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01
02
03
04
@5
06
07

09
10
11
12
13
14

dE XMBste [Z2IH 10-1]

E8 Md IES MNIST 27| X0l H&8517|

import numpy as np
from tensorflow.keras.datasets import mnist

# MNIST HI0|HE S0 0 TiETt &
(x_train,y_train),(x_test,y_test)=mnist.load_data()
X=x_train[np.isin(y_train,[01)]

# 34 30| SE WY 24 1=
P=np.zeros((28,28,256))
for k in range(X.shapel0]):
for i in range(X.shapel[1]):
for j in range(X.shapel[2]):
PLiI0JIOXKI[AI 10+=1
P=P/X.shape[0]

fujo
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17
18
19
20
21
77
23
24
25
26
27
28
29
30
31

55

—

(o [K=2
MY BEe

# S MM ZAg 0|2510] 2070 WES -
Xnew=np.zeros((20,28,28))
for i in range(20):
for r in range(28): 2HE X0 [E e M5 2t
for ¢ in range(28):
Xnew[11[rllcI=np.random-choice(range(256),p=PLrilc])

SRS

b

import matplotlib.pyplot as plt

plt.figure(figsize=(20,4))
for r in range(2):
for ¢ in range(10):
plt.subplot(2,10,r*10+c+1)
plt.imshow(Xnew[r=10+c1,cmap="gray’)
plt.xticks([D; plt.yticks([D)

plt.show() ddE HE= 29, 0 SEl= FX|oHK| 2
=H0| O IS4 70| &t AAF
SR AU L
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01
02
03

04
05
06
a7
08
09
10
11
12
13
14
15

(2% 10-2(a)]= MNISTE 7HX| 1 2E

S MNISTE 0838t QEQ1A 73

O

IACE 7

-

import numpy as np

from tensorflow.keras.datasets import mnist

from tensorflow.keras.layers import Input,Dense,Flatten,Reshape,Conv2D,
Conv2DTranspose

from tensorflow.keras.models import Model

from tensorflow.keras import backend as K

# MNIST HiolEHE S HFT0 LT =H|
(x_train,y_train),(x_test,y_test)=mnist.load_data()
Xx_train=x_train.astype('float32")/255.
x_test=x_test.astype('float32")/255.
Xx_train=np-reshape(x_train,(len(x_train),28,28,1))
X_test=np.reshape(x_test,(len(x_test),28,28,1))

zdim=32 # &= Z7to| A<




10.2.2 EQIAE =2 ol

AlAaro| =71 Ao x—i:L5Ho|; stz 2

16
17
18

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

#eERbe URE FE 2 Functional APl &Aooz 3
encoder_input=Input(shape=(28,28,1))
x=Conv2D(32,(3,3),activation="relu’,padding="same’,strides=(1,1))(encoder_
input)
x=Conv2D(64,(3,3),activation="relu’,padding="same’,strides=(2,2))(x)
x=Conv2D(64,(3,3),activation="relu’,padding="same’,strides=(2,2))(x)
x=Conv2D(64,(3,3),activation="relu’,padding="same ' ,strides=(1,1))(x)
x=Flatten((x)

encoder_output=Dense(zdim)(x) v I3 H0| s dot= mo
model_encoder=Model(encoder_input,encoder_output)
model_encoder.summary()

# QEQITIHO| C|FH EF 24

decoder_input=Input(shape=(zdim,))

x=Dense(3136)(decoder_input)

x=Reshape((7,7,64)(X)
x=Conv2DTranspose(64,(3,3),activation="relu’,padding="same’,strides=(1,1))(x)
x=Conv2DTranspose(64,(3,3),activation="relu’,padding="same’,strides=(2,2))(x)
x=Conv2DTranspose(32,(3,3),activation="relu’,padding="same’,strides=(2,2))(x)
x=Conv2DTranspose(1,(3,3),activation="relu’,padding="same’,strides=(1,1))(x)
decoder_output=x

model_decoder=Model(decoder_input,decoder_output)

mode l_decoder.summary() \ C|2H 0l 8IS mo

del

encoder

_decoder

25

A



10.2.2 REQIAE =2 a2

39 # Q3G9 CFHE ZEstH QEQITH BE 1=

40  model_input=encoder_input o = st

41 model_output=model_decoder(encoder_output) %_HI_EIJHQ} HRES 2aeh 25

42 model=Model(model_input,model_output)

43

44 # QEQIIH 5

45 model.compile(optimizer="Adam’,loss="mse")

46  model.fit(x_train,x_train,epochs=5,batch_size=128,shuffle=True,validation_
data=(x_test,x_test))

47 REQIALO Je|of met YHa 30| 25 x_train

48 # E9Y 43 1: x_testE® EYsE 0|2 4

49  decoded_img=model.predict(x_test)

50
. . [o] T (0] XIS =+
51 1import matplotlib.pyplot as plt stgEl RLEQIANHE HAE Tgto Ciof o
52
53 n=10

54 plt.figure(figsize=(20, 4)) 53~62W2 & 107 I{EHO| 0| Z1tE =H
55 for i in range(n):

56 plt.subplot(2, n, i+1)

57 plt.imshow(x_test[il.reshape(28, 28),cmap="gray")

58 plt.xticks([D); plt.yticks([])

59 plt.subplot(Z, n, 1 + n+1)

60 plt.imshow(decoded img[il.reshape(28, 28),cmap="gray")
61 plt.xticks([D); plt.yticks([])

62 plt.show()

It
o
1
02
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24 lencoder_model

rir

Model: "model 4" (QIZHE Y5t

Layer (type) Output Shape Param #
input_4 (InputLayer) [(None, 28, 28, 1)] 0
conv2d_8 (Conv2D) (None, 28, 28, 32) 320
conv2d_9 (Conv2D) (None, 14, 14, 64) 18496
conv2d_10 (Conv2D) (None, 7, 7, 64) 36928
conv2d_11 (Conv2D) (None, 7, 7, 64) 36928
flatten_2 (Flatten) (None, 3136) 0
dense_3 (Dense) (None, 32) 100384

Total params: 193,056
Trainable params: 193,056
Non-trainable params: @




10.2.2 LEQIANH == 2T

Model: "model 5" (CIZEHE HYste 22 |decoder_model

Layer (type) Qutput Shape Param #
input_5 (InputLayer) [(None, 32)] 0
dense_4 (Dense) (None, 3136) 103488
reshape_1 (Reshape) (None, 7, 7, 64) 0
conv2d_transpose_4 (Conv2DTr (None, 7, 7, 64) 36928

conv2d_transpose_5 (Conv2DTr (None, 14, 14, 64) 36928

conv2d_transpose_6 (Conv2DTr (None, 28, 28, 32) 18464

conv2d_transpose_7 (Conv2DTr (None, 28, 28, 1) 289

Total params: 196,097
Trainable params: 196,097
Non-trainable params: 0




10.2.2 QLEQIAG =2 el

Train on 60000 samples, validate on 10000 samples

Epoch 1/5

60000/60000 [ ] - 121s 2ms/sample - loss: 0.0209 -
val_loss: 0.0064

Epoch 2/5

60000/60000 [ 1 - 127s 2ms/sample
val_loss: 0.0049

Epoch 3/5

60000/60000 [ 1 - 100s 2ms/sample
val_loss: 0.0043

Epoch 4/5

60000/60000 [ 1 - 136s 2ms/sample
val_loss: 0.0039

Epoch 5/5

60000/60000 [ 1 - 134s 2ms/sample
val_loss: 0-0037

F —
gz 42

loss: 0.0056

loss: 0.0045

loss: 0.0041

loss: 0.0038




B Functional APl 2tAlo 2 AC
 QEQATMOINE NFYO S 59 At H2Y BRI} UO| Function APl HAlo
3 Efefor 3

NOTE Sequential &4{2 Functional APl &4

0] 2 MSFH Sequential HAlE AIZaH2ICE o2 B2 2122 C-C-FC =9 Adus dAl5k=
Sequential E40] IEE BHZECE 0] YAlofi= B2t ZuE M= Lo MSY 20| gict w2t =2
0| shto|H ZE5 Ao AZSICE Functional APIMIAE GIHMIAE x1, x2, x30|2H= M2 CHE 2] &
ZH A0E MEE 4= QL) Tt B2 dnlof 26K E CE ol S88 a2l Bks == UCE Functional

APl M= HI0|E{2] S8S 0 &7|= L0 LAZ0| 02 712 HIo[EE E5501 2 == QUL

Sequential 2] Functional APl 2]

model=Sequential() input=Input(shape=(28,28,1))

model.add(Conv2D(32,(3,3),activation= | x1=Conv2D(32,(3,3),activation="relu’)(input)
‘relu’,input_shape=(28,28,1)) x2=Conv2D(64,(3,3),activation="relu’)(x1)

model.add(Conv2D(64,(3,3) activation="relu’) | x3=Flatten()(x2)

model.add(Flatten()) output=Dense(10)(x3)

model.add(Dense(10,activation="softmax’)) model=Model(input,output)
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10,23 ¥M/d B 2N 2EQIAN

B QEQIIMHE MEL ME
- [Z2IY 10-2(b))E B

63
64
65
66
67
68
69
10
/1
12
13
14
15
76
17
/8
79
80

AH A
oo

- |
HCEME M2e MES MMsls o2

—

QEQITCIZ M S 2

#Ad 44 1:

o

x0=x_test[0]

A A HEC HE

0 |-_|

70 TS0 A2 MO MBS ME A

print(np.round(z,3))
zz=np-zeros((20,zdim))
for 1 in range(20):
7z[11-z[01+(1-10)/10.0
generated_img=model_decoder.predict(zz) 712 o= 40 Hof Cfsl C|2G:

plt.figure(figsize=(20, 4))

for 1 in range(20):
plt.subplot(z,10,i+1)
plt.imshow(generated_img[il.reshape(28,28),cmap="gray")
plt.xticks([D); plt.yticks([D
plt.title(noise="+str((i-10)/10.0))

plt.show()
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81 # M4 M3 2: 22 Hzo| £ ME AOIE B0 M2 ME MY
82 x4_6=np.array((x_test[4]1,x_test[6]1)) 82~83W¢2 4H 1} 6 !
83  z=model_encoder.predict(x4_6) o= sUe e 01|§(§ Ct 4 If
84  zz=np-zeros((20,zdim))

rE

>.
mltl
=
O}

85 for i in range(20): 84~87d 2 F = 59 H= A=
86 alpha=1/(20.0-1.0) Mg Aol 207 & A

87 zz[11=(1.0-alpha)*z[0]+alpha*z[1]

88 generated_img=model_decoder.predict(zz) ggs#2 AfQIXO| Cis| C|AGZE M=

89
90 plt.-figure(figsize=(20, 4))
91 for i in range(20):

92 plt.subplot(2,10,i+1)

93 plt.imshow(generated_img[il.reshape(28,28),cmap="gray")
94 plt.xticks([1); plt.yticks([])

95 plt.title('alpha="+str(round(i/(20.0-1.0),3)))

96 plt.show()
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[[ 0.038 0.622 -0.2064 -1.344 1.494 0.236 0./54 1.339 -1.158 -0.343
-0.24 -1.562 0.122 0.368 0.663 -1.2 -0.882 -0.922 -0.963 0.847
0.655 0.391 -0.223 -0.717 0.748 -0.652 0.8 -1.007 -0.086 -0.533
0.59 0.65 11
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e L

= [Z2IH 10-3]2 2kt B2 BN HAE

= A4S Plo 2AHHCZE =4

01
12
13
14
15
16

46
47

QEQITH| 2xI7) & SIS A2t
j|— [Z= 72 10-2(a)]e 01~128

zdim=2  # A|ZEE 9ol 2x1Y¥oE MY

i|— (2= 73 10-2(a)]2 16~462

Al
(=




10.2.4 2X3 &5 Z7F &

48  decoded_img=model.predict(x_test)
49

50 import matplotlib.pyplot as plt
51

52 # HAE ME0 s 2 2 It

53 n=10

54  plt.figure(figsize=(20, 4))

55 for i in range(n):

56 plt.subplot(2, n, i+1)

57 plt.imshow(x_test[il.reshape(28, 28),cmap="gray’)

58 plt.xticks([1); plt.yticks([])

59 plt.subplot(2, n, i + n+1)

60 plt.imshow(decoded_img[i].reshape(28, 28),cmap='gray")
61 plt.xticks([1); plt.yticks([])

62 plt.show()

63

64 # HAE e BxE 22 AE 70| Alzgt

65 n=1000

66 Xx=x_test[0:n]

67  z=model_encoder.predict(xx)

68 sc=plt.scatter(z[:,01,z[:,1],5=2,c=y_test[0:n],cmap="rainbow")
69 plt.colorbar(sc)




MH

o]
of 1o
v K
o R
ol Hio
~d =
Mo &
I <4
KO i

zizl/jelyglrlelalslz
712]/]0l49)/]17]4]3]7

o7 oo
KI kI oi
Hol 5
N & N
nE 4 Ho
o1 KO 3|
~U ofl B
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" 2014101 2H2E MY MOj MZVGAN)S YE

= GAN(generative adversarial network)2 2702| A ZZ0| HLHE Ol HAH O A &&= M
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10.3.2 M/ ®Cj MAYo| == 2

® MNISTE 7tX|1

GANS F3st= [Z2 13 10-4]

MNISTHIO|EIS 23+ Al =} Alzinto| 73

01
02
03

04
@5
06
a7
08
@9
10
11
12
13
14
15
16
17
18
19
20

import numpy as np

from tensorflow.keras.datasets import mnist

from tensorflow.keras.layers import Input,Activation,Dense,Flatten,Reshape,
Conv2D,Conv2DTranspose,Dropout,BatchNormalization,UpSampling2D

from tensorflow.keras.models import Model
from tensorflow.keras import backend as K
from tensorflow.keras.losses import mse
import matplotlib.pyplot as plt 09~138H2 MNIST 2T AlZQbo)| Qe
(x_train,y_train),(x_test,y_test)=mnist.load_data()

x_train = (x_train.astype('float32')/255.0)%2.0-1.0 #[-1,11 72t

x_test = (x_test.astype('float32')/255.0)*2.0-1.0

x_train = np.reshape(x_train, (len(x_train), 28, 28, 1))

Xx_test = np.reshape(x_test, (len(x_test), 28, 28, 1))

batch_siz=64
epochs=5000

dropout_rate=0.4
batch_norm=0.9 e Je X2 10022 4

zdim=£@@ "’////”

+
o
Jj
n|— -|
-
=]
i
e

e
1
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0gt
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21
22

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

discriminator_input=Input(shape=(28, 28, 1)) # 2HY D 4
x=Conv2D(64,(5,5),activation="relu’,padding="same’,strides=(2,2))
(discriminator_input)

x=Dropout(dropout_rate)(x)
x=Conv2D(64,(5,5),activation="relu’,padding="same’,strides=(2,2))(x)
x=Dropout(dropout_rate)(x)
x=Conv2D(128,(5,5),activation="relu’,padding="same ,strides=(2,2))(x)

x=Dropout (dropout_rate)(x) XI_IXR|-(‘|)9|- 7|-XR|-(0)§

x=Conv2D(128,(5,5),activation="relu’,padding="same’,s£rides=(1,1))(x)
x=Dropout(dropout_rate)(x) [
x=Flatten((x) ==
discriminator_output=Dense(l,activation="sigmoid")(x)
discriminator=Model(discriminator_input,discriminator_output)

generator_input=Input(shape=(zdim,)) #MEY 6 24
x=Dense(3136)(generator_input)
x=BatchNormalization(momentum=batch_norm)(x)
x=Activation('relu")(x)

x=Reshape((7,7,64))(x)

x=UpSamp1ing2D() ()
x=Conv2D(128,(5,5),padding="same")(x)
x=BatchNormalization(momentum=batch_norm)(x)
x=Activation(relu’)()

x=UpSampling2D()(x)
x=Conv2D(64,(5,5),padding="same " )(x)
x=BatchNormalization(momentum=batch_norm)(x)
x=Activation('relu)(x)
x=Conv2D(64,(5,5),padding="same")(x)
x=BatchNormalization(momentum=batch_norm)(x)
x=Activation('relu")(x)

’ R . . . A3 G
x=Conv2D(1,(5,5),activation="tanh’,padding="same ") (x) o oo
generator_output=x /
generator=Model(generator_input,generator_output)

i
-

-

H5l2{ 10 sigmoid AHE

ot DE =0 discriminator 24X 0ff X%

HE0] generator Z{A|0f| X%t
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53
54

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
12
73
74

i

Odefal

. O O—

-l-

P& A X

= O

discriminator.compile(optimizer="Adam',loss="binary_crossentropy',metrics
=["accuracy'])

HE
JOI-
rf>

discriminator.trainable=False
gan_input=Input(shape=(zdim,))
gan_output=discriminator(generator(gan_input))
gan=Model(gan_input,gan_output)

56~60 2 Ao o5 A™ (A 10-7(b

gan.compile(optimizer="Adam’',loss="binary_crossentropy',metrics=['accuracy'])

e

def train_discriminator(x_train):
c=np.random.randint(@,x_train.shape[0],batch_siz) g3~653H
real=x_trainlc] =0|1 st

discriminator-.train_on_batch(real,np-ones((batch_siz,1)))

p=np.random.normal(@,1,(batch_siz,zdim)) 67~693H S TR} M

fake=generator.predict(p) =
discriminator.train_on_batch(fake,np.zeros((batch_siz,1)))

MO S Spe BhA

def train_generator():
p=np.random.normal(®,1,(batch_siz,zdim))
gan.train_on_batch(p,np.ones((batch_siz,1)))

o
o

golE 15

g0l 0=
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15
16
17
18

19
80

81
82
83
84
85
86
87
88
89
90
91
92
93

for 1 in range(epochs+1): # 58
train_discriminator(x_train) 2% &2 ==
train_generator() 48T d5= =22
1T (1%100=0): # 8t5 T= 100M|CHOICH =7+ At 22

plt.figure(figsize=(20, 4))

plt.suptitle('epoch "+str(i))

for k 1n range(20):
plt.subplot(2,10,k+1)
img=generator.predict(np.random.normal(®,1,(1,zdim)))
plt.imshow(img[@].reshape(28,28),cmap="gray")
plt.xticks([1); plt.yticks([D

plt.show()

imgs=generator.predict(np.random.normal(0,1,(50,zdim)))
plt.figure(figsize=(20,10)) # S5 012 3 5070 M8 MM5H0 &2
for 1 in range(50):

plt.subplot(5,10,1i+1)

plt.imshow(imgs[il.reshape(28,28),cmap="gray")

plt.xticks([D); plt.yticks([])
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10.4.1 fashion MNIST HIO|E{2 MM Ml MAY

m fash

o sk

ion MNISTEZ GAN2 &&5ot= [Z2H 10-5(a)]

= [Z237F 10-4]12F 2| Hl=

fashion MNIST GIOJE{S £583+ A8A Xiry Alziato| Sk

a1
a2
a3

a4
@85
06
a7
08
09
10
11
12
13
14
15
16

94

import numpy as np

from tensorflow.keras.datasets import fashion_mnist

from tensorflow.keras.layers import Input,Activation,Dense,Flatten,Reshape,C
onv2D,Conv2DTranspose,Dropout,BatchNormalization,UpSampling2D,LeakyRelU
from tensorflow.keras.models import Model

from tensorflow.keras import backend as K

from tensorflow.keras.losses import mse

import matplotlib.pyplot as plt I -
g P Pyp P ankle boot £ 72 =I5t o5

(x_train,y_train),(x_test,y_test)=fshion_mnist.load_data(
x_train=x_train[np.isin(y_train,[91)] # 9 2=L ankle boot
x_train = (x_train.astype('float32')/255.0)+2.0-1.0 # [-1,1]1 &7t

x_test = (x_test.astype('Tloat32')/255.0)+2.0-1.0

¥_train = np.reshape(x_train, (len(x_train), 28, 28, 1))

x_test = np.reshape(x_test, (len(x_test), 28, 28, 1))

} [Z=278 10-4]9) 15~093%

ﬂ

sl
=



10.4.1 fashion MNIST H|O|E{2 M/ XML MAY st

EEEENEERES
ANEEEEEEEN

EEANENEREAE
FEEEEEERENE

CEREENEBYE
NEERVEPEEY

o] s al ] a] 2] Al ] a] <JERTLE
ENERCEDEER

&[] [ o[ al-au] Jnfo«]_X_5 ISR
(2] [ a] 2l sl al o[ &

EECEENEEET .,
EErEEEnErD

A]_ala| A 4] a] ] =] al ARNSSSS
sl AL <[ al [ s| AL x[X

PEDDVNERDER o0 g
IEE) mnnrEr




19
o>

10.4.1 fashion MNIST H|O|E{ 2 M/ ®C{ AMZAD

IEEIEII!JI!J




10.4.2 /8= g0 & HUt

m CfNAe 52 E7t
« [EE2H 10-5(a)]= 18NS HES ddollE
m MAEC "ot € 1 RAReE TR WE D H WG|
Mg Aol Thsl 221 TR0l 71 T ME 30|

95
96 # E Y x_traindilM imget 7t 7t FHE ot B

97 def most_similar(img,x_train):

98 vmin=1.0e10

99 for i in range(len(x_train)):

100 dist=np.mean(np.abs(img-x_train[il))
101 if dist<vmin:

102 imin,vmin=i,dist

103 return x_train[imin]

104

105 # 50712 Faofl Tl 7tE i1t Fd= ot EoE
106 plt.figure(figsize=(20,10))
107 for k in range(50):

108 plt.subplot(5,10,k+1)
109 plt.imshow(most_similar(imgs[k]l,x_train).reshape(28,28),cmap="gray")
110 plt.xticks([D; plt.yticks([D

111  plt.show(
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19.0 27.6
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10.4.2 /8= g0 & HUt

® Which face is real?
= https://whichfaceisreal.comOf| H£3H XpAO| BIHAI} £|0f RS =

You are incorrect. The image on the leftis the real one.

Play again.

121 10-10 ‘Which face is real? AIO|EO|A] A4A1 e Ty}
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DCGAN(deep convolutional GAN)
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InfoGAN([ZL & 10-11])
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ProGAN(Progressive GAN)([1 & 10-12])
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18! 10-13 CycleGANS| 3= HaH7zhu2017]



10.5.1 MM M MlZAAo| 2 X

G Latent Latent Latent
v v v
: | 8x8 | [ |

4x4 4x4 4x4

Training progresses |

121 10-12 DEE! GAS MMEE| 28t ProGANS| F2HKarras2018]



10.5.2 =AM M Dol =

= HAEQL Zot Mo X8
= 7|Af A
« "B A LY XX DAY Al M 7|AF MEO“ 2020 5 4UX} BFE 7| KB
7| Aby
- HIAE MMO| AFRE|E seq2seq B
T2l stention 715 8= A
The pharmacy is corner road.

W&m

=2 Z Z30lof UCE ECS
12! 10-14 seq2seq?| =t H2|[Sutskever2014]

= 201790] 2| 7|50 HE5tes EMALZT REO| HHE
- T+=29| BERT
- OpenAl Z{EFO| GPT-3



