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2) MLPE ®oFo] (1,n) 1k #WE Rt Jd8ie 4= 98 &, 2do] x, y)
22k ol Al PFHL YEF F S - FFES JEITA JHsty
ZeFol (Lmel ez Wsfor st=dl o AAE olnA HE W

(Image flattening)o|gtar g+

3) 28x28 = 784 A — Ao JgtHWAE (28x28) FHS =
(1x784)%1 WE= W&sloF 3 - A= g7t AT AW -
ZHA B =& 78470(x1, x2, -, X784 7}

221 ¥4 Wty 121 W E

£ FAgE 00 A4, 2554 HAjoletx s4d o] U MEHE e gL
- Input = [0, 255, 255, 255, 0, 0, 0, 255, 0, 0, 255, 0, 0, 255, 0, 0]
5) Ak eholBee & HEHA Theo LEL ojnx] YUS ME WP

= o
g T A=

from keras.models import Sequential
from keras.layers import Flatten

model = Sequential()
model.add( Flatten(input_shape = (28,28) ))

% o714 209 & AAFS(=2R S, dense layer)olgtailx g
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from keras.layers import Dense

model.add(Dense(512, activation = ‘relu’)
model.add(Dense(512, activation = relu’))
=
D &7 wAlola, 2 97F F5HA v A-rdd Y3 AZERA
AHgstE Ao THE F5
D &7 249 28935 =29 = &7 Ud a9 o 235
2) o] EAdAE 05 I71A19 2 10717 &5 tidolmE =& 10
zt= Dense & F7FstH H

model.add(Dense(10, activation = ‘softmax’ ))

Hdden layers

= pro{image depicts a 0)

pro(image depicts a 1)

-
-
-
-\-‘O
-
; N\ o \ ) A
> - "}f i" ~ :}{/ *-(T/ ~
- — - e — = pro(image depicts a 9)
N\ N
5§19 512 node

2) o] A2 FEI 2do A ZrEe gLy e

from keras.models import Sequential
from keras.layers import Flatten, Dense

model = Sequential()

model.add( Flatten(input_shape = (28,28) ))
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relu’))
relu’))

model.add(Dense(512, activation

model.add(Dense(512, activation

model.add(Dense(10, activation = ’softmax’))

model.summary()

) =S AYSHW mLY FEE ol go| Fs AYAA 29

Layer (type) QOutput Shape Param #
dense (Dense) (None, 512) 401920
dense_1 (Dense) (None, 512) 262656
dense 2 (Dense) (None, 10) 5130

Total params: 669,706
Trainable params: 669,706
Non-trainable params: 0

- g 59 JJrF/}U] 1 2
- Flatten 53 o= & Sl= A& = 04IvA] dd& W= HI

1 ol= FEtu|EH o] = (784 x512)+512 = 401,9207]
- dense_1 =3} dense_2 ol= wlEhmE o] =& (512Xx512)+512 = 262,65671
- dense_2 T =¥35< olv A HY 4+ (612%x10)+10 = 5,1307H
- HFZHo=E, o] BFE I AW HA F2HvH 4= 669,706

ol MLPZ oW A& th& o] B
) 374 B4 £4
- 229 oWl A B 149 ME R dReY oA ) FHH SAo] =4
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Edge detection
Input image kernal

2501 230 : -
& Convolution
Ox 120+ -1 = 140 + 0 = 120 +
1 %225+ 4 =220 + -1 =205+
Ox225+-1x250+0x=230 = 60

The new value of the middle pixel in
the convolved image is 60. The pixel
value is > 0, which means that a
small edoe has been detected.
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from keras.layers import ConvZD

3

!
in
ol

& FUs

rr

model.add(Conv2D(filters=16, kernel_size=2, strides="1’, padding="same’,
activation="relu’))
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from keras.layers import MaxPooling2D

model.add(MaxPooling2D(pool_size=(2, 2), strides = 2))

- MaxPooling2D W 2] <lxz}e] AYE HE$(=pool_size)e] ZA7E A|AHs|F,
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from keras.models import Sequential

from keras.layers import ConvZD, MaxPooling2D, Flatten, Dense, Dropout

model = Sequential(

model.add(Conv2D(32, kernel_size=(3, 3), strides=1, padding="same’,

activation="relu’, input_shape=(28,28,1)))
model.add(MaxPooling2D(pool_size=(2, 2)))

model.add(Conv2D(64, (3, 3), strides=1, padding="same’, activation="relu’))
model.add(MaxPooling2D(pool_size=(2, 2)))

model.add(Flatten())
model.add(Dense(64, activation="relu’))

model.add(Dense(10, activation="softmax’))

model.summary(

HA FAFIAT AR, I aFEHe 49
L

2) B A woFo](None, height, width, channels)
2l A4, height, width= &% oln|A]e] 729} MH=E =Z7]o]H,

channels+= %E—ﬂ. oln| x| &f Zlo], Al Tl EA Y +E Yn| g
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4)

5)

=2 3 HA 249 None o] FolA Azld o|uA| o]m= o] gho

Noneo]™ batch_sizeE AFH5A AT & A

=88 299 /jeoA Output Shape &ES HWH AR Fo] AFE
5 FYEE ouX e A7t Aol AL % 5 US

AA ARl seiulE £ 22023470, WA FAFIAY MLP A4 %
shekrlE] 47} 669,706/ R ol wshd Ae) 12 A Zolm

Layer (type) Qutput Shape Param #

conv2d (Conv2D) (None, 28, 28, 32) 320

max_pooling2d (MaxPooling2D (None, 14, 14, 32) 0]
)

convZzd_1 (Conv2D) (None, 14, 14, 64) 18496
max_pooling2d 1 (MaxPooling (None, 7, 7, 64) 0
2D)

flatten (Flatten) (None, 3136) 0

dense (Dense) (None, 64) 200768
dense 1 (Dense) (None, 10) 650

Total params: 220,234
Trainable params: 220,234
Mon-trainable params: 0

L. A2 B OFSAD

D

vtetv]  (Parameten)= 7FEAIE 771 ©E olFolH, A4 ™ol

s gl

2) detu g FE AAbsle W

- stetele £ = BE 5 x AL x oW & Fe) 2o] + B FHAP)

model.add(Conv2D(64, (3, 3), strides=1, padding="same’, activation="relu’))

- ggrE £ =64 X 3 X 3 X 32 + 64 = 18,4967
-> Param # &5<& feliA Q%o AA vy = 220,23470
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3) CNN¢] +=%: CONV — POOL — CONV — POOL — 1z} ¥WH W —
DO(EFoF%) — FC —»DO(EFoF%) — FC
P Ag=g A& 44 AT Rdo EFolxsS FUHsH e Ze

from keras.models import Sequential
from keras.layers import Conv2D, MaxPooling2D, Flatten, Dense, Dropout

model = Sequential()
model.add(Conv2D(32, kernel_size=(3, 3), strides=1, padding="same’,
activation="relu’, input_shape=(28,28,1)))

model.add(MaxPooling2D(pool_size=(2, 2)))

model.add(Conv2D(64, (3, 3), strides=1, padding="same’, activation="relu’))
model.add(MaxPooling2D(pool_size=(2, 2)))

model.add(Flatten()

model.add(Dropout(rate=0.3))

model.add(Dense(64, activation="relu’))

model.add(Dropout(rate=0.5))

model.add(Dense(10, activation="softmax’))

model.summary()

4 ddzasiy ol 9 e 3 FANL 4o w0

2 [ BE 0394 05 Afolo] oz By

- BAglz Audog B4 wov) § A5 w@4sE S A, oy W
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ol Ze oluA BF £A A%

1) CNN<Z &<3afiA CIFAR-10 Hlo]EAl 9] o]m| A& &7l BA}

airplane H:‘--.V V’...:'&' . C]FAR-lO I}“O]Eﬂ/‘le] %‘?
EIEIEWH“ - AFH v BopilA g ¢#A

A Q1) ZA HlolE Al

cat
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- HlolEAlE ¢lo] S0laL, <5 HlolE e HXE HolH=z 8¢

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

import numpy as np
import matplotlib.pyplot as pit
%matplotlib inline

fig = plt.figure(figsize=(20,5))

for i in range(36):
ax = fig.add_subplot(3, 12, i + 1, xticks=[], yticks=[1)
ax.imshow(np.squeeze(x_train[il))

- A3 A, 33 12<€ FE ] oln A HolE 7} del =44

30 “‘j
2 =0 e I 0 8 5 9 5 i e
= ...E'E..I
‘l:l N t"“‘
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e Aarsi Aol 732 [0,255]0014 [0,1]1=

X_train = x_train.astype(’float32)/255
X_test = x_test.astype(’float32")/255

- CIFAR-10& o|u]x] F3&o| wel airplane, automobile, bird, cat, deer, dog,
frog, horse, ship, and truck & 107] #|o]Eo] HoJ=FH o] AL
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from keras.utils import np_utils

num_classes
y_train

= len(np.unique(y_train))

= keras.utils.to_categorical(y_train, num_classes)

y_test = Keras.utils.to_categorical(y_test, num_classes)

tlolE ¢} HXE b

1 =Ire)

olH =

et =

(e

% R =
E}/\l +4 EﬂlolEiQ} A5 ez £dsfoF &
® & dHolg: RdE Stgste d ARESt= HolH
® 1% tiolE: solsigetrE S FYY W F dolEd A 2R
57 9% WEel yolE
@ B =E HolE: RHo] H5s HF Bsty] s AR&st= TlolH
ClIO[E{ !
-+ -
£ HoIH ElAE TOlH
=¥ HIo|H 8% HolE | HIAE HOH

- Aol A HolE BT PR

x_train[5000:], x_train[:5000]
y_train[5000:], y_train[:5000]

(x_train, x_valid)

(y_train, y_valid)

print(x_train shape:’, x_train.shape)

print(x_train.shape[0], train samples’)

print(x_test.shape[0], 'test samples’)

print(x_valid.shape[0], 'validation samples’)
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X_train shape: (45000, 32, 32, 3)
45000 train samples

10000 test samples
5000 validation samples
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from keras.models import Sequential
from keras.layers import Conv2D, MaxPooling2D, Flatten, Dense, Dropout

model = Sequential()

model.add(Conv2D(filters=16, kernel_size=2, padding="same’,
activation="relu’, input_shape=(32, 32, 3)))

model.add(MaxPooling2D(pool_size=2))

model.add(Conv2D(filters=32, kernel_size=2, padding="same’,
activation="relu’))

model.add(MaxPooling2D(pool_size=2))

model.add(Conv2D(filters=64, kernel_size=2, padding="same’,
activation="relu’))

model.add(MaxPooling2D(pool_size=2))

model.add(Flatten())

model.add(Dropout(0.3))

model.add(Dense(500, activation="relu’))

model.add(Dropout(0.4))

model.add(Dense(10, activation="softmax’))

model.summary()
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Layer [t*,r'pe} Output Shape Param &
conv2d_5 (Conv2D) (None, 32, 32, 16) 208
max_pooling2d_5 (MaxPooling (None, 16, 16, 16) 0
2D)
conv2d_6 (Conv2D) (None, 16, 16, 32) 2080
max_pooling2d_6 (MaxPooling (None, 8, 8, 32) 0
2D)
conv2d 7 (Conv2D) (None, &, 8, 64) 8256
max_pooling2d_7 (MaxPooling (None, 4, 4, 64) 0
2D}
flatten_2 (Flatten) (None, 1024) 0
dropout_4 (Dropout) (None, 1024} 0
dense_4 (Dense) (None, 500) 512500
dropout_5 (Dropout) (None, 500) 0
dense 5 (Dense) (None, 10) 5010
Total params: 528,054
Trainable params: 528,054
Mon-trainable params: 0
5) 457 = 75 e)
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model.compile(loss="categorical_crossentropy’, optimizer="rmsprop’,

metrics=["accuracy’])
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from keras.callbacks import ModelCheckpoint

checkpointer = ModelCheckpoint(filepath="model. weights.best.hdf5’, verbose=1,
save_best_only=True)

hist = model fit(x_train, y_train, batch_size=32, epochs=100,
validation_data=(x_valid, y_valid), callbacks=[checkpointer],
verbose=2, shuffle=True)

- 100 8] o7 += AZte] wWo] A 2R 139FR o X3 E HAS &
A A e ZeClARE A

Epoch 1/13

Epoch 1: val_loss improved from inf to 1.24128, saving model to model.weights.best.hdfs
1407/1407 - 54s - loss: 1.3625 - accuracy: 0.5094 - val_loss: 1.2413 - val_accuracy: 0.5466 - 54s/epoch - 38ms/step
Epoch 2/13

Epoch 2: val_loss improved from 1.24128 to 1.03798, saving model to model.weights.best.hdf5
1407/1407 - 53s - loss: 1.2006 - accuracy: 0.5717 - val_loss: 1.0380 - val_accuracy: 0.6368 - 53s/epoch - 37ms/step
Epoch 3/13

Epoch 3: val_loss did not improve from 1.03798
1407/1407 - 555 - loss: 1.1166 - accuracy: 0.6081 - val_loss: 1.0558 - val_accuracy: 0.6314 - 55s/epoch - 39ms/step
Epoch 4/13

Epoch 4: val_loss did not improve from 1.03798
1407/1407 - 525 - loss: 1.0642 - accuracy: 0.6267 - val_loss: 1.1533 - val_accuracy: 0.6022 - 52s/epoch - 37ms/step
Epoch 5/13

Epoch 5: val_loss improved from 1.03798 to 0.98312, saving model to model.weights.best.hdfs
1407/1407 - 50s - loss: 1.0246 - accuracy: 0.6431 - val_loss: 0.9831 - val_accuracy: 0.6550 - 50s/epoch - 35ms/step
Epoch 6/13
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model.load_weights('model.weights.best.hdf5")

8) TA!: =gl 1 7}3s}7]
- nx e dA A= =Y

S
ent2A 23 JEE NEEE AND

score = model.evaluate(x_test, y_test, verbose=0)
printC\n’, 'Test accuracy:’, score[1])
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Test accuracy: 0.6801000237464905
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Epoch 1: val_loss improved from inf to 1.24128, saving model to model weights best hdfS

130771407 - 345 - 1085: 1.3625 - accuracy: 05094 | val loss: 1.2413 - val accuracy: 0.5460 -| 345 /epoch - JBms/step

Epoch 2/13
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Augmented Images
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from sklearn.datasets import make_blobs
from keras.utils import to_categorical
from keras.models import Sequential
from keras.layers import Dense

from matplotlib import pyplot

2) ERH} BF ST 44 279 A58 &R HolH e AT

X, y = make_blobs(n_samples=1000, centers=3, n_features=2,
cluster_std=2, random_state=2)

3) Fo]Eo Y-3F ey AL}

1 =4

y = to_categorical(y)

4) &9 flolg ¢ HAE HolHE 80:200.2 HE3}

n_train = 800

train_X, test_ X = X[:n_train, :], X[n_train:, :]
train_y, test_y = y[:n_train], y[n_train:]
print(train_X.shape, test_X.shape)

5 Z°] 27§l MLP 2l g FAsta, Zdo /a5 HoF

model = Sequential()

model.add(Dense(25, input_dim=2, activation="relu’))

model.add(Dense(3, activation="softmax’))

model.compile(loss="categorical_crossentropy’, optimizer="adam’,
metrics=["accuracy’])

model.summary(
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Layer (type) Output Shape Param #
dense (Dense) (None, 25) 75
dense_1 (Dense) (None, 3) 78

Total params: 153
Trainable params: 153
MNon-trainable params: 0

6) 1,000 o= &<t 5%

history = model.fit(train_X, train_y, validation_data=(test_X, test_y),
epochs=1000, verbose=1)

<

PIEREIR TR

_, train_acc = model.evaluate(train_X, train_y)
_, test_acc = model.evaluate(test_X, test_y)
print('Train: %.3f, Test: %.3f" % (train_acc, test_acc))

Train: 0.835, Test: 0.845

25/25 [s=============================] - (s 2ms/step - loss: 0.3874 - accuracy: 0.8350
7/7 [s=============================] - (s 3ms/step - loss: 0.3575 - accuracy: 0.8450

>

8 HASFEE 7|Fo 2 mdo g JAs 7

I

pyplot.plot(history.history[’accuracy’], | ,,| [
label="train’) 07 f

061

pyplot.plot(history.history[’val_accuracy’],

054 |

label="test’) 041
pyplot.legend() n | -
pyplot.show() S S~ e :t'm
A r2d 35 4 =49 A%
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2do] gFHAST - FHAFS ofyY, 8%+ £ AT°] ofd —
B BEXRTE wo FAAFES WA &

_77_



5. stolH ety FdH 4AAHEe] A
7k "ol &7 3 == stolHagn g &

D % el 3 AR dolEl 371+ & AT Aol B8
(e 5 AAZ ARAY W& Ao BATE BA)

2 A deoled ha 4ol Sohd FaHe] Hsyel Ug - i
Age 71z dolHs 83 2§ Tat FFolnz HolHE 7t
3% Bert e o stoldnYrEE =AY 71E £H HolHE
noh JmsA Aok 3

3) £ volHo td J5e ARLH H2E woEHd tfa Fo] Hol
Avd HAF Fsgel g o dolE Fb £l fET FY

® e %o 2lo] HolHH? - Hold @AY FIb s3] BLY
@ o el o] s FuelFolatw? — AW ol shetulg

poll whet A4 atol 2eby

. 1 = A3 2
Al A ul =z Sk Tl ]
1_]_ O O :ll—l— '4—1:1 = }’]‘—lﬁl' 37’]'3:!?:]_ Ho};q 7]%
Sk E S E 71—_/;4 o &
. v, 18 = T NI -
245 FHA1EEe Zo)) i - L2 TAIE
7 B wAEe ® |0 2 EgoleE
s s U AFE gue e FR ;
- A3 g T . o oy | HlelY A3
colEa N2 T X
3 AEET HEE B4 A3
S5 8 58 74 73
' f
Ao steag —_":—"a‘% AL ZASHARE FH7EA] AjEo] :

_78_



2022 FQ& W& Tz | ARFIHA

o gy | OF AR MasE Ede A Az
T 1 — \ =
s At ¥ \—
W .
z7)dE Ao ZastAw A Ha| T
ol Z BHEE | W HoAHA 238 £4do] FIHgt [
(Z4h \_/
A SF5E | S| dAHA Fasty HSEgel =29
Very high learning rate
Loss
High learning rate
Good learning rate Low learning rate
Number of epochs
SgEol WE Ste FEY Aol
% Ao StaEL gote B

A2 vjrtt} val_loss7t Ao A
al

3 Ee o7 Agol Theo

o)
val_loss7} Al 44 Folt shgEo] v Aot getr 7}

o

- SEES I = TA A

- EES 27 IV SEE thAl AR

val_loss7} S4te RHEstH JEgday sgEol Uy 2 Y - Id5ES
HaF

_79_




Gradient Gradient = BatchGD
Decent Decent
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B [ rini-batch _
= |teration = 1 = 1 epoch
- [ mini-bateh

= Stochastic GD
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= Batch_size=1 -> 1iteration0f 1 batch@t -> (+) W2 3| 0|5
ini-batch
- Im'm = |teration = n = 1 epoch

- Imlm—batch . ) XK g=

= (-) local minima / saddle point (Gradient=0) F\‘/\
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oo - . = Batch_size = k (hyperparameter)

= |teration = n/k = 1 epoch
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model.add(Dense(units=16, kernel_regularizer=regularizers.l2(lambda),

activation="relu’))
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3) Atz ojmA| Fa= e 2ol A

from Kkeras.preprocessing.image import ImageDataGenerator

datagen = ImageDataGenerator(horizontal_flip=True, vertical_flip=True)

datagen.fit(training_set)
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These activations are essentially
the input to the following layers,
so why not normalize these values?

gk WA Aarste 2495 Ule A AY fUle gte WAATIA e

S WA FSE o9z 293 BE/ wgss A& At ol
AL o) ol E W MAHES FE 482 I

L gk AR e R Bl 02

i guid ]:]E:]‘I
e 9 A8 2SR o) BE Bae

oh Atz L2 A8k g3 2ol AR

=3
D A tstd 238 v S0l A2 F =S 2495 FAdl WA A rsks<

S EER

_83_



from keras.models import Sequential

from keras.layers import Dense, Dropout

from Kkeras.layers.normalization import BatchNormalization
model = Sequential(

model.add(Dense(hidden_units, activation="relu’))
model.add(BatchNormalization())

model.add(Dropout(0.5))

model.add(Dense(units, activation="relu’))

model.add(BatchNormalization())

model.add(Dense(2, activation="softmax’))

10. ojH]A 7/ A= /MA Z2AE
7}. CIFAR-10 do]E|AMle] B& mElS thA] ALL3
L R R 2 I B A B

70 A &) 1A}
D o]& golBEg YZEF]

T 90%71A

import keras

from keras.datasets import cifarl0

from keras.preprocessing.image import ImageDataGenerator

from keras.models import Sequential

from keras.utils import np_utils

from  keraslayers import  Dense,  Activation,  Flatten,
BatchNormalization, Conv2D, MaxPooling2D

from keras.callbacks import ModelCheckpoint

Dropout,

_84_



2022 FQ& W& Tz | ARFIHA

from keras import regularizers, optimizers

Import numpy as np

from matplotlib import pyplot

2) tloly WEEr] gl FH

(x_train, y_train), (x_test, y_test) = cifarl0.load_data(
X_train = x_train.astype(’float32’)
X_test = x_test.astype(’float32’)

x_train[5000:], x_train[:5000]
y_train[5000:], y_train[:5000]

(x_train, x_valid)

(y_train, y_valid)

print(’x_train =", x_train.shape)
print(’x_valid =", x_valid.shape)

print(’x_test =, x_test.shape)

x_train = (45000, 32, 32, 3)
x_valid = (5000, 32, 32, 3)
x_test = (10000, 32, 32, 3)
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mean = np.mean(x_train,axis=(0,1,2,3))
std = np.std(x_train,axis=(0,1,2,3))
X_train = (x_train-mean)/(std+1e-7)
x_valid = (x_valid-mean)/(std+1e-7)

x_test = (x_test-mean)/(std+1e-7)

- dlol Bl U-3 A=Y A g3

num_classes = 10

y_train = np_utils.to_categorical(y_train,num_classes)
y_valid = np_utils.to_categorical(y_valid,num_classes)
y_test = np_utils.to_categorical(y_test,num_classes)
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datagen = ImageDataGenerator(
rotation_range=15,
width_shift_range=0.1,
height_shift_range=0.1,
horizontal_flip=True,
vertical_flip=False
)

datagen.fit(x_train)

- mde) dYS ey U3 $5E O SUnA
- At A9 3CONV + 2FC — 6CONV + 1FC=

base_hidden_units = 32
weight_decay = le-4
model = Sequential()

# CONV1

model.add(Conv2D(base_hidden_units, kernel_size= 3, padding="same’,
kernel_regularizer=regularizers.12(weight_decay),

input_shape=x_train.shape[1:]))

model.add(Activation(’relu’))

model.add(BatchNormalization())

# CONV2

model.add(Conv2D(base_hidden_units, kernel_size= 3, padding="same’,
kernel_regularizer=regularizers.12(weight_decay)))

model.add(Activation('relu’))

model.add(BatchNormalization())

# POOL + Dropout
model.add(MaxPooling2D(pool_size=(2,2)))
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model.add(Dropout(0.2))

# CONV3

model.add(Conv2D(base_hidden_units * 2, kernel_size= 3, padding="same’,
kernel_regularizer=regularizers.12(weight_decay)))

model.add(Activation('relu’))

model.add(BatchNormalization()

# CONV4

model.add(Conv2D(base_hidden_units * 2, kernel_size= 3, padding="same’,
kernel_regularizer=regularizers.12(weight_decay)))

model.add(Activation(’relu’))

model.add(BatchNormalization())

# POOL + Dropout
model.add(MaxPooling2D(pool_size=(2,2)))
model.add(Dropout(0.3))

# CONV5

model.add(Conv2D(base_hidden_units * 4, kernel_size= 3, padding="same’,
kernel_regularizer=regularizers.12(weight_decay)))

model.add(Activation(relu’))

model.add(BatchNormalization())

# CONV6

model.add(Conv2D(base_hidden_units * 4, kernel_size= 3, padding="same’,
kernel_regularizer=regularizers.12(weight_decay)))

model.add(Activation(relu’))

model.add(BatchNormalization())

# POOL + Dropout
model.add(MaxPooling2D(pool_size=(2,2)))

_87_

23 | ARFFIY




model.add(Dropout(0.4))

# FC7
model.add(Flatten())
model.add(Dense(10, activation="softmax’))

model.summary()

4) =9 g<537]
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batch_size = 128
epochs = 125

checkpointer = ModelCheckpoint(filepath="model.100epochs.hdf5’, verbose=1,
save_best_only=True )
optimizer = keras.optimizers.Adam(Ir=0.0001,decay=1e-6)

model.compile(loss="categorical_crossentropy’, optimizer=optimizer, metrics=[ accuracy’])
history = model.fit_generator(datagen.flow(x_train, y_train, batch_size=batch_size),

callbacks=[checkpointer], steps per_epoch=x_train.shape[0] // batch_size, epochs=epochs,
verbose=2, validation_data=(x_valid, y_valid))

- 23} o] WA 2HE7] AR

Epoch 1: val_loss improved from inf to 1.96815, saving model to model.100epochs.hdfs
351/351 - 32s - loss: 2.8793 - accuracy: 0.2627 - val_loss: 1.9681 - val_accuracy: 0.2830 - 32s/epoch - 91ms/step
Epoch 2/125

Epoch 2: val_loss improved from 1.96815 to 1.59385, saving model to model.100epochs.hdfs
351/351 - 22s - loss: 2.1096 - accuracy: 0.3579 - val_loss: 1.5939 - val_accuracy: 0.4606 - 22s/epoch - 63ms/step
Epoch 3/125
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scores = model.evaluate(x_test, y_test, batch_size=128, verbose=1)
print(\nTest result: %.3f loss: %.3f" % (scores[1]¥100,scores[0]))

- Test result: 90.260 loss: 0.398
- Sk =41 Y] mEe) st A4 AN 4 F2HF B9

e

pyplot.plot(history.historyl[‘accuracy’], label="train’)
pyplot.plot(history.history['val_accuracy’], label="test’)
pyplot.legend()

pyplot.show()
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