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AESFEZMES . FalL, ENESH THAITAEQIE, AIFES/NMINSCE, ER55E I
(N




4 F1FE BHERKEZTER

® 2 (§H] < 0 chat.openai.com ¢ ® + »
= O Enable chat history s

VS IPN
Write a 4-line poem containing the words Wisconsin, Al, and pizza. — 354

In Wisconsin's heart, under the Al's gaze, ik
: S R

Slicing through code and cheesy pizza haze,
A symphony of taste, technology, and skies,

Where modernity and tradition harmoniously rise.

0"
“

ChatGPT may produce inaccurate information about people, places, or facts. ChatGPT May 24
Version

1.2 K B SEE T R TR S I R 25 . R T ChaGPT
R P SR U — 3%

BEB, I 2 BB T L 428 A R TR 4%, 4045 OpenAl Fy ChatGPT .
BUHY Gemini (HTFRH Bard) %, 1K RYURT ARV P AL, FERIRAPAUL . MR,
T E IR

TEBE | EHEAE L T, K 2 BRI B PR T A BSOS A RO, (i
S, AR B R AR P,

AT 7 2, KA 5 R L A i S AT A AR S AT 55 1) A s A A BE Ao Ay 2 4fy
(B ENTRN U )R, I H 5 WA, BEEFA AW BT AR 20 SRR i i 17
%, ENTAEIEBRA SRR, MR R TS O W EE S

TEARATH, A PR BT NI UG B TR SR A T AR, IS8 — i) AR ROCA Y
RIEFHEL, Ak, fRibAs2 I R F R BRI T4 AT (BRI, SOR RS 2
WEBEY) EOR. IS, 7aARdih, MRkl g — MR ChatGPT XA 4RI
FHERAELT, ks HTAREEL,

1.3 HEMERXESERENZ IR

A A ORI F AL WETF IR T 5 B A SR — IR T SR i)
JRBRVERIZEAEN L2y, A FATHRAL T B ZR AN OR RO SRR, IS 1 A s SUs A Kl 5
LS5 AL BRI,



13 MEAA REZREGIANE 5

AE SR SHKRFEB AR PyTorch RE S T B ERIMY, RAVEFALRZE, ART A _
EWFE A PIE| X T PyTorch 49 2 &N 43

WIFER, F1 X E SUREUE 55 & BT B TR S BOAEVERE EAETEIL T ChatGPT 25 0%
MofR s M A G L SRR B B (45 6 T T Rl U #5228 Bloomberg GPT FI
LT BEERIER IR A (EZPRAE BIE S MR B ).

il H A il BRI P L By 208, JOHORAE BRI AL Ty T . i, i THLE TS &, A
] BEA R S S 4515 OpenALCRE A EE =05 R FH BURERIERT . AL, PRI REN
A Tl AR T H R, IR A mT LUK B B2 P e (CEICA IR RETHL) bo ixt
JENER A I A IEAER R B0 T7 ) o AS P8 n] DL 25 D A IR I PR 55 A 55 2R AR DR A AR o e
S, s BRI T RO A F A SE 2 [ ERL,  RERSHRYG TS 242 AL i SR A B

KA S R (R 1 AR5 FRIIZR ( pre-training ) A1 ( fine-tuning ) PINBTEE, “TiIIZk”
rhEy T R TR R GR BB, IR SR RO . AR B S LTI 2R,
DAY WA T T8 5 BRARBE T o AT R S8R, S0 M B A FBE AR/ IN B AR o AT 55 B S 2
P FXPRERIGEA TR RIS, Dt — D3R R E R 7. I 1-3 /R T B BN ZR s 24 )
BB Bl gk

TNGFEHRIES
REAZ—HRR

B

. HOBE
AIESREETIRENR i
B RTINS [ DHARESN )
e Ll gk
CERER —
- fZRIESC

NG RHAESEE
RIRBIRARIE A RE (€-3nt k)
(Ba LAz 8

- % 3
ARG ¢
- EhE = )=
- MABE ’J .

HIARMKIE SRR

TG ERXIES RB AT L
EFRTRIRE il — 514, ForsEeE
BRI EE SRR
HXIESRE
E 1-3 KB FHEANTRIIZE B PR EAE KRB TOhRE R SCAERNE (RGO ) BT T —Hunl il
FINGTERUG , W LM BN R I ER AR ) KOS & R EA T 0




6 1% BEREZAHEA

BRI TR A 2R — D SR e R SOR B B T2k, X Sl PR R IG S A (raw
text ), “J5UUR" FR AR IX LERE PR A RSO, BEARHIMEMARIERE B (FEX—, A1l
BT R R, A BRAR S AT ORI F R SR )

AE WREAAMEFTIFR, 2EEE, HHROIEF IR BLFAEE S
TR A REAYZ RS BT FEEATEE &, Rl BFRER T RE SR I
GIBL EIHE, KESEAEA G BES T, BARMARIE T AR 8 SRS,

}:F
( foundation model ), — M HLAIf|FJ& ChatGPT HHIH——GPT-3, X MERIGENS 58 MUOCA K42 AT:
55, BRI P B ET Al a4 BEAh, BRI T A RIEEAR=RE T, XEWRET
AT DR REVGEHR T, TR pbPks > H I TS o

AR TCR R AE LIRS I R ny IR SRS, FATAT LATE A i B 4 Ltk —
HNGIX A X —EFR AR

T R B TR B R AT Y TR A s 2 48 A T L AT 55 0 . 7E38 418 (instruction
fine-tuning ) 1, FRIEEIEER “FEASEER” X (HRMBIPRTS 0 “JRSC-IERRIESCAR” )
., FESHAES T (classification fine-tuning ) H, FRiEEHEAE b SCAS N HERIPRES (Heane
Bebmic o “RRHROET 5 BB W H IR SCAS ) AR

TEARATH, AP G BN R S BB R SE B, I EAEBN SRR 2 )=
FA PR ARV SO AL 55 TR 9 BAR AR Y

TN I Kok 5 BRL A 55 — I kB Br, BOIIZR 5 B9 R0 & B8 2808 Fk o ZR A AR Y

1.4 Transformer Z2#39 42

KA HEIACKIE FRIIE T Transformer 284, R —FITREEMZE MR, IZHEH —AE
BT 2017 4R A FHIL ST “Attention Is All YouNeed” B wRIEHA . h T HBIGESEA, F
IRT L BB — T W] Transformer, Transformer Sl & WAL BIPEAE S5 ( LU AKE g SCHIRE
AAETE LR ) JF& Y. Transformer 4244 i — ML ARA AN 1-4 FF o



1.4 Transformer 22 #JA-42 7

8. STEMMLH
(FBiF)

\

4. HEEEEHA )
I, {ENiES “Das ist ein Beispiel”
REHIHIN
\
(ow )
3. YRILEEImAD TR
Sk ot 7. REEEAE
& R AT ARSI ARERIFE A
X ARYHG
YD R FRRD2S

6. AR

2. HEEEEE
PN FAEHE BN

5. EAHIH LA

1. RN o e
A “This is an example” “Dasistein” | = %i_%\ E’%g
=)

[§ 1-4  J5ihf Transformer ZEAG YT ALTAA , X o0& —FP I THLE BHFERVIREE = 88 . Transformer
PRI : —A e gmfdan, T A E A SCARIFAEBOCAR A (—FRRERS 76 AR 2
BEP RV Z AR R BIERR ) 5 o0 — RS A, T Ak 8 SOAR i A B 1) A
BRGSO, TR, B RR IR B R S S B, SR A g AR D
AJCAS (“This is an example” ) FIEB/- A A] T ( “Das ist ein” ), A iidR/E —1>HLiA
( “Beispiel” ) LA5E B
Transformer ZA4 tH I >FACHRAG L. Sias FIAfASEs . 4RA98% (encoder ) FLHR 1 T340 Fik
ASCA, B Hogmtt S — RV BUE TR e i, DA AR LT SXUEE . 285, #8585 (decoder )
REHC G e i (m) &, FFHE AR B SCA . AT S5 A, St b U5 5 i SCA 2 B
) o, AL DU A ok 2 ) A A B H AR TR 5 I SCAS o b 2 FARA 2 A0 02 th 2 )2 41 R, X482
W HERIAURIERE . ST A X A T AL SRR gnAs, FRAT DK AE IS 2L 5 Th g b A
Transformer 1K F 88 1) — ROCHEA 2 BIEE IHLEI (self-attention mechanism ), B 7t
VPR et 740 AN ) L) s ) 6 22 [) A AR M o X —HIL I (A A e A P2 21 A B b
KBRS AHOBAN T SOCR, A HA s 5T B R SCHCrY i iRe g, 2Am, T AT
WK IR, A VAR 3 BrhIEdnfg R B 0L .



8 1% BEREZAHEA

R T IENANRIZERIA R TS5, Transformer FYJ5227481K, 41 BERT ( Bidirectional Encoder
Representations from Transformer, W [EI4FLFIZk Transformer ) f14# GPT ( Generative Pretrained
Transformer, 4R TIIZ Transformer ) AL, HOH X —BUEH . ARV HESGER, AT
LAZ DLFE SR B

BERT & T )5 Transformer )2t as ity dt, HlZIrk5 GPT Afr]. GPT EZH T/
WATSS, 1 BERT K HARAL 7 TSRS TN ( masked word prediction ), RIF 44 5 f)F g i
RO, W 1-5 FfR o X R 2R SR M BERT 7615 BTN . SCRY4 245 SUAR AT 45 B
AP pln, SEABESE, X (DATH Twitter ) ZERTINAT F A 2205 # FHAY & BERT,

BERT GPT
_.IThis is an example of how concise | can be| ‘This is an example of how concise | can b°|
YmioEe fERD 2R
HNERE Fo—R
BIEIRLL £
ERRA LA
—«‘ This is an __ of how concise | __ be ‘ | This is an example of how concise | can |~—
1 L3
) (
YR, BB RIREINIZ BT FEE RIS
HAiE] 4 B A

P 1-5 Transformer St & MRS AR 0 AL R o 7B B A8 3 S8 7 1 T THHERD Tt fr)
J¢ BERT Kifi SRy, EZTIOAPREES: . AR R R 1726 GPT ik
P, BT AR S5 A OCAR Y8

GPT NI & FJ54h Transformer 2244 RIS AETR 5, F B T s SCAR LSS, AUFGHL
PREIE . SORE . ANEBE, IS5 S,

GPT BA! FEAE VI T 3L A4 2 (text completion ) {155, (HENTRI 1T HiEHY
AR IR SO K A T FAEA S ST 55 FIADREA 2 )T 55 - TAFAREE 3] ((zero-shot learning )
SEARTEBA R E R PIRTEOL R, ZAEBIMR IS LSS, MDHAZFES] (few-shot learning )
JEAR M PR AL A B R R 3072~ ANl 1-6 i



1.5 ARXALESR 9

RIEIBS AT AR
AR
oA \ it
SCARNE RER —REREEN—F
THA Effﬁffif B Frithstiick
4\ ERREERGIE
gaot => goat EHTERES
DR sheo => shoe phone
pohne =>

ERME T RAIE
FHTEMRES

B 1-6 BR T OCORKME, J& GPT Rif S AAA n] DRI AP T &S, A%
PO E AR 55 AR B . A, TR AP IR AR s B ARA R B, X
CDBEARBLE” . SR, 2K GPT i H BB AERS 7L BOA R E AR I 0L P AT ST, X
YRR “FREA B

Transformer 5 KiES &5

KA KB ZEM K S A T XA 49 Transformer 2249, B, Transformer #= K& 3 4%
T E LR PFFARAE AR AR, R, JFAEPTA S Transformer #F2 KiE S AR, B A
Transformer &5 B T3 EAALTARIR . FIAE, SFIEPTA G KESHEBH AT Transformer
H, AAXRBEELTHFAERERGREZZEE, EHILHEMEEGEZZHIE TR
BREZEAGITEE, KM, X3E Transformer EMH K EZHA L T RB 5L T
Transformer % K& 2 BAA R E, DR CNATAEERPHST 2R, BAENEK, A H
AL, ABPER “REZHER” —3F kIR EMT GPT 494 T Transformer #9 K35 3 42
A, (JmRARAM RS, AL M E B PR B 8 X Ry 09 S LK )

1.5 FIRAEHIESE

FEIHA GPT . BERT S&A A B (i FH A I R i S A 55 T A8 1T 4T A9 SCATERLEE . X seifkl
PEAL SR, WA R, R ARIE S SHTENES . £ 1-1 @ — BRI
BEET TN GPT-3 BUBHESE . GPT-3 #i i/ —1% ChatGPT HYEERIARAY,




10 F1FE BERKEZTHEAR

% 1-1 GPT-3 XiZE =& MTIIGEIRESE

BIRE RN WiREHIA ATHE WIZREUHE A EL I
CommonCrawl CESIVE e H 410012 60%
CidEfE)

WebText2 CEESINE e 19012, 22%
Booksl FETHIR N Y B A5 R 12012 8%
Books2 T T HIR N B B A5 TR 55012 8%
Wikipedia TR IO AR SOAR 3012 3%

R 1-1 R T AR R IR CEUE . JRITT (token ) SRR ANEEICCA M EA AL, Bdln 4
ARl TR B SE [) SO R B SR AR AT S BRI . AT AES 2 2P SRR A 21 il
RILRE SCA 5 Ry i) e R i A

FRATREAF A T ZR 752 , VNSRBI HE 4 e R USR5 AR PR A X S A e A0 51 5 1
LR BRI, BE s RNl RS LR T R4

GPT-3 BUEERMET

& 1-1 27T A TI% GPT3 93 E . FoPoh “DIGBFEFayh” —5 &3t A
100%, ARIBEANEZJATRE, RE “FsE” —F EitA 4990 12, =iz ERE 3000
LA LB 4T T D%, GPT-3 36 L 69 V4 SH %A BARTLIA A4 L R A 3T A 4990 12
A8 AT I %

AT FIAFHIME, YA CommonCrawl & A, € &4 410014780, F&2 570 GB
AR, AT, GPT-3 A 6954 m A (4 Meta 89 Llama ), &2 5 & T €165
SIEE, HET 846 ArxivIFR# X (92GB) #= StackExchange LK% (78 GB) £ W
L RIER,

GPT3 &L a9t % - R AT LD GHABLE, BT ALE — AT T A o) E B E—
Dolma: X2 —/NA T K& SRR 469 3 FARATLK DG FEHE, Kd, ZHEE
TG LA T AR 09 WA, BARAE A A3 T AR BUR TR G91E A A B 2 .

X SRS ) TN R P B AR ST X R U 55 EA TR R B Tl i R, IR AT
WK “HERRARL” BN A 2R BT, A R & fln, BIZE GPT-3
MRS R TR 1% 460 73650,

UAA R, PP IONZRA RIS SRR TR, nT DMEE TR, TSR, M
BRRSEARAL S FENZREE T B SCA . RIS, XS8R 5B Al LUl AR X N R S 0 e A
F5 HEATROM , XAV TR R, PRI TR EREAL S LAYTERE.



1.6 ENFH GPT %4 11

TEARATH, AP BBIN AR, IR O T BN — T80 H BRI SR,
FerP B BT AT SRR AT LATETH S B 1 AT o AESC NGRS 2 ), FRAT PR ST el S FH AT
AR, R EATIN R ZE SR A o AR SRS RO TR SR, JRATEE AT
ki & SR IO ZREBL

1.6 RS GPT 4244

GPT & #]/Z&H OpenAl FJ Radford 5 AFEIESC “Improving Language Understanding by
Generative Pre-Training” 421, GPT-3 B AIWY RIA, EWFAEZMSE, IFEEKR
FEEEE L T T4, IEAh, ChatGPT HH At J da A Y 23 53 {1 OpenAl [ InstructGPT i
SO, TE—A RS S B L0 GPT-3 AN . EanIRATER 1-6 T I, X Bepi
RUAUR R R SCAFMRARAY 0] DT PFEROE . - 28808 5 BiESET55 . % ES] GPT £
HRUSAEARD AT B0 — PRl T 55 (0L 1-7) _Ebf T THIZE, EATREA Qnbss K 41
fIRE T SEAE A N

The model is simply trained to

predict the next word
AN 4

P’ 1-7 7E GPT SR N — B B BN 2R 55 b, ARG i WL 2 A i > Tl ) 5+
A X IEREAE Y DR HR A I AR A PR WAL, RN B T
A AT 55 B Sl

IR AT 55 R I B MBS B3] (self-supervised learning ) #55X, X J&—FF H KR
A7 IR BTN L T AN R SRR S, T AT LA TR AS B O 254 o ol
Ui, FRATHT LA A) 53O B R — A A BB TN RR S . th T4 55 i “ahs” gk
Fgs,  PRIEBAT T T LR PR Y O SCA R s SR N 2R TR S AR

5 1457 HE R JE SR Transformer 44 L, GPT A3 FHAUA SE M 35 . 4 1-8 iR, A%
i, B RAEMBEER, A SRS, TR GPT XEEMY AR g AR R 3 o 126 1) T U]
HERSCA, R BT A —Fh B [EY3FE8Y (autoregressive model ). [ [FIFRERLEL 2 A i) 1
YERACRT RS A . Bk, 76 GPT o, RS USRI B 2 AT P IR R, ki
TSR — 8
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ETHRAXE F—RIAR FERIAR FEZRER

ERT—MA
| “This is” }— | “This is an” ’— | “This is an example” |

RG2S TR RS TR RS
RSB AR
WAXE BAZAE

| “This” | —>| “This is” | —>| “This is an” |

R ERMEER
T—R®XZERMAN

&l 1-8  GPT HUAa{N i FHJF UG 1) Transformer fFISASE 4T o BRI MBI A A0 EE, X
e ARE A SORA BT — BRI 45, AT LAl AR il seAs

GPT-3 25 JEA R C B JFL AR Transformer #5781, U1, JEUAA Transformer A DK i £ 5
RS A2 T 6 YR, 1 GPT-3 BJL45 96 JZ Transformer Fl 1750 11544,

GPT-3 JAi T 2020 4F, FEMEGRE 7] FORTE S AR AR & R EOR M, X ERARH A
HIFE 1o SR, R Meta B Llama FERY R ST RO AUAATIIRBE T AR R O BEAC B, ALakAT
TLEVRIRRE . UL, PEAR GPT RAARHE R ABME T GPT &R LAY, R4
ZAHAL I BRI BRI

BIRIFARAY Transformer A1 (A8 A SLRAMRRSAAELR ) L1 it Bk m e, A
GPT FEALR 1 B H AR AL A A A 22, B e 00 T — i), F B EA I RE A T BT 55
XFPBES RIS AN, ROHR A —A> 2R — il e 55 _LINZRrRay, i
XL 55 BT R X B

PRI REAS 2 R ZE B VI ZR AT 55 O RE I PR8I (emergence ). SXAHRE S I AR R LI S5
AR DA BA T, ML) Iz e o i 20 H R AN A R S A AREE R . BV ReAT 285
LI EIFESUIZE, GPT BIAMIAENS 2o AIFE S 0 i Ot AT e 55 . X 5e0r



1.7 MEXREZER 13

PRI T k2R AR R S B R A LSRN RE 7 o R, TCAE AR IR AAT: 45 (o A [ g o _
BA VBT I TR

1.7 HEKESERE

TEARE, AT B RE S T T 7ok TEARBRSSEET, AT NEITR, —28
A A C AL FRATH L GPT BRI BONHE 5, R IRIET 1-9 s iR IR, 70 3 1Bk
ﬁﬁifﬂﬁ— E*ZT‘O

BTN RRAESRE
kAE—N IR

FE—ME BN \{ EZNER

‘ BEHAREMRER
mumes | | @xEn | | @xEsm Gus || @ra | |OB |
Sxit ity En f#5h w || PUR (o e
: l : ! wons |

(4) Fillgk
( R KA R ]—{ P
I I AABDE ]

EREIRRE, HTR AR MRS FTISAIES
F A A0 A A BE, e REER, ik
Fitt— SR \

MERINERNAES
R AZ— M A
FHPRIEE
B 1-9 MR BRI 3 A R B SR A E s i (S BB ). BRI S
RERILIARAT LRI (55 —FrBe ), LR AOMEERIER IS B A B FEOCA 2648 (58
=BrEe)

TES— BB, AP~ Bl P B BEA RS, JF8 T BE SRR R DA M ——E
AL

TESE BB, FRATHe 2 T ey G 5 AAS I E TR — D REAE A OB SCAR 926 GPT Gl H AL
[, FRATEHG PRI O F ALY BRI R, X0 TR R M3 ASRE S AR G 2K
A,

R AR IR, MSRITFIR O ZRRTE SRR — IR B 4TS5 . IIZR2E GPT BERLFTRG AYTT
ST RE R ISR T BB 1 300, ETABM HIZHEC:, WIS N B4Rt T
ke Besh, AATRELBt 7T R R A B e 201 ] FH BB SR s (A
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B, TR =B, FAPREXT— TN IS BRI T B T Ok , (BB PR T IR 25 i)
SCAR Y REAT 55—k Je VR 22 LS AR T v i WL 7oK

RO DTTRN TR L Briah AL IR 2 fere |
1.8 NG

Q KB SRR GH T HRE S AR, et 2 ar, HRE S PRI F 2R AT
BARMELIN B RGN TR R Ge T k. sy, KB SRR 24 X —4igE A T
FETFUREE S H vk, FEBR . AR ANSSIE S iU T W

Q B KIE F AR I 25 B S AR
5, R TChRE SR B NG, B A R R — R ChRA
m B, 7ES/INRE H 2 bRt ) BAREEEAE BT ROE,  DLEAEFS 2 A T 2T 5 .

Q Kl 5 ARACR B 23T Transformer BIEEKE . X —SAGAZ O AL 2 I pL],, e fl
PR B R E 2R 1A A B B, BE AR PG T e PR b OG5 A B R 45N 47

Q JEUR Y Transformer 2844 A 4Ll : — A2 TR SCR Mgt as, — A2 T4

ESCA R i o
Q LUETAE SR T8 2 B RE F AL (4 GPT-3 Hl ChatGPT ) HSZBL 1 ffthd ik 7,
PNINTR A e o

m Wik R rAg ity SR Al PN S € S TV 2N G ElIUPS

Q A GPT Kl 5 BB AL BN ZRAT 55 2 Bt 4] 1 ) — i), (HENTREL T hE
Ug5eorde . BFE R A SORSESF Y “THBL” ek,

Q MR F AN INIGR)E , AR RN AR, 3 1 = R R A i R 45
KM IHES .

Q 75 A SCER A b AT ORI A R S AL RE RS TR 2 A 55 Ll A T SR



AR ARHIRE

AERE

Q MK R G £ SR

Q K SCAR A N B G AN Tl iR G

Q A B i ) SCAR G310 5 i 1 X i
Q FI M sh i O I SR REAR 1 TR

Q BT A i A B AR ) )

TS 17, RATRART T KB S AN — 250, IR SR A R AR i SO B
EFATTINGRE . FRATERIIET A2 ET Transformer ZEH4 A 2B L #S SIE SR, Transformer
AR JE: ChatGPT FIHAMZE GPT K 5 A AL Y JL At

FETN B B, K8 5 A5 — R A BE—A~ B ] o Sl (A R — P AT 45, FRATTRERE VISR
AR BOE T H B AL BN IOE T AL, T 1 R8I S AR ok SR AL 28 5 1 —
A, AE AT LIGEAEIE R 2 B TREE Y BARME S5 o (H2, TESCURIIZRE 58 2 Fiie 2
FeER PN AEEESE, K 2-1 FR,

SEHBURRAE AR RTINS R R AIE S HE
SRBIE— 7 FEARE
E—ME EZME \ BN
REDES IO 6 S
() #EtS | | (2 EED (6) 147

[ "
| £ | () AiEEH (5) Vi ‘ -
! S5R# | HU Figet EER a2 BE (8) #

b l bbb

(4) TNk
- RESEE ]—»[ HAfRE

SERHUESRAE, 3T R ERmEgEg LR ((onE
B A BB, R ERER, -
Fiti— 58 \

WIBTUNE SR ARIE SRR
BB ABFREPRIER

P 2-1 MR SR 3 A ERB B, ARHE LTS B BOPRS()E  SCBEUERAR K Z



16 %25 AL KEE

FEAT Y, RFE2E 2 W] R G 5 B U A A SUAS o X 5 SO SO 3 B SR kST 7l
WIRITT AT, ARG It o 5 AR I A ) R o VRN T A 2 S ) i)
FAR, HHWNFEDBIRIG (byte pair encoding, BPE ), X&Z—F7E GPT & AT IIE SRR
A, fea, TN S —RhoRAE ISR AR NS, R AE B2 IE 5 R s 1 i
A KA

2.1 IEfRIEER

BRI R TE N TR B 22 ) AT AL PR SOAS o 1l T 3O Bl i e Y
PRUHCTRATITE I, B R A T 22 R 2R N BT s AR B3 AT B — il Bl 3 S i 2
(T AR A 59

FE wRERARREFA LTI P @EAKE, TRIA22VPTHELEZE,

W BAE AR A 1) B Y 1 R RO AR (embedding ) FRATT AT LAE i i R 22 ) 268 )2
R — A TIUI R  28  Z8 A Rt AN RIS Rt (Um0 AISCAS ), i 2-2
IR BRI, 5 B, AR AR U 2 AN R A AR, N, Sy SOR BT Rk
NI FEANTE T S U sl .

HLFER N AR B

R H

I
v
I

EITHRNIEE L OND

AR
EIHE ﬁ — 3 —

FehRER AR HRNAERY & 3= IND
BAEE T\ . moTE
e | =] § — [lonzme
MAREE
EZN
IRNEBLG F IS
B hEERTR

Pl 2-2 B STRERITOTE BRI . E0 . SRS R SR RdE . R, FRATTRE A
PRI S 0 i KA e 0 DR TR P 2 ) AR 75 oy LA IR BR ) S B e R . I R T
H IR B o — AR ) R AR



2.1 FEAEIEHN 17

RABIA B BTHOG R () | G SOR ) WU Bk s (m] b R,
ZH BRI RUE B R el 2 R 25 ] LARE B RS X

JRAE TR AR SCAR I AR R WA, (B AR X+ . B ) B8 SCR i A
Ko A FIRABBIERATER RIGIRAE X ( retrieval-augmented generation ) ISR R Wil T, i#id
PR CAAE RO ) 5K (AR RIMBARE ) M55 G, KRR A AR 7e A i # b |
A5 BT SOHERINTER, HiX—HAR N TARRNThe; . AT HREIZE GPT K
HH B, XA L TR A oA, i, AR R A

HAET, ATCEHE B ZMEEMHERR AR A, Hh word2vee SR A T 7k
Z—o WAL SN, word2vee SEIL T ARYE HARTEITON - R3¢, SR 1R S Hox
i), MIA BRR A o word2vec R0 AR, ERAEARIL B R SCrP i ia A A A AR Y 25 3L
PRI, s S i AR 3 225 RFHEA T Al AT, FRATRT LUA 25 SCHLR iR R A —iE,
WE 2-3 s .

ENDE IS
DL NEI
KN
01N
@ squirrel
]
%’E Germany .Ber"” - Iozger
[
> ® ® ‘e®e longest
[
England London
E—E

K 2-3 WA AR TR, IR AREAT LUK AT e AR A BT T A . R
AR (I word2vece ) i, FR HMBE S A TA1E A A ZS [ Rt . folin, A&
FRAZSIAI A, ANTR] TN PR B 28 4 P g e L ] RIS T =22 [ P o

A RIYERE (dimension ) ] RLAN—ZERIBCTHEANSE . T RO ZEREA Bh T3 2 40540
KA, HIEH DU MU

BIRAT LI word2vee S BN AR HLAR 7 I A i A, (BRI L8 H 2x [ 47
AR o X AR AR A Z B — 8y, I B AE gl B bt AT 8. S word2vee ML,
BERRANE AT F BN ZR A — R A TAC I E AL T, A AT LR R RE BOAE 55 FBiE 64 7
Pt ASERAE) T SEBUX AR AR AR o (LA, KIS RORA REA i bR SCRSE A A
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55 3 R I TS )

WARA R, AR AMELLEE T T A . SO R R AT LLSCR WL R R i A i 1
JRIBRT = el AR AR, Xt & 2-3 HR R e DR R 4 A BRI SR, EAL
P AR, FA 138 5 (o o = e A . GPT-2 Ml GPT-3 fUifk A4EE (TEH R “REHY
FROBRIRAS LR ) AR PR AL ) AR S5 ASE 04 25 S 1A AN, SO PERE SRCR Z AR .
/N GPT-2 B (S8 1.1742) R ALERE N 768, Tl KHY GPT-3 Bif ( S4e N
1750 12,) R ALERE A 12 288,

BTk, BAPEZ TN KB S i A i i R, AFRI SO 2 Bk B | R
TFEARNIRTE, LR RITTE A R A

2.2 XAK57iE

AR ZR AR i A SCAS 73 D ST A TRITT , SR TR R AR R[] R BT B T
ARPHALBR . GRTTRERT LU SRS, i) LURGLIERR AT STE N BORFIR TAT, AN1E] 2-4 B

WA

[ ZEL b B J

T

2 GPT Y
hfRRE 2R
Transformer
|

wrea: 0] OO0 COE] COEr ] e

T

i@ ID:  [40134] [2052] [133] [889 ] [ 12 ]

T

TRTTA ST : [This] [is| [an] [example] D
ABNBTHIE s> }

S EI TR o

Kl 2-4 RIEFER P SORE D BRIESE . 7EiX— IR b, FRATPRHm A SCAR 01 5 i ]
JC, XECGRTCRET LU SR, AT DU WhR S5 Z IRk 1
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KT INGSGE SRR, FRATH ] Edith Wharton B4 5S /N3 The Verdict fER438 A, H
TR/ MEE AT R, Fn] AT RIE S EE A, 2SR LIRSS SO rp 33, fRm]
DK HAZ il R 2 SCASC R . B HZ HI 3] T —A~44 4 the-verdict.txt [ SCAR L

AL, PR AZEAS 3 GitHub £ FE 13K 2] the-verdict.txt X4, SRJSFTLIH LT Python
AT Bz sk
import urllib.request
url = ("https://raw.githubusercontent.com/rasbt/"
"LLMs-from-scratch/main/ch02/01_main-chapter-code/"
"the-verdict.txt")

file_path = "the-verdict.txt"
urllib.request.urlretrieve (url, file_path)

Tk, ATRIM Python AOBRESCHTEEEUT HAMNAL the-verdict.txt SCIF, WAL 2-1
B

RIZFEE 2-1 @1t Python SEHUE /NI The Verdict VE R SCAREA

with open("the-verdict.txt", "r", encoding="utf-8") as f:
raw_text = f.read()
print ("Total number of character:", len(raw_text))

print (raw_text[:991])

ITED (print ) a8 Jeki HiZSCIF R P AT B, SRS TR SCIERY T 100 ST FA 0 27 il

Total number of character: 20479
I HAD always thought Jack Gisburn rather a cheap genius--though a good fellow
enough--so it was no

T AP R XL 20 479 AT RVRRS /MA o T O Ik Sr 1 SR IR R AT, DA e 22
BB TR A &, SR T O F A 2R

AE MERETHEATEAEKA LT BT T LA AR, 8% 22341 kFYH (GB)
A, R, BTHEFAN, EADIEGIAER (le—KP ) SHEABALALRE
F 6 A0 B, AT A TR ) AR 3 B b BRI AT,

N TARBGRIEHNZE, BOZANA Rt 7y FIRX BOCAR? Dit, TR #EAT— 4/ Ngk>d, ]
Python AYIEMZAIE re #EATUIN . (ARG ) BUCAZAEMTIEN b sk, OMRE R
eI B ) 3 i) )

LATRTERER) SCAR A ], Gl (] re . splic v IFBCEIE AT, FRATAT UL IR 575 2
HISOA
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import re

text = "Hello, world. This, is a test."
result = re.split(r'(\s)', text)

print (result)

BT B Y 25 R — ML B ) | = RIS AT S B

['Hello,', ' ', 'world.', ' ', 'This,', ' ', 'is', ' ', 'a', ' ', 'test.']
TERFRSMELLT , XA TRT SR 4338) 5 ¥ RE R SCAS 73 B B Y Sn] o (H ) ITE T, — 2L Bga){))
SREPR AT A, IR X SehR AT S R o i ) R0, Ak, FRATTBCA K Py SCAHR
o INg R KRG IEAA B T RIS SRR X 3 LA 24 el Al 44 08] . S A i 3 ) 14544
FE2E S B WA RS R

PR RMEBUENRE, AR AT (\s). @SS ([, .1) Zif75rE).

result = re.split(r'([,.]l\s)"', text)
print (result)

ATAE R, B Tan R S MR fUAT5 0E s1 AL 81 0 -

[‘Hello‘, 1 1 , v, ‘world‘, L, U 1 v, 'ThiS', v, U 1 v, 'iS',
|a|, il |, |test|, |.|, ||]
—AN/INALEUES R PSR & 25 AT o T LGE AT L 7 ik 2 4 MM B S TUAR 745 -
result = [item for item in result if item.strip()]

print (result)

RS AT A B AR B

['Hello', ',', 'world', '.', 'ThiS', 'y 'iS', ‘a', 'test', '.']

FE OEFEARMEH AR, TEHEEOFAEMB AT AEASL, BoET ARG EAG R A
FR, BREa@F A TARERNGFTF 6 fide, R, RGN E Bxt ke
AR, RAREEOFHARHFALANEL (Fl4e, Python KA 45t Fo
AR SR ), AT Mitfemiaasiadiird, ENFHREShTaFA. HE, K
MR ARARGZGFHGETE,

ATV 7T EEAEAL PR BASOARI R B R o 35 ok, IR B — T, fHRE AL
HHABRI AR AT S, NS | 515, LARJER/INIL The Verdict BRI 100 4545 BLAY L
BT = SRR AT -

text = "Hello, world. Is this-- a test?"
result = re.split(r' ([,.:;?2_!'"()\']1l--1\s)"', text)
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result = [item.strip() for item in result if item.strip()]
print (result)

B S R PR .
['Hello', ',', 'world', '.', 'Is', 'this', '--', 'a', ‘'test', '?']
i 2-5 s, A8 3107 2 BAE AT LASLE AL BRSCAS b () & A RR IR A

HIANZA —4[Hello, world. Is this— a test? |

:

TS [heio] [ [woria]) (] ][] [ [ [est] 7]
Bl 2-5  FAT0 5318 I B R E R SE I T SCA 438 Ry B FRIRV RIS 1 A5, 3 LSO 43 B

10 Al 37 1A 6
e, WATC A T 2 ainles, LEFRA PR LR TR /ML The Verdict 1423 :
preprocessed = re.split(r'([,.:;2_!"(O)O\']1l--1\s)"', raw_text)
preprocessed = [item.strip() for item in preprocessed if item.strip()]

print (len (preprocessed))

EIRFTERE IR R 4690, IRIZSCRRYIACEGE (AR HTAT ). N T HREAF ik
A, TLETERRT 30 AT

print (preprocessed[:301])

ZERNR, S TAH ARG AL B T SOAS, RO IR S RIS R T AT AR ST o T T

['I', 'HAD', 'always', 'thought', 'Jack', 'Gisburn', 'rather', 'a',
'cheap', 'genius', '--', 'though', 'a', 'good', 'fellow',6 'enough',
'--', 'so', 'it', 'was', 'nmno', 'great',6 'surprise', 'to', 'me', 'to',
'hear', 'that', ',', 'in']

2.3 FiaciE#giase ID
TR, BATEEX LRI Python A4 B 630 8RR, LIAEAIRETT 1D (token ID ),
X — i FERRHRITC ID S R A R T LA TR

N TSR A TR T AT 1D, AR B sk . SRR E ST A
R A ME— B9 SR AR IR T AT RS 31— — B K, ANl 2-6
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#{E “A7T ID”

1. NI 5318 S 2. P E—RIR TR R T
I 37 EYIRITT T EAyEl N EN s
SEREENIIZREE RTINS AR
iy (e ] (i) o] [=]  [own] — 2]
The quick brown fox jumps WCLREEINE l dog I_’ l 1 |
over the lazy dog EFFREE—N
A%, BERE [fox |—[ 2 |
FRHRFHES =
|Jumps| —»I 3 |
ATETFHE, igkeks [lozy J— [ 4 |
REg&—1aF | | I |
B E—RIET over |— | 5
RN e ‘
e—HRH k, [quick | — [ 6 |
|

[the | —[ 7

L | L |

~ A%
HE—HIiR T A7t ID
K2-6 MIERIAICRAE R RN b i AR SO MR U 2 R s AR5 X 2L 3R] TR
TR HEATHES, IR BRI, T R — ATRTT R S BTk, %
AN E SCT A ME— TR TR ME— Y BB RIS . D RIS DL, 3k BLAT JE /s A Al
TR ESIVN, JFHAR SRR 5 IR AT

MAERNIC A58 TR/ N The Verdict 105318, FHR A RAFGTES N preprocessed )
Python A8 fHv, $F3k , IR BIEE— & Ir M —RTi o2, IR B IR R THES
PABRE TRV R A RN

all_words = sorted(set (preprocessed))

vocab_size = len(all_words)
print (vocab_size)

i A7 B AT AR E AR RN 1130,
BJm, FATEIERRNCER, FHTENZIRIERITET 512 AR B, i 2-2 Bis.
RIBEER 2-2 QAT E

vocab = {token:integer for integer,token in enumerate(all_words)}
for i, item in enumerate(vocab.items()):
print (item)
if 1 >= 50:
break




23 FEuiEk niE 1D 23

AR B R -

("Her', 49)
('Hermia', 50)

WRPEIL, ) B B VS BIRT, BT E— A R R R A S
FATHT —A A bR A sk a2 B SO e i)t 1D, nlsl 2-7 s .
BNEE SR AL IE T

e

AR AT AR

The brown dog

| The | |brown| | dog | | |
fl:zy;uwl:gt ?:)? sed ERIMBIRICRIEH

BRI AL SO AR A
‘///fm%%ﬂim
//* REACE ﬁ\\

AT ID
|brown|—>| 0 |

— [ ][of [+ ][]

[dog [ —[ 1 |

[Cox | — =]

\\} T — [ |//

B 2-7  MCKRIFRXEHT R SCAREAR B T 701, M AR SCAR AT A1 00 1D, XKL
FRIETBA G ER, AT AN TUIZREEA S, i H T A8 ) SCA R
Ao J R, X LIRS SRR AL S AR KT S IR IR AT

R TR R B i R MBI AU (0] SOAR |, b 75 B — Mo T 1D e ol SUAR Y 775
i, ATRLBIE AR, KR TT 1D W e AT TR A SCARTR T

EFRATAE Python Bl —ANSEBEHY 73] fe e o RS — TR SCAR Y encode 7k,
IFE IR AT R B B, DIARGRDT 1D, HeAh, FATERF B decode 71k, A
FTIEEEE 745 BR B B eI, RFRITT ID SR R SCAR o 32273l i) S A RS A ARy 0 2-3 s o
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RADER 2-3 SRR SO &

FIRCRAIE AL B FE, LUETE encode B ENRAPL R,
75350 decode FF3EHif1E] 1518 7T 1D BREE|
class SimpleTokenizerVvl: BIaX A AT
def __init__ (self, wvocab):
self.str_to_int = vocab
self.int_to_str = {i:s for s,1 in vocab.items()}

def encode(self, text): \ "
preprocessed = re.split(r'([,.2_!"()\"]I--I\s)"', text) ﬁgﬂﬁ;jfzf’l;*
preprocessed = [ 7= 1R TT

item.strip() for item in preprocessed if item.strip()
]
ids = [self.str_to_int[s] for s in preprocessed]
return ids

118 7T IDFHREI ST A

def decode(self, ids):

text = " ".join([self.int_to_str([i] for 1 in ids])
N
N I\lﬁ;
text = re.sub(r'\s+([,.?2!"()\'1)", r'\1', text) Q—{ﬁﬂfgﬁzm
return text = -

i simpleTokenizervi 2K, IFER] LIAHCA MIRNCRSEFILHI /a4, SRE
TR X e T GX SCAHE T RS, anlE 2-8 Fis .

/ J A AR tokenizer.encode (text) Fik

SCARHEAR AT A7 ID

The brown dog

playfully chased | — > I The | |br°W”| | dog | | | - III EI

the swift fox s
g7t ID TRTTALBISCARRE AR NN
The brown dog
- EI - III = | The | |b"°W“| | dog | | l — | playfully chased
il the swift fox

ifiﬂi ID 3 tokenizer.decode (ids) /3%
B 2-8 Al B AL S AN WA . encode FEEM decode k. encode JiEICAR

A, K Bt pia T, SRS FEAAE 2 T AR i JT 1D, Tl decode J7
RN —41IRIT 1D, R M SCARDT, IR SOR AT EGRk , TR A SR = SOR
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IEFATRIE— simpleTokenizervl JEMIZMIARSEHIN G, JRRILNIHI TR/ ML The
Verdict 1 H)—BSUAS , 180IAF 70Tl AR O SEPRRCR «

tokenizer = SimpleTokenizerVl (vocab)
text = """"It's the last he painted, you know, "
Mrs. Gisburn said with pardonable pride."""

ids = tokenizer.encode (text)
print (ids)

BT BB, BHTENLU R DL ID:

[1, 56, 2, 850, 988, 602, 533, 746, 5, 1126, 596, 5, 1, 67, 7, 38, 851, 1108,
754, 793, 7]

ok, ik decode JIAREM X LETH]TT 1D Heffe [m] SCA «

print (tokenizer.decode (ids))

i R ) SCAR AR s -

" It\' s the last he painted, you know," Mrs. Gisburn said with
pardonable pride.'

MRAE EmAE L, ATLOERR], decode J7 IS IRITT 1D et [al 1 J5U4R SOA
FIEATA AL, FERARFR] . FA 192 T — D REMS L TN RN SCARPEA T 70 1a) F1 S 53351 6473
. BUE, RIS g T UNZREE Z ST -

text = "Hello, do you like tea?"
print (tokenizer.encode (text))

PAT EIRACHDRE B LA R AR

KeyError: 'Hello'
[AIHAE T, “Hello” iX—HUIRJTARTE G /N The Verdict B, R BEA R BRI E
SEeS e SERT A (52 N7 a=y e I O REbS I S IDNISICLE 2 == F s | 2 =5 S S i b B S DA 2 G

TE 2471, FRATHAEGL S AR AR B SO BiE— DI A AR B, JFER T LIFEI 2R
UKL APSPNTEISE LRI U I N ol NG ) NI Dk £ 7S C b

2.4 SIAN$HKLETIRT

N TR AR, TR A T B R IB L, HET R, FRATEERT Al 5 AR
K R SCIRTE, RHESEAAIN T SOMHA AR SCE SR B . X LERe IR i BE AT T TARIUR A
TSSO ARG, I, FRAPRHME S 2.3 75 rh SE RN R A 3 Rl4: simpleTokenizerv2,
PLSZ R AN BT <|unk|>fl<|endoftext |>, A& 2-9 7N,
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CARHEA TR SCAREAR

The brown dog
playfully chased —>| The I |brown| I dog | |playfully| | |
the swift fox

I

/ WA \ i
on_|—[ 0 | 0] (0 B9 =]

|

[ dog |—[ 1 ]
[ fox  [—[2 ]
| | — L]

> <lunk]> |—=| 783
FHME Eﬁ%ﬁ TT:_/
ki TR & \ L

El2-9 T AMEERRER RS0, BATMIENCRFPSIA THRERIEDT, filin, FAI5IA T < lunk | >
TR TE AR R AR LR H BRAE VI 2R i b, DRI T A0 6 B e B TRl 3 Hp 1R 1) FD =
i, FANTESIAT <l endoftext | >TRIGCHS RPN A) SCAR R IR

AT U S S, EHARB RN R P A E R I, AR IC< |unk | AU .
BEAh, BATTESAEAAHIA SR Z A ARFFRIATT. a0, 7ElgR2E GPT Rif SHAnS, iR
22 A S A SCRY SRR I ZRbt, IS 208 e A D SORY s B A T Sk A— MR,
PAX AP RT—SSCARR, WP 2-10 s o X AhiadA B AR, A8 ik SeSOAR A E I i
BEAEAE R, eI LA E RS

7R SCATE ERE SN SARRTRM
() <lendoftext|> IAlTT
|

“... the underdog “<|endoftext|> ... “<|endoftext|> ... “<|endoftext|> ...
team finally clinched Elara and Finn lived The Dow Jones Amelia smiled,
the championship in with kindness and Industrial Average knowing her journey
a thrilling overtime wisdom, enjoying closed up 250 points had forever changed
victory.” their days happily today, marking its her heart.”
ever after.” highest gain in the

past three months.”

BRI I ARIRE R MR

“... in a thrilling overtime victory. < | endoftext | > ... days happily ever after. < | endoftext | >
... marking its highest gain in the past three months. < |endoftext | > ... journey had forever
changed her heart.”

Kl 2-10  FEARBEZ A S B9 SCA PRI, FRATHEIX 26 3CA 2 [ 4 A < | endofrext [ >TJT, X 28
<lendoftext | >IAICAENFRC, AT LIRS HRHE SCA )T BERYTTIREREE R, T B T
ORI R A S5 Ak R P A
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BAE, X PR IR JC<unk>Hl< | endoftext | >IN H .
all_tokens = sorted(list (set (preprocessed)))
all_tokens.extend(["<|endoftext|>", "<|unk|>"])

vocab = {token:integer for integer,token in enumerate(all_tokens)}
print (len(vocab.items()))

HRAE FIRTENE AT, S8R BOIRT R A R/ 1132 (BRI R R/ 1130 ),
T AT, FTERRTIRNC R R 5 N4 H

for i, item in enumerate(list (vocab.items())[-5:1):
print (item)

BAFTEILL T %

('younger', 1127)
('your', 1128)
('yourself', 1129)
('<|endoftext|>"', 1130)
('<lunkl|>', 1131)

RIS A, AT AAX PSR IR DL O S A B
TR, FRATPRFE TSI 2-3 XAl as g e, PR ILACHSYS 5 2-4.
REDEER 2-4  REAS AL RN BRI 1Y) SCAS 731 i

class SimpleTokenizerV2:
def __init_ (self, vocab):
self.str_to_int = vocab
self.int_to_str = { i:s for s,1 in vocab.items()}

k151557
def encode(self, text): < |unk| >177T

preprocessed = re.split(r'([,.:;?2_!'"()\'"]l--1\s)"', text) BIRAR M EIT
preprocessed = [
item.strip() for item in preprocessed if item.strip()
]
preprocessed = [item if item in self.str_to_int

else "<|unk|>" for item in preprocessed]

ids = [self.str_to_int[s] for s in preprocessed]
return ids

def decode(self, ids):

text = " ".join([self.int_to_str[i] for i in ids]) BRI ERS
HEamNE
text = re.sub(r'\s+([,.:;2!"()\'"])"', r'\1', text)

return text

*Hﬂﬁt‘fﬁﬁ%{ﬁﬁ 2-3 qjifﬂﬂﬁ SimpleTokenizerVil, /;riﬁﬂl‘.l SimpleTokenizerv2 Az?ﬂ%‘ﬂi%ﬂ EI/‘J$
TR < | unk | 1070,
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BUAEA BRI — T X ASE A i f o DAL, FRATPRAE T — ] RSO, 1A 7
ANk BIEC A ) F-PHE I A

textl = "Hello, do you like tea?"
text2 = "In the sunlit terraces of the palace."
text = " <lendoftext|> ".join((textl, text2))
print (text)

"~ .

Fi AR R :

Hello, do you like tea? <l|endoftext|> In the sunlit terraces of
the palace.

BN, HAAIEAE ISR 2-2 (UIENC 3 EY SimpleTokenizerv2 ¥ SUASKEA HEAT/0H) :

tokenizer = SimpleTokenizerV2 (vocab)
print (tokenizer.encode (text))

BOKHTEN LA NG ID

[1131, 5, 355, 1126, 628, 975, 10, 1130, 55, 988, 956, 984, 722, 988, 1131, 7]
MEGAIE ID F1 3, ATAEI B T — M FR< | endoftext | >2MBEAFHY 1130 @0, LLIEFIA
FORAFIERIANN 1131 L,

TEFRATTR A T S R CARAR B, S bR A 43 1) 25 A 5k -

print (tokenizer.decode (tokenizer.encode (text)))

By AR R

<Junk|>, do you like tea? <|endoftext|> In the sunlit terraces of
the <|unkl>.

86 RORCAR R B SCR SRR ASCA, v] AR ZREdE4E, RVEES /NI The Verdict, A
£ “Hello” 1 “palace” X Hl,

TEAR R F B, S B AT RE S5 I8 I AT R X LERFIR IR,

Q [(Bos] (FFHIFFEE ): FRic ORI LD, HRGHEF R —BN AT

Q [ros] (FIEER ): L TXARIAKRE, K< endoftext |>, FERIEH TIEEZ A
RASCAS N, LE& I P AR B4ERE ARG (SR AR ) i, (zos1 it
FER—ROCRERI AT AR T —ROCER TR

Q [pap] (AT ): MR K N (batch size) KT 1 AL BN AE F R, £
P B SCAS R BEE AT REAN ] o O 1 AT SCAS HA AR AR B, B ) SCAR 23l i 5 [ paD)
FDCHEATY R “BE”, PAVE FCA R R o A R KSR B
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HAR 1 S, GPT B FH A% 43 1a] g8 I ANHORUX LERFER IR G , TR {UH < | endoftext | >
TR A HAN AR . < endoftext | > (EosTRIDCERIMEL, HAF, <lendoftext|>
WA TSR RIS SR, 1 QNS5 J5 T 25 el 2R IR, YRR et i A R4 Tl
ZRiy, FRATEE A RAR, XEWERNFASF U THARN DT, K, Bk
PEMEFP IR TR A TIH RS FIPA TS,

A, GPT AL ARG A T < | unk | > TR0 A0 BRI H 13200 Bl A BA3R], in f
BPE 73 i) ekt SRl i b 1Rl BT, BARS DL 2.5,

2.5 BPE

AT —Fh T BPE MES AT Z 4205310 5 %6 . BPE spialgs PN RIE SRR,
4N GPT-2. GPT-3 Fl ChatGPT F¥) s fAHc I

T BPE [HSBUAHXTR 4%, BRI RA PR FHBUA 19 Python FFIRJE tiktoken, EZET Rust
FTRARASAE & E RSB T BPE 5k, 5 HA Python JBEZE{RL, W LI T Python 1Y pip %248
?é‘ﬂ"fr%ifi% tiktoken E:F:

pip install tiktoken

AA RS T tiktoken 0.7.0 FRAS o AR AT RLRE LT ACAS G AL 4 B 22 F AYRRAS «

from importlib.metadata import version
import tiktoken
print ("tiktoken version:", version("tiktoken"))

TR, AR IR 7 BIE ciktoken HE BPE 3l :

tokenizer = tiktoken.get_encoding("gpt2")

XA Az SRR encode FEESEILAY SimpleTokenizerv2 FIEEAEM

text = (
"Hello, do you like tea? <|endoftext|> In the sunlit terraces"
"of someunknownPlace."
)
integers = tokenizer.encode(text, allowed_special={"<|endoftext|>"})
print (integers)

A7 ERA, BHTENLUT T ID:

[15496, 11, 466, 345, 588, 8887, 30, 220, 50256, 554, 262, 4252, 18250,
8812, 2114, 286, 617, 34680, 27271, 13]

SRIG, BILME A decode JrEE¥HiAII0 ID 4 Bl SeA , [RIFEZSLT simpleTokenizerv2:
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strings = tokenizer.decode (integers)
print (strings)

BT LR, BHTEILLT A

Hello, do you like tea? <|endoftext|> In the sunlit terraces of
someunknownPlace.

i3 A BRI ID FERD IS BSCAS, FATTR 1 WA 2 A A 2R

¥i—, <lendoftext | >THJCHEL T — M KRMIFEIC 1D, Bl 50256, FH¥ L, HFIIZ%
GPT-2. GPT-3 I ChatGPT " FH ALY BPE JrialasaialiL & 50 257, XEWKE
<lendoftext | ># 43t T & KAYIHIT ID,

%, BPE 4ialgs vl DUES RS FIfES A AR, Ebal “someunknownPlace” . BPE 43
ORI ENEA < | unk | >TRIJCAYRTHE T AL BRATf] A TR 1 W 2

BPE 5012 B R R AT B SCIRIYI3R R A4 R3] 3 by S/ N -] BROTEL 2 5048, AT
AEAE b IR R Z A Bain], PR, 1925 BPE 53k, ANSRSMA) SR AE A3 inl il A v i B R AR 1Y)
LTI SCI RS S 2 NS i 1 i i e 75 22711 P 11 3 B8 B

BERMRIAN
SCARHEAR

R BT DA "Akwirw _ier"

BPERATA T\ ,//;/ \\\\
"W

T A R
A R BN BN BN

5 ID:  [ass01](_se ][ 343 J( 8o J( 220 ][ 950 ]

&l 2-11 BPE 43in) #5225 A F1 ) 43 A R iR AN BAAS 745 . Wntk—2k,, BPE Zid) 28 4E 7] LAU#AT
ARARTBAA], W JGA FRRIRIOE (< funk | > ) SREHAHI AR
B AT TR i R B AT RO BRE AR T il g LA HoI 2R i Rk 5 A R RS b BRAT AT
A, B SCAS A A R T N TEAE Y B

%3 21 RHEBEIFA BPE

23X4% B tiktoken B P #) BPE 498 B 5k 4 15 “Akwirw ier” #E47499, £330 A
W4 ID, RJE, SRR I E PR ENER SR decode 3k, AFILE 2-11 Posmst., %
)&, AR 0 ID AR decode ik, BB ERTER RN “Akwirw ier”,
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X BPE WM FISEBURE Y T A B Ry heins, HfE UL, BPE @i % M #7&
I RFin), ARSI I iR GO e, SRk A RN SR . ROk, BPE B /e A
HASFLRE (I “a” “b” &) BN ER Y. RE, Eaen KR FAE S ST
W, flhn, “d” i “e” WLAAIF N TIA “de”, XS “define” “depend” “made” “hidden” ZEFi4F
ZHE R R LG . A RTR A — R B (R .

2.6 fEREEOQHFITHIERE
R T AERKIEFEAN A W i, 42T R D IRE A U TN SR 1k A - B AR, ixst
A -BPRRHEA 27 IE AN RTIRATT TR, KOS 5 B8 8 0 SCASF 51 1 R —~ 5
DRI EONS:, AniE 2-12 Frs.
SCARER to predict one word at a time
predict one word at a time
KBS ERTE

[LLI\/Is learn to][predict] one word at a time ISk RGP
HIEiA

[LLMS learn to predict]word at a time

\/l[LLI\/Is learn to predict one]word at a time
jpg%ﬁﬂ [LLMs learn to predict one word]
EELGIEIPN

[LLMS learn to predict one word atJ@time RISk

[LLMs learn to predict one word at a]
Bl 2-12 S —ASCARREAR, AT PRI HEAS, PR A BRI IR S AL . eI i
i, R AT 55 2 U A BT — AN, BRATT SRl E AR IR )5 A
i UL, fERIE SRR ISR Z T, SCAR 20 s ial b B, RO T 3
WA, X LA T oI R

EFATIE I — N EER N 2S, HBEIE O (sliding window ) 77 8 I 2585 18 4 42 B
2-12 Fn i A-HArxT . %%, 8] BPE Jrim)#s %l ks /NI The Verdict )4 SCHFA 14310 -

with open ("the-verdict.txt", "r", encoding="utf-8") as f:
raw_text = f.read()
enc_text = tokenizer.encode (raw_text)

print (len(enc_text))
PAT ERCRREGR A 5145, 3XJEN ] BPE 4ria) g fa VI 268 vh 193] 0 S8

HToR, WEHEAE P REBRHAT 50 MATCLUERTR, XM MR S PR E— A A
R LB 1) SO B -
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enc_sample = enc_text[50:]

BT — B gw] TN AT 55 F) i A — EUAR X 9 — b ] B L EDUL AR 7 12 R SO AR R 2 5 Ty o A8 x
TR ARG, 288 y WATAEMEH < A5 AT TTA B A8 51 BRI T

context_size = 4
B o v A o L3 £
N . ’ - hEELOMIT

print (f"x: {x}")

print (f"y: {vi")

BAT FARARE G DU N

x: [290, 4920, 2241, 287]

v (4920, 2241, 287, 257]
b P A K AR R B bR CREARAGTE— LB, TTRLBIEEE 2-12 vhit R — Bl fE: 55,
LIRS

for 1 in range(l, context_size+l):
context = enc_sample[:1]
desired = enc_sample[i]
print (context, "---->", desired)

B AT R AR LT A

[290] ----> 4920

[290, 4920] ----> 2241

[290, 4920, 2241] ----> 287
[290, 4920, 2241, 287] ----> 257

ik (---->) ZeMIR N BFR KBTI R, Ji kA MEsiEDT 1D WK SRR
POZ B HARATT 1D S 7 8 W R X —id #e, iEFRATE TR A AR, Ex—dekn
JC 1D Hg [m] SCAE 3

for 1 in range(l, context_size+1):

context = enc_sample[:1]
desired = enc_sample[i]
print (tokenizer.decode (context), "---->", tokenizer.decode([desired]))
A — A A S >
PATT i e 1 i AR B AR SO T AT
and ----> established
and established ----> himself
and established himself ----> 1in
and established himself in ----> a

BRE, AT ORI S BN SR A - B ARRT R 1o
TERS TR R A B RT, B 75 B8 i Ja — TS . S — R BRI 2EER (data
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loader ). XANEEINZRAS 2o U1 i ABHEEE , B AR BARLL PyTorch sk IEZUR [F], 346
PyTorch 5K 8 AT LA 2 4850 . Bk v, FRATW B MR REIAKE . —MR2a s RIES
TSR T DL P SCA s A Ak, 9 — R & OB S RO T 22 1 14 H An el oo iy H ARk, an
& 2-13 A7 o

AR
——a

ﬂﬂ the heart o E city stood the old library, a relic from a bygone era. Its

stohe walls bore\the marks of time, and ivy clung tightly to its facade ...”

Y

x =\tensor ([[ ("In", "the", "heart", "of" )],
ﬁﬂf%iﬁ)\//ﬁ‘/, [ "the" , Wedty, "stood", "the" ],
HO3RE [ "old", "library", ",", g i(P

[ .. 11)

y = tensor([[| "the", "heart", "of", "the" ) 1,
ﬁ‘.ﬁgﬁ'\\/ [ “eity", "stood", "the", ield® 1],
HIsk = [ *library", ¥,0, wa “relic"],

[

1)
Kl 2-13 O 7Bl Bdi s, ATRAm AR BTk b, Hoh B TR — A R
o A y AR B HAR (R — M), e TRE R AR S — A
jollfeaib]

BIRN T ITEUEH, 8] 2-13 h LA A S UROR TiRoT, (EAESEPRA A S B, AT
HAEBRAERT ID, K24 BPE 43il#1Y encode J5EAE— B BR PRI 58 B T 4338 AR I 1D 1Y
et

AE AT EASROELEME S, KANFLA PyTorch W E ) Dataset £F» DataLoader
£, A X%HE PyTorch ¥ £ %42 B A=if 40485, #HA5M A 137,

Dataset ZRARADAMRIDTE 5. 2-5 s .
REZEBR 2-5 — A H T B AF H bR 8 a4

import torch
from torch.utils.data import Dataset, DataLoader

class GPTDatasetVl1 (Dataset) :
def __init_ (self, txt, tokenizer, max_length, stride):
self.input_ids = []
self.target_ids = []

TR EBLARHITSE

token_ids = tokenizer.encode (txt)
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for 1 in range(0, len(token_ids) - max_length, stride): <
input_chunk = token_ids[i:1 + max_length]
target_chunk = token_ids[i + 1: i + max_length + 1]
self.input_ids.append(torch.tensor (input_chunk))
self.target_ids.append(torch.tensor (target_chunk))

2> def __len__ (self):
return len(self.input_ids)

def _ _getitem_ (self, idx):
return self.input_ids[idx], self.target_ids[idx]

ERBFHEOFTAR S
ﬁ@&?@%ﬁ"]?g}iff RHEKER max_length £}

EEFT

B EHHRERBITH

GPTDatasetVl Z4k/K [ PyTorch 1Y Dataset 28, J& X T A N BHE S L BCAA T B
TR 2400 ID (B H max_length ZHUE ), XELGEIT ID BE4MELLS input_chunk 5K
i, 1M target_chunk SK&ALE AN HAR1AIC 1D EEARAREE R 12, LA T i 458 4E 5 PyTorch
H DataLoader Z5& AT, & EIREE A 2FER, XA B TR0 G- b A 733

FE W RARR AL PyTorch 89 Dataset & (AR FE 2-5) 694#, #HIAiEA6T, EF
fE# T PyTorch #) Dataset £4» DataLoader R —fZEMA= R ik,

I3 . 2-6 {1 cpTDataset Vvl #id PyTorch f¥) DataLoader it Nz A -

RADFER 2-6 T A ik A - HbRXs R in#ds

def create_dataloader_vl (txt, batch_size=4, max_length=256,
stride=128, shuffle=True, drop_last=True,

num_workers=0) : MBS iR2E
tokenizer = tiktoken.get_encoding("gpt2")
dataset = GPTDatasetVl (txt, tokenizer, max_length, stride)
dataloader = DataLoader ( BIREHIEE
dataset,

batch_size=batch_size,
shuffle=shuffle,
drop_last=drop_last,

num_workers=num_workers ne drop_last 3 rrue BT A INNF
EEHI batch_size, NMSHMIBRHE—IL,
AR LE7E T 2R HA ) S 5 25 R 1

FTaLEa CPU 2%

PERATHALIK K /NN 1 B DataLoader X IR CKER 4 B RIEF A I, DI E
WIFR ARV BA. 2-5 J /) cPTDatasetVl ZEFCAD Y BA 2-6 H1 /(] create_dataloader vl PR

)

return dataloader
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JEAMAT B IE] TARAY -

with open("the-verdict.txt", "r", encoding="utf-8") as f:
raw_text = f.read()

dataloader = create_dataloader_vl (
raw_text, batch_size=1, max_length=4, stride=1, shuffle=False)

data_iter = iter (dataloader)

first_batch = next (data_iter) 1% dataloader i Python ®ER

print (first_batch) 2, LUET Python B next ()

RBIRMT—1&E

PAT EIRACEDE LA NES

[tensor ([[ 40, 367, 2885, 14641]), tensor([[ 367, 2885, 1464, 1807]1)]
it first_batch GEMAIKE: H— kA AT ID, 25 5kEAFi HARiEIT ID,
T max_length #{E N 4, HIHXMKES HAE 4 65T ID, TEEENE, MR
UL, AR AR N E R 4, (HXABUEZAER /MY, FESEPRIIZ R FEARS, fA K/
W A/NT 256,

R TV stride=1 BYF X, T2 IZEHEAE RIS, — £ -

second_batch = next (data_iter)
print (second_batch)

e e €7 ST B (1

[tensor ([[ 367, 2885, 1464, 1807]]), tensor([[2885, 1464, 1807, 3619]1]1)]
AR — R 5 B AT e, AT LA IS A EE ARG 1D AR TS — A R A A
BT — . B, Btk AR —AMATT ID R 367, ik iE 25 i A e —
AMAJE ID, 25108 (stride ) PeiE THEK Z B A RN RS &, AL T I8 ah e 53, anlE 2-14 s,

%3] 22 BATELEMETXKENKIBEMNES

AT AN T MR B E G TAERE, hZEEARR SRR E RBATE, e
max_length=2, stride=2 %’max_length:8, stride=2,

FIAFCN L, BATAEGE MBS RAERAR AN 1, KR EA 5 THATHR . IRIRAE
REE- D07 AT BT O AT, B4 e RORENE NSO M2 A I it Re B N AE i, (B
I 2 SRR OB IR 7™ A2 B 2 IR A o TEANAE TR 2 ST I b — A, YR/ INRIRESE DI 2R
RIE AL A AU ISR B B S
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Fiak 18, MAROSREmHH—MIE

SAHER ¥
Fl’ uE the heart of

stone walls bore thé marks of time, and ivy clung tightly to its facade ...”

e city stood the old library, a relic from a bygone era. Its

F—HHAN: “In the heart of”

FEHAN: “the heart of the”

i8R 4 B, MAETOSREBE 4 MIE

“In the heart oj[the city stood th% old library, a relic from a bygone era. lts

stone walls bore the\varks of time, and ivy clung tightly to its facade ...”

FE—H#IN: “In the heart of” ’/

SN “the city stood the”

Pl 2-14 G AR SCA B3 2l A B R M A KIS 2 R AR B R R . AR AP IR B
1, ABATERIE T — AT, S AT O R ATRESh— g AR IR S AT 1R/
FHAE, AT LBk At 2 A B &

BAE, EFATRES T, AT LAIRT 1 B/ Ml RS I s 4 7R «

dataloader = create_dataloader_vl (
raw_text, batch_size=8, max_length=4, stride=4,
shuffle=False

)

data_iter = iter (dataloader)
inputs, targets = next (data_iter)
print ("Inputs:\n", inputs)

print ("\nTargets:\n", targets)

A LUT N2

Inputs:

tensor ([ [ 40, 367, 2885, 14647,
[ 1807, 3619, 402, 2711,
[10899, 2138, 257, 702617,
[15632, 438, 2016, 2577,
[ 922, 5891, 1576, 438],
[ 568, 340, 373, 6457,
[ 1049, 5975, 284, 5027,
[ 284, 3285, 326, 1111)

Targets:
tensor ([[ 367, 2885, 1464, 18077,
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3619, 402, 271, 10899],
2138, 257, 7026, 156327,
438, 201le, 257, 92217,
5891, 1576, 438, 5687,
340, 373, 645, 10497,
5975, 284, 502, 2847,
3285, 326, 11, 28711)

(ERHEIIR R, BATEER LR R 4 keI (RSB AET— A0 ), [R]m
SR Z T AR B, DR ied 22 B0 R e vl RE S IS 3o 405 ) XU _

2.7 QIEIRITERA

IR B o £ i A SCAS 8 8 e — 2 JE 1T 1D B A e, A&l 2-15 B
TEWIRRYBE, AU BEHLER AR LI L AL, IR R F R T R . 7R85 5h, R
T TPRF AR ALK AMCER A R S5 BRI ZRi— BB e Rt AT L

fehaN

—

2 GPT 19
SfRRDER

Transformer

LRSS |
PRAITTHR wreaA: 0] OO0 OO O O]

T

7T ID: [40134] [2052] [133 ] [389 | [ 12 |

T

TRTTALST A : [This] [ is | [ an] [example] D

P 2-15  RiH H B A iy A SCA BB TAR LIS SCAS 73] | RSO AT 1D, LR AT
ID SRR A I i AT T AT A2 BAYTRITE 1D ke BIEHRITTHA ] B

H1T2E GPT KifiH AR R mfE & % (backpropagation algorithm ) YIZRAGIRIE £
A2, PRI B Y 1] RN B
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SEE e RARATA 2 R B8R AT I 4R R, A ALY,

EFRAT3E A — A SEBR 1] i 7 TR) T ID 345 R A ) i i TAE R BRI AT 4 4 1D 35
2. 3. 5H 1 BET ARG

input_ids = torch.tensor ([2, 3, 5, 11)

HfR B L, ERIRFRATE — A S 6 M BATRAY/ NS (i BPE ZMalgs 4l 50 257 4
PASEAIRITC 2 ), JF HAREER LRy 3 A ( GPT-3 M AZGERE /& 12 288 ):

vocab_size
output_dim

ATLAFIA vocab_size Fl output_dim 7E PyTorch HSLHIfb— MR AJZ . 1AL, A T HIIREZE SR
pyRTE AR, ALK R RS 123
torch.manual_seed(123)

embedding_layer = torch.nn.Embedding(vocab_size, output_dim)
print (embedding_layer.weight)

FTEE R 2AT R AR IR 2 PG -

Parameter containing:
tensor ([[ 0.3374, -0.1778, -0.16907,
[ 0.9178, 1.5810, 1.30107,

3

[ 1.2753, -0.2010, -0.160617,
[-0.4015, 0.9666, -1.14817,
[-1.1589, 0.3255, -0.63157,
[-2.8400, -0.7849, -1.4096]], requires_grad=True)

A JZ IR R R/ N BENLIE A B MR ARSI A TAER—0 58, X SRR A R IE 5 I 25
AR AN, ATLIMEE R, AEREERA 6 17 3 SR, Hoh AT R R R Y
—ANEIT, SRR — MR AGERE

PR B — AR ID I, DASKEURA )

print (embedding_layer (torch.tensor ([3])))
IR AR AT A0S P

tensor ([[-0.4015, 0.9666, -1.1481]1], grad_fn=<EmbeddingBackward0>)
X A AT AT OER S, 1650 1D iy 3 [ A Il it S A RETR 1955 4 1752 2AH R ( BT Python

RGN 0 JFaG, NICEXTIERS Y 3 W4T ) 52, AJZS TR —Fh AR iE,
EMRYEIATT ID MR JZ BB R M AR R AR AT
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EE R EIMYRAD (one-hotencoding ), AP A A BT AR#NE T AL A —FF FH &
8 EIIR A Ty k. CARBIT ARG, KRG ELEEEPRATEMSERE, AR
o AN ARG P A PTHA L b TN R R R R G B A SE M ik T vk 0 — AP B Al R
I, EHE T AMALA — AL 45 8 13 R 35S AT A0 AP 2 K Z

FATC L T T Qepf 5N TT 1D ety = deim Al i, 2 Tk, IRk _

FE 4 A ID (torch.tensor ([2, 3, 5, 11)) k-

print (embedding_layer (input_ids))

TTENRS o, G ARJE— 4 x 3 IS

tensor ([[ 1.2753, -0.2010, -0.1606],
[-0.4015, 0.9666, -1.1481],
[-2.8400, -0.7849, -1.4096],
[0

.9178, 1.5810, 1.3010]], grad_fn=<EmbeddingBackward0>)

BN R — AT AT IR AR AR P AT R ARy, AN 2-16 B

A ONES:D) _
WwEsEpl 7| 03374 01778 -0.1690
09178 15810  1.3010
(12753 -0.2010 - 0.1606

— -0.4015 0.9666 - 1.1481
Et{")\ﬁ']ﬂ)t, G -1.1689 0.32565 -0.6315

[2.8400 -0.7849 - 1.4096}f— ;
L jumps
5’5“)\§UK l over

E— AT ID B dog
Jumps iy
over - Hk)\ rEJE
dog E‘

1.2753 -0.2010 -0.1606)
- 04015 0.9666 - 1.1481
LN Db ID (£2:8400 -0.7849 - 1.4096

>
0.9178 1.56810 1.3010 HE=MITIDW
BN [E=

K 2-16 I AZPATERIRE, RNERBEHRE PR S5 RE T ID XA A . filn,
WG ID A 5 BHRA AL THA AR5 647 (2 Python YT 0 JF4R,
FRUVEAL TS 6 ATIMHESS 54T )o RBEX EEIHIT ID JEAE 2.3 5 it/ Ml R A 1Y

WA, RATCEMYEREIC D BIEE THRA G TR, FRATROX LA ) f AT 4
PR, AT e SR A EE B

fox

NEIEES
| —
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2.8 #wHEBIEIERER

e b, ST AR RIS SR M RIE SRR A . SR, OB SRRV — A/ N ——
AT BEE UG (S0 3 5 ) ToikBAHIETCAE T F A B BT i AJZ I TAENLEZ,
Jeieialoe ID TER AT AN AL B anfar, AHRIAYTRIDT ID GG 2l s BIAH R Y ) e 3R, &l 2-17
Fi7s o

Eg;}?}gﬁg ~ >>[03374 -0.1778 -0.1690]
0.9178 1.5810 1.3010
(1.2753__-0.2010 - 0.1606}—

- o - 04015 0.9666 - 1.1481
FEHRARIATT ID -1.1589 0.3255 -0.6315 .

2
—2.8400 -0.7849 -1.4096 .
\ e 3| < jumps
8 over
fox 12]) fox
jumps _ .13
over 5
fox 2 _

o 1.2753 - 0.2010 - 0.1606)
tBEAiRT ID -0.4015 0.9666 - 1.1481
SR AEE -2.8400 -0.7849 - 1.4096
HE 8RR {12753 =0.2010 - 0.1606)

K 2-17 AR IRZAFFIRITRIC 1D FHON IR R , A2 AR A9 T i hr B 5
Wi, JCigiIT 1D 5 BT B A B A SR DM,
KIS HH [R) A i)

JEOU B, AR E M S AL E JERRYIATT ID R ARES ST AT B SR, i TRIE S
BRI I HLRIAS BT B S A E IO, PRI Bl vh i A B A5 B A T B .

N T —ad, AT RR PO B AR B AN X RLE R AFIR LB A

HBIFRLEHRN (absolute positional embedding ) E4%-5 51 i O 4e e 7 B AH DGR . X T A
FEANR RO, IZITIERR S 100 LR TG ) & R i — D URR i 7 B A, LT 7R
RSO E . N, FEAT S — MR e — N REE AL E A, S AR S
F—AFIRALE A, VATLZEHE, Wikl 2-18 Fis.

XL E#RN (relative positional embedding ) i A& 1a] T2 [ AR X7 H ol i s, midE
TR E . XERERAZE S FRIITZ B " XR, MARENETIITR A
RALE” o XA AT BEAS B G- bl N AR RS B (LR RN S R b DR DL BB ) 19
r?ﬁljo
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BABA

| | T T

WRHA.
+ + + +
AR

l#l ITI
E—MATHIHRN E=MATHIHRN

P 2-18 (B ARSI B TR [, AT AR BRI S BB i A o 07 8 i) 15 D
ARG A R ZEREARTR] o Dl S UL, TloCi A B ERIREE N 1

VAL PRI OL B AR B AEAR T & BB R T B HAH LG R A PR E ), TS B
FEER  SEH R SCRGIT AT o AR IR A SRS, 0 R T AR B O P s RS

Rtk

OpenAl /) GPT AU HIAY R Aa X AL E A, X SR ASTEUI gl B rh il A5 T 546
Transformer #4751 4 ] 1 sl FUE SCOLE SRS o X FPIL ARSI ZRA) —0 03, FA PR R 2y
S, BUTE, BRA TR QIR R AL E R, I 5 S35 Hh R = A ) i A SO #

R TAETUE, AR TR/ NI AR . R, FRATPH &Sk . SRR
ANHERE, K5 AR IETCAS S 256 4RI RN . BARIXAN YR LIRS GPT-3 RORL Y2 &
( GPT-3 FEBI R ALERE g 12288 ) /), (HXPSCHRULE G HAY . BLAh, MRBEXLEHRTT ID J2
FATZ AT A RN 50 257 1 BPE 431A] 85 B -

vocab_size = 50257

output_dim = 256

token_embedding_ layer = torch.nn.Embedding (vocab_size, output_dim)

i F3REY token_embedding_layer, FRATAEE MBS HRAFEEIENT, R4
AMECHRRE AR A —A> 256 iRyt . WERBCERUR/ N 8, HA MR EE 440 5c,
ZERNG R 8 x 4 x 256 (5K i,

T, S0k 2.6 PO EURE NS -

max_length 4

dataloader = create_dataloader_vl (
raw_text, batch_size=8, max_length=max_length,
stride=max_length, shuffle=False

)

data_iter = iter (dataloader)

inputs, targets = next (data_iter)

print ("Token IDs:\n", inputs)

print ("\nInputs shape:\n", inputs.shape)
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EIRACHS A4 A0 PR -

Token IDs:

tensor ([ [ 40, 367, 2885, 1464],
[ 1807, 3619, 402, 27171,
[10899, 2138, 257, 70267,
[15632, 438, 2016, 2577,
[ 922, 5891, 1576, 4387,
[ 568, 340, 373, 6457,
[ 1049, 5975, 284, 5027,
[ 284, 3285, 326, 1111)

Inputs shape:
torch.Size([8, 4])

GRET L, 1RI0T 1D sk AI4ERE R 8 x 4, X RIABHEHEIR L& 8 DN SUARKEAS, HAFEANH 4 /1MiA]
JCE A

AR, R AJZ R X LRI ID A 256 4ER )i

token_embeddings = token_embedding_layer (inputs)
print (token_embeddings.shape)

P LR TE R R, KRR [T LL T A2

torch.Size([8, 4, 256])
AL, R R AERE S 8 x 4 x 256, XA B MADC ID ARE HiR A —1> 256 4Ry,

AT 3REC GPT #B e R O 48 X7 B A, R — ¥ 5 token_embedding_layer
A B A Z RIS

context_length = max_length

pos_embedding_layer = torch.nn.Embedding(context_length, output_dim)

pos_embeddings = pos_embedding_layer (torch.arange (context_length))

print (pos_embeddings. shape)
pos_embeddings E"Jiﬁﬁ/\ﬁﬁ%—/\ﬁ1iﬁ°m£ torch.arange (context_length) T
—A> M 0 FFlRi :ﬁiﬁﬁ%AﬁJﬁj1Mﬂﬁrmjcmetlamﬁug#lﬁ* E N
ﬂiﬁ%%Aﬁ%mﬁkEo&MHﬁwﬁﬁE%Ai$%mﬁﬁE¥ﬁoE%%%ﬁ$,%A

SCAS B B AT RE 2 VB RY SCRF IR AD XIS BB SCA
FTENTR A% A0 R PR -

torch.Size([4, 256]

ATAES, (LB ASKE R 41 256 4En B4, 5 ok, nTLLERX s ) m s N 2iE e
A$ommmhéﬁﬁﬁﬁm¢%ﬂ44x%6%%ﬂﬁmA%§L%ﬁm—¢4x%6%%
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pos_embeddings ki

input_embeddings = token_embeddings + pos_embeddings
print (input_embeddings.shape)

FTEME A B A B

torch.Size([8, 4, 2561])
W 2-19 s, IATEIER input_embeddings & T4 RT IG5 AR O AL B
RN AR, FATE NG 3 ST 145 Tor X i

( moawmsm )

I
|

HINERNRI7K & %@%F;—I,%B%"]
Transformer

Kiﬁ)\ﬁ)\:I]I]IIIII|I|I|I|III|III[I[I[I\

frEfA: [TTILT Iy rrd
=+
wrgA: LTIy ey Ly
Wit ID: [40134] [2052] [ 133 ] [ 389 | [ 12 |
TRTTAL ST : [This] | is | [ an | [example] E[

s D

F2-19 e ALK Z T, F A SR el &I st BiJm, X8Rl ia il
REANTAIT 1D, IXEETATT 1D QMR AT i, A5 2 I/ TR (3 E %
A, BB T R H BRRLC R A5 AR A
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2.9 N

QO W T RIBF R TCE A HE GG A, I IRAT A0 SRR A 2 A
PIBUE ) o R AKE BRI (el sl A ) st B3 2 iy ) s 2s W), (LB AS
B EZY 1| EZ

Q 15, UG SORB ARG, X EETR U] R ERIR B AT . RS, X EETRTR R
IR, BAIT ID,

Q T HGsREIRIANE] R ey PR AL EERE 7, il G| ATE W< |lunk | > < | endoftext | >
SERFIRTRDG,  RAL PR AN B E A S B SCA Z IR R 7330 5

O i@ ] BPE 4014, GPT-2. GPT-3 45 K if 7 AR ] LUKE A A IC o 1l BRoc sl ot
MR RO EA T,

Q sl AR B S O 5 © 2 I BRI TR, W LA ORI R ALY R BT A
VNGIEL 08

Q 1N —Fh g 454E, PyTorch YR AJZHIRAL R 51R0C ID XA Wl o FFAs AR ) 1t
SialeiR TS FRRIE R, R T UINGMEORTE F BRI R BE 2 S A 28 O

Q R EITR A B EDCERR A T B m RO, (e S EOCAERS AL B
FE. AT X — R, 38R R PR B ARG . 2 X B AR B A
OpenAl (%) GPT AR T 48X B A, XL ARSI EF T A Wl e, JFZERIAY
YRt Bttt



WA EE I

AEAR

Q RERTEMZ W 28 il FH 2 AL A S

Q N AR BT AELE, JEE— PR —Fhg R AL 3 T AL
Q %fﬂ—/\.%{fﬁj} B, (RIS F R BB — KA B — iR T

Q i H dropout FEHLIEASH 5314 B A R AR LA XU

LT S ST WAL E= 35 e S SE= WAL

FIHATNIE, PREZAEE QPR SCAS 70 B R R A -36], IRE X L] 02 5 A ) B (Hik
A, AR F AR R AR

ARERF RIS KA R ) — M0 ——EE S (attention) ML, U0IE 3-1 Fis.
FA TR R R PR NE R ML, IR LT THIARRE, A5, A4S AR L A
foER A, MEHIB TR, TR AR BB

AERTILEEALEI,
X2 GPT KBS &8
HEERREIR
E—MEE / EZME B=ME
( ] ) e BEHEIREHRIRE
MBELEE | | @FBH | | QABSR (5) Nk (6) 1RE il *
SR A { B%0H 32 M s | © "8

l 1 i l TR RS J
Ha— KBS [

EAiRE

WNIES ]
(©) A ?

B HImE

B 3-1 MEKIBEFHEMEY 3 MFEERE. AEEATHEE B EQS . SEIEE L
i, SRR TR R A i SRR ER
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AT S 4 R IHLRI AR A, TR 3-2 i o X SRR AR P R — R AR — 0
fifi AN, R H ARSI R | R SRR L], IR 4 TR AR
Kifi E A

KBS EEEAN—FEEEING, %

—MEHE BEESER, MU S R AL R SCE 751 s ST RTAN S TR
RATFSIAEZHHE N, ATIREFSCAAE BB (B I

~

LW$QQW—4 mmﬁﬂ’—+£@m%ﬁﬁJ—+{mg%ﬁh1

/ N

HAANGNENBEES BREEAMEREESH—
HEl, XRXIFSEBFE R, ZHEIEIRB R EIRT
PR £ A FERBTERTFEENER

K 3-2 AFRZSHA AR SIHUE o A TR — DRI FIEEILEI R, )52
AP YNZRAAE o PREREE R AR A TR A 2ERE BRI T BMERS, (15K
FRERIAT DL — YRR — AN fn, Sk TR PR TE R ALHI Ak, T
BEHRIBERS T4 Tk A KR 9 2% Fh R AE

3.1 KFFIEEDRYE)R

RABRGH F RO BIEE N Z i, 1EFRAT8 I — AR SRR B AT 3
AR HL A S b TR Y TR A RS FRAT VAR T e — K SO N —Fh i 5 B ) — i
&R B AN 3-3 B, TR SR A BRI RO ERASS IR, FRATICHE T B b
AN FRIRLAEA T B

TEBFNEEAANDT

Camst 11 mr ] veten 1 esen | sae ]z Jueverseuen]

I R A A R R R

(can J( you J( me J( hep ) this )( sentence ) to ) ( translate )

N EAmESEaTIEsER
0 i s s o e )

L o =

(can J( yu J( nep ) me ) to )( tanslate )J(_ this )( sentence )

L
IEFRRVENE
EREER, —LIREEESEE
B PR SR AR
33 A0l SO MR o B — R AR B ) 1, R AE U i
o M, BRSSO TIE T 5F
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N T AEBRCANRIRR, G — 6 SRS B A ARRD B P T B A TR B 22 R0 2% .
HCERBORAL BN SOAS g5 U] 61 53 A B B SCAR

TE Transformer I Z AT, BEIFHEZMLE (recurrent neural network, RNN) Ei5E= &kt
AT AR e — R 28 4L . RNN 2 —FieR i — DR AR YD SR A R 2, &
A 10 A AL BUGSCAR X SV EE . WRARAN S RNN R, BRI R HE H AT
BT RNN O EAR TAEJFHE 3% HLIRATT B G T St 45— At 28 A 1 S A

TELRITIS RS 2 RNN WY, 0 A SO A 1B 40 TS 25 LATE A6 AT . A 25— A 2 AT
OB B0 PR, IPEE R BRI A R TIOR3 5 3L, P 34
BT o SR SR MR BRSP4 2 IR - W2 R A — 2
SRR VORI A R — S B L T

BEENEERT
AT /
r
st ((Can ) —( you ]—»[ help )_>( j
: t } }
Z L
YRhDEE w )
. — 1 —— ——
& - @@ - @ - (
1 4 ) AT MR ARG SR

iBizex (k)

o CID D G
’

FEBENEEOADT
P 3-4  7E Transformer SR BLZ T, e R4S RNN SEHLE BIRERO B DL s 2t
AR IE F I — AT, B RS (— MR ) gt
MRAFPIIRRARR R o RGeS AR S BT A BOROIR AT iR A T T e T B

BIRFRNTA T T X 2o g i st s RNIN A AR CAE I, (HOCHE STE T, dnhas il o)
ORI ASCR A B — N EOECR S (ICAZ50TT )e SR AR a2 HTIX A B R Ao A= i
o AT LOREX A BRI — R AT B (5 2 T ihigid i — S ).

Gt - IR AS RNN AY— A EZRRA1R, 7EE B, RNN JCIk B4 ViR s s b i 40
BRIt , B HBBRBUSATA RS, XIS S TIrAMRER . X feeE LT
SRR, FRREZ AT, MRBOC R AT RERS A K A

SEIBIE, WHKIESERATERA T RNN, HiFcf:, e iidds RNN fA7ER
SRBERTTE R AL B R TRt




8 B3 BN

3.2 (EREENNFIHieBEEREIK R

JUE RNN TERIIR A 8 0 R, (HAEAN IR K SCARI RO A, o B 0 B )
A SERT AR SR TR A F SR, RNN 7EEHE BALB A s ge 2 /T, AR~
It 5 s ALFAE ] — S Bl BRI AR (S ILE 3-4),

HI, BT A BTE 2014 4F% RNN FF & T Bahdanau & H#LE] ( LIEZIFE e s —1EH
W4, BEERIES M B), ZHUHIXH D as—fiidas RNN #-17 T8, S este 1
i A B AT AR E - TR AR AN TR R4, Al 3-5 iR o

BNEETFER

g-MamEE O\,

i (Can )4 (you J—=(help )= ... )

i
: FE4 Rt R,
— ERESERE
. HAT
o CD N G G
¢ e v !
i ? '

k R B E S MR T TR
MR TN EE ML
P 3-5 sEad i TR L], R4 B A mSCAS R A8 R 23 AT LA IR U5 1R) BT A i AT 3
TR X T A AR 4 AT, sk A TR T A AT R X
PERREREACERE , BAPRAES RS . s AR, X R RRA TR
TN FEARE S, JFARHMIA Bahdanau HLH (—Ff RNN J5ik, [EHEH T ARRTHE
WG ) A RAASE

AR, Y 34, IR AL A RNN I A EE B SR 15 S AL TR B 25 R 28 i b T
ity IR T 51 Transformer ZE44 (7656 1 EZhitigsd ), Hd @ #E5% Bahdanau 15 /1L
A &0 H R I

TETE AR R, H R AU s AT b A e [/l — 0 P B A 7
H = PG IET Transformer U0 B 24 IOE AL (40 GPT &% ) #ICEELH AR 43 o

AT SR T RIS GPT BRI AR A FTE R HLH], ANl 3-6 Fizn . 1220 4 &of,
FRATTREAS AT F A A H AR AR o A T S
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HthseA

KIS AR R A5
) s e mhim

rE N 2 GPT K
P TOE f FAERLE

Transformer

______________________

HoE ( WALIBL T J
RITRIERE 2, T

WMAXAE

& 3-6  HiFE 12 Transformer BERIFP I —FpBLE , B8 RF— I A B S R—F5
A AT 7 AT A B A M, SRR T S A AR . ARk
TR Fl BRI, ZJE7ES 4 BRI TFESCBI2E GPT KiF 5 BRI A0 4

3.3 BEBEENNSIKEMANARES

BAEBA PRERATGT AR WU B S TAR R, Iz i MK IH iR g S e RS . A
FER ST 2T Transformer U4 RGH ST o EARTERERE, X—FEn] e
BRERSESERS (AEIECER ), (H—BEER T HEEAREH, JREGEBA LR K
= RSB R R PR E YR 2 —

BAEANGIF “8”

EAEZANE T, “87 B9 ZAH BT REENATANT I PORRLE R HEE
ABMEHRA . CTAFEFF T IMARE EANHHS 0 X ZAIRH, ded) F P 69319
KABR PR E,

XSG EZ AN RATI, 246G ES IS L EGLEHAARREFS LEZIE 6
X%, et p 2 poBA Y, ZEATRERNFI Fabir th F5]Z 0], 4o 3-5 % 6714
B

IR ATEE PR AT RE 2 RATE A, FERIEXT TR — AR BRI, A TR N —N



50 % 3F  HAEE AN

AT TR, AT BB TR T N AR Y F R AL

3.3.1 ZRAEWIINGNENE R BEEEIE

LEFRATE S S — DAL EAT AT AT YN AR i A B TR P AR 1A, sl 3-7 fs, H
PR e | AT Z 17, FRH S A — e S &
“Your” “journey” “starts” LR “step”

E—Max 1) 2 B) e T
3 RIHIRIN x X i ok

08 (A% odoillod [sosloe] [osfodloe] -+ [ooffosfos]

#N)

ATE=mA O 8 (227
EEEENEE jv ¥ 021

S

FFYEE m%ﬁﬁA (m
B TFHATE /’_qj “
Wit E RS

F3-7  ATEREJIHUEIAY BARR o B A TR I A L RS, Zmm s a1 AT
ATEEME B ERENRGD, FABHET F Rz . w15 P, SAATT
Z ) T SR 1 R A oy, B @y, PR o KRG BRI AT R«
LA AR A TR IR

B’ 3-7 s T —ANHRAJES, 18y, Bl T ARG, Az U < A
HHEARRCAR (IN—M)1), I HIZ RO S8 R TTmRA

i, % EHASCA “Your journey starts with one step.” FEXFMEN T, SCAFIHFEA
TTE (") EBXR—A d G RBA R, ZEAR T MEERIETT, i “Your”, 7E
B 3-7 v, XS A RN R YRR A

TE F AR SR, AT B bR R AT A 02 2O RS Y . B TR
= (context vector ) RJ LABEBRAF A—F & T 3 b BT A JCE AR BB A R

J T VRIS, FRATTE OGS AN AT X (X TR “journey” ) B AL

e MR RS 2P, sl 327 IEETR . MR R SCr i Y BN,

TF X mHamAmATTE (D) wEa,

R SCmER AR A R L R E SR . TR AR A G RS AR BT TR Y
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FE, MEAFS (I—T ) RREACR AR EE IR, W 3-7 R AR SR
TR OCHEE, PR Ak S B A ) 1 b B 2 A SC R ARG . RS FRATPRAAS Tl 2 A
B, DI B R 5 R 2 ] el i 6 B Sy i, (e ATREA T4 T — AT, HE G,
FA PH LB RAL R A L], 2 TR SR A LR SO

FIELU T AR T, A IR 2 S e p U A =k AT NAIRA
EREHEATUL],  LARH DR N A BERS A D01t /s MO A T

import torch

inputs = torch.tensor (

[[0.43, 0.15, 0.89], # Your (x"~1)
[0.55, 0.87, 0.66], # journey (x"2)
[0.57, 0.85, 0.64], # starts (x"3)
[0.22, 0.58, 0.33], # with (x™4)
[0.77, 0.25, 0.10], # one (x"5)
[0.05, 0.80, 0.55]1] # step (x"6)

)

S E T E ML S — R EE o , RIERBEE 0%, K 3-8 s, -T2
AR, Er SR LA K S BRI B RRAS, el 0.87 BB 0.8, TR AT
JRACH, Hgi] “journey” Ml “starts” AR AT HES H T REHLIR R B EAAH L.

“Your” “journey” “starts” “step”
BANTWATEHBAN A x*® x® @ L. o
WMANRATZ— (4,
EWEE = AT
| | I I
I v v ¥ v
wasmae:. x@ 0y ) )3 @y
HIA xO 52 @ HIA X 5&Fif @
ZEIREE NP H ZEKGEENNE

BI3-8 AT A A H BRI 4 =AM ATE 2 xR i, ORsoR bR st <) it ae
AR, RERAR T H—A PSR, Bl B 2 ST i AC R 2
MR M 0 CETERL, 8 TIUCISEIRAL, BUE T /N s — )
P 3-8 JEE7n 1 Ay iR AT R T S A i A TR ST (8] P R R FRATiE A T A i)
170 x5 AT A i A BRI 9 5 B 5 I M 4 5K

for i, x_i in enumerate (inputs) : EREEE
attn_scores_2[i] = torch.dot (x_i, query) -
print (attn_scores_2)

query = inputs[1] <
attn_scores_2 = torch.empty (inputs.shapel0]) BN
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HRAARIMER BT EUR .

tensor ([0.9544, 1.4950, 1.4754, 0.8434, 0.7070, 1.0865])

i)Yyl
ERARERERANGERNAFHHER G RBRRKFG@E T %, TG T @EXAFR

«-\\

ATIE

res = 0.

for idx, element in enumerate (inputs[0]):
res += inputs[0] [idx] * query[idx]

print (res)

print (torch.dot (inputs[0], query))

bR T A REHEAL SRGERAR .

tensor (0.9544)
tensor (0.9544)

SR RALAEAL Hy — ﬁ%%Aﬁz%%ﬁﬁzﬁ%ﬁ%lé,%ﬂ@mﬁzﬁm g —Ff oy
XN, BACTREULANGEZ R/ FRE . SRR, &0 6 F F42 5 S A00LE
AF, EHEENHF, & \&k7ﬁ¢¢&Am%ﬂ RAFEGRERE. ERMAK, &
AT FEZ 18] ey AR %&%ﬁ\ﬁmtmo

FE R —, Qe 3-9 PR, FAT R Se R A AR ME R 0 B AT IH— Ak B, 11k
(9 32 J AEPAT B 1 BRI . XA — R — 8, A B TARRAR, Jffedisy
RIEF RN E . DIN R — RSl — 0 — P R 05k

attn_weights_2_tmp = attn_scores_2 / attn_scores_2.sum()

print ("Attention weights:", attn_weights_2_tmp)
print ("Sum:", attn_weights_2_tmp.sum())
“Your” “journey” “starts” “step”
x(l) x(z) x(3) v x(T)

[os]fog]fo.6] [0.5][o.8][o.6] ..-
| |

| EE—SRUET
| i X i * «/&eﬁﬁﬁ
Lsfoelos]  [og] 4] [4 .-
x(z) 0)21 0)22 0)23
1 ' . BEE A BoT—1L,
(/Uﬁﬂ&aﬁﬂia
EBNNE: L ]
()1 (259 Q3 ar

B39 fEH5E5E S A D GBI 0, 3 0, ZJ5, TSRl o X i 8 )
IMBGEATIA—1E, RPFFFERIAE oy ) oy,
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WAtk s, RO RCEITERY S 1.

Attention weights: tensor([0.1455, 0.2278, 0.2249, 0.1285, 0.1077, 0.16561)
Sum: tensor (1.0000)

TESEFRR R, i softmax PREGHATIH—AL T A H UL, 1 E&—FPE aT Bk . SR vk oie
WAL PR T MR, FEAE DI )20 T G R AR B R . DU BT IH— e a5
softmax PRZTAYFERE ST .

def softmax_naive(x):
return torch.exp(x) / torch.exp(x).sum(dim=0)

attn_weights_2_naive = softmax_naive(attn_scores_2)
print ("Attention weights:", attn_weights_2_naive)
print ("Sum:", attn_weights_2_naive.sum())

WPLFHIE IR, softmax PRECEIREAS] T Hir, BLEIHOEE IACESIST TIH—fk, el
BFIN 1.

Attention weights: tensor ([0.1385, 0.2379, 0.2333, 0.1240, 0.1082, 0.15811)
Sum: tensor(l.)

F3Ab, softmax PREL T ACRIET: B A U IEE, X (A5 T DARE i R AR 8 el A X B
OB R e 2 s R R

EEE, XA softmax SCHL ( softmax_naive ) FEANTH K S AMEB N A(BE R AT g2
B E VRS, P anis AT i . P, 7ESCErh ARSI softmax (19 PyTorch SEBE, %
SCEZE R TR REAL

attn_weights_2 = torch.softmax(attn_scores_2, dim=0)
print ("Attention weights:", attn_weights_2)
print ("Sum:", attn_weights_2.sum())

Eﬁ/l\fﬂ?qj, EE&TE&“]WNU%XE@ softmax_naive PREL—FERYZE

Attention weights: tensor([0.1385, 0.2379, 0.2333, 0.1240, 0.1082, 0.15811)
Sum: tensor(l.)

BAEFME 2R TIH—rEE IR, & FREARSR—2 . WA 3-10 PR, JE Ok
AR AT xS MR TR A AN, FRE IR SR AR T scad 2P .

e, ERSCRE 2P R A T A IR, SE AN A I SRR I B R A A
FeTmiFers :

query = inputs[1]
context_vec_2 = torch.zeros(query.shape) — —
- FEZNMANIET
i

fEREiAEE

for i,x_1i in enumerate (inputs):
context_vec_2 += attn_weights_2[1]*x_i
print (context_vec_2)
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X—IHRREER T PR,

tensor([0.4419, 0.6515, 0.56831)
“Your” “journey” “starts” “step”
xD x@ x® xD

0

EEARE: i

<""21
BRRAEMARE XRE_ANETXEE, BAX
5*55;2;34];;?5? ETXEE: -..J EZHNSEF, FEHNE
WE R z(z) EIRBEE_NMAAEETERN

B 3-10  FEHSEIRIA—ALEE R BRI i) ) B 2 S, SR — R BT
i 2 o 2R SCER R BT SR A R xO 3) x $ E EAE  A

Ok, FRAPRAE XA BT SCmpad e, DUE RN LR S,

3.3.2 IHEmMBMNATATEENNE

FIHET I, BRAIELITE TEA 2 FWEEIBGEER LT, WE 3-11 P2 BRr
IB—F5Fis o Rk, TATEY RXAHEERE, DITERA R AT E REM F R SCmH .,

)
o c 2]
3 5 § £ ¢ g
L & % 5 § %
Your 02O|O.20|OA19‘0‘12| A2 ||O14‘

|
journey ‘o "o 23”0 23“0 12”0 10”0 15‘ %5;?%2’12511;%;’%5%‘771&5
- LTreE
|

starts |0. 13||0 23”0 23“0 12||O 11 ||0 15|

with |0 14”0 20”0 ZOHO 14”0 12| 0.17

one [0.15(/0.19](0.19(/0.13](0.18|0.12

step |0.13(|0.21({0.21({0.14|(0.09/(0.18

R TR —AT R T 58 — AN AJCREAE M AT B B AR . AT 3R E
Hoft i A v T AR B AR TS TR, X A B sl /NS S P
PEE, VISP AEIREL . AT BN SR A 1.0 38 100% )

IR 3-12 i, SR 1806 5 2 BARIRI 3 A58, ME— 0 K R e AR rhfE AT T — S i&
DI R SCi s, AU A 1R e 7

& 3-11
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attn_scores = torch.empty (6, 6)
for i, x_i in enumerate (inputs) :
for j, x_j in enumerate (inputs) :
attn_scores[i, j] = torch.dot(x_1i, x_Jj)
print (attn_scores)

1) HHEBRNSH EBRNNBELHE
L@ ‘ J*\”mAZMM§ﬂx%

([ ouwmenne ) ZROREEIE
\ - EFXmEiEd it E
[ owhrrsme ) ig\mmimnzs
B 3-12 7ESEWEH, BATRM—AEIMNG for MEIRRITHE A i AN AR
THEAR B 80N T s

tensor ([[0.9995, 0.9544, 0.9422, 0.4753, 0.4576, 0.63107],
[0.9544, 1.4950, 1.4754, 0.8434, 0.7070, 1.0865],
[0.9422, 1.4754, 1.4570, 0.8296, 0.7154, 1.0605],
[0.4753, 0.8434, 0.8296, 0.4937, 0.3474, 0.6565],
[0.4576, 0.7070, 0.7154, 0.3474, 0.6654, 0.2935],
[0.6310, 1.0865, 1.0605, 0.6565, 0.2935, 0.9450]])

AR AR OCER IR XA Z I ATE R 08 I 3-11 Fos. RER, ERREE S
—At, XA Z R RIS — R AN R R IR . AT TR IR 2 b B — e
l‘rﬂiﬂéﬁ;o

TETHR R A TE S ) 0 Bk s, ATEM T Python " for F¥h. AT, for JEFRIEK
Bt PAIRT LA AR ek e AR R A9 25 2R «

attn_scores = inputs @ inputs.T
print (attn_scores)

AT LB IA , 4520 Z A —2K

tensor ([[0.9995, 0.9544, 0.9422, 0.4753, 0.4576, 0.6310],

[0.9544, 1.4950, 1.4754, 0.8434, 0.7070, 1.0865],

[0.9422, 1.4754, 1.4570, 0.8296, 0.7154, 1.0605],

[0.4753, 0.8434, 0.8296, 0.4937, 0.3474, 0.6565],

[0.4576, 0.7070, 0.7154, 0.3474, 0.6654, 0.2935],

[0.6310, 1.0865, 1.0605, 0.6565, 0.2935, 0.9450]11)

Fep N g S P I = P — N2
TEE 3-12 QLT AT 17 # 73—k, LA iRE—47h i S 1.

attn_weights = torch.softmax(attn_scores, dim=-1)

print (attn_weights)

X R TR EE R A KR, G5 3-10 R E—2
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tensor ([[0.2098, 0.2006, 0.1981, 0.1242, 0.1220, 0.1452],
[0.1385, 0.2379, 0.2333, 0.1240, 0.1082, 0.1581],
[0.1390, 0.2369, 0.2326, 0.1242, 0.1108, 0.1565],
[0.1435, 0.2074, 0.2046, 0.1462, 0.1263, 0.1720],
[0.1526, 0.1958, 0.1975, 0.1367, 0.1879, 0.1295],
[0.1385, 0.2184, 0.2128, 0.1420, 0.0988, 0.1896]])

TEAfiH] PyTorch i, 14 torch. softmax XFERTRRECT Y aim ZEUH THE 2 A SK B I THA4ERE
Bt dim WE N-1 Fonik softmax FREUE attn_scores =M E)G—4EE FdtfTH—1kb, sk
attn_scores JE— N giikE (LA MAT, 511), IBAERXTHNIATIH—k, HF5E1THY)
6 (ZESVYERE FRgafn) A1,

A LASHIE— F R —A TR B RS A 1.

row_2_sum = sum([0.1385, 0.2379, 0.2333, 0.1240, 0.1082, 0.1581])

print ("Row 2 sum:", row_2_sum)
print ("All row sums:", attn_weights.sum(dim=-1))
FERMNTF PR :

Row 2 sum: 1.0
All row sums: tensor([1.0000, 1.0000, 1.0000, 1.0000, 1.0000, 1.00001])

TER 3-12 WSR3, Witidin—22, FA X LEE B A i R MRk 8 iy R S
[ 4«

all_context_vecs = attn_weights @ inputs
print (all_context_vecs)

TEAE A sk R, AT R — D =R R S

tensor ([[0.4421, 0.5931, 0.5790],
[0.4419, 0.6515, 0.5683],
[0.4431, 0.6496, 0.5671],
[0.4304, 0.6298, 0.5510],
[0.4671, 0.5910, 0.5266],
[0.4177, 0.6503, 0.5645]])

AT LB 2 475 2 R0E 3.3.0 1 A S 1R SCi i 2 ST RO P A GRS S
NRE

print ("Previous 2nd context vector:", context_vec_2)

WRYELER, TLER, RAIVTEN context_vec_2 HZAisKE A 24758 2 VLA :

Previous 2nd context vector: tensor([0.4419, 0.6515, 0.5683])

ZI, W AEE PR A UHRET R T 5k, BATR BT IIZRAACE, RTE S8
TUREAE MBI o), IR BRI E AR 55 L AYTERE
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3.4 SWHHINGNERBETESIF

TR, FRATE AL LS Transformer 2844 . GPT FLAVRIK ZBCABA T A KIE 7 A A
AR AEEE . X A EE IR A GRS FRERE S (scaled dot-product attention ),
3-13 /R THESC U RIE SRR R b, AR R ALELE dnfefi A

HNE LI T HLEH AT ERTINGRNE
BB kTR EEE IS

S

—————————— )
() EHBEEED |—! (2 BEEN |—>[ (3) AREESD ]—»[ (4) ZKEED J

__________

| |

names | | @xEn | @ xEma G || @mm | |0 mE BENIEEMAES
% AR | B [[F2: ¢
Ex74 I | 1) 70 i EIR T TR P
SxE || A | [ EIE) ] [ ﬁﬂ][ ﬁﬁ} [ = } 8) B *
! | I o ' e
HWE—PNKIBSEER ]—»[ HEhbisay
NES
(9) #%A T
RS MR

K3-13 2, AT T —DRARTERZ U], DIBR AR R L S iR A . B
TE, TN A B LRI AT ISR . 2 )5, FRATPREE L 80 P SR HE RS i 22
Bk i 1 TR AL

WA 3-13 s, A AT UIZRAE B 3 SR AU R S R S LA FRATA 22K
N C A AR AT E XS TR TR T A T B IR, AREF R, A nTYIZRAL
Y E R AU S R 22 RSB A LR B VR AL R A BN

B 1 X R G| T FEAS ALY 2530 6] BB A TR R . 3K 2 AT I 2 A A o 3 O
B, PRI (CREREAR T R AR R R ) A RE2A A r R AT R e, (IR,
FATEAESS 5 Il gRIE S AL, )

3.4.1 11 3.4.2 WS X A H RIS . B, TSGR —FEZ S g 50, HK,
ATEARALLH LU — A2 ) Python 28, DAERENS S A B KE SR 444
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341 ZEHHEF=ENNE

ARG IA 3 A ATNGRRACERE W, Wil W, —— B Si AR L. X 3
AN A B ATATE x Q50 BB gty B A I, A 3-14 R

E-MMNATIES LRI BIE,

(_/%%iﬁﬁﬁﬂﬁ
“Your” “journey” “step”
o) o) D
wEs k(l) EEe v(l) q(z) k(z) v(2) k(T) v(T)

.

X EHRWMEER W, SE—MRNFT O

B FEFEAERGRIR EE R

’l3-14  FESEBUEA AT YNGR A 0 B LRI — 20, AT TR AITER x 4

i (q). BEEE (k) AR (v). SZAEML R0 PEE = ATE D HE N
AT L A g Rl AR A TG R xS AR A W, 2 A R R e 1 1
FR, [ERE, FRATE AL SRR W, AW, AR e 1245 2 i 1) i AL 1)

ZHT, MFATE R AR L T S g O, B A A TR x O b T &,
SRIG , FRATPREX— 7 ) 80 T B R sk 2 O 2, AT 6 ANl AT “Your
journey starts with one step.”

RIRE, TN, XEBEATE—D R @ ZEFRITS BN Bkt
A RS E

B\, XU

%:Aiﬁl)\i
x_2 = inputs[1] " i .
(1] 4—‘ MIANBRANYEE a_in=3

d_in = inputs.shape
d_out = 2

j MHERNEEE d_out=2

TR, 2R GPT ORI, gy ARGt A2 RE T HE SR AR TR, (EDy T8 TRER TR A, XL
AV AR AL (d_in=3 ) R4 (d_out=2).
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SRIG, WILRILIE 3-14 WY 3 ABCEEMRE W, Wil W,

torch.manual_seed(123)
W_query = torch.nn.Parameter (torch.rand(d_in, d_out), requires_grad=False)
W_key = torch.nn.Parameter (torch.rand(d_in, d_out), requires_grad=False)

W_value torch.nn.Parameter (torch.rand(d_in, d_out), requires_grad=False)

W requires_grad=False LAV A A HABIT, (H Q1R EAEAAIYILR A f X LeAY E AR
M, BT EiE requires_grad=True, PUMBETEIZRAHEHX LA,

Bk, AR MR ] R )

query_2 = X_2 @ W_qguery
key_2 = x_2 @ W_key

value_2
print (query_2)

A 33 Aot HEXH RO EAIFER SR A T 2, B ARSI A A _

tensor ([0.4306, 1.4551])

WESUSIEINE

EREEE W, “RE” Z “RELAK RAF, LTENGTE TR Z R
#, ZHERZAMEARRAY, BN Z2E504, /iﬁﬁ#iﬁxk&TJ:TXﬁzﬁ
89 R B SR 2 WA ARAZ L (P2 STH NG R B 3 09 R IEAZE ),

B2, MESBRZI MG EFGERT T ZH, MEETAIRERAFHEAHFITETI
CORI: S

BN ERTRATY B AR R A LS ¢ @, (AT ZHTA AT R 1 ) i R
mEE, FOG TS THRAMRX T g QRS E (S0 3-14),
T LA 3R AR 1 0 BT ) o R

keys = inputs @ W_key

values = inputs @ W_value
print ("keys.shape:", keys.shape)
print ("values.shape:", values.shape)

Mgt AT LA, FRAT TR 6 M AR O M s (] W 21 1 AR A S )

keys.shape: torch.Size([6, 2])
values.shape: torch.Size([6, 2])

AR ERE 0%, WK 3-15 frs.
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“Your” "journey” “Step”
*D *@ xD
[o4fo:1][os] [o5][odl[og] e olfos]fos]
NG N " N
o7l [or]fog] el [fodla] [odlfte] -~ sJos]  [o3][o7
wae kD amspD (2) k2 p2 kD D
L’
g i iyl 2) (2
EifEE q H ggzjjm w,, j'q ) w7
BiTigEES5EnE ENERTE, HFEHEEZMINRATH LT EE
BEITREREGEENNH

EUEEREE - MANATNEEEE

K 3-15 EREAPERHER—MEBUTE, 5 33 IR ERE. RRZAET, i

AR ET R ATTR Z A R AR, TR 3 5 SR AR A 9 A5 06 )
R TIH

5, ﬁ’ﬁﬂj{f%ﬁﬁﬁ‘ﬁ W2

keys_2 = keys[1]

attn_score_22

_22 = query_2.dot (keys_2) 535%: Python MO
print (attn_score_22) Frigi#HITERSI

RIA—ALR I PP G F FR -

tensor (1.8524)

[FIRE, AT DL P e e ik A IR A A B 8L
attn_scores_2

_2 = query_2 @ keys.T
= h4d
print (attn_scores_2) R query HYER

EF=WAbE
WARAT DL, Zead Pk, b s AT R SZATHAM aten_score_22 —#,
tensor ([1.2705, 1.8524

, 1.8111, 1.0795, 0.5577, 1.5440])

BAE, BAVEZRGIE T B A, el 3-16 Fron . FATl i 4 iiE & 7>
ORI softmax PRECKIT R . Al , I8 iR 5 0 AR DS ) e ) e A 2
JE PO BRI T (O AR e A5 R T LL 0.5 48 B TRas 5 ).

d_k = keys.shape[-1]
attn_weights_2

= torch.softmax (attn_scores_2 / d_k**0.5, dim=-1)
print (attn_weights_2)
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“Your” “journey” “step”
x0 x@ ey
[o4]fo.1fos] [og][os][os] - Loffoelfos]
p3Jo7]  [oa][og] palfE L4l [l - L2fpe]  [od[o7]
T R ) @ K2 O KD D
— S
\ Y R 2
TifjEE q( ) AREN @y, q( ) @y
L D oy / ‘ ¢
EESH 02| O 1| @
b1l g, SR B R T o

HERHNRHE HEREEINE _

K 3-16 7EHFSHEREIA B i, TR M softmax BN X L6 RATIH—1L, LIARAT
ERENINE a
iB47 R AR R AT I AR T PR .

tensor ([0.1500, 0.2264, 0.2199, 0.1311, 0.0906, 0.1820])

SRR NINRE
SN Y EIATIR— AR A T B R LN, KR Gbak. #lde, £% GPT X35
THEA P, BANGEEEF KT 1000, XTHEFHERIEFT KR, KR a4E# 0§ T softmax
FHAVER FEAM A D, S EARBE K, softmax R A RIIF EAEI LB R, FEME
BIER, KR T AR R RR F T 1R JE AL GRS
Bst, b SNYe Y ARIAT SR AR T A A A AR B R T WAL AR A A
RIEE A,

BAE, fRn— R LR S0, i 3-17 Bk,

SR SCm i A S AT IRCR T (S0 3.3795) e, BRI X (R )
AT IBCR AT S i, 7R, PRGN, AU 4 )
HEHE, MZAT—HE, TR AR M ek — AP AR i Hh 2%

context_vec_2 = attn_weights_2 @ values
print (context_vec_2)
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“Your” “journey” “step”
x@D e *D
affo.1][oe] os]foe]foe] [oo][og][os]
AR ARG N
03]f07]  [o][os] oalia] [eallt1] [o3)ro] .- Pafos]  [o3]o7]
gaz k) Eaey qg® KDy KD D
.
N = 2
EifEE q( ) [e] q(z)
@D1p ¢ (20) ¢ Wyp i
EEA [0 [o2] [or]
WE ay, %) l X7
> [o3][og]
LT BE—$2RE M MATHERS

g @ SHMRIEENNERR, b
BRI, B8 FYmE

Kl 3-17 £ AERIPR R RS —8, i AR B ) B T IECR A, A5
BRI
JIr AR A i) i AU R BT -

tensor ([0.3061, 0.8210])

FIEHTN IR, FATRIE T —A R 3Cmh 2 @0 78 3,427, FATR A AT
iz W) z OyETA LS,

AL ZERER. EFE

EEFEAPFF, 47 (key). “Fi0” (query) fo “487 (value ) X3 RKEE A |13 84
AR AR, X BARBRAE N R MR A RIS B AR, iRk,

EIREMTHIEE T o9 R EH, CRET A L3 X ESKE LB R( e d) T 49
—ANRBE R ), A TIRMBAFF) P e A3 5, AR EMN R ERE,

BEMTATHREZFEZN AR LN, BEEANR P, AT PHENSR (4 d)
TP AT ) A AT B a4, XA T5EmikiT R,

EXFAFERT, EENTHREEPEALTPOE, CEATFTRARGEFAZRE T, —
AL A T AR A RPN 5 B0 ( B AT KRR R ) RABR, ERAR R4 AIE,
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3.4.2 SH—EHRBEEE Python 2

FIHATRHIE, ATELTEW T 2SR HE AR T . XL IR F BN T HURE
W, DIMEZAE TR . ESLhREETR, h T SEPEE 4 Bmrhpy KIBE SR, Rl ax sefag
HZUN—A> Python 2, 40 Y% . 3-1 FizR .

REBFER 3-1 R AER L

import torch.nn as nn
class SelfAttention_vl (nn.Module) :
def __init_ (self, d_in, d_out):
super () ._ _init_ ()
self.W_query = nn.Parameter (torch.rand(d_in, d_out))
self.W_key = nn.Parameter (torch.rand(d_in, d_out))
self.W_value = nn.Parameter (torch.rand(d_in, d_out))

def forward(self, x):
keys = x @ self.W_key
queries = x @ self.W_query
values = x @ self.W_value
attn_scores = queries @ keys.T # omega
attn_weights = torch.softmax(
attn_scores / keys.shape[-1]1**0.5, dim=-1

)
context_vec = attn_weights @ values
return context_vec

TEixX Bt PyTorch RS, selfattention vl &2—TM nn.Module JR4A HREHIZE, nn.Module
J& PyTorch f U ) — N FEAM EEE B AR 2 B A EE A B AL T M Z R DR

_init_ HERIAAE T ATUIZRAACEFERE (W_query. W_key Fl w_value), iXLEHiFEH]
T m . B REAER R, B AT o_in R ok h4ERE a_out.

TERTIERE R, AT forwarda Jrid B if fn) s AV [m) AR SRR AR R 43
B (attn_scores ), R softmax SHXEEHEATIH—1k, &5, FATEITH X —
A R A O ) e A T IACR B 2 R ey

a] A i DAy Aok fd X A~ 2

torch.manual_seed(123)

sa_vl = SelfAttention_vl(d_in, d_out)
print (sa_vl (inputs))

I THRARS 6 MR A R, IEFAT2SE— N TRAEX 6 L F 30wl AR .

tensor ([[0.2996, 0.80537,
[0.3061, 0.82107,
[0.3058, 0.82037],
[0.2948, 0.7939],



G B3F MBEE AR

[0.2927, 0.7891],
[0.2990, 0.8040]], grad_fn=<MmBackward0>)

WA, FTLLEREE 247 ([0.3061, 0.8210]1) 5 3.4.1 M context_vec_ 2 HE
AHAF

P 3-18 A8 T FATRIKISEBLR A B

dm = 3 doul = 2
— WE WE WE
FEZNEANIE T g %R % | |d, =3
mEAREL 7 S W, W, w, ||
WNEEX| |, _6 | |
. l l L
ZEMNNEIRGER, 2T

EiRFER EAERE 4B
0 K 14
BEEMBAGIES 2
SEEEEINERERK ) W FENIERE X 53X N
s £ 2 ¢ o 3 HOREIBHE IV, 65K,
> 9 B 2 S ® BREEE V
Your [0.19/0.16/[0.16|0.15[|0.17(|0.15
; FANHNIETH
ourne
_ |1oumey o20]0.16]0.16 l0.14 016 [0.14 [\J:'chr‘cﬂ%
starts [0.20/(0.16//0.16|(0.14|/0.16|0.14
. ETX
with [0.18[0.16][0.16||0.15||0.16[0.15 g
n==6 7
one |0.18/|0.16]|0.16|0.15|0.16|0.15 P—
dom:z
step |0.19]|0.16/0.16([0.15||0.16|0.15

n=6

F3-18 e AR AL, FRATH 3 MALEAERE W, Wi R W, AR AR FE X Pk A )
o BT RIS AR (Q) FEEAERE (K) WA RIREEM. SR, fiH
FREAPCEEEMEAERER (V) W3R LR XmE (Z2), A TSR, RISERA »
MATCHI A A A, MiAR—HE A . Fi, EXFELT, =4k AR
PRI TR AE RS . XA T RV O w L AR AR T R . R T SR
BRI —E, RS A EACER BRI (R S AU E A/
BOSJEWINL, DI MsiRaEL . BT E RN 1.0 3% 100% )
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FE AP S T AT RRACETE R W, W W, X SRR MR A e 5k A it )
L B R E R, XS E%ﬁm%ﬂﬂljiééigo W BRI SR b O 28, &
SR YNSRI, SRR AT

a] LIl F PyTorch B9 nn. Linear J2RHF—FAL selfactention_v1 AYSEER, M
LT g FHE]L nn. Linear 2] LARUBHA THEFESReTE o AHEL T30 nn . Parameter (torch.
rand ( , ffif nn.Linear W—PEEMRFZERM TILAREIRITTEE, NI B
?*%ﬁ!ﬁ”ﬁﬂ@ﬁﬂi‘ﬁ%ﬂﬁﬁﬁﬁ, RS R 3-2 7 o

REZER 3-2 — i PyTorch M Z00 HEE S35

class SelfAttention_v2 (nn.Module) :
def __init_ (self, d_in, d_out, gkv_bias=False):
super () ._ _init_ ()
self.W_query = nn.Linear(d_in, d_out, bias=gkv_bias)
self.W_key = nn.Linear(d_in, d_out, bias=gkv_bias)
self.W_value = nn.Linear(d_in, d_out, bias=gkv_bias)

def forward(self, x):
keys = self.W_key (x)
queries = self.W_query (x)
values = self.W_value(x)
attn_scores = queries @ keys.T
attn_weights = torch.softmax(
attn_scores / keys.shape[-1]1**0.5, dim=-1
)
context_vec = attn_weights @ values
return context_vec

AR selfattention vl —Fiff] selfAttention v2:

torch.manual_seed(789)
sa_v2 = SelfAttention_v2(d_in, d_out)
print (sa_v2 (inputs))

iy R A5 RN R
tensor ([[-0.0739, 0.07137,
[-0.0748, 0.07037,
[-0.0749, 0.07027,
[-0.0760, 0.06857,
[-0.0763, 0.06797,
[-0.0754, 0.0693]1]1, grad_fn=<MmBackward0>)

BEE, SelfAttention_vl M selfattention_v2 KNS T AN A G4 A B 50 M 1 245 HY
TR, BX0EH nn. Linear R T —H & 4 MAUBRIIA LT T 200
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43 3.1 LEE; selfattention vl F SelfAttention v2

E &, SelfAttention v2 W& nn.Linear £ M 75 SelfAttention vl P&
nn.Parameter (torch.rand(d_in, d_out)) RRE AR EmIEHLTGT X, X -FEHMHE 69
WHERTE, 47 #ik SelfAttention vl #» SelfAttention_v2 #HAL7y &2 &40
B, T selfAttention v2 AT R M FLEIEE455] SelfAttention vl ST P, XA4F
B F A= AMB &R

R a9 52 % SelfAttention v2 EH P E EH LY B SelfAittention vl F
B, Ak, EZTHRENMRAPHREZRG XL, (£7: nn.Linear VA EWH X G4
REHER, ) TRAIIG, RIZRGIRINZHAN K LT AAF 694 H

Tk, FATPR SO AR AL, B AURAENLE RS A RERBLE R Z L AL . PUERBLRIAY
VEFR VAR LERALH], B BRI 5 rpoRR IR R, XA & S5 U 2, A
AR TR T L BEARAS 22 i B3]

Z MU SR E BP0 A~ “3K7 tA% 2 AR AR AL, ﬁ* RS 1E
AR AL B RIS TE AR A AR Zs T2 IB0ME Bl IXREMS S MR IUAE 2 24 55 ROk

3.5 FIHEREEIRRBEARIIEC

XTI ST SS | AR B A TR IR T 3 91 P i) T — SRl 5 18 iz
EZHAYIATC. FAREES (WROVEREER ) & —MRRe AEE B, EREISETEAL
B4R E T, HAERET 9 i A SE A Y i AT 08, bsiERY [ EE AL
il AT A — U DT IR B AN A1

BAE, BA VKB SR A ER VLR R RFBE IS, XEIEREE T HIF L
KB SRR AP IR, BAE2E GPT AR sl — 5, X Fa MR oT, 75 B 24 i
WICZ R WREERTT, Kl 3-19 Fs. FefiTo T A& UL ERTE R AGE, IR — AR
WIERIIRGE, SR —1TMAREZR 1, f)E, FROTPRRmE AR X — i A —1k
SUN
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@ o
= c 1) g c [7)
3 3 & £ 5 g 3 5§ £ )
s B ® e B = B
Your 019”016”016”015‘ 0.17|[0.15 Your 10” ” ” ‘ u\a‘fﬁﬂﬁl‘i:Youru
Z [FHIRTT
journey 0.20“0.16”0.16”0.14'“ 0.14 journey 055”044” ‘ ‘

starts {0.20(/0.16({0.16{|0.14|(0.16|0.14 starts 03J03J03J

—
with |0.18(|0.16((0.16(/0.15(|0.16|/0.15 with |0.27(|0.24(|0.24

one |0.18/(0.16{|0.16{/0.15(|0.16|{0.15 one |0.21{0.19((0.19{|0.18(|0.19

step 0.419|0.16 0.16 0.15‘0.16 0.15 step [0.19]|0.16|0.16 0.15‘0.16|0.15

WINIETT “step” 5 “Your” Z &l
HFEINE
B 3-19 FERREZSAUEI P, IRATH T X AL L EWEEIAGEE, DA BT 3
w, KEFBEBTGEVIARMIAIG, flan, 58 2 7759 “journey”, U
25iA (“journey” ) FZHIIAE (“Your” ) HYH: R SIAE

@L

3.5.1 ERIEHHHEIEEI

PR RN P AEACHS S B R R S . ANl 3-20 Fis, b T SEERN R R i
T A BRI TA5 BHERS 5 A0 1 R AR, FRAT PR i 4 28 B3 T 1 BORAGE e 5 PR AR

TIHLHIAAS

(1) B2 softmax (2) ALkl Lt (3) HETETT
R B R 0 855 JA—1k
/\ /—\

BN EENINE BIER NN WITENNE
GRIA—1L) (B1E—H) (RyF—10) (81—

P BREEITT
FRBERMIA 1

320 FEPISREREIH, %ﬁ%‘%ﬁ%}:EI’J?iﬁjj$liﬁﬁﬁ$ﬁﬁ~ﬁﬁ?z§%Xﬂ‘iiﬁﬁﬁ%ﬂlﬂjﬂﬂ softmax
PREL, B ML EROTREE R, FEX IR T — 1k

e, IRZHETRIE, i softmax A B IAE .

ABGEER, ATAER 3.4.2 )
SelfAttention_v2 XITRHIEIFIR
BB ERE R

queries = sa_v2.W_query (inputs)
keys = sa_v2.W_key (inputs)

attn_scores = queries @ keys.T
attn_weights = torch.softmax(attn_scores / keys.shape[-1]1**0.5, dim=-1)

print (attn_weights)
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BERARIIN T R

tensor ([[0.1921, 0.1646, 0.1652, 0.1550, 0.1721, 0.15107,
[0.2041, 0.1659, 0.1662, 0.1496, 0.1665, 0.1477],
[0.2036, 0.1659, 0.1662, 0.1498, 0.1664, 0.1480],
[0.1869, 0.1667, 0.1668, 0.1571, 0.1661, 0.15647,
[0.1830, 0.1669, 0.1670, 0.1588, 0.1658, 0.1585],
[0.1935, 0.1663, 0.1666, 0.1542, 0.1666, 0.1529]11,
grad_fn=<SoftmaxBackward0>)

A LU PyTorch Y tril PRECRSCIER QL , AT IBIEE— XL LI EITER 0 B9 -

context_length = attn_scores.shapel0]
mask_simple = torch.tril (torch.ones (context_length, context_length))
print (mask_simple)

A B HE RS HE A0 R TS
tensor([[1., 0., O., 0., O., 0.1,
(., 1., 0., 0., 0., 0.7,
(1., 1., 1., 0., 0., 0.1,
(., 1., 1., 1., 0., 0.1,
(., 1., 1., 1., 1., 0.1,
[1., 1 1 1., 1 1.11)

A, TR ARG HE PR AN AR AR AR, X fALk BT ROEAE N 0:

masked_simple = attn_weights*mask_simple
print (masked_simple)

WRETIL, XF AL EITRICR E WA 0.

tensor ([[0.1921, 0.0000, 0.0000, 0.0000, 0.0000, 0.00007],
[0.2041, 0.1659, 0.0000, 0.0000, 0.0000, 0.00007,
[0.2036, 0.1659, 0.1662, 0.0000, 0.0000, 0.0000],
[0.1869, 0.1667, 0.1668, 0.1571, 0.0000, 0.00007],
[0.1830, 0.1669, 0.1670, 0.1588, 0.1658, 0.0000],
[0.1935, 0.1663, 0.1666, 0.1542, 0.1666, 0.1529]],

grad_fn=<MulBackward0>)

BV R TR SR, (TR 1 TR P 0L R
FEAT I RIR ST — A

row_sums = masked_simple.sum(dim=-1, keepdim=True)
masked_simple_norm = masked_simple / row_sums
print (masked_simple_norm)
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GERR MR NRCEREM, Hoh Al ERTEE IRECHIH 0, 172 R 1.

tensor ([[1.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.00007,
[0.5517, 0.4483, 0.0000, 0.0000, 0.0000, 0.00007],
[0.3800, 0.3097, 0.3103, 0.0000, 0.0000, 0.00007,
[0.2758, 0.2460, 0.2462, 0.2319, 0.0000, 0.00007,
[0.2175, 0.1983, 0.1984, 0.1888, 0.1971, 0.00007],
[0.1935, 0.1663, 0.1666, 0.1542, 0.1666, 0.1529]1,

grad_fn=<DivBackward0>)
B8t

L XM REAFEIT—EEARER, AR, AkeIAT (ITHEDE) Thk
R L AT e85, BACHIHEALSAL softmax it . K, X LEL, EhmE
TR, RAVE R ER S —AEBD 8 F EFH I softmax (B AR 6945 F R A
5 softmax it ).

softmax FH A F L RMEI AT, RERMIALBEARLES BT, 12t T 372
— I, WAL R 8RR R ——C AT R A VMEAT 5 FRéd 7 X% softmax 24K

MmEX, BEREHE—NZE, EENREG S AL R R E 75
—H ., FARIET RAA K B KRR T L E,

RUE AT LATE T 58 oot PR TE BT 00523, (EFA MR rT RLEA ekt . EFRATTFIA softmax
PRELHORC AR, DUSE A D IR S S A RS 5 O RO A, NIE] 3-21 P

(1) Bt Ak B (2) B softmax
F o 1855 R
/\

RN BRER N RILTENNE
GRYA—1L) (RIF—10) (81—

K321 FEPRRTER I, SRAHER 5 590 SR R PR — A R AE R softmax
PRI RIPRE 1 B 0 O 000095 RAE A THERY
softmax PREL 2 U AR — MR . 5 A A TES5 RAE (—0 ) i, softmax
PR X LA AR . (B EERE, IEPh e "IEREEE T 0. )
A LGE A BT AR L B 1 RS, JRRXLE 1 B O TTEST R (~inf) {H, RSE
PRI = AL RS “T79E7

mask = torch.triu(torch.ones (context_length, context_length), diagonal=1)
masked = attn_scores.masked_fill (mask.bool(), -torch.inf)
print (masked)




0 H3F HAETANH

BORE A DU SR I -
tensor ([[0.2899, -inf, -inf, -inf, -inf, -inf],
[0.4656, 0.1723, -inf, -inf, -inf, -inf],
[0.4594, 0.1703, 0.1731, -inf, -inf, -inf],
[0.2642, 0.1024, 0.1036, 0.0186, -inf, -inf],
[0.2183, 0.0874, 0.0882, 0.0177, 0.0786, -inf],

[0.3408, 0.1270, 0.1290, 0.0198, 0.1290, 0.0078]11,
grad_fn=<MaskedFillBackward0>)

UAE T BNk SO MRS 2 SN softmax pREL, AT LSE U A

attn_weights = torch.softmax (masked / keys.shape[-1]**0.5, dim=1)
print (attn_weights)

Wi E5 SRR, BT RN 1, HIA T Z e A MY I — b 3

tensor([[1.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.00007,
[0.5517, 0.4483, 0.0000, 0.0000, 0.0000, 0.00007,
[0.3800, 0.3097, 0.3103, 0.0000, 0.0000, 0.000071,
[0.2758, 0.2460, 0.2462, 0.2319, 0.0000, 0.00007,
[0.2175, 0.1983, 0.1984, 0.1888, 0.1971, 0.0000],
[0.1935, 0.1663, 0.1666, 0.1542, 0.1666, 0.152917,
grad_fn=<SoftmaxBackward0>)

PR AT AR FE RS B9 2 A f 3T context_vec = attn_weights @ values it ET
SCIadE T, AR 3.4 R T HGARRIREE . SR, TESLZET, FRAPESETTIE— R AR R L
F/INEEE , SXAEYI IR AR T LA 808D A

3.5.2 FIH dropout #EMEEINTESINE

dropout JETREE ¥~ Y —FEOR , Sl i 7E I Zhad e vh BEHL 2 s — SRR Z B TR A 0 &
F7 B o AT IEA B TR E B ST, Tk S S o SRR
dropout {LAENZRIIBI T, PIZREE ARG S BIBGH o

7E Transformer U4+, —SE405F GPT 76 A YRR T2 16 R g IR 1]l S T L]
HH) dropout: —EIHAERIMNEZ )G, “IRRIXLEACE N TEM 25 . s 3-22 Fis,
FAPREAETT SR B I E Z S5 0 dropout 565, PRI S350 S B rp B8 LA i
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a:f 0
Your | 1.0 Ij
journey |0.55||0.44 ]
starts 0.38‘0.30”0.31 ” ” ‘—
with | 0.27(|0.24/|0.24 ||0.23 ]
one |0.21(/0.19({0.19||0.18 019—

T

step }0.16||0.16| 0.15

MINATT “step” 5 “Your’
Z EIRGEE SR ESERM

Your

journey

=

starts
with
one

step

0.38

EFMENALER
dropout #45

0.16

1% dropout #5#5
MAFFEEHY
B — LR

In#HERO

K 3-22 MHPRRIER R (L), FAINH—DHIIMY dropout #ERS (47 E ) SRRFASMYTE
FEORGEE 0, LA IR St 5

TR R BIP T T 50%FF) dropout %, X EME MG —FAE B INE ., ( HIRAM7E
PR ZTT 2 GPT BERIET, K FHARAY dropout K, HLUN 10%5% 20%., ) 4 T 1F FH4E,

AT E ek PyTorch ) dropout SEELN FHF—~H 1 ZHALIY 6 x 6 5Kk .

torch.manual_seed(123)

dropout = torch.nn.Dropout (0.5
example = torch.ones (6, 6)
print (dropout (example) )

)

EFEFEH 50%89 dropout 2R

EXBEOE— 2 15EME

WARBTIL, RAAH—FRIERE 0 T

tensor([[2.,
[0.,
[2.,
[0.,
[0.,
[0.,

NN O NN N
N O O O o N

NN O N
N O NN OO

O NN O



2 HB3E BN

TEXF R AR I IV 50%89 dropout HRINF, AEMEHA —FHIOCR SRENLECE N 00 N 1AM

WA ITEIRICE , TR IR A S 1/0.5 =2 B LB TR, RO T4

R AR AR w2, AT RABR ORI R B R b, TR L] P s me R — B
BUE, XHEEBCERFFEAT dropout #1F -

torch.manual_seed(123)
print (dropout (attn_weights))

TEARBR S BRI G, BB CR CCE N 0, HARITER MIBCEH 4L -

tensor([[2.0000, 0.0000, O .0000, 0.0000, 0.0000, 0.00007,
[0.0000, 0.0000, 0.0000, 0.0000, 0.0000, 0.0000],
[0.7599, 0.6194, 0.6206, 0.0000, 0.0000, 0.00007],
[0.0000, 0.4921, 0.4925, 0.0000, 0.0000, 0.00007],
[0.0000, 0.3966, 0.0000, 0.3775, 0.0000, 0.00007],
[0.0000, 0.3327, 0.3331, 0.3084, 0.3331, 0.0000]1],

grad_fn=<MulBackward0>

HEE, HTEERENES, &AW dropout fil K TRES A TR . A X FiA—EME 40
{58., A PyTorch A issue tracker,

PR T PRSI T J1R dropout A5 2 J5 , BRAEFRATAT LIFF &2 — M Aj 75 1Y Python 2., X 1N2EHY
H 2 S 5 N X PR AR
35.3 IW—PMEHHERIEHA

IRAEFRA PR SR B TR dropout &N # 3.4 15 hHF &Y SselfAttention Python 2§
b XN A SRR MR, TSk R IR R A S R 2L

HAETFFRZ AT, T Zm RS T LIV & 2 AR LR, DM causalattention ZEAE
S RFER 2 TP SCBL AR N s 7= A L o

SRR DL, AT D e A2 A SCAS s DR B HE A

batch = torch.stack( (inputs, inputs), dim=0) ﬂﬁi%ﬁj})_\,'@’l\ﬁﬁ]‘)\EG/l\iﬂi,
print (batch.shape) ﬁ' | 1371:34])&"}\)\2&5#9 3

KA > =gk i, Hrp S AN A SO, B3O 6 MEDT, BMRDoE— D = 4ER
A
torch.Size([2, 6, 31)

OIS B 3-3 Y causalAttention K5 GRS sel fattention FE{LL, ME—A
[RJEHE N T dropout A1 SRHERSZH 14
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KagER 3-3 —EfbryRERERE 2R
class CausalAttention(nn.Module) :
def __init__ (self, d_in, d_out, context_length,
dropout, gkv_bias=False):

super () .__init__ ()

self.d_out = d_out 52 58
self.W_query = nn.Linear(d_in, d_out, bias=gkv_bias) SelfAttention vl
self.W_key = nn.Linear(d_in, d_out, bias=gkv_bias) il wmT—1
self.W_value = nn.Linear(d_in, d_out, bias=gkv_bias) dropout /&

self.dropout = nn.Dropout (dropout)
self.register_buffer
'mask"',
torch.triu(torch.ones (context_length, context_length),

diagonal=1) register buffer AMHBE—|

) SRR (B TESER)

def forward(self, x):
b, num_tokens, d_in = x.shape

keys = self.W_key(x) BHE1M2EE

queries = self.W_query (x) N
values = self.W_value(x) R RIS —
MLE (0)
attn_scores = queries @ keys.transpose(l, 2)
attn_scores.masked_fill_( <
self.mask.bool () [ :num_tokens, :num_tokens], -torch.inf)
attn_weights = torch.softmax(

attn_scores / keys.shape[-1]1**0.5, dim=-1

1£ PyTorch ¥, %H
R T RIZAIRIER
FHHIT, MR
TTARENAFEIR

)
attn_weights = self.dropout (attn_weights)

context_vec = attn_weights @ values
return context_vec

AR LIS I A RT3 AR AT B R 2OR GE Y, HIRATE __inic_ Jrdim 7 —4> seltf.
register_buffer ()W, BIRTE PyTorch 1{#i [ register_buffer JHAEHTATE N FHEB
T, AR L EAA gk, B, HIATEREFER P causalattention 280, %
X &S5RI — [ 38 80 3138 210354 (CPU 8% GPU ), IXTEYIZRRIE SRR IR E2, X
BERE RN T T s ik sk it SRR SR R —5e s b, DMk SR | A AP RL Ay A1

A LR Z B selfattention B RFEM T causalattention 2.

torch.manual_seed(123)

context_length = batch.shape[l]

ca = CausalAttention(d_in, d_out, context_length, 0.0)
context_vecs = ca(batch)

print ("context_vecs.shape:", context_vecs.shape)

FRZA Y LR S iR A =k, R R DT E ] AR AR R

context_vecs.shape: torch.Size([2, 6, 2])




U H3E BN

Pl 3-23 G485 T HATFRATET R AYERE . FRATHEABHE T2 R4 i IR TE B A& A
ST PR, BATREETX—ME, AT T 2 REREE IR 2 K20
82

fE 3.4, HAEH EATH, HNFIAE E36 TP, #®ilS
TEETINSNENE SREESF dropout 1S BREREIENTRA
EBSE RTBEEING ZXEES

(1) EHeE
EEN

() BEES

K3-23 FIHACALE, FRAT5EM T IR 28 N— AR r s AL ah, @5l ik
B, SRIRFIAT PEORERE M. Tk, JATRY RIS AP E 2%
TER R, DIEBRAT TR R 5 R ]

3.6 RFEKEENTREIZKEED

FEAR, Bl T RR — R, R SERTIT B R B R AIZ Ak b X
HeA S SEEA.

“EI KRR ORISR PRI REA %, A k7 MO TR, AERFITEL T,
BRIV BT IR A Sk B, PRk PO — AL BRI B A

Tl T PSR S B SR . %%, T M BB AR CausalAttent ion
BRI 2 St BT, SRR, Tl I — B TS 2% (LT A7 2R S B 1 3k
RSB

36.1 BMENRLIENE

TESLPR e, SCBZ T B I TR EMEZA B EE VLS LE (S IUE 3-18), A5
FlERAR Hoph Sy AR, SRIG R X ek T A . AR AP AT R T RE S AR K, HEXT
W UNFET Transformer A9 RIH 5 A8 2 AR Y &2 2 U R AR F B2 .

K 3-24 /s 1 22BN ASHY , e R AL 3-18 B i 2 Bk v I BB Y S
TE—E Y .
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NN R T RFFAE

i i nE
sl sl sl
W, W, W, ﬁmﬁ¢m%§£:m
A ' W, TIHRELE
. W, [ w. [w, [ EnBunEm—1
q V.
0.7)[0.2][0.1 | | WELEM W,

IASE 5 {THIMAN AR TR R

v

BATHRGRNEBER 0 #1 0,
MIER RSN EIRER 0

1%
| BIMEFWMTHEEAEL
TxXmE=, B Z #Z,

AHEH
HFREH NS TS O — EFx
JHE, RS BEIMmEFE & Z
BOREER, FitEAR o For]for][o7][ox]
T RARERLEN dropout RS ]
O

ETRXEE Z, MR
REMNIER X i
FREEYEE 5 MR
Fl3-24 23 ER B S SRR SRR TR, P, A TR AR
— SRR W, TSR, R AE— A PSSk 2k T A, B PAEAL
R W, MW, o X FEREE T AL, tmw, fw, . BATER T P
ERSCEE 2, 80 Z, , AT LU ER 1S I i R S R Z

IEMRETTE RN, Z23ER i EE R 2R OMT) S s i, BRI 22
AR LAY —— X SO B SRl K i AR ( Fe g s AL b i Aoify i | B ) 1 F{EL ]
i) IR AR R0 RS, w3 — AN E B MultiHeadAttentionWrapper
FHKIEFX—HPR, MultiHeadAttentionwrapper KHEZ | ZDZHIFIN causalattention

BEHLL, AR o 3-4 B
REZER 3-4 — DL KER N REREL

class MultiHeadAttentionWrapper (nn.Module) :
def __init_ (self, d_in, d_out, context_length,
dropout, num_heads, gkv_bias=False):
super () ._ _init__ ()
self.heads = nn.ModuleList (
[CausalAttention (
d_in, d_out, context_length, dropout, gkv_bias

)
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for _ in range (num_heads) ]

)

def forward(self, x):
return torch.cat ([head(x) for head in self.heads], dim=-1)

MR RN BEEGEPHNFERE T3, (num_heads=2) PL}N cCausalattention HjHH4EE N
d_out=2 E@ MultiHeadAttentionWrapper }&, ﬁB %kﬂ]it FT§U444\EHQ£E@J:T:jZﬁﬂE§
(d_out*num_heads=4), UK 3-25 fiz~.

ETFxmE

- BB
b TR EBER
Z,
AR | 2IEEN — i
X _ .z
NEBSLESER— 7
%g ﬁg§@¢ﬁAt | 2 IZIZ{
: T EE5EkE '
din=3 X \, d_out=2 d_out=4

7

MR ETXEEMRANEER 2 (d_out=2), M
REGERIBRNEE N 4 (d_out*num_heads)

¥ 3-25 f#iff] MultiHeadAttentionWrapper, FA1IEE T IERE 1LM%E (num_heads ), 1l
RUE num_heads=2, IFATMTMAASE)—DBAMH FF X SR KR, 7E5
A BT EE A, 1 %Emﬁﬂ“?ﬂmﬂ‘]t?j(rﬁl%, G TS d_out=4 T8
SE MR ALERE . FRATHT A 5 4E B HEIX 28 bR SCml i b . i TRATA AN ERE 1k
IFHALERE S 2, PIERARAG R 2x2=4

BT H A X — A, WTRMEZREEH causalattention ZE—FE#IH MultiHead-
AttentionWrapper 25:
torch.manual_seed(123)
context_length = batch.shapel[l] # XAZ#BLHKE
d_in, d_out = 3, 2
mha = MultiHeadAttentionWrapper (

d_in, d_out, context_length, 0.0, num_heads=2
)

context_vecs = mha (batch)

print (context_vecs)

print ("context_vecs.shape:", context_vecs.shape)
R A T LR 30K B SCml ik a
tensor ([[[-0.4519, 0.2216, L4772, .10637,

-0.6300, -0.0632, .6202, .38607],

0 0 0
-0.5874, 0.0058, 0.5891, 0.3257],
0 0 0
-0.5675, -0.0843, 0.5478, 0.3589],

[
[
[
[
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[-0.5526, -0.0981, 0.5321, 0.3428],
[-0.5299, -0.1081, 0.5077, 0.3493]],

-0.4519, 0.2216,
-0.5874, 0.0058, .5891, .325771,
-0.6300, -0.0632, .6202, .38607,
0
0

0.4772, 0
0 0
0 0
-0.5675, -0.0843, 0.5478, 0.3589],
0 0
0 0
e 4

.10637,

-0.5526, -0.0981,
[-0.5299, -0.1081,
context_vecs.shape: torch.Siz

éﬁ%*ﬂ/‘] context_vecs gﬁﬁﬂgﬁ—ﬁﬁ% 2, jﬁ&ﬂ]ﬁﬂﬁﬁ‘%’ﬁ/\ﬁ&l—‘ ( %/"}/\jCZIKIEE'EEE/‘J, Fﬁ
DA% bR 3 i e AR ). SR HEROR AN AT 6 Mt 5 S 4ER R NMEDT R DY ZE
A

.5321, .34287,
.5077, .3493]111, grad_fn=<CatBackward0>)
([2, 6, 41)

#3132 BREIZHBRAEE

# 7 MultiHeadAttentionWrapper (..., num _heads=2) AR M ARSI, 1E4#E E
TXHEZ M ARAEWEYE, FIAFEE num_heads=2, (#&7: REZSKELH, R
BEREH —ANRASIK)

FIHFTCALE, BATC LTI T — A B B IRREE 5K 1) MultiHeadAt tention-
Wrapper, Aid, XEHIAE forward FiEHJE# T (head (x) for head in self.heads]
WAL BRAY o BTl LA i I FA T A BT 9T T SR O I AN S8 . — Rk e el R ofe
VLTI R A T R Sk B

3.6.2 BENEXISTEIMZLFE

FIHACME, %iaﬂ]E%ﬁ'J@T A~ MultiHeadAttentionWrapper, HIEMENHKLIF
BAOEYOkRIM L L F B, X %WH&%QHL\g/I\ CausalAttention XJHARKTEMM .

SHAEP A Bk 2 MultiHeadAttentionWrapper M causalattention, AUPKHIX
W/\ﬁ‘% B-JFEE# | MultlHeadAttentlon Jﬂfﬁ[‘, %T/H MultiHeadAttentionWrapper
5 causalattention fRASEIF, AL S T2 AL MEE, LU SRS 2 LiERE T .

TE MultiHeadAttentionWrapper 11, Z3kHLHIE A causalattent ion XA KIFFR
(self.heads) KL, BMXWNERE DML ERTIkL, causalattention FEHMPSTIE
BEAHU, BASKAIR SIHE. MILZ T, A MultideadAttention 4 Z LG
BER—ANEN Bl IR AR KR R ETR R AR, R A S A
%, RIETEHHEEE GG IR aE R .

TEH—TNeZ AT, JokF—F MultiHeadAttention 28, WCHSE A 3-5 FiuR,




718 B3 AhEE AN

KIBEL 3-5 — P RAME IR
class MultiHeadAttention (nn.Module) :
def __init_ (self, d_in, d_out,

context_length, dropout, num_heads,

super () .__init__ ()
assert (d_out % num_heads == 0), \

"d_out must be divisible by num_heads"

self.d_out = d_out

self.num _heads = num_heads
self.head_dim = d_out // num_heads
self.W_query = nn.Linear(d_in, d_out,

bias=gkv_bias)

self.W_key = nn.Linear (d_in, d_out, bias=gkv_bias)

self.W_value = nn.Linear(d_in, d_out,

self.out_proj = nn.Linear (d_out, d_out)
self.dropout = nn.Dropout (dropout)
self.register_buffer

"mask",

torch.triu(torch.ones (context_length,

diagonal=1)

def forward(self, x):
b, num_tokens, d_in = x.shape
keys = self.W_key (x)

num_tokens,

bias=gkv_bias)

gkv_bias=False) :

AR R UERE AT
Fr R EY R 4R

fER—MERMEER
HESKHYH

context_length),

queries = self.W_query (x) kEFIK:

values = self.W_value(x)
BxRmn—Aa keys = keys.view(b, num_tokens, self.num_heads,
num_heads % values = values.view (b, num_tokens, self.num_heads,
F;ﬁgiﬁﬂﬂﬁ queries = queries.view(
152 e
(BB, RIS b, num_tokens, self.num_heads, self.head_dim
RARE— )
HE. (b,
%Eie;s n;m keys = keys.transpose(l, 2)

out) -> (b, queries = queries.transpose(l, 2)
num_tokens, values = values.transpose(l, 2)
num_heads,
head_dim) )
attn_scores = queries @ keys.transpose(2,
mask_bool = self.mask.bool () [:num_tokens,
attn_scores.masked_fill_ (mask_bool, -torch.inf)
HES .
SLHg S attn_weights = torch.softmax(

attn_scores / keys.shapel[-1]**0.5,

attn_weights = self.dropout (attn_weights)

:num_tokens]

context_vec = (attn_weights @ values) .transpose(l, 2)

b, num_tokens, self.d_out

)
return context_vec

Zﬂﬁ’%‘:, Hrh self.d_out = self.num_heads *
self.head_dim

context_vec = context_vec.contiguous () .view/(

context_vec = self.out_proj(context_vec)

ARIN—NTTiE
B IR R

d_out)

self.head_dim)
self.head_dim)

MFAR (b, num_tokens, num_heads, head_dim)
%% (b, num_heads, num_tokens, head_dim)

HWET A
HTHE
HOH#EH

i A #85
FKIEFEE
BhSH

SRERAK:
(b, num_tokens,
n_heads, head_dim)
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JRE MultiHeadAttention RHGKETE (.view) FIFE ( .transpose) FEFZ LB K
REL=, 8 MultiHeadAttention FESLEAUHE S-S Z ATHY MultiHeadAt tent ionWrapper 28
AHTA]

TEEARZ I, FEZHTAY MultiHeadAttentionWrapper 1, FATHES T2 HALERE
2, B HAIFR—N2KERN)Z, Multideadattention FERH T —MZEAR L. BN
—ANZRTERZIHG, R TENTRRX AN 20 B i 2 3k, WniEl 3-26 ik,

d. =
dom =2 o =2
=i
W, 0,
WNEERE X |—]
w
2 J 0,
PITRRENRE, 195
A EIEEER Q, #1 0,
doul =4 doul =4 doul =2 doul =2
& =i 51 || zw
WNEREX | oS e = N
, J 0 L 0 || o
FEIEER Q 7 E
PIT—RETRE, 193 %0 %0,
EiFERE Q

Kl 3-26 fERAW MR IR MultideadAttentionwrapper KM, WATHIIRIL T PIME
HkEw, Fw,,, IR TSR Q M Q, (L), 78 MultiHeadattention 2
T, AR T N ECRAACEAEME W, , IF RS A SRR T — U M R A
R EWFERE Q , AR AWAEFE R T @ 1 Q, (8 ) WFSEARFEFIE 1Y
BAESZ K01, N T EIREL, X A R
£ PyTorch i1, JEId I . view Ik Tkt HILUEH] . cranspose HiLHF Tk H
AT XAk . SRR B R R S E . A B e Lk R A (XS AR
SRR AVERERE ), SRIRHCEI N2k,
FEEE R d_out 4EFESr N num_heads # head_dim, HH head_dim = d_out /
num_heads, MWOELEM . view R . 4N (b, num_tokens, d_out) HFKERIEM
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JGHI4EE N (b, num tokens, num heads, head_dim).

WRIGHEEKE, f num_heads ZEEE T num_tokens 4EEZ AT, MIMEB—1 (b, num_heads,
num_tokens, head_dim) BYTEAR o XA B 0T IEH0 XS SFAS RISk A 2n R AR | R0 B4 A R P
DA KA SO AR A T I A R P e vk 2 e TR

AT UL AL PR SR, RS T TP 91 B e 4 4

a = torch.tensor ([[[[0.2745, 0.6584, 0.2775, 0.8573],
.. =N ALY — |
[0.8993, 0.0390, 0.9268, 0.7388], XA KEMFERR (b, num_
heads, num tokens, head
[0.7179, 0.7058, 0.9156, 0.4340]], arass, mum_goksns, |

[[0.0772, 0.3565, 0.1479, 0.5331],
[0.4066, 0.2318, 0.4545, 0.9737],
[0.4606, 0.5159, 0.4220, 0.5786]111)

BUAE, TEJRIRAY 5K RIS B R A sk i 22 (R PA THEAL PR ol v, HOh BRATT36 & T idm B4R,
Bl num_tokens #l head_dim:

print(a @ a.transpose(2, 3))

SERAE B

tensor ([[[[1.3208, 1.1631, 1.2879],
[1.1631, 2.2150, 1.8424],
[1.2879, 1.8424, 2.0402]17,

[\
i

[[0.4391, 0.7003, 0.59037,
[0.7003, 1.3737, 1.0620],
[0.5903, 1.0620, 0.9912]111)

TEXFRIE DL T, PyTorch AYMHREIeDSEPIALEE T DU4khmy A5k i, (4500 M e pe e e Js P 4 7
(num_tokens fll head_dim) Z[A#EFT, FfEXFEEASLHE X —HAE,

it _ERITEESRE TR R AL R T 2Ok S RS Sk BRI -

first_head = al0, 0, :, :]
first_res = first_head @ first_head.T
print ("First head:\n", first_res)

second_head = al0, 1, :, :]
second_res = second_head @ second_head.T
print ("\nSecond head:\n", second_res)

AR SNINE PR PRAR FE TS print (a @ a.transpose (2 XAl e e I i

First head:

tensor ([[1.3208, 1.1631, 1.28791,
[1.1631, 2.2150, 1.84247,
[1.2879, 1.8424, 2.040211)
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Second head:

tensor ([[0.4391, 0.7003, 0.59037],
[0.7003, 1.3737, 1.062071,
[0.5903, 1.0620, 0.991211)

fE MultiHeadAttention H, TR SEEREIAEM EFXmEE, A0 LT it g
A (b, num_tokens, num_heads, head_dim) TR, XL EHEESHEE (JBF) N (b,
num_tokens, d_out) B, MIMIARHIEE S A Sk ikt o

AN, FATE MultiHeadattention PRI T — M BGE)Z (self.out_proj ), Xi&
TEEFHZAKZ AR, M causalattent ion R FEALEIEXAZ . XA BOY ZIEA
Wit CEZA 2 1% B), (BB 2 RIESHASEM b 2, xete i TeEx 5
BINE LM RS B R A

JR4 MultiHeadAttention ZERHISMYIK S B AL E WAT L MultiHeadAttention-
wrapper HEZ, HEMBRE R, REREA R TIAT AR SER:, fan,
keys = self.W_key (x) (BWIFEFEAEMEFEG 200 ). 7F MultiHeadAttentionWrapper
H, FRATE RN R Sk AR A T IR R AR, AR PR R T B R AR O R
Z—0

MultiHeadAttention RIHIESIRATZHISLELN sel factention 2l causalattention
FRM.:

torch.manual_seed(123)

batch_size, context_length, d_in = batch.shape

d_out = 2

mha = MultiHeadAttention(d_in, d_out, context_length, 0.0, num_heads=2)
context_vecs = mha (batch)

print (context_vecs)

print ("context_vecs.shape:", context_vecs.shape)
SRR, d_out SECHEEE W YRR .
tensor ([[[0.3190, 0.48587,
[0.2943, 0.3897],
[0.2856, 0.3593]
[0.2693, 0.3873],
[0.2639, 0.39287,
[0.2575, 0.4028]]
[[0.3190, 0.4858]
[0.2943, 0.3897],
[0.2856, 0.35937],
[0.2693, 0.38737,
[0.2639, 0.3928],
[0.2575, 0.4028]]1]1, grad_fn=<ViewBackward0>)

context_vecs.shape: torch.Size([2, 6, 2])




2 B3F BmEEAn

A, AT LI ARSI SRR F AR A MulciHeadAttention 28, WEE
B, AR YIREST 4, B8 1O 1 p T etk FRATE T AR/ INA i A B R B
AP 6

MIEZ R, &/ GPT2 8 ( B8 1.1742) A 12N R 13k, bR i AgefE
768, T K GPT-2 B8 ( 4 1542) A 25 MEE Tk, R SCmim A4EREH 1600,
TR, £ GPT R, HITH AR LT SR AR AZLE R ZAHRAY (d_in = d_out ),

%3] 3.3 #A1L GPT-2 K/NHEE SRR

1 1 MultiHeadAttention (4L —/~%kEZ&E NN, BEED AL R Y
GPT2 BAAR K aiEZE Nk (124 ), BB, #EMEA L5 GPT-2 Aaileg i AN Fesir B HN 24
JE (768), #HiEE, &6 GPT2 A 4 1024 AME ey LT LK,

3.7 N

Q R IHLEI AT LR A TR 3R ) B e RoR,, XEEFRORTREE TR T I A
ARE R

Q ARSI HLE XA T IECR TR E R SO mi 3R

Q FEMRIAER LS, S A S SRR

Q SBUEA W E Y TG R B AR RX LS A I —Fh e 5k

Q REHREAZLTR, B Er LGE B RER for TR SR, RS,

Q 7EHTRIEF B L HEZ P06 (BRRh “AOSREE "), ATBIA TR
RN Sl S = R AN R 1 V7 e 13 1 SN [ SR w5

Q FEALER N 7 A B ORI AR BOCA I R HE SRR, FRATS e —A PR T s, LA
B 1A A5 ) AR 1R TT

Q Br TR PSR R R B A 0, 80T LIASIN dropout 5 s/ D 5 AR A
A

Q 5T Transformer Y KT AR AL B TE RGPS X 2SR 15201, X Frh 2
KEEIT

Q AT LGE A HES 2 PR T SRS ) e 2 Sk i B R

O O 2 S TR — T SR vl A e R R e 1



MLSCIR GPT &8¢
HITSICARE Y

AERNE

O JF &2 GPT KiEFHAY, i @t I 2] DIAE S UAZSTE 5 SOk
Q XFJZBOE A TIH— T LIRS E P 22 I 25 11 2

O FEGREE P2 L8 rh s b 2

Q SZH Transformer HOR A R B GPT A7

Q 715 GPT Bl S E FIFEAf T oK

AT IE 2242 IS T ZKEBIIUS, XRKIEF R OHIEZ — BlfE, T
RSB R A A i, IR e 14— 28 GPT BB, SRISTES 5 Bk
A RN 7 B SCA

4-1 BRI SRR AU AL & 2 b . JRATPRESE A T R M T A — RIS
PRI I)

EEIED, BMNIUT EEXED, BIWEII EF S B, BOIEFMINSEIR
—ARIESEANEER  KNESRENEMES  HNXESREETIINE

E—ME \ @ﬁ;ﬁ E=M&
[ \ 7 M BENEIRENRIESE
) HIBES @ FEN I QB KIBER | (5) Ik (6) 155 Tl *
5% L | B : 7 HE *ﬁid‘ (8) 143
\
L
[ HWE—PKIBSER J—»[ B h ki)

SRS
P 4-1 MEEIGHE SR 3 A ERE B, ARHE LTS B BRI G) P SEBURIE RS
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4.1 HE—IRKESHEREN

FIEFHA i GPT (R TRIIL Transformer ), J& 57— E — Al (SEATT)
R IR BE M2 L5 40be o R1T, R X SO BRI RIEAR A, (L e 2R F AR L IR A
i, FONFZAMREZN, MERNTEEANG . K 4-2 3288 T A28 GPT KB BRI [ T
R AR, JF il Es TR,

“Every effort moves you forward” «~ _ B#R2— k4%
—MABIHFTSI AR

ﬁPT

(il

AT, RIS
: | m—tasraTa
! e GPT g

Transformert = 41
—\\ Transformer HR 2%

GPT XiBS#HAI
EGEARLER S
HEEIZP, &’ A

S TR AR iR

N

HARHSAE M J
%2 BhEEid \
R A

“Every effort moves you”

Fl 42 GPTHEL, BTHAZ, BlBAE—EELA Transformer B¢, X EeH i fGR (12 BT
B 223k 1 T i

HITLEC SN A T RIE S BRI 24T, el Adrloof . i A L) R 2 ki1
Tt ARBRSCHL GPT BEBIRLOAEHY , AdGH Transformer 3R, 22 5 FATTHE X HHEA 7125
DU RS SO

ZHT, R TRk, AT TR AL, DAERE S AR F AT DR R, B
e, BA PR RN GPT-2 IR UL, BIZ RN 1.24 1245/ IMIA, IEUN Radford 28 A7E
& “Language Models are Unsupervised Multitask Learners” W Arffiid iy, (iEER, RS HIE L
TEREISEE 11742, (A —Bt kO IE . ) 7E55 6 Trp, AT L 1 TS B 254
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RPN TR A, It HaE ATy L& N 2808 N 3.45142 . 7.6244F0 15.42 {Z B R
ALY GPT-2 fi

TEGRIESA ) FIfR GPT X AR RIE F AU, “SA0 f e i i nl IR . X LEA A
[t b SRR N B AR i, RN i e vl AR R AR dre MR E BOBR R XA A A
RIRERS NI ZRBidl P

Blhn, FE—A-H 2048 4 x 2048 HEMACERE R (sskE ) FORIMEMZZ T, B

FATCERAIE—NBE B THEA 2048 17/1 2048 51, HIIZZ S ELEECH 2048 x 2048,
B 4194 304,

GPT-2 5 GPT-3

HEE, RAMIEEXE GPT-2, B A OpenAl &2 NF T ZAINABRER T, RIN¥L
F o PR XBREMBI ZI P, GPT-3 AR LM L GPT2 AKAE, RARLAKEIMN
GPT-2 49 154 2] T 175012, FHNLGHKEZTE ST, REAFHBEEN, GPT3 HIRE
BMANT, GPT-2 2% I FAXEZHAG LTS, BRACRBELELLRAL I LS
47, M GPT-3 & &4R# GPU £A R TR %Al BRI Lambda EHE 65k, EEAN
V100 ¥ F = GPU L9l % GPT-3 %% 355 %, 24 %t 2L RTX 8000 GPU L1 % % 665 4.

AILLE SRR Python SR E /N GPT-2 BRI ICE., A Jn JA PR AR i h T E

GPT_CONFIG_124M = {

"vocab_size": 50257, # #C &K
"context_length": 1024, # FTFX¥E
"emb_dim": 768, # OBAGEE
"n_heads": 12, AR KNEE
"n_layers": 12, # B
"drop_rate": 0.1, # dropout &
"gkv_bias": False # FZuw-g-AmE

}
E GPT_CONFTG_124M UL FAl Vet T feg it ) 72 42 AR A RS 8 ] PR S A R i i

Q vocab_size F/nex# BPE /ra#s i I H 50 257 AR g s a2 (S0 2 3 ),

O context_length & AEAALE ] B ik A BERS A FR SRS ATRDCEGE: (S0 255 ),

Q emb_dim FRIMALEE RN, ATLCEHREANRDCH AL R 768 4t

O n_heads F/RZFER LR EE S LWEEE (S 35 ),

O n_layers /BRI H) Transformer U8t , T RPTHEFIEA 4.

0 drop_rate F/n dropout HLHIAYFEEE (0.1 FRA 10%K) BuE A CHFENLE SR ), LABG IR
WA (B 35 ),
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Q gkv_bias fEHRRETTEL LRI HLHIZMEZ T asin—A i B i, FT AR, B
ERHHE . EIEIAGE F R E, BOTSE—IHRESHTE, ([A1E% 6
OpenAl YT 2k GPT-2 KLE R, FRATEFHRIEIX MG (S WA 6 7 ).

WAL E, BAEE A GPT S48 ( DummyGPTModel ), AN 4-3 iz . H5H Bl

AT AR b BRARA AT AT UM A AR, LASAEESEHRE ) GPT AEA AR A 5 2 4 5 WL HiA
41

EAENER, RINE (7) BEHI GPT TR (2) ~ (5) (8
£ %4 Transformer P 1B 3 EhiRINS K
R GPT A, EBFRR) AER—

HEETRIE S EP
STEBITIE

4 Transformer 3R
(6) Transformer &

(L' (2) B1A—1k } [(S)GELU ,%SI,EZ@SI] [ 4) ﬁ‘ﬁ'»’%ﬂéélﬁl%} [ (5) ThiEER ]

FERETRALE R, i) Py BAMSII—A OPT ifi
1§23 GPT #&&h{ER TFHEAARAENS, X
KRR (2) ~ (5) B 7 AR B R (R 254

E 4-3 RATRE GPTEMMAL IR R WM GPT ET AT, BIE—EAAM; ARG ms
MDA BER TN ZE A Transformer B, TERTEHER) GPT 2244

& 4-3 G S HE SR T FRA TR F 2 GPT 446 BT o 4 4 R I o TR AT TR A (1)
LHG, BIEE— 4% DumnyGPTModel W4T GPT ETHB4r, WACHSIE . 4-1 iR,

RAGFER 41 — DS HAATH) GPT AR
import torch
import torch.nn as nn

class DummyGPTModel (nn.Module) :
def __init_ (self, cfg):
super () .__init__ ()
self.tok_emb = nn.Embedding(cfg["vocab_size"], cfgl["emb_dim"])
self.pos_emb = nn.Embedding(cfg["context_length"], cfg["emb_dim"])
self.drop_emb = nn.Dropout (cfg["drop_rate"])
self.trf_blocks = nn.Sequential (

* [DummyTransformerBlock (cfg) GHEEES
for _ in range(cfg["n_layers"])] TransformerBlock
)
self.final_norm = DummyLayerNorm(cfg["emb_dim"])
self.out_head = nn.Linear( fER SN TR R
cfgl"emb_dim"], cfgl["vocab_size"], bias=False BI3—1

)

def forward(self, in_idx):
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batch_size, seqg_len = in_idx.shape

tok_embeds = self.tok_emb(in_idx)

pos_embeds = self.pos_emb(
torch.arange(seq_len, device=in_idx.device)

tok_embeds + pos_embeds
self.drop_emb (x)
self.trf_blocks(x)
self.final_norm(x)
logits = self.out_head(x)
return logits

XXX\ =
([ TR T

X

—MEER SN, HEBWELE

class DummyTransformerBlock (nn.Module) : i i Block B
Y TransformerBloc

def __init_ (self, cfg):

super () ._ _init__ () R . L,
XA R BUTIERT
def forward(self, x): };Tgﬂi, S ACIE RPN
t .
T — MR SR, W
class DummyLayerNorm(nn.Module) : BRAENRE—LER
def _ _init_ (self, normalized_shape, eps=le-5):
super () .__init_ () XENSHARAT
BARRA—aED

def forward(self, x):
return x

X BACIS H ) DummyGPTModel KT PyTorch RS (nn . Module ) X T — ]
FEMUZE GPT #i4), DummyGPTModel ZEHAUAAILEM I FETR TN EHiR A . dropout. — %
Transformer ¥ ( DummyTransformerBlock ). W& ZIH—1k ( DummyLayerNorm ) FIZk %
)2 (out_head ). FELE(FEMT— Python 8 ( HLANFRATZ HIEIER cPT_CONFIG_124M)
e

forward JriEHHIR THHRARBRIP AL B . BE ST AR AR RTINS A,
SRJG W dropout, #2438 4T Transformer HANERECHE, N FHIH—1k, )5S 124
A logits

TG B 4-1 TP RS T T U . SR, 3EER, RO T H0i4F ( DummyLayer-
Norm *ﬂ DummyTransformerBlock) 5'51'/}3?9 Transformer ﬂ%*ﬂ%”ﬂ*’pﬁ (ﬁ%ﬂ%ﬁ:%ﬁ%ﬁi)
IOE= AT

ok, AR MRS ABIRIOIG I — 80 GPT A8, DUR/RIER ik, FETX4r

ESEEL (I 2 75 ), PUEFRATE 22 MR B 7E GPT #5080 ip i i AR e a2,
& 4-4 i
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Bfr2ERT—1
847 “forward”

effort moves you forward

AT R S A

MESHTE, EkE—1
AT (“Every”) AaHUIE T
il SFEA 768 4RIMINIFIT
( RRESR ] BN, KIESHALIER—
T {/7 A 768 HRYIH EIE
—
#idi: [12os].. [o1]o4].. [os]16].. [oo]1s]..
GPT #& ST R/H GPT-2 8, &4
BAEEH 768 #ER (XEB
‘// RRRERNMER)
—
AxmA: [24]24].. [eFa.. [20][is].. [Fef2a].. )
iwmiD: [ 6109 | [ 3626 | [ 6100 | [ 345 | o
BN A FITIRTT,
T b oS PRI RN
siseas: | Every | [ effot | [ moves | [ you |
NSO : | Every effort moves you | J

Kl 4-4 BOR—ANZUBE, R TEABGE M A, IFRAR] GPT BRI, S TE
E', TEZ T4 S 1) Dummy GPTClass 1, TJGIR AKLBUZAE GPT BRI AT . R
TR BRI i ATRITC AR ZERE T S A EAR VG . 3 A AR TR
[’EJ% (ZILE 35 )
N T SERGX LR, FATETES 2 T A0 ciktoken A E XL S A SRS ALY
AT/ RAb B, LAt GPT ALl -

import tiktoken

tokenizer = tiktoken.get_encoding("gpt2")

batch = []
txtl = "Every effort moves you"
txt2 = "Every day holds a"

batch.append(torch.tensor (tokenizer.encode (txtl)))
batch.append (torch.tensor (tokenizer.encode (txt2)))
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batch = torch.stack(batch, dim=0)
print (batch)

LA S A SCAR IR TE 1D 741 -

tensor ([[6109, 3626, 6100, 3457, FITHRE—ETK,
[6109, 1110, 6622, 25711) F2 TR EZE XA

HOk, PR —AZHdd o 1.24 4289 DummyGPTMode 1 S0, FEF MRS AN BUE 40 E -

torch.manual_seed(123)

model = DummyGPTModel (GPT_CONFIG_124M)
logits = model (batch)

print ("Output shape:", logits.shape)
print (logits)

IR GEEFRA logits ) W PTR :

Output shape: torch.Size([2, 4, 502571]) _
tensor ([[[-1.2034, 0.3201, -0.7130, ..., -1.5548, -0.2390, -0.4667],

[-0.1192, 0.4539, -0.4432, ..., 0.2392, 1.3469, 1.24301],
[ 0.5307, 1.6720, -0.4695, ..., 1.1966, 0.0111, 0.5835],
[ 0.0139, 1.6755, -0.3388, ..., 1.1586, -0.0435, -1.0400]11],
[[-1.0908, 0.1798, -0.9484, ..., -1.6047, 0.2439, -0.4530],
[-0.7860, 0.5581, -0.0610, ..., 0.4835, -0.0077, 1.6621],
[ 0.3567, 1.2698, -0.6398, ..., -0.0162, -0.1296, 0.3717],
[-0.2407, -0.7349, -0.5102, ..., 2.0057, -0.3694, 0.1814]1]],

grad_fn=<UnsafeViewBackward0>)
iy TR AL E AT, XL TN SUARFEA , A SCARMEAS R 4 ANRDed . BN eE—1> 50257
e, SorElde iR R R b3
RARLERE Hy 50 257, PR A o4k i vh il A — 4R R IR 2 i 19— E—TRlDG . ZEFRATTSEBE
JE AL PRACHD A, R L 50 257 4ERY ) %40 a1 T ID, SRR e AT iRAS A i .

TEXT GPT 424 S H A AR A TRAR T i), FeA P Lh9m s BRI . 150, sEt
HIEWMZBE—2, DIk E: ez a9 dunmy LayerNorm,

4.2 ERERVE—HITIA—LETE

F T T S S B N A TR A, R 2 22 M 2 A I 28 A HAT PR . X SR o
BN RRATEE , (ERAMELAT SR, T ) i e afl LA 3 — 2 /M R
SH (R )o gl ROZELLSE T Bl b AR, AT DG Ay sl T sl R o

AR RARAYZ R LD GAMEMAR KT B, TASE A4 T, ZT AT T RN
. R, RNTLR B HCF SRSt R R AR P L




90 % 4F Ak SI GPT ARM BT AL R

MAEFA TR SRV, DR SR 2 S IR Rese tEAseR . J2 00— 5 2 B8R
M2 L2 RIBE Chntt), MEH(EN 0 Hop2s (BAfih2E) A 1o RS B T s
HIAREL, IRt B — B E AT Sk, 78 GPT-2 FIYHTHY Transformer 22444, 2
A — b8 A 2 Sk i BT S AT o R, IEANFRATAE Dunmy Lay erNorm 5 A7 4 H1 i I,
JER—AE R F el 220, K 4-5 2— sk i MAL AR I, B RR T2 H— ki T4,

98 -000
(

)3— 5
RAEA— ) §¢ﬁﬁg
T T T T T T i 8
m=oqs TRNITE
FE =039

7
NYESo
IDRBRA

'}"M’ \~

7 0@“’?““4 ‘ RN, Hep5 A
// "»“'”«';\\ .// RE BN RH
1) (@) (059 (029 (119

Kl 4-5 JRH—AERE R, HP)ZE 6 Ml GEIGE ) BOMENISES 0 HI722 0 1

AT LLE ST DU RSB 4-5 iRl AT T — A 5 A AFT 6 i R 22 ]
2, IR TP AR -
BNEBMINGEER, FMER
torch.manual_seed(123) A N ,
batch_example = torch.randn(2, 5) BESMHEE D
layer = nn.Sequential (nn.Linear (5, 6), nn.ReLU())

out = layer (batch_example)
print (out)

R DUR sk, s 1 A7 s TR — AR RS, 268 247 8oR T5 A AR Z R .

tensor ([[0.2260, 0.3470, 0.0000, 0.2216, 0.0000, 0.0000],
[0.2133, 0.2394, 0.0000, 0.5198, 0.3297, 0.0000]7],

grad_fn=<ReluBackward0>)
FATE B ZE 28 AL G — DN ERNMEE A DR B0E BREL ReLU (BIELANMEHIT ), ReLU &
o1 25 I 2% T ) — PR PR ANARARORNGE ReLU, AT LGSR BRAR . T HL2 37 SR ol £
ANMEB 0, MIMTHHOR)Z 0 AR S, X 1T 285 12 00 A S fifd. 2
Jei . FATIHAE GPT rhfdi Fl— b B 52 2 1S ek
FEXT X Sy 0 2 H — 2 i, Jekds— R T 25

mean = out.mean (dim=-1, keepdim=True)
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var = out.var (dim=-1, keepdim=True)
print ("Mean:\n", mean)
print ("Variance:\n", var)

AR PR :
Mean:
tensor ([[0.1324],
[0.2170]], grad_fn=<MeanBackwardl>)
Variance:
tensor ([[0.0231],
[0.0398]], grad_fn=<VarBackward0>)

EX B ERE T, 6 AT — N ATTRIE, 5 2 TR N AT,

TEHATHME S 255580, [ keepdim=True 7] LARALH H k& Sk Ak & E5A M H
MR, RS X2z BIE IR EMN4ERE din WK E . WA keepdim=True, APAIR[H
B PG e B e — S kR [0.1324, 0.21701, TAIE 2x 1 4EMI5ERE (10.1324],
[0.2170175

dim ZHERE TEKE IR R (IS0 2 ) BRI E WA 4EEE T,
4-6 iz, WP 4k (IR ), [ dim=-1 STEB0 228 5 din=1 2
R, A1 FoRsksE i —DHERE, X TE ik P 028 . TR TR E A — iR
N3] GPT AR, AERLE A IEAR N [batch_size, num_tokens, embedding size] =
Heikir, APRTTLMEN] dim=-1 XEf5—N4EEEH#HITIH—1k, DOGRFHEMN din=1 N
dim=2 BYIEH.

dim=1 3 dim=-1 35+ EFIHEH
FEiE, MEESEIT—TEHE

HE
P 0.13
B 0.21

A 1 [0.22][0.34][0.00][0.22][0.00][0.00|
#X 2 [0.21][0.23][0.00][0.51][0.32][0.00|

dim=0 I EITHEE N TIE,
LR B —NRi9E

A 1 [0.22][0.34][0.00][0.22][0.00][0.00
A 2 [0.21|[0.23][0.00][0.51[[0.32][0.00

¥1& 0.21 0.29 0.00 0.37 0.16 0.00

K 4-6 dim ZEAETHRKEIENRZR- . fin, FATA—D4EREN (rows, columns]f
degkit CREFE), ] aim=0 $7EATT7 ) (FEEL, WVFEFTR ) SETHAE, SR 5
AR T dim=1 B0 dim=—1 ¥AESII7 18] (R, BEFTR ) PATHfE, 25
SRR AT BRI T
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HEPOR, X AT BT RIS — A . BT I, IS RER L5 22
A7 AR (ORI ):

out_norm = (out - mean) / torch.sqgrt (var)

mean = out_norm.mean (dim=-1, keepdim=True)

var = out_norm.var (dim=-1, keepdim=True)

print ("Normalized layer outputs:\n", out_norm)
print ("Mean:\n", mean)

print ("Variance:\n", wvar)

MEERTTLF Y, H— )5 R 25 e & ol HBE 0, 7228 1.

Normalized layer outputs:
tensor([[ 0.6159, 1.4126, -0.8719, 0.5872, -0.8719, -0.8719],
[-0.0189, 0.1121, -1.0876, 1.5173, 0.5647, -1.087611,
grad_fn=<DivBackward0>)

Mean:
tensor ([[-5.9605e-081],
[1.9868e-08]], grad_fn=<MeanBackwardl>)
Variance:
tensor ([[1.],
[1.]], grad_fn=<VarBackward0>)

R, sk A -5.9605e-08 J& FHRMAICEIE AR FR-5.9605 x 10°, &Y+ kI
~0.000 000 059 605, XAMEARH LT 0, 1H i T BEHLF R EUE A BRAE B e —2 /Ny BUE R
%, HIEAESESRN 0,

jjTﬂLiEE%Efli‘@, T LLETT R sci_mode B N False R RABFICENE, MIMEEFTEITK
TR G ( FHRLA e E 0k

torch.set_printoptions (sci_mode=False)
print ("Mean:\n", mean)
print ("Variance:\n", wvar)

AN ER
Mean:
tensor ([ [ 0.00007,
[ 0.000011, grad_fn=<MeanBackwardl>)
Variance:
tensor ([[1.],
[1.]], grad_fn=<VarBackward0>)

FIHATCY I, BAIEE—PL S TJRH—1k.

PAE, FRATEAE X — i FEERRE i —> PyTorch Ml , DIME7E/SZEA0 GPT BimIrh (i, fnft
5 BA. 4-2 Fir7R .
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KIBER 42 FH—kk

class LayerNorm(nn.Module) :
def __init_ (self, emb_dim):
super () .__init_ ()
self.eps = le-5
self.scale = nn.Parameter (torch.ones (emb_dim) )
self.shift = nn.Parameter (torch.zeros (emb_dim))

def forward(self, x):
mean = x.mean (dim=-1, keepdim=True)
var = x.var (dim=-1, keepdim=True, unbiased=False)
norm_x = (X - mean) / torch.sgrt(var + self.eps)
return self.scale * norm_x + self.shift

XA R E— e BRI e A TR < WG — DN b, e B X 0 T A2
(emb_dim ), 224 eps &—P/NEEL (epsilon), TEH—fbidFEhawngJr 22 1 LAB; 1 BRE S
o scale Ml shift SEMAAIINZRNSE (S AL ARR ), WRAEDIGad b &I TA]
AT ABCE BRI I ST 45 3R, IR A F RIS [ shilb AR dE . X i AR e g~ 51 58 A AL
it b B P A A TR % o

BREE

BEMG T EHHEFFEPRH—/AER0@mY, BFiXE unbiased=False, X ERELF £
P, BNAERAHAKE n BATEAXGRE, XATEEXALANEREE, NE
R IEBw EFART 20945 PR n - LAEA S, AAEREZ., Bk, X5 HF362
P8 A A 2453, S THANEE nEFRORBZHEA (0 GPT2) , A nfen-1082F
B EFPICFTALE, BAVRERX A 52 A T #iks GPT-2 #A M —LERE, fH
XAy xRk T TensorFlow #9ZKikAT A, B % 45 GPT-2 #2A! 2 )| TensorFlow % #LY ., 1% )
ABIREG IR E T AR EAV ik 5 5 6 F P BTN AR ERE

BAE, TESPRHIH] LayerNorm B, FFf N THEUAIA -

In = LayerNorm(emb_dim=5)

out_In = In(batch_example)

mean = out_ln.mean (dim=-1, keepdim=True)

var = out_Iln.var (dim=-1, unbiased=False, keepdim=True)
print ("Mean:\n", mean)

print ("Variance:\n", wvar)

OREN], JRIH—ACAUEIE R T, s N AR EIA—1k, SEHIE 0, TN 1.

Mean:
tensor ([ [ -0.00007,
[ 0.0000]1, grad_fn=<MeanBackwardl>)
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Variance:
tensor ([[1.00007],
[1.0000]], grad_fn=<VarBackward0>)

BAERMNC AN T 920 GPT AT P CHEAd e, np 4-7 B o 36Tk, FRA T4
WF9E GELU Bf R, IR K H B AP R Ses s Bz —, A2 AT A48 ReLU

PRIEA
(7) BB GPT
2

(6) Transformer 2

/

(3) GELU
BER

AT, HAIEHM
TRA—

E=N

IR <
[ { ) Bt J ( (5) Wt }
EARTR, HANBIE (1) GPT £F /
m T HE R Sl
I GPT HfFFRAIR EA33Hh, BITE

TR ST (3) F (4)

(2) BA—1t

K 4-7 #i GPT AU s okt BIH AN IL, JOTEZ5%EM T GPT ETFHEH—k. # T
ke, FA PR EE OCHE GELU B0 BRI 5 h 22 2%

BVA—#5#HtIE3—1

o R BB (AZE W& P —FF A BERGE—T %), KTikaBmETs 2
AL R A, 5 AEMAYEE T e a — I RE, B — LR A E AT
Ja—t, KEZBABEESREOHELNR, NARBEIGIR KD TiRA T BT L
PR AR RAB G F e, BT EE— AT EAA AR Z AT T4, R R KA IRA],
R Xk RPCRET L 50 ERRBEN, XAESH X ERE TR RGP
IREFRER B A E T,

4.3 SEIMEH GELU EUEE BB IR ML

BTk, AT S —AMER KB F A Transformer He—30 7/ NI I 28 FA5 e, 1
FEESIIARE GELU 0 R, X PRBTE IX P22 R 25 TR rp AR 2

S¥E A XA PyTorch W ZIAVZE ML £ 5458, IHAE AST,
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MITH 7, ReLU S pRET R FLAE £5 Pl 2 D0 25 B ) v i i St R ek i) iz i FH T
TREES2 o SR, TERIE S, BR T4 ReLU, A7 A URMEAIS R gk, i~ ES
HEE B FE GELU ( Gaussian Error Linear Unit ) 1 SwiGLU ( Swish-gated Linear Unit ),

GELU Fl SWiGLU & ¥ R4 4% HAE1E (300G pREL, rBI456 T Ml A Fl sigmoid [ 1484
HIG, SBMEHR ReLU BOE REUHLL, B TRESHE AR B 22 ) BRI PERE

GELU i s gion] Lhidi i 28007 088, RSB i€ o GELU(x) = x- @(x) , HHh @(x) 72
B 3 A1 i ARG PR, SR, TESEBRRAE, Sl w FRA TS — Rt B N Bl 5
B (SRR 1Y GPT-2 AUt Al F s Fd o it 2 B 645 B 5 WL A TN 2R )

GELU(x) ~ O.S-x-[l+tanh{\/z~(x+0.044 715-x° )D
T

FATT LUK R B S —~ PyTorch AER, WA CHsyE . 4-3 Bk,

RTL5EE 4-3  GELU 0 sRBA S
class GELU (nn.Module) :
def __init_ (self):
super () .__init__ ()

def forward(self, x):
return 0.5 * x * (1 + torch.tanh(
torch.sgrt (torch.tensor (2.0 / torch.pi)) *
(x + 0.044715 * torch.pow(x, 3))
))

BTk, T EVMBILAL GELU %S ReLU L, ATLUKBAT DT HEZ I Ik

import matplotlib.pyplot as plt

gelu, relu = GELU(), nn.ReLU() .
-3 70 3 ZE &

x = torch.linspace(-3, 3, 100) 100 MERBHER

v_gelu, y_relu = gelu(x), relu(x)
plt.figure(figsize=(8, 3))
for i, (y, label) in enumerate(zip([y_gelu, y_relul, ["GELU", "ReLU"]), 1):
plt.subplot(1l, 2, i)
plt.plot(x, vy)
plt.title(f"{label} activation function")
plt.xlabel ("x")
plt.ylabel (f"{label} (x)")
plt.grid(True)
plt.tight_layout ()
plt.show()
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MK 3L GPT AR A 3 4T STK & %,

M 4-8 BUZERATLIE ], ReLU (£ ) J2— M BegeM i, 4 Ak IESA B ki A
i, ®mNEH 0. GELU (£) NJE— i pydeketh %, &) ReLU, HIEJLFArA il

(BR THE x 955F-0.75 BALESL ) BARGAEZRREE

GELU HUEEH RelLU HEE
3.0 3.0
2.5 2.5 4
~ 207 2.0 /
= = /
3 1.5 3 15+ 4
" . /
O 1.0 L. /
0.5 / 454 /
007 I D et 0.0 4+ : -
~ ; ; . — —
-3 -2 -1 o 1 2 3 3 -2 -1 o 1 2 3
X X

& 4-8 il Matplotlib Z:#11) GELU £ ReLU % tH &, x SRS sREUGH AL, y 5l pR H(E

GELU V- R AT IAE I ZRast B2 vy SRS A g L ARASCR , DR R e AR R S G HA 7 T 4
HIIREE . MLLZ T, ReLU EESANA —AREPMA ( S WA 4-8 A KD, ABF &bt
RETEMIAAE, Rl R e R s IR M5 Z5M rh . Besh, ReLU X k@ A% 0, 1 GELU
XA S — A NAERE . X EWE G T, SR i A& eR T L2
2], FUR DR B IR R A K

Bk, RIS R 4-4 o, FoA TRHE A GELU pRECR ITPL/ MU A 454 FeedForward,
IZIHUSAE RIS F B Transformer B H ] .

REDEE 4-4  HIGRHZE 2R

class FeedForward(nn.Module) :
def __init__ (self, cfg):

super () .__init__ ()

self.layers = nn.Sequential (
nn.Linear (cfg["emb_dim"], 4 * cfg["emb_dim"]),
GELU (),
nn.Linear (4 * cfgl["emb_dim"], cfgl"emb_dim"]),

)

def forward(self, x):
return self.layers(x)

WRFT I, FeedForward FHSE— AN/ NRIFHZ L | i N JZ F—~ GELU 4005 eR 504
SR 1.24 1409 GPT iR | %@t cpT_coNFIG. 124M FRUIBEICE ALK, Hrh4
A ETCHIR AZERE ) 768, Bl GPT_CONFIG_124M["emb_dim"] = 768,
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Pl 4-9 /R T S5 AMEIB LA/ NURT B2 25, iR AZERE S AT gAY o

mskE, Bk
K (2, 3,768)

WA (23,907 o ECAGMEEENGEE
W (2, 3,768) RN HTER’/l‘EIU 1/4 ” =

st > 57 3 k. (2 3,3072)
( CELURERS | o, (2, 3, 3072)

2 HA: (2,3,768) E— MM RFRNEE
R W (2, 3,3072) g BINT 442 ”
WMAKE, R X 3 MEDFIFRFHR KN

H(23,768) N\ (2), FTHE (3) FHA
#ERE (768)

P 4-9  HITRI R P2 )2 2 114 He Y AHBE YT o 22 22 I 245 REAS A AN ] L YO/ VR A ) T
Bk o SR, B MIATCHR A LR EEAER) UG AT 2 5 I ELIE E Y

TR 4-9 i), FATEAIE—ANFEICIR AZERE R 768 BUHT FeedForward R, SRJGH
—AEE PR HREANHEAA 3 Mot AR itss e .
ffn = FeedForward (GPT_CONFIG_124M)

x = torch.rand (2, 3, 768) )
out - £fn(x) j BIEHORHEE R 2 B
HEAIA

print (out.shape)

AR, sk RS A KR R R — 2

torch.Size([2, 3, 768])

FeedForward MEHIEIRTIMRA 2 ] NNZALRE T J7 AR B OCHE . FRARIZABR (450 A i 1 4
JEGRFF—2L, B —DRIEREHR ALY R T R4, i 4-10 Fos. JRZ
Jei . BEFAEZEYE GELU S0 s, SRJG M58 AR AR o e B 45 [ IR K/ o X Rl feidr
BERR R B o AR 25 ]
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i S BSMERRFELAE D

//,/,‘m 7 BRRAY 114, (ERSE
iz SO MM AR
— TR
2

MANBEE—MEME
WARGIEI— 4 (FKH
(8]

44444

B 4-10  FiieppLe 2 p 25 R RIS R . A BB 768 4P R F| 3072 4k, SR
T2 3072 4EESE ] 768 4

WA, AR FEE G AR RE (8 — PR RTAE TR, AR IS S B 2 SR I TR A
BE, MimigsE TR Y RAE ST .

WEl 4-11 fs, BERNTE LS8 1R KIE SRR e . 3Tk, RATHA 434
ATERRZE M ZE AR JZ Z (0] O PREEE SR RO, IO T THIR L 1 22 190 288 SR b B N ik BE A
A

(7) B4EH GPT
32

(6) Transformer

(3) GELU
BT

(4) ATiRMLE

W% (5) HRiEEER

(2) B1A—1t

t t

HATSHL T MR GPT RAFTE BAVEIMRIBERE, U(E

HIEE (2)~(4) MR BEBLASE Transformer $
B 4-11 #%EE GPT A r s dit, Hop B A tprid Fon TRATT B 2o e i B
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4.4 /I.I\\ 7] A Ik j:/% ?3(

IERATHE— T IRIEER (WA “BRERGER” B “Feii” ) MtE. IREEERERIH
TR GE F ATREE R 2% (RERIRTRZEMZS ), F AR ZAAE LT R R, BHEETH K RS Y
S eI ZRd B b, BREETE R AL R B2/, BRI 28 2 LU R0 2

W 4-12 For, Pl Bl — s AR, R RS AR Eh i it T — AT
H BRI R — 2 0 R N B 5 222 ke SR o Xt S A AT A R
PROBRRIESE . TERIA RIS, EANTELERA R R 3h 7 s oG E 2R A (2

TEARASIE B 4-5 i, FRATTSCBL T 1&T 4-12 FREg 22 2%, I R T a7 i ) f i R b s
PREEESE

REDEER 4-5 TR PRBELE 2 i i 22 k0 2%

class ExampleDeepNeuralNetwork (nn.Module) :

def _ _init_ (self, layer_sizes, use_shortcut):
super () .__init__ ()
self.use_shortcut = use_ shortcut
self.layers = nn.ModuleList ( 4“{5lﬁzﬁq¥5i
nn.Sequential(nn.Linear(layer sizes[0], layer_sizesI[1]),
GELU () ),
nn.Sequential (nn.Linear (layer_sizes([1l], layer_sizes[2]),
GELU()),
nn.Sequential (nn.Linear (layer_sizes([2], layer_sizes[3]),
GELU()),
nn.Sequential (nn.Linear (layer_sizes([3], layer_sizes[4]),
GELU () ),
nn.Sequential (nn.Linear (layer_sizes([4], layer_sizes[5]),
GELU())
1)
SR OERE
def forward(seZ'Lf, x) : B ATLUE
for layer in self.layers: RiEEE
layer_output = layer (x)
if self.use_shortcut and x.shape == layer_output.shape:
X = X + layer_output
else:
x = layer_output

return x

RRASSEE T — N EAT S ERIREEM ML, B — R F—A GELU 34006 R A
EHU mf%f%ﬂ*IEF' s &1[]LL%)§L1E1&1§L%U/\O 3'JFE. y NE se1f. use_shortcut J& Pk
BEE N True, IBATRNTELSELEMEHASINE 4-12 Th TR B PebE R
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AR

TREFREZ M L%
52 {
HE: 132

RERE R L%

$F5&
¥EE: 0.0050

F4E
#E: 0.0013

B4R
BE: 0.26

B3R
#E: 0.0007

BIE
#E: 0.32

2R

BEE: 0.0001

GELU #E R ¥
_— BIERERH
¥E: 0.20

BEBERMA
L EEmEEE

1R Byt ch

BERE: 0.0002

F1E
BhE: 0.22

[1.0 0.0 1..:0]
HEIEERIMES, RHR REEEEGDTERHEF
HBEESTERERN REFHETRARRIBEE

P 4-12 ZIENS L T A 5 DN2A TR B M2 R AR RS (f2) A DRBEER: (f)
BRI O, PRI SOk R — R A A TSI B g i b, Aob e 17— sed i
Se RS . BREESRR B2 AR, BRI S DAL R 4-5

LR BACRS R0 bR A — DB PSEE R M 22 2% o 15— 2R BRI iRt A2 6 7 3
AEAMERIREAS, FFRIET 3N ffa— 2 20l I — M E

layer_sizes = [3, 3, 3, 3, 3, 1]

sample_input = torch.tensor([[1., 0., -1.]1]) IEEMNMFRT
torch.manual_seed(123) IS E, LUBR
model_without_shortcut = ExampleDeepNeuralNetwork ( Q{ LR

layer_sizes, use_shortcut=False

)
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HTRoR, SEB— AN AR A S e A 1 Rt P SR RE A R

def print_gradients (model, x): o
output = model (x) : BT a5 1%

target = torch.tensor ([[0.]])

£ T Biamind
loss = nn.MSELoss () Z Bl E R
= target)

loss loss (output, CESES
loss.backward()
¢W&ﬂ%ﬁ%
HEEE

for name, param in model.named_parameters () :
if 'weight' in name:
print (£"{name} has gradient mean of {param.grad.abs().mean().item()}")

XA T — Mk gL, R B S P AR Bbs Ch R RE, X HEH 0)
LT RERE . SRS, 28] loss.backward ()i}, PyTorch 2t BRIt — 2B
BATTLAE L nodel .named_parameters () EAAE S, BKE—ZH—1 3x3 BES
BOHFE, IBAKZRHA 3 x 3 FIBERE(E ., FROTFTENX 3 x 3 AUBEBE (A4t (8, LIS 8 A—)2
M —RRREME, M2 5 W2 5)RZ MR

M 2, -backward () J7ik& PyTorch H I —AMEHE ¥, B AT LAZERIRIYI LR b 33 r
MR BEIE, T CAFRAT H O Tl SR 24 R BT R, O R ) Ak T IR B b 22 246 1Y
i,

SFE e RARR KT B fA 2N A& GEA, EUAE A4 T AT,

Tk, I print_gradients pREL, FPREHN T BoA PREEZE LA .

print_gradients (model_without_shortcut, sample_input)

iy Z5 AR PR

layers.0.0.weight has gradient mean of 0.00020173587836325169
layers.1l.0.weight has gradient mean of 0.0001201116101583466
layers.2.0.weight has gradient mean of 0.0007152041653171182
layers.3.0.weight has gradient mean of 0.001398873864673078
layers.4.0.weight has gradient mean of 0.005049646366387606

print_gradients PREEH B8, BEENRE—Z (layers.4) FE 12 ( layers.0)
FE RO AR N, X PR IG AR A R TH R B R

BAE, LB — S BRI RO, B Y LA
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torch.manual_seed(123)

model_with_shortcut = ExampleDeepNeuralNetwork (
layer_sizes, use_shortcut=True

)

print_gradients (model_with_shortcut, sample_input)

SR ATIPUR
layers.0.0.weight has gradient mean of 0.22169792652130127
layers.1l.0.weight has gradient mean of 0.20694105327129364
layers.2.0.weight has gradient mean of 0.32896995544433594
layers.3.0.weight has gradient mean of 0.2665732502937317
layers.4.0.weight has gradient mean of 1.3258541822433472

RJF—)2 (layers.4) MBI THALZ . SR, BEEEAEZBWHELL 12 (layers.0)
W TRE, JFHBEAS/ LT HRIFRE

N, DRI R PR DR FRE o 28 ) 45 PP B 1 2K I L) BR A Dy Tl T 22 PRI T
A BB AT R USSR AR O R B, A PRI B PR 252 2 DB BE (RS TR Sk 16 B S 2R
AN, 155 5 5k, FRATKIZE GPT B8, b Pt K FECHE A

ok, BOTSALZATHER T A S (Z2H—16, GELU BH R, AR 2 25 A
L) BEREAE—> Transformer e, KIEHIH GPT ZLH4 i i e — M EE B

4.5 YE¥E Transformer R E=HEMZEME

BUAE, FoATRSCE Transformer 3R, X2 GPT FIHA KIE SIS FEA R i, 752
i 1.24 {0/ GPT-2 B2fgh, XAMBEE TIF2R, B4G T RITZAHE M 2 S
Z3kiERE S, JZH—1k. dropout. AiER)ZM GELU G R%. ®jE, AKX Transformer
P55 GPT 2 iy HA R i ek fe

Kl 4-13 JE/R T —> Transformer 3, B45G T 204N, WAIEHEHEZGEE BT (201
3% ) MILMIZ AL FeedForward fEE (L 4.3 47 ). 4 Transformer BeAb F4m A 7
e, FFHIR RN ITE (AN e ia] ) #PFR R —A KM (Bl 768 4k ).
Transformer RN AHAE, QG2 LFBIIMATEZ, B 1E DR R 28 ) i 4 B2 1 07 2Ok e 4t
Biil.

Transformer HAYIZCBAUR, H I EIVURIAEZ K 2 Peb TR B AT 51 Hh
TCRZIAMRFR HLZT, Biseh s M NAER & E X T i ek . XA EA
ACERAE T % i A S AU A ERAF N AL 3L, T HLAR T TR A AT R A B A R
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[[-0.0256, 0.68901],
[-0.0178, ..., 0.7431],
[ 0.4558, 0.7814],
/ [ 0.0702, ..., 0.7134]1]

MESMAREHERE A

BIZERE AN r

N .

)

Transformer .

B1A—1 2

B ELEREN

MARIR TR A

X 15 k

B)A—1t 1

A’\
/\J i

Every ——— [[0.2961, 0.4604],
—_— o = —
ehtont [0.2238, ..., 0.75%8l, Z3kEFRRAME Transformer
moves — > [0.6945, ..., 0.5963], R BT ST AHE AR
you ——— [0.0890, ..., 0.5833]]

\

F—{TR—/ 768 #ifEE,
FRENATTAIHERA
€l 4-13  Transformer R E, i ARITRTCHEHR AR 768 4EM [ &P, BF—FT X —AMEITCAY )
/8, Transformer B 1%y =2 'ﬁ%JAE—ﬁ*ﬁnéﬁrﬂﬁﬁi XL ) g ] DU B K
ln‘qiﬁﬂﬂﬂﬁfigiquﬂ

A LIAEACHS B A 3 Trans formerBlock, WUMCHBIEEA 4-6 AT/ .
RAZ5EE 4-6  GPT Y Transformer S {4

from chapter03 import MultiHeadAttention

class TransformerBlock (nn.Module) :
def __init__(self, cfg):
super () ._ _init_ ()
self.att = MultiHeadAttention(
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d_in=cfg["emb_dim"],
d_out=cfg["emb_dim"],
context_length=cfg["context_length"],
num_heads=cfg["n_heads"],
dropout=cfg["drop_rate"],
agkv_bias=cfg["gkv_bias"])

self.ff = FeedForward(cfg)

self.norml = LayerNorm(cfg["emb_dim"])

self.norm2 = LayerNorm(cfg["emb_dim"])

self.drop_shortcut = nn.Dropout (cfg["drop_rate"])

def forward(self, x):

EEESRP RN
shortcut = x TREEESE
x = self.norml (x)
x = self.att(x) .
x = self.drop_shortcut (x) ?%Eﬁnﬁ])\
x = x + shortcut AnnElsk
Eﬁ'] /l]\
shortcut = x g
x = self.norm2 (x) R?ﬁ?}iﬁf
x = self.ff(x)
x = self.drop_shortcut (x)
jezu§n+xshortcut TIes
/J\bﬂ@*

B E LT — TransformerBlock 2K, #ZKFE PyTorch HEHL | —AZkiEE SHLHI
(MultiHeadAttention ) FI— P HIHMZMLS (FeedForward ), PHE AR EHRALAY AL B -t
(cfg, HUNcpT_conNrFIG_124M) HEATHCE

JZH—1k (LayerNorm ) NHF X425, 1 dropout N FH X A2 f5, LIME
XA HEAT IE WAL IE B 1R G o XA AR I BIRY3—1K (Pre-LayerNorm ), - HY4EHY
( b #)HY Transformer %! ) 7 El L‘I_%ﬁ FIRT B2 28 Z JE A N JZIA—4k, X Rk gk
EEBY3A—1 (Post-LayerNorm ), iXifi #2580 2 MU RRUER

TransformerBlock JFSIASLHERN T HTMERE, HhA NG mERERE — MbEdds, ¥k
A AR b XA R A B TR 2t B A FETE I 4 it 8, el TR BEA A
B2E IR (S0 4.475 ),

FFARRATZBIE XA GPT_CONFIG. 124M fit B Mk 524k —> Transformer ¥, Fféi A—
SR

torch.manual_seed(123)

x = torch.rand(2, 4, 768) BI3EFIR A [batch_size, num_tokens,
block = TransformerBlock (GPT_CONFIG_124M) emb_dim] BIREGIERA

output = block(x)

print ("Input shape:", x.shape)

print ("Output shape:", output.shape)
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AR B R -

Input shape: torch.Size([2, 4, 768])
Output shape: torch.Size([2, 4, 768])

HNRFTIL, Transformer Beedi i v T ARIZERE, 3K 429 Transformer S {E4h FECHE 751
RS A E R AR -

TE#A~ Transfromer AU RFHERAZE ISR, MR HEH— D EE ), XFPh ik
THEILREA RN TR F I BT 9455, rb R 1) i Rt i — A i, R —
—XTNI R BRI, IEANFRATIESE 3 Th rE Ay, bR —ME S BARM AT E B LT
X, XEWE, BARTFIIMYIRAER (K EEFFFIERST ) 763850 Transformer S JRFEAAE
(B ) i ) N BB At , DU Aok A A FSIE E TR SUE R .

TESCPL T Transformer B2 J5, FRATEUE R4S THIH GPT M s BT A F et . Wnixl 4-14
7R, Transformer BR256 T BIH—4k . BiMHA M4 . GELU #0G sRAUHIRGE S, (F I3k T8
RFFINY, XA Transformer ORI GPT 2844 B9A% L2114

(7) B H GPT FATFHX LA R

2 ) HEEEK, AE—
AN GPT &8

(6) Transformer 3R

(3) GELU (4) ARIRE
1 HERER (e

Refl1SEH1 T 4982 GPT 4530

FREREIEE (1)~(6) MR
Kl 4-14 Fyidt GPT 2t pirifs At it , Jorh R @A) ebricFom TRAT S A E SE i B

(2 BIA—1t (5) TREEER

4.6 SIIT GPT f&s

AREEIFGRES, FRATX GPT 2Rt T THEYE, K HFRY DummyGPTModel, H4R Dummy -
GpTModel M SEI IR T GPT AR 1 A A i, (HIAL & iR AR 2 —1> “ R &7,
FFAME T Dummy TransformerBlock Z8M1 DummyLayerNorm Z8VE RN G5V £F.

AR, AT Dummy Trans formerBlock VA7 A1 DummyLayerNorm f5 V{124 H
ZHIRE M EIER TransformerBlock 2Kl LayerNorm 28, MIMj2HEE H— 5240 HE%L
N 124421 GPT-2 B8 FE5R 5 55vp, FATHEXT GPT-2 BRI BEAT I S, 125 6 Frp, kAl
H4 I\ OpenAT AT 2 AL
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FEFCREAEE GPT-2 BB |, Sk BB EIEALSH, WE 4-15 s, Hiads 7R3
HETHIETHER A LS, WTLIES], Transformer HefE GPT SIS Rk 2R E R . 1E540R N
124421 GPT-2 BRI, 33X Transformer Sl EAE I T 129K, XA LUEIT GPT_CONFIG_124M
FHA n_layers SRHIFITIEE . FERARHBN GPT-2 R (S40Eh 15.4242) T, XA
Transformer FRYFEE T 48 1K,

AT BIREIFX RN IR L

—4\4x50257\f['8 0005 e 0T &, ERE—TREERELEN

+ =N o # Emsp MR 1 K 2= s = 1=k ”

HeHskE [ 1.9946. ... 0.0276]. BEiR GXEBER28iE “forward”)
[-0.8239, ..., —o.3993]]r\/

GPT
ki)
mE—MEERSHEEMAT
~— [EEHIA 50 257 HERERANE,
r H 50 257 RIEPLFRAIK /N
Transformer R
EET 12K \\\\\
2 X\ @ GPT KRB EIF—MATHER
| ABM—MIBE#HRAE (2R
I L )
EHAE )

\\7 ( EETAE ) ,/

WA

Every effort moves you

[l 4-15 GPT HAIZFMEYE . ZER/R T GPT BRIMEIR T . MRS, 1Roe b U B Sk
FEAORIR TR, ARG IO B R A TIE R . XS A E BRI — ANk, AR T
T TR — %51 Transformer R (BAHAREL & Z2 L TEE I BT 22, IfiF
A dropout FI/ZIH—fLIIHE ) , XEEHAMEMESIFER 121K
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% Transformer el S 20d i Ja — A W2 IH—ALAb PR, AR5 1536 3 ek 2 .
A JZ 2 Transformer A% H B B — > e 2s (0] (ZEAIH R 50 257 4, Xﬁ@*ﬁﬂﬁ@ﬂ‘([%
KN, PATRIN 3 i R —ANRIT .

BAE, LIRS 4-15 94, G ISy 4-7 Fis .

RIDER 4-7 GPT HRIZEF A SZ

class GPTModel (nn.Module) :
def _ _init_ (self, cfg):
super () .__init__ ()
self.tok_emb = nn.Embedding(cfg["vocab_size"], cfg["emb_dim"])
self.pos_emb = nn.Embedding(cfg["context_length"], cfgl["emb_dim"])
self.drop_emb = nn.Dropout (cfg["drop_rate"])

self.trf_blocks = nn.Sequential (

* [TransformerBlock (cfg) for _ in range(cfgl["n_layers"])]) _

self.final_norm = LayerNorm(cfg["emb_dim"])
self.out_head = nn.Linear(

cfgl["emb_dim"], cfgl["vocab_size"], bias=False
)
def forward(self, in_idx): device HIRE R IFFEA
batch_size, seg_len = in_idx.shape 7 CPUZ GPU Lg%
tok_embeds = self.tok_emb(in_idx) B, AFBURTHRNSIE
FRERIRE
pos_embeds = self.pos_emb(

torch.arange(seqg_len, device=in_idx.device)

tok_embeds + pos_embeds
self.drop_emb(x)
self.trf_blocks (x)
self.final_norm(x)
loglts = self.out_head(x)
return logits

XX oW =

X

B25T TransformerBlock 2, GPTModel ZEEEAHR /NG H B,

XA~ GpTModel KAY__init_ M REGEL Python T o fg &1 A B E R VIR 1L IR IR
ANZFLEIRA)Z o XA R TR A TR S | e oy Bas i, i g8Ee (S0
H2w),

TR, _init_ ESAIE#— TransformerBlock FHRENITFAR, HEES cfg

FEENEEUER] . Transformer 3R 25230 Fl—4> LayerNorm J&, ¥ Transformer %% i bR
fb, DREd o, &a, & XL—TmE Nk, B Transformer A% 455 21 53-in)
ar iRl As [a], SN A RTTAE UL (logits ),

foward JIE B SERIC— M ARIRDCRT |, RIRTHHRENMIAZOR, RN ERA,




108 % 4F MkFI GPT AR 347 AR 4K,

¥ )7 5iE 1 — F 5 Transformer A%, I i i1 1IH— AL R . Fofa—H 2R logits, iX
26 Jogits {0 T F—MEICHYAEIS— b=, FRAPEAE 4.7 15 PR 2L logits HeAf Arinl oAU Y

WAL, WHEANT cfg B0 GPT_CONFIG_124M FHAIIAILSE R Ty 1.24 121 GPT &
o 1 A ATRATTZ B AR SCAR K -

torch.manual_seed(123)
model = GPTModel (GPT_CONFIG_124M)

i

out = model (batch)

print ("Input batch:\n", batch)
print ("\nOutput shape:", out.shape)
print (out)

X B ST EN R AR A NS, SRJS T BNt k.

Input batch: - —
1H ID
tensor ([[6109, 3626, 6100, 3457, <1—‘3'Z2k KA

[6109, 1110, 6622, 25711) q—ljcztsza’aiﬂi D

Output shape: torch.Size([2, 4, 50257])

tensor ([[[ 0.3613, 0.4222, -0.0711, 0.3483, 0.4661, -0.2838],
[-0.1792, -0.5660, -0.9485, 0.0477, 0.5181, -0.3168],
[ 0.7120, 0.0332, 0.1085, 0.1018, -0.4327, -0.25537,

[-1.0076, 0.3418, -0.1190, 0.7195, 0.4023, 0.0532]7,
[[-0.2564, 0.0900, 0.0335, 0.2659, 0.4454, -0.68061],
[ 0.1230, 0.3653, -0.2074, 0.7705, 0.2710, 0.2246],
[ 1.0558, 1.0318, -0.2800, 0.6936, 0.3205, -0.31787,

[-0.1565, 0.3926, 0.3288, 1.2630, -0.1858, 0.0388]]1,

grad_fn=<UnsafeViewBackward0>)

ATLVER], FilakErER A 12, 4, 502571, BEOMARATIAEIASIA, BASCAHR 4 A
JCo WA —HEE 50257 MY TR EC . FE 4.7 T, UREEE B X 50 257 4Ef
e —FE A (BRI

TEAR L 2 55 P AR B A5 R SCAR B iR T, L FRATTAE —SBRt B 1 i — BRI 4E A S AR
i, i numel () ( “number of elements” FY4EE ) Jriknl AL A S 50K 1) B S50 .

total_params = sum(p.numel () for p in model.parameters())
print (f"Total number of parameters: {total_params:,}")
AT PR :

Total number of parameters: 163,009,536

BAE, WRAFHE, RATRESEER MR iTHRILR R — NS0 1.24 {280
GPT #EAY, JR A4 LA S bk t A B R0 1.63 12087
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JERITE TG GPT-2 ZRF P T T — A MUAEARE = (weight tying ) BFOBEE . WALREYL,
fi GPT-2 ZRM ARG AR N i 2 0 T IR X ERET A, LA PRER
R GpTModel EAARY EAIRILIT IR GIR A JZ RZ A = AR -

print ("Token embedding layer shape:", model.tok_emb.weight.shape)
print ("Output layer shape:", model.out_head.weight.shape)

MATENf T LA Y, X2 AR 5K B R AR -

Token embedding layer shape: torch.Size([50257, 7681])
Output layer shape: torch.Size([50257, 768])

oAl iaC R A 50 257 4, RITRETCIRAZ Fda 23R e . R IEAGE L= 194
&, RATHEZENEN GPT-2 BRI SHE s 25 2 S50

total_params_gpt2 = (
total_params - sum(p.numel ()
for p in model.out_head.parameters())

)
print (£"Number of trainable parameters "

f"considering weight tying: {total_params_gpt2:,}"
)

H SR T PR -

Number of trainable parameters considering weight tying: 124,412,160
WRAR DL, BRAERIR A 1.24 (A28, 5 GPT-2 BRI ISR I/ S

RO IE T2 AT DUl DR ) SR VA RIS B . ANid, ARRFRAG 258, (i S ) 1)
TR AJZ ﬂl%tﬂ): A ABRAS B AP RO VIRRCR ABRERE . PRI, FRATT7E cpTiodel SEELHP A T
Bz o X — R AEAOGE E R P RIS o Ak, AR 6 5B B0+ S 3R
/\salﬁﬁff%h ; E'Jﬁﬂ‘/f?bﬂiﬁ%lél OpenAl FY T ZRALE

%341 ARERFEERRSHE
W AT SRR A E & AT AW SKE, AT,

)5, B —TF cprModel ¥4H 1.63{CMBENIET K :

HERWFTRAN (Rig
J BNSHERSA4FTM
total_size_bytes = total_params * 4 32 (F D
total_size_mb = total_size_bytes / (1024 * 1024)

print (f"Total size of the model: {total_size_mb:.2f} MB") Fi AT (MB)



110 % 4% MkFEI GPT BEA AT LA AR

ZERMWB PR -

Total size of the model: 621.83 MB

B2, W cPTModel XRH 163 (LS HBINTFFR, IHERENSHOE ST 4 1R
32 TF AR, FRATT R B AL A B K/INA 621.83 MB, 1 3 HH RV 2 AR 4 /N1 I 75 At 75 22
FAXF R R A 6

BAE, RITELEI T cpTModel 284, BRI EHIH TIEMR A (batch_size, num_tokens,
vocab_size] BFUAUE KR . TR, AT RTINS, K sbh ok s 44 SO,

4342 FIRHEXH GPT &8

BN C BT —ABHTH 1.24 1269 GPT AR, B “GPT-2 small”, £ REEARD
T, RERBHEE L, B TR GPTModel % I GPT-2 medium ( A 1024 4
. 24 A Transformer 3#= 16 N % kiz& Ak ). GPT-2 large ( LA 1280 ## A, 36 A
Transformer 3247 20 A~ % k2 & /13 ) #2 GPT-2 x1 ( LA 1600 4% N . 48 A Transformer 3= #=
SAZKERFAK). AN, HHEA GPTRA S SHEH,

4.7 HERICAK

Tk, FAPRMS S, F GPT BRI sk it th e s SO . 7EdH iR 2 i, EFfTfE 2
[l B — T AR P BRI A A BB ez i) ()T ) AR BOSCAR A

& 4-16 B/~ T GPT AL AN 4iEdim A R 3C (Hedn “Hello, Tam” ) B4 i SCAS I 7
FRUGEARET, F A LT SCER SN, MR A ol B FLAT A B SCSOAR , 7E5R 6 IRk,
BRI B T 58881 4) 7 “Hello, I am a model ready to help.” Ffi 12 25 2 41 cPTModel SZHL
B RETEIR N [batch_size, num_token, vocab _sizel. MTERYOEE . GPT AR Unaf
W Ity e A R AR ) SR

GPT FEALE Ay th 5K e Ao A OO B R o e 209K, nIAL 4-17 Fzs o X Se D gRa0f
i kA AR M PERRATT, DL ROR X SR TR N AT R SOAR
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BRI LA F— MR
1.
B ai AT
o IR T — 235
NG
B f‘_‘?f_e_l_i AT S—
SR P BT

L

ﬁzg@ﬁ{k 'a readys

Bl 4-16 KB FHIZ DA OCAR NS, BIRAER— 0. WFIERHIA I F3C (“Hello, I
am” ) JFUR, PATERERR AP HIN T — MATE, FRR SRR A LT SR U
—RT, EFTR, F—-REAREMT “a”, HITRERFINT “model”, H=Fik
REINT “ready”, B T 5ERE 4] T

2. GPT {28IRE—/H 4 M E=

1 EIERMARB R UT) EMMER, HhEi mE
4 MAILID 875 50 257 # (31
"Hellon —— [[-0.2949, ..., -0.8141], I RBRE—ITEE, B

STRF GPT 3! [ %

0
o [ 1.2199, ..., -0.3599], J=3
: 11, ERBT—MART
W [ 1.0446, ..., 0.0020],/
314,
wamn -0

L4929, s —0.6093]3

"ar 257 ¢
Logits: [-0.4929, ..., 2.4812, ..., -0.6093]] 4. %2/ softmax &

‘/\—/ 1% logits 545 ik
Softmax l 16}1’5
Probabilities: [ 0.0001, ..., 0.0001]]

5 MERAENERS]
l l ' {8, FE Bk

0 257 50257 ﬁiﬂilD
6. JFiATTEMEB| E—HHA T, l‘\\\7
BUBET R—2CA

wan WRBRAMTEMNTE
i 257 i, MABEMHE
77T ID fRIE AT A 2| TiET ID 257

K 4-17 it BoRiaoc A il R A —UGRAR, TR THE GPT BB A lSSCAR B AL . 3%
A FE KA SCAS i8R I ID THER , SR KX LE ID R AE] T GPT R rp AL kg
HEE RS B I SCAS BRI St dfa g A SCAS o



112 % 4% kI GPT A 347 UK 4 %,

F 4-17 HR/RAY T —ialocA: G BRI T GPT AL AN{a] 7 45 7 i ARSI 2 Bl N —4Mii)
Tho fER—H, BRI — R, AR Al 2R ATRERY R — Aot SR — oot
JO7 A ) F BRI A, FFE softmax PRALFEHIONMER M o FE A B X SRR ] v, PR
ARG, XDRGISNTIAIC D RJFHFX AT 1D FRS SO, e sl iy~ —4
WG fea, BRI Z TR AT, RG], T — AR . XAE
A R AR RERS FR I A SSCAS , MBI A BT SO R i B SR A

TR PR, BITEZRERE X —d (S0 4-16), HRARHUE ORI, 7E4Q
fh, FTRMRIRACTTE B 4-8 FT7n i 20 BRSSO i 72

REDEE 4-8  GPT BIAL T T4 BSCAS Y PR

BURMXABE EXHFOKE. MRKES

AN S $5 5 MATE, BRSO K 4 10, e B
MRERSR 5 MATLHAIEANTA idx EHRIANRTIRA, R
FAK A (batch, n_tokens)

def generate_text_simple (model, idx,
max_new_tokens, context_size):

for _ in range (max_new_tokens) :

idx_cond = idx[:, -context_size:]

with torch.no_grad(): REFRFE—RHONE, BiHR

logits = model (idx_cond) 2 M (batch, n_token, vocab_size)
%) (batch, vocab_size)

logits = logits[:, -1, :1]

probas = torch.softmax(logits, dim=-1)

idx_next = torch.argmax(probas, dim=-1, keepdim=True) s

idx = torch.cat ((idx, i1dx_next), dim=1) 5222;5§?jz?3@(batch,
return idx BHEHNT— N FRNRS RN

FIRSIHAESP, AT iax KRS

579 (batch, n_tokens+1)

idx_next BIFIRA (batch, 1)

BRI TR Py Torch ik 2 SR A SRARBRAY 5 5255 DL 17 SEHR BRI U A T
T, SRIEHE S R SCROTFIBTRAR A 1R SR, BT AT B E , R R
FER M

TEE generate_text_simple RN, TR softmax BRECE: logits T LR 407,
Il torch. argmax HiERKMEAINIE . softmax PREUE FAIHN, X EME ARG N5
PREETHIARINT o PR, SEBR I softmax ALPREITTARM, R softmax Hii 5K & o s 73 9 o7
B 5 logits 7K & H A B IRAR R o BoAgiEid, il L E T logits 5K &NV H torch.argmax PREL,
REAARIEE R . Ak, FRATEEBE 75Uk R logits Fed AME Ry 5E 8 f2, XA BT
T b AR R Lo A AT PTRERY N —ANIAIG, X — I AR R B RAD

MM 5 Th S GPT YIRS, A5 AR M RAFE AT softmax Frth, Ml
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AR SR BRI AT AT RERY IR TG . 1K A B SCAR R AT AR PE AR T

4-18 HE—E /R T U8 1 generate text simple FRAFUEH A M — 4 a0 ID FfK
BN _EF SC it R . (BRREEACHYIADT ID ARG R C AR 4-17 Hhipdndig . ) FRA Tl AR
(77 AR TIR)IT 1D, Blan, FES—4ekirh, BRI TS “Hello, lam” XJRAYIRIIT, DAtk
TR —NEDT (“a”, ID2h 257), IR B AT, X MBS EE T, HEIBIA LT
6 FRIRACAE L 5EHE Y] T “Hello, I am a model ready to help.”

TERRNRE B/ KIE SRR FUMEYIR T 1D ki
M#RIART (T30 BT—3# LT+
KRR / ID /
T
L [15496, 11, 314, 716] _— [257]
RETRA, BWART | yHello I am a
ID %5 AR @
2 [15496, 11, 314, 716, 257] — | [2746]
Hello ' I am a model
3 [15496, 11, 314, 716, 257, 2746]—> [3492]
Hello ’ I am a model ready
xR 6 REBRMEIET
X (max_new_tokens=6)
6 [15496, ..., 3492, 284, 1037, 13]

Hello, I am a model ready to help.
&l 4-18 AT 6 fkC, HPBALGYIMRIFIT ID MIFSERA, Bl R —1iA
JC, JERAZIRICH NS — 4R ATt Ch TR 3% , 1750 1D o2k
PEBURH N Y SCAS)
MAELEFA T ] v Hello, T am BN SUEABAG AKRIIH] generate_text_simple
PR, B, A LR SRS IR ID

start_context = "Hello, I am"

encoded = tokenizer.encode (start_context) .

print ("encoded:", encoded) <}4J7ﬁﬂﬂbatch
encoded_tensor = torch.tensor (encoded) .unsqueeze (0) Y

print ("encoded_tensor.shape:", encoded_tensor.shape)
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YA 1D 4R iR «

encoded: [15496, 11, 314, 716]
encoded_tensor.shape: torch.Size([1, 41)

T2k, BRI E R . eval (), SCEHEEHTEUN dropout 55 RAEYI LRI R F A BEHLLEF .
SR 5 X 2t 5 i A K B ] generate_text_simple PR%K:

model.eval ()
out = generate_text_simple(
1= 1, N " N
model-mode TN xiE BT % ] dropout

idx=encoded_tensor,

max_new_tokens=6,

context_size=GPT_CONFIG_124M["context_length"]
)

print ("Output:", out)
print ("Output length:", len(out([0]))
LA B )4 R RDT ID A0 R PR
Output: tensor ([[15496, 11, 314, 716, 27018, 24086, 47843,

30961, 42348, 726711)
Output length: 10

{fi R A AY . decode AT LK ID e [a] SO .

decoded_text = tokenizer.decode(out.squeeze(0).tolist())
print (decoded_text)

SCARAS AR i HH 0 R s -

Hello, I am Featureiman Byeswickattribute argue

ATLVER], BRI R T ICE LNES, e MRIETTISCA “Hello, I am a model ready to help.”
BT A7 BERURREAE B B SCAR I R RO R AT A WA X A T2k, BIHRT IR, AT H 2
SEPT GPT 4848, IR ERI IR 1L T GPT B S|, BRI G — R B £/, &
PSS 5 TP TR ARRTT

%3 4.3 fEREBEMAY dropout S

EAFFL, HAVE GPT_CONFIG 124M FHFZL T —A4 B # drop_rate X E RIF
#) GPTModel M P &AL E 69 dropout F , HEE AR, AR LM P RE dropout &35
EARFE 4 dropout i, (7. A FH 3N RE 4 dropout &: #AN B, ik Bfe % LiE
FEhAE)
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4.8 NG

Q JZ2H—b ] LA AR 2 A0 B — B E R 22, Mnid& e Il 2.

O BB E Rl — 2 0 BB B R PR Mt — A R R, ERERE
ARV SRR RN NG (AN S0 ) BB 3 A B T 2 [

Q 1E4 GPT AR OB, Transformer HRFIG T HEM 2K i BB AIE ] GELU
PTG PRI A BT I R 2 P 45

Q GPT fELEHAG L E R Transformer B R IE FHA , X 4L Transformer HUA EH J7 214K
A5

O GPT R EA ZFREL, LS EG s 1.2444. 34514, 7.62 440 15.4 1L HREHY
FATAT LA FIAH IR 9 GpTModel Python B SZIIEA 1,

O 2% GPT K 7 BRI SCAR A 1 BE 1 U BARTE 45 5 B A T SORBATINETT, SR
it SR AT g AT A SOAS

O AEEANGHIEL T, GPT A B SCAEANER K, X a7 HRIYIZR T4 i
G ENIUE T E N




ERERHIE LT
T2

AEANE

O IR SRS, AP R TE S B GRi 1] A= iSO 1Y o
Q SEI— DN RREOT X K F B T 2k

Q PRAEFININ BB RA E DARF LI 25 K i 5 i

O M OpenAl Jnzk Fiil| A E

FIHBTNIE, FATEELH T BARENTEE LS, IS T R 5 AU RS, 2
IS BRI R pR O T X T F A T BN 1o (AT, Ff PR ) BRI BRI HOR
At A OO B i, RO AE N ZRid R P LA SRR AL A5 o s, BATb e an
NI , NI S BB R B8 FLIC R SEA . 18] 5-1 B8 T FRATR AT, JFsiiA
TARTRIHERNE .

EURTHET R, RINEAT EFNGINE, FITHEI BINSBLF TR
— 3 GPT KBS R4 ISR TBIRFAE B IR HEATR VR E M RR B

BN \ /\ / BN

Y (T BEHRIRERRIBE

NgmEEE | | @3RN | |@AESR Sl |1 (@) BE |
5Fit i LD g W |
\,

s b

ME—AKEERE | HphRa

/ Mg

EXRES, HANETII
HEXNMKRIESEE

ﬁ
HE

EeHImE

P 5-1 MEERIE SRR 3 D FERB, AR RIS B SIS EAL (5R34)
A, Hh R SCBINGIERTS (BEG) ), TFEIERE (58(6)25 ) LI fR A5 1
BE (()H)
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WNESH

ERFBZAREABR AR F I REGHERT, WE—RIGOTF T TARAEG TI %5
o, X E LA ANESHERH LR A SE, £% PyTorch EHMERY, XEREH
EEZBWET, BNFES 3 FPHACNERT $REZNES, LES 4 T PEAEMN
MET GPTModel , MM —AZE M E (new_layer = torch.nn.Linear(...) ) ZJ&,
vAidit .weight B (new_layer.weight ) 7RI AR E, s, HH1EAN, PyTorch AiF
i# 1t model .parameters () 7 & A4 FIAER 9 BT A T 45 54K ( 6L3% Weights #7 Biases ),
J& 4 AL | 4 Bt RATHAE A model . parameters () 7 ik

51 THEMAFERIEE

TESRTEL B 4 B SCOR A RN A Z 5, BAPRBCEIE SR T SOR A, SRR 1TE
PG A OO B EEATT 8, 35 PRITR N BUR RIS o 18] 5-2 /R TR B Y
T, IR AR T bk 3P,

IR RTE SRR SRATHREMMBAIESRE
SCAEE PR RAE LRI WENEY, LUEFHEEAZRLE
SHIEMIZIT NGBS R

(1) STARER

! i

[ (4) KBS R (5) IAMER (6) MERFEH (7) OpenAl BRI
k (2) STARITAE ] [ ISR SR & RE J

WIGRIRRY S B 21 1% OpenAl ) FIIZEAR E Sk
AFEBSHXAE BFMNMKIES KRB H

(3) MIgRERIRR
FOIIEER R
KitE

\

TR BRI

Kl 5-2 AEFTRE R LA . FATE S RIBUSCAA R (D)2 ), R THEREABRIIPEA R
(HEQF), FaitIIGESRMEIEEDR K (EG)H)

51.1 £ GPT k&£ XA
PR BSOS F AR, R ESS 4 TP SC R SCAR A i R . FRAT T8 Je T gpTModel
2K M GPT_CONFIG_124M FH (S WEE 4 &) KWL E B PTG A1 2R GPT 54 .

import torch
from chapter04 import GPTModel



18 % 5% fEARREHSE LTI

GPT_CONFIG_124M = { HLETKEMN 1024
"vocab_size": 50257, 1R TTHR R B 256 MA)TT
"context_length": 256,

"emb_dim": 768,
"n_heads": 12,

:: n_layers" " 12, EDEE dropout B=E
drop_rate”: 0.1, 30, KSR

"gkv_bias": False
}
torch.manual_seed(123)
model = GPTModel (GPT_CONFIG_124M)
model.eval ()

55 4%, X B ME—HEEK opT_conrTc_124M FHH E R SCKE (context
length) J/F] T 256 NMAJG, XAMEHOE/D T INZAERIHET R, DMBEFA AT LIEbR RS
STR N =N 0 i 1| E2

BRI ], S50 1.24 121) GPT-2 # AW e & R i 2403 1024 AMaEDC, IR in, 3
PR B R SCR/ M E IR O AR, (i HE FFRCE S 1024 MG R SCR B gAY

ffi ] cpTModel SEM, FATRA T 4 PN generate_text_simple PRECEA BT
A, FFBIATHAERERFHBIREL . text_to_token_ids Ml token_ids_to_text. IXELRREL
T SO TR S Z A 4, AR TR AR 2 X AR

Pl 5-3 Jirn 1 GPT BB = AP SOR AR i B - B YG, il ke A SCAS et g — 2571 1]
JCID (ZUL5E 255 ); ARJE, RRBIHRGX SR I ID JEA AR Y logits, 3X4E logits &3R8 iRl
R NATTRIBER AR (S5 4 55); RJn, XL logits AR MIATT 1D, Zrialdsss
R HAA o NS SOA, AR TE IR T A SCAS S A B SOA it 6

1. £ A S RIBR IS N LA RAD
IR ID TR \

w(tensor([[ 6109, 3626, 6100, 345 ]])J
‘ 3. 1% logits B {LAIAT ID /5,
(o9m fEF S AEISIXE D ARBE

P

J

tensor([[[-0.2968, ..., -0.1714], o ids to text()
oken ids {o} ex
%'1-22211 s Vg-g;ggi' ———— effort moves you forward
[-0.0922, ..., -0.6768111)
2. 7 4 MAAFT D, BEAER 4 4 [rokenize

logits & (17751E), BANEESR 50 257
A& GlAED, XAECRXNEE
Bl 5-3 AR BOSCAR A AR BOKE SOAR il S R F BB RRS AL BRAGIRIDT 1D, X EE1ATT ID Z5d K
B SRS 278 I logits [m) 10, SRJ5 logits [n] S FE 4 [Al1R] T ID, s [ i oo ib AR
JRSCA RN
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AT LA 3 B 5-1 SEIRSCA A iR 7R
RIZFEE 5-1 T CARRADT ID §8 i T B pR%L

import tiktoken
from chapter04 import generate_text_simple

def text_to_token_ids(text, tokenizer):
encoded = tokenizer.encode(text, allowed_special={'<l|endoftext|>"'})
encoded_tensor = torch.tensor (encoded) .unsqueeze (0)

ded f£H. unsqueeze(0)
return encoded_tensor SRH0 batch 4 S

def token_ids_to_text (token_ids, tokenizer):

flat = token_ids.squeeze(0) 4% batch
return tokenizer.decode(flat.tolist()) wiFE
start_context = "Every effort moves you"
tokenizer tiktoken.get_encoding ("gpt2")

token_ids = generate_text_simple(
model=model,
idx=text_to_token_ids (start_context, tokenizer),
max_new_tokens=10,
context_size=GPT_CONFIG_124M["context_length"]

)

print ("Output text:\n", token_ids_to_text (token_ids, tokenizer))

AR AT DAL ERORL AR BT SCAS

Output text:
Every effort moves you rentingetic wasn? refres RexMeCHicular stren

AR, mT ARSI, BEGAICEEGE RSO . 20 U402 R ok “*Fﬁi” El
SCAS, BIFERH— TP BB T AR PG A B N 2R o XA i AT RERS 7 2 I i A v
FIRE SRR A PERE .

TR, FA PR A A i A SR RS R BRI o XA R AEDR A D DI et A B )

M briE . WA, TEIELEETT, ZEXTRIE SRR I TR, FoA TR BR BT AR AR o e g
A5

51.2 JEIAE Ik

B, LEFRATER TR Lt B v i o 18 ST AR A R 5 ok X6 A B %) SO Joit s 64 T 45 (B TPA
FIFEAR . FRAT TR o — A S BR A f] ?Jﬁiﬁ#ﬁﬁrjbﬂ‘ﬁ* PIEAESIEW 2 B A TR . Bk,
TEFRATT T [l B — T WAl N 2 B LA X WAl 3T generate_text_simple PRBUAEUAS

] 5-4 53—~ 5 A RS T A A SCAS B KB S BRI AR SO ISR TRAR . XA SO A
WA FESB/R T generate_text_simple PRELTE NEBIATIUHRAE o 7ET 154 An i SCAS ot 5 114 40

feay
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RZHT, BT EAII TR AR R W R PR

vocabulary = { inverse_vocabulary = {
"an: 0, O: "a",
"effort": 1 —y 1: "effort",
vevery": 2, 1' 1§Fﬁ1ﬂ;l:$){% 3 iﬁﬂ argmax @[%I{E'@ﬁ\ 2z Tevery"™,
"forward": 3, N SCARRE FRERRIBRERS 3: "forward",
"moves": 4, AiETT ID ; . 4: "moves",
hrirtng . HRIME iy
f/J 6: "zoo" 5. @it R @iEC
: ) FHRIIE
TN L matEA
every —s [2, — [0.10, 0.20, 0.05, 0.00, 0.02, 0.01] —1[ , — effort
effort — it — [0.06, 0.07, 0.01, 0.26, 0.13, 0.12] —» . — moves
moves —» 4] — [0:i03, 040, 0.40, 020 012, 0 34, 0.13] —» 5 ] — you
(7 3 E - B - -
BN A
2.3t softmax FHHR 4. FEFFE T KB A R
BMINETH t 4R ID, ERBERSH M 3L
BEITEE RIME

Bl 5-4 XEFZEMEARE 3 NMEARTEH G, RS R PSR T R R K0
)i, AR ) R R R A B R 5 v B R R FefT FTRERY T —/NiAJG 1D, Xt 5frE
HE RSB IR FTRITT 1D 23l v 3 e 5 ] s A 5 A 0 SC A
& 5-4 MEAR T SCARA G R N TR B R e s o — AN b, AT T —5k e 7
ANEICHY/INENC R . SRiT, FRATMY cpTModel FHAYIE—IK R 50 257 A B inl 4L R Ay S K BRI
Fo KL, BRI AIEIC ID JERE M 0 ] 50 256, THiAEM 05 6,

AN, R TR RN, B S-4 U T — A SCARB] ("every effort moves" ), fE NI
SCELT R AR A SEBRARAS AN B R, FRATTREAE A AR B ( "every effort moves"Fl"I
really like" ) HEfTRIAIERAE,

FIELIT P ARSI, ENTE2pSiAoT ID (208 5-4 155 120 ):

inputs = torch.tensor ([[16833, 3626, 610017, # ["every effort moves",
[4o0, 1107, 58811) # "I really like"]
5 R AAHVLEL, targets AT B A BRI G 1D
targets = torch.tensor([[3626, 6100, 345 ], # [" effort moves you",
[1107, 588, 11311]1]) # " really like chocolate"]

T, targets EXTHARIRHIEE], HE ARSI T — Mg, FRRNTES 2 B
P ARAS e BRSPS AL AT 5 AR T e 51 P AR — AT R R

BAE, Rk sk A Sy, S 3 A CHY N AR BT logits [l . SRS, N



51 RAEAA AR 121

J1 softmax pRECHFIXLE logits FeH ML DR (probas, UL 5-4 15 2 45 ):
. RIS A S B B ERER,
with torch.no_grad() : S I [T S N
logite - model (impute) B ABA BRI R I

probas = torch.softmax(logits, dim=-1) JACEDEN
print (probas.shape) AT R R

BRI (probas ) HidAYERZ KLU T PR .

torch.Size([2, 3, 502571)

B EUE 2 XN TRA R ARE] (F7), WAk MR KN SEAEUE 3 X T REAS
A Cfr) hagTRDCECR . R —BUE 50257 XHM TR AZERE, il & K/NE . il
softmax PRECKS logits #4t MHER)S, generate_text_simple PREUSIKGZE RAMER B0, 1 0]
A (B 5-4 1955 3~5 4 ),

] LA K argmax RN AR HCR 5EER 3 BRI 425, IMTRAFAHI R U1 G 1D

token_ids = torch.argmax (probas, dim=-1, keepdim=True)
print ("Token IDs:\n", token_ids)

FIEBNIFATAPANLE 3 MATTHE AL, $ argmax BREU T THER 8L (2 WA 5-4 195 3
W) SRR, B 3N AYIE T ID

Token IDs:
tensor ([[[16657], <— B—x
[ 3397,
[42826]1],
[[499067, <—— ETHbR
[29669],
[41751111)

5, 55 5 HAHRTT ID Faf [a] SOAS .

print (f"Targets batch 1: {token_ids_to_text (targets[0], tokenizer)}")
print (f"Outputs batch 1:"
f" {token_ids_to_text (token_ids[0].flatten(), tokenizer)}")

TEfRADIX BEinl ey, FRAT & B Lok in) o5 FoAT 1A AR AR A iR H bR il e AR F AN -

Targets batch 1: effort moves you
Outputs batch 1: Armed heNetflix

B AR SR BEPL AR5 A B SCA A [ B B R & 1 R 2o Dl 2k

WA, AT EESBURAEIR (S UK 5-5) R ITFABA A A SCARBIPERE . X AMUA
BT A 2R ) SCAR B B[R] o SE BRI 2R R A — M R DR, FRAT PR AT R SRR R
FUEE, DT e A JCA SO




122 $5% ERAREHIEEATHIG

RSN RIE S HEY SMATREMMBKIES RE
SCAREE B SR EE LAURL DI WERHRLY, LUEHEERSG

GEIEEITI GBS R

SRk
iy P (8) AR H (6) ERAH {77 GpenAl BRGNS
BHLOFER [ (2) STA TS ] [ VI H g g &

B RE
| /

(©ORIER-=ES

RITER YIGRAR B R 280 1% OpenAl FITIIZR I E &L
KitE ALEESHILE BN KBS RE S

SEXELIETILREEFIGIESE
ERHFRBRIETER%

K 5-5 AERT L EEMGE . BAOTCE5EM T4 (1)2, B SCBSOR PG R 25(2)2 )

WA 5-5 i, SCRIEAL S R 8 —FR o0 R i A sl oC S E R TG ( F AR ) Z 8] 4 22 R L
FA TR S B VN R R BSCRE I 61 R PR AR, DAAE O (AR O T DL )
FIARSCARYSOAS

BRI ZRR H AR5 1A AR IT ID XA 2R 5100 & 7Y softmax B4, MNIET 5-6 iz
XA softmax ALK T FATHE FARZSLI IR FaPRh, LI ACPEA A A iinddan it . 1R
PUERIBER B R, SRS

3. —PRINZHERS /BN
ATER— BN EE

LD x Bix:

every —— [2, [0.14,(0.14,[0.13, 0.17, 0.15, 0.13, 0.14] effot —» [,
effort — 1, [0.15, 0.13, 0.13, 0.16,(0.14,| 0.15, 0.14] moves —» s
moves —> 4] [0.13, 0.14, 0.15, 0.16, 0.15, [0.13,]|0.14] you —> 5 I

o

1. BRI 3 NMANIETT

FER 3 MR (}

2. BRI BRKETHEN N EE
B3R 5| B &P 33 R iAC R
H— 17
Kl 5-6 fEllZhnr, BRI BENLE T — MEDTRIRER . BRI 2R AR i ff -5 18
HE A HARTATT 1D %R AR He e Al

5 S 4 BRI, BRERAL
5 Y SEpmERmRATES
: FERIRZEO

effort ﬂ
N
w

- ]
(o)}

"every"
"forward"
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W, N TEITA NAIRA—IKET, & 5-6 JEx T — NS -Eiaociail #£09 softmax
WEER . X EMRERIGIIBEVUESTE 17 224, RAZT 0.14, R, FATVHT GPT-2 #AY (1)
FA 50 257 MEIT , IR ZEw] taHE %K 7E 0.000 02 Z2 45 (1/50 257 ),

XEF P ASCAS AP BE—A>, ATV UM AR ITERS B AR AT R A BT8R softmax HEA
Pix¢

text_idx = 0
target_probas_1 = probas[text_idx, [0, 1, 2], targets|[text_idx]]
print ("Text 1:", target_probas_1)

text_idx = 1
target_probas_2 = probas[text_idx, [0, 1, 2], targets[text_idx]]
print ("Text 2:", target_probas_2)

AR 3 A BFRiATC ID BEAR BN T s

Text 1: tensor([7.4541e-05, 3.1061le-05, 1.1563e-05])
Text 2: tensor([1.0337e-05, 5.6776e-05, 4.7559e-06])

NGRRIE R F AR R R R IER TR AT RENE , X8 SRR T Al i e p R o i
XA TS, AT RORTE J R AR 2 H AR (925 B2 A7 Ay R — 5 ) A 0 B AR
i~ — AT,

REfei%

T 3% KA B 4718 LT B 69 softmax MERAAR? KB EHZ, THEARE, Q@R
AR BE A R8T 1D ik 5 0948, E AT R A — AP AR R [E R0 LA TR
8, XRINEAREAYZMAOIRERR (A RRGEBFRERNLGE S@mY, HHIL A3
W~ATF)

R E%EZ— A Bk dik, eat EEAGTMmE (£X 225 B 471870 ID 56
WE )L SR P 2 M8 £ T IR K REMT TR TN 5 B ARMAZ A 6948 £

Tﬁ?%, ﬁ{lﬂ%ﬁ“ﬁﬁﬁ/l\ﬁ?%#tW\E@*%%ﬁﬁﬂ@?ﬁﬁ%, Hp target_probas_1 Zill target_
probas_2. FELBEIME 5-7 Fin, RATCENH T4 O@ LK target_probas_1 Fl
target_probas_2, % FREMYEIITHE@L, WHERIIEN XL

log_probas = torch.log(torch.cat ((target_probas_1, target_probas_2)))
print (log_probas)

ORI T RUES R

tensor ([ -9.5042, -10.3796, -11.3677, -11.4798, -9.7764, -12.2561])
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(1) logits = [[[ 0.1113, -0.1057, -0.3666, ..., 11]
\

(2] =S = [[[1.8849e-05, 1.5172e-05, 1.1687e-05, ..., 111
v

() S = [7.4541e-05, 3.1061e-05, 1.1563e-05, ..., |
\

(4] poE e = [-9.5042, -10.3796, -11.3677, ..., ]
\

TR = -10.7940 e

© TR B R R
v - EEHENEE

O sTvxmEE = 10.7940

Bl 57 BRI RS R, ROCEZRTH@~-@%, 13 T 5 Hbrikx v iyifT
MRS, XAEHEREH @~@ 2 T B i O BO TR PR (EHEA T 4t
TERCAAUAE R, i TR M B R R L ERAL B BCE R S 3 o X NIR R Y T AR5,
URARXT ISR, T LIS LK% B
POk, FATHEDLIF P ERE X LB SR G il — A (S A 5-7 R @ ):

avg_log_probas = torch.mean (log_probas)
print (avg_log_probas)

FREN RSP ET X R A 0 BN R s -

tensor (-10.7940)

FATHY FAR Rl i FE N i R vh SO A, AP0 B AR AT RE R 0. AR, TEIRRE
Y, SR S AR BRI 2 0, MR T X EERIE R 0 fF S XE
R X EER TR L1, %R T 5-7 PR @

neg_avg_log_probas = avg_log_probas * -1
print (neg_avg_log_probas)

ORI tensor (10.7940) o FEWREE2AIH, H-10.7940 XA {EFEH K 10.7940 HIARTEFR N
XK@, PyTorch 7EX HUIR T Y, B AEA—1TWNER cross_entropy PREL, ZREL
AT LA FA TR FR] 5-7 b b e AT

R X fitisk

ENBEFIFREFT P, LIBRRR—FAFAGEEFX, ATEHEHMRESH
Za ey EF——BFRARE (EXERAMERE FET ) 69 H F oA Fe iR A g 6 TR 5 A
(Bldhe, WRFBZARR ARG THE ) Z A8 £F,
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EMEFITHHRTT, F724EH% PyTorch XAFMER P, UG RET AN BHEG4
R#ATHEE, EMTL AR A oG8 TR B ARE T R -F 8 E, Bk, £E&
PR A RPN HER” IAARKERMEY, BE2FITALRER,

TEN ] cross_entropy PRELZ R, JCF 2 FIH—F logits s EF targets KR IER

print ("Logits shape:", logits.shape)
print ("Targets shape:", targets.shape)
R IIR:

Logits shape: torch.Size([2, 3, 50257])
Targets shape: torch.Size([2, 31)

WRET I, logits sk BA 3HERE: HUALIER DN | e iR /N, cargets KN
BATMANERE : LA TR/ VIR TR

X}F PyTorch H 28 U619 R BN, FRATI A 220 it 7E LA B A 2 s e AT 1AL B AE— i ok J
X LK

logits_flat = logits.flatten(0, 1)

targets_flat = targets.flatten()

print ("Flattened logits:", logits_flat.shape)
print ("Flattened targets:", targets_flat.shape)

FHE A SR AR AERE AN T -

Flattened logits: torch.Size([6, 50257])
Flattened targets: torch.Size([6])

e, targets ERAAHEIET AL AYIFETT ID, 11 logits JEAEHEA softmax PREL LR _
WER AR AT B AR LA B A

JeHT, TV softmax iR, e T 5 HAR ID XN ASEERE, IFHE T OSSR
F¥E . PyTorch ) cross_entropy PRECK MFA A FETA X 2L5 B

loss = torch.nn.functional.cross_entropy (logits_flat, targets_flat)

print (loss)
Bk ST TSR I 5-7 a2 BRI IR B JAHTR], R tensor (10.7940) 6
ESR9ES

FREE T L X URME —RA RIFERED EiEdeid T EBEFES PRI, © TR
ME—Fb F 5 A0 7 Xk 22 AAE A 2 FOm) 5 3] P 84 T — AN 38 L B 04 R 0 2
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REAETAH R TAMNGMEES>HAEHREE T EIREAL s A RREL, SHEAL
Pk, BAKEY B X JE A BB 69 TR B AR KPR

B A ETVAiBiE perplexity = torch.exp(loss)itE/Fd, AL EMRE LN
Rz RAFF3] tensor (48725.8203)

AR BFHINA RS RKALE G THE, RACERTEAELELE—F P TAZOTC
FORAEM, ELT T P, X EREBEA KA AL A 48 725 MAT T B % AR
FRASRAE A T — A8 7T,

N T I, AR T AN RSO A RIIUR o TR, A TR XTI ZREE RS LR
P EIPSS

5.1.3 HEI)IZGEMIEIEERI%

B, TR TS SR RN R R ISR . AR5, Ik 5-8 IR 2
ANHERII TN AT TN AR AN 0SS SR, R AR Zid 7 v i B B2 AR

(1) XA
SEREIRSR T

HLOTEE | (2) sokifeE
BIEERE

RSN RIE S HEY SMATREMMBKIES RE
SCAREE B SR EE LAURL DI WERHRLY, LUEHEERSG
SEAERICIZ FINGFKIFSEE

(4) KBS %3 (5) TAER (6) EREM (7) OpenAl HaFiILE
IR 3 R fngk WE

(3) MRSk . I \ / ‘
FIEER pllEetidle n eS8 % OpenAl TSN E NE
SATE ASEESHICAK BB AIESERE G

SEXELIETILREEFIGIESE
ERHFRBRIETER%

Kl 5-8 AESEM T (DAL, AR RAURIARS , He T AR AT RLREIX A A 1533 8 3
K T ALY ZR it B A SR KR A

TSR USRS 1A, Tl TP T — A3 NSO 4, B Edieh
Wharton §0%67 /N The Verdicr (55 2 P FTTid ). itk | ASEURAI SR, Tl TR T
S ROERTIE, JAh, AN NGRS, MIEEA EERED GPU, LAl LLE L5
B PIE R A U TR, SOl R T 0%



51 RAEAA AR 127

R e RARAT SIS T MR A A AR R ES—ANd 60 000 £ Ak g FEE
XA AR A PR B RIS R, PR EDG— AN KES AR (1
HFEARAMED).

NG RIES REBIRM

A TAERBMAREE BIK, TOFE BIASRIKZTH 701049 Llama 2 BA |, X # — /AT
AT AT R 6 K& SRR, R A A T 2 FAEL, £ 554 A100 GPU L)
45T 184320 GPU B, BB A IR, £ AWS LiZf7—/ 8 X A100 = R4 Bty R AL A4
EF 30 ET, MeAET, I —AKEB TR G ENLERAL A 690 000 4 (HHFEA
184 320 /N EFFA VL 8, KRG T VA 30 ),

T A INEL T RN The Verdict .

file_path = "the-verdict.txt"
with open(file_path, "r", encoding="utf-8") as file:
text_data = file.read()

IMESEBARIRS , W] AR A — T Bl b i P AR ORI R oA

total_characters = len(text_data)

total_tokens = len(tokenizer.encode (text_data))
print ("Characters:", total_characters)

print ("Tokens:", total_tokens)

Fy iR R

Characters: 20479
Tokens: 5145

FARIXANSCAR AT 5145 MAG, ATRER KA/, ORI IR F AR, (HIE Ay b 2]
1, BORMTHEEN, DMERRATATLZEILr CAZILE ) Wasti s, meoh, feEdRfilss
K B OpenAl M TYIZALE IN#RE] cpTModel G,

BTk, AT B > BN R FEIESE , FHHIEE 2 b ORI I A e 45 R SR
U2 T g A HE R BIE o XA el 5-9 Wb AT T ol Rk E R . oS B, AT T
max_length=6, SR, XFFLFRGEHRMEBR, 7T max_length W& N 256 NMATHY LT
SCREE, DUEYIZM ) K 5 B e 2K A SO,
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FE AT AR FRSAER, KRAVER KD ARRLEG 3 2D R IE R GAER . R
W, EEET, ARRAKEMBRARINGREERALER 20, BAXAH T KE
SRR A AE P B AT AE R B R R AN

BT SEEEER A FONER, B L — train_ratio, i 90%ME RTINS, TSy
B 10%0E R REE R, DA AR 2 A o e R 1 7 A -

train_ratio = 0.90

split_idx = int(train_ratio * len(text_data))
train_data = text_datal:split_idx]

val_data = text_datal[split_idx:]

SAENBIEESTH MAERBIEETH
E—MEEKER6 BEMERKER6

-

1(s18, 262, 13360, 286, 5874, 33543){11, 610,

(2) SiAERIZ
BiEE

46944, 25451, 1900, 355, 8474, 13829, 4696, 13,

37 3423, 11, 31095, 262, 10296, 20009, 286, 1486,
1§m*FB?§Eﬁ§%‘)\Y$ 4847, 11, 2456, 502, 4066, 1231, 2081, 4007, 11,
ﬁﬁ%l&{‘r*ﬁi‘u”ﬁ /\ 1865, 351, 257, 45960, 286, 3616, 13, 770, 2420,
°
(1)5@)\i$ﬁ?§$ / Iﬁ 11, 6159, 1165, 3144, 39438, 4249, 1165, 34377,
11, 9179, 355, 257, 34538, 329, 2951, 326, 9367,

In the realm of visual compositions, where content reigns ) i:;lsoi? izzl 12227'4226;22’]481' B SRR AKE S 6
supreme, there exists a tranquil harbor known as / E(J@*Eﬁ
Placeholder Bay. Here, amidst the gentle sway of design l

ri(e1s, 262, 13360, 286, 5874, 335431, (3) K E S 6 BItR 5
[ {_11, 810, 2695, 13580, 82, 177001, HIEHIIGEIEE
[

elements, words meander without true purpose, yet with a

a0 612, 17160, 257, 46944, 25451 ],

semblance of meaning. This text, neither too captivating nor

too bland, serves as a beacon for eyes that scan, seeking [ 1900, 355, BA7A, 13829, 4696, B2
’ ! [ 3423, 11, 31095, 262, 10296, 20009 ], ﬁlﬁﬁa"]ﬁﬁ%*
the eventual substance that will fill the void. As the sun castjs o BYE = ANFEL
2 - [ 7850, 11, 2456, 42462, 588, 9813 1]
its golden hues over Placeholder Bay, sentences flow like a
gentle river, words ripple like waves against the shore. l
ﬁ_ﬂ:k\h I: [[[ 1900, 355, 8474, 13829, 4696, 131, (4) ﬁﬂt}f{ﬂqﬂllﬁ
A [ 11, 810, 2695, 13580, 82, 17700 11, ﬁfﬁﬁﬁ
ﬁm—ll\%ﬂﬁﬂﬁ;ﬁ == |: [ 7850, 11, 2456, 42462, 588, 9813 ],
*’q@gﬁiﬁ% —HA [ 3423, 11, 31095, 262, 10296, 20009 1],
. BREES RSN
R, XEBRHLR
= - W ey [ 11, 612, 7160, 257, 46944, 25451 ],  —| =
ﬁiﬁ I ;tt/)\ [ 3 818, 262, 13360, 286, 5874, 33543 ]1] kIJ\;E 2’ #E‘ZE

REHL 5> ECAY
Bl 5-9 FEIESEARMEBRSNS, ARSI NGEMBIEE ., R, XSO ChT
fAfbRdE, XEALRR TINGE ), MRS P e KR GXHE 6 ).
fha, MWATHATEHE, IR SR SRR G BRAERINE 2), ket a]
FA T A TR 25
Rk, WUFIH train_data fl val_data GIEAHRN AR INZES , SEHSE 2 9 create_
dataloader_v1 U5
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from chapter02 import create_dataloader_vl
torch.manual_seed(123)

train_loader = create_dataloader_v1 (
train_data,
batch_size=2,
max_length=GPT_CONFIG_124M["context_length"],
stride=GPT_CONFIG_124M["context_length"],
drop_last=True,
shuffle=True,
num_workers=0

val_loader = create_dataloader_vl(
val_data,
batch_size=2,
max_length=GPT_CONFIG_124M["context_length"],
stride=GPT_CONFIG_124M["context_length"],
drop_last=False,
shuffle=False,
num_workers=0

)

PR BATAL B — R/ NG, BT LU T AR NS OR/NAe s A  TH33 BE I Y)
ToRo FESZR, TTH LAY 1024 S0 R AGHER KNSRI TS SRR,

PR — AR AR AT, FRATAT LU P i s, s iR e IRaEs Bl .

print ("Train loader:")
for x, y in train_loader:
print (x.shape, y.shape)

print ("\nValidation loader:")
for x, v in val_loader:
print (x.shape, y.shape)

TEH B AR R

Train loader:
torch.Size([2, 256]) ([2 )
torch.Size([2, 256]) ([2 )
torch.Size ([ 256]) torch.Size([2, 256])
torch.Size ([ 256]) torch.Size([2, 256])
torch.Size([2, 256]) torch.Size([2, 256])
torch.Size ([ 256]) torch.Size([2, 256])
( ) ([2 )
( ) ([2 )
( ) ([2 )

torch.Size
torch.Size

, 256]
256]

2,
2,

2,
torch.Size([2, 256]) torch.Size , 256]
torch.Size([2, 256]
torch.Size([2, 256]
Validation loader:

torch.Size([2, 256]) torch.Size([2, 256])

ARG EHER AR, FAT O NIIZREEHR, b B R S PR, B AR 256
ANATE. HTFATOLE 10%0 %0 T 301E, P A — A5 AN A Bl B S8 . 14

torch.Size
torch.Size

256]
, 256]
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BUBREE , AR () T EAREE (v ) BARBIER (RN x A iR T8 ),
PN targets RHATD RS — M EM IR, EMH 2 EHhTA,

R, FATTEB— DT HRE, T IR 2as A g e iz 1ol ) 2 4t
YRS U R

def calc_loss_batch(input_batch, target_batch, model, device):
input_batch = input_batch.to (device)

target_batch = target_batch.to(device) .to(device) AJLA
logits = model (input_batch) BN EIEETE
loss = torch.nn.functional.cross_entropy ( 3 GPU

logits.flatten(0, 1), target_batch.flatten()
)

return loss

BAERT LUMHH calc_loss_batch T HpREL CZREGTHE AR AR ) R 5
5-2H1 calc_loss_loader PREL CZpPREGTH H 25 KHE N2k 28 RAE I T A LR 452K ).

REGFER 5-2  HIT A VIR AU 2% 1 pRL

def calc_loss_loader (data_loader, model, device, num_batches=None) :
total_loss = 0.
if len(data_loader) ==

return float ("nan") J MRBBEEBAZ DA
elif num_batches is None: #X (num_batches), #B
num_batches = len(data_loader) VARG
else:
num_batches = min(num_batches, len(data_loader)) <t
for i1, (input_batch, target_batch) in enumerate (data_loader) :

if 1 < num_batches:
loss = calc_loss_batch(
input_batch, target_batch, model, device
) NR num_batches

total_loss += loss.item() BEHEMEEIF
else: AR IR S, A2
break 1REHRFN R OHER S, AT
return total_loss / num_batches BCBUIE Y
POFFE=E i d7N: 0] By
SR FHE

BN M T, calc_loss_loader PRE(ZH %, %Jﬁﬁﬂﬁ%&*ﬂﬁ@?ﬁﬂw\ Bk BARAE
total_loss AFwH, SRIGTHE A HLKIIRFEYME, 803, PTLAE num_batches $R4E
BN AR, DI ERAR ZR 1 301 1] 4 At ek

AN PRE R XA cale_loss_loader PREAYLFRN H . FRAPEHE & N R 2R F15:
RN L
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131

MRIRHF —E X HF CUDA K GPU L

2. HoaKBE=EENEEE GPU FE AT REF GG, FRARER
LR EFRERRAK RREE, AHEEEA
device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
model.to(device)
with torch.no_grad(): <
train_loss = calc_loss_loader (train_loader, model, device) <G
val_loss = calc_loss_loader (val_loader, model, device)
SRR T R b i us 0K,
T - TR ET B BIB N KIE
SEBER—MEEL
PR T B

GGEl

Training loss: 10.98758347829183
Validation loss: 10.98110580444336

M TR R 2 N 2, PRI R (AR B o AHEEZTT, AR AL~ ot R A AR e A v
T BT A BT — AT, IR ARSI LT 0.

BUAETANTA T — i A BOSCAR FOR i J5 i, BN PRI R S AR LA X P o, e

TEAE JRSCAR T AR U, Uil 5-10 7R o

SRR RIS R R SRR THREMMBAIES RE
SCASHE R SRBE LU WMEMEY, UMEFHEERZG

() ST R ZEIRANIZIZ NG KIBSER

| J

(3) MIZREHI%

FNIIEERIR
KITE AEIEEHIXAE BRI RXIES HER S

(e (4) KiESaR (5) STARER (6) RERHEH (7) OpenAl il
\(ZWUW‘* [ T H s |"| ma }"l nE ]

WNGRAEB A R S0 1 OpenAl HIFRIIZR AN E N2

K 5-10 FATC AP T SCRAGERRE (B2 ), IS T EARMBRE AR (H2)4) D
HHRINGEMBUEERBUR CRQ) ), Tk, FATER ANZR R B0 IR I 2R

R

ok, FAPR L IETHONGIGE SHAL . TERRIIZRZ )5, FA TR SO Y SR AR R

W, I ORAF AN I AL

52 NHKIBESHE

AL T2 TSP oE SRR, Rt EIRATHY cpTmodel BIRIAIIIER 1. 4

b, FATRE TR, DRSS 2
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FE AR ASAR, TUAWE D PTHISENHEK, QIEFEIRMN. KL HF
MRS

K 5-11 4838 T — L RUAY PyTorch #H28 MIZR ISR TARIRAR, FRATPRAE A BRI —A Kk
SR EAE T 8 PER, MDA O R, ARBIIER, FCEBRE, TR TR
JE, SRR, fRr Db (TR | A OO REAR SRR ) 4R

— R M IREA
i A
[ (1) BFIEER ]«// RINERER
A ~a ?tt)ﬁl%é&li}llﬁ%
Fr—rs KINBAUE MR
[ @ Ea R j RNRAS

(3) A E—MbRIE K
*EEL%%E

(4) T E HRHOR AR K

7 x4k 27 PyTorch
PIIGRERER
BHRERSE

(6) ERR %*%F‘E'#ﬁ’f

[(&&H%ﬁuﬁﬁb
( s

(nﬂwwﬁiﬂhﬁi
1] L

tl

\ s, TR
IR E
[(wimimﬁmm$ ]$//////
AL

I

P 5-11 7 PyTorch "Il 2R BE i 22 I 2% (¥ AL OB PTG AL B, U0 SO I ZRER v it
AT RN ERAEERT, AT R DU AR R LI E R B, 2R
5 i I LA B R SR R L, A R bk /M

i §

EE e RARATE R PyTorch I 4R iREAP 2 M 4B LA &, R F 3K 27 3R o 09 44T — A R
A&, EHEHEEBAEAS AL,

Al LI train_model_simple PRECRSZEUX MIIGRFRE, WHRADHE B 5-3 BN,
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RADER 5-3 TN IAIALR) I R %L

def train_model_simple (model, train_loader, val_loader,
optimizer, device, num_epochs,

eval_freq, eval_iter, start_context, tokenizer):

train_losses, val_losses, track_tokens_seen = [], [], []

tokens_seen, global_step = 0, -1 LTI
for epoch in range (num_epochs) : FHEENZ EEE;T:?'J'\%*HFE
(IEE2N TEIR T

model.train()
for input_batch, target_batch in train_loader:
optimizer.zero_grad()
loss = calc_loss_batch( FE RIS
input_batch, target_batch, model, device s IR
)
loss.backward() G I EIRKHE

optimizer.step()
tokens_seen += input_batch.numel () FREEE

global_step += 1 FEIERNE
if global_step % eval_freq == 0: 4—‘ TR 1
train_loss, val_loss = evaluate_model (

model, train_loader, val_loader, device, eval_iter)
train_losses.append(train_loss)
val_losses.append(val_loss)
track_tokens_seen.append (tokens_seen)
print (f"Ep {epoch+1} (Step {global_step:06d}): "
f'"Train loss {train_loss:.3f}, "
f'val loss {val_loss:.3f}"

)
FRZETED

generate_and_print_sample ( —’l\SUMizts
model, tokenizer, device, start_context

)

return train_losses, val_losses, track_tokens_seen

IEEE, RAINIFIAIER train_model_simple BREUHE T WM AE LI EEL: evaluate _

model fl generate_and_print_sample,

evaluate_model PRECHN T 5-11 (T . B ERRRARRE T B 5T T EN I 2R fngs:
WEERIIR , DIEFRATAT LAPEAR I 202 A st TRIERE. BAINTS, evaluate_model PREUTE
TR GREE AR 45 SR I 23 PR HRUAL TP AR, W] 23 4% A6 B2 B A Dropout :

FEIFEM R EEA dropout, B TS RS R ERER,
EHREATEINER EARXRBAFER, MAXH
AILUR D T E TR EH

def evaluate_model (model, train_loader, val_loader, device, eval_iter):
model.eval ()

with torch.no_grad() : <

train_loss = calc_loss_loader (
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train_loader, model, device, num_batches=eval_iter
)
val_loss = calc_loss_loader(
val_loader, model, device, num_batches=eval_iter
)
model.train()
return train_loss, val_loss

5 evaluate_model BRI, generate_and_print_sample PREUWE— MEHEA RS, 7
DU SR BRER BN Y Zhad e P 2 A Prekife . BTN, generate_and_print_sample PRAL
PISCA R Bt (start_context ) fENMIA, JolH L NiRIC ID, SRR HER B4 A F AL,
RN Z A Y generate_text_simple PREUEM—SCAREA

def generate_and_print_sample (model, tokenizer, device, start_context):
model.eval ()
context_size = model.pos_emb.weight.shape([0]
encoded = text_to_token_ids(start_context, tokenizer).to(device)
with torch.no_grad():
token_ids = generate_text_simple (
model=model, idx=encoded,
max_new_tokens=50, context_size=context_size
)
decoded_text = token_ids_to_text (token_ids, tokenizer) %)%E’\JIH'ED
print (decoded_text.replace("\n", " ")) L5
model.train()

evaluate_model %ﬁ%{i’iT*ﬁﬂU”éﬁi&E%ﬁﬁﬁﬁi+, 1] generate_and_print_sample AR
PRAIHRAL T AR Y AR ) EASCA RS, ATEAGICAE U 25 B] A B

AdamW

Adam HRACE ZINLREAPZ MK —Fr i Wit R, RNOGINEERFLET
AdamW AL ZE . AdamW & Adam #9—AEKR, CRETRERRS &, §FAEBIFE K
AEHATES R FOMUAR A B M SF Bk A, XA EEIF AdamW AB 45 2 ILE A A9
EM A E4Fag2 4058 . Ak, EKES if%&é’wllé#‘f’f’”“ﬁuﬂ AdamW ,

AT Z RiE ) AdamW B EESFIl train_model simple PREY, XT—> GPTModel
SCEEAT 10 B2k, SREB X —VZUE/ER

torch.manual_seed(123)

model = GPTModel (GPT_CONFIG_124M)

model.to(device)

optimizer = torch.optim.Adamw (
model .parameters (),
1r=0.0004, weight_decay=0.1

.parameters () 77 AR [E &R AY
BN ESH
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num_epochs = 10

train_losses, val_losses, tokens_seen = train_model_simple (
model, train_loader, val_loader, optimizer, device,
num_epochs=num_epochs, eval_freqg=5, eval_iter=5,
start_context="Every effort moves you", tokenizer=tokenizer

)
PUT train_model_simple PRELEA SIIZRSHE, X TE MacBook Air 2L ZE 1CAS HEL i b K
AT S A RE e, TR T R AT ER RS AR R

Ep 1 (Step 000000): Train loss 9.781, Val loss 9.933
Ep 1 (Step 000005): Train loss 8.111, Val loss 8.339

Every effort moves YOU,,,,,srrs41414- ?Eﬁff]ﬂﬁ%
Ep 2 (Step 000010): Train loss 6.661, Val loss 7.048 T ERE

Ep 2 (Step 000015): Train loss 5.961, Val loss 6.616

Every effort moves you, and, and, and, and, and, and, and, and, and, and,
and, and, and, and, and, and, and, and, and, and, and, and,, and, and,
[...]

Ep 9 (Step 000080): Train loss 0.541, Val loss 6.393
Every effort moves you?" "Yes--quite insensible to the irony. She wanted

him vindicated--and by me!" He laughed again, and threw back the

window-curtains, I had the donkey. "There were days when I

Ep 10 (Step 000085): Train loss 0.391, Val loss 6.452

Every effort moves you know," was one of the axioms he laid down across the

Sevres and silver of an exquisitely appointed luncheon-table, when, on a
later day, I had again run over from Monte Carlo; and Mrs. Gis

WRFR L, DIGERE T BERHE, M 9.781 BIRITAMEILSE] T 0,391, BRIKIESREN
2 THYRPEET . EFFRET B, B RaefEi s IR SURIINEES (Every effort moves
YOU, , yrvrrss s, ) BEEE M and, FEVNZRESRAT, BB SR DA IS IERH R SCR

SUNREBIREM, B R AEIZhd B b WEGSE (9.933) THRBHIFEK. SR, &
AGEACAEINGRRA IR LR/, FEH 10 R 2 R HAE N 6. 452,

TEE VR HE BRI Z A, TEFATRIEE — 5K A IR, I ZR e PR uESRE A1 25
FEIR

import matplotlib.pyplot as plt
from matplotlib.ticker import MaxNLocator
def plot_losses (epochs_seen, tokens_seen, train_losses, val_losses):

fig, axl plt.subplots(figsize=(5, 3))
axl.plot (epochs_seen, train_losses, label="Training loss")
axl.plot(
epochs_seen, val_losses, linestyle="-.", label="Validation loss"

)
axl.set_xlabel ("Epochs")
axl.set_ylabel ("Loss")

. HEF—
axl.legend(loc="upper right") @HE"QFE]_
axl.xaxis.set_major_locator (MaxNLocator (integer=True)) Ay HIREZ

ax2 = axl.twiny () x5
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ax2.plot (tokens_seen, train_losses, alpha=0) XTI E RN
ax2.set_xlabel ("Tokens seen") [ E R
fig.tight_layout ()

plt.show()

epochs_tensor = torch.linspace (0, num_epochs, len(train_losses))
plot_losses (epochs_tensor, tokens_seen, train_losses, val_losses)

A BN ZRBE NG TR AR I E G N & 5-12 Fras. ATLAE R, YNZREE R Fgn b A4 AE 5
— BRI IRYEE . SR, PBURLES 55 IR i, iX A A A B e AR5 2R R TR A0 1Y
FIERIIB AV RS S o v DL R A i SOAR R B (HBin “The Verdiet” SCAS S
F1) quite insensible to the irony ) SRHAIAMERILE IO T II4EHE .

FRLiA T2
0 10 000 20 000 30 000 40 000
10 . . ) .
— IR K
8 —- = IEEERK
# 6
0
4
2 -
0-+— T T T T T
0 2 4 6 8 10
Iz et

K 5-12 FEINZITIREBL, INZREHUR IR UERSIUR SR TR, XRWIBRIETE > o SR, 7E
BRI, NGRS NI, RuE R R IS AT, X RIS, H
TES R Z R AR R &

XACAZBUR TSR n] IFURL I, RO BRATME I T —MER AR /MU ZRBide , IF ot
BT T 28812k, 0%, R RMEERE LIRS, RIZh—4 =R AR WA ek .

SER i AT, A RARRDIESAR, TAE KA TSR R 89 60 000 A ATEE 5 K
GAEAR, IHRRASBIAEMEASR, H#Fmis LiF AL E B,

e 5-13 PR, BATELEMATEATAT 4 BHAR, 45Tk, FATHHRTHTRIE S BRI
SCARA A, DU N R 9ICHZ, IFHMRTE SR A SR B A . TR )5, FRAT
FTHeRCEE . AFLLEN OpenAl 1Y GPT BB HUIl AL
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EHEMIMIRIE S 1R E SMATREMMBAIESRE
SCAREE RERER LR D WERERY, LUEHEERSE
SEIRHICIZ HFFRIES RE

v ! i

(4) KiIESRE (5) STARERL (6) MEREH (7) OpenAl BIFRIZk
IR E B SRR PlIE: WNE

WIGRIR B pY 200 1§ OpenAl BOTIIZARE N
AFEBESHXE BN KIES KRB G

(1) SCAERL

(2) STAITE

{

(3) LrEEHik
FNIESER
KiHE

P 5-13  BEAAESE I ZR)S C 2T LA GE BT SCAR 10 ST, B4 B P CiZ N gRak b iy B
o TR, FRATRTHEE BCE Z Rkt SCA R SR

5.3 =HIBEALE R HEAD SRER
TEFRAT T —F SCARA BRI (WFRy “FRASRNE" ), LA BRAMER SeAR . Bk, &

AT T S B B 2 i A generate_and_print_sample PR FH ARG generate_text_simple
PREL. R, RATEAFAPREAR ORESEHUR Top-k K4 ) SREGHEX A sREL.

SRR GPU #6823 CPU, AR/ N B R HEIRT AN 25 GPU . itLAh, 7EVIZR)S
ity ZORRR I T IR, DISCHTIE N dropout 2 2B FEALZH F -

model.to("cpu")
model.eval ()

Tﬁ?;ﬁ, 5{%7‘ GPTModel 'I{ﬁﬂ (model ) f?ﬁi?{ﬁ\ generate_text_simple IZI@I, %Zlﬁﬁﬁﬁjuﬁ
FARBIEAE R TT

tokenizer = tiktoken.get_encoding("gpt2")

token_ids = generate_text_simple (
model=model,
idx=text_to_token_ids ("Every effort moves you", tokenizer),
max_new_tokens=25,
context_size=GPT_CONFIG_124M["context_length"]

)

print ("Output text:\n", token_ids_to_text (token_ids, tokenizer))

A B SCAR TR B -

Output text:
"Every effort moves you know," was one of the axioms he laid down across the
Sevres and silver of an exquisitely appointed lun

WA, FERAAERCERET, AR A1) TG IR R A0 BT A 1) G H BE BRI R 0 B KA IR —1~ o
XEWE, BIEAEMFEMELG - F X (Every effort moves you ) HZWKIZ 17T I 1Y
generate_text_simple IZ@&, j(l%%*ﬁﬂ@ﬂ%ﬁﬁ?gﬁiﬂz*ﬁlﬁ]%ﬁﬁ o
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5.3.1 BE4EM

AR — TR, X2 — P E T — Moo AT 55 h i iR e Pl B HoR . 78
ZHIH) generate_text_simple FRZP, ATEEMA torch. argmax (AR N SERERRD ) S
FAEBA s BRI TTVE N N — Mot A T AERCE 2R SOA AT DU —A M3 A
(3 B2 R IH BRI e A P BN B MR A% H AR U ER 40400 R I pREIOR B

1 argmax.

N T A BARA TR UEIIREARRAL , AL — 5K AR 5 /NI IR ] 2~ —4
O B R -

vocab = {
"closer": 0,
"every": 1,
"effort": 2,
"forward": 3,
"inches": 4,
"moves": 5,
"pizza": 6,
"toward": 7,
"you": 8,

}

inverse_vocab = {v: k for k, v in vocab.items()}

ROk, BIEKIE SRR T AL R U "every effort moves you", HAEMTUUT
T—MEITEHY logits:

next_token_logits = torch.tensor (
[4.51, 0.89, -1.90, 6.75, 1.63, -1.62, -1.89, 6.28, 1.79]
)
WEUWER 4 FEPTHER, 7E generate_text_simple 1, FATiEIT softmax pRECKS logits F5 45 h
HER, FriEid argmax RIS A2 AR TR N AGTRIIC 1D, K5 38 i 5 a) jal 10 28k Ho i 5 m]
AR

probas = torch.softmax (next_token_logits, dim=0)
next_token_id = torch.argmax (probas).item()
print (inverse_vocab[next_token_id])

1 T KA logits {ELRTAFRDX I 1Y e K1Y softmax MEZR /80 55 0N (KA Python {1 1] 0 751
YERWIIRRG], FTUARSINIE R 3), HIA A Hia)E forwards
N TSI — RS RR, BUEWT LU PyTorch A multinomial PRECE argmax:
torch.manual_seed(123)

next_token_id = torch.multinomial (probas, num_samples=1).item()
print (inverse_vocab[next_token_id])
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FTE R AR forward, JRFRRMAWE? multinomial PRI MEHMERDECERAE T —MAlIG,
PAEDL, forward MRJER T HERYIAIC, REHEFH] (EARER ) #2# multinonial ¥
o O TR — i, TEFRATSCE— KRR E A 1000 YR Y PREL

def print_sampled_tokens (probas) :
torch.manual_seed(123)

sample = [torch.multinomial (probas, num_samples=1).item()
for 1 in range(1_000)]
sampled_ids = torch.bincount (torch.tensor (sample))

for i, freqg in enumerate (sampled_ids):
print (f"{freq} x {inverse_vocab[i]}")

print_sampled_tokens (probas)

FEA AT R -

73 x closer

0 x every

0 x effort
582 x forward
2 x inches

0 x moves

0 x pizza

343 x toward

PRI UL, BIA] forward KEEMAMESPEREE (1000 AT 582 1Kk ), HHAWIFIE (41 closer,
inches Fl toward ) ARHSHERIE . XEKRE , WRTE generate_and_print_sample PRZL
FH multinomial PRECE argmax PREL, IRATGESEAIA R SABGEN every effort
moves you toward, every effort moves you inches v every effort moves you closer

Z.%'@E‘Jj(zlg, A every effort moves you forwards,

LA ONRBARIORES . UL SRR, ISR logis _

def softmax_with_temperature(logits, temperature):
scaled_logits = logits / temperature
return torch.softmax(scaled_logits, dim=0)

IRERT 1 é‘%ﬁiﬁlfn’f%%ﬁﬁﬂi@’ﬁ/ Mig, TN 1 AR SFECE A A fF (E%%ﬁﬁﬁ%ﬂlﬁ)
(00 o A EFRA T3 a2 AR 30 LA B A FHAS [T E (LA AR U I X —

temperatures = [1, 0.1, 5]
scaled_probas = [softmax_with_temperature (next_token_logits, T)

for T in temperatures]
x = torch.arange(len(vocab))
bar_width = 0.15
fig, ax = plt.subplots(figsize=(5, 3))
for i, T in enumerate (temperatures) :
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rects = ax.bar(x + 1 * bar_width, scaled_probas[i],
bar_width, label=f'Temperature = {T}')
ax.set_ylabel ('Probability")
ax.set_xticks(x)
ax.set_xticklabels (vocab.keys (), rotation=90)
ax.legend()
plt.tight_layout ()

plt.show()
H R IR AN 5-14 B .
1] -1
mE =0.1
0.8- !
B =5
5 067
g
0.4 4
0.2-
g | . ;
b £ ® 9§ 9 8§ B 3
o Q Q L E E [oN 8

E 5-14 AR 1 FoRiEIEFE P EA T ICH R GRS BB REARE] 0.1 &4 E N
i, R ATRERIADE (IXHE forward) W EA HREMMIR S, FRE, BiREE#R
Bl 5 ST S)

BN 1 EMETERS logits f£IB45 softmax PRECTIMLAR I EUZAT, Sk logits BREL 1. k)
W, IR 1A T A LR A XML, lid PyTorch H1/ multinomial
REEPREL, IO LS R softmax BER MU ROER Gk . BN, 7EiREBCE N 1 AYEH
T, 5 forward MAIHITRAA 60%HIBERGE T, IEMFATER 5-14 HE BRI,

[FIRE, QniEl 5-14 Frow, B FHARE /NGBS (40 0.1 ) & FBOEE /310, #1453 multinomial
PREULT 100%3EFem il BERYIRDE (X BJE forward ), $%iETF argmax BREUNAT R, 220U,
JEO 5 2 BRI, R HAB ST E AR Sk b o X AT IO AR s SCAR S I 284,
B TEA S ETCRE RSO . flan, fERTELRE R 5 ABEE R, AR SCAR T RAAT 4%RIHER
é}tﬂfﬂ@: every effort moves you pizza JX#E"J/H—J%O

#:.>] 5.1

A print_sampled_tokens F&ATP4E A B 5-14 ¥ BT 7 i 5 45 X 49 softmax #E & 49 KA
E, EAAERAT, 399 pizra MRBWMEL S V? REEBE—/ANF ., RAEAHG T F
kAT IR pizza WRARG IR F G
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5.3.2 Top-k %t

FATBAEC 2B T — PP 2 G A A RAT T ik, AR Ty th 25 5 ) 24k . K
A, B AR (2 R — MADCAME R AT R 5], = A 2R, UONE
AR 8 Tk A s P ] BRI T Y T R o X R T I FUVF IR A AR AR AE T B BT B A i P R
PERYLE AR . SRTAT, XFPOTER— A, EA IS FEORA AR SOE 2 T0R R,

Al every effort moves you pizzae

T o S AR RAE L 4 AR SS &, Top-k SRAETT LLBGE SUA A iigh 3. 7F Top-k RAEHT,
AT LK RAE TR ST PR AR T & e nT RERYIRTT b, - A 28 40 O Ok HERR HAthim] o,
WE 5-15 Fros.

Top-k JiEHMICGFE ( -inf ) BHFTA RELER logits, FILAETTE softmax {HAF, ERT &
THICHIMER D ECH 0, FIRMER AN 1o (FRATLE 3.5.1 17320 AY PR SR v 2 i b fef i
i 4H15 )

TEARASH, AT LAFE IR A 5-15 7R S8 Top-k i FE . G, MIEEE logits (B & AT 3 NAIT
s -

top_k = 3
top_logits, top_pos = torch.topk(next_token_logits, top_k)
print ("Top logits:", top_logits)
print ("Top positions:", top_pos)
T -
[ = i) 9 9] = T
o >~ |9 o 9] 0 « S
5 o Q g G 2 N g P
L%: < H = 8 5 2 2 3 2
R5LE: 0 i 2 3 4 5 6 7 8
[ogits = [ .4.51, 0589 ~1..90, 6k 5y 163, =1.62, =L1.89 65028y L. 518: ]
Top-k (k = 3) = [ 0.89, -1.90, |6.75,| 1.63, -1.62, -1.89, |6.28,| 1.79 ]
A -inf $#FD = [ -inf, -inf, 6.75,| -inf, -inf, -inf, |6.28,| -inf ]
softmax = [ 0.00, 0.00, O 575, 0.00, 0.00, 0.00, 0.36,( 0.00 1]

B ERT kM B ROBERIZE R 0, AL
R T —MATLIALMET k ML E FhRAE
& 5-15  fliH Top-k RFE, Hrh k=3, AL TET 55 logits (BN 34T, F7ERH softmax
PRECZ BT CSF (—inf ) JERSATA HAbIAG, X &7 — XA AR RT & NRDC/HoHE
RAY 0 FIMESEAM G (N T IS RSETRAL 2 R A B E AT A/ VB S BT . “softmax”
AT SRR R 1.0 )
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YR FEHER B RT3 AMAICHY logits {EATIE G ID 40 F Fis :

Top logits: tensor([6.7500, 6.2800, 4.5100])
Top positions: tensor([3, 7, 0])

b5, {4 PyTorch ) where PRECEHILTIRATIELEAIAT 3 AT H AR logits {EINIRITCHY logits
fHIE TS (-inf):

new_logits = torch.where ( RSB ELRT 3 1 logits B+ & KA
logits {EIT{EAY logits 1&

] sx B E Y logits {EIR{E- inf

other=next_token_logits
)
& o —
print (new_logits) R B E AR T

JE A logits 1&

condition=next_token_logits < top_logits[-11],
input=torch.tensor (float ('-inf')),

7E 9 MATCHYIAE R, N —MAlTTHYZER logits (ELANT FR -

tensor([4.5100, -inf, -inf, 6.7500, -inf, -inf, -inf, 6.2800,
-inf])

e, W softmax PRECREIX SEME LN T~ — AT IR .

topk_probas = torch.softmax(new_logits, dim=0)
print (topk_probas)

UARFTIL, A Top-3 TrE M ARE— ML 3 M ARFR A [l i -

tensor ([0.0615, 0.0000, 0.0000, 0.5775, 0.0000, 0.0000, 0.0000, 0.3610,
0.000071)

PUAE, AT LAN AR ORI multinomial PREEFTAERRAE, X 3 N HEFMER A E b e —
AETCVE AR T —NAIT, 3Rk, BT B s eA A s RO S Bx — 4
5.3.3 1EEUCARHE B R #

PrE, AEFRAIZE SR EE AR AN Top-k RARG R il FH T8 RiE 5 ARAA: UK generate._
text_simple PREL, MIMAIE—HY generate PREL, WRILIE R 5-4 iR,
REGFER 5-4  Bek)s B H AR SORA: B R AR

def generate(model, idx, max_new_tokens, context_size,
temperature=0.0, top_k=None, eos_id=None) :

for _ in range(max_new_tokens) :
idx_cond = idx[:, -context_size:] XA for BHREZ BI—4E:
with torch.no_grad() : $EEY logits, HERXES
logits = model (idx_cond) E—AEtE%
logits = logits[:, -1, :]
if top_k is not None: =M Top-k§E$$
top_logits, _ = torch.topk(logits, top_k)

1% logits
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min_val = top_logits[:, -1]
logits = torch.where(
logits < min_val,
torch.tensor (float ('-inf')) .to(logits.device),
logits LEHBEESR
. R e
if temperature > 0.0: i —HERITER D
logits = logits / temperature . fRRD, EER
probs = torch.softmax(logits, dim=-1) — MAlTT
idx_next = torch.multinomial (probs, num_samples=1)
else:
idx_next = torch.argmax(logits, dim=-1, keepdim=True)
if idx_next == eos_id:
break
idx = torch.cat ((idx, idx_next), dim=1) wWmRBEIFFILSRIFT,

MRATFIEE B

return idx

ﬂéﬁﬁ /\%?EI/J generate IZI;&EI’JXJI%

torch.manual_seed(123)

token_ids = generate(
model=model,
idx=text_to_token_ids ("Every effort moves you", tokenizer),
max_new_tokens=15,
context_size=GPT_CONFIG_124M["context_length"],
top_k=25,
temperature=1.4

)
print ("Output text:\n", token_ids_to_text (token_ids, tokenizer))

A U SCAR TR B

Output text:
Every effort moves you stand to work on surprise, a one of us had gone
with random-

QORET I, BT generate PREUA A SCAR S AT 3k generate_text_simple B
A SCA ("Every effort moves you know, " was one of the axioms he laid...)

BRI, e RV P PaCERN — Bk .

#>] 5.2

ZIRT R R EF Top-k X E . ARBEIE, REEBI|IREL &R #3848 A BAKA 2
JEA= Top-k X E"5? R4, ReeASILEE A% ﬁ%%ﬁi% 898 % F= Top-k X E D7 (#iX
JE OpenAl mBIANAR TG, EAFREEHFTEIAN%T, )
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3] 5.3

IR R 9K B A TVATRS) generate SR EI B AT W4T, FERAMAILE
B, IE L4544 S generate_text_simple FEEMBGHr B2

5.4 {£H PyTorch MEFLFIRFRENE

BIAEC IR, TATEZWHE 1 B EIEAINZRERE, JEASIHR BN T — D RIE S
B SRR T T 5 R FBR AR R X S, (EIX R AR I B4R & B
rE . I, RAFRIESRMASEARWER, XU D R R st Z5.

BTk, BMSTHEWTRAZFIMZ BTN, GiE 5-16 B, fij5, AT OpenAl
Tz — P IhRET R KA TR 2R GPT AR S| cpTModel S,

SEHERSMNIRIE S RE SR TREMMEBAIES REY
SCASHE R SRAE LU Wiﬁ"]uﬁl LAEFA S 2l dk

() TEER SGHIERIT IZ. i}lli’éijun S1EE
(4) KiEEEDR (5) fEZKiEJ?. (6) *Riﬁﬁﬂ (7) OpenAI HaFmiIgR
(2) STV [ WIZRER B ﬁ i[ * ]
3) IRk
( );Eugﬁﬁfﬁﬁ—i i)llﬁ’f%iiﬁk%ﬂi 1% OpenAl BT EINEL
KitH ABESHIAR BIRMMWKIEFEEH

Kl 5-16  INZRIFAE AR SE R o XA BEA T OR A7 38 RE A LS O RESEI i R DT (2R (6)28 )

SEIE IS, RAF PyTorch FRUAHXT LA B, HEFE A torch.save PRELIRAFHIAIAY
state_dict, BPKFEEANZMLER S50 7l

torch.save (model.state_dict (), "model.pth")

model.pth JEURFF state_dict B3, pth ¥ B4 I PyTorch SCHARIRTE,, A MBI AT
DA AR A SO 44

TE T state_dict PAFRAINE Z f5, AT LEARIECER Iz 3 —> 8 epTModel f5Y
S

model = GPTModel (GPT_CONFIG_124M)
model.load_state_dict (torch.load("model.pth", map_location=device))
model.eval ()

IEARSE 4 TR ETHERIIREE, dropout i@ fEIZRd R BENL “EF" —RRMEIT, AT
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BRSNS G o SR, FEHEWRE R p, FRAOTA A BEREHL Z 5 M2~ > BIRETE R
P, ATRME model . eval () RAAEESUIHBIERAEA, AR 2S5 IBIRAY dropout /2. HI2R
TR RS IR, W] LA AR BB E L) train_model simple PRAL, HULIRMF {4
FAAARRES o

5 AdamW IXAE Y FIE R ALAL S TT LA BRI AR SN2 4. AdamW AT LU TS
SRR S A MR SR 2R ) R IR, IR A ke s, AT e 5L
SR, HEBRTOE SIS, X B BALJ FE UE TUCARINEE ) o AT LMEH] torch. save
PRAFRRIARAL R Y state_dict %

torch.save ({
"model_state_dict": model.state_dict (),
"optimizer_state_dict": optimizer.state_dict(),
}
"model_and_optimizer.pth"

)

SRIG, TGN torch. load MN#EMAAERVEHE, Pl 1oad_state_dict ik RIKE A
A AR RS

checkpoint = torch.load("model_and_optimizer.pth", map_location=device)
model = GPTModel (GPT_CONFIG_124M)
model.load_state_dict (checkpoint ["model_state_dict"])

optimizer = torch.optim.AdamW (model.parameters(), lr=5e-4, weight_decay=0.1)
optimizer.load_state_dict (checkpoint ["optimizer_state_dict"])

model.train() ;

#4354
FE#749 Python 2752 Jupyter Notebook X P HARE G, mBEAREA LS, FEA

train model simple Fa3 4k L) 45—,

5.5 M OpenAl fNEkFiiIZR i E

T A6 P A 5 /N U A BREIR SN 25 1 — /NS GPT-2 AL, XA 5 L i 3R]
REAE L T JER AR AR, T JCZAE B Rt i [ RSB

SIBMYAE, OpenAl ATFE T BN GPT-2 BEAIRYALE , I 2 1 3ATH C7E R TR
B F IR BT R AR A RO 28T 3600, BRIk, FRATAT DLERX SEALE INZR3] cPTModel
e, Il AHZB A T SCARE L, XL, BESR Y RAFf#7E PyTorch 1Y Linear J2H Embedding
JZ1) . weight BHEPRACESE, AITHAENGEAR,, FRATHIT model . parameters () Pilhlit
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Bl TE5E 6 3, FRATH B A Se PN A SR SRR A TR0, DASERCSOAR AT 55, Jik
HEZEMBL ChatGPT H$5 4 HEA T HAE .

T 2 F B2, OpenAl fixlifiid TensorFlow {77 T GPT-2 BYALEE , FATFHFEEAE Python H1%
4¢ TensorFlow A BE NG LEAE . T SRR — 40 taam MRS A T HORIRES T 2t
2, MU FELEXNTHE,

AT DATE G L PR T AT i A R 2 2k BE g

pip install tensorflow>=2.15.0 tgdm>=4.66
TFEACRAXT TR, R AR A, JEARIRA R, Pk, 505 St Trhe A E
BRI AR B ERY Python 1URS, A4 B AT 7R AEA# I T 4 gpt_download.py iX ™ Python
i

import urllib.request

url = (
"https://raw.githubusercontent.com/rasbt/"
"LLMs-from-scratch/main/ch05/"
"01l_main-chapter-code/gpt_download.py"

)

filename = url.split('/"')[-1]

urllib.request.urlretrieve (url, filename)

TR, 1ER2 30 R3] Python 2GRN B SRS, NIXRIPAREIZ NG, ftet
IER R I 54 %) Python {85,

BAE, TR 7=\ gpt_download.py U F A download_and_load_gpt2 PREK,
OB INZR GPT-2 44k 1% & (settings ) AAESE (params ) % Python ZifH

from gpt_download import download_and_load_gpt2

settings, params = download_and_load_gpt2 (
model_size="124M", models_dir="gpt2"

)

PATICACIRI T 3 S5 S 80N 1.24 1209 GPT-2 BRI LIT 74301
checkpoint: 100% | | I REREENEEERERRRERERNENN 77.0/77.0 [00:00<00:00,

63.9kiB/s]

encoder.json: 100% | ENENEEEEEEEEEEEEEEENEEEEE 1 .0/Y/1.04M [00:00<00:00,

2.20MiB/s]

hprams.json: 100% | | N NNNEENEENEEEREREREREE  ©0.0/90.0 [00:00<00:00,
78.3kiB/s]

model .ckpt .data-00000-0£-00001: 100% | [NEEEEN' 498M/498M [01:09<00:00,
7.16MiB/s]

model.ckpt .index: 100% | [N EEEIEEEEEENNEEEN  5.21k/5.21k [00:00<00:00,

3.24MiB/s]

model.ckpt.meta: 100% | [ NEIEEEEEENNENEEEEE <71%/471k [00:00<00:00,

2.46MiB/s]
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vocab.bpe: 100% | N 456/ 456k [00:00<00:00,

1.70MiB/s]

FE R THORALEIER T4, AL THA R A B ey I W E 458 RS- 25 P14
R OpenAl 3t F R GPT2 AR EF XA AT T, EXMEAT, #HirFATHEL
AR B e VAR B AR A B AT WG BLAA

RIS E Lt Toeke, FATRKE —F settings Ml params HIHZ:

print ("Settings:", settings)

print ("Parameter dictionary keys:", params.keys())
A .
AR PR :

Settings: {'n_vocab': 50257, 'n_ctx': 1024, 'n_embd': 768, 'n_head': 12,
'n_layer': 12}
Parameter dictionary keys: dict_keys(['blocks', 'b', 'g', 'wpe', ‘'wte'l])

settings Ml params #BE Python T, settings FHAFE T KIE S HAIIEE , K0T
FATF3hE LB GPT_CONFIG_124M, params FMALE SEPRAUACE R, TR, FRATHATED
TFHAEE, POTERENA S TR Z RSN, A, fLGEE print (params) FTEIHE
A F IR X A oK, mE T AR A B (AR AR ) SRIERE AN

print (params["wte"])
print ("Token embedding weight tensor dimensions:", params["wte"].shape)

FICHAJZ BTN s«

[[-0.11010301 ... -0.1363697 0.01506208 0.04531523]
[ 0.04034033 ... 0.08605453 0.00253983 0.04318958]
[-0.12746179 ... 0.08991534 -0.12972379 -0.08785918]
[-0.04453601 ... 0.10435229 0.09783269 -0.06952604]
[ 0.1860082 ... -0.09625227 0.07847701 -0.02245961]
[ 0.05135201 ... 0.00704835 0.15519823 0.12067825]]
Token embedding weight tensor dimensions: (50257, 768)
AT IT download_and_load_gpt2 (model_size="124M", ...)I&EH FEIFNET &/
GPT-2 BBUAALE

OpenAl IR FEAE T E KRR ( B0 510 3.5542. 7.74 401 155842 ) BRLE , Kl 5-17
FiR, BXEERTE KNG GPT # A R RS SRR ), R RIS TR A IR EORTR],
IRA RG] . AT A9 A AR ALt 38 FH T S T R AR
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GPT

A Bk =
e —
e GPT-2small: 1.24 12 RERA—1

e GPT-2 medium: 3.5512
* GPT-2 large: 7.74 12
e GPT-2xl: 1558 1Z

ESEv-wil: 0D 8
dropout L/« GPT-2 small: 12 4

+ GPT-2 medium: 16 4
+ GPT-2 large: 20 4

EE XA Transformer 3 :

e GPT-2 small: 12 % Ba—1
e GPT-2 medium: 24X

* GPT-2 large: 36X > N X

o GPT-2xl: 48 % @
1
([ ummg EONCT 2
f * GPT-2 small: 768 4

~ + GPT-2 medium: 1024 4
\ EbaON=
I
I

+ GPT-2 large: 1280 4
RTTAA

+ GPT-2xl: 1600 %
Every effort moves you

B 5-17 ARK/M GPT-2 KIBEF B SER M 1.24 {25 15.58 A, HZUDIFHR, ifE—
B X R A E RN BB IR 7S 13k | Transformer B4 3204418 B8 B YR B

TE# GPT-2 B ALE fin#R 3] Python J& , AT ZAF BN settings FHA params F
MRS BIFRATIY cpTModel Fiffilrh, B, QIE—AFH, FUHIE 5-17 POARTE GPT RS2
[ 2 5«

model_configs = {

(

"gpt2-small (124M)": {"emb_dim": 768, "n_layers": 12, "n_heads": 12},
"gpt2-medium (355M)": {"emb_dim": 1024, "n_layers": 24, "n_heads": 16},
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"gpt2-large (774M)": {"emb_dim": 1280, "n_layers": 36, "n_heads": 20},
"gpt2-x1 (1558M)": {"emb_dim": 1600, "n_layers": 48, "n_heads": 25},
}
QAN B MR " gpt2-small (124M) ", AJLMHH model_configs FHMI I E K
HURT AT Z i O e B K BE Y GPT_CONFIG_124M:

model_name = "gpt2-small (124M)"
NEW_CONFIG = GPT_CONFIG_124M.copy ()
NEW_CONFIG.update (model_configs[model_name])

PRATREIRICAR AT Z BT T 256 MMRITTKBEE , {H OpenAl f)54f GPT-2 BAL 2t ] 1024 AMA)TT
KEEHATIIZRRY, DA 5 2R O H BB NEW_CONFIG:

NEW_CONFIG.update ({"context_length": 1024})

7351, OpenAl 15253k TE RN 2 A T 1 B 1o Fe R S BAT IR R | PR P R{ERE
A5 RE A AT SR AT, POVENDEARTHEEERE, IR 2
SRT, P T ERATTIEAE M BN ZRAE, PR ZEVC FCAR RN A B DAORS— 2o, I X S8 i
fi i«

NEW_CONFIG.update ({"gkv_bias": True})

BAE, PR HSEHE 1) NEW_CONFIG PR L— 1811 cPTModel SLH:

gpt = GPTModel (NEW_CONFIG)

gpt .eval ()
BREOL T, cpTModel LB BN ERI GG LA TR . ffiF OpenAl HURBETIAN B (1 f
Ja—HRHMEE] params FHA P EE X EFEVAE . ML, BETREE L —1/MY
assign T EBRE, ZRBSKEEMNDIKESEN (1eft Fl right ) &AEAG R A4 sE
R, IH right sKER AR PyTorch 248,

def assign(left, right):
if left.shape != right.shape:
raise ValueError (f"Shape mismatch. Left: {left.shape}, "
"Right: {right.shape}"
)

return torch.nn.Parameter (torch.tensor (right))

SRIE , XL — load_weights_into_gpt PREL, ¥ params F-HA AT INZE T cPTModel
S| gpt Hr, AnACHE VS EL 5-5 FR o

KEZ;EER 5-5 K OpenAl FAE fiNzk 3 GPT FAAS H

import numpy as np BHRE AL E FE2MIETHRANE
R E N params FIEEHIE
def load_weights_into_gpt (gpt, params) :
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gpt .pos_emb.weight = assign(gpt.pos_emb.weight, params|['wpe'])
gpt.tok_emb.weight = assign(gpt.tok_emb.weight, params|['wte'])

for b in range(len(params["blocks"])): Gt
aw, k_w, v.w = np.split( <G
(params["blocks"] [b] ["attn"] ["c_attn"]) ["w"], 3, axis=-1)

gpt.trf_blocks[b].att.W_query.weight = assign/(
gpt.trf_blocks[b].att.W_query.weight, g w.T)

gpt.trf_blocks([b].att.W_key.weight = assign(
gpt.trf_blocks([b].att.W_key.weight, k_w.T)

gpt.trf_blocks[b].att.W_value.weight = assign(
gpt.trf_blocks([b].att.W_value.weight, v_w.T)

a_b, k_b, v_b = np.split(
(params["blocks"] [b] ["attn"] ["c_attn"])["b"], 3, axis=-1)
gpt.trf_blocks[b].att.W_query.bias = assign/(
gpt.trf_blocks([b].att.W_query.bias, g_b)
gpt.trf_blocks([b].att.W_key.bias = assign(
gpt.trf_blocks[b].att.W_key.bias, k_b)
gpt.trf_blocks[b].att.W_value.bias = assign(
gpt.trf_blocks([b].att.W_value.bias, v_b)

gpt.trf_blocks[b].att.out_proj.weight = assign( np.splic &3

gpt.trf_blocks([b].att.out_proj.weight, ?;gi;gj:?%
; LT g |

params ["blocks"] [b] ["attn"] ["c_proj"]["w"].T)
oy, HHATE

gpt.trf_blocks([b].att.out_proj.bias = assign(

gpt.trf_blocks([b].att.out_proj.bias, WLRM. BRLE

params ["blocks"] [b] ["attn"] ["c_proj"]["b"]) At

gpt. trf_bl(f)cl;i [b}]{. f}i. liqgeis [0] .Wilght . :ha551gn( BHER R E—1
gpt.trf_blocks[b]. .layers[0] .weight, Transformer £t
params ["blocks"] [b] ["mlp"] ["c_fc"]["w"].T)

gpt.trf_blocks([b].ff.layers[0].bias = assign(
gpt.trf_blocks[b].ff.layers[0].bias,
params ["blocks"] [b] ["mlp"]["c_fc"]["b"])
gpt.trf_blocks([b].ff.layers[2].weight = assign(
gpt.trf_blocks[b].ff.layers[2].weight,
params ["blocks"] [b] ["mlp"] ["c_proj"]["w"].T)

gpt.trf_blocks[b].ff.layers([2].blas = assign(
gpt.trf_blocks([b].ff.layers[2] .bias,
params["blocks"] [b] ["mlp"]["c_proj"]l["b"])
gpt.trf_blocks[b].norml.scale = assign(
gpt.trf_blocks[b] .norml.scale,
params ["blocks"] [b] ["In_1"]["g"])
gpt.trf_blocks[b].norml.shift = assign(
gpt.trf_blocks([b] .norml.shift,
params["blocks"] [b] ["1In_1"]["b"])
gpt.trf_blocks[b].norm2.scale = assign(
gpt.trf_blocks[b].norm2.scale,
params ["blocks"] [b] ["In_2"]["g"])
gpt.trf_blocks([b].norm2.shift = assign(
gpt.trf_blocks[b].norm2.shift,
params ["blocks"] [b] ["1In_2"]["b"])
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gpt.final_norm.scale
gpt.final_norm.shift
gpt.out_head.weight = assign(gpt.out_head.weight, params["wte"])

fE load_weights_into_gpt PREUT, FAUTFHITHEL TR H OpenAl BIALEAFKATH cPTModel
RIALE . 28 BARPHIF, OpenAl 455 —~ Transformer B )% B )2 MR E 5K & 1766 N
params ["blocks"] [0] ["attn"] ["c_proj"] ["w"]. TEFRATAYSEEL, A 5k & X1 T
gpt.trf_blocks[b].att.out_proj.weight, Hrr gpt &=—1> GPTModel SEAG)

P 1oad_weights_into_gpt PR B T4, FN OpenAl T S5|AINEA
ANFEPar AR, SR, assign PRESFETRATZZAVC LIS EAA AN IR 45 B2 1 sk et R IR FRAT T
AN, WERAEXASRECTIE T4 R, ROTSHFEERIX —m, BN GPT SR ICk =A%
TS

IAEZR PR ] load_weights_into_gpt, ¥4 OpenAl AL EMIZF|FKATH) GPTModel
S got Hr:

load_weights_into_gpt (gpt, params)
gpt.to (device)

URABER RNz, AR ABAE T LME I Z HTH generate PREIRA BB SUAS -

torch.manual_seed (123)
token_ids = generate(
model=gpt,
idx=text_to_token_ids ("Every effort moves you", tokenizer).to(device),
max_new_tokens=25,
context_size=NEW_CONFIG["context_length"],
top_k=50,
temperature=1.5

assign(gpt.final_norm.scale, params["g"])
assign(gpt.final_norm.shift, params["b"])

)

print ("Output text:\n", token_ids_to_text (token_ids, tokenizer))

LERICARATF PR -

Output text:
Every effort moves you toward finding an ideal new way to practice
something!
What makes us want to be on top of that?

FATAT AR5 L R IE RN 1 REBIASCER, DR BRI REAS A % BRSO o eI i b i —
ANFER L2 P ER RN . FE3E PRAFEAT R, FRAPREEE— PRI OISR, X AT
P, LR SO R o
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%3] 55

1% & B OpenAl #9 TR 4 £ A& “The Verdict” # 4% Eit F cpTModel #9944 E M %
ol B BB K

%3] 5.6

LiXAE B R B K 6G GPT-2 A | e AR F 4 1558106 RAER , S8 A mag LA
L5585 H 124109 R AT 0E

56 &g

O MRIE F A OORR], BTN IR,

O BOATEA T, T — Aol e R A A R, IR R PR S e
RSP BOG B TR TR A Y, XK AR AR

O 58 T A RAE AR BEAR T, 7T AT I0UAE BOCA 1 2R R B

Q el ZeidRerh, YNZREE I AEG AL 2 a] F T i R Th 5 B A U SCAR i i

Q R F AR T TNl S ke SO LU/ MEDI Rt 2k

Q KI5 A U R0 BR R TR B 2 2T P i — AR MERE R, (] T A% G 58 3L 5 2R A
AdamW fL1b#5

Q 7ERBSCATERHE E NGRS F B RAE I )AETTIR, R mT LU AR JT ] JH A
VERAE R BB AE b AT AT B 2R B O %



XS 72 KAV

EEARE

Q AR B AN R ORI T i

Q AR RE

Q BRI 2R T 5B LA T iR

Q oA R DL BRI B

Q Al 2 Gl A R T R o3 2 e v Rf
Q A BT S R RE A T 2

AT 2ty 7GR F R AU, X AT T3k, Jfoid T A AAMERR IR ( 4n
OpenAl) B FINZRAIALE F AR . FEARTE S, FATR B E HAMES (WSCAR22E)
ERORICTE F AL, SRS Z AT T R . FATOTTERY BAATR BR R SOR I B2 “ Bk

BB IRRRE R B 6-1 JBR TR RTE F AR AP E25 0 T 2R (25(8)
bF) T HATHLHROE (RO ).

EHE4ED, KL S 5 B, ®A1EM ERER, HATFHIE
T—1% GPT XiES Wﬁﬁi%ﬂiMﬁﬂ NGB RIS HHEk
RRBIZEH RIBE RBIZRM AT

E—ME \ \' / E=ME
V BE IR
ames | | @z XiEE e || @ua |[OB .
SRit b ¥ s @ e He 5

)
- KIESEE [ B3t

FEMER

FESESED, HAFIIL
T—AMRIESRE

RORIEE

K 6-1 MR SRR 3 BRI BL, ARH LN AS BB (R ): KRR RGH =
PRI N SCAS 326
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6.1 AREIEEHHI

Tl 5 L R e ULAY DT HE S BN S 2. 18 O A IR E A i — 2
RS AT, LIS il o B B R T F ORI 5 s inl P R IR 55 U RE D, nIET 6-2 .

(UFxAR wpHs B2 )
“You are a winner you have been KiBSHER

specially selected to receive $1000
SRR cash or a $2000 award.” \
R v (B R % w ) \ - -
KRR TRAYG

\‘[ﬂi%ﬁﬂ%iﬁ: )

"Der schnelle braune
“The quick brown fox KiBEER Fuchs springt Gber den

jumps over the lazy dog.” faulen Hund."

K 6-2 PRSI iR B TR, BB S5 I R SCAS R N BRI . 5
TR R 282 Al R, BRI aofs D ) 5 B A

XEF IR, RIRA YL TR, IR AT REE SRR S . T JE0H
RIS RSB oA U — R O ZERIRRAS , LEANFEN R rbad i B3R A AR iR
XI55 BT AR TR 5 BRI AL Tl 38, i8R AR A R BRI RS, R
B SCRE NI . BOA . BHEAE T, ARAEBE AR P X o R AR

K e, Zad /oM R S RN E AU Gt R b B A2 . iR, BT LI
FNAR HPOHE” R CARIOEET, W 6-3 B, (HEAREXHA SRS T HAtL
i

BItR
“You are a winner you have been HE
specially selected to receive $1000
cash or a $2000 award.” \
R Qg O A 2 R
-l MEE: HIEE M
SEGER”

THBECHREMA

HE

“Hey, just wanted to check if
we're still on for dinner tonight?
Let me know!”

P 6-3 M HIRTA SRR SCA 25 . Zeid RO BAURE 7y S0 OB R e AR AN 24 At
WOMNOIRS . SEMIRSMIRBRALL, EHAERE “BIGHR” S EhkiEe”
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518 6-3 AR ORI L, Zeid 4 RO RO BELE B BER AT Bz B SS . K&
ATTAT LR 732 SRR Ay v B L b AR AL — okt , T & — > L M AL ROBERY LU R AE 22 Fh
55 Hh 2 I IR 0 TR R B i B

IEAE IE R ROR T

BAMORARIT TR TH A P84 fe A mrm SR . IMAMIARESARE
W S PRS- R KA SRR T A 09 P 354, B AR ABOR, TR
REBRFRR BT, Mok HARESERRMBER R EATRE L EANGIES, Wit B
SAT R B A

BARIGAWMIAE LB AN, 2CFER2E ROHBERE ST F TR RITLAB % 4T
S09RER . ML Z T, SRR E G RERT LR Y, 12w e A T B B IR T AR BT
VIES LSS N

6.2 HEFHEE

FA TR X Z A I BINZRR GPT B AT IE M 2ol . 155, FRATRE T T s
YELE, AT 6-4 o R BT R o O T SR AN DU HAT IR 73 Bk s 1], BRA PR ]
AL B H B AR BB H R SO T B AR S A TR

B BN BEMNER:
EERIEE RERE RRGAFIR A

/ (4) REMIEK
TH, REHTLRH ‘
AT MBRRGREE | () THIES

(2) BUREMALIE

|

(8) MAMEEY

I

(5) MRELTINNLR
NE

(9) THERDRAER
okl

i

(6) EBARALL
HITHOA

(3) BlEKiRm
TnELEE

(10) FER &R £

fERRE

i
i

F 6-4 XU F R BT K BOM R = Bod R S — BB Il i e, B BRI T
POBEE, A =B Br e SR A A R

FE OUAN G R AR F AR R AR TR EG, A, 48RP RELER T8 F o4
SR e RARA R, TUAILME B P X T8 F o r ko RRBEHNS,
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S TR, OS5 6-1 B,
REDFEE 6-1 T 2mnfip et

import urllib.request
import zipfile

import os

from pathlib import Path

url = "https://archive.ics.uci.edu/static/public/228/sms+spam+collection.zip"
zip_path = "sms_spam_collection.zip"

extracted_path = "sms_spam_collection"

data_file_path = Path(extracted_path) / "SMSSpamCollection.tsv"

def download_and_unzip_spam_data (
url, zip_path, extracted_path, data_file_path):
if data_file_path.exists():
print (f"{data_file_path} already exists. Skipping download "
"and extraction."

)

return
with urllib.request.urlopen(url) as response: <FAJ_F§kSZﬁF
with open(zip_path, "wb") as out_file:
out_file.write(response.read())
73
with zipfile.ZipFile(zip_path, "r") as zip_ref: QAAJﬂHEXZ#F

zip_ref.extractall (extracted_path)
original_file_path = Path(extracted_path) / "SMSSpamCollection"
os.rename (original_file_path, data_file_path) Ftsv ST
print (f"File downloaded and saved as {data_file_path}") ?JLE%
download_and_unzip_spam_data(url, zip_path, extracted_path, data_file_path)
TEPAT IS S, BN ORAE A LI 245 3 B i SCA SCAF SMSSpamCollection.tsv, 2 U4
F sms_spam_collection SCfJeH . AT U AT A F L in#k 3] pandas DataFrame H,

import pandas as pd
df = pd.read_csv(
data_file_path, sep="\t", header=None, names=["Label", "Text"]

af £ Jupyter Notebook &1 2 I ¥ 1=
i, kEER print(af)

P 6-5 Jirn 1 8 B A SR A i it



6.2 BEHIHIELE 157

& XA&
0 JEUILEE  Go until jurong point, crazy.. Available only ...
1 dERER Ok lar... Joking wif u oni...
2 REE  Free entry in 2 a wkly comp to win FA Cup fina...
3 desudfiEE U dun say so early hor... U ¢ already then say...
4 JExfiEE Nahldon't think he goes to usf, he lives aro...

5571 ELIIREE Rofl. Its true to its name
5572 1T X 2%l

€ 6-5 sMsSpamCollection FHEHETE pandas DataFrame FPRITINE, HAPAE T2005R%
BRI R 8 “BRIEE" ) FFHR A SCAT B EURER S 557217 (SUARTHE
FbR%s )

ERATER — N RBIRE 0 73  :

print (df ["Label"].value_counts())

PAT EIRAESSE , FATIESE T “IERIIH R (ham ) B9 HBIAGL S T “RIHE” (spam ):

Label
ham 4825
spam 747

Name: count, dtype: int64

R, AT — N B (oA B T DR ORI F R, IF Bk
HEAT R oREE, A2 747 ANSE4,

FE O AEERNRFEG T EARS, 2R EAFRE T AR, e R AR LR
Wty 77 kA, TALEMEZBFRIZSREE,

A LA ARSI B 6-2 FTs OB H#EA T R oRAE, JFBIEE— P iR 4R .
RIBER 6-2 AP EdRE

def create_balanced_dataset (df) : _

num_spam = df[df["Label"] == "spam"].shape[0] gt RN a”
ham_subset = df[df["Label"] == "ham"].sample ( TN e
num_spam, random_state=123

)
balanced df = pd.concat ([ BRALRHE “IERREE, BR
ham_subset, df[df["Label"] == "spam"] MBS “WIHE” —¥

1)
return balanced df B HIRNE" SRAEEH “IELR
WET EA, TR
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balanced_df = create_balanced_dataset (df)
print (balanced_df["Label"].value_counts())

TEPRAT LIRS LSRR 2 5, AT LR BR800 S E R B A B © 24055 -

Label

ham 747

spam 747

Name: count, dtype: inté64

BAE, ¥ “string” FEHIFRE "ham Fl " spam " 53 AT A A IR 0 F 1.

balanced_df["Label"] = balanced_df["Label"].map({"ham": 0, "spam": 1})

XA AR TH A LA AR OT 1D, AR, ST 50 000 24~ i) 20 ALY GPT 1R A,
X BEIATHAL M ANEIT ID: 0 A 1,

PRk, SRS B 6-3 i, A —> random_split BREL, WKEIRAEIIE 3 30 70%
TR, 10%HFEAE, 20%H ML, (XL BFENLEF =2 PR UL, T AT
kA, )

RELEH 6-3 RINEHELE

def random_split (df, train_frac, validation_frac):

FTELEEA
df = df.sample( Dataframe
frac=1, random_state=123
) .reset_index (drop=True) N
train_end = int(len(df) * train_frac) <1—‘ RIS RS

validation_end = train_end + int(len(df) * validation_frac)

<+——— 7% Dataframe
train_df = df[:train_end]
validation_df = df[train_end:validation_end]
test_df = df[validation_end:]

return train_df, validation_df, test_df

TEARIEKES,
train_df, validation_df, test_df = random_split( 7@ﬁ%tKT§U?ﬁ
balanced_df, 0.7, 0.1) BREIRERN0.2

TP EHEERAT R CSV ( Comma-Separated Value ) 3C4, LIMELLUS S

train_df.to_csv("train.csv", index=None)
validation_df.to_csv("validation.csv", index=None)
test_df.to_csv("test.csv", index=None)

FIAFC LR, FAMICE T8 T B, XEHGEAT 7T, IR G Mg 74 o 3%
Tk, FRATH IR TINZREELE) PyTorch £l ik ds
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6.3 BIEHIEMENT

AT R 5 Z BT SO I 219 Py Torch i nzkids . Z ai A &R FI sl 1 4
ARARA G — ISR, SRIGHS H AU, U S S RN il . 4 e m] DA —
AP BIINZRSE] o BRI, BRAEFRATAL BE A 2 A 5 AN R BESCANE B Bl B e e . o TR
b BRSCAS P AS ix SE30 S A THEAL R, FRATIAT LA Wi J7 S8 n] ek .

Q0 R T B AT 2 R v R B R R e U R 5
Q KA i B R R AR iR KT R R S K B

M ST D (R AR A S N TR R SR KIS, IR AT fES L
FREE, IWIFRAIVERE . M, FRATVEREE: — A4, ARl LR B A I B RSS2

N T BB, R T T SIS RS T e R S, 7 ) T B TH S S
Wt Ak, FTRMIH "<l endoftext | > "YENIHFITIC,

SR, FETHERE SRR E I, SHAEH TR "< endoftext | >"MHNEIE AR ST A
o, RN 5 <) endoftext | > XN AYIEIIC ID WINEISRAG R SCATH B, ANl 6-6 Bk, 50256
JEIAFTIIC < | endoftext [ >"WIAIC ID, FATAI MEHZ AT ciktoken EHHY GPT-2
Sl g R AZ AR IC ID S A IEA

import tiktoken

tokenizer = tiktoken.get_encoding ("gpt2")
print (tokenizer.encode("<|endoftext|>", allowed_special={"<|endoftext|>"}))

1. X CAIHT 2 FRESK 75 89
WMANXAHE 17 F5l iH7T ID
5 . s 1212, 318, 262, 717, 2203 BLSy 252y T,
ﬁm%—mj{zt,ﬁ,.,—>2420 g — 2420, 3275, 50256, 50256,
! \ 50256, 50256, 50256
N U A1 50256 {3
i ID EFIRTT
1212, 318, 1194, 2420,
ﬁ%ﬁ:%i{ﬂ:iﬁ%—»igi’ ;;35 11345 — 3275, 50256, 50256, 50256,
? 50256, 50256, 50256
. _ 1212, 318, 262, 2368 1212, 318, 262, 2368
N - . ; 8 , ’ . 1 .
ﬁgig%jm’ﬁ“’—» 2420, 3275, 11, 543, 318, —» 2420, 3275, 11, 543, N
1 845, 890 318, 845, 890 EXMREHF T
BHERE, AAER
EKHER

K6-6 HASCRMERIIRE. B, BARMASCRH B — R D K5, 8 T Hf
PRI IE—L, BUERFPIMERIBGERTT (ARG, 1750 ID 2 50256 ) #EATHE,
NSNS
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L, PATRIRCIEIR T (502567 6

AT Sors BB PyTorch £y 4k , Bl A6 E 78R f B0 2Rk B 77:0. Rm
TATA R HILE I Ak es . Mk, FATEX T spambataset FKLIE 6-6 HEyHAR, 44t
IG5 6-4 7R o iX)> spamDataset KA TALIILAS AT 55« PN ZBE 4R T B 741
G SCATE R, AR ORI AT HAl 7 9 R TR FR IR T b A T I 78, DADRRC R P8 K B

RIZ;EH 6-4 HHE— Pytorch Dataset 3§

import torch
from torch.utils.data import Dataset

class SpamDataset (Dataset) :
def __init_ (self, csv_file, tokenizer, max_length=None,
pad_token_id=50256) :
self.data = pd.read_csv(csv_£file)
4 XRS5
self.encoded_texts = [
tokenizer.encode (text) for text in self.data["Text"]

]

if max_length is None:

self.max_length = self._longest_encoded_length()
else:

self.max_length = max_length

MRFFKERIT max_length,
self.encoded_texts = [ T FE1 T E B
encoded_text[:self.max_length]
for encoded_text in self.encoded_texts

HFEEIHK
AR E

self.encoded_texts = [
encoded_text + [pad_token_id] *
(self.max_length - len(encoded_text))
for encoded_text in self.encoded_texts

def __getitem__ (self, index):
encoded = self.encoded_texts[index]
label = self.data.iloc[index] ["Label"]
return (
torch.tensor (encoded, dtype=torch.long),
torch.tensor (label, dtype=torch.long)

def _ _len_ (self):
return len(self.data)

def _longest_encoded_length(self) :
max_length = 0
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for encoded_text in self.encoded_texts:
encoded_length = len(encoded_text)
if encoded_length > max_length:
max_length = encoded_length
return max_length

spamDataset FEMIRATZHIBIER) CSV ST IMEE S , (1] cikcoken FHY GPT-2 Z3ialdi X
SCARHEAT AR, 4 7 5 R T sl B 2]y fie P8 s U SR B R K BE R E B — R JEE . Wi
AN SR R/ IV IR) X T4 T oA S BB A AR R b A

train_dataset = SpamDataset (
csv_file="train.csv",
max_length=None,
tokenizer=tokenizer

)

RAFIN AR IR nax_length JEMEH . WERIREATE )P H1E SR IRDCE,
ATRARE LA

print (train_dataset.max_length)

PSS B 120, RURKFFIIAREE 120 MA0C, BORSORHERE KRR, S TR
POCKERRS, LB RZ 1024 D ETCHIFESI . WRRAOEE S P & RSO, TR
TEAVE N AR K max_length=1024 fZibikds, DIRHIRECE A 2 AR SRR A4 A
( EF30) KEE.

BTk, IR AR R B S R KNP DL RC A . B2, AR i Kl
S B B B e R AR FE AR Z i XY spambataset TAYUIY encoded_text
[:self.max_length] PEATERMT. XS T BERY, VR AT LB 56 UELE AT SE Y max_length
BCE N None, HiIf Rk SR By 91 BN 1024 4MiRDC,

val_dataset = SpamDataset (
csv_file="validation.csv",
max_length=train_dataset.max_length,
tokenizer=tokenizer

)

test_dataset = SpamDataset (
csv_file="test.csv",
max_length=train_dataset.max_length,
tokenizer=tokenizer

#3]6.1 HEMETXKE

PN A B BA AR IO T E, LR AT b A 69

=

o




162 F 6% Ao Keh i

T X S HAR A ME A, FRATAT DM AE B SCA BRI e SE B AR s . AR,
EXFEN T, BAREBIRE, ARSI T —ANHI0, MR TERHR NN 8, T
MUK AL 8 KN 120 FIVIZRFEAS LA S AEANFEAS X B 2R BIRRES , i 6-7 Fizs o

KEFERE, Kb

BEUAHSEWAT RE BEE,
RIGHISCASTHE # 120 ™Max ; e “qéiﬁm;ﬁ,g“

1 2 3 - 120 ﬁ>

§ Atwnsttimesrs 2953, 644, 640, ..., 50256 0
you ..
XMAS Prize
2 et 55, 31180, 15895, ..., 50256 1
g  Dearvoycher 20266, 40621, 15762 50256 1
holder ... ' : roee
K. I will sent it
8 again .. 42, 13, 314, ..., 50256 0
\ \\ ?B
FMREE 8N F—1TRTIE5RKBIER 8 MNZHFZARY
IR AR R IRITT ID KAFRE

E 6-7 — AU 8 FKOUARTH B IIGHEIR,, FASCRIEE M 120 MMAEJG ID 41ak. ZEBIPREEL
HAFRE RS SCARTH BT R ) 8 MRS, XUEFRZETT LR o (“IERIHE”) 81
(“BIRHEE”)

RADE B 6-5 R ACAS R TUIZRAE | B0 UEEE AR AL OB Inak 4%, X Ee ke AR/ A

8 FIHE VR IR SCATH B AR

RIZ;EE 6-5 7F PyTorch H O EEE Nz 2%

from torch.utils.data import DataLoader

num_workers = 0 G EWRT SASH
bateh_size = 8 RICIEOE Sk

torch.manual_seed(123)

train_loader = DatalLoader (
dataset=train_dataset,
batch_size=batch_size,
shuffle=True,
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num_workers=num_workers,
drop_last=True,

)

val_loader = DataLoader (
dataset=val_dataset,
batch_size=batch_size,
num_workers=num_workers,
drop_last=False,

)

test_loader = DataLoader (
dataset=test_dataset,
batch_size=batch_size,
num_workers=num_workers,
drop_last=False,

)

N T B PR N 28 1E R TAR IR [ BNt e, aT USRI ZRimads , FFHTEN e — it
R FRARZENL

for input_batch, target_batch in train_loader:

pass
print ("Input batch dimensions:", input_batch.shape)
print ("Label batch dimensions", target_batch.shape)

A .

A PR

Input batch dimensions: torch.Size([8, 120])
Label batch dimensions torch.Size([8])

WARITI,, F AR E 8 MINGon ], BBl 120 MAJG, AT, PR IKEEE T X
N FIX 8 AU GRon il A5 2%

W5, TR RN, TEFRAHTEN a4 b i St kL

print (f"{len(train_loader)} training batches")

print (f"{len(val_loader)} validation batches")
print (f"{len(test_loader)} test batches")

AR AR T BOHE BN R R -

130 training batches

19 validation batches
38 test batches _

BAEBA O e, 1T R EON R e s A

6.4 VIR HEETINGENERIRE

T X BIRAE ST B, AT EEAA . B, PGP, nfe 6-8
R B R o
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ERTH, HATEHRK
%8 5 ERTIIGIIRE,

RUEZEI TR
E—ME: HWE: E=MNE:
&R BRI E ARV AR R P

/

7 6.3 %50, BN -
T EMIEER T IR (1) THEHESE
EETNREE

(4) EEIEI

(8) WAHER

(5) LTI
E

(9) WERIARE
R

(2) BUREMALER

(6) fEBIRBILL
HATHOA

(3) I B
R

(10) TSR |
fERER

(7) SIS TR

K 6-8 X RIH F AP T R R = Bd B . 7ESERGE BB, B MEREURSE” 25,
BAET ZR R RTE SR, RIS XS HEA TR0, LAl B

N T IR i e, BT BN bR i i AR ) O B

CHOOSE_MODEL = "gpt2-small (124M)"

INPUT_PROMPT = "Every effort moves"

BASE_CONFIG = { sz,
_ 1 \E 7\
"vocab_size": 50257, 4—‘ ALRK
"context_length": 1024, < FTxKE
"drop_rate": 0.0, 447
"gkv_bias": True dropout ES

' , Ti-R-ERE

model_configs = {
"gpt2-small (124M)": {"emb_dim": 768, "n_layers": 12, "n_heads": 12},
"gpt2-medium (355M)": {"emb_dim": 1024, "n_layers": 24, "n_heads": 16},
"gpt2-large (774M)": {"emb_dim": 1280, "n_layers": 36, "n_heads": 20},
"gpt2-x1 (1558M)": {"emb_dim": 1600, "n_layers": 48, "n_heads": 25},

}
BASE_CONFIG.update (model_configs[CHOOSE_MODEL])

Bk, M gpt_download.py SXIFH A download_and_load_gpt2 PR%Y, JHHH cPTModel
ZKH load_weights_into_gpt PREL (ZILEE 5 &), F FEMAENZS GPT HAIF, it
fiE 3% B8 6-6 FIT/R
RIGEER 6-6 Mzl GPT Rl

from gpt_download import download_and_load_gpt2
from chapter05 import GPTModel, load_weights_into_gpt

model_size = CHOOSE_MODEL.split (" ")[-1].lstrip("(").rstrip(")")
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settings, params = download_and_load_gpt2 (
model_size=model_size, models_dir="gpt2"

)

model = GPTModel (BASE_CONFIG)
load_weights_into_gpt (model, params)
model.eval ()

TERRALEE N E) cpTModel Ji, FEHIHS 4 TG 5 SRR SOR A ST B pREL, DARRRAEEY A=

IR BT SCA «

from chapter04 import generate_text_simple
from chapter05 import text_to_token_ids, token_ids_to_text

text_1 = "Every effort moves you"
token_ids = generate_text_simple(
model=model,
idx=text_to_token_ids(text_1, tokenizer),
max_new_tokens=15,
context_size=BASE_CONFIG["context_length"]
)

print (token_ids_to_text (token_ids, tokenizer))
DA i o R AR 1T TR SCAS X R AR RIAY R L IR N Z

Every effort moves you forward.
The first step is to understand the importance of your work

TEFF AR B S S BB S e e Z A1, AL RN AR 158, BABRE RO ARV /K5

SAEISE

text_2 = (
"Is the following text 'spam'? Answer with 'yes' or 'no':
" 'You are a winner you have been specially"
" selected to receive $1000 cash or a $2000 award.'"

)
token_ids = generate_text_simple(
model=model,
idx=text_to_token_ids(text_2, tokenizer),
max_new_tokens=23,
context_size=BASE_CONFIG["context_length"]
)

print (token_ids_to_text (token_ids, tokenizer))

R AR T -

Is the following text 'spam'? Answer with 'ves' or 'mo': 'You are a winner

you have been specially selected to receive $1000 cash
or a $2000 award.'
The following text 'spam'? Answer with 'yes' or 'mo': 'You are a winner

MR AR, BRI EESR & J7 TAFAE NE . X —Z5 FR U By, PUOMBEML 5 1

W2k, BRZIESHIE. Wik, tEFRATA SR A
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6.5 HRmarEsk

FA 1T BTN ZR A H H B B 7 R e f o TSI — a5, AR i
2 Cizdin b2 2 R 3R B B — kL 50 257 AMENCRTENC R ) By — A8 Mk
WE, iz RSB RIA2ES]: o CHEREIRIHE”) 1 CEEET ), sl 6-9 R, 3
I =S Z AR AR, (R T )=

BAVES 5 BEPLHHAEC4 T

HANEA) GPT 123
W
[&T : N
EA LMEMEE

RERFA—L

L RIAEVZ I RS 768 MRS TR E)
50 257 Mt (GRECRFIATHEE)

X J

4 2 )

BIELEES

BEA—1

12 X\K

1 768
dropout

) B ERRERZE MR EES R I—N 768 4
( ameor ) N R TMEIEIRNG 2 MR MR, R
{ 2 4‘%2:%7??%4\?2% ChIGEE” 0 “JE
e =0)
K ( ARHAR ) - J
| J

T
TR

A

K 6-9 i id R A E GPT BURLE W BRI RS 55 o BEBURIAR B2 ka1 26 768 KR
FITHUR R THA 50 257 AMADCHIIER . O TRINEIRIH R, BATRXANZ BN
— B, R 768 ERBRTTHUN B TN, IR RO
PSR I 5727 3PS
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WMEET S

MR LS, dTFEE—AZ5RES, AREMNTMEA LN R T E, A, XF
BBk B F, E4e K AE “Losses Learned—Optimizing Negative Log-Likelihood and
Cross-Entropy in PyTorch” it# 69 A/04E, B, RAVEFT LB AT %, Pohmby

SRR ETL EAMBMER, blde, T A= EFM (el 37 1 F 5 £ h B R
AR BGET), BAVEALA 3R L, R,

ZARB A 6-9 RN AEZ AT, 1EFRATEIET print (model) FTENRIRIZEAS .

GPTModel (
(tok_emb) : Embedding (50257, 768)
(pos_emb) : Embedding (1024, 768)
(drop_emb) : Dropout (p=0.0, inplace=False)
(trf_blocks): Sequential (

(11) : TransformerBlock (

(att): MultiHeadAttention (
(W_query) : Linear (in_features=768, out_features=768, bias=True)
(W_key) : Linear (in_features=768, out_features=768, bias=True)
(W_value): Linear (in_features=768, out_features=768, bias=True)
(out_proj): Linear (in_features=768, out_features=768, bias=True)
(dropout) : Dropout (p=0.0, inplace=False)

)

(ff): FeedForward (

(layers): Sequential (
(0): Linear(in_features=768, out_features=3072, bias=True)
(1): GELU()
(2): Linear (in_features=3072, out_features=768, bias=True)
)
)
(norml) : LayerNorm/()
(norm2) : LayerNorm/()
(

drop_resid): Dropout (p=0.0, inplace=False)
)
)
(final_norm) : LayerNorm/()
(out_head) : Linear (in_features=768, out_features=50257, bias=False)

)

2k T W R R T IRATES 4 TR e RS . WETATIE, cpTModel HIRAJZE . 12 AHIFIF
Transformer & ( AfAIEEN, X RER THEE—1), UL—1HEE)ZE—LRE )2
out_headiﬁﬁio

HToR, AT out_head B AHHIEIE (S 6-9), FFEXHBEATHOE.
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=EHEEEERLERMIBREE

WTHENCZ223 T RIN%E, BRAREZHAMAGERE, EXATAHZRENGESHE
R, BAKREBFHRARGETEMAEL, AT 2HESPREE, RELE (i
o9 B ) B E TR a5 SR X ety TSR, B, RBGARE LR L
AKAERE B B HES, R, SRR Y EEAETH L E G, 4o RARa &b, T
AEWEB PRI E L1208, 46 LRIRL B3 AT R0 £ I,

N T RN AT o 2, FRATE JeREERaL, B I 2B Al il 2k

for param in model.parameters() :
param.requires_grad = False

SRIG, WA 6-7 s, B2 (model.out_head), %2R SRR 4 AL A
50257 4k, EMENCFRAK/DN (20K 6-9 ),

RIDFL 6-7 Whnsrk)Z
torch.manual_seed(123)
num_classes = 2
model.out_head = torch.nn.Linear (
in_features=BASE_CONFIG["emb_dim"],
out_features=num_classes

)

N TS, Ff 1] BASE_CONFIG["emb_dim"], fE “GPT2-small (124M)” iR H;
HAET 768, P, n] A FIAH R A FRAS R A B EE R 1Y GPT-2 A AL AR 1A,

XY model . out_head HiiHH)ZR requires_grad BEERINZE N True, XEWEE
SRR R ME— eI ZRid R TP 2 BCEORT R o B E3E, DONIZRRINIES it 2t 28 17 28
M7, IEAIRTETLE & IR, RORASYZ T LAR E SRR R S PERE . (A OG5 R, 1F
Z: LR Bo ) FATTIKs e 5 — 1> Transformer SR 412 S8 i 12 1 B 22 H— B oy
YIZE, W 6-10 B,

H T A A2 H— 5 —> Transformer B[ 1145, HATEEN14 HE requires_grad
BN True,

for param in model.trf_blocks[-1].parameters() :
param.requires_grad = True

for param in model.final_norm.parameters() :
param.requires_grad = True
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#3622 WFBMRE

R R F G — A Transformer 3, 22 XM BEABER | SH3R4F 3 AT FRM) AR 09 7 7f

it

~

EE3kdihe =

ki)
BANESE 5 Ehx / RERF—

FHE 6.4 TTHMEH
.
GPT B ﬁransformer

3R

— FHaHE. REERE—k
\/»— FExfEa— Transformer

BIRE RTINS

BB LERN

EEHAESE 5 EPEEIM,
XA Transformer IRESHE
5 1.24 {21y GPT-2 1#58IchE
gET712%

BJa—1k 1

\, 3
= (awor ) g
dropout
*

EHRNE

!
\\7 ( ﬁﬁTAE ) J)

|

LN

[ 6-10 GPT #EIf A 12 AV HE ) Transformer 3, B THiH )2, AT RLZH— TG
—™ Transformer 4% B A%, HAY 11 Transformer H Az AJZ MR AR AT Y12
B s 1 e g 2 F bR SR 2 o nT U Rl N nT U2k, FRATAT8R AT LIS 2 s — R4l i ax
AL, i, FRATAT LU A — B 5 e 9] SCAR 58 AR R A9 S04
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inputs = tokenizer.encode("Do you have time")

inputs = torch.tensor (inputs) .unsqueeze (0) .
print ("Inputs:", inputs) R (;atch_s:.ze,
print ("Inputs dimensions:", inputs.shape) num_tokens)

s W, A AR A RS AL 4 N AR sk

Inputs: tensor ([[5211, 345, 423, 640]1])
Inputs dimensions: torch.Size([1l, 4])

R, ATRMRAE R — R 4 )5 1Rl 1D LB 2 .

with torch.no_grad() :
outputs = model (inputs)
print ("Outputs:\n", outputs)

print ("Outputs dimensions:", outputs.shape)
LTHAE ) S (AN
Outputs:
tensor ([[[-1.5854, 0.9904],
[-3.7235, 7.45487,
[- 2 2661, 6.60497,
[-

.5983, 3.9902]111)
Outputs dlmen81ons: torch.Size([1, 4, 2])

KMAE A RIS — B R 11, 4, 502571 Wk akg:, Hib so257 ARFEEB KN,
AT RO R T ATRIDCIECR: (ZERLBH A 4 4 ), SR, AN R AZERE (F180) BAE
A2, TMAJE 50257, HHFRATR S TR A H )=

T B, FRATAY HAR R ROH RS, (i HGR [ — AN BIRR, LIFE i AJE B IRH
BE7 2 “HERIE AT, i, ROTATFEMIHTA 4 NMahdr, RfemE— i, 5
SR — N R e N AATRI RS, anE 6-11 s,

BN R R BRI S — T, AT LA L AR -

print ("Last output token:", outputsl[:, -1, :1)
F AR PR
Last output token: tensor ([[-3.5983, 3.9902]1])

FATTIIRTT BOR X BB LN SR TN . (B2, B0, IATFRZSRM A4 A EE—1
i IR TR LR
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—¢4x2ﬁm%§f\\\\
[[-1.5854,

[-1 0.99041,

[-3.7235, 7.4548],

[-2.2661, 6.6049], BE—ITHNTRE
THR T RMANRTTH _/([-3.5983, 3.9902] )J — AR

HE, WE 45k

@T : w
KA EEqkuhd=

BAESE 5 BRI
FE 6.4 T

GPT 1&# /

>
X 4 Transformer
EBHEN1.24 2B — HICES RV
GPT-2 HEREET
12 %

BJa—1 1

2\

dropout
A

LE#HNE
t

k ( iﬂifltﬁ)\}% ) j

WL AE

Do you have time

K 6-11 A7 A 44~ it (i AR ) GPT A . By i fan 12 b i sk SR, 76
XA HEA T B B A, FMT S B e — ML i n —47
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ZHTRATHE R LR, w7 R ARG S HAR R AR CZ I C R, DLKER
ABRNDWRBIRES, XTES GPT BRI ZF M (S5 3 3 ). XAMERSIRE T — M E7oh e
VR, B e Hae e Yar L ariniE, IR R0 H Az A & Z BTiE o rys2m, an
 6-12 s

o , IBUERIENWE
2 3 § £ mmmiER
> L =
Do| 1.0 <
you |0.55((0.45

have |0.38(/0.30||0.32

time {0.27|0.24(/0.24(0.25

X

RE—MATL 2RI —— 3t
AR AT RN
BT
Bl 6-12 PA2RIERIIBLE], Horbdin A GRG0 9 B0 - B A A% Ui s o 25 BT 3R R
P R R R T BRI B, T LA A AR . TR Y
EFRTER I, Fi—MAIE “time” S ME—— SRR R A TR T R 208
AT

WRIEE 6-12 AR PRARE R A BCE, PP REE— Nt R T RZMER, WAE
JEME—— AT A5 IR Z BT B AT, P, 7ERERN B 02855, FRATERIA S R b2
KX AR HIAIC

BAEFATHE SRS dre i TR T S o SR HEA T B , S-SR A s 00 v =R . B
FA TR FEA TR R AT 55 B0

3] 6.3 HEMAE—MIATSHBERE— AT

ERBAS— M I, BHARE — M I LA, 2 ET AL 6 T A

6.6 IEIEIMEMAERHER

TERRAR R 2 /iy, A — A/ IMESS T Z 50 SEBURO i o (i B B A, e %, dn
K 6-13 Fin o
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B—PEL: E_ME: BZMER:
REVREF R A

EERIEE RENGE

(4) REIEL

(8) TR EY

(1) TEHESE

(5) HNEFIILSR
WNE

(9) " ROIRER
=E

(2) HiREMALE

(6) IEBURELLL
HATHOR

(10) EFHIE L
fEFARE

(3) I HE
piiE=3

(7) =HITETR

IR T EARR 5 205
SAEREI T EFHH
B 6-13 X RIE FHRGAT 28 B0A M =B B fE . RATE ST THT 6 250, BiE, IRAE
HIATH B G —5 . SCEU SRR RE A BB, LIPS R ZE SO ET . SR P
TSR 5 4y 2 B B - o e
TESCELEAG TR 2Z A1, (R E— T A anReAss e i Fe 40 o I BIPR & T . =2 A AT
I 50 257 A L EOAER (FIF softmax pREL), SR IR IR AGAL B (FH argmax
PR ), IR KIE T B A: BT —ANAJCRYIRIE 1D, 7EX B, FRATTREUH R B9 5 ok A
RSP AGET, “RRiE R R HERIIE R, WK 6-14 iR, ME—1 X EFRAT]
AEBRAYJE 2 HETIAJE 50 257 4ER S

SR F & E—1T 1. 1§ MBI softmax FMERRE
MASCAEE GAZ) HiH AL RIER S ;i)m"

T -
You won the lottery —s j;‘;i —[ 3.5983, -3.9902 ] — [ 0.01 ] — a GEREER)
E= A
Do you have time —» j;é%f —>[ -3.9846, 5.2940 ]—=[ 0.01, ] — (€255 -150)

B ZES: 0 1
GERIGEE) (BIGER)
2. EEMTEEFKRIIEER
EMEENNERS], XA
LUBIE argmax ERETER
& 6-14 X R FaReJi — A1l PRSI E HH ed A R A SCAS IR R 4040 A i PR i A%
SRR BPAFIAREE . R TARE RYINZR, I TR URH T T R35aH BARE
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LA i — A B 5ok 25 JE i — Tl s -

print ("Last output token:", outputsl[:, -1, :])

5 — RO R R R AN PR -

Last output token: tensor([[-3.5983, 3.9902]11])
FATAT LIARAF LA R4

probas = torch.softmax(outputs[:, -1, :], dim=-1)

label = torch.argmax (probas)
print ("Class label:", label.item())

TERXAELL T, AR 1, RGBT A SO SR o 7EIX A softmax PR
JERTEER, PROA R A B T e OB 0B, DR, T LARRTARARES, AT softmax

logits = outputs[:, -1, :]
label = torch.argmax(logits)
print ("Class label:", label.item())

XA T U T JEuErf R, i B4R Fh IE R U AY £ 23 L

T HE T RUERR, FRAPEIEET argmax A9 FNACAS B H FEAEE T A w6, It
FE X calc_accuracy_loader PREGTE LA LA, WHCADIE . 6-8 FT/s

REBESE 6.8 1 F4M2SMEN %

def calc_accuracy_loader (data_loader, model, device, num_batches=None) :
model.eval ()
correct_predictions, num_examples = 0, 0

if num_batches is None:
num_batches
else:
num_batches = min (num_batches, len(data_loader))
for i, (input_batch, target_batch) in enumerate (data_loader) :
if 1 < num_batches:
input_batch = input_batch.to (device)
target_batch = target_batch.to(device)

len (data_loader)

==_ A
with torch.no_grad() : ?_ilﬁ | ﬁ]l'fl
logits = model (input_batch) [:, -1, :] 1HITHY logits

predicted_labels = torch.argmax(logits, dim=-1)

num_examples += predicted_labels.shapel0]
correct_predictions += (

(predicted_labels == target_batch) .sum().item()
)
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else:
break
return correct_predictions / num_examples

TR, IR eRECR I & BRI 2 Em 3, FRATH 10 DR BRI A T A &
HES

device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
model.to (device)

torch.manual_seed(123)

train_accuracy = calc_accuracy_loader (
train_loader, model, device, num_batches=10

)

val_accuracy = calc_accuracy_loader (
val_loader, model, device, num_batches=10

)

test_accuracy = calc_accuracy_loader (
test_loader, model, device, num_batches=10

)

print (f"Training accuracy: {train_accuracy*100:.2f}%")
print (f"Validation accuracy: {val_accuracy*100:.2f}%")
print (f"Test accuracy: {test_accuracy*100:.2f}%")

WA E, IS FF Nvidia CUDA ) GPU ] ], IR 4BiRI2: HE(E GPU LigfT, &wN&TE
CPU Lizf7. fHas R Ut ms:

Training accuracy: 46.25%
Validation accuracy: 45.00%
Test accuracy: 48.75%

ATLVE R, WA R EEE RPN, AEX RO T A 50%. SR T 4R S BN vERG 5, T XA A
AT o

SR, FETFURTMOIRBET 2 B, 520 NI R ZOL IR 02k R . FRATTAY B b i AR
AU R B R AER R, X ERE B iR AS RO BRI 20AR % o FondERERIN A,
1 FnBERIH R

AT SR RAS R — TR B PR A, X BB AT FH 38 U 2 A e ROk e KA
., WM, calc_loss_batch PRERFFAAL, ME— IR ELEFMRIARE—1 1T
(model (input_batch) [:, -1, :1) MARITATIC (model (input_batch) ),

def calc_loss_batch(input_batch, target_batch, model, device):
input_batch = input_batch.to(device)

== A
target_batch = target_batch.to(device) f?@? 'ﬂﬁﬁj
logits = model (input_batch) [:, -1, :] <k4J]ﬂ7Em”°gns
loss = torch.nn.functional.cross_entropy (logits, target_batch)

return loss
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FAMEFH calc_loss_batch PRECKITE M ZHTE LAEHE Nz P BN HER B4 S
R T I R RIS P T LR AGHSe, ATLMEZ A—HEE X calce_loss_loader PREL, WY
T35 B 6-9 PR

RELFER 6-9 THHEFEBIK

def calc_loss_loader (data_loader, model, device, num_batches=None) :
total_loss = 0.
if len(data_loader) ==
return float("nan")
elif num_batches is None:

num_batches = len(data_loader) ﬁ%%#bﬂﬁﬁxfﬁﬁﬁﬁ
else: EEEFRitR =
num_batches = min(num_batches, len(data_loader))
for i, (input_batch, target_batch) in enumerate (data_loader) :

if 1 < num_batches:

loss = calc_loss_batch(
input_batch, target_batch, model, device

)
total_loss += loss.item()

else:
break

return total_loss / num_pbatches

KT IR UIGREMER R, TR R EERE PRk .

with torch.no_grad() :
train_lloss = calc_loss_loade]lr( %—fﬁﬁ*ﬁfﬁu?&%?ﬁg, E¥X
train_loader, model, device, num_batches=5 HAT RTINS
)
val_loss = calc_loss_loader (val_loader, model, device, num_batches=5)
test_loss = calc_loss_loader (test_loader, model, device, num_batches=5)
print (f"Training loss: {train_loss:.3f}")
print (f"vValidation loss: {val_loss:.3f}")
print (f"Test loss: {test_loss:.3f}")

TR KA AT BT

Training loss: 2.453
Validation loss: 2.583
Test loss: 2.322

Rk, ARSI — DN ZReR BOR ORI, X TR AR Dt/ MEYIZREES K . i
AMENZRIEI I AGAT B T3 0 i R, X2 A 1A R B A

6.7 AERIMEHIELHEERE

Ff17 2o SOFE IV 2R eR BOR WA TN ZR A RGE TR, 4R m BRI B 28w 5. an
K 6-15 fIrzn, INZREERS AT T HONRR BRI R AN, oE— 3 DO 2R 2
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AR, AR OO REA PR

—RBRTE IR
[ (1) BAINGER JJ—m}llﬁ%
S SR BRI
TN e k’ﬁl‘?l«iﬁ/\#tt
[ (2)]%;#&%@5@%4: J B K INRE

[ (3) M E— MR j

EPEEL KB

(4) HEHRIHOR AR K J

< XL PyTorch

N N [

FINGREHE
) gﬁ;mmﬁb ] b ool
<mﬁm5;ﬁﬁ§ﬁ$
iﬂi

[ o %TEWlIﬁ%%nLﬁE% J

] Ilﬁﬁﬂffﬁ
®) iﬁﬁIZKﬁZSFH:F /
AR
L]

P 6-15 7 PyTorch FRIlZRIRIE 22 o 2% (4 SRR ZRA IR0 &5 28R, W BN ZRAE b it vk
AT ZR RN FERRIEN T, BATTA RN I ZREAR AR LIF 2 R R, R
Jr e FH X SO B R ORI T, AR R S foe M

WAL B 6-10 Ff s, UNZRpRECEPL T E 6-15 B /R OMES:, % pR %S F T I ZRisi Rl iy
train_model_simple PRELAEW HAML, Aid, ATEIERE W ZC L/ 20U GEEAR KR
(examples_seen ), MAZHEICHE, JHRMESRESITEUERE, MARITE—D UK
FEAS
REBER 6-10 AR TH3IH B 028

Iy @by
def train_classifier_simple( ?ﬂﬁgtﬂ%l
. . ) EREFIR R AN
model, train_loader, val_loader, optimizer, device, N
UK=Y

num_epochs, eval_freqg, eval_iter):
train_losses, val_losses, train_accs, val_accs = [], [], [1, I[]
examples_seen, global_step = 0, - . ;
FVHBEFR

for epoch in range (num_epochs) : 8BRS

model.train()
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= )/ 17 /N
for input_batch, target_batch in train_loader: ERBIREEEE
optimizer.zero_grad/()
loss = calc_loss_batch(
input_batch, target_batch, model, device

: TEIRAHE
loss.backward () D
optimizer.step()
examples_seen += input_batch.shapel0] <+ FRRkEE
global_step += 1 EERANE

o . MEE: ML

AERYITE if global_step % eval_freq == 0: mAZIET

$E train_loss, val_loss = evaluate_model (
model, train_loader, val_loader, device, eval_iter)
train_losses.append (train_loss)
val_losses.append(val_loss)
print (f"Ep {epoch+1} (Step {global_step:06d}): "
f"Train loss {train_loss:.3f}, "
f'"val loss {val_loss:.3f}"

BRINGBEHE
R

train_loader, model, device, num_batches=eval_iter

train_accuracy = calc_accuracy_loader (

)
val_accuracy = calc_accuracy_loader (
val_loader, model, device, num_batches=eval_iter

print (f"Training accuracy: {train_accuracy*100:.2f}% | ", end="")
print (f"vValidation accuracy: {val_accuracy*100:.2f}%")
train_accs.append(train_accuracy)

val_accs.append(val_accuracy)

return train_losses, val_losses, train_accs, val_accs, examples_seen

evaluate_model PRECSIRATHT BN RRASE AT .

def evaluate_model (model, train_loader, val_loader, device, eval_iter):
model.eval ()
with torch.no_grad() :
train_loss = calc_loss_loader (
train_loader, model, device, num_batches=eval_iter
)
val_loss = calc_loss_loader (
val_loader, model, device, num_batches=eval_iter
)
model.train()
return train_loss, val_loss

Tﬁ?ﬂé, *ﬂﬁﬁ‘ﬂﬁﬁ]’ﬂﬁ%%, ﬁﬁdll%lﬁ@i@é&, J{Ffiﬁﬁ train_classifier_simple @ﬁﬁﬁ]
Y%, 7£ M3 MacBook Air 2510 AN HLIK FIIZk RATFE 6 434, M7E V100 B A100 GPU FIIlZkA
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B2 53R B AT 5 1
import time

start_time = time.time()
torch.manual_seed(123)

optimizer = torch.optim.AdamW (model.parameters(), lr=5e-5, weight_decay=0.1)
num_epochs = 5
train_losses, val_losses, train_accs, val_accs, examples_seen = \

train_classifier_simple(
model, train_loader, val_loader, optimizer, device,
num_epochs=num_epochs, eval_freg=50,
eval_iter=5

)

end_time = time.time ()
execution_time_minutes = (end_time - start_time) / 60
print (f"Training completed in {execution_time_minutes:.2f} minutes.")

FA NG e A 2% AR B

Ep 1 (Step 000000): Train loss 2.153, Val loss 2.392

Ep 1 (Step 000050): Train loss 0.617, Val loss 0.637

Ep 1 (Step 000100): Train loss 0.523, Val loss 0.557
Training accuracy: 70.00% | Validation accuracy: 72.50%
Ep 2 (Step 000150): Train loss 0.561, Val loss 0.489

Ep 2 (Step 000200): Train loss 0.419, Vval loss 0.397

Ep 2 (Step 000250): Train loss 0.409, Vval loss 0.353
Training accuracy: 82.50% | Validation accuracy: 85.00%
Ep 3 (Step 000300): Train loss 0.333, Val loss 0.320

Ep 3 (Step 000350): Train loss 0.340, Val loss 0.306
Training accuracy: 90.00% | Validation accuracy: 90.00%
Ep 4 (Step 000400): Train loss 0.136, Val loss 0.200

Ep 4 (Step 000450): Train loss 0.153, Val loss 0.132

Ep 4 (Step 000500): Train loss 0.222, Vval loss 0.137
Training accuracy: 100.00% | Validation accuracy: 97.50%
Ep 5 (Step 000550): Train loss 0.207, Vval loss 0.143

Ep 5 (Step 000600): Train loss 0.083, VvVal loss 0.074
Training accuracy: 100.00% | Validation accuracy: 97.50%
Training completed in 5.65 minutes.

Tk, FATPRAEH] Matplotlib 2yl I R AL a0 it 2, anfUidys 5 6-11 P
KIEE 6-11 Ll ik

import matplotlib.pyplot as plt

def plot_values(
epochs_seen, examples_seen, train_values, val_values,
label="1loss"):
fig, axl = plt.subplots(figsize=(5, 3)) LRI SR FNIE I &
[E=E 40P S5
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axl.plot (epochs_seen, train_values, label=f"Training {label}")
axl.plot(
epochs_seen, val_values, linestyle="-.",
label=f"vValidation {label}"

axl.set_xlabel ("Epochs")
axl.set_ylabel (label.capitalize())

axl.legend() JIER A ARG
B x

ax2 = axl.twiny ()
ax2.plot (examples_seen, train_values, alpha=0)
ax2.set_xlabel ("Examples seen")

I : ] E3bi
AT FFRIBE

e s
fig.tight_layout () @Eiﬁ)\%u
plt.savefig(£"{label}-plot.pdf") R iz

plt.show()

epochs_tensor = torch.linspace (0, num_epochs, len(train_losses))
examples_seen_tensor = torch.linspace (0, examples_seen, len(train_losses))

plot_values (epochs_tensor, examples_seen_tensor, train_losses, val_losses)

B 6-16 S T A s g th 26

P RAE A S
0 1000 2000 3000 4000 5000
2.5 . . . . .
— ZERK
Ll SpES
0 1 1 5

2 3
KA H

Kl 6-16 BEHEITE 5 5 ARV ZRAEA R TR . DGR (S240) FBRIELRIR (L)
TES —Re R NI, JF B T TRE . X RIIBIR R ) B Rar, Jf HLAE
g AN ZREi 27 ~d RIS WId A S e - il R iz AL g

WRIEE 6-16 MR TREHE, T LA MAALETEA ROt NI Edi hae 2T, JLP 3T i
BHER . WHURUL, YIZREMEUESE AR Z A5 B 2 A 228E
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prike il e

W, BN GE, FAVERIGRE A S . B RERE THIEE L5095
E,ﬁiﬁkm%@&ﬁ , REAFHALT, S A ARG E, e RAER AT LE
Z G RIE A (ALE 6-16 69 HIR WL ), M THEE TR I, MR, eRAHEARIE
ERETHREER —FINGmkE, N Eakmitsk, EXAELT, S HL0EY, B
AAH T MANE S, BREEHRBEET 0,

AR plot_values pREL, BUERAPRE M ZEMERAREK.

epochs_tensor = torch.linspace (0, num_epochs, len(train_accs))
examples_seen_tensor = torch.linspace (0, examples_seen, len(train_accs))

plot_values (

epochs_tensor, examples_seen_tensor, train_accs, val_accs,
label="accuracy"

)

6-17 R TAESAIUERRZE . BORIAE SR DOFE ISR 505 3R 2 T AR XT3 S N RS HEAf S RN g6 UE
%7&%@%@ égﬂ/ﬂ%, %@ﬂ]?’f@#}zﬁ train_classifier_simple l%lﬁ[ﬁﬂ‘/{ﬂ‘ eval_iter lﬁﬁj\j 5,
RS N TSNS B ReE, IIZEMESUEER TR UET 5 4.

R AEA R
0 1000 2000 3000 4000 5000
L0 . igsmamz
- RIFEETE
Il 0.9 +
=
4
0.8 -
0.7 L T T T T T T
0 1 5

2 3
pUIIEER 5

K6-17 NZREMERR (L) FBEgEm R (L) el ¥ LI, MEE TR, JL
Pk TP SE R AR AL (1.0 ), XPARLTERE MGl R ARG, R
BB i A N ZREcde

MAE, el BT D TR AR EHR AR 64 . SR AR B R PERESS IR,
XRAHE L eval_iter fH:
train_accuracy = calc_accuracy_loader (train_loader, model, device)

val_accuracy = calc_accuracy_loader (val_loader, model, device)
test_accuracy = calc_accuracy_loader (test_loader, model, device)
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print (f"Training accuracy:

{train_accuracy*100:.2f}%")

print (f"validation accuracy:

{val_accuracy*100:.2f}%")

print (f"Test accuracy:

{test_accuracy*100:.2f}%")

P HERA AL N BT -

97.21%
97.32%

Training accuracy:
Validation accuracy:
Test accuracy: 95.67%

YIZREE AR PR BE LT A TR o IR 85 A3 42 1) R SR 10 B2 25 S R TR I R 8l i i 0L
R/ O, BRI HERRAe 2s LE IR AR v ERf R AR o, ORI & i B A R S8
PIRTHERAESE FPERE, X 0] A8 SRR EAE PO AT eE M. XAMEBUAR S WL, (HAT LA
T I R R B [ FL IS i dropout 3R ( drop_rate ) B AL A BC E A9 A E T E S 5L
(weight_decay ) PRISEHH/INXFP2ER,

6.8 (ERAXESHRENEARINHE 7 LR

TEXSBR AT RO FPEAS e, BRAE AT AT R JEhH B (S LA 6-18 ). iEFRA ]
TORIG BIAET GPT RUBBRLIEA TR B 7026 . ARSI 6-12 Ay classify_review PREGHAE
T HIEAVZHGAE spamDataset HEILAI AR AL BAD IR . FE44 SO AR IR T ID J5
KPR R B — B IAR S LT RAE 6.6 WP SiBANE ), JFR [BIFH R Y
AR

BE=ME:
REVGORFIR F

B
BENGE

B
EEBIRE

(4) BB

(5) MRELTRIILR
WE

(6) fEsRBL L
HATRE

(1) TEHEEE (8) WIAHER

(©) FHROARE
1R

(2) HimEMALE

(10) ZEF IR £
fEFRE

(3) I HE
piIE= 3
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B & EEFENN
XAHS EMRER T

il A
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RADER 6-12 [l BRI BT A SO AT 7026

def classify_review(
text, model, tokenizer, device, max_length=None,
pad_token_i1d=50256) :
model.eval ()

AERIEEE
input_ids = tokenizer.encode (text) MNEE
supported_context_length = model.pos_emb.weight.shape[l]
input_ids = input_ids[:min( L RNAS

B3

max_length, supported_context_length

)1
input_ids += [pad_token_id] * (max_length - len(input_ids))

input_tensor = torch.tensor (

input_ids, device=device 5?1??7]!]#[‘,}5"\ iﬁiﬁrfﬂiﬁﬁ
) .unsqueeze (0) <1J HeREF FIHE
with torch.no_grad() :

logits = model (input_tensor)[:, -1, :] WEMNAEE
predicted_label = torch.argmax(logits, dim=-1).item() HERE

return "spam" if predicted_label == 1 else "not spam"
BE—MRL AT logits IR[E 4y HzEmR

ZHRE— IR BISCAR P classify_review BREL:

text_1 = (
"You are a winner you have been specially"
" selected to receive $1000 cash or a $2000 award."

print (classify_review
text_1, model, tokenizer, device, max_length=train_dataset.max_length

))

BRARERGT T RN E” . BT — R

text_2 = (
"Hey, just wanted to check if we're still on"
" for dinner tonight? Let me know!"

print (classify_review(
text_2, model, tokenizer, device, max_length=train_dataset.max_length

))

BRSO TE A TR R [0 “FE RO R AR
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JE, IRV, X R AR i R AT BN 1. WLMITH torch. save
7k
torch.save (model.state_dict (), "review_classifier.pth")

TRAFIG, FTRME T AR

model_state_dict = torch.load("review_classifier.pth, map_location=device")
model.load_state_dict (model_state_dict)

6.9 /&

Q BORJGHEF B N FR SR, A5 IO A4S 2 ok .

Q AR Bt i AR — A~/ N S Z A R T SRR e 12

Q 7RSO Bl B CHERIH R W, a2 B A
MR AT, FRATEE TR R SRR S LR B E— R TR AR S (50 256 1 ).

Q 5 FIZRI T SCA B — AR, 2 2R ORI 2R 8 IR AR R4, 1L
an “BPGEET B ARRREE

Q SHINZARML, A B AJEH SCAR R 1T 1D,

Q TERORTH R R, FA 120k BN ZRAE i 2o St i

Q 3 BRI A G AR TR SRR A TR 0 1 F =80 0 1E )

Q J SRR A R il -5 DT 75 R T R [ 1) S SR 2K PR



B OB EARIEL

EEARE

Q K R RE 4 R R

Q DA B oM e A i A

m R R G AV W EZ =i R

Q IMEFINZR AR BRSNS #EAT0H
Q SRR F R AR A8 Wi B L FEA TR Al

Q PR SRS BRI T A

R FA T T RIE SRR, AT T TNZR, I SR A I Tl i (o A A i 22k
B TR Ok, RATR L TROGE S ABOR B — R R MRS B, BRIy “hik
TR A RN R . IR, FA PR SRR R S AR LUEAE A I8 2 rd e, niEl 7-1
FiR o AR P FIIRALER AR AT . A AN BRI A XS AT 55 (1 A 5 T, H8 A2
FEEHARZ—

EE4EP, HOZW EES5EP, HIMEM EE6EFR, BIAT
T—12% GPT XiEs WZRAER I E M EE RN KBS R Bk xt
FRRIZEH TKIBSRBZEF AT
£ \\ \\\\\ E=mE
MmamEs | | @xEn | | @xEse G || @um || OB e R
L SR#t J [ sl J Eyn) J L %@%J{ iSFﬁW Egﬁ] |
l l l
HWE—N KBS EE ]—>[ B gt e i)
/ HEMEE
ESESESR, RIS NS
T—AKESER 7 WS HIER

ERER, BAVGHBTIG
WAEEHEINBEARIES
Bl 7-1 MR FE B 3 A EEHEBL ARFENAE =B IR
BB LIRSS
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P 7-1 s T ROA R SRR IR 20750 AT SOR M 2ER9 B0 (SR8 ) RO TR
R LUEIE AR S (BB ). TATIES 6 Frp Sl 738, BlfE, WATKE e SR
SRR RIE SRR

7.1 BSHOANE

PAEFRATRNIE , KU S B A T S il LA AL~ 20 A iUERRDR S By . BOIZR)5 Y
R H BB HIT XA E, REWRENEEE— DR BUAEARA , SRR A pl— ) ol
BBk RN, BRI ARG S BB E TR E SR S I EAERBUAME,  HanJaikse i
CANERBOCT R B R BN A" AR o AR — AR BT
JEZR AT AR BN I BRI 5 R LA T He @ 08 (B v BB RS ).

TEARTE R, Bl PR TE TR S O 5 B ALE R I LS BT R ST, Wi 7-2 .
WA A AR S MR — D OCHER . R, HTORIRA TR MR B AR TT R, S8 i & o
AR 3 GBI ETA AR, Wik 7-3 BR.

ESEN—RKIES B RANBRR
ERTTOON J/ﬁkméﬁﬂiﬁ
bi-acd mEE S — N REMEE
8 45 FRIRE ALK —» 45 F K2 45000 K
Z—A “bright’ HIE] X7 —  ‘“bright’” KIEIXiFR “radiant’
BRUATAF, ERHNES:
“The song was composed by —  The artist composed the song.

the artist.”
 7-2 —S8 il R S AR A L AR B U 1] 42 3R A R 9]
NTE, REHESRAT

MIBER BB E A
Ll (1) T | [ ) [ o onese
iR e () BIEESH i
_4 L & J 8 I
- d R s ~ ~
N (4) BTG (5) WS HIBA (6) o
TR RESHE EE R sk
J L 3

l

v
o A [(h&ﬂ@g‘}——+{(m§%ﬁﬁ }———{}mﬁﬁgﬂﬁ}

K 7-3 X SRR S BOR B = Bad fe . B Il Bdin e, B LT
FRAUC BRI, 55 = BOM s MR RE R Il o TR — T B (DAL PR
bR EITE S
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72 ABLEHRSHEEZERIRES

TEFAT T BIFHIE ] T48 2 BOM BINZRA R TE S AR B AHE S B4k o AR IR S Btk
% 1100 MES-EERT, KMITE 7-2 PERl. X DEERER LT IARRAER, HARR
XF SR, QL nT RIFERT % B i BHAN A TT AT A0 S Bedii e o

ARASTE B 7-1 RIS SE BT T — A BRBOKk T #80X M EESE , 8 S A7 — A
BUINEY TSON A& SCE T ({X 204 KB )., JSON (JavaScript Xf 4 #/Rik ) S&—FhEEAE T A2
BESGE A VIAR A B BAE AC g5, A S LZERIT Python SF 8,

RELES 71 FaR%dREE

import json
import os
import urllib

def download_and_load_file(file_path, url):
if not os.path.exists(file_path):
with urllib.request.urlopen(url) as response:
text_data = response.read() .decode("utf-8")
with open(file_path, "w", encoding="utf-8") as file:
file.write(text_data)

else:
with open(file_path, "r", encoding="utf-8") as file: ﬁi%gﬁ
a3
text_data = file.read() &

with open(file_path, "r") as file: Bt
data = json.load(file)
return data

file_path = "instruction-data.json"
url = (

"https://raw.githubusercontent.com/rasbt/LLMs-from-scratch"
"/main/ch07/01_main-chapter-code/instruction-data.json"

data = download_and_load_file(file_path, url)
print ("Number of entries:", len(data))

AT IR 7 A ) 1 20 BT -

Number of entries: 1100

M JSON SCPFF AR data FIRAE T 1100 MELEHRERA, iERIHTEH P REFE
KAFAkE:

print ("Example entry:\n", datal[50])

SRTREA I 2B TR
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Example entry:
{'"instruction': 'Identify the correct spelling of the following word.',
'input': 'Ocassion', 'output': "The correct spelling is 'Occasion.'"}

AR, AEEEARE— TS instruction' . 'input ' fl'output '3 EER Python T4k
POE 38

FARBE I — T

print ("Another example entry:\n", data[999])

MRYEXAFEA B PIZE, + input S AR 225 14

Another example entry:

{'instruction': "What is an antonym of 'complicated'?",
"input': '',
'output': "An antonym of 'complicated' is 'simple'."}

FEA AT B — AR B A S H e CanfRIA JSON SCOFR R4 REA ) R4
YNGRAEARY, FEFRAFXEREAR)T , A3 2R T LR REAR SR ROE F T R0 5 AR A =0,
F 7-4 7R T FPREAHE S, 0B H WA IR RIAINAS, W TN 44 K S AR,
Fean Alpaca F1 Phi-3.,
HESWIBE R —MER

{
"instruction": "Identify the correct spelling of the following word.",
“"input": "Ocassion",
"output”: "The correct spelling is 'Occasion.'"
NEKIESE® | 3.
B —Fh R
LN E \X RIFA Alpaca 3R IR MR RIF Phi-3 1R IR MR
(’Below is an instruction that h (><|user|> A
describes a task. Write a response Identify the correct spelling of the
that appropriately completes the following word: 'Ocassion'
request.

<|assistant|>
### Instruction: The correct spelling is 'Occasion'.
Identify the correct spelling of the
following word.

### Input:
Ocassion

### Response:
The correct spelling is 'Occasion'.

N J N J

E 7-4  KiE SRS SR R AR R R XA B . Alpaca KUk (Z2) R4 . fs A MR
FESCT AR /N, HoR AR RS bIE = Phi-3 JUAg (A7) DU A T 38 faj BR A4 T2
2, FEEIREEAIAIC< luser | >Hl<|assistant | >




72 AR MEIGAMORESHIEE 189

Alpaca 2R AT UL A & o R A RIEF B2 — o AR B HEIT K/ Phi-3
JEN T LR 1A WU 1 2P . %5 183 Alpaca #/R RIS AR KRR S 12578 T 48 2 o i Sk,
SR T IR XA 22—, ARFEH AR PRI T Alpaca 471 1l KA .

%371 HERRTIARE
F42 R Alpaca 32 T RASKAE R Z )G, 2k B 7-4 ¥ & 769 Phi-3 R 7 AR,

RARF LA BEARN IR E,

—Fﬁﬁiﬁ(ﬂ/l\ format_input Iglfﬁ, ‘”‘E?‘Zﬂ]ﬂ”ﬁﬁﬁ?% data §U%¢E@ﬁ¢%}ﬁ%}iﬁ
Alpaca XU O ARE L, AARASTE R 7-2 PR .

KAER 7-2 SRS R g

def format_input (entry) :
instruction_text = (
f"Below is an instruction that describes a task.
f"Write a response that appropriately completes the request."
fr\n\n### Instruction:\n{entry['instruction']}"

)

input_text = (
fr\n\n### Input:\n{entry['input']}" if entry["input"] else ""
)

return instruction_text + input_text

B encry FENHIA, format_input PRESHE—MRALAYFAT R . IERATHE BT
ZHATENS AR EAEA data (501 REBRCR:

model_input = format_input (data[50])
desired_response = f"\n\n### Response:\n{datal[50]['output']}"
print (model_input + desired_response)

s AR AL ST TR -

Below is an instruction that describes a task. Write a response that
appropriately completes the request.

### Instruction:
Identify the correct spelling of the following word.

### Input:
Ocassion

### Response:
The correct spelling is 'Occasion.'

EARERRYRE, AR input  BEX BIAY(E RS K, B4 format input PRELHZBEid W] RERY
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444 Input:ulsr. ML format_input PREUHTERRNTZATA A ) data[999] |

model_input = format_input (data[999])
desired_response = f"\n\n### Response:\n{datal[999]['output']}"
print (model_input + desired_response)

FhRN, #5725 input ' BOREARRHIRS USRS BB AR & ##4  Input /NI,

Below is an instruction that describes a task. Write a response that
appropriately completes the request.

### Instruction:
What is an antonym of 'complicated'?

### Response:
An antonym of 'complicated' is 'simple'.

TEVCE PyTorch §UlRARMNZAS Z /T, IE75 2R B M INZRdE | b miise, BTy
LSRR 6 TP AR IO B 2R AR AL, AURS ISR 7-3 JE/R T ANl S X Se R ffn 4
I

REGER 7-3  RIEURE
1%%%%mﬁﬁ¢%w%fj

. . . A 10%H% 5
train_portion = int(len(data) * 0.85) VES it
test_portion = int(len(data) * 0.1) :

val_portion = len(data) - train_portion - test_portion 1= AR 5%H0
. . . BIBERIIESE

train_data = datal:train_portion]

test_data = datal[train_portion:train_portion + test_portion]

val_data = dataltrain_portion + test_portion:]

print ("Training set length:", len(train_data))
print ("Validation set length:", len(val_data))
print ("Test set length:", len(test_data))

Ry 25, BAEEAATR I B NI PR «

Training set length: 935
Validation set length: 55
Test set length: 110

FERR F IR RIS, ELR B AR R R ST T W MEH AR, BUAETT LATFRA S0 &
POMBO R R T o TR, A P v PRI A T B0 i o B DI
7.3 REIEELRNIZHIR

AT RAR A OIS R SEIT B, AR AN A 7-5 P BTk, AT L TET AR
NZRHEYC . T R B SC—Fh0ri%, DA RS RS E A 39 9] LE A e i 3 25 A% AR O DI 4
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ERTF, HGFIWAEHHE AT LLEIE2 PyTorch
BRI — KA, LUER BRI R BIARTE
S ESHARE| — MR PR ERE

pilEs 2]

E—ME: (1) TEFHIE

e tin s m—{a) HREA H

R (4) BT (5) S HOAR (6) HeE
WA ES ity iy s
E=MR: . e

e o O (7) B2EE (8) B |—-‘

B 7-5 XRIEF BB BT S RO =BrBod 2. 5Nk, FATRHAF AT —BrBemisi )
& AR

TEER 6 Trp, YAtk i3 PyTorch 1Y DataLoader 28 H MBI, 2R AN B E
(collate ) FRECKHFEA SR G BNt IR o TG pREUIVE TR BB FEAR T R G I — it
WK, DAERTRITE I 2R BEf kA 2

IR, 5 WO AL U AL B flofy e 52 2%, DRUOAT B — A E U SR & R B, SRR FRRE
HARKEF] pataLoader o FATHSLBIXAAESCREG %L, LI LR S RO EHR AR EF
KA

FENok, AT U RO R SO BB )8, A& i F e SCR G eR%l, il 7-6 s,
B, NTREEEQILMEQRL, iCHEEH 74 iR, T PSS —1> InstructionDataset
2, HBSN format_input PREODFXTEIELE A A TIIR T ( pretokenize ), ZE{M
T4 6 HHAY spamDataset . XM MHETERAE InstructionDataset B init_ M7
S, GnIE 7-7 R o

(3) U= %IR ]

(9) MEIEITH ]
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@.1) ERETIA ) Below is an instruction that describes a task. Write a
*ﬁﬁ%ﬂ AR AL response that appropriately completes the request.
iR
e

##H# Instruction: ... \

#H Response: ... BRI AES-
PR B EE 1R
(2.2) Fia\LE [21106, 318, 281, 12064, 326, A i i
BRI 8477, 257, 4876, 13, ...,] 'L/\)-I;_zﬁia7 EIEHALR

1@t ID
3
o [21106, 318, 281, 12064, 326, i .

(2.3) BEAFIART 8477, 257, 4876, 13, ..., AN RBEHAEMAR
BEEF—KE | sozs6, 50256, 50256 A — ~ BHERIAT (50256),
S m— EREHER R EER

[21106, 318, 281, 12064, 326,

] 8477, 257, 4876, 13, ..., BliEE— A TFHER S

(2.4) G2 BH5iA) 50256, 50256, 50256] ________ B#riAT ID FFk. XA
7t ID B g :’[318, 281, 12064, 326, 8477,‘: RN IATEEBE

1257, 4876, 13, ...,

150256, 50256, 50256, 50256] T, LB
bk Bt i Mttt A WATEE

[21106, 318, 281, 12064, 326,

8477, 257, 4876, 13, ...,
(2.5) A SILTFFE 50256, 50256, 50256] @ = = & 5
BREBDETIFT [318, 281, 12064, 326, 8477, }lg"ﬁﬁﬁz‘ﬂﬁé&{j
i -100, EFERAERZY
Y yimmimiiinimiviiatipieipimint FITITEIX IRk
50256,(-100, -100, -100] ) gl

Kl 7-6  SEHAEHE SR LT S AR QORISR (2.2)6 AT LE RS iET
Wi 2 3)FMBFEATT; Q.40 APMAIT ID; Q.5)FEBIKRECTHI-100 A fi]
pIve S (TR W bW

RRRAERIE M AR HWABKIES EE A IR T ID
@.1) skt T (2.2) &R
HIEEMAK  Below is an instruction that FHEARIE T
describes a task. Write a response

_—" TN that appropriately completes the —  T=a

request.
¢ "instruction": "Identify the correct [21106, 318, 281, 12064,
spelling of the following word.", ### Instruction: 326, 8477, 257, 4876, 13,
"input": "Ocassion", Identify the correct spelling of the iigé?' ey 29223, 4247
"output": "The correct following word.
spelling is 'Occasion.'"
} ### Input:
Ocassion

### Response:
The correct spelling is 'Occasion'.

Below is an instruction that

_—" a describes a task. Write a response _—

that appropriately completes the

{ request. [21106, 318, 281, 12064,
326, 8477, 257, 4876, 13,

"instruction": "Convert 45 kilometers #4## Instruction: 15450 830, 10900
. to meters4”: Convert 45 kilometers to meters. 13] e ' !
"input": "Ocassion",
"output": "45 kilometers is 45000 ### Response:
meters.'"

45 kilometers is 45000 meters.

}

K7-7 SEB AR B R AR DBR AR E B P /s SRR A B SRR AR (2.1) 5 KA
WREATATCA(2.2), M AR A5 R RERS AR B1 A i) IC 1D J7 51
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REDER 7-4 L MESBUIRESL

import torch
from torch.utils.data import Dataset

class InstructionDataset (Dataset) :

def _ _init_ (self, data, tokenizer):
self.data = data
self.encoded_texts = [] iR Tl
for entry in data: XA
instruction_plus_input = format_input (entry)
response_text = f"\n\n### Response:\n{entry['output']}"
full_text = instruction_plus_input + response_text

self.encoded_texts.append (
tokenizer.encode (full_text)

)

def _ _getitem_ (self, index):
return self.encoded_texts[index]

def __len_ (self):
return len(self.data)

5SRO R iR, TR T Bl 2 N ZoR 1R A B — MR e s I 2k, 3ot
FIH AT ABGE RO KIE IR, JA MBI < | endotrexc | AR BT,

— MEARTE A 2, AT LR < | endoftext | >N AYIAIC ID PHEI TR CAL AR R
AW, MG < | endoftext | >PHELER A SRR E W‘Ufiﬁﬁﬁ’iﬂ%‘%% .encode FENF
<lendoftext | >4, LIHHE N Z M W~ iRT 1D

import tiktoken
tokenizer = tiktoken.get_encoding ("gpt2")
print (tokenizer.encode("<|endoftext|>", allowed_special={"<|endoftext|[>"}))

153 A93A9C ID & 50256,

TR, 7E5EQIE (BIE 7-6) h, AT RBCEE 4L, HA—1HEXRAMH
BORAE B A BAE RS o ZPREOT LR AR P N ZoR BB FE BIA R B, R R iEAS R
WHAARRHE, WE 7-8 Fras . XMk A @ e 51 IS Ee Ak i 951, A
WL T ARLERIETE




194 F 7% BEMREEALIES

58— MGHARTREIETT ID HERE—HINSHEEREMNHNKE—H
_5371)\1 [o, 1, 2, 3, 4] — [ 0, 1, 2, 3, 4]
wA2 [ 5, 61 — I 5, 6, 50256, 50256, 50256]

%-#tk]
e WMA3 L7, 8, 9] — T 8, 9, 50256, 50256]

A7t ID 50256 #

REETIRT
WA4 [ 8, 1] —» 8, 1, 50256, 50256]
WA S5 [10, 3, 11, 61 — [ 10, 3, i, 61
%:m/f
#iE WA6 5, 22, 13 13] — I 5. 22, 13, 13]

Kl 7-8 HIAIE ID 50256 XK RIZREEA B TIGE, AR MR K E—2L. (315
AR BERTREAR ], LA — B it 5 28 — el KB T)

LA —AN B E LR G pREOR LB TE I 2 -

def custom_collate_draft_1(
batch,
pad_token_id=50256,
device="cpu"

batch_max_length = max(len(item)+1 for item in batch)
inputs_lst = [] HEHOR F
=g N: )= 2]
for item in batch: ERIEES
new_item = item.copy () HIA

new_item += [pad_token_id]

padded = (

new_item + [pad_token_id] *

(batch_max_length - len(new_item)) MFR <z BTN AY
) FIMAEFIATT
inputs = torch.tensor (padded[:-11])

inputs_lst.append (inputs)
| | | MADIRTR— KR
inputs_tensor = torch.stack(inputs_1lst).to(device) HERIBIRES
return inputs_tensor

XHM custom_collate draft_1 BfEH PyTorch DatalLoader FERL, e nl RIS R
MAE, AT T AT, USRI DIRRIER . LhIFRA T 3 AR B 14 AR A i
— KR, FHER RS B AR TR -
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inputs_1 = [0, 1, 2, 3, 4]
inputs_2 = [5, 6]
inputs_3 = [7, 8, 9]
batch = (
inputs_1,
inputs_2,
inputs_3
)
print (custom_collate_draft_1 (batch))

FREN A AN F7s -

tensor ([ [ 0, 1, 2, 3, a1,
[ 5, 6, 50256, 50256, 502567,
[ 7, 8, 9, 50256, 50256]1])

kR, AR (A& 5 MRS ID ) AP RI R K A AR inputs_1 UK.

FATRINISEEE 755 —A> H & XARG ek, T ASI R RIEAR . SR, IEaZ /AT
BN, RADATTEA: B 55 AT ID HEKXTRN Y HARIFIT D, X2 HAREDT ID (Z0LE 7-9)
EHEE, BRI EEAAE B NES, I BRI AR AR, DUEE TR
HOBr. P, FRATFHZXT A @ CREG RBE B, DMERR THi AR ID Z4h, ERER 1 H iR
170 1D,

(2.1) ERERIA Below is an instruction that describes a task. Write a
, ’fﬁlffb‘l SRR L response that appropriately completes the request.
BiE ### Instruction: .. '\
‘ BRAMER I RIS
### Response: ... Bl S84
(2.2) HREAUH [21106, 318, 281, 12064, 326, S .
TRt 8477, 257, 4876, 13, ...,] ¥ )@*_E/_"\ BIEAAZR
77t ID
%\
P [21106, 318, 281, 12064, 326, N
@23) Flﬁfﬁffﬁjn 8477, 257, 4876, 13, ..., EBMRBHERBMANE
BEEIRTKE ] (sozse, so256, s0zs6) i BHATAT (50256),
T fESRIHLRAEARKE R
[21106, 318, 281, 12064, 326,

) 8477, 257, 4876, 13, ..., Bl — A ETFERS I
(2.4) @JEE*&iﬁ 50256, 50256, 50256] ________ B#riAx ID FFk. X4
7t ID AFIZ :2[38,4232, i§064, 326, 8477, :f Bll% ty 46 N T S B

N ___4 i ’ ’ P ! — AL e A

150256, 50256, 50256, 50256] | ‘__L}E’ BmL—MAR
R AR AR e SR - RTEE

[21106, 318, 281, 12064, 326,

8477, 257, 4876, 13, ...,

(2.5) B FE 50256, 50256, 50256] & [ X

BREMAFIRT [318, 281, 12064, 326, 8477, )Ig“r‘ﬁtgzﬂﬁé*&j‘j
257, 4876, 13, ... -100, EHRAEEES

50256,-100, -100, -100] FRITHX I HE

K79 LB B RS 5 DT APIR. AIFRA RIS .44, X—PH T HERIT 1D,
P BREE, BRI RERE 7~ FF PN =5 2 A4 i il o0
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WA EIEA KRS

SIATHIN A TR Bk, HFRiEIT ID S AT ID AR, B ZE%s) 1T

—MLE . RSO (S 7-10) M50 SRR

E—NAN ID T HM

7 ey T e 51 P R —N D

ERRREER
WA I 0,

B

B#r 1 [ [1, 2

50256 1

o

B#RAT ID MR ID
R, REAE—MIE

IRI—NEERFF
(EF) HxT

wWA2 [ 5, [6,

50256, 50256, 50256ij 1

/

B#r 2 [ [6, 50256, 50256, 50256{]50256 ]

.t

IR STEERRIARERM
R (AR Hx

B 7-10  RiE S BSOS A TR ST AT FARTRCZ B B AR o XA
PO, e m 2R s — AR, N RER AT SIS — AT 2N, R

JRAERHINASS

FFIRITC RN RIS 2 HXT 1 9 FAR PP

S B U i R R S RSB 1 s ARG ID AR H ARIEDG 1D B RE -

def custom_collate_draft_2(
batch,
pad_token_id=50256,
device="cpu"

batch_max_length = max(len(item)+1 for item in batch)

inputs_1lst, targets_1lst = [], []
for item in batch:
new_item = item.copy ()
new_item += [pad_token_id]
padded = (

new_item + [pad_token_id] *

(batch_max_length - len(new_item))

)

inputs = torch.tensor (padded[:-11])
torch.tensor (padded[1:])

targets =
inputs_lst.append (inputs)
targets_lst.append(targets)

HETAANRE
— AT

mE#BEH—1
ERFEBE
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inputs_tensor = torch.stack(inputs_1lst).to(device)
targets_tensor = torch.stack(targets_lst).to(device)
return inputs_tensor, targets_tensor

inputs, targets = custom_collate_draft_2 (batch)
print (inputs)
print (targets)

B X BEACHS N BN FRAT T Z 75 XA 3 M AS A batch 488 [, HHY custom_collate_
draft_2 PREFLAET AR BT R B4 AT H ARk o

tensor ([ [ 0, 1, 2, 3, a7, PN
[ 5, 6, 50256, 50256, 502567, e PN
[ 7, 8, 9, 50256, 50256]11)

tensor ([ [ 1, 2, 3, 4, 502567, oA
[ 6, 50256, 50256, 50256, 502567, e
[ 8, 9, 50256, 50256, 5025611) R&=BR

TEF—H, BTSRRI B — > -100 SAAHE (WA 7-11 2 BoR B
I o IXAFFIREEFRATRER AT RN R R IHHEBR ISR T, ATt O/ A A R s
SRR o] o AR S B B USRI e X —id . ((ER U IR, 2028
I IEAHRCIX AN RN, PR AT HOAR I B O R Rl e AR A T I )

@.1) ERERA Below is an instruction that describes a task. Write a

TR AR S A response that appropriately completes the request.
iz ##H Instruction: ...
4R _ AR RS-
esponse: ... @E’fﬁ*ﬁ
/S —
(2.2) e LH [21106, 318, 281, 12064, 326, " G b
& | mAxk 8477, 257, 4876, 13, ...,] S :\I%#EQ—]E]EHZ&EEE
S "7 ID
EE—
—_ [21106, 318, 281, 12064, 326, . .
J (2.3) BT 8477, 257, 4876, 13, ..., ABMBIBRHEARMA R
WEEIR—KE | soase, sezss, s0256) Ja — —~ BHRARFAT (50256,
R — EBREIHRAEARKEER
[21106, 318, 281, 12064, 326,
/—ﬁ 8477, 257, 4876, 13, ..., flE—ANFTFERSSE
/ (24) BIZARIA 1,5_0_2536_1_59_2_5_6_'__51925551 _________ . E#riAT ID FFE. XA
5T ID BTN :[318, 281, 12064, 326, 8477,% FIRBBNIE T AR
N 1237, 4878 13 oo < IR, mmi— s
150256, 50256, 50256, 50256] | sy )
i i i RS E
[21106, 318, 281, 12064, 326,
"5 0 ) 8477, 257, 4876, 13, ...,
(2.5) AL fFE 50256, 50256, 50256] — i
HaERASE T IRTT [318, 281, 12064, 326, 8477, 1%gﬂﬁig§1§7fg?§jq
257, 4876, 13, .... -100, EHEBEES)
50256,7-100, -100, -100] BT EIX B sk

B 7-11 SEBUtt AL PGS Re A5 54520 3R 7ERId BARP sl id feh, FA TR A TR T e sl 1 72
Ko sl— A E I — D EERAFRIT. TR, S Q5D , FATHEERA (H5E)
TR S AAHE (-100)
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R, (AREER, Tl 14e BFRSIE T RE T —ANERAFRTE, 1D 50256, W 7-12
B o AR B T B 2 M0 2 I HARES A A AL, — Bl e AR o
[0 6152 B 25U A

Bi1 [ 1, 2, 3, 4,/50256 1 — [ 1, 2, 3, 4,1502561 1

BiR2 I s,Isozss,}Esozss, 50256, 50259 1] — [ 6,/50256, Eloo, -100, -1oo} ]

B#r3 [ 8, 9,,50256, 50256, 50256 1 — I 8, 9,150256,3 -100, -100 1

BNASEE N HIW BMNSWBRE—NERFT GAEFR)
LERAF (AT AT WITINITBLERTT (EF) Ax
B A -100

Kl 7-12 SCBUL AR B R A 55(2.4) 20 BT T A N 2R 8 i B ARt i il e e i . 7EIX—
e, BAPR A ARSI R ERAE— S50 (S50 1AI/MYITA 24T (J5E)
TN S AATE-100, RIRGRESE— LAY (B5E) oo

TEACHIE . 7-5 v, FRATME R T A SCRA %L, LK EFRFIZRH ID N 50256 AYIRITE R
SH-1000 AN, FATEGIAT —14 allowed max length %k, LIkBEHIRBIREA KT,
X — YRR AE AN R GPT-2 B 7300 1024 AMESC R SR/ MBS RERPEIE R A H .

RIGER 7-5 S 5E LR A R
def custom_collate_fn(
batch,
pad_token_id=50256,
ignore_index=-100,
allowed_max_length=None,
device="cpu"

batch_max_length = max(len(item)+1 for item in batch)
inputs_1lst, targets_lst = [], []

for item in batch:
new_item = item.copy ()
new_item += [pad_token_id]

padded = (
new_item + [pad_token_id] *
(batch_max_length - len(new_item))

BFIERE

max_length

)
inputs = torch.tensor (padded[:-11])
targets = torch.tensor (padded[1:])

| s AR E— AT
T mEBH—MIEBEBG
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mask = targets == pad_token_id

indices = torch.nonzero (mask) .squeeze () EBRFESIFRE—MERIR

if indices.numel() > 1: TUONNFR BB IR T A S
targets[indices[1:]] = ignore_index ignore_index

if allowed_max_length is not None:

inputs = inputs[:allowed_max_length] AR E T E
targets = targets[:allowed_max_length] BRAFIHKE

inputs_lst.append (inputs)
targets_lst.append(targets)

inputs_tensor = torch.stack(inputs_1lst).to(device)
targets_tensor = torch.stack(targets_lst).to(device)
return inputs_tensor, targets_tensor

A TEZ AT QI A REAE R L F il — R R G AL, RBE R B RS HUY T A

inputs, targets = custom_collate_fn (batch)
print (inputs)
print (targets)

SERATT s, Hp s — kiU, S AR R A

tensor ([ [ 0, 1, 2, 3, 47,
[ 5, 6, 50256, 50256, 50256]
[ 7, 8, 9, 50256, 50256]1)
tensor ([ [ 1, 2, 3, 4, 502567,
[ 6, 50256, -100, -100, -1007],
[ 8, 9, 50256, -100, -10011)

AROR B SR Y RG RECEIE R TAE, e B bR RX N &6 A TiRIE ID -100, HAZ,
X — TR S B R AWR? AEFRATIR — T B ARA H

T REERAE, AT A B s i, e a2 AR (logits ) PR AE—ZERRXT R 7 A6 Y
WHER AP — MR, T EAIUS R TR G R b 2 SR (S8R 5 5 ) RAnfarit
AR, X RS AT E TN GRS GO B P 452D«

1 its_ 1 = t h.t s )
- [Ttl 0 irg] eneor! | BRI
[20.5. 1.5]] L ESAART

)
targets_1 = torch.tensor ([0, 1]1) # &4 R &EHMIELET]
loss_1 = torch.nn.functional.cross_entropy (logits_1, targets_1)

print (loss_1)

IR REAR BB 1. 1269:

tensor(1.1269)
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IEAFUIATAREE , HE— RSB R 2 M R A T3

logits_2 = torch.tensor (
[[-1.0, 1.01,
[-0.5, 1.51, A*ﬁﬁ"lgf’l\
[-0.5, 1.5]] 1R T AT
)
targets_2 = torch.tensor ([0, 1, 11])
loss_2 = torch.nn.functional.cross_entropy (logits_2, targets_2)

print (loss_2)
TEMASE =Not)s, BREER T 0.7936,

FIHATH I, FRATE LM PyTorch Y38 SR 2% rREIGHAT 135 TSR BT, Xk
PR TRATTAE TN ZR AN o S il FH A 2% pR %R, 4210k, KB — ARG DL . WK
=ANHFriET ID B -100, SkAAAWE?

targets_3 = torch.tensor ([0, 1, -100])
loss_3 = torch.nn.functional.cross_entropy(logits_2, targets_3)
print (loss_3)

print ("loss_1 == loss_3:", loss_1 == loss_3)
PRAER 3 A0S s

tensor(1.1269)

loss_1 == loss_3: tensor (True)

RIS Z B BT R P AR JAER] . 52, B S SO0 R BRECZIE T targets_3 [1)
P = (-100) PRI AYER o CARARXSIHEOGER, FTRL 24 - 100 B HABAE o
o 1 EDE, PR K BEEIR )

M4, -100 FRIEAHAFEMNZAL, M5 SURHIR RS 208 W67 ok, 78 PyTorch HY, 28X
TH R ERIAE BN cross_entropy (..., ignore_index=-100). XEWEEBSZEIRC
H-100 B HAx. FATFEA ignore_index RZMEARLE ] THUFEILA G LLAE A ML AT
AR BE A MAS AT (JHFE ) RloT. 4RI, AT EAE Binh R4S 71T ID 50256,
e BT ORIE SRR ) A A RAFRTT,  DMITETE S a5

B TR TR G, SERIRA T R IR SRS S e S AHOCH) HbRiRloe, WEl 7-13 Bk, dE
RS S48 XN A BARIFTG, 38 SURHR AT AT XA iy 101 &2 B AR iR e T, R, A
RN L TA MER NI, MdEICES 4, SORERT LURS Bhsl D 105
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T ERRRHEIESH Y
HINSCA BARA: /

is an instruction that describes a task. Write a response
that appropriately completes the request.

Below is an instruction that describes a task. Write a
response that appropriately completes the request.

### Instruction:
[Rewrite the following sentence using passive voice.

### Instruction:
Rewrite the following sentence using passive voice.

### Input: ### Input:
The team achieved great results. The team achieved great results.

### Response: ### Response:

Great results were achieved by the team. Great results were achieved by the team.<|endoftext|>
l AR liﬂﬁ:ﬂc

[231.06, 318; 281, 12064, 326, ..ws; 13] [-100, -100, -100, -100, -100, ..., 13, 50256]
SRR RAET ID HE S 4 MO R - 100

B 7-13 Ylgrirn, #Akii ASCRBRITIIFE A TIES BRI (4); KB FRAMER T H
FRICA, FRATAT RIS 1E 4304y, BB R TR e B i 5 ignore_index
fli-100 (£)

R BT, AR A RO AR TR A AR 238 0 i RAT AR 43 1BL . 4N, Shi
SENTE 2024 55 K B8 3C “Instruction Tuning With Loss Over Instructions” HHF§H, AHEISFE 4
AR RIE T RN PERE (TRANE B S WM B ). fEART ., IROTAMEITE 2380, HKE
4820 S IR — AT i 25~

£ 72 BTHWMNER

/ﬁ—f"iﬁki—“% V;]'&';, ff‘”fi)ﬂ InstructionDataset 'f/%’iiﬁ*ﬁﬁ/‘% , élﬁ"%?gé\%"#ﬁ)\%ﬁh\%ﬁ]
B H-100 RERE 7-13 P oy %k, REFEZT ER TR ER G haA &

7.4 QIRIESHIERBIEMEES

KAE AR, B T T8 S 8dE4ER) Instructionbataset ZEHl custom_
collate fn PREL, UNKE 7-14 Frn, BRZERRATAT DARGRZS s R T, BF2F TnstructionDataset
XMl custom_collate_fn PREUE A PyTorch £t inzk#s BN nl o 78 K18 & A A9 +8 S 10H 1S
P, SRR 5 30 R G IR TEL TR AN ZRn Bl
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ET7.3TH, HIWES MBS HA1IEBIZ PyTorch #i#E
BEAE — MR PR MERERMIAARIESEE

2 i\\
F—H: (1) TEFHIE ) ©) tlEHE
B RS T HiEE H(Z) BRI e

i

SEZRER: (4) PREFINLZRH (5) I/LWIAKR (6) e ERA
ROIAXIES A KIESHER BEERR Bk

=i [ 7) e E ]——[ (6) BHFHS (9) WEIETS

B 7-14 XA BT R4 GO =BrBad fe . BIHACA IR, RAOTE 2 i 8dite, i
BT —A A RE SR A RO X S B L BEA T a0 B BUAE, FRATRT LT R B
FNZRGE | BuER AL, I 2 28 in 280 AR S8 R 5 R A 45 4T
PGP

TERIEBAE LS Z 0T, BFEIIE—F custom_collate_fn MR E . ZREHLS
i AR E PRI (40 corch. stack (inputs_lst) .to(device) ) BalFHEEBRA MRS, X
MEEREAT LI " cpun 8" cuda" GEFT NVIDIA GPU), L& "mps" CGEMFHECA Apple
Silicon itx A Y Mac ),

R A mps R ETRAFHBMALEREAFNEALLF, BH PyTorch 3 Apple
Silicon #9 L AFA3 KA T K IHBL

TEZRTHARSH, FA TRAEB BN FAEIAS AR Bl Ae sh 2 Hpr e s (BN, 4 devices=
cuda" i, BARBRSIE] GPU A7 ). BUE, RiX—id FESTERG pREL Pk T —Lehpit,
HE A LTENZREI Z S5 G AT, MM S e YN 2R ] FHIE GPU

LU LA MAUS IR LA i device:

device = torch.device("cuda" if torch.cuda.is_available() else "cpu")

# if torch.backends.mps.is_available():

# device = torch.device("mps")" s 2 o y

print ("Device:", device) BUHERR X BITHR AT LAZE Apple Silicon
o h EfER GPU



T4 A EIGAHIEE G RIFE A E 203

XA AR IEAR AR S FTEN "Device: cpu"s{"Device: cuda",

HTAER custom_collate_fn pREUN T PyTorch Dataloader M} H T EEEAY R & 15
B, FRATFIH Python iY functools FREEEH partial PREUANEIZ PRELB MUA I S EIE 70
W& SEL WA, LUK allowed_max_length BWE N 1024, XAEEPEES0#EKTE] GPT-2
BR SRR IR BRSO, T FAT PR Ht AT 0

from functools import partial

customized_collate_fn = partial(
custom_collate_fn,
device=device,
allowed_max_length=1024

)

TR, T LMBRIA T Z A I e AL B R ks, (FUR U B A SRR iRk
PAEAL R, Anf G 5 7-6 BT .

REDFER 7-6 Wi fLds i

from torch.utils.data import DataLoader

num_workers = 0
batch_size = 8§ INRIREVIRIER G X FF Python i#12
HHIT, BARLUMKXHE

torch.manual_seed (123)

train_dataset = InstructionDataset (train_data, tokenizer)
train_loader = DatalLoader (

train_dataset,

batch_size=batch_size,

collate_fn=customized_collate_fn,

shuffle=True,

drop_last=True,

num_workers=num_workers

val_dataset = InstructionDataset (val_data, tokenizer)
val_loader = DataLoader (

val_dataset,

batch_size=batch_size,

collate_fn=customized_collate_fn,

shuffle=False,

drop_last=False,

num_workers=num_workers

)

test_dataset = InstructionDataset (test_data, tokenizer)
test_loader = DataLoader (

test_dataset,

batch_size=batch_size,
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collate_fn=customized_collate_fn,
shuffle=False,

drop_last=False,
num_workers=num_workers

)

KEFINAMEBAT crain_loader AV AHLUCH B FRHEU L EE :

print ("Train loader:")
for inputs, targets in train_loader:
print (inputs.shape, targets.shape)

A s (O s a7 1T ):

Train loader:

torch.Size([8, 61]) torch.Size([8, 61])
torch.Size([8, 76]) torch.Size([8, 76]
torch.Size([8, 73]) torch.Size([8, 73])

éééch.size([S, 741) torch.Size([8, 741)

torch.Size([8, 69]) torch.Size([8, 691])
kR, SR AR BRI AERE D 8 x 61, Hirp 8 SRRV, 61 Rzt it
ANZREEA B RDCRCR o 8 M AN FARIER IR C R 76 A, 55—,
M FA T T A2 ARG R, I in2as EAS B A R B At k. 72 7.5 %5 h, 3R
TR — A BN R AR SRR, F A A B in 28 X iR A T (A

7.5 MEFINZHKIESIER

FAHEMER T T84 BRI LB T IREHR], ORI O R A S BEER 1Y . 458
AR BVEZ HA T TS B ZRAE L, PURTRAT AT L 2 f 2 v A R A

TETFURHR WO Z AT, 7 2N — MR A B T RO R 01 2k GPT #45 (Z WK 7-15), Jin
A R FA T T Y R B4R SR, XK IRATAN S8 1.24 {2 /N GPT
B, TR NS ER A 3.55 AL TP 4SRN GPT B8, ORI SHE R 1.24 (LRI 2 i
HTAR, LS RIS AR . HAORUE, BUINBIRTE 7 ) i B i &
TSI, B Z TS5 B B S 4B R T B fiE
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74T, BRIET
PyTorch 1B MBS KM
PARIBSER

//// y, y.
FE—MER: (1) FEFIHIE : (3) BlEHIE

AR S
ST /\\\
FEMER: (4) TRELTINEZREYS (5) 54 MIAX (6) W EERY
HIAKIBES &R KiBSHER BSER ik

e s 7 EmEE (8) BT

B 7-15 S KE SRS TR R =B Bod 2 . R EER 2 G, KBS A4
AR MBI 5 s SRR R TR 4R, XN R 4hBie 154
TN SRR P g AR SN GEdE (S0 5.5 1) FSCRSEME (S0 6.4 1)
B A AR AR R, ME— AR, XIRIRATIE E )2 “gpt2-medium (355M) 7 TR
“gpt2-small (124M)”, WA 7-7 iR

(9) %t @Eﬂﬁ}

FE PUTRAFE -7 RIS TR P FNAEN GPTEAR, LA ERYH142GB, X KHZ
TN GPT R BT E Aok = 18 69 3 4%,

REDEER 7-7 NI Ay

from gpt_download import download_and_load_gpt2
from chapter04 import GPTModel
from chapter05 import load_weights_into_gpt

BASE_CONFIG = {
"vocab_size": 50257, # w@IC A& KD
"context_length": 1024, # FTFTXKE
"drop_rate": 0.0, # dropout %
"gkv_bias": True # Zw-g-ARE
}

model_configs = {
"gpt2-small (124M)": {"emb_dim": 768, "n_layers": 12, "n_heads": 12},
"gpt2-medium (355M)": {"emb_dim": 1024, "n_layers": 24, "n_heads": 16},
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"gpt2-large (774M)": {"emb_dim": 1280, "n_layers": 36, "n_heads": 20},
"gpt2-x1 (1558M)": {"emb_dim": 1600, "n_layers": 48, "n_heads": 25},

}

CHOOSE_MODEL = "gpt2-medium (355M)"

BASE_CONFIG.update (model_configs [CHOOSE_MODEL])
model_size = CHOOSE_MODEL.split(" ")[-1].lstrip("(").rstrip(")")

settings, params = download_and_load_gpt2 (
model_size=model_size,
models_dir="gpt2"

)

model = GPTModel (BASE_CONFIG)
load_weights_into_gpt (model, params)
model.eval () ;

AT, DT B S B T EA

checkpoint: 100% ||} lllEE 77-0/77.0 [00:00<00:00, 156kiB/s]
encoder.json: 100% || NNEEEEEN' 1.04M/1.04M [00:02<00:00, 467kiB/s]
hparams.json: 100% || NIIEEEEE' ©°1.0/91.0 [00:00<00:00, 198kiB/s]
model.ckpt.data-00000-0£-00001: 100% | NN 1.42G/1.42G
[05:50<00:00, 4.05MiB/s]

model.ckpt.index: 100% || IIEEEE 10.4k/10.4k [00:00<00:00, 18.1MiB/s]
model.ckpt.meta: 100% | |NNEEEEEE' ©27%/927k [00:02<00:00, 454kiB/s]
vocab.bpe: 100% || 456k/456k [00:01<00:00, 283kiB/s]

BAE, AEFRATSCAE—LEmbl), iR 5 U A [ A2 AT LU, RAFAG IR R
HEAERAEAT 55 ERIFRI . SR A FRA TR — MR RSV RE TR bR, 38 FR R T RIRITER
SRRSO F AR SRR 55 FPAORBLNG O, JTRERT BY BT 4y M B AR O 5 RSCR . R TR
T PR BGAEE F2 — I EAS BEA T RFAS -

torch.manual_seed(123)
input_text = format_input (val_datal0])
print (input_text)

AR S NA U TR -

Below is an instruction that describes a task. Write a response that
appropriately completes the request.

### Instruction:
Convert the active sentence to passive: 'The chef cooks the meal every day.'

ok, ] generate PB4 BRI IR AL, FRATESS 5 B rb i Tl i 4> pRAL
from chapter05 import generate, text to token ids, token ids to_text

token_ids = generate(
model=model,
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idx=text_to_token_ids (input_text, tokenizer),
max_new_tokens=35,
context_size=BASE_CONFIG["context_length"],
eos_1d=50256,
)
generated_text = token_ids_to_text (token_ids, tokenizer)
generate FRAR [l HHEAE— B AR HHOCA . XPR AT Z B & AR w A 1,
PRR AR 2B A o T 570 2 2 R ORABOCA R 4, TR SCAS Kb s A RN HH i e — AR 0B
BB Gy R SCAS o SR, HIPATBIRI AR R e AT 45 L RINAT, FRA T A SO E BRI A 5L
CE-

R T AP AR, TR EAEA N U generated_text HREHI AT A K

response_text = generated_text[len (input_text):].strip()
print (response_text)

X BAERRHI A SCA MR IR SCASTT kBB, B BODURREAR A 0152 . 45 ok, ] strip ()
PRECEBR AT RIS A2 V74T, A3 R0R AR s

### Response:

The chef cooks the meal every day.
### Instruction:

Convert the active sentence to passive: 'The chef cooks the

B SR, BOIGERLE AN REIEREES AR <. REE “AEUAEE" MR T M2
#4## Response, [HIURMIAME I T HAR T HIE G2, AR ESROR 2 8h )5 bl
gn), I, FATREZSEHIR R, AR TR B R A 052 R Y R

7.6 HERSEEBLHAXNESRE

SERPEXRIEF R T A HOR T (S WA 7-16 ). AR 7.5 1 ioing i il 2
R, It — 2l A T R A T8 A B AR A T 25 . FEAL RIS SRR R FRATE AL 2%
TRERGT), P T RB RO R AT LU IS 5 B rh A A A S i 2k AR 2

from chapter05 import (

calc_loss_loader,
train_model_simple
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y 4 y 4
B8 (1) FHUhIfE (3) lizsie
AR T RS (2) S At iz
S FRIREFME
TINGREE, i
EEESHIBESE ERA
/ A

EZMER: (4) MELTFTNILZRE (5) FELMIAAR (6) R ERA
MIAXESRE KiBSHEE ESER e

\

o 1 L 7 EEmEE (8) RIS () HEETH

K 7-16 XA F A TR S BOM B = Bod B2 . e (5) 4, TATRAE e & 4 i o %
Ptk LNz 1 Fl A AR
THRINGRZ AT, Seit i — PRI GRS iRk .

model .to (device)
torch.manual_seed(123)

with torch.no_grad() :
train_loss = calc_loss_loader (
train_loader, model, device, num_batches=5
)
val_loss = calc_loss_loader (
val_loader, model, device, num_batches=5

)

print ("Training loss:", train_loss)
print("validation loss:", val_loss)

FURAAE AN T s, FIHTT —4E, FATH) B AR MEsik .

Training loss: 3.825908660888672
Validation loss: 3.7619335651397705

R EAREIZELD

& A Ae )| AR AR K9 ARE R (Je R F A 3.55 1249 GPT-2 medium ) Mof 420 g AL A
(A2 F A 1.24 104 GPT-2 small ) AR TR . o RARGG & HERAFRA], AL T
A i ¥ CHOOSE_MODEL = "gpt2-medium (355M) " 4 CHOOSE_MODEL = "gpt2-small
(124M) " k32| 0 EER (AL TS5 ), mR ARG ERMRA, AR T mik LA %,
HH AR GPU, ABT R EEFF B TH%TAMN= GPU,
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AT 1 RTTAERREE (8,3 CPUA GPU) _L9l% GPT-2 &R 564 A iz 470t 1]
FE# 54 GPU LT R BRI RE BHATES, B TR K mig) %, s TFAEZRTY
FRA 45 R, #HAEA 492 GPT-2 medium, JF4& %7K A100 GPU & L3847 T 9%

F7-1 EFREE L)% GPT-2 MR SHSEE{TRE

BRI R % & VI ZRA4AE BT ER A 8]
gpt2-medium (355M) CPU (M3 MacBook Air) 15.78 5354
gpt2-medium (355M) GPU (NVIDIA L4) 1.83 44
gpt2-medium (355M) GPU (NVIDIA A100) 0.86 4344
gpt2-small (124M) CPU (M3 MacBook Air) 5.74 5y
gpt2-small (124M) GPU (NVIDIA L4) 0.69 734
gpt2-small (124M) GPU (NVIDIA A100) 0.39 434

TENER AT AEE g an ), BT DUT IR IR T AU B0 7-8 Hh iU & T
Gl R, Rty . BOE AR, € SOFARIIRANE LR E T3 (start_context ),
T B, &G B SCRARTEN gl b, WEAERIR SRETE 7.5 b A AR RIS
(val_datal0]) EAEMMIHILE,

KELER 7-8 XTI RIE H BB THE 210

import time

start_time = time.time()
torch.manual_seed(123)
optimizer = torch.optim.Adamw (
model .parameters (), 1lr=0.00005, weight_decay=0.1
)
num_epochs = 2

train_losses, val_losses, tokens_seen = train_model_simple (
model, train_loader, val_loader, optimizer, device,
num_epochs=num_epochs, eval_freqg=5, eval_iter=5,

start_context=format_input (val_datal0]), tokenizer=tokenizer
)
end_time = time.time()
execution_time_minutes = (end_time - start_time) / 60

print (f"Training completed in {execution_time_minutes:.2f} minutes.")

DA it s T RERE A8 N BN R B, AP ok A5 T K W LA JREDR 15 4 0 A Bl 4 [l
ST RE S IEAEA BT -

Ep 1 (Step 000000): Train loss 2.637, Val loss 2.626
Ep 1 (Step 000005): Train loss 1.174, val loss 1.103
Ep 1 (Step 000010): Train loss 0.872, Val loss 0.944
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Ep 1 (Step 000015): Train loss 0.857, Val loss 0.906

Ep 1 (Step 000115): Train loss 0.520, Vval loss 0.665

Below is an instruction that describes a task. Write a response that
appropriately completes the request. ### Instruction: Convert the
active sentence to passive: 'The chef cooks the meal every day.'

### Response: The meal is prepared every day by the chef.<|endoftext|>
The following is an instruction that describes a task.

Write a response that appropriately completes the request.

### Instruction: Convert the active sentence to passive:

Ep 2 (Step 000120): Train loss 0.438, Val loss 0.670
Ep 2 (Step 000125): Train loss 0.453, Val loss 0.685
Ep 2 (Step 000130): Train loss 0.448, Val loss 0.681
Ep 2 (Step 000135): Train loss 0.408, Vval loss 0.677

Ep 2 (Step 000230): Train loss 0.300, Vval loss 0.657

Below is an instruction that describes a task. Write a response
that appropriately completes the request. ### Instruction:
Convert the active sentence to passive: 'The chef cooks the meal
every day.' ### Response: The meal is cooked every day by the
chef.<|endoftext|>The following is an instruction that describes
a task. Write a response that appropriately completes the request.
### Instruction: What is the capital of the United Kingdom
Training completed in 0.87 minutes.

Rkt H SR BB IE AR 7~ RO 7E PSS IR AR e AR A0 R fEHr 2 R I, X 3R]
RN e 1 B RBP4 16 2 BORE T o (b TRUBIAEPTAR A 1k C 2R BB AIRAYK -, [N
BESER YIRS =S sE ZAe I o2, HBATREIEfH R, SFEGTE . )

WAL, RE—F A AT Az B 0152 L R AT R A A S R A B0 TE A 7 ) rh IE A A T 48 2 AT 55 1Y
R TERXAFr, BRI DS £ 5)m) “The chef cooks the meal every day.” %4tk 195 8)7)
“The meal is cooked every day by the chef.”

T I T AT TR S T2 b [ BRI DA AR A 1) [ 5 i o A, 1EFRATE B VI ZRAEpi J th S gm e
%Tﬁ%ﬂﬁ%, u{%]%/\T%*ﬁﬂE@i}jd$§fo ﬂ‘?lﬂﬁ, ?rjdl]4%1@”35?)ﬁwlgﬁlgl\§*ﬁ[ﬁ]ﬁ/ﬂ plot_losses
[‘I‘Iﬁo

from chapter05 import plot_losses
epochs_tensor = torch.linspace (0, num_epochs, len(train_losses))
plot_losses (epochs_tensor, tokens_seen, train_losses, val_losses)

B 7-17 BRI T LI, BRI R gt dl - a2 BB VI SRt 2 1 3%
3 o TERIIBTBE, 1 B PR T R AL s KOS i P2 B 5 SRR URIRHAIE . B I
GIEAN TR, BURBARIRGE TR, (R RERER A Pk 2 . X RN IEE RO C 2805 T i
fi, FFBHWSE— PR E AR T R
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FRIAL S E
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\ - WIESIRK
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1
MERH
K 7-17  PIEE NI ZREEA R TN E SRR R H o SRR IR B 2k B B T F) B T o

I TRERES, REARFRREIEREm It 5 B AR AR

BRI 7-17 BOBUR I s AR A R e T I 2, (EDOH SRR A i 5 H ) e 2 LA [m]
SR AIERPE T AR B D, 3 TORFRATPRAFRIIAZ , I LA—Fh T LLPFAS A T A%
AR Y IR 5

#3173 1EJRIAHY Alpaca #iEEE _EiHITIE

Alpaca K EZE HMIEARFHFARARTL, EARTELRTREHGIHELSHBEEZ
—, &4 52002 &FAEA ., VEAX 245 A 4 instruction-data.json XA 69 HAX S0, % &/ Alpaca
BAEE LA — A REZAEE,

Alpaca (4B 4E .4 52 002 KAEA, KM BRAVEIRN K IEE 5045, M EK S HAFRIL
BV EIEE K —3, Bk, BRAZBUEA GPU R 2%, CHMKImigpmifdfe, i
MR ERPBE T AERE (out-of-memory ) #948i%, ARATVAE X batch_size A
SHAREI 4, 2 £ F2 1, ¥ allowed_max_length A 1024 BAKZ] 512 3K, 256 4L 7T vAH B g 5
MBI A,

7.7 HHEHERFREEE

FAMTE ARG S BAEERIVNZRGE L 5E TR TR SRR A RO , IR BEAEREALR DL A
B LIFRBEES R PERE . 5, SRIBQMAE N AT L AR AR A [R5, IR X 28 (] A2 g
EARPAT N T, ARG, XERGEF BT PP DI ALY [ S i e, il 7-18 R
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y 4 y 4

FE—MER: (1) TEFIFIME
EEHIRSE BiEE

(3) tIZHE

(2) BEES#H e

1,

/ /
B (4) MBI (5) S HIAX (6) laEHER
WIAAIE S 1 AEERE EER s

s [ (7) EREE H (8) BALIPA (9) MEIETS
BB Z BRIAES EMi 55 E 5 E AL
R R E S B £ ATEAEE

P 7-18 X R HEAT 1 4 RO ) =B Brid fe o 7E58 = Br B R0 R, AT BOT
We e OR B MR 4R BB RY [l 52, DIMEREAT SR A 0T o SRIGFRAT TR R 647
WAL, DL ol 5 R SRR PR fE

KT e A R, AT generate pRER. 2 Tk, KAL) [R142 5 04 i T 3
A2k H UM [T IR HETED, DUEHEAT AR

torch.manual_seed(123) wHET 34
AR
for entry in test_datal:3]:

input_text = format_input (entry) .
token_ids = generate( FERE75%HH3IAE

model=model, EDEEN

idx=text_to_token_ids (input_text, tokenizer).to(device),
max_new_tokens=256,
context_size=BASE_CONFIG["context_length"],
eos_1d=50256

)

generated_text = token_ids_to_text (token_ids, tokenizer)

response_text = (

generated_text[len (input_text) :]

.replace ("### Response:", "")

.strip()
)
print (input_text)
print (f"\nCorrect response:\n>> {entry['output']}")
print (£"\nModel response:\n>> {response_text.strip()}")
print("——---m e ")
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A2 2], generate PREUEIR Ml PR TE— B AY 5 A SCAR RIS HSCAS, BRIEFRATT &%
generated_text WHEMHUIA M. replace () Hik, VIRBURRIAEIE . DUF 2AHEHTES .
WA 1 8 T [ 52 RS i S s [ &2

E5ES:
Rewrite the sentence using a simile.

ESHA:

The car is very fast.

THAE S :

>> The car is as fast as lightning.

REEE:

>> The car is as fast as a bullet.

E5ES:
What type of cloud is typically associated with thunderstorms?

THAEI S :

>> The type of cloud typically associated with thunderstorms is cumulonimbus.

REEE:

>> The type of cloud associated with thunderstorms is a cumulus cloud.

%%

Name the author of Pride and Prejudice.
FEAE & -

>> Jane Austen.
HEES:

>> The author of Pride and Prejudice is Jane Austen.

MRYEMEREE (84 Tl & AR SEPR Il &, v] LI TR A R BRI ANl 25— 5
AR E— 82 A LA IEMAY, MsE 8B R BR G IEME R, (HIFAELHE
i, BERIZA LAY EIE SR “cumulus cloud” (Flz ), TANE “cumulonimbus” (W= ). Aid,
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SRR LU N =, TARR m RS | A 2.

HHEERZ, BRI GRS SO B SO e, JAT T AT i T e mi Y
B B S ARSI B3 PR 20 LR R IBOERR I o SR, FESEEH, X8I0 i Kok H
AL CANERHLER N ) RIS TR EE 2P vk

Q EEFEME LR FAENL, Ll “Measuring Massive Multitask Language Understanding”

(MMLU ), FEHEFRAIRZEEHIN,
Q 5HAWKIE F B AT A AT HLEL,  Hean LMSYS WK Mg A5
Q i HHABIEFHAY (41 GPT-4) >k A ZhiTAS B A XTEEME, AN AlpacaEval,

TESEPRERAE T, [R5 I 3 Mt J7 ik (IR . AP, LR X iE TR RERY
Hahfbdats ) A2 Aid, i TR E A XS PERE M A OO [l 25 2 Ik 1%
[FIRRARE ST, PIHCAZEITAL AN B S ffabs n e SR OC.

Xt P RE
RKIBZHRBG T ERRRABCNAZBF LT L, @2 T EAGESLE, FTEMA

PEAEZ 6 E
KABeae S, XAPMRBET SR, CERBMXLET DL, RE—FE, A&
LA & 5 R ) WY A e SRR

NP AR REAS SR BE S SR UL, (ELE AL PHOR A [m] S Iy ] REAHGS B IF 2% o i, [l
A 1100 4> RIS F T3R5 EAE PR AIRE 1 o

BRI, 5 IERYHME S RS, FRA TR S8t — Rl T B b E B AER i, A —A
KB FEAE A ShPEAG IR X Fhork, FATT0T LS B Al A= sl [l 2 e, AN ZEK
wANIZE, WA AR, RS A B S EREa s .

BATEER I J&E—Fh3Z AlpacaEval Ji & 1475 , i 1 55— A ROE 5 BRSSO J5 i 5E
B . BRI, SHAA TSR AR, FRATEHE A e SCIREE o DoFp e dil b 3R AT
REMSAE U ) F 17 52 XL REEA T B A BT X AR S O A o i 28 B ZE TR AT A9 38 24K
P A ikt .

R TP R RS ORI, FRATTREAE BT R BN R cest_set ML KT
JE FBHEIREFN instruction-data-with-response.json S LIMHEIC S, bAh, iRz, oAl
A LUITEJS L) Python 2% FRERFA INZR AN 43T X BEMR Y

RIS 7-9 LS Z AR T T generate Jrik, SR, XIRFRATE: 8 A~
test_set, JHAHHEITEIBRIEIE , MK EANTRNE] test _set i,
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RADER 7-9 A A EaymlsE

from tgdm import tgdm

for i, entry in tgdm(enumerate (test_data), total=len(test_data)):
input_text = format_input (entry)

token_ids = generate(
model=model,
idx=text_to_token_ids (input_text, tokenizer).to(device),
max_new_tokens=256,
context_size=BASE_CONFIG["context_length"],
eos_1d=50256

)

generated_text = token_ids_to_text (token_ids, tokenizer)

response_text = (
generated_text[len (input_text) :]
.replace ("### Response:", "")

.strip()
)
test_datal[i] ["model_response"] = response_text
with open("instruction-data-with-response.json", "w") as file: %’Ffiﬁ%iﬂﬁ'ﬁ
e .
json.dump (test_data, file, indent=4) IS ESRiH

TE A100 GPU _FACBEHEER AL T 1 0%, MiFE M3 MacBook Air A48 T 6 434k

100% SN 110/110 [01:05<00:00, 1.68it/s]

LEFRATE A AP — AR AR B IA I R BB ITINAT] cest_set T4l

print (test_datal0])

i H 25 R B R model_response EAHINIIA

{'instruction': 'Rewrite the sentence using a simile.',
"input': 'The car is very fast.',
'output': 'The car is as fast as lightning.',
'model_response': 'The car is as fast as a bullet.'}

Bn, EERUEAES] gpt2-medium355M-sft.pth SCEE, LUK SR I5 H 1 LA Mg

import re

AR
file_name = £"{re.sub(r'[ ()]', '', CHOOSE_MODEL) }-sft.pth" TAFHFIES
torch.save (model.state_dict (), file_name)
print (f"Model saved as {file_name}")

PRI AR S T LU 3T model . 1oad_state_dict (torch.load (" gpt2-medium355M-sft.

pth" ) )ﬂébnﬁo
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7.8 HERIBAGHAXESRE

ZHT, AT AR RO EATEINRAE R 3 REAS Y BUERPPAS HAERE . BARIXFN TS
TERERECT AR AR L, (EAEA O & MU I AGE o DR, FRATSEB 7 —Fhorik, BRI
I3 — AR R AR [ ST ORISR RTE SRR 152, JniE 7-19 i

V4 y 4
B (1) TaEmfE [ . (@) Bl e
ya /
BHER: () METIHL (5) S BIAA
MIBAE S KEEEE e
)
—PIFR: =]
KA B I DRRE L
_J

(8) BT (9) MEEF 5
_J

FEMBORE R AIE S AR s BT
EE>/E, FEHRM—IRIESHE
RISk (2T X L6 5
Bl 7-19 X RIEFHEBIETIE SN =M BOd R, XS HRR KL NR)E—2E, Fi
T PSR R IR A A A 0] 5 okt AR RIS Y i R
S SEER A SRR AR i B PR , TR T B Meta AT & BYIRA O 2035 1008 5 S50
oA 8042 1) Llama3 #AY  JZE R n] LL3E 1 FIEAY Ollama i FHAR P FEAMIIZ T T .

FE Ollama 2 — SR W B ARG, B ALELLALRE LEFKETEN LT, S TFR
llama.cpp FHELES, CEAEML C/CHFEIKRETHER, ARKRAERSZHE, R
iF, OllamaA A FAm XA (W), R EIFKIEZAD G 4R,

BT Web API Sk & KHYIRE!
$3%FH 80104 Llama 3 BA % — 3 AEH 3% K49 KM TIEATH) KBS A, (128 HAE
138 R A OpenAl 424449 GPT-4 F K& TR, R kA2 T f4efTidit OpenAl API F| A
GPT-4 RFHAERGBEAEE, TALAZ AW FOAAMHH, X PRBET A Tikeh
Jupyter Notebook
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BEPATHEE TR, FrESE T80T Ollama, SRJFH& AR SCULIT AT T44E

Q X} T macOS Fl Windows F ', i5FIIF N4k Ollama N FHARY . WNSR RGP RIRE e
AT, TEERE R
Q %F Linux FHF, 35 H Ollama M3 FHEHEry et s
TEA GRS Z AT, JEF 3 Llama 3 A1 Iy 1 740m 5N Ollama J&75 15 %
TAHE, BT Ollama, 752520 Ollama N LT, {7E— Bl iy L&tz T
ollama serve, UNK 7-20 7N,
Bk BEE—RMALRETD FoMEk: MRFEANR macOS
BT ollama serve K/ZZF Ollama LT LFTH Ollama AR, &
BiILEEREEIT (XHMATEE

1T ollama serve)

(base)

2024/06/6620 90:1007: INFO server config env="map[OLLAMA_DEBUG:fal

S OLLAMA_FLASH ATTENTION: false OLLAMA_HOST: OLLAMA_KEEP_ALIVE: OLLAMA_LLM_LIBRA

RY: OLLAMA_MAX_LOADED_MODELS:1 OLLAMA_MAX_QUEUE:512 OLLAMA_MAX_VRAM:@ OLLAMA_MOD i

ELS: OLLAMA_NOHISTORY:false OLLAMA_NOPRUNE:false OLLAMA_NUM_PARALLEL:1 OLLAMA_OR Ml & N 32 BA T O Q R Jun6 8:54PM
IGINS: [http://localhost https://localhost http://localhost:* https://localhost:x

http://127.8.0.1 https://127.0.0.1 http://127.0.0.1:% https://127.0.0.1:% http: 5

//0.0.0.0 ht' ® sebastian — ollama run llama3 — ollama — ollama run llama3 — 80x24

tine=2024-06 Last login: Tn 6 :18 on ttyseel :‘E:;E:" on: ttyseel
El?;ﬁﬁ;ef iﬁmf:a:u"hexgnxixii whiciasany they, primsxily ent plintaiand Usnas are herbivores, which neans they prinarily eat plants and
time=2024-06 plant-based foods. Their digt typically consists of: plant-bused fous. Theiridiat typiceily consietd or:
ng on 127.9.
time=2024-06 1. Grasses: Llamas love tf graze on grasses, including tall grasses, short
ng embedded grasses, and even weeds.,
7132930/runn 2. Leaves: They enjoy
time=2024-06 maple, and willow.
LLM librarie 3. Hay: Llamas often/eat hay as a staple in their diet, which can include
time=2024-06 alfalfa, timothy grfss, or oat hay.
compute” id= 4. Grains: Some 1ldmas may receive grains like oats, barley, or corn as
able="16.0 G part of their feed.
[GIN) 2024/0 5. Fruits and vedgies: While not essential to their diet, llamas might
enjoy treats life apples, carrots, or sweet potatoes.
6. Minerals: Lfamas need access to minerals like salt, calcium, and
phosphorus to fmaintain good health.

1. Grasses: Llamas love to graze on grasses, including tall grasses, short
grasses, and even weeds.

2. Leaves: They enjoy munching on leaves from trees and shrubs, like oak,
maple, and willow.

3. Hay: Llamas often eat hay as a staple in their diet, which can include
alfalfa, timothy grass, or oat hay.

4. Grains: Some llamas may receive grains like oats, barley, or corn as
part of their feed.

5. Fruits and veggies: While not essential to their diet, 1lamas might
enjoy treats like apples, carrots, or sweet potatoes.

6. Minerals: Llamas need access to minerals like salt, calcium, and
phosphorus to maintain good health.

nching on leaves from trees and shrubs, like oak,

In the wild, 1lamas would typically roam free in grasslands, meadows, or
forest edges, where they could forage for their favorite foods. In
captivity, 1lama owners often provide a mix of these foods to ensure their
animals receive a balanced diet.

In the wild, [1lamas would typically roam free in grasslands, meadows, or
forest edges| where they could forage for their favorite foods. In
captivity, 1lama owners often provide a mix of these foods to ensure their
animals recefve a balanced diet.

RIRIEIT ollama run llama3 SR TE(H

EAS#H=5 80 {24 Llama 3 1&3!

& 7-20 WFIZAT Ollama B 71, ZZEIE/R T ollama serve ¥33) Ollama, AEIE/RT
macOS Y% —Fh e, BIFE)S 51547 Ollama i FHFEF M T 2 ol1ama serve
KA zh

ST Ollama N HARF, B JETE— 20 HiE1T ollama serve, TEMATH
(MASE Python 23i&H ) $ATLL F a4 BNl iS50y 80 1214 Llama 3 A4 .

ollama run llama3

HUHITIZA I, XA T 4.7 GBAFEZS IR RIS 2 A 3 e St an R PR .

pulling manifest

pulling 6a0746alecla... 100% || /. 7 cB
pulling 4fa551d4£938... 100% | 1> KB
pulling 8ab4849b038c... 100% | NG °5: B
pulling 577073ffccée... 100% || NN 110 B
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pulling 3f8eb4da87fa... 100% | NNINEEEENEEEE :c5 B

verifying sha256 digest
writing manifest

removing any unused layers
success

AT /Y Ollama &I

ollama run llama3 ¥4 F# 1lama3 354692 Lt 354 MR 5242 4 80 1249 Llama 3
AL, £ A Ollama #-2 Llama 3 A X #9E & 16 GB #9 W& (RAM ), de RARGIHILE A A1
o, ARATVAEIRAE A B AR | WdeiB I iEAT ollama run phil kA& B AL Z A 381
#9 Phi-3 A, X AMNEEAUE K4 8 GB ¢ A A,

T RIRKFFA, BT RELH 11ana3 H#HHA 11lama3:70b RER 5K EH 700
1069 £ R4y Llama 3 A, (2 F5 &z Z 692, IMBRANFH AT REZEN I,

IR e IR, VRREEA— ] USRI B T 5 B R AT A fan, AR AT DU R

. “What do llamas eat?”

e

>>> What do llamas eat?

Llamas are ruminant animals, which means they have a four-chambered
stomach and eat plants that are high in fiber. In the wild,

llamas typically feed on:

1. Grasses: They love to graze on various types of grasses, including tall
grasses, wheat, oats, and barley.

R, REINEE RS EIRNAEA AR, O9EEEET, Ollama JEAEHEMER .

PR LB S5 A /by e FLEHRIMIK 0llama run 1lama3 2¥if, (BIEARZE RIS, TEH
f# ollama serve iy 8k Ollama N AR FAL TR,

Tk, 7EfHH] Ollama PFARMNAAE M ZHT, DUFACHPKASHIE Ollama 23 3F & 5 IE #1817 :
import psutil

def check_if_running(process_name) :
running = False
for proc in psutil.process_iter(["name"]):
if process_name in proc.info["name"]:
running = True
break
return running

ollama_running = check_if_running("ollama")
if not ollama_running:

raise RuntimeError (
"Ollama not running. Launch ollama before proceeding."
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)

print ("Ollama running:", check_if_running("ollama"))

PAT ERCIS S HN 7R Ollama running: True, {BURE H/RAE False, IBATEMIA
ollama serve 7825 Ollama b FHFEF B EB T,

E#8Y Python R1EHIEITRED

e RAR L Z X3 T Python 29, 3K A —AKRE 4 Python 23 FEATH T 9K, iF
R TR, XBERGMET RNZ AT ZGIR4A TR LHEI S, FEHILT 2K
format_input (#HELXITE tgdm G2 2R ).

import Jjson
from tgdm import tgdm

file_path = "instruction-data-with-response.json"
with open(file_path, "r") as file:
test_data = json.load(file)

def format_input (entry) :
instruction_text = (
f"Below is an instruction that describes a task. "
f"Write a response that appropriately completes the request."
fr"\n\n### Instruction:\n{entry['instruction']}"

input_text = (
fr\n\n### Input:\n{entry['input']}" if entry["input"] else ""
)

return instruction_text + input_text

ollama run &M —ENZMH Python i REST API Rk SHIAIMI T2 H . A%
H17-10 1Y query_model PREGHEER T Unfil{#i FHiZ API,

RILEEA 7-10 S5AHIREAY Ollama FEAIZS

import urllib.request

def query_model (
prompt,
model="1lama3",
url="http://localhost:11434/api/chat"

data = | Bl F A A
"model": model, iR
"messages": [

{"role": "user", "content": prompt}
1,
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"options": { REMTEEMRENE
"seed": 123, IR B 45 8
"temperature": 0,

"num_ctx": 2048

#F IR JSON R
= Moo
payload = json.dumps (data) .encode("utf-8") FHE, HHBAFT
request = urllib.request.Request (
url, R
data=payload, ﬁ'JE—/I\’E;kW%.
method="POST" HHERE R posT,
) FHMANLERIER K
request .add_header ("Content-Type", "application/json")
response_data = ""
with urllib.request.urlopen (request) as response:
whili . True: s . . e BEER
. Jf_ne ; J;esponse.rea ine() .decode("utf-8") HigEiE
if no ine:
Hi[a|
break g
response_json = json.loads(line)
response_data += response_json["message"] ["content"]

return response_data

TEIBAT XA EICA P RS RS BT Z 1T, i5H1% Ollama 1375147, 22 BT A4S BATT I i
Ollama running: True, XJEFEMIAERILLTIE SRS HERILWGHE R .

AR 2 HIRATRISEI A query_model PREXIRH :

model = "llama3"
result = query_model ("What do Llamas eat?", model)
print (result)

AR ISR B

Llamas are ruminant animals, which means they have a four-chambered
stomach that allows them to digest plant-based foods. Their diet
typically consists of:

1. Grasses: Llamas love to graze on grasses, including tall grasses,
short grasses, and even weeds.

FIHZRIE LB query_model PREL, AT LATEAGHOEAE I A s A0 (142 1% PRESGE b K AR 76 A
B 18] 58 550 A b B U 81 A2 A7 X H, AU Llama 3 #BRFRA T OB 1 [0l 52 4T 4%, PF
SN 0 F] 100,

B, JERANIIETERAN T Z Ak A (R iR 3 A L
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for entry in test_datal:3]:
prompt = (
f"Given the input " {format_input (entry)} "
frand correct output °{entry['output']l} , "
f"score the model response " {entry['model_response']} "
f" on a scale from 0 to 100, where 100 is the best score. "

)

print ("\nDataset response:")

print (">>", entry['output'])

print ("\nModel response:")

print (">>", entry["model_response"])
print ("\nScore:")

print (">>", query_model (prompt) )
print ("\n-------------—--- ")

X B 2ATEN S T 2 i (7RSS AN, Ollama i ANSERHHE , I A R SCARTT fE
AT ).

THAEI S :

>> The car is as fast as lightning.

REEE:
>> The car is as fast as a bullet.
o
>> I’d rate the model response “The car is as fast as a bullet.” an 85 out of 100.

Here’s why:

The response uses a simile correctly, comparing the speed of the car to something else (in

this case, a bullet).
The comparison is relevant and makes sense, as bullets are known for their high velocity.
The phrase “as fast as” is used correctly to introduce the simile.

The only reason I wouldn’t give it a perfect score is that some people might find the
comparison slightly less vivid or evocative than others. For example, comparing
something to lightning (as in the original response) can be more dramatic and attention
grabbing. However, “as fast as a bullet” is still a strong and effective simile that effectively

conveys the idea of the car’s speed.

Overall, I think the model did a great job!
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FaHARE £ -

>> The type of cloud typically associated with thunderstorms is cumulonimbus.

REEE

>> The type of cloud associated with thunderstorms is a cuamulus cloud.
S

>> 1"d score this model response as 40 out of 100.

Here’s why:

The model correctly identifies that thunderstorms are related to clouds (correctly identifying

the type of phenomenon).

However, it incorrectly specifies the type of cloud associated with thunderstorms. Cumulus

clouds are not typically associated with thunderstorms; cumulonimbus clouds are.
The response lacks precision and accuracy in its description.

Overall, while the model attempts to address the instruction, it provides an incorrect answer,

which is a significant error.

FAHEAE 2 -

>> Jane Austen.

REE S :

>> The author of Pride and Prejudice is Jane Austen.
vk

>>]’d rate my own response as 95 out of 100.

Here’s why:

The response accurately answers the question by naming the author of Pride and Prejudice

as Jane Austen.
The response is concise and clear, making it easy to understand.
There are no grammatical errors or ambiguities that could lead to confusion.

The only reason I wouldn’t give myself a perfect score is that the response is slightly
redundant—it’s not necessary to rephrase the question in the answer. A more concise

response would be simply “Jane Austen.”
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RISt A B B, Llama 3 B8] DU S BHA0IEAS, HOUNRERS a5 = A
SERTEM 45 T3 v 5. BN, 7eXt “cumulus cloud” (= ) ZRAIEG T, TEERAIEER
R BRAORIAR AR = A [ 4 B 43 IE AR

B 704, Z AR IRl L B RLR ] 1) AR RN PG . AEFRATAT LUE SRR, 1A
BRI 0 21 100 AR £, b 100 AARE A EL IXARRVESUETRAT R Z) i R
92504, DTN HAE REAEAT SRR AE B p0 AL . R ARSI 8 7-11 P generate_
model_scores PRAEUEH THBMNEHHE/RIA] "Respond with the integer number only."
EORBALAGR [T

RAGER 7-11 VR0 5 B R IE F A
def generate_model_scores (json_data, json_key, model="1lama3"):
scores = []
for entry in tgdm(json_data, desc="Scoring entries"):
prompt = (
f"Given the input " {format_input (entry)} "
frand correct output "{entry['output'l} , "
"score the model response " {entryl[json_key]} "
" on a scale from 0 to 100, where 100 is the best score. "
"Respond with the integer number only."

Hh Fh Hh

)
score = query_model (prompt, model) &R w~iE, L
try: EURE T8
scores.append (int (score))
except ValueError:
print (f"Could not convert score: {score}")
continue

return scores

XA test_data M generate_model scores BREL, XTEF M3 Macbook Air | KA yFHE
1 504

scores = generate_model_scores (test_data, "model_response")
print (f"Number of scores: {len(scores)} of {len(test_data)}")
print (f"Average score: {sum(scores)/len(scores):.2f}\n")

ZEIRANT R
Scoring entries: 100% || NNNENEGNG N @ 1:0/110

[01:10<00:00, 1.56it/s]
Number of scores: 110 of 110
Average score: 50.32
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P, MISEEL T CPU Ml GPU Z [AlfW Te4e it 514, FLk, PyTorch j2—1~Bzhi 518, Wix
A autograd, ‘EREWE H T E K EERRARE, I Ab S m &R B A4k . )5, PyTorch



228  ME A PyTorch fj/~

e MREFIE, wR4E B, RE Hmsaig i (CRLIEIIZRER | Bk R ECRiiE
), BERERTENIITEN BRIIT A N SUBAA BRI ZRas MR RE 7 ST B

PyTorch SEII 7 — /A F & PyTorch B & AT BN
HERKE (A E WMAMENIATR
\

N\ 4

3 SR SL T PyT: hEI‘]:WFHSJ.g..ﬂE]
REFSE ylorc REFES)SE
= \TRANRTERKEER

BE 5%

K A-1 PyTorch M = KAZCLLFELIFAE TSl i R B iy sk i e . TR BUARAL I A1 3oy
FIEELL SR BE 7 ] T HpRB, X A5 S BRI 2R B 22 I 5 0 25 5

A12 EXFEFZI

TEFT I, RIEFBRLE R By N TR REREIY” . SR, KA H RO S PR B — AR R
JEMZEMLS, T PyTorch & —MREE: AT I . RAENTE KA LENRR? TEAREEZ AT, TEFRATRZE
B TR EARTEZ [ FR

N TR RERIEA AR B REAS A 118 5 2 AR BB AR5 ROTH AL RS . IX 2eT 55
FAh AR S B . BPUN AR R . (RVEHUS T B, TR BRI R I FX
i BERY K- )

e A2 s, HERE SR N TR RER — 78U, A T Bk R st . Hlas
7R B EE R THRALRENS MRS 2y o], IR B SRR AR A T D0 HEA T T sl ke
W W BIT ARGV DT se 8l by o], IR I Ia] B RS i i 5 22 St F B B T
PERERSA I

ALEEE (AD

|
[
\mE2sEanse
AR B ]
K A-2 REE ) Rlenr T W — A T2, LIETEMEE MM, dlasr T 2 AT RN
— TR, BEMNEIEEI B, ATE R — B 2 S, 802N aE
WA TIE 75 2 AR e KT 55



W% A PyTorch i/~ 229

Hliwi JTEN TR BERIEAS h A5 T HBHE, AN RITR BV 2t (B ES
B ) $Eft 7By WS IE SRR AR R AN AR 55 (U RO R GE . BRI T g |
HERL B i U0, PL 3 [ S MR SR RR . Hlanse TSI ARIUA J 5 o T N T fE
MRETT, SEHGEBAL SRR T RN A RS, - REASIE OB 1O A B2 AL I3RS .

REZF SR T — DT, LT IREERRZ LS BN ZRAINL I o 3k S 22 10 2%
RIS BN AR (Rl R 2 M ZTZ B A R ) BE K. REAT R "R 457
R N T ZTCECT SR 2 DU, SR ETREAS X Bl v i S A M O R AT e
H G A BRI R ST ARG, TR IR A B AN PR R . 5, SR Z 2R A
SERACRE, PRI A TR SRR

HLaR27 > FITRE 27 > ORI A8 T AR A (RO BB 3] ) WnlEl A-3 .

WIZK

IR Y EEEZIG, ®iES
FRE R BIREE LSRR

REFZ S HE

HrEVL i VIGFHRE g TR B9 EE

Y HezE

Ff

—BREIETER, AL
T BN SRR

P A3 I T B U A T AR ARG — DI B, TR Berh, BORIE IR B4R ity
PRI R B E AT UG DRl r R B e T FU 3 L s b 2

A A 2 Tk, AR AT DUAE i R R S B A8 2 s SRt B BTl g filan, 7
et LI E RS ATV E SV LSRR ve /0 iR Rt C S @ N a7/ Q1) S N U 5 78 7@ SN S N A 2D
XEEHREESE I AARIERY . SRS, NZRaFARER AT ITERT ROREAS CRR 3-iBPF ) _EAEHT, AT
MXBCREA IR TIARSE (C“RIRIHE” 8RR R ). AR, A A ARV ZRI BT
B Bz TR ISR Ay, DL PR A S B o FH 22 R f2 P RERR A

R ZN R BN SCAR BT 7328, IR ARl ORI 5 B B TAR AR S
A-3 FHIREIZERL . BVEAROCEE R RNZRRTE B A OO Gt R FRATTH FEE AT,
Bl A-3RE o AEXAREOL T, BUNZR A AARAE n] UM SCARA BRI (26 1 A0 T — 5



230 M A PyTorch &4~

TIAESS ). TR, O RO TE 28 d A SRS Tl B B0 A AT B SCAS (AN
MHR2E ).

A.1.3 %% PyTorch

PyTorch 7] LMEHAWUATAn] Python PEEl 3 —HE#EA 7224 . SR, M1 T PyTorch /&2 — M7 CPU
M GPU AU ZR GV, Zad R nl RERT ZA M

Python fRZs
SR B R RA S BP XK Python, Bk, %3 PyTorch B, EdUE A
Yo R HTRAOE — 2| AR A 6 Python, =R 5 #7%9 Python iR A& Python 3.13, AR &34 )A
Python 3.11 2% Python 3.12,,

4N, PyTorch A WA . — A CPUHE AT AR, %5 — & 34F CPU A1 GPU
AR SEEE IR, WRRIIPLESE — T34 CUDA 1Y GPU ( ARSI T J& NVIDIA T4, RTX 2080 Ti
BRSBTS ), ARAMERR LS GPU A, DL R R AR UK rh 222 PyTorch AYERIAAR S

pip install torch

TEREARATT AL SRR CUDA ) GPU, 7EXAMENL T, WRARIEZEM A Python M85 B 40%&
DB RAEI (4 pip ), HBARGN A a3 24 CUDA Ik PyTorch fiiAs .

EE AREAPBBEE XA, PyTorchififiit ROCm¥E i 7 4 AMD GPU#) R3e £ 4. A% # %
#LA, A PyTorch ‘B 7 M3k,

h T B A4S CUDA 1 PyTorch WA, 38 S48 1 /R A 22 PyTorch HE4E 1) CUDA A .
PyTorch B 7 & it T AEAR[FIFRVE RS 24345 CUDA 1Y PyTorch MiA A4 1l A-4 /R
T A2, et PyTorch, PIRASFF AR torchvision EM torchaudio &,

A A i S PyTorch 2.4.0, 24 1 #{- SAS PR E , BERURMEFHLUT A& L2 A «
pip install torch==2.4.0

SR, ANRTRTAR, TERAIERGAR, RGLREamA eSS A BRI A AR E . Bk, UK
Viln] PyTorch B 77 Wi R0 (S UK A-4) SEFE S IREME RGN RemS . 1097E
fr}é\qﬁ% torch Bl torch==2.4.0,
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R E R
PyTorch Build Stable (2.0.1) Preview (Nightly)
Your OS Linux Windows
Package Conda _ LibTorch Source
Language Python C++/ Java
Compute Platform CUDA 11.7 CUDA 11.8 ROCm 5.4.2 CPU
‘ Run this Command: pip3 install torch torchvision torchaudio
EESHFRHERFKEH CUDA FRA NRRZEZHF CUDA #9 Nvidia B,
THI%IE CPU KA
Pl A-4 3551 PyTorch B J7 MUl AR HL Py Torch EfEry, DL A E SOFIEFRIE G VR R GEM 205
PANPAN
[lii=4

B PyTorch FURRAS, 15 7E PyTorch AT A FALHS .

import torch
torch._ version_

BB FTENUNT WA

'2.4.0"

PyTorch 1 Torch
Python B Z Ff VA# 4 % % PyTorch, * %% B % €% Torch Fayits:, {2 A T Python
( B AkA “PyTorch” ), “Torch” X A% F7/&KIN T % AR T Torch, Torch & —AN 2 L HHLE
53 FoRAF I AER, RN Lua 235 2 A0

WRARIETE SH-A KRB A Python PRFERZCREA 5 FH A FCAB P B A M ORI, AT 1A
SR AN TR AR

G4 PyTorch J& , W] LU 7E Python iz 47 LA AU R A AL 222 A1) T P E 1) NVIDIA
GPU:

import torch
torch.cuda.is_available ()
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ﬁﬂ%un A1 (A True, %BZ%%—@JE% ﬂﬂ%nné\i’ilﬁl False, }\UIEEDM/_’E@‘H‘%:M—J?E&@%
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(HFHEHB), {5 GPU AT LU E PSR 2= MR
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HEIAY GPU Il 7 Runtime 325, AT LIRS GPU, WE A-5 PR

1BiT # & Runtime I+ A Change
Runtime Type %iﬁl‘ﬂll‘tﬁi & colab.research.google.com

Notebook settings
Runtime type ﬁ& GPU ﬁ'ﬁ;[:% TPU EJZ CPU
Python3 4

Hardware aecelenlnr
GPU

GPU type ‘—/ yu%lﬁﬁ A1 00 GPU ﬁ];/

(o 1) AR E A GPU

[ Automatically run the first cell or section
D Omit code cell output when saving this notebook

Cancel Save

&l A-5 7E Google Colab 1) Runtime—Change Runtime Type 38 T BE#—1~ GPU & 4%

e RARIAA — & A Apple Silicon X K #9F R Mac (4= M1, M2, M3 REHAF ) |
27 VAR B F 4k Ay Amik PyTorch KA #AT, % 4& PyTorch ¥4& A Apple Silicon %k, #4F %—
B F MK PyTorch, RJ)5, VA Python PiE /7 — AN R A H B, DB AR Mac 2
% # #F1# A Apple Silicon %} Awik PyTorch:

print (torch.backends.mps.is_available())

Jr RE W True, ALK EREIRE Mac LA 7T A T Amik PyTorch /K A #9 Apple Silicon ¥ A .

FAReyit Hd b2 K A=i% B PyTorch,
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A21 8. [EE. EFEMKE

WNHTRFA, PyTorch skit 2 M T SEZHR MM BIR A dv o Prit e Z sk (Flm, {X—
ANEE ), ek, AEREE iRk, T 4R A K A R IR, R R
=HerkaFrch 3D KR, DIEHE, ATRME torch. tensor () REXAIEE PyTorch i Tensor
PG, ARSI A-1 R

RIZFEH A1 A PyTorch 5K i

import torch

M Python E# 8l E—1
tensor0d = torch.tensor (1) ThHKE (GrE)

M Python FlI= 8 —4
—#KE (B)

tensorld = torch.tensor([1l, 2, 31)

tensor2d = torch.tensor ([[1l, 2], MERER Python 5il
RO tl— ke

tensor3d = torch.tensor ([[[1, 21, [3, 411,

2 8 Python 5!
561 7. 8110 MWERER) Python 51J3%

E—NZ4EKE

A2.2 SKEHIFELR
PyTorch % ff] Python BRI 64 SEEOEAREMY 1T LI 3 fk k19 . dtype JEMR T ISR
BORRA, R R

tensorld = torch.tensor ([1l, 2, 31)
print (tensorld.dtype)

RS
torch.int64
i 1] Python 3% BRI EE K&, A4 PyTorch BRNS: B ELA 32 (s e Ry Tk &t

floatvec = torch.tensor([1.0, 2.0, 3.0])
print (floatvec.dtype)

TR

torch.float32
XFPIERE FEIE R 1 ARG A RACR Z RIS . 32 73 s B R ZBORE 2 AT 55 h i
BETRGEAREEE, [ LIEFERI AR LG 64 A0F i 80 A, GPU ZRA4%T 32 fi7 1t
BT TR, (SR ECE 2 AT DL 2 SR I 2 RN A R R

ST LB TIRR Y o Jr ORI . LT ACRSBOR T A4 64 RSkt Tk 32 (0%
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MK

floatvec = tensorld.to(torch.float32)
print (floatvec.dtype)

BORHR PILR N 25
torch.float32

A 5% PyTorch FRA& ARG Bl R T A5 6, T2 b B 77 30k

A.2.3 EH PyTorch 3kEiR{E
ARFTCIE WG PyTorch sk BAERIM 4o SR, FRATEAEN-GEA IR 2L AT 5

HME LN A T REH K ER torch. tensor () BREL:

tensor2d = torch.tensor([[1, 2, 31,
[4, 5, 61])
print (tensor2d)

RO TERLAUR 45
tensor ([[1, 2, 31,
[4, 5, 611)

Ak, . shape JEPEAVFRRATUTRI5R S ATEAR :
print (tensor2d.shape)

F IR PR -

torch.Size([2, 3])

WHRITIL, . shape IRFEIAYE 2, 31, XEWREZKER 247 35, TBHiZKEA N 3 x 2 IE
R, TR . reshape Jrik:

print (tensor2d.reshape (3, 2))

RO TENLUR 4
tensor ([[1, 21,
[3, 41,
[5, 611)

SR, 5L, 7E PyTorch 1, EIASKE TR AT 202 . view () :
print (tensor2d.view(3, 2))

F R PR -
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tensor ([[1, 2],

[3, 41,

[5, 611)
K)F . reshape Ml.view, TEHFLEIFEN T, PyTorch $24L T ZRMEEIETRATAHIE FIIE
PyTorch fe #1384 T ) 4f Lua JRAS Torch WAL, (HIE R P IUZEKR, WINT 5 NumPy 28
PIRTE . (.view () fl.reshape () I XK BIETENIX NAA R0, view () 2
SRIFUR B R LD, WRAE, BHICETAE, M. reshape () & TAE, WALE, BEoE ]
BE BRI Ir R AR )

TR, ATRAEH . m OREFE KR, XERER I LR . R, X S EMKER
L, PRATRL L RS B)iX — 5

print (tensor2d.T)

WS
tensor ([[1, 4],
[2, 51,
[3, 611)

fe5, PyTorch Wi ARG AEREARFR ik e . matmul Hik:

print (tensor2d.matmul (tensor2d.T))

By AR R

tensor ([[14, 3217,
[32, 7711)

SR, AT LU FH s AT, B REMS B s M S B[R] A Zh e -
print (tensor2d @ tensor2d.T)

By AR R

tensor ([[14, 327,
[32, 7711)

UNFTEr I, FNTAET Zr 2B MHRAT o ANRARAEEN UE Py Torch AT A AN [A) ) s A (R
ZRARFRAIATE ), VAR I,

A3 RREYATEE

BAELLFRAIR T fft— T PyTorch A9 H 3043512, KA autograd, PyTorch /Y autograd R 45%
REETE SR B T A SRR
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import torch.nn.functional as F

HNFHE
vy = torch.tensor([1.0])
x1 = torch.tensor ([1.11) WESH
wl = torch.tensor([2.2])
b = torch.tensor([0.0]) <+ REBTT
z =x1 *wl + Db Q——T
a = torch.sigmoid(z) ZESPN
loss = F.binary_cross_entropy(a, V) BERNSE

RIS AT 52 P E AU R BT B8 03, WANEHH G o XA Y E RO 2 S — 2
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RIZH X w F1 b)) BYBBEE, MIMTIZREAL,
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WRAE PyTorch W i1, A REHAGGT M2 —0 requires_grad JEIEHIZE N
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K A-8 JEE7R T S, B A — > R T — AN i AR R R BB — 17
i, W T2 R R (A Z R — AR BT T

WRARA K AZEBOOANE AR H i  80. B R s, ARG . WNERTCRE ,
AR T B e U G el 7 5 ] AP AR AR B S ORI % pRE 6 B2 RIAT o s At 1 8 3
BASH B MR BT R R R, XA sREVE D A e AP A A Q3 mT DUE I i
TR EE T REZ R TR SE 8, FATTIAE A7 5 th EHTH MLAE PyTorch H S B — I 1T
ERUY: N

Mo, X—U5ZhiE i) (autograd ) 5IEEA ¢
1?7 PyTorch [¥) autograd 5| %7 J5 518 jﬂﬁﬂ]‘f%%ii#ﬁ?ﬁﬁﬁ/\ PR AE SR,
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WA grad BREL, ATRAHESURAXS PRI S w1 BB, WIS B A-3 IR .
KRS58 A-3 il autograd TTHEBRE

import torch.nn.functional as F
from torch.autograd import grad

vy = torch.tensor ([1.0])

x1 = torch.tensor([1.1])

wl = torch.tensor([2.2], requires_grad=True)

b = torch.tensor([0.0], requires_grad=True) ZUANIBAR T, PyTorch £+ E
HERSHEBEITEEUBEK

z =xL *wl +D A7F. A, BTERNEEE

a = torch.sigmoid(z) RAERXATEE, EI AT
1% E retain graph=True, {§

loss = F.binary_cross_entropy(a, y) HIREBERNESH

grad_L_wl = grad(loss, wl, retain_graph=True) <

grad_L_b = grad(loss, b, retain_graph=True)

PRI 2 GIEESZE SIER U2

print (grad_L_wl)
print (grad_L_b)

PO TENUNT N2 -

(tensor ([-0.08981),)
(tensor ([-0.08171),)

KRR FIMEHT grad shE, XFELE . AL SERPIRE R, (B2, 7EXbrET,
PyTorch #2417 8 = 2 i T HOk A shibax A~ #2 . Biln, FeATar IxH1 2 s E08 H . backward
Jrike, BfJE PyTorch KEta8 a8 vh A 5 s BRI SEh Rl i 5K 1Y . grad JE PRI T
eZinp

loss.backward()
print (wl.grad)
print (b.grad)

H IR PR

(tensor ([-0.08981),)
(tensor ([-0.08171),)

RGP TRZAE B, VRAT RE SRR AL ST SO HIBTHE , (R FIHHG . BRI SEHY
AT RS20 T f# B PyTorch 1) autograd 411, {AARTTFELCAAIUAUE PyTorch i il . backward
D7 A FRAT AN IR T R 3 ) R——FR AT TS 2 T A T B
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A5 SIZEMEMLE

Bk, FAiTEs PyTorch 40k S BIIAR BE#28 IR 25 4 S - A7 B S5 4% O TR EE—AN BLARRY
HlF, FAIKERZ)ZEFL ( multilayer perceptron ), BI4iEFEMZ ML, WK A-9 Bk,

a2 QQQO ZM%EAE 10
I) = { ) =
NN AR
NN 4
\\\‘; SRR URIAOA
\
B MEREA 6 1
o ABEE F—MRER T
N e RN REER
/N AKX
BhrimRERT
N BEoREEE4NTA
N T — M- MREET

wmHE

Kl A-9 —DHAPIANRGZE N Z 2B B RRE ARP R — o0, N Tk
N, AR A LA R

1£ PyTorch S M5BT, W LA 7244k torch.nn.Module ZkE XFMTHC KA
SE SUMEE G o XA Module HERIRAL TARZIIRE, A ISR BTN 5. flhn,
EARVFIRNTE R ZMERIE, JFIRERAINZHL

FEXAFRA, BAE__inic_ M REChE XMEZE, IHE forward HiETIEERYS
JEZMMACH. . forward JTEHAR T ASIE @ MLk, JHESIHRER. MHILZ T,
backward JIEEH AT EZRATA LI, BAEVIGME T 5 e SR S E I R
BEEE (S0 A7 35 ), RIBHE A-4 385 SE I —S EA A Bt 2 10 2 i il 22 J2 LR R T
Module ZEAYHLAI I

RAGER A4 — D EAPIABRIRUZ 89 2 R BRI

class NeuralNetwork (torch.nn.Module) : PN I T OF 8- R
def __init_ (self, num_inputs, num_outputs) : BRTE, FHRITTUE
super (). —nit—0 BT ESE 4 8 A%
MMENREELES

self.layers = torch.nn.Sequential ( (&5 MR AL 1D
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# E—AERE

torch.nn.Linear (num_inputs, 30),
torch.nn.ReLU(), LM RSN AR
) TRHBEERSH

#H AR

torch.nn.Linear (30, 20), ) s

torch.nn.ReLU(), %Eﬁ'li%ﬂﬁ@ﬁ‘ﬂ\&
MEERBRZIE

Ty

torch.nn.Linear (20, num_outputs), —/l\ll,%ﬁ%ﬂ’\]iﬁﬂj*ﬁ,ﬁﬁ%%\iﬁ‘—ﬁ

) T—REEAT S S HALE

def forward(self, x):
logits = self.layers(x)
return logits

RE—EHELH
R logits

SRR, TRMERN MDA L — AT A 2 R 28 X 4%

model = NeuralNetwork (50, 3)

TEREHIX AR G2 i, AT print pRECIA B BIIEEH B 22

print (model)

BORHTERLA NS
NeuralNetwork (
(layers) : Sequential (

(0): Linear(in_features=50, out_features=30, bias=True)
(1): ReLU()
(2): Linear (in_features=30, out_features=20, bias=True)
(3): ReLU()
(4): Linear (in_features=20, out_features=3, bias=True)

)
R, LW NeuralNetwork 260, FANMEA T sequential 2K, B sequential FHIE
W, (AR — R REE T A TH)Z CEAE R rEoL ), AR e AT LiEFRA]
MTAES RN, BRI, 7E__inic MIERRBUPILHIL self . layers = Sequentiall(...)Jq,
HEFEAE NeuralNetwork W forward HEFTEM self. layers, MIGHEAMEAAENE.

TR, K — Tz IS HUE 5L

num_params = sum(p.numel () for p in model.parameters() if p.requires_grad)
print ("Total number of trainable model parameters:", num_params)

p 2

BOBATENLL R N

Total number of trainable model parameters: 2213
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B— requires_grad=True MZEERSHA AT INGSE, FHAENGRETER (S0
AT ),

TR TR AT THE RN A9 EA T BRORZ A 22 48458, XTI S8 5 #F torch.nn.
Linear 2", Linear Z&¥M A SHEMEM A, I E—MwERE. XA B A ETR
B EeEEE.

FHFXHEATH) print (model) W, ATABFIEHE— Linear JZFE layers BHEH RG]
B SR 0o AT L LR s [ % g A EE S B0

print (model.layers[0] .weight)

ey 23
BOBATENLL TR N
Parameter containing:
tensor([[ 0.1174, -0.1350, -0.1227, ..., 0.0275, -0.0520, -0.01927,
[-0.0169, 0.1265, 0.0255, ..., -0.1247, 0.1191, -0.06987,
[-0.0973, -0.0974, -0.0739, ..., -0.0068, -0.0892, 0.10707,
[-0.0681, 0.1058, -0.0315, ..., -0.1081, -0.0290, -0.13747,
[-0.0159, 0.0587, -0.0916, ..., -0.1153, 0.0700, 0.077071,
[-0.1019, 0.1345, -0.0176, ..., 0.0114, -0.0559, -0.00881]
e

requires_grad=True)

M T IRA MR S A R ok, PIIRATE . shape JEMERAR HAERE .

print (model.layers[0] .weight.shape)

GERITT PR

torch.Size([30, 50])
([E#E, PILLEIE model . layers[0] .bias PilnMmE m&H . )

X B AR E R S —A 30 x 50 FUZERE, TTLIE S requires_gra #EE N True ( BKE
R ATUIZRE) ) — X2 torch.nn.Linear HAE AR E ERIAIZ E .

UNRARAE A C AR T AT AR , IR 2B AR A B R PT R 2 5 A 13 S s O A i
ANl BRI 22 /MO BEN LB A TR R AL, BRI RO 25 I X SE B AR  ANTR] o FETR B~
N RS LR GG AR 2 T Zhad B P TR ARt . 50, 245 sRR AT AR ]
AR EIFAE B i Al R rh EA T AR R A BT, S SRR 28 0k 2 > B A Bt R SRR G R

SR, ESRIRA A SRR S A /N FEH LA E S ZACE ORI AR (E, (HAT LA manual_seed
kK PyTorch [ BEALECE BUERBE R, M REALERI GG L] B 5
torch.manual_seed(123)

model = NeuralNetwork (50, 3)
print (model.layers[0] .weight)
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RPN
Parameter containing:
tensor([[-0.0577, 0.0047, -0.0702, ..., 0.0222, 0.1260, 0.0865],
[ 0.0502, 0.0307, 0.0333, ..., 0.0951, 0.1134, -0.029771,
[ 0.1077, -0.1108, 0.0122, ..., 0.0108, -0.1049, -0.10637,
[-0.0787, 0.1259, 0.0803, ..., 0.1218, 0.1303, -0.13517,
[ 0.1359, 0.0175, -0.0673, ..., 0.0674, 0.0676, 0.10587,
[ 0.0790, 0.1343, -0.0293, ..., 0.0344, -0.0971, -0.050911,
e

requires_grad=True)

PAERNTC R T —LEif A KA NeuralNetwork SEf], 5 R BAFE F Q)i 1 /i AL 4% (il
ME:

torch.manual_seed(123)

X = torch.rand((1, 50))

out = model (X)
print (out)

ZERMT PR

tensor ([[-0.1262, 0.1080, -0.179211, grad_fn=<AddmmBackward0>)

1E BRI, FAT 1A T — B — R B ZRREAS x Al A R, FRATTHY 2% 1 R e
W 50 AERYRHIE 5 ), FRREHE AR, RS T 3 D04 SN model (x) I, B2
H S TR AR ) A4

HI LR S A i A 5K B T R B3T3 A 5 4 1 ok i i A 3X— i P A 5K i A B DA s A
BEIG, i)z, mietfidamz, STas A Mg A R,

S5 R A 3 ASEED BT 53 2 B 1 S B TR KR E R T
grad_fn fﬁo

XH, grad_fn=<AddmmBackward0>F/RiHE B TR R iR e — . B
KA, grad_fn=<AddmmBackward0>EE AT IEER A 1Y 7K 2 1 A0 R e A2 E )
(1), PyTorch 237 K [mALHE I AIf X 2605 BRI AR . grad fn=<AddmmBackward0>H1[
<AddmmBackward0>H5E T HPATHHAE. ZEXFMENR T, BHITHE— Addom $#4/E. Addmm
RFEWRIEFTRIE () JFEINE (add) M GEH,

TSR FARE FH X 28 A T SN T A A T VIR S 1) 0% ( LL eIl 2k 2 e e kA 1ol ),
T2 h S e AL A X AR R T BE IR B WS, RN B S PAT A L B R TR I AR MY N
ffo BRI, S0 AR AT HE L (L il th 000 ) AN 2 IR, e e 1 Ak 2 AT
torch.no_grad () P UELE, X&EHF PyTorch TR EERS R, DT AT DL S 2215 44 NN
AR



244 M A PyTorch &4~

with torch.no_grad():
out = model (X)
print (out)

ZRATT PR

tensor ([[-0.1262, 0.1080, -0.1792]1)
£ PyTorch v, S5 B2 L EBALR M 5 — 2 005 1 (logits ), IAVKE S Bufiy i 1456 25 AR 2k
PR PREL . X R PyTorch & 45 R BREL 20 softmax (8% /02801 sigmoid ) #/E5
XPEASRI R EE BAE— b, XA R T4 = BB H R RCR RS e . R, A SRAR A i
WSS RATFIBN R TR, B2 72 WA H] softmax PR :

with torch.no_grad():

out = torch.softmax (model (X), dim=1)
print (out)

B FTENLL T N -

tensor ([[0.3113, 0.3934, 0.2952]1))

PR S T LU 2R 5 SR BORER, IF HLENTARLERIRZ 1o XA BEPLREA , X 4e(g
REHAE, IXIEARZ VN GRAI R IR AR R A U ES R

A6 RESWHIBIEMEES

TERATRERS VN ZRA I Z T, ] B S MR 72 PyTorch Hh B iy A Kt i, X261
B FEV Gl B g A . Py Torch A4S0 I8 i 1A SELE Gn &1 A-10 B o

Dagtfsiétﬂqgﬁ { DataLoader 3 }
T

p—rEENmE, T . s Tl
m%*k E X, { ﬁ;ﬁ%mﬁ%ﬁ%
F 2 X I A 2 S RATEHIEEROIT
MRIEIEFR ISR IR AL HRIRIDRER
ARHOREES
VRS Kﬂﬁ_')
1_5}5 ;zjg;i&%}%ﬁgsﬁé it 4R 5% }
[=] NEIES
ES0E /

BIMIBEENREES
B BURMEER

& A-10 PyTorch LI T Dataset 2Kl Dataloader 2. Dataset K TLHILE X Unfaffm#;
R EEARIC RS . Dataloader 517 TeAFRER A FTHLANZH 258 b vk
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RYEE A-10, FRATH LI —A A& L) pataset 25, FTAIEIIZAEHEE AL,
IRJF HETIX SO XA BB I . AT SR — MR R RS , e 5 IR
A, RO PIARE . SINZoRpl—&, RATERIE T — M SN ZR IR R Tk
3 ARBIE TR 0, PIARGlE TRAINREE 1o tesh, WATEME T — NS AEEAR)
M . BB AR A AU AN fCRS T PR A5 TR o

REER A5 A/ NUR GRS

X_train = torch.tensor ([
[-1.2, 3.17,
[-0.9, 2.9]1,
[-0.5, 2.6]1,
[2.3, -1.11,
[2.7, -1.5]

1)
y_train = torch.tensor ([0, 0, 0, 1, 11)

X_test = torch.tensor ([
[-0.8, 2.8],
[2.6, -1.67,

1)
y_test = torch.tensor ([0, 11)

EE PyTorch ZREFAFEMATE 0 T 45, JFER K0 EAAFEALRAFA TS B 2 80% 1
( B A Python 89 & 51 0 145 ), BEk, HeRAMAEAAFE 0. 1. 2. 3F4, R2rivz
W &6 4y B 6L A S AT &L

WE B

TR, FATE T 487K PyTorch i) Dataset CZRANH—A H E LEHEESS ToyDataset,
IATHTE R A-6 T .
REEFRE A6 EX—1HEXH pataset K

from torch.utils.data import Dataset

class ToyDataset (Dataset) :
def __init_ (self, X, y):
self.features = X
self.labels = vy

def _ _getitem_ (self, index):

one_x = self.features[index] WE—EZHIBELEREERE
one_y = self.labels[index] ot R AR R EE

return one_x, one_y

def __len_ (self):
return self.labels.shape[0]
BEHEERKE

train_ds = ToyDataset (X_train, y_train) HOiRA
test_ds = ToyDataset (X_test, y_test)
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XA H A X ToyDataset 22 H AL fb—4~ PyTorch DataLoader, FE#ITIX—2ZH],
IJ:&{I]%%T% (o] B — ToyDataset ’fﬁﬁ%ﬂ‘]#ﬂﬁ%ﬁjo

yin PyTorch B, HE XA Dataset ZBHY 3 NEEHAMI T2 init ¥k, __getitem_
JIEM__len_ Jrid( S IATHTER A-6 ). 7E__inic_ Jri, AT E—SEF DIfE__getitem
FEM__len_ Jrikhyilnl i@tk X L@ ] DURSCIFIEAR . SCUAT S . B PRI R .
TRATEIE T — ML TR SRR B, PIUATR x F1y R4 X Se R IR X R
PEAFE R

TE__getitem  J7iEH, BATE L TR mI s f a0 H A HAAE &0 XA
S ]| 2 R I Rl e U PO VAU S (R Bl [ €7 1 = et e S S G I VR R A
2N

WJE, _len_ JrikAE TRRBEERERIES . XM, RAMEHKER . shape JEME
IR EAFAEECA T A8 ISR EE T =, AT S A8, il DIARRE A — T

print (len(train_ds))

ZERITT FR

5

BAERNE 208 LT — 0 H T /s BlEdEEER) PyTorch Dataset 28, AT LA PyTorch
i) DataLoader FEMHPHEATRAE, AFCASTE R A-7 7 o

REDEER AT LB nadas

from torch.utils.data import DataLoader

torch.manual_seed(123)
train_loader = DataLoader ( TERBIEMEEZAN
dataset=train_ds,
batch_size=2,
shuffle=True,

num_workers=0 ﬁ BETELEIE

J Z BRI R R G SR S ST

)

test_loader = DataLoader (

Pa =R e 1
dataset=test_ds, Rz E
batch_size=2,
shuffle=False, MR BR & TR
num_workers=0 ELIRF

)

TESLEEIN SRR s, TR TIRC X test_loader MRRGZIEML, (HORITH
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I, X HLA I T AR

for idx, (x, y) 1in enumerate(train_loader):
print (f"Batch {idx+1}:", x, vy)
G PR :
Batch 1: tensor([[-1.2000, 3.10007,
[-0.5000, 2.60001]) tensor ([0, 0])
Batch 2: tensor([[ 2.3000, -1.1000],
[-0.9000, 2.90001]) tensor([l, 0])
Batch 3: tensor([[ 2.7000, -1.5000]]) tensor([1l])

MRIEFTE A4, ATRIES crain_loader AU T INEHESE, B MUIZoRGIELF Ui —IK .
X A— DI R, HTIRAEH torch.manual_seed (123) ¥WE T MEHLEUA gy, i
R iZAS ) 58 AR R N R B TRUIUT o SR17, YRR BRI, VRS A& B TRLAINF
Ea R, XIEN T B IR EE R 2 2 e St B b B A B S BRI A

FA e B E MO N 2, (SR =R A & — A il IR FATA 5 IR
1, i 5 ANRERL 2 BERR

TESEEE, AR — N RN B G — A 2 /N F ALK, B4R RE s Zrid 7
AL, ik, PRV E drop_last=True, XBIEARPEFREE— MK, WAEE
A-8 TR,

RBEH A8 — D EFmJa— DRI mELR

train_loader = DatalLoader (
dataset=train_ds,
batch_size=2,
shuffle=True,
num_workers=0,
drop_last=True

)
WA, AN, TR RS — MR T

for idx, (x, y) 1in enumerate(train_loader):

print (f"Batch {idx+1}:", x, y)
SR PR,
Batch 1: tensor([[-0.9000, 2.90007,
[ 2.3000, -1.1000]1) tensor ([0, 1])
Batch 2: tensor([[ 2.7000, -1.5000],
[-0.5000, 2.60001]) tensor([1l, 0])

i, APKRITE DataLoader W) num_workers=0 W E ., XNSEAE PyTorch [y
DataLoader BT TIFATMBA AL A 2 E S, 4 num_workers BCE N 0B, ¥
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I AE AR MAE A TR T, XEERLIF B R, BRI GPU Y%k
KEYMILEETF, X 7] e o FEBALYIZ W B WS . XIEF CPU AMUZACFIVREE 2 S A, A%
AEIT [ AL BREOE . P, GPU fE551F CPU S8 RUX SEAT 55 Il RESS R . AHR, 4
num_workers BWE KT 0 WEUERT, SRS TAEMRIF TInEs s, MimBem EitfE%
T UNGRA, JEEir ARG 7R (S ILE A-11 ),
RBE SN TEHENEREME BN TIEHENBUIRME
FROEEERSHRAR INE
For each epoch: R P HEEREY
For each batch:
GD)
Model_ train_ing loop ] BRESATIEHERE, &
fteration ENEETUERE S

T—MER B EiE

T—MILRZ N EIE L

For each epoch:

For each batch:

PREET—A

R R
L~ T

R IREE

i

Model training loop
iteration

REFUURRE . THEIRR,
FEHNE

Bl A-11 FE3A 2 LAEHRBIEN T mEEdE (8 num_workers=0) 2 FEEHEMAIR
B, BRSTE T — MRS ETE T2 WRES (72). s A TAERE, I8
2R MBS T LIRS S HEBN T — DMk 8ds ()

SR, WSRARAEPRR AR R /NAEEE , IBATREIFA T 24 num_workers WHE N 1 8{
TORMEUE, o SIIZRmta] B JLRP, BRUt, W sRARM FH A2/ NMYBHE S 8iss B RS (4n
Jupyter Notebook ), AR num_workers FIREAZ W E RS HEE, M4 S —LLm#E, —
METERIRIEUE , 5 S 24 TAESFRE R4 AT 23 LU SEBRECH e o s i o) B4, RG22
AR/ NI

IAh, XFF Jupyter Notebook, ¥ num_workers W E N KT 0 AR RES FEAFMHARZ
B PRIL T AR, NS RS IR BB ICA it . P, FRARX AT X num_workers
SHRCHAT G P E SRR R R . AR, X AT LU — A a8 TR, (HRARSE R 4E
FEBARAE N A A TR R, USRI ACR .

WRIGR AL, BEE nun_workers=4 8 W STEVFZ H S SRR AE AR AEVERE, (HiR
AR E IR TR AIREAF A T 4% pataset 2R IIZRoRfilngtias.
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AT HBIR)IZIES
BULELLFRA e R I D (RIS 3 A9 /R T ISR,

REGEH A-9  7E PyTorch H it AT 25 )11k

import torch.nn.functional as F

ZHIREBANMHE
torch.manual_seed(123) U ME S
model = NeuralNetwork (num_inputs=2, num_outputs=2)
optimizer = torch.optim.SGD(
model .parameters (), 1lr=0.5
)
AR T EE L
num_epochs = 3 SHEENK

for epoch in range (num_epochs) :

model.train()
for batch_idx, (features, labels) 1in enumerate(train_loader) :
logits = model (features)

loss = F.cross_entropy (logits, labels) HLE—RBEE O, XU
B IlEEINEIREE R
optimizer.zero_grad()
loss.backward() <
optimizer.step() Bk R s
S P

### LOGGING EFRRSH RI|RELS
print (f"Epoch: {epoch+1:03d}/{num_epochs:03d}" HitERLk

f* | Batch {batch_idx:03d}/{len(train_loader):03d}" B E

f" | Train Loss: {loss:.2f}")

model.eval ()
# 6N i W94 4 KD
47 FIRES 2 AE LA N i

Epoch: 001/003
Epoch: 001/003 Batch 001/002 Train Loss: 0.65
Epoch: 002/003 Batch 000/002 Train Loss: 0.44

| | Train Loss: 0.75

| |

| |
Epoch: 002/003 | Batch 001/002 | Trainl Loss: 0.13

| |

| |

Batch 000/002

Epoch: 003/003 Batch 000/002

Epoch: 003/003 Batch 001/002
WPRFTIL, BURTE 3 8J5FEZE 0, XRIIBAIC R7EIZR5E Fld. & Btk T — 1 HAPIA
S APt AR, DN FRATT /s BRI SRAT P AR RSSO R a8 2T . A
T =222 R (1r) 0.5 IEENLEEIE TRE (scp) fifkds. A RE—DHEBH, BRE
BOR AT E, AT AR A B A R A TS0 . BRI OU T, BT B — o )
AR A —E R RUR WS —— O 7y — D B PR SR

Train Loss: 0.03
Train Loss: 0.00
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4> A3

RADEE A9 PA-BHAZRBH SV HHT

TESEBRA e, FROTE R SIS = ER4E, BT “Surgdite”, RRBIEMHES
BUE . WUEEILT I . SR, EESRFRAT H AR O b £ P — A DR SR PP A i 22, (HL
il AV LN Al o STk Y R e

BATEGIA T H I E: model.train () Al model.eval (). BIAE X, X EH T
BAVE T YIRS X TRV GRS R b AR AT A 4L (40 dropout ¢
#EA—ZE ) BOER., HTIRITH NeuralNetwork ZEHEA Z 25X LL 5 B 2N ) dropout 1%,
HAbZAIF, IAEZ BT 3 F R model . train () Ml model . eval (). 4RI, Felfift
A B ROV, DR SR A S AR A AR e AR IR AR B M TR

IEMZATHE AR, RATE A logits fZ#45 cross_entropy K MREL, J5&E STENHE
Wi softmax pREY, DARESCRITIEIREEREME. #Tk, M loss.backward () &5 H
PyTorch 7E/5 G AT EI P AUBREE . optimizer. step () JF S FHIX SR BER HURBIAY 2
U/ IMESIR o X SGD AL AR5, X EIRE R 522 2] AR, SRS R4 i s BE
MESEL

AE OATBRARLEOHERR, BRELREHTAR optimizer.zero_grad () k¥4
BEETEAHO0, XIREFE, TN, HELRKERELL, XAEZRNTRERLEM,

TEVNGRUFAERY)S , n] LAGE & A 7 3 -

model.eval ()

with torch.no_grad() :
outputs = model (X_train)

print (outputs)

BRI PR

tensor ([[ 2.8569, -4.1618],
2.5382, -3.7548],
2.0944, -3.182017,
1.4814, 1.4816],
1

L7176, 1.7342]11)

T PRAFSE AR S, LA PyTorch 1) softmax pR%Y :

torch.set_printoptions (sci_mode=False)
probas = torch.softmax (outputs, dim=1)
print (probas)
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By A0S R
tensor ([[  0.9991, 0.00097,
[ 0.9982, 0.00187,
[ 0.9949, 0.00517,
[ 0.0491, 0.95091,
[ 0.0307, 0.969311)

KE— T LA A 117, fEXE, H—ME (F]) Rz goRfilE TEEBIREE 0 Bk
1 99.91%, J&TREBIFRZE 1 BHERN 0.09%, (XBIH set_printoptions &K T il
Hmgk. )

AL PyTorch A argmax pRECK X SEMERAE AT N ZONFRZE TN . W E din=1, ¥
PR R T PR RME ARG E (RE din=0 IR 48] b i RE RS I E ):

predictions = torch.argmax (probas, dim=1)
print (predictions)

RORATERAN R N2
tensor ([0, 0, 0, 1, 11)

IR, BT ARERINRE, 1A softmax HERIFARL TR ALTR, Wrl LLEHX logits (Hrilh ) NiJT]
argmax PRET .

predictions = torch.argmax (outputs, dim=1)
print (predictions)

A .

AT R

tensor ([0, 0, 0, 1, 11)
EX B, AT TUIGBARE R TNAREE . ST INABEREAIT AN, FATAT LId i A R
RSN PRZEIA T A, S50 R B  r ER A 100%. AT DA HeBsa 554 ==k
AN — A5

predictions == y_train
SR PR :

tensor ([True, True, True, True, Truel)

i torch.sum ] AT IERE TN A ECE

torch.sum(predictions == y_train)

H IR PR

5
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HFEAEE N S ANINGoRBIdig, AT S AT ER, HEFRFEN 5/5x 100% = 100%.

S T AN AR AR T R A, LRSI compute_accuracy PREL, AR
HA-10 iR
KEZEE A-10  — A THE TR0 R 2 A PR

def compute_accuracy (model, dataloader):

model = model.eval ()

correct = 0.0
total_examples = 0
for idx, (features, labels) in enumerate(dataloader) :
with torch.no_grad() : RIBFZES LR, ER—
logits = model (features) True/False ERIKE
predictions = torch.argmax(logits, dim=1) RAURIEH B True
compare = labels == predictions B
correct += torch.sum(compare)
total_examples += len(compare)
return (correct / total_examples).item() ETNRLEHIR—IMNTF0f 1z

[B)AY{E. R .item () 2IEKERE
A Python ;2 2 BE IR [E]

X B A QR ok 326 A RS i 2 i e AR TE B 0 ) B8 R LU 5] ZEAL R R B AR I, i T A7
BRI, 8 FRATT R BEXTEESE A — /N AR, X HLAY compute_accuracy PREUE—FiE
FHI7 8, AR R/ NBAEEE , ORI R e AR e n R NS5 11 2508
] AR R/ MHTA] . compute_accuracy BRELHY N FRZ R T FRATZ RS logits He 4 25 bR
2l R vk

TR, AT LRRRZ R B0 T I 280 -

print (compute_accuracy (model, train_loader))

BRI PR

1.0
ol , ATLATEM AR bR T A bR
print (compute_accuracy (model, test_loader))

B ATENIN T N

1.0
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A.8 IRTFEFIMMEIREY

MAERM BRI KA T, T RER MR E, LMELETLIEM, TH2E
PyTorch HVRAF AN AT B HEEE T % «

torch.save (model.state_dict (), "model.pth")

BB state_dict JE— Python FHLXTR, BR] LUK i i) 45— 2 WU B H T 2240
( FCEFMGE ). model.pth S PRAF 2k 8RB SCAFRAT S48, FRATAT A FATAn] 44 B R0 SC
PRRSE, Aid.pth Flpt a5 WM Z1E .

RAFES , AT ARG P IR E &

model = NeuralNetwork(2, 2)
model.load_state_dict (torch.load("model.pth"))

torch.load ("model.pth") FREGEZECCH model.pth,#i@@ﬁﬁ:ﬂ%‘ﬁ% Python FHRT A
model.load_state_dict () WPERXEESHN R b GRS T A TR AL A AR Y
R

FEF— 23 P AT IS S, model = NeuralNetwork (2, 2)X—ATIFAE LT,
SR, X AL S B2 1 iR A T2 AE A A — MRS S0, X REA BE I TR A I S8
A, NeuralNetwork (2, 2)MHELIN S HRANAFF BRI SE 2T

A9 {FH GPU MtiillZrERe

PR, AEFRATERTT e A GPU SRk IR B 22 25 A I 2k (#5438 CPU, GPU
fiefs W TR s ) |5, AT T ## PyTorch tf GPU A T EME &, ARG, TRATEAE
HiAS GPU FUIRIERL, Befin, FATEHEM i £ GPU ¥EfT40 A %k

A9.1 7E GPU &% Li&fT PyTorch

EBONZAGAEIHE TAE GPU _LisfiAHx s, NS 3RS ENTT (S0 A7 ), 16
PEATIR BB 2 T, Hf# PyTorch 1 GPU J1 LAY EZAME&AE R H %L 7€ PyTorch i, & AT
AR 7 . CPU Ml GPU 2R A5 IRl . AnSR—~ PyTorch 5K A ICAE R4 L
M2 S TE R — R I T,

KB — X BRI T Y . R E 22085 T 3% GPU (1) PyTorch A (S0 A.1.3
), ATRME LA R AR PR A — R AR B2 1T I 15 LAY S RF GPU I

print (torch.cuda.is_available())
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ZER TR :
True
BAE, BREIRATA WA sKEE AT LU, BOAER T, X MHHENSAE CPU F3UT:
tensor_1 = torch.tensor([1l., 2., 3.])
tensor_2 = torch.tensor([4., 5., 6.])
print (tensor_1 + tensor_2)
AR R

tensor ([5., 7., 9.]1)
BAERT LMEH] . co () Jridke XAk HIATIR Bk EER LA ik (S0 A2275 ) M,
BRI sk R 5] GPU I F7EAR LA T 454 -

tensor_1l = tensor_1l.to("cuda")
tensor_2 = tensor_2.to("cuda")
print (tensor_1 + tensor_2)

By AR R

tensor ([5., 7., 9.], device='cuda:0")
R KIS T E R device="cuda: 0", XEREXLEKFN TH— GPU I,
WMARARIPLERAT 24 GPU, B4 0] LIS 2R sk i A 2R GPU 1. X 7] LIGE S EAE i i 2
IS EE ID KL, Ui . to("cuda:0") . .to("cuda:1")Zm2.

SRIM, PP k2B TR — & o A0, R —A5KEN T CPU, Ji—A-ikifL
T GPU, iHH#SRK:

tensor_1 = tensor_1l.to("cpu")
print (tensor_1 + tensor_2)
" .
HIR T PR :
RuntimeError Traceback (most recent call last)

<ipython-input-7-4f£f3c4d20fc3> in <cell line: 2>()
1 tensor_1 = tensor_l.to("cpu")
----> 2 print(tensor_1 + tensor_2)
RuntimeError: Expected all tensors to be on the same device, but found at
least two devices, cuda:0 and cpu!

Mz, Ak PR~ GPU %45 |, PyTorch 23 HA Y TAE,

A9.2 B GPUII%

FANTE SRR T k(3 GPU Ry, BL7en] LMEMONZIELIAE GPU isfT, 1X—
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AT EH R 3470, A HE R A-11 B,
REDER A-11 GPU _EIIIZIE

torch.manual_seed(123)
model = NeuralNetwork (num_inputs=2, num_outputs=2) \ .
. . EX—MEAER

A9 a1
device = torch.device("cuda") GPUMR&LE

model = model.to(device) 4—’17&@%%;“
4
GPU £

optimizer = torch.optim.SGD (model.parameters(), lr=0.5)
num_epochs = 3
for epoch in range (num_epochs) : 1%;&ﬁ%5§%§§”
. GPU Et
model.train ()
for batch_idx, (features, labels) in enumerate(train_loader) :
features, labels = features.to(device), labels.to(device)
logits = model (features)
loss = F.cross_entropy(logits, labels) # Loss function

optimizer.zero_grad/()
loss.backward()
optimizer.step()

### LOGGING

print (f"Epoch: {epoch+1:03d}/{num_epochs:03d}"
f" | Batch {batch_idx:03d}/{len(train_loader):03d}"
f" | Train/Val Loss: {loss:.2f}")

model.eval ()

# AENT R ORI KD

BT BRI LR A, B THE CPU _EJAIRRIEER (S0 AT 1Y ):

Epoch: 001/003 | Batch 000/002 | Train/Val Loss: 0.75
Epoch: 001/003 | Batch 001/002 | Train/Val Loss: 0.65
Epoch: 002/003 | Batch 000/002 | Train/Val Loss: 0.44
Epoch: 002/003 | Batch 001/002 | Train/Val Loss: 0.13
Epoch: 003/003 | Batch 000/002 | Train/Val Loss: 0.03
Epoch: 003/003 | Batch 001/002 | Train/Val Loss: 0.00

ATLMFH . to ("cuda") B0 device = torch.device("cuda"), B HEAEHE] " cuda " MiA
f& torch.device ("cuda") WA LAITAE, JFHERRE (S0 A9.177 ), Bn MEMIZIES], X
FERNMESA GPU, AUASIEEFE CPU F#tT. XBEIA R 2415 PyTorch {UHE AT Y A S0 R

device = torch.device("cuda" if torch.cuda.is_available() else "cpu")

TE B SO RIVIZIERR T, T A CPU $6H%5 2 GPU RYIN AL RISAS , FATTATREA 2 B
AETE o SRT, FATAT LU AR ZRIRBE 22 2%, JEHUR IR SRR, oA B i B H Tt
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macOS _t#YJ PyTorch
S R A% A 69 25 A Apple Silicon %K (4= M1, M2, M3 R E# A5 ) & Apple Mac,
AR A Nvidia GPU #93H FAu, RT A TFRA

device = torch.device("cuda" if torch.cuda.is_available() else "cpu")

FRA

device = torch.device(
"mps" 1f torch.backends.mps.is_available() else "cpu"

)

RAS AR ZE R GRS

%) A4

Wi 4B R & 2 CPU A= GPU L#9iEf70b1A . £ % KR-T#4EME L, hkT44A% GPU £
#y4EIE R kL CPU B#94EME ik # 57 (#27: 1& Jupyter Notebook 1% J stimeit w4~k It
BORATRYI, Blde, 3PT4EM o fep, EHHERKETPIEITHAStineit a @ b, )

A9.3 FHZA GPUIIZ

S NGRS BRI ZR A Be 2 24 GPU FIbLES o M AZX R BARTE A
GPU siflas EYIZBALE ATATAY, (XA R i RE AR WAEn . il Zrid B 212 G il
wr B (CEEGHLaTREA 24 GPU ), AT LIRS DGR ] IX AR A i S b BOU N H 2L
DRy AT e E A T R I Rk FOR TR A B S H ORI

FE A RERIFEIRAEA S A GPU, AF A EA A AL PyTorch W49 % GPU 3+ H T4F
JR PR R ARG i e

EBRATNA AR IR ) S BTG . PyTorch 150 A XS IF4T (Distributedpata-
Parallel, DDP) %M. DDP i bW s A 53 H1 20 n] i A LT[R AL B S g5 s 142 e 5
AT

BRI TAERYWE? PyTorch 237EREA GPU [JA 8 —AMS7 (R , B R 2RO OR
FE DB SRR S B ST G, EATA GPU, Jell S 151
Zr— MM, WK A-12 i,
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HRRI7E CPU LA
CRU 53R CPU L#18A1L Bom ks
) *\v FE—MER
(1) BB EHIZ (2) 81 GPU FREL—"
GPU L IR MR
cD Coru
[ o2 ]

Kl A-12 & DDP H, BORFEE &5 LA PR B, e8RS GPU L AR R
Ao BRIG, R KR 7 AR AU, ol e 2 A L I A

B4~ GPU ARSI — MR RIEIAS . ARG, FERRNGRERr, R MERIER 2 BRI Jin 2%,
R/ MIER (AR “HER” ) BdiE . ATRAMEI A Distributedsampler HHALRAESE
DDP i}, &1 GPU #BIEIHLCA R B A ES .

HI TR R R 2 B R AU ZREAE A, DM R R AS TR S 16 A R I a2 1] AN ] 4
logits IS AR RIBREE . SR, XSerp BRI Zhad B b PO SRR L, USRS, 5@
AT, AT AR S I B, Al A-13 R

(3) I+ EAiME (4) EREEE

5/ GPU MBI e RSB
it (ogits) ><

oruz |
Mb 2 BEESET GPU

Z E@E %, it
' / ' | EE4GPU MR
logits 1 logits 2 BAEE 1 B 2 EEH

&l A-13 7 DDP H, FiEMEHEMI MG ESR GPU LA AT, 4% A ACFRHS b s T

B, —HETRERE R R E M, B GPU L& MEBIRIA B 2 /E T GPU 2
IR A5 o 3o AT AR PR IR A R A B A AR I ) SRS

i} DDP AYSFALLET, 54 GPU ML, EREB I DUt BIERAE . BRE B Z 8] Tl
J DDP 17 Az /b i@ A5 IR 8, B8 B GPU AT LI IN R —4E i () 4 —2F o IR
R GPU BRI R , WA 84 GPU, JBAW LK —Re Ry BH 4 i 8 1%, LA
BE2eHfE
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2 DDP £ X Z X Python 33 ( 4= Jupyter Notebook ) ¥ ik B %547, B AiX SR %
A28y 7 X5 Ik 69 Python P AR B . B b, ARAGHE A-12 694K 5 AE A e A AT, ™
A Jupyter XA A EiL R 2 P57, DDPERA R AR, BARBALA A
49 Python fiF# 35 5201

AN TE R XA R T AR . ORI AL, FA PR L 1E T 25 DDP Y2k
ROy o SR, APRREEEAE A 2 GPU HLas sl ki = 52l st s, R4
BOZME AR AS GitHub 7 P& Az A

B\, AT ZRR PyTorch BM-FACHL | ZERR%EL, afCASIE L A-12 PR
KEZER A-12 T2 PyTorch T H

import torch.multiprocessing as mp

from torch.utils.data.distributed import DistributedSampler

from torch.nn.parallel import DistributedDataParallel as DDP

from torch.distributed import init_process_group, destroy_process_group

TERATGHEMVIZRS DDP ez /i, JofjZEmii— T 5 pistributedbataParallel 3§
— R P AR X S S ARG T LAY SRR 4%

PyTorch B multiprocessing FRIRAISIEU multiprocessing. spawn Z2EHYREL,
FRAPHG AL X L pREOR A A HERR , SRJG FEIFAT HRE— > BV T 2 A o JRAT TR B
GPU L — IRt . AR EN NG RS, W — M7 Bl a2 4 o3 4 ix
AR RERE, Mk, PTLME DistributedSamplers

init_process_group Ml destroy_process_group HTHIIELALE H A5 20 A=
init_process_group PREUNTEVIZRIEIATF G, LIAIIR I 0 B B D SRR i i 7R
4, Ifi destroy_process_group MAEWIZRMAZE SR RAT, DLASE LA & R I f RO ¢
P MASHE A-13 R T X SEH Ao ] T2 A TZ BT S5 NeuralNetwork BRI
DDP lll %,

RIZEE A-13 {fif] DistributedDataParallel SRESFHATALRIY L5

def ddp_setup(rank, world_size): ET RO
os.environ["MASTER_ADDR"] = "localhost"
os.environ["MASTER_PORT"] = "12345" M2 Ry E
init_process_group ( ZS RO
backend="nccl",
1 i - .
world size rank=rank, ncel &3 NVIDIA
EEREMAN world_size=world_size USRS
GPU #1828 ) 8
rank IERNZHNBE

R GPU K& 5|
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torch.cuda.set_device (rank)

def prepare_dataset () :
# AR EE KD

train_loader = DataLoader ( & EHETR GPU RS, WEAE
dataset=train_ds, H EAESkEHMITERME
DistributedSampler batch_size=2,
IAE P EATAL SR shuffle=rFalse, & GPU LillIZRR 2 A

pin_memory=True,

drop_last=True, EREOAFE

sampler=DistributedSampler (train_ds) T BREESERIEA
)

return train_loader, test_loader

TEBHTSE, UftED
#32 (GPU) M

def main(rank, world_size, num_epochs) :
ddpfsetup(rank, world_size) TR
train_loader, test_loader = prepare_dataset () et

model = NeuralNetwork (num_inputs=2, num_outputs=2)
model .to(rank)

optimizer = torch.optim.SGD(model.parameters (), lr=0.5)
model = DDP(model, device_ids=[rank]) rank &= GPU
for epoch in range (num_epochs) : By ID

for features, labels in train_loader:
features, labels = features.to(rank), labels.to(rank)
# A AR TR A B 1 45 KA
print (f" [GPU{rank}] Epoch: {epoch+1:03d}/{num_epochs:03d}"
f* | Batchsize {labels.shape[0]:03d}"

f" | Train/Val Loss: {loss:.2f}")
model.eval ()
train_acc = compute_accuracy (model, train_loader, device=rank)
print (f" [GPU{rank}] Training accuracy", train_acc)
test_acc = compute_accuracy (model, test_loader, device=rank)
print (f" [GPU{rank}] Test accuracy", test_acc)
destroy_process_group () SETE
. . 5L
if _ _name__ == "__main__":
print ("Number of GPUs available:", torch.cuda.device_count())

torch.manual_seed(123)

num_epochs = 3

world_size = torch.cuda.device_count ()

mp.spawn (main, args=(world_size, num_epochs), nprocs=world_size)

FERZNHIEBEERS, EP nprocs=world_size
BEERES GPU —/MftiE
FEIB TR B Z 1T, B TRITRERSS, RS 4S— T e TAERE, &EM_name_ ==
+main__» A HARATEL Python AL AE(F T4 SLAE W BLH S ARG
Kl

AR E B torch. cuda. device_count () fTENAT H GPU W8 , & BEALRI - LA
PRATEZYE, SRIEHH PyTorch i multiprocessing.spawn PREUERGHIERE, XH, spawn
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FRBCHEA GPU Ba— P utie, IXE nproces=world_size, HH world size &HJH GPU
BB . X spawn PRELS A ShIRATTTER— A e SCRy EpRdl, IRl args $#24E—2L5550
S, BIEE, FREE— rank 280, FAE mp . spawn O FHAF RS E. XERHN
rank (FfTHE GPUID Wiff2 ID) B4 AIMEE T .

FrREGES ddp_setup (FRATE LTI —AeR%EL ) W E AL L I 2R FiliA 4R |
WEBA, TS, 583 GPU JIZ (S0 A9.2 47) #HML, BAEFRNTE . co (rank) ¥
BOARFEE 3] Hhri s, Hoh rank 1174810 GPU 345 1D, A, FA Tl pop B350,
M AE I 2R 49 18] SE AN 6] GPU Z [ B B iy ) 25 o 2R s, ATV A AL, ffi A
destroy_process_group () R T¥biR 1 71 AN ZRIF R 2 4 B i B85

ZHTRAHR RN, B GPU KHEICA R IR B FHEAS . i — s, FRATFEDIZRm
ﬁ%&*ﬁﬁ sampler=DistributedSampler (train_ds).

A — eI REUR ddp_setup. EBCE 7 AL HLhE AL H DU R Z M HE1 T
A5 . A NCCL Jai (%2 GPU Z MR F i) WGt fed, JFBEE rank (HERARIRFT )
M world_size (FRREED). 5, EHEE T YHIBAIYIZHFRE rank AIXTHY GPU B4 .

% GPU Hl25 EikiF AT HAY GPU

WRR A BEAEL GPU HLas ERFIH T GPU B, AR 4 5 fij B i) 5 vk 2 4l
CUDA_VISIBLE_DEVICES AR, RIXIRAIHLETE £4> GPU, mifik RARMH—1 GPU, b
WEGIN 049 GPU, RA] ALtz i 7 A R RS, A2 python some_script.py:

CUDA_VISIBLE_DEVICES=0 python some_script.py

B, WARARBIBLESA 44 GPU, iR HARME IS — AR5 =4 GPU, R4 nT A -
CUDA_VISIBLE_DEVICES=0,2 python some_script.py
DLk 720 & CUDA_VISIBLE_DEVICES f&—FEHARMEH GPU A ELH 1k, Johigk
PyTorch A,
MAE, BT, KE— T LRI TAER, JrikE N\ Zum AL S 3))
IR
python ch02-DDP-script.py
THER, ENIZFER GPU MZ GPU HLas FARREIE R TAE. WRAEE GPU L Lisf X Befthd,
BRI AT AR BILA T i -

PyTorch version: 2.2.1+cull7
CUDA available: True
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Number of GPUs available: 1

[GPUO] Epoch: 001/003 | Batchsize 002 | Train/vVal Loss: 0.62
[GPUO] Epoch: 001/003 | Batchsize 002 | Train/vVal Loss: 0.32
[GPUO] Epoch: 002/003 | Batchsize 002 | Train/Val Loss: 0.11
[GPUO] Epoch: 002/003 | Batchsize 002 | Train/vVal Loss: 0.07
[GPUO] Epoch: 003/003 | Batchsize 002 | Train/vVal Loss: 0.02
[GPUO] Epoch: 003/003 | Batchsize 002 | Train/Val Loss: 0.03

[GPUO] Training accuracy 1.0
[GPUO] Test accuracy 1.0

S AR S A9.2 WA GPU RIS BUARML, X — MRLF R A R A A
WAE, WRIE—BAMWAD GPU BbLE Lzt R R ar & FAHS , IR ARG A IR B LT

45

PyTorch version: 2.2.1+cull?7
CUDA available: True
Number of GPUs available: 2

[GPU1] Epoch: 001/003 | Batchsize 002 | Train/Val Loss: 0.60
[GPUO] Epoch: 001/003 | Batchsize 002 | Train/Val Loss: 0.59
[GPUO] Epoch: 002/003 | Batchsize 002 | Train/Val Loss: 0.16
[GPU1] Epoch: 002/003 | Batchsize 002 | Train/vVal Loss: 0.17
[GPUO] Epoch: 003/003 | Batchsize 002 | Train/Val Loss: 0.05
[GPU1] Epoch: 003/003 | Batchsize 002 | Train/Val Loss: 0.05

[GPU1l] Training accuracy 1.0
[GPUO] Training accuracy 1.0
[GPU1l] Test accuracy 1.0
[GPUO] Test accuracy 1.0

IEARTUARTIRRE , W] LIE B — LR 7ES—> GPU (cpuo ) FARRE, IHABHERAESS — A GPU
(Gpul) LARBE. KT, FRATIESTENIZRMEn M e RN A 2] 7 =2 pf AT ot
(HAEDL, RS GPU) SN2 ATEDIAHERG R . T DDP KRR HI 5 T &4 GPU, FFHEA
PRI AT, AR AR A S TENE D, AR AT RS PATE, I8 AT E
2. ﬂﬂ%;@»ﬂ TEENNE, ABARTLLE AR rank SREEHIFTEN A -

- rgi}i(nz:("T:est accuracy: ", accuracy) %gf;m

s 2z, Xt DDP #H7 AN TAEEE, SRR B 2405 8O, d AR
B APLSCHY

AT % GPU IIZRIAT & X PyTorch API

o R AR P F k2 PyTorch P4£ 8 £ 5 369 % GPU 7 ik, ¥ vA% B4 A% R Fabric B iX
AEHg A AP, &AL “Accelerating PyTorch Model Training: Using Mixed-Precision and Fully
Sharded Data Parallelism” — 3P 2f 3Lt 47 T A48 .
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A0 INEE

Q PyTorch J&— MR, & 3 MLLANM: K. AN REBCFIIREE 2= > T H.

Q PyTorch FJ5K & EZAL T NumPy 5504 /%

Q 7& PyTorch "1, sKEIERRPRED | [alaE . AT oy R AOH ) R B B 4544

Q PyTorch 5k A LAZE CPU L3fT, {H PyTorch 5K A% =) — 4~ E ZALHIE B X GPU I

T
Q PyTorch *i{ A (autograd ) DIREREFATRERS J5 {3y il S AL BB I St 22 R 4,
MICARF- e T

Q PyTorch AYTREE 2= >) T HERAE T QG [ SCURBE 28 W 45 A b

O PyTorch #£fit T Dataset 28Mll DataLoader JEAHE . m R ORI 48 i K 6

Q 7£ CPU B84~ GPU [ I 2R AL 2 R RS

Q WRAZ14 GPU I, ARAfHif] DistributedDataParallel & PyTorch il I ZRHY)
AL v



MR B
222 ik FALE B [FhE

E1E

SE AR A AR DR T L B B P R S Y, a2 I A — 4 P A ik AR T 7 P <
Bt GPT EATHOMNGR, UEM 13X — il XA il A RIH H A B e G AL 55 B RBUL T
ChatGPT, [R]85 B R i rp R 1 AP ROPERE -

O “BloombergGPT: A Large Language Model for Finance” ( Hf Wu Shijie % AT 2023 4F £ 5% ),

[, A A TG 5 A A A ] A3 ok 33 07 R0 ff 0 ok i H R T8 S . Sk Google
Research Fll Google DeepMind % A1 BATE P& 2= 40 E 4T T ik«

QO “Towards Expert-Level Medical Question Answering with Large Language Models” ( Hf Karan
Singhal % \F 2023 4F & % ).

PUF 18 SCHE Y T 5 IR Y Transformer 4244«
QO “Attention Is All You Need” ( i Ashish Vaswani Z¢ AT 2017 4E %43 ).
KT IR SRS 28X 1) Transformer, R BERT, AJDUIZS% Fiki .

Q “BERT: Pre-training of Deep Bidirectional Transformers for Language Understanding” ( Fi
Jacob Devlin %F AT 2018 4E K% ),

DU B3GR T S XAR 1 GPT-3 B8, 28R R e 1 BUROGTR SR, IR fEA A3 4
S TR ST 5 BB AR -

O “Language Models are Few-Shot Learners” ( i Tom B. Brown %5 A\ 2020 4% % ).

UFIESCA A T HIT R 25 A LSE Transformer, M Transformer 4 AU BR T 304
A

O “An Image is Worth 16 x 16 Words: Transformers for Image Recognition at Scale” ( Hi Alexey
Dosovitskiy 28 AT 2020 4E 4 % ),
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PUFSZEGME ( HRTMASTAT ) RIS SRR 2201, JEIEITE Kb & A ey 2T
Transformer ZEf4 .
O “RWKYV: Reinventing RNNs for the Transformer Era” ( i Bo Peng 55 AT 2023 4F 4 3 );

QO “Hyena Hierarchy: Towards Larger Convolutional Language Models” ( Hi Michael Poli & A\ T

2023 4F AR );
O “Mamba: Linear-Time Sequence Modeling with Selective State Spaces” ( H1 Albert Gu il Tri

Dao F 2023 43 ).
Meta AT FYBRUE M THIZE GPT BALAYSEEL, 5 GPT-3 Fl ChatGPT AfF, ERAIF AT
FHI
O “Llama 2: Open Foundation and Fine-Tuned Chat Models” ( Fi Hugo Touvron % A\ F 2023 4F
B2 )
USRI 1.5 45 PR B BRAE S | FHEOSER, nTIZ% M Eleuther AR AT AT Y The
Pile Hifife :
Q “The Pile: An 800GB Dataset of Diverse Text for Language Modeling” ( #1 Leo Gao %5 AT
2020 F%H ).
AR SCHBE T T 08 GPT-3 1Y InstructGPT (957%, AHICNZAE 1.6 1535t JHAE
S5 7 BT T TR e
Q “Training Language Models to Follow Instructions with Human Feedback” ( i Ouyang Long
AT 2022 4R ),

e

5
USR] SR IR) . o S B, TLLZETRIL R P45 0% 1 e
FEZE)SY
Q Machine Learning Q and Al
AR SCRATHE T A 15 % i FHAE 43im) 7 ik «
O “Neural Machine Translation of Rare Words with Subword Units” ( f§ Rico Sennrich 2 A\ T
2023 L )o

FATINZ GPT-2 A 735 % 4ifith 737 & 145 2 i OpenAl T :
Q https://github.com/openai/gpt-2/blob/master/src/encoder.py.
OpenAI #2241t | —/ 32 H 5 Web UL, LATE/R GPT A8 45 %ot il g ) AR -
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Q https://platform.openai.com/tokenizer,

TNSRARAT D48 M KT LR SIS A1 25 BPE 43iA) %%, Andrej Karpathy /Y GitHub /% minbpe #%
N T YANEICIFEH 2

QO “A Minimal Implementation of a BPE Tokenizer” .

UNSRARAT DL 57 HAR A TR K & RS AR %, nTLIZ% SentencePiece il
WordPiece FIAHEIE 3L

O “SentencePiece: A Simple and Language Independent Subword Tokenizer and Detokenizer for
Neural Text Processing” ( Fi Taku Kudo F1 John Richardson T 2018 4F- % 3% );
O “Fast WordPiece Tokenization” ( F Song Xinying £ AT 2020 4F % 3% ).

EIFE
UNSRARXT Bahdanau {5 AL 75 RNN R 75 812 A PRAR AT TS EOGHER , il LA [ LR 183

O “Neural Machine Translation by Jointly Learning to Align and Translate” ( Ff Dzmitry Bahdanau
Kyunghyun Cho fl Yoshua Bengio T 2014 4 & % ).

H R WA St ) 2 LA 4 S AR i i U7 IR 4R Transformer 38 SC Y -

0O “Attention Is All You Need” ( i Ashish Vaswani ¢ AT 2017 k3 ).

FlashAttention J&—FP &) H B IHLHI SR, it b AT TR R 2ol s T /e .
FlashAttention £~ I Shpifi H = HIHLHIAE , (B4004E T80 RE DI S eR

Q “FlashAttention: Fast and Memory-Efficient Exact Attention with I0-Awareness” ( Fi Tri Dao
AT 20224 KF);
Q “FlashAttention-2: Faster Attention with Better Parallelism and Work Partitioning” ( F Tri Dao

F 20234 K% ).

PyTorch SEEE T —™ 7 B AR SRR 2 S %%, S7FF FlashAttention DI SRR, Z R H
APAL TR B, vTRES kA28 4k

QO scaled dot_product_attention 14,

AR, PyTorch KT scaled_dot_product PRELICEL T —ANE54AY Mult iHeadAt tention
,
R

O MultiHeadAttention XHY,

dropout J&—FHERIZ R4S R TR IE ML EOA , sl i AE N S ] BipL 25 57 i 20 B HZE 12
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By ki UG

Q “Dropout: A Simple Way to Prevent Neural Networks from Overfitting” ( B Nitish Srivastava

SHNT 2014 4E K% ),

JE T AU BN B 2 K TR B R 2 S b de i WA A T 28 A, (BRI I8
o, AEE R, PR EACE R RO 2 WG Lt n] DLSE il AT PERE :

Q “Simplifying Transformer Blocks” ( Hi Bobby He 1l Thomas Hofmann T 2023 4F & % ).
F4E

PUR W SCA 48 T — i o U5 — f B2 I A 2850 1Y i AR RS E BB AR 2h A 28 I 45 11
BOR, METZHURA I, 207 R 17U ZRm ] .

O “Layer Normalization” ( ff Jimmy Lei Ba, Jamie Ryan Kiros fll Geoffrey E. Hinton F* 2016
ERFE ).

Post-LayerNorm Tty Transformer #8Y, 7E [ LI MIFTHINZS Z 5172 H—fk. A8
2R, GPT-2 MIBSH Y RIS H R A SE R H Pre-LayerNorm, ‘B 17EX 64 F 2 Ayt A 12 H—1k,
XFER] DU AR E I ZRah A, JF BRSSO T CaiE W Reas 42 Tk Re, SR LA T e Scrhist
WIRIBHE :

O “On Layer Normalization in the Transformer Architecture” ( Ff Xiong Ruibin 5 AT 2020 4F

K3 );
O “ResiDual: Transformer with Dual Residual Connections” ( Hi Xie Shufang ¢ A\ T 2023 4F %
%)

B KR S A rhR B — LayerNorm 2842 RMSNorm, PR h B AT A RCR B & . %48
A S AR s A RO 5 R T I —AR Ak T — bk B2, TOAE S Z sl . X EWE
AR Z R, EASXEEE T O EAE . RMSNorm BRI IR WL DL R i8 3¢

O “Root Mean Square Layer Normalization” ( H Zhang Biao 1 Rico Sennrich F 2019 4F & 3% ).

ETIR2EEMER T (GELU ) 0% pRELAS & T 2 ML ReLU B0 sRELS RS 5045 1) AR
PRECHORRE, REMSATRCERZR I, TR S BOR h SEIEBE L E WAL AL «

O “Gaussian Error Linear Units (GELUs)” ( H Dan Hendricks il Kevin Gimpel T 2016 44 3% ).

GPT-2 i A4 T — R H) T Transformer A KIEF AL, EAIMSEED AN 1.24 12 .
3.5542.. 7.744ZH1 1542
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O “Language Models Are Unsupervised Multitask Learners” ( f Alec Radford % AT 2019 4F
B2 o

OpenAl ) GPT-3 il 75 GPT-2 JEAM R4, HERMA (S8R 1750 12) 1
GPT-2 s RAA K 100 15, FFHAERZ T HZHARAUILR . WRIRXTIEGHR, 7T LIS OpenAl
i GPT-3 ' J7 i A B Lambda Labs FIEAMER , J5# $ EI7EH RTX 8000 1244 GPU LIk
GPT-3 75 % 665 4F-:

O “Language Models are Few-Shot Learners” ( i Tom B. Brown 55 A F 2023 4F 4 % );

QO “OpenAl’s GPT-3 Language Model: A Technical Overview” .

NanoGPT f&— /AL 2T =500 GPT-2 Bk (R FARFH S Bl ) St e %
REARFH IS NanoGPT A i ANE, [HIZZE AIRATHAE T K7 GPT Python XS
2R /N AR TR

O “NanoGPT, a Repository for Training Medium-Sized GPTs”,
THEIXR AR FE R SRR, G BRSOV 32 000 AMETTR, KRIEF BRI
R R AR R R AR B 2 TP TR

Q “In the Long (Context) Run” ( Ff Harm de Vries & ffi ).

EHE

A A SR TR I LA B I S B 4 UE TR A5 B, 152 M IRTE YouTube
R A -

O L8.2 Logistic Regression Loss Function.,

PLUR PEBE A SR 7R 5 A 1T PyTorch 38 XU pRELCTES S5 1 T A BB .

Q L8.7.1 OneHot Encoding and Multi-category Cross Entropy;
Q Understanding Onehot Encoding and Cross Entropy in PyTorch,

PR PIRESCHEARA 41 1 T IO 2R SRR ARt . S oA 41y -

Q “Pythia: A Suite for Analyzing Large Language Models Across Training and Scaling” ( Hi Stella
Biderman % A\ F 2023 4E & 4% );

O “OLMo: Accelerating the Science of Language Models” ( i Dirk Groeneveld 5 AT 2024 4F
K)o
AP LU R AN S THER 60 000 A F S TR AL SR E B T RKE
RERS YN 2R e I -
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Q Pretraining GPT on the Project Gutenberg Dataset.

55 FRRE TORIEFBUAINZR, WSt DR TS PIZREOR , gt RIAY L
ko LUTIRSCRBL, FEMIHOAR AT LUSE R T 4RSS 2k 201 Zrad i TR SR, IR0t
TSN LS

O “Simple and Scalable Strategies to Continually Pre-train Large Language Models” ( fi Adam
Ibrahim 5% AT 2024 4% 3 ).

BloombergGPT J&— MIUAFE B9 RTH SRR RG], R AR HISOR AR E QU (R4
R ) SCATEARLZE_EYINZRITTAL

O “BloombergGPT: A Large Language Model for Finance” ( 1 Wu Shijie % AT 2023 4F £ 5% ),

GaLore &—/MEMARBFZR I H , B7ERTIRE SR BITIZRASCR . B AR o o fay 2
F H TR N R E Y PyTorch Adamw AL #§ 8 #4 galore-torch Python 3 i #{t[1
GaLoreAdamw {AL#s R AT .

QO “GaLore: Memory-Efficient LLM Training by Gradient Low-Rank Projection” ( F§ Zhao Jiawei
HENT 2024 KR s

O GaLore {URSF74# P -

DA R SO IR A= 1 20 a] HI KR SR Bl Z8icin 5, Hrp 3800 GB 3| TB 193

ASKH -

O “Dolma: An Open Corpus of Three Trillion Tokens for LLM Pretraining Research” ( Hi Luca
Soldaini % A\ T 2024 4F 435 );

Q “The Pile: An 800GB Dataset of Diverse Text for Language Modeling” ( Hi Leo Gao 55 AT
2020 4F % );

O “The RefinedWeb Dataset for Falcon LLM: Outperforming Curated Corpora with Web Data, and
Web Data Only” ( i Guilherme Penedo 55 AT 2023 4F & 3% );

O “RedPajama” ({F# . Together Al );

O FineWeb H#li4E , HrP 155k  CommonCrawl AT 15 TTAZANAITI 43 1 BN 25 B Y
I DR

PUF B0 41 Top-k RAEIIIE SC
O “Hierarchical Neural Story Generation” ( Hi Angela Fan %% AT 2018 4F % 3% ),

Top-k SRAFEF 5 —FhEHEIE Top-p KAF (55 5 THARINA ). Top-p KAE N RBER ML BIH p
[35e/)N Top WICHE G TSR, 17 Top-k RAFFEZMERM Top kARITCHIEATHESE
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Q Top-p KHE ( https://en.wikipedia.org/wiki/Top-p_sampling ).

RIR (5 5 TR RNGD) 2 — PO, i 7efe— 2D AU B o B e B3R 20 7 31
KA A, LA R

Q “Diverse Beam Search: Decoding Diverse Solutions from Neural Sequence Models”( i Ashwin

K Vijayakumar %6 AT 2016 445 ).,

F6E
DL e AR R O Y AL YU

O “Using and Finetuning Pretrained Transformers” ;

Q “Finetuning Large Language Models” .

FAbSS, AR5 — M RG-S fiJm — A DT TR0 A FAE, AT AZEAR B A9 #h 78
(NEZZY L ks P

Q Additional Classification Finetuning Experiments,

T ZIur RS (ARBIRIRIE 32 ), HOR BT LU A CTIASZPIAS ) a5 a5,
TEANFRAE LA SCE g R

O “Losses Learned—Optimizing Negative Log-Likelihood and Cross-Entropy in PyTorch”

A LIEE DL SCEE PR A S s B AR USR] 2 A0 HARSZE . 2R, BR T H )2,
TR J5 —A> Transformer Bt v] DL i 42T TP BE .

Q “Finetuning Large Language Models” .
AT DATEAST-A7 2] SCR Hh R B A ISP 43 B AR i) A e IR AN L -
Q Imbalanced-Learn User Guide,

USRS X B3R O A E B AR B AT 0 B, W ASH IR RIR. BRI )
CSV X (RMITHE 6 T IR ) SRt T ORISR 7 SR 4 -

QO Email Spam Classification Dataset,

GPT-2 J£3£T Transformer ZEH AYfARRSAIEL, 2 H B2 U SO . 1E MR %,
FET gt 28098 (40 BERT 1 RoBERTa ) A] LIRSS B A T55

Q “BERT: Pre-training of Deep Bidirectional Transformers for Language Understanding” ( HH
Jacob Devlin %5 AT 2018 443 );
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O “RoBERTa: A Robustly Optimized BERT Pretraining Approach” ( Hi Liu Yinhan %5 AF 2019
LR );

O “Additional Experiments Classifying the Sentiment of 50k IMDB Movie Reviews”

AT RIRTSERT, TR S 2R IR 2 R AR AR L) S HAb B B, mT LA — 254 T o336

O “Label Supervised LLaMA Finetuning” ( B Li Zongxi ¢ A F 2023 4F &3 );

Q “LLM2Vec: Large Language Models Are Secretly Powerful Text Encoders” ( Hi Parishad
BehnamGhader % A\ F 2024 4F & % ),

ETE

45 BOY Alpaca BHEE & 52000 1445 S THREXE , JL45—A-UL RRATIYATHE &
AR —

O “Stanford Alpaca: An Instruction-Following Llama Model” .

PATR 2365 348 2 S0 1 HAB T A T U5 ] i i 46

a LIMA

m RMEGHCEZ2(5 5L, 15 % 18 3C “LIMA: Less Is More for Alignment” ( fi Zhou Chunting
HENTF 2023 4E R % ),
Q UltraChat

m —IE 805 000 A I AMUB A . ARIETHCEZ(ELE, HS 5183
“Enhancing Chat Language Models by Scaling Highquality Instructional Conversations” ( Hi
Ning Ding % A\ T 2023 4E k3% ).

Q Alpaca GPT4
m BAUT Alpaca FORCIESE, AL 6] GPT-4 TIASZE GPT-3.5 AE AU 52 000 /M8 4[5 %),
Phi-3 JE— 24 38 AR, R, AR A HoRAR AT IR L AR (11 GPT-3.5)
FRAESE -
Q “Phi-3 Technical Report: A Highly Capable Language Model Locally on Your Phone” ( F Marah
Abdin %5 AT 2024 £ KK ).
WFSEN SR T —Fh & s S8 A i, M4 382 ORI Llama 3 BIRIA: T
300 000 /> BT (4R 2 M W X o 285 ORI A B 2R Llama 3 FERIBAAEVERE [ 5 )5 bG48 2 TR
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1 Llama 3 FBiAUAH Y .

O “Magpie: Alignment Data Synthesis from Scratch by Prompting Aligned LLMs with Nothing”
( H1 Xu Zhangchen £ AT 2024 5F & % ),

MR FH, 738 A TR AR A K8 2 Ff ASEFTHERS , BEME A RIRTHE 2 A SR E 5 b2
1855 RN A SR ORI, IO NG 4 b & K -2 e gt sl A A )11 25
FEARHT

Q “Instruction Tuning with Loss Over Instructions” ( Hf Shi Zhengyan 5§ A\ T 2024 4F & % )

Prometheus I PHUDGE J& /A ¥ ] JHRY T AL, 7T il RO BR P Al 1A e b 5 T 5
GPT-4 #1Y4, SR, TS ARBET, Ollama ASCREX AR, SECLICEAEE LA BN
RRERAT, I ERATIR M EAT:

Q “Prometheus: Inducing Finegrained Evaluation Capability in Language Models” ( Fi Seungone

Kim %5 AT 2023 4243 );
Q “PHUDGE: Phi-3 as Scalable Judge” ( Hi Mahesh Deshwal 11 Apoorva Chawla T 2024 4F- & 2 );

O “Prometheus 2: An Open Source Language Model Specialized in Evaluating Other Language
Models” ( /1 Seungone Kim % A\ T 2024 5% 3 ).

PRSI SE R SRR R« RIS 8 B ORI ) AR R 52 i, il %
e H A X LE TR BORER o Weoh, ABESERT 1T S5 B O R SRR A E AT
FRRE T AR, fa7n TSR > e SR U, O HLAERRORE R b 5 LGB AT 2 g s Y
Az LR AR B AT -

Q “Does Fine-Tuning LLMs on New Knowledge Encourage Hallucinations?” ( Hi Zorik Gekhman

AT 2024 FERFE ),

P SO S WOH 2 J5 B — D AT DB, BRI SRR AT G Al o LT SCER
BETA SRR RTE 2 1E R

QO “LLM Training: RLHF and Its Alternatives” ;

O “Tips for LLM Pretraining and Evaluating Reward Models”

Bifs% A

BIRMER A RLGE R T, (E SRR A AR AT S A 1 AR
INGEER

4, AR 2L

&
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Q { Python AL~ . J&TF PyTorch Al Scikit-Learn ) ({f# . Sebastian Raschka, Hayden Liu
#1 Vahid Mirjalili );
Q {PyTorch iR 2% >) 52)% ) (E# . Eli Stevens, Luca Antiga #1 Thomas Viehmann ),

T AR R RES, ARATLAFE YouTube FATFHFRSEHIN 15 S0 2R .

Q Lecture 4.1: Tensors in Deep Learning,

UNRARAE T i S 225G THL gy~ PR BIPPA B N 2, MR B 2 ) TS AT e D

Q “Model Evaluation, Model Selection, and Algorithm Selection in Machine Learning” .
TSRARAT PRI ) BT B T AR g0, l AR A Ity b A SR — R G TR e BN 2
Q Introduction to Calculus,

M4 PyTorch ATENG & HEA] optimization. zero_grad()? TERLAEA T, FIHE
i L RPWEEE, PyTorch SUVFRRATTHEATIXMIERE . ARARIE TR 2 X THRE BRNER, 1E2S
I5e] 3 Fr) TR TR R g SR

Q “Finetuning Large Language Models on a Single GPU Using Gradient Accumulation”

AWEAZT DDP, 2R 24> GPU NZRIREE = I B IAT Ik . X TR LE B
RJCETE S GPU Y RG], bl LI B PyTorch HY5E 4 i Adia 47 (FSDP) Jrik,
BOTESET AT BT RBYZ MR EARR GPU Lo A CHE 2GR, THSRIHTLAL
S APTSCRY Y 22554

O “Introducing PyTorch Fully Sharded Data Parallel (FSDP) API”,



ZIWBRRA R

KT BRI AR S n] LIAEAR A1) GitHub AU G PR R3]
F2E
2] 2.1
] LA ek BR R R  F—NA HR A R ATl g gt R AR A i AR SREBO I Y BN R C 1D

print (tokenizer.encode ("Ak"))
print (tokenizer.encode ("w"))

B
BORHTERAN N2
[33901]

[86]
Fo..

TR, W] Dot T AR A R A R
print (tokenizer.decode ([33901, 86, 343, 86, 220, e5el))
RORF R FTANR 2R

'Akwirw ier'

%3] 2.2
i max_length=2, stride=2 BEIAEIEINZRARAVACHS

dataloader = create_dataloader (
raw_text, batch_size=4, max_length=2, stride=2

)

ST MRS S

tensor ([[ 40, 36717,
[2885, 1464],
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[1807, 36197,
[ 402, 27111)

il max_length=8, stride=2 EIAYEE —NEHEINZRAS LS .

dataloader = create_dataloader (
raw_text, batch_size=4, max_length=8, stride=2

)
7 HE B 7R RS I R B

tensor ([ [ 40, 367, 2885, 1464, 1807, 3619, 402, 2717,
[ 2885, 1464, 1807, 3619, 402, 271, 10899, 2138],
[ 1807, 3619, 402, 271, 10899, 2138, 257, 70267,
[ 402, 271, 10899, 2138, 257, 7026, 15632, 438]1)
%351
.=
#:.3] 3.1

IERR A IRAE A AU AT B

sa_vl.W_query = torch.nn.Parameter (sa_v2.W_query.weight.T)
sa_vl.W_key = torch.nn.Parameter (sa_v2.W_key.weight.T)
sa_vl.W_value = torch.nn.Parameter (sa_v2.W_value.weight.T)

#3132
R T ik R LEREAS R 2 (RANTFIRATAE PSR S TR TR ), T BB A4 N
d_out B 1,

d_out =1
mha = MultiHeadAttentionWrapper (d_in, d_out, block_size, 0.0, num_heads=2)

#3133
/N GPT-2 SR AR AR A AR 4 R B

block_size = 1024
d_in, d_out = 768, 768

num_heads = 12

mha = MultiHeadAttention(d_in, d_out, block_size, 0.0, num_heads)
F4E

%341

ATLAIE I AR 7 o B R s R s b i S8
block = TransformerBlock (GPT_CONFIG_124M)

total_params = sum(p.numel () for p in block.ff.parameters())
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print (f"Total number of parameters in feed forward module: {total_params:,}")

total_params = sum(p.numel () for p in block.att.parameters())
print (f"Total number of parameters in attention module: {total_params:,}")

AR, AR SRR KA BRI P

Total number of parameters in feed forward module: 4,722,432
Total number of parameters in attention module: 2,360,064

351 4.2
R T I AN GPT ALHY o] LA i AR J7 AU OAeie B = ( eAb LA GPT=2 x1 Al ):

GPT_CONFIG = GPT_CONFIG_124M.copy ()

GPT_CONFIG["emb_dim"] = 1600
GPT_CONFIG["n_layers"] = 48
GPT_CONFIG["n_heads"] = 25

model = GPTModel (GPT_CONFIG)

e, N 4.6 WIS, ATRITHRH YT A SO AT K

gpt2-x1:

Total number of parameters: 1,637,792,000

Number of trainable parameters considering weight tying: 1,557,380,800
Total size of the model: 6247.68 MB

#3143

e 4, FRAIEE 3@ T dropout JZ: AR . PUEEREZE ML LS R,
] LA I 7 SO o ) 5 B R JZ ) dropout R, SRS AH N7 b 3 454X S B R 4 X 2 Y
dropout %,

BERUE I E AT s

GPT_CONFIG_124M = {
"vocab_size": 50257,
"context_length": 1024,
"emb_dim": 768,
"n_heads": 12,

"n_layers": 12, ELSE3-wil:0]
"drop_rate_attn": 0.1, dropout
"drop_rate_shortcut": 0.1, RiEEERY
"drop_rate_emb": 0.1, Dropout
"gkv_bias": False
} BARH
dropout

G Trans formerBlock 1 GPTModel T iR,

class TransformerBlock (nn.Module) :
def _ _init_ (self, cfg):
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def

super () .__init__ ()

self.att = MultiHeadAttention/(
d_in=cfgl"emb_dim"],
d_out=cfg["emb_dim"],
context_length=cfg["context_length"],
num_heads=cfg["n_heads"],

SR
dropout=cfg["drop_rate_attn"], i:;gi?jjm
agkv_bias=cfgl"gkv_bias"])

self.ff = FeedForward (cfg)

self.norml = LayerNorm(cfg["emb_dim"])

self.norm2 = LayerNorm(cfg["emb_dim"])

self.drop_shortcut = nn.Dropout ( R
cfg["drop_rate_shortcut"] dropout

forward(self, x):
shortcut = x

x = self.norml (x)

X self.att (x)

x = self.drop_shortcut (x)
x = x + shortcut

shortcut = x

x = self.norm2 (x)

x = self.ff(x)

x = self.drop_shortcut (x)
x = x + shortcut

return x

class GPTModel (nn.Module) :

def

def

_ _init_ (self, cfg):
super () .__init__ ()
self.tok_emb = nn.Embedding (

cfgl["vocab_size"], cfgl["emb_dim"]
)
self.pos_emb = nn.Embedding (

cfg["context_length"], cfg["emb_dim"] BANER
) dropout
self.drop_emb = nn.Dropout (cfg["drop_rate_emb"])
self.trf_blocks = nn.Sequential (

* [TransformerBlock (cfg) for _ in range(cfg["n_layers"])])

self.final_norm = LayerNorm(cfg["emb_dim"])
self.out_head = nn.Linear(
cfgl"emb_dim"], cfgl["vocab_size"], bias=False

forward(self, in_idx):
batch_size, seqg_len = in_idx.shape
tok_embeds = self.tok_emb(in_idx)
pos_embeds = self.pos_emb(
torch.arange (seqg_len, device=in_idx.device)
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tok_embeds + pos_embeds
self.drop_emb (x)
self.trf_blocks (x)

x = self.final_norm(x)
logits = self.out_head(x)
return logits

XXX
[ TR T}

B5F

3] 5.1

"] DME AR E LAY print_sampled_tokens PFRECKEFTENRIC (852147 ) pizza BERAER
UH, EIRATIM 5.3.1 5 LIRS 46

MR E R 05K 0.1 B, 1AJC pizza WEREE 0 UK MRS 2 5 B, BHCREE 321K,
I, FRATAT DS E B e R FERIEE A 32/1000 x 100% = 3.2%, T HEIF IR 2 4.3%, AL
TESE T softmax HE 5Kk & (scaled probas[2]1[6]1) H3kFl.

#3]5.2

T BN RS AR ) A A BEA LY E A TR, — SR Top-k RAE AR 4R ik

G AN BN Top-k {5 ( FLAI/NT 10) ELIEBERT 1, BRI 2 B A AR A BB,
e AN FERXABEE T, MR A s SCAR BT 30 | 7 5%, I H B I R e
FTRERYEEAR

ORI A {ERIPR L EE B B (9 1 3 5 2 B0 I SRl i, LSS T B S Rt 1 i o
B0 HAWR 7S Bl sm IS B PR AE 55, LEANBOR T AU AR A o b, I RIZCE N
AR EOER A S, PUIIRT 1 AR BB E AR R AT B

HHEC, BOREY Top-k {H ( HL4n 20 2 40 AL R ) FEEE S T 1 AYBCE AR FHRTR 5 BT
SR SAWEBIENE (/ML) B SR,

#3153

A LT LUME generate BRBHIHHETHHHRE .

() ¥ top_k W HE N None, JFHAMITEIELL,

() ¥ top_k WHEN 1,

%354

B, T EM AT T A AR R R AL s -
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checkpoint = torch.load("model_and_optimizer.pth")

model = GPTModel (GPT_CONFIG_124M)
model.load_state_dict (checkpoint ["model_state_dict"])

optimizer = torch.optim.AdamW (model.parameters (), lr=5e-4, weight_decay=0.1)
optimizer.load_state_dict (checkpoint ["optimizer_state_dict"])

EI%T:EE, JE train_simple_function IZI%I, 3@{% num_epochs WE N 1, l/y\{EXﬂL*ﬁﬂﬂ:ﬁ‘
Ji—5e I,

%355
A LU R i A9 B apTModel IIIZREEI AL FIBE UESE 2k .
train_loss = calc_loss_loader (train_loader, gpt, device)

val_loss = calc_loss_loader (val_loader, gpt, device)

TESHR N 1. 24 ACRIBR b B R TR B

Training loss: 3.754748503367106
Validation loss: 3.559617757797241

FE IR R RN G AR AP REARIT . X TR 2R R A

(1) “The Verdict” FAALETE OpenAl YIZki) GPT-2 BN EHEET ., Hik, HAHRA
EH A IIGSE, MRETE “The Verdict” AYYIZREMKIELE RIMASFFE €, (RIEER
FARMAR T UNGRAE RIS, SXAEGEE 22 T LU/ D UL SR, 33X ] RE S T FlEALIE 75 15 i
FEIEEAIRT /N, SEBR b, QAR A, ISR R UE S B P RE I % KB . )

(2) “The Verdict” J& GPT-2 YL — 5o EXFIFLOLT, FRATICHE WA AL 75 X6}
WEBFEL LA, FOARIFEETREH Tk, A TIEA IR, T 24— 7E OpenAl
e GPT-2 N4 Jm A B B 4, DA B A ] RE 2 I 2R 80dE i —58 >

#.>] 5.6

rEARZ Y, AT T B/ MR GPT-2 BiRY, HESHEAUN 1.24 /0. AU N TS T BER%
RTRIRTT R o Aad, ARAT LS AR R /NS B MR A 2 R A, SR EMm#R 1.24 12
AR TR AR N2, 15.88 AZ ALY, AR 4 R o LR Wi FARAG .

hparams, params = download_and_load_gpt2 (model_size="124M", models_dir="gpt2")
model_name = "gpt2-small (124M)"

BEHUE AT R .

hparams, params = download_and_load_gpt2 (model_size="1558M", models_dir="gpt2")
model_name = "gpt2-x1 (1558M)"
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E6E

#>) 6.1

A LU IR B SRR i R I BE B max_length = 1024 R ABFERIRLR
SRR ORI TR -

train_dataset = SpamDataset (..., max_length=1024, ...)
val_dataset = SpamDataset (..., max_length=1024, ...)
test_dataset = SpamDataset (..., max_length=1024, ...)

SR, BRANIIE 78 25 BN VAR SR IR 2] 78.33% (HIXT T 6.7 1T H Y 95.67% ).
43 6.2
A LI SR T T A A R e B R AR AN H R )& — 1 Transformer 1 .

for param in model.parameters() :
param.requires_grad = False

EARBI L MR AE AR R IE T 1%, 5% 96.67% (AHXF T 6.7 WA 95.67% ).
4] 6.3
BT e — A iEon, W DI B ROE S — A s iR oo, R EARAS A AT s B

model (input_batch) [:, -1, :]1HVEHBCHN model (input _batch) [:, 0, :1RPAT,
WEUNFARSAREE , RS —AN 4 iR IC F B R — N iR e e & i B D TR ek sl
- SEUMR AR R B RS 75% (HXFT 6.7 T4 95.67% ).

BTE
%371
WK 7-4 s, 1A E—DREARRIA G, Phi-3 AR TR XURS & R X REA) «

<|luser|>
Identify the correct spelling of the following word: 'Occasion'

<|lassistant|>
The correct spelling is 'Occasion'.

R T A BN, TS T X FAER format_input PREL:

def format_input (entry) :
instruction_text = (
fr<|user|>\n{entry['instruction']}"

)
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input_text = f"\n{entry['input']}" if entry["input"] else ""
return instruction_text + input_text

B, RIS LR B, IR AR A 8152 e ) 75 5

for i, entry in tgdm(enumerate (test_data), total=len(test_data)):

input_text = format_input (entry)

tokenizer=tokenizer

token_ids = generate(
model=model,
idx=text_to_token_ids (input_text, tokenizer).to(device),
max_new_tokens=256,
context_size=BASE_CONFIG["context_length"],
eos_1d=50256

)

generated_text = token_ids_to_text (token_ids, tokenizer)

response_text = (
generated_text[len (input_text) :] ME: I$### Response
.replace("<|assistant|>:", "") MH<lassistant | >
.strip()

)

test_datali] ["model_response"] = response_text

i Phi-3 A AR SEA TR0 A8 T Alpaca B K ZIHE 17%, RO A% AT A T B i)
SAECRER 50, FIEEH Alpaca 78 1A XA RO B2E A £

%372

N T HEREFE S, WK 7-13 Fs, TR InstructionDataset ZF5H custom collate fn
PREIGHAT— 28/ iE ek . TTMB IR InstructionDataset FERICRIGSIIKE, MG TERE R
B PR (el R e Bk e 6 HARH 48 2 NSO E, IR s .

class InstructionDataset (Dataset) :
def __init__ (self, data, tokenizer): LRSS KEN
self.data = data B
self.instruction_lengths = []
self.encoded_texts = []

for entry in data:
instruction_plus_input = format_input (entry)
response_text = f"\n\n### Response:\n{entry['output']}"
full_text = instruction_plus_input + response_text

self.encoded_texts.append (
tokenizer.encode (full_text)
)
instruction_length = (
len (tokenizer.encode (instruction_plus_input) i
) SKE

self.instruction_lengths.append(instruction_length)
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def _ getitem_ (self, index): <
return self.instruction_lengths[index], self.encoded_texts[index]

def __len_ (self):
return len(self.data)

DHIBEES
KEFISCA

RSk, W3 custom_collate fn PR%L, T InstructionDataset BRIk, MIER
/l\?ttﬁ'\%é/l\@,/ﬁ?(instruction_length, item) BYTCAH, MARERFA item, Jﬂﬁ&l‘, ﬁﬂ]ﬁ
1E HAR 1D 51 3% b i 1T AR 45 21T -

def custom_collate_fn(
batch,
pad_token_id=50256,
ignore_index=-100,
allowed_max_length=None,
device="cpu"

batch_max_length = max(len(item)+1 for instruction_length, item in batch)

inputs_1lst, targets_lst = [], [] ::}imr- — ANk

. : . ) =— Tl
for instruction_length, item in batch:

new_item item.copy ()
new_item += [pad_token_id]
padded = (
new_item + [pad_token_id] * (batch_max_length - len(new_item)

)

inputs = torch.tensor (padded[:-11)

targets = torch.tensor (padded[1l:])

mask = targets == pad_token_id

indices = torch.nonzero (mask) .squeeze ()

if indices.numel() > 1:
targets([indices[1:]] = ignore_index

targets[:instruction_length-1] = -100 b=t ot =1
BMAFIESIRT

if allowed_max_length is not None:
inputs = inputs[:allowed_max_length]
targets = targets[:allowed_max_length]

inputs_lst.append (inputs)
targets_lst.append(targets)

inputs_tensor = torch.stack(inputs_1lst) .to(device)
targets_tensor = torch.stack(targets_1lst).to(device)

return inputs_tensor, targets_tensor

TEPEAG (S FH SRR A MRS I iAo pO BRI, R Em& b —25 ( Hufdi %S 7 %+ A9 Ollama Llama
3HEERAM 441 ), X 5B “Instruction Tuning With Loss Over Instructions” H Y IAE 45—,
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%373
BHEIFHRIY Alpaca ByitE BRI, HFH 301 URL A

url = "https://raw.githubusercontent.com/rasbt/LLMs-from-scratch/main/ch07/
01_main-chapter-code/instruction-data.json"

IR IER

url = "https://raw.githubusercontent.com/tatsu-lab/stanford_alpaca/main/
alpaca_data.json"

TR, B AR 52 000 MEA (JRARERY S14% ), T EIXLERAR KT T AR 4k
PR

P, SRFVHEITE GPU AT

IR B N R IEER, IRATT LI JER batch_size M SFRMKEI 4, 2 HER 1, BT
BEARAE R K/, AT LI allowed _max_length M 1024 P& 512 8] 256,

%374
T ] LoRA $5A 824581, Al LA RS E Fh 228 A SE SR pR %Y -

from appendix_E import LoRALayer, LinearWithLoRA, replace_linear_with_lora

PRk, ETFIURESA N 7.5 95 BOBARLin A G s RIAT .

total_params = sum(p.numel () for p in model.parameters() if p.requires_grad)
print (f"Total trainable parameters before: {total_params:,}")

for param in model.parameters() :
param.requires_grad = False

total_params = sum(p.numel () for p in model.parameters() if p.requires_grad)
print (f"Total trainable parameters after: {total_params:,}")
replace_linear_with_lora(model, rank=16, alpha=16)

total_params = sum(p.numel () for p in model.parameters() if p.requires_grad)
print (f"Total trainable LoRA parameters: {total_params:,}")
model.to(device)

IHE R, 7E Nvidia L4 GPU I, ffiff] LoRA fFA AR EIA 143 30 72, WU RIS TR 2 1 4
48 %0, HIL, FEXMIEN T, LoRA BT T K2 28%, i ffIAZ H1#% Ollama Llama 3 J5
VEATPEAGEE, P BORZ N 50, FEITFEAAER A8
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B3k A
23 A
(%)
I A2
(%)

Z3) A3

KA PR AR N o Ak, A N BRORUZ RS 30 7120, ATR
il gy FOR R 2R s, BAIRE R

model = NeuralNetwork (2, 2)

num_params = sum(p.numel () for p in model.parameters() if p.requires_grad)
print ("Total number of trainable model parameters:", num_params)

N A '—‘—\»

KRR 1A N2
752

Wl AIFshit i riaE, Bk,

Q F—NEBE: 2 MM AT x 30 SRR &S+ 30 M B EIT,
Q FBZARRBE: 30 M AT A x 20 17 5 + 20 M'E AT,
QEEE: 20 AT 5 x 2 A 5+ 2 MR & H0C,

5, BEEMNSEFIINES 2x30+30+30x20+20+20x2 +2 =752,

Z) A4

) B A I 1) 4% SEe g B e T S 6 i (i P AR, (EFR RS2t rpr, BT 2 R4 T/ NS [
ek, AMEER] GPU H kA W E I, JEH R %43 V100 GPU ) Google Colab SEHi]
BARZE AT iR

a = torch.rand (100, 200)
b = torch.rand (200, 300)
gtimeit alb

H7E CPU _EPATRT, Z52RATTF PR

63.8 us £ 8.7 us per loop
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MAE GPU _FHUATHT

a, b = a.to("cuda"), b.to("cuda")
%timeit a @ b

SERAE B

13.8 pus £ 425 ns per loop

TEXFIEN T, 1E V100 iHLE |, XA SPURIT 445,



AVNERTEIR NN EE 2% 40715
ML INEE

AR SEXFER 5 B R 7 B e R IR AR AR U SRR BGHA T T Gk . BT, 3K
15T Z S ZE A (learning rate warmup ), R3%Z ( cosine decay ). #5E B ( gradient clipping )
SRR Ok, NS SEBOREAVN R &b, IR H AR AL T I 25

J T AR R e R, FRAPIE E IR AL 5 B P I R A .
import torch LR K S

from chapter04 import GPTModel _ .
FEEMLETXKE
GPT_CONFIG_124M = { (REKE: 1024)

"vocab_size": 50257, N

- BNGEE
"context_length": 256, FENLNEE
"emb_dim": 768,

)
"n_heads": 12, REEH
"n_layers": 12, dropout %=
"drop_rate": 0.1,

"gkv_bias": False G EH-RE-ERE

}

device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
torch.manual_seed(123)

model = GPTModel (GPT_CONFIG_124M)

model.to(device)

model.eval ()

TERIIR AR BN Z I, T BRI B s . B o, BAPREINBUEIE /NI The Verdict:

import os
import urllib.request

file_path = "the-verdict.txt"
url = (

"https://raw.githubusercontent.com/rasbt/LLMs-from-scratch/"
"main/ch02/01_main-chapter-code/the-verdict.txt"
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)

if not os.path.exists(file_path):
with urllib.request.urlopen(url) as response:
text_data = response.read().decode('utf-8")
with open(file_path, "w", encoding="utf-8") as file:
file.write(text_data)
else:
with open(file_path, "r", encoding="utf-8") as file:
text_data = file.read()

BRR, # text_data MEFEIEMELE T

from previous_chapters import create_dataloader_vl

train_ratio = 0.90

split_idx = int(train_ratio * len(text_data))

torch.manual_seed(123)

train_loader = create_dataloader_vl (
text_datal:split_idx],
batch_size=2,
max_length=GPT_CONFIG_124M["context_length"],
stride=GPT_CONFIG_124M["context_length"],
drop_last=True,
shuffle=True,
num_workers=0

)

val_loader = create_dataloader_vl(
text_datalsplit_idx:],
batch_size=2,
max_length=GPT_CONFIG_124M["context_length"],
stride=GPT_CONFIG_124M["context_length"],
drop_last=False,
shuffle=False,
num_workers=0

D.1 FEIEMHR

27 2 BREAAN] LUIHE AR e B 2R (A OE S il ghad fE . XA RE il DLg 2R )
BMN—NHEFACRIIRE (initial_1r) IFRIHPBRERNRKME (peak_1r ). EINZEITEH
At RS /ISR BB, AT BT AR R )1 i A R . AN T R UGS

BOEFEATHHRINZ— N RIEF B 15 %8, FHREHRE RIIR2E 2] 25 0.0001, BEJ5HILHEE
T2 IR 2T H 0.01:

n_epochs = 15

initial_lr = 0.0001

peak_lr = 0.01
warmup_steps = 20
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T TR A B0 BB A TR 0.1%3)] 20%., AT L@ LA A 2 i
total_steps = len(train_loader) * n_epochs

warmup_steps = int (0.2 * total_steps) <—— 20%TFR
print (warmup_steps)

X BAARR Y 27, XRERETERT 27 ML ER, Bl PRAZT= T 3 0.0001 ZAEHE =2 0.01,
TRk, FAPRE S — R AUIZRIEIMENT,  LASR X P A -

optimizer = torch.optim.AdamW(model.parameters (), weight_decay=0.1)
lr_increment = (peak_lr - initial_lr) / warmup_steps
X—EERURTE
global_step = -1 S EBhE—%
track_lrs = [] XTlnltlal_lrEﬁ
e

for epoch in range (n_epochs) :
for input_batch, target_batch in train_loader:

optimizer.zero_grad() Es—®F, HIT—
global_step += 1 N EAIISTEER,
VATE ISR 5 4R 0 25
o if global_step < warmup_steps: BRI TIE R
1§T+5iﬁ§m] lr = initial_lr + global_step * lr_increment
FI =M else:
Btz £ -
1r = peak lr IRIEETHAMER,
MEMEIE

for param_group in optimizer.param_groups:
param_group["lr"] = 1r

track_lrs.append(optimizer.param_groups([0] ["1r"])
— P EENINGERFBE T ERA R ER,
BARELERL, XEETXLELE
AT FRACRS S, FRATR AT AU B PR rh 2 2] Rk, DA 2 ) SR B A anFU IR A
AL
import matplotlib.pyplot as plt

plt.ylabel ("Learning rate")
plt.xlabel ("Step")

total_training_steps = len(train_loader) * n_epochs
plt.plot (range(total_training_steps), track_lrs);
plt.show()

WE D-1 s, 22 R HCBUNSET iR, JFAE 27 LB EHN, EEIES 27 ik E
NS
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0.010 4

0.008 -
b 0.006
w
I 0.004 -

0.002 -

0.000 -

0 20 40 6 100 120 140

0 80
T

Bl D-1 24> REUEAERT 27 2 2NET 3R 655 27 28, 2] FIRATA(E 0.010, SRS 1ER T
PR AR a] A PR AN AE

Tk, FATPRSE— L EE ) R AR B R AR B, SO A B T3 A Y
R

D.2 HF%=ER
A —FPT 20N T8 3R B 4 S KB SRR AR B R ILT R . X R 7e)l
SR R AT DI ) R, AT B B A X i 2R AR 1k

TEFCRAT IR, A a8l n] LUK > R EAR B HOE R D AZ R HuE . 22>
FRZHTIFEAR B RIS HOFA R A . X — AR 2, O EA B TR Zhid 2 b i
i R de/ IMELRY UK, AT DR S R A A e

AT LAGE A AR X R RAE N SR ESEAR -

import math

min_lr = 0.1 * initial_lr

track_lrs = []

lr_increment = (peak_lr - initial_lr) / warmup_steps
global_step = -1

for epoch in range (n_epochs) :
for input_batch, target_batch in train_loader:
optimizer.zero_grad()

global_step += 1 ERZ%M
T

if global_step < warmup_steps:

lr = initial_lr + global_step * lr_increment EFREGH

RILRR

else:
progress = ((global_step - warmup_steps) /
(total_training_steps - warmup_steps))
lr = min_lr + (peak_lr - min_1lr) * 0.5 * (
1 + math.cos(math.pi * progress)
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)

for param_group in optimizer.param_groups:
param_group["lr"] = 1lr
track_lrs.append (optimizer.param_groups[0] ["1r"])

N T RN MBI 1, BATHHE I R R B R

plt.ylabel ("Learning rate")
plt.xlabel ("Step")

plt.plot (range(total_training_steps), track_lrs)

plt.show()

AN RE (ZIE D-2) R, 2] FIEETRG BTG, 78 27 2N EEn,
EEFES 27 PR B R KM . TEX 27 LA PETINZ J5 , RIZEIFGRER], 2% 2] 388 Wik
fiX, HERRIR/IMAE.

0.010 -
0.008 -
{4 0.006
~
It 0.004
0.002 -
0.000 -

0 20 40 60 80 100 120 140
T
Jfﬁ

Kl D-2 TEfclIig 27 PEN 2 KRB IS, R — DR, X e ffiee ) R
EAEE AL NZHREAR, BRI RS R ik 3 R M

D.3 ®RERKE

16 BE RS LRI 9RO H YIRS E PR — R ORI AW RBOE — D BE, it
TR (R BB BE 2 A B TUE A B R IXAMBOE T LB IR A E S e (i R b, XSRS B
BRI E— A AR RN

Ban, 1 PyTorch H clip_grad_norm_l%lﬁ'fﬁﬁ%ﬁ max_norm=1.0, AJ LABRIRAS B AUTEER
AN 1.00 S HLEY YR AR B 0] AR BRI S A0S W] N AR BE ORI, Rl B L2 Yukk,
RIERJLESEH .

WARBCAE S 3R, AR T—Amr = v, vy, VAR v, H L2 808

2 2 2
[V ],=Av]+v; + 4V
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AR R RS RS o BT A A — 0 B AR R
5
G =
3 4
TSR AR X SO BB R (B RIS A BT N 1, IR A e BRI SR R 1 L2 Yk, AR

|G =N +22+22+42 =25 =5

TG |,= 5B T IRATAERTRERG] 1, PRI 248/ MR, DIRRIREN TRTEEUa oy 10 &4
AR R R, THAARN max_norm/ | G |,=1/5. Bk, RS RIBREERERE G

1
G =—xG =

(9]
NN wn|—
wlHs v

N TR R T AR , EAETR IR — R, I IR AR, XA R SR
HEVNZRIEIA A -
from chapter05 import calc_loss_batch

torch.manual_seed(123)

model = GPTModel (GPT_CONFIG_124M)

model.to(device)

loss = calc_loss_batch(input_batch, target_batch, model, device)
loss.backward/()

M backward () J7¥ERF, PyTorch 2XHH AR AREEE , IR HAFMEER MRIAE (280)
SKELY . grad JEMET

N TR —=, WTLIE L —A> find_highest_gradient TERE, DUMELETE . backward ()
Ji, FERIRGE SRR AT . grad JEME, b3k B AR EEE

def find_highest_gradient (model) :
max_grad = None
for param in model.parameters():
if param.grad is not None:
grad_values = param.grad.data.flatten()
max_grad_param = grad_values.max ()
if max_grad is None or max_grad_param > max_grad:
max_grad = max_grad_param
return max_grad
print (find_highest_gradient (model))

T AR E ) SR A JEE (BN T /S

tensor (0.0411)
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BTk, ARFRATHEATRREEARY, LSO A S0 Fr R P B B {1

torch.nn.utils.clip_grad_norm_ (model.parameters (), max_norm=1.0)
print (find_highest_gradient (model))

TERL R ECH | AR EERTIR , SRR /N T Z AT (E

tensor (0.0185)

D.4 {EEHIIIZRER

wla, BATHETIAARZRIE 3 /\’f%ﬁ CERPETIA . ARPZ AR LR ST ) Skl

Eﬁﬁi%%m}train_model_simplef*ﬁth, ﬂ%ﬂﬁﬁ%ﬂgfﬁﬁ%ﬁﬂjiﬁﬁﬁ%:

MR PRREHRNFEIER, KRR

HIMMEREEAZEIRNRAE

from chapter05 import evaluate_model, generate_and_print_sample

def train_model (model, train_loader, val_loader, optimizer, device,
n_epochs, eval_freq, eval_iter, start_context, tokenizer,
warmup_steps, initial_lr=3e-05, min_lr=le-6):

train_losses, val_losses, track_tokens_seen, track_lrs = [], [1, [], T[]
tokens_seen, global_step = 0, -1

train_model_simple YIZRpR%L (S 53 ), X JL:j:T I—M/EFH A BT RE KBS HEAR
%k,

peak_lr = optimizer.param_groups[0]["1lr"] <
total_training steps = len(train_loader) * n_epochs
lr_increment = (peak_lr - initial_lr) / warmup_steps EIIZEIE
) FERBRIER
for epoch in range(n_epochs) : S8
model.train()
for input_batch, target_batch in train_loader:
optimizer.zero_grad() WEEMRRMEZE IR
global_step += 1 HitE
if global_step < warmup_steps:
lr = initial_lr + global_step * lr_increment
else:
progress = ((global_step - warmup_steps) /
(total_training_steps - warmup_steps)) RIBILFERIMER
lr = min_lr + (peak_lr - min_lr) * 0.5 * ( BEZIE (i
1 + math.cos(math.pi * progress)) R RZRR)
for param_group %n ?ptimizer.param_groups: EHEENE
param_group["1lr"] = 1r HEEMSI®=

track_lrs.append(lr)

loss = calc_loss_batch(input_batch, target_batch, model, device)
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loss.backward()

if global_step > warmup_steps:

torch.nn.utils.clip_grad_norm_( EFRRMERER
model .parameters (), max_norm=1.0 HRE B SRR i
) EIRIE

optimizer.step()
tokens_seen += input_batch.numel ()

if global_step $ eval_freq == 0: 5% 5 &K train_model_
train_loss, val_loss = evaluate_model( |simple GR¥AALL, ETREIFT
model, train_loader, val_loader, BRAEEERT

device, eval_iter

)
train_losses.append (train_loss)
val_losses.append(val_loss)
track_tokens_seen.append(tokens_seen)
print (f"Ep {epoch+1} (Iter {global_step:06d}): "

f"Train loss {train_loss:.3f}, "

f'"val loss {val_loss:.3f}"

generate_and_print_sample (
model, tokenizer, device, start_context

)

return train_losses, val_losses, track_tokens_seen, track_lrs

EXT train_model RS, TTLMEHH train_model_simple Jrik#tfrmilgasks:, LIZS
L7 Aok I 2Rl .

import tiktoken

torch.manual_seed(123)

model = GPTModel (GPT_CONFIG_124M)

model.to (device)

peak_lr = 5e-4

optimizer = torch.optim.AdamW (model.parameters (), weight_decay=0.1)
tokenizer = tiktoken.get_encoding ("gpt2")

n_epochs = 15

train_losses, val_losses, tokens_seen, lrs = train_model (
model, train_loader, val_loader, optimizer, device, n_epochs=n_epochs,
eval_freg=5, eval_iter=1, start_context="Every effort moves you",
tokenizer=tokenizer, warmup_steps=warmup_steps,
initial_lr=le-5, min_lr=le-5

7E MacBook Air SRR EICA N I, IGRATE 5 pph T 52, It LI A

Ep 1 (Iter 000000): Train loss 10.934, Vval loss 10.939
Ep 1 (Iter 000005): Train loss 9.151, Val loss 9.461
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Every effort moves YOU, , iy v rsrnnn s onon oo o iy
Ep 2 (Iter 000010): Train loss 7.949, Val loss 8.184

Ep 2 (Iter 000015): Train loss 6.362, Val loss 6.876

Every effort moves YyOoU,,,,,vssrssrrsrrire, the, .., ,,,, the,,,,,,., ..,

Ep 15 (Iter 000130): Train loss 0.041, Val loss 6.915
Every effort moves you?" "Yes--quite insensible to the irony. She wanted him
vindicated--and by me!" He laughed again, and threw back his head to look up
at the sketch of the donkey. "There were days when I

IR, b TR/ B UGAR, IR eI LA e st 2T IR U
Aid, ATRIBHIANIX A R R E A RO RN R ALK o

FRATSLNARAE BRI SR A E AT AR I 25, FKE (5 FH X i 42 2% i I 2k pRABGRAS O 245
BEMH train_model_simple PREGRIGHIZE R EL .
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= 3

LoRA (fiFk FIENE ) RN ZMEHEMBIFHAZ —. LITTHERETH 6 it
FOBLIRH B 2R~ ] SR1T, LoRA M FIFEE I T4 7 B P iHe iy B8 S0,

E.1 LoRA &1\

LoRA J&—7ifiih i R B A A B — /NI o, T A 2 B e M o7 e o L0 5 4

INPEARAR B . MIRRR” 5 AR B A 4 FR ] 1 A B S s (B A AR JEE 5 ), DT
A BRI B XA E S BCE AR R JT 0] LoRA 5k Z BT LI FHE 220G, 2 A
B RENS e R R A TR AR 55 OO, IR 1 S TR AT SR SAS BT

R — AN KRIEACE R W 55 E EAHOC, LoRA AT LI FI TR F R i i) i 22
i, AT U], AT E SO,

TENNGRIREE M PRI, Sz e B b B T2 o — R AW, o038 1T S0 R AL
SR I/ M ZRIRIUR BREOTT 0015 B BTk, AT AR —i AIER R 2
IR

TEF YNSRI i, A SO SCA R s -

Wopiaea =W + AW
LoRA J7 3% Hu 58 N, B ilad 2 A 0 AW IR, S0t 7 —Fh A s i U5k
AW =~ AB
TEMTTESY, AR B ZPIANEW /IMIZHHEE, AB RIR A B Z [R) IR .
FIJH LoRA, ] AFE T E SCZ AT BB A 3
W oiaea =W + AB
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K E-1 3731 /R T it i 5 LoRA RIALH BB Tk

ERNATHRNEEH LoRA FHIIEE
ERIMENLE R LoRA 56H A 7 B

THRNESH \ /+\ /+\ (_/ EQXJHEE%HE

< s - hiBss

SIS
WE

Tl

WE
w

w

"N/ \/
VAR EHNERE
d

P E-1 BUESHOT R RS LoRA, Ao L EEMH AW SR B2 R
M w (7c). T LoRA PN INERE G A F BRI AW, JErPIERESRER AB BN E)
Wk, rFOoRANERYERE, ER—AATHIESE ()

WERAFALES , VRATRESSTE SN E] B-1 vh A il LoRA AT MAEER/R 5 Z T4 Y 2350
AT AN o XS A f AR A A BL A, B VIR T SR R 5 SRR R 2 T, T
ARG ENHGE—E, B, feafRoRT, P x AR, TR EoR v s
YW

x(W +AW) =xW + xAW
[FlRE, AT LoRA FRm ML F AR

x(W + AB) = xW +xAB
B 1 AT RAS DN R0 ) 5 2 A R A, B LoRA R AR A5 i i B AU AS F 43 T A e T 1
LoRA 7ESZ B A o SEbr b, X —HRPE VI GRS A R R A, I BLAE (0 IR
I AT LAl ] LoRA HE .

PRFF LoRA R 7r B AESC B R AR R AT, DN EAASARLE 215 BN R, AUt %
GERIA R F A X TR RO Ty R, O T f M ReE % BN
FEFHATERING, R MY LoRA FEFERIAT,

FETOR, EIRATER W] LoRA X RIS 5 AL IEA TR0 L SSR IR IH o026, 8 6 &
rh A R s IR



296 M & E A& LoRA #4724 3 28R

E2 EEZHIEE

TEKF LoRA N TH30H B 2 2 1iF, 752Xz (i FH R S A Finill 2l . 31X B
555 6 75 I EHRMER T oA . (T DAEEFT I 1755 6 Tl Jupyter Notebook, #RJS7E
Hrpddi A E.4 7519 LoRA A%, Moz dE 48, )

HE, FEEIEEIFEHLAE R CSV X, AnfRASIE L E-1 R
REDER E-1 TR Hn e

from pathlib import Path

import pandas as pd

from ch06 import (
download_and_unzip_spam_data,
create_balanced_dataset,
random_split

)

url = \
"https://archive.ics.uci.edu/static/public/228/sms+spam+collection.zip"
zip_path = "sms_spam_collection.zip"

extracted_path = "sms_spam_collection"

data_file_path = Path(extracted_path) / "SMSSpamCollection.tsv"
download_and_unzip_spam_data (url, zip_path, extracted_path, data_file_path)

df = pd.read_csv(
data_file_path, sep="\t", header=None, names=["Label", "Text"]
)
balanced_df = create_balanced_dataset (df)
balanced_df["Label"] = balanced_df["Label"].map({"ham": 0, "spam": 1})

train_df, validation_df, test_df = random_split (balanced_df, 0.7, 0.1)
train_df.to_csv("train.csv", index=None)

validation df.to_csv("validation.csv", index=None)
test_df.to_csv("test.csv", index=None)

BTk, Bl spambataset S, GCALIEHL B-2 s
KESER E-2  SLHilfk PyTorch $44E4E

import torch

from torch.utils.data import Dataset
import tiktoken

from chapter06 import SpamDataset

tokenizer = tiktoken.get_encoding ("gpt2")

train_dataset = SpamDataset ("train.csv", max_length=None,
tokenizer=tokenizer

)

val_dataset = SpamDataset ("validation.csv",
max_length=train_dataset.max_length, tokenizer=tokenizer
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)
test_dataset = SpamDataset (
"test.csv", max_length=train_dataset.max_length, tokenizer=tokenizer

)

A PyTorch BHREXT GG, SCBMLEIR LT, WIS E-3 iR,
RIZFEH E-3 A PyTorch il Nk &%

from torch.utils.data import DatalLoader

num_workers = 0
batch_size = 8

torch.manual_seed(123)

train_loader = Dataloader (
dataset=train_dataset,
batch_size=batch_size,
shuffle=True,
num_workers=num_workers,
drop_last=True,

val_loader = DataLoader (
dataset=val_dataset,
batch_size=batch_size,
num_workers=num_workers,
drop_last=False,

test_loader = DataLoader (
dataset=test_dataset,
batch_size=batch_size,
num_workers=num_workers,
drop_last=False,

TESIEAL B, RIS, AR O RS 8 M INZoR ], HAaA s filh 120 4
AT A :

print ("Train loader:")
for input_batch, target_batch in train_loader:
pass

print ("Input batch dimensions:", input_batch.shape)
print ("Label batch dimensions", target_batch.shape)

H IR PR .

Train loader:
Input batch dimensions: torch.Size([8, 120])
Label batch dimensions torch.Size([8])
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e, ATENERA R P AU

print (f"{len(train_loader)} training batches")
print (f"{len(val_loader)} validation batches")
print (f"{len(test_loader)} test batches")

FERXBEOL T, BRI R .

130 training batches
19 validation batches
38 test batches

E.3 #ip=ER

BATEHE 6 A A M &I 2 GPT AR, B, FiBRRGE, IEH
Jn#kE cprModel 26, WAL B B-4 TR .

REDFE E-4 Nz BiI 2 GPT #AY

from gpt_download import download_and_load_gpt2
from chapter04 import GPTModel
from chapter05 import load_weights_into_gpt

CHOOSE_MODEL = "gpt2-small (124M)"
INPUT_PROMPT = "Every effort moves"
J WCRA N
BASE_CONFIG = {
"vocab_size": 50257, ETKE
"context_length": 1024, .
"drop_rate": 0.0, <F444444Jdr()p(mt3’Z
"gkv_bias": True < THif-E-ERE
}
model_configs = {
"gpt2-small (124M)": {"emb_dim": 768, "n_layers": 12, "n_heads": 12},
"gpt2-medium (355M)": {"emb_dim": 1024, "n_layers": 24, "n_heads": 16},
"gpt2-large (774M)": {"emb_dim": 1280, "n_layers": 36, "n_heads": 20},
"gpt2-x1 (1558M)": {"emb_dim": 1600, "n_layers": 48, "n_heads": 25},
}

BASE_CONFIG.update (model_configs [CHOOSE_MODEL])

model_size = CHOOSE_MODEL.split(" ")[-1].lstrip("(").rstrip(")")
settings, params = download_and_load_gpt2 (
model_size=model_size, models_dir="gpt2"

)
model = GPTModel (BASE_CONFIG)

load_weights_into_gpt (model, params)
model.eval ()

N T BRI EAER, FAIR A — R AT LA G B SOAR
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from chapter04 import generate_text_simple
from chapter05 import text_to_token_ids, token_ids_to_text

text_1 = "Every effort moves you"

token_ids = generate_text_simple(
model=model,
idx=text_to_token_ids (text_1, tokenizer),
max_new_tokens=15,
context_size=BASE_CONFIG["context_length"]

print (token_ids_to_text (token_ids, tokenizer))

DA it g B AR B 1 A BRSO, X SR T B IR N4 -

Every effort moves you forward.
The first step is to understand the importance of your work

TR, W T RHORROBAY, ROITAH 6 5, AT )2

torch.manual_seed(123)

num_classes = 2

model.out_head = torch.nn.Linear (in_features=768, out_features=num_classes)
device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
model.to(device)

e, PRI LG 70 2R R (T2 50%, IXRITIZEIRIT0E AT 5E L X 70 B 01
BAEAERIRIEE ):

from chapter06 import calc_accuracy_loader

torch.manual_seed(123)

train_accuracy = calc_accuracy_loader (
train_loader, model, device, num_batches=10

)

val_accuracy = calc_accuracy_loader (
val_loader, model, device, num_batches=10

)

test_accuracy = calc_accuracy_loader (
test_loader, model, device, num_batches=10

print (f"Training accuracy: {train_accuracy*100:.2f}%")
print (f"vValidation accuracy: {val_accuracy*100:.2f}%")
print (f"Test accuracy: {test_accuracy*100:.2f}%")

T3 IR A AR BIR

Training accuracy: 46.25%
Validation accuracy: 45.00%
Test accuracy: 48.75%
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E.4 {#F LoRA #1T& ¥ =MW

PR, FATEHF LoRA I3 s ol il S5 A . AT et fb—4> LoRA 2, B4
HTHIE AR B, IFEE T alpha GHFH rank (r). %2 0T LM AT AR 0%
WnE B2 iR

AL LoRA 455 4

N % B, SIENTR
; mEEErEAW

PR  NBSK

y

K E-2 LoRAJEFEAFI BRI T2 IS SRR o G SORE P ) A R4 B A —FiAL
i, AR A F B R/ NI AT RS R R

TEACIS R, 1% LoRA JZ AT AN T =l ( 20U IE B E-5 ) 2L,

KIGER E-5 S8 LoRA 2

import math

class LoRALayer (torch.nn.Module) :
def __init_ (self, in_dim, out_dim, rank, alpha):
super () .__init__ ()
self.A = torch.nn.Parameter (torch.empty (in_dim, rank))
torch.nn.init.kaiming uniform_(self.A, a=math.sqgrt(5))
self.B = torch.nn.Parameter (torch.zeros (rank, out_dim))
self.alpha = alpha

1£ PyTorch &
def forward(self, x): POEs Ak =3vix
x = self.alpha * (x @ self.A @ self.B) HHER A

return x

rank FEHIZE MR AT B RIPRAERE . AT L, XX EJE T LoRA 5IARIFISNSEGE, e
AR B3 O] 1 A 2 [T T A
S— AN EEMBE R alpha, EARANRER FUE S RGN T, EEPE T R A

Ko JEGG 2 i AR RRE o 33 AT AR R 9 S (R o 2 i s i — Ao . B E R E,
FATELIA LorALay er ZJEFFRATREMS X2 (4 A T

75 LoRA H, SR FAR R HIA BRI, I Sev A R ST BN T B A B Tt 2k
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A, NE E-3 FTR.
HEAEEENERN

— LoRA X E R
[l

LoRA %EF% A #0 B ifil
BRI E R / +\ FREEHIEEAW
HIRIAIE \

I8 E-3 LoRA fEMEMAZ YL —MNZMEIRTNZAE W50k A LoRA KHFE A F1 B /Y
FthARZE S, LoRA JHERF UL T AU SRR I AW, feZ%i i bR ] LoRA AU 1%
J 1A SR 5 D D AR A
NTEAFIREMEZ N E, WEQ#E—1 LinearwithLora 2. ZEFHZ AT
LoRALayer, HIEEHMAMATHIARLNZ, W cpTvodel i A TEE I B Fi i
e, WAL E-6 TR

RIBEHE E-6 JH LinearWithLoRA Z&Ht Linear |2

class LinearWithLoRA (torch.nn.Module) :

def _ _init_ (self, linear, rank, alpha):
super () .__init__ ()
self.linear = linear

self.lora = LoRALayer (
linear.in_features, linear.out_features, rank, alpha

)

def forward(self, x):
return self.linear(x) + self.lora(x)

BRI ELIER S LorALayer Z5B7E T —ilE. forward JIiEMH R I RZMEZ M LoRA
JEBIAERAR AT i 114

FAEHFE B (LorALayer H self.B) #iMIGIL WEAE, UL 4 F1 B (IR FVEE
P SR T TR SR RUE, IR RSN 1A

F T LoRA N H 2N Z HixE X1 gPTModel H, FRATTFIA T replace_linear_with_lora
R, IZERBS BRI BT A 1Y Linear B AR LinearWithLoRA F,

def replace_linear_with_lora(model, rank, alpha): qJﬁEﬁiLinearwithLoRAEE

for name, module in model.named_children() : i Linear 2
if isinstance(module, torch.nn.Linear):
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setattr (model, name, LinearWithLoRA (module, rank, alpha))
else:
replace_linear_with_lora(module, rank, alpha)

B#YAfE AR
R ALTE FEIR

MAERNCT LI T A LERAT, ¥ cpTModel WY Linear E&# HF LN
LinearWithLoRA J2, VMEMHITSEEHIE. H K, AT LinearwithLora N
GPTModel AYZKER I | At U4 i Z P TR Linear J2, WK E-4 iR,

GPT

g_ﬂ SRR \

ﬁansformer B

HANEREET \/
P SEIIHER B
GPT 158!

~_ [~ {# M LinearWithLoRA &
% Linear Z

B1A— 2
-~

BBZKEES PR

B)A—1 1

dropout

}

( LEHANR

!
\ ( iﬁ]iT‘i)\E ) j

TSR

Every effort moves you

Kl E-4 GPTHRIHEA, B THREF Linear EFH N LinearwithLora JZUMITSEE
KR

12 )(S\K

A2
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TEMH LinearwithLoRA JEFRZ AT, B GRS AR 240

total_params = sum(p.numel () for p in model.parameters() if p.requires_grad)
print (f"Total trainable parameters before: {total_params:,}")

for param in model.parameters():

param.requires_grad = False
total_params = sum(p.numel () for p in model.parameters() if p.requires_grad)
print (f"Total trainable parameters after: {total_params:,}")

BAE, ATLVERIE 1. 240 BRBH R, A — 2T YIZRAY -

Total trainable parameters before: 124,441,346
Total trainable parameters after: 0

?ﬁ?ﬂé, @iifﬁ replace_linear_with_lora EE%EW% Linear J=:

replace_linear_with_lora(model, rank=16, alpha=16)
total_params = sum(p.numel () for p in model.parameters() if p.requires_grad)
print (f"Total trainable LoRA parameters: {total_params:,}")

FEA N LoRA 25, AT ZRABIRI SR 4N T s

Total trainable LoRA parameters: 2,666,528

WRET I, fEFH LoRA B}, FRATE T IS8 /03] 17 JFRA 1/50, K rank Ml alpha
WHEN 16 H—PAEERNESE, (BB rank SEWRE N, XS mal &S50
Bom, WEIERY alpha WHE N rank B—F . WEEEET rank B{E.

HRR, T EVER R A R IR 2R 1 E A B e

device = torch.device("cuda" if torch.cuda.is_available() else "cpu")
model.to(device)
print (model)

B AR R

GPTModel (
(tok_emb) : Embedding (50257, 768)
(pos_emb) : Embedding (1024, 768)
(drop_emb) : Dropout (p=0.0, inplace=False)
(trf_blocks): Sequential (

(11) : TransformerBlock (
(att): MultiHeadAttention(

(W_query) : LinearWithLoRA (
(linear): Linear (in_features=768, out_features=768, bias=True)
(lora): LoRALayer ()

)

(W_key) : LinearWithLoRA (
(linear): Linear (in_features=768, out_features=768, bias=True)
(lora): LoRALayer ()
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)
(W_value) : LinearWithLoRA (
(linear): Linear (in_features=768, out_features=768, bias=True)
(lora): LoRALayer ()
)
(out_proj) : LinearWithLoRA (
(linear) : Linear(in_features=768, out_features=768, bias=True)
(lora) : LoRALayer ()
)
(dropout) : Dropout (p=0.0, inplace=False)
)
(f£f) : FeedForward (
(layers) : Sequential (
(0) : LinearWithLoRA (
(linear): Linear (in_features=768, out_features=3072, bias=True)
(lora) : LoRALayer ()
)
(1) : GELU()
(2) : LinearWithLoRA (
(linear): Linear (in_ features=3072, out features=768, bias=True)
(lora) : LoRALayer ()

)

(norml) : LayerNorm /()

(norm2) : LayerNorm ()

(drop_resid) : Dropout (p=0.0, inplace=False)

)
(final norm): LayerNorm()
(out_head) : LinearWithLoRA(

(linear): Linear (in_features=768, out_ features=2, bias=True)
(lora) : LoRALayer ()

IR AL &) LinearwithLoRA B, XEEHEE HAINGNELE Linear EAGHIT
LoRA JZHIAL, FRAPEXT S #4700

TETF AR 1T, JETtoE— T oIt 5 2w
torch.manual_seed(123)

train_accuracy = calc_accuracy_loader (
train_loader, model, device, num_batches=10

)

val_accuracy = calc_accuracy_loader (
val_loader, model, device, num_batches=10

)

test_accuracy = calc_accuracy_loader (
test_loader, model, device, num_batches=10
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print (f"Training accuracy: {train_accuracy*100:.2f}%")

print (f"vValidation accuracy: {val_accuracy*100:.2f}%")

print (f"Test accuracy: {test_accuracy*100:.2f}%")
152N B HER (AL T R -

Training accuracy: 46.25%

Validation accuracy: 45.00%

Test accuracy: 48.75%
XECHER A 55 6 B P RY(EAAIR] . X —45 02 h LoRA HiFF B Wbl ia b 2, DRI
AB TR TR, X T AIEA SR IR, OISR e A A 5

AR, FEAL NI —E RS 6 Brh iy 2R ROk BOMBAL, TG I E-7 R
1E M3 MacBook Air ZEiCASHLN b, YIZRRATE 15 53805 7E V100 2 A100 GPU I, JIZkmf

[IAEI 500

RADEE E-7 (I LoRA JZ iRy

import time

1

from chapter06 import train_classifier_simple

start_time time.time ()
torch.manual_seed(123)
optimizer

5
val_losses,

num_epochs
train_losses,

train_classifier_simple (

model, train_loader,

num_epochs=num_epochs,

tokenizer=tokenizer

end_time time.time ()
execution_time_minutes

torch.optim.AdamW (model .parameters (),

train_accs,

(end_time - start_time)
print (f"Training completed in {execution_time_minutes:

lr=5e-5, weight_decay=0.1)

val_accs, examples_seen \

val_loader, optimizer, device,

eval_freqg=50, eval_iter=5,

/ 60
.2f} minutes.")

FAM e Zrid R B B B0 R B .

Ep 1 (Step 000000): Train loss 3.820, Val loss 3.462
Ep 1 (Step 000050): Train loss 0.396, Val loss 0.364
Ep 1 (Step 000100): Train loss 0.111, val loss 0.229
Training accuracy: 97.50% | Validation accuracy: 95.00%
Ep 2 (Step 000150): Train loss 0.135, Val loss 0.073
Ep 2 (Step 000200): Train loss 0.008, Vval loss 0.052
Ep 2 (Step 000250): Train loss 0.021, val loss 0.179
Training accuracy: 97.50% | Validation accuracy: 97.50%
Ep 3 (Step 000300): Train loss 0.096, Val loss 0.080
Ep 3 (Step 000350): Train loss 0.010, Val loss 0.116
Training accuracy: 97.50% | Validation accuracy: 95.00%
Ep 4 (Step 000400): Train loss 0.003, Val loss 0.151
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Ep 4 (Step 000450): Train loss 0.008, Val loss 0.077
Ep 4 (Step 000500): Train loss 0.001, Vval loss 0.147
Training accuracy: 100.00% | Validation accuracy: 97.50%
Ep 5 (Step 000550): Train loss 0.007, Val loss 0.094
Ep 5 (Step 000600): Train loss 0.000, Vval loss 0.056
Training accuracy: 100.00% | Validation accuracy: 97.50%

Training completed in 12.10 minutes.

TEX B, ] LoRA YIZMEHI LA LoRA VIR AN Y (S5 6 %), Kh
LoRA JZTERT I i B h oI A TR . (R, X THRBIBEL, S el A i,
LS (] LoRA HYRIALIH LU AT LoRA BRI i BE R R .

WURET I, AR 283 T e 0 i IIE , JF HAUEMERG AR+ & o T k3T ik th 2,
DASE S MRS 22 A W s

from chapter06 import plot_values

epochs_tensor = torch.linspace (0, num_epochs, len(train_losses))
examples_seen_tensor = torch.linspace (0, examples_seen, len(train_losses))

plot_values (
epochs_tensor, examples_seen_tensor,
train_losses, val_losses, label="loss"

)

&l E-5 21 T 4%

AR E
0 1000 2000 3000 4000 5000
— INgRERK
—- IIEEERK
\\.‘.“ e g G B i
0 1 2 3 4 5
WERH

K E-5 HlasIATE 5 58NS S FEIE BRI Je 2k . B, VIZREES I Fge i i
RIPLARI TR, BEEBTER, RS EERS, XEWRE#—HRIGIA2 R
TR

B T R ARG | FRf TR T Se et . b SRR S M (L2

Y], A TR eval_iter—s HAHEREA 5 MUK EIII SRS RIER 2 ):

train_accuracy = calc_accuracy_loader (train_loader, model, device)
val_accuracy = calc_accuracy_loader (val_loader, model, device)
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test_accuracy = calc_accuracy_loader (test_loader, model, device)

print (f"Training accuracy: {train_accuracy*100:.2f}%")
print (f"Validation accuracy: {val_accuracy*100:.2f}%")
print (f"Test accuracy: {test_accuracy*100:.2f}%")

TN AR ARG T P .

Training accuracy: 100.00%
Validation accuracy: 96.64%
Test accuracy: 98.00%

XEELRRY], ZRITEYIZRE | BRI R BL RAF . IIZRERMERRRIKE] 100%, A
SERH T TUNGREE . SR, ISR A SRS R R AR MER R (25104 96.64%H1 98% )
RN —ERE RS, PO S I, 2R DL s B Rz (R A &
PRIME , ZIERNTRAT GO AR AR (LoRA LA 270 IS4, MlESERIBZ:
oI 1.2442), XLELRAS NENRAR T RZ]
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PRI () R SR e RV T 2 — o XMW, AT ES — P RE F AR, L
RESAE T S SRR 4TS (A Bt AR e ) g e mlst ) - RIS 4T
SR, AP AT S B ROCHE SRR HA N, 35t PRUOA RIS BB AR A AR A Al
STk — Sty S IR SRS .

R TR ASCEAN KRBT, 8T RN RS LT LA :

O fifks MR 5

Q AT PRI AL a5

Q Mk DeepSeek R1 AUV Z5iAE ;

Q G5 E O A B ) DU RAZ 0 7 75

Q 435 DeepSeek R1 A& A7 i X K il 5 A AU4HR A& Ji2 A B 32 5

O UL FRTIE T T A4 BRARAY (1) 52

A B SCRETE 2025 AE N TRRE (AL PR & e BRI Hh oA AR SRS T A0 Bl |

—\ WAENX “HEIEAREL”

ANSRAR AR TR BE (B0 L ERLER =~ ) S TAR, IR AT REXT—LURom H %32
FUARTEIEAR A . B X —ARIEWAGIS WH, RSSO XA 1 —
AE S, AHARREA AR N —FeSCh gcagE X, W iasiise .

TEARSCH, Fofy “HER” E CNMERLFTEE R, SEREMH LS PEITIZNESER
BORE. B, IR EER EEEMRERY 7 XA SRR VU SR (AR R A
AR B KRR 60 S LI BETTRE 3N, EREATRI AL 7 AR RIS, R —
SETRT AL, PUOMBORTE 2R “PRR = < ) B9S8R, ARERIERIE S, WT A
7R o

HRTRZEOE SR B S RHERIRE 7, nJ DL “ AR —31 KLU/ N 60 9
AR EEATRE 3/, EREATRI I T R G, CYEATIRIE CHEPIBORNT B, R
TR IS ARLEREAL PR E & Z BT 55 (ANl . ey sEn] ) GE F R,

Besh,  HRTRER PR N HEBAR R A R TE H AR E I h A R wl "R A
ETRIEFHEIERERE %7 DI “B2%7, W5 —MERR R R,

D 1 PEH=1.609 344 Tk, —HLT
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( WMR—FURELLE /AT 60 HERUREITH 3 /i, EREITRSIR? J

K \ FE*L‘I’E%?EEE"JEEE, ATLAER l«)('l‘\

A
BB = R x B

e " e, HEHEN 60 KE, B
NZEITIET 180 ZE, &% 3 B

BEE = 60 &2 /B x 3 /\dF = 180
®E

K J Klﬂ:, KZE(TIT 180 HE, j
HEREE SA SRS ENE S
ST AT R AT RE LS RV AR (£2), T B R 360 $ s JE ko i
REIALEE (), TTEEBRNE, L KIESHEABRFEL T T AHERTS R, BE
A28 Lt vT g A0 & v a4 PR IR
AR P B S B EE MM T RER (20 ER ),

Q BERAFIAERES, iIHHPEISBOHERER (ST ),
Q EAREITZIGER, EAZ I ERHERGS R (F10, OpenAl H) ol Al ELXHEAT 24
R, (iR RHES ).

ChatGPT o1 E{

(1) EF' |\§HEIE%§5EEHE% What is the last digit of 74999
RR&BAF

To find the last digit of
4:

(2) EFI\E]?EIE_}—EH%%&VE / Thenit repeats: 7,9,3,1,7,9, 3, 1, ..
HERN—BHR - o s
=) Al To determine which of these four digits appears for 7°°°, we look at 999 mod 4:
—un .
~RRE 999 + 4 = 249 remainder 3.
Since the remainder is 3, we take the third digit in the cycle (7,9, 3, 1), which is 3.

Hence, the last digit of 7°% is (3]

rEzz— [

SR FEMASAFRRZ B (DA PR AT Z AR R P BRAE SR ()7
T FH P R AR A 5 P A 5 B B
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=\ fAEY R IR fE A HEIRAR Y

WEARFRATTC 280 SC T RIS, IR 245 TR AT LAHE A TEAT R AR ST A0 o HERAE 55 F e A
UOAERIE SR i, ERARITEORAATT 2R, HE AR 25 SR I EL I 5 2 B AR A

B2, FAMATIE G ZEAEPSRINE 7 PRSI TH 22 P S TS5, HEAnfigd ikt
e PR A SRR R B MR IR R, RTIT, X T BAS . B BETRNRA IR R BT S, HE
HRERIIFAR AT o SO0 L, UNSRTCZE IR A AL 55 FR AR A B R, )] fE P EOCRAE T
It Hofi R AR ITE o 1 P A P BRI E FH AR S gyt BT, ATl BN i
JERE” M2 o o P, FRATTAT LAREG— 1] SR AL - AR AT 5 2R B 50 1) TR (8
PN RSN

T RIS, TR R RO OE AR R

8K MEK
+ JREERAGNMEE - PREBAERREEE
(UnfEERE . ¥FIERR) (E S HETRATja))
+  BYERERHEE - ETHRMES
(S #E% SRIENR) (BFELIBE)
+ BRRERES - BRES
(ZERE)

+  XHHEIRE A EAFEYZ (L RE
PRI (A% BN 25 34

=. BENE DeepSeek R1 BT

FEVTIE A EE AL A BB AR (9 DU KAZ 0 T ¥k 2000, FRAHSERTZA 24— DeepSeek R1 Y1251
2, ZIRFETE DeepSeck R1 FARMRE “DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via
Reinforcement Learning” H1#E4T T IHE4HIAR . X4 BE R — AR RZFIRR, Wl LIVERIT
AR (1Y) 5 TR

T L F EMJE, DeepSeek JfAR KM — RI HEIRBIAL, W2 T 3 ASE R4
DeepSeek-R1-Zero, DeepSeek-R1 F1 DeepSeek-R1-Distill,

MRIEE A AR, FAE T EIh B X SR i I A i o
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DeepSeek-V3 (671B)
)
ETERMEMER
RREIHSRILES]

AR
WENRNE

DeepSeek-R1-Zero

=R YR MBEHT
gk

ETRMBME. mAM—Hit |
ZRESEIE RS FHHRE
EERARE EWERCRYIRE

ETHNEIE (BF. K1D)

MAKRIFHIRALFES] |
.
DeepSeek-R1
?DeepSeek-Fﬁ -Distill-Qwen (1.5B - 32B) j

[ DeepSeek-R1-Distill-Llama (8B & 70B) ]

DeepSeek R1 F AR & FPHRE 1Y) 3 Fidfe BEAR R T & 2 7

BTk, Tl TRE FB— T LEPURILR, AR RE . T i
AR ALHERBOR 1 PR L

(1) DeepSeek-R1-Zero: ZMMIILT 2024 4 12 A KA ISR N 6710121 DeepSeek-V3
TN GRIERB A . AFE AR SR k2% 2] (RL) $#EATUI1Z%, FRETH T R EhHLEH . X Fh
TrEERRA W ash” gk, oM ERAA T B E (SFT), i WE sl & R T AR
RiER L% (RLHF) —&R5 .

(2) DeepSeek-R1: iX/& DeepSeek 143 Sy #ERIFAY, KT DeepSeek-R1-Zero ¥4, [AATE
DeepSeek-R1-Zero [FEAl_F3E N T 805 ME ORI ZRBT B, I akse (i Fa A2z S 172k, i
— BT T R1-Zero iX— “¥Wia3h” AN GE

(%D%N%%RLMMH:E%ﬁ%%&ﬁﬁ*?iTﬁE%%Mﬁﬁﬁ DeepSeek [41BA
FI X SRt Qwen Fl Llama 47 7400 , LA SR HREREAE R IRAL G L 7RI
@ﬁﬁﬂ%&ﬁmﬁﬁiﬁ6ﬂ0@%D%ﬁ%HUiﬁ%ﬁﬁ%W%&mﬂﬁm@@(@ﬁ§
il 80 1281 700 121 Llama LA XS8R 15 14~300 4417 Qwen ),
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M. @R ACHEIRR B RN K077k

IR A 1T TR TS AR AR ) R L T TR HE AR (40 DeepSeek-R1 .
OpenAl ) ol Fl 03 55 ) BYREEHT AR,

EE ol o3 AR IAERE B AT S AN, RiFIPREBAFN CNEE T HEEFD 475 @0
AR B8R

1. HEIBET B R

PEFHRIE F IR R RE ) ) — PPy 2 EFERT )P (inference-time scaling ). XS ARIETE
AFEE = TIATREA AR A X, (HEXE, B8 a2 iR e 01 A 5T Tk s A A A i
E%O

— AR, AR AR IR, QR e 2 A6 —Semf ] L85 IR H w2
WRNE LIk RIRE, FRATAT AR —SLsRms, (200 K 5 AR AR A R T 21
“EET, (YR, KIEFEAERIEIERE “BET B —EE, )

— P B RO HE B A ) P R e R RN TR T2 (prompt engineering ), e Hpir LAY Ao 4] 72 8
#e4% ( chain-of-thought, CoT )&/ AN EIFR , EBAERE/RH , AT TE i A$L/R 18] ( prompt )
FOMAZEL “—2 %" (think step by step ) XAERYAGE, BURRALSEA U HIEREAE TR, i
AR ELEE 1 B AE S . PO IETEAL B R R R (HIFAE SR ) REA R T MERA 245 2R .
(BN, JFEARPTA R EERIE A X Fhoms . Fan, xHF “REEEREMR? 7 X
P A () RITRPE DS, i R AR B s R I B X . AR — NS A bR . an SR —~1a)
ARG AW AR, RS R B LA PR AL R A 22 )

EMRRR B
Q: A juggler can juggle 16 balls. Half of the balls are golf balls, \ /Q: A juggler can juggle 16 balls. Half of the balls are golf balls,
and half of the golf balls are blue. How many blue golf balls are and half of the golf balls are blue. How many blue golf balls are
there? there?
A: The answer (arabic numerals) is A: Let’s think step by step.
(Output) 8 X (Output) There are 16 balls in total. Half of the balls are golf

| balls. That means that there are 8 golf balls. Half of the golf balls
/ \\ar‘e blue. That means that there are 4 blue golf balls. v/ /

RFET 2022 FE S 3C “Large Language Models are Zero-Shot Reasoners” A —~%: i
BRI
IR RAERE VL T U EAE — R T R, B o e A O 2 A TR e R hn 2R
AT A
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I3 — R HERRA )9 A R A R . — MR B R 2B ERE, FERTE
BRI B, ARG TRA T ZHCORE R B AT RER IERR A R . AR, FRATIETT LA
JHHAEZE (beam search ) s AW R BSR4 B BT E S

UNARARTRA T X $E 771k, SREUMERE 128 3 “Scaling LLM Test-Time Compute Optimally can
be More Effective than Scaling Model Parameters” , i SCHTFEAN T 1T LAZEFRAYSCEE “Noteworthy

Al Research Papers of 2024 (Part Two)” H1#k%|, FEEB/R T “Scaling LLM Test-Time Compute
Optimally can be More Effective than Scaling Model Parameters” "SR] JE T8 R s,

KIESHBEERZANEE, EFMATERTBERATING FRBURERNETEREN
RN FERREER ET it 2R miEs g, BESERSE
Best-of-N Beam Search Lookahead Search

Continue Search from
the top-N options

Select the best final answer using the verifier Select the best final answer using the verifier

Key: r -
1
| i Apply Verifier = Full Solution = Intermediate solution step = Selected by verifier = Rejected by verifier

N——

AN TR] P 2 48 2 114 3 RO T R - AR (process-reward-based model ) ik
P A2 (CR AL “Scaling LLM Test-Time Compute Optimally can be More Effective
than Scaling Model Parameters” )

FR#iE DeepSeek R1 H AR A, HARRISRAE FHHERERT RIPREEA . AR, XA A R ER
W E RN FHZ P SCEt, itk DeepSeek 43 Al BEZEHL N FHAE P T L EE A

FAEM OpenAl ) ol FERIFN o3 AV T HERERFRIY REEA , Xk T M4 GPT-40
SR, ENTRAT o B THEHERTEIP R, ol A1 o3 fR W REIA (A T 21T DeepSeek R1
JeR B sk S KL TN SR, ST omfb2e I 2 NEE, 12 TORERATSTEHN A

2. AsELF 3]

A AN DeepSeek R1 #1445 “DeepSeek-R1: Incentivizing Reasoning Capability in LLMs via
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Reinforcement Learning” HA)— A% 15 /2 : DeepSeek A1 B\ & BUHEFRRE JI4E A—FA 7 AT DLE i 4l
srfbeE 2] AR, LEIRATE RN — P X B E A

IEMZATHERIE, DeepSeek JFA T 3 FZERIAY R1 AL 55— AY DeepSeek-R1-Zero j&3
T DeepSeek-V3 FERR A H T . DeepSeek-V3 j& DeepSeek 7£ 2024 47 12 H & AR Wb IEFI 25
KRG FE B, 5HA SR > WA AN [A] (i 78 9 A o7 ) Z a2 e i A7 B o ),
DeepSeek-R1-Zero &Il i i b2 A AT, B & Hwiia i MosbrB, s BlFs.

( DeepSeek-V3 (671 B)]

\ 4
? DeepSeek-R1-Zero

R “eREh” BEIEEHT

gk - l_

ETREMmMEAER
RRESEIE S

AR
WENRNE

ET ., mRXA—8 |

ZRIESRIE S . Bk FIREL
E—

ETHMWEIE (B, K5D)

FMAKRIFHRULFES]

[—— | Llama 3 & Qwen 2.5
DeepSeek-R1

?DeepSeek-Fﬁ -Distill-Qwen (1.5B - 32B) ]

[ DeepSeek-R1-Distill-Llama (8B & 70B) ]

DeepSeek-R1-Zero 1R FF & 1L 72

SRINT, AR Ak 27 > Wi R 53 TR R IE A 7 - o)A ) T AR S e iR Ak 2y >
FEZEl, (FFE “LLM Training: RLHF and Its Alternatives” — SCH AT T 5T A Y
AT . ) (B, W EFTid, DeepSeek-R1-Zero 1Y X HI7E T & Bkl T W BB BL
XN AHYFR R 47 RL, (R EEZmE, KiEFHAI T iysaibs ] S5 e L
AR A T A ARIORIR], 325 — MEA M AT, )

FER TP T I, 5 AR R AR, DeepSeek HBAK ] T WA il 7
A R RIS 2D o
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Q EMERED : il LeetCode Hiik frk MuE AU R BIIERE, JFdid— 0 E PR
RGOV B2 B SR B HERR I .
Q H&FNERE . AR ARG OR B BEIE UM AR S, HEINTE <think>FR48 P HCEAfE BT
IR,
ANV, (R Ik, RIGEHEAC 2R84 TIARRHERRE S . ATFE N SR
FEGAE B R A R, BB T —A “Aha” BFZI, REEARIRA B2 %, WF
KRR

Question: If a > 1, then the sum of the real solutions of va — Va +x = x is equal to
Response: <think>

To solve the equation va — Va +x = x, let’s start by squaring both - - -
(Va—varz) =x2 = a-vavz=x

Rearrange to isolate the inner square root term:

(@a-x»?=z=a+x = ®-2ax®+(x*)? =a+x = x*-2ax’> —x+(®>-a) =0

Wait, wait. Wait. That’s an aha moment I can flag here.

Let’s reevaluate this step-by-step to identify if the correct sum canbe - - -
We started with the equation:
Ya-+va+x=x

First, let’s square both sides:
a-Va+x=x? = Va+x=a-x
Next, I could square both sides again, treating the equation: - - -

2

Table 3 | An interesting “aha moment” of an intermediate version of DeepSeek-R1-Zero. The
model learns to rethink using an anthropomorphic tone. This is also an aha moment for us,
allowing us to witness the power and beauty of reinforcement learning.

“Aha” BFZIPHIL (3R B DeepSeek R1 FiAHRA )

HAR R1-Zero JFAERIEAN T AR, (e i@t A srp al iy <8257 LR T i
feJ1, W EEPTR . XUESE T alisg fh s > A B R R AT 179, 1 DeepSeek ABAJEH 1
JEn (s BDRANTFRE) X— kAR,

3. B RA+EKES (SFT+RL)

PRk, FAKE DeepSeek 11 71 FRAR A DeepSeek-R1 AYFF K4 #2, DeepSeek-R1

A FEHEFA AL TSR, AT DeepSeek-R1-Zero, ‘& id &4 i W B i A Ak 2 > ik —
AT THERMERE, WTNEFTR
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r DeepSeek-V3 (671 B)]

))

BETEmERER
RRESEIFE S

“aRE
BERMRARE

DeepSeek-R1-Zero

<
<
4

R “%BE” HBEHT ——

gk l_

BETffpte. R F—EM
ZEEEFE ] > BYEgE FHIRE
EERHARRE ERARE

>
«

ETHMBEIE (B, KD

MALRIFRRULES
- (ommrsomar )
DeepSeek-R1

?DeepSeek—Fh -Distill-Qwen (1.5B - 32B) ]

[ DeepSeek-R1-Distill-Llama (8B & 70B) ]

DeepSeek-R1 BRI I & i FE

(EAR IR, TEIR AL~ Z AT A B ORI B B S br_ERAR ULAOR: , L InpRifEpoBE T
ARt~ (siflsr >+ NFERUs ) Tt el X —FrBL. OpenAl [ ol FAUAR AT AE
R T AU A TT 1

i EETR, DeepSeek 1A fdi ] DeepSeek-R1-Zero A= i T MATTAIFRIY) “Yash” WBHHRA
B, “Biash” B ixsesdi 2 i DeepSeek-R1-Zero FEAIAE iU, TTIZARIA B - e 2 ATA]
WB AR R )1 25

TEARAFIX B B Jnsh” B EdE 5, DeepSeek HIBAXTAEAINEST T 484348 (instruction
fine-tuning ), Ff5 AT T — ANtk BBt X 5mfb2z I BB T DeepSeek-R1-Zero H1 (1
WNHLE], EFEAEF TR (g0 uEEC ARG IR TERAPE ) FnagxCah (B O A T
W )o BRIZAN, MATERYG T —BetE2ah, DURE AR AT [0 22 iR T 2 Al 5 i Il

sk S Bz e, MATTHE T T — e r B RO BRI AR . FEX — R Berh, AT A
TR A 15, ( checkpoint ) A2 1% T 60 T3 2% BL4EsE W BHMORFEAS , [RIFTIAFET DeepSeek-V3 3k
BRI A B T 20 T3 45 TR Y B SO A AR
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Bifif5, 3X 80 (20+60 ) Ji 4% M BHMOR s B FH T4 2 180 DeepSeek-V3 JERMHIAY, K5 i
e —4esRAbE TN FEIX—Br B, M4k S A 3 T R0 () 7 32 Xt B R 2 R ) R g 50
RO THER TR, WO A AL RS | A T 3T A AR L] . BT, X—
AR E AT AR R A 2T A E AL, AR Z A AE T B oA th & T 2 A
Heplonfl, BEAh, BRTIET AR, aR ik 2105 T AT ISR 2L AL

P45 TR B oA Fsim AL T B BE, e A AR ——DeepSeck-R1, 7EVERE AHEL
T DeepSeck-R1-Zero £i T REHTl, HMWERIATUSH T E IR .

Bio, physics &

Math benchmarks RHeIiEy Code benchmarks

GPQA | LiveCode

Model AIME 2024 MATH-500 Diamond  Bench CodeForces
pass@l cons@64 pass@1 pass@1 pass@1 rating
OpenAl-ol-mini 63.6 80.0 90.0 60.0 53.8 1820 n—
OpenAl-01-0912 744 83.3 94.8 77.3 63.4 1843 HiEEELLT
H5RUE 5] — DeepSeek-R1-Zero 710 86.7 95.9 733 50.0 1444
WEME+ _ DeepSeek-R1 79.8 97.3 71.5 65.9 2029

Bk
OpenAl Al il DeepSeek R1 FYFEMEMIXNT b (o) H DeepSeek-R1 H A4 )

4. S EHIRSTR
SIARALE, T IE 20 TR MUGEEBUR 3 F e

Q HIBETET R — A EAB el BRI R R 5 I R 4R THERERE T A9FE AR .
O #5843 DeepSeek-R1-Zero /R T HEFE W] LIAE Ry 2017 o0 TG W B ol Fh i 2
O MWEMIE+EEFES) . XJE DeepSeek-R1 HEBIAAIAY I & ik,

WA, FETAREAANE? R “FRE.

A N/, DeepSeek if & A 1 iH it ZR B AR IR/ NI SR 1T, AERIEH B
T, BRI — SRR 7 PR SRR IR T ik . TR ARZER (S WA ) —
A4S Machine Learning Q and AT W55 6 55 ) 1, B/ 2R ERIR” STERCRIT “BOMBIRL" 1
logits Fl FlAr%cdia g b ikATiI145.

BRI, DeepSeek HYZ&1E 2@ 14 # ] DeepSeek-V3 Fll DeepSeek-R 1 fit) F A4S 2x 15 4= )
W RS, RN RIE SRR (IS8 80445, 700 /419 Llama #i8I L) K S8
A 542~320421%) Qwen 2.5 BHY ) SEATHE AT . (EARER IR, X2 AR il A R
PTREESE 51125 DeepSeek-R1 Bsffifi Fi i) 54 5 5¢ 4[] .
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N T RV, R TR T AR AR Y

DeepSeek-V3 (671B)

DeepSeek-R1-Zero

BTt
ZRESEILFE

“amEE
EEREARE

A LBE” MBIRIRT
gk

ET MmN BXF—HKit 4
RRESEILFE ] BiEgE FIRE
"’“E‘fﬂhﬂ%ﬁ% BEMARE

ETHMBIE (B KD
FAKIRIFRIBILES]

2 [ — (Llama 3 & Qwen 2.5]
DeepSeek-R1

\4

DeepSeek-R1-Distill-Qwen (1.5B - 328)]

[ DeepSeek-R1-Distill-Llama (8B & 70B)]

DeepSeek-R 1-Distill BRI G FF % 1 2

A4 DeepSeek F AETIT K& iX TR RV A A F BRI,

Q/NEBRIEEESNNER, XERECNTBITRATL, FNE] LR RmEA: FslT,
XTI Z T N *ﬂf??ﬁiﬁé e % T SUESSHINE R E1 Gl

Q G EMBANRGIR . XEZRBERE S — BRI, BR TERAR2ET
THOCT, B R R R BRI P T B AR

T ELB X Be BRI P e S AR A TA Y . DeepSeek-R1-Zero 1 DeepSeek-R1 47 1 L 45 .
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GPQA  LiveCode

HER AIME 2024 MATH-500 Diamond Bench CodeForces
pass@l cons@64 pass@1 pass@1 pass@1 rating
GPT-40-0513 9.3 13.4 74.6 499 329 759
Claude-3.5-Sonnet-1022 16.0 26.7 783 65.0 389 717
OpenAl-ol-mini 63.6 80.0 90.0 60.0 53.8 1820
QwQ-32B-Preview 50.0 60.0 90.6 54.5 419 1316
DeepSeek-R1-Distill-Qwen-1.5B  28.9 52.7 839 33.8 16.9 954
DeepSeek-R1-Distill-Qwen-7B 55.5 83.3 92.8 49.1 37.6 1189
DeepSeek-R1-Distill-Qwen-14B 69.7 80.0 939 59.1 53.1 1481
DeepSeek-R1-Distill-Qwen-32B 72.6 83.3 94.3 62.1 57.2 1691
DeepSeek-R1-Distill-Llama-8B 50.4 80.0 89.1 49.0 39.6 1205
DeepSeek-R1-Distill-Llama-70B 70.0 86.7 94.5 65.2 57.5 1633
DeepSeek-R1-Zero 71.0 95.9 73.3 50.0 1444
DeepSeek-R1 79.8 97.3 71.5 65.9 2029

ZRURAR Y S E AR AR B Y BEE LU (SR I DeepSeek-R1 B )

M BB LAE H, ZRRSR 3B AN DeepSeek-R1, {H5 DeepSeek-R1-Zero AL, ¥
EENMMBNMGZ, R SEMSRS . o, (EREERNE, XL ol mini ARG
G (FRMEE ol-mini AR B AT ESE ol AYZEIRARA ).

FEMZEX —EBor 21T, A — A BRI RS —$2E . DeepSeek AR T DeepSeek-R1-Zero
P B HERRA T R A RETE A DA R B, O T IR IR — 5L, I THF DeepSeek-R1-Zero
i R 2l A2 > Jr ik B H T Qwen-32B,

SIS ZE RN R E RS, Hoh QwQ-32B-Preview /&5 T Qwen 2.5-32B JF & FOHERAR A (kA
R AT IR AT ) XA B FATH — LT divm b= 2 5 ik BB Re i /N T
DeepSeek-R1-Zero PRI H & HERERE S $EAL T —LL&05 M) ULAE .

AIME 2024 MATH-500 GPQA Diamond LiveCodeBench

=il -
RE pass@l cons@64  pass@1 pass@1 pass@1
4 > QwQ-32B-Preview 50.0 60.0 90.6 54.5 419
R - DeepSeek-R1-Zero-Qwen-32B 47.0 60.0 91.6 55.0 40.2
DeepSeek-R1-Distill-Qwen-32B  72.6 83.3 94.3 62.1 57.2
4 =3
BT~ peepseek-Ri-Zero 71.0 95.9 733 50.0
DeepSeek-R1 79.8 97.3 715 65.9
TE—BUNYSHER N 320 ALY E AT Y7808 5 2l Al ) i IR ME LR (R A
DeepSeek-R1 # A4 )

AR, HPREEW], W TRUNORE, R AR DA R X5 UL —E: X
FEAl5R AL o] AT REAS R ATE X AU AL i g | A s R AOHERRRE 7, TIAE AL B/ IMBERYRR, , faf T e
Jo i A BRSO A T M T R — R BE AT R SR

N YA EIEE N SE R, B R AR S A
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Q Qwen-32B il TE f+5 k22 TSR, LT DeepSeek-R1 HYIFA 7. XHEA]
AT B EAT] 7, 2H5iAsr ) 5 WoB oAl Gk, Salisi e > Fal B RO A L, e
ik 2 KRR o

Q DeepSeek-V3 fif HI14l W oM PEFTIIZE, SRMLT 28 MBR A G AR Ty X SRERELETRATT Atk
ORGSR AL~ >+ W B T 5 Al M B R — 3 BRICR

5. 48
TEX—FRor R, FRATHRT TR E ML AL A 1 4 F o

Q HEETEY R, TTAEIMIZR, (AoisniEimAs, Mg Mo sidm g m, K
RS A AR N By 5 . A4S ik, XHEAC R KB Rk UL, e
SRIE— PR B I FRIRFUMEE ol SRH] T HEFRIAIY & i:, XWREMREA T4
AR MNATTAITE A L H DeepSeek-R1 H /5 .

Q 4B uES, WIIRMAEERE, disdfb 0w A, Ko et TR —F
THIAT AR ZI L . SR, FESCPRAGBA v, sdfbss S+ E RO R E v ik,
KT B TR R AR FRERZIMEE ol R T bk 2+ B o ks, R
Wb, FRINHK ol JEMEE DeepSeek-R1 B85 . BE/INFERHAL AU TR 46 1, (HH 1 8 Al 2y
>+ B DL SRR TR R kb T I — AN o

0SB I +IEBROE. IEATHTSCITIR, SRk >+ B R A 1 R AR AR 7% DG
Ik DeepSeek-R1 J&—MRAFIWIERE], J&/R T lifa] SEBLX — 77k

Q 28, ZAWE—FEAEF NI, FRE TR R, SR, 2RI
JOBRPETE T, EIFABEMESN QR B A 7 N — IR, i, ZE0E SR AT Y
TR AR St A B SO B

TN TORAER B — @RS G—H by B R (k=) SHERR Y e

(ks Aok X AR AT ERIE: OpenAl ol IEFEMAY , HURGE B AT fig 235 T —> Lt DeepSeek-R1
TR FLRIAR R, SRR T AT 4 DeepSeek-R1 FEHMEH A BLAR A 0 T A REZ IR AN ) 7,

F. XxF DeepSeek R1 HyEE

AU, ARZ N5 FARRT DeepSeek-R1 BIHE L . WS Z, HIANIXE—IR T Ak
. AR — 22 WP TR, FRAFHIR B 1 AT PR A o, XA s R kit s
LA ETRAZ 2 HE

R NERR—fJe, AT AR A AsR (- > il kY . MIH, DeepSeek L4
HATIFIR, JFRM T MIT JREVF T PR, XL L Meta (9 Llama A28 FR A 2 /D
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User: Using the numbers [19, 36, 55, 7], create an equation that equals 65.
Assistant: Let me solve this step by step.

<answer> 55 + 36 - 7 - 19 </answer>
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