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% R (Convolution) #1445 B 28 I 2% 1Y BE A BRAE L 15 Z2 J2 B b 3R A
PEARTF B2 S B S T — DM s i 10, W22 B0 A7 VN 2R M8 3l CFe g 15 {0t
B AR S R R B — 8 AR — A AT B B G — /N B sl SR
AR 15 B . A LR A AL 48 W0 A 2R 41 8 e B ACHE BE (Input) A48 R
(Kernel) , 8 B Bk O 38 W45 (Filter) o B AT 23 501 65 152 BRI BIL Fp ) g A FIACEE . 4
5.1 7R &0 5 i A\ R P 3 o A R I B AR B A 8 T AR B T A A
W SCRR R R AR

2101|332
1|01
32211
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SRR A B B — At E 5 AR U A7 A2 3l P UL BRI — A G 49 3SR — 47 B9
5.8.5. [alRE, TS AT Y& AL A BN I&] 5. 2CD B B fe & B Hh 25 2R
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3121211 8|5 312 (211 8|5 312211 51815
— —_—
0(1({0]2]|1 7 0(1(0]2]1 0Oj1(0f2]1 7 7
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(d) BRFRAF (e) ERURIE2 () i &5

K 5.2 HAREAER LR
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IO A R 1 — /N BB TR R AR . B RERAE Y 5 — AR T R 20X 3 iR R, A
A AR, BV S 53E 5 (Parameter Sharing) » Q158 FH 4> 7 B 4/, N F5 2 — A
25X 63X 3 WHFE, B 5. 2 TP RS BURVE R AT . R Ul IR AR B —
HEONZE 2047 N B0 B0 e 3 3h 3158 B o ] LR IR A7 3158, 8] ek 3 i A
P BRE, SR A2 EH W,

A st AR L8 B i R A RN IR 2 i AR B A T S B K (Stride)
WA (Padding) T, KA AIIE 5. 3 Fros BB s AR 1 2 Mgkl 2 4, X
e Bk T I 33 Dy gk i B KA R 1, Gl R E R T 1 M, AT R
AN AR A KN . AN ERAE R 5. 4 BT AT AR A B BT I R B i 4 2 A
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011(0[2]1 0(1]0([2](1
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A5 %21 I 19 5 80— 2 0 PR 08 9 47 3 /43838 (Channel) , 48 A 4035 |
W RGP 5.5 ST A AP R 10 53 3 04 R A L ) IR S
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5.2 ithfk
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2 55— DL A B 45/ . 0 TRT 5.6 BT s 0 4 <4 B AR B E AT B 4 L %) G b A
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e SR T 45 JR S DX I8 e R AL TS 40 3t A 2 330 g 3 DX I - 2 4

PN IS
1{3(2]0 Li3g2lok~ VI3 ([2]o
0l2]1]4 o217 T4 372 01201 [4] Y579
2202 22]of2] [3]4 22]0f2] [20[15
1]3]4]0 1]3]4]0 1]3]4]0

5.6 bR EAE

R AT LR ERUR 3645 8 B g b A BR SCHE 1 A ARRAE . A SRR W S AT I
g B B HOGO R AR B DU T K AR ROR LU G, P E A A 1R R IR 7
R A RRAE SRS TR S A B s A R A A A E B A
fo P B S S A R TR E AT 55 AR B NI IR B R 4E T 2R ) B Y

[vi) 5 ARV E 2S00 b AL B A 0 mT DU 3 1 B L OB K S S, Ok 3 I AN T 1) iz
Y%t H5EERVEAE Y2, Ak 458 4 78 B B0 I b B AT, 2 R0 2 4 0 M e S A
FE P LB E . T LA It A B A0 A — o R R 10 A B

FE T f# 5 B AL B3 VE 2 05 50T LA LA 5.7 H i LeNet S, T fif 54 % B
MW BB . 2A R — AN 1X 32X 32 (b Ak 6 B P L DR T AT — AN 383D 1 L o
FIFH 6 A K/NH 5 X5 MU 45 8] K/ R 6 X 28 X 28 Y HRAE L 3% /2 W 45 1 4 —
2. TR M AR ERAE X RRAE B AT R A A5 B 6 < 14 X 14 BAFAEE . & S
R ACIRAE T A5 5] 16 X5 X5 FRIE Rl &l i Jn — 2 B BURAE . B o 1<
05 e A DR B BE O 120 RYRRAE 1] 4k, B 5 2800 )2 19 4 3 42 123 L 19 B e 4 1
L BRI ek, SRR 2 MY LeNet BLE ) FH 45 B0 25 X 45 42 BURRF ), 5
LRI JH A 32 2 2 4 R T 2 Ak Oy T 5 S 114 i) i 2 K R B X,

HRU2
R 2 AL 22

FAJZ

&M 4t B i R R b
% 5.7 LeNet
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5.3 FEMK

A5 PR T 25 ) 246 38 0ok )23 ) 2o 1S % T A BT B R A ) AR AR AR R, 4 )
RFAE 1) J2 ORI LASE TR I 46 9 )2 OOk F . RS2 B g T v, 24 0 4% 2 508 i B B 4
18 0 456 FE T % s KR ) [n) 8, 2 B 8 AR ME I S . AS 19 B A 21— Tl e A 0 e ph 22 1
25 VR TR 188 T %) e L, B 5 22 ) 4% (Residual Network, ResNet) ,

T e 4R 5K 25 W 45 1Y A BT L % 25 B (Residual Block) .
& 5.8 Jy—AEEAHY Bk 22 B, 5 8 % R 48 AN R Y 02, Bk 22
e #74E — AR 0 301 L B O S 48 (Shorteut) , B E— 2 1)
WA x, A EES S e, BVl X, =x, FF(x,)
HF(x,)=W,ReLUW x ), HAEL A, LR HR22. i
B2 3] — AW PR H () =x B A F(x) =0 B F(x)=x
KoL, WU AR ESTENE S — 8, X Wi h A4
K BE M0 25 M R A e 22 e M58 SRPn i

A 0 58 22 X 4 T Lk Ao T S O K 4 ] R, T DT PR R 22 4% Y
S AR R EE X — R, R M — 2 L2 W MAE 5 ¢ )2 388 0 7 DLAS 21 4
L AR .

X1+

L—1
X, =x,+ > Flx) (5.1
i=1

BB % B E i i 4 205 W AT AR B0 A e, BB RN
L—1

J > f(x,») (5.2)

dx; o

9 J dx J

95 :ai ) 9x1; :ai<1+
AT 1 A i SRR B T DL B AR B 2, b DT SRE S T BT 2R 1 IR A

SR FE IR A S 7 L B R 0 S IR (LR AR S g o 4% 25 T 2% 1 il

VR SEAT B T A DRoAehs B T 00 L FRAT THE D 25 o VR P 5% g [ st SRR ORIE R 47 AP RE

HIPE 5. 90 HE ALY DUt 55 2 100 246 sl 2l — J2 2 2 2 Ay LAY o vl i 4 5 — A

O K H KW https://arxiv. org/pdf/1512. 03385. pdf,
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Bl 514 BB 4R TR 2 R 0 26 U
Wit 5 5 Ul 22 ) 245 1) R o LR 3 268 4 o7 A 8 9 5 B B ) A s, I 5. 15
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5.5 F MindSpore Sk E FERBEMEE R 7%

YA %kl_ﬁ MindSpore #4% F K i 8% 25 AN Wi i 2k, 45 rp D E E
IR 7R AR, 58 8 Al A7 AU I R K AL BRI b Xy 595 f0AS e -
Kt [

M4k . https://mindspore. cn/resource, BE# Al $ 3 A M — 4 E
T 35 HURH O 55 1

5.4 WA T AR 2 N ER TE I Fr 43 2R 3 S AR L AR #  FH MindSpore — 45
KT — T ResNet50 WY& R 43250 H .

5.5.1 Jin#k MindSpore fibt

TEHEAT W 25 1 25 2 R 7 22 5 A MindSpore 1 e FH B 19 55 = 5 AR BaTF .
R# 5.1 5N MindSpore RE=FF

import numpy as np

from mindspore. nn import Conv2d, BatchNorm2d, ReLU, Dense, MaxPool2d, Cell, Flatten
from mindspore. ops. operations import TensorAdd, SimpleMean

from mindspore. common. tensor import Tensor

from mindspore. train. model import Model

from mindspore. nn import SoftmaxCrossEntropyWithLogits

from mindspore. nn import Momentum

from mindspore import context

5.5.2 X ResNet &% &5

ResNet50 HIELEH T 24 UL LK.

(D KM AZE#EZ 935 conv\batchnorm\relu\maxpool #E1E.

(2) M A HFRZERY, BIT Y 4 4> MakeLayer, 51> MakeLayer A /A [a] (9 i
A T E AR
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(3) XML AT B Kb AL A4 & 4% 2 A
A B PR ERAE T,

1. EXERIRE

D) & AR R iR LR AR

FT TR A 0 45 1 2% A R A R T 0 B Al L TR I B

AEFI AT shape F B UHALER N 0. 01 B Tensor ARG .
REBs5.2 EXTENMHRLEE
def weight variable(shape) :

ones = np.ones(shape).astype(np. float32)
return Tensor(ones * 0.01)

2) & X conv #AE
o 7 P 4% 2 T T B L — B TR 45, Bl conv,

ARG ERAE . It

E X conv, BRUE /NS H 1X1,3X3,7X7, K H 1. /80IF.,

KR 5.3 EX conv

def convlxl(in channels, out channels, stride=1, padding=0):

won non

1x1 convolution
weight shape = (out channels, in channels, 1, 1)
weight = weight variable(weight shape)

return Conv2d(in channels,

out_channels,

kernel _size=1,

stride = stride,

padding = padding,

weight init = weight,

has bias = False,

pad_mode = "same" )

def conv3x3(in channels, out channels, stride=1, padding=1):

wun nun

3x3 convolution
weight shape = (out_channels, in_channels, 3, 3)
weight = weight variable(weight shape)

return Conv2d(in channels,

out channels,

kernel size=3,

stride = stride,
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padding = padding,
weight_init = weight,
has bias = False,

pad_mode = "same" )

def conv7x7(in_channels, out channels, stride=1, padding=0):
"""1x1 convolution"""
weight shape = (out channels, in channels, 7, 7)
weight = weight variable(weight shape)
return Conv2d(in channels, out channels,
kernel size=7,
stride = stride,
padding = padding,
weight init = weight,
has_bias = False,

pad_mode = "same")

3) & X BatchNorm #:/E
7 X BatchNorm #4E , 47 I — L #AE , B0 ACRS AN T

£73 5.4 E X BatchNorm I 1E

def bn with initialize(out channels):

shape = (out channels)

mean = weight variable(shape)

var = weight variable(shape)

beta = weight variable(shape)

gamma = weight variable(shape)

bn = BatchNorm2d(out_channels,
momentum = 0.1,
eps=1le—5,
gamma_init = gamma,
beta_init = beta,
moving mean_ init = mean,
moving var_init = var)

return bn

4) € X dense $E1E
e Ja 8 X dense BEAE B AT 45 2 W RRIE G ) — R AZ ORI IR,

83 5.5 TEX dense IE1E

def fc_with initialize(input channels, out channels):

weight shape = (out channels, input channels)
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bias shape = (out channels)

weight = weight variable(weight shape)

bias = weight variable(bias_shape)

return Dense(input channels, out channels, weight, bias)

2. T X ResidualBlock &k

4> ResidualBlock #fEH Conv > BatchNorm > RelLU H %, , JH T-4% i 45 Makelayer
B A% D ACAS AR 5. 6 ARES 5.7 FTR .

AL 5.6 FE X ResidualBlock R

class ResidualBlock(Cell) :
expansion = 4
def  init (self,
in channels,
out channels,
stride=1,
down_sample = False) :

super(ResidualBlock, self). init ()

out_chls = out channels // self. expansion
self.convl = convlxl(in channels, out chls, stride = stride, padding = 0)
self.bnl = bn with initialize(out chls)

self.conv2 = conv3x3(out chls, out chls, stride=1, padding=0)
self.bn2 = bn with initialize(out chls)

self.conv3 = convlxl(out chls, out channels, stride=1, padding=0)
self.bn3 = bn with initialize(out channels)

self.relu = ReLU()
self.add = TensorAdd()

def construct(self, x):
identity = x
out = self.convl(x)
out = self.bnl(out)
out = self.relu(out)

out = self.conv2(out)
out = self.bn2(out)
out = self.relu(out)
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out = self.conv3(out)

out = self.bn3(out)

out = self.add(out, identity)
out = self.relu(out)

return out

f3 5.7 XE X ResidualBlock Rt

class ResidualBlockWithDown(Cell) :
expansion = 4
def  init (self,

in channels,
out_channels,
stride=1,

down_sample = False) :

super(ResidualBlockWithDown, self). init ()

out_chls = out channels // self.expansion

self.

convl = convlxl(in channels, out chls, stride = stride, padding = 0)

self.bnl = bn with initialize(out_chls)

self.conv2 = conv3x3(out_chls, out chls, stride=1, padding=0)

self.bn2 = bn with initialize(out chls)

self.conv3 = convlxl(out chls, out channels, stride=1, padding=0)

self.bn3 = bn with initialize(out_channels)

self.relu = ReLU()

self. downSample = down_sample

self. conv_down_sample = convlxl (in_channels, out _channels, stride = stride,
padding = 0)

self.bn down sample = bn with initialize(out channels)

self.

add = TensorAdd()

def construct(self, x):

identity = x

out = self.convl(x)
out = self.bnl(out)
out = self.relu(out)

out = self.conv2(out)
out = self.bn2(out)
out = self.relu(out)

out = self.conv3(out)
out = self.bn3(out)
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identity = self.conv_down sample(identity)
identity = self.bn down sample(identity)
out = self.add(out, identity)

out = self.relu(out)

return out

3. E X Makelayer ##k

E X —2 Makelayer #H, B HAHAY block AE], AT LLHEAT #y A L fi O 8 A0 25
KAy E AR T .,

A 5.8 EX MakeLayer f23R

class MakeLayer0(Cell) :
def  init (self, block, layer num, in_channels, out_channels, stride):
super(MakeLayerO, self). init ()
self.a = ResidualBlockWithDown(in channels, out channels, stride = stride, down
sample = True)
self.b = block(out channels, out channels, stride=1)
self.c = block(out channels, out channels, stride=1)
def construct(self, x):
%)
x)
x

)

x = self.a
self.b

x = self.c

X

—_ o~~~

return x

class MakelLayerl(Cell) :
def  init (self, block, layer num, in channels, out_ channels, stride):
super(MakeLayerl, self). init ()
self.a = ResidualBlockWithDown(in_channels, out_channels, stride = stride, down_
sample = True)
self.b = block(out channels, out channels, stride=1)
self.c = block(out channels, out channels, stride=1)
self.d = block(out channels, out channels, stride=1)

def construct(self, x):
x = self.a(x)
x = self.b(x)
x = self.c(x)
x = self.d(x)
return x

class MakelLayer2(Cell) :
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def  init (self, block, layer num, in_channels, out_channels, stride):
super (MakelLayer2, self). init ()
self.a = ResidualBlockWithDown(in_channels, out_channels, stride = stride, down_
sample = True)
self.b = block(out channels, out channels, stride=1)
self.c = block(out channels, out channels, stride=1

(
( )
self.d = block(out channels, out_channels, stride=1)
self.e = block(out channels, out channels, stride=1)

( )

self.f = Dblock(out_channels, out channels, stride=1

def construct(self, x)

x = self.a(x)
x = self.b(x)
x = self.c(x)
x = self.d(x)
x = self.e(x)
x = self.f(x)
return x

class MakeLayer3(Cell) :
def  init (self, block, layer num, in_channels, out_channels, stride):
super(MakeLayer3, self). init ()
self.a = ResidualBlockWithDown(in channels, out channels, stride = stride, down
sample = True)
self.b = block(out channels, out channels, stride=1)

self.c = block(out channels, out channels, stride=1)

def construct(self, x):
x = self.a(x)
x = self.b(x)
x = self.c(x)
return x

4. EXEBEEMLE
DU ARG 5E 2 05 i T DLE SCER IR ResNet50 MIZE 456 T 2 0B I T,
KT 5.9 FENEK ResNet50 W& 54

class ResNet(Cell):
def  init (self, block, layer num, num_classes = 10):

super(ResNet, self). init ()
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self.convl = conv7x7(3, 64, stride= 2, padding = 3)

self.bnl = bn _with initialize(64)
self. relu = ReLU()
self. maxpool = MaxPool2d(kernel size =3, stride =2, pad mode = "same")

self. layerl = MakelLayerO(

block, layer num[0], in channels = 64, out channels = 256, stride=1)
self. layer2 = MakeLayerl (

block, layer num[1], in channels =256, out channels =512, stride=2)
self. layer3 = Makelayer2 (

block, layer num[2], in channels =512, out channels= 1024, stride=2)
self. layerd = Makelayer3(

block, layer num[3], in channels = 1024, out channels = 2048, stride = 2)

self.pool = SimpleMean()
self. fc = fc_with initialize(512 * block.expansion, num classes)
self. flatten = Flatten()

def construct(self, x):
x = self.convl(x)
self. bnl(x)

= self.relu(x)

= self.maxpool (x)
= self. layerl(x)
= self.layer2(x)
= self.layer3(x)
= self.layer4(x)
= self.pool(x)

= self.flatten(x)
= self. fc(x)

return x

MoX X M X M X X M X

def resnet50(num_classes):
return ResNet(ResidualBlock, resnet shape, num classes)

5.5.3 XEBSH

W E batch,epoch, classes 55 Fllb1 2k bR £ S AR AL 45 A0 G S 8. B2 Rl Ly 2
SoftmaxCrossEntropyWithLogits . % ] Softmax #4738 X W51 5, 1% B Momentum 4k
L F A RIE N 0.1, BRI E Y 0.9, 0 ARG IR 5. 10 Fis,
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R 5.10 BSHENX

context. switch to graph mode()

epoch size = 1
batch size = 32
step_size = 1
num_classes = 10
Ir = 0.1
momentum = 0.9

resnet_shape = [3, 4, 6, 3]

5.5.4 S AR

{7 F} MindSpore £4i4% 2 API 417 ImageNet £4l54 , H P T SCIH Y train_datasetO
PR BRI S BLAT MindSpore B #650 APT A HIE LSS 14 %2,

5.5.5 IRy
1. FI A train_dataset()iZ BN &35

ds = train dataset()

2. F F resnetO €] Z ResNet50 M 4% 4544

net = resnet50(num classes)
net. set train()

3. WEMKFHMMAEE

loss = SoftmaxCrossEntropyWithlogits(is grad= False, sparse = True, sens = (1.0/batch size))

opt = Momentum(lr, momentum, net.trainable params())

4. g A A model. trainO) FEFF i8I 4

model = Model(net, loss, opt)

model. train(epoch size, ds)
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