HEREFLOEWMEREAREB KB
2022F b w KB RE (REFI) RA

Q$EReE 42 SC0S

I83 HE

EIHHIT: AR




1. BFRHEZRILS 3. HENLE

o LIEAIRIE o fRRIIEE

o FrSTIIATE o WLELEH

® E|(G3Eap ® (FAPyTorchsLI 5sCiGER
2. =iEER 4. LI EER

o ZSFEIIEES ® MESMNA

o (LESiERM ® SR

o SiESHRRE ® RGN

® {EFPyTorchsLISsLInsEER ® FRERESI



. 5 4 >
%/4/0 1896 \\%{5 % I'\W—IW—H
JAoronG U

HmEk4s (CNN) AR [ 42 EL AR
m —4EETH B AiEE
TR A .
n ST s
TSR (EE) - Q[\I]EE'\
- . SEERATR
Tt 4E _IiciEd



%
./‘r‘ A~ 8 2
A o) 4 ==
1896 £ &
L o
“orone VY

[RIGEINERE (H, W) = (3,3)

[ % I !
WA 2 e ERUTHERE (k. k) = (2,2)
JDE e o2 BHERE On, yw) = (2.2)

K 37 | 43 A1

Ox0+1x1+4+3x24+4x3=19,
I1x0+2x14+4x24+5x%x3=25,
3Ix0+4x14+6x24+7x3=37,
4x04+0x14+7x24+8x3=43.
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import torch
from torch import nn

executed in 5ms, finished 22:17:04 2020-06-16

def corr2d(X,K):

X: A, shape (H,W)
K: #1341, shape (k_h,k_w)

H = X.
k_h, k_w = K.shape yh — H — kh ~+ 1

flérm —
lY = torch.zeros((H - k. h + 1,W - kw + 1))

for 1 in range(Y.shape[@]): yW — W - kW + 1

for j in range(Y.shape[1]):
Y[i, 3] = (X[i: 1 + k_h, J: J + k_w] * K).sum()

return Y
# I UFEFRIEE . - -
X = torch.tensor([[e, 1, 2], [3, 4, 5], [6, 7, 8]1]) W * g
K = torch.tensor([[@, 1], [2, 3]]) ol 112
corr2d(X, K) a1 . 011 B 19| 25
executed in 7ms, finished 22:18:39 2020-06-16 17 14 213 37143

tensor([[19., 25.],

[37., 43.1])
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v 1 class Conv2D(nn.Module):
2 def init (self, kernel size):

3 super(Conv2D, self). init ()
4 # IS EFERR NE#. B, eE
5 self.weight = nn.Parameter(torch.randn(kernel _size))
6 self.bias = nn.Parameter(torch.randn(1))
-
v 8 def forward(self, x):

return [corr2d(x, self.weight) + self.bias
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SHARBSEN
- ATE—N6*BHIEIRY, RIE4FIAE (0) , HAHA (1)

1 X = torch.ones(6, 8)
2 X[:, 2:6] =0
3 X

executed in 9ms, finished 12:16:18 2020-06-17

tensor([[1., 1., ©., O.
[1.,
[1.,
[1.,
[1.,
[1.,

- [EERRK =(1,-1)

1] K = torch.tensor([[1, -1]])
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executeqm Mo, HNsNed T£.£2U.57 ZUZU-UD-1T7

1 Y = corr2d(X, K)

2Y
executed in 10ms, finished 12:20:43 2020-06-17
) S
tensor([[ ©.) 1.,] 0., ., ©.)] -1.,| 9.],
[ e.)] 1.,]e0., o., ©.)] -1.,] 0.1,
[e.1 1.,]e., eo., o.) -1.,] o.], N \
211N
o] 1.]e e o) afel  FRMIHEIDZEBIENEZL
[ e.)] 1.,]e6., o., ©.)] -1.,] 0.1,
0. 1. 0. 0. 0.1 -1. 0.
[ A 3 3 3 A 3 ]])
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¢ ééfﬁ_/|\6*8ﬂl‘.] 1%)( ' # FIE—MEEATARE(L, 2) I #EFRE

conv2d = Conv2D(kernel_size=(1, 2))

hiElBIAE (0) , HAHRE (1)

8.01
X = torch.ones(6, 8) 1 range(step):
X[:, 2:6] =8 t = conv2d(X)

X N\ — AL ((Y_hat - Y) ** 2).sum()
executed in 9ms, finished 12:16:18 2020-06-17 E’%DEHUAX*D E%Eﬁu L:I| Y ERHE)

tensor([[1., 1., ©., @., @., O., B IE
[1., 1., ., 8., ©., B., 2d.weight.data -= 1lr * conv2d.weight.grad
[1., 1., ., ©., B., B., \ \ N = N |:| 2d.bilas.data -= 1lr * conv2d.bias.grad
oo BN R FEEERIAFISREIRE -
[1.: 1: e.: ei e.j e.j 1—-1~—- H H - 7K i Eige
[1., 1., ©., ©., @., @ 2d.weight.grad.fill_(o)

2d.bias.grad.fill_(@)
(i +1) %5 ==80:

° gé%%*ﬂ ZK :(1,_1) print('Step %d, loss %.3f' % (i + 1, 1l.item()))

executed in 427ms, finished 12:26:12 2020-06-17

Step 5, loss ©.118

Step 18, loss ©.83@
Step 15, loss ©.088
Step 208, loss ©.@82

K = torch.tensor([[1, -1]])

executeT T s, mshned 12.20.971 2020-U0- 17

Y = corr2d(X, K) RV N
v - ZIBERIERZ

executed in 10ms, finished 12:20:43 2020-06-17

"

print("weight: ", conv2d.weight.data)

tensor([% g" 1" g" 2" g ’ _1" g'%’ print("bias: ", conv2d.bias.data)
[ 6.: 1_: 6.: 6.: e : _1.: @.]: executed in 6ms, finished 12:26:39 2020-06-17
[e., 1., eo., ©., 0., -1., ©.], weight: tensor([[ 1.0116, -1.8125]])
[e., 1., e., eo., 0., -1., o.], BIas.  TENsor(|9.0908])
[ e., 1., o., ©., o., -1., ©.1])
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# FEN—REFIEEHE, EXTHAFE LRGN ERIEE
def comp_conv2d(conv2d, X):
# (1, 1)CFHEX) FIEEZL 1
X = X.view((1, 1) + X.shape)
Y = conv2d(X)
return Y.view(Y.shape[2:]) # AHEAFZLHIGIRAE: HLEMIBE

# [EEIXEERNG FIEFL TS, ATLAFERI—IIE 72 718651

conv2d = nn.Conv2d(in_channels=1, out_channels=1, kernel_size=3,
X = torch.rand(8, 8)
comp_conv2d(conv2d, X).shape

executed in 93ms, finished 15:09:39 2020-06-17

torch.Size([4, 4])

10

21

16

[padding=1,stride=2ﬂ
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Flan: FeERBL. &, BE3MEE, A3 xHXWHRR EHBMEEMGIREE, BEAREERERN
def corr2d_multi_in(X, K):
LN #% A #% L2l BEGAX : ZBE(C _in,H, W)
T2 13 #ERRIRK . HEE(C_in,k_h, k_w)
112 res = corr2d(X[@, :, :1, K[©, :, :])
415|6(* v for i in range(1l, X.shape[@]):
ol1]2 71819 56 | 72 #Eﬁﬁfg/jg
* | 0] = + = res += corr2d(X[i, :, :1, K[i, :, :1)
14]° 213 0]11]2 NE 1041120 return res
°17]8 3|14|5]|%* > 13 executed in 4ms, finished 15:45:14 2020-06-17
61718
X = torch.tensor([[[©, 1, 2], [3, B , [6, 7, 811,

5]
[[1, 2, 3], [4, 5, 6], E7, 8, 9]]])
1

E@)\gﬁg (2’ H'W) K = torch.tensor([[[©9, 11, [2, 31], [I[1, 2], (2, 4111)
%*E*gé&g (2, kh, kw) corr2d_multi_in(X, K)

executed in 11ms, finished 15:45:14 2020-06-17

tensor([[ 56., 72.],
[104., 120.]])

SHIZEER = MAEER
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v 1 def corr2d multi in out(X, K):
2 # XIKAIFoHE WD, ZAFHAXHEEXITE.
3 #ATEESR(E s tack RS HE—7#C
4 return torch.stack([corr2d_multi_in(X, k) for k in K])
5 #X shape:(C_1in,H,W)
6 X = torch.arange(192, dtype=torch.float).view((3, 8, 8))
7 #K shape:(C_out,C_in,k_h,k_w)
8 K = torch.arange(108, dtype=torch.float).view((4, 3, 3, 3))

9 print("kernel shape:",K.shape)
WHER 10

11 Y = corr2d_multi_in_out(X, K)
12 print("Y shape:",Y.shape)

executed in 30ms, finished 17:09:43 2020-06-17

kernel shape: torch.Size([4, 3, 3, 3])
Y shape: torch.Size([4, 6, 6])

BRWZHEE: (4,3, ky, ky)--FRrBANERZ, 81 E31EE

BIHHEER (4 Houe, Wour)

phiEEE = SIREA

11
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—p — def pool2d(X, pool_size, mode="'max'):
- AV EEETIE X = X.float()
p_h, p_w = pool_size
. %ﬁg%*ﬂ%ij{ﬁ%ﬂgﬁg&@’l‘i Y = torch.zeros(X.shape[®] - p_h + 1, X.shape[l] - p_w + 1)

for i in range(Y.shape[©]):
for j in range(Y.shape[1]):
if mode == 'max':
Y[i, j] = X[i: 1 + p_h, j: j + p_w].max()

Eﬁ)\ Eﬁa'jll:l:ll elif mode == 'avg':
Y[i, j] = X[i: 1 + p_h, j: j + p_w].mean()

return Y

0 1 2 4 5 executed in 10ms, finished 17:24:32 2020-06-17

2X2 B
3 4' 5 N = X = torch.tensor e, 1, 2 3, 4, 5 6, 7, 8

j(\.m,H:)E 7 8 ([[ 2 2 ]: [ > > ]J [ 2 ) ]])

/ AN
6|7 |8 print ("BAGHIL")
print(pool2d(X, (2, 2)))

print ("ESE)
print(pool2d(X, (2, 2), 'avg'))
executed in 9ms, finished 17:24:32 2020-06-17
A
tensor([[4.
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B AL M A DRI GRS 2R R,

* BEXHIEHE (N=1)

® PyTorchEXfZEEIRE (N=3)

SCHICIFAR-10B1& 4 K1(F5%

Input
(batch_size, C in, H, W)

-

Conv2D | )

v
BatchNorm J *N

v
RelLU

Pooling

FCN

Output
(batch size, 10)
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* 1 def corr2d(X,K):
2 mwmn
3 X: HiA, shape (batch_size,H,W)
4 K: &f4#%, shape (k_h,k_w)
5 FBiEE
- bt  ive W - X.<h '{ 1 class MyConv2D(nn.Module):
; kahc ES;ZE’K’SM;E I v 2 detT __1init__(self, in_channels, out_channels, kernel_size):
9 #W;%;g A 3 super(MyConv2D, self).__init__ ()
108 Y = torch.zeros((batch_size,H - k_h + 1,W - k_w + 1)).to(device) 4 #@ié%#ﬁ,%’ﬁﬂzﬁ\%% #ﬁ'—?’% ﬁf
v 1 for i in range(Y.shape[1]): v 5 if isinstance(kernel_size,int):
i Hes T i BEm edizpala [ L 6 kernel_size = (kernel_size,kernel_size)
13 Y[:,1, j] = (X[:,1i: 1 + k_h, j: j + k_w] * K).sum() _ . - - . .
14 return Y 7 self.weight = nn.Parameter(torch.randn((out_channels,in_channels)+kernel_size))
15 8 self.bias = nn.Parameter(torch.randn(out_channels,1,1))
* 16 def corr2d_multi_in(X, K): 9
i #EIAX E”é’/é_r(batcf?_size,c_in_,i-f,w) v 10 def forward(self, x):
18 # BN BE(C_in,k_h, k_w) 11
19 #at]: #EE (batch_size,H out,W out) - Ay e . .
2 res = corr2d(X[:,0, :, :], K[@e, :, :]) 12 x: WAER, ?&E(batCh_SIZEJC_anHJW)
v 21 for i in range(1l, X.shape[1]): 13 e
22 # IR 14 return corr2d_multi_in_out(x, self.weight) + self.bias
23 res += corr2d(X[:,1, :, :1, K[i, :, :1)
24 return res
25
v 26 def corr2d_multi_in_out(X, K):
27 # X: shape (batch_size,C_1in,H,W)
28 # K. shape (C_out,C_1in,h,w)
29 #Y: shape(batch_size,C_out,H_out,iW_out)
30 return torch.stack([corr2d_multi_in(X, k) for k in K],dim=1)

S E X SIEIEGIRE

AENEFREMyConv2D

15



@) torch.nn.Conv2d

CLASS torch.nn.Conv2d(in_channels, out_channels, kernel_size, stride=1, padding=8,

dilation=1, groups=1, bias=True, padding_mode="zeros")

s WAL

input: g&g (batCh_SiZB, Cin' Hin' Win)

7 In_channels RNBE nt output: #EE (batch_size, Coyey Hout» Wout)
et out_channels i EIEEL int
kernel_size BRI/ intatuple 4 HE0: SNFCIFAREUE, batch size=64
stride £, BiA1 intEtuple o e _
= N
padding 1E7E, BAIAO inta};tuple NIMINLEETT (64,3,32,32)
a] dilation SiE=, EAT intatuple
7= group N BB 282, int
A1
bias = IRE, bool
2RiATrue
padding mode  iEFEH#EL, Bkikzero str

16
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class MyConvModule(nn.Module):

(o T N o TR ¥ 5 I S S Ty N

B
= @ W

M

N R R R R R R
® W o0~ vun W

[\%]
;

(%]
ra

det

def

—_init__(self):

super(MyConvModule, self).__init__ ()
# EN—EEH

self,.conv = nn.Seguential(

MyConv2D(in_channels=3, out_channels=32,kernel_size=3)

-

nn.BatchNorm2al32),
nn.ReLU(inplace=True)

)
# BE, RABEHRENDEHE

self.fc = nn.Linear(32, num_classes)

forward(self, X):

# BIHEET — 25, 4 /E (batch_size,C_out,H, W)
out = selF.conv(Xﬂ

# (EH P SRS R BIA N 11X 1

out = F.avg_pool2d(out, 30)

# [F5KSout Mshape batch x 32 x 1 x 1 A4 batch x 32
out = out.squeeze()

# BN TS R 10

out = self.fc(out)

return out

PyTorchfi%&&FH

]l

4

N

1 class ConvModule(nn.Module):

kernel_size=3, stride=1, padding=0),

kernel_size=3, stride=1,padding=0),

kernel_size=3, stride=1, padding=8),

# JZFKSout Mshape batch x 128 x 1 x 1 &4 batch x 128

sy ucl _.LIIJ.L_\:IC.LIJJ-

3 super(ConvModule, self).__init__ ()

2 # BV EEH

5 self.conv = nn.Sequential(

6 nn.Conv2d(in_channels=3, out_channels=32,
!

8 A BETCRNGTMZa(SIT,

9 nn.RelLU(inplace=True),
10 nn.Conv2d(in_channels=32, out_channels=64,
11

2 nn.BatchNorm2d(&4),
13 nn.ReLU(inplace=True),
14 nn.Conv2d(in_channels=64, out_channels=128,
15
16 nn.BatchNorm2d(128),
17 nn.RelLU(inplace=True)
18 )
19 # BHE, [EENEASEHE
20 self.fc = nn.Linear (128, num_classes)
22 def forward(self, X):
23 # BRSNS —E5H, Bt E (batch_size,C_out,H,W)
24 out = self.conv(X)
25 # (B R R HIA N 1x1
26 out = F.avg_pool2d(out, 26)
Fa
28 out = out.squeeze()
29 # BN\ DS R E e

30 out = self.fc(out)

return out

1/
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YIEREREL Wizt Y

v 1 def train_epoch(net, data_loader, device): v 1 def test_epoch(net, data_loader, device):
e . net.eval() # /S4B M idE=l
net.train() # 7EEZELIYIEFETL

test_batch_num = len(data_loader)

[V I =Y Vi S

train_batch_num = len(data_loader) # jIRHE=/fbatch 1 total loss = 8
total_loss = @ # j55@Loss 5 correct = O

6 correct = @ # ITREEZDIMFARIEFHFE 6 1 )

7 sample_num = 0 # I RILALE - ;a?é;g??];#r}f;}?/?ﬁ%ﬁ

8 ety

9 # T vatchi# T4 v 8 ith torch.no_grad(): “\\\
v 10 for_batch idx, (data, target) in enumerate(data loader): v 9 for batch_idx, (data, target) in enumerate(data_loader)

11 ¥ JSE ) fo i device T \ 10 data = data.to(device).float()

2 data = data.to(device).float() 11 target = target.to(device).long()

3 # JSFER i A5 e Jdevice 2 output = net(data)

14 target = target.to(device).long() 3 loss = criterion(output, target)

5 # [FGENEEEE PRI 14 total_loss += loss.item()

6 optimizer.zero_grad() iﬁézigkﬂ éﬁE - prediction = torch.argmax(output, 1)

17 # (AR E AR SIS 3 16 correct += (prediction == target).sum().item()

f output z LEEEEEE }iﬁ{g}%@ﬂ‘ﬁg& 17 sample_num += len(prediction)

- # ”tg?%5§ ; 18 loss = total_loss / test_batch_num

20 loss = criterion(output, target) n

21 8 BT 19 acc = correct / sample_num

22 loss.backward() 20 \\:Eturn loss, acc 4‘,//

23 \ optimizer.step() /

24 COSS

25 total loss += loss.item() NMIIM=g A >

26 # PG NI EEAR Tidx, AU FTUE BT WP 555 A& L3GIE, & LossFlACc

27 prediction = torch.argmax(output, 1)

28 # RIIFIEFRIER IS E

29 correct += (prediction == target).sum().item()

- ¥ BRI
¥ HEFH L oss SRR

33 loss = total_loss / train_batch_num

34 acc = correct / sample_num -\L-|_,%;LOSS*DACC

35 return loss, acc

iction)




data_dir = './data' # JEEEHEANVE
# EN—7‘transformiE(F, M Ftorch PRIEHERAENEJLABIA ZIEN HEZR
transform = transforms.Compose(

[transforms.ToTensor (), # E/LiA2(IE4E/%E A Tensor

transforms.Normalize((©.5, ©.5, ©.5), (8.5, 8.5, 0.5))]) # AR2UEHTITH, BI—71 S0t mean, /5—1N

# FHHlcifar-10#EEHH Tt ransform

cifar_train = torchvision.datasets.CIFAR1@(root=data_dir, train=True, download=True,
cifar_test = torchvision.datasets.CIFARle(root=data_dir, train=False, download=True,
# print(len(cifar_train))

~N

transform=transform)
transform=transfoif)

# cirar- 1020 X160 ] 5]
classes = ('plane', 'car', 'bird', 'cat',
‘deer', ‘'dog', 'frog', 'horse', 'ship', ‘'truck')

num_classes = 10 # F7/=25

epochs = 100 # J&G=1%

lr = 9.001 # F3&

batch_size = 512 # batch A/

device = torch.device("cuda:1") # 75Fdevice #8E5GPU, B1&EHcpulIES "cpu”

# “hlbdataloader

cifar_trainloader = torch.utils.data.Dataloader(cifar_train, batch_size=batch_size,
shuffle=True, num_workers=8)

cifar_testloader = torch.utils.data.Dataloader(cifar_test, batch_size=512,
shuffle=True, num_workers=8)

print(len(cifar_trainloader))

# AREHED

# net = MyConvModule().to(devi > T=1
neze- ConﬁMEZElZ( ;J . ioideigcz\;lce) 1§%2*¢EKESL¢E§=‘J

# (EFZTTE G
criterion = nn.CrossEntropyLoss()

# (EHAdam L 1EEE

optimizer = optim.Adam(net.parameters(), lr=1lr)

15EEXCIFAR-10£4

IXRETRBISE]
« Batch size

« JIIEES

- {flt=s

©  IRKEREL

N
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# 7FRBE—TepochiLoss Sacc I, [FTFEETTIE def corr2d(X,K):

train_loss_list = [] o

trai list = .

tg:iﬁ::;:lizt : H X: HiA, shape (batch_size,H,W)

test_acc_list = [] K: HEFZ, shape (k_h,k_w)
BiEE

# TG narm

for epoch in range(epochs):

test_loss, test_acc = test_epoch(net, data_loader=cifar_testloader, device=device)
# IRIFETIEER
train_loss_list.append(train_loss)
train_acc_list.append(train_acc)
test_loss_list.append(test_loss)
test_acc_list.append(test_acc)
print(f"epoch:{epoch}\t train_loss:{train_loss:.4f} \t"
f"train_acc:{train_acc} \t"
f'"test_loss:{test_loss:.4f} \t test_acc:{test_acc}")

# TG LS batch_size,H, W = X.shape
train_loss, train_acc = train_epoch(net, data_loader=cifar_trainloader, device=device) k_h, k_ w = K.shape
# RS FI0iF # MG A FAENE

L teh size H -l h + 1 W _ l w + 1)) toldavice)
for i in range(Y.shape[1]):
for j in range(Y.shape[2]):

Y[:,i, j] = (X[:,i: i + k_h, j: J + k_w] * K).sum()

Lurar T

execution queued 22:21:21 2020-06-18

epoch-batch:8-8 train_loss:2.3689 train_acc:0.0000
epoch-batch:8-1 train_loss:2.3378 train_acc:0.1008
epoch-batch:8-2 train_loss:2.3248 train_acc:0.1333
epoch-batch:8-3 train_loss:2.2734 train_acc:0.25080
epoch-batch:8-4 train_loss:2.2889 train_acc:0.2400

FERT KIS, 1%C#ERT>5h
- DIRA: SRUR(FERIOEBIASTIN, MAZREMEHERIE




PyTorchE3=&FHSCi05 R

IRENIFHISIE

v 1 # fFEE—7epochfIloss SaccHIE, (EFTEIEIE

100%¢%ERT: 1h

train_epoch(net, data_loader=cifar_trainloader, device=device)

test_epoch(net, data_loader=cifar_testloader, device=device)

2 train_loss_list = []
3 train_acc_list = []
4 test_loss_list = []
5 test_acc_list = []
7 # PTG
g8 for epoch in range(epochs):
- # EVIGEE LlE
10 train_loss, train_acc =
11 # ENiA5E FAiF
12 test_loss, test_acc =
13 # [RIFETIET
14 train_loss_list.append(train_loss)
5 train_acc_list.append(train_acc)
16 test_loss_list.append(test_loss)
17 test_acc_list.append(test_acc)
v 18 print(f"epoch:{epoch}\t train_loss:{train_loss:.4f} \t"
19 f"train_acc:{train_acc} \t"
20 f"test_loss:{test_loss:.4f} \t test_acc:{test_acc}")

executed in 1h 7m 5s, finished 16:30:17 2020-06-18

epoch:® train_loss:1.7119 train_acc:0.38988 test_loss:
epoch:1 train_loss:1.3972 train_acc:8.50722 test_loss:
epoch:2 train_loss:1.2678 train_acc:8.55578 test_loss:
epoch:3 train_loss:1.1904 train_acc:8.58214 test_loss:
epoch:4 train_loss:1.1289 train_acc:8.604%96 test_loss:
epoch:5 train_loss:1.8899 train_acc:8.6181 test_loss:

P RREPERP

.4879 test_acc:0.4774
.3381 test_acc:0.5147
.2836 test_acc:0.5444
.2779 test_acc:0.5396
.3294 test_acc:0.5369
.1668 test_acc:0.592

loss

acc

Loss

—— ftrain_loss
test loss

16 .

=+ f{rain_acc
na - test_acc
- i 1 " |
p “5! ..!_“n" A Rl
D?‘ | / Y lH:' il ry
b t 4
{ |
0.6 1 9
[~
0.5 1
04 1
0 20 40 60 B0 100
epoch
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1. HIRMHZERILE

® GIREER(F
® FHISLIMEIRE

o Elg5ETYI
2. FREH
o EREIOMHS

® IRSERIE
® RESHERTIA

® (FAPyTorchsCIl 55Li64%E

3. FRERILE

® RAYEIR
® LRLEN
® {FfHPyTorchs=LI 53504458

. SERREK

o HUERENE
® SIS

o THBFALE
® TREMECIE
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=& fR (dilated convolution)

EIBGIR

3x3

VS

SRR

L ® XEEDAEIZNE, SENE
3 x 3, dilation=2 =, B&so =, ER0

® dilation rate: TR, THEEGTH
NEERERFsdilation rate - 1

o ITHITNN, BUNEEER

23



o
T
X 2
) g
2 2
?G, 1896 (g‘
¥ o
“orone VY

=& fR (dilated convolution)

SIEETH IR

B /At https://github.com/vdumoulin/conv_arithmetic

S REAETRIZAIZE) (BSZEF) A/
k=(n—-1)xd+1
n = JREFZA/N

d = dilation rate

o SiHRERX/IMTEATL:

0= l(I k+2P)J 11

= MAEH A/
= iz
= K
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®) ==RBFA(dilated convolution)

=5iEAME

o EARBINISEER MEXREE, ERTE
Rsizei kK, BFEERERZERERENER

© 0 00000000000 Z/T

. /; x%) . ; g ; ; . ,/ :F .' TVJ . .; x; ;;) . : I L) Hidden Layer

(: Ci) | : i é Cij Q | é Q :li) | i gib Ci> | _ﬁ (/ / Hidden Layer
i Li 1 : gw iJ i/ : :. fi /// D ( @) Hidden Layer
i Vy/l Input

® Ll_ R EAREAYdilation rateffiRZRE L TFXER, &
EEHRREIRFNZERER, MMENXDEIE

Van Den Oord A, Dieleman S, Zen H, et al. WaveNet: A generative model for raw audio[J]. SSW, 2016, 125.

BIWZAKN2, TEER, BEEHALIBERESMEER,

e RS R LB S 6ME =S

Ouput @ ©® ©® ©® © ©® © © © 0 © © © © 00 © 0 0

H‘C’fy‘l"r O O © O © 0O C / D" O O O C /
Hif'den ONOHNONONONONO OO NONONONONONOECO IO NGOG

- - / I 7 / I | / I ” / |
Hll(.j:yzr: ONONONONONONONONOENONONONONONONOIONON®

it ® © © © © © © © © 00O 0O OO O ©

ZETRETR




®) ==RBFA(dilated convolution)

FERYR)ER =2=SiEBIR
dilation=2
iR T T RIS

UGN
AN

HEERE T =1TRANEE
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®) =A% (dilated convolution)

TFERYITRE NP (o
BRI 2 FIRO (S TR '_,.‘_;fﬁﬁmwawih

e 1 L)

8 pe BT , __?. &

i < ._;.:11593529 _

o I
!

H .- ks & I_ i : g Vl(.'tﬂ[‘la e
sk papans i_,nnﬁg;?lﬁiﬁ

SRGTREARWIRIT AR E e | ,?f”p"fm_"_ E
BRYEERY, (BRXEFE—IREIERAKRY - LY
dalItIOnEjEKIu\H]&j:éLEE;EllHIJ1|:|IU / ;ZD
EEEEERpUSES S S il eIz
SERRITTFESRERNXELS—.

RBIAESIREENEAEIEX, SEFANRC
%%T X, WRdalitionI KNS Z Z2HE=ARY

SRR EIER

E_I_ T
1 ]
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A4
% Sl
A )
X 56
9 = s
1896 9
& S/
AoTone WS

=& fR (dilated convolution)

HRTTE M; = max|[M;1 — 2ri, Mit1 — 2(Miy1 — 1), 73]
Hybrid Dilated Convolution (HDC) Bix: M, <k

= 0 Ailat oy gk r; {556iIERdilation rate

A o T e 2 ) M BRI lation ratetO AR
o L I .I —IZ VAV 70\ ,“\nI« = —E ‘Mn — -

=~ gridding effect, gz e = I?Zrﬁel e "

—. BMi14& dilation rate BiTEES IR, 4 dilation rate [1, 2, 5] with 3 x 3 kernel
a0 [1, 2, 5, 1, 2, 5] @254,

RIS R My=1,=5
=. BE M, = max{M3z — 215, M3 — 2(M3 — 13),73}
M; = max|Miyy — 2ri, Moy — 2(Mig1 — 1), 7] e A2 1A maxil,—1,2} =2 <k =3

Wang P, Chen P, Yuan Y, et al. Understanding convolution for semantic segmentation[C]//2018 IEEE Winter Conference on Applications of Computer Vision (WACV).
IEEE, 2018: 1451-1460.
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®) ==RBFA(dilated convolution)

{EAEPyTorch=EI=SFA&FR

Conv2d B#E(#Rtorch.nn.Conv2d, 1%&iEARRdilationElaE]

CLASS torxch.nn.Conv2d(in_channels, out_channels, kernel_size, stride=1, padding=0,

[SOURCE]

dilation=1)groups=1, bias=True, padding _mode="'zeros")

Applies a 2D convolution over an input signal composed of several input planes.

In the simplest case, the output value of the layer with input size (N, Cin, H, W) and output
(N, Cout, H., Wout) can be precisely described as:

Cin—1
out (N, Cout, ) = bias(Cout, ) + Z weight(Cou, , k) * input (NV;, k)
k=0

where x is the valid 2D cross-correlation operator, IV is a batch size, (' denotes a number of channels, H is a

height of input planes in pixels, and W is width in pixels.
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=& fR (dilated convolution)

=S FRAYSCI scHldilation91. 2, 5H9 = EZSSEER

class DilatedCo

nvModule(nn.Module):

def init (self):
super(DilatedConvModule, self). init ()
# EN—TTEENL, 2, SHI=/ =T

self.co
nn.

nn.
nn.
nn.

nn.
nn.
nn

nv = nn.Sequential(
Conv2d(in_channels=3, out_channels=32,
kernel size=3, stride=1,
padding=0, |dilation=1)|,
BatchNorm2d(32),
ReLU(inplace=True),
Conv2d(in_channels=32, out channels=64,
kernel size=3, stride=1,
padding=0, dilation=2)L
BatchNorm2d(64),
ReLU(inplace=True),

.Conv2d(in_channels=64, out_channels=128,

kernel sizg= =1,

padding=6, |dilation=5)|,
BatchNorm2d(128),
ReLU(inplace=True)

# BLE, FAEEHEIDEHE

nn.
hn.

)
self.fc
O =S5 Uras

N\ fii

= nn.Linear(128, num_classes)

dilation=%{, Hftt5Conv2d+8[E]

def forward(self, X):
# BRTTET = ET S
out = self.conv(X)
# (B = R AIA 11X
out = F.avg pool2d(out, 16)
# JFHKSout Mshape batch x 128 x 1 x 1 /7 batch x 128
out = out.squeeze()
# BN B2 RREE R /10
out = self.fc(out)
return out

® E R AX/IETMY: 32—30—26—16—1

o StENTRERAXNEAT

o MIESMLETHRAY, FHEAIHETLE
BRI



s =
Y p
A 3 6
k) — IS
% 1896 ‘?5

o o
AoTone WS

=& fR (dilated convolution)

o B e A o £

Loss

& \k batchsize=512
S
Ir=0.001 o
epochs=100 J
LossHIEE(L SRR,

o RRIEIIIZRE ERTLUARI— MR ossHIRISHYERRER
® EARLA0 RN EERILossEANE M T U
o NSRS EREERIAR 782.92%, RS RIREECifar-10_ L TH AR R

34



1. SRR

® SIREANE(F
® FLIGIRZE

o EigHETH
2. FFREHR

o T REFRAVELE

o imEiERM

® RESRRTTIE

® {FAPyTorchsCII 5sCiuZ55R

3. FREMILE

® HRIRAYAIRR
® LRLEN
® {FFAPyTorchICI 530045

4. SERER

® HEENA
® GHASCIY

® ZEHIISCLS
® TREMZELIN
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®)) BEML (Residual Networks, ResNets)

EZESR

EIg L, RERINEIRAELREMSZE,
E R ERERIRI RS AT LA I E—Ma
ANEFTHIHAIRGT, AREIVESTZEMSS,
NZERZDHEE]

AMAILIaLEERZRASIRR_ EIRERIMZSRIER 2
;ﬁ{%ﬁ, B GREERIERBRE, 1B AEID
Ua

REMERBIEERI, VG EEEI

[S]
(=3
1

S
=
©)
=
O 10+
%D 56-layer
g
[a]
& 20-layer
% i 2 3 y E 6
iter. (le4)
201
& 56-layer
‘g ol 20-layer
)
7
&
% I 2 s 4 5 6
iter. (1e4)

{20 EFf56 26T CIFART05EEE FAVSCIGLER

He K, Zhang X, Ren S, et al. Deep residual learning for image recognition[C]//Proceedings of the IEEE conference on computer vision and pattern recognition.

2016: 770-778.
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®)) BEML (Residual Networks, ResNets)

def forward(self, X):

Y = F.relu(self.convl(X))
Y = self.conv2(Y)
return F.relu(Y)

MEETRA

forward(self, X):
Y = F.relu(self.convl(X))
Y = self.conv2(Y)

return F.relu(Y|+ X)

IIONG == 52 )
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HEM% (Residual Networks, ResNets)
S ML RYSCIR P

# IEFEEFEFEE

class ResidualBlock(nn.Module): out =Ase1-F.1e-Ft(x) N 5 N
def init (self, inchannel, outchannel, stride=1): SrTMEE # _JFE N/ B HGEs hape /SIS FRE T G0
super(ResidualBlock, self). init () %ﬂﬁ%ﬁ out += self.shortcut(x)
# [EFEEHREDD, BETREEH # 2200 20 L i
self.left = nn.Sequential( out = F.relu(out) s3-== RN
nn.Conv2d(inchannel, outchannel, return out 'I’%I‘%dﬁbuﬁ’%z'g

kernel size=3, stride=stride,

padding=1, bias=False), .. —
nn.BatchNorm2d(outchannel), IFENEFES
nn.RelLU(inplace=True),
nn.Conv2d(outchannel, outchannel,

kernel_size=3, stride=l, o EHIHENERSHAXIshapedE,
padding=1, bias=False), L=t
nn.BatchNorm2d(outchannel) 'ﬂﬂzzﬁbg?ﬂ‘ﬁ?]ﬂ
)
# YR RSB Zsize fllchannel ® %51{(2:?91 / \)zle(/J\EEEQHZ
# WTEETHING TN, B shortcut 55 (padding ABEKBIZRRIIEIR)

self.shortcut = nn.Sequential()

# QIR SR Tsizehchannel

# JYEFT X1 SFAEEIINAGs1ze Hichanne ., [ERAYF—H( o JFENSTMABENR, EREEN
if stride != 1 or inchannel != outchannel: %’iﬁ%ﬂ:ﬁggﬁ‘@ﬂﬂﬁ’ﬂ@%ﬂ EEQ'{‘K

self.shortcut = nn.Sequential(
nn.Conv2d(inchannel, outchannel,

bimacrateny, | e o R Ix1HIEIRAEEX shape
nn.BatchNorm2d (outcha;mel) ﬁ%‘ﬁ*‘é'—iﬁiﬂjﬁﬂ’ﬂéﬁﬁshape*ﬁ IEEB




batchsize=512 /

\ Ir=0.001 . /
e |
\ epOChS=25 0.40 /

epoch epoch

LossHIZZL, S ERERAYERAL

o 7EIEE FlossirTIE, RIS LT, SIRBISEIE — TN e
o FENRE FAOHERRE, BREER, THRINTA, SEEEISENE

o HTIMIBGIRRE=R, RERERFI—NER, ALBERARER, R
EEXENE LR A B IR ERRERZS
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®)) BEML (Residual Networks, ResNets)

SR EIRBISEIOESR

" 18EConvigResNet - /
\ batchsize=512 |
. B o7 |
: Ir=0.001 I
i epochs=200 l
LossAYZSt, SEIERAITE

o REIE)|4RE EFFE)IIGRARZIERIRIRO, ERERMIARIT100%, HIARENESELRERH
o IS L, LosstESBS0%MNmiFEe L, MtbEIIgREERILosSIRERFEL B, nBARE T EISIISR
o RIZEUSE T ResNet-187EMIE EREIXEIRI I /HERRZER986.85%



%ZML% (Residual Networks, ResNets)

RERR S RESRIRILL

B . =
[ conv_test batChS|Ze= 51 2 } —— conv_test
Ir=0.001
epochs=100
HIEE18E
LossHYZ{K S EERRERAYERL

o SN BSEEME, HEN MGG

o FLIERIERERET, LicElosskZ2HERER, SBEGIRIME (A8) HikERIRY
% (BB) m)IEGEHRUKEEX, wRIBAEMSAINNNESE AT LIRS BRELE I AY) |14k
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® SIREANE(F
® FLIGIRZE

o EigHETH
2. FFREHR

o T REFRAVELE

o imEiERM

® RRSRRITIE

® {FAPyTorchsCII 5sCiuZ55R

3. FRERILE

® fFRAYEJRR
® LRLEN
® {FfHPyTorchs=LI 53504458

4. SEFRERR

® HHEENA
® SIS
® TREFALIR

® TREMLELIN
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o MAEF, WxImAKy — AXRAE
® 1t13585KEFHHE A

® HRBFSE. BEMMKE=S

® 54 7795

® =4 218K

® 7. 3603k
o ENERINE20-30%HEmhTE

o FZERHIN/NA—, FERERARRIERK/
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o GANEER, GHEEEN 0

® I5205KE| A

® J520%RYE FS{EliER

o SEFIA/N—, FTERBERAMHREIERI/

® SLINNTBEEAZKIBRAIRE. REHEIHE.

RE (%)

SRS A HEERIXILE

i (X%
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RSN

# EANEXAIE

from PIL import Image

import matplotlib.pyplot as plt
import numpy as np

# XIE /R HTEE
img = img.resize((200,100),Image.ANTIALIAS)

# B RETNES \
file = Path("D:\MyFile\(REFIHIEE\AEZELUEE\EEEIR\\001. jpg")

img = Image.open(file)

plt.imshow(img)
plt.axis('off")
plt.show()

img

# JEE 2R umpy FEFERZ T

img = np.array(img)

print(img.shape)

(100, 200, 3)

# 71
img = img / 255
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@ F5_ESFANSLEN, HER/D— N EUESE LiATSCIS, MIIZRET(a]. Follrs
E. LossTUFEREDITLINER (RIFHEAREFRETR)

® (fEFtorch.nnCI 456581, FEE/D— 1 E0ESE EHITSCIE, MillZkAda].
FUNFSE. LossTHqVERE \1‘57&”’\#% (E—ihz"% JEZRER)

046?&:‘**&8’]2}‘% T (BIEERRES. &R A/N. batchsize, IrZE) 1xH
hZE/D -2 70N 179 T

® {if _PyTorchpkiJu,I, g8 AlexNetHEE/D— 1 EUESEHI TS DT (K
GPUIAEN 2=/ sCIiREY)

® {sEFASCIG29RY ﬁuu@leﬂéﬁd‘iﬂ = ZIK‘/’Y IETESESE RHTECIE, FRIBSCIGE
H5EFRBIERHITIL ST (15%)




AlexNet

S
iy

AUEERELE /IRelu

u

227x227x39B H

v

11x11 conv,out=96,s=4,
3x3 pool,s=2

5X5 conv,out=256,s=1,
Same Padding,
3x3 pool,s=2

3x3 conv,out=384,s=1
Same padding

3x3 conv,out=384,s=1
Same padding

fc,4096
dropout

fc,4096
dropout

fc,1000

11x1189E6F5, mEEES
96, N4,
3BT, K2

Same Padding: paddingfg
B R RINEFAZE

SIEERH4ERE4096
fIiAdropout

BHERIEH1000, RAE

1000725

® TIiRYESCPREUEIS LR IAHE]
FERIZ K, BREAN, it

(e

® RIEERZZ DAY s
EhYsize

o ZEMAlexNet&£429600051,
H7cGPUINEN AT LUE SR>
SRR, 5E AV ERIERERE
EIREYENTE],

o T AlexNetift—sH ML
SIS A MBS
16

Krizhevsky A, Sutskever I, Hinton G E. Imagenet classification with deep convolutional neural networks[C]//Advances in neural information processing systems. 2012: 1097-

1105.



o B e

® [FAtorch.nnCINTEEFR, EKkdilationji/EHDCEE (701,2,5) B=E
WEZEAESD— 1 HUEE LT, MIllZRRTIE. FRASE. Loss
TIHFRBESITENER (RHFHEREZRER)

¢ HTREIRRERENER SEIRIRENEREITOIELRT, IIIER8T18].
FTOAEE. LossTWEREDHT

® RNEESEINILL ot (BIFEFREE. BRI, AEdilationfysksE,
batchsize. IrsF) EEHDPZE/M-2MFTDM (%)
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SR

5= R4 SL08

Image 32*32

3x3 conv, 64

3x3 conv, 64
4

3x3 conv, 64

® LIS ELSIIRIIREMSS, 1E

FE/D— 1 EEE DRTEIE,

32:32 H[EIE RN

3x3 conv, 64

|
|
|
|
: | 3x3 conv, 64 _
Ml}l ZatE). FulFsE. Loss 5 comy 128, /2 3%?;2*?3&%2
A = ,/ G E]
Q'f’tgﬁigﬁj\ﬁ SM iy é|:|% (Jiﬁ : 2x3 coqy, 148 : ————— 16*16 -
[ ol = 3x3 conv,128

t-jﬂﬁ - gzz“-l—‘ﬂé/_-ﬁ) 33 co'nv,lzg | o TIRIEMAE R AN IEEELEN
3x3 conv,256, /2 ~. ‘
e Co'nv, SEE B Y o HillZKIENEHgERIRELEE]

. 'i ﬁ%%lxj 5/ \\ _%*/E\I*E—I:l D I I 3x3 conv,256 I___— 8*8 w ~QE—|:|—
EE)_NGEEDAGIR,  Cmgu O IS
Z NFEE. Loss (33 conv,512, /2] )#E’Jsae‘JZ%uE*SZ RIS SIER

_ﬁu é j \fj\l)\ /ﬁ\;i ™ 3x3 co'nv,512 | _,,/: FIERREEIEM, RERIEKER

THWEFEBESITEEINER (&7 0 o vi— 44 shapeAR H%,HE}JD

'Q%A'% KET) (iﬁlm) | 3x3 co'nv,512 |

J ! | 3x3 conv,512 | ° %GPU%i%EI’\JIﬂ—?ﬂiE%?ﬁP}WE@

| Avg pool | 1%1 AR EdEEE RN
| fc, 10 |
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