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import tensorflow as tf
import keras as keras
import sys

print(tf. version )
print(keras._version_ )
print(sys.version)

2.8.0
2.8.0
3.7.13 (default, Apr 24 2022, 01:04:09)
[GCC 7.5.0]

01:z2to|E2{2| = E 3 O|0|5 FH|

from keras.datasets import mnist

# CJOJEl & =2{27]
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from keras.models import Sequential
from keras.layers import Dense, Activation
from keras.utils import np utils

CIOJE A MNIST

e 6T7H2] =& o[0X|

o 10t7H2] H|AE O|O|X]|

o H2{YAH2| MNIST

e 19804y O|=2 ZEEZF 7|= Y74 (National Institute of Standards and TEchnology, NIST)dj|
M =5t H|Oo|H

SdlA, 8E, 2ol=

o H20o| 2xo| HZxE Za|Aatst,
o G|O|E| LOIE{E MZ (sample)O|2t1l &Y,
cH A=

o =3 ME9[ 22A = 2l|0[=(Label)Ol2t 2 BT,

### OIOJE X Z2{27]
(X_train, y train), (X_test, y_test) = mnist.load data()

X train n = X train.copy()
y_train n = y train.copy()
X test n = X test.copy()
y test n = y test.copy()

# CJOJE] 4 =7/

# 60000719 3t&& CfO[El 2, 10000709 E|XE LOJE A
print(X_train.shape, y_train.shape)
print(X_test.shape, y test.shape)

Downloading data from https://storage.googleapis.com/tensorflow/tf-keras-datas
ets/mnist.npz

11493376/11490434 [ ==] - 0s Ous/step
11501568/11490434 [ ] - O0s Ous/step

(60000, 28, 28) (60000,)

(10000, 28, 28) (10000,)

import matplotlib.pyplot as plt

### x _train 9| ofLf9] LO/E] =2l
### 60000&9| O[0[X]( 28, 28 ZXIHOJE])

plt.imshow(X train[0])

<matplotlib.image.AxesImage at 0x7f9b37a27390>
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print("label={}".format(y train[0:10])) # y elloj§ Hfo/Ef o~107H =2/

label=[5 0 4 1 9 2 1 3 1 4]

fig, axes = plt.subplots(3, 5, figsize=(18,12) )
for image, ax in zip( X train, axes.ravel() ):
ax.imshow(image) # O/0/X] HA|
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## OOJE K9] ¥14 60000, 28, 28 -> 60000, 784 (28%28)
## OfOJE K9] ¥4 10000, 28, 28 -> 10000, 784 (28%28)

X train = X _train.reshape (60000, 784)
X test = X test.reshape(10000, 784)

## OfO[E] Ae] HZ 60000, -> 60000, 10 (28%28)
## OfO[E Ae] #Z 10000, -> 10000, 10 (28%28)
print(y_train.shape, y_test.shape)
print(y_train[0:5])

y_train = np utils.to categorical(y_ train)
y_test = np utils.to categorical(y_ test)
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print(y_train.shape, y_test.shape)
print(y_train[0:5])

(60000,) (10000,)
[50419]
(60000, 10) (10000, 10)
[[0. 0. 0. 0. 0. 1. 0. 0.
[1. 0. 0. 0. 0. 0. 0. O.
[0. 0. 0. 0. 1. O.
[0. 1. 0. 0. 0. 0. 0. O.
[0. 0. 0. 0. 0. 0.
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## GIOJE| X2 HiF

## 01. &8 BF.

## 02. o HPIE &r8l(0~255) -> 0~12 H&
print(X_train[0])

X train = X train.astype('float32') / 255.0
X test = X test.astype('float32') / 255.0
print(X_train[0])

[ O 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 3 18 18 18 126 136 175 26 166 255
247 127 0 0 0 0 0 0 0 0 30 36 94 154
170 253 253 253 253 253 225 172 253 242 195 64 0 0 0 0
0 0 0 49 238 253 253 253 253 253 253 253 253 251 93 82
82 56 39 0 0 0 0 0 0 0 0 18 219 253
253 253 253 253 198 182 247 241 0 0 0 0 0 0 0 0
0 0 0 0 0 80 156 107 253 253 20 11 0 43 154
0 0 0 0 0 0 0 0 0 0

14 154 25 90 0 0 0

0 0 139 253 190

0 0 0

11 190 25 7 0
0 0 35 24
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[0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
0. 0. 0. 0. 0. 0.
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np_utils.to_categorical(y_train)
y_test = np_utils.to_categorical(y_test)
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X_train.reshape(60000, 784).astype('float32')
X_test = X_test.reshape(10000, 784).astype('float32') /
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model = Sequential()
model.add( Dense(units=64, input dim=28+%28)) #2/5Z(28*28=784LE) - 2= (647l
model.add( Activation('tanh') )
model.add( Dense(units=32))
model.add( Activation('tanh') )
model.add( Dense(units=32))
model.add( Activation('tanh') )

# BlIZ2 i
# model.add(Dense(32, activation='tanh'))

model.add (Dense(10)) # £285(1000 L)
model.add(Activation( 'softmax'))

Ct32t 20| 2430] Stk F7H=|™ CHZ 2t 2ot

model = Sequential()
model.add(Dense(units=64, input_dim=28%28, activation='relu'))
# UZ(28%28=784-C) - SLZ(8/E)

model.add(Dense(units=32, activation='relu')) #
Feinf 255 (871)
model.add(Dense(units=10, activation='softmax')) #

= (1071 LE)

&A4st2(loss function) or 52X et4(objective function)

o MAYS EHE H0f5t7| I3l £20] 7|thst= A ELH Lokt BIost=X[of Chal SE5H |
o H|E8t+= ZE 28 CO[Eof Ciet &4 sto| &S LB SHeteE= o 2l 80{= Z|Xslst
7| flet chet eh=~E 2lD[BITt

s 24 84 (loss function) : E2 HOIEIIM AZYe| 458 SHsts W, LIETT 82 Wt
oF siyd 4 YES ZYELL,
Ol%

= FEID (optimizer) : == HO|E{Qt &4 &4E 7RO Z HERIE YUH|0|Est= ML
=
.

» metrics : 221 HAE 1PH S DLIEHYE X7 : HetL (Hets| 25 F o|0|X|e] H|&)Tt 112

e sgd(Stochastic Gradient Descent) : H|O|E| A2 O|L|HHX|ZHE S2{A 50F7Hs B
e accuracy : M&-Z M52 X

model.compile(loss='categorical crossentropy',
optimizer='sgd',
metrics=[ 'accuracy'])

_I°|'

04. FE 7171

o [ERH]fit(,,,)

e hist = model.fit(x_train, y_train, epochs=5, batch_size=32)
= x_train : /2 H|O|E
=y train: £H(0|5) HIO|H
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= epochs : ®A| H0|E HH =2|Z2HQ1T}?
= batch_size : 74X H|O|HE S22 27?2

A=

# hist = model.fit(X train, y train, epochs=5, batch size=32)
hist = model.fit (X train, y_train,

validation data=(X_test, y_ test),

epochs=10,

batch_size=100,

verbose=1)

Epoch 1/10

600/600 [ ] - 3s 4ms/step - loss:
cy: 0.7370 - val loss: 0.6466 - val accuracy: 0.8557

Epoch 2/10

600/600 [= ] - 2s 4ms/step - loss:
cy: 0.8696 - val loss: 0.4517 - val_accuracy: 0.8883

Epoch 3/10

600/600 [= ] - 2s 4ms/step - loss:
cy: 0.8901 - val loss: 0.3772 - val accuracy: 0.9027

Epoch 4/10

600/600 [ ] - 2s 4ms/step - loss:
cy: 0.9015 - val loss: 0.3349 - val _accuracy: 0.9105

Epoch 5/10

600/600 [ ] - 2s 4ms/step - loss:
cy: 0.9092 - val loss: 0.3081 - val_accuracy: 0.9160

Epoch 6/10

600/600 [ ] - 2s 4ms/step - loss:
cy: 0.9156 - val loss: 0.2866 - val accuracy: 0.9199

Epoch 7/10

600/600 [ ] - 3s 4ms/step - loss:
cy: 0.9202 - val_loss: 0.2706 - val_accuracy: 0.9241

Epoch 8/10

600/600 [= ] - 3s 4ms/step - loss:
cy: 0.9244 - val loss: 0.2575 - val_accuracy: 0.9261

Epoch 9/10

600/600 [ ] - 3s 4ms/step - loss:

cy: 0.9279 - val loss: 0.2463 - val _accuracy: 0.9307

Epoch 10/10

600/600 [= ] - 3s 4ms/step - loss:
cy: 0.9308 - val loss: 0.2363 - val accuracy: 0.9342

05. eh51hd 2T

e Zt epoch & lossztdt acc #t2 &Qla H7|
o 1= Z EQlal E7|

# Zt 8ol

HA = L

hist.history.keys()

dict keys(['loss', 'accuracy', 'val loss', 'val accuracy'])

# 10819 epochlOC}9] loss (24 )1} accuracy(&2Hz )2l Zt.
print('## training loss and acc ##')
print(hist.history['loss'])

print (hist.history[ 'accuracy'])

## training loss and acc ##

1.1078

0.5436

0.4222

0.3652

0.3295

0.3039

0.2841

0.2678

0.2540

0.2419

accura

accura

accura

accura

accura

accura

accura

accura

accura

accura

[1.107835054397583, 0.5435747504234314, 0.42223066091537476, 0.365223675966262
0.267840772867

8, 0.32945185899734497, 0.3039432764053345, 0.2840723395347595,
20276, 0.2540345788002014, 0.24194549024105072]

[0.7369833588600159, 0.869616687297821, 0.8901333212852478, 0.901466667652130
0.9243666529655

1, 0.9092000126838684, 0.9155666828155518, 0.9201666712760925,
457, 0.9279333353042603, 0.9307666420936584]

plt.figure(figsize=(10,8),facecolor="'white")
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x_lim = range(1l,11)
plt.plot(x _lim, hist.history['loss'])
plt.plot(x_1lim, hist.history['accuracy'])
plt.legend([ 'loss', 'acc'])

<matplotlib.legend.Legend at 0x285e5e4dbel>

— |oss

10 4

0.8 4

06 4

04

0.2 T .

6. 22 FItstv|
o test HIOIE 1S 2510] BHS0IT RAUS HIls=|

loss_and metrics = model.evaluate(X test, y test, batch size=32)
print('## evaluation loss and metrics ##')
print(loss_and metrics) # Z/& GH/O/E] loss@} &2z (accuracy)

313/313 [ ] - 1s 4ms/step - loss: 0.2363 - accura
cy: 0.9342

## evaluation loss and metrics ##

[0.23633261024951935, 0.9341999888420105]

7. B8 AE3510] o F3 27|

### x train 9 ofLIe| LOIE] =0l
plt.imshow(X test n[0])

<matplotlib.image.AxesImage at 0x285e60497£0>
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0 5 10 15 20 25

import numpy as np

# np.set printoptions(precision=3)

# & O 2RIt 7 HA

np.set printoptions(formatter={'float kind': lambda x: "{0:0.6f}".format(x)})

Xhat X test[0:1]

yhat = model.predict(Xhat)
print ( '## yhat ##')
print(yhat) # 2 9 == ZA/
print(yhat.argmax(axis=1))

## yhat ##
[[0.000698 0.000145 0.000659 0.006960 0.000064 0.000173 0.000007 0.986645
0.000066 0.004583]]

[71]

A&

e (1) epochZ 3022 S&{M Q15| LA},
= model.evaluate()2| z} &l

e (2) epochZ 301} Activation2 ReluZ HAS
= model.evaluate()2| g} &9l

e (3) epochE 301 2H52 32 HE F, ST

= model.evaluate()2| 2t &l
e (4) epochE 301 2HE 27|, = E4E 642 S2{A si{E7|
= model.evaluate()Q| 2t &tQ!

Y
m
M

ozt
o
O

A4 https://www.youtube.com/watch?v=aircAruvnKk
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