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q;p ‘ | pip instalu tensorflow-gpu==2.2

+ Collecting tensorflow-gpu==2.2
Downloading

| INEEEEEEEEEEEEEEEEEEEN | 357.5MB 1.6MB/s eta 0

“I pip install tensorflow-gpu==2.2 “ 2} € 0| "' = AtE5H shell BE O E A&}
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0. Hyperparameter 273

(
leaning_rate = 1le-3

batch _size = 64

epochs = 4
\p

learning_rate : | A3} 2t+9o| S5 E
batch_size: ot 10| ZHIH 2| O|O|E E & &dt=X| 23
epochs : M A| O|O|HE & 2| Bt F o= =X 28
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1. Python Package import

/Emport 0S

import tensorflow as tf

from tensorflow import keras

from tensorflow import keras

import numpy as np

import matplotlib.pyplot as plt

from tensorflow.keras import layers as 1

\Print(tf.__version__)

import tensorflow as tf

# “tensorflow” Z2t= 0|29 B2 =2 “tf” 2t YEHCE ALET,

from tensorflow import keras
# “tensorflow” 2t= E=0A "keras” 2f= ZE=2 =2&
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2. Load Dataset

/;hist = keras.datasets.mnist _\\
(train_x, train_y), (test x, test y) = mnist.load _data()

print("Train image shape :", train_x.shape)

print("Test image shape :", test x.shape)

print("Train target shape :",train_y.shape)
(

\Brint "Test target shape :",test_y.shape)
(Train image shape : (60000, 28, 28)

Test image shape : (10000, 28, 28)

Train target shape : (60000,)
\_Test target shape : (10000,) )

AN

keras.datasets.mnist.load data()
# keras Z& UWEO mnist datasetS =ci=.
# =222 OOH&= train_{x,y}, test_{x,y}=E 47tX| Numpy BHE+ZE 7IX|12 .

# Numpy #10] 3 x.shapeE &°f CIOIH HEIE 22 + AUS
12
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2. Load Dataset
Original Set
« '
Training Testing
Training . Validation Testing
Original Set : 2E 22 [{O|H
Training S50 2 AFESt= OO H
Validation s & EE HEg: Z35S fI° ol
Testing og = ZE 45 fle HolH (s5ardo] Ar8StH ehE)

2 Training, Validation, TestingS ZZt 6:2:2 H|EZ LIF0 A%

-
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2.1. Dataset Preprocessing

train_x = train_x.astype(np.float32) / 255.0 .
train_x = np.reshape(train_x, (train_x.shapel[0],-1))
test_x = test_x.astype(np.float32) / 255.0

\Eest_x = np.reshape(test_x, (test_x.shapel[0],-1)) J

stg= ol OIoHE AMHO| Mot 1Hg

=

train_x.astype(np.float32) / 255.0 # data types= fp322 HZASIG 2552 Lis
# CO|EH "HRYE 0 ~ 255 O|M 0 ~ 1.0 22 HtAZ

np.reshape(train_x, (train_x.shapel[0],-1))

# [7,28,28,1]12 HEiE 7FX|= HIO|HZ [?,784]2 EHT
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2.2. Training & Validation Dataset Split

data_size = int(len(train_x) * 0.2)
val x = train_x[:data_sizel

val y = train_yl[:data_sizel

train_x = train x[data size:]
train_y = train_yl[data_size:] .

-

ot HOole ME 8:2 HE=R <

_|OF
|>

, 45 HOoHA= =d|ote IH8

data_size = int(len(train_x) % 0.2)
# otz o[ Mo Ji=(len) 2| 20%= A it
val x = train x[:data_size]

# Mg 7|22 g5 OOl ME Li+=0 4F O[Ol Moz Hi
train_x = train_x[data_size:]

# 20| 7|&EL2 g Oo|lH 4lE LI+0 g5 HO|H Hlez Hi

15
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3. Build Neural Net Model

/;rom tensorflow.keras import layers as 1 ﬁ\
layers = [l.Dense(128),1.ReLU(),

1.Dense(256), 1.ReLU(),
1.Dense(512), 1.ReLU(),

l.Dense(10), L.Softmax()]
\Todel = keras.Sequential(layers, name='MyModel’)

L
10
>
Ha
L
oY
o[

2eld REs d45t= o

from tensorflow.keras import layers as 1

# Tensorflow H|7[X|0|X keras 2= LWFO| layers Z=5 7IMe <d= "1 2
L.Dense(128), L.ReLU(),

# layers LH5o| Dense #[O|0{2 7tMel 8 H+E 128742 MF.
# layers 29| RelLU ZO|0{E 71X 2}t E|ﬁ§01| x7f°*
model = keras.Sequential(layers, name='MyModel’)
# keras Z& UF2| Sequential E=& 7tMet g0|0] 2|AEE HE=Z HaE

= — 3 16
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3. Build Neural Net Model

input: | [(?, 784)]
output: | [(?, 784)] Yo | ¥ | %

input_1: InputLayer

l

input: | (?, 784)
output: | (?, 64)

USUSUSY

is

(softmax)

Yo | | Y2

dense: Dense

i

(softmax)

input: | (?, 64)
output: | (?, 64)

dense 1: Dense

input: | (?, 64)
output: | (?, 10)

dense_2: Dense

Sequential®| ZQ BIZ W=z HZSHH ZZol o|0j2 ZAY 4 AS

17
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3. Build Neural Net Model

loss_funcion = keras.losses.SparseCategoricalCrossentropy()
optimizer = keras.optimizers.Adam(learning_rate=leaning_rate)

model. compile(optimizer=optimizer,
loss=1loss_funcion,
metrics=[keras.metrics.SparseCategoricalAccuracy(name="acc")])

o /

st0| WRY A B U

2 HE 7ISXE =2ote X (Adam)s 48

o

model.compile(optimizer=, loss=, metrics= )
# 2 st&0| Tt MY 242 =7}

# optimizer: Z2E LH-'T'- 7f3I|E P S ke P S BN,

# loss = =4 Sk

# metrics : MY =H

Qol
o2 T

A%
ok

H S
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4. Training

. . . )
history = model. fit(x=train_x,
y=train_y,
batch_size=batch_size,
epochs=epochs,
validation_data=(val_x, val_ y))
\ ~ ' J
(Output: 3
Epoch 1/4 750/750 [======] - 2s 2ms/step - loss: 0.5899 - acc: 0.8441 - val_loss: 0.2680 - val _acc: 0.9238
Epoch 2/4 750/750 [======] - 2s 2ms/step - loss: 0.2272 - acc: 0.9342 - val_loss: 0.1936 - val _acc: 0.9423
Epoch 3/4 750/750 [======] - 2s 2ms/step - loss: 0.1726 - acc: 0.9490 - val_loss: 0.1657 - val _acc: 0.9520
\_ ‘/
249 or=dte 1

# fit2 ALRY| s&7ts # batch_size : HiX| AIO|=
# x: YHGHO[H # epochs : BtEsHE 3l
#y: (X E=SE) # validation_data : &3 OO|g Al 19



-
Ha
L&
20
mf>
Ha
ne
ol

EERE
5. Model Evaluate

e N\
result = model.evaluate(x=test x, y=test_ y)

evaluate = dict(zip(model.metrics_names, result))

print (evaluate)
\. J

fOutput:
313/313 [==============================] - 1s 2ms/step - loss: 0.1345 - acc: 0.9579
{'loss': 0.1344558149576187, 'acc': 0.9578999876976013}

J/

\.

o gAE O™
result = model.evaluate(x=test x, y=test_ y)

# evaluateE AIEd] HAE 7ts
# x: 9489 GO|H
#y: 9889 g2 (X =5)

20
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6. Model Save & Load (Keras Model, h5 format)

. A
save_path = './mnist_cnn.h5"’
save_point = model.save(save path) # save
model = tf.keras.models.load _model(save _path) # load

e J

(# 28l2 dYg HAE )
result = model.evaluate(x=test_x, y=test_y)
evaluate = dict(zip(model.metrics_names, result))

(print(evaluate) y

S MY ®H =827

model.save(“XTZEZ")

model = tf.keras.models.load model(“E2{E 4=")

# saves AIBoll 2E2= 'x.h5'E KN 7t

# tf.keras.models. load_modelE Ar&dl X &= '«x.h5’'E ZLE2=E ZH= = U=

21
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1. Custom DatalLoader & Custom Model

Batch : data load, data preprocessing = Z & cCPUO|| A TI3H &
Train : 22 S5, GPUO||A] T =

_ CPU Batch 1 idle Batch 2 idle Batch 3 idle
sequential
GPU idle Train 1 idle Train 2 idle Train 3
CPU Batch 1 Batch 2 Batch 3 Batch N
parallel : : : :
GPU idle Train 1 Train 2 Train 3
time

7bsstGpu(7t4 7)) AHE 0 100%7H & =+~ A =5 JH| 7t Q== sfjofgh




1. Custom DatalLoader & Custom Model

Y

¥

3x3 conv, 64 3x3 conv, 512
v I
3x3 °°|'“" 64 3x3 conv, 512
,mi:b’z pﬂi’b’z =
ilter
3x3 conv, 128 3x3 conv, 512 | concatenation
i . T )

B e S

3x3 conv, 128

| 3x3 conv, 512 |
pool/2 ¢ \
¢ 3x3 conv, 512 |

3x3 convolutions 5x5 convolutions 1x1 convolutions

3x3 conv, 256 |

T - .' ,mi;w 1x1 convolutions [} ) ’
e cclnv. = | fc 4095 1x1 convolutions 1x1 convolutions 3x3 max pooling
3x3 conv, 256 | fc :096 v—//‘
pml'JVZ &
o v = fc 4096 Previous layer
x3 conv,
(I
VGG16 Model Inception block
Sequential 2 ¥ 7= Sequential 2 =75
. . —_— e >~ (@]
Keras.Sequential HEE= HH & = Y= 2 LRI oHHE|N YUF
Inception, residual €= S&ot 25 HA S} 7| 95 A= SubClassing 2410

A 4

N

Conv

CReU
MulConstant
/

Y

~ Addition |

y

residual block

24
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2. Custom Dataset Preprocessing

\
# validation / training Split Done
train_dataset = tf.data.Dataset.from_tensor_slices((train_x, train_y))
valid_dataset = tf.data.Dataset.from_tensor_slices((val_x, val_y))
\fest_dataset = tf.data.Dataset.from_tensor_slices((test_x, test_y)) y

HAH Holy 2HE 44 tf.data.DatasetO]

*_dataset = tf.data.Dataset.from_tensor_slices((x_x, *_y))
# tf.data.Dataset.from_tensor_slices ©+E At2d| HO|H,2tHS UASIH HAH
Ho|le A& dd

25
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2. Custom Dataset Preprocessing

4 | )

def pre_processing(image, target):
image = tf.reshape(image, [28%28])
image = tf. cast(lmage dtype tf float32)
image /=255.0 # norma _
return image, targe

.y B

pre_processing & AREd| O|O|H T g
image = tf.reshape(image, [28%x28]) en
# ClO|E Alo| HEYS [28,28,1]19 O|O|X| HEHO|M [784]12 TXZE

image = tf.cast(image,dtype=tf.float32)
# OO|E EIYES uint8 OM fp322 HA

image /=255.0 # n '
# OIOIH BE 0~25501|A1 o~1. GOE HE

26
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2. Custom Dataset Preprocessing

1%
>
o
uE
oY
o[

/;éf pre_processing(image, target): _\\
image = tf.reshape(image, [28%28]) # Flatten
image = tf. cast(lmage thDe tf float32) # cast
image /=255.0 : malizatiol

return image, targe

train_dataset = train_dataset.map(pre_processing)
valid_dataset = valid_dataset.map(pre_processing)
\fgst_dataset = test_dataset.map(pre_processing) _1/

custom dataset It ™K 2| &d+E AHZ o= ™

Dataset.map = A28 ™A 2| &4 (pre_processing)ll HO|E AlS AZA & = UL
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2. Custom Dataset Preprocessing
4 )
train_dataset = train_dataset.shuffle(train_data_size).batch(batch_size)

test dataset = test dataset.batch(batch size)
valid dataset = valid _dataset.batch(batch _size)

- s

Dataset 282 Tl

train_dataset = train_dataset.shuffle(train_data _size).batch(batch_size)
# Dataset.shuffle(HIHAIO|=)E ALEY HIO|HE =AE Qo= TtF

# Dataset.batch(H{X|AIO|Z=)E ArEdH O|O|HE oHHO| = 74A ZtX[n 22X 273

k

[ok

Shuffle, Batch = C| dataset2 B&tet

28
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2. Custom Dataset Preprocessing

-

\.

print(train_dataset.element_spec)

print(test_dataset.element_spec)

print(valid_dataset.element_spec)

Dataset 4= Tl

shuffle, batch=Cl dataset2 Ptetel, dataset.element_spec 22 ZEHEL|E 00| H

?::)IEHE %ll-ol_l Cé!. D MI.|:|

29
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3. Custom Model Build

//giass SubBlock(keras.Model): ﬁ\\
def __init__ (self,units):
super(SubBlock,self).__init_
self.block 1 = 1.Dense(units)
self.act = 1.RelLU()

+
JH
OF
b
o
not

def call(self,inputs):
tensor = self.block_1(inputs)

\\_ return self.act(tensor) 4//

SubClassing HWAIES ARES| HAEH RE= A

def __init_ (self,units): 4%}
def call(self,inputs): 20| S=(feedforward)E O Al

super(SubBlock,self).__init__ ()
# 200 MMXIE M SubClassing HAIS AT I & S= sj0Fs

30
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3. Custom Model Build
(class MyModel(keras.Model) : )

def __init__ (self,name): ofA| A4S Dense + Relu

super(MyModel,self). init_(name=name)

self.layer_@ = SubBlock(128) Layer@l SubBlockS

self.layer_1 = SubBlock(256) T3
self.layer_2 = SubBlock(512) B
self.drop = l.Dropout(0.5) __init_ OfAM ZEOo EHeot

self.layer_3 = 1.Dense(10)

layers ‘474

-

def call(self,inputs): calloA dHdst O] E ==5t0
tensor = self.layer_0(inputs) olgy S [|0|E (inputs) 2
tensor = self.layer_1(tensor) R f':'_ = x|oHp
tensor = self.layer_2(tensor) Feedforwards %
tensor = self.drop(tensor)
tensor = self.layer_3(tensor)
return tensor

31
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3. Custom Model Build

/Aef build_model(input_shape, summary, name) : A
model = MyModel(name = "MyModel")

model.build(input_shape)

if summary: model.summary()

return model Y

-

Custom Z2E= MMSIL, build AlZ|= 4HE

model.build(input_shape)
# SubClassing 222 &% build(2Y CIO|H HE{)E ==oof 22 F=E = = US

model.summary ()
# HE FXE S

32
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3. Custom Model Build

/Eiass MyModel(keras.Model): _‘\
def __init__(self,name):
super(MyModel,self). init (name=name)
l self.layer_@ = SubBlock(128)
0|0 self.layer_1 = SubBlock(256)
T Lo self.layer 2 = SubBlock(512)
self.drop = l.Dropout(0.5)
self.layer_3 = 1.Dense(10)

HE

Al AH
(o Wes

sl

"
7

oju I8

|
=

et

2 e

L __Call(feedforward) 7} def call(self,inputs):
SEEEAM HR22[E 2EELD 4 tensor = self.layer 0(inputs)
ojole] AETESE & =+ US tensor = self.layer 1(tensor)
tensor = self.layer_2(tensor)
tensor = self.drop(tensor)
tensor = self.layer _3(tensor)

\k return tensor J/

model. bu11d(1nput shape)= %= O|O|H HEHS ALEd] HO| E1|0|E1 =0
| MHEHN HEAZE & = VA =Y
O o

33
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3. Custom Model Build

/Enput_shape = (None, 28%28) )

model = build_model(input_shape, True, 'MyModel")
loss_funcion =
keras.losses.SparseCategoricalCrossentropy(from_logits=True)

\Sptimizer = keras.optimizers.Adam() )
stg= flot &4 g % 2N g+F Fole MY

model = build_model(input_shape, True, 'MyModel’)
# build_models & ZES d4Estn 7K1 &

keras. losses.SparseCategoricalCrossentropy(from_logits=True)
# &M g 9y

optimizer = keras.optimizers.Adam()
# HA3 o+ 2%

34
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3. Custom Model Build

\

train_loss = keras.metrics.Mean(name='train_loss"')

train_accuracy =
keras.metrics.SparseCategoricalAccuracy(name="'train_accuracy')

test_loss = keras.metrics.Mean(name="'test loss')

test_accuracy =
\\_ keras.metrics.SparseCategoricalAccuracy(name="'test_accuracy') ‘//

keras.metrics.Mean

# 9 e we Of ALsts YAO| BRI ZHWH

*_accuracy = keras.metrics.SparseCategoricalAccuracy(name="'train_accuracy’)
# Mzt =82 2ol did
= | o= Tl od

35
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4. Train step build

//g;f train_step(images, targets): _ﬂ\\

with tf.GradientTape() as tape:

pred = model(images, training=True)

loss = loss_funcion(targets, pred)
# 7|27 ALt
gradients = tape.gradient(loss, model.trainable_variables)
optimizer.apply_gradients(zip(gradients,model.trainable_variables))
# Logging
train_loss(loss)

\\\_ train_accuracy(targets, pred) ‘///

ot ot
GradientTape() as tape

# AMES 7551 7|27|F ALtote A

gradients = tape.gradient(loss, model.trainable_variables)

# 7|5E A4 LHES AME, At 2Y R VIESXE Y 2of 7|ZF7|F AL
optimizer.apply_gradients(zip(gradients,model.trainable_variables))

# ALtEl 7272 BY OFESX| UE =78 36
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4. Train step build

//g;f train_step(images, targets): _ﬁ\\

with tf.GradientTape() as tape:

pred = model(images, training=True)

loss = loss_funcion(targets, pred)
# 7|27 ALt
gradients = tape.gradient(loss, model.trainable_variables)
optimizer.apply_gradients(zip(gradients,model.trainable_variables))
# Logging
train_loss(loss)

\\\_ train_accuracy(targets, pred) _,//

AL O o=~ AL
ot&= ot et

=

rain_loss(1loss)
train_accuracy(targets, pred)

# ALE @XH(EE) W OF H=HEE ALt

37
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4. Test step build
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def test_step(images,targets):
pred = model(images, training=False)
loss = loss_funcion(targets, pred)

test_loss(loss)
\ test_accuracy(targets, pred)

b
ol
He

HAES *

rot
[ok

Ol Al
T T
pred = model(images, training=False)
# 50| AHESH= A0l OtL|7| 20 training 4f2 FalseZ2 €H, t& 20 et
S&F 20| HetX|= 0|07t /U= (Dropout, BatchNorm)

50| OfL|Z7] E0| tf. GradlentTape( )= ALESHX| E&
712718 Adtg 27t g7 M=

38
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5. Training
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//¥6r epoch in range(epochs):
train_loss.reset_states()
train_accuracy.reset_states(
test _loss.reset_states()
test_accuracy.reset_states()

)

TRAIN

VALIDATION
\\h_ Message Print
st mo|Z 2t¢l

for epoch in range(epochs)

# epochs TrE2| Hi== ZFX[1D L{FOf A
metrics.reset_states(
# epoch S =l de)s

O™ -

)_I_

= 8ot/ <o U7

rj>

%
s

/o
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5. Training
TRAIN

pbar = tqdm(train_dataset,total=(train_data_size//batch_size)+1)

for images, targets in pbar:
train_step(images, targets)

pbar.set_description( ' [%d/%d] Loss: %0.4f, Acc: %0.4f'% (epoch+l,

epochs, train_loss.result(), train_accuracy.result()))

St& Oo|= 249l TRAIN 1t

bar = tgdm(train_dataset,total=(train_data_size//batch_size)+1)
s HOtH S LIELY 7| I8 tqdm IN7|X|2 train_dataset2 2iH

for images, targets in pbar:
# pbarg Tr=9 O|O[EQL 2tE= &S

= L-

40
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5. Training

(VA LIDATION

for images, targets in valid_dataset:
test_step(images, targets)

T
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%

|OF

S IOHO|= 2tQl VALIDATION IS

O0f epoch OIC} Valid_dataset= HH=d|

= L=

HO|E, 2f#E ROt test_step(H|O|H,ZtE)Z AT HNEs A
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5. Training

Message Print

msg =
Epoch\t: [%d/%d]
Itr\t: od

~

optimizer.iterations.numpy/()

Loss\t: %@.4f
Acc\t:

Loss\t: %0.4f

Acc\t: %0.4f

print(msg % (epoch+1l, epochs, itr,
train_loss.result(), train_accuracy.result(),

\\iiit_foss.result(), test_accuracy.result()))

Ha
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stg THo|Z 249l

Message Print 178

optimizer.iterations.nu

mpy ()

# ZE|OFO|MC| AH Zl+E
A NnEE=

# *.numpy ()2 &A%
Tensorflow?| OH|O|HE
numpy C|O|EZ HEH|
X[ =

metrics.result()
# ALl EE 442 dietst

—
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6. Model Evaluate

//I;;t_loss.reset_states()

test_accuracy.reset_states()

for images, targets in tqdm(test_dataset):
test_step(images, targets)

Loss\t: %0.4f
Acc\t: %0.4f

\\3:int(msg % (test_loss.result(), test_accuracy.result()))

/
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7. Model Save & Load (Tensorflow SavedModel format)

tf.saved_model.save(model, 'MyModel")
load_model = tf.saved_model. load('MyModel’)

Hl0|Ef E2{271 > HIoIE Hf2

tf.saved.modelZ AtEsi EEo| XN S F27|7t 7ts
save(ZE, NYZ=2)E YEHSIH NEZ=22 ZE= XN
Mgl 22 S0z 22|kl REx, 2E 73X, 28 A4 A== 22| =t
load_model = tf.saved_model. load('MyModel’)
# M= REH 25 Y5 RES =2{2Cf.
SavedModel 2 X
4 )
./MyModel —— assets : X
— variable : 7}&X|
— saved_model.pb : A3 Jzj=
\_ %
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7. Model Save & Load (Tensorflow SavedModel format)

//;;r images, targets in tqdm(test_dataset): ﬁ\\\

pred = load_model(images, False)
loss = loss_funcion(targets, pred)
test_loss(loss)
test_accuracy(targets, pred)

msg = """ ————— Test———
Loss\t: %0.4f
Acc\t: %0.4f

\\Eiint(msg % (test_loss.result(), test_accuracy.result())) 4///
2
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