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Import tensorflowastf
from tensorflow.keras.modelsnport Sequential
from tensorflow.keras.layersnport Dense, Activation

AT —4 [ 28% 28{E DEI=F

m =tf.keras.modelsSequentia([ ‘;-*E(i relu
tf.keras.layers.Flatteimput_shape(28, 28, 1)),
tf.keras.layers.Denganits=64, activationf.nn.relu),
tf.keras.layers.Denganits=10, activation%f.nn.softmax)

) 2BEO—1—0O> %3 10
83 (d softmax
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import tensorflow as tf
from tensorflow. keras. models import Sequential
from tensorflow. keras. layers import Dense, Activation

Falibuse Lok

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
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import tensorflowastf N
from tensorflow.keras.modelsnport Sequential
from tensorflow.keras.layersnport Dense, Activation

m =tf.keras.modelsSequentiaf[ g
tf.keras.layers.Flattgimput_shape(28, 28, 1)),
tf.keras.layers.Denganits=64, activationf.nn.relu),
tf.keras.layers.Denganits=10, activation#f.nn.softmax)

) -

m.compilgloss#f.keras.lossesparse categorical crossentropy . .
YSONROAT wU& LI NASYOF §STA2NRAOI f yONEB
optimizer=f.keras.optimizersAdam(learning_rate=0.001))

IREDEME (B%BIEY) (L sparse categorical _crossentropy
EE L FE (L Adam
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m. compi le (loss=tf. keras. |losses. sparse_categorical_crossentropy,
metrics=[" sparse_categorical_crossentropy' , 'accuracy’ ],
optimizer=tf. keras. optimizers. Adam(learning_rate=0. 001))
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EPOCHS = 20
history = m.fit{ds_trainl0], ds_train[1],
epochs=EPUCHS,
validat ion_data=(ds_test[0], ds_test[11),

verbose=1)

Eg;;b]é;%o[::::::::::::::::::::::::::::::] - Bs Ims/step - loss: 0.2997 - sparse_catesorical_crossentropy: 0.2997 - accuracy: 0.9150 - val_loss: 0.1832 - val_sparse_catesorical_crossentropy: 0.1637 - val_accuracy: 0.9524
Egig?1é;éﬂ[::::::::::::::::::::::::::::::] - 4= Imsistep - loss: 0.1437 - sparse_catesorical_crossentropy: 0.1427 - accuracy: 0.9576 - wval_loss: 0.12315 - val_sparse_catezorical_crossentropy: 0.131% - val_accuracy: 0.9599
$g$§b1g;gﬂ[::::::::::::::::::::::::::::::] - 4z Imsistep - loss: 0.1049 - sparse_catesorical_crossentropy: 0.1049 - accuracy: 0.9686 - wval_loss: 0.1018 - val_sparse_catezorical_crossentropy: 0.1018 - val_accuracy: 0.9688
Eg;;b]g;%o[::::::::::::::::::::::::::::::] - 45 Ims/step - loss: 0.0844 - sparse_catesorical_crossentropy: 0.0844 - accuracy: 0.9747 - val_loss: 0.0945 - val_sparse_categorical_crossentropy: 0.0945 - val_accuracy: 0.9733
Eg?;b]g;%g[::::::::::::::::::::::::::::::] - 4s Ims/step - loss: 0.0695 - sparse_categorical_crossentropy: 0.069% - accuracy: 0.9794 - val_loss: 0.1018 - val_sparse_categorical_crossentropy: 0.1018 - val_accuracy: 0.9691
553;21gggg[::::::::::::::::::::::::::::::] - 4z Ims/step - loss: 0.0589 - sparse_catesorical_crossentropy: 0.0589 - accuracy: 0.9827 - val_loss: 0.1003 - val_sparse_catesorical_crossentropy: 0.1008 - val_accuracy: 0.9715
5232?1;;%0[==============================] - dg Imsistep - loss: 0.0500 - sparse_categorical_crossentropy: 0.0500 - accuracy: 0.9847 - val_loss: 0.0918 - val_sparse_categorical_crossentropy: 0.0918 - wal _accuracy: 0.9727
E;?;?]ggég[==============================] - ds ?msfstep - loss: 0.0433 - sparse_catesgorical_crossentropw: 0.0433 - accuracy: 0.9867 - val_loss: 0.0979 - val_sparse_catezorical_crossentropy: 0.0979 - val _accuracy: 0.9717
E;?;?]ggég[::::::::::::::::::::::::::::::] - 45 Ims/step - loss: 0.0873 - sparse_catesorical_crossentropy: 0.0373 - accuracy: 0.9839 - val_loss: 0.0904 - val_sparse_categorical_crossentropy: 0.0904 - val_accuracy: 0.9747
E;$gb1éggzg==============================] - 45 Zms/step - loss: 0.0329 - sparse_cateszorical_crossentropy: 0.0329 - accuracy: 0.9901 - wval_loss: 0.1027 - val_sparse_catezorical_crossentropy: 0.1027 - wval_accuracy: 0.9708
Eg;;b1;;gzg==============================] - ds 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
Eg;;¢1;%gzg==============================] - 45 Ims/step - loss: 0.0291 - sparse_catesgorical_crossentropy: 0.0257 - accuracy: 0.9921 - val_loss: 0.1003 - val_sparse_catesorical_crossentropy: 0.1053 - val_accuracy: 0.9724
E:?;?];ggzg==============================] - ds Imsfstep - loss: 0.0223 - sparse_categorical_crossentropy: 0.0223 - accuracy: 0.9931 - val_loss: 0.0979 - val_sparse_categorical_crossentropy: 0.0979 - wal_accuracy: 0.9733
Egig?1;éggﬁ::::::::::::::::::::::::::::::] - 4z Imsistep - loss: 0.0199 - sparse_catesorical_crossentropy: 0.0199 - accuracy: 0.9942 - wval_loss: 0.0968 - val_sparse_catezorical_crossentropy: 0.0968 - val_accuracy: 0.9747
$g$§b1;ggzg::::::::::::::::::::::::::::::] - 45 Imsistep - loss: 0.0178 - sparse_catesorical_crossentropy: 0.0178 - accuracy: 0.9944 - wval_loss: 0.1180 - val_sparse_catezorical_crossentropy: 0.1180 - wal_accuracy: 0.9701
$g$§b1;?gzg==============================] - 45 Zms/step - loss: 0.0157 - sparse_cateszorical_crossentropy: 0.0157 - accuracy: 0.9952 - wval_loss: 0.1062 - val_sparse_catezorical_crossentropy: 0.1062 - val_accuracy: 0.9739
$g$;C1;;gzﬁ::::::::::::::::::::::::::::::] - 4s Imsi/step - loss: 0.0152 - sparse_catesorical_crossentropy: 0.0152 - accuracy: 0.9953 - val_loss: 0.1077 - val_sparse_categorical_crossentropy: 0.1077 - val _accuracy: 0.973%
553;21égg2E::::::::::::::::::::::::::::::] - 4z Ims/step - loss: 0.0120 - sparse_catesorical_crossentropy: 0.0120 - accuracy: 0.9965 - val_loss: 0.1193 - val_sparse_catesorical_crossentropy: 0.1193 - val _accuracy: 0.9720
Egsgi1égg2€:: - 4= Imsistep - loss: 0.0120 - sparse_catesorical_crossentropy: 0.0120 - accuracy: 0.9963 - wval_loss: 0.1201 - val_sparse_catesorical _crossentropy: 0.12001 - val_accuracy: 0.974
E;?;?]éggzg==============================] - ds ?msistep - loss: 0.0104 - sparse_catesgorical_crossentropy: 0.0104 - accuracy: 0.9971 - val_loss: 0.109% - val_sparse_catezorical_crossentropy: 0.1095% - val _accuracy: 0.9748
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m.get_weights()[2]
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m.predict( ds_tesf0] )
EA TG o

print(m.predict (ds_test[0]))

4=
.05257840e-22 1.00000000e+00 ... 1.98569462e-18 H_% 0) 1 O 1EIO)

[[1.36119690e-16 4
3.224091272-10 §.19054142¢-18] _ =3
[1.00000000e+00 0.00000000e+00 1.14557860e-25 ... 2.54518175e-19 —a1—0 /®/§|$R
3.64565147e-19 4.89561556e-24] Sk L
[1.27674932¢-20 1.89606327e-19 3.47646780e-16 ... 5.36853416e-12 (ljj @@'fg%@*yyﬁﬁ)
2.87038632e-14 1.05204404&-07] = o T g —
> /ﬁ |$)RGDH§EIEJ(/\
[2.34036176e-11 2.65855048e-19 8.73036257e-08 ... 2.96257529e-16 — ~ A\
9.99999881e-01 5.48949601e-12] —_1—04 /b\ﬁiﬁﬁ".ﬁ%
[1.00000000e+00 1.06714619e-21 1.21512200e-09 ... 8.56583244e-15
7.3702568Te-21 8.40895392¢-15]
[5.88137927e-19 1.1624194de-18 4.45531422-17 ... 3.85180054e-16
2.41860948-10 $.87167495e-151]
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