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O

N
. (X1 X2 . V2
X= (le xzz) =15,

Ya
wX'=Y

Wi Wi Wiz Wi Rl

[ W21 W22 W23 Wy X'= X12
W=lwy w wiy o wayg X21
War Wan Wiz Wy *22

XWX Wt Wizt wy

Wi le) (xn x12>
Wiz Wiy

K 5-2 &EgZER
HE R L IR A4 4 o] BRI R — AR,

e ( X211 X2

Xz(xll xlz)

X1 X2

@x2X1) ﬁ o (X 1x4)

FHIE R
- i. (2X2X4)
%

&l 5-3 EHM

5.2 HHMZNE

&R 2N 2% 2 2 R EIHL(MLP) B AR AL , A B — 4> 2 2 BB, i 19 Jit 14
AE T JI R 9 Jay 0 228 5 A B 3 2 1) O X — D T s 2D 1 ASUAEL A 00 (A5 M 45 5 T4
s 53— 7 T FEAR TR A SR R IR DN 1 U B KU

A AR R 45 1 i A D [ 5 e BRAR B WA L 8 A PR AT L L A D I 2% 1 B
AT T A SRR Bk v A2 2% Y R O B IBOR BN T A o A e A TR 0 Ak P
AR RIS, AR 28 REAZ 11 47 Sl PR B0 R AL, G046 B L S0 B IR R B JRR A 4 b
LA o A Ak T A PR ) R R S R U 6 A | A A TR L A 2 ) R
HA R i o H A s 5ok 4

5.2.1 BRI

# M (convolution) THE BT B .
(1) BRUTE A PN & — B S B EG R AE B9 T i .
(2) = EH—AIEFIENEREZ T8 2 20K R A RRE & LW 30, 36 D7 S A
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TEE P RENE RS RN 2K BRSSO RE B 3 E A X, & A X
XiF 1V 7 2 AH 3 SR RN PN - f IS 2 RRAE ) — MR R

W 5-4 Fras ARV 3 X3 X T 48 FRAZ X 5 X5 X1 1Y B3l i & A BT
75 2 AH 1 45

3X3X1 3X3X1

Ul R Rl DR AR

(D)X 1+0X0+1 X2
H=1) X 5+0 X 4+1 X2
+H(=1)X3+0 X 4+1 X5

+1=1

5-4 ﬁ’f*\l‘l‘%‘

X TR R (23 E ) e Ut , 45 BURZE T8 805 i AR IR — B0 25385 (6 X A 8
PEAT S ANARAT: , ] o—SET/%,%'JﬁHEJEJE%?F X =38 3 R (0 A [ A0 AR5

FEMSIE=BE MHAZBRESRZ

f2 Q
100 .-
02 Al (11)X 1+1 X 140X 1+(=1) X 0+0 X 1+1 X 2+H(—1) X 0+1 X 1-H(=1) X2
; 2 +1X 240X 2+1 X 141 X 14+1 X 0+0 X 241 X 0+0 X 0+1 X 1
H(=1) X 1+(=1) X 1+(=1) X 0+0 X 2+1 X 0+0 X 2+0 X 1+1 X 1+1 X 0
+1=6

@5’5 jﬁi_#v}*l"/\x
5.2.2 J&SEWY

JEZ BF (receptive field) S 4 45 UM 28 [0 45 25 i Hh 2 5518 3R S5 7 I 0 R B g e
SFXIR AN, B 5-6 MRz B R AL,

23 AU B ST AN [ B 5 DR A DX 0] A0 2 I 32 B 9 RN AN ) BT DL &2 xR T 2 2
NGB AE e — )2 KA FRUAZ 70 O 1 RS2 B9 AR ) 1) 19 B0 el 2 R i 55 .
L H PR 3 X3 BRIk B —)= 535 B MINE . WniE 5-7 Bk,



| #5% tEmEsnsyA (179

HEENA

BRI SE « 8 o B L KON %

S E:9+9=18 SRR 25
B & :18x2-108x+180 B & :25x2-200x+400
Lx> 100}, B 23 X 3ERIRINL T —BS5 X 5B/

K 5-7 B HIE

5.2.3 EiAFAER ST

TE T fff A 22 190 2% vh 5 BUTH B A B S R 5 o gt AT LAY i o Re AIE 181 0 RO R A7 35
A& 5-8 firzn 5 X5 By EHMR 285 3 X3 K/ & AR A BRUTH B i i B RR AR RS
3X3,

i R B K=t A B R il K- ERE K+ K
I E:(5-3+1)/1=3

& 5-8 i R T4

5.2.4 FHE

HTHREEEEGR T 5MARRE -8 28 2Em ARGRB#ITE2FHT
(padding) , WA 5-9 iz~ 18 5X5 0% ARG 8 FIE o, W4 H AR R SR R 5 X5,
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SXSX1LBHHF 3X3X1 5X5X1

(1) X0+0X2+1 X 1 e T 2, Gt o
+H(1)X 0+0 X 9+1 X5 ﬁﬂggilgk NGRS
H(=1)X0+0X 2+1X3

+1=10

K 5-9 &I

1t TensorFlow HEZE /7, FI 24 padding= 'same's{ padding="valid' £/~ 2K #H T4
Ze S S, HOu AR RS RN S e an 1 5-10 Fi

'same’, QE (HFAARAR)
padding= o
alid (F 2240 70), % (0 1)

& 5-10  Hi b FRAE RSF R/
TensorFlow i ix & )Z .

tf. keras. layers. Conv2D (

filters = L ANE

kernel size= B R T, # EHHEZK, 4, 3k (#% 5 h, #9% w) strides = W LK, B 1
#MFEE LK, B, (LK b, #Em P K w), BRIAH 1

padding = 'same'nY 'valid', # i 4 FIH 752 'same!, Af 2 'valid' (ZRiN)

activation= 'ReLU'or 'sigmoid 'or 'tanh 'or 'softmax'%:, # U1 BN Wb AE
input_shape= (i, &, HIEE) # i ASFE K48, 7 45 g

)

X LA ARAE T 30

model = tf.keras.models. Sequential ([Conv2D(6, 5, padding = 'valid', activation = 'sigmoid'),
MaxPool2D(2, 2),

Conv2D(6, (5, 5), padding = 'valid', activation = 'sigmoid'),MaxPool2D(2, (2, 2)),

Conv2D(filters = 6, kernel size= (5, 5),padding = 'valid', activation= 'sigmoid'),
MaxPool2D(pool size= (2, 2), strides=2),

Flatten(),

Dense(10, activation= 'softmax')

1

5.2.5 HikrdEft
PREAL SRR BEST S YE N O ARUEZE R 1 W4 AT 5 W3R X — /ML EHE (batch) i
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o v Ak Ah B R R kAR 4L (Batch Normalization, BN) , SO AE 5-11 Fizs .,

ARENE, BN ERENHLISIER (feature map) H15 i MREK
0 0

i - B
HE — Praten kn kn

1k _
H¥ =
batch

1A iba
nM R, —IfAbatchiifitl, SHRERZN

HE: ROREALE, SAMBRE, BUBEETE  MREX
Pncn: BARRALAT, SAABBUE, batchiki HAFE B i @1 A T8
ok 0 RARBALAT, BB, batchikimRHER B QR SRS

B 5-11  #thruEfk
BN B i W 25 5 2 3 AR RS ZII9E M 0. =R 1 MtnEES . HH W2
i TR Ao 2 DX 2% v R R T 2 1) Te) AL, AN ] 5-12 B

sigmoid #i% i 5 sigmoidi# i B 4

k k
Hk — Hi — pyaren
i T %

BN AT A IERIEHY

B 5-12 BfEE O
BN #£:EM  — A EE LR EGH AR . EHSFEZENE HHE T v U wmE R
T B AR TINS5, anEl 5-13 Bk .

¥~ BUIGHRAL G R IE SR X ¥ 43 4

B 5-13 48 A w B

XTI AR RS IE R

model = tf.keras.models. Sequential ([Conv2D(filters =6, kernel size= (5, 5), padding =

'same'), 7 BRE
BatchNormalization(), # BN JZ
Activation('ReLU'), 5 E R
MaxPool2D(pool size= (2, 2), strides =2, padding = 'same'), = ik )2

Dropout(0.2), # dropout JZ
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BT BN BB TAREZG #EEZH,
5.2.6 btk
1t Ak (pooling) FH Ul AR5 HE B4 5+ 5 K vt Ak 7T 2 B R S0, 3594 3t A 7T 14 B8
SURFIE ORI 5-14 IR
YRR DI

HA2 X2 yE WA Al
B 92 % A

HA2 X2 yE¥ A Al
BRI i

5-14 LR
Tensorflow ffi At 1k .

tf. keras. layers. MaxPool2D(

pool_size = sizel #IEFIEE R BEL, 5 (%5 h, 58 w)
strides = poolstep # A REE, (P m LK b, LK w)
pool sizepadding = 'valid' # B 'valid' (2R1A ) B 'same' (£FIH 7T ) H)
tf.keras. layers. AveragePool ing2D(
pool_size = size2, #IEH LB AR BEEL, 8 (5 h, 98 w)
strides = poolstep £ KAEE, s (2K b, B AP w)
pool_sizepadding = 'valid' # B 'valid' (BRIN) B 'same' (£FIH ) H)
#BHE
model = tf.keras.models. Sequential ([ Conv2D(filters = 6, kernel size = (5, 5), padding =
'same'),
BatchNormalization(), # BN 2
Activation('relu'), B =
MaxPool2D(pool size = (2, 2), strides =2, padding = 'same'), # Wfk/Z
Dropout(0.2), # dropout JZ

1

5.2.7 &%

TEM 22 W 265 I 2R I, R — 38 2> B 28 00 2 IR — E M R O B 22 ) 4% b BT I A
(dropout) . 128 [ 28 fdf FHT IR, 5 55 7 ) 1 22 SO WK B2 38 45, ROCR AN 18T 5-15 FTows .

S
""\ \' A,
Y

QO Q,

o ui.gi:\“z’,.

P W P
\ \

VY
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model = tf.keras.models. Sequential ([ Conv2D(filters =6, kernel size= (5, 5), padding =

'sane’), & R
BatchNormalization(), Z BN 2
Activation('RelLU'), £ s E
MaxPool2D(pool size = (2, 2), strides =2, padding = 'same'), b= =

Dropout(0.2),
1)

# dropout JZ

(5] 5-11 &RPE MU T 58T

CREL I

from tensorflow. keras.

from tensorflow. keras
from tensorflow. keras
from tensorflow. keras
from tensorflow. keras
from tensorflow. keras

if name =="'

__main

datasets import mnist
import models

import layers

import optimizers
import losses

import utils

0o

(train_images, train labels), (test images, test labels) = mnist. load data()
print(train_images. shape) # (60000, 28, 28)
print(train labels. shape) # (60000, )

A5 I 2R KA

train images = train images. reshape(train images.shape[0],28,28,1) # (60000,28,28,1)
£ 45 R B 13 — 16 F) 0~1

train images = train images.astype('float32')/255

test images = test images.reshape(test images. shape[0],28,28,1)

test images = test images.astype('float32')/255
£ WE&R%, bR& A5 R one — hot Al
train labels = utils. to categorical(train labels) # (60000, 10)

test labels = utils. to categorical(test labels)

= B g &

1/5 A g 5610 i

x_train= train images[ :48000]

y_train= train labels[ :48000 ]

x val = train images[48000: ]
y_val = train labels[48000: ]

40 ) 4% 45 2

model = models. Sequential ()
model. add(layers. Conv2D(32, (3,3), strides = (1,1), padding = 'valid', activation = 'RelLU',
input shape = (28,28,1)))

model. add( layers. MaxPooling2D(pool size = (2,2), strides = None, padding = 'valid')

model. add( layers. MaxPooling2D(pool size = (2,2), strides = None, padding = 'valid')

)
model . add( layers. Conv2D(64, (3,3), strides = (1,1), padding = 'valid', activation = 'Rel.U'"))

)

)

model. add( layers. Conv2D(64, (3,3), strides = (1,1), padding = 'valid', activation= 'RelLU'))
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model. add( layers. Flatten())
model. add(layers. Dense(64,activation = 'RelLU'))

model. add(layers. Dense(10, activation = 'softmax'))

= G4 oA R pR R MR R A
model. compile(optimizer = 'rmsprop',
loss = 'categorical crossentropy',
metrics = [ 'accuracy'])
model. summary( )
£ A ML
history = model. fit(x = x train,y=y train, batch size = 128, epochs = 5, validation data
= (x_val,y val))
print(history. history)
G A AR AE I R i P
test loss, test acc = model. evaluate(x = test images,y = test labels)
print(test_acc)
R AR

model. save( 'mnist cnn.h5')

BATRT R .

Downloading data from https://storage. googleapis. com/tensorflow/tf — keras — datasets/
mnist. npz

11490434/11490434 [ ============================== ] — 555 5us/step

(60000, 28, 28)

(60000, )

Model: "sequential"

Layer (type) Output Shape Param #
conv2d (Conv2D) (None, 26, 26, 32) 320
max_pooling2d (MaxPooling2D (None, 13, 13, 32) 0

)

conv2d 1 (Conv2D) (None, 11, 11, 64) 18496
max_pooling2d 1 (MaxPooling (None, 5, 5, 64) 0

2D)

conv2d_2 (Conv2D) (None, 3, 3, 64) 36928
flatten (Flatten) (None, 576) 0

dense (Dense) (None, 64) 36928
dense 1 (Dense) (None, 10) 650
Total params: 93,322

Trainable params: 93,322

Non — trainable params: 0

Epoch 1/5

75375 [ sem=semmmnssssssasssassssgsss2 | — 279 T0ns/step = lesgs 0. 2684 —

accuracy: 0.9153 — val loss: 0.0806 — val accuracy: 0.9753
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{ " loss ' : [ 0. 2693770229816437, 0. 06094488874077797, 0. 04082140699028969,
0.03071589395403862, 0. 022480076178908348 ], ' accuracy ' : [ 0. 9152708053588867,
0.9813541769981384, 0.9871875047683716, 0.9898333549499512, 0.9929583072662354], 'val_
loss ' : [ 0. 08064586669206619, 0. 04999165236949921, 0. 040647201240062714,
0.04069573059678078, 0. 04543827474117279 ], 'wval _accuracy': [0. 9752500057220459,
0.9852499961853027, 0.9882500171661377, 0.9879999756813049, 0.9869166612625122]}
3/ [ s============================= | = 2y Sus/sitep = Lless: 0, 0374 =
accuracy: 0.9881

0.988099992275238

A B E 5-16 s,

E 5-16 %75

R £ AR TR Y R

from tensorflow. keras. datasets import mnist
from tensorflow. keras import models

import cv2

import numpy as np

' i s

if __name =="'__main_ _
(train_ images, train labels), (test images, test labels) = mnist. load data()
£ B AR R B2 0~255

print(train images[0]. shape) # (28, 28)

# OpenCV ] B 14 & & (rows, cols, channels)

test img= test images[0].reshape(28,28,1) # (28, 28, 1)
print(test img. shape)

cv2. imshow( 'test', test_img)

cv2. waitKey(0)

=X YN i

network = models. load model( 'mnist cnn.h5")

network. summary/( )

2 R o 2 B GBSO 2t 5 1Y, 6L B batceh, B batch 2 1
test img= test img.reshape((1,) + test img. shape) # (1,28,28,1)
#I3—fh 0~1

test img= test img.astype('float32')/255

= JEAT T

output = network. predict(test img) # (batch, 10)

R BNE PN

output = output. argmax(axis = 1)

print(output)

BT F AR

(28, 28)
(28, 28, 1)
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5.3 FREHMLEK

LA AL BENLAL A T T CNN AR K0 R 3G HE, b e A= 7R 2 H AR ER
Z M 4%, LeNet, AlexNet, VGGNet, NiN, Google Inception Net, ResNet, DenseNet iX
JURh 90 268 70 TR B2 0 52 25 B8y TET MR W 3 184 . T T K 4 0l A 243 3 L 1Y) 4% i B L 4 4 DL K
S

5.3.1 LeNet %%

LeNet % HEAE T 1994 4F A5 719 R B 2 M % 2 — 9F LAl s TR
R . B S — A U KRS R A T 5 B RO ) R A AR R 28 R 4%, 7 MINIST
Bt A Y IE B R AT LA K 99. 200,

K 5-17 S LeNet-5 M TAER R HR K

et C3:fmaps 10X10X16
N ClAFHEE] S4:fmaps 5X5X16
! 28X 28X 6 S2:f
32X32 :f.maps
14X 14X6

e ax | aemR ol
2

ZUCREE - ZUCRFE EosuR
B 5-17 LeNet-5 M 4% T./E Ay J5 3K

LeNet-5 [ 45 J2& 51 %1 K BE EIHEAT N 2500 i A RO/ 32 X032 X1, ANEL 3 i A2
RGBT IE 7 2 BRSBTS B GERANE , BRI,

(D) C1 BRE—NERUZ GEM B BHE 5, o] DU R (S 5 R AE 39 58, F B R AR =)
B — )2 5 X5 K/ B R AF 6 >, 22K s=1, padding=0, %t t1 15 2| 19 FFAE 51 KN Ny
28X28X6,—IA 156 NI GSE A IEIEAR 5X5=25 /> unit ZE0F 1 1> bias &
B, —3 6 MBS, (5 X5 +1) X6=156 NS K0, 3t 156 X (28 X 28) =122 304 4
M,

(2) S2 I —A T RFEZE CFE AL JZE) R BR 5 38 AH 5 1 1) Ji 21, % R R A7
FHEE AT LA

o DB A B (AR B A S

o BR8N RSB AR B i G R

5 )R 2X2 KU IE P A . B K s=2, padding =0, i 1 15 2 1) Fr 1 1 KN Ry
14 146, fb)z= HA — @Sl s A T 25 S EL

(3) C3 ZR—TEBRZ. 5B =2MH 5X5 K/AMWIREL 16 4, K s=1,padding=
0, iy A5 B AR AR K/ R 10X 10X 16, C3 4 416 DATIIZR B,
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(4) S4B R—ADTFRHEZCEFEAE) . SBIZMHH 2X2 R/AMIEN S B K s=
2, padding=0, fij tH 15 2 1Y K AE B K/ R 5 X5 X 16,

(5) F5 Bt — 2R 120 Mot g h L — )2 i &5t 120 KK 5X5
RIE SRR, WA padding, K s=1, L. —JZ /) 16 AFRAE EERE B 3% 2 W & — 4
BT, T X A Y F AR

(6) F6 2R~ 2d#ER. A8 MR, 5L - 2HREEENXR, B4 Hh
sigmoid J % SRR B )2 .

(7 i 2 e — A iR G 10 300, X 0 ~ 9 3 1o M . AR HICTT
BRI Ry, = > (x —w, )P RBF MTFE 555 i R0 00 Ho L 4 B o 56

T8 DTG, y, BEER B 0, W s B 5 ¢ B0 19 Ee e 2w i, BIERU3) S i 4 A1
GEIRONEE AU
LeNet-5 M 455 F PyTorch F R 2% 5281 .

import torch
import torch.nn as nn
import torch. optim as optim
import time
# net
class Flatten(torch. nn. Module) : B E
def forward(self, x):
return x. view(x. shape[0], —1)

class Reshape(torch. nn. Module) : # KR E
def forward(self, x):
return x. view( —1,1,32,32) H(BxCxHxW),liBEE/ESE 4 E
net = torch. nn. Sequential(

Reshape( ),
nn. Conv2d(in_channels = 1, out channels =6, kernel size=5, stride=1),
Hbx1%32%32 =>bx*6 % 28 % 28
nn. Sigmoid( ),
nn. AvgPool2d(kernel size =2, stride=2), Hbx6%28%28 =>bx6x 14 % 14
nn. Conv2d(in channels = 6, out channels = 16, kernel size=5),
Hbx6%14%x14 =>b* 16 % 10 % 10
nn. Sigmoid(),
nn. AvgPool2d(kernel size =2, stride=2), Hb*x16%10% 10 =>b*16%5%5
Flatten(), Hbx*x16%5%5 =>Dbx* 400
nn. Linear(in features =16 * 5 x 5, out features=120),
nn. Sigmoid( ),
nn. Linear(120, 84),
nn. Sigmoid( ),
nn. Linear (84, 10)
)

X = torch.randn(size= (1,1,32,32), dtype = torch. float32)
for layer in net:
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X = layer(X)
print(layer. class_ . name_ _, 'output shape: \t', X. shape)

BT R AT

Reshape output shape: torch. Size([1, 1, 32, 32])
Conv2d output shape: torch. Size([1, 6, 28, 28])
Sigmoid output shape: torch. Size([1, 6, 28, 28])
AvgPool2d output shape: torch. Size([1, 6, 14, 14])
Conv2d output shape: torch. Size([1, 16, 10, 10])
Sigmoid output shape: torch. Size([1, 16, 10, 10])
AvgPool2d output shape: torch. Size([1, 16, 5, 5])
Flatten output shape: torch. Size([1, 400])
Linear output shape: torch. Size([1, 120])
Sigmoid output shape: torch. Size([1, 120])
Linear output shape: torch. Size([1, 84])

Sigmoid output shape: torch. Size([1, 84])

Linear output shape: torch. Size([1, 10])

5.3.2 AlexNet &%

AlexNet MZ& 1 5 MEBZH 3 MMALIE A K 3 DR M. AlexNet 24 i
LeNet P45 S5H9 2600 AEAE T 1 38 22 19 45 ARUZ A S KA 2 Bl s 18] of 8045 M0 4 4 4
ImageNet, ‘B I JZ 1 28 19 4 FIIR B2 1 28 I 45 114 70 SR, LSS R I 8] 5-18 s

1000

204 2048

ik D8 ki i

3

& 5-18  AlexNet ¥ 2% 25 4]

& 5-17 H s AR 224 X224, B DL 227 X 227 A J i AL (227 —11) /4 =55,
ML 8 MFAERZ .0 5 BREGHRE.FTH 3 ZReERRE. B 22Ei)Z
a2 1000 4E softmax M%I A, softmax 25774 1000 KR 219534
(1) HBRYZ C1LZZ WA . B —>Re LUt AL — Jay fl g i 15— 1k .
o BREI AN 227 X227 HH 96 4> 11X 11X 3 A&, 15 3 A FeatureMap (4%
fEFE ) 55X 55X 96,

e RelLU, ¥ EF)Z%i i AY FeatureMap #if A B RelLU BRELH

o Ak, A 3X3 KR 2 b Ak T (R & Ak, 2P K/ T Ak BT Y BE R L
HoA 27X 27X96((55—3)/2+1=27),
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o JREBME RN H—4k ] h=2.n=5,a=10—4,8=0. 75 FEAT )R EBIH —1k . F h K
27X 27X 96, 5t/ 2 4, AL K/ 27X 27X 48,

(2) BHZE C2iZE R AR E . BH—>ReLU— AL — Jm) #8015 — 4k .

o BRULEIAR 24 27X27X48, (I 2 41, B4 128 N KR/NR 5X5X48 EHER
W IR T 30 4 58 s padding = 2, BB L K 1, Wi 1) FeatureMap 28 2
ML BHM RN QT+2X2—5)/1+1=27,

o RelU, ¥ &FUZ %) FeatureMap fif A 2] RelLU pREH,

o M LIEFE RSN 3 X3 KN 2, b G BRI R SF R (27—3) /2+1=13. i i
h 13X 13X 256,

o JREBME RN A —Ak ] h=2.n=5,a=10—4,5=0. 75 #4177 EEIH —1k , & HH A
SR 13X 13X 256,570k 2 4 B Ay R/ 13X 13X 128,

(3) HBRUZ C3LIZZENE BT RE . B >ReLU,

o BRI JE 13X 13X 256, f# ] 2 4H3E 384 N KR/INR 3 X3 X256 MR T
NGB, padding=1, BHIE KA 1,

o RelLU, ¥ #EF)Z%i i) FeatureMap iy A3 RelLU pRELH,

(D) BRZE CAZZE R R . BF>ReLU,

o BRLEIAJE 13X 13X 384,700 2 4, B4 13X13 X192, i 2 41,54 192
RN 3 X3 X192 BB Al T MG IH ST, padding=1, BB Ky 1, W 4G
tH 1Y FeatureMap 430 2 41, BEL I K/NR 13X 13X192,

e RelLU, ¥ EF)Z%i 4 i) FeatureMap i A B RelLU pRECH,

(5) BRUZ C5LZZ ML . B >ReLU—Hh 1L,

o HBULEIAN 13X 13X 384,430 2 4, B4 N 13X 13X 192, i 2 4H. 554N
128 D K/AINK 3 X3 X192 B M T I T . padding=1. ERHL K I 1,
% Y FeatureMap & 13X 13X 256,

o RelLU, ¥ & B ZHi 1 ) FeatureMap #ii AF] ReLU B,

o Ak LB AR RS  3X 3, K 2. Wik e BRI RS S (13—3) /2+1=6,
Ryt 5 it o 6 <6 X 256,

(6) %542 FC6L, % Z MmN . (BFD 2 —>ReLU—>dropout,

« (BROEHEE. MiAR 6X6X256,i% 24 1096 NHRE, BB KN
6X6X256, TR WIGF 5 175 40 BERAE B Chig A 19 RST AR B4 AR
i I A R B 5 R B Ciig A RSE I — AR R AT , I —— X, Rk L 1%
BEHRR o aERE . i TSRS ER G RSEHE L ERERE A —4E,
H L, B RE RFRZ R SE R 4096 X1 X1, B 4096 IS4,

e ReLU.iX 4096 4~iz 5 45 H 38 iF RelLlU #4756 oA B0 A i 4096 M H.

* dropout., il iz $80 G, Bl AL b T F i S sk 28 5T 19 3% 422 B0 R OGS Se R 20T

(7)) &R FCT %2R . 2% —>ReLU—>dropout,

o SiEREHIACH 4096 [0 &,

e ReLU,iX 4096 4~iz 545 H 38 i Rel.U #4756 oR B4 A 4096 ME.
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» dropout, # il i

(8) HFth)=.

LR 4096 s S5 /R 89 1000 S H 200

AU BEAIL M I T 2 2 e 22 5 Y i

1000 A4~ float 7 (4 {R , 3 5k J2& T ) 2%
AlexNet P28 5T PyTorch B9 W 2% SE 3 .

import time
import torch

from torch import nn, optim

import torchvision
import numpy as np

import sys
import os

import torch. nn. functional as F

device =

class AlexNet(nn. Module) :

def _init _

self. conv
nn. Conv2d(1, 96, 11, 4),

nn.

nn.

(self):
super (AlexNet,

self). dinit ()
= nn. Sequential(

# stride, padding

ReLU(),
MaxPool2d(3, 2),

F %

nn.

nn

nn.

Conv2d(96, 256, 5, 1, 2),

.ReLU(),

MaxPool2d(3, 2),

A ol AN S St

PEAT A 3 4, 2 I 2R )5 i

torch. device( 'cuda' if torch. cuda. is_available() else 'cpu')

# in_channels, out channels, kernel size,

# kernel size, stride

F /NSRS H I BOE S 2 R A5 5 A 5 A s A0 98 — B, LI K

FELE 3 NERZE, HMENEMRE O, BT &5 HERZES, LK
7 H Y 0 G K
2 TIPS BRZ 5 A T 3t 1 2 R D/ il A B 8 5

nn

nn.
nn.
nn.
nn.
nn.
nn.

)

# A 4 3 45 2 0 S B LeNet Hr By KA .
self. fc =
nn.

nn.

nn.

nn.

nn.

nn.

nn.

.Conv2d(256, 384, 3, 1, 1),

ReLU(),

Conv2d(384, 384, 3, 1, 1),
ReLU(),

Conv2d(384, 256, 3, 1, 1),
ReLU( ),

MaxPool2d(3, 2)

nn. Sequential (
Linear (256 % 5 % 5, 4096),
ReLU(),
Dropout(0.5),
Linear(4096, 4096),
ReLU(),
Dropout(0.5),
Linear (4096, 1000),

fifi il dropout 2 K 2% fift i &
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def forward(self, img):
feature = self.conv(ing)
output = self. fc(feature. view(img. shape[0], — 1))
return output
net = AlexNet()
print(net)

BT F AR

AlexNet(
(conv) : Sequential(
(0): Conv2d(1l, 96, kernel size= (11, 11), stride= (4, 4))
: ReLU()

(1)
(2) : MaxPool2d(kernel size =3, stride= 2, padding =0, dilation=1, ceil mode = False)
(3): Conv2d(96, 256, kernel size= (5, 5), stride= (1, 1), padding= (2, 2))
(4): ReLU()
(5) : MaxPool2d(kernel size =3, stride= 2, padding =0, dilation=1, ceil mode = False)
(6): Conv2d(256, 384, kernel size= (3, 3), stride= (1, 1), padding= (1, 1))
(7): ReLU()
(8): Conv2d(384, 384, kernel size= (3, 3), stride= (1, 1), padding= (1, 1))
(9): ReLU()
(10): Conv2d(384, 256, kernel size= (3, 3), stride= (1, 1), padding= (1, 1))
(11) : ReLU()
(12): MaxPool2d(kernel size = 3, stride = 2, padding = 0, dilation =1, ceil mode =
False)
)
(fc): Sequential(
(0): Linear(in features = 6400, out features = 4096, bias = True)
(1): ReLU()
(2): Dropout(p= 0.5, inplace = False)
(3): Linear(in_features = 4096, out features = 4096, bias = True)
(4): ReLU()
(5): Dropout(p= 0.5, inplace = False)
(6): Linear(in_features = 4096, out features = 1000, bias = True)

5.3.3 VGGNet &%

VGGNet 4B K22 B AL % 4 (Visual Geometry Group) fll Google DeepMind
o5 F) ST R — B A TR B A R 22 N 2%

VGGNet SRR T HRE MW E S HIERRZ X R, @l ZifESE 3 X3
H /NS B A 2 X2 (i KAk 2 A 3 T 16~ 19 J2 TR BE 1 46 FBURR 28 W 26 , 484~ ) 2%
S a7 37 L A8 R )RR /N B 38 AU ST (3 < 3) A Kt Ak R s (2 X 2) . VGGNet 19
AR R L A B A R B b a iz A AR 4L IR, H R Ak, R R SR b R R
FYRRAE B 2 T HABAR 2 1 )5

VGGNet P28 4B T 3 X3 BB HN 25X 2 ATt A A% . 38 3k S DB in 3¢ o 2% 45
SRR THERE . 18] 5-19 TR VGGNet 2 23] 1 X 2% 25 10 A i — 200 9 280k, A 11
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o 4

JEZRI R 25— ELE 19 JZ 09 M 28 #0A TR B v RE DN 1L

ConvNet Configuration
A A-LRN B C D E
11 weight 11 weight 13 weight 16 weight 16 weight 19 weight
layers layers layers layers layers layers
input(224 X224 RGB image)

conv3-64 conv3-64 conv3-64 conv3-64 conv3-64 conv3-64
LRN conv3-64 conv3-64 conv3-64 conv3-64

maxpool
conv3-128 conv3-128 conv3-128 conv3-128 conv3-128 conv3-128
conv3-128 conv3-128 conv3-128 conv3-128

maxpool
conv3-256 conv3-256 conv3-256 conv3-256 conv3-256 conv3-256
conv3-256 conv3-256 conv3-256 conv3-256 conv3-256 conv3-256
convl-256 | conv3-256 | conv3-256
conv3-256

maxpool
conv3-512 conv3-512 conv3-512 conv3-512 conv3-512 conv3-512
conv3-512 conv3-512 conv3-512 conv3-512 conv3-512 conv3-512
convl-512 | conv3-512 | conv3-512
conv3-512

maxpool
conv3-512 conv3-512 conv3-512 conv3-512 conv3-512 conv3-512
conv3-512 conv3-512 conv3-512 conv3-512 conv3-512 conv3-512
convl-512 | conv3-512 | conv3-512
conv3-512

maxpool

FC-4096

FC-4096

FC-1000

softmax

Network A,A-LRN B C D E
Number of parameters 133 133 134 | 138 | 144

B 5-19  VGGNet 25 % 5] 14 W 45 25 #6) F1 4 — 00 B 2 500 =

A M EOH 8N EBREM 3 M EHZE E M9 2 H 16 M EBUZEM 34
SR EFZ 5T GEEEO M 64 7] 512, 8458 — UL EAE . 9 KR —1%,

1. VGGNet M 4 #5443

VGGNet W 45 2544 32 2R IAE .

(D A INRmti Al 224 X224 K/ RGB B4

(2) WAb3 . EINGE T MR R L RGB B 1 ;

(3) BRI : 3X3 K/NBRAZ, A I H 1X1 iR X Rl 1X1 6 BT DL
Bl 5 A X i AT 3 P 2 AR

Wb K. KR

(5) 7. BT 118K

(6) WAz Hh 5 R . E—MrERZEZ)E, &
A2

(D) &EZ . AR SEEEYH 4096 438
FHR 25, BT AT T 45 1) 4 34 422 J22 T A I

(8) PATH PRAL: RelLU;

TR B R AR B R 2 X2, 8 K

B =2 EEEA 1000 M@ IE,
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(9) A LRN X FAREAL I A GE A AR AR K A48 T B i 25 5 BOE 2 19 N A7 T #E

FRibanc=Nind s
2. 5 AlexNet g%t LE

VGGNet 5 AlexNet %} It FE WAL A .

(1) LRN JZEHA KB FERT P
(2) W45 TR 30 SR
(3) TR HFE/NGERE, 113X 3,

VGGNet HARIE AlexNet W28 240 , H &8I 2k ] 25 L AlexNet B, H 2 K

Sy SR B 19 285 MR /N 1) o AUl ok 114 i X O D A 45

Wz,
3. VGGNet £}

8 B W B4 0 AR U RO T

VGGNet M43 T PyTorch B M4 ST,

(1) J AR,

import torch.nn as nn
import torch

all [

'vggl9_bn', 'vggl9',
]

model urls = {
'vggll': 'https://download. pytorch.
'vggl3': 'https://download. pytorch.
'vggl6': 'https://download. pytorch.
'vggl9': 'https://download. pytorch.
'vggll bn': 'https://download. pytorch.
'vggl3 bn': 'https://download. pytorch.
'vggl6 _bn': 'https://download. pytorch.
'vggl9 bn': 'https://download. pytorch.

}

(2) & XA 254

class VGG(nn. Module) :

# E S he Ak R AR

def
super (VGG, self).__init ()
self. features = features

self.avgpool =
self.classifier = nn. Sequential(
nn. Dropout(0.4),
nn
nn. ReLU6 ( True),
Dropout(0.4),
Linear (4096, 2048),

ReLU6 (True),

nn.
nn.
nn.

'VGG', 'vggll', 'vggll_bn', 'vggl3', 'vggl3_bn', 'vggl6', 'vggl6_bn',

org/models/vggll — bbd30ac9. pth',
org/models/vggl3 — c768596a. pth',
org/models/vggl6 — 397923af. pth',
org/models/vggl9 — dcbb9e9d. pth',

org/models/vggll bn— 6002323d. pth',
org/models/vggl3 bn — abd245e5. pth',
org/models/vggl6 bn— 6c64b313. pth',
org/models/vggl9 bn— c79401a0. pth',

__init (self, features, num classes = 1000, init weights = True):

nn. AdaptiveAvgPool2d( (7, 7))

.Linear(512 * 7 * 7, 4096),
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nn. Dropout(0.4),
nn. Linear(2048, num classes),

if init_weights:
self. initialize weights()

& € SCHI ] 4% 75 o 4K

def forward(self, x):
x = self. features(x)
x = self.avgpool(x)
x = x.view(x.size(0), —1)
x = self.classifier(x)
return x

£ E S IR AL TR BR AT
def initialize weights(self):
for m in self.modules() :
if isinstance(m, nn.Conv2d) :
nn. init. kaiming normal (m.weight, mode = 'fan_out', nonlinearity =
'RelU')
if m.bias is not None:
nn. init. constant (m.bias, 0)
elif isinstance(m, nn.BatchNorm2d) :
nn. init. constant (m.weight, 1)
nn. init. constant (m. bias, 0)
elif isinstance(m, nn.Linear):
nn. init. normal (m.weight, 0, 0.01)
nn. init. constant (m. bias, 0)

(3) & SCARIBURRAIE 0 2% 245 K49 b 2K

def make layers(cfg: list, batch norm = False):
layers = []
in channels = 3
for v in cfg:
if v == 'M":
layers += [nn.MaxPool2d(kernel size=2, stride=2)]
else:
conv2d = nn.Conv2d(in channels, v, kernel size =3, padding=1)
if batch norm:
layers += [conv2d, nn.BatchNorm2d(v), nn.ReLU(inplace = True) ]
else:
layers += [conv2d, nn.ReLU(inplace = True) ]
in channels = v
return nn. Sequential ( * layers)
cfg = {
'AO': [64, 'M', 128, 'M', 256, 256, 'M'],
'Al': [64, 'M', 128, 'M', 256, 256, 'M', 512, 512, 'M'],
'A': [64, 'M', 128, 'M', 256, 256, 'M', 512, 512, 'M', 512, 512, 'M'],
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'B': [64, 64, 'M', 128, 128, 'M', 256, 256, 'M', 512, 512, 'M', 512, 512, 'M'],

'D': [64, 64, 'M', 128, 128, 'M', 256, 256, 256, 'M', 512, 512, 512, 'M', 512, 512, 512,
'M'],

'E': [64, 64, 'M', 128, 128, 'M', 256, 256, 256, 256, 'M', 512, 512, 512, 512, 'M', 512,
512, 512, 512, 'M'],
}

(4) 7 LS 40 5 1A TG B R e K

def vgg7( ** kwargs) :
model = VGG(make layers(cfg['RA0']), ** kwargs)
return model

def vgg7_bn( ** kwargs) :
model = VGG(make layers(cfg['R0'], batch norm= True), ** kwargs)
return model

def vgg9( ** kwargs) :
model = VGG(make layers(cfg['A1']), *x* kwargs)
return model

def vgg9_bn( ** kwargs) :
model = VGG(make layers(cfg['Al'], batch norm= True), ** kwargs)
return model

def vggll( ** kwargs) :
model = VGG(make layers(cfg['A']), *x kwargs)
return model

def vggll_bn( ** kwargs) :
model = VGG(make layers(cfg['A'], batch norm= True), ** kwargs)
return model

def vggl3( * * kwargs) :
model = VGG(make layers(cfg['B']), ** kwargs)
return model

def vggl3 bn( ** kwargs) :
model = VGG(make layers(cfg['B'], batch norm= True), ** kwargs)
return model

def vggl6 ( * *x kwargs) :
model = VGG(make layers(cfg['D']), ** kwargs)
return model

def vgglé bn( ** kwargs) :
model = VGG(make layers(cfg['D'], batch norm= True), ** kwargs)
return model

def vggl9( * * kwargs) :
model = VGG(make layers(cfg['E']), ** kwargs)
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return model

def vggl9_bn( ** kwargs) :
model = VGG(make layers(cfg['E'], batch norm= True), ** kwargs)
return model

if name == ' main ':

H 'VGG', 'vggll', 'vggll bn', 'vggl3', 'vggl3 bn', 'vggl6', 'vggl6é bn', 'vggl9 bn', 'vggl9'
# Example

netl3 = vggl3_bn()

print(netl3)

EATRERE AT

VGG(
(features) : Sequential(
(0): Conv2d(3, 64, kernel size= (3, 3), stride= (1, 1), padding= (1, 1))
(1) : BatchNorm2d(64, eps=1le— 05, momentum= 0.1, affine = True, track running stats=
True)
(2) : ReLU( inplace = True)

(avgpool) : AdaptiveAvgPool2d(output _size= (7, 7))
(classifier): Sequential(
(0) : Dropout(p=0.4, inplace = False)
: Linear(in_features = 25088, out features = 4096, bias = True)
: ReLU6 (inplace = True)
: Dropout(p= 0.4, inplace = False)

: ReLU6 (inplace = True)
: Dropout(p= 0.4, inplace = False)

~ o~ o~ o~~~ —~

1)
2)
3)
4): Linear(in features = 4096, out features = 2048, bias = True)
5)
6)
7)

: Linear(in features = 2048, out features = 1000, bias = True)

5.3.4 NIiN

NiN(Network in Network) B(i#f T &4 1) CNN, Rk H T D>t S5l i 178 i
AlexNet ¥ BE, AlexNet W 4% 2 H K /N2 230M, NiN H 75 % 29M, 1 A5 & J5 ok ¥
Inception 5 ResNet Z£ T %, &F NiN G 0T FE 52705,

(1) 1X1 HRZ ] DU @ 18 Y PERAAE s A SE BT R TREA, I,
NiN | 1 X1 B RUZ AR E 52 N2 (85 2 Be 48 [ 4K 1% 33 3 )5 18 14 )2 b (A]
PLSE B A REAE (B 0 2tk 41 6 S B 0538 1 1) 15 8 R A i D3k, an il 5-20 B .

(2) NiN B2 NiN ARl . gl — SRR MM 2 ER)Z 1 1X1 B]H
FEEmAL ., KPS — AN ERZ20BES AT LA T RE WA AR A BUZ
SR MO T E Y

SEREEY NIN 25 A 5-21 Bis .

T PyTorch 528 NiNLIf A CIFAR 10 $odf 8 747 Il 25 0 i



#5% HEMHEMMTENA (197)
I HOE 1 e (0]

IXTERUZ

(a) AlexNetfIVGG&E# (b) NiNZ5FS 538
5-20 EWEMNEEBE

B 5-21  SEHEH NiN 2544

() A,

import torch

import torch. nn as nn

import torch. optim as optim

import torchvision

import torchvision. transforms as transforms

(2) Hd Fiak 2 (FEZ T #BH .

transform train = transforms.Compose( [
transforms. RandomCrop(32, padding=4),
transforms. RandomHorizontalFlip(),
transforms. ToTensor( ),
transforms. Normalize((0.5, 0.5, 0.5), (0.5, 0.5, 0.5))
1)
transform test = transforms.Compose([
transforms. ToTensor( ),
transforms. Normalize((0.5, 0.5, 0.5), (0.5, 0.5, 0.5))
1)
trainset = torchvision. datasets. CIFAR1O (root = './data', train = True, download = True,
transform = transform_train)
trainloader = torch.utils.data.Dataloader(trainset, batch size = 128, shuffle = True, num_

workers = 2)

testset = torchvision. datasets. CIFARIO (root = './data', train = False, download = True,
transform = transform_ test)
testloader = torch.utils.data.Dataloader (testset, batch size = 100, shuffle = False, num_

workers = 2)
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(3) % X NiN,

class NiN(nn. Module) :
def _init (self):
super (NiN, self). init ()
self.convl = nn.Conv2d(3, 192, kernel size =5, padding = 2)
self.conv2 = nn.Conv2d(192, 160, kernel size=1)
self.conv3 = nn.Conv2d(160, 96, kernel size=1)
self.pooll = nn.MaxPool2d(kernel size =3, stride= 2, padding=1)
self.dropoutl = nn.Dropout2d(p=0.5)
self.conv4d = nn.Conv2d(96, 192, kernel size=5, padding = 2)
self.conv5 = nn.Conv2d(192, 192, kernel size=1)
self.conv6 = nn.Conv2d(192, 192, kernel size=1)
self. pool2 = nn.MaxPool2d(kernel size =3, stride= 2, padding=1)
self.dropout2 = nn.Dropout2d(p=0.5)
self.conv7 = nn.Conv2d(192, 192, kernel size= 3, padding=1)
self.conv8 = nn.Conv2d(192, 192, kernel size=1)
self.conv9 = nn.Conv2d(192, 10, kernel size=1)
self.pool3 = nn.AvgPool2d(kernel size=8, stride=1)

def forward(self, x):

x = self.convl(x)
= nn. functional. relu(x)
= self.conv2(x)
= nn. functional. relu(x)
= self.conv3(x)
= nn. functional. relu(x)
= self.pooll(x)
= self.dropoutl(x)
= self.conv4(x)
= nn. functional. relu(x)
= self.conv5(x)
= nn. functional. relu(x)
self. conv6 (x)
= nn. functional. relu(x)
= self.pool2(x)
= self.dropout2(x)
= self.conv7(x)
= nn. functional. relu(x)
= self.conv8(x)
= nn. functional. relu(x)
= self.conv9(x)
= self.pool3(x)
x.view( —1, 10)

MoM X X X X M XM M X X X X M M X X X X X M N
1}

return x
net = NiN()

(4) 5 SO R B AL s

criterion = nn.CrossEntropyLoss()
optimizer = optim.SGD(net.parameters(), lr=0.1, momentum= 0.9, weight decay= 5e - 4)
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(5) YIZRM 5,

for epoch in range(100):

running loss = 0.0

for i, data in enumerate(trainloader, 0):
inputs, labels = data
optimizer. zero_grad()
outputs = net(inputs)
loss = criterion(outputs, labels)
loss. backward()
optimizer. step()
running loss += loss. item()
if 1 % 100 == 99:

print('[ $d, %5d] loss: %.3f' %
(epoch + 1, i + 1, running loss / 100))

running loss = 0.0

(6) MR 45

correct = 0
total = 0
with torch. no_grad():
for data in testloader:
images, labels = data
outputs = net(images)
_, predicted = torch.max(outputs.data, 1)
total += labels.size(0)
correct += (predicted == labels).sum().item()

print('Accuracy of the network on the 10000 test images: %$d % %' % (
100 * correct / total))

B EEA — AR XL HIBRN C, X HXW, Hp ¢ fonf @B, H
W G35 AR BE A S B . XHR A AT 5 B A R B — A sk i Y, HOB R
R C . XHXW,Hrf C,, FmihEiEs.,

LG B BRAE R — D KN R C, X C Xk X ke B35 B i A R 4T 35 R
VB, B b FRBBBH KN, B NINGIAT 1X1T BB AT — KAk 1X
LXCy, X C,, B BUZRAE AL G2 1Y 8 BURAE

PR oRMES 1X 1 BRMIFE SR, REEH KPR IX1IXC, XC,,, MER
% KAk X T SRR, E‘f?ﬁﬁmth?{%;Y W 1x1 BRI AR N

ZX

c=1
Hoba A0 o3 5 3R sk Y B R SE L L 2 R B i sk i Y A TE AL
b RT3
Y,, =X, ;W
Horp, X, R A SR XA G ) BB B BRHIE ) W R OR RN C X C, B R
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B KLY, Fonfthika Y 78 G )AL E b IRE ] i
A PO i A AT A5 FRERAE 19 3 i ok i
(7)) {#iF] PyTorch SEPIZ M 4% .

import torch

import torch. nn as nn

import torch. nn. functional as F

class NiN(nn. Module) :

def

__init (self):

super (NiN, self)._ _init ()

X AERE AT DAE A NIN g 1X 1

self.convl = nn.Conv2d(3, 192, kernel size =5, padding = 2)
self.conv2 = nn.Conv2d(192, 160, kernel size=1)

self.conv3 = nn.Conv2d(160, 96, kernel size=1)

self.pooll = nn.MaxPool2d(kernel size =3, stride=2, padding=1)

self.dropoutl = nn.Dropout(p=0.5)

self. convd

self. conv5
self. conv6

EBESB

self. pool2
self.dropout2 = nn.Dropout(p=0.5)

.Conv2d(96, 192, kernel size=5, padding= 2)
.Conv2d(192, 192, kernel size=1)

.Conv2d(192, 192, kernel size=1)
.MaxPool2d(kernel size =3, stride= 2, padding=1)

self.conv? = nn.Conv2d(192, 192, kernel size=3, padding=1)
self.conv8 = nn.Conv2d(192, 192, kernel size=1)

self.conv9 = nn.Conv2d(192, 10, kernel size=1)

self.pool3 = nn.AdaptiveAvgPool2d(output size=1)

def forward(self, x):

&l —

x = F.relu(self.convl(x))
= F.relu(self.conv2(x))
= F.relu(self.conv3(x))
= self.pooll(x)

= self.dropoutl(x)

= F.relu(self.conv4(x))
= F.relu(self.conv5(x))
= F.relu(self.conv6(x))
self. pool2(x)

= self.dropout2(x)

= F.relu(self.conv7(x))
= F.relu(self.conv8(x))
= self.conv9(x)

= self.pool3(x)

= x.view(x.size(0), —-1)

MoM M X X X X M XM X X X X N
1}

return x

AL A= A A, 352 T 4% F) i

net = NiN()
x = torch.randn(1, 3, 32, 32)
y = net(x)

print(y)

4=

BT

F i,
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A

[1, 100] loss: 2.304
[1, 200] loss: 2.305
[1, 300] loss: 2.305

7, 300] loss: 2.305

8, 100] loss: 2.305

8, 200] loss: 2.304

ensor([[ —0.0495, 0.0198, —0.0152, 0.0597, —0.0159, —0.0469, 0.0025, —0.0185,
- 0.0051, —0.0109]], grad fn =< ViewBackward >)

[
[
[
t

AT LA B 0% 24 i g R — A K/ 110 1ok, 3R A B A 7E B 28
M.

5.3.5 Google Inception Net [ £%

Google Inception Net %M T £ 5K 1Y Inception Module #4 & W 2% , [ 45 45 1 1y, VGG
B, MR BER AS 5 VGG 2 BB 47, 7€ ILSVRC 2014 1) LL 3§ o DL
KRG T 2 — 2, [ A VGGNet R8T 58 -4 . M 2014 4F3Z R 45 9 58 — Ik
P F) 2016 4, Inception L5 T 4 IR FEFI A G, 74 BIATH2 T Inception V1~V4 Ji)t
A, AN FEXT Inception VI #ATA4,

Inception V1 BEARSECE I B A P 55—, SR 2 BRI g K, 75 2 AL R 7Y 2%
>J AR BRI B R R B B AR L SR RE T TSR R R A
SR

Inception V1 S8/ (H &4 F 47 1Y It B B 1 88 AL 2 30 0 IR L 3R Gk B ) R S, b
[P

(D BB T RER2ESRZE, 2RV 8 e 2E CRRE B R RSFAE Sy 12X D) SR B
T, EEEZEILF ST AlexNet 30 VGGNet H1 90U S & . i H&5E 14,

B 42 3% 422 2 S AR R I R T PRI Bl s T .

(2) Inception V1 H¥E 0% 31 Inception Module #2798 T S 8000 ) FI %R, Hogk 1y
ke 5-22 Fros . X — AR AR A T NIN B A B LAY i B /2 Inception Module A
B Q0] P 2% v 1) — A /N 4 LS5 A8 AT L) 2 52 HE S AE — TR K 25
Ty ’

plic}
omemz| |[oewepz 1<z
X 1R } }
[l X uEsz| [ 3XemRAILE]

I

A
K 5-22 Inception V1 454

Inception Module BJEEARGEIIA 4 0332, H— Do SO A AT 1XT BB X
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AT 2 NIN I — P EELEN, IX 1 WEREHR B EEALSER RS
YA FE IR BE 77, R AT LA X Sy O G T 4R I 4E . Inception Module 19 4 A4 /43 32 #B A 2|
T 1K1 BRI AR A (1 5 0 T B RRAE AR e . B AN SO 1 X1 B R R A
F2 3X3 BB B A THEAT T PR RS S, B = AN S S AN SR e 1 X
MR IR G 3 5 X5 MBI, B — A AR 3 X3 i Ktk fe B 1 X1 1y
&M, Inception Module 1 4 A>3 3 e fi Jr i i — > G A & JF (e S i 3d 38 80X 4>
4 FRG) .
ffi i PyTorch 352 ¥ Google Inception Net:

import torch

import torch.nn as nn

import torchvision

from torchvision import transforms, datasets
import torch. optim as optim

from tgdm import tqgdm

epochs = 5 # kIR B
1r = 0.1 R RS

batch size = 32

data_transform = {
"train": transforms. Compose( [ transforms. RandomResizedCrop(224),
transforms. RandomHorizontalFlip(), = [ LA A B
transforms. RandomVerticalFlip(), = ML T BhEE
transforms. RandomRotation(degrees = 5), # FfHLIEE
transforms. ToTensor( ),
transforms. Normalize((0.5, 0.5, 0.5), (0.5,
0.5, 0.5))]), "val": transforms. Compose( [ transforms. Resize( (224, 224)),
transforms. ToTensor( ), transforms. Normalize( (0.5, 0.5, 0.5), (0.5, 0.5,

0.5))1)}

train dataset = datasets. CIFARIO ( 'cifar', True, transform = data transform[ " train"],
download = True)
validate dataset = datasets. CIFAR1O ( 'cifar', True, transform = data transform[ "val"],

download = False)

train loader = torch.utils.data.Dataloader(train dataset,
batch size = batch size, shuffle = True, num workers = 2)
validate loader = torch.utils. data.Dataloader(validate dataset,
batch size = batch size, shuffle = False, num workers = 2)
device = torch.device("cuda: 1" if torch.cuda. is available() else "cpu")
model = torchvision.models.resnetl8()
model. fc. out features = 10 = & iy IS B %
model. to(device)
criterion = nn.CrossEntropyLoss()
optimizer = optim.Adam(model.parameters(), 1lr = 1r)

print('JFARIIZ")
= Y AR
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for epoch in range(epochs) :
model. train() # Y| ZrpsE =
epoch loss = 0
epoch_accuracy = 0
for data, label in tqgdm(train loader, leave = False):
data = data. to(device)
label = label.to(device)

output = model(data)
loss = criterion(output, label)

optimizer. zero_grad() £ V5 25 DL AR B (PR A 4 R AT PR AR S — IR S8 2 i I 45 )
loss. backward() £ % [n) & 4%

optimizer. step() #H S

acc = (output.argmax(dim=1) == label).float().mean()

epoch accuracy += acc / len(train loader) # YT 2R Y e R

epoch loss += loss / len(train loader) # 2t loss

print(f'EPOCH: {epoch: 2}, train loss: {epoch loss: .4f}, train acc: {epoch accuracy:
L4} ")

model. eval ()

acc = 0.0 # 1B G 50 / epoch

with torch.no_grad():

for data, label in tgdm(validate loader, leave = False):

data = data. to(device)
label = label.to(device)
outputs = model(data) = WA REE A A — i i 2
predict y = torch.max(outputs, dim=1)[1]
acc += torch. eq(predict y, label).sum().item()

val accurate = acc / len(validate dataset)
print(val accurate)

BT R AT

Tl I 25

EPOCH: 0, train loss: 4.5451, train acc: 0.1437
EPOCH: 1, train loss: 3.5573, train acc: 0.1574
EPOCH: 2, train loss: 3.5473, train acc: 0.1608

5.3.6 ResNet %%

ResNet 7 2015 4F # 42 1} , 7€ ImageNet 38 73 28 (classification) f£ 4 _F 3545 56 —
2L B B R RS ST I AE . T DL Z G AR 2 5 B & 7E ResNet50 5% ResNet101 [ %
fitlh b 52 JC 0 S A L 435 U A 45U AR 23 43 1 ResNet,

Bt 5 45 BN, th B0 T U R S A R R BRI 4, AT DA 8 X R 2 i Tl L6 i
B G 480 B 1 0 DI 25 B 7 32 o 6 SR AR ) o T DL X 31X A ] 4R T — b 4 3 1R )
2% TR B AR 22 M 4%, B AU F 4SS AT RE IR, o 5T T e i &5 4, an sl 5-23 TR,
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J

Horp ResNet # 7 # Fh Bt 5 (mapping) : — Fl
SR E 45 W 5} (identity mapping) » 18 B 5t J& B 5-23 1
AL ) — R 5k 25 LT (residual mapping) .

x TR LR T8 B A i 4 BB 43, BT DL s 0
R Ey=F)+zx,
LU o 25 WL 42 T SRR AR A B it 2 A P i
x, MERZE WS P8 1 2 227 Wl 2 v — o, T DB 2248
Bl 5-23  &ErEISE R B3R F ()34

ffi ] PyTorch B8 ResNet R %% .

import torch

import torch. nn as nn

import torchvision

from torchvision import transforms, datasets
import torch. optim as optim

from tgdm import tgdm

epochs = 5 # kR B
Ir = 0.1 7 53] R

batch size = 32

data_transform = {
"train": transforms. Compose( [ transforms. RandomResizedCrop(224),
transforms. RandomHorizontalFlip(), = BE LS A Tl
transforms. RandomVerticalFlip(), = BEAL L 5
transforms. RandomRotation(degrees = 5), # ffi L jie %
transforms. ToTensor( ),
transforms. Normalize( (0.5, 0.5, 0.5), (0.5, 0.5,
0.5))]),"val": transforms.Compose([transforms.Resize( (224, 224)),
transforms. ToTensor( ),
transforms. Normalize((0.5, 0.5, 0.5), (0.5, 0.5,
0.5))1)}
train dataset = datasets. CIFARIO ( 'cifar', True, transform = data transform[ " train"],
download = True)
validate dataset = datasets. CIFARIO ( 'cifar', True, transform = data transform[ "val"],

download = False)

train loader = torch. utils. data. Dataloader (train dataset, batch size = batch size,
shuffle = True, num workers = 2)
validate loader = torch.utils.data.Dataloader(validate dataset,

batch size = batch size, shuffle = False, num workers = 2)

device = torch.device("cuda: 1" if torch.cuda. is available() else "cpu")
model = torchvision.models.resnetl8()
model. fc. out_features = 10 16 B 2 1Ak

model. to(device)
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criterion = nn.CrossEntropyLoss()
optimizer = optim.Adam(model.parameters(), lr = lr)
print("FFERINZ")
# Il Zrsi A
for epoch in range(epochs) :
model. train() # Y AR
epoch loss = 0
epoch_accuracy = 0
for data, label in tgdm(train loader, leave = False):
data = data. to(device)
label = label.to(device)
output = model(data)

loss = criterion(output, label)
optimizer. zero_grad() £ 18 25 LAAEAR BE (PR 4 R A8 R 0 2 — Ik o8 2 1 )11 25)
loss. backward() £ 1AL 4k
optimizer. step() # S5
acc = (output.argmax(dim=1) == label).float().mean()
epoch_accuracy += acc / len(train_loader) £ MR 257 24 o 1 R
epoch loss += loss / len(train loader) # Zi| loss

print(f'EPOCH: {epoch: 2}, train loss: {epoch loss: .4f}, train acc: {epoch accuracy:
L4f}")

model. eval()

acc = 0.0 # T8 MEHG BUE /epoch
with torch. no_grad():
for data, label in tgdm(validate loader, leave = False):
data = data.to(device)
label = label.to(device)

outputs = model (data) # PR AR A s — A R R
predict y = torch.max(outputs, dim=1)[1]
acc += torch. eq(predict y, label).sum().item()

val accurate = acc / len(validate dataset)
print(val accurate)

BT H AR

THR I 25
EPOCH: 0, train loss: 2.0876, train acc: 0.2231

5.3.7 DenseNet [¥ &%

DenseNet % 4% () 54 B #% 5 ResNet — 3, (H & 8 37 B2 00 10 I A7 )2 5 J5 18 )2 19 %
R CRIVAR NS 3 45 . B A PR B T R . DenseNet 1Y 95 — K4 8 02 38 i ¥R 1E 76
WA E R SR IEE A . X SR AL DenseNet (192 80 fli 5 A #R A8 45 56 /0
T CHXF ResNet) s BURWHE 47 1, ResNet ffHk 1R J2 W 25 56 1K 2% ) R, & 02 IR 7
MWFFE R . 56 B I 5 GoogleNet ) Inception, 1M DenseNet & M FRAE AT, 8 1 X 45
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oA

IE 14 15 R FH 8 3K 3 58 4 1 ROR Fsi > 28

1. DenseBlock

DenseBlock (8P SR 2 2, 45 J2 B9 FRAE 18 RN R 4 v RL7E 3l E R AT 3%
) 252 Z R 8 AL 1 507 L S5 1R 5-24 s

LN

Dense Block 1 Dense Block 2 Dense Block 3
i |, it

o

"horse"

=

B 5-24  EAEHLEEHY

Bl 5-24 2 — MU 5 JRM B AL, ] LUE 1% 5 0 A B A 1 )2, Bk Uik
JEAHZ R ACER R AT R T 2 BRI R A2 s S B B R R T
JEREA . FTLAXE T —A L R s e, IS L (L +1)/2 A% (GGF 22805 K fs
2O AR JE ResNet Wy 2L —D+1., WIXBEALLE 1 : M ResNet, 2 B PR 1 % 4
R, I H AR YU B HOR AN TR JZ PR AE B X AT LS R AIE F T CRPG R ] %

S B FEAE ANTA) R AE JE 17 SR M 0 R FO DL RO X — 4§ 8 /& DenseNet 5
ResNet fiz FZ 1 X G,

2. iR

e )R FEM TEEMA MBI EEREES R EIRE WAL, %/ E—
YR T8 I8 B R SR AR RCR AR IE B A 0 = 0k . B E AR — D 1 X B
CHIT VR B 38 TE 50 F1 2 X 2 19 F- 24 3t Ak R T B AR AR TR R /) L 4548 2 BN+ ReLU+1X 1
B2 X2 WF Al . PR 46 2 ] LGRS 3 TR 4 A R A A 1

DenseNet FY R 2% 25 44 3= 22 o 25 42 BRI % 46 )2 240 B, — > DenseNet WA 3 >3l 4 4>
WEY, M—1TEHEERPESHZDRI)ZE, HENEERZEE 2RV
JZ RGN —A> softmax 432545, 15 2 B0 1 4351
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3. DenseNet-121 §J PyTorch LI

import torch

import torch.nn as nn

import torch. nn. functional as F
from torchsummary import summary
from torchstat import stat

from collections import OrderedDict

£ 4 % AL P 1 Y R 25 A
38 o IR R A, XA 2 B — A2 B AT
# bottleneck + DenseBlock == > DenseNet — B

class Denselayer(nn. Sequential) :
# num_input_ features {E M ¥ A4RME )2 A9 16 %L, growth _rate A3 K3, bn_size fy H KI5
= B — R AHR & 4, drop rate Wi #B & 7E dropout JZ k17 4k B
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',6 nn.BatchNorm2d(bn_size * growth rate))

self. add module( 'ReLU2', nn. ReLU( inplace = True))

self.add module( 'conv2', nn. Conv2d(bn_size * growth 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)

=58 LB
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("denselayer %$d" % (i+1), layer)

U IR
# TR R AR SR HER Sk, MRS 0.5 ZEE (GEE %) 1Y R 4
class Transition(nn. Sequential) :
def init (self, num input features, num output features):
super( Transition, self). init ()
self.add module( 'norm', nn.BatchNorm2d(num input features))
self.add module( 'RelLU', nn. ReLU(inplace = True))
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self.add module( 'conv', nn.Conv2d(num_ input features, num output features, kernel
size=1,stride=1,bias = False))
self.add module( 'pool', nn.AvgPool2d(2, stride=2))

+ 5P DenseNet [W 2%
class DenseNet(nn. Module) :
def init (self, growth rate = 32,block config= (6,12,24,26), nun_init features =
64,bn _size =4, comparession rate= 0.5, drop rate = 0,num classes = 1000):
super (DenseNet, self). init ()
#HIT : HZE + R
self. features = nn. Sequential (OrderedDict( [
('conv0', nn. Conv2d (3, num_ init features, kernel size = 7, stride = 2,
padding = 3, bias = False)),
('morm0', nn.BatchNorm2d(num init features)),
('ReLUO', nn.ReLU(inplace = True)),
('pool0', nn.MaxPool2d(3, stride =2, padding=1))

1))
# Denseblock
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 layers * growth rate # Wi 78 — > 25 4 By HY A4 AR

if i!= len(block config) —1: # H#|Wr B A BEE— 1 BEHR
transition = _ Transition (num features, int (num features *
comparession rate))
self. features. add module("transition%d" % (i+ 1), transition)
num_features = int(num_features * comparession rate) # J | —/ %

5 AR T i T R A

# fx & . BN+ RelU
self. features. add module( 'norm5', nn. BatchNorm2d(num_features))
self. features. add module( 'ReLU5', nn. ReLU( inplace = True))
#3K)=
self.classifier = nn.Linear(num features,num classes)
£ S8 a1k
for m in self.modules( ) :
if isinstance(m, nn.Conv2d) :
nn. init. kaiming normal (m.weight)
elif isinstance(m, nn.BatchNorm2d) :
nn. init. constant (m. bias, 0)
nn. init. constant (m.weight, 1)
elif isinstance(m, nn.Linear):
nn. init. constant (m. bias, 0)
def forward(self,x):
features = self.features(x)
out = F.avg pool2d(features,7, stride=1).view(features.size(0), —1)
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out = self.classifier(out)

return out

def densenetl2l(pretrained = False, ** kwargs):
"D seNet121" "
model = DenseNet(num init features = 64, growth rate = 32, block config= (6, 12, 24,

16), *x* kwargs)
return model

1 i o

main _

if __ name == '

£ Byt RS B 11 45 44

dense = densenet121()

= 1R 45 2 1 i

device = torch. device( 'cuda' if torch. cuda. is _available() else 'cpu')
# print(device)

dense = dense. to(device)

print (&2 ) i A S ', dense)
BT BB .

o J2 A5 0 ) i A%y Y © DenseNet(
(features) : Sequential(
(conv0) : Conv2d(3, 64, kernel size= (7, 7), stride= (2, 2), padding = (3, 3), bias =

False)
(norm0) : BatchNorm2d (64, eps = le — 05, momentum = 0.1, affine = True, track running

stats = True)
(relu0) : ReLU(inplace = True)
(pool0) : MaxPool2d(kernel size = 3, stride = 2, padding =1, dilation =1, ceil mode =

False)
(denseblockl): DenseBlock(

5.4 EHEFAHZNML CIFARIO HiBEEH £

CIFARIO B Eh A 5 Jrsk IR 1 7ok a4 . X iz o028 s, Hoh A0 45 i
10 A2 an &l 5-25 R .
[‘airplane’,'automobile’,'bird", ‘cat’,'deer’,'dog’, frog’,'horse’, 'ship’, truck’]
& 5-25 CIFARIO [ K255
CIFARIO ¥4l 5 v i IEMECER J2 3 3l , N2 3232,
1E PyTorch 1, 8(dli4E /238 i Torchvision Y datasets M LLSE LAY , SEBACAS Q0T .
1. CIFARI10 ¥#E &

from torchvision import datasets, transforms

from torch. utils. data import DataLoader
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# root: HIHERMR H

# train: & RHIIL%E

# transform: 7] L)¥f PIL 1 NumPy #% =X A 2045 M [0, 255 130 Bl F5# R [0, 1], J5 4R B0HE /8 R/ =
#(H X WX C),FimgRKNEAEN(C X HX W

# download: 275 T #k

train dataset = datasets. CIFARIO ( root = " data/CIFARIO", train = True, transform =
transforms. ToTensor( ), download = True)
test dataset = datasets. CIFARIO ( root = " data/CIFARIO", train = False, transform =

transforms. ToTensor( ), download = True)
# il R KB

print(len(train dataset))

£ WA K

print(len(test dataset))

= HE 426 51

print(train dataset.classes)

# Y ZRAE i Jm — ik B R i 28 5]
print(train dataset. targets[49999])
# YNGR i Jm — sk B v BB AR
print(train dataset.data[49999]. shape)
# Y 2R 5 i Jm — ik I i B9 £ e
print(train dataset.data[49999])

£ DA feJ5 — 5K B R i 28001
print(test dataset. targets[9999])

# M4 e Jm — ik R B AR
print(test dataset.data[9999]. shape)
# W A e e — ok B R B B
print(test dataset.data[9999])

# F R ToTensor £ dataloader HtifH i
train dataloader = Dataloader(dataset = train dataset,batch size =5, shuffle = True)
for i, (img, tag) in enumerate(train dataloader) :

print(tag)

print(img. shape)

print(img)

Break

2. MEM%KIEIT

PR Sk {3 B 8506 46 O CTFARIO B4 48, e 20 0 — A~ 43 2R ), B LATE Bl 48 1Y) 4%
WAL T A R Bl 8 IO 4 R 4 % 45 P 2 I . Ol T A T I PR T 2% 0T i 8 1Y 43 AR R
11K

(1) FRZERI,

FESEAT BT Z AT e i i — N R 2 A . VR R, B 2 A Y g A 3 T R g o
SERAYIPEY IR AN

class Res_Net(nn.Module) :

def _init (self,c_in,c_out,c):
super(Res_Net, self). init ()

self. layer = nn.Sequential(
= iy A GEE , f A E , BB RS, P K, padding, 24 b
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nn. Conv2d(c_in,c, 3,1, padding = 1, bias = True),
nn. ReLU( ),

nn. Conv2d(c, c_out, 3,1, padding = 1, bias = True),
nn. ReLU( )

def forward(self,x):
return self. layer(x) + x

(2) M&ikit.

class Net(nn.Module) :
def init (self):
super(Net, self)._ _init__ ()

#EH

self.conv_layer = nn.Sequential(

)

£ 358 E Y K e de Ty 64 3@ 1E
nn. Conv2d(3,64,3,1,padding=1),
nn. ReLU( ),

= Kk

nn. MaxPool2d(2,2),

nn. RelLU( ),

RS T EN

Res Net(64,64,64),

nn. Conv2d(64,128,3,1),
nn. ReLU( ),

Res Net(128,128,128),
Res_Net(128,128,128),

nn. Conv2d(128,256,3,1),
nn. ReLU( ),
Res_Net(256,256,256),
Res Net(256,256,256),
Res Net(256,256,256),

nn. Conv2d(256,512,3,1),
nn. ReLU( ),
Res_Net(512,512,512)

+EEE

self. linear layer = nn.Sequential(

= A 2 B B

nn. Linear(512 % 10 x 10,1024),

nn. ReLU( ),

= ) 42 3% B 2 W 45, /N s B
nn. Dropout(0.5),

nn. Linear(1024,512),

nn. ReLU( ),

nn. Dropout(0.5),

nn. Linear(512,10),
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# softmax W BRI, 10 A28 51 1 3 S A A
nn. Softmax(dim= 1)
)
def forward(self,x):
conv_out = self.conv_layer(x)
linear in = conv_out.reshape( — 1,512 * 10 x 10)
linear out = self.linear layer(linear in)
return linear out

(3) 3 R 2%

if _name _ == ' '

net = Net()

print(net)

x = torch.randn(3,3,32,32)

result = net. forward(x)

__main

print(result. shape)
print(result)

3. wEIZ

import torch

from torchvision import datasets, transforms

from torch.utils. data import Dataloader

from torch import nn

from torch. utils. tensorboard import SummaryWriter
from Net import Net

# Wn2RA cupa, U A CUDA YNl &k, & A 45 T cru il 4k

DEVICE = torch.device("cuda" if torch.cuda. is available() else "cpu")

class Train():
def __init__(self):
# Y45
self. train dataset = datasets. CIFAR1O ( root = " data/CIFARIO", train = True,
transform = transforms. ToTensor( ), download = True)
# A AR
self. test dataset = datasets. CIFARIO ( root = " data/CIFAR10", train = False,
transform = transforms. ToTensor( ), download = True)
= YR 4R 4%
self. train dataloader = Dataloader (dataset = self. train dataset, batch size =
500, shuffle = True)
£ 0 4 i AR A
self. test dataloader = Dataloader(dataset = self. test dataset, batch size = 100,
shuffle = True)
# ) 2 W 45
self.net = Net()
& W 4% o B
self. net. to(DEVICE)
# b s

self.opt = torch. optim. Adam(self.net. parameters())
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PR A YTy

self.loss func = nn.MSELoss()

# SumnaryWriter 28 A DATEH & SCPFIE AR i — A 344 SCPF, 3 A~ 4 So 4 AT AR
# TensorBoard fi# it

self. summaryWriter = SummaryWriter("logs")

def call (self, *args, *x* kwargs):
# N LrFE
for epoch in range(1000) :
# B — U 2R B A5 R

sum_loss = 0

= AR
for i, (img, tag) in enumerate(self. train dataloader):
self. net. train() £ YN A =
img, tag = img.to(DEVICE), tag. to(DEVICE) = ¥ B4R i A CUDA |
out = self.net. forward(img) #itagE R
one hot tag = nn.functional.one hot(tag,10).float() # #l{fF one — hot
# bp 2
loss = self.loss_func(out,one hot tag) Ak
sum_loss = sum loss + loss
self. opt. zero_grad() 4 VS bhE
loss. backward( ) £ RS
self. opt. step() #HEHSH
avg_loss = sum_loss/len(self.train dataloader)
print("YIZE K : {}". format(epoch))
print("YII kit Ss: {}". format(avg loss))
# B — 5 Ul i R A R
sum_test_loss = 0
# B — 50 Uil iR R A
sum_score = 0
with torch.no grad(): # R HEATRE T BRHRAE, T A2 ]
= B
for i, (img, tag) in enumerate(self. test dataloader) :
self. net. eval() £ AR 2
img, tag = img.to(DEVICE), tag. to(DEVICE) = ¥ B8 i A CUDA |
test out = self.net.forward(img) # i gE R

one hot tag = nn.functional.one hot(tag, 10). float() # il one -
# hot %%
test loss = self.loss_func(test out,one hot tag) = AR 2k
sum_test loss = sum test loss + test loss
out label = torch.argmax(test out,dim=1)
tag label = torch.argmax(one hot tag,dim=1)
score = torch.mean(torch. eq(out label,tag label).float()) # i} 5
&5

sum_score = sum_score t+ score

avg test loss = sum test loss/len(self.test dataloader)

avg score = sum score/len(self.test dataloader)

print(" ")

print("PHX P : {}". format(avg test loss))

print ("MK 4> : {}". format(avg score))

# RN ESH

torch. save(self. net. state dict(), f"weights/{epoch}.pt")
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