Chapter 1: Building a Feedforward Neural
Network
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INPUT HIDDEN OUTPUT

target: O
calculated: O.77

[array([[-1.8281681 , ©.11109785, -8.88701682]], dtype=float32),
array([ ©. . -8.18836656, 8. 1, dtype=float32),
array([[ ©.5871335 ],

[-8.74833566],
[ ©.18594594]], dtype=float32),
array([9©.11973583], dtype=Tloat32)]

Layer (type) Output Shape Param #

dense 1 (Dense) (None, 3) 6

dense_2 (Dense) (None, 1) 4

Total params: 1@

Trainable params: 18

Mon-trainable params: 8
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[<tf.Variable 'dense 1/kernel:®' shape={1, 3) dtype=float32 ref:,
<tf.Variable 'dense_1/bias:@' shape=(3,) diype=float32_ref»,
<tf.variable 'dense_2/kernel:8' shape=(3, 1) dtype=float32_ref>,
<tf.Variable 'dense_2/bias:8®' shape=(1,) dtype=float32_ref:]

[array([[-1.8281681 , ©.11109785, -8.88701682]], dtype=float32),
array([ ©. . -8.18836656, 8. 1, dtype=float32),
array([[ @.5871335 ],

[-8.74833566],

[ ©.18594594]], dtype=float32),

array([9©.11973583], dtype=Tloat32)]

array([[@.89900990],
[@.09909999]], dtype=float32)

array([[ 9.865341],
[11.799512]], dtype=float32)
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Chapter 2: Building a Deep Feedforward
Neural Network
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Layer {type) Qutput Shape Param #
dense_1 (Dense) (None, 186@) 785888
dense_2 (Dense) (None, 18) 18618

Total params: 785,818
Trainable params: 795,818
Mon-trainable params: @
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Training and test loss
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1 255 0.01 ] 0.93
2 2535 0.1 1] 1.00
2 255 0.2 ] 1.00
a4 255 0.3 1] 1.00
S 255 0.4 ] 1.00
o] 2535 0.5 1] 1.00
7 255 0.6 ] 1.00
B 255 0.7 1] 1.00
S 255 0.8 ] 1.00
10 2535 0.9 ] 1.00

[11]




Scenario Input Weight bias Sigmoid
1 1 0.01 0 0.50
2 1 0.1 0 0.52
3 1 0.2 0 0.55
4 1 0.3 0 0.57
5 1 0.4 0 0.60
] 1 0.5 0 0.62
7 1 0.6 0 0.65
8 1 0.7 0 0.67
9 1 0.8 0 0.69
10 1 0.9 0 0.71
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Frequency of input values
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Layer (type) Output Shape Param #

dense_3 (Dense) (None, 1888) 785288
dense_4 (Dense) (None, 1888) 1861888
dense_ 5 (Dense) (None, 186@) laalaae
dense_6& (Dense) (Mone, 18) 18618

Total params: 2,797,818
Trainable params: 2,757,818
Mon-trainable params: @
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1a4teight value over different epochs when leamning rate is 0.5
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Training and test loss
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Frequency

Histogram of weight values in 5 epochs scenario
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Accuracy

Training and test loss with regularization

4 @ ;
& Traming hoss
3 —— Test loss
2
. —
0 20 40 &0 i 1] 100

Epochs

Training and test accuracy with regularization

e et s s

Ol
8%
; & Traming accuracy
&% — Test accuracy
L
] 20 40 B 8 100

Epochs

Accuracy

Training and test loss with regularization and batch normalization

* )
4 @ Training loss
—— Testloss
2
i} ;
0 20 40 60 & 100

Epochs

Training and test accuracy with regularization and batch normalization

%W@m

S
9%, ® Traming accuracy
—— Tesk accuracy
L
0 A 40 0 & 100

Epochs

[23]



Chapter 3: Applications of Deep
Feedforward Neural Networks

Defaultin2yrs Age Debt_income_ratio | Income
0 23 0.4 40000
1 57 2 30000
o 35 0.6 100000
Layer (type) Output Shape Param #
dense 5 (Dense) {None, 188@) 22088
dense_6& (Dense) (None, 1) 1861

Total params: 23,881
Trainable params: 23,881
Mon-trainable params: @
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Training and test loss
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Layer (type) Output Shape Param #
dense 7 (Dense) {None, 64) 8065
dense 8 (Dense) (None, 1) 65
Total params: 9561
Trainable params: 961
Non-trainable params: @
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Layer (type) Output Shape Param #

dense 1 (Dense) {None, 64) 648864
dense 2 (Dense) (None, 64) 4168
dense 3 (Dense) {None, 46) 2008

Total params: 647,214
Trainable params: 647,214
Mon-trainable params: 8
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Layer (type) Output Shape Faram #
dense_1 (Dense) (Hone, 18@8) 41884
dense 2 (Dense) {None, 18) 1e81sa
Total params: 51,818

Trainable params: 51,818

Mon-trainable params: @

Layer (type) Output Shape Param #
dense_1 {Dense) {None, 188) 688
dense_2 (Dense) {None, 1) 181
Total params: 7@l

Trainable params: 781

Mon-trainable params: 8

Layer (type) Output Shape Param # Connected to
input 1 (Inputlayer)  (None, 2a06)  ©
input_2 (InputLayer) (MNone, 5) 8

dense_ 1 (Dense) {None, 188) 248788 input_1[@][e]
dense_3 (Dense) {None, 18@) 6ea input_2[e][e]
dense_2 (Dense) {None, 1) 181 dense_1[&][8]
dense_4 (Dense) (MNone, 1) 181 dense_3[8][@&]
multiply 1 {(Multiply) (None, 1) 8 dense_2[8][8]

Total params: 241,582
Trainable params: 241,582
Non-trainable params: @

dense_4[8][@]
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multiply _1: Muldply

ouipuL:

(Mone, 1)

) input: | (None, 2406) ] input: | (Nomne, 5)
input_1: TnputLayer - input_2: InpuiLayer
output: | (Wone, 2406) output: | (None, 5)
nput: | (Mone, 2406 It MNone, 5
dense_1: Dense = (Fone ) dense_3: Dense i Pront
output: | (MNone, 100) output: | {(None, 100)
, '
i 4 N 100 i L N 100
dense_2: Deiise o s i ) dense_4: Dense e Clans, )
cutput: | (None, 1) output: | (None, 1)
input: | [(None, 1), (None, 1}]
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Chapter 4: Building a Deep Convolutional
Neural Network

array([[2.3734521e-03, 6.33571572-01, 9.8679098e-63, 2.4509018:2-03,
7.1088279e-04, 1.95711592-82, 2.2253724e-82, 1.421613%e-83,
3.8820316e-01, 3.7569081e-04]], dtype=floati2)
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array([[8.88117591, 6.18717883, ©.83738188, 8.22520455, 8.87783815,
©.80891508, 6.80841514, @.48253434, ©.83930882, ©.82866266]],
dtype=Ffloat32)
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11 22 1
32 65 3 4
11 12 25 B3
13 14 45 32

)

11 22 1 2
32 65 3 4
11 12 25 63
13 14 45 3z

65 4

14 63
Layer (type) Output Shape Param #
Convolution layer (Conv2D) (None, 2, 2, 1) 18
Pooling layer (MaxPooling2D) (None, 1, 1, 1) e
Flatten_layer (Flatten) {None, 1) 5
OQutput layer (Dense) {None, 1) 2
Total params: 12
Trainable params: 12
Mon-trainable params: @

[<tf.Variable
<tf.Variable
<tf.Variable
<tf.Variable

‘Convolution_layer_2/kernel:8"' shape=(3, 3, 1, 1) dtype=float32_ref:,
‘Convolution_layer 2/bias:®' shape=(1,) dtype=float32_ref>,
'Output_layer_1/kernel:8' shape=(1, 1) dtype=float32_ref>,
"Output_layer 1/bias:@' shape=(1,) dtype=float32 ref:]

array([[@.84289691]], dtype=float32)
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array([[@.84289691]], dtype=float32)

Layer (type) Output Shape Param #
convad 1 (Com20)  (None, 26, 26, 1) 100
max_pooling2d_1 (MaxPooling2? (None, 13, 13, 18&) é
flatten 1 (Flatten) (Mone, 1698) a

dense_1 (Dense) {None, 1088) 1691888
dense 2 (Dense) {(None, 18) 16816

Total params: 1,781,118
Trainable params: 1,781,118
Non-trainable params: 8

Training and test loss
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array([[5.3325128e-83,

1.3497858e-83,
1.6599722e-82,

[ L =

.5413315e-081, 1.1513028e-82, 2.7472648=-64,
.1531125e-83, 7.38579387e-83, 1.994173%2-03,
.6384892e-04]], dtype=float32)

_unit_id
1023132475
1023132476
1023132477
1023132478

1023132479

image_url please_select_the_gender_of_the_person_in_the_picture

hitps:/fd1gb2nb5cznatu. cloudfront. net/users/40. .
hitps:/fd1gb2nbScznatu.cloudfront.net/users/42. .
hitps://d1gb2nb5Scznatu.cloudfront. net/users/44. .
https://d1gb2nb5cznatu.cloudfront.net/users/47. ..

https://d1gb2nb5cznatu cloudfront net/users/s0. .
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Layer (type) Output Shape Param #
conv2d_38 (ConvaD)  (None, 48, 48, 64) 640
max_pooling2d 28 (MaxPoocling (MNone, 9, 9, 64) a
conv2d 39 (Conv2D) {None, 9, 9, 128) 738548
max _pooling2d 29 (MaxPooling (None, 4, 4, 128) @
conv2d 48 (Conv2D) {None, 4, 4, 256) 285168
max_pooling2d 38 (MaxPooling (None, 2, 2, 256) a
conv2d 41 (Conv2D) (Mone, 2, 2, 512) 11881668
flatten 18 (Flatten) {None, 2848) @

dense 19 (Dense) {None, 188) 284988
dense 28 (Dense) {Mone, 1) 181

Total params: 1,754,825
Trainable params: 1,754,825
Mon-trainable params: 8
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Training and test loss without data augmentation

25 om
& Training loss
— Testloss
“ 20
5
15
2 4 i B 1]
Epochs
Training and test accuracy without data augmentation
0%
iy
g
3 0%
§ @ Training accuracy
0% = Test ACCUracy
L
2 4 6 8 0
Epochs

deer

[371]



15

Loss

10

0%

Accuracy

40%

Training and test loss with data augmentation

@& Training loss
— Test loss

Epochs

Training and test accuracy with data augmentation

@ Training accuracy
— Test AcCuUracy

2 4 & B 10
Epochs

[38]



Chapter 5: Transfer Learning
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Layer (type) Output Shape Faram #

conv2d_1 (Conv2D) (Mone, 298, 298, 64) 1792

max pooling2d 1 (MaxPooling2 (None, 149, 149, 64) 8
conv2d 2 (Conv2D) {None, 149, 149, 128) 738586
max_pooling2d 2 (MaxPooling2 (MNone, 74, 74, 128) &
conv2d_3 (Conv2D) (None, 74, 74, 256) 205148
max pooling2d 3 (MaxPooling2 (MNone, 37, 37, 256) 8
conv2d 4 (Conv2D) {(None, 37, 37, 512) 1181668
flatten 1 (Flatten) {None, 788928) &
dense_1 (Dense) {(None, 188) 78802506
dense 2 (Dense) {None, 1) 181

Total params: 71,643,977
Trainable params: 71,643,977
Mon-trainable params: @
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Loss
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Layer (type) Output Shape Param #
convad_s (ConvaD)  (None, 48, 48, 64) 1792
max_pooling2d 4 (MaxPooling2 (None, 24, 24, 64) a
conv2d 6 (Conv2D) (None, 24, 24, 128) 73856
max_pooling2d 5 (MaxPooling2 (None, 12, 12, 128) é
convid 7 (Conv2D) (Mone, 12, 12, 258) 265168
max_pooling2d & (MaxPooling2 (None, 6, 6, 256) a
conv2d 8 (Conv2D) (None, &, 6, 512) 118@168
flatten 2 (Flatten) {None, 18432} é
dense 3 (Dense) {None, 188) 1243388
dense 4 (Dense) {None, 1) 181

Total params: 3,394,377
Trainable params: 3,394,377
Mon-trainable params: 8
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Loss

Training and test loss
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Layer (type) Output Shape FParam #

conv2d 9 (Conv2D) (Mone, 298, 298, 64) 1792
max_pooling2d 7 (MaxPooling2 (None, 99, 99, 64) 8
conv2d 1@ (Conv2D) {None, 9%, 99, 128) 738586
max _pooling2d 8 (MaxPooling2 (MNone, 33, 33, 128) 5
conv2d_11 (Conv2D) {(Mone, 33, 33, 256) 205168
max_pooling2d 9 (MaxPooling2 (None, 11, 11, 256) 8
convad 12 (Conv2D) {None, 11, 11, 512) 1181668
flatten 3 (Flatten) {None, 61952} &
dense_5 (Dense) (None, 188) 615536
dense 6 (Dense) (MNone, 1) 181

Total params: 7,746,377
Trainable params: 7,746,377
Mon-trainable params: @
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Layer (type) output Shape Param &

input_1 (Inputiayer} {(Hone, 388, 38d, 3) e
blocki_convi {(Conva2D) (NCcne, 288, 28@, 64) 1792
blockl_conw2 {Conv2D) {MCne, 288, 388, c4) 26028
blocki_pool (MaxPooling2D) (Mone, 158, 158, &4) 2
block2_convl (ConvaD) {Mone, 15@, 158, 128) 73856
block2_conv2 (Conva2D) (NCne, 158, 158, 128) 147584
block2_pool (MaxPooling2D) (MOne, 75, 75, 128) 2
blocks_convl (Conv2D) (Mone, 75, 75, 258) 295168
block3_conv2 (Conva2D) (Mone, 75, 75, 256) Lo285e
block3_conv2 (ConvaD) (NCne, 75, 75, 256) o258
block2_pool (MaxPooling2D) (MOone, 27, 37, 256) 2
blocks convl (Conv2D) (Mone, 37, 37, 512) 1188168
blocks_conw2 (Conva2D) (Mone, 37, 37, 512) 2355888
blocks_conv2 (ConvaD) (Mone, 27, 37, 512) 2359588
blocka pool (MaxPooling2D) (NCone, 18, 128, 512) 2
blockS5_convl (Conv2D) (Mone, 18, 18, 512) 2355208
blockS_conw2 (ConvaD) (Mone, 18, 18, 512} 2355888
blockS_conv2 {(ConvaD) (NCne, 18, 18, 512) 2359588
blockS_pool (MaxPooling2D) (NOne, 9, 9, G512} 2

Total params: 14,714,688
Trainable params: 14,714,688
Mon-trainable params: @
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Layer (type) Output Shape Param #

conv2d 14 (Conv2D) {None, 7, 7, 512} 2359808
max_pooling2d 11 (MaxPooling (None, 3, 3, 512) 2]
flatten 5 (Flatten) (None, 4688) 8
dense 9 (Dense) {None, 512) 2359868
dropout 2 (Dropout) {None, 512) 5

dense 18 (Dense) {None, 1) 513

Total params: 4,728,129
Trainable params: 4,728,129
Mon-trainable params: 8

Training and test loss
06 @ Training loss
= Test loss
RS
g L ]
0.2 =
&
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conv2d 1
conv2d 2

max pooling2d 1
dropout 1
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filter: 34 filter: 35 filter: 36 filter: 37 fil
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Layer (type) output Shape Param &

input_1 (Inputiayer} {(Hone, 388, 38d, 3) e
blocki_convi {(Conva2D) (NCcne, 288, 28@, 64) 1792
blockl_conw2 {Conv2D) {MCne, 288, 388, c4) 26028
blocki_pool (MaxPooling2D) (Mone, 158, 158, &4) 2
block2_convl (ConvaD) {Mone, 15@, 158, 128) 73856
block2_conv2 (Conva2D) (NCne, 158, 158, 128) 147584
block2_pool (MaxPooling2D) (MOne, 75, 75, 128) 2
blocks_convl (Conv2D) (Mone, 75, 75, 258) 295168
block3_conv2 (Conva2D) (Mone, 75, 75, 256) Lo285e
block3_conv2 (ConvaD) (NCne, 75, 75, 256) o258
block2_pool (MaxPooling2D) (MOone, 27, 37, 256) 2
blocks convl (Conv2D) (Mone, 37, 37, 512) 1188168
blocks_conw2 (Conva2D) (Mone, 37, 37, 512) 2355888
blocks_conv2 (ConvaD) (Mone, 27, 37, 512) 2359588
blocka pool (MaxPooling2D) (NCone, 18, 128, 512) 2
blockS5_convl (Conv2D) (Mone, 18, 18, 512) 2355208
blockS_conw2 (ConvaD) (Mone, 18, 18, 512} 2355888
blockS_conv2 {(ConvaD) (NCne, 18, 18, 512) 2359588
blockS_pool (MaxPooling2D) (NOne, 9, 9, G512} 2

Total params: 14,714,688
Trainable params: 14,714,688
Mon-trainable params: @
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Layer (type) Output Shape Faram #

conv2d_6& (Conv2D) (None, 7, 7, 512) 2350888
max_pooling2d 5 (MaxPooling2 (None, 3, 3, 512) g
flatten_ 3 (Flatten) {None, 4688) 5
dense 5 (Dense) {None, 512) 23509588
dropout_2 (Dropout) (None, 512) a8
dense 6 (Dense) {None, 1) £13

Total params: 4,728,129
Trainable params: 4,728,129
Mon-trainable params: @

Training and test loss
06
w 04
g
0z = @ Training loss
- —— Testloss
] ® [ ] [ ] ® [ ]
2 4 & 8 (1]
Epochs
Training and test accuracy
100% [ ] L] L] [ ] & ] ]
L ] @ Training accuracy
= | . —— Test accuracy
1=
E 0%
) | dHff”d’_-HH\HJfffﬂ#FHF‘-_ o
B é
2 4 i 8 10
Epochs
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Actual r'.-1. P'remcted F

Actual: M, Predicted: F

i

Amual M. Predicted: F
L 4

Filter
concatenation

e

1x1 convolutions

3x3 convolutions

5x5 convolutions

3x3 max pooling

Previous layer

_——




Layer (type) Output Shape Faram #

conv2d_161 (Conv2D) (None, &, 6, 512) 0437696
max pooling2d 18 (MaxPooling (Mone, 3, 3, 512) 8
flatten_ 4 (Flatten) {MNone, 4688) g
dense 7 (Dense) {None, 512) 2350588
dropout_3 (Dropout) {None, 512} g
dense 8 (Dense) {None, 1) 513

Total params: 11,798,817
Trainable params: 11,798,817
Mon-trainable params: @

Training and test loss
Q075 o
® Training loss
—— Testloss
., 050
g
025
. ®
00 ¢ & 2 e e o
2 i 8 10
Epochs
Training and test accuracy
100% [ ] ® (] ]
[ ] [ o
= L]
e S ® & Training accuracy
2 — Test accur
E W% M
%
2 4 i 8 10
Epochs
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Layer (type)

3 "AUY £XE
P9 "AUOD EXE

afew;

6T-99A

1iams
ndyno

a5
ndino

TS
ndino

8z a7
ndino

ez 7S
andino

Faram #

Output Shape

(Mone, &, 8, 512) 9437696

(Conv2D)

conv2d 162

max_pooling2d 12 (MaxPooling (More, 4, 4, 512)

(None, 2, 2, 512) 2350808

{Conv2D)

conv2d 183

ing

2d

pool

max

{None, 1, 1, 512)

13 (MaxPool

ing

{None, 512)

(Flatten)

flatten &

dense 9

262656

{None, 512}

(Dense)

{None, 512}

dropout_4 (Dropout)

513

{MNone, 1)

{Dense)

dense 18

12,866,673

Total params:

12,868,673

Trainable params:

Non-trainable params: 8
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06 @ Tramning loss

Training and test loss

— Test loss

w04
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Unnamed: @ a b | 2 3 4 5 4] 7 8 126

0 Luis Fonsi 21.jpg 45.0 930 470 1060 4950 1100 33.0 119.0 550 83.0
1 Lincoln_Chafee 52jpg 41.0 830 430 910 450 1000 470 1080 510 85.0
2 Valerie Harper 30jpg 56.0 69.0 560 770 560 6860 56.0 940 38.0 79.0
3 Angelo_Reyes 22jpg 61.0 800 580 950 580 1080 580 1200 530 98.0
4 Krsten_Breitweiser_11.jpg 58.0 940 55.0 1040 600 M3.0 620 121.0 &7.0 92.0
5 rows x 137 columns

Layer {(type) Output Shape Param #

conv2d 11 (Conv2D) (None, 5, 5, 512) 23509888

max_pooling2d 11 (MaxPooling (MNone, 2, 2, 512) g

flatten 11 (Flatten) {None, 2@48) 2

dense 21 (Dense) {None, 512) 1849888

dropout 11 (Dropout) (None, 512) 5

dense 22 (Dense) {None, 136) 69768

Total params: 3,478,664
Trainable params: 3,478,664
Mon-trainable params: @
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Training and test loss

—— Training loss
@ Testloss

Criginal image Irr:]age with facial keypoints
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Chapter 6: Detecting and Localizing Objects
in Images

Classification
+ Localization

Object Detection

Classification

7 labellmg E
File Edit View
. Box Labels.
>
ﬁ (4 Edit Label
€= [] difficut
?9 [ use

uuuuuu

aaaaaaaa
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gl

File Edit Format View Help

predefined_classes.txt - Notepad - F

Hemanwi
Sindhurﬂ

VIV

g
3
o

A\

Change Save Dir

\ 4

Next Image

+*

Prev Image

&

Verify Image

Save

<>
PascalVOC
1Y

Create\nRectBox

s

Duplicate \nRectBox

labellmg F:/07-02-2018/DSC_4740JPG

&

Hemanvi

Box Labels
[ Edit Label
[] difficult

[] Use defauit labtel

labellmg ?

[ Ao

Hemani

Sindhura

File List
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E<annotation>

«folder>07-02-2018«</folder>
<filenamE>DSC_ﬂT4D.JPG(Ifilenameb
<path>F:/07-02-2018/DSC_4740.JPG</path>

= <EOourcer
<database>Unknown</database>
</ Bource>
= <3ize>

<width>4928</width>
<height>3264«</height>
<depth>3</depth>

- “/eize>

<zegmented>D«<,/ segmenteds>

= <object>

<name>Hemanvi< /nams>
<posexnspecified« /pose>
<truncated>0</truncated>
<difficult>0</difficultcs>
= <bndbox>
CHmMin>2639</xmin>
<ymin>136</ymin>
CHmMax>3881</ xmax>
<ymax>1857T</ vmax>

- </bndbox>

< /object>

= <object>
<name>Sindhora</nams>
<posexnspecified« /pose>
<truncated>0</truncated>
<difficult>0</difficultcs>
= <bndbox>
<¥min>381</xmin>
<ymin>615</ymin>
CHMAN>2129< / xmax>
CYmMaxK>2494< / ymaxs

- </bndbox>

- < /object>

L¢/annotations>
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-Rredictéd person
Bounding box

——

Area of overlap

Score =

Area of union
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R C N N Linear Regression for bounding box offsets

| Bbox reg || SVMs | Classify regions with
| Bbox reg HSUMS I —a SVMs

Bbox reg | SVMs

ConvN For:wrard each
ot region through
ConvNet

& Warped image regions

Regions of Interest
(Rol) from a proposal
method (~2k)
Grshick ef al, “Rich feature hisrarchies for accurate objed detecton and

semaniic segmantation”, CYPR 2094,
Figure copyright Ross Girshick, 2015, source. Reproduced with panrission.

Input image
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SSD

VGG-16

Extra Feature Layers

4 N\
Classifier : Conv: 3x3x(4x(Classes+4))

Conv4 3

"~ " Conv: 3x3x1024 Conv: 1x1x1024 Conv: 1x1x256

Classifier : Conv: 3x3x(6x(Classes+4))

[ Detections:8732 per Class |

10 5
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onv8_2| Conve._
5
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512 256 ~
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Chapter 7: Image Analysis Applications in
Self-Driving Cars

a

[70]



Transformed image
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Layer (type) Output Shape Param #
cnnuzd_izEE:nszj T (Nonejzzgj 48, 32) T 896 o
conv2d 2 (ConvZD) (None, 46, 46, 32) 92438
max_pooling2d 1 (MaxPooling2 (MNone, 23, 23, 32) 5]
dropout_1 (Dropout) (None, 23, 23, 32) 5]
conv2d 3 (ConvZD) (None, 23, 23, 64) 18496
conv2d 4 (ConvZD) (None, 21, 21, 64) 369238
max_pooling2d 2 (MaxPooling2 (MNone, 18, 1@, &4) 5]
dropout_2 (Dropout) (None, 18, 18, 64) 5]
conv2d 5 (ConvZD) (None, 18, 1@, 128) 73856
conv2d & (ConvZD) (None, B, B, 128) 147584
max_pooling2d 3 (MaxPooling2 (MNone, 4, 4, 128) 5]
dropout_3 (Dropout) (None, 4, 4, 128) 5]
flatten_1 (Flatten) (None, 2848) 5]
dense_1 (Dense) (None, 512) 1249988
dropout_4 (Dropout) (None, 512) 5]
dense_2 (Dense) (Mone, 43) 22059

Total params: 1,358,155
Trainable params: 1,358,155
Mon-trainable params: @
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Training and test loss

= Training loss

10
= Test loss
@
3 a6
oo
25 30 ib 40 45 50
Epochs
Training and test accuracy
1005
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0% —— Test accuracy
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Bin count
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Angle
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Layer (type) Output Shape Param #

flatten_1 (Flatten) (None, 28672) e
dense 1 (Dense) {None, 512} 14688576
dropout_1 (Dropout) {None, 512} a
dense 2 (Dense) {None, 188) 51388
dropout_2 (Dropout) {None, 188} 8
dense 3 (Dense) {None, 5&) cesa
dropout 3 (Dropout) {None, 58) a
dense 4 (Dense) {None, 18&) 518
dense_5 (Dense) {None, 1) 11

Total params: 14,737,447
Trainable params: 14,737,447
Mon-trainable params: @

Training and test loss

035 = Training loss
— Test loss

030

010




Predicted angle: 0.09, actual angle:0.13

&

a 100 200 300 400
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Criginal image Masked image
el

e

Training and test loss

@ Training loss
—— Test loss

2 4 & & 10 1z 14
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Training and test accuracy

& Training accuracy

— Test accuracy
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Training and test loss

= Training loss

1040
= Test loss
@ 075
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Chapter 8: Image Generation

Probability of African elephant class

Probability
o N e I -
(% I O 1 ]

=]
e
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=]
=

0 2000 4000 6000 8000 10000 12000
Epochs
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Original image

Hacked image

Difference
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Layer (type) Output Shape FParam #

dense_1 (Dense) {None, 256) 258548
leaky re 1u 1 (LeakyRelU) {None, 256) 8
batch _normalization 1 (Batch (Mone, 256) 1824
dense 2 (Dense) {None, 512) 131584
leaky_re_lu_2 (LeakyRelU) {None, 512} g
batch normalization 2 (Batch (MNone, 512) 2848
dense 3 (Dense) {None, 1824) 525312
leaky re 1lu 3 (LeakyRelU) {None, 1824) 5
batch_normalization_3 (Batch (None, 1824) 4896
dense_ 4 (Dense) {None, 784) 883688
reshape 1 (Reshape) {None, 28, 28, 1) 8

Total params: 1,493,528
Trainable params: 1,489,936
Non-trainable params: 3,584
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Layer (type) Output Shape Faram #

flatten_1 (Flatten) (None, 784) a8
dense 5 (Dense) (None, 784) 615448
leaky re lu 4 (LeakyRelU) (None, 784) 5
dense & (Dense) {None, 382} 387728
leaky_re_lu 5 (LeakyRelU) (None, 382) g
dense 7 (Dense) (None, 1) 393

Total params: 923,553
Trainable params: 923,553
Mon-trainable params: @
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e

Generator and Discriminator loss values
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Generator and Discriminator loss values

& Discnminator boss
— Generator loss

0 500 000 1500 2000 2S00 3000 3B00 0 4000
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enerator and Discriminator loss values

®  Discnminator loss
el — Generator loss

a 2000 4000 8000 00 10000
Epochs
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Chapter 9: Encoding Inputs

Input sentences

I like playing Chess

I enjoy playing Chess

1 like playing Chess enjoy
| 1 0 0 0 0
like 0 1 0 0 0
playing ] ] 1 ] ]
Chess 1] 1] 1] 1 1]
enjoy ] ] ] ] 1
|I like playing Chess enjoy

I like playing Chess
| enjoy playing Chess
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| Compressed
nput Representation

Layer (type) Output Shape FParam #
dense_1 (Dense) {Mone, 32) 25128
dense_2 (Dense) {None, 784) 25872

Total params: 58,992
Trainable params: 58,992
Mon-trainable params: @
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Input
layer

Bottleneck Hidden Layer

Output layer
recostruct input

Layer (type) Output Shape Param #
dense 18 (Dense)  (None, 100) 78500
dense_ 19 (Dense) {Mone, 32} 3232

dense 28 (Dense) {(Hone, 1e@) 3388
dense 21 (Dense) {Hone, 784) 75184

Total params: 164,218
Trainable params: 164,216
Mon-trainable params: 8
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Encoder Bottleneck

Input Image

Decoder

H/

N/

Latent Space
Representation

Reconstructed
Image
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Layer (type)

Param #

convl (Conv2D)

320

poocll (MaxPooling2D)

a

conv2 (Conv2D)

4524

pool2 (MaxPooling2D)

conv3d (Conv2D)

poocl3 (MaxPooling2D)

convd (Conv2D)

poocld (MaxPooling2D)

flatten (Flatten)

reshape_2 (Reshape)

a

conv2d_transpose_ 5 (Conv2DTr

2312

conv2d_transpose_ 6 (Conv2DTr

3216

conv2d_transpose 7 (Conv2DTr

32508

conv2d_transpose_ 8 (Conv2DTr

230432

conv2d 2 (ConvZD)

289

Total params: 277,489
Trainable params: 277,489
Mon-trainable params: @
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fctor(image_label)

B =T T R U U ]

W&

[971]




User Movies rating timestamp
1 100 5 1394456000
2 101 3 1395546000
3 100 5 1445578000
Layer (type) Output Shape Param # Connected to
user_in (InputlLayer) (None, 1) 8
article_in (InputlLayer) (Mone, 1) 8
embedding 1 (Embedding) (None, 1, 1@8) 54388 user_in[e][e]
embedding 2 (Embedding) (Nene, 1, 1@@) 168288 article_in[e][8]
dot_4 (Dot) (None, 18@, 1e8) a embedding_1[@][@]
embedding_2[@][8]
flatten_4 (Flatten) (Nene, 1oe@ee) a dot_4[@][e]
dense_7 (Dense) (None, 56@) 5888584 flatten_4[@][@]
dense_8 (Dense) (None, 1) 581 dense_7[8][@]

Total params: 5,263,501
Trainable params: 5,263,581
Non-trainable params: @
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Chapter 10: Text Analysis Using Word

Vectors

Input sentences

I enjoy playing TT

| like playing TT

Unique words

One hot encoding

I | 1 0 ] o a
enjoy enjoy 0 1 0 0 0
playing playing 0 0 1 0 0
T T ] 0 ] 1 0
like like ] 0 ] ] 1
A B C D E G

1

2 Input Output
3

4 enjoy playing |TT I

5 1 playing |TT enjoy

) [ enjoy T playing
7 1 enjoy playing TT

8 like playing |TT I

= l playing |TT like

10 I like T playing
11 [ like playing T

12
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Output vector

Vectorizing inputs

10
11

[ 100 ]




Input Vector

Output Layer
Softmax Classifier

Hidden Layer
Linear Neurons

o] @} ) o) o] o) el lo] e} (@)

[0]

S 3 neurons
Positions
5
neurons
{'i': 1, "enjoy’': 8, 'playing': 3, 'tt': 4, 'like': 2}
(2, 5)
[[11811]
[e1111]]

[101]



['enjoy playing TT',
"I playing TT',
'I enjoy TT',
'I enjoy playing',
"like playing TT',
"I playing TT',
‘T like 1T,
"I like playing’]

['I", "enjoy’, 'playing’, 'TT', "I', 'like’, 'playing’', "TT']

array([[1, &, &, 1, 1],
[B; 1, 8, 1; 1],
[25 I, @, 8,:1],
[1, 1, &, 1, €],
[6, @, 1, 1, 1],
[6; 1, -8,1,.:17,
[@, 1, 1, @, 17,
[é, 1, 1, 1, 8]])

array([[e, 1, 8, &, 8],

[1, &, &, &, B8],

[@é, &, &, 1, 8],

[@, &, 8, 8, 1],

[@, 1, &, @, 8],

[@, @, 1, @, ],

[@, e, @, 1, B],

[e, @, @, 8, 1]1)
i [[ 1.6832135 1.3119363 -1.7557099]]
enjoy [[-1.4379288 -©.94942814 -2.4946306 ]]
playing [[ ©.77564436 -2.887987 -8.4725666 ]]
tt [[-2.8346394 8.82441856 ©.67768855]]
like [[-1.4300524 -9.94180996 -2.6682516 ]]
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airline_sentiment text

0 1 @VirginAmerica plus you've added commercials t...
1 0 @VirginAmerica it's really aggressive to blast...
2 0 @VirginAmerica and it's a really big bad thing...
3 0  @VirginAmerica serously would pay 330 a fligh...
4 1 @VirginAmerica yes, nearly every time | fly V...

["wirginamerica', "plus', "added', 'commercials', 'experience', "tacky']

[['virginamerica®, 'plus’', "added', 'commercials', 'experience’', 'tacky'],
["wirginamerica’,
‘really’,
‘aggressive’,
‘blast’,
‘obnoxious"',
‘entertainment’,
‘guests’,
‘faces',
‘amp",
*little’,
‘recourse’],
["wirginamerica®, 'really', "big', 'bad', "thing']]
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array([ ©.3419442 , -0.660853 , -8.8875737 , -0.11866002, 3.848598 ,
-1.859917 , 1.2849951 , 1.5322515 , -8.42655924, ©.74873245,
©.7576644 , ©.53542703, 1.6549652 , 1.4168224 , 1.4571517 ,
-1.1921175 , -©.83938306, -1.6139846 , ©.5910155 , 3.1234474 ,
1.9288  , -1.8543962 , -8.7666846 , -1.590045 , -0.1548474 ,
1.1117342 , -0.4835291 , -1.7931118 , -0.22642556, -2.1773818 ,
©.38367364, -2.8263271 , -2.9695885 , -0.3920376 , -0.8466245 ,
©.43550012, 1.7326713 , 2.0198004 , -0.5395172 , -0.84537094,
©.76008844, ©.74664325, ©.4459887 , 1.1571167 , 2.8812125 ,
-9.7367794 , -0.72291315, -1.3603346 , -0.13599452, 2.689772 ,
-2.524463 , ©.5480051 , 1.689171 , ©.944644 , -9.27298477,
1.5061239 , -1.8514534 , -8.@2589583, 1.5114399 , ©.4221726 ,
-9.9640717 , -1.3412739 , -8.19521172, -1.8486487 , ©.04619067,
-9.8271076 , -©.7997853 , -1.3049688 , 2.8880153 , -0.9309234 ,
1.1623387 , -0.89183449, -1.8364261 , -0.5820482 , 1.1316198 ,
-9.3580541 , 1.2225895 , -08.85193574, -1.8722245 , -0.7914595 ,
-1.8597026 , ©.48279345, ©.7167691 , 1.4192754 , 1.9148383 ,
-1.6390625 , -2.2567384 , ©.3889435 , 2.1803992 , 1.7671763 ,
©.54344946, -0.50497335, ©.30110064, -0.12276804, -0.34828255,
-1.841366 , -9.6226012 , 2.1155527 , -8.7881018 , -0.902104 ]
[('year', 8.4818694501522217),

P T T T T T T T e T

‘week', ©.4710841774240491),
‘months', @.35327008641822815),
‘weeks', ©.35357385873794556),
‘leg', ©.33413201570510864),
‘days', ©.3019614517688751),
'‘miles’, @.28956440031820834),
'1t', ©.2536947727283369),

‘pm’, ©.25144699215888977),
"traveling', ©.2485567033290863)]
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[{"traveling', ©.9996585249900818),
("im', @.9996532281766R968),
("kids', ©.9995105432518376),
("happensd', ©.9995968341827393),
("plus', ©.999506774578@945),
("computer', ©.9995092661857685),
("list', ©.9995323638343811),
{"support', ©.99958676@9977722),
("something', ©.0995864629745483),
("extremely', ©.99957633@1849365)]

[

(u'week', ©.8B365199565887451),
(u'year', ©.7653313875198364),
(u'months', @.631086133556366),
(u'weeks', 8.65276038646698),
(u"August', ©.6166313290596008),
(u"February', ©8.6136831746864319),
(u"October', B©.6114892363548279),
(u"January', ©.6091349124983447),
(u'day', @.600459098815918),
(u'September’, ©.5990685224533081)]

[(u'queen’, ©.7118192911148671)]
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Classifier

Average/Concatenate

Paragraph Matrix
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Classifier the cat sat

Paragraph Matrix------ >

[("827', ©.9660191837318791), ('5@76', @.951378583088881), ('2394', ©.9232662916183472)

‘united thanks just sent’

"united sent thanks'

[107 ]



this is test |also |a
this 1] 2 1 1 1
is 0 ] 1 1 1
test 1] ] 0 ] ]
also 0 0 0 0 1
a 1] ] 0 ] ]
E F H g K L M N
1
2 weord this is test also a Weights bias
3 [this 0 ¥ 0.5 0.5 0 [0.0574-0.1704-0.0123-0.284
4 |is 0 1] 1 il 0.5 [0.207q-0.1981-0.04940.105.
5 test 0 1] 0 0 0 [0.02670.0927)-0.1035-0.19(
6 also o 1] 0 o 3 -0.2130.0088|0.04839-0.05!
7 |a 0 0 0 0 0 -0.2810.1941)-0.0804-0.22;
8
9
10 The weightage function|loss value Weighted loss value
11 |=(G3/100)%{0.75) =(SUMPRODUCT(K3:M3,K4:M4)+N3+N4-LOG(G3))*2 |=F11"2*E11
12 |={H3/100)"0.75 =(SUMPRODUCT(K3:M3,K5:M5)+N3+N5-LOG{H3)) 2 |=F12+2*E12
13 |=(13/100)"0.75 =(SUMPRODUCT(K3:M3,K6:M6)+N3+N6-LOG(13))*2 [=F13~2*E13
14 | ={H4/100)"0.75 =(SUMPRODUCT(K4:M4, K5:M5) +NA+N5-LOG{H4)) 2 |=F14°2*E14
15 |=(14/100)"0.75 =(SUMPRODUCT(K4:M4,K6:M6B)+N4+N6-LOG(14))*2 [=F15"2*E15
16 | =(J4/100)*0.75 =(SUMPRODUCT{K4:M4,K7:M7)+Na+N7-LOG(J4) )2 |=F16°2*E16
17 .:{JSFIDD}‘\D.?S =(SUMPRODUCT(K6:M6,K7:M7)+N6+N7-LOG(J6))*2 |=F1742*E17
18 Overall weighted loss value =SUM(G11:G17)
{"xaizw2iszml': 4425,
"twetpxuppn': 11387,
‘cussed': 1@939,
‘h4d4ujs3cig': 6394,
'vn3jjia530': 6795,
‘yellow': 2424,
"four': 358,
'jparkermastin’: 6641,
‘hsw': 11184,
matrix([[®. , 1. , €.75, ..., 8. , @. 8. 1,
[¢e. ,@. ,1. , ..., 8. , @. . 1,
[¢e. ,@. ,e. , ..., 8. , 0. . 1,
cany
[¢e. ,@. ,e. , ..., 8. , 0. . 1,
[¢e. ,@. ,e. , ..., 8. , 0. . 1,
[¢e. ,@. ,e. , ..., 8. , 0. e. 11




[("usairways', ©.9319180899683549),
‘southwestair', ©.9165424743315932),
‘americanair®, 8.9123728213792923),

i
L
i
L
(
(*jetblue', ©.900383830727353)]

Layer (type) Output Shape Param #
dense_2;=?;;nse} T (NDHET=;;;E} T 181868 ===
dense_21 (Dense) (Mone, 1) 1861
activation_ 18 (Activation) (Mone, 1) a8

Total params: 182,881
Trainable params: 182,881
Mon-trainable params: @

array([[2644, 125],
[ 209, 485]])
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Chapter 11: Building a Recurrent Neural
Network
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o(t-1) o(t) o(t+1)

\' Vv \ \
_ h h(t+1)
) C)D y : O h(t-1) C) (v C)
unfold
w w w

u u u u

X x(t-1) X(t) X(t+1)

Layer (type) Output Shape Param #

"usairways’,

"americanair”,
'southwestair’,

"jetblue®,
‘get’,
‘cancelled’,
‘thanks®,
"service']

simple_rnn_3 (SimpleRNN) {None, 1)
dense 3 (Dense) {None, 5) 18
Total params: 13
Trainable params: 13
Mon-trainable params: @
None

[ "united’,

"flight”,

[112]




"united’,
"flight®,
"usairways',
‘americanair’,
"southwestair’,
"jetblue’,

Lo B A

{('Original text:', 'virginamerica plus added commercials experience tacky')
("Mapped text:', [44, 459, 1198, 2482, 1@e, 9958])

Layer (type) Output Shape Param #
cnbedding 16 (Embedding)  (None, 26, 32)  4oles6
simple ran_12 (SimpleRNN) (Mone, 48) 2920
dense_11 (Dense) (Mone, 2) a2

Total params: 484,858
Trainable params: 424,858
MNon-trainable params: @

[113 ]



Training and test loss
06
i 04 ® Training loss
g — Test loss
02
e
0o * o & & ® & @ @
2 4 L] B 10
Epochs
Training and test accuracy
100% - ® [ . ™ ® (] .
» Bk &
& ® Training accuracy
I I = Test accuracy
Ky
%
2 4 6 g 10
Epochs
@ OO OC
Loy OO~ OO~
Layer
Inputs O O O O O O
Time 1 2 3 4 5 §) 7
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Layer (type) Output Shape Param #

Istm_19 (LSTM) {None, 1) 12

dense_ 18 (Dense) {None, 5) 18

Total params: 22
Trainable params: 22
Mon-trainable params: 8

Layer (type) Output Shape Param #
cnbedding 20 (Embedding)  (Nome, 26, 32)  4oloss
Istm 1 (LSTM) (None, 4@) 11680
dense_14 (Dense) (Mone, 2) 82

Total params: 412,818
Trainable params: 412,818
Men-trainable params: @

[116]



Training and test loss
ga @
e @ Training loss
H — Testloss
0z =
&
an - b L L] . L L
2 4 L ] 10
Epochs
Training and test accuracy
100% & @ . L] L] [ ] .
L ]
» B4 ®
m
e --__-d_'--_____________
o ow%
= ® Training accuracy
5% —— Test accuracy
]
2 L {5 i 10
Epochs
Layer (type) Output Shape Param #
embedding 21 {Embedding) (Mone, 26, 32) 491856
lstm 2 (LSTM) (None, 26, 4@) 11638
lstm 3 (LSTM) (None, 4@) 12966
dense_15 (Dense) (Mone, 2) g2

Total params: 425,778
Trainable params: 425,778
Mon-trainable params: @

[117]




Loss

Accuracy

04

02

oo

100%:

B

a0

B%

Training and test loss

@ Training loss
= Test loss

L]
]
» b & 9 ] (] &
2 4 6 & 10
Epochs
Training and test accuracy
R L] & bl
" L]
(]
e

@ Training accuracy
—— Test accuracy
L]

2 4 & &
Epochs
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Chapter 12: Applications of a Many-to-One
Architecture RNN

"her sister on the bank, and of having nothing to'

input words list:

['alice’, 'was', 'beginning', 'to', 'get', ‘very', 'tired’', 'of', 'sitting’', 'by’']
label(output) words list:

her

Shape of X: (30407, 18, 3828)
Shape of y: (38487, 3828)

Layer (type) Output Shape Param #
1stm 2 (LSTM) (None, 128) 1616384
dense_2 (Dense) (Mone, 3828) 398612

Total params: 2,006,996
Trainable params: 2,806,996
Mon-trainable params: @

Iteration #: @
Train on 27366 samples, validate on 3841 samples

Epoch 1/1
27366/27366 [ ] - 33s ims/step - loss: 6.2146 - val_loss: 8.2937
Generating from seed: ['not’, 'met’, "the’, 'solicitation’, "requirements’, ‘'we’, ‘know’, 'of’, 'no’, 'prohibition’]

the the the the the the the the the the the the the the the the the the the the the the the the the the the the the -

Iteration #: 49

Train on 27366 samples, validate on 3841 samples

Epoch 1/1

27366/27366 [===== i ====] - 355 1ms/step - loss: ©.8@66 - val loss: 14.8219

Generating from seed: ["by’, 'all’, 'the', "terms’, 'of', "this', 'agreement’, ‘you', 'must', 'cease']
like all all they they re from him at the march hare said the queen the words rabbit dropped the dormouse

[119]



Iteration #: 48
Train on 27366 samples, wvalidate on 3841 samples
Epoch 1/1

27366/27366 [====
Generating from seed:

[*to’, 'meet’, "and’, "keep®, "up’,

"with",

"these’,

==] - 58s 2ms/step - loss: ©.8422 - val_loss: 13.5398
‘reqguirements’,
with some time you were the hatter said was in a low voice which only taught us said the duchess and

“we',

"do']
are

User Movies rating timestamp

1 100 5 1394496000

2 101 3 1395546000

3 100 5 1445578000
Layer (type) Output Shape Param #
embedding 1 (Embedding) {None, 5, 32} 46384
lstm 1 (LSTM) (None, 1) 53208
dense 1 (Dense) (None, 1688) 181888
dense 2 (Dense) {None, 1447) 1448447
Total params: 1,648,951
Trainable params: 1,648,851
Mon-trainable params: 8
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Layer (type) Output Shape FParam #

dense 1 (Dense) {None, 5, 18&) 288
1stm 1 (LSTM) (Mone, 108) 264088
dense 2 (Dense) {None, 186@) 181886
dense 3 (Dense) (None, 1) 1ea1

Total params: 182,681
Trainable params: 182,681
Mon-trainable params: 8

Variation of actual and predicted stock price

1750 (]

1250

500

=0

0 100

200 300 400 500 600
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Stack price
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: input: | (None, 3, 1)
input_4: TnputLayer
output: | (Mone, 5, 1)
i
input: (Mone, 5, 1) ] mput: | (None, 20}
dense_11: Dense input_3: InputLayer
output: | (Mone, 3, 100) output: | (MNone, 20}
| '
input: | (None, 5, 100) . : input: (Mone, 20)
Istm_5: LSTM - embedding_1: Embedding - - -
output; | (None, 100) output: | (None, 20, 32)
input: | (None, 100) input: | (None, 20, 32)
dense_12: Dense - Istm_4: LSTM
ouput: | (None, 1O LTS (Mone, 100)
' l
inpit: one, 1000 input: one, 100
dense 13: Dense = e ) dense_10; Dense E @ J
output; (None, 1) output; (Mone, 1)

el

concatenate_1: Concatenate input: | [(None, 1), (None, 1)]
. aulput: (None, 2}
L J
: : =
densa_14: Dense gt (Mane, 2)
output: | {None, 1000)
¥
input: | (None, 1000}
dense 15: Dense
output: | (None, 1)

[125]
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Chapter 13: Sequence-to-Sequence
Learning

® ® @ O
-

@47/4' Al Al e A @
@ > C > A > A >

TR
® © .

5oy

v
5oy

That is tasty taffy

_ TLT]
we [» hwe (B hwe [ hwe I hwe | hwe [ hwe [ hwe | =+ 5 |hwe > Ly =on
™ M "o N3 "4 "5 N6 7] ™8 " h*4111 %o h"
T T T T =

3]

This taffy is so good <cos> It is - <cof>
Source sequence Target sequence
LSTM Encoder LSTM Decoder
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>

3

Encoder RNN Attention Decoder RNN
P, Yyr oo Yiay X
N
" i - |
Zs
[ -

RNN RNN .
Cell k Cell
X <start> A J

Source Embedding

Yk

Target Embedding

Layer (type) Output Shape Param #
input o (Inputiayer)  (None, 2,1) 8
lstm 9 (LSTHM) {None, 1) 12

dense 8 (Dense) (None, 2) 4

Total params: 16
Trainable params: 16
Mon-trainable params: @
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Layer (type) Output Shape Param #

input 2 (Inputlayer) {Mone, 2, 1} g
Istm 2 (LSTM) {None, 2, 1) 12
dense 2 (Dense) {None, 2, 1) 2

Total params: 14
Trainable params: 14
Mon-trainable params: @

Done loading: /fcontent/atis.train.pkl
samples: 4978
vocab_size: 943
slot count: 129
intent count: 26

Done loading: Jcontent/atis.test.pkl

samples: 883
vocab size: 943
slot count: 129

intent count: 26
Token Entity Intent
"air': 195, 'B-aircraft_code’: 8, "abbreviation': 8,
"aircraft’: 196, B-airline_code’: 1, ‘aircraft’: 1,
"airfare’: 197, B-airline_name’: 2, "aircraft+flight+flight_no': 2,
"agirfares’: 1928, B-airport_code’: 3, ‘girfare’: 3,
‘airline': 199, 'B-airport_nams’: 4, 'airfare+flight': 4,

[129]



query[e]

array([178,
351,

4749,
248,

slots[@]

array([128,
73,

128,
128,

intent[@]

array([14])

ge2,
27,

851,
432,

431, 444,
827, 686,

266, 249,
179])

128,
14,

128,
128,

128, 128,
128, 12,

43,
128])

123,

8: flight: BOS i want to fly from boston at 838 am and arrive in denver at 1118 in the morning EOS
intent: flight
BOS 0
i 0
want 0
to 0
fly 0
from o
boston B-fromloc.city name
at 0
838 B-depart_time.time
am I-depart_time.time
and 0
arrive 0
in o]
denver B-toloc.city name
at 0
111@ B-arrive_time.time
in 0
the o
morning B-arrive_time.period_of_day
EOQS Q0
print{i2t2[a])
print(i2s2[a])
print{i2inz[e])
['BOS', "i", "want', 'to’, 'fly', 'from', 'boston’, 'at’, '
['0*, 'O", "O", "0Q', 'O, "0', 'B-fromloc.city name', '0",
flight
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print('tokens: ',i2t2[a])
print(’'slots: ',iZs2[@])
print(’intent: ',i2in2[e])

tokens: ['BOS', 'i', ‘want', 'to', 'fly', "from’, 'boston’,
slots: ['0', 'O°, 'O", 'O', 'O, '0', 'B-fromloc.city name’,
intent: flight

Layer (type) Output Shape FParam #
input 1 (Inputlayer)  (None,58) 8
embedding 1 (Embedding) (None, 58, 32) 28512
dropout_1 (Dropout) {None, 58, 32) 5
bidirectional 1 (Bidirection (None, 58, 288) 186466
time distributed 1 (TimeDist (None, 58, 124) 24524

Total params: 159,836
Trainable params: 159,836
Mon-trainable params: 8
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Loss

Training and test loss

® Traini
10 raining loss
—— Test loss

o —— L,

10 15 20 25 a0 35 40 45 50
Epochs

Training and test accuracy

=
@
5
(=]
= e @ Training accuracy
—— Test accuracy
L
10 15 20 25 30 35 40 45 50
Epochs
Training and test loss
L
@ Training loss
10 —— Test loss
@
g ®
05
[ ]

10 15 20 25 30 35 40 45 50
Epochs

Training and test accuracy

0% & Traning accuracy
—— Test accuracy

10 15 20 25 3l 15 40 45 50
Epochs
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[ s B B ]

14,

@ &

41., 48., 4.
8., 8., B8
By By B
e., 9., 0.

™
@ O =
-

[+ B B R W N
L=
@@ ®

[ I av v R K]

o Il us Rt ws B e w ]

"flight'

intent_int to word[pred_index intent[@]]

word:
word:

boston entity:
dallas entity:

B-fromloc.city name
B-toloc.city name

eng

fr

go start va end

rin start cours end

rumn start courez end

wow  start ca alors end

fire start au feu end

"he is unk good
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Layer (type) Output Shape Param #

embedding 8 (Embedding) {None, 17, 128) 45488
bidirectional & (Bidirection (None, 17, 512) 723488
1stm_14 (LSTM) (None, 17, 256) 787456
dense 8 (Dense) {None, 17, 359) 92263

Total params: 1,717,587
Trainable params: 1,717,687
Mon-trainable params: @

Training and test loss
iz @ T
@ Training loss
30 —— Test loss
5]
w1
g 25 &
L
20 °
L
10 15 20 25 30 5 40 45 50
Epochs
Training and test accuracy
L
L
= S0% .
[*]
: /
=
(]
< 40% ® Training accuracy
—— Test accuracy
L
10 156 20 25 30 3b 40 45 50
Epochs
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Layer (type) Output Shape Param #
enmbedding O (Embedding)  (None, S, 128) 40408
bidirectional 7 (Bidirection (MNone, 512) 788488
repeat wvector 2 (RepeatVecto (None, 17, 512) 5

1stm_16 (LSTM) (None, 17, 256) 787456
time distributed 2 (TimeDist (None, 17, 359) 82263

Total params: 1,717,687
Trainable params: 1,717,687

Mon-trainable params: @

Training and test loss
12 @ Training loss
= Test loss

w 10
wl
3

08 ®

L
08 &
10 15 20 25 30 ab 40 45 50
Epochs
Training and test accuracy
; &*

&% @  Training accuracy &
- = Test acCUracy *
@ "
3 8%
E //_—

10 15 20 25 a0 36 40 45 50
Epochs
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Layer (type) Qutput Shape Param # Connected to

input_3 (InputLayer) (None, Mone) 8
input_4 (InputlLayer) (None, Mone) B
embedding 18 (Embedding) (None, Mone, 128) 49488 input_3[e][e]
embedding 11 (Embedding) (None, Mone, 128) 450852 input_4afe][e]
Istm_17 (LSTM) [(Mone, 256), (MNone, 3594248 embedding_18[@][@]
Istm_18 (LSTM) [(Mone, Neone, 256), 304248 embedding_11i[@][@]
1stm 17[8][1]
1stm 17[8][2]
dense_18 (Dense) (None, Mone, 2888) 514808 1stm_18[@][8]
dense_11 (Dense) (None, Mone, 359) 718359 dense_la[e][@]

Total params: 2,116,199
Trainable params: 2,116,199
MNon-trainable params: 8

Training and test loss
10 @ Traming loss
—— Test loss
w 048
(7]
o)
06 5
04 = 0
10 15 20 25 30 b 40 45 50
Epochs
Training and test accuracy
Q0% &
b
: L
Foal
= &% -
=]
[*]
= = @ Traming accuracy
80 —— Testaccuracy
10 15 20 25 30 a5 40 45 50
Epochs
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mput | (None, 1T) imput: | (Mone, 8)
ingiit 5 Ll aver
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mpait & Inpullaver

[TET ™ 17
wnibahing, 1 Bty L || Gl 1
outpar | (None, 17, 128)

linp; PMine, &
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outpur: | {Neone, B, 128)

4

inpuc: | (None, 17, 128) mpat | (None, 8, 128)
d 2= Dimpouw dmpoat_1: Tim
o I outpus: | (MNooe, 17, 128) S L ouwipat | (Mowe, 8, 1208)

inpot: | (Nooe, 17, 128)
ktm_20: LSTM
culput: | [(Nowe, 17, I56)

ouwtpal | (MNone, 8, 258)

‘ dense 12 Denise inguit: {Mang, 17, 256)
augpiet: | (Moae, 17, 5000

| e

] 7
doe 1 Dop | 1PUE | [(None, 17, 5000), (Mone, 8, 50001 |
- ourp: {MNane, 17, B)

mpuit MNoie, 8, 128
lsem_19: LSTM o : )

‘ demse 13: Dense inguit: {Mane, 3, 256)
arpiet | (Moae, B, S000)

input: | {Mame, 17, B)
ouiput: | (Mooe, 17, Bj

dense_14: Tensp

input: | (Nome 17, 8)
valput: | {Nooe, 17, 8)

attvatlon _1: Adivation

T

input: Mowe, 17, B), (Muowe, 0, 256
dor_2: Dot P [(Mone, . L [(Nowe, 1]
oL [Mome, 17, 256)

mpni | [(Mane, 17, 256, (None, 17, 256)]
cancatenate_1: Concanenans =
murlput (Mome, 17, 512)

input: (Mone, 17, 512)
diemse_15: Diese
ouiput: | (Mooe, 17, 20000

'

input: | (Mooe, 17, 2000)
aurpus; | (Mone, 17, 359
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Training and test loss

@ Training loss
05 \ = Test 055

L
L
. .
20 25 a0 b 40 45 L0
Epochs

Training and test accuracy
L

@ Training accuracy
f *
B / —— Test accuracy

20 25 a0 35 40 45 50
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Chapter 14: End-to-End Learning
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(None, 32, 256)
(None, 32, 256)

(None, 2, 16, 256)
(None, 32, 256)

input
output:

reshape: Reshape

(None, 32, 256)
(None, 32, 256)

(9gz ‘zg ‘suoN) | andimo
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(957 ‘91 ‘¢ ‘auoN) | andno
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(95z ‘z€ ‘g ‘duoN) | ndur
(9gz ‘zg ‘g ‘2uoN) | andino _
(TAUOD) G pPZAUOD
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output:

gru_3: GRU
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input: | (None, 32, 256) input: | (None, 32, 256)
3 gru_4: GRU
output: | (None, 32, 256) output: | (None, 32, 256)

TSy

input: | [(None, 32, 256), (None, 32, 256)]

gru_3: GRU

concatenate 1: Concatenate

output: (None, 32, 512)
LY F
input: | [(None, 32, 256), (None, 32, 256)]
concatenate 1: Concatenate
output: (None, 32, 512)

l

time_distributed_1(dense_1): TimeDistributed(Dense)

input: | (None, 32, 512)
output: | (None, 32, 80)

input: | (None, 32, 80) input: | (None, 1)

output: | (None, 1)

input: | (None, 1)

time_distributed_2(softmax): TimeDistributed(Activation)

input_length: InputLayer

label_length: InputLayer

output: | (None, 32, 80) output: | (None, 1)

input: | (None, 32)
the_labels: InputLayer
ouput: | (None, 32)

input: | [(None, 32, 80), (None, 32), (None, 1), (None, 1)] |
output | (None, 1) |

ctc: Lambda ‘l
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Training loss
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Chapter 15: Audio Analysis

Classical audio spectrogram Rock audio spectrogram
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Training loss
Trairng loss
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Layer (type) Qutput Shape Param # Connected to
the input (Inputloyer)  (Wone, %00, 161) o
inp (BatchNormalization) (None, 999, 161) 644 the_input[8][@]
convid_3 {ConvilD) (None, 495, 228) 389848 inp[e][e]
Mormal_8 (BatchNormalization) (None, 495, 228) 228 convld_3[e][@]
convld_4 {ConvilD) (None, 243, 228) 532628 Normal_@[e][e]
Mormal_1 (BatchNormalization) (None, 243, 228) 288 convld_a[e][e]
gru_3 (GRU) (None, 243, 512) 1125888 Normal_1[e][@]
gru_4 (GRU) (None, 243, 512) 1125888 Normal_1[e][@]
concatenate 1 (Concatenats) (None, 243, 1@24) 8 gru_3[e][e]

gru_afe][e]
Mormal_2 (BatchNormalization) (Neone, 243, 1824) 4896 concatenate_1[8][8]
time_distributed 1 (TimeDistrib (None, 243, 3@) 38758 Normal_2[e][e]
time_distributed_2 (TimeDistrib (None, 243, 3@) 8 time distributed_1[@][e]
Trainable params: 3,288,236
Men-trainable params: 3,258

[EAT CONTED BYTEC MY POARL OTHE MOUG WESPEN FOURRS S SO LON|

|I FOUND IT BY THE NINTH PARATLLEL OFF THE NORTHWESTEEN SHORES OF CEYLON
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Chapter 16: Reinforcement Learning

1 1| 2
2 1 1
S
+1
[0.7280000000000001L, 0.81, 0.%9]
[0.81, 0.9, 1]
5 -1
+1
[0.7290000000000001, -0.8, -1]
[0.81, 0.9, 1]

Beer
FHFH
FFFH
HFFG
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Layer (type) Output Shape Faram #
convad 1 (Com2D)  (None, 26, 20, 32) 8228
conv2d 2 (Conv2D) {None, 12, 9, 64) 32832
conv2d 3 (Conv2D) {None, 5, 4, 128) 73856
flatten 1 (Flatten) {None, 2568@) 5]
dense_1 (Dense) {None, 512} 1311232
dense 2 (Dense) {MNone, 3) 1539
Trainable params: 1,427,683
Mon-trainable params: @
Game Score over increasing episodes
1000 -
800 1
600 1 ' - .
400 - ! I
200 1
II] 2I5 EIU '.I‘I‘_': lEIICI 12|5 ]_";[I l]‘:5 ILEI{I
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