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Chapter 2 | R EF 3 #E 22 XF Eb &8 1 M k)11 2k

2.1 [oREE Y

PIResNeXtFlDenseNet Ny %1, H 1T
PRI, F BN KN ZR AN AR A i b
PR JE R A B gRBE A, ER
SRS TRLANMIC T PR /N

2.2 BRES5EZENE
2.2.1 ResNeXt

ResNeXt e {E5k 72 W 25 i ResNet [
Fenih BRI, SN T o H BRI
MEZ, 5N ZE AN [RURRAE B e 347 2
H, RIEHMNFHAARPGRZETSE
B, XA SRR, M
RLBSHERAD T, T ERNIEHE

=
Ho
stage | output ResNet-50 ResNeXt-50 (32x4d)
convl| 112x112 7x7, 64, stride 2 Tx7, 64, stride 2
3% 3 max pool, stride 2 33 max pool, stride 2
= = = > =
conv2| 56x56 LxRAe Kacle a8
3x3,64 x3 3x3,128,C=32 | x3
L 1x1,256 | | Ix1.256
[ 1x1,128 ] [ 1x1,256
conv3| 28x28 3x3,128 | x4 3x3,256,C=32 | x4
| Ix1,512 | | Ix1,512
[ 1x1,256 ] [ 1x1,512
convd| 14x14 3x3,256 X6 3%x3,512,C=32 | x6
1x1, 1024 1x1, 1024
[ 1x1,512 ] 1x1, 1024
convs| 7Tx7 3x3,512 x3 3x3,1024, C=32 | x3
L 1x1,2048 | 1x1, 2048
11 global average pool global average pool
X
1000-d fc, softmax 1000-d fc, softmax

I ] HResNet 5 ResNeXtH] % 2 45
ARV ST TN =N = X o
E WL EBMEE. R ARERE
AN, ANF ST 7 HER

BINZ: T<THEIR, $K N2, WA
N=IBIERGBES, it N641E1E
BRI E: 3x3BH, HEK N2,

E]PY EEFR: layerl: A3 ResNeXt1

B, BN S s E BN 256, B
Oy 0 FR B B64, FEEUN32. layer2:
AP ResNeX i B, & AN 15 By i 18
512, B 4G R E E Fues, gt
#32. layer3: 6/ ResNeXti&bt, &R/ M
Hedg B $1024, B HEFLEE
#1256, FEH32. layerd: 3P ResNeXti
B, RS BLHU B8 T $02048, BN
HEHEEHG12, HE32.

W E: &RTHhE, &EE
JZ, softmax/Z.

BT HAE R KK BN H A,
i B EEEE M FE 51, 32
TR R

AVRAE F AR R Aresnext50_32x4d.

2.2.2 ResNeXtHIMkKil& 5418
yEES

B E AR BB resnext AR,
NAE H Bresnext501 R 8 N H 4%, ik
H Bottleneck.

(nn )

el * self.expansion)

NE Wiz EEEMm L.

width, out_channels=out_channelxself.expansion, kernel _size=1, stride=1, bias=False
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class ResheXt(nn.Module):

def __init__(self,block,block_num,nun_classes=1688, include_top=True,groups=1,width_per_group=64):

super(ResheXt,self).__init__()
self.include_top=include_top
self.in_channel=64
self.groups=groups
self.width_per_group=width_per_group

self.convl = nn.Conv2d(3, self.in_channel, kernel_size=7, stride=2,padding=3, bias=False)
self.bnl=nn.BatchNorm2d(self.in_channel)

self.relu=nn.ReLU(inplace=True)

self.maxpool = nn.MaxPool2d(kernel_size=3, stride=2, padding=1)
self.layerl=self._make_layer(block,64, block_nun[8])
self.layer2=self._make_layer(block,128,block_num[1],stride=2)
self.layerd=self._make_layer(block,256,block_nun[2],stride=2)
self.layer4=self._make_layer(block,512,block_num[3],stride=2)

% Fresnext50.32x4d, 7 4H & H)
HECN32, B A EE SN,

MOt FE Rl B OJF @ Ul 2k, HJ
Yfresnext50 M k25 o

fEtorchvision/F HH [Jmodels ., A il
W 54T Hresnext50_32 x 4dfE Y, {H /& H
BRA i L RF AR 1000, B 7)2R45 2
I E, AT DA 998 25040 4 ok U 5 i
REIEEY

from torchvision import models

resnext50 = models.resnext50_32x4d(pretrained=True)

num_ftrs = resnext50.fc.in_features

for param in resnextS8.parameters():
param.requires_grad = False

A ures -8, f#afout_features=10

resnext50.fc = nn.Sequential(nn.Linear(num_ftrs,2),

nn.LogSoftmax (dim=1))

P15 B A AL B DN T 2R 4 ) AR
i

o

2.2.3 DenseNet

DenseNet(#] % i & W £%) 3
HResNet#i tt, #rf EE#E, SN
o> 2 52 FLA T A AT = AR FLA AN I
N R B 3 1 77 Ok bRl ok
.

alser SFESHEEEE2H,

Layers Output Size | DenseNet-121 [ DenseNet-169 [ DemseNet20l [ DenseNet-264
Convolution | 112 112 7 % 7 conv, stride 2
Pooling 56 56 3 3 max pool. stride 2
Dense Block - 1% 1 conv 1% 1 conv 1% 1 conv 1% 1 conv
) i {Jx]cnn\} g [Jy}mm]”’ {sxmuw}w [lecnm']X()
Transition Layer | 56 x 56 1 | conv
W 28 x 28 3 x 2 average pool, siride 2
Dense Block F— { 1% 1 conv } 12 I x I conv ] . 1 % 1 conv J sl ‘ [ 1 % 1 conv } b
2 | 3% 3cony 3 % 3 conv 3 % 3 conv 3 % 3 conv
Transition Layer | 28 x 28, T 1 conv
2 14 14 2 % 2average pool, stride 2
Dense Block — {lx\cmn%”‘[\xlcm.\lxﬂ Pucnu\]ﬂx‘[\xlumw]!m
(3) | 3x3conv 3% 3 conv 3 % 3 comy 3 % 3 conv
Transition Layer | 14 x 14 1% 1 conv
3) TizclT! 2 x 2 average pool, stride 2
Dense Block %7 [lefon\ S8 lxlcvm]xm‘ {IXIO]“‘}X,\I [l-r]roll\'yds
) 3 % 3 conv 3% 3 conv 3 % 3 cony 3 % 3 conv
Classification 1x 1 7 % 7 global average pool
Layer 1000D fully-connected. softmax

U1 B NDenseNet ) 4514, H &l
TIXTHIERR E 338 & KL )Z, 2R
JaiEN T B EARGE R, F AR
#J i DenseBlock fll Transition /= #J J&, &
s e/t E. 2R E.
softmax/Z i i .

DenseBlockH, &A™ 2 BIREAE B K
/N —3%, T DL fEchannel4E F I iE H.
DenseBlockH (1] 3F £k 14 41 & B 250K H 1)
5&BN+ReLU+3x3 Convi&i#. HT/E
1 JZ B4 AN 22 4B K, DenseBlock N #
A] LR Hbottleneck /= K /b iH 5 =, R
TEJRA g5/ 3 nix1 Conv, &It
R E

Transition)z, 2 EAE H & & & #
P > #H 4B ) DenseBlock,  Jf H. B % 4
fiE B K/, Transition/Z £ 35 — M 1x11)
& W E M2 F Btk B, 4l
ABN+ReLU+1x1Conv+2x2AvgPooling .
I AM AR AT DR 2 R 4 A A R

AR E| BB 8 Adensenet 12145
.

o

Y=g

2.2.4 DenseNetH) M killZ 5 418
Ve

H 6 € Xdenselayer, BIA 5445
vy koA
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class _DenselLayer(nn.Sequential):

def __init__(self, num_input_features, growth_rate, bn_size, drop_rate):
super(_Denselayer, self).__init__()
self.add_module("norml", nn.BatchNorm2d(num_input_features))
self.add_module("relul”, nn.ReLU(inplace=True))
self.add_module("convl", nn.Conv2d(num_input_features, bn_size*growth_rate,

kernel_size=1, stride=1, bias=False))

self.add_module("norm2", nn.BatchNorm2d(bn_size*growth_rate))
self.add_module("relu2", nn.ReLU(inplace=True))
self.add_module("conv2", nn.Conw2d(bn_sizegrowth_rate, growth_rate,

kernel_size=3, stride=1, padding=1, bias=False))

self.drop_rate = drop_rate

def forward(self, x):
new_features = super(_DenseLayer, self).forward(x)
if self.drop_rate > 0:

new_features = F.dropout(new_features, p=self.drop_rate, training=self.training)

return torch.cat([x, new_features], 1)

SR )5 € X DenseBlock fl Transition)Z »

class _DenseBlock(nn.Sequential):

def __init__(self, num_layers, num_input_features, bn_size, growth_rate, drop_rate):

super(_DenseBlock, self).__init__()
for i in range(num_layers):
layer = _DenseLayer(num_input_features+i*growth_rate, growth_rate, bn_size,
drop_rate)
self.add_module("denselayerd" % (i+l1,), layer)

class _Transition(nn.Sequential):
def __init__(self, num_input_feature, num_output_features):
super(_Transition, self).__init__()
self.add_module("norm", nn.BatchNorm2d(num_input_feature))
self.add_module("relu”, nn.ReLU(inplace=True))
self.add_module("conv", nn.Conv2d(num_input_feature, num_output_features,
kernel_size=1, stride=1, bias=False))
self.add_module("pool”, nn.AvgPool2d(2, stride=2))

e a i SRR, I RN R
BREMERRKMLZE Stz

from collectiens import OrderedDict
class DenseNet(nn.Module):
def __init__(self, growth_rate=32, block_config=(6, 12, 24, 16), num_init_features=64,
bn_size=4, compression_rate=08.5, drop_rate=8, num_classes=1000):
super(DenseNet, self).__init__()

self.features = nn.Sequential(OrderedDict([

2.3 BIE&SE

ARG FH s 45 92013 kaggle HL
1 25 dh 5% 3% Bicats vs dogs. JLH L4
F250005K K, BA D e, 2R
{E55 R A

¥ B R SCHRAEAE A HE,  F shutil
T2 B84 10 P A5 23 HS 1 2 4 A0 K 4R 40
AAFAE WS SO %, FtorchvisionE H1
Fdatasetsisz BCECHE, 18 2 I 24 5l
B4R Mdataset 8 B AF &,  H Hcat F5
25 R0,  dogh A5 25 1. F§ Htorch/E
th ffjdataloader 7 VA N # £ 4 £, H
Hibatch_size(5E RN &L A5 &) B
964, num_worker (ZUHE N EL ) T HERE L
)R Ecpuldit BT A%

2.4 FHENIHKSER

("conv@", nn.Conv2d(3, num_init_features, kernel_size=7, stride=2, padding=3, bias=False)),

("norm@", nn.BatchNorm2d(num_init_features)),

(*relu@”, nn.RelU(inplace=True)),

("pool®”, nn.MaxPool2d(3, stride=2, padding=1))
1

num_features = num_init_features
for i, num_layers in enumerate(block_config):
block = _DenseBlock(num_layers, num_features, bn_size, growth_rate, drop_rate)
self.features.add_module("denseblock%d" % (i + 1), block)
num_features += num_layersxgrowth_rate
if i I= len(block_config) - 1:
transition = _Transition(num_features, int(num_features*compression_rate))
self.features.add_module("transition%d"” % (i + 1), transition)
num_features = int(num_features * compression_rate)

self.features.add_module("normS", nn.BatchNorm2d(num_features))
self.features.add_module("relus", nn.ReLU(inplace=True))

self.classifier = nn.Linear(num_features, num_classes)
for m in self.modules():

if isinstance(m, nn.Conv2d):
nn.init.kaiming_normal_(m.weight)

DN e~ 7 3 o 2 1
Xfresnext50 kI

iMtorchvision % H' ffimodels ., A
T 2RI H ) DenseNet 12185 RS, & 25 - 4
HH AR AIE 25 R AT 45 380 Tl Ak 3 4 () A Y

from torchvision import models

densenetl2l = models.densenetl21(pretrained=True)

num_ftrs = densenetl2l.classifier.in_features

for param in densenetl2l.parameters():
param.requires_grad = False #False. 458 B

#iRFin_features 7%, #ofout_fea
densenetl2l.classifier = nn.Linear(num_ftrs, 2)

tures=2

2.4.1 ResNeXt

XFresnext50_32x4d 43 H) 73# 47 M Skl
ST BRI SR, 2] % 050.001, AL
FE A Adam, 1K BRECHAE X % R
A

XN ZRIPIERL, YIZR50%¢, HHE
K#j4h, EFRWFR,

Epoch:45, Train_acc:80.5%, Train_loss:0.407, Test_acc:77.8%, Test_loss:0.637, Lr:1.00E-03

train over

Epoch:46, Train_acc:82.3%, Train_loss:0.489, Test_acc:75.8%, Test_loss:0.753, Lr:1.00E-03

train over

Epoch:47, Train_acc:85.6%, Train_loss:0.345, Test_acc:75.8%, Test_loss:0.630, Lr:1.00E-03

train over

Epoch:48, Train_acc:84.2%, Train_loss:0.354, Test_ace:77.7%, Test_loss:0.798, Lr:1.00E-03

train over

Epoch:49, Train_acc:83.8%, Train_loss:0.381, Test_acc:72.8%, Test_loss:0.740, Lr:1.00E-03

train over

Epoch:50, Train_acc:83.9%, Train_loss:0.375, Test_ace:79.6%, Test_loss:0.425, Lr:1.00E-03

Done
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0.85 4 —— train_acc
—— test_acc

o 10 20 30 40 50

— train_loss
test_loss

2.0 A1

1.5

1.0

0.5 4

10 20

X TRAL PR AR, 21058, AR
£10.5h, ERUWT.

train over

Epoch: 1, Train_acc:94.3%, Train_loss:0.143, Test_acc:%6.4%, Test_loss:0.092, Lr:1.00E-03
train over

Epoch: 2, Train_acc:95.2%, Train_loss:0.114, Test_acc:96.6%, Test_10ss:0.084, Lr:1.00E-03
train over

Epoch: 3, Train_acc:95.5%, Train_loss:0.111, Test_acc:96.1%, Test_loss:0.892, Lr:1.080E-083
train over

Epoch: &4, Train_acc:95.5%, Train_loss:0.108, Test_acc:%6.2%, Test_loss:0.091, Lr:1.00E-03
train over

Epoch: 5, Train_acc:95.8%, Train_loss:0.104, Test_acc:96.5%, Test_10ss:0.083, Lr:1.00E-03
train over

Epoch: 6, Train_acc:95.9%, Train_loss:0.1082, Test_acc:96.7%, Test_loss:0.879, Lr:1.80E-83
train over

Epoch: 7, Train_acc:95.8%, Train_loss:0.105, Test_acc:96.4%, Test_10ss5:0.091, Lr:1.00E-03
train over

Epoch: 8, Train_acc:96.08%, Train_loss:0.898, Test_acc:96.8%, Test_loss:0.880, Lr:1.80E-83
train over

Epoch: 9, Train_acc:95.8%, Train_loss:0.187, Test_acc:96.5%, Test_loss:0.080, Lr:1.00E-03
train over

Epoch:10, Train_acc:95.9%, Train_loss:0.104, Test_acc:96.4%, Test_loss:0.883, Lr:1.00E-03
Done

50

0.965 -

0.960

0.955 4

0.950

0.945 —— wain_acc
test_acc

o 2 4q 6 8

train_loss
—— test_loss

AT LLVE ML), H+2IETE
MRS LA KLA80% MR Z . 1 TiALEE
(PIAR TSV AR 8 96 % I HERR 2, Fr LLX B
R 7 +%, ZIRT MR, wR
BN HER = R1005 8 A, FTRERE
5 I8 F190% LA I I HERR ..

BN AEE TR R K, HETE
Rt FE R LUE A 90 Ak 3 ) A
RUREEE H I SR 1) 52 35 0 T MK ZR I
XA RS S A KR,

2.4.2 DenseNet

X DenseNet 1218581, 43 AT M3k
WSRMPAL I YIZR, %21 % 50.001, 1R
W NAdam, 11K R BN RS R K
BREL

S KRR, JIIZR50%5, RIS
KZi5h, ZRWF.

Epoch:45, Train_acc:80.1%, Train_loss:0.437, Test_acc:78.2%, Test_loss:0.634, Lr:1.00E-B3

train over

Epoch:46, Train_acc:81.6%, Train_loss:0.4108, Test_acc:78.3%, Test_loss:0.638, Lr:1.00E-03

train over

Epoch:47, Train_acc:79.8%, Train_loss:0.428, Test_acc:70.7%, Test_loss:1.085, Lr:1.00E-03

train over

Epoch:48, Train_acc:78.9%, Train_loss:0.446, Test_acc:79.5%, Test loss:0.607, Lr:1.00E-03

train over

Epoch:49, Train_acc:80.0%, Train_loss:0.438, Test_acc:77.3%, Test_loss:0.727, Lr:1.00E-03

train over

Epoch:50, Train_acc:80.3%, Train_l0ss:0.433, Test_acc:78.8%, Test_loss:0.625, Lr:1.00E-03

Done

—— train_acc

0.80 test_acc

0.75 1

0.70

0.65

0.60 1

0.55 A

50
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1.1 4

1.0 A

0.7

0.4 1

— twrain_loss
—— test_loss

0.965

0.960

0.955

0.950 -

0.945 -

0.940

o 2 a 6 a

10

20

ST AL F AR, JIlZR10%¢, AR
KRZj0.5h, ZERUWT.

train over

Epoch: 1, Train_acc:

train over

Epoch: 2, Train_acc:

train over

Epoch: 3, Train_acc:

train over

Epoch: 4, Train_acc:

train over

Epoch: 5, Train_acc:

train over

Epoch: &, Train_acc:

train over

Epoch: 7, Train_acc:

train over

Epoch: 8, Train_acc:

train over

Epoch: 9, Train_acc:

train over

Epoch:10, Train_acc:

Done

94.

95.

95.

95.

95.

95.

Train_loss:

Train_loss:

Train_loss:

Train_loss:

Train_loss:

Train_loss:

Train_loss:

Train_loss:

Train_loss:

Train_loss:

Test_acc:

Test_acc:

Test_acc:

Test_acc:

Test_acc:

Test_acc:

Test_acc:

Test_acc:

Test_acc:

Test_acc:

95.

96.

96.

95.

96.

6.

Test_loss:

Test_loss:

Test_loss:

Test_loss:

Test_loss:

Test_loss:

Test_loss:

Test_loss:

Test_loss:

Test_loss:

0.

Le:

"

Lr:1

Lr:

—— train_loss
—— test_loss

0.13

0.12

0.11

o 2 a 6 8

v BAREE R SresnextZB L, a0 I

CURKRESE L, MERIRATLAE R, 0 H
PRI SRR BT S (I R A
522:22.5 ARG 3R

Y Wzjugit®™ Hk:  https://git.
zju.edu.cn/3230105182/ResnextandDensenet
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