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10. Basic CNN
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Revision: Fully Connected Neural Network

S04/
q2\3 X )
143 g ( ) 4 class Net (torch. nn. Module) :
N, 784 .o
, i IQF , def init (self):
~ A super (Net, self). init ()
: self.11 = torch.nn. Linear (784, 512)
4 self. 12 = torch. nn. Linear (512, 256)
() Input Layer - ‘ self. 13 = torch. nn. Linear (256, 128)
! ] \ —= J self.14 = torch.nn.Linear (128, 64)
(] Linear Layer , 8 (V. 256) ~ self. 15 = torch. nn. Linear (64, 10)
([ JRelULayer c
, X def forward(self, x):
:] Output Layer x = x.view(-1, 784)
S x = F.relu(self.11(x))
(N, 128) x = F.relu(self.12(x))
i : x = F.relu(self.13(x))
I x = F.relu(self. 14(x))
return self. 15(x)
M v.69)
N, 10) ‘ model = Net ()
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Convolutional Neural Network
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Convolution - Single Input Channel

Input Kernel Output
3| 4|6]|5|7
2 | 4| 6|82 1|2 3
1/6 |7 | 8] 4 O) 4 |56 —
9|7 |4|6]|2 78109

\4

3:1+4-24+6-3+2-44+4-5+6-6+1-7+6-8+7:-9=
3+8+18+8+20+36+7+48+ 63 =211
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Convolution - Single Input Channel

Input Kernel Output
3| 4|6]|5|7
2 | 4| 6|82 1|2 3 211
1/6 |7 | 8] 4 O) 4 |56 —
9|7 |4|6]|2 78109

\4

3:1+4-24+6-3+2-44+4-5+6-6+1-7+6-8+7:-9=
3+8+18+8+20+36+7+48+ 63 =211
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Convolution - Single Input Channel

Input Kernel Output
3|46 |5]|7
2|1 4|6 |82 1|2 3 211
116 |7 | 8] 4 O) 4 |56 —
9|7 |4|6]|2 78109

\4

4-1+6-2+5-3+4:-4+6-5+8:6+6-7+7-8+8-9=
4+12+15+16+30+48+42+56+72 =295
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Convolution - Single Input Channel

Input Kernel Output
3|46 |5]|7
2|1 4|6 |82 1|2 3 211 | 295
116 |7 | 8] 4 O) 4 |56 —
9|7 |4|6]|2 78109

\4

4-1+6-2+5-3+4:-4+6-5+8:6+6-7+7-8+8-9=
4+12+15+16+30+48+42+56+72 =295
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Convolution - Single Input Channel

Input Kernel Output
3| 4|6 |5 |7
2 4 6 8 2 1 2 3 211 | 295 | 262
1/6|7| 8] 4 O) 4 |56 —
9|7 |4|6]|2 78109
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Convolution - Single Input Channel

Input Kernel Output
3| 4|6 |57
2 4 6 8 2 1 2 3 211 | 295 | 262
1|6 |7]| 8| 4 O) 4 | 5|6 — 259
9 | 7| 4|6 |2 718109
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Convolution - Single Input Channel

Input Kernel Output
3 4 6 5 7
2| 4|6 | 8|2 1|2 | 3 211 | 295 | 262
1|16 |7 )| 8] 4 O) 4|5 |6 — 259 | 282
9 7 4 () 2 7 8 9
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Convolution - Single Input Channel

Input Kernel Output
3 4 6 5 7
2 | 4|6 | 8|2 1|2 | 3 211 | 295 | 262
1/6|7 | 8] 4 O) 4 |56 — 259 | 282 | 214
9 7 4 () 2 7 8 9
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Convolution - Single Input Channel

Input Kernel Output
3 4 6 5 7
2 | 4|6 | 8|2 1|23 211 | 295 | 262
1/6| 7| 8] 4 O) 4 |56 — 259 | 282 | 214
9 | 7| 4|6 |2 7 | 8 |9 251
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Convolution - Single Input Channel

Input Kernel Output
3 4 6 5 7
2 | 4|6 | 8|2 1|23 211 | 295 | 262
116 |7 | 8] 4 O) 4 |56 — 259 | 282 | 214
917 | 4| 6|2 7 | 8 |9 251 | 253
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Convolution - Single Input Channel

Input Kernel Output
3 4 6 5 7
2 | 4|6 | 8|2 1|23 211 | 295 | 262
1/6|7 | 8] 4 O) 4 |56 — 259 | 282 | 214
9 | 714 | 6 | 2 7 | 8 |9 251 | 253 | 169
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Convolution — 3 Input Channels

3/4/,6|5|7
204682
116(7|8|4
97462
3/7(5/4|1
3/4,6|5|7
204682
1/6(7(8|4
917|462
3/7(5/4|1
3/4,6|5|7
204682
116(7|8|4
917|462
3/7(5/4|1
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Convolution — 3 Input Channels

31416/5]7 211 | 295 | 262
2(4|16(8|2 1123

116|784 @ 415|6 — 259 | 282 | 214
9(7(4|6|2 7,89

3171521 251 | 253 | 169
314|,6(5|7

2(4|16(8|2

116|784

9(7(4|6|2

317|5|4|1

314/,6(5|7

2(4(6|8|2

116|784

9/7(4(6|2

317|5/4|1
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Convolution — 3 Input Channels

3/4|6(5|7 211 | 295 | 262
2|14|16(8|2 1123

116(7|8|4 @ 4(5(6 — 259 | 282 | 214
917|14|6|2 71819

3071541 251 | 253 | 169
31416/5]7 179 | 245 | 268
214|16(8|2 918|7

116|7|8|4 @ 6|5 — 201 | 278 | 256
917|14|6|2 312|1

37541 239 | 287 | 241
314|,6(5|7

214|6(8|2

116(7|8|4

9(7(4|6|2

317|514 1
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Convolution — 3 Input Channels

3/4/6/5|7 211 | 295 | 262
204/6(8|2 1123
116(7|8|4 @ 4(5(6 — 259 | 282 | 214
9,7|4(6|2 7189
317151201 251 | 253 | 169
3/4|6|5|7 179 | 245 | 268
204/6(8|2 987
116|7|8|4 @ 6|5 — 201 | 278 | 256
9,7|4(6|2 3(2]|1
3171521 239 | 287 | 241
3/4|6(5|7 235 | 297 | 248
204,6(8|2 104|7
1/6|7]8]4 @ 2|5(8] — 253 | 294 | 204
9|17(4|6|2 3(6|9
3(705(41 255 | 259 | 169
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Convolution — 3 Input Channels

3/4/6/5|7 211 | 295 | 262
204/6(8|2 1123
116(7|8|4 @ 4(5(6 — 259 | 282 | 214
9,7|4(6|2 7189
317151201 251 | 253 | 169
3/4|6|5|7 179 | 245 | 268
204/6(8|2 987
116|7|8|4 @ 6|5 — 201 | 278 | 256
9,7|4(6|2 3(2]|1
3171521 239 | 287 | 241
3/4|6(5|7 235 | 297 | 248
204,6(8|2 104|7
1/6|7]8]4 @ 2|5(8] — 253 | 294 | 204
9|17(4|6|2 3(6|9
3(705(41 255 | 259 | 169
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Convolution — 3 Input Channels

3/4/6/5|7 211 | 295 | 262

2|14/6|8(2 11213

116(7|8|4 @ 4|56 — 259 | 282 | 214

917|14|6|2 7189

317151211 251 | 253 | 169

3/4|6|5|7 179 | 245 | 268 625 | 837 | 778
2|14/6|8(2 9187

116|784 @ 6|5 — 201 | 278 | 256 — 713 | 854 | 674
917|14|6|2 3(2]|1

3171521 239 | 287 | 241 745 | 799 | 579
3/4|6(5|7 235 | 297 | 248

214|6(8|2 1(4|7

1/6|7]8]4 @ 2|5(8] — 253 | 294 | 204

9(7(4|6|2 3/6|9

30705041 255 | 259 | 169
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Convolution — 3 Input Channels

314|6(5|7
21416/8)2 Convolution
1/6|7(8|4
917(4|6(2
317|5(4]|1
3/4/6/5|7 625 | 837 | 778
214|16(8|2
116(7|8|4 713 | 854 | 674
917(4|16(2
3/715(14/(1 745 | 799 | 579
314|,6(5|7
2|14/6|8(2
1/6|7(8|4
9174(6|2
317|5(4|1
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Convolution — 3 Input Channels

el
A PR
1314[6[5|7 625 | 837 | 778
124682
116(7|8|4 713 | 854 | 674
19(7(4|6|2
37705021 745 | 799 | 579

Convolution
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Convolution — 3 Input Channels

el
PR
41657 625 | 837 | 778
46|82
6784 713 | 854 | 674
714(6|2
715211 745 | 799 | 579

Convolution

/ 3 % 3 /
Convolution
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Convolution — 3 Input Channels

el
PR
41657 625 | 837 | 778
46|82
6784 713 | 854 | 674
714(6|2
715211 745 | 799 | 579

Convolution

W
/ 3 -
Convolution
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Convolution — 3 Input Channels

clel =1
-~ A |l = =1
13/al6[5]7
t21al6(8]2
1/6|7(8]4
l9]7]al6]2
13[7[5[a1

channel = 3

height =5

width =5

625 | 837 | 778

713 | 854 | 674

745 | 799 | 579

Convolution

channel = 3 channel = 1

> height = 3 > height = 3

width = 3

width = 3

3 X3
Convolution
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Convolution — N Input Channels

hanmel = n The shape of kernel tensor is (n, 3, 3)

height =5

width =5

channel = n channel = 1

> height = 3 > height = 3
width =3 width = 3
3X3
Convolution
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Convolution — N Input Channels and M Output Channels

channel =n
filter Feature map,

O

> —

Feature map, :

filter,

4

(m, width,,;, height,,¢)

W—/

(n,width;,, height;,)

filter, Feature map,,
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Convolutional Layer

This layer needs m filters, which size are:

n X kernel_size4;p, X kernel_sizey,;qgn;

4-Dimension Tensor

m X widthye,X height
n X width;,,X height;,

m X n X kernel_size,q;p X kernel_sizepe;gnt
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Convolutional Layer

import torch

in_channels, out channels= 5, 10
width, height = 100, 100

kernel size = 3

batch size = 1

input = torch. randn(batch size,
in channels,
width,
height)

conv_layer = torch. nn. Conv2d (in channels,
out channels,
kernel size=kernel size)

output = conv layer (input)
print (input. shape)

print (output. shape)
print (conv_layer. weight. shape)
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Convolutional Layer

import torch

in channels, out channels= 5, 10
width, height = 100, 100

kernel size = 3

batch size = 1

input = torch. randn(batch size,
in channels,
width,
height)

conv_layer = torch. nn. Conv2d (in channels,
out channels,
kernel size=kernel size)

output = conv layer (input)
print (input. shape)

print (output. shape)
print (conv_layer. weight. shape)
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Convolutional Layer

import torch

in channels, out channels= 5, 10
width, height = 100, 100

kernel size = 3

batch size = 1

input = torch.randn(batch size,
in channels,
width,
height)

conv_layer = torch. nn. Conv2d (in channels,
out channels,
kernel size=kernel size)

output = conv layer (input)
print (input. shape)

print (output. shape)
print (conv_layer. weight. shape)
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Convolutional Layer

import torch

in channels, out channels= 5, 10
width, height = 100, 100

kernel size = 3

batch size = 1

input = torch. randn(batch size,
in channels,
width,
height)

conv_layer = torch.nn.Conv2d (in channels,
out channels,
kernel size=kernel size)

output = conv layer (input)
print (input. shape)

print (output. shape)
print (conv_layer. weight. shape)
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Convolutional Layer

import torch

in channels, out channels= 5, 10
width, height = 100, 100

kernel size = 3

batch size = 1

input = torch. randn(batch size,
in channels,
width,
height)

conv_layer = torch. nn. Conv2d (in channels,
out channels,
kernel size=kernel size)

output = conv_layer (input)
print (input. shape)

print (output. shape)
print (conv_layer. weight. shape)
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Convolutional Layer

import torch

in channels, out channels= 5, 10
width, height = 100, 100

kernel size = 3

batch size = 1

input = torch. randn(batch size,
in channels,
width,
height)

conv_layer = torch. nn. Conv2d (in channels,
out channels,

kernel size=kernel size)

output = conv layer (input)

print (input.shape) torch. Size ([1, 5, 100, 100])
print (output.shape) torch. Size ([1, 10, 98, 98])
print (conv_layer.weight.shape) | torch.Size([10, 5, 3, 3])
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Convolutional Layer — padding

Input Kernel Output

3|14|6|5|7

1 2 3 211 | 295 | 262
24682
116|784 @ 4 | 5|6 — 259 | 282 | 214
9(7|4|6|2

7 8 9 251 | 253 | 169
317541
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Convolutional Layer — padding=1

Input Kernel Output
3(4(6|5|7
1 2 3 211 | 295 | 262
2104|168 |2
116|784 @ 4 | 5|6 — 259 | 282 | 214
9|74 |6|2
7 8 9 251 | 253 | 169
3(7/5(4|1
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Convolutional Layer — padding=1

Input Kernel Output
0|0|0]j]O0|O0|O0|O
0|3|4|6|5|7|0
1 2 3 211 | 295 | 262
012|468 |2|0
0(1/6/7|8(4]|0 @ 4 | 5|6 — 259 | 282 | 214
019|746 |2|0
7 8 9 251 | 253 | 169
0|3|7|!5/4|1|0
0/|0/|0|0|0|O0|O
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Convolutional Layer — padding=1

Input Kernel Output
0|0|0]j]O0|O0|O0|O 91
0|3|4|6|5|7|0

1 2 3 211 | 295 | 262
012|468 |2|0
0(1/6/7|8(4]|0 @ 4 | 5|6 — 259 | 282 | 214
019|746 |2|0

7 8 9 251 | 253 | 169
0|3|7|!5/4|1|0
0/|0/|0|0|0|O0|O
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Convolutional Layer — padding=1

Input Kernel Output
0/0|0(0|0|O0]O0 91 | 168 | 224 | 215 | 127
0({3(4|6|5|7|0

1 2 3 114 | 211 | 295 | 262 | 149
0(2(4/,6|8|2|0
0/1/6|/7|8(4]|0 @ 4 | 5|6 - 192 | 259 | 282 | 214 | 122
0(9(7(4|6|2|0

7 8 9 194 | 251 | 253 | 169 | 86
0(3(7|5|/4|1]|0
0/0|0(O0|0|O0]O0 96 | 112 | 110 | 68 | 31
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Convolutional Layer — padding=1

import torch

input = [3,4,6,5,7,

) ) ) ) )

) ) ) ) )

, ]

input = torch. Tensor (input).view(l, 1, 5, 5)

) ) ) )

L O — N W
N 3 O
O1 v 3 O O
= O OO0 CO O
=N DN

)

conv_layer = torch.nn.Conv2d(1l, 1, kernel size=3, padding=1, bias=False)

kernel = torch. Tensor([1,2,3,4,5,6,7,8,9]).view(l, 1, 3, 3)
conv_layer. weight. data = kernel. data

output = conv_ layer (input)
print (output)
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Convolutional Layer — stride=2

Input Kernel Output
3| 4|6]|5|7
2 | 4| 6|82 1|2 3
1/6 |7 | 8] 4 O) 4 |56 —
9|7 |4|6]|2 78109
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Convolutional Layer — stride=2

Input Kernel Output
3| 4|6|5]| 7
2 | 4| 6|82 12| 3
211
16|78/ 4 @ 4 | 5| 6 —
9 | 7|4 |6 |2 71 81| 9

Lecturer : Hongpu Liu Lecture 10-43 PyTorch Tutorial @ SLAM Research Group



Convolutional Layer — stride=2

Input Kernel Output
3| 4|6 |5 ]| 7
2 | 4]l6 | 8|2 12| 3
211
1/6|7 ]| 8| 4 @ 4 | 5| 6 —
9 | 7|4 |6 |2 71 81| 9

Lecturer : Hongpu Liu Lecture 10-44 PyTorch Tutorial @ SLAM Research Group



Convolutional Layer — stride=2

Input Kernel Output
3| 4|6 |5 ]| 7
2 | 4]l6 | 8|2 12| 3
211 | 262
1/6|7 ]| 8| 4 @ 4 | 5| 6 —
9 | 7|4 |6 |2 71 81| 9
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Convolutional Layer — stride=2

Input Kernel Output
3| 4|6 |57
2 | 4|6 |82 12| 3
211 | 262
16|78/ 4 @ 4 | 5| 6 —
9 |7 4|6 |2 71 81| 9
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Convolutional Layer — stride=2

Input Kernel Output
3|4|6 |5 |7
2 | 4|6 |82 1|23
211 | 262
1/6|7]|8]4 O) 4 |5|6 —
251
9 (7| 4|6 |2 78|09
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Convolutional Layer — stride=2

Input Kernel Output
3|4|6 |5 |7
2 | 4|6 |82 1|23
211 | 262
1/6|7]|8]4 O) 4 |5|6 —
251
9 (7] 4|6 |2 78|09
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Convolutional Layer — stride=2

Input Kernel Output
3|4|6 |5 |7
2 | 4|6 |82 1|23
211 | 262
1/6|7]|8]4 O) 4 |5|6 —
251 | 169
9 (7] 4|6 |2 78|09
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Convolutional Layer — stride=2

import torch

input = [3,

-

hBOUvOOOOO*l
r—tNr&Nﬂ

-

3,4,6
2,4,6
1,6, 7
9,7,4 ,
3,7,5,4,1]
input = torch. Tensor (input).view(l, 1, 5, 5)

) )

conv_layer = torch.nn.Conv2d(1, 1, kernel size=3, stride=2, bias=False)

kernel = torch. Tensor([1,2,3,4,5,6,7,8,9]).view(l, 1, 3, 3)
conv_layer. weight. data = kernel. data

output = conv layer (input)
print (output)
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Max Pooling Layer

3 4|6 |5
2 | 4| 6 | 8 4 | 8
ey
1 6 | 7 | 8 2 X 2 9 | 8
MaxPooling
9 |7 | 4 | 6
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Max Pooling Layer

import torch

input = torch. Tensor (input).view(l, 1, 4, 4)
maxpooling layer = torch.nn.MaxPool2d (kernel size=2)

output = maxpooling layer (input)
print (output)
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A Simple Convolutional Neural Network

(batch, 10,24,24)

(batch,10,12,12)

/ (batch, 20,8,8)

‘S‘ (batch, 20,4,4)
I I I > I

(batch, 1,28,28)

(batch, 10)
I

(elelelelele)

Conv2d Layer  Pooling Layer Conv2d Layer Pooling Layer Linear Layer

filter: 5 X 5 filter:2x 2  filter: 5x5 filter:2 X 2 Ci: 320
Cin: 1 Cin: 10 Cout: 10
C,ue: 10 Coup: 20
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Revision: Fully Connected Neural Network

) (batch, 1,28,28)
Cin = 1,Coyr = 10,kernel = 5 self.convl = torch. nn. Conv2d(1, 10, kernel size=b)

,\ (batch, 10,24,24)
:] Input Layer ( I ,24)
() Conv2d Layer kernel = 2 X 2 self.pooling = torch. nn. MaxPool2d(2)
[ ] RelU Layer Bl (baich, 10,12,12)
() Pooling Layer Cin = 10, Cour = 20, kernel = 5 self.conv2 = torch. nn. Conv2d (10, 20, kernel size=5)
(] Linear Layer \ !
() Output Layer ( Il (batch, 20,8,8)

kernel = 2 x 2 self.pooling = torch. nn. MaxPool2d(2)

(batch, 20,4,4) — (batch,320)
self. fc = torch. nn. Linear (320, 10)

(batch, 10) fin = 320, foue = 10
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Revision: Fully Connected Neural Network

(batch,1,28,28) class Net (torch. nn. Module) :

def init (self):
super (Net, self). init ()
self.convl = torch. nn. Conv2d(1, 10, kernel size=5)
self.conv2 = torch. nn. Conv2d (10, 20, kernel size=5)

Cin =1,Coyt = 10, kernel =5

Vs

(batch, 10,24,24)

Inout Laver | e self.pooling = torch. nn. MaxPool2d(2)
C_Jinp y ) |l (batch, 10,24,24) self.fc = torch. nn. Linear (320, 10)

Conv2d Layer _
:] y kernel = 2 X 2 def forward(self, x):

RelLU Laver h # Flatten data from (n, 1, 28, 28) to (n, 784)
:] elU Laye - IS (batch,10,12,12) batch size = x.size(0)
:] Pooling Layer Cip = 10,C,yyp = 20, kernel = 5 x = F.relu(self.pooling(self. convl(x)))

x = F.relu(self.pooling(self. conv2(x)))

:] Linear Laver |l (batch, 20,8,8) x = x.view(batch_size, —-1) # /latten
y ( x = self. fc(x)

() Output Layer Il (batch, 20,8,8) return X
model = Net ()

kernel = 2 X 2

(batch, 20,4,4) — (batch,320)

(batch, 10) fin = 320, foue = 10
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How to use GPU — 1. Move Model to GPU

class Net (torch. nn. Module) :
def init (self):
super (Net, self). 1init ()
self.convl = torch.nn.Conv2d(1, 10, kernel size=5)
self.conv2 = torch. nn. Conv2d (10, 20, kernel size=b)
self.pooling = torch. nn. MaxPool2d(2)
self.fc = torch. nn. Linear (320, 10)

def forward(self, x):
# Flatten data from (n, 1, 28 28) to (n, 784)
batch size = x.size(0)
x = F.relu(self.pooling(self.convl(x)))
x = F.relu(self.pooling(self.conv2(x)))
x = x.view(batch size, -1) # flatten
x = self. fc(x)
return X

model = Net ()
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How to use GPU — 1. Move Model to GPU

class Net (torch. nn. Module) :
def init (self):
super (Net, self). 1init ()
self.convl = torch.nn.Conv2d(1, 10, kernel size=5)
self.conv2 = torch. nn. Conv2d (10, 20, kernel size=b)
self.pooling = torch. nn. MaxPool2d(2)
self.fc = torch. nn. Linear (320, 10)

def forward(self, x):
# Flatten data from (n, 1, 28 28) to (n, 784)
batch size = x.size(0)
x = F.relu(self.pooling(self.convl(x)))
x = F.relu(self.pooling(self.conv2(x)))
x = x.view(batc
SOl Define device as the first visible cuda

return x device if we have CUDA available.

model = Net ()
device = torch.device("cuda:0" if torch.cuda.is_available() else "cpu”)
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How to use GPU - 1. Move Model to GPU

class Net (torch. nn. Module) :
def init (self):
super (Net, self). 1init ()
self.convl = torch.nn.Conv2d(1, 10, kernel size=5)
self.conv2 = torch. nn. Conv2d (10, 20, kernel size=b)
self.pooling = torch. nn. MaxPool2d(2)
self.fc = torch. nn. Linear (320, 10)

def forward(self, x):
# Flatten data from (n, 1, 28 28) to (n, 784)
batch size = x.size(0)
x = F.relu(self.pooling(self.convl(x)))
x = F.relu(self.pooling(self.conv2(x)))
x = x.view(batch size, -1) # flatten

x = self. fc(x)
return x Convert parameters and buffers of all

modules to CUDA Tensor.

model = Net ()
device = torch. device(“cuda:0” if torch. cuda. is available() else “cpu”)
model.to(device)
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How to use GPU - 2. Move Tensors to GPU

def train(epoch) :
running loss = 0.0
for batch idx, data in enumerate(train loader, 0):
inputs, target = data
optimizer. zero grad()

# forward + backward + update
outputs = model (inputs)

loss = criterion(outputs, target)
loss. backward ()

optimizer. step ()

running loss += loss. item()

if batch idx % 300 == 299:
print C [%d, %5d] loss: %.3f° % (epoch + 1, batch idx + 1, running loss / 2000))
running loss = 0.0
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How to use GPU - 2. Move Tensors to GPU

def train(epoch) :
running loss = 0.0
for batch idx, data in enumerate(train loader, 0):
inputs, target = data
inputs, target = inputs.to(device), target.to(device)
optimizer. zero grad()

Send the inputs and targets at every

# forward + backward + update
outputs = model (inputs) step to the GPU.
loss = criterion(outputs, target)
loss. backward ()

optimizer. step ()

running loss += loss. item()

if batch idx % 300 == 299:
print C [%d, %5d] loss: %.3f° % (epoch + 1, batch idx + 1, running loss / 2000))
running loss = 0.0
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How to use GPU - 2. Move Tensors to GPU

def test():
correct = 0
total = 0
with torch.no grad():
for data in test loader:
inputs, target = data
outputs = model (inputs)
, predicted = torch. max (outputs. data, dim=1)
total += target. size(0)
correct += (predicted == target).sum(). item()
print C Accuracy on test set: %d %% [%d/%d]’ % (100 * correct / total, correct, total))

PyTorch Tutorial @ SLAM Research Group
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How to use GPU - 2. Move Tensors to GPU

def test():
correct = 0 :
total = 0 Send the inputs and targets at every
with torch.no grad(): step to the GPU.

for data in test loader:

inputs, target = data
inputs, target = inputs.to(device), target.to(device)
outputs = model (inputs)
, predicted = torch. max (outputs. data, dim=1)
total += target. size(0)
correct += (predicted == target).sum(). item()

print C Accuracy on test set: %d %% [%d/%d]’ % (100 * correct / total, correct, total))

Lecture 10-62 PyTorch Tutorial @ SLAM Research Group

Lecturer : Hongpu Liu



Accuracy on test set: 6 % [637/10000]
[1, 300] loss: 0.098

[1, 600] loss: 0.035

[1, 900] loss: 0.025 0.9900
Accuracy on test set: 96 % [9605/10000]
[2, 300] loss: 0.021

[2, 600] loss: 0.017 0.9850 1
[2, 900] loss: 0.015

Accuracy on test set: 97 % [9709/10000]
[9, 300] loss: 0.006 09775 4
[9, 600] loss: 0.006

[9, 900] loss: 0.007 097507
Accuracy on test set: 98 % [9857/10000] 0.9725 -
[10, 300] loss: 0.006

[10, 600] loss: 0.006 0:9700° ] ; : : 5
[10, 900] loss: 0.006 Epoch

Accuracy on test set: 98 % [9869/10000]

0.9875

0.9825 +

0.9800

Accuracy
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Exercise 10-1

S04/
Iz | 1 |+ Try a more complex CNN:
(batch,1,28,28) | , 4 « Conv2d Layer *3
| , - ReLU Layer * 3
) inputLayer | . : « MaxPooling Layer * 3
[ JConvad Layer * T : - Linear Layer * 3
[ JRelULayer I '« Try different configuration of
() Pooling Layer | T : this CNN:
[ Jlinear Layer I ; « Compare their performance.
() Output Layer | I
1]
I
(batch, 10)
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PyTorch Tutorial

10. Basic CNN
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