B 2

ol

Transformer4g i3 28 SRR ZEHY
[RIB 5

Transformerf2 2! 4% 3 & 2069 2 M5 3T, S ANLPA=H A4t 5 71| AR 4
A%, RGARAfER R IR SN, @25 KER N MIMATE ML, 3R
EEFFARY, AHMIUF I e KIE B R HiAe LT A5 LA T 3B K9 1.
AT AR NMEAT Transformer 2 25 Ao ff A 53 69 W 3R4E 4, 4R3T A7 7| 22 R Ae

CARFHRRAE. BAFMEAERNAEE BRXER, MLE R
% B RNE GRS, WEhikA TR B AR B 60T R,

RFE A4 45 Py Torch/X A, SIS 5 G 35 69 e 2 A, %k
AR N B AREEROBRAH KTk, FFRE LR TR A A 0912
BAEid i, BlAT, KRR TR B EQREGINGAE, Lbim
A B @A BRI P 6 L R . R F RTINS R 5 0 kA 2D AR
TransformerZR Ay, Hy )3 £ 5 2269 5 A 47 T 25 ab,

v

st
kY

S

2.1 Transformer4wf83s 5HRALE LM DT

£ Transformer AR R v, 45 i 23 A1 AR 35338 1 22 J2 TR T8 AP 5 T s 22 N 2%, Sl 17
X AR ) v RO A o e, 2 A A O B TSR U NP 7 PP R SR RFAE 17 R A 2 DU 3 I R AN
[l VAALAZ D A e 5

KATE ST B ES (Positional Encoding) MI¥TH, 7R WM FEAMAE A 45 4 B 15 0L B
KRB EE R 558, BRI 2 JGERB 15 i B 2 M4 AL 2 IRET I T RO, b 2L dn e i 3
BIEIRZ TAFIER IR .
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211 (IEHRIBEIEITSEM

1 T Transformer N FHIEIA M 25 G548, A7 B it H] T R SR AL B A5 2, (LR i 7
BRI 5% 2 o A7 B8 2 08 0 308 3o 1 520 A0 % 52 R B A 7, AR e 97 7 BB AR N ZE PE ARG S — ] 5
P 20 i R

A7 B G it 72 Transformer 7 (8 — R, I B0 TR S - 00 T 08 B S0\ P 1 BRI 45
o N Transformerts B (F9E R AIHLRIA A AL B A5 E, AL E gAY AT LRI “I04E” &4
I E

7 B B A — A E BOAT A S R, R I AR MR (RS, (SRR AR AR B IX
TR I B8 5 R AT TLE P 81 A (R B B o DL B A 1 P I SR A% 522 R 502 Rl AS R AR 11
Bl ZAeAEH s, BAA DL A N P AN AL, I HARSBAL & RO gL, A Bl TR
AP I RAR R .

A UEA B AR R AP BT . AT B A, BOR S B EATT 1A P (I
Frs SRIEA B BORME SR 1. R A, AR TR 45 — A E B SCE. f£
Transformerti AUy, {7 B i XA “0ifd” —#¢, SIRBRBAEAMARIN B, BIEESCAH AP A2
HIRE 7T, WREARYE L B A5 B RBE AR PP 1 156 )5 58 RAAR XA B

I T AR 75 51 Fe s A 7B 2 R 14 5 B SEBILATAE AR AR e (R B2 S

import torch

import math

class PositionalEncoding (nn.Module) :
def init (self, d model, max l1len=5000):
super (PositionalEncoding, self). init ()

# VIR B wASHEE, RSN (max_len, d model)

pe=torch.zeros (max_len, d model)

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

div_term=torch.exp(torch.arange (0, d model, 2).float() * /
(-math.log (10000.0) /d_model))

# AT HURBEAEFE 53 46 F s 1nffl co s BRI AR LT B 2 T
pel[:, O0::2]=torch.sin(position * div_term)

pel[:, l::2]=torch.cos(position * div_ term)
# IRINALIK (batch) 4IRS0 B g it [
pe=pe.unsqueeze (0) .transpose (0, 1)
self.register buffer('pe', pe)

def forward(self, x):
# B B m Bk Ex b
x=x+self.pe[:x.size (0), :]

return x
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# BEHUEAEAR: OCKNA32, K N20, HAYERENS12
d model=512
seq_len=20
batch size=32
# B B Y S 4
pos_encoding=PositionalEncoding (d_model=d model)
input data=torch.zeros(seq len, batch size, d model)
# 0 g i 1S FH B0 N B b
output=pos_encoding (input_data)
# AL A B sk AR
print ("M EHREERKELIR: ", output.shape)
print ("(EHILERKEERE: ", output[0, 0, :10]1) # BIRHE MBI
A B B i ) LA R T 228 [ 2- 1R
N
[ HERfUERREE BNFF
J
I \ , \
[ BUBRREHTRANRA »  Transformerfzigas
J \ J
»  ZETransformerfziges
- ) A BRIRER
C
K 2-1 Transformer /7. B i fd 2 &
A i

(1) PositionalEncoding2: & X — M7 BRI, WIUEILHAE RIS FEpe. H A, max len

FRBmANTHNKE, d_model/2& ik N4ESE . 5 FH torch.zeros W] i b — />4 Z 45 FEpe, H K /N A (max_len,
d_model).

(2) R E b AT positionE B 7 HIAr B R 51, i IR XA 5% R BUE A BAR S o,

1B H 24 {8 F torch.sinBR 3, A7 54E ¥ Ftorch.cosbhi %, 0-mlit HEAFYEE R B i .

-

(3) Gt FE AR 4S: A fHregister_buffert (i & 2 i RE FEpelF MR — 7y, A 5%k

(4) A fERE (forward) « K447 B g fpe 5 A TKEXARIN, AT A SRR IO E SR .

IBATARD i, R L B 2 0 I (0 T B TR 2 7 151«

LB wid 5 K EMAIR . torch.Size ([20, 32, 5121)
£ B Wtd J5 Tk BAER~%: tensor ([ 0.0000, 1.0000, 0.0000, 1.0000, ...])
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AL B R A P AR R e B B AN ASE A R O DL R SRBUBU 5 2o A PSP 7 2 5 )
HA 52 M5zt s, w ORAS L B 2 b R FF-T- 18 224K, D9 Transformerdin 5 & MR A543 (K 5 51

15 B 5E LA

A IR R S A e R R S i A — AR AR, R g D RN AR R ) G 5D 2

AfERG A, I 5 BN 51 2 i P 80 £ i 21 A

import torch
import torch.nn as nn
import torch.optim as optim

import math

# B G E X
class PositionalEncoding (nn.Module) :
def init (self, d model, max len=5000) :
super (PositionalEncoding, self). init ()
pe=torch.zeros (max_len, d model)
position=torch.arange (0, max len, dtype=torch.float).unsqueeze (1)
div_term=torch.exp (torch.arange (0, d_model, 2).float() * /
(-math.log (10000.0) /d model))

pel[:, O0::2]=torch.sin(position * div_term)
pel[:, l::2]=torch.cos(position * div_term)
pe=pe.unsqueeze (0) .transpose (0, 1)

self.register buffer('pe', pe)

def forward(self, x):
x=x+self.pel[:x.size (0), :]

return x

# ZREEEIE X
class MultiHeadSelfAttention (nn.Module) :
def _init (self, d model, num heads):

super (MultiHeadSelfAttention, self)._ init ()
assert d model % num heads==0
self.d head=d model // num_heads
self.num_heads=num_heads
self.query=nn.Linear (d_model, d_model)
self.key=nn.Linear (d_model, d_model)
self.value=nn.Linear (d_model, d_model)

self.out=nn.Linear (d_model, d_model)

def forward(self, x):
batch size, seqg len, d model=x.size()
O=self.query(x) .view(batch size, seq len, self.num heads,
self.d head) .transpose (1, 2)
K=self.key(x) .view(batch size, seqg len, self.num heads,
self.d head) .transpose (1, 2)
V=self.value(x).view(batch_size, seq len, self.num heads,

self.d _head) .transpose(1l, 2)
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scores=torch.matmul (Q, K.transpose (-2, -1))/math.sqgrt(self.d head)
attention weights=torch.nn.functional.softmax (scores, dim=-1)
attention output=torch.matmul (attention weights, V). /

transpose(l, 2).contiguous () .view(batch size, seqg len, d model)
return self.out (attention output)

# AT 4 X
class FeedForward(nn.Module) :
def init (self, d model, dim feedforward, dropout=0.1):
super (FeedForward, self). init ()
self.linearl=nn.Linear (d_model, dim_feedforward)
self.dropout=nn.Dropout (dropout)

self.linear2=nn.Linear (dim feedforward, d_model)

def forward(self, x):
return self.linear?2 (self.dropout (

torch.nn.functional.relu(self.linearl (x))))

# i EEE X
class TransformerEncoderLayer (nn.Module) :
def init (self, d model, num heads, dim feedforward, dropout=0.1):

super (TransformerEncoderLayer, self). init ()
self.self attn=MultiHeadSelfAttention(d model, num heads)
self.feed forward=FeedForward(d model, dim feedforward, dropout)
self.norml=nn.LayerNorm(d _model)
self.norm2=nn.LayerNorm(d _model)
self.dropoutl=nn.Dropout (dropout)
self.dropout2=nn.Dropout (dropout)

def forward(self, src):
src2=self.self attn(src)
src=src+self.dropoutl (src2)
src=self.norml (src)
src2=self.feed forward(src)
src=src+self.dropout2 (src2)
src=self.norm2 (src)

return src

# ARG R E X
class TransformerDecoderLayer (nn.Module) :
def init (self, d model, num heads, dim feedforward, dropout=0.1):

super (TransformerDecoderLayer, self)._ init ()
self.self attn=MultiHeadSelfAttention (d_model, num heads)
self.encoder_attn=MultiHeadSelfAttention(d model, num_ heads)
self.feed forward=FeedForward(d model, dim feedforward, dropout)
self.norml=nn.LayerNorm(d _model)
self.norm2=nn.LayerNorm(d_model)
self.norm3=nn.LayerNorm(d model)
self.dropoutl=nn.Dropout (dropout)
self.dropout2=nn.Dropout (dropout)
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self.dropout3=nn.Dropout (dropout)

def forward(self, tgt, memory):
tgt2=self.self attn(tgt)
tgt=tgt+self.dropoutl (tgt2)
tgt=self.norml (tgt)
tgt2=self.encoder attn(tgt, memory)
tgt=tgt+self.dropout2 (tgt2)
tgt=self.norm2 (tgt)
tgt2=self.feed forward(tgt)
tgt=tgt+self.dropout3 (tgt2)
tgt=self.norm3 (tgt)

return tgt

# e Transformertfiflg X
class Transformer (nn.Module) :
def _ init_ (self, d_model, num_heads, num layers, dim feedforward,
dropout=0.1) :
super (Transformer, self). init ()
self.encoder=nn.ModulelList ([TransformerEncoderLayer (d_model,
num_heads, dim feedforward, dropout) for _ in range (num_layers)])
self.decoder=nn.Modulelist ([TransformerDecoderlLayer (d model,
num_heads, dim feedforward, dropout) for _ in range (num layers)])
self.pos_encoder=PositionalEncoding (d_model)

self.pos_decoder=PositionalEncoding (d_model)

def forward(self, src, tgt):

src=self.pos_encoder (src)

tgt=self.pos_decoder (tgt)

memory=src

for layer in self.encoder:
memory=layer (memory)

output=tgt

for layer in self.decoder:
output=layer (output, memory)

return output

# MikTrans formeriy
d model=512
num_heads=8
num_layers=6
dim_feedforward=2048
dropout=0.1

model=Transformer (d_model, num heads, num_layers, dim_feedforward,

dropout) .to('cuda' if torch.cuda.is_available() else 'cpu')

ER VY I PNGIRER 7Y S s
src=torch.rand((20, 32, d model)).to('cuda' if /
torch.cuda.is available() else 'cpu')
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tgt=torch.rand((20, 32, d model)).to('cuda' if /
torch.cuda.is available() else 'cpu')

# T 1) A AR DK

output=model (src, tgt)

print ("TransformerBMHHIR: ", output.shape)
print ("TransformerBM /"%l : ", output[0, 0, :101])
(AR PES

(1) B (PositionalEncoding) : {3 FH IE 5% F1 4% 5% bR 204 Ao B gm0 L i 21 %
AR &,

(2) ZLHERS) (MultiHeadSelfAttention) = SEIL 1 2k HE R UNLH], H THHHEA FAL
BRI & .

(3) Airh& M %% (FeedForward) : SEIW [ RIBIAPIZ M %%, & ReLU RIS K £ N Dropout
BRA, SEEAR AR LR T

(4) Ywh4#%)Z (TransformerEncoderLayer) : L %3k HiF B JIFIRI AR E 2B H,  2 5]
Ab A NFHIE S = I3 — 1k .

(5) f#t2%)2 (TransformerDecoderLayer) : {fH HERE /I il dy — fRID 283 B FIRT 15
P2 )5, G5B R 2SI IR 7 4 A

(6) 5E#ETransformerti Y : g gmnl 28 MDA 245, TE A SE 2 ) Transformer 4244

ARG AT J5 Ko i HE AR it ok B TR RN 70 5

Transformer BB IEMR : torch.Size ([20, 32, 512])

TransformertE A H R~ fH]: tensor ([...])

AR ARRE SEE T — A v B i I G b A — AR AR A, A AL B gD AN 2 E R U], S
TS A 56 #E Transformerti Y, iyt SRR Y B8 Rl Dh A BR 500 N5 51 A8 A H b7 51

212 ZBRIFEHNSHIREMRRXER

£ Transformerfi B4 v, - 22 Skyd i 7 15 A b 22 X 248 J22 0 G i o M AR AL 458 O Ao B, il 2
AL B M IR FE P A8 G54 o 22 SKIE T T TR 7 2 R AN TR B OISO 2, AT 2 X 48 J2= U
BE— D AEBRRAE, PR AR VR AE Sy, 22 i R L A S5 A I [E12-2 7

% SkIER J172 Transformerté AL R H BB H07r, E IR A — 2 I M2 AN i BOR B
AT HRISR R IR, ZIGERIRRMADRME A BRN “3k7 ), BRI
EENDE, FRETTUMNAFER “HfH7 KZREMARAREE, )5 X SE Bk,

BB — G NS REAREB LR, BATESN “BLER” M N 2 E T
KA
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[ Head; ] [Headhs] [Headth] eee

Attention

[ Head, ] ces [Headhs] [Headth] .o

Input

K2-2 22 ik e Sl

BIGER IR —AIEE, AT e A R — M 5 5 — M (A YRR, filn 2 Bk A“ 7,
2 SRE R MG 2 LS AN [F) £ B WL SEK ) 3

- AIMEEHFREORTE “ BB M “B)” MERR GIEMBERRIIRRD S
HAEETRERIE /N N BT KRR (RIENSERRR) .
BEAMEERERE “HR” M N (A SRR .

N AR IR R R 2 Sk R SR B A X 2% R 1 R IR AR, il R A R R 2
PRSI A ) 4 B 25 J 2 S5 44 o

import torch
import torch.nn as nn

import math

# BN E Sk HER TN
class MultiHeadSelfAttention (nn.Module) :
def _ init_ (self, d_model, num_heads):
super (MultiHeadSelfAttention, self)._ init_ ()
assert d_model % num heads==0, "d modelFi&num headsHIBEHfE"
self.d head=d model // num heads

self.num _heads=num_heads

# X EW. BAEMNLLRRE
self.query=nn.Linear (d model, d model)
self.key=nn.Linear (d_model, d_model)
self.value=nn.Linear (d _model, d _model)

self.out=nn.Linear (d model, d model)

def forward(self, x):
batch size, seq len, d model=x.size()

O=self.query(x) .view(batch_size, seq len, self.num heads,
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self.d head) .transpose (1, 2)
K=self.key(x) .view(batch size, seqg len, self.num heads,
self.d head) .transpose (1, 2)
V=self.value (x) .view(batch size, seqg len, self.num heads,
self.d head) .transpose (1, 2)

# MR R RE R

scores=torch.matmul (Q, K.transpose (-2, -1))/math.sqrt(self.d head)
attention weights=torch.nn.functional.softmax (scores, dim=-1)
attention output=torch.matmul (attention weights, V). /

transpose (1, 2).contiguous() .view(batch_size, seqg_len, d_model)

# b L E BT

return self.out (attention_output)

# E TR I 45 |
class FeedForward(nn.Module) :
def _ init_ (self, d_model, dim_feedforward, dropout=0.1):
super (FeedForward, self). init ()
self.linearl=nn.Linear (d_model, dim_feedforward)
self.dropout=nn.Dropout (dropout)
self.linear2=nn.Linear (dim feedforward, d model)

def forward(self, x):
x=torch.nn.functional.relu(self.linearl (x))
x=self.dropout (x)

return self.linear2 (x)

# % XTransformerfmf o=
class TransformerEncoderLayer (nn.Module) :
def _ init_ (self, d model, num_heads, dim feedforward, dropout=0.1):
super (TransformerEncoderLayer, self)._ init_ ()
self.self attn=MultiHeadSelfAttention(d model, num heads)

self.feed forward=FeedForward(d model, dim feedforward, dropout)

# BRI Anrk 2 e
self.norml=nn.LayerNorm(d model)
self.norm2=nn.LayerNorm(d model)
self.dropoutl=nn.Dropout (dropout)
self.dropout2=nn.Dropout (dropout)

def forward(self, src):
# ZRER N HREERE+EF—
src2=self.self attn(src)
src=src+self.dropoutl (src2)

src=self.norml (src)

# BTN LR + B 2 R B F L
src2=self.feed forward(src)
src=srct+self.dropout?2 (src2)

src=self.norm2 (src)
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return src
# WA 232
d_model=512
num heads=8
dim_feedforward=2048
dropout=0.1
# WAL Es =
encoder layer=TransformerEncoderLayer (d model,

num_heads,dim feedforward, dropout)

# HINTRE: IR/ A32, FHIHKEE 20, BRAGERE 512
input_data=torch.rand (32, 20, d model)

output=encoder layer (input_data) # A AL

# vt as R

print ("ZmiGEEMEEIR: ", output.shape)

print ("I EHHRE ", output[0, 0, :10]) # FTENE A
ARV A -

(1) Z%HERNE (MultiHeadSelfAttention) = K Nl A, EEAE M ZMELH, If
BB Z A, R4S IER Y. torch.nn.functional.softmax X} ¥ & /)45 73 147 14— 14k,
I EE R . R I out)Z B B R AR 4R .

(2) R4 )= (FeedForward) = B A2, (8 ReLUBE ik £ A Dropout f %
RAHRRIE. Hod, B— 28 MmAGEZ IR £ dim feedforward, &5 —JZ[%[AF]d model, Af{RHT
2 LS 2 5 I

(3) TransformergmfiG#%/Z (TransformerEncoderLayer) : 1 22 Skid: & S HOAN B G54 28 Y
R, Sl R ZIH— 4k, DU E R BRI IS Herhr, self attn)2 H T i1 500E
ikt feed_forward 2 X RRIEREAT AR 2R ML 6 .

IBATACRE G Rl AR 4 = ) Hh FEE PR S 3 7 B«

g 2R : torch.Size ([32, 20, 5127])
Iidgs Z4 s : tensor ([...])

RIS IR T dmtE A% 2 1 2 Sk B B IRV 2 X 45 1R 2 IR OR R L HAE Py Torch H 1) SE
Mo ZPFEBIIHRERBKBALR, QTS MGG EER, WEsaEdkEEES52H—
W RAeE LS =, IR FEHEB P S Hr .
2.2 ETFPyTorchLIN4sf5 28 — 2028 2244

£ Transformert Ry, - 2 g o A1t H 45 ZEAA IR [RIAG B 1 AN 20 40 (0 e BE AL BRAURE o
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A TSR U P S B4 JRREAE T AR AL 4 1 AR B A1 I 5 5 2 il 8 PR i LR 1 [ DR LR, B8
P e A A5 2R

AH s W] £E Py Torch S Z5 it 255 R AR AL 25 RO S 2R, ik 22 SRTE R A A 223 1255
RS ST S IR BE)S, ROE RPN H — AL, DRI W i et

221 BRFEHRREYIAILNI SN

2 Sk E A BU 52 Transformerf 8 (A% o 4L e 32 BB AR RS N\ 72 B (RO RFAL 11 S o
W EEAE S, THE R RN E S HA AL E IR R . NIRRT ERIFAT AR,
RE 8 WA 725 (8] PP SRR AL o 2%, RN Sk i) DR R 1B 2R VR, B IR AE4E
JE—H

AR GRS B 2 Sk A, AR EAVE R B AR REE TR
ZMEB IR WIAT B A R 2 B

import torch
import torch.nn as nn
import math

# 2RI
class MultiHeadSelfAttention (nn.Module) :
def init (self, d model, num heads):
super (MultiHeadSelfAttention, self)._ init ()

# WifRd_model ™| KAnum_headsERR
assert d_model $ num heads==0, "d modelZEnum_heads[IEEEfE"
self.d head=d model // num_heads

self.num_heads=num_heads

# 08 CE . FERANE B 2R AR 42
self.query=nn.Linear (d model, d model)
self.key=nn.Linear (d model, d model)

self.value=nn.Linear (d_model, d_model)

# AR

self.out proj=nn.Linear (d model, d model)

def forward(self, x):

batch_size, seq len, d model=x.size()

# AERCE . BERVE B, RIS H

QO=self.query(x) .view(batch_size, seq len, self.num heads,
self.d head) .transpose(1l, 2)

K=self.key(x) .view(batch_size, seq len, self.num heads,
self.d _head) .transpose(1l, 2)

V=self.value (x) .view(batch size, seqg len, self.num heads,
self.d head) .transpose (1, 2)

# RS SRR
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scores=torch.matmul (Q, K.transpose (-2, -1))/math.sqgrt(self.d head)
attention weights=torch.nn.functional.softmax (scores, dim=-1)

# 8 FVE R T TBUE InBUE
attention output=torch.matmul (attention weights, V). /
transpose(l, 2).contiguous () .view(batch size, seqg len, d model)

# IR LR B

return self.out_proj (attention output)

# WL K AR R

d model=512

num_heads=8
multi_head_attn=MultiHeadSelfAttention(d_model, num_heads)

# RN TR R HRKAN L6, FRIKEEN20, HAGERENS12
input_data=torch.rand (16, 20, d_model)

# A LR
output=multi_head_attn (input_data)

# ATEN 45 1
print ("ZkLIEEIFHEER: ", output.shape)
print ("ZLFER ARG ", output[0, 0, :10]1)  # FTENEEAIH
ARG fige «
(D) Al SEAEMZIEAR ) RN T o8 et = A, SAME, AR 2
BBy N2, UMEIAT TR AN 72 8 = T
(2) 77 B 5 B YEFE A e : view bR HCHS BRI 25 5L 5 98 4 (batch_size, seq_len, num_heads, d_head)
FEAR, FEREINZ MERE S13k; transpose X5 . = 4E, FTREANER 1SS AT 7 1 4 B TH]
BRI TG o
(3) 4EHEAER S5 torch.matmul(Q, K.transpose(-2, -1))iH 52 vl FIEE K s FH, B DA
math.sqrt(self.d_head)#EAT4a/8, WHERSE FA20E, [ FH Softmax )H— A Bl B JIRLE .
(4) RALYEERE: 2 KR E L Z N Fout_proff i B FIB IR ANYESE, 78 iR 4
HESSE= WAL f

PATARD S5, K 22 Sk i B 0 Hh 5B PR B 0 20 i A -

ZIGEBBHIBIR: torch.Size([16, 20, 5121)

ZIVEB SR . tensor ([[[0.1423, -0.1237, ..., 0.45781,
[0.0981, -0.2034, ..., 0.3659],
[0.0784, -0.1576, ..., 0.3429]111])

EaAEE I #I2 Sk T RAISBNE R PR, SEL T 2 SRER IR SRR e, AR
BT Transformer )it a3 MRS 5 b, A B TR 25 51 oP i) 22 JR ORI AT K B B ARG &R
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222 BHREEERSERF-URIRRUEI

B ZE AN R I — AL AE Transformer i 2 i BURGE MRS S5, I Wie ORI DR 45 2 3t 3h (14
o BREEREID M BB b, BRIk, (ERE B I EREEERZEMNLE, &
VA — P U0 4 2 A B EREAT VA — A AR B, AR R A DR AGE

N AR s B s A 22 ST R MR R 22 I 2% v 45 IR ZE IR 5 R A — (L B B AL
Ko

import torch

import torch.nn as nn

# BN E Sk HIER IR
class MultiHeadSelfAttention (nn.Module) :
def _ init_ (self, d_model, num_heads):

super (MultiHeadSelfAttention, self)._init_ ()
self.d _head=d model // num_heads
self.num _heads=num_heads
self.query=nn.Linear (d model, d model)
self.key=nn.Linear (d_model, d_model)
self.value=nn.Linear (d model, d model)
self.out proj=nn.Linear (d model, d model)

def forward(self, x):

batch_size, seq len, d model=x.size()
QO=self.query(x) .view(batch_size, seq len, self.num heads,

self.d _head) .transpose(1l, 2)
K=self.key(x) .view(batch_size, seq len, self.num_heads,

self.d _head) .transpose(1l, 2)
V=self.value(x).view(batch_size, seq len, self.num heads,

self.d head) .transpose (1, 2)
scores=torch.matmul (Q, K.transpose (-2, -1))/math.sqgrt(self.d head)
attention weights=torch.nn.functional.softmax (scores, dim=-1)
attention output=torch.matmul (attention weights, V). /

transpose (1, 2).contiguous().view(batch size, seq len, d model)

return self.out proj(attention output)

# T IRZE AR A — AR
class ResidualNormLayer (nn.Module) :
def _init_(self, d model, dropout=0.1):
super (ResidualNormLayer, self)._ init_ ()
self.layer norm=nn.LayerNorm(d model)

self.dropout=nn.Dropout (dropout)

def forward(self, x, sublayer output):
¥ BREER: BiAx5 T EN% AN
x=x+self.dropout (sublayer output)

# RV BRIFRFIE A0 AR E 1
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return self.layer norm(x)

# 8 SCHTIRIR 2 2% A5
class FeedForward(nn.Module) :
def init (self, d model, dim feedforward, dropout=0.1):
super (FeedForward, self). init ()

self.linearl=nn.Linear (d model, dim feedforward)
self.dropout=nn.Dropout (dropout)
self.linear2=nn.Linear (dim feedforward, d model)

def forward(self, x):
x=torch.nn.functional.relu(self.linearl (x))
x=self.dropout (x)

return self.linear?2 (x)

# JE X Transformer4ildaE, EWREEESEH—K
class TransformerEncoderLayer (nn.Module) :
def _ init_ (self, d_model, num_heads, dim feedforward, dropout=0.1):
super (TransformerEncoderLayer, self)._ init ()
self.self attn=MultiHeadSelfAttention(d model, num heads)
self.feed forward=FeedForward(d model, dim feedforward, dropout)

# BEEES )RR
self.residual norml=ResidualNormLayer (d model, dropout)
self.residual norm2=ResidualNormLayer (d_model, dropout)

def forward(self, src):
# ZRER IR 2 E AR A —
src2=self.self attn(src)

src=self.residual_norml (src, src2)

# HTBTZE N £ B B 2 AN R )3 — 1k
src2=self.feed forward(src)
src=self.residual_norm2(src, src2)

return src

# DR A A3 = LR

d model=512
num_heads=8
dim_feedforward=2048
dropout=0.1

# WIIRAL OIS =

encoder_layer=TransformerEncoderLayer (d_model, num heads, dim feedforward, dropout)

# MATRE : MRR/ANALE, FEIHKE L0, IRAYEEE 512
input_data=torch.rand (16, 10, d _model)

# AL

output=encoder layer (input_data)
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# Fh R

print (RISBEMIHK:", output . shape)

print ("HiSAEHARE ", output [0, 0, :10]) # FTENFEES I

ARG i«

(1) Z3LBEER Y (MultiHeadSelfAttention) : SEIL T £k HERE IHLH], $H4eE S
HINREE—2, H T 9mis5HAN 7210 O OC & .

(2) BEEREAZ A1 (ResidualNormLayer) : R ZEIERESH AR T E4 B A0, L
T IRINAE B B3N, LayerNormX 5k 72 45 SRk AT 9 —4k, BAORFFIE S A0 AR e 1, DA Lk BT
FRERIE.

(3) ATmMLAEL (FeedForward) = G N Z MR LUBGE B2, Tk — DHHurs
fiE, (Al Dropout/Z A B T-Bi bk 05, 34 aRBIAL 2 L RE

(4) TransformerZmfil#%)Z (TransformerEncoderLayer) : A& T Z3kiFR 1. REERLMZ
AR, DLRRT B & 2 A, 1) il e B ) Gt 2% )= 4544, B4~ /=28 i ResidualNormLayer
B Sk 2 5 2 A — 1k,

BUTACRLE  H6 28 2 005 AR R DI (o F TR, A 134 R 2
kBN BT R IUE, 1E1EE EAOOFERERIR, MmAERARITRE -

Hidge EM IR : torch.Size ([16, 10, 51271)

Hidge EH IR : tensor ([ 0.0525, 0.9120, -1.1382, -1.5907, 0.5239, 0.1883, -0.0638,
-0.2552,-0.7618, -1.5208], grad fn=<SliceBackward0>)

IR R TR g aR 2RI, A2 RIER T ATmMAm L. REEEAEH—
tho FRZEERANZH— WL E G, RE R B R EIR S, B ERR)ZE N4 1 o)l k.

2.3 Transformerfy4mi8f2a5 1312

Transformer ¥ 2 % fift f 3o A 38 o8 25 65 23 SR DU 3 510 _E R SCRE 2, P s 25280 A il
HFH,  SEHLR B2 75 e e

AR L S TR AR TR 2 i 2 2 2 HE B R A5 BRI, TS A 25 T TR e\ A ik
NEJRRHAERTRS, TFA R X SRR REAT A A5 o I B AR SEHLS R RIS 25 00 B W4 ROd e, i
R85 75 A2 FS0FF A1 I BT 2228 G L) 45 1 i S

231 HERZEHEESERRIILN
fE Transformert R, Z b i 22 2 HE B (K 45 A IZ D SR BUT 21 P (K i JR ICRFAIE - g —

=
28 AT — ZESREE N, FI ] 22 03 3 0 w28 0 48 5 A0 e 51 18] Al 5 S RRRAIE 7%, 3l
B 22 AN 2 A — AR R R P 0 8 4, AR TR 2 S5 T REORRR (S B AR R i3
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T AR 7S B R FR s g 5 2% 2 2 HE B RSB

import torch
import torch.nn as nn

import math

# E X AEE
class MultiHeadSelfAttention (nn.Module) :
def init (self, d model, num heads):

super (MultiHeadSelfAttention, self)._ init ()
self.d _head=d_model // num_heads
self.num_heads=num heads
self.query=nn.Linear (d_model, d_model)
self.key=nn.Linear (d_model, d_model)
self.value=nn.Linear (d_model, d_model)

self.out_proj=nn.Linear (d_model, d _model)

def forward(self, x):

batch_size, seq len, d model=x.size()
QO=self.query(x) .view(batch size, seq len, self.num heads,

self.d head) .transpose (1, 2)
K=self.key(x) .view(batch size, seg len, self.num heads,

self.d head) .transpose(1l, 2)
V=self.value (x) .view(batch size, seqg len, self.num heads,

self.d head) .transpose (1, 2)
scores=torch.matmul (Q, K.transpose (-2, -1))/math.sqrt(self.d head)
attention weights=torch.nn.functional.softmax (scores, dim=-1)
attention output=torch.matmul (attention weights, V). /

transpose (1, 2).contiguous() .view(batch_size, seqg_len, d_model)

return self.out_proj (attention_output)

# 0 CHTR 22 N 5 A
class FeedForward (nn.Module) :
def _ init_ (self, d model, dim_feedforward, dropout=0.1):
super (FeedForward, self)._ init_ ()
self.linearl=nn.Linear (d_model, dim_feedforward)
self.dropout=nn.Dropout (dropout)
self.linear2=nn.Linear (dim feedforward, d model)

def forward(self, x):
x=torch.nn.functional.relu(self.linearl (x))
x=self.dropout (x)

return self.linear?2 (x)

# € IR EEE SRR R
class ResidualNormLayer (nn.Module) :
def _init_ (self, d model, dropout=0.1):
super (ResidualNormLayer, self)._ init_ ()
self.layer norm=nn.LayerNorm(d model)
self.dropout=nn.Dropout (dropout)
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def forward(self, x, sublayer output):
x=x+self.dropout (sublayer output)

return self.layer norm(x)

# JE SRS
class TransformerEncoderLayer (nn.Module) :
def init (self, d model, num heads, dim feedforward, dropout=0.1):
super (TransformerEncoderLayer, self). init ()
self.self attn=MultiHeadSelfAttention(d model, num heads)
self.feed forward=FeedForward(d model, dim feedforward, dropout)
self.residual norml=ResidualNormLayer (d_model, dropout)

self.residual norm2=ResidualNormLayer (d_model, dropout)

def forward(self, src):
src2=self.self attn(src)
src=self.residual_norml (src, src2)
src2=self.feed_forward(src)
src=self.residual norm2 (src, src2)

return src

# E X Z R YA S
class TransformerEncoder (nn.Module) :
def init (self, d model, num heads, num layers,
dim feedforward, dropout=0.1):
super (TransformerEncoder, self). init_ ()
self.layers=nn.ModulelList ([TransformerEncoderLayer (d_model,

num_heads, dim feedforward, dropout) for _ in range (num layers)])

def forward(self, src):
for layer in self.layers:
src=layer (src)

return src

# RS

d model=512
num_heads=8
num_layers=6

dim feedforward=2048
dropout=0.1

# MR JZ i &%

encoder=TransformerEncoder (d_model, num_heads, num layers, dim_ feedforward, dropout)

# NTRE: KN ALe, BN, HAYERE 512
input_data=torch.rand (16, 10, d model)

# AT LR

output=encoder (input data)

# Has R

print ("ZE4miBEHEER: ", output.shape)

print ("ZEgmiGasMH RG] ", output[0, 0, :10]) # FTENFE/rHH
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ARG i«

(1) Z3kHERIEY (MultiHeadSelfAttention) : SEILZ Sk HyEE AL, WA E T 2504
U A ARG 2R

(2) AT (FeedForward) = B8N Z MR LUBMGE BR%L, Tk — 3oy
(1= ZNIVE| 253 LR

(3) BREEHSEH—iEER (ResidualNormLayer) : 85k ZEENZE T — LR FFRFERR
SEMEN, BIRE BAEE R 2 2 1L 3%

(4) PGSR (TransformerEncoderLayer) : £ERE SKVER J1. ATHHZE N 48 Ik 7=
pUEE 51 R AR I TR =

(5) ZZ9miEMMEE (TransformerEncoder) : fffiModuleList# B Z AL 28 E, BT AT
FERRIZ ZAE BN, 315 BAE 2 245 P AW HE M

PAT RS, R da 1 2 )2 2 i 28 1) i AR B2 38 23 7 BiE -

Z RS A AR . torch.size ([16, 10, 512])
Z Eomin it ongl . tensor ([...1)

ERARE R T 2 RO SHE B I SLEL, A 2 R g0 42 1B D BRI 7 A1 R v RS
fik, AEAE SAEDRZ LS PR E L S) -

232 fFAEREEAEMEEMNTIS AR

R A K B B3 A o R e R R AN G i a8 — A S E B A S SR, RRCE R
BbRica, RS RN D, SR R T R R T S B R . BT
& JIHERS T B L AR &S AR A b TR AR SR TR

AN RBS R BIE2.3. 190 B Al AT B0, R TSR ) B AR o 7, B E T
IR R SEBL DA B AE AR AT 55 T IR o

import torch
import torch.nn as nn

import math

# EXEREER IR
class MultiHeadSelfAttention (nn.Module) :
def _ init_ (self, d_model, num_heads):

super (MultiHeadSelfAttention, self)._ init_ ()
self.d head=d model // num heads
self.num _heads=num_heads
self.query=nn.Linear (d model, d model)
self.key=nn.Linear (d_model, d_model)
self.value=nn.Linear (d model, d _model)
self.out _proj=nn.Linear (d model, d model)
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def forward(self, x, mask=None) :

batch size, seqg len, d model=x.size()
Q=self.query(x) .view(batch_size, seq len,

self.num heads, self.d head).transpose(l, 2)
K=self.key(x) .view(batch size, seq len,

self.num heads, self.d head).transpose(l, 2)
V=self.value (x) .view(batch size, seqg len,

self.num heads, self.d head).transpose(l, 2)
scores=torch.matmul (Q, K.transpose (-2, -1))/math.sqrt(self.d head)

# MR, BERCRSRES )5
if mask is not None:

scores=scores.masked_fill (mask==0, float('-inf'))

attention _weights=torch.nn.functional.softmax (scores, dim=-1)
attention_output=torch.matmul (attention weights, V). /

transpose (1, 2).contiguous() .view(batch_size, seqg_len, d_model)
return self.out proj(attention output)

# AR Z AR, 5 RCR R E) 5
def generate square subsequent mask(size):
mask=torch.tril (torch.ones(size, size)) .unsqueeze (0) .unsqueeze (0)

return mask

# R A
class TransformerDecoderLayer (nn.Module) :
def init (self, d model, num heads, dim feedforward, dropout=0.1):
super (TransformerDecoderLayer, self). init ()
self.self attn=MultiHeadSelfAttention (d_model, num heads)
self.encoder_attn=MultiHeadSelfAttention (d _model, num_heads)

self.feed forward=FeedForward(d model, dim feedforward, dropout)
 REEESREA M
self.residual norml=ResidualNormLayer (d model, dropout)

self.residual norm2=ResidualNormLayer (d model, dropout)
self.residual norm3=ResidualNormLayer (d model, dropout)

def forward(self, tgt, memory, tgt mask=None):
# HERE I REEEEA b
tgt2=self.self attn(tgt, mask=tgt_mask)
tgt=self.residual norml (tgt, tgt2)
# AL - R SR ) R E A R A —
tgt2=self.encoder_attn(tgt, memory)
tgt=self.residual_norm2 (tgt, tgt2)
# HTBRPR A NS+ ik 2 i+ E A — 1k
tgt2=self.feed forward(tgt)
tgt=self.residual norm3(tgt, tgt2)

return tgt
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# 8 e R A
class TransformerDecoder (nn.Module) :
def _ init_ (self, d _model, num_heads, num layers,
dim feedforward, dropout=0.1):
super (TransformerDecoder, self). init ()
self.layers=nn.ModuleList ([TransformerDecoderLayer (d model,

num_heads, dim feedforward, dropout) for _ in range (num_layers)])

def forward(self, tgt, memory, tgt mask=None):
for layer in self.layers:
tgt=layer (tgt, memory, tgt mask=tgt_mask)
return tgt

# DUBARAD A5 B [ AL AR
d_model=512
num_heads=8
num_layers=6
dim_feedforward=2048
dropout=0.1

# VIARACAL S A HERY
decoder=TransformerDecoder (d model, num heads, num layers,

dim feedforward, dropout)

tgt mask=generate square subsequent mask (10) # JPHIKERLO
Lt PN e

memory=torch.rand (16, 10, d model) # YRl A
tgt=torch.rand (16, 10, d_model) # AL
# AT AL

output=decoder (tgt, memory, tgt _mask=tgt_mask)

# FrH AR

print ("fEILEHIHIZIR: ", output.shape)

print ("fEIDEMIHIRGE] ", output[0, 0, :10]) # FTENE A S
AR A :

(1) ZkHFERIFY (MultiHeadSelfAttention) : 1Lk HFE 11, FEHRHEFERD 5 i A&
SRIFTAE B OR MRS 2 B8 ST 2 A AL Z AT P A5 B

(2) AR $ (generate square subsequent mask) : ER—/N N = MR, {RiEH
] U= 2R R A TR AN 2 S TR B R R 8] 2

(3) f#28)Z (TransformerDecoderLayer) : HiERE /7 FHHEERD S B [FARHE, il 28-fF
MEE B A wmDFRHE R, RSN — 0 IR 2L

(4) FERMAILES (TransformerDecoder) : ZZHEBMILEZ, BEHAHREHE, &AM AE
EVEES A28

PATACRD S, e A H AR AL 25 A L TR AN 8 7 s 1A -
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R 3 IR . torch.Size ([16, 10, 5127])
i s R . tensor([...])

AR S E LA, RO T E RAA SO RE . R AR R R M R A
— AR AR R A A SIS SR, A CR AT 25 7 A A TR0 (el AR

2.3.3 HFxAH#TransformersEfil: FEH+TEN4ADARAD T T2

N T RES A RS D i A, R AR B 1 — AR A 2E T SO I Transformerf 7
PEACHS 238 20 7R Transformer i % a5 AN IS 355 25 2 B R TR 25 38, 56 2 A A AL et 52 5E T i

ST RN R RS, A R s B, R D AT E R T s G A A
RS AR o

import torch

import torch.nn as nn

import math

# ZLEER LI
class MultiHeadSelfAttention (nn.Module) :
def init (self, d model, num heads):

def

super (MultiHeadSelfAttention, self)._ init ()
self.d head=d model // num heads

self.num heads=num_heads

self.query=nn.Linear (d_model, d model)
self.key=nn.Linear (d_model, d model)
self.value=nn.Linear (d_model, d_model)

self.out_proj=nn.Linear (d_model, d_model)

forward(self, x, mask=None) :

batch size, seqg len, d model=x.size()

# AERCE . SRR B R

O=self.query(x) .view (batch size, seq len, self.num heads,
self.d head) .transpose (1, 2)

K=self.key(x) .view(batch size, seg len, self.num heads,
self.d head) .transpose (1, 2)

V=self.value (x) .view(batch size, seqg len, self.num heads,

self.d _head) .transpose(1l, 2)

# TR BT
scores=torch.matmul (Q, K.transpose (-2, -1))/math.sqrt(self.d_head)
if mask is not None:

scores=scores.masked_fill (mask==0, float('-inf'))
attention weights=torch.nn.functional.softmax (scores, dim=-1)
attention output=torch.matmul (attention weights, V). /

transpose(1l, 2).contiguous() .view(batch size, seq len, d model)

print ("Attention Weights:", attention weights)
print ("Attention Output:", attention output)



% 2% Transformer %% 55 5 i 35 09 R 3 5 52 3L

43

return self.out_proj (attention_output)

# HTBTZ N 2%
class FeedForward(nn.Module) :
def init (self, d model, dim feedforward, dropout=0.1):
super (FeedForward, self). init ()
self.linearl=nn.Linear (d_model, dim_feedforward)
self.dropout=nn.Dropout (dropout)
self.linear2=nn.Linear (dim feedforward, d model)

def forward(self, x):
x=torch.nn.functional.relu(self.linearl (x))
x=self.dropout (x)
print ("FeedForward Output:", x)

return self.linear2 (x)

# REEESREA—
class ResidualNormLayer (nn.Module) :
def init (self, d model, dropout=0.1):
super (ResidualNormLayer, self). init ()
self.layer norm=nn.LayerNorm(d_model)
self.dropout=nn.Dropout (dropout)

def forward(self, x, sublayer output):
x=x+self.dropout (sublayer output)
print ("Residual Connection Output:", x)

return self.layer norm(x)

# WIDAZE
class TransformerEncoderLayer (nn.Module) :
def _ init_ (self, d_model, num_heads, dim feedforward, dropout=0.1):

super (TransformerEncoderLayer, self)._ init_ ()
self.self attn=MultiHeadSelfAttention (d_model, num heads)
self.feed forward=FeedForward(d model, dim feedforward, dropout)
self.residual norml=ResidualNormLayer (d_model, dropout)
self.residual norm2=ResidualNormLayer (d model, dropout)

def forward(self, src, src mask=None):
print ("\n--- Encoder Layer ---")
src2=self.self attn(src, mask=src_mask)
src=self.residual norml (src, src2)
src2=self.feed forward(src)
src=self.residual_norm2 (src, src2)
print ("Encoder Layer Output:", src)

return src

# RIS
class TransformerDecoderLayer (nn.Module) :
def _init_ (self, d model, num_heads, dim feedforward, dropout=0.1):
super (TransformerDecoderLayer, self). init ()
self.self attn=MultiHeadSelfAttention(d model, num heads)
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self.encoder attn=MultiHeadSelfAttention(d model, num heads)
self.feed forward=FeedForward(d model, dim feedforward, dropout)
self.residual norml=ResidualNormLayer (d model, dropout)
self.residual norm2=ResidualNormLayer (d model, dropout)
self.residual norm3=ResidualNormLayer (d model, dropout)

def forward(self, tgt, memory, tgt mask=None, memory mask=None) :
print ("\n--- Decoder Layer ---")
tgt2=self.self attn(tgt, mask=tgt _mask)
tgt=self.residual norml (tgt, tgt2)
tgt2=self.encoder attn(tgt, memory, mask=memory mask)
tgt=self.residual_norm2 (tgt, tgt2)
tgt2=self.feed forward(tgt)
tgt=self.residual_norm3(tgt, tgt2)
print ("Decoder Layer Output:", tgt)
return tgt

# Transformerfifl
class Transformer (nn.Module) :
def _ init_ (self, d _model, num_heads, num layers,
dim feedforward, dropout=0.1):
super (Transformer, self). init ()
self.encoder_layers=nn.ModuleList (
[TransformerEncoderLayer (d_model, num heads,
dim feedforward, dropout) for _ in range (num layers)])
self.decoder_layers=nn.ModulelList (
[TransformerDecoderLayer (d_model, num heads,

dim_feedforward, dropout) for _ in range(num layers)])

def forward(self, src, tgt, src_mask=None, tgt _mask=None) :
print ("==== Encoding Process ===="
memory=src
for layer in self.encoder layers:

memory=layer (memory, src _mask=src mask)

print ("\n==== Decoding Process ====")
output=tgt
for layer in self.decoder layers:

output=layer (output, memory, tgt mask=tgt mask, memory mask=src_mask)
return output

# W R

d model=64 # IR BRI YE B DL T R
num_heads=4

num_layers=2

dim feedforward=128

dropout=0.1

# Wit Trans former iy

transformer=Transformer (d model, num heads, num layers,dim feedforward, dropout)
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CE t RN SR NS e

src=torch.rand (1, 5, d model) # HINTH
tgt=torch.rand(l, 5, d_model) # HErFS
src_mask=torch.ones (1, 1, 5, 5) # ImiD AR D
tgt mask=torch.tril (torch.ones(1, 1, 5, 5)) # ARSI TS

# AT IR AFRD L TR 4T 04— i th
output=transformer (src, tgt, src mask=src mask, tgt mask=tgt mask)

print ("\nFinal Transformer Output:", output)
(AR PES

(1) £23LkBEER S (MultiHeadSelfAttention) = 8 3547 BNy & /AL E k45 51 .

(2) BB 4% (FeedForward) = Kf RIS AREZE X 2% (1) % H T ED H K .

(3) Bk EEH S ZH—1b (ResidualNormLayer) : 7 ZZEFZEAZE IH—4k, MREHMERBIERE .

(4) Zmt5%8)Z2 (TransformerEncoderLayer) Flf#fid#%)Z (TransformerDecoderLayer) : 43J5K
IR A8 ARG 28 AR AR o, BEIEDITE I .

(5) Transformerti7: 1 gwtD 745 FARAD a AR B, SIS B2 1) Transformer s R i 2

FIRRIDIZ T BN T mis it & — b 4 R, T H AN R i A 1S B sh 55
HEALFE

2.4 YmALEFNARAD SR AN @R IE

G ) s R0 PR A 85 A XD I R AR SO B N PP S b 0 R SRR, P AR 28 5 [ U1 3
ARt A FESEBRUIZRTR, b et S ARG o AT & SN ORHE, Il HARAL AR, £
RBRAERIE . A REES PRI E . BeAh, HEADHLH] (Masking) 7EXU A Il kA2 2 S AR,
B DR A o A FSUF B0 R AP, DO e G G P B e A e B B R SO B TR AT A,
JETR UMD A R4 i s AR RS 8% eI, B OR A5 RSN 5 P 91 AR B R ) i R

241 YwissR SRR EIIZRE

£ Transformerf B4, 2 A 25 55 A2 65 25 AOIE & VI R0l it 3 240k R B AT LAk, B IR %
IR RRAL, MRS ES B D A M A . R IR SRS T SRR S N g g%, AR b
TE BB Gy, DMEAMILE A & HARr 2 T gk, EiRfE i E2-301R .

TR bR B R IS SO %, R AT 8 25 R A A I TR 20 BEAT MBS, R AR A o i
i — A AR IS I 2R 1) 78 B S
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fRESERERD:
FA, UEED. SRETENHE, B — — — — — —
EiERSE— |
. 7 BieE
| SR |
RIS
| S |
SLTNG
| FFHIGR |
L ARFSRRERD
— — — — — o HFERA. CEES. SEEEEN. X

RiERH. BEEHRSE—. WHEER

.

K2-3 bt MRS 2 B XA I ZRifi e K

import torch

import torch.nn as nn

import torch.optim as optim

import math

# 8 XSk HEE IR
class MultiHeadSelfAttention (nn.Module) :
def _ init_ (self, d_model, num_heads):
super (MultiHeadSelfAttention, self)._ init_ ()

self

self.
self.
self.
self.
self.

.d_head=d_model // num_heads
num_heads=num_heads

query=nn.Linear (d_model, d_model)
key=nn.Linear (d_model, d model)
value=nn.Linear (d model, d model)
out _proj=nn.Linear (d model, d model)

def forward(self, x, mask=None) :

batch_size, seqg_len, d model=x.size()

O=self.query(x) .view(batch_size, seq len, self.num heads,

self.d head) .transpose (1, 2)

K=self.key(x) .view(batch_size, seq len, self.num heads,

self.d head) .transpose(1l, 2)

V=self.value(x).view(batch_size, seq len, self.num heads,

self.d head) .transpose (1, 2)

scores=torch.matmul (Q, K.transpose (-2, -1))/math.sqrt(self.d_head)

if mask is not None:
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scores=scores.masked_fill (mask==0, float('-inf'))

attention weights=torch.nn.functional.softmax (scores, dim=-1)
attention_output=torch.matmul (attention_weights, V) /
.transpose(l, 2).contiguous().view(batch size, seq len, d model)

return self.out proj(attention output)

# JE XImhidae
class TransformerEncoder (nn.Module) :
def _ init_ (self, d_model, num_heads, num layers,
dim feedforward, dropout=0.1):
super (TransformerEncoder, self). init_ ()
self.layers=nn.Modulelist ([TransformerEncoderLayer (d_model,

num_heads, dim_feedforward, dropout) for _ in range (num_layers)])

def forward(self, src):
for layer in self.layers:
src=layer (src)

return src

# JE XA
class TransformerDecoder (nn.Module) :
def _ init_ (self, d_model, num_heads, num layers,
dim feedforward, dropout=0.1):
super (TransformerDecoder, self). init ()
self.layers=nn.Modulelist ([TransformerDecoderLayer (d_model,

num_heads, dim_feedforward, dropout) for _ in range (num layers)])

def forward(self, tgt, memory, tgt _mask=None):
for layer in self.layers:
tgt=layer (tgt, memory, tgt mask=tgt_mask)
return tgt

# B X E#¥ K Trans former Y
class Transformer (nn.Module) :
def _ init_ (self, d model, num_heads, num layers,
dim feedforward, dropout=0.1):
super (Transformer, self). init ()
self.encoder=TransformerEncoder (d model, num heads,
num_layers, dim feedforward, dropout)
self.decoder=TransformerDecoder (d_model, num heads,
num_layers, dim feedforward, dropout)

self.fc_out=nn.Linear (d_model, d model)

def forward(self, src, tgt, tgt_mask=None):
memory=self.encoder (src)
output=self.decoder (tgt, memory, tgt_mask=tgt _mask)
return self.fc_out (output)

# BUR B
d model=512
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num heads=8

num layers=6
dim_feedforward=2048
dropout=0.1

model=Transformer (d model, num heads, num layers,
dim feedforward, dropout)
criterion=nn.CrossEntropyLoss ()

optimizer=optim.Adam (model.parameters (), 1lr=0.0001)

# BRI E bRk
src=torch.rand (16, 10, d model) # /7%
tgt=torch.rand (16, 10, d model) # HF&F4I

tgt_mask=generate_square_subsequent mask (10)

# AL SR
optimizer.zero_grad()

output=model (src, tgt, tgt_mask=tgt_mask)

LR A= RS i R S PN
output=output.view(-1, d model)
tgt=tgt.view (-1, d model)

loss=criterion (output, tgt)

# RIatEiE S SHE
loss.backward ()
optimizer.step ()

# s
print ("YZERK ", loss.item())
AR

(D) mhtds SRL M srefltgtor MAE R gmidas AAERL A MmN, dnfdds A2l bR s
fikmemory, & A% EE

(2) HEAHES: J#ilgenerate square subsequent mask A IFERD, A (R ARAD B LE A A
T 1] AR SR [H) 2

(3) #RH 5 LR 1§ CrossEntropyLossit B AR #far H 5 H bR 51 1938 SR 2%,
FE R i N AR 2 R B, il i backward Flstep BUHTAR TS S8, BRI mID s S5 FIEe% .

PATACRD G, R e =T I Rtk

YGHK: <float value>

RS AZACRY ST, KB I R SR )y B i ) 5 R A AL 5% (R R SR ORI ZE RRRE T, PR bR
HAE AL AR AR 5| ST AL, RSP 9 AL AT S5 e it 1A R
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2.4.2  HEEGHLEH 7R XL = I R o B9 2 A

£ Transformert5 2 (0 [ YIN ZRiL RE T, FERDHIL 1 F 00 DR G 59 25 AT AR 5 LE AN TR B BUAO BN
AN ST (B R SCRRA . Gid s RS T R R R M B S B, BRI A A,
SR SRS Iy E IRl HERS , B DR AN 2R Ay B R S A Z AT TRD 2, RAGRAIE B 18] U4 1)
e

FERSHL I /E Transformer 5 R4 v A T4 V1 B 0 Ja L By IEBARUAE RS “firE " ARRIATE,
il PR A RS PR P SRS 2 A PSP P 288 o SRR AT LRI T DA g e SR . 3 i R I e A

o HEZ M EMMENOIEZNEY, WARFERAREIL, #RAERT—ANEEHR
BEARM A I8, XA KB T A RAF 7] F 6915 S i,

o AAIH: EMELERKE T, FMAMAANFAEE. BARLRX LA LA, AR
RREFRFRAS, RGQEHE,

R IEER AT “REBARIES L B9, fEARL “language” ZHI, FEAGHLEI2
K, “processing” SEAR KR, W ARVFRIR T DA BT “love natural” o XHffR T &F— DA L
PGB, ARERTEHARE B

N THT R AHE 75 B F 7= SR ATL 1) 7 S 5 25 R A A 2455 P R A SEE T

import torch
import torch.nn as nn

import math

# E X Z kAR
class MultiHeadSelfAttention (nn.Module) :
def _ init_ (self, d_model, num_heads):

super (MultiHeadSelfAttention, self). init ()
self.d head=d model // num heads
self.num_heads=num heads
self.query=nn.Linear (d_model, d model)
self.key=nn.Linear (d_model, d model)
self.value=nn.Linear (d_model, d model)

self.out_proj=nn.Linear (d_model, d_model)

def forward(self, x, mask=None) :
batch_size, seq len, d model=x.size()
O=self.query(x) .view(batch size, seq len, self.num heads,
self.d head) .transpose (1, 2)
K=self.key(x) .view(batch size, seqg len, self.num heads,
self.d head) .transpose (1, 2)
V=self.value (x) .view(batch size, seqg len, self.num heads,
self.d head) .transpose(l, 2)
scores=torch.matmul (Q, K.transpose (-2, -1))/math.sqrt(self.d head)
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if mask is not None:

scores=scores.masked fill (mask==0, float('-inf'))

attention weights=torch.nn.functional.softmax(scores, dim=-1)
attention output=torch.matmul (attention weights, V) /
.transpose(l, 2).contiguous() .view(batch size, seq len, d model)

return self.out_proj (attention output)

# A T S I I A A D
def create_padding mask(seq, pad_token=0):
mask=(seq != pad_token).unsqueeze (1) .unsqueeze (2)
# [batch size, 1, 1, seq len]

return mask

# AR RS AR B R3S
def generate square subsequent mask(size):
mask=torch.tril (torch.ones(size, size)) .unsqueeze (0) .unsqueeze (0)
# ERCT = AR

return mask

# R X gmtdas
class TransformerEncoder (nn.Module) :
def init (self, d model, num heads, num layers,
dim feedforward, dropout=0.1):
super (TransformerEncoder, self). init_ ()
self.layers=nn.Modulelist ([TransformerEncoderLayer (d_model,

num_heads, dim feedforward, dropout) for _ in range (num_layers)])

def forward(self, src, src mask=None):
for layer in self.layers:
src=layer (src, src _mask=src mask)

return src

# R RS As
class TransformerDecoder (nn.Module) :
def init (self, d model, num heads, num layers,
dim_feedforward, dropout=0.1):
super (TransformerDecoder, self). init_ ()
self.layers=nn.ModuleList ([TransformerDecoderLayer (d_model, num heads,

dim feedforward, dropout) for  in range (num layers) ]

def forward(self, tgt, memory, tgt mask=None, memory mask=None) :
for layer in self.layers:
tgt=layer (tgt, memory, tgt mask=tgt mask,
memory mask=memory mask)

return tgt

# XN Trans former A
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class Transformer (nn.Module) :
def _ init_ (self, d_model, num_heads, num layers,
dim feedforward, dropout=0.1):
super (Transformer, self). init ()
self.encoder=TransformerEncoder (d model, num heads,
num_layers, dim feedforward, dropout)

self.decoder=TransformerDecoder (d_model, num heads,
num_layers, dim feedforward, dropout)

self.fc out=nn.Linear (d model, d model)

def forward(self, src, tgt, src_mask=None, tgt_mask=None):
memory=self.encoder (src, src_mask=src_mask)
output=self.decoder (tgt, memory, tgt_mask=tgt _mask,
memory _mask=src_mask)

return self.fc_out (output)

# WK FERD AL

d model=512
num_heads=8

num layers=6

dim feedforward=2048
dropout=0.1

# WIBRAIERL N B AN

model=Transformer (d_model, num_heads, num_layers,dim feedforward, dropout)
src=torch.randint (0, 10, (16, 10)) # #HHFNFFI

tgt=torch.randint (0, 10, (16, 10)) # #HHEHIFFF

src mask=create padding mask(src, pad token=0)

tgt mask=generate square subsequent mask (tgt.size (1)

# A AR 4R

output=model (src, tgt, src mask=src mask, tgt mask=tgt mask)

# s

print ("BAEHIEIR: ", output.shape)

print ("BRHIHRBI: ", output[0, 0, :10]) # FTEIFRAHH

AR

(1) HEAH: create_padding_mask bR HUR P51 7 51 A2 RS HRE, BT MicE 7867 B o 2L
R, WERIEE R S 7 118 5

(2) HEAHEY: JHilgenerate square subsequent mask R HA f— NN =MEFE, TS
BBV, WD R TE 2 BT (8] 22 B8 U7 1) 22 BT BB 1020 1S B .

(3) Yuhds FARTDAS BT AL HE: 7R gmAds A ARRD S 20 0l B A S AR HERD A0 B [BSHERS, iR
RS IER T, B E R SO AE AT .
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PATACRG J5 4 A ST i S TR 38 2 7= A

MR IR : torch.size([16, 10, 5121)

BRI RG] . tensor ([...])

FRARES SEEL T HERD B £E Transformer B (¥ 52 BE R, IR 7R RS R S 0 28 L V2 RS
B B RIEFEAD R AR 5 T ORUEAE BB, B B BT S5 H RORE B A i 1 ER R

AREAE T REHE XKW 7 ERE, A5G e g BRI T
X EEpR A, T A AR SEIUEAT B YO o AN D 5 S TR AR SR I — Uk o S A T TR
FHORRREL ) BAR S S L ThRe, AT 254w ok AR ML B 8 SRR B S R34 22 e R0 R

ARV RO SRR 2- 1R

F2-1 AERHLEHR

Pep S e I REj AR

SMELAER , THHEA M. VAR AR R ST, H
MultiHeadSelfA tention WLk HER IS, HEEW. EAE NGO RER T,

g

. AR AR AN, FEMAT YRR E, MR T A R

create_padding_mask .
generate_square_subsequent_mask | A= RAFIDAR I E BISHERD, HTRERBARAIEEE ST, Bk kR a4
ResidualNormLayer SR ZE AN E A — 1, BB FE R BN RS PEARHIE 20 A0 AR AL
FeedForward JE AT I 2%, AL PN ERME Z A0S sR 4, A Tk — D AR 4
TransformerEncoderLayer 5E M Transformerfmiid 2 2, AFEZ K BIEE ). WG LSRR 72 H
TransformerEncoder WeBZAWMIDERE, MR IAD R DRI 4 R IR R

5E X Transformerfi i 22, A& BERS) . Hidas — Mo aER Al
TransformerDecoderLayer s

BSR4 Y 4
TransformerDecoder B2 MRS, MRS AR DLSEEL A BA A )

E X SEHE ) Transformertsi By, A& gmigaf FIRRG AR, H TR HIEFHI1
Transformer p_—

2.5 AKREF/ING

AR FIRNVHE T Transformer BB ) 9 i 25 MRS 25 284, JRIR 1 2 KIE R UbLE) . ATsiep s
W2 SREER S RIAAIAER, JFIEE 2 R HEE SCHL 1 A s AT AR AL 45 (1SS AR B . ZEXU A
R RE, i SR HURM N A JRRHIE, ARG ES IE L [ (85 A BB 0 f B P o R AR AR T AL
HIAEXFI IR NI, A R ORI T 2 i ot S 78 o7 S 1 s e g e F) 26 J I« Je A A S 491
VELHIR IR 1 i AR IR S AR SRS (R SE B, (8 RES 7 Sk b 2 42 Transformer R A4 2 S5 104L
HJE B 7B B P P55 BUE T I SLHERL
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2.6

=]

(1) MultiHeadSelfAttention" fjd_headZ $ 11 Fl J& 4.2

(2) fEcreate padding maskpR %+, IEFEHEILHHKE A2

(3) fR 2500 3 EEFERSAE AR B (I 1E 2 A4 2

(4) ResidualNormLayerf B o 5% 72 3% F tnfa] SEE) 2

(5) FeedForwardf&Hk 1 I PRANE 1t 2 3 0 AT A A 45 2

(6) fETransformerEncoderLayer™, 23k [V 77 A5 40 42 I 2% (1) L7 2 A4 2
(7) WA {E TransformerEncoder 1S £ EHES ?

(8) generate square_subsequent mask bR 4= 1 U HE RS AL B FE R 24 2
(9) (EYuhih 2% — RS ER IR A IR, 402K pRElnfe 1552

(10) AH47E TransformerDecoderLayer ™1 75 B g il 2% — iR AL 2871 & 17 2
(11) create_padding_mask WAl i DRIE 78 067 B 1 T3S B4 B ?

(12) Transformer/5 7Y 1) 5 {7 25 44) Hy WIS LU RS HL 20 e 2






