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This inherently sequential nature precludes parallelization within training examples,

which becomes critical at longer sequence lengths, as memory constraints limit
batching across examples.

(a) (b)
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Recent work has achieved significant improvements in computational efficiency
through factorization tricks and conditional computation, while also improving model

performance in case of the latter. The fundamental constraint of sequential computation,
however, remains.
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To the best of our knowledge, however, the Transformer is the first transduction model
relying entirely on self-attention to compute representations of its input and output
without using sequence- aligned RNNs or convolution.
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“Scaled Dot-Product Attention” . 7EIRSCHEZ ULIE, 13 & SIHLHI A DU R ok

query F1— ZF1 (1) key-value X BRSFF 21 FEAN 460t Bt A2, 113X N0 H A m] S AR
#5 query F1 key THHAS 2 AL EAEH T value E R EFA,

An attention function can be described as mapping a query and a set of key-value pairs
to an output, where the query, keys, values, and output are all vectors. The output is
computed as a weighted sum of the values, where the weight assigned to each value is
computed by a compatibility function of the query with the corresponding key.

AL EIRNIAR query. key FT value 198 X, FTELES Transformer [1IfEAD
AR, IXER 7> N B R Jm Badt AT A BARRY, BER AL EI S & 1-3 .

Scaled Dot-Product Attention
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We suspect that for large values of dk, the dot products grow large in magnitude,
pushing the softmax function into regions where it has extremely small gradients.
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It expands the model s ability to focus on different positions. Yes, in the example above,
Z, contains a little bit of every other encoding, but it could be dominated by the the
actual word itself.
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1.2.2 A 42 MultiHead Attention
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Multi-head attention allows the model to jointly attend to information from different
representation subspaces at different positions.

FEVLTE AT 4 T B 22 Sk Sy WU DA S A 2 Sk WLl i sk 2 s, F
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HAegm, HitEAR08:
MultiHead(Q, K,V) = Concat(head, ..., head, )W °
where head, = Attention(QW,%, KW VW)
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2.1.1 Token Embedding
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2-1. Token Embedding

1R S B i BT P84 RS, 454 CNIN B RNIN, - B4 T S0 A ] oAk 1) 26
BB W T, BONIX W B A G O & B & 7 fien PR e ee /1, A
7& CNN ) n-gram 3062 RNN H IR R, EEXHU R A BER
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2-3. BAENNHIERE (2
R E 2-3 TR RKRE, P B 5T A b B 5 v EAR B 1)
SERIEARR FIRBAATFIXN, AR A e 7R B . Bk, TR
JR K, Transformer 7£ J& 4% N SCA 31T Token Embedding J&, SAAMOIN T —
A~ Positional Embedding & %1 il £ 48 75 B 7 RIRFAIE

Since our model contains no recurrence and no convolution, in order for the model to
make use of the order of the sequence, we must inject some information about the
relative or absolute position of the tokens in the sequence.

2.1.2 Positional Embedding

T IX 4%, IBRIEA4 X Positional Embedding We ? ¥ DB, F
mATekE S — IR E MW EE LT Positional Embedding 43 Ji5 372 4 1 41
AFEARAE

W 2-4 fioR, BEAAARRRNT A IR —4 Token, RF—2cMiZEis B
LR FIRKT B Token 7EREANYEE X R, BAS S o 7RI, BANYE B AT B (1)
I BAE BE R — MR R MTEA B, REANYEE T R AL B A R AT A
TR A XD R] . Fea)iE Ui, £ BRHF EREPA Token i AA LA
AT B A e AR A A A BEAH PR 2K — 22 52, (R N A X AR AL B AR AR A
HIRe s B E.

dim 1 dim 1
1.0 dim2 [101 = y dim 2
dim 3 X / X dim 3
05 dim4 (5 | \ / \ dim 4

\ / \

/ \‘
0.0 0.0 4 \
-0.5 0.5 4

-1.0 1.0 4
|

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

2-4. Positional Embedding
W 2-4 Frow, BlanfrE 20 IX—Ab i, 7870 B AR IS RR B 3 2L
B, Bk (AL ET, RAFEERARSAE 20 467 B 1E EAH
[EESE A=
NI, EAE L AN SEBR SR IEAT U
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¥ |o.1|0.2]o.5| |0 |0.1]0.2 009 0:51{0.79
0.2/0.1]0.0
?:E 0.2]/0.6/0.3 0 (0.1]0.2 0.09(0.62|0.71
+ X |0.0]0.5(0.3| =
E 0.1(0.0|0.5 0 |0.1/0.2 0.09|0.410.73
0.1/0.5(1.0
:Fl; 1.0{0.3]0.2 0 10.1]0.2 —h " 3 0.24| 0.5 |0.52

2-5. HE# Positional Embedding (—)

WK 2-5 firs, JRIEHALEZL ST Token Embedding &, X IO T —ANH ¥
B 15 B Positional Embedding. 7E£05d — R &R He J5 (45 2 K] 2-5 LA pr
NI, B ROk, BATEL TR E, FFIRIEE4T Positional Embedding i

2L H 4E

ANFNEH

# [1.0]0.3]0.2 0 |0.1]0.2 024| 05 052
0.2(0.1]0.0
7£ |0.2|0.6(0.3 0 (0.1]0.2 009 |0.62|0.71
+ X |0.0/0.5(0.3| =
E 0.1/0.0|0.5 0 (0.1]0.2 0.09|0.41]0.73
0.1[0.5(1.0
Qﬂj‘ 0.1]/0.2]0.5 0 [0.1]0.2 o " o 0.09|0.51]0.79

2-6. E# Positional Embedding (=)

K 2-6 fas, EZHFHIAE G, KH FFER) Positional Embedding #3474k
W, 3 EFLE A TLUREL, SRR 245 ohi B A -t
B RAEARS. B, ZHFEUEY, w4 Positional Embedding # {7 B 15 52
PAHBOE AT 4, 843X FEI Positional Embedding & JC AL -
£ Transformer ™, {E2E R T 402 30(2.1) B FROHE ISR AR B 2% A 48 FE ) Ao
BEE, HATALL: R 2-4 4 s
PE_ .. =sin(pos /10000 )
PE .. 51,1 = COS( pos /1000074

Hrp PE #ft /21X Positional Embedding #if%, pos [0, max _len) & EAR
M E, E[O!dmodel [ 2) Fos AR R —4E

2%, ERNIX A $) Positional Embedding £i7. 8 {5 8 5, {8 7] LA 3 0
K] 2-7 B ref Eh g5 2R .

pos,2i

(2.1)

#‘2 0.110.210.5 0.00 | 1.00 | 0.00 0.07|0.86|0.86
0.2/0.1]0.0
:(:E 0.210.6/0.3 0.84|0.540.39 0.28]1.021.03
- X |0.0]0.5(0.3| =
E 0.1/0.0(0.5 0.91(-04 [0.72 032|050 1.09
0.1/0.5|1.0
# |[1.0/0.3[0.2 0.14(-1.0|0.93 = 034033]0.92
.:Fl_, 1.0(0.3]0.2 0.00 | 1.00 o.oc! 0.22|0.85|0.59
0.2(0.1/0.0
1£ |0.2]0.6/0.3 0.84| 054|039 0.28[1.02]1.03
+ X |0.0/0.5|0.3| =
E 0.1/0.0/0.5 0.91[-0.4 [0.71 0.32[0.501.09
0.1(0.5|1.0
ﬁ 0.110.2(0.5 0.14|-1.0 | 0.93 0.19]0.34|1.19

2-7. JEEH Positional Embedding
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M 2-7 fLLEH, BRI BT SZA E S, S5E— AT
PR 5 (1 285 SRR AN R . PRI, X liiE Bd I Positional Embedding T LASR b
H v = LA BE T HE 7 Z1 I A 2 B B o
Ui 5¢ Transformer H ¥ Embedding &, # FRBATHREEARFT Transformer
FR) P9 2% 235 F4)
2.2 Transformer 484544
W&l 2-8 ATl & — AN H 2 Transformer /4% 25 1) 14 .

Linear
A

l Add&Norm "‘“

Feed
Forward

Multi-Head
5% Attention

Add&Norm
Add&Norm
Masked
Multi-Head Multi-Head

Attention

t

Attention

Positional Positional

Encoding Input Output Encoding
Embedding Embedding

2-8. BA[Z Transformer MR Z5#I[E|
K 2-8 i, #A4- Transformer W85 24 WA E4r, Bl Encoder Al
Decoder. N, FATEE KA H A B8 ANER53EAT 41
2.2.1 Encoder =
B4, XT Encoder K, Mgt 2-8 MR . REW S &l
T PL 6 ANIXFEAR [E A B HE B Ak, (HIX L EM e UHES — ERHITN A, 22
(1] Transformer 25 K 7278 J5 14T 48
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Feed
Forward

Multi-Head
Attention

e 1\ S
| R ——
O
A
Positional
Encoding Input
Embedding

I

2-9. Encoder W4E4E#[E]
Wl 2-9 Fros, ¥ Encoder #57 AK UH: N BB T R K b . 2
Sk =T HLR R Y J2 R 454 22 0 45
The encoder is composed of a stack of N = 6 identical layers. Each layer has two sub-

layers. The first is a multi-head self-attention mechanism, and the second is a simple,
position- wise fully connected feed-forward network.

[FIH, X T IX PR 7 P28 R BN T AR 2245, I BAEVR 21 32 5 ik kAT
TR A XRE, TR S kUl o tH 3 0 LayerNorm(x+Sublayer(x)),
FEHAEA A T Dropout #4E .

We apply dropout to the output of each sub-layer, before it is added to the sub-layer
input and normalized.

W=, A TE TR et 50 bR 22 74, I 50 70 9 24 S 1) 2 1) 4
#4d_ =512,
St T4 2 HA PR A B R, FC R B R
FEN(X) = max (0, XW, + )W, +b, 2.2)

Hod A X4 Nd o =512, 5 1 E4eEEEH 4R v d, =2048,
%2 BEEEENEE AN o =512, HEBXTH 1 ZEREHHEISEH T
Relu B pREL

F, XTEHZE Encoder ML S5 RAHTE T, B F RIEFRATGR LR
Jt Decoder B> ) X 2% S5 14
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2.2.2 Decoder =

5] Encoder #4>—#f, WIXHFHRA T 6 NSNS ERES MR, A
X ERANMKIA R Z0E 1 ERREL. XF Decoder #4rkid, H¥k -5
Encoder 2511, R&EZ T — AT 5 Encoder %t #4738 H.{ 2 Skt & F1HLH],
W 2-10 FioR

0

' Add&Norm |<a

Feed
Forward

Multi-Head

Memory _Attelrﬂ)[\_‘_.

— o s

{ "Add&Norm

Masked
Multi-Head
Attention
L)
Positional
Output Encoding

Embedding

2-10. Decoder 4% ZE#:E]

ANJAT Encoder #8753, 1E Decoder "' —3LALEH 3 N IR L . B b
T AN S NS> CETR 2085 Mask) 5 Encoder #HF], HgZ 7 HxA5
Encoder %t (Memory) #4758 BB 73, 178 #R2 4“ Encoder-Decoder attention” .
PRI, Q REB T NHEZRER VG KR L, KAV R Encoder
ok (Memory) @& MRFIEH/R]. MAEE ZHr LB R AR
174 4; Encoder-Decoder [ 44 B 74 ) fig i id A2
In "encoder-decoder attention” layers, the queries come from the previous decoder

layer, and the memory keys and values come from the output of the encoder. This mimics
the typical encoder-decoder attention mechanisms in sequence-to-sequence models.

T RN B AP AR X B QWKL R S, BATTYE KRB B S 2E T Encoder-
Decoder ] Seq2Seq FH 1AL & anfal BT MRS AT, il 2-11 Fow.

WK 2-11 Fris & — 4 3T Encoder-Decoder UL ZS B, £ il
A NGRS, A N IAER D NGRS, A LIl R JIHLEE 4. TR 2-
11 1, h BRI RAERGERET, SN2 EIRE, Rz AT ZI
Memory; h RS 4 HT I 2B RS SRES . BEBHER VLS BARE T, &
SRR LE SRR R ) 21 B 608 252 G B B B A ) 1 3212

17



SE:ES
www.ylkz.life

target output words

- A
& g = FE <> | T
U
-~
S
e~
Q
B S
v
attention A
vector
8
context 'y A A A §
vector attention &
v : 3
. teL weights ~
“~ o kg
Q
% ke §
v
y 3
=
Q.
&
R
~
S
2
Q
]
B
v

1 am a student <s> @ I% Z = &£

»
>

source input words target input words
2-11. 1&%tH) Seq2Seq MLEIRE[E]

PRI, FEMRES 8 — AN 2" <s>" i, Ny 227 S8 RN AZIRES AT FRABLRE L AR
BENERJIBE . XMNEE TP ETE G R E R, ERDEE — AN ZI I R %
H4 50% (9 5 ST R G tis 26 — AN 2 rd iz b CLEEED |, f&IEid inieR
155 4 A~ Memory AL, Bl context vector. [FFH, 75 AFAD 58 i 2" F" i,
2B B X — SRR . TRUE Y, IR AL 0y v 2 R S AT A5
Encoder 5 Decoder #4732 B/ £ {7

[5] 3] Transformer f£] Encoder-Decoder attention 51, K F1 \/ 242 4 it &553 F) %
H Memory £ 26 A8 i 5 i 45 51 CHEIsE K Memory FE5 T R UGBS N T A A
MERRMISELE) , T Q ZMILEo 2 iF B IHLH I tH a5 m 2 2d 4t
G255 . E Decoder X4 — /N ZIFEAT ARSI, HL TR BN ZEE Q
5 K#AT732H (query B , FFitEAF2NER IAELERE; R i iEs
WEY V T EAR A E N E, 1ZAE R T RR NS SO & 7E R iy
U S EE ] Memory (98N E b o X — i FBERATA DOES anE 2-12
A 2-13 Pt FE R AT RN

- <
< <
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WQ
Q
I =
[1,d_m] [1,d_m]
WK [d_m,d_m] ’
memory ] g
# < [d_m,d_m] -
= wV
;3 Vv
(3,d_m]
[d_m,d_m] (3,d_m]

2-12. #RSEEE Q. K. VITHZIEE
i 2-12 iR, FEfERS A A Memory 43 # 1 3fe E—ANERE S 453 Q.
K\ VO

KT
Q
T x =
[1,d m] [1,3]
V
[05[o2]0s] X = ]
[1,3] [1,d_m]

[3,d_m]
2-13. FRRDEE 1 MR EE T EIE R

W 2-13 o, EMASEE 1A ZIR, B Q @S K 32 B RIAUE
A&, BRI PAEMGE Q (Refitda &) 78 K R LWt 2 Memory) Hi#if)
Memory /MBS Q AXRMMEL; RERNERES V #7855 2R
A E, PRI XA RS R ] AR T Memory A 4-AMr B 26 5515 2 K%
A, WAt U EEE 1 MRS 21T 21 NAZRHE 1 E Memory FREIRLEf7
HEMER. #—2, ERAXAEMAEIFLTE 2-10 T Bz 4%
IR, AR A 190 282 AT 00 2RA5 21 4 1 21 00 A A 4
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2.2.3 Decoder TN #2RD H 2

5 1 2 R I R e i 2 5, RS 2 2B D 58 1 AN ZI B 3N
DL ARRDEE 1 AN %0 5 (K S 318 A 5 4 N\ SR AR RS TR 28 2 NI %1 i 4
Ho AN R AT LA W 2-14 s B R R 3 T RN

Transformers

Decoder

o

<start>

2-14. Decoder ZRTZIMRRDITIZE (BHXRBE", AaHAEENE)

Wi 2-14 Frzx, Decoder 7EXF 41T B ZIEAT A i dan HH ), AR 20 M ETIN 20 2
AT PPN 25 FAE i NSRS — AN ZI 4t 2B A7 T o AR LA 75 B
T2 WERIERCISE  who am i, HLARRD TIN5 AT AN B 2 1) 45 5 9 "who am”,
B TORTEEX T — I ZI A i AT T, AR EEAN T fE vy LLE L K 2-15 1
Kl 2-16 SREFEATHRIN

WQ
Q
<S>
who X =
am
[3,d_m] [3,d_m]
WK [d_m,d_m] "
memory 3.4 m]
# % [d_m,d_m]
= wY
i3 V
[3,d_m]
[d_m,d_m] [3,d_m]

2-15. FRERLEIES Q. K. VT EIIEE
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WKl 2-15 fiiow, 72 B AAERE R AR E AT N"<s> who am"iX 3 M4
A HER MU S R A T AEREHETTATR & "X 3
MA gL fE s R (FE 2-12 F—F) 5 BiE D IEEIT LA 5 (15 2
T Q. KAV IX 3ANERE, IEAERERNE, £ EAEEFHE N HEES
HHERSINSEIREE, BN mERERAS T HEME ERgwEE R

W, Q5 KAEHAELSS] 7 —MUEEM; F¥EHEES V i fTr&itEds
4581 T Encoder-Decoder attention &5 fl%a ., 4 2-16 s .

KT
Q
0.1]0.6[03
Softmax ( X ) - BEE
[3,d_m] (3,3]
13,d my
Vv
0.1)0.6[0.3 372
03lo2los| X B =
0.60.2[0.2 33
13,3] 3,d_m] 3,d_m

2-16. FERSEE 3 NETZIEI L mE T T2

WK 2-16 fis, A NAMER Q5 KAEH G EMERE, EiE—1THiExR
FEXT Memory GX LR 2-16 H1(1) V) A (1 — 07 B AT MRASET,  NAaZan s iE
B THEAT 3L B AN 5 3 47°[0.6,0.2,0. 2] 2 S AE 7E A AL X1 BT IR 22 ) 912K 60%
FVE R I AE Memory FRIR" b, HEFRBE., X, fELEmaasshrwmse
ERE)G, AR T NS ANM B R, BE, MISSIEAN T —A %)
(0% AT ARG TN, L 3 TN 5 B A <e>" Bl ik B 48 i K A Ak

AR, X FEERMNE, EEEBAE T SR, RSB A
A —AN BT, REEN ST 2 S5 . Bk 2-16 Hfg
fidh 2% B 2 2% — MR N3, tgt_vocab_len] AR FE, 84 R H &G — A&
N2 73 KR8 AT 70 AR B U AT 2] P el far o BARAETT W5 2R AR S

2.2.4 Decoder % #2151 72

FES A 5E TN, Decoder AAEISIEFE 5, T 0 A4k BKAE £ MR AE I ZRid 15
R UTIEAT ARG A AN 2.2.3 NTTRIPN AR LU Y, A5 ST I i 25 7o 22
B E— A 20 DS — NI ZU RS RN, SR — NI 2 — NI 2 BEAT
RS IR . WAR, W SRANGRIN R FIRE I 5 20 2 0 2 . DAk, 2
e, Rt RS A R, — RSSO RS B I 2 R N AT TS
EAEMI AL, —REIE I ZAEAIAT TR RENE PRI 28 I ZR 5 s — R AE VI 2R
IR B RS % LW 10 45 R AN B — I 2 FEAE CBROu N RAY b —
Z BT AEL P RESE AR IK)) RENS SEAF I ZRMI4E . — Bk, 1X 3¢ Encoder-
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Decoder [P 254k, TR YIZRiLFEH Decoder % B FFA 2 b — AN Z F
SEIR, MR EEMRA T IR R, MK RN S R 2 p 7 .

BN AT ORI & HE"<==>"who am i"XT M HEATIIZRIE, Jahd o
AR IR 2 HE", TR 28 I A2 " <s> who am ", X B ¥ TR AR 25 1)
&"who am i <e>",

R AL AT B A N"<s>  who am  i"FE4> il — AN R AT 2 PR AR
BfE152 7 Q. K.V, HQLE KIEMJEEE] 7 EIBERE (MR FET
softmax #¢1E) , 1l 2-17 s

Q e QK

0.2(0.3|0.3]0.1

i
|
[4,d_m] [d_m,4] (4,4]
2-17. fRASESM NN E BT BT 2R

M 2-17 AT LLE el et BRI E UREERE. B 1 AT AR
[ B, FEARRDER 1 NI ZI RIZ0R 20% (P2 R ULRLIZ & 200 softmax J& ()
B HHERIBE"<s>" I, 300% HIVE R 18 #] "who" EA5ESE . AN i A — > )
S, 1R 2.2.3 i EE AR, AR S bR TS AR b RO 2T 2
AT CELAE AT 20D BB I 2R ot AR TS — NI 21, i 2 1 A Y A T
DR B/ AR TR Z1 2 J5 115 B . B, Transformer 7/ Decoder i3 in A i+
& ST HERS B R AR R 13X — ]
self-attention layers in the decoder allow each position in the decoder to attend to all
positions in the decoder up to and including that position. We need to prevent leftward
information flow in the decoder to preserve the auto-regressive property. We implement

this inside of scaled dot-product attention by masking out (setting to — <) all values in
the input of the softmax which correspond to illegal connections.

Wk 2-18 A, AAMKIHRET Q Al K {H553] TiER IR EMM (i
AT softmax #:4E) T TA] R 2 BT B0 R T HERS HE R, P EAR N2
JoE e ERERE V1S 3] 7 RS R IALHE s, g 1 2-10 T Masked
Multi-Head Attention.

Q KT attention mask V
0.2|0.3]0.3|0.1 0 |-inf|-inf|-inf <s>
0 | 0 |-inf|-inf who
Softmax ( *+ oo o [anf ) X am
olofo]|o i
(4,4] [4,d_m]

2-18. EENWEITHEIIEE
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A A4 7 B 0 X AN R R S B el i 18 0A BIX RE A RUR
We? DA 2-18 H38 1 ATALE R, SFEIDER5T 58 1 ANBT ZIEEAT A0S i L0 21
BN R A"<s>", DRI ikt B RS BL A N AZoKs T A B3 = T IE S 1AM E (R
BV RIS — RN T TG A, Baif it it 228 1AM B _E R
HNZA L MEEMENE 0. MK 2-17 aTLUEH, 5 17EE hrEEin b
8 LATHEIHEN, Haid softmax #A4E S EA2] 7 —2E4L[1,0,0,0,0] 8 F] &
A4, T IXA 7] Bt RE 8 PRAEAE MRS 28 1 A ZIIE BB = e SR 1 AMr
B ERREE. [F3E, EMRRD S S 2R R T AR

B, XF T8 L Transformer I 45 25 74 UL K b e b ik 2 558 ) 41
B2 01 N WG SRS SE I

2.2.5 MEHRISS Attention Mask

FENIFE Al Transformer I, H RN IANTE Decoder H1, BERCEH T
Attention mask 4 436 7 % Positional Embedding We? &l 2-18 fifizn, #F
XA I RA AN, Attention mask TV 1 AN FME U N FREAL 25 )
ReF1, PILEAS T 75 2 Positional Embedding 1o X REAEXT G ?

RYE 2.2.4 TN AT LURIE, Attention mask [K7EH R —, a2
FE YNSRI FE 8 5 45 M AT I 21 2 5 B A B 0SS T I 02 7R A (7 158 R A T
W NEEE B 29T 2] R 2 i B EREE. Bk, £A LR A T s
2l “REE I O “Re R WHAT RE—ET .

BEAREA T Attention mask 1XAMERDAE P REHS (1115 Decoder 7E fifhdid 2 H
I UUAE A B A B 2 BT T A (5 S, (H2 3L LA Positional Embedding
[¥) Attention mask W REMEIE B MM B 2 ATMTAEE, TBARERF. iiE
1 “HF” FRRRAMEDER AT, WiEHEP “AF7 BRI IIAS
& HIE R

WA N Postional Embedding, 84 LR Fe 515 T AR 2R Sk 15 5t A — [ml 55

<> — Jp - 5 — K — Wl - g - <e>

I

ot

<> = Jb - 3 - W — W — K — <e>
<> —> Jt - 1 - R — 0 - &K — <e>
BEARILE Attention mask FLAG AETSLE IR 41— AN 2 — AN ZI G R RN
BIFAL A, AHRE ATEIE ] X A S A B [ A E T

2.2.6 [R15 Q. K. V3kKiF

£ Transformer 1AM Qv K. V R 2 EA KK —EHUORE RV %H
B NH)—AEER], I HX A0 A BRI S A 3T SR, RS T e
WRAE Qv K.V KHHT BIERE AHLHIITHE . BIRAESE 2 30 AT LA M 2
Zeff ot 7RI AR, AEREIX RS R SGHAT — IS
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ME 2-8 (Transformer 544 &) AT %0, #/> Transformer H% & 2 B ¥ & 14l
HIK— 3 3 444> Encoder H 1) Multi-Head Attention; Decoder H 1 Masked
Multi-Head Attention; Encoder £ Decoder 32 H.#54> ) Multi-Head Attention.

@ *FF Encoder #1] Multi-Head Attention ik, J:JR45 g+ k. v ¥J7& Encoder
) Token #i N3 Embedding JG 45 5. g+ ke v 0 BI4 — k&t (% H
FeLh—MLEIEME) EEF T Q. Ki V (Wl 2K 1-4 HHRE) , ARG T
H & J1is H15 %) Encoder #5743 ()% H 45 R Memory .

@ *fF Decoder H1f¢) Masked Multi-Head Attention %, FJR45 g k. v 1
& Decoder [¥] Token % A £k Embedding 54558 . g k. v 20 B0t — k2
B ERE T Q. K.V, AREHH#ITHEE /112515 3] Masked Multi-Head
Attention 57 4 HH 25 3, BIAF gAY A) =

3 XJT Encoder 1 Decoder 32 H.#4) f¥] Multi-Head Attention, FJ545 g- K.
v il BT ARG 1A B . Memory AT Memory. g K. v 23 &0t — Rk AR
BIEAET Q. Ky V (2K 2-12 iR , AREHEMTBEEIBEA
#I| Decoder #B7rHyAm 4R . Z T LXAEBTHE 2 AER7 /£ 48 Encoder-Decoder
D 28 A5 28 PR A A it A
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£3T MBEHWSBEEIE

FEB IR L2 N B VEIAN 4458 Transformer W28 S5 R FE J5, 421k
WMALIRATRE —F W5 A Pytorch HE4EkSEH MultiHeadAttention X —25#4 .
[F, 75 EE U — R, T A SRS #R 2 A B HE M Pytorch 1.4 A
H torch.nn. Transformer 55 B E HH SR I faTig b, H B0 N T ik RSO0 T84
LR —MEW IR IF HON 7 A845 R KA B 32 58 LA N 25 5 e % 50
Pytorch 1 IR AH KA — @ 1 1 fif, BT A T ARAS EAR & 44 J7 T 5 Pytorch
R¥F T —5

RAS6 L. https://github.com/moon-hotel/TransformerTranslation

3.1 % & Transformer

TEER 2 #5rHh, M TRAIN A T 52 Transformer 25 2554 H 1 2 AN 2 G
4%, R %2 Transformer 52 78IV EERN FIHEB TSR, At 2AE ) N in G 03
fEIX B — T .

a

| Add&Norm 'H

Add&Norm

Multi-Head
) Attention

Feed
Forward

Add&Norm

Add&Norm

Masked
Multi-Head Multi-Head
Attention Attention
r' r'
W tr
o
Positional Positional

Encoding Input Output Encoding
Embedding Embedding

3-1. HJZ Transformer 4R LEH[E]
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K 3-1 FroafE & — A2 Transformer MR G5, il gmto 8845 14 &
RG2S . T 2 )21 Transformer W48 2 (LU A HES T 24 gwhd 25 AR AD 2%
(IR 8 AR RS, G 3-2 oo

Linear
r'

Decoder 3

“Decoder 2

Decoder 1

Positional

Positional ;
Encoding Input Output Encoding
Embedding Embedding

3-2. %= Transformer 4R LEHI[E

WK 3-2 & —AN % 21 Transformer & 5 B (FERSCH R 7 6 A
AL ES A 6 AMEALES) , HA R4 — Encoder #B2 B 3-1 w1 ZE 10 BT i WX £ 45
4 (Decoder [F¥E) . FTLUKIL, EEMHER 3-1 S EMER. At FHEE
E A A D R

£ %2 )2 Transformer H, 2 ZE4mi0a8 50N T o7 9005, AR EIRE
—A~ Encoder % Memory; fiithd#s st Masked Multi-Head Attention X %
NFRNBAT b, ARG Kt H 45 5[5 Memory iB 38 Encoder-Decoder Attention J&
BRE 1 SOl BE RS 1 )2 Decoder % H #E T Masked Multi-
Head Attention #1725, i fo F-H4 2 i )5 1) 45 2R [7] Memory i ;& Encoder-Decoder
Attention 513528 2 2RISR f, DAUEZRHETS 25 5 — > Decoder HJ#ii -

HASE R 2, £ 2 2 Transformer [ fighdid #2H, & — > Decoder 7£ Encoder-
Decoder Attention 7 ftfdi FH [ Memory )52 [F]—/,

3.2 Transformer HEY#HG

AT AESEBL 2 Sk RN /5 255 R B A 00 S I, D AR X B R 2
XX AT A 4H . 1E Transformer 1, 3 ZH A7 23 HI B HERD IX —Hl
o 55 1A RTE 2.2.4 A 2HE] K Attention Mask, WA TAEUIZRid 2
SRS B HE 26 A AT 2SS IR R B8 2 AN (2 % — 1 batch HAN A
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FEf 51 4E Padding 2IAH R f5, X Padding #4115 BT &, XE%wAD
AL AR TR S B N A X RS AT A4
3.2.1 Attention Mask

Wk 3-3 s, AENGREERE O A — AR AR i 2L IR — A X AR AR
KA I M AN 2 2 JE A A B R R .

Q KT attention mask VvV
0.2]0.3/0.3[0.1 0 |-inf|-inf|-inf <s>
0 | 0 |-infl|-inf who
Softmax ( + 0()mf) . S
olo|o]o i
[4,4] [4,d_m]

3-3. MREESREFENITREIEIEE

M 3-3 WTRAVEH, XAFER AR R AR A tgt_lentgt_len], HH Ak
Mask JREETE 2.2.4 TR EME CE N AL |, X BBAFHIR 75 8L Bt 2,
FA ¥ E T generate_square subsequent_mask J7 VKA X RE— R, R,
165 8 22 S vE B AL H se B, KiEid attn. mask iX —28 44 SRR AN FE
3.2.2 Padding Mask

7E Transformer 7, ffi HRFISHIZE 2 N7 {82 Padding Mask. T 7E
25 N GRd R R — A batch 8 EH 24 SCRFP A, AN F H P A FF A —
o PRI EA RN, Wi 2R F—> batch H1 ()7 %1 Padding FIAH [l K
B AR, XA R EUEE R v R R 25 18 2] Padding 7 & EHIE B

KEEPP 0.7]0.2[1.1]0.2]0.1
0.3/0.6/0.2[2.5]0.9

X = (0.2/1.4|3.1(0.1|0.7

L 0.3]2.50.2/0.5|0.2
'L,__-.I_lll

T 0.8/0.1|0.7|0.1|1.2
Q K

3-4. Padding BHEFENITEITREE
i 3-4 firuR, P KoK Padding 1 8, A4 R RE RN R R IR R W
A LG B, VR B UACERT Padding A7 B S B bLE . e
Transformer H, {E il ik 78 A I 2R 8 I A2 Fh il s N REANFEAR Padding (152 Fx
PLE s R P R A E R R o6 A B R S e i 6 5T, 48 softmax
YEJEXF N Padding £ B _F AU E AR 1 0, MM R] 7 28 Padding £ B 15 .
() H . X Rh %t Encoder-Decoder X 45 £ #g rhid F ) — Fh 092

© o Al &

27



) BARBEH
j www.ylkz.life

0.7(0.2(1.1|0.2]0.1 0.7]0.2{1.1|-inf|-inf 0.46(0.28(0.26| 0 | O
0.310.6(0.212.5|0.9 0.3]0.6|0.2 |-inf|-inf 0.31(0.41/0.28| 0 | O
0.2|1.4|3.1|0.1|0.7 0.2(1.4|3.1|-inf|-inf 0.04(0.15|0.81| 0 | ©
0.3]2.5(0.2({0.5(0.2 0.3]2.5]0.2 |-inf|-inf o1fog|o1fo0 | O
0.8/0.1{0.7(0.1{1.2 0.80.1|0.7 |-inf|-inf 0.42|0.21(0.37| 0 | O

True, True, True, False, False

3-5. Padding #f0it HidiZE
WK 3-5 fire, SR & #E P PUXAFARN, BT 3 ANFIGEIERT,
J& 2 N SR Padding JE 4 B R, 2 Mask [A & {# )y [True, True, True, False,
False]. 11X~ Mask [m] & A1, 75 ZORBCE 0 B (R i a A B el e 55, 18
Ja #3412 IS torch.masked_fill X AN 775k FE X —20,  FF H AR SCHLI 48
key_padding_mask SKF5/%IX — [l & .

3.2.3 1T Padding 5%!| Padding

fE 3.2.2 W EMA AR A] LOEE mask fill $4E ok 28 B 5 A
padding #7315 S, RPE] 3-5 tf7s . (LA oF 338 K e, & 3-5 iyt
R IBUE B IR 5 AT AT 2 A AT mask $5:4E? X PRAT RN AN 2 padding
AR R 2 BRI, RUEEOR 1, A A AR R B RE R A ) B m AT
BEAT mask ALFE (i 3-6 A ), EAUKRKIA I padding &7 HI1E S ?

0.46(0.2810.26| O 0 0.46/0.28(0.26( O 0
0.31{0.41)10.28| O 0 0.31]0.41(0.28]| O 0
0.04)0.15(0.81| O 0 004 0.15|0.81| O 0
01)]08(01]| O -_C_q 0 0 0 0 0
0.42)0.2110.37( O 0 0 0 0 0 0

3-6. 1T padding 5%I| padding XfLEE

X HL 2 Bt DL B 5 6470 padding 3647 mask 403, &N AR 5 V
VE FH 545 31 1145 5 Memory 7£ 5 Decoder H' Multi-Head Attention 22 H.I6, )5 #
T padding E2>HIN AAEIS AT 7 mask AbFE. R, EAERHERK—E—
IR RN R, DU K K BRI JE

tnEl 3-6 T /2 A EFERE S VAR R RIS R an i 3-7 B, i RT BLEn
8 Z A AT IS B L2 8 T padding 384 1P 2, 4608 BER U W1 R AL
BRI EAT AR 0 B4 Z Fis Ja AT I 25 R A A0 O T 4 20 W et
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0.46[0.28[0.26| 0 | 0 = =
0.31]0.41{0.28] 0 | o = =
7= = 5
.04/0.15|0.81| 0 ! i 36 = A
0.04j015081 0, 0 1‘;:: ¢
01]o0slorlc|o P dl F
0.42[0.21[0.37| 0 | 0 P | P
QKT V Z

3-7. encoder REIFENWNEITEIITIEE
35, REMLIENH AL E 3-1 o Masked Multi-Head Attention b3
Ja s A tot(Q), S 4mi% 8% % Memory (¥ 3-7 v Z £ £ AR e 5 1 45
5 ERE AR RIRER K 3-8 sefiii . $%iEH, WK 3-7H Z WE)E
WATH59 0, 4 P 3-8 WA EE 46 BRI B S5 I A1 2 4388 0.

ZEEPP
<s>
who
am X =
i :r----
<e> ‘

tgt(Q) memory(KT) -
QK
3-8. decoder HESLFE N ELEMEHEILIZE
&, W 3-8 RRIER RS TRAIE 3-5 R mask #:4E, M LbES
encoder-decoder A& H.#B4;H maks [ &5t 2 3-5 ) mask &, Kk, BA
mask T2 a1 3-9 Fis .

-inf|-inf ol o

-inf|-inf 0|0

| Z -inf|-inf ol o
-T_J -inf|-inf k_ a1 o|o0
-inf|_-;|_r'_ ol|lo

True, True, True, False, False

3-9. encoder—decoder B IFE H mask T EITFEE
Wk 3-9 Fras, Bl 3-8 iR R JIFEFEE Lt mask #4E 5, 13 = 1 HRE B
JEAN AR T 0, MIHEER] T 5 nl L2 K 3-7 B Z i FATE
B ER, i 3-10 Fix.
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0o .
&3 <s>
I = I who
b : r
olo| x ¥ = am
0|0 P i
0o w£2
memory(V)

QK'
[®] 3-10. encoder—decoder B FE i EITTERE
Wl 3-10 A, BT I = AR B G A28 0, H84 HAES encoder
554> memory 1EHIES, memory 54T padding 3 5FI1E S H AR A 2
TR, WA LLEH, BI#i7E encoder B 3-7 AR EE A FE K B S AT I A T
1T mask, {HJ&7E encoder-decoder 32 B [ mask #/EREI5 3] T AL A, &
Wl 3-7 HHRUE R 1 B G P AT AT T mask, A8 X 2 — M A RE ) 2 e ?

0.46|0.28)0.26| O 0

0.31|0.41]0.28| 0 | o ?;Z 3:;2
E =L
oo4fo1sfo81| o | o | ¥ =
o | o| o URR o P ) I R L
P | P |o|ojofo
o|loflo]|o]o
QKT V Z

3-11. encoder FEIFE NI EITIZE
P 3-11 P, ARG LIS AU AR R Y f e AT tREAT T padding ALEE, R4
IEEF encoder HkyF = 1R &5 B an Z 1, BP padding #4115 B4
R 0. #t—2, K’ 3-11 v Z B 15 3] memory(K) 5, St A& T
Masked Multi-Head Attention 43 J= 4t tgt(Q) 1 I J5 i 4 Sk ] 3-12 o
KE2EPP

<> o] 0o
0|0
who T
am X 1| = oo
_ : 0o
| i_- ol o 0 0
<e> o | 8
T
tet memory(K")

3-12. decoder BT ENINEREMFITHIZIZE
W 3-12 frow, BT memory 5 AT MG S HEEIT T mask 4bEE,
e CAVHEAS B (033 B RCE A M 5 AR B 1 0, A H4EA5 2] 1 B
3-9 1 mask HAEE MR, JEEE 2K 3-10 A it .
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ST LIS H I 45082, 7F encoder G625 BELAEAT bR S E AR I
AT mask $#4F, HSA B i S A5 R . RN RIEAE encoder HHE R
FIREFE AT K padding 15 55%H # mask, {H2&7E encoder-decoder 32 .34
(¥R R B R PR S R A B 2 X 405 R AT mask b3

Nl fa )G, FHEEEFRE — AU 8, 75081 Masked
Multi-Head Attention H, 3= /IR F B RIFE R R AES] BT 7 mask Ab3H,
AR A FIREBA TEAT 34T mask #RAEWE ? B U5 S20 BUE AN A E S50 4T
) mask #/EWE ? W REAH AT ULAAS G EFEIE “1T padding” SREUE .

F g, XFF Transformer HHFT 2 H 5] Mask I 5 s A 4852 1, Rl ERKFE
U] SEBL 2 Sk I AL

3.3 LM ZLFEHINH

3.3.1 Z3EE NG

AR AR AT T A 2E AT DASNIE, 2 3kiE = INL] A O BB R s H R L],
Wt e T EEAS Q. KAV, E 3-13 Fin.

w2 Q

<
1]
i HiD B

T RO 5
>
|
|
T
|
T Al 5

>
1l
¥ FiD 5B

3-13. Q. KF1Vit+EiZ#E
SR AR Q. K. V RITEAS B R ANER J1gwty, WK 3-14 AR,

T

Softmax( B A} _T_) -
Jd

3-14. EENWEITEE
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RIS, DN 7 3 S A EE R LR T RS B TE B BRI S R T AT
AL E H ORI E (RN ENZOQET R EME) , S ER it s
R 2 SR E R A HLHIR X — R, 40 3-15 Pl

Q Q
Wi W, Q; Q.
X =
Id_m.d_ql d-md.al (34 q) [3,dq]
X wi o wi
K1 Kz Z Z;
E24
2 X :
;3
[3,d_m] | [3,d_kl B,dkl [3dv] [3dv]
[d m,d k] [d m,d k]
wi Wi
Vi Vs
X =
[d_m,d_v] [d_m,d_v] [3,d_v] [3,d_v]

& 3-15. ZLFENHER (2 13%)

3.3.2 E M 3 MyMultiHeadAttention
2i b TR, ATAT AL 2K MyMultiHeadAttentiond 1 5E XA

1 class MyMultiheadAttention (nn. Module) :

2 def init (self, embed dim, num heads, dropout=0.,bias=True):
3 super (MyMultiheadAttention, self). init ()
A v
5 :param embed dim: A HRAIAEE, WAL ATEK d model Z4, 3 HIMERIAE )y 512
6 :param num_heads: 2 3kVERE /7 £ Sk HCRE, k2 RTTH Y nhead 2244, 0 SCBRIAME S 8
7 :param bias:  HGXEZLMIERT (HE) M TR, A mE
8 o
9 self. embed dim = embed dim # [ d model Z%
10 self.head dim = embed dim //num heads # head dim #EHHE2 d k, d v
11 self. kdim = self. head dim
12 self.vdim = self. head dim
13 self. num heads = num heads # £/
14 self. dropout = dropout
15 assert self.head dim * num heads == self. embed dim,
“embed dim LA num heads @520 5%~
16 # FHARRAISAEHZIe TR dk =d v = d model/n head 254
17 self.q proj weight = Parameter (torch. Tensor (embed dim, embed dim))
18 # embed dim = kdim * num heads
19 # X B S ANERE 2 BT LUZ embed dim, SEPR X BUE FBS Y144 T num_heads A~ W_q #E

Sitekn), W& num heads >3k
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@-

20 self.k proj weight = Parameter (torch. Tensor (embed dim, embed dim))
21 # W k, embed dim = kdim * num heads

22 self.v proj weight = Parameter (torch. Tensor (embed dim, embed dim))
23 # W v, embed dim = vdim * num heads

24 self.out proj = nn.Linear (embed dim, embed dim, bias=bias)

25 # WA ITA N 72 HEERIE %, 2 —5Ea, embed dim = vdim * num heads

7E_FdARAD H, embed_dim R~ 4E S (8] 3-15 #1# d_m) ; num_heads
FKIRZ KNG bias KRR BB L LA AR EHME . R, 7 EsL
AR BE N 2%, BT LA Pytorch 78 SEEILT IS5 & 22 /N Sk & A pL] — i 2k T it
S, Wt AR RS 17-22 17, S FERWIGEA T 2 A SRR GX—id 8
MK 3-15 WrTPLEH) « UEZKEBEINHNIETERG, BB —NERA
[src_len,embed_dim]f4ERE, Wt KE 3-15 Az K FHES RS R K,
5 24 TR ST — DM E R X — S AT — AN G A e
3.3.3 EXHIEMEREIIIE

TE5E SCTEWIGEA R EUS » A8 ] DU X0 T Bz B9 2 Sk = a0 AR f g #2

1 def forward(self, query, key, value, attn mask = None,
key padding mask=None) :

2
3 FERSCH, Ht4nS query, key, value #RE[F—HIA,
4 SRS N B 20 A A — AN,
5 RS M GRS SZ B key, value $R[E memory, query FHJ2 tgt
6 :param query: [tgt len, batch size, embed dim], tgt len i~ HAFRTFH K
7 :param key: [src len, batch size, embed dim], src len F/RVETFH|HIKE
8 :param value: [src len, batch size, embed dim], src len FIREFHIHIKE
9 :param attn mask:[tgt len, src len] or [num heads*batch size, tgt len, src len]
10 —RRATERRISIN AT, v 7 IRAT - R PTA ARISE A BN, BTAE A mask SRIEATHE T
TN 22 5 AL EAS B
11 :param key padding mask: [batch size, src len], src len FT/NVEFHIHIKE
12 :return:
13 attn output: [tgt len, batch size, embed dim]
14 attn output weights: # [batch size, tgt len, src len]
15
16 return multi head attention forward(query, key,value, self.num heads,
17 self. dropout, self. out proj.weight,
self.out proj.bias, training=self. training,
19 key padding mask=key padding mask,
20 q proj weight=self.q proj weight,
21 k proj weight=self.k proj weight,
22 v_proj weight=self.v proj weight,
23 attn mask=attn mask)
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7E_FIRARS T, query. key. value F81IFFAZE K 3-13 Y Q. KA1V, T
B S e AR W RTIA N o I UNE SR ID i = 2 8 R AR IR BN T4 src; {EfR
TSI #) Mask Multi-Head Attention /1 =35 $5 113272 HARM AT 1 tgts LEMREAS (1)
Encoder-Decoder Attention H' =3 73 il 45 #) /& Mask Multi-Head Attention [1)%i H -
Memory 1 Memory. key padding_mask & [f) /& w5 s s a8y, %N 7 51 1
Padding 1%, IR [batch_size,src_len] B¢ # [batch_size,tgt_len];attn_mask F& [
FhARTE R IS RE, TN [tgt_len,sre_len], ‘B R&STFEMBRDH

R, £ EPIXEgEE A, tgt len AR BRI query_len; src_len A<
i EFEHIAE key_len. RAZTEA AL T PE ] e —FF, AT Re A —FE.
334 ZLFBNTEIE

758 X 5835 MyMultiHeadAttentiond &, il 75 25 X 22 3k & I RO SEBR T
AR, BT IXEARREE, BrRA B IR 4

def multi head attention forward (

query, # [tgt len, batch size, embed dim]

key, # [src len, batch size, embed dim]

value, # [src len, batch size, embed dim]

1

2

5

4

5 num_heads,
6 dropout_p,

7 out proj weight, # [embed dim = vdim * num heads, embed dim]
8 out proj bias,

9

training=True,

10 key padding mask=None, # [batch size, src len/tgt len]

11 g proj weight=None, # [embed dim, kdim * num heads]

12 k proj weight=None, # [embed dim, kdim * num heads]

13 v_proj weight=None, # [embed dim, vdim * num heads]

14 attn mask=None, # [tgt len, src len]

15 )

16 # BB HEAREQ KV

17 q = F. linear (query, q proj weight)

18 # [tgt len, batch size, embed dim] x [embed dim, kdim * num heads]
19 # = [tgt len, batch size, kdim * num heads]

20 k = F. linear (key, k proj weight)

21 # [src len, batch size, embed dim] x [embed dim, kdim * num heads]
22 # = [src len, batch size, kdim * num heads]

23 v = F. linear (value, v proj weight)

24 # [src len, batch size, embed dim] x [embed dim, vdim * num heads]
25 # = [src len, batch size, vdim * num heads]

1 IS, 25 17-23 47 B sl 2 AR 4 G A\ 3E AT 2 M AR 415 21 1] 3-13
K1 Q. K F1 V.
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1 # 5B AR LA attn mask 4EFEH

2 tgt len, bsz, embed dim = query.size()# [tgt len, batch size, embed dim]

3 src_len = key. size(0)

4 head dim = embed dim // num_heads # num heads * head dim = embed dim

5 scaling = float(head dim) ** —0.5

6 q = q * scaling # [query len, batch size, kdim * num heads]

7

8 if attn mask is not None:

9 # [tgt len, src len] or [num heads*batch size, tgt len, src len]

10 if attn mask.dim() == 2:

11 attn mask =attn mask. unsqueeze (0)#[1, tgt len, src len] ¥ 7o 4k

12 if list(attn mask.size()) != [1, query.size(0), key.size(0)]:

13 raise RuntimeError ( The size of the 2D attn mask is not
correct.’)

14 elif attn mask.dim() == 3:

15 if list(attn mask.size()) != [bsz * num heads,

query. size (0), key. size (0) ]:

16 raise RuntimeError ( The size of the 3D attn mask is not
correct.’)

17 # BIE atten mask MIZEEREERL T 3D

B, 1E B 2R 5-6 4T I s U A 2 ] 3-14 it 4 g AR s 5 8-16 47
FR AW AE L attn_mask I4EREE, R X JUATARAS H S 7Efng4s - 1) Masked
Multi-Head Attention HFH 3.

1 # BB THEASRE R B E R

2 q =q. contiguous().view(tgt len, bsz*num heads, head dim).transpose(0, 1)

3 # [batch size * num heads, tgt len, kdim]

4 # DCARETI 2 nun heads k—Z 500HE, Frllix REGHT— N, DMET FlrhE.
HFRAZHT 0, 1 HAYERE

5 k = k. contiguous().view(-1, bsz*num heads, head dim). transpose (0, 1)

6 #[batch_size * num heads, src_len, kdim]

7 v = v.contiguous().view(-1, bsz*num heads, head dim). transpose (0, 1)

8 #[batch_size * num heads, src_len, vdim]

9 attn output weights = torch. bmm(g, k.transpose(l, 2))

10 # [batch size * num heads, tgt len, kdim] x [batch size * num heads, kdim, src len]
11 # = [batch size*num heads, tgt len, src len] XAk num heads 4> QK #2355 [ = J1 46 FE

dkal, 75 LIRS HRES 1-7 ATAT RISt 250 Q. K V T I4ERE, UET 2
ANFEARFB AT IRE: 28 9 A7 AU R AR IFEEE IR ERE; Hd b
contiguous() /7 VA2 ¥ AL BT B — HUE LRI EE N AE s bmm FE R R RIS
PIAS = 45 B (1) v 3

TSN IAE, REAEF AR5, iR aneE— T & N EE4 LT
AR, FEMMAAER KIS E G AT T
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O1 > [N R

© 0 N O

10

11

\

# VBB BEATAHSRHERG A
if attn mask is not None:
attn_output weights += attn_mask
#[batch size*num heads, tgt len, src len]
if key padding mask is not None:
attn output weights = attn output weights. view(bsz, num heads,
tgt len, src len)
# A¢RY% [batch size, num heads, tgt len, src len] FJFEZIR
attn output weights = attn output weights.masked fill(
key padding mask.unsqueeze (1).unsqueeze (2), float ( —=inf’))
# ¥ E4EE, Mlbatch size, src len]Z8m[batch size, 1, 1, src len]
attn output weights = attn output weights. view(bsz * num heads
tgt len, src len)

# [batch size * num heads, tgt len, src len]

—&, £ ERARS S 2-3 TR HRPUTIE 3-3 AP IR 5 4-8 1TfE

%ﬁ%&ﬁ@&s¢%i%,ﬂﬁ BREAT T YEET T8

1

w Do

0~ o Ul

10
11

12
13
14
15

attn output weights = F. softmax(attn output weights, dim=—1)
# [batch size * num heads, tgt len, src_len]
attn output weights=F. dropout (attn output weights, p=dropout p,
training=training)
attn output = torch. bmm(attn output weights, v)
# Z=[batch size*num heads, tgt len, src len]@[batch size * num heads, src_len, vdim]
# = [batch size * num heads, tgt_len, vdim]
# X5k num_heads /™ Attention(Q, K, V) 45 5
attn output = attn output. transpose (0, 1). contiguous ()
.view(tgt len, bsz, embed dim)
# /G transpose i [tgt len, batch size* num heads ,kdim]
# T view ik [tgt len, batch size, num headskkdim]
attn output weights = attn output weights. view(bsz, num heads,
tgt len, src_len)

Z = F.linear (attn output, out proj weight, out proj bias)

#IXHEMEEZAN 2 LMAEHZ [tgt len, batch size, embed dim]

return Z, attn output weights. sum(dim=1) / num heads # 4 num heads /i
JIU R B 4 of 8 4 o2 B )

feJr, AELRARS TS 1-4 47 (2 R R BUCE R FEREAT 19—t fE,  BLAI

FHASRNZSLiEE AN s 28 13 TR & F RS 2 AN B it 45
HATRMA A 15 AT RIS ARIRFIZHEA A RIS R, LA ANER IBGE
BE R )P 21
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3.3.5 RIS

FESLHLTE R MyMultiHead Attention 14> AXAS J5, {8 v] Lhd i 2 elan (177
AT

1 if name ==’ nmain

2 src len = 5

3 batch size = 2

4 dmodel =

5 num_head = |

6 src = torch. rand((src len, batch size, dmodel))
# shape: [src len, batch size, embed dim]

7 src key padding mask = torch. tensor ([

[True, True, True, False, False],
[True, True, True, True, Falsel])# shape:[src len, src len]
my mh = MyMultiheadAttention (embed dim=dmodel, num heads=num head)
10 r = my mh(src, src, src, key padding mask = src key padding mask)

7 _EiRRIS R, 55 6-10 47 Hszthmli & Encoder H 2 Sk B IHLH B S Bt
Feo [FII, TEVFEIERE sk n] DAAT BN H 25N A8 B I 2 P AR5 2.

L HAZKEREIHE

2 %3k num heads = 1, d model=32, d k = d v = d model/num heads=32

3 query ) shape([tgt len, batch size, embed dim]) :torch.Size([5, 2, 321)
4 W g # shape ([embed dim, kdim * num heads]) :torch. Size ([32, 32])

5 Q ¥ shape ([tgt len, batch size, kdim * num heads]) :torch. Size([5, 2, 32])
6

7 key 1 shape ([src len, batch size, embed dim]) :torch.Size([5, 2, 32])

8 W k # shape ([embed dim, kdim * num heads]) :torch. Size ([32, 32])

9 K ) shape ([src_len, batch size, kdim * num heads]) : torch. Size ([5, 2, 32])
10

11 value [ shape ([src_len, batch size, embed dim]) :torch.Size([5, 2, 32])
12 W v 1 shape([embed dim, vdim * num heads]) :torch. Size ([32, 32])

13 V ) shape ([src_len, batch size, vdim * num heads]) : torch. Size ([5, 2, 32])
14

15 sk R, XEMW g, Wk W_v2ZA head FKHTIHHEK. HikQ K,V 455t 2

5 T 2 head [ q, k, v HEBER ML R sk
16 ZKEBEIP, ZRIHESRUEIR B Jy([tgt_len, batch size, num heads
kdim]) torch.Size([5, 2, 32])
17 LA HGERE, AT R FAE W_o #AR N ([num_heads*vdim,
num heads*  vdim ])torch.Size([32, 32])
18 LB ER A ([tgt len, batch size, embed dim]) torch. Size ([5, 2, 32])
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% 435 Transformer BYSCI] T2

FERTHLE 7 WA, BEHEREZEN A T 2 R3S Ll 2. Transformer
W g ARG A8 1) TARMAR DL R ZkiER IS 55 1ok, K<
— BB MR VEAN A BT Pytorch HEZRSZE Transformer [958 44 X 4% 45 44
f14%5 Token Embedding. Positional Embedding. 2 fit 28 g #5245
N, EEEAN AR XTT Embedding 3855 S SE I .

4.1 Embedding SLIR

4.1.1 Token Embedding

1X FL P S S EL A e B LR ) Token Enbedding, 2 7 4402 [f) 2 ) — i
MG, W R
1 class TokenEmbedding (nn. Module) :
def init (self, vocab size: int, emb size):
super (TokenEmbedding, self). init ()
self. embedding = nn. Embedding (vocab size, emb size)
self.emb_size = emb_size
def forward(self, tokens):
return self. embedding (tokens. long()) * math. sqrt(self. emb size)

wn FARAY FT /{8 /& TokenEmbedding FRSEELE AR, BT iX #B40CHL H AN 44
FﬁuﬁhTﬁLﬁﬁEﬁ . % 6 1TH tokens A JFEUGTFAIHIN, JEAR M [len,
batch_size]; # 7 AT ARREXT FR 4G 7] B AT 48 U H H R S 3.4 R4 iR

4.1.2 Positional Embedding
£ 2.1.2 Firh # A 245 Positional Embedding #I R B TV ELIN 4, HAF
M E KA T (4. ) s
PE__.,. = sin(pos /10000 %)

pos,2i ) (41)
PEPOS,2i+1 = COS( pOS /100002' model )

25, G PN A4S A S E T R 2l ((4.2) F B .

—2i

~N O O1 B W DN

1 d
T0NNA2 G eXp{IOg (10000) model }
10000 2i - log(10000) log(10000) (4.2)
=expf dg }— exp{ai.(-129(0000) g N
model odel
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Htk, H9E 3 (4.1)(4.2)/F 7] LASZH Positional Embedding #54> f4CHS, 1R .

1 class PositionalEncoding (nn. Module) :

2 def init (self, d model, dropout=0.1, max len=5000) :

3 super (PositionalEncoding, self). init ()

4 self. dropout = nn.Dropout (p=dropout)

5 pe = torch. zeros(max len, d model) # [max len, d model]

6 position = torch. arange (0, max len, dtype=torch. float).unsqueeze (1)

# [max len, 1]

7 div_term = torch. exp(torch. arange (0, d model, 2).float() * (-

math. 1log (10000. 0) / d model)) # [d model/2]

8

9 pel:, 0::2] =torch. sin(position * div_term) # [max len, d model/2]
10 pel:, 1::2] = torch. cos(position * div_ term)

11 pe = pe.unsqueeze (0). transpose (0, 1) # [max len, 1, d model]
12 self. register buffer( pe’, pe)

13

14 def forward(self, x):

15 T

16 :param x: [x len, batch size, emb size]

17 :return: [x len, batch size, emb size]

18 T

19 x = x + self.pel:x.size(0), :] # [x len, batch size, d model]
20 return self. dropout (x)

I FACHS 8 2 #8 Positional Embedding fISzIlEfE, Hd s 5 47400
e FRATIA A — A4 0 BIAL B B R ORAE A BAE B (A2 B 4-1 N e AR 3
52 AR, FRGETRE T —MFAIRsCRK R 5 6-10 47 & ki EAaEA
e (B3 FHRALEE R 5 19 /TSI B Je A EAL B A M H B S N T
FIK FEREEIET x_len 47, SRJGAENN I Token Embedding 45 % 2 20 172 H
KR 1R i JE 15 2 B 45 R I E4T Dropout #/F. RN, X HEFTEEERK— SF L,
TERIN X BI4ERE T batch_size IFANZ 55 1 NYESE .

0.00|1.00|0.00 0.07|0.86 | 0.86
0.1]0.2|0.5 0.2l0.1l0.0

E37

( ‘?ZE 0.2]0.6/0.3 2 0.84|0.54 | 0.39 ) X [0.0losl03| = 0.28]1.02]1.03
e
-+

0.91(-0.4 |0.72 0.320.50 1.09
0.1|0.0(0.5 01losl1.0

1.010.3]10.2 0.14|-1.0 | 0.93 — T 0.34/033]0.92

4-1. Positional Embedding itEITiE[E

4.1.3 Embedding A5 75l
FESLIEX A0S fa, ] DA an R 07 AT A -
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. ) . )
if name == main

x = torch. tensor([[1, 3,5,7,9], [2,4,6,8,10]], dtype=torch. long)
x = x.reshape(5, 2) # [src len, batch size]

token embedding = TokenEmbedding (vocab size=11, emb size=512)
x = token embedding(tokens=x)

pos embedding = PositionalEncoding (d model=512)

x = pos_embedding (x=x)

print (x. shape) # torch.Size([5, 2, 512])

CO 3 O U1 &~ W N =

4.2 Transformer SCI

TEA 458 Embedding #53 F4wtS TAE G, N 46 1E R anfar sk s Transf
ormer & 45y . Tl 4-2 Fizs, XFF Transformer P45 (0 SEEL— L4004 4 R
77+ TransformerEncoderLayer. TransformerEncoder. TransformerDecoderLayer #!1
TransformerDecoder, /37378 E X — M Gid 2 . MiEH 2 Mg EH &
R DS T S BT 2 DL R A3 B 2 A D 515 3 B i 25

[ Transformer
TransformerEncoder TransformerDecoder
Transformer Memory | ("~ Transformer
| Encoderlayer | Decoderlayer |
- ’ -
Transformer 1. Transformer
| EncoderlLayer J . { DecoderlLayer |
L) \\\\ [
Transformer Transformer
| EncoderlLayer \[ DecoderlLayer |
y 3 r 3

O )
- Positional
Positional Input Output Encoding

Encoding | grmpedding Embedding

4-2 Transformer SLINZEFAE
THEE RN, B 4-2 FH—A EncoderLayer #5 FI5t 2 B 3-2 /R — A%
] Encoder, DecoderLayer [7]#,
4.2.1 YRISERISCI

B, FESIIERIEAR N mILZE o0, Wi K 4-2 T TransformerEncode
rLayer, NS NE 4-3 Fros W ETAAE RS FE CAELFHE Embedding #73)

40



) BARBEH
j www.ylkz.life

3

f—>| Add&Norm |

Feed

Forward
A

Add&Norm

Multi-Head
Attention |
N o e ¥ e
 S——
o
A
Positional
Encoding Input
Embedding

I

Bl 4-3. RwIDEAIEIEETZ
XX AR AT AR AR AR, T LI S AU R B AT SEE

1 class MyTransformerEncoderLayer (nn. Module) :

2 def init (self, d model, nhead, dim feedforward=2048, dropout=0. 1) :
3 super (MyTransformerEncoderLayer, self). init ()

4

5 :param d model:d k = d v=d model/nhead=64, &I & 4R, BRAEN 512
6 :param nhead: Z 3R LT 2 kAR, U N 8

7 :param dim_feedforward: AE#HHHEM4EE, B CERINEA 2048

8 :param dropout: EFRE, WXHHERIMEN 0.1

9

10 self. self attn = MyMultiheadAttention(d model, nhead, dropout=dropout)
11 self. dropoutl = nn. Dropout (dropout)

12 self.norml = nn. LayerNorm(d model)

13

14 self. linearl = nn.Linear(d model, dim feedforward)

15 self. dropout = nn.Dropout (dropout)

16 self. linear?2 = nn.Linear(dim feedforward, d model)

17 self.activation = F.relu

18 self. dropout2 = nn. Dropout (dropout)

19 self.norm2 = nn. LayerNorm(d model)

fE BRI, 55 10 AT AIRAE A2 RERIMLHIREL, FEAe AAIR
SR 8 11-19 AT AR AR R E U E B H — AN 2 PR e g e . 8 56 il
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MyTransformerEncoderLayer FIWJaEAIEAE G, (80T LLSCHREAN 1 [ A& 75 1 forw
ard J7 1%

def forward(self, src,src mask = None, src_key padding mask = None) :

:param src: ZwidERomEm N, FEARN [src len, batch size, embed dim]
:param src _mask: ZmAGESsrEu AN padding 54, FEARN [batch size, src len]

1
2
S
4
) :return: [src len, batch size, num heads*kdim]<=>[src len, batch size, embed dim]
6
7
8

src2 = self.self attn(src, src, src, attn mask=src mask,
key padding mask=src key padding mask, ) [0]
# irEZ AR

9 # src2:[src len, batch size, num heads*kdim] num heads*kdim = embed dim
10 src = src + self.dropoutl (src2) # kG

11 src = self.norml (src) # [src len, batch size, num heads*kdim]

12

13 src2 = self.activation(self. linearl (src))

# [src len, batch size, dim feedforward]

14 src2 = self. linear2 (self. dropout (src2))
# [src len, batch size, num heads*kdim]
15 src = src + self. dropout2 (src2)
16 src = self.norm2(src)
17 return src # [src len, batch size, num heads * kdim] <=>

[src len, batch size, embed dim]

e LIRS A, 56 7-8 478 & AR S 4-3 H Multi-Head Attention 545 11
AT MR s 28 10-10 A7 HSR S 2 ki & 7 )5 19 Add&Norm #4528 13-16
1T FH e Sz B 4-3 v LT ) Feed Forward #54> A1 Add&Norm #545

X LIRS RS, 18 [ 52 AR P 6 g 7 A2 1o 5o 7 () 4 B A5 IS AN B T
PR .

422 YmASEEsEIf

TESEHL5E— MR E RIS )E 2 G, (] DL T ORI S 2 A wILE,
M52 Transformer H ) gmtd a8 . X FIXE W ZF, A LB an MK RS2 -

1 def get clones(module, N):

2 return nn. ModuleList ([copy. deepcopy (module) for  in range (N)])
3

4 class MyTransformerEncoder (nn. Module) :

5 def init (self, encoder layer, num layers, norm = None):

6 super (MyTransformerEncoder, self). init ()

7 yorn

8 encoder layer: @8 &A% kit = IHLHIK— R0 2

9 num layers: 7pEfRFIZA encoder layers BN 6

10 norm: H—{LE
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T o
12 self. layers = get clones(encoder layer, num layers)
13 # B R|IZA encoder layers WX HERIAHN 6

14 self. num_layers = num layers

15 self. norm = norm

2 FIRARS 28 1-2 472 B RE L — v B 2 A9 i J2 BB RS JZ DI Re R 2L
% 12 179 1 encoder_layer fii & — AN L4k K1 9w tD )2, self.layers HORAF B8 /& —
MILEH ZA S JZ ) ModuleList. 7£58/%38 MyTransformerEncoder 41461k
Ja, AR AT DLSEIEEAN I 4% #E 1 forward 7%

1 def forward(self, src, mask=None, src key padding mask=None) :
9 Do
3 :param src: LA IIEIN, kA [src len, batch size, embed dim]
4 :param mask: ZRREAHANE padding i, kA [batch size, src len]
5 :return:# [src len, batch size, num heads * kdim] <==>
[src len, batch size, embed dim]
6 Do
7 output = src
8 for mod in self. layers:
9 output = mod(output, src mask = mask,
10 src_key padding mask = src key padding mask)
11 # £ encoder layers EHEE 5 R & F T 2
12 if self.norm is not None:
13 output = self.norm(output)
14 return output # [src len, batch size, num heads * kdim] <==>

[src_len, batch size, embed dim]
76 _EIRAREG A, 5 8-10 47812 F SR SEB £ ANt 2 HE B R IRUR, IF5e Rk
AT ARSI 25 11-13 47 H R 249wt 2 1 H 45 SR AT 2 3 — 3R iR
[l fe ¢ IR 5 5

4.2.3 YmiLEs{E A RAl

FE5E R Transformer T Zwit a5 HSEILS AR J5, (AT LUK A -3 4\ e 271 gk
17 g5 . Bilana] LA AGE A — A%E@%Xﬁm]\fhﬂlﬁﬁﬁﬂ, ,\‘):4 B 4 H
RN B3 88 i AT 7 R0, X WA R T4 . TSR —
MER B
if _name_ ==’ _main

src_len = 5

&}

batch size =
dmodel = 32

num_head = 4

S O > W DN

&}

num_layers =
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7 src=torch. rand ((src len, batch size,

dmodel) ) #[src len, batch size, embed dim]
8 src_key padding mask = torch. tensor ([[True, True, True, False, Falsel],
9 [True, True, True, True, False]]) # shape: [batch size, src len]
10 my_transformer encoder layer = MyTransformerEncoderLayer (d model=dmodel,

nhead=num head)
11 my transformer encoder = MyTransformerEncoder (encoder layer
=my_ transformer encoder layer,

num layers=num layers,

12 norm=nn. LayerNorm (dmodel))
13 memory = my transformer encoder (src=src, mask=None,
14 src key padding mask=src key padding mask)

15 print (memory. shape) # torch.Size([5, 2, 32])

£ ERAHE R, 57 2-6 475E T pSa 0 IS HUE; 2R 10-11 AT
FEHSEE XA IE, R EE X2 R A R g a5 13-14 47(8
7 FHRAT 2 REA g i 2% 0 T 1) % 1 i 1 45 R, OF HL 7R B E S R AE WD 25 H AN
B AT 21 2 Ja AL E S S, Ll mask=None.

424 FRESESCIN

ENA5EgmL 2R S5, s E N A a7 s28l Transformer H ) fFhd
M. RIS A SRR — R, B TR B SRR IH & — AR vE RIS )2
Wt R 4-4 Fros KRS AR R R (AN HE Embedding #573) ©

3

' Add&Norm |<s

Feed
Forward

(_Add&Norm |
Multi-Head
Memory —iAttef'tl)E.._ ‘
1 2 K X

{ "Add&Norm

Masked
Multi-Head
Attention

1t

Positional
Encoding

Output
Embedding

4-4. FRESERTEE RS IE
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XX AR AT A AR ARIE AR, W] LIS S AU R BEAT SEH

1 class MyTransformerDecoderLayer (nn. Module) :

2 def init (self, d model, nhead, dim feedforward=2048, dropout=0.1):

3 super (MyTransformerDecoderLayer, self). init ()

A P

5 :param d model:d k =d v=d model/nhead= 64, #R d & g4E%E, SRiMEN 512
6 :param nhead: % 3k¥F&E JIHUHIF L LEE, wXEBRANE 8

7 :param dim feedforward: 4 E#HHHEMLEE, B CERNEN 2048

8 :param dropout: FEFX, WXHRIEGAEN 0.1

9 G0

10 self. self attn = MyMultiheadAttention(embed dim=d model,

num heads=nhead, dropout=dropout)
11 # RN T Z 2k & ) (Rlis e g5k B i Masked Multi-head attention)

12 self.multihead attn = MyMultiheadAttention (embed dim=d model,
num_heads=nhead, dropout=dropout)

13 # AL (memory) FIARADHS S 18] i) 22 ki & SiHLl .

14 self. linearl = nn.Linear (d model, dim feedforward)

15 self. dropout = nn.Dropout (dropout)

16 self. linear2 = nn.Linear (dim feedforward, d model)

17

18 self.norml = nn.LayerNorm(d model)

19 self.norm2 = nn. LayerNorm(d model)

20 self.norm3 = nn. LayerNorm(d model)

21 self. dropoutl = nn. Dropout (dropout)

22 self. dropout2 = nn. Dropout (dropout)

23 self. dropout3 = nn. Dropout (dropout)

24 self.activation = F.relu

fE RS A, 28 10 /TS H >k L&l 4-4 H1 Masked Multi-head Attention
o BIRT AL RR IR 2 12 A7 IR R e K 4-4 vhémbs 28 5 g de 2 B 2
SKERJIVLHIBIE; 55 14-24 1752 F K€ TR W A 452 )2 D2 H— A AH G
fE. fE5EMIE MyTransformerDecoderLayer (#4640 5, {8 AT LLSEILEEANF1 [a) 4%
&1 forward 572

1 def forward(self, tgt, memory, tgt mask=None, memory mask=None,
tgt key padding mask = None,
memory key padding mask=None) :
tgt2 = self. self attn(tgt, tgt, tgt, #[tgt len, batch size, embed dim]
attn mask=tgt mask,
key padding mask=tgt key padding mask) [0]
B RIS N2 B2 Sk (e E Y Masked Multi—head attention)
tgt = tgt + self.dropoutl (tgt2) # HEEEVRZELERE
tgt = self.norml (tgt) # [tgt len,batch size, embed dim]

© 0 N O O1 B W N

tgt2 = self.multihead attn(tgt, memory, memory, attn mask=memory mask,
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10 key padding mask=memory key padding mask) [0]
11 # [tgt len, batch size, embed dim]
12 B ARALHE S AN 2 3k VE R ) J5 FIgmis i 2 i (memory ) il 2 SkyE R JUMLHIREAT 22 B
13 tgt = tgt + self.dropout2(tgt2) # WkZi%EfE
14 tgt = self.norm2(tgt) # [tgt len, batch size, embed dim]
15
16 tgt2 = self.activation(self. linearl (tgt))
# [tgt len, batch size, dim feedforward]

17 tgt2 = self. linear2(self. dropout (tgt2))

# [tgt len, batch size, embed dim]
18 5 M 2 A
19 tgt = tgt + self. dropout3(tgt2)
10 tgt = self.norm3(tgt)

21 return tgt

e FRARSH, 25 1-2 47 B tgt 2 R0 AR o N, JEARN [tgt_len,batch_
size, embed_dim]; memory JE4mh% s o I H &5 2R, TR [sre_len, batch_size,
embed_dim]; tgt_mask F T #5285 HHERE 4 AT position 2 J5ME R, TEAR[tgt le
n, tgt_len]; memory_mask & 4mhd a5t 45 28 B 13E = I HERS, — A None;
tgt_key_padding_mask & #5877 51 ) padding 1548, JEAK Jy[batch_size,
tgt_len]; memory_key_padding_mask J& s #s i A\ &6 7 1 padding [l &, TEIARN
[batch_size, src_len]

% 3-5 47 F sk 52 B 4-4 v Masked Multi-head Attention #5743 f R A 4& & i
F, Horr tgt_mask w2 7E I 2RI SR HE 55 1T I8 20 2 5 A B R s 557
-8 1T R 5E A 4-4 1 Masked Multi-head Attention 2 5 Add&Norm #55 ffIHif
FAEREIS AR 28 9-11 4T F R SEELMRID 5 5 A 85 2 (A2 T A%, Hod memor
y_mask ~& None, memory_key padding_mask & src_key padding_mask H KX} %
M2 3T P8 RS, X — i FEZi54E 4 1) key_padding_m
ask JRIE—FE; 2 13-21 TR AIRSEILR TR LR, Hri s 21 47 H0R 145
AR N[tgt_len, batch_size, num_heads * kdim], E[tgt_len, batch_size, embed
_dim].

42.5 BRRDSESCIN

TESEH5E— MR E RIS )Z 2 I, (] DL T HORSL S 2 AL E,
1M 15 3] Transformer FH RIS ES . X TIX N2, A LE L an S ARHE RS2 B -

1 class MyTransformerDecoder (nn. Module) :

2 def init (self, decoder layer, num layers, norm=None) :
3 super (MyTransformerDecoder, self). init ()

4 self. layers = get clones(decoder layer, num layers)
5 self.num layers = num layers

6 self.norm = norm
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8 def forward(self, tgt, memory, tgt mask=None, memory mask=None,

tgt_key padding mask=None,

9 memory key padding mask=None) :

19 output = tgt # [tgt len, batch size, embed dim]

20 for mod in self. layers: # XH layers it/ N ZMILEHSER
21 output = mod(output, memory,

22 tgt_mask=tgt mask,

23 memory mask=memory mask,

24 tgt_key padding mask=tgt key padding mask,

25 memory key padding mask=memory key padding mask)
26 if self.norm is not None:

27 output = self.norm(output)

28 return output

7E RS, 55 4 47 R GEREAS B Z MRS 5 8-9 1T, tgt A2 ALk
SEIN, RN [tgt_len,batch_size, embed_dim]; tgt_mask J& A% 2% i & 7
Mask %1\, 55 2407 position 2 J51I{E S, TR A[tgt_len, tgt_len]; memory &
DA B G — 2, TR A [src_len,batch_size, embed_dim]; memory_ma
sk A& g 75 - RS 5 28 ELIN B3 = RS, — LA None; memory_key_padd
ing_mask: ZmfidE /% A\ K padding 15, [batch_size, src_len]; tgt _key padding
_mask 2 RS 43 i 7 F1 ) padding 1500, ﬂ‘/JjU'j[batch size, tgt_len]; %f 20-
25 17 R SEEL 2 2 0 2 B AR #R 0 R 28 28 4782 R IR 1R 5 5 1 45
FEAR N[tgt_len, batch_size, num_heads * kdim], tE[[tgt_len, batch_size, embed
_dim].

4.2.6 Transformer PX£&SCIN

7S B 58 Transformer A 8 AN JE AL B )38, F Ak v LKk #5 4 B 5 1
Transformer #7841 o ARSI 7 FOACRS A G 7 B, 7R BN il 2 AL 2 it
a2l &3 — ke, BRI R

1 class MyTransformer (nn. Module) :

2 def init (self, d model=512, nhead=8, num encoder layers=06

3 num decoder layers=6, dim feedforward=2048, dropout=0.1):
4 super MyTransformer, self). init ()

5

6 0

7 :param d model:d k=d v=d model/nhead=64, M ha&M4EE, B®ilMEA 512
8 :param nhead: Z3kiFE Il 2 ks, WICERUNE 8

9 :param num encoder layers: encoder HEZMEE, W XHHIN, B XERINMEN 6
10 :param num decoder layers: decoder HEZMEE, W XHHIN, W XERINMERN 6
11 :param dim feedforward: EIEER I ENAERE, WCEMEN 2048
12 :param dropout: 3%, wIXHMERIMEN 0.1
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13 DT
14 # Gh 5y
15 encoder layer = MyTransformerEncoderLayer(d model, nhead,
dim feedforward, dropout)
16 encoder norm = nn. LayerNorm(d model)
17 self. encoder = MyTransformerEncoder (encoder layer,
num encoder layers, encoder norm)
18 # iRt 5
19 decoder layer = MyTransformerDecoderLayer (d model, nhead,
dim feedforward, dropout)
20 decoder norm = nn. LayerNorm(d model)
21 self. decoder = MyTransformerDecoder (decoder layer,
num decoder layers, decoder norm)
22 self. reset parameters() # ¥IHAILEET ZH
23 self.d model = d model
24 self. nhead = nhead

fE LIRS, 28 15-17 AT MK E Xt as il 25 19-21 T2 Ik E X
RIS 282y s B 22 47 F SR LASEFR 77 XpT 464k Transformer H AL S8, ARk
HAER G I 7852 X583 MyTransformer FI#1 4G4 R BUS , {8 A LUk SZ ]
Transformer (P8 RfE R A2, ARSI

1 def forward(self, src, tgt, src mask=None, tgt mask=None
2 memory_mask=None, src_key padding mask=None,

3 tgt key padding mask=None, memory key padding mask=None) :
4 Do

5 :param src: [src len,batch size, embed dim]

6 :param tgt: [tgt len, batch size, embed dim]

7 :param src_mask: None

8 :param tgt mask: [tgt len, tgt len]

9 :param memory mask: None

10 :param src key padding mask: [batch size, src len]

11 :param tgt key padding mask: [batch size, tgt len]

12 :param memory key padding mask: [batch size, src len]
13 :return: [tgt len, batch size, num heads*kdim]

14 Do

15 memory = self.encoder (src, mask=src mask,

src_key padding mask=src key padding mask)

16 # [src len, batch size, num heads * kdim]

17 output = self. decoder (tgt=tgt, memory=memory, tgt mask=tgt mask,
memory mask=memory mask,

18 tgt key padding mask=tgt key padding mask,

19 memory key padding mask=memory key padding mask)

20 return output

#ltgt len, batch size, num heads * kdim]
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£ EIRARES H, sre FRoRgmbg s M tgt RoERSES 4 A src_mask
7, PRSI AN TG B ST % 2 f5 fA B AS B THE DG s tgt_mask A TH#E 56
fEMS NP YR 2 L E R E AL E S B s memory_mask N T
src_key_padding_mask & 7 X} 4 b5 4 N\ 7 F1 3E 78 #4011 Token #E4T mask;
tgt_key_padding_mask & 7~ XJ i 55 d N A1 35 78 56 4> 1 Token 2 A7 HE 6
memory_key_padding_mask 27~ g i &5 (1) 5 tH 34 EAT FE 2, 4 o IR DR S5 R
YA N BT I mask #R4E

B, XTEEAS Transformer [ S5 REETE T, AIXIBEAH
SELR SCH IR T Transformer S5 BHIFRRBIAL, X WA EE MK SE T —
TR AR, T BRI 4, Transformer HHIL A AN S 7
B R SRR A T VAR B DR R AR B O, ARG R

def reset parameters(self):

for p in self. parameters() :
if p.dim() > 1:

xavier uniform (p)

def generate square subsequent mask(self, sz):
mask = (torch. triu(torch. ones(sz, sz)) == 1).transpose (0, 1)
mask = mask. float (). masked fill (mask == 0, float( -
inf’)).masked fill (mask == 1, float(0.0))

9 return mask # [sz, sz]
4.2.7 Transfromer {5 Ff 7~ 45
TESEHL5E Transformer FEANSE 145K 5, (] LUEL an P BRI T4

O 3 O U1 B~ W N

1 if name ==’ nmain

2 src_len = 5

3 batch size = 2

4 dmodel = 32

5 tgt len = 6

6 num_head = 8

7 src = torch. rand((src len, batch size, dmodel))

# shape: [src len, batch size, embed dim]

o0)

src_key padding mask = torch. tensor ([[True, True, True, False, Falsel],
9 [True, True, True, True, Falsel])

# shape: [batch size, src len]

10
11 tgt = torch. rand((tgt len, batch size, dmodel))
# shape: [tgt len, batch size, embed dim]
12 tgt key padding mask = torch. tensor ([[True, True, True, False, False, False],
13 [True, True, True, True, False, Falsel])

# shape: [batch size, tgt len]
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14
15

16
17
18
19
20
21
22

my_transformer = MyTransformer (d model=dmodel, nhead=num head,
num_encoder_layers=6,
num decoder layers=6, dim feedforward=500)
tgt mask = my transformer. generate square subsequent mask(tgt len)
out = my transformer (src=src, tgt=tgt, tgt mask=tgt mask,
src_key padding mask=src_key padding mask,
tgt_key padding mask=tgt key padding mask,
memory key padding mask=src key padding mask)
print (out. shape) #torch.Size([6, 2, 32])

1E PR A, B8 7-13 4T F R AR OB R AN« 5 15-16 17 ISR SEH#IiL
2k MyTransformer; 55 17 17 F R AR SO RS S N B 033 2 0 FERD A6 % s 26 18-21 17
F R34 Transformer WX 4% 45 14 1 i A 5 A2
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F 5% ETF Transformer BYEIFi=EY

SR LT NERIANE, GBS EEXT Transformer [5EA JF 34 DL K&
LI A 7 NBONTEMT AR o AN AR E S W R AR A S R %
IR, T84 B b B A i R B TRAL R SR AL 2%, [ e B e A i —i.
BRIk, N TR KK Res BB M B fR Transformer fUREAN TAEWAR, FEATY
HH AR 4k 471 KR LR IE SRR SCH I SO BRI R

Linear

(_Add&Norm |
)

Feed
Forward

_Add&Norm
(_Add&Norm _

Multi-Head
8% Attention

Feed
Forward _ .

(_Add&Norm _

Multi-Head

((Add&Norm J+—

Masked
Multi-Head

Attention Attention
A »
% 2 L1 2

Positional
Encoding

Positional
Encoding

Output
Embedding

Input
Embedding

5-1. Transformer M4RZ5HIE]

W 5-1 FinfEsE Transformer 4% ()8R LE R IR, X T-3X 855 9 25 HSEAE
=T AEP A LEORERAAE T, R AR T ISR K. T
M, FEAELL Multi30K[9]9 /1) English-German “FATiERI BTN GEREIX
FAR W XH T 2IEIEE)

AR IBASERAARG TS W[11].

5.1 HIETNALIE
5.1.1 IBRINE

FEIX B, FRAT 8 B 0~ AT TR — 3500 B 6 4 S train.de. train.en. val.de-.
val.en. test 2016 flickr.de F test 2016 flickr.en, 4RI NMEIEIGAER . HiE
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WZRERE FETEIGUETE R SCEIIETE R R N S s M TE R . [F,
X =B IRE AR B 43 7)) 9 29000, 1014 11 1000 %% .

NN PR — 26 AT TR, L 28 1 AT hELE, 58 2 47 haeils, Jo4k
AT B 58 B I A I PR R A R B D
Zwei junge weil® M&nner sind im, Freien in der N&be vieler Bische.
Two young, White males are outside near many bushes.

5.1.2 BiEET

FEIEA S R A TR Bt S 2 T, BATSEIE I LSRR 1 g — MR
ke, DMEMELOHAES, Ak,

source sequence target sequence
Zwei junge weifle Ménner sind im, Freien.... | | [Two young, White males are outside near ...
Mehrere Minner mit Schutzhelmen bedien.... " Several men in hard hats are operating a ...

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
1

TP e e <

Zwei junge weifle Ménner sind im , Freien.... Two young , White males are outside near ...
Mehrere Méanner mit Schutzhelmen bedien.... Several men in hard hats are operating a ....

: [ Vi'<unk>': 0, '<pad>": 1, '<bos>": 2, '<e0s>": 3,
':4,'a": 5, 'are" 6,'A". 7, 'Two" 8, 'in": 9, "...}

{'<unk>": 0, '<pad>": 1, '<bos>": 2, '<eos>": 3, |
" 4, 'Miinner": 5, 'ein": 6, 'in": 7, 'Ein": 8, ...}

[9, 37, 46, 5, 42,36, 11, 16,7, 33,24, 45, 13, 4] [8. 45.11,13,28,6,34,31,30, 16, 4]

[22, 5, 40, 25, 30, 6,12, 4] [12,10, 9,22,23,6,33, 5,20,37,41, 4]

[9, 37, 46, 5, 42,36, 11, 16,7, 33,24, 45, 13, 4] [2, 8, 45,11, 13, 28,6, 34,31,30, 16, 4, 3, 1]
[22, 5, 40, 25, 30, 6,12, 4,1, 1, 1, 1, 1, 1] [2,12, 10, 9,22, 23,6, 33, 5,20,37,41,4, 3]

5-2. EIFERIHIRELEIRER (—)

WK 5-2 fiow, I NIRGEN, Ao N B s . M 5-2 AT LA
i, 2B 1P R E RN B AR TR RHIEAT tokenize #4140 F RN SALE ST
IXFERREREAT AR, TR B U)o R AT o (H 2 55 2 B S B
E 5 a5 Wes s R k. 5 2 D HEMN LRI tokenize J5 145 KXt 46
g NI H bt N o Bl S — N7, 2 3 D T B K tokenize )5 45 AR P
FH AR G A token [F41 . 25 4 AP USEXT [Rl— batch #1741 LA
KA bR HE LB REARRET padding, B [FIE 75 2278 B AR N7 210 51 5 in ki
1EFF (Ri'<bos>'Fl'<eos>")

Wl 5-3 FvR, (ESERCETTH 4 AP IR)E, ST BARITHIRULEE 5 20 7 B
AR 4 DAL G RSE R A5 B tgt_input AT tgt_output.  AET 5-3 AR LA
. tgt_input F1 tgt_output J& AH F N NAZR ] o B 758 1 AMEASK UL, f@Ehd
5 1A ZIR N R Z 22", T L Za 5 87 ) IE bR 2 il 1% 2 tgt_output H )
'8 MREDEE 2 AN BOH N B 1% A2 tgt_input Hr 2 88", T M IRE 206 B A IE A bR
BRI tgt_output 8 A4S, DAMEHE R L. &5, 6 DN RYE
src_input 1 tgt_input & H ] padding 154, 15 2]—> padding mask [m] & (735 H
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TXH tgt_input HEIBMEARKE —F, FrCAEAREE padding) , HH'THRR
padding FIAZ B . 4R, X H A tgt_mask FF74%H HiH

source sequence target sequence
[9, 37, 46, 5, 42,36,11,16,7,33,24,45,13, 4] [2, 8, 45,11,13, 28,6, 34,31, 30, 16, 4, 3, 1]
[22, 5, 40, 25, 30, 6,12, 4,1, 1, 1, 1, 1, 1] 2,12, 10, 9,22, 23,6, 33, S,20,37,41,4, 3]

tgt input

[2, 8, 45,11,13, 28,6, 34,31, 30, 16, 4, 3]
2,12, 10, 9,22, 23,6, 33, 5,20,37,41,4]

1 < i(cm

src input

[9. 37, 46, 5, 42,36, 11, 16,7, 33,24, 45, 13, 4] !
[22, 5, 40, 25, 30, 6,12, 4,1, 1, 1, 1, 1, 1] ; tgt output

U1t s, 45,11, 13, 28,6, 34,31, 30, 16, 4, 3, 1]
[12, 10, 9,22, 23,6, 33, 5,20,37,41,4, 3]

_________________________ - {__________________________
src key padding mask tgt key padding mask
[E,EFE FEFEFEFEEFEFEFFEF F| [F,F F, EFEFFEFEFFFFEF EF
[,E E E.FEEFETT T, T T,T [F, F,F, F,F,F,F,F,F F, F, F, F, F]

5-3. FFRAIHURELETREE (Z)
Gl 5-3 & o 45 AR ILAE Transformer 2% d (45 i tn B 5-4 B o

put
Itput

Linear
F

l Add&Norm Pﬁ

Feed
Forward

Add&Norm
Add&Norm
Multi-Head memory
Feed __Attention ask [batch len)
Forward_ bk !
Add&Norm
Add&Norm
Masked tgt key padding m
src key padding mask Multi-Head Multi-Head Len_size, —
batch_size, src_len] Attention Attention tgtm
t 4 ’ ‘ 4 ’ [batch_s len]
| S——

Positional
Output Encoding
Embedding

T tgt input

n,batch_size] tgt_len,batch_size]

Positional
Encoding

Input
Embedding

5-4. BT Transformer EFREAIRE N IER

PL_E 22T Transformer ZEA4 (B0 PR Y E 4 AL PR A3 RBURFE, T
T AT 46 1F A8 I g A Se Pl —id 2

5.1.3 HIBEEWE
#;/1E:. E X tokenize
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USRS 6 AT SRR R TE R AT AR B, KR o il A B e S S D) 4 BT
{HJE 75 B I B ] TR ) R e 2 5 L 7 gh e B ok, il anyou're” 75 2245 F
B “you”  Aitre™. B, iXFS-ARES AT LAAE B torchtext H I get_tokenizer 772
KL, HARAL T
1 from torchtext. data.utils import get tokenizer

2 def my tokenizer():

3 tokenizer = {}

4 tokenizer[’ de’ ] = get tokenizer ( spacy’, language= de core news sm’)#fiiit
5 tokenizer[ en’ ] = get tokenizer ( spacy’, language= en core web sm’ ) ##iiE
6 return tokenizer

X HLUIR A 52 B tokenizer, 43l FH 085 F 9B 34T 7 H040 . 51 T
W AR
1 s = "Moon Hotel, it’s very interesting.”

H: tokenize JG 45 BoA:

1 tokenizer = my tokenizer ()

2 print (tokenizer[ en’](s))

3 [’ Moon’, 'Hotel’, ’,”, ’it’, 7’s”, ’very , ’interesting’, .’ ]
F 2 BIAEFE

TES4H5E tokenize HISKILTVE G, AR LAIEZUEIE torchtext.vocab H 1)
Vocab ki 7, IR
1 def build vocab(tokenizer, filepath, min freq, specials=None):
if specials is None:
specials = [ <unk>’, ’<pad>’, ’<bos>’, ’<eos> ]

counter = Counter ()

for string 1in f:

2
3
4
5 with open(filepath, encoding=" utf8’) as f:
6
7 counter. update (tokenizer (string ))
8

return Vocab (counter, specials=specials, min freq=min freq)
fE B AA 58 3 AT AU FIRAR B R IR 745 26 5-7 ATACHS I Kk i 3¢
PEFRIRE—ANFEAR (47 —AY) FHHE4T tokenize A%, FH A %FT counter.update
BEAT AT LS5 [10]: 28 8 A7 W2 3R [al fg 5 45 3 3
e bR R R, BATKAS RIS Vocab SR SEHIERT R
— ARG A

1 {{<unk>’ : 0, '<pad>’ : 1, '<bos> : 2, '<eos> : 3, '.”: 4, ’Manner : 5, 'ein’:
6, *in’: 7, 'Ein’: 8, 'Zwei’: 9, 'und’ : 10, ’, : 11, ...... }
— AN B AR F ST

1 {<unk>’: 0, "<pad> : 1, '<bos>’ : 2, '<eos> : 3, . : 4, ’a’: 5, “are : 6,
AN 7, "Two 8, 7in’: 9, ‘men’: 10, ,’: 11, ’Several’: 12,...... }
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©

BRI, FATHCR 2 E A3, IR MBI R AR I ZR iRt e il T

SR, ACRSANT

1
2
3
4
5
6
7

© oo

10
11
12
13
14

class LoadEnglishGermanDataset () :

def init (self, train file paths=None, tokenizer=None,

batch size=2, min freq=1):
B ARAE IR TIURL 8L BB AR I
self. tokenizer = tokenizer ()
self.de vocab = build vocab(self. tokenizer[ de’],
filepath=train file paths[0],
min freg=min freq)

build vocab(self. tokenizer[ en’ ],
filepath=train file paths[1],
min freg=min freq)

self. specials = [ <unk>’, ’<pad>’, ’<bos>, ’<eos>’ ]

self.PAD IDX = self.de vocabl <pad> ]

self.BOS IDX = self.de vocabl <bos> ]

self.EOS IDX = self.de vocabl <eos> ]

self.batch size = batch size

self. en_vocab

Forr min_freq 2o A A4 1R 3R N 2 Y LR EU N Tz B

B 3 BN Token 51

AR 735, (8] DUBE 0N RBCICRIZREE . SnuEE Al se 4%

#epk Token Fr 31

1 def data process(self, filepaths):

9 yorn

3 W1 — )0 T IR — M AR 7 B 3 2R 51 T 2K

4 :param filepaths:

5 :return:

6 o

7 raw de iter = iter (open(filepaths[0], encoding="utf8”))

8 raw en iter = iter (open(filepaths[1], encoding="utf8”))

9 data = []

10 for (raw de, raw en) in zip(raw de iter, raw en iter):

11 de tensor = torch. tensor([self.de vocab[token] for token in
12 self. tokenizer[ de’ ] (raw de.rstrip(“"\n”))], dtype=torch. long)
13 en tensor = torch. tensor([self.en vocab[token] for token in
14 self. tokenizer[ en ] (raw en.rstrip("\n”))], dtype=torch. long)
15 data. append ((de tensor , en tensor ))

16 return data

FE EIRACRS 5 11-4 A7 50 590 FHORORE S s P SR A P 51 45 D ok o ] 26

H) Token 2. FEANBESERUR, MLATS RIS AIEE R
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[ (tensor ([9, 37, 46, 5, 42, 36, 11, 16, 7, 33, 24, 45, 13, 4]), tensor ([8, 45, 11, 13, 28, 6, 34, 31, 30, 16, 4])),
(tensor ([22, 5, 40, 25, 30, 6, 12, 4]), tensor([12, 10, 9, 22, 23, 6, 33, 5, 20, 37, 41, 4])),
(tensor ([8, 38, 23, 39, 7, 6, 26, 29, 19, 41), tensor([ 7, 27, 21, 18, 24, 5, 44, 35, 41)),
(tensor ([9, 5, 43, 27, 18, 10, 31, 14, 47, 4]), tensor([ 8, 10, 6, 14, 42, 40, 36, 19, 4]))]

HAp BB — 552 R GG 7 51 Token 3, A7 — %1k 2 B bs ¥ 51 1)
Token £, BF—ATHIE—FEA.
% 4 3. padding Ab3

M BT AR (LK 5-2 2@ EINE R ATLLE R, kX T
JRAEFFF R Ut AL 2 H AR BR L, LEAN R R AR Hok A FE AN R AH A o H 2
FE R EHE 0 N 2R N i 1) 75 ZEORHR [ RE B B, R AR X B FRAT Tl 75 2200
Token FAIML G IREAHELT padding AbFL. [ARS 75 BE AL, — BAERX R
B, BRI R A FBERUEFR —A batch A MIRIRFFIEK, B
AR BPFFIERRIT, e A 75 B RN B 45 BT A FEAR AR CRAIE S5

AL, A SEPRACER I AR TR o IR 2 SR AR 7 8138 2 B FR 7 71 #f 2 LLAEAS batch 1
K HIREA PR o e FEAR 1T padding, H AR .

1 def generate batch(self, data batch):
2 de batch, en batch = [], []
3 for (de item, en item) in data batch:

# TFUEXS—> batch HIEE—AMREAEAT AL BT
4 de_batch. append(de item) # ZmRGSei A5 F B0k (k4%
# (RS idx FHIME AN L A2LE token FI 453F token
en = torch. cat ([torch. tensor ([self.BOS IDX]), en item,
torch. tensor ([self. EOS IDX])], dim=0)
7 en_batch. append (en)
# LUK I S AR HEREAT IR 7S
de batch = pad sequence(de batch, padding value=self.PAD IDX)
# [de len, batch size]
10 en_batch = pad sequence (en batch, padding value=self.PAD IDX)
# [en len, batch size]

11 return de batch, en_batch

e RS A, 2 6-7 47 HRAE B AR 75 10 RN e e fIEE IE 775 28 9-10
A7 U2 4 % — batch H R 46 7 FU A B b5 751 BLE B 249 S K BIREA R bn i
47 padding (X H. /) pad_sequence S A [ torch.nn.utils.rn)
$ 55 Wik mask HE

TEAFRSE R 5-2 FEE@ fE, XK 5-3 RSO KUl 2 5 1Y)
FrEAE, FMAENG . #t—D 5 EMIE src_input A tgt_input KA IEFH ST
mask A &, BARREIIT:
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1 def generate square subsequent mask(self, sz, device):
2 mask = (torch. triu(torch. ones((sz, sz),
device = device)) == 1). transpose (0, 1)
3 mask = mask. float (). masked fill (mask == 0, float( —inf’)).
masked fill (mask == 1, float(0.0))
4 return mask
5
6 def create mask(self, src, tgt, device= cpu’ ):
7 src_seq len = src. shape[0]
8 tgt seq len = tgt. shape[0]
9 tgt mask =self. generate square subsequent mask (tgt seq len, device)
# [tgt len, tgt len]
10 # Decoder MJyER /I Mask #i N, F T 5 2410 position Z J5I1 position, HrbAix B &—
AN SRR
11 src mask = torch. zeros((src seq len, src seq len),

device=device). type (torch. bool)

12 #Encoder VERLJ) Mask fi N, X5 H I T Encoder KUl &BA HIK, Frllix H42 0
13 src padding mask = (src == self.PAD IDX). transpose (0, 1)

14 # FT mask $ Encoder ff] Token & 4171 () padding #54>, [batch size, src len]

15 tgt padding mask = (tgt == self.PAD IDX). transpose (0, 1)

16 # FT mask 4 Decoder [f] Token 41 1 [ padding #54), batch size, tgt len

17 return src_mask, tgt mask, src padding mask, tgt padding mask

1E AR, B 1-4 47 & FRAE B — MR N [sz,s2) i B I a6 1%, H
TAE AR A2 8 55 24 1T position 2 J5 [ position; 2 6-17 47 A K3 [A] Transformer
W RGO T B mask #EFE, oA sre_mask 7EIX BIAHFEAHER
% 6 3. & DataLoade 5/# R

ST 5 AR, BAREENHERERCAEATH T, RTER
F4Jit—~) DataLoader EAC2SEIA], ARAL40T:

1 def load train val test data(self, train file paths,
val file paths, test file paths):

2 train data = self.data process(train file paths)

3 val data = self.data process(val file paths)

4 test data = self.data process(test file paths)

5 train iter = Dataloader (train data, batch size=self.batch size
6 shuffle=True, collate fn=self. generate batch)

7 valid iter = Dataloader (val data, batch size=self.batch size
8 shuffle=True, collate fn=self. generate batch)

9 test iter = Dataloader (test data, batch size=self.batch size
10 shuffle=True, collate fn=self. generate batch)

11 return train iter, valid iter, test iter

e EIRARS, 2E 2-4 AT(E R0 Al ORGSR . TuE SR AR AR A ol T
oken J¥%1; 55 5-10 17 /& /3 A #4i& 3 4~ DataLoader, J.H generate_batch ¥fE
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—ZEUE NRAEEA batch FIFEABEATALFE . 7E 581K LoadEnglishGermanDat
aset T 9wt 12 f5 , AT DLdnd an R 20 AT H -

1 if name ==’ main :
2 train filepath = [’ data/train .de’,
3 data/train .en’ ]
4
5 data loader = LoadEnglishGermanDataset (train filepath,
tokenizer=my tokenizer, batch size=2)
6 train iter, valid iter, test iter =
data loader. load train val test data(train filepath,
train filepath,
8 train filepath)
9 print (data loader.PAD IDX)
10 for src, tgt in train iter:
11 tgt_input = tgtl:—1, :]
12 tgt_out = tgtll:, :]
13 src_mask, tgt mask, src padding mask, tgt padding mask =
data loader. create mask(src, tgt input)
14 print (“src shape: ”, src.shape) # [de tensor len, batch size]
15 print (“src padding mask shape (batch size, src len): 7,
src_padding mask. shape)
16 print (“tgt input shape:”, tgt input. shape)
17 print (“tgt padding mask shape: (batch size, tgt len) 7,
tgt padding mask. shape)
18 print (“tgt output shape:”, tgt out. shape)
19 print (“tgt mask shape (tgt len, tgt len): 7, tgt mask. shape)
20 break

BT A R R IK F A RS I fe i A2 REWS 25 & I 5-2 3] 5-4 AT ERR, IXHE
BORFTRER T UF o N A EBIREMENBANERE)S, T imwlr a6 10 2§
PR R

52 BhERE

5.2.1 ML4gLEH

SRR, BT Transformer [FRIIRAR Y (1) WX 26 25 ¥4 L S 2 1 5-4 B JoR
IG5y, RIEAERTTA44 Transformer [ 4% 4544 I 2245 134 8 Embedding
53 B SEIRZE itk 25 o 3K RS T AN R SCACAE i, H: Embedding #8402
A—FE (I AE BRI AR BRX — 1 5 g 2 A ARG 28 2 F — 4> TokenEmbedding
BUAT, TERI B i T A FTLLE R E BT TR . [FIRT, Rpiiadl
“k5eiliJa, 1F inference i 2 H**Encoder H 7 E AT —k**, AT ARG RE
7 B s ) Transformer " ) Encoder #1 Decoder
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e, A1FEE X —14% K TranslationModel (1125, Hal mf& G ey
UWRFs:

1 class TranslationModel (nn. Module) :

2 def init (self, src vocab size, tgt vocab size,

3 d model=512, nhead=8, num encoder layers=6,

4 num_decoder layers=6, dim feedforward=2048,

5 dropout=0. 1) :

6 super (TranslationModel, self). init ()

7 self.my transformer = MyTransformer (

8 d model=d model, nhead=nhead,
9

num_encoder layers=num_encoder layers,

10 num_decoder layers=num decoder layers,
11 dim feedforward=dim feedforward,
12 dropout=dropout)
13 self. pos embedding = PositionalEncoding(

d model=d model, dropout=dropout)
14 self. src token embedding = TokenEmbedding(src vocab size, d model)
15 self. tgt token embedding = TokenEmbedding(tgt vocab size, d model)
16 self.classification = nn.Linear (d model, tgt vocab size)
17
18 def forward(self, src=None, tgt=None, src mask=None,
19 tgt mask=None, memory mask=None, src_key padding mask=None,
20 tgt key padding mask=None, memory key padding mask=None) :
21 src_embed = self. src token embedding(src)

# [src_len, batch size, embed dim]

22 src_embed = self.pos embedding(src embed)
# [src_len, batch size, embed dim]

23 tgt embed = self.tgt token embedding(tgt)
# [tgt len, batch size, embed dim]

24 tgt embed = self.pos embedding (tgt embed)

# [tgt len, batch size, embed dim]

25 outs = self.my transformer (src=src embed, tgt=tgt embed

src_mask=src_mask,

26 tgt mask=tgt mask, memory mask=memory mask,

27 src_key padding mask=src key padding mask,

28 tgt key padding mask=tgt key padding mask,

29 memory key padding mask=memory key padding mask)
30 # [tgt len, batch size, embed dim]

31 logits = self.classification(outs) #[tgt len, batch size, tgt vocab size]
32 return logits

TE_ LIRS, 55 7-12 4718 & F ke X —A Transformer 45445 £ 13-16 17
73 59 3k 5 X Positional Embedding. Token Embedding Fl# J& [l 7> 2588 %5 18 4T
i sre w2 HH N, TEAR A [src_len, batch_size]; tgt /& fEid2e s, TR N
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[tgt_len, batch_size]; src_key padding_mask #2& 3k Mask fii Encoder HAS [ £ 4]
(1] padding 54>, TR A [batch_size,src_len]; tgt_key padding_mask =& H >k Mask
2 Decoder A [F /5 1 () padding #B 4>, JE IR A [batch_size, tgt_len] ;
memory_key_padding_mask >k Mask 5 Encoder it '] memory H AN ] 7 51 [

padding #4y, SR _Eml2 src_key padding_mask. %5 21-31 478 & Fl K AT 8 A
A AL R AR, JH Transformer fHEAN BT AL L FRTESE 4 T AN AL,
TEIX B F AR

E5E MU5E logits AT IAE RIS 5, 8 n] DUE i N7 A -

1 if name ==’ nmain
2 src_len = 7
3 batch size = 2
4 dmodel = 32
5 tgt len = 8
6 num_head = 4
7 src = torch. tensor ([[4, 3, 2, 6, 0, 0, 0],
8 (5, 7, 8, 2, 4, 0, 0]1). transpose(0, 1)
# #¥p [src len, batch size]
9 src key padding mask = torch. tensor ([
[True, True, True, True, False, False, False],
10 [True, True, True, True, True, False, Falsel])
11
12 tgt = torch. tensor ([[1, 3, 3, 5, 4, 3, 0, 0],
13 [1, 6, 8 2, 9, 1, 0, 0]1). transpose(0, 1)
14 tgt key padding mask = torch. tensor ([
[True, True, True, True, True, True, False, False]
15 [True, True, True, True, True, True, False, Falsel])
16
17 trans model = TranslationModel (src vocab size=10, tgt vocab size=15
18 d model=dmodel, nhead=num head, num encoder layers=6,
19 num decoder layers=6, dim feedforward=30, dropout=0. 1)
20 tgt mask = trans model.my transformer.

generate square subsequent mask (tgt len)

21 logits = trans model (src, tgt=tgt, tgt mask=tgt mask,
src_key padding mask=src key padding mask,
22 tgt key padding mask=tgt key padding mask,
23 memory key padding mask=src key padding mask)
24 print (logits. shape)

# torch.Size([8, 2, 15]) [tgt len,batch size, tgt vocab size]

B, BAIFEH S H%E X — Encoder 1 Decoder, PAEZE inference i F&
A, AR AR
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1 def encoder (self, src):
2 src_embed=self. src token embedding(src)
# [src len, batch size, embed dim]
3 src_embed=self. pos embedding (src_embed)
# [src len, batch size, embed dim]
memory = self.my transformer. encoder (src_embed)

return memory

def decoder(self, tgt, memory):
tgt embed=self. tgt token embedding(tgt)
# [tgt len, batch size, embed dim]
9 tgt embed=self.pos embedding(tgt embed)
# [tgt len, batch size, embed dim]

0~ o wl

10 outs = self.my transformer. decoder (tgt embed, memory=memory)
11 # [tgt len, batch size, embed dim]
12 return outs

7RI, % 1-5 4T T4E inference IS4 N 213347 4w AL 315 3]
memory (RFEEPAT ) ; % 7-11 17 FH TR I memory F1 24 5 D i 21 1%
NS AT T, 7 BRI PAT 2, IXEB A A VE LA R TR 4

5.2.2 t&AEN)IZ

FE 58 e AR (R I 28 254 J R DL P DAOT A IR A 1o |l I
R ARG, P RAT T S A IH BAp B (1 gk A7 9 44
818 BABIEE

1 def train model (config) :
data loader = LoadEnglishGermanDataset (config. train corpus file paths,
batch size=config. batch size
tokenizer=my tokenizer)
train_iter, valid iter, test iter = \
data loader. load train val test data(config. train corpus file paths,

config.val corpus file paths,

O N O O B~ W N

config. test corpus file paths)

B RATAT AR HE AU TH A4, JBid 2 LoadEnglishGermanDataset K28 N\ %¢
gE, b config HhoE LT BERLETIS R B AT A L E S50
F 20 B UEBHMHBUANE

1 translation model =
TranslationModel (src vocab size=len(data loader.de vocab),
tgt vocab size=len(data loader.en vocab),
d model=config. d model,

nhead=config. num head,

O1 > W Do

num_encoder layers=config. num encoder layers,
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®

6 num_decoder layers=config. num decoder layers,
7 dim feedforward=config. dim feedforward,

8 dropout=config. dropout)

9 for p in translation model. parameters():

10 if p.dim() > 1:

11 nn. init. xavier uniform (p)

FERANEHRE G, AT UE MR AR TranslationModel, JFR#EMH KRS %0
X HEAT S RIS, AT DO AN i i S AT — IR AR AT
B3 EUMRFEIRGRAR
1 loss fn = torch. nn. CrossEntropyLoss (ignore index=data loader.PAD IDX)
2 learning rate = CustomSchedule (config. d model)
3 optimizer = torch. optim. Adam(translation model. parameters (),
4 lr=config. warm up learning rate
5 betas=(config. betal, config.beta?)

eps=config. epsilon)

1E FRARHS 56 1470 8 S X R pR B, I [RJIN 45 78 w7 22 2SR 5
ignore_index. RONRHEIE 5-3 f tgt_output RIA, HLEALE EAIPRESE ISR
Padding /G 455, DRUGAE V1 50400 2K (1) IS 7 EOR X 2o fr B 25 B . 55 2 474K
P A0 SO R ORI Bhas 2 2] et i, bR A .

Irate =d 2> -min(step _num™° step _num-warmup _steps™) (5.1)

1 class CustomSchedule (nn. Module) :

def init (self, d model, warmup steps=4000) :
super (CustomSchedule, self). init ()
self.d model = torch. tensor(d model, dtype=torch.float32)
self. warmup steps = warmup steps

self. step = I.

def call (self):
argl = self.step ** —0.5

© 0 N O O1 » W DN

—
o

arg?2 = self.step * (self.warmup steps ** —1.5)
self. step += 1.
return (self.d model ** —0.5) * min(argl, arg?)

ifid CustomSchedule, 5t BE % 75 VI Zrid B2 Hh 2 24 1) U 48 2% 5] 2 . % ] 22 step
S8 i A i () 25 SR an 1] 5-5 iR

— =
NI
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000101 —— d_model = 256, warm_up = 4000
d_model = 512, warm_up = 4000
—— d_model = 512, warm_up = 8000
0.0008 A
[
E 0.0006 A
o
£
£
@ 0.0004
g |
0.0002 -
0.0000 A

0 2500 5000 7500 10000 12500 15000 17500 20000
Steps

5-5. ESFIREHITIEE
ME 5-5 7] LLE Y, #ERT warm_up 4> step 1, SES] SRR K L), X
JEfERdELRE T, BHZR WSS 0.0004,
B Aap: IS

1 for epoch in range (config. epochs) :

2 losses = 0
3 start time = time. time ()
4 for idx, (src, tgt) in enumerate(train iter):
5 src = src. to(config. device) # [src len, batch size]
6 tgt = tgt. to(config. device)
7 tgt_input = tgtl:-1, :] # MEEEOMHA, [tet_len, batch size]
8 src mask, tgt mask, src padding mask, tgt padding mask \
9 = data loader. create mask(src, tgt input, config.device)
10 logits = translation model (
11 src=src, # Encoder K token FE4IHIAN, [src_len, batch size]
12 tgt=tgt_input, # Decoder [f] token /744N, [tgt len, batch size]
13 src_mask=src_mask, # Encoder [{J7E= /7 Mask di N\, X &6 H s2 x0T+
# Encoder Rt &A1
14 tgt mask=tgt mask, # Decoder [JVER 77 Mask #i N, TR 2400
15 # position ZJ5H] position [tgt len, tgt len]
16 src_key padding mask=src_padding mask,
# T mask # Encoder [t Token 7419 [f] padding #5453
17 tgt_key padding mask=tgt padding mask,
# FT mask 4 Decoder [t Token 7419 [f] padding #5457
18 memory key padding mask=src padding mask)
# FT mask # Encoder [t Token 75151 [f] padding #B5
19 # logits Hith shape HN[tgt len, batch size, tgt vocab size]
20
21 optimizer. zero grad()
22 tgt out = tgt [1:, :]1 # fRIEHAMESMYE  shape: [tgt len, batch size]
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23 loss = loss fn(logits. reshape (-1, logits. shape[-1]),
tgt out. reshape(-1))
24 # [tgt lenkbatch size, tgt vocab size] with [tgt lenkbatch size, ]
25 loss. backward ()
26 lr = learning rate()
27 for p in optimizer. param groups:
28 pl1r’] = 1r
29 optimizer. step()
30 losses += loss. item()
31 acc, , = accuracy(logits, tgt out, data loader.PAD IDX)
32 print (f”Epoch: {epoch}, Train loss :{loss.item():.3f}, Train acc: {acc}”)

£ BRI, 5 5-9 4752 FORA BB SN ks 28 10-18 T2 1t
AR AR RR R 26 21-25 AT R PUTHURIF S I it 4k 56 27-
mM%%ﬁ%ﬁwE%F%%ﬂ%ﬁAﬁﬁ@$ﬁEﬁ%ﬁﬁ%ﬂﬁ%ﬁ%ﬁ
ST e R, B R AR e S AT vl . DU R 2R
REFF [ -

1 Epoch: 2, Train loss: 5.685, Train acc: 0.240947
2 Epoch: 2, Train loss: 5.668, Train acc: 0.241493
3 Epoch: 2, Train loss: 5.714, Train acc: 0.224682
4 Epoch: 2, Train loss: 5.660, Train acc: 0.235888
5 Epoch: 2, Train loss: 5.584, Train acc: 0.242052
6 Epoch: 2, Train loss: 5.611, Train acc: 0.243428

5.2.3 =EFM

Y*/\?”SEiﬁﬂ;EﬁvH St P 5 3 T R SR B R T ) TINE 4 o AR AR TR () TN
BRI AME AL I 1 43 AT 55 A %%ﬁﬂ%ﬁF%?ﬁ@a@mx%W@T,iﬂﬁ
ifﬁ%ﬂﬁﬁﬁﬁ%%fﬁ% T RIEAT . BRI, NHENXEE X —
/™ translate RECEIATIX ﬁﬁ,ﬂwﬁ@mT:

1 def translate(model, src, data loader, config):

2 src_vocab = data loader. de vocab
3 tgt vocab = data loader. en vocab
4 src_tokenizer = data loader. tokenizer
5 model. eval ()
6 tokens =[src vocab. stoi[tok] for tok in src tokenizer(src)] # fyiti—AFfAc
7 num tokens = len(tokens)
8 src = (torch. LongTensor (tokens). reshape (num tokens, 1))
# % src_len {ERFE—NYENE
9 tgt tokens = greedy decode(model, src, max len=num tokens + 5,
10 start_symbol=data loader.BOS IDX, config=config,
11 data loader=data loader).flatten() # fifhtmiillss
12 return 7 7. join([tgt vocab. itos[tok] for tok in

e

tgt tokens]).replace (“<bos>”, ””).replace("<eos>”, ”7)
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76 LIRS, 56 6 4T 2K AR YR T AU AT e B s 28 8-11 4T I 2&
iE i PR %L greedy _decode BREUCR T N BEAT #AD; 56 12 17 2B B o D J5 ) 45 SR
HH Token /7 HI7E 5 4 i SEBR 1) B 4515 5 - RIS, greedy_decode PRI SEEL AN

1 def greedy decode(model, src, max len, start symbol, config, data loader):

2 src = src. to(config. device)
3 memory = model. encoder (src) # X% AN Token /3 41347 RS & 3%
4 ys = torch.ones(l, 1).fill (start symbol). \
5 type (torch. long). to(config. device) # FEEDIIH—ANIN, AIEHFS
6 for i in range(max len — 1):
7 memory = memory. to(config. device)
8 out = model. decoder (ys, memory) # [tgt len, 1, embed dim]
9 out = out. transpose (0, 1) # [1, tgt len, embed dim]
10 prob = model. classification(out[:, —1]) # FxEFTUMIE T —ANT 224
11 , next word = torch.max (prob, dim=1) # PEFEMERE K
12 next word = next word.item()
13 ys = torch. cat ([ys, torch.ones(l, 1).type as(src.data)
.fill (next word) ], dim=0)

14 B ORE 4R A 2 AR B TR A 5 R, R T s B B N T 2 T R — A
15 if next word == data_loader. EOS_IDX:

# L0 SR S 20 B TR A A s bR RS, Tk AR B A AT
16 break
17 return ys

e FRARS 2 3 AT IRT A B Transformer H4wmhidas H gk 1T 4wl
HA3 2] Memory; 5 4-5 1T R WA LIARD I BRI EE 1 AN ZIH, 76X Bk
F&'<s0s>"; H 6-17 A7 MR BAMEIMERG LR, £ T — I ZI0y EOS_IDX B ik
P KK G 5 8 4T 2 MR4E memory LU >4 BT Ik 20 iy A 24 B IS 221 P i
AT RS B 9-12 47 MR 4 A9 B 2 5T I ZI A RS dar tE &5 2R 56 13 AT
VRIS Sk M AT I Z0 2 BT R R N AT B, DA R — A
N Z1] (1) 3R AT T

Bl FRATT A TR R A a0 R R EfE T DL e O R AR R & BT 55

1 def translate german to english(src, config):

2 data loader = LoadEnglishGermanDataset (config. train corpus file paths,
3 batch size=config.batch size

4 tokenizer=my tokenizer)

5 translation model = TranslationModel (

src_vocab size = len(data loader. de vocab),

6 tgt vocab size=len(data loader.en vocab),

7 d model=config. d model,

8 nhead=config. num_ head,

9 num_encoder layers=config. num encoder layers,
10 num_decoder layers=config. num decoder layers,
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11 dim feedforward=config. dim feedforward,
12 dropout=config. dropout)

13 translation model = translation model. to(config. device)

14 torch. load (config. model save dir + */model.pkl’)

15 r = translate(translation model, src, data loader, config)

16 return r

17

18 if name == main :

19 srces = [“Eine Gruppe von Menschen steht vor einem Iglu.”,

20 “Ein Mann in einem blauen Hemd steht auf einer Leiter und putzt ein Fenster.”]
21 tgts = [”A group of people are facing an igloo.”,

22 “A man in a blue shirt is standing on a ladder cleaning a window.”]
23 config = Config()

24 for i, src in enumerate (srcs):

25 r = translate german to english(src, config)

26 print (f"4fi&: {src}”)

27 print (f"#ee: (r}”)

28 print (f"#i#: (tgts[il}”)

1E_ RIS R, 58 5-14 4702 58 XL 4584, DL R IR B AS b (R A7 ) TR 248 AL 28
55 15 AT MR TR PATEIREATSS: 58 19-28 17 NERR], HiH g En:
1 f#i%. Eine Gruppe von Menschen steht vor einem Iglu.

2 H®¥E: A group of people standing in fraon of an igloo

3 JiiE: A group of people are facing an igloo.
5 fE{%. Ein Mann in einem blauen Hemd steht auf einer Leiter und putzt ein Fenster.

6 #1F: A man in a blue shirt is standing on a ladder cleaning a window.

7 JiiE: A man in a blue shirt is standing on a ladder cleaning a window.
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% 6T ET Transformer g5 L i=H

SR LT N ERAA, HEKFE T Transformer [JRBEN %A T —4
LA RN . A i ZAR {2 R v 2 B Transformer 4544, ticfSHAE R H
N NREAT . X NER, EHEES L AG_News Bl Hl, K
P& — AT Transformer 45 K4 (1) SCA 7 817

Linear

000700

b cizeld mod
Add&Norm
Feed

Forwa-d 1 |

——

Add&Norm X N

i

Multi-Head
Attention

1t J
S
Input

Embedding

f

6-1. EF Transformer Encoder By A4y 24K LEF4[E]

WK 6-1 Frmfl&— AT Transformer 254 (1) SCA AR KRR A vERR I
i iZ% H o — AN LT Transformer 1 Encoder fISCAS S A8 3 2 R LE SCA
I FALSS TR IR fEIIX — I 2, BT DLERATT A 7% 22 Encoder ZmtS 75 21 M) &40
ANB) oy B2 AT o KRB0 AT . (RIS 7R BRI, Encoder #8745 5 i i 5K = 1)
FEAR H[batch_size,d_model,src_len] (&l 6-1 ' Encoder i i) src_len A7) , F
ATV EEAR B A B SRS R 3T N — PR, BRI S SC.

X HEAER —HEME, L BERT S M 2 25 M A5t b <5 (7] T & 6-1 o
WPz 2tirty, BT TR 6-1 P4 B T 5 2L 3¢ BERT m @ s A K T .

AH 5y SRR S N[12].
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6.1 HIFEFALIE
6.1.1 IBRINE

FEIE XA ERI 2 1T, JATIE R SR EF Jo B H 21 AG_News #i 4k
AG_News H7 ] 3= 1 7y 4 4 2l ik R AR TE R EE ke 4 4 oK ) 2
1. FEANKRAEA 30000 MYTZRFEAF 1900 NMHAFEA . YIZRFEA S ECH
120000 %%, MEAEHCH 7600 2. AG_News Ji i RMEK X FE
1 73”7, ”Fears for T N pension after talks”, “Unions representing workers at
Turner Newall say they are 'disappointed’ after talks with stricken parent
firm Federal Mogul.”

2 74”7 ”"The Race is On: Second Private Team Sets Launch Date for Human
Spaceflight (SPACE. com)”, “SPACE. com — TORONTO, Canada — A second\team of
rocketeers competing for the #36:10 million Ansari X Prize, a contest for
\privately funded suborbital space flight, has officially announced the
first\launch date for its manned rocket.”

3 74” ”Ky. Company Wins Grant to Study Peptides (AP)”,”AP — A company founded
by a chemistry researcher at the University of Louisville won a grant to
develop a method of producing better peptides, which are short chains of amino

acids, the building blocks of proteins.”

R —IEEH 3AEAR, B 17N LAMER. AR, FraERNEHES
YERNRRT, —IEEE 3 5, oalxRidsts (1 3 4) . bR E .
TEA TR ST, AT i AT [ b A A N CHERtmT LU title /B3 Ak
AT I .

ST ZBHE N, VRAT LME T Pytorch 77K 77 v2k R 3 148 FH[13] -

1 from torchtext. datasets import AG NEWS
2 train iter = AG NEWS(split=" train’)

WATPLE & F AR GRS AT AN EE . fEX BN T IS 5 AR 5 T
MR TALEARAS, By LX B IRATT ANME F Pytorch P9 & ARY
6.1.2 HiREE

BT AR B SR A 2 I R AR 2%, FORER 4> TAEAESR 5 sz
ZNEE T, Frblx EEE S R RN H— T
% 14 ®X tokenize

XTI SCAE R AL PR, m] DLk SE9E A 5.1.3 715 A6 98 SO R SR AL AL B =,
SEIARES I R

1 def my tokenizer(s):
2 tokenizer = get tokenizer (' basic english’)

3 return tokenizer (s)
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F 24 BXFHBERHE
M 6.1.1 FHHIRBIERF R LUE R, RGIERR AR 2 A R A

PRl I3 5 0T A AU — s B . BN R OREE 78k B DARCH AdR A @

R ING FEE IR, AR T DL A O I e a3 7 20 AR a0 R

1 def clean str(string):

2 string = re.sub("[ A-Za—z0-9\-\?\!\.\, 17, 7 7, string). lower()
3 return string

B35 BIYFER
AN G 58 tokenize 747 B G R SL I ik JE, BATH A LLIE 2008 o
torchtext.vocab [ Vocab 7775 kA e ia 1, RS an T

1 def build vocab (tokenizer, filepath, min freq, specials=None) :

2 if specials is None:
3 specials = [ <unk>’, ’<pad>’]
4 counter = Counter ()
5 with open(filepath, encoding=" utf8’ ) as f:
6 for string in tqdm(f):
7 string = string .strip().split(C”, 7 )[-11[:~1]
# EUbR S AHT [ A
8 counter. update (tokenizer (clean str(string )))
9 return Vocab(counter, min freg=min freq, specials=specials)

£ FRARRY R, tokenizer NPT 50171 2%:  min_freq R/ NTEA, %
/N T min_freq 7. 55 3 A7ARHS FHRAE € REBR U745 5 5-8 4T ARG Rk [
A A AR A REAS (B AT — ) FEHEAT tokenize A%, HoAxtF counter.update
AT AHAT LAZE[10]; 56 9 47 W2 IR 9] i J5 15 2 1] it

fEE R BRI RR S, AT 2] —A Vocab 28 B SEFI4E 0 5«
1 {<unk> : 0, <pad> : 1, "the’: 2, >.7:3, >,’: 4, ’a’: 5, 'to: 6, of : 7,
and’: 9, ’on’: 10, 's’: 11, 'for : 12, = : 13, ’39 : 14, ’that’:

R, AT EE 2K, FHERMIBIAA I R TP AR VI R R 7 Bk
TR, AT

1 class LoadSentenceClassificationDataset () :

2 def init (self, train file path=None, # IZ4EHKEZE

3 tokenizer=None, batch size=20,

5 min freq=1, # fH/Mad, Z28/NTF min freq HiF

6 max_sen_len= same’ ) : # e KAITKE, BRUCABANEIRE P RKEEAKE
7 # max sen len = None B}, TR batch T K HIFEAR K E 34T padding
8 # R I SR TIORk g v T
9 self. tokenizer = tokenizer

10 self.min freq = min freq
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11
12
13
14
15
16
17

© 00 3 O O &~ W o~

DO — = = = = = e e e
S O© 0 3 O U1 v W N~ O

1
2
3
4
5

[ (tensor ([ 25

self. specials = [’ <unk>’, ’<pad>’]
self.vocab = build vocab(self. tokenizer, filepath=train file path,

min freg=self.min freq, specials=self. specials)

self.PAD IDX = self. vocab[ <pad>’ ]
self.UNK IDX = self.vocab[ <unk> ]

self.batch size = batch _size

self.max sen len = max sen len

F 4. FH¥N Token F51

EERIMEN TS, 0] DOsE IS a0 o8 2R K I 25 52 A0 I 1 46 5% 46 ik
Token J7%1:
def data process(self, filepath):

P — AT MRS F M s R B A, R R BT E AR T i KA K
:param filepath: FHELELIE

:return:
raw iter = iter(open(filepath, encoding="utf8”))
data = []
max len = 0
for raw in tqdm(raw iter):

y 7 l/))
b

line = raw. rstrip(“\n”). split(

s, 1 = line[-1][:-1], linel[O][1:]

s = clean str(s)

tensor = torch. tensor ([self. vocab[token] for token in
self. tokenizer(s)], dtype=torch. long)

1 = torch. tensor (int (1) - 1, dtype=torch. long) # #i%

max len = max(max len, tensor .size(0))

data. append ((tensor , 1))

return data, max len

£ ERARE 55 11-4 4790 59 HIOROKs R s A\ P 51 5% 0 ot 2 3 26 B
Token . (EALESEHK)E, MAERERLIUT LR

40,
142,
3,

65, 45, 1487, 5, 4062, 3291, 10, 2918, 20217,
1842, 4512, 1161, 15, 143, 140, 3658, 21658, 4762,
146, 409, 22, 8, 208, 65, 4, 16, B
287, 15, 4, 633, 39, 146, 4009, 22, 5474,
10]), tensor(l)), ..... ]

% 545 padding 4b3

F X5 AN [ (R A SR i H X 2 R 7 1)K P 3 o SR U TS R AN )11, ER TR
HA N\ BIAE NS B H) 75 B RE FIRE 0K o DR AE Ik BLERA 150 75 ZEXF Token
FE 5L G IREAS 3647 padding 4038, ARSI F
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1 def pad sequence (sequences, batch first=False, max len=None, padding value=0) :

2 max size = sequences[0].size()

3 trailing dims = max sizell:]

4 length = max len

5 max len = max([s.size(0) for s in sequences])

6 if length is not None:

7 max_len = max(length, max len)

8 if batch first:

9 out dims = (len(sequences), max len) + trailing dims

10 else:

11 out dims = (max len, len(sequences)) + trailing dims

12 out tensor = sequences[0]. data. new(kout dims).fill (padding value)
13 for i, tensor in enumerate (sequences) :

14 length = tensor. size (0)

15 # use index notation to prevent duplicate references to the tensor
16 if batch first:

17 out tensorli, :length, ...] = tensor

18 else:

19 out tensor[:length, i, ...] = tensor

20 return out tensor

£ LA, max_len Fx KA TKE, BN None, RI{EHREA batch
b DL KRR AS (K BE X HE B AR A 34T padding: 48R [ERE AT LLFE =€ max_len K
1573%/\%&?&%¢Bﬁk1¢2!§ﬁ’]{<f1&ﬁ padding 4-FH. padding Ab3H 5 4 52K
(R

1 tensor ([[ 2, 342, 578, ..., I, I, 1],
2 [ 32, 13, 14585, ..., L, L, 11,
3 [ 1189, 11, 327, ..., L, L, 1,...)

R 1 BIJ2 padding 547
FE5E X 58 pad_sequence iXMRREUE, FRATE AT DL kXA batch H1K
LT padding AbH:
1 def generate batch(self, data batch):
2 batch sentence, batch label = [], []
3 for (sen, label) in data batch: # FF#&%f—4 batch H (& —AFEAMEAT AL B,
4 batch sentence. append (sen)
5 batch label. append (label)
6 batch sentence = pad sequence (batch sentence, # [batch size, max len]
7 padding value=self.PAD IDX,
8 batch first=False
9 max_len=self.max sen len)
10 batch label = torch. tensor (batch label, dtype=torch. long)

11 return batch _sentence, batch label
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6. Wi DataLoade 51 5]

bR 5 P HIERE, BN EPRENMNEMERCEHATER T, AHEH
¥Jiti—~~ DataLoader iEAXESEI A, ARG Un T

1 def load train val test data(self, train file paths, test file paths):
2 train data, max sen len = self.data process(train file paths)

ARG ES DGR SR REY SN
3 if self.max sen len == same :
4 self.max sen len = max sen len
5 test data, = self.data process(test file paths)
6 train iter = Dataloader (train data, batch size=self.batch size
7 shuffle=True, # Fyi DatalLoader

collate fn=self. generate batch)

8 test iter = Dataloader(test data, batch size=self.batch size
9 shuffle=True, collate fn=self. generate batch)
10 return train iter, test iter

78 ERAAS 55 2-5 4782 20 A FR A I ZrEE A AL 4% 4 9 Token J7 51
% 6-9 1T &2 HI#iE 2 4> DatalLoader, H:H generate_batch ¥ {E A— S Hitk
AKX batch FIFEARHEATAbEE . 7E5EHE LoadSentenceClassificationDataset
P gt #2 J5, (8 nT DA an N B AT -

if name == main ’
path = 7. /data/ag news csv/test.csv”
data loader = LoadSentenceClassificationDataset (train file path=path,
tokenizer=my tokenizer,
max sen len=None)
train iter, test iter = data loader. load train val test data(path, path)

for sample, label in train iter:

O 3 O U1 B~ W N

print (sample. shape) # [seq len, batch size]
WJa, BT Encoder R4x7E padding #70f mask #A1F, ATLAREANEEAT
key_padding_mask [a] s FRATE N ZRA 7 FF A RBI AT . R, AT IE AR S0

I IR TR A3 A o
6.2 AT HEIREY
6.2.1 ML4ZLEH

SRR, JET Transformer SCA 7 SRR I 28 4 1 FL ST 2 B 6-1 Frfe
INHIETE 857, SRR W] LA 24> Encoder HEATHE S . Bt J5 , H 75 Z24% Encoder
)% RN B — A softmax 732548 BI AT 58 7 AT 55« AN i LA PS40 15 (1) 1
TR BRI

OWHESH 4 WA 0%, Encoder 7£ % i 45 o J5 %y b i IR N
[src_len,batch_size,embed_dim] X B/ src_len WA PLEEf#E N LSTM A time step
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RS o Rk, fEMIG a7 R AR RN T LU 2 R AR, filhn R
Wi e — MM B ERy ., s 2 BE A B & GRID EF#AT L. J5
TR 21X 3 M7 AL R K S

Q@M THNMEARRKESAME, FUAEX AT padding B HEE P
P72 — Bk ULAE R 2 OB vh 2 5 SRR T A AR A B A R KR, AN
FH T3 BLRA M A 2 B = I g is AL, PRk R RR ZOREE R — A batch 111
FEARAKE — SRR Al 5 T AR X A o7 s AT 7 sel, RsEE
max_sen_len XM ZHCkE I

B, BATFEE L —/% N ClassificationModel 112, A7 A& &L F248
(LRI

1 class ClassificationModel (nn. Module) :

2 def init (self, vocab size=None,
3 d model=512, nhead=8,
4 num encoder layers=6,
5 dim feedforward=2048,
6 dim classification=64,
7 num_classification=4,
8 dropout=0. 1) :
9 super (ClassificationModel, self). init ()
10 self. pos embedding = PositionalEncoding (d model=d model,
dropout=dropout)

11 self. src token embedding = TokenEmbedding (vocab size, d model)
12 encoder layer = MyTransformerEncoderLayer (
13 d model, nhead, dim feedforward, dropout)
14 encoder norm = nn. LayerNorm(d model)
15 self. encoder = MyTransformerEncoder (encoder layer,
16 num_encoder_ layers,

encoder norm)
17 self.classifier = nn.Sequential (nn. Linear (d model,

dim classification),

18 nn. Dropout (dropout),
19 nn. Linear (dim classification, num classification))

78 PR AR R, %5 10-11 475€ X 1 Transformer H () Embedding #:1F; 5 12-
13 1758 X T Transformer A1 [] EncoderLayer; 55 14-16 1732 X T Transformer [
Encoder; 25 17-19 173 X T —/Mr2Kat . &la, AWM T M AA R A2 0T

1 def forward(self,

2 src, # [src len, batch size]

3 src_mask=None,

4 src_key padding mask=None, # [batsh size, src len]

5 concat_type=" sum' # @2 JGHUIA A BAINN, &R HE — ML E1E N
6 )

73



) BARBEH :
j www.ylkz.life ol

self. src_token embedding(src)#[src len, batch size, embed dim]

src_embed
src_embed = self.pos embedding(src embed)#[src len, batch size, embed dim]

memory = self.encoder (src=src_embed,

10 mask=src mask,

11 src_key padding mask=src key padding mask)
12 # [src len, batch size, embed dim]

13 if concat type == ' sum :

14 memory = torch. sum(memory, dim=0)

15 elif concat type == "avg :

16 memory = torch. sum(memory, dim=0) / memory. size (0)

17 else:

18 memory = memory|[—1, ::] # HUit)E /it

19 # [src len, batch size, num heads * kdim] <==> [src len, batch size, embed dim]
20 out = self.classifier (memory) # #itli logits

21 return out # [batch size, num class]

FE_ERACHS 5 7-10 4T L ORPAT e &5 O T AL R A 56 13-18 T8 2
PR3 DA R 7 ORI £ 73 FAR MU SN » 20 BEML 5200 i R LIS L 1) 22
ERCR & AT 5 20-21 AT (R K 4id 70 2848 i Hh b AT 3R [A]

£ 5E X 5¢ logits (RTIAAE R L5, Er] LUB A T AT A -

1 if name ==’ main :
2 src_len = 7
3 batch size = 2
4 dmodel = 32
5 num_head = 4
6 src = torch. tensor([[4, 3, 2, 6, 0, 0, 0],
7 (5, 7, 8, 2, 4, 0, 0]1). transpose(0, 1)
# %4k [src_len, batch size]
8 src_key padding mask = torch. tensor ([
[True, True, True, True, False, False, Falsel,
9 [True, True, True, True, True, False, Falsel])
10 model = ClassificationModel (vocab size=10, d model=dmodel, nhead=num head)
11 logits = model (src, src key padding mask=src key padding mask)
12 print (logits. shape) #torch.Size([2, 4])

6.2.2 RIS

FE5E SCTE U 7 AR WA 2% Gk ) 1 Tl AT DU IR 1. i I
A AR A, P DA T EEARAR IH By By f Rk A7 A 4
B1E: BARESE
1 def train model (config):
2 data loader = LoadSentenceClassificationDataset (
config. train corpus_file paths,

3 my tokenizer,
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batch size=config.batch size,
min_fregq=config. min freq,
max_sen len=config.max sen len)

train iter, test iter = data loader. load train val test data(

0 N o wl

config. train corpus file paths, config. test corpus file paths)

B TRATAT LIRSS AT T 4, #id 28 LoadSentenceClassificationDataset 3K
WNEHEEE, Hb config A T HEALFTIE K BRI FTE T & 250, RN, AT bLdE
it max_sen_len Sk padding I OREF A FEA—FEIE R NAERE batch N
B
B2 BXUEBRIFHIHANE

1 classification model = ClassificationModel (

vocab size=len(data loader. vocab),

d model=config. d model,
nhead=config. num head,

num encoder layers=config.num encoder layers,
dim feedforward=config. dim feedforward,

dim classification=config. dim classification,
num classification=config. num class,

dropout=config. dropout)

© 0 N O U1 B W N

—
o

for p in classification model. parameters() :
if p.dim() > 1:

nn. init. xavier uniform (p)
TEBRNEAR G, (0] LU L — A 73 255 ClassificationModel, FAR #7 #H
KSHEON H AT [FIE, AT DA RS A () BT S 80 AT W aa e
£33 BUBRREIREGMMSE

loss fn = torch. nn. CrossEntropyLoss ()

— =
[N

1

2 learning rate = CustomSchedule (config. d model)

3 optimizer = torch. optim. Adam(classification model. parameters(),

4 1r=0.,

5 betas=(config. betal, config.beta2)

6

eps=config. epsilon)

12 FRARHS Y, 56 14772 8 S R R pR B 58 2 AT AR I 8 S R
HR A7 )RR R, HatE A XA (G.1)RA 20 . FARSLIACHS [
5.2.2 T —HE, XHEMA A
%845 RIS

1 for epoch in range (config. epochs) :
2 losses = 0

3 start time = time. time ()

4

for idx, (sample, label) in enumerate (train iter):
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@=

5 sample = sample. to(config. device) # [src len, batch size]

6 label = label. to(config. device)

7 padding mask = (sample == data loader.PAD IDX). transpose (0, 1)
8 logits = classification model (sample,

9 src_key padding mask=padding mask)
10 # [batch size, num class]

11 optimizer. zero grad()

12 loss = loss fn(logits, label)

13 loss. backward ()

14 lr = learning rate()

15 for p in optimizer. param_ groups:

16 pl1lr'] = 1r

17 optimizer. step ()

18 losses += loss. item()

19

20 acc = (logits.argmax(l) == label). float().mean()

21 if idx % 10 == 0:

22 print (f”Epoch: {epoch}, Batch[{idx}/{len(train iter)}], ”
23 f’Train loss :{loss.item():.3f}, Train acc: {acc:.3f}”)
24 end time = time. time ()

25 train loss = losses / len(train iter)

26 print (f”Epoch: {epoch}, Train loss: {train loss:.3f}, Epoch time =

{(end time start time):.3f}s”)

E AR, 25 7 AT AR A R AR BN AT R 1Y padding mask 7] &5 2
15-16 1T 2 BB step BT B 2 RIEN B AL A, DU (2 AL I g R vp
)% -

1 Epoch: 9, Batch: [410/469], Train loss 0.186, Train acc: 0.938
2 Epoch: 9, Batch: [420/469], Train loss 0.150, Train acc: 0.938
3 Epoch: 9, Batch: [430/469], Train loss 0.269, Train acc: 0.941
4 Epoch: 9, Batch: [440/469], Train loss 0.197, Train acc: 0.925
5 Epoch: 9, Batch: [450/469], Train loss 0. 245, Train acc: 0.917
6 Epoch: 9, Batch: [460/469], Train loss 0.272, Train acc: 0.902
7

Accuracy on test 0. 886

AREBASE ARG S W[12].
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F 7% ETF Transformer BXTEESE piiE R

23R 6 TWHNAERIND, XT Transformer M5 KK # N LIRS 2 R %
1o A ERME R IEIEH Transformer 4544, Mitid B L ER/ L E R Nz
Mo EHT RIS AET, ERBU—DEE 70 R7FFTREARE S
B, kA& —/NET Transformer 4589 IS BCAE B Y . R B), IX B2 A4
Transformer Z5 41K i fa — T N 2 o

WK 7-1 B — AN T Transformer [T BBIAL, 0] DAE Y, HiseE
ST % T Transformer S5 BRI A R 13840, ME— A [E AT
B S0 A TE X AR RS 2 v A0 28 A i a8 L B [F) — /MR 3R (RN B #2 HS0) .

Add&Norm

Feed
Forwa rd_

Add&Norm

Multi-Head
Attention

L

Multi-Head
y Attention

Masked
Multi-Head
Attention

Positional
Encoding

Positional
Encoding

Input
Embedding

Output
Embedding

7-1. Transformer M4&Z5HIE
7.1 HIETALIE
7.1.1 IBRNAE

B, AR IR GRS i 2 A BRATIE R S R BB Ba R A AT A FE
AP BRI BAE SR L — N B AT RIXT BB £, £E github 3% "couplet-
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dataset” FLAEHRF], H—dLAEH 770491 ZFEA, 4000 25MRFEAS . AIEH
PREE AL, SR A & L I RA):

1 # BB in. txt

2 R 3% R ko0 sk AL

ST E M T & M O

4 F B B K

1 # T out. txt
2 BBV ¥E N
3% A Yk VR M OBk
4 B oxX i W E =

W EFTRAE A 3 RFEA, A RIAFIAE intxt A out.txt XA S . AT DUE
, RIGEEE O e 1 rix P ERAE, A RSN A TR EHAT R A split 4
YERIAT
712 BURSEHE

SR B RS I A A Y R A A A A g e A R B R A AR ) B4R B ) R e AR
BEAR ERARRKZEN, FEDRERFSE: OWEFH; Q¥ AT —ANA
() B4y Token J&51; @A FKFERIFEA 7 2144 8 ANt iE4T padding
AbEE, @FYEE Dataloader 25,
% 1 &N tokenize

HH T R GG B B 2 D@9 S BRI 17, FrLlIX B tokenizer 1€ A 75 25
17 split BRAERIT], ARELINT

1 def my tokenizer(s):

2 vaturn o onlit ()
= LTovulnn SeSpriuy

ATLAER], HsemARH R . Bty T SCARR
1 KEs%, R ERRRE, B3 THL

H: tokenize JG 4 BN

1 UK, ", 8, e, 0, e, TR, T, R, W, R, E,
- L R S U
B2 BYEE

FEAN 58 tokenize MBIV, FATmt T PLIEGE T torchtext.vocab )
Vocab J7 kR adia i 7, R,

1 def build vocab(tokenizer, filepath, min freq=l, specials=None):
2 if specials is None:

3 specials = [ <unk>’, ’<pad>, ’<bos>, ’<eos> ]

4 counter = Counter ()

5 with open(filepath[0], encoding="utf8 ) as f:
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6 for string in f:

7 counter. update (tokenizer (string ))

8 with open(filepath[1], encoding="utf8 ) as f:
9 for string in f:

10 counter. update (tokenizer (string ))

11 return Vocab(counter, specials=specials, min freg=min freq)

e FIRACRS 55 3 ATAR AIRTE BRI T 28 5-10 A7 Z3 0 Ak [
in.txt SCAFAT out.txt ST IR —MEAR (AT —AY) kAT tokenize F1TH4Y,
HA ¥t counter.update #E4T/4H AT LAS5[10]; 26 8 4T W& IR Rl &% i 45 311 4
EARERNAZ, B TEMNBA GR35 h gD 28 Mg 28 L H 2 —AMA 38,
FIT LI B[R] B 6} in.txt A out.txt SCAF33EAT T 3 )5

e ER AR, JATRAFE]—4> Vocab ZRH)SEBIMb R 5, B
1 {{<unk> : 0, "<pad> : 1, "<bos> : 2, '<eos> : 3, ', *: 4, K :5 FHF .6 °
— 7, N8, A9, Tl 10, Ty s 11, TR 12, TR 13, L)

B, BT TR S, S SR LA P I SR s
Sy, A

1 class LoadCoupletDataset () :

2 def init (self, train file paths=None, tokenizer=None,

3 batch size=2, min freq=1):

4 # R NGRTORL S 3, TR o, AR — AN RITT

B self. tokenizer = tokenizer

6 self.vocab = build vocab(self. tokenizer, filepath=train file paths,

min freg=min freq)

7 self. specials = [ <unk>’, ’<pad>’, ’<bos>’, ’<eos>’ ]
8 self.PAD IDX = self.vocab[ <pad>’ ]
self.BOS IDX = self.vocab[ <bos>’ ]
10 self.E0S IDX = self.vocab[ <eos>’ ]
11 self. batch size = batch size

3 3 H¥N Token 73
EAFIMER G, (Fa] DU T B8 BRI 25 42 A0k £ % 3 1
Token J#%1):

1 def data process(self, filepaths):

9 yon

3 Ko — )5 P I — A AR 7 LR 3 R 51 TR

4 :param filepaths:

5 :return:

6 v

7 raw in iter = iter (open(filepaths[0], encoding="utf8”))
8 raw out iter = iter(open(filepaths[1], encoding="utf8”))
9 data = []
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10 for (raw in, raw out) in zip(raw in iter, raw out iter):

11 in tensor = torch. tensor ([self. vocab[token] for token in

12 self. tokenizer (raw_in.rstrip("\n”))], dtype=torch. long)
13 out _tensor = torch. tensor ([self. vocab[token] for token in

14 self. tokenizer (raw out.rstrip(“\n”))], dtype=torch. long)
15 data. append ((in tensor , out tensor ))

16 return data

1E FRARIS Y, 55 11-4 AT 0 0l SRR S 4a e 21 BB H AR P 51 R K iy
X ) Token B0 fEALFETERLE, LTS BRI 45 R
1 [(tensor([5, 549, 250, 1758, 11, 228, 6511), tensor ([154, 1420, 310, 598, 29, 206, 1641)),
(tensor ([12, 29, 3218, 262, 6, 628, 4191), tensor ([ 441, 62, 2049, 93, 66, 304, 111])),
(tensor ([1137, 40, 47, 286, 819, 364, 13831), tensor ([1803, 49, 586, 556, 126, 25, 18301)),
(tensor ([7, 291, 138, 115, 216, 151, 91), tensor ([ 15, 311, 107, 57, 80, 5, 211) ) ]

HA R —5 52 R i %) EECH) Token 220, Aid—%E2 BAs 5T
) Token JE0, BE—ATHIR—MEA.
& 4 35: padding 4-FE

M EE R AT LLE B, Tow Xt T 46 7P 21 R Uik 2 B bR 7 71k 3,
TEASTR] FIRE AR m ST B K B BRAN IR [R] o LA 78 W 5040 i N 2 A 87 A 7R s 200 75 L
TRFFFRIFERIEE, PRAEIX HIRATHL 75 22%F Token /74146 J5 IFEASIEAT padding
AEE . AN TR EE R A, — RAERX A R R, BRI SR R R R
RUE[A]— batch H g B R 46 P 255K, A B B AR AR >, a2
Ui AN 75 ELAE BN 4R T T A A AR R S5

PRIk, 7ESERRab B FE R G0 2 SR AR 7 51k 2 H br)7 41 &R 2> LA™ batch H
K IFEA AR H B AT padding, B ARSI -

1 def generate batch(self, data batch):

2 in batch, out batch = [], []
3 for (in item, out item) in data batch:
# FFUEXF—A batch H IR —/MEAR AT A0
4 in_batch. append (in_item) # #RESERHNTHA T BN L7
5 # TERAS idx P AN #2246 token Al 53 token
6 out = torch. cat ([torch. tensor ([self.B0OS IDX]),
7 out item, torch.tensor([self.E0S IDX])], dim=0)
8 out batch. append (out)
9 # DL K7 51 bs AT I 0
10 in batch = pad sequence(in batch, padding value=self.PAD IDX)
# [de len, batch size]
11 out_batch = pad sequence (out batch, padding value=self.PAD IDX)
# [en len, batch size]
12 return in batch, out batch
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fE_ LIRS, 56 6-7 47 A RAE H AR 41 B RN B A45 8 Bk (E 4T s 28 10-11
A7 2 73 3% —A batch w4 J5 46 e Z0 AN 5 A5 P 51 L& B 2 K I REA bR ifE
HE47 padding (iX L) pad_sequence 5 A\ H torch.nn.utils.rn) .
55 i mask A&
FEAL PR SE AT T LA 3R G, i — 2B F5 2R YE src_input A1 tgt_input >KAyi&
FHORH) mask [a1 &, ARG
1 def generate square subsequent mask(self, sz, device):

2 mask = (torch. triu(torch. ones((sz, sz), device=device))

==1). transpose (0, 1)

3 mask = mask. float().masked fill (mask == 0, float( — inf’)).

4 masked fill (mask == 1, float(0.0))

5 return mask

6 def create mask(self, src, tgt, device= cpu’):

7 src_seq len = src. shape[0]

8 tgt seq len = tgt. shapel0]

9 tgt mask = self. generate square subsequent mask(tgt seq len, device)

# [tgt len, tgt lenl

10 # Decoder My 77 Mask N, HITHEE5 2417 position Z 5 position, AfLhix B —
KRR RS

11 src_mask = torch. zeros((src seq len, src seq len),

device:device).type(torch.bool)

12 #Encoder MJVERL 7] Mask fii N\, X F#5H S0 T Encoder SRUt2 A, FrLlix 452 0

13 src_padding mask = (src == self.PAD IDX). transpose (0, 1)

14 # HT mask & Encoder [1J Token J7 414 [f] padding #B4), [batch_size, src_len]

15 tgt padding mask = (tgt == self.PAD IDX). transpose (0, 1)

16 # HT mask 5 Decoder [1J Token J7 414 [f] padding #B4), batch_size, tgt len

17 return src mask, tgt mask, src padding mask, tgt padding mask

1E RIS A, 58 1-5 1702 R AE R — AN TR A [sz,s2] I3 = J1 e R iR,
T-1E AR 7 A 8 55 24 11T position 2 J& [ position; £ 6-17 47 1 K& [B] Transformer
W R U B mask A5 FE, A sre_mask 7EIX IR E ER
% 6 3. i Dataloade 518 R

25 AT 5 AP RERAE, BAEIR RN R CEEEARTER T, NFEER
i — DataLoader i AR ASHI AT, AARGA1TR:

1 def load train val test data(self, train file paths, test file paths):

2 train data = self.data process(train file paths)

3 test data = self.data process(test file paths)

4 train iter = Dataloader (train data, batch size=self.batch size

5 shuffle=True, collate fn=self. generate batch)
6 test iter = Dataloader (test data, batch size=self.batch size

7 shuffle=True, collate fn=self. generate batch)
8 return train iter, test iter
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@®

7E_EIRARRS A, 2 2-3 4782 23 50 FH KRR DI SR B A i S e ey Token P15

55 4-7 AT HIRiE 2 4 DatalLoader, . generate_batch ¥ {E A —ASHitk
ANKAHEEAS batch IFEAREAT AT . 7£58 K LoadCoupletDataset A (145 it
FEJE, AEnrChEd R T A

~N O U1 B W DN~

00]

10
11
12
13

14
15
16
17
18
19

20
21

22
23

. b . b
if name == main

config = Config()
data loader = LoadCoupletDataset (config. train corpus file paths
batch size=config. batch size,
tokenizer=my_tokenizer,
min freg=config.min freq)
train_iter, test iter =
data loader. load train val test data(config. test corpus file paths,
config. test corpus file paths)
print (data loader. PAD IDX)
for src, tgt in train iter:
tgt input = tgtl:=1, :]
tgt out = tgtll:, :]
src_mask, tgt mask, src padding mask, tgt padding mask =
data loader. create mask(src, tgt input)
print (src)
print (tgt)
print (“src shape: ”, src.shape) # [in tensor len, batch size]
print (“tgt shape:”, tgt.shape) # [in tensor len, batch size]
print (“src input shape:”, src. shape)
print (“src padding mask shape (batch size, src len): ”
src_padding mask. shape)
print ("tgt input shape:”, tgt input. shape)
print (“tgt padding mask shape: (batch size, tgt len) 7,
tgt padding mask. shape)
print ("tgt output shape:”, tgt out. shape)

4

print ("tgt mask shape (tgt len, tgt len): ”, tgt mask. shape)

FEN H e BRI B AN TR G, T T a6 I 3N 2B AR R g ey i

H B TR B A S B AR 1T, TASET S 5 7 R A R A g R PR
T HEAR.
7.2 FTERE iR EY

7.2.1 MLRLER

ARG, T Transformer R BRA R R 10X 28 25 1) L SERICRE &I 7-1

BRI E i , REAERTH AN Transformer [ 2% 45 #4 i) 5 45 JF 3%
Embedding #B4> B9 SEELZA Nk 25 o X & KON T AN B9 SCAR A i i, H
Embedding &8 7> & A — 8 (Bl W B A3y = w15 25 0 g A 28 S H — A4
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TokenEmbedding Bl v], TiAEEIEBIA gt 75 AN, Fr DL #3047 137455
[, A 5e ks, #E inference i 2 Encoder R BEHAT—IR, L
LE I At 75 2 R g ) Transformer #H (¥ Encoder A1 Decoder

T, T g X —4~% N CoupletModel )35, H i m 4L & i FEARRD 40 R s

1 class CoupletModel (nn. Module) :

2 def init (self, vocab size,
3 d model=512, nhead=8, num encoder layers=6,
4 num_decoder layers=6, dim feedforward=2048,
5 dropout=0. 1) :
6 super (CoupletModel, self). init ()
7 self.my transformer = MyTransformer (d model=d model,
8 nhead=nhead,
9 num_encoder layers=num_encoder layers
10 num_decoder layers=num_ decoder layers
11 dim feedforward=dim feedforward,
12 dropout=dropout)
13 self. pos_embedding = PositionalEncoding(d model=d model,
dropout=dropout)
14 self. token embedding = TokenEmbedding(vocab size, d model)
15 self. classification = nn.Linear (d model, vocab size)
16
17 def forward(self, src=None, tgt=None, src mask=None,
18 tgt mask=None, memory mask=None, src key padding mask=None,
19 tgt key padding mask=None, memory key padding mask=None) :
20 P00
21 :param src: Encoder HJ#i N [src_len, batch size]
22 :param tgt: Decoder HJ%i A [tgt len, batch size]
23 :param src_key padding mask: F3K Mask #5i Encoder HAN[E] £ %1 # padding #E
41, [batch size, src len]
24 :param tgt key padding mask: F3k Mask #i Decoder H ANl 41 padding #E54>
[batch size, tgt len]
25 memory_key padding mask: FI& Mask fi Encoder %t B memory HANE FE4IH) padding &
43 [batch size, src len]
26 ‘return:
97 o0
28 src_embed = self. token embedding (src) # [src_len, batch size, embed dim]
29 src_embed = self. pos embedding (srciembed) #[src_len, batch size, embed dim]
30 tgt embed = self. token embedding(tgt) # [tgt len, batch size, embed dim]
31 tgt embed = self.pos embedding(tgt embed)#[tgt len, batch size, embed dim]
32 outs = self.my transformer (src=src embed,

tgt=tgt_embed, src_mask=src_mask,
5% tgt mask=tgt mask,

memory mask=memory mask,
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/

34
35
36
37
38
39

src_key padding mask=src_key padding mask,
tgt key padding mask=tgt key padding mask,
memory key padding mask=memory key padding mask)
# [tgt len, batch size, embed dim]
logits = self.classification(outs) # [tgt len,batch size, tgt vocab sizel

return logits

E B, 25 7-12 17{H 2 F R 2 L —> Transformer £5#4; 58 13-15 43

S FHk & X Positional Embedding. Token Embedding Fl#J5 f)7r 2548 (B &
)i FL R LT[R — /> Token Embedding) ; &5 28-38 47181 2 I S0 AT 264N i 1)
fEREIEAE, Horh Transformer AT & FREFEAESE 4 Wh O AL, FiX

A HEA .
FE5E 5% logits HUHT R4k IS Je, 8 AT Dt an B e 0 AT H -
1 if name == main ’
2 src_len = 7
3 batch size = 2
4 dmodel = 32
5 tgt len = 8
6 num head = 4
7 src = torch. tensor([[4, 3, 2, 6, 0, 0, 0], # 4k [src len, batch sizel
8 (5, 7, 8, 2, 4, 0, 0]]).transpose(0, 1)
9 src_key padding mask = torch. tensor ([
[True, True, True, True, False, False, Falsel,
10 [True, True, True, True, True, False, False]l])
11 tgt = torch. tensor ([[1, 3, 3, 5, 4, 3, 0, 0],
12 [1, 6, 8, 2, 9, 1, 0, 0]]). transpose(0, 1)
13 tgt key padding mask = torch. tensor ([
[True, True, True, True, True, True, False, Falsel],
14 [True, True, True, True, True, True, False, Falsel])
15 trans _model = CoupletModel (vocab size=10, d model=dmodel,
16 nhead=num head, num encoder layers=6,
17 num decoder layers=6, dim feedforward=30,
18 dropout=0. 1)
19 tgt mask = trans model.
my transformer. generate square subsequent mask(tgt len)
20 logits = trans model (src, tgt=tgt, tgt mask=tgt mask,
21 src_key padding mask=src key padding mask,
22 tgt key padding mask=tgt key padding mask,
23 memory key padding mask=src key padding mask)
24 print (logits. shape)
B, BATFEEEE X — Encoder 1 Decoder 7£ inference HH#E4T i, 1%
(EY IR
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@=
1 def encoder (self, src):
2 src_embed = self. token embedding(src) # [src len, batch size, embed dim]
3 src_embed = self.pos embedding (src embed)#[src len, batch size, embed dim]
4 memory = self.my transformer. encoder (src_embed)
B return memory # [src len, batch size, embed dim]
6
7 def decoder(self, tgt, memory, tgt mask):
8 tgt embed = self. tgt token embedding (tgt)#[tgt len, batch size, embed dim]
9 tgt embed = self.pos embedding (tgt embed)#[tgt len, batch size, embed dim]
10 outs = self.my transformer. decoder (tgt embed, memory=memory
11 tgt mask=tgt mask)

# [tgt len,batch size, embed dim]

12 return outs

7 RIS, % 1-5 47 T4 inference IS X% N T 71 3E4T g B 315 3
memory (REBEBEPAT—IK) ; B 7-11 177 H T4 memory F1 24 5 ff A i 21 114
NS AT T, 7 B IA AT 2 IR, X ER A AR VE L 7.2.3 R TR 4

7.2.2 tEEN)IZ

FE5E S5 BN R IR AR BSR4 I 48 S5 440 J T DG AT LT AR I ZRAs A 1 il
TIXE A, BrEL R I E AT BLIT B AT A 4 -
818 BABIEE

1 def train model (config) :
data loader = LoadCoupletDataset (config. train corpus file paths
batch size=config. batch size,

2

3

4 tokenizer=my_ tokenizer,

B min freg=config.min freq)

6 train iter, test iter = data loader. load train val test data(
7

config. train corpus file paths, config. test corpus file paths)

BT DIARE R T A48, @id 28 LoadCoupletDataset >R # N\ B4,
Hrp config " TR e B FT A G B S50
B2 BUEBRIFHIMEAANE

couplet model = CoupletModel (vocab size=len(data loader. vocab),
d model=config. d model,
nhead=config. num head,

num encoder layers=config.num encoder layers,

dim feedforward=config. dim feedforward,
dropout=config. dropout)
for p in couplet model. parameters() :
if p.dim() > 1:

10 nn. init. xavier uniform (p)

1
2
S
4
5 num decoder layers=config.num decoder layers,
6
7
8
9
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TERRNERE G, R LLE B CoupletModel,  FARE AH 2 Hiox HdE AT 58
Bt RIS, AT RO SR o (1 A 2 B AT W1 A A R A
3% EABREIRGMAA

loss fn = torch. nn. CrossEntropyLoss(ignore index=data loader.PAD IDX)
learning rate = CustomSchedule (config. d model)
optimizer = torch. optim. Adam(couplet model. parameters(), 1r=0.

betas=(config. betal, config.beta?),

O1 = W DD o~

eps=config. epsilon)
fE EIRARRG 5 1 AT R e O XA R e g, IR RN 45 8 7 2 2R R 5
ignore_index &R 4 25 . K NHRE tgt_output AT %N, A 46f7 B EAFRS(E Hoe
Padding JG &5 S, DRILAE vH 40 2 B B 75 B0 X ey B 4 Zmg . 28 2 474K
B DU 1R S BT R Bl 52 2] B B R, BARLESE 5 W @ N it ok,
X AR
8§45 FIRIS

1 for epoch in range (config. epochs) :
2 losses = 0
3 start_time = time. time ()
4 for idx, (src, tgt) in enumerate(train iter):
5 src = src. to(config. device) # [src len, batch size]
6 tgt = tgt. to(config. device)
7 tgt input = tgtl:-1, :] # MRESEE4MM0%IN, [tgt len, batch size]
8 src mask, tgt mask, src padding mask, tgt padding mask \
9 = data loader. create mask(src, tgt input, config.device)
10 logits = couplet model (
11 src=src, # Encoder K token 4%, [src_len, batch size]
12 tgt=tgt_input, # Decoder [f] token /744N, [tgt len, batch size]
13 src_mask=src mask,

# Encoder fyER /1 Mask fii N, 1X#4rH XS T Encoder SKii &5 FH 1
14 tgt mask=tgt mask, # Decoder (I3 /1 Mask %N,
15 # TR 470 position Z J5 /Y position[tgt len, tgt len]
16 src_key padding mask=src padding mask,

# FT mask # Encoder [t] Token 7517 [£] padding &5
17 tgt key padding mask=tgt padding mask,

# FT mask # Decoder [¥] Token 54151 [f] padding &5
18 memory key padding mask=src padding mask)
19 # logits #ith shape N[tgt len, batch size, tgt vocab size]
20 optimizer. zero grad()
21 tgt out = tgtll:, :] # fERBIAMESH  shape: [tgt len, batch size]
22 loss = loss fn(logits. reshape(-1, logits. shape[-1]),

tgt out. reshape(-1))

23 # [tgt len%batch size, tgt vocab size] with [tgt len*batch size, ]
24 loss. backward ()
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7E AR, 5 5-9 1702 A RIS 2R &N N s 28 10-18 17521t
FR RN ET AR R RS s 5 20-24 47 M2 PATH RT3 5 I A& 4 -
DA (8 R A R )1 R0k A2 A 3 i
1 — INFO: Epoch: 0, Batch[29/3010], Train loss : 8.965, Train acc: 0.094
2 — INFO: Epoch: 0, Batch[59/3010], Train loss : 8.618, Train acc: 0.098
3 — INFO: Epoch: 0, Batch[89/3010], Train loss : 8.366, Train acc: 0.099
4 —— INFO: Epoch: 0, Batch[119/3010], Train loss : 8.137, Train acc: 0.109
B oo

7.2.3 RBFILM

TEN AR N SR 2 fa 2 T SRR B BT B T35 43 o A BSORE 2R (1) Tt U
BB AMGE 1B 1 5 AT 55 T B X 25 85 i % HH A argmax BRAERI AT, AR A
AULE T ik A2 A 75 B 2 — 2D D A Tk AT . Rk, R ERATIX HE L —
A~ couplet ERECRPATIX— 1L #2, BRI T

1 def couplet(model, src, data loader, config):

2 vocab = data_ loader. vocab
3 tokenizer = data loader. tokenizer
4 model. eval ()
5 tokens = [vocab. stoil[tok] for tok in tokenizer(src)] # ki 4FEAk
6 num tokens = len(tokens)
7 src = (torch. LongTensor (tokens). reshape (num tokens, 1))
# ¥ src len {EANH— YR
8 tgt tokens = greedy decode(model, src, max len=num tokens + 5,
9 start_symbol=data loader.BOS IDX,
config=config,
10 data loader=data loader). flatten()
TR EE S
11 return ””. join([vocab. itos[tok] for tok in tgt tokens]).replace(”"<bos>”,

”n

). replace ("<eos>”, ””)

76 LIRS A, 28 5 4T 2K AR YR Y A AT e IR s 38 7-10 470 2
iE it PR %L greedy_decode BRIEUR X N BEAT EAD; 55 11 47 K B JS A 5 i 45
R Token J7 AL #3 SE bR H ARE 5 - [FIET, greedy_decode RELSZHLL R

1 def greedy decode(model, src, max len, start symbol, config, data loader):
src = src. to(config. device)
memory = model. encoder (src) # Sl#i AN Token J3 41 E4T AL FH %
ys = torch.ones(l, 1).fill (start symbol). \
type (torch. long). to(config. device) # fRIGIIE—AMN, EIEFFS
for i in range(max len — 1):
memory = memory. to(config. device)

out = model. decoder (ys, memory) # [tgt len, tgt vocab size]

© 0 N O O W W N

out = out. transpose (0, l) # [tgt vocab size, tgt len]
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O]
10 prob = model. classification(outl[:, —11) # HXSXFFMIGEF—ANa AT 42
11 , next word = torch.max(prob, dim=1) # &ML E ST
12 next word = next word.item()
13 ys = torch. cat ([ys, torch.ones(l, 1).type as(src.data).
fill (next word)], dim=0)
14 # OB I 22D ) T At 4 R, TR AT R s B B N S TR — 3l
15 if next word == data_loader. EOS_IDX:
# A0S Y ETH Z0 B TG A AR AR, Uk AR PR A SR T
16 break
17 return ys

7E_FIRARRSH, 55 3 AT UR)T A A\ Transformer 1145 &% 4 31T 4 il
433 Memory; 5 4-5 AT EWILHALMRASEN BRI ZE 1 AN ZIR,  7EiX B 5k
J& <s0s>; 5 6-17 47 N MG EISLLFE, 72~ — /M ZIAh EOS_IDX B(# 1A
Pl KK LR, 55 8 4T ARYE memory DL 241 It 21 A A% 24 1 InF 21 ) e
HBEATIRAD; 28 10-12 17240 AR 24 AT ZIM i th 45 2R 28 13 N2 %
YR 22 () AR i 2 SRSk M R E Z 2 R T I N AT B, DA TR —A
I 200 R R AT T o

s FRATA TEEER a0 R EE T LA SE O SR AT BRI AR AT 55

1 def do couplet(srcs, config):

2 data loader = LoadCoupletDataset (config. train corpus file paths

3 batch_size=config. batch size,

4 tokenizer=my tokenizer,

5 min freq=config.min freq)

6 couplet model = CoupletModel (vocab size=len(data loader. vocab)

7 d model=config. d model,

8 nhead=config. num head,

9 num_encoder layers=config. num encoder layers,
10 num decoder layers=config.num decoder layers,
11 dim feedforward=config. dim feedforward,
12 dropout=config. dropout)

13 couplet model = couplet model. to(config. device)

14 loaded paras = torch. load(config. model save dir + ’/model. pkl’)
15 couplet model. load state dict (loaded paras)

16 results = []

17 for src in srcs:

18 r = couplet(couplet model, src, data loader, config)

19 results. append (1)

20 return results

21

22

23 if name == main

24 srcs = [ REEMBILEE”,
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25 TRBIVRE, AL, BEREZ, BRAERGT,
26 TRE. WAL A, FEAR,

27 Y bR ERACR B 7]

28 tgts = ["RERIEIEILEL",

) "EREANLL, BRI, RIS, SR 2R,
30 "FHE, HE, RTHE, FHEKL,

31 "]

32 config = Config()

33 sres = [7 7. join(sre) for src in srcs]

34 results = do couplet(srcs, config)

35 for src, tgt, r in zip(srcs, tgts, results):

36 print (f” B {7 join(src. split 0)}”)

37 print (f” AI: {r}”)

38 print (f” FIE: {tgts}”)

39 print ("=======")

FE_ERARRS 55 6-15 4T /2 8 XM S5 K, DA RIS AR CRAT: 4 I 255 AL EE
55 16-20 AT NI aEIAT 24 IR N IRAE AR ST 5 34-39 1T A o], 3
CIRRECE AR

1 BB B X B A IS 3

2 A 1. BERWAE AL ELA

3 FBE: REEHEACILEL

4

5 LBt ZAJEE, BAlEZ, TREZ, NNAERGIT
6 AI: ®WHFRNILL, BRAMN, WA, B ZfEm
7 FBE WENILL, BROAMN, WECEI, B
8
9

FEE RGE. WA, RE, BEANE
10 A I:. e, K, WHEM, GEEAN
11 Th: XFE. BF. RTFH, FHHLDL
12
13 k¥ B ESRAKREE L
14 A I: SPliygmFAry&
15
16 FEt: HRZEF, W@HBE A, RASNE.
17 A 1. fekES, EUERRE, B HER.

DL SERARE ]S W[ 14],
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INEA

TEARRLES, EMHREREMMAE T Transformer 1©3CIZIHLLL K HEE
JINLE B R B 5 2 3y B OUHLRIER s S5 A4 1 Transformer o (147 & 45
DA K EEAS TR I 250k A% Fh AR Y () S R e i 12 s B it — P 48 1 Transformer
I 2 2588 B = TN B R B SE DL J& Transformer IESIISEI; fefa, 3
PR IS 3 AN SAF) CRLFE VR SR R R A | SUAR A AR, DL RO R AR s )
MARHD ) £ FE KA 4R T 4 Transformer /825 (1) 5 B 548 FH 7= 491

£ F—Ri & (ThisPost Is All YouNeed ( F4) —— kit BERT) H,
HAE W 2R — VI 4] BERT BAY (1 JEHR YN DL K 24 N IHAE S OR824 .

RN ERBNEE R, B b BAREAS IR  BHR A B 1,
W oy 2 2 — AR A B A A5 1) 5 @1, 1R B S T S T A
FokKiR, BRATAREZARN!

“E#bw:émwﬁﬁ
HEEARER T IRESEZNEAE!
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