN BTy K 35 L 3 ) WAl RS BN | k2 s mT LA T 20 BT R 2% 3
ARG I 5 W AT R

TEMSCER 5 72 A0 S A0 I 5 T TR B RO ) A SR ] RE 52 B RRBUIR L A
REF T AL H Y . e A, 3 5 25 R B B AA TR AL R 0312 21 0l 605 > N B 3 £ B sl L
AR AR SR o P J S B 4l I, FT RE S B R AT I 44 1 b B AR AR A OGO B T

3. BiEiRE

Y R AT B G AR TR o PR X T — SR Y R AR T O L W AT N AR .
B bR T ) 5T R B R R OB S B B PR RE . R b i AR A AT A0 B LA DR A
SR F T 1 R — B

P i A LS LA AR B 1 g SORR TR FIARE L B ER bR A B30 A 55 A T b
AORRAR . LU S 10 A bR TR o R, 38 55 H A AR O 40IBR 4 R R BB AY s T N B
TR WA A AR TE 2 AR St A BRI IE A5 R

B I T R LT LR s B PR T N D3RS s T s VAT 17 AT 1100 LA ol A bR T 2 R
AN B s AR TE B RO I T80 A A OO L 08 SR o T AR P TR SR s A T 0 R AR
g <, LA R BRI ZR i oK

3.3.3 #IETAIE
1. XARFEE

SCATE Y H R WAL B — 2 R B R E RN — ., BEREEBRITHGER . H®
BA AT (0 P9 25 4 v A5 8 ) 11 23580 3R R A A

SCATE VE R B DL AR AL 48 2B HTML AR R 0R 45 5 F i) 45 . 3k S 4 R ] DLy />
Mg 7, i v A5E Y 1) V1| SRR3R T P 5 AR A R R 37 S S R P A T T B R AL

ZiBR HTML F5 28 FIRF5R 7 A5 & SCAS U e 1Y FE AR . HTML 5 28 FURR 5k 7445 7] g LA
ANTEIE A B a0 H AR 0 s b B9 2 A R AT AR . AT DA I D) ek Ok 2 R SR
) J0 K F A RS 5 CHTML #5325  URL FlHL BB 2F 41k

FEBRASE IR I O — iy DL B SCAS VG VR BRAE o 45 T R) A i 78 SO vhofil 36 BAE X 1 T
FR 5 /0N B T o 5] 2 e S B SR A A B SO the " is”  and "4

TE W 28 T2 504 v, FE B85 TR AN “ error” “warning” “alert” 55 1] B8 B A 1 2 & X, A M
Bl RSB DR 455 FH 3] 20 3 00 AR 4l ELARAT: 55 RSB AT R B, b Ah L 38 AT IR 48 SCA Y 4
SRS A A TR 810 2 5] 2 SCAS v b BRAE 3R kv ) R A S A5 3
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TEAS O M AT 55 o W] L5 B HTML bR &8 e 5 5 40 RS FT ) o UG B 0T A7 JEOH 7 A7
MAER N . e 24 SEA U 55 b, mT LA 22 B s Tl 0% B8 T B 4 35 i 44 S AR Y 3 1
TESCA IR JAT 55 o ] DI B SCAS s AR B 5 0 A S BRI

BEAb s SCASHE PEAE SCRPAL B B9 VR TS 25 22000 . 0 o SCAR 335 2 T LUAE T4 SOAS B it
B B — BRI S TR SR BSOS 23 B RS R A I 2k

S3 i) AR AL B A — AN B AT 55 B R K % S 0 SCAS B A R S e
AT, 4 i) Y SO e L4 R S A0 B AR L T SOAS 4328 A IR AT L A 44 SR AR RN A . AE
) 4% £ 4 I8, o 4 1) T I — S ik A Y R T 8% 22 4 R R 1AL B IR AR AR AR
HOLE 43R DT A s E TR vk R TSR R R T IREE A S WA

I B B T 3 A ) R v R U] A0 e R VC C VR B /DA AR X B Uy kR AR
B, 5 T 52 B AR5 2 i 04 5Tl R TR R U], e D Ak 35K 5 5% 3R] COO V) [R) 8, 7 X 2% 42
SRR E S RE RS AR EM LA 4, 1“DDoS”“SQL i A7 i f17 5% LA,
I 24 42 4 B4 T I8 FTRE AL ST TR G R S B AR B0 A e SO T SCRYTR A A T L #E— 20 5 T 53]
Y ME FE

HET G EA RS R ESTHE B A B SR R S DL %, X ek
5 ¥ T LA A 3R 6 SR A [ 0, 87 8 R e A b 1R R R AT I 2, YN S R A 4% HLX G
PR Y 5T i A0 22 AR R B o T I 40542 A B0 5 T R BT A 0 A U TR 2R T BE X AR ML
BRI T 3T kN H .

FE T URBE 2 2 0 J7 15 R FH P 26 I 28 IS0 G4 24 28 D) 4% 4 BRI 8 I 28 4, Gk S8 T 7k
AT LA A 8l2 2] SCA R RRAE AT, Ab B R 8% S5 1] (] (881, (H 5 2 Rt (%) 11 550 9% U R b 1 i
HAEHRY A PT fi BEPE AR 25 . SR, Bt T 050 B R A0 3 RN TR B 2 S BRI R i, TR B 2 )
(1) 5315 J7 5 78 ) 465 42 4 50 H0 A 3 o 708 A BRI AT

TESEBR N b, 436 7 2k () 36 4 55 22 75 IR 2 R R R L g R L AL R T R
A5, A Ak P A E K R R R RN T AT 44 1) I D) 4% 2 A B B T DASS B il R 3 T R0
() J5 3 TR T GE T H sl B 2 ) B9 0 325, S it R 3 7 R0 %) 2 Ak PR UL 3R] RIRR 2 R T P
I TG T ol B B 2% 20 1 Oy A BHR 5 SA) . BeAh iR o] DL S AR BB R L il anJE F R
SC A IR) SCIH I A L B R 4 i) B TR

Xof TS, A3 V) AR ] BRL AT DA B R IR A A L, T e S, 4 ) D) R A B 43 i) T
B, jieba, AT &—B A jieba #8477 34318 AR .

import jieba

text = "HREFAHE AN T RS —NEE T m"

words = jieba.cut(text)
print(list(words))

TE W 45 22 480t v, T 2L PR AT S RN OO, S SCMR SO A . XTI
bt B AT DU S 45 218 5 B9 2038 T H A spaCy 4%,
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3. 4AL

TE R SCA i ABEARVRT , 5 Sf L 40 S SR n] DL g i 8 IR X X B g #E . W
T 9 A% 7 1 A Tl A (Word Embedding) #1 BERT Tokenizer %,

TR A A2 R P ) B By — AR Y % A ) i, AT DA B BRI 2 (R AR O R . WY
il A T HALFE Word2Vec.GloVe &, Word2Vec & — 5t T 28 W 2% 1) 17] ix A 5 2%, i
ST E R SCER R aY H AR B Rk S 2 i ) . GloVe J& — R I TG i By Al A 7 ik L it
ST BRI M AR R ok 2% o ) ) L i SR ] A D7 R T DL B BRI 22 ) O OOG &R L WA AL
PR SR XT A SRTE T PR AL B AR

X I 268 2 A 50 A S Bl R AR LA T 3 7R AH DGR TR FIHE &, 40 “DDoS” “ SQL 1 A7 il
B8 e AT Z A B o SOOC &R 32 B B AL I ZhROR A RE

BERT Tokenizer J& BERT #& 84 i J] 5 — Ff 457 5k 2 11 J5 =X, R SCA 20 1 8 1 4
(Subword) , A DL EE & s b PR A 2% 58] (0] @1, BERT & —Fh i T Transformer WY 2515
TR BERL AT DU T 45 Bl H AR TR T AL BRAT 55, A0 SO A 2 w4 SRR I A R BT AR
BERT Tokenizer & BERT AL F (% 5338 T H , & i H WordPiece 8 3% SCA 438 hy 1
1) AT LA A 3R 85 55 1) A 5 UL A]

TE 2 8 G B 7 1k B L 757 25 2 AR RL S AR 55 e i, 140, X T 5T BERT RYBLAY,
ZMfFH BERT Tokenizer i#f 47 4 s X T & T 1% 58 b 28 I 2% 1 A5 784, ] DA 1 3] i A B
One-Hot it 55 )7 b AT g i . ML Ah 8 75 B 2% 800 8 1k a0 B0 = 40l 2 A6 1k L B0
JoT o A PR S A W RS T Tk

i R o) R A A 455 A 3R] ) e A 4R R RN L. R ) o A 4 R N 0% 5 A Y i A 4k JE TG
BC ) [r] st 1) 90 PR I 2365 Y 5 DAl O 5E BR3)1 2 o 1 A 5 4% O B0 2 Tn) A

S A 11%) JoT e W R AL P R A E SR . e BT A S R AT DL SO 1Y 3B SUAE B B B
R AERRPE IR, (R M e A] R S 305 8 R R G A MRS e LA A PERE . 7E M
2% A IR R O P B G T U A TR0 4 28 A A R b B R L AT DL
AR R G 5 A I R 40 5 1 28 2 P AT sk

Ry v g A T , AT DA SR Lk i S 5 T EL R L 4N Python " Y Gensim,spaCy .
Hugging Face Transformers 4%, Gensim & —/> H T 2 @B SCR 2 51 FAH LR K R 1Y
Python £, & 928 Word2Vec.GloVe iR A B IER T E . spaCy B2— ATk EH H
SRR T AL B PE L A0 5 U 2 0 ) i AR 44 SEAR IR E R . Hugging Face Transformers J&
—MHTF Transformer I 25 B8R4, 4% BERT,GPT-2, RoBERTa 2 il Il Z5 455 B4 Al
Tokenizer,

WA 38 T LS, G 22 B G B D7 325 49 G T) g A T3] 4k AR BER'T Zhi B, £ BURE 5 8 19 8
k. fan, mT LA A A R H DL TR RIAE S L (i ) BERT 4 it 3878 7 28 AR 15 R 4 %
AW ML H L 3 R g 0 1 BT B FIRICR .

4. HiEEE

AU 3 8 R A T I — BB T R I R A 22 R L DT R A Y 2 AR RE ) . DL Y
a3 50 77 1 2 A 45 [ SR e L BEAILAR A BEALIN R | Bl BLAS #e 5
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[Fi) SC 1) 25 45 2 8 K SCA v 110 2 AR 48 Sl AT A () SCAR] . 91 0 o v 2 4 Ry PR
IR” ., AE W2 2 A g [) SRS 48 T DL T 0 s 0 B A 2R A ke DDoS” 8 4 S
oA AR LR S5 T UK SQL AR O SQL AT A L BOFP O TR T AR I 2 o £k
o (0 Z2 R L B AR B AN R 23R B9 U RE g o SRTT A Y 45 22 A v, RSB ORI R RE AT A E
(R SO T e S A AR R 45 (] SC 3], 3l f 50722 I i AN L

BE B A S 18 75 SCAS P B AL A — 2L 50 g0] 7 ) 2% 22 4 el rp , BE AL A ) DL A8
LI 1 A8 S R0 AR Ak, A0 AR O A A P A TS G 3R B O AR AU e A Y TR v AT
oo AP vE AT LASG I o B 1 20 A M R A A L B R A A gk M R N . AR TE
W0 £ 22 4 vh , BEHILAE A TTBE 5 1AM RS RT3 , 52 el A5 AR 114 )1 5 R B L 7 4 S A A i R
HN% .

BEBIL A 55 2 i Bl LM B3 SCAS v ) — 2835 7 90 2% <22 42 QU sl v, BE LA B8 o] DL T A
Tk i 348 1) A 5 B B 2R A AN A o A R v ) B S ) BRI SE B Y H AR B . X R
T3 0] LA 0 B0k HOHE 1) 22 0 1 A Bk S B i AR %) R R R W . SR A R 2K 4
rh L BEALIN R FT B85 B0 B 28 BN 58 B, 52 0 A5 1 1) S A AR TR i S I AR A A A
ES

Bl BILAC $8 2 8 i AL A2 F8i SCA v 1) — S8 B R) 1 067 B 7R I 44 A AU BE LSS 4 TT LA
FH T REAU B0k 1 0 18 12 78 A B3 7 A G A 48 A o il 3R v 90 B8 L A L AU [ 7 33k
D7 BB o 37 5 ) LRSI e B8 i 22 R M 0 AR S v 3R e B R B 3 P A AL fE
1o SR 75 I 25 22 4= 40U FH rh , B AL S 6 T RE S B0 2 4 1R BT SRR L S e 5 A (1 B
LIRS R o Bt R S E A

oK FH Y B 39 50T AN G L O SO 0 3 S s AR TR A AR AR . UK, B
Fh 10 iR 1 R B RO AR R, R SR SR EO A, T RE 5 A 2 MR A B e AR A 1Y
2] IR B R R 22 A MR S R AR R, W SR SR Uy R - BT R Y LA R
A BETC VR A RO B 1 2 R

TR v S A R ) BT SCR AT LA A T Ml Y B e 1 R T ORI 4 Python
i) EDA(Easy Data Augmentation) J&, A LLi5E B A B 36 50 2500, U048 5% 10 HE 5 F o
SV 4 R B ROR AN AR . AT LSS HEAT S, DLFR B 3 A R AT 55 10 HOHE 1Y SR SR L SR I R
RS Tl 5 4 0

Q3.4 ABEIH

A 2 B 2 — TR 8 01 B9 RO U s, B R B ) IR A AR S A S 5 R

XA BRI IEAT S RO 25 8 =D E B R . — R0 e B8 1 I 2R 36
B AR A U 25 RASE Y By RUABEE £6 0 F) DI SRR 05 . 3 A0 935 0 P B AR PF 3R B . — 2
U Kl AR PO 2 R R A I Xl s o, A UMM Bt . — JBOR U T LA I 3R
AE BRAT T IR YN kKA R A Y1 S5l A 32 T Al I 0% 1] 2 KA 7 ) i 4 A X0 g i
T HE S Y SCHR B B TR T R R AR I, =R TR 2 ORI 2 SR AR A0 AR
9 HUASE 32 TN R A A I i o B ) 0 2 M 6 T A 2R A i >R P ) 6 2 i DA B I
SR (2 2] A RN IR R EAE) .
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PR =R AR L RSO ol DU S S R R 2R s AR B
BIR 0] 75 R BN A7 T 44 S5 B 9 R AR A VN R A o % T B U558 2 1 20 o DR 2 4 2 50
T3 1025 — B T A 22 ) 28 BB R 03X AN RO 45 % T B A BR B4 00, A1 A 43
JLAR AL TT i

3.4.1 THIMEFE

W8 HMETT AR F & DIff Pruning, Diff Pruning 8 i3 2% > — AN B 8 A9 2 (8 1)
(Diff Vector) , HAFfifs 5 I G A F A L 728 £ 14 38 43 o DT IR IS ik 20 17 A5 28 ) £ fith 25 8] 75 oK
FIEHRFE T 52280 AR Y M RE . BARR UL, X T8 AT 55, 2% 2 — A B0 22 {8 17
Tt 1% ) s A T IR LA TN 5 S B0 0. XS 25 M 1) o AR I 2 R b E 5 Lo YAk
T G A it ) 19 T SO (L AT 1 35 L B9 A% . B AT 55 B0 i B8 I, Diff Pruning fR$F
T SRR R e R B R S A — /N I 25 0 ) g T R I AR R £ A fi
BARFEAAE

Diff Pruning 7EVL T 2 HA B EL %,

1. ZBEHFFS]

Diff Pruning R VFAEA B E AT TR T OL 22D 2404155 . BX TR EMEZ
AR G SRR A L BN = i 55 5088 3l e a5 A

2. E&F3]

H1 T Diff Pruning AN 75 2 AR I 2RI ) 5 18] By A3 4E: 55 B 40008 S AR 55 U B ik i 5%
{9 Un7E L AETE AR e S I B AR 55

3. REZRNE

Diff Pruning Mgl A> 18 5Y {9 £7-fif 75 5K 5 HC RE 88 7 B U5 52 BR 1% 30 85 v 38 28 L 9] AN %
B F R ARG .

4. tEERR A=

Diff Pruning f2 ¥ LA 5% 89 75 SUAF AR Y B A [R] RROAS 22 [ B 22 S X0 Tl 24 B 2
AL RRAR 14 37 55 R A
J4E Difl Pruning A2 IS AR EWAFAE LT JRBRE.

1. HEFH

BIK Diff Pruning /0 T A7 75K L HE R RESE N THSE T8 R 5 2 70 75 B0 B D1 4 A
55 W 5 O B AT 5 DI R il 2L BRI 55 e E 9 28K

2. MRS HERERNE

Diff Pruning i id LO &85 1E W AR 35 i 22 7 1) 2k B9 5 i 41 o (EL 3 vl B 2 BV E R R 75
FLCAT 55 b AT RERR BB A 25 43 1) B A4 RE 1K B BLAEPERE
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Diff Pruning 31 A T 57 00882 5, 0 101 1 W AL38 3 A RTS8 o, T B4R 40 4%
3.4.2 TEHNFEFE
1. BRAKEIS

PEVRFEF 2] B RS B — A G E TR IR R . % 0 1 TR B 2 > HE 48 3 B4 ] SR
TF B (FP32) R s W48 S50 O (A RS B . FP32 #2482y 7 (i A U8 F K il TR
ZRRBE S 255 . BRI FP32 N AE 5 R K TSR WARRT AR . i AT A AR
T AR B B B AR AT IR B 2 ST U R nl ek . Horb, NS B IR S 8 (FP16) A
B /INE PIAF 5 RN = I T S OR 0 22 B 56T . FP16 1 N AE b A FP32 [ — 2, 1fif
TE 2 HF FP16 B9 GPU |, FP16 B3 8 B itk T FP32 8,

TR A B I 25 (Mixed-Precision Training) 454 T FP16 Fl FP32 (AL s, , i i 76386 24 1)
Hu 7 H] FP16 DA & 3t 38 R0 A A I8 A7 o5 TR] B R R R R Y O B R A b Al
FP32 DR BE R Pk . X FR A (o F AN TRDRG BE A% =X 9 5 1k AT DUAE A 4 4 R 78 3 A 2k 14
100 T o 2 4 e I R B 0D AT AR

BARME FP16 A7 N2 B A7 G 2D o B3l B P B R A0 = A P 3 (R T2
K BEU Gt afy e 1 — 2L Pk G, 5 12 H A 78 1 20 250 BT AT B BB T i o 52 I 2 R R
PERSE AR A MERRPE . DR fe] 72 4 FP16 A [R) ik O 4 i A B L SR TR 50 B 11 2 7 2 il
(A% L ), AT LA P 5 N B8 A R AR 400 2% 406 TORD A 56 B0 B T PUAT AR E A AR B B =
i OGS

1) 44 FP32 FRIA

TR ARG B I 25 00 55 — T G B AR R 44 FP32 T @IAS , B g MR AL {3 B — 4> FP32 &
RIS, FH T4 1 b ZELFRUR S B B2, K FP16 RUAS T 52 bk B i 1) A0S ) A6 4% 3, X —
FARfR YT FP16 45 2 A B -5 350 A9 A 317 25 % IR R, ff O 1 A I 2 i A2 1k 5 ME R 1k

ARSI R G DL LA R B 1 08 7R B UGE AUTT iR i FF FP32 32l A B 46
iy FP16 MuAs , FH T AL #6115 . HOR 7R T 1 A2 46 i F2 vb L 6 FP16 AR iy AL 14 47 1t
A TR . PR TE R I A R R B b R T FP16 AUCE MBS E AR . BT TE
AL SR % FP16 B R R3] FP32 FE &4 i, Jffff AR AL 505 B8 FP32 AL . 58 B
BHE S H EOHTE 1Y FP32 AU 0] FP16 MUAS 45 T~ — UL .

2) PR 4

TR 5K B I 25 09 27 — 30 DG B R AR J2 400 2% 4 ik X J2 — A Bl 1k FP16 Rosh /N ES FE(E T
T AL . T FP16 BYEUE I 84S, 06 BE A AR /e, AT RE S s M &, 3 U
RUTCIEA R > o 30 45 2R A TR R AT LU AR J3EAH 38 S 33 b Vi [0] A [i] Esf £ 4 A 18 B
BB B

5 2R A8 T A D B 3 e i R R BSORE LA — A [ S B 4 i PR RO A T R R e
T . HEARSEI AL . TEET ARG R R R SRR L S DL — A [ W 4R s
B4 UE R L= sL s 76 1) 45 3 32 72 b, T B 3 0 4R 2 Bl A IR) (9 46 s B 7 s T
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KBV = s Voo 5 FEAL T SEH0 2 iT B A BE B USR0S B JRUAG 1 16 B HEASE L LA Afg
TRE B 5 FP32 4 —3K.

KRR ALE B PR 1B BEEAE FP16 2o vh i RS M .l Jk R A O M 1) A 4 B A
JEL 2 A RCOR i G 7R T FP16 A B2 PR S Bory 86 BE 5 B &k . 78 BB AN E Z AT P
B BE B LA A8 O] W0 52 30 D s RS At R 1 B S ) ME R A o AR A RO R 1 S B A T
PEFF Al B A0 T s o AR s R/ HBORBOCR A WL 47558 W] B 5 BOBR B T 3 s W2k s K
R AT RE BRSBTS LRI GRATRE . L, S A G B9 s (E0 TR & 6 I 2R i 1 2
EIREE, TRl T AR B AR R R 55 R s BO(E LUR B R A7 5. 46K
PR B4 3 5 5 2 X R R Y AT 55 AT R s AR o A SR BRI b L 75 R R BT A AR
o P A [R) A9 246 DR 1. 3o 26 i) A7 552 B P PP o AT A0 A B LU DR 5 R B I R Y A
bk

3) BN R

TR A A 2 I R A 58 — IS B B R AR B SR AR X — R T o 7 R B T R
FE S ARIB R SE R RO T FP16 K B2 IR S BOR BUE 3R 25 . 7R FEAT 1) B SRR SR AE A
I, TR IS R AR FP32 KT RA, LR RT3 i vEwa 4

BRI 0  AEdeAT i T3y 1 FP16 #EA73fe iz B, 70 R AR 20 5 R R

FI FP32 #20. ltn., Btk a Fb 1S BAT IR N D a, b, . Hha, Mb, H FP16 #%
i=1

A LB D - 155 R FP32 thit

BCRBL B0 AR T SR S BRI R VE . B 1L 7E FP16 T i SRl L T FP32 #EAT
FRL B T FP16 K R 7T A S B B R 22 . SRRSO ke A R
FLSROAA X B AR B E M ] FP16 5 L 7 40 135 SR e 1y R B 40 1] FP32 318, 3 o
T ESCRAGT FAE

2. AEFEE

L AT AT LR R R T R — 28 N AR 1 (Low-Memory Optimization,
LOMO) J5 15 B0 4 S BUORD TS B8 IR 0 AR08 . A2 Se LAk 4% 4 Adam B¢ SGD 388 43 7 b
HEAT . BRI SRR B L SRS R X S B A B R S, X R O I O T
AL T S B M A B AR N A DGR . BT ), — R B AL T R A AL
#r LOMO i #5857 8 2% AL 25 i DO 8 L KR T ARl &

LOMO M0 B ER“ R G # EETFRE 5 28087, Bk UL, LOMO A& %1t 8
BSEEIE IR JF G — E T A S 80 2 0 B — 30 S8R K AT B B -2 HOE
BB . R LT AR AE 1 I AE AL B 0 S BRSBTS 7 L [ B A T S
A B DN TTTRE B0 BEAE A I 2 24 BE N O GO BRI O (D . BRILZ AN, LOMO iR T 2 F
BRI R AT e e . — Rl b6 B (R BT By IR B S K RSB AR —
JETE AT 4> B M BE RO Sy R B, R S R R A B G s R S AR 4
Bl R IR T B Ok R B R . X R T4 LOMO fE N A B E R
M S HAL N AE A ARG5S A, LOMO 68 6% 44 4 77 88 1] F A% 30 45 1 7 15 10
10. 8%, X —R Ve RS EL G LA LT 8 ¥t RTX 3090 GPU K3 24GB A7) i
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1T 650 123 BN AR AL 1) 4 2 BU0R 1 vl g .

LOMO RHZE LT SGD 144k 5 W o 8K /] AT 850, (P 7 T X 2 2% 119 452 78 5 85 25 i)
BF, PR BB A AR Adam 55 [ 38 B2 2 R AR . XBRH T LOMO 76 5 2637 50 R 1 R
MR . i, AdaLOMO X LOMO #4718k . 254 1 A3 N2 1 BB AR A AE A 1k
T ERRE LOMO WAARCR I RIS (A% 5 E RS AdamW IS .

AdaLOMO B0 AR MG [ 3E B 27 2] ALK 51 AR AR A HEZS . B 58 A 5Ll i
SEUEAY AT &I FE Adam FEALER T A HE T S ALE] . 3 A 2T SR A B i 4R T R
Kk, HTIX—KH, AdaLOMO 5IA T [ 35~ FR AL, [ i 388 5 3F 6708 B 23 % (Non-
negative Matrix Factorization) R Al T Ak 45 R A o () B 46 L DUTHT 78 A I 38 3% o oy A7 75 K
IR TRV N2 S B A= 2% 2 <N

3.4.3 =S HHIARSG

LOMO #1 AdalLOMO #1387 Transformers, Accelerate fil CoLLiE W, A/NT 41
— M LOMO 22500 R H deepseek-r1-distill-qwen-1. 5b £ B Y 7~ ] . %7~ B
S AR TR rp i A 4 2 A Bl A

EBROCSE VS

conda create —n lomo— env python=3.12.3
source deepseek — env/bin/activate

e B W AY Python FE. 945 PyTorch. Transformers. Datasets A1 LOMO I 1k
W,

# 4% PyTorch(ffi & 5 CUDA hit A< PL I )
pip install torch —— index — url https://download. pytorch. org/whl/cull8
£ H A AR

pip install transformers datasets wandb lomo — optim peft accelerate bitsandbytes

A a2 B A R B

import os

import json

import torch

from transformers import (
AutoTokenizer,
AutoModelForCausallM,
TrainingArguments,
Trainer,
DataCollatorForLanguageModeling,
get _cosine schedule with warmup

)

from datasets import Dataset

from tgdm. auto import tqgdm

from lomo optim import Lomo # X% A Lomo

# REBE
device = torch.device("cuda" if torch.cuda. is available() else "cpu")
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print (£"fifi % %% : {device}")

£ BN E
os. environ[ "CUDA LAUNCH BLOCKING"] = "1" # i T8 cuDa 4R
os. environ[ "TOKENIZERS PARALLELISM"] = "false" & K 4y da] 28 I 47 DA Rk £ 2

£ BRI AR A
model name = "./model path/DeepSeek — Rl — distill — Qwen— 1.5B ori"
data path = "./data/data.json" # N B 4R AR

# nzk tokenizer FIf A
print (F"HNZRAE AL . {model name}")
tokenizer

AutoTokenizer. from pretrained(model name)
tokenizer. pad token = tokenizer.eos token # R EHETEIRC

# LA FP16 A N A A
model = AutoModelForCausallM. from pretrained(

model_name,

torch dtype = torch. floatl6,

device map = "auto", H H3H L GPU 431
)

£ U0 UF AR A S R AR
print("\n KA BRI S HEH ")
for name, param in list(model.named parameters())[:5]: # HITERRT 5 2%

"

print(f" {name}: {param.dtype}")

£ ATEIR TR B
print (£"\n #5A Z 58 . {sum(p. numel() for p in model. parameters())}")
print (£" i F 1YL AL A4S - Lomo (&S EUHIA)")

£ mE A
def load data(file path):
print (f"INZEHHE : {file path}")
try:
with open(file path, "r", encoding= "utf -8") as f:
data = json. load(f)
except Exception as e:
print (£" INZEHE B A - {e}")
= AR AR A
print ("4 @ 7R B EHE T - )
data = [
{"question": "f} 4 & AN T8 f8?", "answer": " N T8 fB 246 7H B WL R 4 Ak P A7 8
BB R AR SE AR S IRE ST ),
{"question": "fFARIEIE 2 2", "answer" : "R 3 SR HLAR F 2 I — Ao LG,
B 2 2 1 28 N 245 o 2 2] R 1 s FRAAE . )
1
print(£"EM#L {len(data)} F&%EHE")

return data

= b EEE

def process data(examples) :

& SRR
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prompts = []
for q, a in zip(examples[ "question"], examples["answer"]):
prompt = f"[A]:{q}\n % :{a}{tokenizer. eos_token}"
prompts. append( prompt)
# i SeA
tokenized = tokenizer(
prompts,
truncation = True,
padding = "max_length",
max_length=512,
return_tensors = "pt"
)
# X T A MR E, RS AR
tokenized[ "labels"] = tokenized["input ids"].clone()
return tokenized

M IF Ak #E R AR
data = load data(data_path)
dataset = Dataset.from list(data)

print("AbBECHEEE - ")

tokenized dataset = dataset.map(
process_data,
batched = True,
remove columns = dataset.column_ names

# MEINSSEH

training args = TrainingArguments(
output dir="./autodl — tmp/results",
overwrite output dir = True,
num_ train epochs = 2,
per device train batch size =14,
gradient accumulation steps =4,
learning_rate =1le—4,
weight decay=0.01,
warmup_ratio=0.1,
logging dir =". /autodl — tmp/logs",
logging_ steps = 10,
save_ strategy = "epoch",
report to= "none",
disable tgdm = False,
dataloader num workers = 2,
gradient_checkpointing = True,

class CustonTrainer(Trainer) :
def create optimizer(self):
A A A T R S Ao
if self.optimizer is None:
print("\n G EMEEE - KASHEIEEA ")
param_types = {}
for param in self.model. parameters() :
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dtype = str(param.dtype)
if dtype not in param types:
param_types[dtype] = 0
param_types[dtype] += 1
for dtype, count in param types. items() :
print(f" {dtype}: {count} PZS%L")
£ MBS UG B AL E S8, HA S 808 o G B T 1%
# {Ri% Lomo [ M > & S HJE parans Fl model, H 4 S8 i 4% 3%
self.optimizer = Lomo(
self. model,
1r = self. args. learning rate,
)
print(£"{L kg5 A8 i) . {type(self.optimizer). name }")
return self.optimizer
def create scheduler(self, num training steps: int = None, optimizer = None) :
"B I optinizer B LA A SL I PE "
# LS ML A optimizer, & W4 H £ Y optinizer
if optimizer is None:
optimizer = self.create optimizer() = HE ik g8 2 v bh 1k
# R0 R (R R AR L)
if num training steps is None:
train dataloader = self.get train dataloader()
num_update steps per epoch = len(train_ dataloader) // self. args. gradient
accumulation steps
num_update steps per epoch = max(num update steps per epoch, 1)
num_training steps = int(num update steps per epoch * self.args.num train epochs)
£ WIhs Ak B AR
self.lr scheduler = get cosine schedule with warmup(
optimizer = optimizer, = i MG AR H 5 ) optimizer
num_warmup_steps = int(num training steps * self.args.warmup ratio),
num_training steps = num training steps,
)

return self. lr scheduler

# WAk Trainer
trainer = CustomTrainer(
model = model,
args = training args,
train_dataset = tokenized dataset,
data collator = DataCollatorForLanguageModeling(tokenizer = tokenizer, mlm = False),

F WAL BE

trainer. create scheduler()

2 I I %
print("\n===== JFJI% =====")

trainer. train()

& RAFRER

save path = "./autodl — tmp/fine tuned deepseek"
trainer. save_model (save_path)

tokenizer. save pretrained(save path)

print (£"HE B R FEF] . {save path}!")
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TR I i B DR A R Y AR

def generate answer(question, model, tokenizer):
model. eval() # WE NI AR
prompt = f"[i]:{question}\n % :"
inputs = tokenizer(prompt, return tensors = "pt").to(device)
with torch.no grad():
outputs = model.generate(
*% inputs,
max_length = 100,
temperature=10.7,
do_sample = True,
pad_token_id = tokenizer. eos_token_id
)
answer = tokenizer.decode(outputs[0], skip special tokens = True)

return answer

# 9
test questions = [

RIS -1

"] R i B 4% 2 4xe,

"R — T AL 2R S AR
]

print("\n===== Bk =====")

for question in test questions:
answer = generate answer(question, model, tokenizer)
print(£f"\n [A] 5 : { question}")
print(£"[M] %% : {answer. split('Z:")[ - 1]}")

I T A A ) 9 4% 22 A Bt A s 4]
[

"question": "f} 4 & Bi khE2",

"answer" : " [Bi KCHE & — B 45 4 A i A%, FH AR R 4 ) O 4% R, AR i TE IR i A B
U7 e o T e W LR 2 o e o e i o (B R e S 7 N W T A
) Z 18], B 1k A 2 B A A T[] A 4K 4 itk 2%

},
{

"question": "fAj i N H R Y IEA IR, ",

"answer" : "Il 2 B AR S B BH SCEE B o B SO G R 8 O N B s N R R
BALE M . B4 JF AL EE - 1) (50 FH o 28 5 ke ok B SOk AT e e ; 2) T 2 RN e 2 o R T 6 A % 4
3) BPfE 25 SCR AR IR, A IR A 2 Bt G v AR IR R B SC . R L A N % B R A SRR N (A AES) A0 Al Xt
FRJin %% (4n RSB) "

b
{

"question": "f A J& SOL A Bk 24N e,

"answer" : "SOL {7 A i & — FhE i 28 b AR R A0 A 5 BE R R AR B SOL AR A, R Bk
ol SR EECHE M5 B i oo 2. B YEHE M 4G - 1) fif = 804k %5 1) (Prepared Statements);2) XJ H
F o A SEAT TS 0 50 UE AN U8 3) e /IME B HE PR P BRI ; 4) A 3 TR A A b g R R RN BN 2
5) X R B AT A

B



E3E KEBMA 93

"question": " IR F A5 AT HEA B A% I L,
"answer" : "FAFELEM A A% I RN\ " BOAAEAL, A TAE\", BAKEIE 1) AMEEAEA]
PN B8 A1 T B4 FH P 18 R I 4% 3 i 5 2) Xt AT AT 4k PR ) B R A R SR R R AT M A B 5 58I R4 AL
3) R HE S I XU E AL Bl A R B U AR ; 4) fe /AR AR BRI, A 42 T P 98 AT 55 T A AR AR AR
FR;5) St r A o st AT g fE 5, 6) FRSLIE R R P e etk
by
{
"question": "ft 4 &M F K INIE(2FR)?",
"answer" : "MK K U IE (2FA) & — G 5 B 4y B0 iE 7 vk, 2R P N O 0 1R R 2 (0 4% B Bk
PIN); @¥A R (WFHLk A ), O A B (ands 20sk m 3= ) = Ff A [F) 28 5 19 B 47 56 UE P 3R
HRE R, R AT S PR A R, 2FR S R TR P A, RV A R, ok B L B AR
5 AR WAE O T Ui e ke
}
1

Q3.5 s BB

R 2 B 2 — Pl o A B v 1) e RE 4R B RORE BE R FAE 55 1O ik R
O TE T U IO 8 T X H b A 55 SURR 0 2 %80, DT 7 £ B D98 23 3011 25 0 AR ] I [ I
TR ES . X R IR IS TR A IR0 5, Ul B OT R I

3.5.1 BitFit Fi%

BitFit 75 2 A G IR A7 o (14 ff & 35 (Bias Terms) » I 7R 45 BT A A A0 B 32 05 V6 76/
MUASE- v SRR A I 2R B b PERE 5 2 2 BOBOM A Y L= A AT e 2 S B0 s 1E R
AN 280t b 5 AR 22 AR 2, BitFit Jr ¥ i 0 34548 T JHC fa7 B AR e R0k L AR
JHHE 0. 120~ 1% RIS E AT A B e S B0 90 %0 L BRI PERE .

3.5.2 Fish Mask 7%

Fish Mask i i 2h 25 1155 2 B0 B2 454 CUn RS B iR (5% Fisher {5 B &) L e 8 X 24 71
AT 55 5 W fie R 0 2 B00EA T B I o DA k6 4 Jm RS I 0 A F B . X S ikl IS T I
YRR S H R AT 55 U A R H T 1 4 S CAn 3l SCAR B 3 5 A SO 1R RS KA B
WA AT D 306 ~50% , Bl Zhsl BE P i@ S FE L GPU RSx4 g, H
Jai BRAPETE T, A0 JRAT 55 5 U 25 2 53 45 K Can AR 24 AT 55 B = 97 1) 254 55 o AR 2 e
S HORT BEN AL DT 4338 B, 5 BOME R0, H 2 5000k 5 OR W T LA 40 96 A A TR Cn
FEVETESD) , ATRE S| ABT A & Z2 B, Fish Mask 75 B 115 T A 25000 486 BE 473 8R 35 5501
FER RV ZRIsH A W] il T R 8RS80 A T RS L B X [ B AT 55 475 5 IR A7
T PR AR SR AEAEAE A B2 U8 o5 R[] B, FLSCR AT & S 8OO BUR It
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3.5.3 EHSERA TG

AN B —AH A BitFit #5502 8008 £ R 3508 deepseek-r1-distill-qwen-1. 5b #5
BRI 7R B o R0 b — A8 — ol FH AR ) A e 4 2 B AR AR v v A I 4% 22 4 Rl R
R ORS8N

python3 — m venv deepseek — env
source deepseek — env/bin/activate

P LW EH) Python B . 345 PyTorch. Transformers.,Datasets #1 PEFT,

# ‘%% PyTorch(ffi fit 5 CUDA R A< VE T )
pip install torch torchvision torchaudio — — index — url https://download. pytorch. org/
whl/cull8

2 A AO

pip install transformers datasets wandb peft accelerate bitsandbytes

T2 BitFit 38 ZUoR A S s 4

import os

import torch

from datasets import load dataset

from transformers import (
AutoModelForCausallM,
AutoTokenizer,
TrainingArguments,
Trainer,
DataCollatorForLanguageModel ing,

)

from peft import get peft model, LoraConfig, TaskType

FORCE ARG
os. environ[ "WANDB PROJECT"] = "security knowledge injection bitfit"

& A AVRBUE A
model name = "deepseek — ai/deepseek — rl — distill — qwen— 1.5b"
dataset path = "your security dataset path" Eegi o Ry Y T ol T

AR B 43 16
tokenizer = AutoTokenizer.from pretrained(model name)
tokenizer. pad token = tokenizer.eos token

model = AutoModelForCausallM. from pretrained(
model name,
torch dtype = torch. floatl6,
device_map = "auto",
trust_remote code = True

% BitFit J5 ¥k : UREE T A 280, (8 v i 1 T
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def apply bitfit(model) :
£ WA A S
for param in model. parameters() :
param. requires grad = False
£ UK BT A i E
for name, param in model.named parameters() :
if 'bias' in name:
param. requires_grad = True
£ AT I 55
trainable params = sum(p.numel() for p in model. parameters() if p.requires grad)
total params = sum(p.numel() for p in model. parameters())
print (f"A[ |22 %4 : {trainable params}/{total params} ({trainable params/total params
*100:.2f} % )")
return model

# L BitFit J5k
model = apply bitfit(model)

FmEAE B & e B 4
def load_security dataset(path):
dataset = load dataset("json", data files = path)

return dataset

# FiE T Ak 2 pR 4k
def preprocess function(examples) :
texts = [f"[A] f: {q}\n &K £: {a}" for q, a in zip (examples[ " question"], examples
["answer"]) ]
tokenized = tokenizer(texts, padding= "max length", truncation = True, max length=512)
tokenized[ "labels"] = tokenized["input ids"].copy()

return tokenized

£ JIn A A AL 3 4 A
dataset = load security dataset(dataset path)
tokenized dataset = dataset.map(preprocess function, batched = True)

# NAESHRE
training args = TrainingArguments(
output dir="./results bitfit",
learning rate=1le-4, # BitFit i ¥ ff FH & 02k 2 R
per_device train batch size =8,
per device eval batch size=8,

num_train_epochs =5, £ BT HI i B, Al g 2 25 IR
weight decay = 0.0, £ N I AN EE 5 ek 32w 2 T

logging dir="./logs bitfit",
logging steps =10,

save strategy = "epoch",

fpl6 = True,

gradient accumulation steps =4,
report_to = "wandb",
warmup_ratio=0.1,

1r scheduler type = "cosine",
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# R AR A

data_collator = DataCollatorForLanguageModeling(tokenizer = tokenizer, mlm = False)

# A Trainer (& FHERIA Y AdanW I fL45)

trainer = Trainer(
model = model,
args = training args,
train dataset = tokenized dataset["train"],
eval_dataset = tokenized dataset.get("validation"),
data_collator = data_collator,

)

# Jr iR Ik

trainer. train()

£ LRAFIOR 5 AR T
model. save pretrained("./deepseek — rl — distill — qwen — 1. 5b — security — bitfit")
tokenizer. save pretrained("./deepseek — rl — distill — qwen — 1. 5b — security — bitfit")

Q3.6 BB

I 5 B TR IR F) 186 K L A% 6 110 4 5 BORIOUE RS 43 2 B0 ik v I T R ) . — J 3
BV Y R 0 T 280 T AT 55 20 0 Jm i BB 25 o5 FHAF A 25 ) 5 02 Sl A 2 T 75
BT IRAEOR S BUORAAN Ks o B S 2 OO T 2k T LA e e b AR R T
FEL I HAS B0 D A TR AR ol B 5 Y Al o AR v o 30 xR s

T S RO 2 — 3 1] S GRS A v g | /D 6 AT R 2 BOR 8 AT 55 0 T vk
A% SRR R VR 45 AR B A 2B AN T T ) o AN 0 184 119 5 5 5 e s 246 Ay o 93 1)1 A8 AU 0 A7
T DT DA AR B R A S AT 55 38 PC . X S U7 R R e O I 2R BB IS ALY (i
Adapter.LoRA %5) Fl#iy A T # (AUl Prefix Tuning.Prompt Tuning Fl P-tuning %),

3.6.1 Adapter

2019 4,6 L4 (Adapter) B IR AUZ 7E Transformer B8 P 38 3 i — e ] I 25
S8 (H) Adapter) . > Adapter # B IR ABRALE FE 2 AL, 75 Transformer J22 913 2 ) 8T
5 D 286 I 47T A /NS A 42 2 (A T s B s A B N o R 4 3] o PRI AR) AN 25 3K S 4 A ) 25
PR B R R SO N G2 i LI o 10 ~5 26015 G 255 s, WiE 3.2 R,
Adapter — I INTE Transformer B AP 8 822 00510 . B Adapter 3455 A
2 R PSRRI R L B AT 2 AR v 2 AN S A B e Bk, e I o
rv L — i LR R ] ) B AR A0 AR IS B AR Y R R R Z L BRI E AE LR
S Transformer BT H— 2S5, Adapter 19 TAE IR SS it A1) d 4EFFE
) H 3 i R BT )2 (d X RO N r i - <d) W AR M2 faE T B
R (r Xd B B B —A d dim .

FFIE UL H AdaptersChttps://github. com/adapter-hub/adapters) B 2523 T JF 44 B A
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B Adapter fE 7k, 32 T A & )5 10 297 45 ) LoRA | Prefix Tuning.Prompt Tuning
EOR . HET Adapters, HUFF RSN EC E S0 AT DL A AT U 2R 80N 2 — 28 Y1 2Rk 1y
Adapter, & 7] LSS LoRA 45 H AW I Jr 2 X5 A AL S0 i ¥R & Ul 2R A . Adapters 7]
LA HuggingFace [ Transformer 04854, Bl 0] UL H #2M 28 HuggingFace | 145 5 3
17 Adapter &, Adapters T H 4 2L IF 497 T — A H 282 (kA hteps://docs.
adapterhub. ml/) . %% 0] LA F Adapters i A4 . X BN — A Adapters 7¢
deepseek-r1-distill-qwen-1. 5b B A& i 7 0 - Y1l 5 3 Bic #% A9 7 1. FA T ) 491 — 4 4
A ) KAl 4 o 2 IR AR ASE AR o i A 0 288 22 4 Bl TR

HOC A I

python3 — m venv deepseek — env

source deepseek — env/bin/activate

HBEE LEEWEY) Python J& , 4% PyTorch \ Transformers ,Datasets, Accelerate, trl, Adapters,

# 4¢%¢ PyTorch(#fif#5 CUDA i 4 DT RL )

pip install torch torchvision torchaudio — — index — url https://download. pytorch. org/

whl/cull8
22 R H A AR

pip install transformers datasets accelerate trl adapters

TR Adapter SRR Y 7R 4],

import os
import json
import torch

from transformers import (

AutoTokenizer,
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AutoModelForCausallM,
TrainingArguments,
Trainer,
DataCollatorForLanguageModeling,
get_cosine_schedule with warmup
)
from datasets import Dataset
import adapters
from adapters import AdapterModelInterface
from transformers import AutoModelForCausallM

plugin_interface = AdapterModelInterface(
# adapter Jyik
adapter methods = ["lora", "reft", "bottleneck"],

£l SRR A 20 {4 AN adapter $2

model_embeddings = "embed_tokens", £ AR

model layers = "layers", # Transformer /2
layer_self attn= "self attn", # BEH RS

layer cross_attn = None, # Qwen AUV A cross — attention
#O7E T R P B S

attn k proj ="k proj", £ Key &

attn_qg proj = "q proj", # Query 5

attn v proj="v _proj", # Value #52

attn o proj="o proj", # Output %52

# ZREBAHLE

layer intermediate proj = "mlp.up proj", & ZEEAPLT R L8
layer_output_proj = "mlp. down_proj", & ZREEAHLT R T # %
layer pre self attn= "input_layernorm", # 7E H ¥ E JI AT E 2 Hook
layer pre ffn= "post attention layernorm", 2 FEZ )2 B HLRT H 3% Hook

# Qwen 7E 1 & 71 F1 2 2 BAHLAT B A norm 2, BT LA 75 22 B 38
layer 1In 1 = None,
layer 1n 2 = None,
)
# RERE
device = torch.device("cuda" if torch.cuda. is available() else "cpu")
print (£"f#i FJi% %% : {device}")
# R E A R

os. environ[ "CUDA_LAUNCH BLOCKING"] = "1" £ T 43X CUDA 45 1%
= BRI FEE B8 AR

model name = "./model path/DeepSeek — Rl — distill — Qwen— 1.5B ori"

data path = "./data/data.json" = 7 BB A AR

# Nk tokenizer FiIFH AU
print (£"JIZEAE AL . {model name}")
tokenizer = AutoTokenizer.from pretrained(model name)
tokenizer. pad token = tokenizer.eos token # KB HEERIC
£ maE
def load data(file path):

print (£"JN#Z % . {file_path}")

try:

with open(file path, "r", encoding= "utf —8") as f:
data = json. load(f)
except Exception as e:

print (£"INEREE B4 {e}")



AR A ECE It
print (" g7 41 B T - )
data = [

{"question": "fI 24 N T4 fE?", "answer": " A T.% fig

W RN A R BN AE S IR ) "),
{"question": "f} A EVREEF 2", "answer": "VREE ¥
B 22 2 0 22 00 455 0k 24 ) B I R R FURFAE L")
]
print(£"E Nz {len(data)} SRELHE")

return data

£ A PR
def process data(examples) :
= HHE A BUR
prompts = []
for g, a in zip(examples[ "question"], examples["answer"]):
prompt = £"[A]:{q}\n % :{a}{tokenizer. eos token}"
prompts. append(prompt)
BT IR N
tokenized = tokenizer(
prompts,
truncation = True,
padding = "max_length",
max length =512,
return_tensors = "pt"
)
£ AT E B, AR A
tokenized[ "labels"] = tokenized["input ids"].clone()
return tokenized

£ mE Ak A R
data = load data(data path)
dataset = Dataset. from list(data)
tokenized dataset = dataset.map(
process_data,
batched = True,
remove columns = dataset. column_names

FJm AR A

model = AutoModelForCausallM. from pretrained(
model name,
torch dtype = "bfloatl6", £ i

# & & pad token ID A [a] T4 Bl i) EOS token
tokenizer. pad_token_id = 151645
model. config. pad_token id = tokenizer.pad token_ id

# Jf] plugin interface ] 4f {t adapter HEZE
adapters. init(model, interface = plugin interface)

# Il LoRA adapter
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from adapters import SegBnConfig
adapter name = "qwen — adapter"
adapter config = SegBnConfig(
reduction factor = 32, # Bottleneck K/
)

model. add adapter(adapter name, adapter config)

# G adapter

model. set _active adapters(adapter name)

= BE AR Hil %k adapter %L
model. train_adapter(adapter name)

# FTEN adapter, #; % adapter j& 7 & 1)
print(model. adapter summary())

# 2% || wandb
import wandb
wandb. init(project = "config example", mode = "disabled")

from transformers import TrainingArguments
import numpy as np
# Set up training arguments
training args = TrainingArguments(
output_dir ="./qwen — adapter",
per device train batch size=2, £ HIE GPU B fE K/NEE
per device eval batch size =2,
learning rate=1le—14,
num_train epochs =1, # (S5 MRE A, HK
save_steps = 30,
eval steps = 30,
logging_ steps = 10,
metric for best model = "loss", = fii F loss 1 FH 35 ¥ 06 32 B 1 il A A4
greater is better = False,
push to hub = False,
gradient_accumulation steps =8, # BB
bf16 = True, & iR AR
)

£ W iH4k trainer
from adapters import AdapterTrainer
from trl import DataCollatorForCompletionOnlyLM
trainer = AdapterTrainer(
model = model,
processing class = tokenizer,
args = training args,
data_collator = DataCollatorForCompletionOnlyLM ( response template = " Answer:", tokenizer =
tokenizer),
train_dataset = tokenized dataset,
)
= Il 45

trainer. train()

# HR-7F adapter WAL E

model. save adapter("./qwen — adapter", adapter name)
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3.6.2 LoRA

3.6.1 Y Adapter JrEIG AN T B S B, AR T RS RIZE A aX o T OB A I 2 L 4

PR TH A RN AE RGN . T IR BE B 2% R K R A R 3K S S U

SR R B AR S T AT iR AR 78 3 C B A 55 I SO A 3 0 R R 1 2 U [ Ak
TE— AR NTFELERE o PR, GO KA 78 IR 88 e /038 4 11 25 450 1D T e 82 31 3)1] 2 A
RIS HFE TR AE 55 BOGE T . O G AR WT S T BAAE 2021 4E4fE M LoRA J7 1%, Efﬁwléﬂ%%”
S5 RGN — A~ 55 B, 38 2 7 AT R 4 T T 4 0 5 A SR A 4 » T
WRL. BRMeE & 3-3 iR, 7€ Transformer 2 M ALE
R 25 S AR AR B, AR S BUR R 4EFE ) d X d s LoRA
WHA R d X r Flr Xd PN BERFMR, K r<d, | sy BERY
T B [ S I 25 A 7R g 2 5, T BE AL o 0 0 A 0 n Ak il .
AL O FHRERI IR AL B (BRAE VI 2RI LR B, S5 BE AR B2 0 JE g 2 o

M) RUIZRERAERE M A S5 TH4EAE I B ZRog Be Ja 1 ARR
ANFERF 1 FL BA 5 T G A 1) 2 8008 I d

1 B ZEAE TR AT 55 SO — A SO SR S A,
BRI GRS Ay W +aw . Hop W 2 i
YIA R bR AL A S50, AW RIFEH S5 R 2 4
SR AW IS HORET W, . BN S BOERE R W, €R 7 L BB SR T3 ] &
AW, +AW=W,+BA, i BER"",A€R "™ ,r<min(d k). TERTHTFE P W, FI
AW T LIAMFE A o BIE M. h=W, 2+ AWz =W,z +BAx., 4 r="Fk B}, LoRA
W T =SB0 .

H#i, LoRA B Hugging Face £ i 3| PEFT (Parameter-Efficient Fine-Tuning) 1t %
FEp AR 78, X BEAE— M LoRA ##78 deepseek-rl-distill-qwen-1. 5b £ 5l [
AN LT R — A A TR A BN R L S B R R R i A 48 4 Ll AT,

Bk R

3.3 LoRAIATRE

python3 — m venv deepseek — env
source deepseek — env/bin/activate

e E LB Python £ .3 4E PyTorch, Transformers,Datasets, Accelerate , Peft,

# 4% PyTorch(#f 5 CUDA A VT L)

pip install torch torchvision torchaudio — — index — url https://download. pytorch. org/
whl/cull8

& 2 HANAR

pip install transformers datasets accelerate peft

IRl LoRA AR AL 7% 1]

import os
import torch
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import json
from datasets import load dataset, Dataset
from transformers import (
AutoModelForCausalLM,
AutoTokenizer,
TrainingArguments,
Trainer,
DataCollatorForLanguageModeling,
)
from peft import (
get peft model,
LoraConfig,
TaskType,
prepare model for_ kbit training,
)
from tgdm. auto import tgdm

# WERS

device = torch.device("cuda" if torch.cuda. is available() else "cpu")
print (£"ffi [ %5 : {device}")

# WEFGEAE

os. environ[ "CUDA_LAUNCH BLOCKING"] = "1" # fH T3 CUDA 45 1%
RO A

model name = "./model path/DeepSeek — Rl — distill — Qwen— 1.5B ori"

data_path = "./data/data. json" £ 7 B0 4R B AR

£ InZk tokenizer FlIF AU

print (£" I #EML A : {model name}")

tokenizer = AutoTokenizer.from pretrained(model name)

tokenizer. pad token = tokenizer.eos token = WEETRIC

# L FP32 Hf B2 i 4 A5 B
model = AutoModelForCausallM. from pretrained(
model name,
torch dtype = torch. floatl6,
device map = "auto", # AL GPU 43 AR

# IRTEA SRR

print("\n KRR SR )

for name, param in list(model.named parameters())[:5]: = HITEIRT 5 3%
print(f" {name}: {param.dtype}")

# JTEPRLTAE B
print (£"\n AR S HH & {sun(p. numel() for p in model. parameters())}")
print (£" i F Y fE L 4% : SGD (&S5 i) ")

= m A
def load data(file path):
print(£" N7 g : {file path}")
try:
with open(file path, "r", encoding = "utf -8") as f:
data = json. load(f)
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except Exception as e:
print (£" AIZEHE B A . {e}")
B B0 T
print ("B g R 4 K T - )
data = [
{"question”: "fl- AR N TR AE?", "answer”: " AT A2 HE VHH LR 50 A 05 AT i
WA NIRRT eSS AT 55 I RE D "),
{"question": "f+AJRIREES 22", "answer" : "IRBE A ) JEHLER A 2T I — > 43 S G,
B 22 )2 P 28 00 455 0k 24 ) B0 19 3R R FRRAE L")
]
print(f"E2MM#L {len(data)} ZFEHE")

return data

£ AR
def process_data(examples) :
£ M A BEAR
prompts = []
for g, a in zip(examples[ "question"], examples["answer"]):
prompt = £"[i]:{q}\n % :{a}{tokenizer. eos token}"
prompts. append(prompt)
A RN
tokenized = tokenizer(
prompts,
truncation = True,
padding = "max_length",
max_length =512,
return_tensors = "pt"
)
£ T B BB, RS A R
tokenized[ "labels"] = tokenized["input ids"].clone()

return tokenized

# T b B &

data = load data(data path)

dataset = Dataset. from list(data)

print (" b HECHELE - ")

tokenized dataset = dataset.map(
process_data,
batched = True,
remove_columns = dataset. column_names

import wandb
wandb. init(project = "config example", mode = "disabled")
# PFCHE LoRA
def setup lora(model) :
F BRETARTIS
for param in model. parameters( ) :
paran. requires grad = False

# PC# LoRA

config = LoraConfig(
task type = TaskType. CAUSAL LM,
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r=8, £ LoRA fk

lora_alpha = 32, # LoRA 4K+
target modules = ["q proj", "v_proj"], # Z ] LoRA [ B
lora_dropout = 0.1,

bias = "none", £ AU A B I

inference mode = False
)
MR AL AT LoRA YNl 25
model = get peft model(model, config)
# FTENTT I 52 %
model. print trainable parameters()
return model

# )i H] LoRA ML &

model = setup lora(model)

= mEAF B &M B 4

def load security dataset(path):
dataset = load dataset("json", data files = path)
return dataset

# WESH &

training args = TrainingArguments(
output_dir ="./autodl — tmp/results LoRA",
learning_rate =3e—14,
per device train batch size =14,
per _device eval batch size =14,
num_train epochs =1,
weight decay=0.01,
logging dir ="./autodl — tmp/logs lora",
logging steps =10,
save strategy = "epoch",
fpl6 = True,
gradient accumulation steps =4,
warmup ratio=0.1,
1r scheduler type = "cosine",

= AR A

data collator = DataCollatorForLanguageModeling(tokenizer = tokenizer, mlm = False)

# A% Trainer

trainer = Trainer(
model = model,
args = training args,
train_dataset = tokenized dataset,
data_collator = data_collator,

= Yk

trainer. train()

R RA A



save path = "./autodl — tmp/fine tuned deepseek LoRA"
trainer. save model (save path)
tokenizer. save pretrained(save path)

A fefT AR TR 4 B 55 BN AR LoRA AU , I I I8 FHASE Y (4 7S 461

import torch
from transformers import AutoModelForCausallM, AutoTokenizer
from peft import PeftModel, PeftConfig

# ORERE
device = torch.device("cuda" if torch.cuda. is available() else "cpu")
print (£"{#i % 45 : {device}")

= mE g
peft_model id = "./autodl — tmp/fine tuned deepseek LoRA" # LoRA X I 42
config = PeftConfig. from pretrained(peft model id)

AR L Al A A
model = AutoModelForCausallM. from pretrained(
config. base model name or path,
torch dtype = torch. floatl6,
device_map = "auto",
trust remote code = True

# Jm#k LorA AU T
model = PeftModel. from pretrained(model, peft model id)

 Jm ko in g
tokenizer = AutoTokenizer.from pretrained(config.base model name or path)

tokenizer. pad_token = tokenizer.eos_token

# BEE N IPAG A

model. eval ()

7 I S A R
def generate answer(question, model, tokenizer):
model. eval() % R E N IEAE R
prompt = f"[A]:{question}\n % :"
inputs = tokenizer(prompt, return tensors= "pt").to(device)
with torch. no_grad():
outputs = model. generate(
*% inputs,
max_length= 100,
temperature = 0.7,
do_sample = True,
pad_token id = tokenizer.eos_token id
)
answer = tokenizer.decode(outputs[0], skip special tokens = True)

return answer

# it

KER A
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test_questions = [
"H 4 LB K S
]
print("\n===== BUHWK =====")

for question in test questions:
answer = generate answer(question, model, tokenizer)
print(£"\n [ % : { question}")
print(£f"[[% : {answer. split('&:")[ -1]1}")

3.6.3 Prefix Tuning

1G4 s TR e AR g A 0 2 7% 1) P 0 A5 780 gy oh T AT RS . X R S ISR B A
Jr 2 o M A 25, Prefix Tuning 2R HI 3% 22 4 A 2R i e o 1] &0, 71 858U 1Y
Transformer JZ R4 A T I — 4 FR 4 10 2% (Prefix) BY 3% 22 B9 HAT 55 05 2 W [s) & 7 51,
K34 s . S i [ e B0 R B 1 BT A 2880, R BT Ak e e A 55 I8 . B B
KOO S AE GO DT A LG % A A AL . — R XN R AT 55 . R IR AR AE X
DL YR 28 o KR ARG T A7 it AHE B F 5 s 02 AT LA AS 6] A FH P N i 282 52 AN [) P 1)
BN B B 2 s =2 AT LA SE R AE — DR NI 2k 24 T P /AT 55 2080 .

Prefix
(R PR

Prefix
L)

Prefix Tuning

4 J[;:‘_u.-_l'u-_x_ 3 Transformen 3 I £5)
e 4% )

SHOEh LR OHMEAG [SEPRE ML ERE™N

T Ll

3.4 Prefix Tuning -~ = &

niEl 3.5 Frsn, Prefix Tuning 75 35 i iR & T Transformer 2244 (1 [ [0l 9 35 5 55 7Y

pylaode r=[asyRmPHE 2 My, X, ARG 2 WRWET Y, RRE y XA

Rl ERHEL i EA N R, ER A b, = [ P e s h TR RS A

B j A Transformer JZMEGE S 78 A BIHABA R, = LM, (2, h o) o Ho Lk, B

JG — 2 A BT — 4~ Token 9437 : p, (2,0 |ho) =softmax(W k"), P, %

R Prefix BIRGIIBA | Py, | Wi Prefix K . Prefix Tuning #I46L I R4 B P, (4
P,li.:], i€P,»

KPP | X dim(h.)), H,h = . BRI ZR 0 B Fr
j‘j‘ 1dx‘ 1m i EFI i I,M¢(Zi,h<i), ;H\:’ﬂt" 1:% é: /J */Tj‘j

max logp, (y | 2)= Z logp, (z;oh ) o XH B, VI P, BREL
4

i€y,
A DA MRS S 1 R B (4N GPT) , Preflix RINZEA B A KR K 2=
[PREFIX;x;y; WNRGHOE BEA Gt 2% A i i 2% (1) AR (i BERT) , A ] Prefix 43 )
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T i i B A T %« = = [PREFIX; 2 s PREFIX sy 1. SO I, R4S B 2k 07 1 2 5K
M B Prefix #7010 S50,
E1 [ I R CNGPT)
[ Pretis *(MA) i)

GBS RN RBHEGE SEP] ARl B )
By haodhs by B By By By fe Bl B b B B s Be Bie B
i

[r s 1 234 5678 9 1011 12 13 14 15 16 17 18

A

| P 1.2] Xu{3.4.5.6.7.8.9.10] Y 11,12,13,14,15.16,17,18]
[a)
IR BLRYMBERT)
{ Prefix x (§A) Prefix’ v i)

T Emen mweHEea (SEP] 4 Jy.22 il e BHE ™
Z hyobs By B ks Bs B be B Baa By B By s Bos B By B Bie B
Hgde S

M| 123 45678 9 10 1112 131415 16 1718 19 20

W R R - R
| Padl2] Xpd3456789.00]  FussIL12] Ve d13.141516.17.18.1920]
()

3.5 Prefix Tuning B 7 /> i F

ELR SR K T2 S E CaT U i K ) WS N B T A 1Y Transformer )2, BIKE i7 28 ) 5
HZ2WE 0 K RV A FER F AR e 45 5 o3 AT 2B R g K (E MV (EPF%, 1
WHEEE.

WO B S AR i Prompt 251, H & Prompt J2 AN A9« B 7R IF H Gk
BSE NI 58 4l B S8 L AT DL2E ) Ba sl 38R . M Z R Prefix Tuning 2 AR
T AT, TR S0 52 AU . H B I 25 455 280 R0 8 04T 55 4 28 1 480 @I AR L X il 45
FERA R EAESS LR IE R /N,

9 T B 1k B H R Prefix S80S BON G AR E MPERE T FEMEN . & 3.6 Fis, Al
PLTE Prefix JZ2ATHEIINZ ZEHMPL(MLP) . EHBH Py[i.. ]J=MLP,(P,li..]). HE.P, fl
PyoAT M (R [P | D BFI KRR (P, BB 5N dim (h,) W PLEI NS N B ok <
dim(h ). TG . ZHZZEBAPL, LR Prefix IS5,

A {25 A Prefix B AN il

{5 e
- | -0 - O

BB O
T SR ; .I__|"'{_ :E| | | | 7| | ||
’ i 1 i |

2§17 B <end>
3.6 Prefix E BN MLP
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TR RN A . —J& Prefix $80# F Token A% 1= B 3% 522 W 85 AU 33008 B9 S B0 9, LA
Kb PR SCAS (R 6 T, — M BRIAK B 105 & Prefix Tuning Il 5 b % R X, H i 8 14 1]
WP FEE A TR AR S W AT A S ] A —E R L TR R R

X BN —A#i H Preflix Tuning {4 deepseek-r1-distill-qwen-1. 5b # A i) 7R ], Hl
TR G — o8 FH A ) A i A S A AR TR v v A D 4% 2 Al TR

EER OIS XV 25

python3 — m venv deepseek — env
source deepseek — env/bin/activate

5 R E) Python i, 6135 PyTorch, Transformers,Datasets,

# %% PyTorch(ffi f 55 CUDA it A< T i)

pip install torch torchvision torchaudio — — index — url https://download. pytorch. org/
whl/cull8

2 H A AR

pip install transformers datasets

NS Prefix R AL AR 41

import os
import torch
import json
from datasets import load dataset, Dataset
from transformers import (
AutoModelForCausallM,
AutoTokenizer,
)
import torch.nn as nn # 5 A PyTorch i £ [ 45 f5 it

s RE R
device = torch.device("cuda" if torch.cuda. is available() else "cpu")
print (£" {8 FJi% 45 : {device}")

& BB
os. environ[ "CUDA LAUNCH BLOCKING"] = "1" # {8 F &3k cuDa 4%

BRI FEE R AR
model name = "./model path/DeepSeek — R1 — distill — Qwen— 1.5B ori"
data path = "./data/data.json" = 7 BB A AR

# JNZk tokenizer FiIFR AU

print (£"JIZEAE AL : {model name}")

tokenizer = AutoTokenizer.from pretrained(model name)
tokenizer. pad token = tokenizer.eos_token # REBH RO

AR (] Floatl6 A% )

model = AutoModelForCausallM. from pretrained(
model name,
torch dtype = torch. floatl6, £ MRS P
device map = "auto",



)
model. requires grad (False) # RESEEI S

model = model. to(device)

# IR SR

print("\n fy A A S BRI ")

for name, param in list(model.named parameters())[:5]:
print(f" {name}: {param.dtype}")

= JmEEE
def load data(file path):
print(£" Nz % dE: {file path}")
try:
with open(file path, "r", encoding = "utf-8") as f:
data = json. load(f)
except Exception as e:
print (£" i Zk ZcE ot 55 {e }"
print(" UEK@J%{TEFH?{BH
data = [

s 2 NRB BEA BESE AR S5 RE ) "),
{"question": "flAEIEKE ", answer": "R
B 22 T2 1 2 I 26 0k 2 2 a4 R OR RARRAE "
1
print(£"E %% {len(data[ :1000])} Z5%k4E")
return data[ :1000]

£ A FE R
def process_data(examples) :
prompts = []
for g, a in zip(examples[ "question"], examples["answer"]):
prompt = £"[A]:{q}\n % :{a}{tokenizer. eos token}"
prompts. append( prompt)

tokenized = tokenizer(
prompts,
truncation = True,
padding = "max_length",
max_length =512,
return_tensors = "pt"

)
tokenized[ "labels"] = tokenized["input ids"].clone()

return tokenized

M AL B S

data = load data(data path)

dataset = Dataset. from list(data)

print ("4 HEHELE ")

tokenized dataset = dataset.map(
process_data,
batched = True,
remove columns = dataset. column_names

EI3E KEEMA

{"question": "ft4 & AN THBE?", "answer": " A T8 BB & 46 1T 5L R 4t 6E 08 017 38

Je LA T ) — A2 SR,
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import wandb
wandb. init(project = "config example", mode = "disabled")

& € L MLP JZE (YNGR 5, I £ 5)
class MLP(nn. Module) :
def __init__(self, hidden_size, mlp ratio=4.0):
super(). _init ()
self. hidden size = hidden size
self. intermediate size = int(512 * mlp ratio)

self.dense in = nn.Linear(512, self. intermediate size, dtype = torch. floatl6)

self.act = nn.GELU()

self.dense out = nn.Linear(self. intermediate size, hidden size, dtype = torch.floatl6)
self.projection = nn.Linear(hidden size, 512, dtype = torch.float16) # M hidden

# size W4 F| 512
def forward(self, x):
x_projected = self.projection(x) £ Mgt E] 512 4
x = self.dense_ in(x_projected)
x = self.act(x)
x = self.dense out(x)

return x

# F Y PrefixTuningWithMLP (Il Zx i )
class PrefixTuningWithMLP(nn. Module) :
def __init (self, model, prefix length= 10, hidden size = None, mlp ratio=4.0):
super(). init ()
self. prefix length = prefix length
self. hidden size = hidden_ size or model.config. hidden_size
A B9 SRR T S 1 R (R &2 MLP)
self.raw prefix = nn.Parameter(
torch. randn(1, prefix length, self.hidden size, dtype = torch.floatl6)

)
& MLP 2 (XY 2R T4 Ak T 24 )
self.mlp = MLP(self.hidden size, mlp ratio)

def forward(self, attention mask, input embeddings) :
batch size = attention mask. shape[0]
# YIZRET : B MLP 4 i 28 ) it
optlmlzed_preflx = self.mlp(self.raw prefix) # 2t MLP 19 BT 2% (I 2R A% L)

optimized prefix = optimized prefix. expand(batch size, —1, —1) # P Fe HE YR /N

# 4 PEEE I
attention mask = attention mask. to(
device = input embeddings. device,
dtype = torch. floatl6
)
if attention mask.dim() == 1:
attention mask = attention mask.unsqueeze(1)
# 4b B AR A
if input embeddings.dim() == 2:
input embeddings = input embeddings.unsqueeze(1l)
input embeddings = input embeddings.to(dtype = torch. floatl6)
= PR S A A

input with prefix = torch.cat([optimized prefix, input embeddings], dim= 1)
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& R TSRS
prefix attention mask = torch. ones(
batch size,
self.prefix length,
device = input_embeddings. device,
dtype = torch. floatl6
)
new attention mask = torch.cat([prefix attention mask, attention mask], dim=1)
return new attention mask, input with prefix
def get final prefix(self):
"N GRSE U AR B A S MLP AR AL TS Y e 4 HT S ) A (& 3 MLp)
with torch.no grad(): £ NIBEEBREE
final prefix = self.mlp(self.raw prefix) £ ISR MLP 8 i AR 4
return final prefix # VR BG4k )5 B 1T 4 0] & (shape: [1, prefix length, hidden size])

£ Wi A i 28 R DR B
prefix tuning = PrefixTuningWithMLP(model, prefix length = 10, hidden size = model. config.
hidden_size)

prefix tuning = prefix tuning.to(device, dtype = torch. floatl6)

£ SCHY M i
def forward with prefix(input ids, attention mask, labels = None) :
input ids = input ids.to(device, dtype = torch. long)
attention mask = attention mask.to(device, dtype = torch. floatl6)
labels = labels.to(device, dtype = torch. long) if labels is not None else None
if input_ids.dim() == 1:
input ids = input ids.unsqueeze(0)
£ AhPBRSE
if labels is not None:
if labels.dim() == 1:
labels = labels.unsqueeze(0)
seq len with prefix = prefix tuning.prefix length + input_ ids. shape[1]
if labels. shape[1l] != seq len with prefix:
prefix labels = torch. full(
(labels. shape[ 0], prefix_tuning. prefix length),
- 100,
dtype = torch. long,
device = device
)
labels = torch.cat([prefix labels, labels], dim=1)
= R AR A
input embeddings = model.get input embeddings() (input ids). to(dtype = torch. floatl6)

AR AT SR A i A FHE R

new _attention mask, input with prefix = prefix tuning (attention mask, input

embeddings)
= BRI ) 1% 7R
outputs = model (
inputs_embeds = input with prefix,
attention mask = new attention mask,
labels = labels
)

return outputs
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# %

from torch. optim import AdamW

import tgdm

optimizer = AdamW(prefix tuning.parameters(), lr=1e-5, eps=1le—4)
save path = "./autodl - tmp/fine tuned deepseek Prefix MLP"

os. makedirs(save path, exist ok = True)
num_epochs = 1
log_interval = 10
best loss = float('inf')
for epoch in range(num_epochs) :
total loss = 0.0
progress_bar = tqgdm. tgdm(
enumerate(tokenized dataset),
total = len(tokenized dataset),
desc = f"Epoch {epoch + 1}/{num_epochs}"
)
for batch idx, batch in progress_bar:
£ AR AL E
input ids = torch. tensor(batch["input ids"], device = device, dtype = torch. long)
attention mask = torch. tensor (batch[ "attention mask"], device = device, dtype =
torch. floatl6)
labels = torch. tensor(batch["labels"], device = device, dtype = torch. long)
# B PR AL B
if input ids.dim() == 1:
input ids = input ids.unsqueeze(0)
attention mask = attention mask.unsqueeze(0)
labels = labels.unsqueeze(0)
optimizer. zero grad()
outputs = forward with prefix(input ids, attention mask, labels)
loss = outputs. loss
current loss = loss. item()
loss. backward()
optimizer. step()
total loss += current loss
# FTER (] 45
if (batch idx + 1) % log interval ==
avg loss = total loss / log interval
print(f"Batch {batch idx+ 1}, Loss: {current loss:.4f}, Avg Loss: {avg loss:.4f}")
total loss = 0.0
# R AR (& MLP, H T B A 22 1l])
if current loss < best loss:
best loss = current loss
checkpoint = {
Z & raw prefix il MLP &%k
"prefix tuning state dict": prefix tuning. state dict(),
"optimizer state dict": optimizer.state dict(),
"best loss": best loss
}
torch. save(checkpoint, os. path. join(save path, f"best checkpoint loss {best
loss:.4f}.pt"))

& AR R A A O T 2E0)

torch. save( {
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"prefix tuning state dict": prefix tuning. state dict(),
"optimizer state dict": optimizer.state dict(),
"epoch" : epoch
}, os.path. join(save path, f"epoch {epoch+ 1} checkpoint.pt"))
print(f"Epoch {epoch+ 1} ## B ARAE")

# YNGR5E IR : 55 MLP, ALPRAFE 223 A0 A 11 Joe 24 i) 2% [h) &
flnal_preflx = prefix tuning.get final prefix() # #.O:3REUEAL S BURTZE (JC MLP)
final prefix path = os.path. join(save path, "final optimized prefix.pt")

torch. save(final prefix, final prefix path) 2 AARTE T2 0] & (] BB T e
print( f"ﬂ” ?%EE E %ﬁ MLP 2544, ALAR A7 Ak J5 B 1T 25 1n) & % - {final prefix path}")
print(f" A Hi 4 A E AR : {final prefix. shape}") 2 Wi [1, prefix length, hidden size]

T2 9 T Prefix S R A5 AL 14 7R B

import os
import torch
import json
from datasets import load dataset, Dataset
from transformers import (
AutoModelForCausallM,
AutoTokenizer,
TrainingArguments,
Trainer,

DataCollatorForLanguageModeling,

)

import torch.nn as nn £ 5 A PyTorch fifl £ W] £ i b
#ORERS
device = torch.device("cuda" if torch.cuda. is available() else "cpu")

print (£"f#i 1% 45 : {device}")

& WEEA
os. environ[ "CUDA LAUNCH BLOCKING"] = "1" = ff T3 CUDA 4R
os. environ[ 'TORCH_USE_CUDA DSA'] = "1" £ & o 5 TR

= BORFIEUE B% AR
model name = "./model path/DeepSeek — Rl — distill — Qwen— 1.5B ori"

# nzZk tokenizer FIFR A

print (F"HNZRAE AL . {model name}")

tokenizer = AutoTokenizer.from pretrained(model name)
£ Tfiff tokenizer 4 pad token

if tokenizer. pad token is None:

tokenizer. pad_token = tokenizer.eos_token

£ DL FP32 Hf B fin A A
model = AutoModelForCausallM. from pretrained(

model name,

torch dtype = torch. floatl6,

device map = "auto", = H3FEZL GPU 4> A
)

model. to(device)
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model. requires grad (False) £ REERI SR

# & Y PrefixTuning 2§ (A MLP, F THEHH)
class PrefixTuning(nn. Module) :
def __init (self, model, prefix_length= 10, hidden size = None) :
super(). init ()
self.prefix length = prefix length
self. hidden size = hidden_ size or model.config. hidden_size
£ H3%E AL S R R 28 ] 1 (G MLP)
self. prefix embeddings = nn.Parameter(
torch. randn(1, prefix length, self.hidden size, dtype = torch. floatl6)
)
def forward(self, attention mask, input_ embeddings) :
batch size = attention mask. shape[0]
prefix = self.prefix embeddings. expand(batch size, -1, —1)
# kb TR R I A A
attention mask = attention mask. to(
device = input_ embeddings. device,
dtype = torch. floatl6
)
if attention mask.dim() == 1:
attention mask = attention mask.unsqueeze(1)
input embeddings = input embeddings. to(dtype = torch. floatl16)
if input embeddings.dim() == 2:
input embeddings = input embeddings.unsqueeze(1l)
£ PFETH A A
input with prefix = torch.cat([prefix, input embeddings], dim=1)
= AN
prefix attention mask = torch. ones(
batch size,
self.prefix length,
device = input embeddings. device,
dtype = torch. floatl6
)
new attention mask = torch.cat([prefix attention mask, attention mask], dim=1)
return new_attention mask, input with prefix

& AR

model = AutoModelForCausallM. from pretrained(
model name,
torch dtype = torch. floatl6,
device map = "auto",

)

model = model.to(device)

£ I # PrefixTuning 524
prefix tuning = PrefixTuning(model, prefix length=10)
prefix tuning = prefix tuning. to(device)

02 e 25 BRI 28 2 H (U 4875 22 0 )

state dict = torch. load(
" /autodl — tmp/fine tuned deepseek Prefix MLP/final optimized prefix.pt",
map_location = device,
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weights_only = True = O R R 2 I

# NAARAT I 2 S8 1Y state dict(42 7 MLP) , Do U 1 75 22 1 4
if isinstance(state dict, dict):

# REEH R (R B AT )

filtered state dict = {k: v for k, v in state dict. items() if "prefix embeddings" in k}

prefix_tuning. load_state_dict(filtered_state dict, strict = False)

else:

=R Y R IR K

prefix tuning. prefix_embeddings.data = state dict
print (" Hi S S HOMB L")
prefix_tuning. to(device)

prefix_ tuning. eval()

model. eval ()

def generate with prefix(model, tokenizer, prefix_tuning, prompt_ text, max_length= 200):

F BLE AP

""" i ] Prefix Tuning AF % [A] 25" """
# fERHA

inputs =

tokenizer(prompt text, return tensors= "pt").to(device)

= T us N 4
batch size = inputs["input ids"]. shape[0]

# AR AL IS 1Y HiT 2% (JE MLP)

prefix =

prefix tuning. prefix embeddings. expand(batch size, —1, —1)

# AEEE S
attention mask = inputs["attention mask"].to(dtype = torch. floatl6)

if attention mask.dim() ==

attention mask = attention mask.unsqueeze(1l)

R E R R LA R 2R

prefix attention_mask

torch. ones(

batch size,

prefix tuning. prefix_length,

device = device,
dtype = torch. floatl6

)

new attention mask = torch.cat([prefix attention mask, attention mask], dim=1)

= AR AR AT S I0ETZ]

input embeddings = model.get input embeddings()(inputs["input ids"]).to(dtype = torch. float16)

input with prefix = torch.cat([prefix, input embeddings], dim= 1)

# A FHAE T A i I 2
with torch. no _grad():

outputs = model. generate(

inputs_embeds = input with prefix,
attention mask = new attention mask,
max_length = max length,

num_return sequences =1,
temperature =0.7,

do_sample = True
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)

# kb B A BT A i
# 7ER outputs W AT (B + prompt + BB FIZ)
£ Hig FHRAHEH T inputs_embeds, A= LAY outputs H 417 prompt + A= A Y 1] 24

R A R B

generated text = tokenizer.decode(outputs[0], skip special tokens = True)

3 ] A A (AR 4 S B B 7R A% =R )

# Fan, an R AR A% ORI (IR \n &2, )R] N 2 R AR
answer start = generated text.find("Z&:") + 2 £ o+2 Bkak"A
answer = generated text[answer start:]

return answer

= 7 {2
prompt = "[i] : B KHE & AP \n "
answer = generate with prefix(model, tokenizer, prefix tuning, prompt)

print("4: i) M1 ", answer)

3.6.4 Prompt Tuning

N TR R PR 0], 75 2O % T sl i, X A TAF & K HARRS , A &, OF
H A RETC Ik 58 0 il $RAT 55 O AR BURR AL L T BOBE R M BE AN L 0 HL AT XS AN [R)AT: 55 5 2 EOR i
fen i, Bk AT A RE N . Prompt Tuning 8 4 Sz [6] 1% #% 837 2 B0k 2 21 $ 7R 18], T A 2
N T4 75 1] |, i 455 80 B 08 T g b 335 107 R 2 AT 55 5 [ I VR 45 8 28 D s L, I )1 R 4 s 1)
SR RIT RS . I ZR5e U TR — A5 B 38 0o AN ] 1) £ 78 1) 7T L3 V. 22 Fh AT 55 A
e s TRz ALRE )1 . 1076 0T LB AE & Prefix Tuning A9 fb IRAS CH AR 7 55 A 2
INHTER) o [F)AF O 25 B A T GRS AL, 25 55T 55 5 X Soft Prompt, 98 2 5udls EAE A

TEAH [F) G AR AN [ Ao 28 A5 R AT L4t P A5 700 i) o 5 1 404 5 A AR A 1 I [ A ot
LG R o ORI Bt 5 A5 B RASE A8 7 R, A A A R A R o o . B 1 7 B A7 i 2 AU Y
2 AN A TFEZIZBIT 2 AR A HEPE B A . Prompt Tuning S48 Bl I 25 K15 55 A 1Y
B 2 A 18 B A S A T — B 8 vk . &l 3.7 iR a6 [ — ARSI 2R N AR
AT 55 B N A 37 g AR TR s A e = W kR0 T R AL 1 S

— L {F Sbaich
(E55A | | A | al
O\ |
{E5B | .;‘: B | bl - U
| A | al
e[ e X

3.7 Prompt Tuning ‘R =

4%, Prompt Tuning WA —E R, — 2R ERSZE R, Prompt Tuning 7£
PR 18 100 /24~ S 80t , 828 A v DL 4 i S AR W 55 . (L2 X 4 /)N o 5
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Prompt Tuning flem MK RIA R K ER . X KKBRG T Prompt Tuning 1938 HPE.
TR R R g AR LSS — E %5 A embedding JEA) A, 7EHE T R AY Transformer ZH1,
R AU AL E B embedding J& M Z AT AY Transformer 2318 H 3 /), A1 Prefix Tuning
AH I /D B SRR LA
X BEAH— A Prompt Tuning 4 deepseek-r1-distill-qwen-1. 5b & 5 ¥ 7~ ] ,
IR T B 491 5 — A T TR ) ) 90 2 L S BRAEASE A vp T A 0 28 22 Al R
R R LR

python3 — m venv deepseek — env
source deepseek — env/bin/activate

e LB B Python B, 345 PyTorch, Transformers,Datasets,

# 4¢%¢ PyTorch(#fiff5 CUDA i A< VTR )

pip install torch torchvision torchaudio — — index — url https://download. pytorch. org/
whl/cull8

2 HAMAR

pip install transformers datasets

T 2 Prompt Tuning S8R (7R 61

import os

import torch

import json

from datasets import Dataset

from transformers import (
AutoModelForCausallM,
AutoTokenizer,

)

from torch. optim import AdamW

import tgdm

#ORERE
device = torch.device("cuda" if torch.cuda. is available() else "cpu")
print (£"ffi & %% : {device}")

& WEAEE R
os. environ[ "CUDA_LAUNCH_BLOCKING"] = "1"

R EOE AR
model name = "./model path/DeepSeek — R1 — distill — Qwen— 1.5B ori"
data_path = "./data/data.json"

# hnzk tokenizer FIf Al
print(£"NZEAE A ;. {model_name}")
tokenizer = AutoTokenizer.from pretrained(model name)
tokenizer. pad token = tokenizer.eos token
model = AutoModelForCausallM. from pretrained(
model name,
torch dtype = torch. floatl6,
device_map = "auto",
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)
model. requires_grad (False)
print (F" A ZHEE . {sun(p. numel() for p in model. parameters())}")

£ B A B
def load_data(file_path):
print (£" N7 5 s : {file path}")
try:
with open(file path, "r", encoding= "utf —8") as f:
data = json. load(f)
except Exception as e:
print (£" 2SI 4 {e}")
data = [
{"question": "fl4 & AN T4 GE?", "answer": " N\ T4 BB /25 1T 5L R 46 e 4% P 1738
WA T NBE A RS AR S R RE ")
{"question": "fI AJEVRIE2E ", "answer" : "VRIE X SR F I — A4 S G,
B 2 )2 1 2 ) 45 5 2 2] B8 i 3 FURRAE " )}
]
print(f"E hNZ% {len(data[:1000])} &%L4E")
return data[ :1000]
def process data(examples) :
prompts = []
for q, a in zip(examples[ "question"], examples["answer"]):
prompts. append(f"[A] : {q}\n % : {a} {tokenizer. eos_token}")

tokenized = tokenizer(
prompts,
truncation = True,
padding = "max_length",
max_length =512,
return_tensors = "pt"
)
tokenized[ "labels"] = tokenized["input ids"].clone()

return tokenized

£ Ik B R
data = load data(data path)
dataset = Dataset.from list(data)
print (" EREHELE ")
tokenized dataset = dataset.map(
process data,
batched = True,
remove columns = dataset.column names

)

tokenized dataset = tokenized dataset.with format("torch", device = device)

# #% > :Prompt Tuning SZ ¥
class PromptTuning(torch. nn. Module) :
def init (self, model, prompt length=20):
super(). _init ()
self.model = model
self. prompt length = prompt length
self. hidden size = model.config. hidden_size
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param = next(model.parameters())
self.device = param.device
self.dtype = param.dtype
= WG PT %= 2 1Y) prompt [A] i ( =4E:[1, prompt length, hidden size])
self. prompt_embeds = torch.nn.Parameter(
torch. randn(1, prompt length, self.hidden size,
device = self. device, dtype = self.dtype)
)
def forward(self, input ids, attention mask, labels = None):
" A DR A i o 4 BE R AR
£ 1. #iff input_ids J& 4 [batch size, seq len]
if input ids.dim() ==

input_ids = input_ids.unsqueeze(0) 2 BAREAETES N batch 4k B
elif input ids.dim() ==
input_ids = input ids.squeeze(1) * BERYEE
= IG9F input_ ids 4k &
assert input ids.dim() == 2, f"input ids 4 4R T — 4k, SCPR {input_ids. dim() }4E"
2 2. Hiff attention mask J& 4 [batch size, seq len]
if attention mask.dim() == 1:
attention mask = attention mask.unsqueeze(0)
elif attention mask.dim() ==
attention mask = attention mask.squeeze(1)
assert attention mask. dim() == 2, f"attention mask #E & 45 i%: ) — 4k, 3£ Pr

{attention mask.dim()}4E"
= 3. Hiff labels J& — 4 [batch size, seq len] (77 AE)
if labels is not None:
if labels.dim() == 1:
labels = labels.unsqueeze(0)
elif labels.dim() ==
labels = labels. squeeze(1)
assert labels.dim() == 2, f"labels 4 4% : T — 4, SZFr {labels. dim( ) } 4E"
batch size = input ids. shape[0]
2 4. FFREE AR (D& =4 [batch size, seq len, hidden size])
input embeds = self.model.get input embeddings()(input ids)
= MR input_embeds J& = 4 f{)
if input embeds.dim() ==
input embeds = input embeds.unsqueeze(1l) # [batch size, 1, hidden size] —> §"
J& seq len 4 &
assert input embeds.dim() == 3, f"input embeds 4 4% : ] = 4§, SZPr { input
embeds. dim() } 4"
# 5. ¥ J& prompt_embeds £t K K/N( =4k [batch size, prompt len, hidden size])
prompt_embeds = self.prompt embeds.expand(batch size, —1, —1)
assert prompt_embeds.dim() == 3, f"prompt embeds 4 i 4% Wi = 4k, 52 PR { prompt
embeds. dim( ) } 4"
# 6. Pfz prompt FIH AR A (= 4EDFHZ)
input with prompt = torch.cat([prompt embeds, input embeds], dim=1)
assert input with prompt.dim() == 3, f"$FHE/5 4 4ER W =4E, S2FR { input_with
prompt. dim() } 4E"
£ 07, JEEE R (Z4E)
prompt_attention mask = torch. ones(
batch size, self.prompt length,
device = self. device, dtype = attention mask.dtype
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new attention mask = torch.cat([prompt attention mask, attention mask], dim= 1)
assert new attention mask.dim() == 2, f"#§ attention mask 4 458 : T — 4, SEPR
{new attention mask.dim()}ZE"

# 8. WEEPRA (Z4E)
if labels is not None:

prompt labels = torch. full(

(batch size, self.prompt length), - 100,
device = self.device, dtype = labels. dtype

)

new labels = torch.cat([prompt labels, labels], dim=1)

assert new labels.dim() == 2, " labels 44515 : T — 4, SEPR {new_labels.

dim() } 4E"

else:

new_labels = None
# 9. P HAMA forward
outputs = self.model(

inputs_embeds = input with prompt,

attention mask = new_attention_ mask,

labels = new_labels
)

return outputs

& Win R
prompt_tuning = PromptTuning(model = model, prompt length = 20)
prompt_tuning. to(device)

£ YLk &

save path = "./autodl — tmp/fine tuned deepseek Prompt"
os. makedirs(save path, exist ok = True)

num_epochs = 3

log_interval = 10
best loss = float('inf')

# bty (UL pronpt Z4L)

optimizer = AdamW([prompt tuning.prompt embeds], lr=5e-15)

£ YIZRAE PR (8 £R batch & IE# 195K &)
print("JF 44 Prompt Tuning YI| &5 - ")
for epoch in range(num_ epochs) :
total_loss = 0.0
# O EAREE, BRI — AR GE & /N &)
for batch idx, batch in enumerate(tgdm. tgdm(
tokenized dataset,
desc = f"Epoch {epoch + 1}/{num_epochs}"

optimizer. zero_grad()
IR R/ €A C T EER T TS S 5 9)
input ids = batch["input ids"]
attention mask = batch["attention mask"]
labels = batch["labels"]
= i ] 15 4%
outputs = prompt_ tuning(
input ids = input ids,
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attention mask = attention mask,
labels = labels

)

loss = outputs. loss

£ I L% 5

loss. backward()

optimizer. step()

total loss += loss.item()
if (batch idx + 1) % log_interval ==
avg_loss = total loss / log_interval
print(f"Batch {batch idx+1} | 24 Hj Loss: {loss. item():.4f} | ¥ Loss: {avg_
loss:.4f}")
total loss = 0.0
if loss. item() < best loss:
best loss = loss. item()
torch. save(
prompt_ tuning. prompt_embeds,
os. path. join(save path, f"best prompt loss {best loss:.4f}.pt")
)
torch. save(
prompt tuning. prompt embeds,
os.path. join(save path, f"epoch {epoch+ 1} prompt.pt")
)
print(f"Epoch {epoch+ 1} {F7F52 K | HfE Loss: {best loss:.4f}")

= RERESH

final save path = os.path. join(save path, "final prompt parameters.pt")
torch. save(prompt tuning. prompt embeds, final save path)

print (£" Il 2k 5 1! Fx 2K prompt SEC IR F L {final save path}")

# A= B R AL
def generate answer(question, max length= 200):
prompt_tuning. eval()
with torch. no_grad():
input text = f"[A]:{question}\n % :"
inputs = tokenizer(
input_text,
return tensors = "pt",
truncation = True,
max_length =512
). to(device)
outputs = prompt tuning.model.generate(
input ids = inputs["input ids"],
attention mask = inputs["attention mask"],
max_length = len(inputs["input_ids"][0]) + max_ length,
temperature = 0.7,
do_sample = True,
pad_token id = tokenizer.eos token id
)
generated = tokenizer.decode(outputs[0], skip special tokens = True)

return generated. split("%:")[ — 1]. strip()
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# AR R G
print ("\n WA Blis B ")
test questions = [
"Mk N TR RER",
"AILAS 2 2T R B 24 2] 1 56 R AT 4"
1
for q in test questions:
print (£" A& : {q}")
print(£f" % : {generate answer(q)}\n")

T A Prefix SRR R 7R 4]

import os

import torch

import json

from datasets import Dataset

from transformers import (
AutoModelForCausallM,
AutoTokenizer,

# #% > :Prompt Tuning 5E #f
class PromptTuning(torch. nn. Module) :
def init (self, model, prompt length=20):
init__ ()
self.model = model

super().
self. prompt_length = prompt length
self. hidden size = model.config. hidden size
param = next(model.parameters())
self.device = param.device
self.dtype = param.dtype
# YR APl % ) 1Y prompt [ i ( =4E:[1, prompt length, hidden size])
self. prompt_embeds = torch.nn.Parameter(
torch. randn(1, prompt length, self.hidden size,
device = self.device, dtype = self. dtype)
)
def forward(self, input ids, attention mask, labels = None) :
" A ORI A e R IR AR
H B4 input_ids & "4 [batch size, seq len]
if input ids.dim() ==

input_ids = input_ids.unsqueeze(0) 2 BAREAHT IS N batch 4k
elif input ids.dim() == 3:
input ids = input ids.squeeze(1) * Bk RYEE
# IGiF input ids 4 &
assert input ids.dim() == 2, f"input ids 4k BE4E1R : T — 4k, SCPR {input_ids. dim() }4E"
# Wi{t attention mask J& " 4E[batch size, seq len]
if attention mask.dim() == 1:

attention mask = attention mask.unsqueeze(0)
elif attention mask.dim() ==
attention mask = attention mask. squeeze(1)
assert attention mask. dim() == 2, f"attention mask #E B 45 % ) — 4k, 52 PR
{attention mask.dim()}ZE"
# iR labels /& — 4i[batch size, seq len] (AR AELE)
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if labels is not None:
if labels.dim() == 1:
labels = labels.unsqueeze(0)
elif labels.dim() ==
labels = labels. squeeze(1)
assert labels.dim() == 2, f"labels 4k B4k iR : T — 4k, S2Fn {labels. dim() } 4E"
batch size = input ids. shape[0]
= PR AR A (W& =4k [batch size, seq len, hidden size])
input embeds = self.model.get input embeddings( ) (input ids)
= i % input embeds J& = 4k )

if input embeds.dim() == 2:
input embeds = input embeds. unsqueeze(1) # [batch size, 1, hidden size]
-> ¥ & seq len 4t
assert input_ embeds. dim() == 3, f"input embeds 4 & 4 5% : T = 4E, SZ PR { input

embeds. dim( ) } 4"
% ¥ J& prompt_embeds £ HLIK K/ (=4E[batch size, prompt len, hidden size])
prompt_embeds = self.prompt embeds.expand(batch size, —1, —1)
assert prompt embeds.dim() == 3, f"prompt embeds 4 J& 4% : T = 4k, 55 P { prompt

embeds. dim( ) } 4E"
% Pf$E prompt Flfw A A (Z4EBHEE)
input with prompt = torch.cat([prompt embeds, input embeds], dim=1)
assert input with prompt.dim() == 3, £"§F4E)54E SR T =4, SCPR {input_with

prompt. dim( ) } 4E"
OB TE R RS (T 4)
prompt_attention mask = torch. ones(
batch_size, self.prompt_length,
device = self. device, dtype = attention mask. dtype

)
new attention mask = torch.cat([prompt attention mask, attention mask], dim=1)

assert new attention mask.dim() == 2, f"J¥ attention mask 4 JF 4% : T — 4k, SEFR
{new attention mask.dim()}4E"
= RS ()
if labels is not None:
prompt labels = torch. full(
(batch size, self.prompt length), — 100,
device = self. device, dtype = labels. dtype
)
new labels = torch.cat([prompt labels, labels], dim=1)
assert new labels.dim() == 2, f"¥ labels 4k E 5% . M — 4k, SZ PR {new labels.

dim() }4E"
else:
new_labels = None
= A forward
outputs = self.model(
inputs embeds = input with prompt,
attention mask = new_attention_mask,
labels = new_labels
)
return outputs
def load finetuned prompt(prompt path) :
" B I ) prompt ST
if not os. path. exists(prompt path) :
raise FileNotFoundError (f" A 3% | ik 8 =50 04 : {prompt_path}")
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# HNE AR A prompt 24 (/£ torch. nn. Parameter Xf42)

prompt_embeds = torch. load(prompt path, weights only = True)

print (£" & N2k %8 =%k . {prompt_path}, JE AR : {prompt embeds. shape}")
return prompt embeds

def init_inference model(base _model path, prompt path) :
" SR (R U + R ) prompt 240"
AR ik A A
print (£"JI#ZEFERAE A © {base model path}™)
model = AutoModelForCausallM. from pretrained(
base_model path,
torch dtype = torch. float32,
device map = "auto",
)
model. requires_grad (False) = HEFRE NI 2R
model. eval() # P4 ) B Ak AR 2
£ MY prompt Z%L
prompt_embeds = load finetuned prompt(prompt path)
# FREL prompt K B (fRAEET AU TE AR K [ prompt_len, hidden size])
prompt_length = prompt embeds. shape[0]
# H) IR Ak PromptTuning 28 I A R S 4L
prompt_tuning = PromptTuning(
model = model,
prompt_length = prompt_length
)
# ik pronpt_embeds N I J5 1924k
prompt_tuning. prompt embeds = torch.nn.Parameter(prompt embeds)
prompt_tuning. to(device)
return prompt_tuning, model, tokenizer
def generate answer(question, prompt tuning, tokenizer, device, max length= 200):
" IR T O S A B R R AR R el A
prompt_tuning. eval() = R TR AL
with torch. no grad(): # RHMEI, WA NAF
£ b AR (51 ZRE—30)
input text = f"[A]:{question}\n % :"
# A A
inputs = tokenizer(
input_text,
return tensors = "pt", # & [a] PyTorch 5k i
truncation = True,
max_length =512,
padding = "max_length"
). to(device)
£ A& (R0 )5 ) prompt Z44)
outputs = prompt tuning.model.generate(
input ids = inputs["input ids"],
attention mask = inputs["attention mask"],
max_length = len(inputs["input ids"][0]) + max length,

temperature = 0.7, # RS BEVLE (0 B E 1, 1 o8 = FEAL)
do_sample = True, # 5 H R A
top_ p=0.9, # nucleus sampling %, 44 ifil 1 & 17 1o [l

pad token id = tokenizer.eos token id,
eos_token id = tokenizer.eos token id,
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repetition penalty=1.2 # ESEE A RBNA
)
3 A TE GRS
generated = tokenizer.decode(outputs[0], skip special tokens = True)
# AR R PRS2 R NE
if "#:" in generated:
answer = generated.split("Z:")[ —1].strip()

else:
answer = generated. strip() & WA KT
return answer
base model path = "./model path/DeepSeek — Rl — distill — Qwen— 1.5B ori" # R PR AR
prompt_path = "./autodl — tmp/fine tuned deepseek Prompt/final prompt parameters.pt"

& WORZ Bk

device = torch.device("cuda" if torch.cuda. is available() else "cpu")

# JN#X tokenizer (5 I kAT — )
tokenizer = AutoTokenizer.from pretrained(base model path)
tokenizer. pad_token = tokenizer.eos_token

try:
# ) Ih b HE PR ALY
prompt tuning, model, tokenizer = init inference model (
base model path = base model path,
prompt path = prompt path
)
£ 3HE
print("\n===== ffilj5RETIHEHLE R =====")
test questions = [
" AR B kR,
"N TR e
]
for g in test questions:
print (£"[[)#: {q}")
answer = generate answer(
question = g,
prompt_tuning = prompt_tuning,
tokenizer = tokenizer,
device = device
)
print(£"[1 % : {answer}\n")
except Exception as e:

print(£"#EHLS AR 45 {e}")

3.6.5 P-tuning

P-tuning /& [t Prefix Tuning Ff Mg — &5 TAE , & 8 B — > AT U1l 25 19 $2 7 1) 2 7 £ (4
LSTM) 2k B S5f 4 73 1l 4k A K 42 7 T ik A 5% 460 2 1T D23 2T i ik A2 o Ao VAR 90 i A B30 179
AN TR A AN ) B8 e A DT T LA 12 42 75 1) ik A 22 () B9 3K 22 . P-tuning B9 8% .0 2 A4 6045 Th
PRl A TR R e 4 . Ph iR R TRDE — A TR S8 BT A RoR R L.
Fi 75 1) 2 % i U o A Bk 6 O 412 7 T i A B PR 28 T 2% B B D K O i s 1) 0 1 B v RS
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3.8 P-tuning ‘R = &
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3.9 ilZ + P-tuning BY By [ £ 3%

P-tuning OCHEEC AR T NT .

1. PAIRRNiAHE#R AN

7t P-tuning 1, Ph4& 75 fal 4k AR — A W I 26 00 280, AT 8B R E [num _virtual _
tokens, embedding dim |, FeH num_virtual tokens Zfh#E/RIAIAYEE . embedding dim J&
ﬁ'u)’(/\gﬁgo I:P,]%% l /l\ﬁgj:ialii_\‘iﬂﬁu)’(/\v mﬂﬁﬁiﬂﬁ*}iﬁ {I:Po,]’lv [P;+1:j:|’y’
[Pj+1;1e]} ’i@ﬁ—/l\ﬁ;\/\@ﬁ f[PL]9h1 ?%%ﬁiﬂ*ﬁ*ﬁ%%ﬂ‘yy{ho 90" shz- 76(1‘) ahi+1 ’
"'9h]' 9€(y)ahj+19"'9hk}o 1%}% fﬁﬁj?%giumﬁ%%iﬂﬁ/\zrﬁjﬂgﬁ%o *ﬁﬁgi}”éfﬁ
WS HAP, . AT DABE R O 3 R T R R s T L AR TR AT I
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i 26 Pl H 7 Bl AR BEDLRD 46 A B9 L AR5 e A B o ) . R T T R A Y
£ T 5 A AN [ 5 3 28 D 3R TR L TR EAT 55 5 T LAAE DI SR i 5 AN 1B 38 8 AR 3 e 1
TR

2. WA 4w G =R

P 7 1) Gt B 25 S — A Ak PR PR T A B B 8 I 2, BB OAR A A pRIER R — A
fAl B RNN 2 MLP, ‘& B 1E 285 PO £ 75 1) 45 A 4 B o o o 0 00 B9 6 7 L AR i g AL 2 A
Aeh BEOR T8 G A 2 09 BT AT LS Bl R Oh 45 s 18] =2 1] Y OG &R R — AR E iR A
H bR, 1800 B AL 46 6 Oh £ 75 1) ik A i >k i 00 Ak IR HE

249k, P-tuning tAFFEF Prompt Tuning LAY J&) FR 14 .

XEANE— A P-tuning {78 deepseek-rl-distill-qwen-1. 5b BRI By 7~ 4], FIHT
B 1) - — A A A ) 0% 5B 4 S B A A R v 3 A O 4% 22 4 Bl R

[EB e85 2 VS5

python3 — m venv deepseek — env
source deepseek — env/bin/activate

B 2B VI Python i, 345 PyTorch, Transformers,Datasets,

£ %% PyTorch(#fi{ 5 CUDA R A< IL L)

pip install torch torchvision torchaudio — — index — url https://download. pytorch. org/
whl/cull8

£ Il e

pip install transformers datasets

N P-tuning fORBLHEL 7R 4

import os
import torch
import json
from datasets import load dataset, Dataset
from transformers import (
AutoModelForCausalLM,
AutoTokenizer,
TrainingArguments,
Trainer,
DataCollatorForLanguageModeling,
get_linear schedule with warmup
)
£ WERE
device = torch.device("cuda" if torch.cuda. is_available() else "cpu")
print (£"{fi & %% : {device}")

F DA SEAR G

os. environ[ "CUDA_LAUNCH BLOCKING"] = "1" # {3 F 73 cuDa 4%

# R B AR
model name = "./model path/DeepSeek — R1 — distill — Qwen— 1.5B ori"
data path = "./data/data.json" £ R 50 B 4R kAR
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# WNZk tokenizer FiIFH AU
print (£"JIZEAE A : {model name}")

tokenizer = AutoTokenizer.from pretrained(model name)

tokenizer. pad_token = tokenizer.eos_token

# DL FP32 A% JiE i 2 7Y

model = AutoModelForCausallM. from pretrained(
model name,
torch dtype = torch. floatl6,
device map = "auto",

)

model. requires_grad (False)

# fn

def load_data(file_path):
print (£"HI#Z 5 E : {file path}")
try:

n_n

# BEBRIL

# A Z GPU 43 A

# RIS H

with open(file path, "r", encoding= "utf -8") as f:

data = json. load(f)
except Exception as e:
print (£" N ARECHE I 1 55 {e}")
£ Qs 80 A Tt
print (" g7 )8R T - )
data = [

{"question”: "fl- AR A TAIfE?", "answer”: " AT BER A8 T LR 5 B 05 AT

R RE A AR S AR S RIBE T LY,

{"question": "ft ARIRIEE 2", "answer” . "IRIEE R T B — 4> ST,

BT H 22 )2 b 28 I 45 o 2 > B0HE B 378 FIARRAE . )
]
print(£" 2 /N#% {len(data[:1000])} &5EL#E")
# return data
return data[ :1000]

# 4 H A

def process data(examples) :
£ H e A BIAR
prompts = []

for q, a in zip(examples[ "question"], examples["answer"]):
prompt = f"[i]:{q}\n % :{a}{tokenizer. eos token}"

prompts. append( prompt )
Gk A
tokenized = tokenizer(
prompts,
truncation = True,
padding = "max_length",
max_length= 512,
return_tensors = "pt"
)
# XFT A BT, AR S R AR R

tokenized[ "labels"] = tokenized["input ids"].clone()

return tokenized

3k BRI S



data = load data(data path)
dataset = Dataset. from list(data)

print ("L ILEARLE - ")

tokenized dataset = dataset.map(
process_data,
batched = True,
remove columns = dataset. column_names

import wandb
wandb. init(project = "config example", mode = "disabled")

# %0 :P - tuning SEHH
import transformers
class PromptEncoder (torch. nn. Module) :
"R B ELY Prompt Token #4360k 3% SR ik A B g g
def __init__(self, hidden size, prompt_length, device, dtype):
super(). _init ()
self. hidden size = hidden size
self. prompt_length = prompt_length
self.device = device
self.dtype = dtype
£ LSTM 4ifid s =% — 8% N float32
self.lstm head = torch.nn.LSTM(
input_size = hidden_size,
hidden size = hidden size//2,
num_layers = 2,
bidirectional = True,
batch first = True,
dtype = torch. float32 £ BRI E N float32
). to(device)
= MLP B2 — $8E N float32
self.mlp head = torch.nn.Sequential(
torch. nn. Linear(hidden size, hidden size, dtype = torch. float32),
torch. nn. ReLU( ),
torch. nn. Linear(hidden size, hidden size, dtype = torch. float32)
). to(device)
% Wik S5
for param in self. parameters() :
if param.dim() > 1:
torch. nn. init. xavier uniform (param)
def forward(self):
% Bl ERE

KER A

indices = torch. arange(self.prompt length, device = self.device).unsqueeze(0)

= LSTM 4wt — Haff%i AN float32
lstm output, = = self.lstm head(

torch. zeros (1, self. prompt length, self. hidden size, device = self. device,

dtype = torch. float32)
)
# MLP Bt 5f
output = self.mlp head(lstm output)
4t [l 5 Y 1Y Jer 4 A5 AT 2
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return output. squeeze(0). to(self.dtype) # [prompt length, hidden size]
class Template(torch. nn. Module) :
"B prompt AR, 45 BRI SE R S
def init (self, model, tokenizer, prompt length= 20, n token=5):
super(). init ()
self.model = self. get base model(model)
self. tokenizer = tokenizer
self. prompt_length = prompt length
self.n token = n_token if n token is not None else 5
self. continuous length = prompt length — self.n token
# RBUBAL(E B
param = next(self.model.parameters())
self.device = param.device
self.dtype = param.dtype
self. hidden size = self.model.config. hidden_size

# Ki# tokenizer J& 7 A unk token
if tokenizer.unk token id is None:
print("Tokenizer %A & X unk token, f#i [ pad token fU#F")
if tokenizer.pad token id is not None:
unk_id = tokenizer.pad token_id
else:
# R pad token WV A, {#i ] eos_token B fF & — 475k Token
unk id = tokenizer.eos_ token id if tokenizer.eos token id is not None else 0
else:
unk_id = tokenizer.unk_token_id
£ W R L B Token
self.discrete token ids = torch. tensor(
[unk id] * self.n token,
device = self. device, dtype = torch. long
)
% JEZE Pronpt Ji b %
self. prompt encoder = PromptEncoder (
self. hidden size,
self. continuous length,
self. device,
self. dtype
)
def get base model(self, model) :
" A AR W P Y S R A A
while hasattr(model, 'model') and isinstance(model, torch.nn.Module) :
model = model.model
return model
def forward(self):
# FRHUE HL Token jik A
discrete embeds = self.model.get input embeddings() (self.discrete token ids)
# FREUE %E Prompt X A
continuous embeds = self.prompt encoder()
# 206 HORNE 225 o
prompt_embeds = torch.cat([discrete embeds, continuous embeds], dim=0)

return prompt embeds

class PromptTuning(torch. nn. Module) :
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FIE

"""P — tuning SZ P, 3 T8 LIGPT Understands, Too)"""

def

__init (self, model, tokenizer, prompt length= 20, n token=75):

super(). init ()
self.model = model
self. tokenizer = tokenizer
# Qg template — i 3 IH J7 1 3R IR 4 A L
self. template = Template(model, tokenizer, prompt length, n token)
& AR RIS
for param in model. parameters() :
param. requires grad = False

def forward(self, input ids, attention mask, labels = None) :

= RO
device = next(self.model.parameters()).device
£ O A S TE B 2 (1)
if not isinstance(input ids, torch. Tensor) :
input ids = self. convert to tensor(input ids, device)
if not isinstance(attention mask, torch. Tensor) :
attention mask = self. convert to tensor(attention mask, device)
if labels is not None and not isinstance(labels, torch. Tensor) :
labels = self. convert to tensor(labels, device)
# Wifk4 A ID & Long 2RI
if input ids. dtype != torch. long:
print ("2 45 % input ids M {input ids. dtype}#%5# >} torch. long")
input ids = input ids. long()
if attention mask. dtype != torch. long:

KER A

print(f"# 4 ) attention mask M {attention mask.dtype} %44 torch. long")

attention mask = attention mask.long()

if labels is not None and labels. dtype !'= torch. long:
print(f"2# 45 % labels M {labels. dtype} %445 torch. long")
labels = labels. long()

EIR N R RTINS N

base model = self. get base model(self.model)

input embeds = base model.get input embeddings( ) (input ids)

= FRHL Prompt fx A

prompt_embeds = self.template()

# ¥ J& Prompt ik A LA PC it 1t vk K /N

batch size = input embeds. shape[0]

prompt_embeds_expanded = prompt embeds.unsqueeze(0).expand(batch size, -1, —1)

£ PF4E Prompt Fly A1 A

input with prompt = torch.cat([prompt embeds expanded, input embeds], dim=1)

F ORI R Y
prompt attention mask = torch. ones(
batch size, prompt embeds. shape[0],
device = input embeds. device, dtype = attention mask.dtype

)

new attention mask = torch.cat([prompt attention mask, attention mask], dim= 1)

F PEREAR A (AR L)
if labels is not None:
# Prompt &4 YBRZ BN — 100, ZUME 451 2%
prompt_labels = torch. full(
(batch size, prompt embeds.shape[0]), - 100,
device = input embeds. device, dtype = labels. dtype

131
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new labels = torch.cat([prompt labels, labels], dim=1)
else:
new_labels = None
# A
base model = self. get base model(self.model)
£ BRI A Quen BRI 4
try:
gwen_class = transformers.QWenLMHeadModel
except AttributeError:
try:
gwen class = transformers.QWenForCausallM
except AttributeError:
gwen_class = None
£ X} Qwen2Model A9 4FA b BE
if isinstance(base model, transformers.models.qwen2.modeling gwen2.Qwen2Model) :
print("#; I 3| Qwen2Model, ffi ] & Fi # 4 Ab # logits - ")
try:
IR AR B 5 HCL il e 11
outputs = base model (
inputs_embeds = input with prompt,
attention mask = new attention mask,
return dict = True
)
# R E i A Z AL
output weight = base model.embed tokens.weight
£ RPURJE — A BRECIR A
final hidden_ state = outputs.last_hidden state
# TH5 logits (fifi JH4E B ik B AU B A IR A Z)
logits = torch.matmul(final hidden state, output weight. transpose(0, 1))
Z FEtAERE
if new labels is not None:
loss_fct = torch. nn.CrossEntropyLoss()
loss = loss_ fct(
logits.view( — 1, logits.size( —-1)),
new_ labels.view( — 1)
)
else:
loss = None
except Exception as e:
= FTERHE A0 A9 4 A ST I R
print (£" iy A B S ")
print(f" input ids dtype: {input ids.dtype}")
print(f" attention mask dtype: {attention mask.dtype}")
if labels is not None:
print(f" labels dtype: {labels.dtype}")
# {YFE input_with prompt /77 B} T EIH AR
if 'input with prompt' in locals() and input with prompt is not None:
print(f" input with prompt dtype: {input with prompt.dtype}")
# FTEN Qwen2Model 14 5k I i 15 B,
print (£"Qwen2Model X fE & ")
print(f" embed tokens 5% : {type(base model.embed tokens). name }")
if hasattr(base model, 'get output embeddings'):
output embeddings = base model.get output embeddings()
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print(f" get output embeddings i& [F]Z5 A : {type(output embeddings).
name__}")
raise AttributeError(f"Qwen2Model ZhFHZL I : {str(e)}")
£ R A A SR, B 8 A5 4
elif isinstance(base model, transformers.GPT2LMHeadModel) or \
isinstance(base model, transformers.LlamaForCausallM) or \
(gwen_class is not None and isinstance(base model, gwen class)):
A R T
outputs = base model(
inputs_embeds = input with prompt,
attention mask = new attention mask,
labels = new labels,
return dict = True
)
loss = outputs. loss
logits = outputs. logits
else:
= R L (4 logits)
outputs = base model(
inputs_embeds = input with prompt,
attention mask = new_attention mask,
return_dict = True
)
# 22 Z 7 IR logits
logits = None
try:
£ 223 0% LAY In_head
if hasattr(base model, 'lm head'):
Im_head = base model.lm_ head
if callable(lm head) :
logits = 1lm head(outputs.last hidden state)
else:
raise AttributeError("1lm_head A 1] J# ")
elif hasattr(base model, 'decoder') and hasattr(base model.decoder, 'lm head'):
Im head = base model.decoder.lm head
if callable(lm head) :
logits = lm head(outputs.last hidden state)
else:
raise AttributeError("decoder. Im head A W] & F")
elif hasattr(base model, 'get output embeddings') :
L SR T R Ao Oy R AR WU )R
output embeddings = base model.get output embeddings()
if output embeddings is not None and callable(output embeddings) :
logits = output embeddings(outputs.last hidden state)
else:
raise AttributeError("get output embeddings()iR [ None ¥ A A] & FH")
else:
# 22k U 22 Y
final hidden state = outputs.last hidden state
# R R G — 4k IR A K
vocab_size = base model.config.vocab size
£ AR R N IR B o 25 AR

linear layer = torch.nn.Linear(
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final hidden state. shape[ —1],
vocab size,
bias = False,
dtype = final hidden state. dtype
).to(final hidden state.device)
# FEAL LR A
torch. nn. init. xavier uniform (linear layer.weight)
logits = linear layer(final hidden state)
print (" & T BN Lot )2 ok A B logits, X A BEAN & ALY ")
print (£"FEEI2E A : {type(base model). name }")
except Exception as e:
raise AttributeError(f" JG ¥k M IR 3R B logits: {str(e)}")
# FairER Lk
if new labels is not None and logits is not None:
loss _fct = torch. nn.CrossEntropyLoss()
loss = loss_ fct(
logits.view( — 1, logits.size( —-1)),
new labels.view( — 1)

)

else:
loss = None
# 3R (8145 S5 Il o
return {

'loss': loss,
'logits': logits,
'past_key values': outputs.get('past _key values', None)
}
def convert to tensor(self, data, device):
" R R A
if isinstance(data, list):
# AR ARG R
if len(data) ==
return torch. tensor([ ], dtype = torch. long, device = device) . unsqueeze(0)
converted = []
for item in data:
converted. append(self. convert to tensor(item, device))
# KA BT A 63 R A N AR R 4R Y gk
if all(t.dim() == converted[0].dim() for t in converted) :
try:
SRS IR E
return torch. stack(converted, dim=0)
except RuntimeError:
# SR, AT RE B ARA — B
pass
# RIS, B O 3 R Y 2L ik i
return torch. tensor([t. tolist() for t in converted], dtype = torch. long, device = device)
elif isinstance(data, torch. Tensor) :
return data. to(device)
elif isinstance(data, int):
# AL PR
return torch. tensor([data], dtype = torch. long, device = device)
else:

# 22 pOH FA 2 R ok K
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try:
return torch. tensor([ int(data)], dtype = torch. long, device = device)
except (ValueError, TypeError) :

raise TypeError (f"Joik# 2 H {type(data). name } FEH Ak &")

def get base model(self, model):
" S AR R B P ) Y SR AR R
while hasattr(model, 'model') and isinstance(model, torch.nn.Module) :
model = model.model
return model

from torch. optim import AdamW # M\ PyTorch 5 A AdamW
import tgdm # FTF il R4
£ YR
def train(model, tokenizer, train dataset, args):
"I R
£ 4|7 dataloader
train dataloader = torch.utils. data.DatalLoader(
train_dataset,
batch size = args. batch size,
shuffle = True
)
£ kst - HAifb prompt 4%
optimizer = AdamW(
[p for n, p in model. named parameters() if p.requires grad],
1lr = args. learning rate
)
# )RR
total steps = len(train dataloader) #* args.num epochs
scheduler = get linear schedule with warmup(
optimizer,
num_warmup_steps = args. warmup_steps,
num training steps = total steps
)
# IR A AR
os.makedirs(args. save path, exist ok = True)
print (" JF LG R ALY ")
best loss = float('inf')
for epoch in range(args. num_epochs) :
model. train()
total _loss = 0.0
progress bar = tqdm. tgdm(
enumerate(train dataloader),
total = len(train dataloader),
desc = f"Epoch {epoch + 1}/{args. num_epochs}"
)
for step, batch in progress bar:
= O EIETE B

if isinstance(batch, list):

batch = [item. to(args.device) if isinstance(item, torch. Tensor) else item

for item in batch]

else:

batch = {k: v.to(args.device) if isinstance(v, torch. Tensor) else v for k, v

in batch. items()}
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£ i L 3%
outputs = model (
input ids = batch["input ids"],
attention mask = batch[ "attention mask"],
labels = batch[ "labels" ]
)
loss = outputs| 'loss'] £ B DT R B 2R
£ 1L 1%
loss. backward()
optimizer. step()
scheduler. step()
optimizer. zero_grad()
total loss += loss. item()
avg loss = total loss / (step + 1)
progress_bar. set postfix({"loss": avg loss})
& RAF S AR
if loss. item() < best loss:
best loss = loss. item()
# {#4F prompt 4L
torch. save(
model. template. prompt encoder. state dict(),
os. path. join(args. save path, f"best prompt loss {best loss:.4f}.pt")
)
print (£"{# 77 i /# prompt: loss = {best loss:.4f}")
print(f"Epoch {epoch+ 1}/{args. num_epochs} 5Z % | FH#Hi %k : {total loss / len(train
_dataloader) :.4f}")
 RAF R4 A prompt Z4L
torch. save(
model. template. prompt encoder. state dict(),
os. path. join(args. save path, "final prompt encoder.pt")
)
print (£" I 2R 58 5 S fEWL 2 : {best_loss:.4f}")

class Args:
def init (self):

self.save path = "./autodl — tmp/fine tuned deepseek"
self. prompt_length = 10
self.num_epochs = 1
self. batch_size = 4
self. learning rate = 5e—-5
self.warmup steps = 500
self.max_length = 512

# QIS HE
args = Args()

# ) P - tuning

model = PromptTuning(model, tokenizer, args.prompt length)

model. to(device)

print (£" 3 P— tuning Ji5, A] Y| 2 =508 & : {sum(p. numel () for p in model. parameters() if p.

requires_grad)}")

# I rEin
train(model, tokenizer, tokenized dataset, args)
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TV A P-tuning fLH AL A9 7= 41,

import os

import torch

import json

from datasets import load dataset, Dataset

from transformers import (
AutoModelForCausallV,
AutoTokenizer,

TrainingArguments,

Trainer,

DataCollatorForLanguageModeling,

get_

)

linear schedule with warmup

# %0 :P - tuning ZZFH
import transformers

class PromptEncoder (torch. nn. Module) :

""" B L) Promot Token SN IE 4L HEA 1) 2

def

__init (self, hidden size, prompt length, device, dtype):

super(). init ()
self. hidden_size = hidden size
self. prompt_length = prompt_length
self. device = device
self.dtype = dtype
# LSTM 4t as 240 - #8E N float32
self.lstm head = torch.nn. LSTM(
input size = hidden size,
hidden size = hidden size//2,
num_layers = 2,
bidirectional = True,
batch first = True,
dtype = torch. float32
). to(device)
£ MLP Mgt 2 — $8E N float32
self.mlp head = torch.nn.Sequential(

£ I8 E N float32

torch. nn. Linear(hidden size, hidden size, dtype = torch. float32),
torch. nn. ReLU( ),
torch. nn. Linear(hidden size, hidden size, dtype = torch. float32)
). to(device)
£ WS
for param in self. parameters() :
if param.dim() > 1:

torch. nn. init. xavier uniform_(param)

def forward(self):

# QA ERG

=

KER A

indices = torch. arange(self.prompt length, device = self.device).unsqueeze(0)

£ LSTM 4% — Hii#%i A~ float32
lstm_output, = = self.lstm head(

torch. zeros (1, self. prompt length, self. hidden size, device = self. device,
dtype = torch. float32)

)
# MLP Wi
output = self.mlp head(lstm output)

137
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£ B ISR Y R LG S0 HE 25 Y
return output. squeeze(0). to(self. dtype) # [prompt length, hidden size]

class Template(torch. nn. Module) :

"8 B prompt BUBE, 045 B HURE LR S

def init (self, model, tokenizer, prompt length=20, n token=5):
init ()
self.model = self. get base model(model)

super().__
self. tokenizer = tokenizer
self. prompt length = prompt length
self.n token = n_token if n token is not None else 5
self.continuous length = prompt length — self.n token
£ R TE B
param = next(self.model. parameters())
self.device = param.device
self.dtype = param.dtype
self. hidden size = self.model.config. hidden size
# K tokenizer J& 75 unk token
if tokenizer.unk token id is None:
print("Tokenizer %A & X unk token, {#i [l pad token fG#")
if tokenizer. pad token id is not None:
unk_id = tokenizer.pad token_id
else:
£ IR pad_token ¥ F, fifi i eos_token E{/T: & — 45k Token
unk id = tokenizer.eos token id if tokenizer.eos token id is not None else 0
else:
unk id = tokenizer.unk token id

# WAL B AL Token
self.discrete token ids = torch. tensor(
[unk id] * self.n token,
device = self.device, dtype = torch. long
)
# %% Pronpt Fi b 2%
self. prompt_encoder = PromptEncoder (
self. hidden size,
self. continuous_length,
self. device,
self. dtype
)
def get base model(self, model) :
"R 2 04SSR
while hasattr(model, 'model') and isinstance(model, torch.nn.Module) :
model = model. model
return model
def forward(self):
# FRHUE HL Token jik A
discrete embeds = self.model.get input embeddings( ) (self.discrete token ids)
& R Lk Prompt i A
continuous embeds = self.prompt encoder()
# 21 A WORNE S25 o

prompt_embeds = torch.cat([discrete embeds, continuous embeds], dim=0)
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return prompt embeds

class PromptTuning(torch. nn. Module) :
"""P — tuning SZ P, 3 F 8 LIGPT Understands, Too)]"""
def init (self, model, tokenizer, prompt length=20, n token=75):
super(). init ()
self.model = model
self. tokenizer = tokenizer
% QI template — i 3 U5 Jy ¥k 2K U5 i 452 AL
self. template = Template(model, tokenizer, prompt length, n token)
£ UREh ARS8
for param in model. parameters() :
param. requires grad = False
def forward(self, input ids, attention mask, labels = None) :
£ R BUBI R 3 5%
device = next(self.model.parameters()).device
£ f A2 R 2 A Y e
if not isinstance(input ids, torch. Tensor) :
input ids = self. convert to tensor(input ids, device)
if not isinstance(attention mask, torch. Tensor) :
attention mask = self. convert to tensor(attention mask, device)
if labels is not None and not isinstance(labels, torch. Tensor) :
labels = self. convert to tensor(labels, device)
= Haft%i A ID J& Long 2K !
if input ids.dtype != torch. long:
print (f"# 4 B input ids M {input ids.dtype}#%#t°~ torch. long")
input ids = input ids. long()
if attention mask. dtype != torch. long:
print(f"# 4 ) attention mask M {attention mask.dtype}%%4# 4 torch. long")
attention mask = attention mask.long()
if labels is not None and labels. dtype != torch. long:
print (f"2& 45 % labels M {labels. dtype}#%#: # torch. long")
labels = labels. long()
£ RIS b A A
base model = self. get base model(self.model)
input embeds = base model.get input embeddings( ) (input ids)
# JRH Prompt ik A
prompt_embeds = self.template()
# ¥ J& Prompt % A LA VG L AL R K/
batch size = input embeds. shape[0]
prompt embeds expanded = prompt embeds. unsqueeze(0).expand(batch size, —1, —1)
% Pf4% Pronpt Fl AHZA
input with prompt = torch.cat([prompt embeds expanded, input embeds], dim=1)
£ R ) Y
prompt_attention mask = torch. ones(
batch size, prompt_ embeds. shape[0],
device = input_embeds. device, dtype = attention mask. dtype
)

new attention mask = torch.cat([prompt attention mask, attention mask], dim=1)

= AR A (R AIL)
if labels is not None:

# Prompt ¥4 BIFRZE U R — 100, Z W 158 4 2k
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prompt labels = torch. full(
(batch size, prompt embeds.shape[0]), — 100,
device = input embeds. device, dtype = labels. dtype
)
new labels = torch.cat([prompt labels, labels], dim=1)
else:
new_labels = None
# AT
base model = self. get base model(self.model)
£ AR A Quen HIRIZK A
try:
gwen_class = transformers.QWenLMHeadModel
except AttributeError:
try:
gwen_class = transformers.QWenForCausallLM
except AttributeError:
gwen_class = None
# &1 X%} Qwen2Model 1) 43 5k Ab B
if isinstance(base model, transformers.models.gwen2.modeling gwen2.Qwen2Model) :
print "kl £ Qwen2Model, {ifi i & & H AL # logits - ")
try:
R AR B R IO il A 111
outputs = base model (
inputs_embeds = input_with prompt,
attention mask = new_attention_mask,
return_dict = True
)
&R B R AR R
output weight = base model.embed tokens.weight
& RIS — A BRECR 2
final hidden state = outputs.last hidden state
# T Togits ({8 I M e vk 25 AR B3 i A2 )
logits = torch.matmul(final hidden state, output weight.transpose(0, 1))
% FahitEHRE
if new labels is not None:
loss _fct = torch. nn.CrossEntropyLoss()
loss = loss_fct(
logits.view( — 1, logits.size( —1)),
new_labels.view( — 1)
)
else:
loss = None
except Exception as e:
£ ATENE 20 i i A S TUfE B
print(£"# AEEIFIKFE ")
print(f" input ids dtype: {input ids.dtype}")
print(f" attention mask dtype: {attention mask.dtype}")
if labels is not None:
print(f" labels dtype: {labels.dtype}")
£ {NAE input_with_prompt £ 7E i} 4T E) H 2 Al
if 'input with prompt' in locals() and input with prompt is not None:
print(f" input with prompt dtype: {input with prompt.dtype}")
# 4TE] Qwen2Model FRFEE IH IX (5 B
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print(f"Qwen2Model X (5 & :")
print(f" embed tokens 2%l : {type(base model.embed tokens). name }")
if hasattr(base model, 'get output embeddings') :
output embeddings = base model.get output embeddings()
print (f" get output embeddings i [A]Z& A : {type(output embeddings).
name__}")
raise AttributeError(f"Qwen2Model ZbFH 2k : {str(e)}")
= AR RIS B i A A
elif isinstance(base model, transformers.GPT2IMHeadModel) or \
isinstance(base model, transformers.LlamaForCausallM) or \
(gwen_class is not None and isinstance(base model, gwen class)):
# AR U A
outputs = base model(
inputs_embeds = input_with prompt,
attention mask = new_attention_ mask,
labels = new_labels,
return_dict = True
)
loss = outputs. loss
logits = outputs. logits
else:
# FAEAE ) OR T logits)
outputs = base model(
inputs_embeds = input_with prompt,
attention mask = new_attention_ mask,
return_dict = True
)
# XL R E logits
logits = None
try:
# 220H WY 1m_head
if hasattr(base model, 'lm head'):
Im head = base model.lm head
if callable(lm head) :
logits = 1lm head(outputs.last hidden state)
else:
raise AttributeError("1lm head A H] & H")
elif hasattr(base model, 'decoder') and hasattr(base model.decoder, 'lm head'):
Im_head = base model.decoder. lm head
if callable(lm head) :
logits = 1lm head(outputs.last hidden state)
else:
raise AttributeError("decoder. Im_head A 1] & ")
elif hasattr(base model, 'get output embeddings'):
B SR L A Ty R A B 2
output embeddings = base model.get output embeddings()
if output embeddings is not None and callable(output embeddings) :
logits = output embeddings(outputs.last hidden state)
else:
raise AttributeError("get output embeddings()iR [F] None ¥ A A] & FH")
else:
#2222 1Y
final hidden state = outputs.last hidden state
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# BB R T — A4k B R RS K
vocab_size = base_model.config. vocab size
£ Al B R R 15 258
linear layer = torch.nn.Linear(
final hidden state. shape[ — 1],
vocab size,
bias = False,
dtype = final hidden_state. dtype
).to(final hidden state.device)
# BEHLY) IR LA E
torch. nn. init. xavier uniform (linear layer.weight)
logits = linear layer(final hidden state)
print (" & Al T BRI LR PEZ K AR B logits, X AT BEAN 2 R Y. ")
print (f"fEAIZEH : {type(base model). name }")
except Exception as e:
raise AttributeError (" JG ¥k M EE Al B i 4K BL logits: {str(e)}")
# FontEHK
if new_labels is not None and logits is not None:
loss fct = torch. nn.CrossEntropyLoss()
loss = loss_ fet(
logits.view( — 1, logits.size(—-1)),
new_ labels.view( — 1)
)
else:
loss = None
# 3R [l R Rl R
return {
'loss': loss,
'logits': logits,
'past_key values': outputs.get('past_key values', None)
}
def convert to tensor(self, data, device):
" A R A
if isinstance(data, list):
£ RhHIR AT R
if len(data) ==
return torch. tensor([ ], dtype = torch. long, device = device).unsqueeze(0)
converted = []
for item in data:
converted. append(self. convert to tensor(item, device))
# KA TR JCE & A N AR R 48 B 0 K &
if all(t.dim() == converted[0].dim() for t in converted) :
try:
# HESKE
return torch. stack(converted, dim= 0)
except RuntimeError:
# BRI, W] RERIEIRA —5L
pass
# R IC I HES, % i ok 51 FROP A ik i
return torch. tensor([t. tolist() for t in converted], dtype = torch. long, device = device)
elif isinstance(data, torch. Tensor):
return data. to(device)

elif isinstance(data, int):
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# A PR
return torch. tensor([data], dtype = torch. long, device = device)
else:
R I Ath 2IE T 5 kg S B
try:
return torch. tensor ([ int(data)], dtype = torch. long, device = device)
except (ValueError, TypeError) :
raise TypeError(£"Joik ¥ 25 # {type(data). _name _} ¥ K &")
def get base model(self, model):
" AR 2 0 A
while hasattr(model, 'model') and isinstance(model, torch.nn.Module) :
model = model.model
return model
def load model and infer(checkpoint path, model, tokenizer, device, max length=512):
INZZA 5451 prompt 28I #E AT 4 3
SR
— checkpoint path: {£1ZH) prompt 25 #4% (final prompt encoder. pt)
— model: il Il 25 4% AU 5L 5]
— tokenizer: 4jidl ¢y
— device: %%
— max length: fx KA WK E
£ 4|7 PromptTuning 45 &Y
prompt_tuning model = PromptTuning(
model = model,
tokenizer = tokenizer,
prompt_length = 20, # 05 Y GBI — 3
n_token=5 # 05 UGB v e — 3
)
£ N2 prompt 24
prompt tuning model. template. prompt encoder. load state dict(
torch. load(checkpoint path, map location = device)
)
# BRI RS
prompt_tuning model. to(device)
prompt_tuning model.eval()
print (£" & N #k 45 B S %0 : {checkpoint path}")
def infer(text, temperature=0.7, top p=0.9):
RITEE S R
= EA A
inputs = tokenizer(
text,
return tensors = "pt",
padding = True,
truncation = True,
max_length = max_length
)
= KA ERS

inputs = {k: v.to(device) for k, v in inputs. items()}

Z AR - B IERf AL Qwen2Model HYAE K
with torch.no grad():
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R HCE it AR 7Y
base model = prompt tuning model. get base model(prompt tuning model.model)
= RIS IR A A
input embeds = base model.get input embeddings( ) (inputs|
# 3R Prompt % A
prompt_embeds = prompt tuning model. template()
% P& Prompt i A LA VG BE Ik ¥k K /N
batch size = input embeds. shape[0]
prompt_embeds_expanded = prompt embeds. unsqueeze(0) . expand(batch size, -1, —-1)
% Bf$E Pronpt Flki AHR A
input with prompt = torch. cat([prompt embeds expanded, input embeds], dim= 1)
# TR
prompt_attention mask = torch. ones(
batch size, prompt embeds. shape[0],
device = input embeds. device, dtype = inputs["attention mask"].dtype

"input ids"])

)

new attention mask = torch. cat([prompt attention mask, inputs["attention

mask"]], dim=1)

= R A BB AY I E A Y AR R R
if isinstance(base model, transformers.models.qwen2.modeling qwen2.Qwen2Model) :
£ Qwen2Model X A generate J5 %, 75 & F s Ab FH
2 X BARE AN ERAE A 1Y) model S Qwen2ForCausallM 2 #l
Im model = prompt tuning model.model
# A Prompt R A FEAT A BL
outputs = lm model.generate(
inputs_embeds = input with prompt,
attention mask = new_attention mask,
max_length = max length,
temperature = temperature,
top_p = top_p,
pad token id = tokenizer.pad token id

)
else:
& AR AR S R (o P S Al B R Y generate i
outputs = base model.generate(
inputs_embeds = input with prompt,
attention mask = new_attention mask,
max_length = max length,
temperature = temperature,
top_p = top_p,
pad token id = tokenizer.pad token id
)
# RS A Y [
response = tokenizer.decode(outputs[0], skip special tokens = True)
£ PRI A E S (R BRI A)
input length = len(tokenizer.decode(inputs["input ids"][0], skip special tokens = True))
generated text = response[input length:].strip()
return generated text

return infer

02 IR I 2R AS R 0 43R
model name = "./model path/DeepSeek — Rl — distill — Qwen— 1.5B ori"
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tokenizer = AutoTokenizer.from pretrained(model name)
model = AutoModelForCausallM. from pretrained(

model name,

torch dtype = torch. floatl6,

device_map = "auto"

)

F BABLE

device = torch.device("cuda" if torch.cuda. is available() else "cpu")

AR Y R BOHE T ek A
infer fn = load model and infer(
checkpoint path="./autodl — tmp/fine tuned deepseek/final prompt encoder.pt",
model = model,
tokenizer = tokenizer,
device = device

)

= R
question input = "ft A& EPikEE?"
response = infer fn(question input)

print (F"FE A [A] 2. {response}")
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