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BEHHFTEN—PMBE R,

BNIHMEERPEE (channel$) e 7T 4uTEEFEERE;
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Convolutional
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+1=6




\ o BB KR — R SR B BT 1 Ty v
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FERHIES X, B XIS MTREMR. KB &R
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ZhESRYE: https://minotebook.qithub.io/post/CNN1/



https://mlnotebook.github.io/post/CNN1/

A EHPr: ACNNSEZIIEBEIER 7R (CAEG 2SR5
BRTEIE
RS HY
4£FIEF (Padding)

TFERBFRVEE

HtAnE4L (Batch Normalization, BN)
4t (Pooling)

%% (Dropout)

IR M 4%
cifar108#E4E

B A W K5 Bl
iﬂjﬂLeNet AlexNet. VGGNet. InceptionNet. ResNetﬂjl\ %ﬁ‘%*ﬂlﬂé@
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( §4
‘ SAME ( 07 ) 1?: (Ja] | Hu %)
EFIHTL ) padding N
Padding VALID (R4&087) = (i k)
\ VN
TFHAESIEE
H%#padding = ‘SAME’ 5 padding = ‘VALID'%&T
Sx5x1 padding 3x3x1 Sx5x1 5x5x1 3x3x1 3x3x1

SAME:

5xbx1 = bxbx1l

VALID:

5x5x1 = 3x3x1



v TFHREBHRE

tf.keras.layers.Conv2D (

filters = B,

kernel_size = HERUZ R, #1IE T TR EZ KL, 8 (Eh, Z%Ew)

strides = W30 K, # R AH R 520 KB, (AR PKh, BERPPKw), BRAL
padding = “same” or “valid”, #{¥i F§ &= 1 75 & “same”, ASd H Z“valid” (ERIA)
activation = “ relu ” or “ sigmoid ” or “ tanh ” or “ softmax”4% , #1148 BN AEA
input_shape = (&, % , BIEX) #NREEEE, 74K

)

model = tf.keras.models.Seguential(]

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")

D

15



Ttl:*/ﬁ’iﬂs Hebr#E4l (Batch Normalization, BN)
BN

PR : EEEERFS0MME, LAREER S
AR : SF—/PEEE (batch) , bRvELALTE .
LS, 3B k/\%ﬂ’f?ﬂﬁﬁlﬂﬂ%ﬁﬁ (feature map) HE i /M%%f‘ﬁ

F14 24 batchZH
NN, *jiﬁbatchéﬂiﬁjﬂj BEAHIRFE#R &N

HY:  HUAREALET, SkABER, MHSTERE i MEA
pk o HAREEAGET, BRABEE, batchikH RIS E b T B E S THE
ok . WARUEIGET, BKAEBUL, batchikE TR T B X SRS

m
1 k
”lkgatch = E Z H{( abatch \/8 +— Z (H I’lbatch)z
i=1

I"lbatch

abatch




HEAR AL ) #bR4L (Batch Normalization, BN)
BN

vV RN ERESIATINSGSEy MG, RERH— LK IR,

Sigmoid i iFi £k Sigmoidi#ii iF £

k k 08
o8] H'* = Hi — Wyaen ol
batch of
T 4 I T

BN AT 105 G S R I O S H

Xk =y HF+ B\

t t
_ G B
- : : BF  ET

Y~ BUIGMEAL S R AE L X 4 A1
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Ttl:*/ﬂ’iﬂs HebrtE4L (Batch Normalization, BN)
BN

v BNEMNTEHREZE, BiEE 2.

R
Convolutional BN

v TR #tbrvELL

tf.keras.layers.BatchNormalization()

model = tf.keras.models.Sequential([

Conv2D( =6, =(5, 5),

BatchNormalization(), # BN/Z=
Activation('relu'), # BUL-
MaxPoo12D( =(2, 2), =
Dropout(0.2), # dropout):z

Iy

Activation

='same'), # WiL)E

18



Ak B TR D ISR
Pooling BAE AL TTREUE A 40, BE AL TR B S A4S E .

max pool with 2x2 filters

= 1 | 1 | 2 | 4 | andstride2 6 | 8
oG 7 | 8 3 B4
mean pool with 2x2 filters
3 2 1 0 and stride 2 3.25 | 5.25
1 | 2 [ESHIN4 . B




v TR

tf.keras.layers.MaxPool2D(

pool_size=Hfb iz R~F, #1IEHTEEZKEL, 8 (ZEh, #Z%Ew)
strides=tift B4, #BKEL, @ HEKh, #E2Kw), EL Jypool_size
padding=‘valid’or‘same’ #{{ | &= X H 75 &"“same”, A H & “valid” (ERIAD
)

tf.keras.layers.AveragePooling2D(

pool_size=HfbiZR~F, #1IE T EZKEL, 5 (&b, #Z%Ew)
strides=tft P, #OKBE, B RPKh, BmPKw), ERIAApool_size
padding="‘valid’or‘'same’ #{f H &= ZIH 7t & “same”, AMFH Z“valid” (FRA)
)

model = tf.keras.models.Sequential([

Conv2D( =6, =(5, 5), ='same'), # GIHE
BatchNormalization(), # BN/=

Activation('relu'), # 5 /Z

MaxP0012D( =(2, 2), =2, ="same'), # WiL)E
Dropout(©.2), # dropout/=

D




55 FEMEMEINGRRT, oML ol —E MR Arps i s
Dropout HEREF. HEMNEERAN, REFPHETIKEER.
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v TF#ER AL
tf.keras.layers.Dropout(&# HIREZ)

model = tf.keras.models.Sequential([

Conv2D( =6, =(5, 5), ='same'), # GIZE
BatchNormalization(), # BN/=

Activation('relu'), # BHULE

MaxPoo12D( =(2, 2), =2, ='same'), # WALE

Dropout(0.2), # dropout/=

D



VBB BB RBRIUHES, BN\ SEEML.
SRR 22 2% I 2% 1) 32 BEARER

4 )
Convolutional =IN Activation Pooling FC
\ X AN HEAT R PRS2 IR Y,

HBEREHA? BHBRESMERIE, BRECBAPD

model = tf.keras.models.Sequential(][

C Conv2D(filters=6, kernel size=(5, 5), padding='same'), # Gz
B BatchNormalization(), # BN/=

A Activation('relu'), # Hi5=

p MaxPool2D(pool size=(2, 2), strides=2, padding='same'), # L2
D Dropout(9.2), # dropout)=

D




v Cifar10¥3iE4E.
R4t 575K 3232 B R R TRl F RS, FHTFI%.
Rt 1A% 3232 BERBToREAE F AR, HT.

airplane
automobile
bird

cat

deer

v S \cifarl0%E4E.

cifarl0 = tf.keras.datasets.cifarl0
(x_train, y_train),(x_test, y_test) = cifar10.load_data()



plt.imshow(x_train[0]) #ZH|& T
plt.show()

print("x _train[@]:\n" , x_train[0@])
X_train[0]:

(=8 21 €3]
5555555555
1111111111
1111111111
(145 120 93]
1111111111
999999999

print("y train[@]:", y train[@])

y train[0]: 6

print("x test.shape:", x_test.shape
X_test.shape: (10000, 32, 32, 3)

JETS: p24 cifarl0_datasets.py

24



BIRHE MBI

5x5 convy, filters=6
2x2 pool, strides=2

A 4

Dense 128

Dense 10

C (*Z 6*5*5, }/Fié 1, iﬁ?ﬁ: same )

B (Yes)
A (relu)

P (max, #%: 2*2, K. 2, #H7E: same)

D (0.2)

Flatten

Dense (#f427T:
Dense (Ff£47T:

128, #i%: relu, Dropout: 0.2)
10, ¥i%: softmax)

25



ERME N EB BB

5x5 convy, filters=6
2x2 pool, strides=2

C (¥%: 6*5*5, i 1, H7E: same)

B (Yes)

A (relu)

P (max, #%: 2*2, 4. 2, JH7: same)
D (0.2)

class Baseline (Model) :
def  init (self):

Dense 128

Dense 10

Flatten

Dense (f£70:
Dense (#£7G:

128, ¥i&: relu, Dropout: 0.2)
10, #i%: softmax)

def call(self, x):

super (Baseline, self). init ()

self.cl = Conv2D(filters=6, kernel size=(5, 5), padding='same')
E% self.bl = BatchNormalization ()
/\ self.al = Activation('relu')
F) self.pl = MaxPool2D(pool size=(2, 2), strides=2, padding='same')
[) self.dl = Dropout(0.2)

self.flatten = Flatten()

self.fl = Dense (128, activation="relu'")

self.d? = Dropout(0.2)

self.f?2 = Dense (10, activation='soflmax"')

XMW oMo

MOXOX X
I

self.

self

= gelf

self

= gelf

= self.
self.
self.
= self.

return y

cl (x)

bl (x)
.al(x)
-pl(x)
.dl (x)

flatten(x)
f1(x)
d2 (x)
£2(x)

26



import

W o = e n e o B3 —

train )}
test

11
12

class 13
model:u

15
16
17
18
19
20
21
22
23
24
25
26
21
28
29
30
31
32
3
34
35
36
37

import tensorflow as tf
import o3
import numpy as np

from matplotlib import pyplot as plt

mode\.comp\\e-aa

39
40
41
42

from tensorflow.keras.layers import ConvD, BatchNormslization, Activation, MzxPool2D, Dropout, Flatten, Dense

from tensorflow.keras import Model

np.set printoptions(threshold=np.inf)

ciferld = tf.keras.datasets.cifarll
(x_train, y_train), (x_test, y test) = cifarl0.load data()

x_train, x_test = x train / 255.0, x_test / 255.0

?class Basaline (Model):
H def init (self):
super (Baseline, self)._init_ ()
gezli.cl = Conv2D(filters=6, kernel size=(3, 3), padding='same')
s21f.b] = BatchNormalization()
gzlf.al = Activation('relu')
self.pl = MaxPool2lpool_size=(2, 2), strides=2, padding="same')
self.dl = Dropout(0.2)
gsalf. flatten = Flatten()
self.fl = Dense (120, activation="relu')
gzli.d? = Dropout (0.2)
s2lf.f2 = Dense (10, activation="softmax')
R def call(self, x):
x = self.cl(x)
x = 3elf.bl{x)
® = aelf.al(x)
% = self.pl(z)
x = self.dl(x)

x = self.flatten(z)
x = oell f1(x)

x = self.d2(x)

y = self.f2(x)
raturn ¥

model = Baseline()

43

44

45

46

47

model fit48

Wi il 19
model.summary 30
sy 51

52

53

54

55

56

accllossTatL 91
58

=2 TSI ST /RSB

n
72
3

Bmodel . compile (optinizer="adsm'
loss=tf.keras.losses.SparseCategqoricalCrossentropy (from logits=False),
metrics=['sparse categorical accuracy'])

checkpoint save path = "./checkpoint/Baseline.ckpt"

Cif os.path.exists(checkpoint save path + '.index'):

print|('-----——-------1cad the model----—-----——------1}

model. load weights(checkpoint save path)

Blep callback = tf.keras.callbacks.ModelCheckpoint (filepath=checkpoint save path,

save weights only=True,

save best only=True)
Thistary = model . fit(x train, y train, batch size=3l, epocha=5, validation data=(x test, y test), validation frec=l,
callbacks=[cp callback])
model. summary ()
file = open('./weighta.txt', "w')
Bfor v in model .trainable variables:
file.write{satr(v.nams) + "\n'})
file.write (str{v.shape) + "\n")
file.write (str{v.numpy{)) + "\n")
file.cloze()

P show  FHEBHEH IR H R R

acc = history.history['sparse categorical _accuracy']

val acc = history.history['val sparse categorical accuracy']
loss = history.history['loss']

val loss = history.history['val loss’]

plt.subplot(l, 2, 1}

plt.plot (acc, labal='Training Accuracy')

pl
plt.title('Training and Validation Accuracy')
plt.legend()

plt.subplot(l, Z, 2)

plt.plot (lozs, label='Training loas')

I3

.plot {val_acc, label="Validation Accuracy')

o et

plt.plot (val loas, label='Validation Loas')

plt.title('Training and Validation Loas') 27
plt.legend()

plt.show()

JETS: p27 _cifarl0_baseline.py
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-
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-
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2015




2 JLAS TR P 2%

Inception
LeNet — AlexNet - VGGNet - Net - RERNE
1998 2012 2014 2014 2015

LeNetdiYann LeCunT-19984FE ¢, HBFRMN T 5E 2 AF -

Yann Lecun, Leon Bottou, Y. Bengio, Patrick Haffner. Gradient-Based Learning Applied to Document
Recognition. Proceedings of the IEEE, 1998.



LeNet

C1
6@28*28

convolutions

iﬁj]\ 32*32*3 C (1‘% 6*5*5, 5’5‘& 1, iﬁ?‘ﬁ: valid )

B (None)
A (sigmoid)

P (max, 1‘% 2*%2, ﬂ'ﬁ{t 2, iﬁi?ﬁ: valid )

D (None)

C3 54

g2 16@10*10 16@5*5

6@14*14

F

pooling convolutions poaling

C (J%: 16*5*5, BK: 1, #HA: valid)

B (None)

A (sigmoid)

P (max, *Z 2*%2, }fj[,/t 2, iﬁ?ﬁ valid )
D (None)

TLLI GauLian

connactions

_,_.—'—'_._.

full connections
connections

Flatten

Dense (#£270:
Dense (#£270:
Dense (#£270:

120, #3i&: sigmoid)
84, ¥i&: sigmoid)
10, #i&: softmax)

30



LeNet

5x5 conv, filters=6

2x2 pool, strides=2
A 4
5x5 conv, filters=16
2x2 pool, strides=2
\ 4
Dense 120
Dense 84
Dense 10

(#%: 6*5*5, K. 1, #HF: valid)
(None)

(sigmoid)

(max, #%: 2*2, J$¥: 2, 7. valid)
(None)

OTUT>wWO

(#%: 16*5*5, H: 1, Hs: valid)
(None)

(sigmoid)

(max, #%: 2*2, $¥: 2, 7. valid)
(None)

OUT>wW0O

Flatten

Dense (f##1£:70: 120, #i&: sigmoid
)

Dense (f#i%:7t: 84, ¥4i%: sigmoid)
Dense (#1%:70: 10, #4i%: softmax)

JRiS: P31_cifarl0_lenet5.py

class LeNetbh (Model) :
def init (self):
super (LeNet5, self). init ()

self.cl = Conv2D(filters=6, kernel size=(5, 5),
activation="sigmoid'")

self. = MaxPool2D(pool size=(2, 2), strides=2)

self. = Conv2D(filters=16, kernel size=(5, 5),
activation='sigmoid'")

self. = MaxPool2D(pool size=(2, 2), strides=2)

self.flatten

self. = Dense (120, activation='sigmoid")

self.

self.

Dense (84, activation='sigmoid")

Dense (10, activation='softmax')
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Inception
LeNet — AlexNet - VGGNet - Net - RERNE
1998 2012 2014 2014 2015

AlexNet 28 it T-20124E, 44 ImageNet 2 FE M4, TopbitiinZ ~16.4%

Alex Krizhevsky, llya Sutskever, Geoffrey E. Hinton. ImageNet Classification with Deep Convolutional Neural
Networks. In NIPS, 2012.



AlexNet

C (#%: 256*3*3, K. 1, H7w: valid)

B (Yes, LRN*)
A (relu)

P (max, #: 3*3, $K: 2)

D (None)

Max 28 " Max
pooling pooling

fiN: 32%32*3 C (#%: 96*3*3, B 1, HH7E: valid)

B (Yes, LRN")

A (relu)

P (max, #%: 3*3, K. 2)
D (None)

0.5

C (#%: 384*3*3, #HK: 1, HF: same) Flatten

B (None) Dense (#iZ7G: 2048, #ud: relu, Dropout: 0.5)
A (relw) Dense (#fiZ:J6: 2048, ¥i&: relu, Dropout:

P (None) Dense (ffiZJ6: 10, ¥4i%: softmax)

D (None)

C (#%: 384*3*3, }HK: 1, #H7: same)

B (None)
A (reluw)

P (None)
D (None)

*: JXE/HRN (local response normalization) /& zBiiiprititt, KiRFEFE/HBN (Batch Normalization) #1{C.

’ 2048
pooling <948

C (#%: 256*3*3, . 1, #H7e: same)
B (None)

A (relu)

P ( max, #%: 3*3, K. 2)

D (None)

33



AlexNet

3x3 conv, filters=96
3x3 pool, strides=2

\ 4

3x3 conv, filters=256
3x3 pool, strides=2

v

3x3 conv, filters=384

A 4

3x3 conv, filters=384

A

3x3 conv, filters=96
3x3 pool, strides=2

\ 4

Dense 2048

4

Dense 2048

Dense 10

J5nd: p34_cifarl0O_alexnet8.py selt.

class AlexNet8 (Model) :
def  init (self):

super (AlexNet8, self). dinit ()

C (#: 96*343, H¥: 1, HiF: valid) self.cl = Conv2D(filters=96, kernel size=(3, 3))
iggﬁ;'mN) self.bl = BatchNormalization ()
EEE%éﬁtSQ!&K:Z) self.al = Activation('relu'")
self.pl = MaxPool2D(poocl size=(3, 3), strides=2)
C (#%: 256*3*3, bk: 1, HiF: valid)
B (Yes, LRN®)
A (relu) = i = i =
b (max, Be 33, B 2) self.c2 Conv2D(fllt?rs ?56, kernel size=(3, 3))
D (None) self.b?2 = BatchNormalization ()
C (M 384%3%3, K. 1, Hi%: same) self.a? = Activation('relu')
iggﬂ? self.p2 = MaxPool2D(pool size=(3, 3), strides=2)
P (None)
D fone) 1f.c3 = Conv2D(filters=384, k 1 size=(3, 3 dding=" '
C (B 38433, K. 1, M same) se .c3 = Conv (fi .ersT , kernel size=(3, ), padding="same',
B (None) activation="'relu')
A (reluw)
P (None)
D (None) - : - s - ; =1 v
C B 256973, s 1, M- same ) self.c4 Conv2D(fllFersl384, kernel size=(3, 3), padding='same',
B (None) activation='relu')
A (reluw)
P (max, #: 3*3, #HK: 2)
D (None) self.c5 = Conv2D(filters=256, kernel size=(3, 3), padding='same',
activation='relu')
Flatten self.p3 = MaxPool2D(pocl size=(3, 3), strides=2)
Dense (#£:6: 2048, ¥#iF: relu, Dropout: 0.5)
Dense (#i£70: 2048, #iF: relu, Dropout: 0.5) self.flatten = Flatten()
Dense C#iZ:Ji: 10, #i: softmax) self.fl = Dense (2048, activation='relu')
self.dl = Dropout (0.5)
self.f2 = Dense (2048, activation='relu'")
self.d?2 = Dropout (0.5)
f3 = Dense (10, activation='softmax')

34
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Inception
LeNet — AlexNet - VGGNet - Net - RERNE
1998 2012 2014 2014 2015

VGGNeti#t 4= T-20144, M ImageNetzm 2 EZE, Topbit xR /M517.3%

K. Simonyan, A. Zisserman. Very Deep Convolutional Networks for Large-Scale Image Recognition.In ICLR,
2015.



VGGNet

C (#%: 64*3*3, LK.
B (Yes)
A Crelu)

C (#%: 128*3+3, #HK:
B (Yes)
A (relu)

C (#%: 256*3*3, HK:
B (Yes)
A (relu)

C (#%: 256*3*3, HK:
B (Yes)
A (relu)

C (#%: 512*3*3, kK-
B (Yes)
A Crelu)

C (#%: 512*3*3, HkK:
B (Yes)
A Crelu)

C (#%: 512*3*3, Pk
B (Yes)
A (relu)

C (#%: 512*3*3, HkK:
B (Yes)
A (relu)

1, B3

1, iz

1, 7.

1, BU7:

1, %

1, -

1, -

1, M.

HN: 32*32*3

Samel 3x3 conv: filters=64 I aet
C (f%: 64*3*3, HK: 1, H7: same )

3x3 conv, filters=64

3x3 pool, strides=2
same I 3x3 conv, filters=128 I

3x3 conv, filters=128

3x3 pool, strides=2
I 3x3 conv, filters=256 I
same )
I 3x3 conv, filters=256 I

3x3 conv, filters=256
3x3 pool, strides=2
A

same )
I 3x3 conv, filters=512 I
same >| 3x3 conv, filters=512 I

3x3 conv, filters=512
3x3 pool, strides=2

v

ilters=512 I
same )I 3x3 conv, filters=512 I

3x3 conv, filters=512

3x3 Eool strides=2

Dense 512
Dense 512
Dense 10

same )

same
3x3 conv.

class VGG16 (Model) :

{a=lf):
super (VGE16, self). init ()
B (Yes) self.cl = ConviD(filtera=64, kernel size=(3, 3], padding='sane')
A (relu) R B
P (max, #%: 22, K. 2) self.bl = BatchMormalization()
D (0.2) self.al = Activation('relu'

C (#%: 128*3*3, L. 1, #i7: same)

e ——
self.c? = ConviD(filters=6d, kernel size=(3, 3], padding='same',

self.b? = BatchNormalization()

B (Yes) self.a2 = Retivation('relu')
A (relu) ; i 0 eemidean , ,
P (max, #%: 2%2, Hk: 2) self.pl = MaxPool2D(pool_size=(2, 2}, strides=2, padding="same')
D (0.2) self.dl = Dropout (0.2
self.c3 = ConvaD(filtera=126, kernel size=(3, J), padding="seme')
self.b3 = BatchNormalization()

C (#%: 256*3*3, HK: 1, Hiz: same )

self.ad =

Bctivation('rzlu')

B (Yes) self.cd = ConveD(filters=ll¢, kernel size=(:, J), pacding="same

A (relu) T

P (max, H: 272, Hk: 2 self.bd = BatchMormalization()

D (0.2) self.ad = Activation('relu')
self.p? = MaxPooldD(pool size=(Z, 2], strides=2, padding="same')
self.d? = Dropout(0.2)

g Eiﬁ )512*3*3’ M 1, BT same ) |55 = Conv2D(filtars=256, kernel size=(3, 3), padding='same')

es -

A (relu) self.b3 = BatchNormalization()

P (max, #: 2%2, Hk: 2) self.ad = Aetivation('relu'

D (0.2)

C (#: 512*3*3, Hf: 1, Hi7w: same)
B (Yes)
A (reluw)
P (max, #: 2%2, 5. 2)

self.cd =
self.bg =

ConviD(filters=256, kernel size=(3, 3), padding='seme')
BatchNormalization()

self.an =

Betivation('relu')

Jell.cl =

Conv2D(filters 3, 3), padding

BatchNormalization()

=012, kernel siz

self.af = Activation

gelf.cl = Conv2D(filters=h12, ]:t:rm‘.]_.-eiz-:::H, i), pacding="same'}

self.bd = Batchformalization()

self.ad = Betivation('r=lu")

self.cll = ConvZD{filters=al, ke:m:']._::iz.e=[3, i), padding='
aelf.bll = BatchNormalization()
self.all = Activation('relu')

gelf.pé = MaxPool2D(pocl size=(Z, 2},
gelf dt = Dropout(0.2)

strides=l, padding='s:

D (0.2)

Flatten
Dense (M1ZE70:
Dense (#1ZE70:

Dense (##£:t: 10, #i%: softmax)

self.b7 = BatchNormalizaticom() self.fl = Dense(512, activation="relu')
self.a? = Activation('relu’ self.de = Dropout(0.2)
self.p3 = ManPool2D(pool size=(Z, 2], strides=1, padding="same') self.f1 = Dense(512, activation='relu')
self.d3 = Dropout (0.2) self.dl = Dropout(0.2)

self.cll = Conv2D(filters=3l2, kernel size=(2, 3), pedding='sane')
2elf.bll = BatchMormalization()

self.zll = Activation{'relu'

self.cl? = ConvD(filters=312, kernel size=(2, 3), pedding='sane')
self.bl? = BatchNormalization()

self.al? = Activation('relu')

self.cld = Comv2D(filters=311, kernel size=(3, 3}, padding="same'}
self.bl3 = BatchNormalization()

self.ald = Activation('relu')

self.pd = MaxPool?l (pool size=(2, 2), strides=l, padding='same’)

self.dd = Dropout(0.7)

zelf.flatten = Flatten()

512, #i%: relu, Dropout: 0.2)
512, #i%: relu, Dropout: 0.2)

*: JRXELRN (local response normalization) /e iztrifitt, A iRFE(E/BN (Batch Normalization) #1(.

VEYEE

self.f3 = Dense(l0, activation='softmax

36
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Inception
Net

2014

LeNet — AlexNet - VGGNet
1998 2012 2014

ResNet
2015

InceptionNetift 4= T-20144F, 44FImageNet3E 58w %, Top54t iR N6.67%

Szegedy C, Liu W, Jia Y, et al. Going Deeper with Convolutions. In CVPR, 2015.



InceptionNet

Inception&h L

Inceptiongt f4 Hedh i -

C (#: 16*1%1, Bk 1,
7. same )

B (Yes)

A (relu)

P (None)

D (None)

C (#%: 16*3*3, HkK: 1
H#i7: same)

B (Yes)

A (relw)

P (None)

D (None)

C (#: 16*5*5, Sk: 1
Hi7E: same )

B (Yes)

A (relw)

P (None)

D (None)

C (#%: 16*1*1, $K: 1,
Hi7: same )

B (Yes)

A (reluw)

P (None)

D (None)

Filter
concatenation
—
3x3 5x5 1x1
convolutions convolutions convolutions
1x1
convolutions 2 2 A2
1x1 1x1 3x3 max
convolutions convolutions alelelllgls]
| ——— >

Previous layer

super (ConvBNRelu,
self .model
Conv2D (ch,

1)

BatchNormalization () ,

Activation("'relu'")

def call (self,
self . .model (x)

p4

return =

) :

class ConvBNRelu (Model) :

def init (self, ch, kernels=z=3,

kernels=,

strides=strides,

C (#: 16*1%1, HK: 1,
7. same)

B (Yes)

A (relw)

P (None)

D (None)

strides=1,
self) . init ()

tf.keras.models.Sequential ([

C (B4: 16%1*1, . 1
7. same)

B (Yes)

A (reluw)

P (None)

D (None)

P (Max, #%: 3*3, HK: 1

H#175: same )

padding="same") :

padding=padding) ,

38




Inception

Filter
concatenation cla==s ConvBNRealu (Model) :
deaf init (=elf, ch, kernels=z=3, strides=l, padding='"=sama"') :
/M super (ConvBNRelu, =elf) . init {)
self . model = tf.keras.models.Sequential ([
3x3 5x5 1x1 Conv2ZD(ch, kernelsz, strides=strides, padding=padding) ,
convolutions convolutions convolutions BatchNormalization (),
1X1_ . A A Activation('relu')
convolutions 1
1x1 1x1 3x3 max
convolutions convolutions pooling
_ [ daf «call (self, x):
—— — i
‘4 x = self.model (<)
return x
Previous layer

class InceptionBlk (Model):
def  init (self, ch, strides=l): def call (self,
super (InceptionBlk, self). init ()
self.ch = ch
self.strides = strides

x):

x]l = self.cl (x)

x2 1 = self.c2 109
e — W ——
[Gelf.c3 I = ConvBNRelu(ch, kernelsz=l, strides=strides)] x4 1 =self.pd 1(x)

self.pd 1 = MaxPool2D(3, strides=1, padding='same')

self.cl = ConvBNRelu(ch, kernelsz=1, strides=strides)
self.c? 1 = ConvBNRell (ch, kernelsz=1, strides=strides)

ConvBNRe lu(c , strides=strides x = tf.concat ([xl, x2 2, %3 2, x4 2], axis=3)

return x

39



¥4 7 InceptionNet g e

B (Yes)

3x3 conv, filters=16 A e

D (None)

block_0

block_1

Dense 10

class InceptionlO (Model) :

def  init (self, num blocks, num classes,
super (Inceptionl0, self). init (**kwargs)
self.in channels = init ch
self.out channels = init ch
self.num blocks = num blocks

self dinit ch = _init ch

I self.cl = ConvBNRelu(init ch)l

self.blocks = tf.keras.models.Sequential ()

init ch=lo6,

**kwargs) :

for layer id in range (2):

if layer id == 0:

else:

self.blocks.add(block)

self.out channels *= 2

self.pl = GlobalAveragePooling2D()

self.fl = Dense(num classes, activation='softmax')

for block id in range (num blocks) :

block = InceptionBlk(self.out channels,

block = InceptionBlk(self.out channels,

strides=2)

strides=1)

def call (self, x):
l x = self.cl (x) l
x = self.blocks ()
x = self.pl (x)

I v = self.fl (x) I

return y

model = InceptionlO (num blocks=Z, num classes=10)

JES: p40_cifarl0_inception10.py

)
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Inception
LeNet — AlexNet - VGGNet - Net - RERNE
1998 2012 2014 2014 2015

ResNetift2E 20154, 44 ImageNetis 8w %4, TopbitiinZ ~N3.57%

Kaiming He, Xiangyu Zhang, Shaoging Ren. Deep Residual Learning for Image Recognition. In CPVR,
2016.



ResNet

‘0)

training error (2

10,

P 28 F2 BUIN R 32 R TR B HEAf 2R

Foi 1 24 FR [ 25 22
LeNet )
AlexNet 8
VGG 16 /19
InceptionNet v1 22

20-layer

56-layer

56 2B M 454

1 3 r s
iter. (led)
ISR EE

)

test error (%

56-layer

20-layer

2 ¢ I’- 4
iter. (led)
RlGEREE

HREE T 520 28R M4
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ResNetHt

conv

conv
FO) |

H@)‘

InceptionB ) “+” BIFRE T IMEMN (TEEEERESID
ResNetH i) “+” JRRFAE BN B e 2 AEAR I CRE FREAE D



ResNetHt

.

= -~

~

3x3 convy, filters=512 TS g
strides=2 \\ 2 4 RN e EANE],
1 WOO ! T RAHE=F )+ W(K),
3x3 conv, filters=512 . // ,EQEPWIEél*l%@:{T%{/E ’ Uﬁ%xﬁqéﬁg
F(9) -7

3x3 conv, filters=512

|

3x3 conv, filters=512

S RN YE AR A,
THE T HHX)=F(X)+x

F(x)

D
HXNy

PIBRBAETEL S KBRMFERR YT, B BRSO ERE




ResNetHit

l" ~ ~ A FIResNets:

3x3 conv, filters=512 S

strides=2 S

\
|
A Wx,

3x3 conv, filters=512 _ /
-~
F(X) I -
H(X)
W — 415 H ] ResNetb

3x3 conv, filters=512

v

3x3 conv, filters=256

F()

H(

class ResnetBlock(Model) :

def init (self, filters, strides=1, residual_path=False):
super (ResnetBlock, self)._ init ()
self.filters = filters
self.strides = strides
self.residual path = residual path

self.cl = Conv2D(filters, (3, 3), strides=strides, padding='same', use bias=False)
self.bl = BatchNormalization()
self.al = Activation('relu')

self.c2 = Conv2D(filters, (3, 3), strides=l, padding='same', use_bias=False)
self.b2 = BatchNormalization()

if residual_path:

self.down_cl = Conv2D(filters, (1, 1), strides=strides, padding='same', use_bias=False

self.down_bl = BatchNormalization()

self.a2 = Activation('relu')

def call(self, inputs):

residual = inputs

= self.cl(inputs)

X
x = self.bl(x)
x = self.al(x)
X = self.c2(x)
y = self.b2(x)

if self.residual path:
residual = self.down cl(inputs)
residual = self.down bl(residual)

out = self.a2(y + residual) : ¢

return out
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ResNet

N 32%32%3

I 3x3 conv, filters=64

1x1 conv, filters=128
strides=2

C (#%: 1284171, i 2,

HiFE: same )
B (Yes)
A (relu)
P (None)
D (None)

C (f%: 256*3"3, Hi: 2,

Hi7: same )
B (Yes)
A Crelu)
P (None)
D (None)

C (Fi: 2564141, Hi: 2,

Hi75: same )
B (Yes)
A Crelu)
P (None)
D (None)

C (#: 512%3+3, Wik
{75: same )

B (Yes)

A (relw)

P (None)

D (None)

C (% 51241*1, #i: 2,

7L same )
B (Yes)
A Grelu)
P (None)
D (None)

3x3 conv, filters=64

2

3x3 conv, filters=64

3x3 conv, filters=64

L

3x3 conv, filters=64

C (B 64433, ik 1,
#75: same )

B (Yes)

A Crelu)

P (None)

D (None)

3x3 conv, filters=128
strides=2

L ;

3x3 conv, filters=128

3x3 conv, filters=128

3x3 conv, filters=128

3x3 conv, filters=256
strides=2

3x3 conv, filters=256
-~

3x3 conv, filters=256

3x3 conv, filters=256

3x3 conv, filters=512
strides=2

3x3 conv, filters=512

-~

3x3 conv, filters=512
3x3 conv, filters=512

global avgpool

C (Bi: 128913, K 2,
Hi7E: same )

B (Yes)

A Grelu)

P (None)

D (None)

C (B 128°3+3, Bk 1
H{7E: same )

B (Yes)

A (relu)

P (None)

D (None)

class ResNetl8 (Model):

1x1 conv, filters=256
strides=2

>

C (F: 25633, Hl: 1,
H#75: same )

B (Yes)

A Crelu)

P (None)

D (None)

1x1 conv,
filters=512
strides=2
—

P (Average)

Dense (10)

C (#%: 51243+3, Hk: 1,
T

same
B (Yes)

A (relu)

P (None)

D (None)

def

_ init (self, block list, initial filters=64): +# bl
super (ResNet18, self). init ()

self.num blocks = len(block list)

self.block list = block list
self.out filters =

initial filters

self.cl =

self.bl =
self.al = Activation('relu')

Conv2D(self.out filters, (3, 3), strides=l,
 kernel initializer='he normal')
tf.keras.layers.BatchNormalization()

padding='same', use bias=False,

self.blocks

# R a A

= tf.keras.models.Sequential()

if block id
. block =
else:

'\ block =

sglé.out filters *= 2 +

for Block_ld in range (len(block list)): =
for layer id in range(block list[block id]):

'= 0 and layer id == 0:
ResnetBlock(self.out filters,

: ResnetBlock(self.out fil
self.blocks.add (block) B

IS

bR

str

ters, residual path=False)

self pl =

Lf keras Jayers GlobalAveragePooling2D()

Selr. LI.Keras.layers.Dense (LU)

de

Cal T SelL, Inpuca)

X = selr.cl(1nputs)
= self.bl(x)

tz;E'Eéll.Il(XJ
Turn Y

model = ResNetl8([2, 2, 2, 2])

RLE

p46_cifarlO_resnetl8.py
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InceptionNet:

AlexNet: — 2 A FASE RS

fs il reludiE KL, SRTHI AU, TR )

S . bR Ll 25

{#i i Dropout, ZZfiidfil& T B O 2k

Inception
LeNet — AlexNet VGGNet Net ResNet

[ 1998 ] 2012 |™| 2014 |™ 014 = 2015
eNet VGGNet ResNet:
" ; e S = [B] 7k Z Bk 1%,
LR 48 58 2 A INRSF BRI > gﬁgﬁé%
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