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import tensorflow as tf
from tensorflow.keras.models import Sequential
from tensorflow.keras.layers import Dense, Activation

AFIT—4 (T 28 % 28{EI DEI=E

1 /EHO -1 — I:I/;zﬂl(im

m = tf.keras.models.Sequential(| 2xA(d relu
tf.keras.layers.Flatten(input_shape=(28, 28, 1)),
tf.keras.layers.Dense(units=64, activation=tf.nn.relu),
tf.keras.layers.Dense(units=10, activation=tf.nn.softmax)

h 2 BEHO=1—0O>#3 10

8548 (. softmax
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import tensorflow as tf
from tensorflow. keras. models import Sequential
from tensorflow. keras. layers import Dense, Activation
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m = tf. keras. models. Sequential ([
tf. keras. layers. Flatten (input_shape=(28, 28, 1)),
tf. keras. layers. Dense (units=64, activation=tf.nn.relu),
tf. keras. layers. Dense (units=10, activation=tf.nn. softmax)

1

print (m. summary ())

Model: “sequential_2”

Layer (type) Output Shape Param %
flatten_2 (Flatten) (None, 784) 0
dense_4 (Dense) (None, 64) 50240
dense_5 (Dense) (None, 10) 650

Total params: 50, 890
Trainable params: 50, 890
Non-trainable params: 0

LV PPN

Za1—SIIRY ND—DODATZT U Maldm
print(m.summary()) (JHEERTRR 20
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EPOCHS = 20

history = m.fitlds_trainl0], ds_trainl11,
epochs=EPOCHS,
validat ion_data=(ds_test[0], ds_test[11),
verbose=1)

Eg;;b1;;EU[::::::::::::::::::::::::::::::] - Bs Ims/step - loss: 0.2997 - sparse_catesorical_crossentropy: 0.2997 - accuracy: 0.9150 - val_loss: 0.1632 - val_sparse_categorical_crossentropy: 0.1637 - val _accuracy: 0.9574
523;21g;ég[::::::::::::::::::::::::::::::] - 4z Ims/step - loss: 0.1437 - sparse_cateszorical_crossentropy: 0.1437 - accuracy: 0.9576 - val_loss: 0.1315 - val_sparse_categorical_crossentropy: 0.1315 - val _accuracy: 0.9599
523;21g;ég[::::::::::::::::::::::::::::::] - 4z Ims/step - loss: 0.1049 - sparse_catesorical_crossentropy: 0.1049 - accuracy: 0.9636 - val_loss: 0.1018 - val_sparse_catesorical_crossentropy: 0.1018 - val_accuracy: 0.9688
553271g;gﬂ[::::::::::::::::::::::::::::::] - 4s ?ms/step - loss: 0.0844 - sparse_categorical_crossentropy: 0.0844 - accuracy: 0.9747 - val_loss: 0.0945 - val_sparse_categorical_crossentropy: 0.0945 - val_accuracy: 0.9733
E;;;?]g;ég[==============================] - 45 Ims/step - loss: 0.0695 - sparse_catesgorical_crossentropy: 0.069% - accuracy: 0.9794 - val_loss: 0.1018 - val_sparse_catesorical_crossentropy: 0.1018 - val_accuracy: 0.9691
E;?;?]g;ég[::::::::::::::::::::::::::::::] - ds Ims/step - loss: 0.0589 - sparse_catesorical_crossentropy: 0.0889 - accuracy: 0.9827 - val_loss: 0.1008 - val_sparse_categorical_crossentropy: 0.1008 - val _accuracy: 0.9715
Eg$gb1;;gﬂ[::::::::::::::::::::::::::::::] - 45 Zms/step - loss: 0.0500 - sparse_cateszorical_crossentropy: 0.0500 - accuracy: 0.9847 - wval_loss: 0.0918 - val_sparse_catezorical_crossentropy: 0.0918 - val_accuracy: 0.9727
Eg;;¢12;%0[==============================] - 45 Zms/step - loss: 0.0433 - sparse_catesgorical_crossentropy: 0.0433 - accuracy: 0.9867 - val_loss: 0.0979 - val_sparse_catesorical_crossentropy: 0.0979 - val_accuracy: 0.9717
Egigblg;éo[==============================] - ds ?ms/step - loss: 0.0373 - sparse_categorical_crossentropy: 0.0373 - accuracy: 0.9889 - val_loss: 0.0904 - val_sparse_categorical_crossentropy: 0.0904 - val_accuracy: 0.9747
Eg$gb1;ggzg::::::::::::::::::::::::::::::] - 4z Ims/step - loss: 0.0329 - sparse_catesorical_crossentropy: 0.0829 - accuracy: 0.9901 - wval_loss: 0.1027 - val_sparse_catesorical_crossentropy: 0.1027 - val_accuracy: 0.9708
$g$§b1;;gzg::::::::::::::::::::::::::::::] - 4z Ims/step - loss: 0.0294 - sparse_catesorical_crossentropy: 0.0294 - accuracy: 0.9908 - wval_loss: 0.0924 - val_sparse_catezorical_crossentropy: 0.0924 - val_accuracy: 0.9756
$g$§b1;§g2?==============================] - 45 Zms/step - loss: 0.0251 - sparse_cateszorical_crossentropy: 0.0251 - accuracy: 0.9921 - wval_loss: 0.1053 - val_sparse_catezorical_crossentropy: 0.1053 - val_accuracy: 0.9724
Eg;;b1;§g2?= - 45 Zms/step - loss: 0.0223 - sparse_catesgorical_crossentropy: 0.0223 - accuracy: 0.9931 - val_loss: 0.0979 - val_sparse_catesorical_crossentropy: 0.0979 - val_accuracy: 0.9733
523;21;égzﬁ:::::::::::::::::::::::::::::: - 4z Ims/step - loss: 0.0199 - sparse_catesorical_crossentropy: 0.0199 - accuracy: 0.9947 - val_loss: 0.0968 - val_sparse_catesorical_crossentropy: 0.0968 - val_accuracy: 0.9747

Epoch 15720
1875/1875 [=
Epoch 16/20

o
o

L9944 - val_loss:

o=

- 4= Ims/step - loss: 0.0178 - sparse_catesorical_crossentropy: 0.0178 - accuracy: L1180 - wal_sparse_catezorical _crossentropy: 01180 - val _accuracy: 0.9701

187571875 [====s=ssssssssoooooooooooooooc] - s Imsdstep - loss: 0.0157 - sparse_catesorical_crossentropy: 0.0157 - accuracy: 0.9952 - val_loss: 0.1082 - val_sparse_catesorical_crossentropy: 01082 - val_accuracy: 0.9739
E;;;?];;g2€: - 45 Ims/step - loss: 0.0152 - sparse_catesorical_crossentropy: 0.01582 - accuracy: 0.9953 - val_loss: 0.1077 - val_sparse_categorical_crossentropy: 0.1077 - val _accuracy: 0.9735
$g$;C1;gg2€::::::::::::::::::::::::::::::] - 4s Imsi/step - loss: 0.0120 - sparse_categorical_crossentropy: 0.0120 - accuracy: 0.9965 - val_loss: 0.1193 - val_sparse_categorical_crossentropy: 0.1193 - val _accuracy: 0.9720
523;21;gg2?::::::::::::::::::::::::::::::] - 4z Ims/step - loss: 0.0120 - sparse_catesorical_crossentropy: 0.0120 - accuracy: 0.9963 - val_loss: 0.1201 - val_sparse_catesorical_crossentropy: 0.1201 - val_accuracy: 0.974
E§$;?1gggzg==============================] - d4g ?ms/step - loss: 0.0104 - sparse_categorical_crossentropy: 0.0104 - accuracy: 0.9971 - val_loss: 0.1095 - val_sparse_categorical_crossentropy: 0.1085 - val_accuracy: 0.8748
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m.get_weights()[2]

RITHGAR

° m.get_weights(J[2]

O arrav([[-1.01239467e+00, -3
7.45151064e-02, 2.
-1.13867247+00, 4.
3.08223069e-011,
[-9.73109961-01, 3.
2.45247036e-01, -7
-4.12931621e-01, 8.
-1.92633331e+001,
[-1.54334641e+00, 5
2.96245068e-01, 3.
-1.73382103e+00, 3
3.49798262-011,
[ 2.79795349e-01, 3.
-2.24058971e-01, 1
5.34807503e-01, 7
-5.81060237e-011,
[ 2.05441475e-01, 1

1
1
1
1
1
-8.21578577e-02, 1
-2.B1067390e-01
4.05946940e-01
.01313898e-01
.8B083782e-01
.41050875e-01,
LA1472265e-02],
L13324281e-01

1,

.47466946e-01

.33413301e-01,
39144373e-01, 3.
.67599517e-01,

.40130982e-01,
.34BB7897e-01,

3.
. b
8.

. 4.

-8

49037850e-01,

54716599e-01, 2.
.31139123e-01, 5.

27608228e-01, -4
-2
-8
93170774e-01, -1

-1

.93122208e-01, 2.
.10343146e-01,
-3,

78575660e-02, -1

22882804e-03, b
-9.
38079014e-02, 2.

89539528e-01,

17244375e-01,

-2,

-2,

» ~8.09835494e-02,
85807520e-01, b,
-5,

B8768084e-01,
76055467e-01,

T6776433e-01,
26507080e-01,

FAEICKD

.87542659e-01,

L16112331e-01, —_— AN

L EAOBEINET S
.94106860e-01, e

.23119526e-01,
-6.

bB837881e-01,

.04529119e+00,

BB112298e-01,
91442454e-01,

.49935138e+00,

78866839e-01,
Bh685I93e-02,
b6438136e-01,

30
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