Chapter 1: Introduction to Automated Machine
Learning
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Chapter 2: Getting Started with AutoKeras

Input data
(Image digit)

¥

input_1: InputLayer

A

i

cast_to_float32:

CastToFloat32

A

y

expand_last_dim: ExpandLastDim

Y

resizing:

Resizing

A

i

concatenate:

Concatenate

A

A

resnet30; Functional

Y

flatten:

Flatten

A

i

regression_head_1: Dense

Layer 1

4

Layer 2

»| Layer 3

»| Layer 4

Output data
(predicted digit)



Hidden layer

Input layer
P L Weights _ —
-

_ - // \
i — s -
Input 1—p ~ / \
N < s \
N \
N\ / 7~ \
\ N/ = \
\ /\ / 2l ~ \
A Nl =774 N
/ ~/< / SN N
7 ="\/ N 7
——Input 2—p| : ) X :9 Output—p-
N NN -

Output data
(predicted digit)

Input data
(Image digit)




() Chapter2.ipynb @ Share £t O

File Edit View Insert Runtime Tools Help

+ Code + Text # Copy to Drive Connect ~ # Editing ~

~ Creating an image classifier

Now, we will use the AutoKeras ImageClassifier to find the best classification model. Just for this little example, we set max_trials (the
maximum number of different Keras Models to try) to 1 and the number of epochs to train each model to 20, but for real use it is recommended
to set a large number of trials and not to set the epochs parameter to use an adaptive number of epochs automatically.

[ 1 # Create a image classifier object defining
clf = ak.ImageClassifier(
overwrite=True,
max_trials=1)

# Search for the optimal classifier for the MNIST training dataset
clf.fit(x_train, y_train, epochs=20

Trial 1 Complete [06h ©2m 02s]
val_loss: 0.0394585020840168

Best val_loss So Far: 0.0394585020840168
Total elapsed time: 06h 02m 02s
INFO:tensorflow:0racle triggered exit

Epoch 1/20

1875/1875 [ ] - 6s 3ms/step - loss: 0.1585 - accuracy: 0.9510
Epoch 2/20

1875/1875 [ ] - 6s 3ms/step - loss: 0.0760 - accuracy: 0.9767
Epoch 3/20

1875/1875 [ ] - 6s 3ms/step - loss: 0.0595 - accuracy: 0.9817
Epoch 4/20

1875/1875 [ ] - 6s 3ms/step - loss: 0.0513 - accuracy: 0.9841
Epoch 5/20

1875/1875 [ ] - 6s 3ms/step - loss: ©.0466 - accuracy: 0.9844
Epoch 6/20

1875/1875 [ ] - 6s 3ms/step - loss: ©.0410 - accuracy: 0.9865
Epoch 7/20

1875/1875 [ ] - 6s 3ms/step - loss: 0.0381 - accuracy: 0.9881
Epoch 8/20

1875/1875 [ ] - 6s 3ms/step - loss: 0.0346 - accuracy: 0.9885
Epoch 9/20

1875/1875 [ ] - 6s 3ms/step - loss: 0.0330 - accuracy: 0.9888
Epoch 10/20

1875/1875 [ ] - 65 3ms/step - loss: ©.0315 - accuracy: 0.9897
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v Getting the MNIST dataset

Q
We have first to download the MNIST data and have a quick look to the dataset shape
<>
[ 1 (x_train, y_train), (x_test, y_test) = mnist.load data() |
] print(x_train.shape)

print(x_test.shape)

(60000, 28, 28)

(16000, 28, 28)
We can see from the output above that each dataset contains images of size 28x28 pixels. Now let's see what a digit looks like

TR PR

© snmatplotlib inline

fig = plt.figure()

ax = fig.add subplot(l, 2, 1)

plt.imshow(x_train[1234])

ax.set_title('Train sample')

ax = fig.add_subplot(1, 2, 2)

plt.imshow(x_test[1234])

ax.set_title('Test sample')

plt.show()

Train sample Test sample
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Cloud VS On Premise
Short Setup Long
Low Investment High
Yes IT costs No
Predictable Total costs Unpredictable
Low Customization High
Mediun Security High
High Scalability Medium
Docker file Docker image Docker container
D
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Trial 1 Complete [B6h 02m 41s]
val_loss: 8.84122921942042351

Best val_loss So Far: 8.84122922942842351

Total elapsed time: 88h 62m 41s

INFO:tensor flow: Oracle triggered exit

Epoch 1728
1875/1875 [ 1 - Bs 4ms/step - loss: 0.1563
Epoch 2/28
187571875 [ ] - Bs dms/step - loss: 0.8742
Epoch 3728
1875/1875 [ 1 - Bs 4ms/step - loss: 0.8593
Epoch 428
1875/1875 [ ] - Bs dms/step - loss: 0.8493
Epoch 5/28
1875/1873 [ 1 - 85 dms/step - loss: 0.0449
Epoch 628
187571875 [ 1 - Bs 4ms/step - loss: 0.98488
Epoch 7/28
1873/1873 [ 1 - 85 4ms/step - loss: 0.0368
Epoch 8/28
187571875 [ 1 - Bs 4ms/step - loss: 0.8326
Epoch 9/28
1875/1875 [ 1 - Bs 4ms/step - loss: @.8317
Epoch 18/28
1875/1875 [ ] - Bs dms/step - loss: 6.8387
Epoch 11728
1875/1875 [ 1 - Bs 4ms/step - loss: 0.827@
Epoch 12728
1875/1875 [ ] - Bs dms/step - loss: 0.0266
Epoch 13728
1873/1873 [ 1 - 85 4ms/step - loss: 0.0239
Epoch 14728
1875/1875 [ ] - Bs dms/step - loss: 0.8238
Epoch 15/28
1873/1873 [ 1 - 85 4ms/step - loss: 0,0244
Epoch 16428
1875/1875 [ 1 - 85 ams/step - loss: 0.8222
Epoch 17728
1875/1875 [ 1 - Bs 4ms/step - loss: 0.8223
Epoch 18/28
1875/1875 [ 1 - 85 ams/step - loss: 0.8212
Epoch 19/28
1875/1875 [ 1 - Bs 4ms/step - loss: 0.8226
Epoch 28428
1875/1875 [ ] - Bs dms/step - loss: 0.8194
INFO:tensorflow: Assets written to: ./image classifier/best_model/fassets

= acturacy:
- atturacy:
= acturacy:

- BCCUracy:

ACCUTACY:

= BCCUracy:
- BLCUTACY:
= BCCUracy:
= atturacy:
- Btfuracy:
= acturacy:
- atfuracy:
= BLCUTACY:
- atfuracy:
- BLCUTACY:
= BCCUracy:
= atturacy:
= BCCUrEcy:
= acturacy:

- BtCuracy:

8.9522
8.9776
9.9813
B.9848
8.985%
9.5873
8.9884
9.9854
8.9897
8.99a1
9.9918@
8.9911
8.9918
8.9923
8.991%
a.9528
0.9926
9.95932
9.9925

8.9937
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Model: "functional 1"

Layer (type) Output Shape Param #
input 1 (Inputiayer)  [(None, 28, 281  ©
cast_to_float32 (CastToFloat (Mone, 28, 28) <]
expand last dim (ExpandLastD (Mone, 28, 28, 1) [¢]
normalization (Normalization (None, 28, 28, 1) 3
conv2d (Conv2D) (None, 26, 26, 32) 320
conv2d_1 (ConviD) (Mone, 24, 24, 64) 18496
max_pooling2d (MaxPooling2D) (None, 12, 12, 64) ]
dropout (Dropout) (None, 12, 12, G4) 2]
flatten (Flatten) {None, 9216) 2]
dropout_1 (Dropout) (Mone, 9216) a

dense (Dense) (None, 18) 92176

classification head 1 (Softm (None, 18) <]

Total params: 118,989
Trainable params: 110,986
Non-trainable params: 3
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C+ Trial 1 Complete [86h 20m 13s]
wal_loss: 8.12817479729351044

Best val_loss So Far: @, 12817478729351044
Total elapsed time: @0h 28m 13s
INFO: tensorflow:Oracle triggered exit

Epach 1728
1875,/1875 [
Epach 2/20

187571875 [
Epach 328

187571875 [
Epach 4728

187571875 [
Epoch 5/28

187571875 [
Epach 6/28

1875,/187% [
Epoch 7/28

1875/187% [
Epach B8/28

187571875 [
Epach 9/28

1875,/1875 [
Epach 18/28
187571875 [
Epach 11528
187571875 [
Epach 12/28
1875,/187% [
Epoch 1328
187571875 [
Epach 14/28
187571875 [
Epach 15/28
1875,/1875 [
Epach 16728
1875/1875 [
Epach 17,20
1875/1875 [
Epoch 18,28
187571875 [
Epach 19728
187571875 [
Epach 20728
187541875 [

INFO: tensorflow:Assets written to: ./image

3137313 |

1

[0.08389239367771149, &.083899309367771149]
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Tas
Tas

Tas

ITms/step -

ITms/step -

ITms/step -

ITms/step

ITms/step -

iTms/step -

3Tms/step -

ITms/step -

ITms/step -

ITms/step -

ITms/step -

ITms/step -

ITms/step -

ITms/Sstep -

ITms/step -

ITms/step -

ITms/step -

ITms/step

ITms/atep -

ITms/step

loss: 4.6799 -

loss: 09664
loss: 8.5637
loss: 8.3392

loss: 8.5831

loss: 8.4753 -
loss: 6.41%4 -

loss: 8.5813

loss: 8.3162 -
loss: 8.2818 -

loss: 8.2313

loss: 8.2017 -

loss: 8.1772

loss: 8.1219

loss: 8.1129 -

loss: @.1814

loss: B.9687 -

loss: 8.8418

loss: @.0328

loss: 8.8253 -

gressor/best_modelfassets

L) 2 1 0 4
1 4 ) 3 9

mean_squared error:
mean_squared error:
mean_squared error:
mean_squared error:
mean_squared error:
mean_squared error:
mean_squared_error:
mean_squared error:
mean_squared error:
mean_squared error:
mean_squared error:
mean_squared error:
mean_squared_error:
mean_squared error:
mean_squared_error:
mean_squared_error:
mean_squared error:
mean_squared error:
mean_squared error:

mean_squared error:

4.6799
0.9664
8.5637
8.5392
8.5831
8.4753
9.4194
8.5813
@.3182
@.2818
8.2313
8.2817
8.1772
8.1219
9.1129
8.1814
a.0687
@.0418
8.8328

8.8253

1 - 3s lems/step - loss: ©.8839 - mean squared_error: 9,883



Model: *functional 1"

Layer (type) Output Shape Param # Connected to

input_1 (InputLayer) [(None, 28, 28)] ]

cast_to_float32 (CastToFloat32) (None, 28, 28) [} input_1[@][e]

expand_last_dim (ExpandLastDim) (None, 28, 28, 1) @ cast_to_float32(e](e]

resizing (Resizing) (None, 32, 32, 1) [} expand_last_dim[@][0]

concatenate (Concatenate) (None, 32, 32, 3) [} resizing[@][6]
resizing[0] (0]
resizing[0] (0]

resnet50 (Functional) (None, 1, 1, 2048) 23587712 concatenate[0] (6]

flatten (Flatten) (None, 2048) (-] resnet50(0][0]

regression_head 1 (Dense) (None, 1) 2049 flatten[0][0]

Total params: 23,589,761
Trainable params: 23,536,641
Non-trainable params: 53,120



Chapter 3: Automating the Machine Learning
Pipeline with AutoKeras
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Chapter 4: Image Classification and Regression Using
AutoKeras

input_1: InputLayer

cast_to_float32: CastToFload2 |

l

normalization: Normalization

random_flip: RandomFlip !

conv2d: Conv2D
convad_1: ConvZD

[ max_pooling2d: MaxPooling2D ‘

convZd_2: Conv2D

convad_3: Conv2D

| max_pooling2d_1: MaxPooling2D ]

dropout: Dropout

I regression_head_1: Dense ‘
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Train dataset histogram Test dataset histogram
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Search: Running Trial #1

Hyperparameter |value |Best Value So Far
image block 1/b...|vanilla |?
image_block 1/n...|True |?
image_block_l/a...|False |?
image block 1/c...|3 |?
image block 1l/c...|1 |?
image block 1/c...|2 |?
image block 1l/c...|True |?
image block 1/c...|False 1?
image_block 1/c...|08.25 |?
image block 1l/c...|32 |?
image block 1/c...|64 |?
classification_...|flatten |?
classification ...|8.5 1?
optimizer |adam |?
learning_rate |e.ee1 |?

Epoch 1/1000

125171251 [ ] - 39s éms/step - loss: 1.6164 - accuracy: 0.4235 - val_loss: 1.1926 - val_accuracy: 0.5834
Epoch 2/1000

125171251 [ ] - 65 Sms/step - loss: 1.1223 - accuracy: 8.6066 - val_loss: 1.8341 - val_accuracy: 0.6433
Epoch 3/1000

125171251 [ ] - 65 5ms/step - loss: 1.0041 - accuracy: 8.6472 - val _loss: 0.9949 - val accuracy: 0.6542
Epoch 4/1000

125171251 [ ] - 6s 5ms/step - loss: ©.9318 - accuracy: 8.6757 - val_loss: 8.9222 - val_accuracy: 0.6810
Epoch 5/1000

125171251 [ ] - 6s 5ms/step - loss: ©.8880 - accuracy: ©.6893 - val_loss: 8.9156 - val_accuracy: 0.6850
Epoch 6/1000

1251/1251 [ 1 - 65 5ms/step - loss: ©.8350 - accuracy: 0.70673 - val loss: 0.8844 - val accuracy: 0.6982
Epoch 7/1800

125171251 [ ] - 65 5ms/step - loss: ©.8072 - accuracy: ©.715@ - val_loss: 0.8769 - val_accuracy: 6.6987
Epoch 8/1000

125171251 [ ] - 65 Sms/step - loss: ©.7830 - accuracy: ©.7216 - val_loss: 0.8849 - val_accuracy: 6.6961
Epoch 9/1000

125171251 [ ] - 6s 5ms/step - loss: ©.7590 - accuracy: ©.7340 - val_loss: 0.8696 - val accuracy: 0.7005
Epoch 18/1000

125171251 [ ] - 6s 5ms/step - loss: ©.7502 - accuracy: 8.7379 - val loss: 0.8860 - val accuracy: 6.7050
Epoch 11/1000

125171251 [ 1 - 65 5ms/step - loss: ©.7183 - accuracy: 0.7447 - val loss: 0.8559 - val accuracy: 0.7102
Epoch 12/1000

703/1251 [= - ETA: 2s - loss: 8,7063 - accuracy: 0.7513




Prediced: cat, Real: cat

Prediced: frog, Real: frog Prediced: automobile, Real: automobile Prediced: frog, Real: frog

Prediced: ship, Real: ship Prediced: ship, Real: ship Predlced alrplar\e Real: alrplane

Prediced: frog, Real: frog

Prediced: cat, Real: cat  Prediced: automobile, Real: automoblle

Layer (type) Output Shape Param #
;;;ut_l (InputLayer) [(None, 32, 32, 3)] 0
cast_to_float32 (CastToFloat (None, 32, 32, 3) 0
normalization (Normalization (None, 32, 32, 3) 7
random_translation (RandomTr (None, 32, 32, 3) 0
random_flip (RandomFlip) (None, 32, 32, 3) ]
resizing (Resizing) (None, 224, 224, 3) 0
efficientnetb? (Functional) (None, None, None, 2568) 64697687
global_average pooling2d (Gl (None, 2560) 8

dense (Dense) (None, 1@) 256160
classification head 1 (Softm (None, 1@) ]

Total params: 64,123,304
Trainable params: 63,812,570
Non-trainable params: 316,734



input_1: InputLayer

'

cast_to_float32: CastToFloat32

'

expand_last_dim: ExpandLastDim

'

concatenate: Concatenate

'

efficientnetb0: Functional

'

flatten: Flatten

'

regression_head_1: Dense




Search: Running Trial #1

Hyperparameter  |Value

image block 1/n...|False 17
image_block 1/a...|False |2
image_bleck_1/b...|resnet |2
image block 1/r...|False |7
inage_block 1/r. .. |resnetse |2
image_bleck 1/r...|False |?
regression_head... |0 |?
optimizer |adam 17
learning rate 0.1 17
Epoch 1/10

500/508 [

Epoch 2/18

500/500 [

Epoch 3/10

500/500 [

Epoch 4/18

500/560 [

Epoch 5/18

5686/508 [

Epoch 6/10

1185 143ms/step - loss: 182548.5468 - mean_squared error: 182548.

69s

-

0s

~

os

-

Bs

~

Bs

ETA:

|Best Value So Far

138ms/step - loss: 180.0426 -
l4ems/step - loss: 177.8204 -
146ms/step - loss: 176.9654 -
14éms/step - loss: 175.8862 -

l40ms/step - loss: 176.4239 -

mean_squared_error: 180.0426
mean_squared error: 177.8204
mean_squared_error: 176.9654
mean_squared error: 175.8862

mean_squared_error: 176.4239

37s - loss: 176.8564 - mean squared error: 176.8564

5468 - val_loss: 1872.9189 - val_mean_squared error: 1872.9189

val_loss: 330.8058 -

val loss: 263.8164
val_loss: 251.0037
val loss: 191.7437

val_loss: 182.2056

val_mean_squared_error: 330.8058
val mean squared error: 263.8164
val_mean_squared_error: 251,0037
val mean squared error: 191.7437

val_mean_squared_error: 182.2056



Predicted: 67.93142, Real: 74

Predicted: 28.99398, Real: 17

Model: “functional 1"

Predicted: 35.42713, Real: 41

Predicted: 37.853806, Real: 48

Predicted: 37.680252, Real: 46

Predicted: 31.990255, Real: 21

Predicted: 45.261765, Real: 45

Predicted: 50.63875, Real: 53

Predicted: 68.920494, Real: 54

Predicted: 73.12234, Real: 76

Layer {(type) Output Shape Param #
input_1 (InputLayer) [{None, 128, 128, 1)] 5]
cast_to float3? (CastToFloat (None, 128, 128, 1) a
normalization (Normalization (None, 128, 128, 1) 3
random_flip (RandomFlip) (None, 128, 128, 1) 5]
convZd (Conv2D) (None, 126, 126, 32) 328
convZd 1 (Conv2D) (None, 124, 124, 64) 18496
max_pooling2d (MaxPooling2D) (None, 62, 62, 64) 5]
convZd_2 (Conv2D) (None, 60, 60, 32) 18464
conv2d 3 (ConvZD) (None, 58, 58, 32) 9248
max_pooling2d_1 (MaxPooling2 (None, 29, 29, 32) 5]
dropout (Dropout) (None, 29, 29, 32) 5]
flatten (Flatten) (None, 26912} a
regression_head 1 (Dense) (None, 1) 26913

Total params: 73,444

Trainable params:

Mon-trainable params: 3



Chapter 5: Text Classification and Regression Using
AutoKeras

Layer (type) Output Shape Param #
input_1 (InputLayer) [(None, )] <]
expand_last_dim (ExpandLastD (None, 1) ]

text vectorization (TextVect (None, 64) 2]
embedding (Embedding) (None, 64, 32) 160032
dropout (Dropout) (None, 64, 32) ]
convld (ConvlD) (None, 62, 32) 3104
convld 1 (ConvlD) (None, 68, 32) 3104
max_poolingld (MaxPoolinglD) (Mone, 38, 32) 8
convld 2 (ConvlD) (None, 28, 32) 3104
convld 3 (ConvlD) (None, 26, 32) 3104
max_poolingld_1 (MaxPoolingl (None, 13, 32) ]
flatten (Flatten) (None, 416) ]
dense (Dense) (None, 32) 13344
re_lu (ReLu) (None, 32) <]
dense_1 (Dense) (None, 32) 1856
re_lu_1 (ReLU) (None, 32) ]
regression head 1 (Dense) (None, 1) 33

Total params: 186,881
Trainable params: 186,881
Non-trainable params: @
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Convolution

L]
i
Embeddings :*::
_:~7 M_ax pooling
: H : Fully connect
Once —1
up:n = ]| Softmax
time 4_ —
LH
that's '::* —
fc::ls _:—: |
0/
spam message
0 0 Go until jurong point, crazy.. Available only ...
1 0 Ok lar... Joking wif u oni...
2 1 Free entry in 2 a wkly comp to win FA Cup fina...
3 0 U dun say so early hor... U c already then say...
4 0  Nah I don't think he goes to usf, he lives aro...

Trial 2 Complete [00h 0Om 13s]
val_loss: 0.11438851803541183

Best val loss So Far: 0.08033576607704163
Total elapsed time: 06h 00m 21s
INFO:tensorflow:0racle triggered exit

Epoch 1/3
131/131 [ 1 - 2s 1lms/step - loss: 0.4098 - accuracy: 0.8703
Epoch 2/3
131/131 [ ] - 1s 10ms/step - loss: 0.0701 - accuracy: 0.9779
Epoch 3/3
131/131 [ ] - 1s 10ms/step - loss: 0.0230 - accuracy: 0.9958

INFO:tensorflow:Assets written to: ./text classifier/best model/assets



Layer (type) Output Shape Param #
input_1 (InputLayer) [(None, )] ]
expand last dim (ExpandLastD (None, 1) i]
text_vectorization (TextVect (None, 512) 8
embedding (Embedding) (None, 512, 64) 320064
dropout (Dropout) (None, 512, 64) 2]
convld (ConvlD) (None, 508, 256) 82176
global_max_poolingld (Global (None, 256) 0]
dense (Dense) (None, 256) 65792
re lu (ReLU) (None, 256) 2]
dropout_1 (Dropout) (None, 256) 0
dense_1 (Dense) (None, 1) 257

1) <]

classification_head 1 (Activ (None,

Total params: 468,289
Trainable params: 468,289
Non-trainable params: @




input_1: InputLayer

h J
expand_last_dim: ExpandLastDim

:

text_vectorization: TextVectorization

:

embedding: Embedding

h J

dropout: Dropout

:

convld; ConvlD

:

global_max_pooclingld: GlobalMaxPooling1D

dense; Dense

re_lu: Rel.U

:

dropout_1: Dropout

dense_1: Dense

:

classification_head_1: Activation




IDLink

299.0

294.0

292.0

328.0

201.0

93222 61866.0

93224 61839.0

93229 61849.0

93234 61851.0

93235 61865.0

Title

Microsoft’s OneDrive
debacle shows its cloud c...

‘Economy to improve in next

2 quarters’
Get ready for a ton of
Fedspeak (DJIA, SPY, SP...

Microsoft to play a big part
in Digital India

Dollar Goes From Savior to
Scapegoat as Zimbab..

Microsoft operating chief
Kevin Turner is leav...

Microsoft set a new record
by storing an OK Go...

Read Microsoft's
Cringeworthy Millennial-Bait

Stocks rise as investars key
in en US economy ..

Russian PM proposes to use
conservative and to.

37640 rows x 11 columns

Headline Source
When Microsoft announced Digital Trends via
earlier this week tha... Yahoo! News

In the coming six months, N
there seems to be gr.. The Hindu
The US economy hada ¢ -
blockbuster October. US c... ~u>"€ss Insider

Bhaskar Pramanik,

Chairman, Microsoft India, DNA India
Zimbabwe freed its
economy from the Bloomberg
nightmare ...
Kevin Turner, the former
Recode

Walmart executive who...

Microsoft announced on 5
Thursday that it has se... Business Insider

For any corporate recruiter

thinking about add... Fortune

The June employment
report is viewed as a cruc. MarketWatch
In addition, establish —

stimulating economic po.

Trial 2 Complete [00h 03m 44s]
val loss: 14726.8974609375

Best val loss So Far: 14726.8974609375
Total elapsed time: ©0h 07m 1lls
INFO:tensorflow:0racle triggered exit

Epoch 1/9
2331/2331
Epoch 2/9
2331/2331
Epoch 3/9
2331/2331
Epoch 4/9
2331/2331
Epoch 5/9
2331/2331
Epoch 6/9
2331/2331
Epoch 7/9
2331/2331
Epoch 8/9
2331/2331
Epoch 9/9
2331/2331

INFO:tensorflow:Assets written to:

[

[

Topic

microsoft
economy

ecenomy

microsoft

economy

microsoft

microsoft

microsoft

economy

economy

1 - 23s
1 - 22s
1 - 22s
1 - 22s
1 - 22s 10ms/step -
1 - 22s 10ms/step -
1 - 22s 10ms/step -
1 - 23s 10ms/step -
1 - 235 10ms/step -

PublishDate

2015-11-08
12:15:00

2015-11-08
12:54:00

2015-11-08
13:07:00

2015-11-08
16:47:00

2015-11-08
20:41:00

2016-07-07
14:20:11

2016-07-07
14:27:11

2016-07-07
15:06:11

2016-07-07
15:31:05

2016-07-07
15:31:10

loss:
loss:
loss:
loss:

loss:

22843,2585
20687.3622
17115.8473
10369.0446

19128.3602
./text_regressor/best _model/assets

mean_squared_error:
mean_squared_error:
mean_squared_error:
mean_squared_error:

mean_squared_error:

Title ine Facebook GooglePlus LinkedIn
-0.166139 -0.259052 6 ] 1
0.114820 0.256116 2 a 3
-0.055902 -0.378927 27 2 22
-0.018326 0.062500 11 1 1
-0.079057 0.000000 61 1] 32
0.037689 -0.052129 -1 4 16
-0.122161 0.118732 -1 3 27
0.051031 0.178885 -1 o 6
0.104284 0.044943 -1 3 5
0.072194 0.000000 -1 0 1

10ms/step - loss: 25841.2314 - mean squared error: 25841.2314
9ms/step - loss: 25266.0573 - mean_squared error: 25266.0573
9ms/step - loss: 25201.4815 - mean_squared error: 25201.4815

9ms/step - loss: 24630.7472 - mean_squared error: 24630.7472

22843,2585

20687.3622

17115.8473

10369.0446

19128.3602



Chapter 6: Working with Structured Data Using

AutoKeras
survived sex age n_siblings_spouses parch fare

0 0 male 35.0 0 0 8.0500
1 0 male 54.0 0 0 51.8625
2 1 female 58.0 0 0 26.5500
3 1 female 55.0 0 0 16.0000
4 1 male 34.0 0 0 13.0000

259 1 female 25.0 0 1 26.0000

260 0 male 33.0 0 0 7.8958

261 0 female 39.0 0 5 29.1250

262 0 male 27.0 0 0 13.0000

263 1  male 26.0 0 0 30.0000

264 rows x 10 columns

Trial 2 Complete [88h 88m 83s5]

val_accuracy: 6.8260869383811951

Best val_accuracy So Far: 0.843478262424469

Total elapsed time: @8h 88m 86s

INFO:tensorflow:0racle triggered exit

Epoch 1/18@

28/28 [ ] - 1s 2ms/step -
Epoch 2/18

20728 [ ] - 8s 2ms/step -
Epoch 3718

20/20 [ ] - 85 2ms/step -
Epoch 4/18

28/208 [ ] - 85 2ms/step -
Epoch 5/18

20/28 [ ] - 85 2ms/step -
Epoch 6/18

20/28 [ ] - 85 2ms/step -
Epoch 7718

28/20 [ ] - 85 2ms/step -
Epoch B/18

28/28 [ ] - 85 2ms/step -
Epoch 9/1@

28/28 [ ] - 85 3ms/step -
Epoch 18/18

20/28 [ ] - 85 2ms/step -

class
Third
First
First
Second

Second

Second
Third
Third

Second

First

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

loss:

deck
unknown
E

@
unknown

D

unknown
unknown
unknown
unknown

©

0.6486 -

8.5742

08.5263

08.4917

0.4674

0.4584 -

8.4398 -

0.4314

08.4259 -

08.4216 -

embark_town alone

Southampton y
Southampton y
Southampton y
Southampton y
Southampton y
Southampton n
Southampton y
Queenstown n
Southampton y
Cherbourg y

accuracy: 8.6435

- Accuracy: 0.7467
- accuracy: 8.7971
- accuracy: 8.8126

- accuracy: 9.8116

accuracy: 8.8115

accuracy: 8.8142

- accuracy: 8.8125

accuracy: 9.8166

accuracy: 8.8193

INFO:tensorflow: Assets written to: ./structured data classifiersbest model/assets



Layer (type) Output Shape Param #

input_1 (InputLayer) [ (None, 9)] (2]
multi category encoding (Mul (None, 9) 0
normalization (Normalization (None, 9) 19
dense (Dense) (None, 128) 1280
re_lu (RelU) (None, 128) 0
dense_1 (Dense) (None, 32) 4128
re lu 1 (RelLU) (None, 32) 0
dense 2 (Dense) (None, 1) 33
classification head 1 (Activ (None, 1) [}

Total params: 5,460
Trainable params: 5,441
Non-trainable params: 19



input_1: InputLayer

l

multi_category_encoding: MultiCategoryEncoding

l

normalization: Normalization

l

dense: Dense

re_lu: RelLU

l

dense 1: Dense

l

re lu 1: RelLU

l

dense_2: Dense

l

classification_head_1: Activation




& W N = O

501
502
503
504
505

506 rows x 12 columns

CRIM
0.00632
0.02731
0.02729
0.03237
0.06905

0.06263
0.04527
0.06076
0.10959
0.04741

ZN INDUS CHAS

18.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

2.31
7.07
7.07
2.18
2.18

11.93
11.93
11.93
11.93
11.93

o © © o o

o © 0O © O

NOX
0.538
0.469
0.469
0.458
0.458

0.573
0.573
0.573
0.573
0.573

RM
6.575
6.421
7.185
6.998
7.147

6.593
6.120
6.976
6.794
6.030

AGE
65.2
78.9
61.1
45.8
54.2

69.1
76.7
91.0
89.3
80.8

DIS RAD

4.0900
4.9671
4.9671
6.0622
6.0622

2.4786
2.2875
2.1675
2.3889
2.5050

1
2
2
3
3

L

L I R

TAX PTRATIO
296 15.3
242 17.8
242 17.8
222 18.7
222 18.7
273 21.0
273 21.0
273 21.0
273 21.0
273 21.0

LSTAT
4.98
9.14
4.03
2.94
5.33

9.67
9.08
5.64
6.48
7.88



Trial 28 Complete [86h 86m 26s]
val_loss: 5.636478317848576

Best val_loss So Far: 5.855739482770996
Total elapsed time: 88h 84m 12s
INFO:tensorflow:Oracle triggered exit

Epoch 1/58
13713 [ ] - 1s 21ms/step - loss: 491.6132
Epoch 2/58
13713 [ ] - 8s 2éms/step - loss: 246.6168
Epoch 3/58
13/13 [ ] - 8s 26ms/step - loss: 168.5177
Epoch 4,58
13713 [ ] - 85 2Tms/step - loss: 41.2898
Epoch 5/58
13713 | ] - 85 26ms/step - loss: 16.2192
Epoch 6/50
13713 [ ] - 8s 2lms/step - loss: 11.1949
Epoch 7/58
13/13 [ ] - 8s 2lms/step - loss: 8.6533 -
Epoch 8/50
13713 [ 1 - 85 28ms/step - loss: 7.6766 -
Epoch 9750
13713 [ 1 - 85 19ms/step - loss: 6.6962 -
Epoch 18/58
13713 [ 1 - o5 20ms/step - loss: 7.2498 -
Epoch 11/58
13713 [ 1 - 85 26ms/step - loss: 6.1806 -
Epoch 12/50
13713 [ 1 - 85 19ms/step - loss: 5.7738 -
Epoch 13750
13/13 [ 1 - 85 19ms/step - loss: 5.9468 -
Epoch 14758
13/13 [ 1 - 8s 28ms/step - loss: 5.3944 -
Epoch 15/58
13713 [ ] - 8s 26ms/step - loss: 6.5695 -
Epoch 16/58
13713 [ ] - 8s 26ms/step - loss: 6.8671 -
Epoch 17/50
13713 [ ] - 8s 19ms/step - loss: 6.8132 -
Epoch 18/58
13713 [ ] - 85 19ms/step - loss: 7.1281 -
Epoch 19/58

13713 [ ] - 85 19ms/step - loss: 5.5487 -

- mae: 21.8966

14.7851

- mae: 9.4593

- mae: 5.3755

mae:

mae:

mae:

p 3.0941

: 2.5318

2.

2.

1.

2!‘

1.

1

2224

181l

o767

6488

9432

.8258

L9973



Layer (type) Output Shape Param #
input_1 (InputLayer) [(None, 13)] ]
multi category encoding (Mul (None, 13) a
normalization (Mormalization (None, 13) 27
dense (Dense) {None, 128) 1792
batch normalization (BatchNo (None, 128) 512
re lu (ReLU} {None, 128) 1]
dense 1 (Dense) {None, 1824) 132896
batch_normalization_1 (Batch (None, 1824} 4096
re lu 1 (RelU) (None, 1024} a
regression head 1 (Dense) (Mone, 1) 1825

Total params: 139,548
Trainable params: 137,217
Non-trainable params: 2,331



input_1: InputLayer

Y

multi_category_encoding: MultiCategoryEncoding

A J
normalization: Normalization

dense: Dense

A
batch_normalization: BatchNormalization

re_lu: RelLU

batch_normalization_1: BatchNormmalization

re_lu_1: ReLU

Y

dropout: Dropout

Y

regression_head_1: Dense




Chapter 7: Sentiment Analysis Using AutoKeras

how wonderful
life is when you
are in the world

::> Positive

the worst movie |
have ever seen

goiCharacter::

(o))

ki
Look,
Sscene

S'seemmade

storymovieWadYend

reyer

guy

Trial 2 Complete [00h 02m 49s]
val loss: 0.32017290592193604

Best val loss So Far: 0.27246472239494324
Total elapsed time: 80h 09m 27s
INFO:tensorflow:0racle triggered exit

Epoch 1/2
782/782 [ 1 - 117s 149ms/step - loss: 0.5567 -
Epoch 2/2
782/782 [ ] - 117s 150ms/step - loss: 0.2624 -

INFO:tensorflow:Assets written to: ./text classifier/best model/assets

Negative

really
@ another

accuracy: 0.6677

accuracy: 0.8939



Model: "model"

Layer (type) Output Shape Param #
input_1 (InputLayer) [(None,)] 0
expand last dim (ExpandLastD (None, 1) 0
text_vectorization (TextVect (None, 512) 0
embedding (Embedding) (None, 512, 64) 320064
dropout (Dropout) (None, 512, 64) 0
convld (ConvlD) (None, 508, 256) 82176
global max poolingld (Global (None, 256) 0
dense (Dense) (None, 256) 65792
re_lu (RelU) (None, 256) 0
dropout_1 (Dropout) (None, 256) 2]
dense 1 (Dense) (None, 1) 257
classification head 1 (Activ (None, 1) 0

Total params: 468,289
Trainable params: 468,289
Non-trainable params: ©




input_1: InputLayer

Y

expand_last_dim: ExpandLastDim

Y

text_vectorization: TextVectorization

Y

embedding: Embedding

Y

dropout: Dropout

Y

convld: ConvlD

Y

global max_pooling1d: GlobalMaxPooling1D

Y

dense: Dense

re_lu: ReLU

Y

dropout_1: Dropout

Y

dense_1: Dense

Y

classification_head_1: Activation




<START> please give this one a miss br br kristy swanson and the rest of the cast rendered terrible performances the show i
s flat flat flat br br i don't know how michael madison could have allowed this one on his plate he almost seemed to know t
his wasn't going to work out and his performance was quite lacklustre so all you madison fans give this a miss

label: Negative, prediction: Negative

<START> this film requires a lot of patience because it focuses on mood and character development the plot is very simple a
nd many of the scenes take place on the same set in frances austen's the sandy dennis character apartment but the film buil
ds to a disturbing climax br br the characters create an atmosphere rife with sexual tension and psychological trickery it'
s very interesting that robert altman directed this considering the style and structure of his other films still the tradem
ark altman audio style is evident here and there i think what really makes this film work is the brilliant performance by s
andy dennis it's definitely one of her darker characters but she plays it so perfectly and convincingly that it's scary mic
hael burns does a good job as the mute young man regular altman player michael murphy has a small part the <UNK> moody set
fits the content of the story very well in short this movie is a powerful study of loneliness sexual repression and despera
tion be patient <UNK> up the atmosphere and pay attention to the wonderfully written script br br i praise robert altman th
is is one of his many films that deals with unconventional fascinating subject matter this film is disturbing but it's sinc
ere and it's sure to elicit a strong emotional response from the viewer if you want to see an unusual film some might even
say bizarre this is worth the time br br unfortunately it's very difficult to find in video stores you may have to buy it o
ff the internet

label: Positive, prediction: Positive

<START> many animation buffs consider <UNK> <UNK> the great forgotten genius of one special branch of the art puppet animat
ion which he invented almost single handedly and as it happened almost accidentally as a young man <UNK> was more intereste
d in <UNK> than the cinema but his unsuccessful attempt to film two <UNK> beetles fighting led to an unexpected breakthroug
h in film making when he realized he could simulate movement by manipulating beetle <UNK> and photographing them one frame
at a time this discovery led to the production of amazingly elaborate classic short the <UNK> revenge which he made in russ
ia in 1912 at a time when motion picture animation of all sorts was in its infancy br br the political <UNK> of the russian
revolution caused <UNK> to move to paris where one of his first productions coincidentally was a dark political satire <UNK
> known as <UNK> or the frogs who wanted a king a strain of black comedy can be found in almost all of films but here it is
very dark indeed aimed more at grown ups who can appreciate the satirical aspects than children who would most likely find
the climax upsetting i'm middle aged and found it pretty upsetting myself and indeed prints of the film intended for englis
h speaking viewers of the 1920s were given title cards filled with puns and quips in order to help soften the sharp sting o
f the finale br br our tale is set in a swamp the <UNK> <UNK> where the citizens are unhappy with their government and have
called a special session to see what they can do to improve matters they decide to <UNK> <UNK> for a king the crowds are im
pressively animated in this opening sequence it couldn't have been easy to make so many frog puppets look alive simultaneou
sly while <UNK> for his part is depicted as a droll white bearded guy in the clouds who looks like he'd rather be taking a
nap when <UNK> sends them a tree like god who regards them the frogs decide that this is no improvement and demand a differ
ent king irritated <UNK> sends them a <UNK> br br delighted with this formidable looking new king who towers above them the
frogs welcome him with a <UNK> of <UNK> dressed <UNK> the mayor steps forward to hand him the key to the <UNK> as newsreel
cameras record the event to everyone's horror the <UNK> promptly eats the mayor and then goes on a merry rampage <UNK> citi
zens at random a title card <UNK> reads news of the king's appetite throughout the kingdom when the now terrified frogs onc
e more <UNK> <UNK> for help he loses his temper and showers their community with lightning bolts the moral of our story del
ivered by a hapless frog just before he is eaten is let well enough alone br br considering the time period when this start
ling little film was made and considering the fact that it was made by a russian <UNK> at the height of that beleaguered co
untry's civil war it would be easy to see this as a parable about those events <UNK> may or may not have had <UNK> turmoil
in mind when he made <UNK> but whatever prompted his choice of material the film stands as a cautionary tale of universal a
pplication <UNK> could be the soviet union italy germany or japan in the 1930s or any country of any era that lets its guar
d down and is overwhelmed by tyranny it's a fascinating film even a charming one in its macabre way but its message is no j

oke
label: Positive, prediction: Positive



Chapter 8: Topic Classification Using AutoKeras

Topics
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Trial 2 Complete [66h 66m 41s]
val _loss: 1.1574714183807373

Best val loss So Far: 0.9651017189625879
Total elapsed time: ©6h ©1lm 20s
INFO:tensorflow:Oracle triggered exit

Epoch 1/6

281/281 [
Epoch 2/6

281/281 [
Epoch 3/6

2817281 |
Epoch 4/6

281/281 |
Epoch 5/6

2817281 |
Epoch 6/6

281/281 [

] - 5s 16ms/step - loss: 2.4081 - accuracy
] - 4s 15ms/step - loss: 1.4365 - accuracy
] - 4s 15ms/step - loss: 1.1436 - accuracy:
] - 4s 15ms/step - loss: ©.9179 - accuracy
] - 4s 15ms/step - loss: 0.7517 - accuracy:
] - 4s 15ms/step - loss: 0.6245 - accuracy
INFO:tensorflow:Assets written to: ./text classifier/best model/assets

Layer (type) Output Shape Param #

input_1 (InputLayer) [(None,)] <]

expand last_dim (ExpandLastD (None, 1) 0

text_vectorization (TextVect (None, 512) e

embedding (Embedding) (None, 512, 64) 320064

dropout (Dropout) (None, 512, 64) ]

convld (ConvlD) (None, 508, 256) 82176

global_max_poolingld (Global (None, 256) (<]

dense (Dense) (None, 256) 65792

re_lu (RelV) (None, 256) 0

dropout_1 (Dropout) (None, 256) (<]

dense 1 (Dense) (None, 46) 11822

classification head 1 (Softm (None, 46) 0

Total params: 479,854
Trainable params: 479,854
Non-trainable params: ©

: 9.4190
: 0.6616
0.7245
: 0.7780
0.8181

1 9.8425



input_1: InputLayer

v

expand_last_dim: ExpandLastDim

v

text_vectorization: TextVectorization

v

embedding: Embedding

v

dropout: Dropout

v

convld: ConvlD

'

global_max_pooling 1d: GlobalMaxPoolingl D

v

dense: Dense

v

re_lu: ReLU

v

dropout_1: Dropout

v

dense_1: Dense

v

classification_head_1: Softmax




Chapter 9: Working with Multi-Modal Data and
Multi-Task

input_2: InputLayer

A

multi_category_encoding: MultiCategoryEncoding

dense: Dense input_1: InputLayer

‘ :

re_lu: ReLU cast_to_float32: CastToFloat32

\ :

dense_1: Dense resnet50: Functional
re_lu_1: ReLU flatten: Flatten

NS

concatenate: Concatenate

AN

dense_2: Dense regression_head_1: Dense

l

classification_head_1: Softmax




Imagelnput StructuredDatalnput

Model

Y L

ClassificationHead RegressionHead

Trial 2 Complete [00h 00m 33s]
val_loss: 64.71123504638672

Best val_loss So Far: 1.745060920715332
Total elapsed time: ©0h 01m 13s
INFO:tensorflow:0racle triggered exit
Epoch 1/3

474 1 ] - 14s 2s/step - loss: 7.9336 - regression_head_l1_loss

0ss: 2.8398 - regression_head 1 mae: 1.7439 - classification head 1 accuracy: 0.2182
Epoch 2/3

474 [ 1 - 7s 2s/step - loss: 21.9110 - regression_head_1 loss

loss: 3.0904 - regression_head_l1 mae: 3.5696 - classification_head_1_accuracy: 0.3035
Epoch 3/3

4/4 | 1 - 7s 2s/step - loss: 31.7302 - regression_head_1 loss

loss: 3.0668 - regression_head_1 mae: 4.1861 - classification_head 1 accuracy: 0.2071
INFO:tensorflow:Assets written to: ./auto_model/best model/assets

5.0938 - classification_head_1_1

18.8206 - classification_head 1_

28.6634 - classification head 1



Model: “"model”

Layer (type) Output Shape Param # Connected to
input_2 (InputLayer) [(None, 20)] [:]
multl _category encoding (MultiC (None, 20) 0 input_2{e][e]
input_1 (InputLayer) [(None, 32, 32, 3)] ©
dense (Dense) (None, 32) 672 multi category encoding[8][@]
cast_to_float32 (CastToFloat32) (None, 32, 32, 3) 0 input_1(0][e]
re_lu (RelU) (None, 32) 0 dense[@][@]
resnet50 (Functional) (None, 1, 1, 2048) 23587712 cast_to_float32[e][0]
dense 1 (Dense) (None, 16) 528 re_lufe][e]
flatten (Flatten) (None, 2048) e resnet5e[e][e]
re_lu_1 (RelU) (None, 16) :} dense_1[0][@]
concatenate (Concatenate) (None, 2064) 0 flatten[o][0]

re lu 1(e][0]
dense_2 (Dense) (None, 5) 10325 concatenate(0][0]
regression_head 1 (Dense) (None, 1) 2065 concatenate[0][0]
classification head 1 (Softmax) (None, 5) 0 dense _2(0][0]

Total params: 23,601,362
Trainable params: 23,548,182
Non-trainable params: 53,120



Chapter 10: Exporting and Visualizing the Models

Experiments > myAutokerasExperiment > Scalars [<

i myAutokerasExperiment (Buning) _
p- . m =
= Training [+ ]
0 EXECUTION CONFIGURATION ARTIFACTS INFO CONSOLE SCALARS PLOTS DEBUG SAMPLES =
Group by | Metric - | epach_accuracy epoch_loss
. W 26cbs24desbecsoasss O I 2&cbs24deBbecaase3

Horizontal Axis | Mterations - J 0s 460027818665 valid 460027818665 valid
ation: epoch o7 ation: epoch_loss
accuracy N 28cb824deBbec60asEs

hin
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