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Machine Learning

• Supervised learning
• Unsupervised learning
• Reinforcement learning
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Deep Learning
ImageNet Large Scale Visual Recognition Competition

• 1.2M training images / 1000 classes
• Based on WordNet hierarchy (ontology)
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Deep Learning
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Outline

• Part I
• Linear Regression
• Logistic Regression
• Neural Network
• Convolutional Neural Network (CNN or ConvNet)
• Recurrent Neural Network (RNN)

• Part II : Other aspects
• Evaluation
• Regularization
• Transfer learning
• Gradient-Descent optimizations
• Software and hardware infrastructure

• Conclusion
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Simple linear regression
Mathematical notation

• m : number of training examples
• x : input variables / features (e.g. ex. surface habitable)
• y : output variable or target or label / (e.g. price)
• ŷ(x) or h(x) : Hypothesis function (or Model)

ŷ(x) = h(x) = w0 + w1x (1)

y (i) = ŷ(x (i)) + ε = w0 + w1x
(i) + ε (2)

• w0, w1 Parameters of Hypothesis function
• Cost function (Mean Squared Error)

J(w0,w1) =
1
2m

m∑
i=1

(
ŷ(x (i))− y (i))

)2
(3)
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Cost function minimization

• Cost function (Mean Squared Error)

J(w0,w1) =
1
2m

m∑
i=1

(
w0 + w1x

(i) − y (i)
)2

(4)

• Optimization

{
∂J(w0,w1)

∂w0
= 1

m

∑m
i=1
(
(w0 + w1x

(i))− y (i)
)

∂J(w0,w1)
∂w1

= 1
m

∑m
i=1
(
(w0 + w1x

(i))− y (i)
)
x (i)

(5)

• Methods
• Analytic approach
• Gradient Descent Algorithm
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Gradient Descent Algorithm
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Gradient Descent Algorithm
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Gradient Descent Algorithm

Mathematical notation{
w0 := w0 − α ∂J(w0,w1)

∂w0

w1 := w1 − α ∂J(w0,w1)
∂w1

(6)
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Linear Regression and Machine Learning
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Linear Regression and Neural Network
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Questions

• Evaluation ?
• Multiple features ?
• Linear ?
• Classification ?
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Linear Regression with Multiple Variables
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Linear Regression with Multiple Variables

• n : number of features
• m : number of training examples
• i th training example :

x (i)
T
=
(
1 x

(i)
1 x

(i)
2 ... x

(i)
n

)
(7)

• Training examples

X =


−
(
x (1)

)T −
−
(
x (2)

)T −
...

−
(
x (m)

)T −

 Y =


y (1)

y (2)

...

y (m)

 (8)
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Linear Regression with Multiple Variables

• Model

ŷ(x) = w0 + w1x1 + w2x2 + ...+ wnxn (9)

Ŷ(X) = XW (10)

• Cost function

J(w0,w1, ...,wn) =
1
2m

m∑
i=1

(
ŷ(x (i))− y (i)

)2
(11)
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Linear Regression with Multiple Variables

• Gradient J(w0,w1, ...,wn)

∂J(w0,w1,wn)

∂wi
=

1
m

m∑
i=1

(
ŷ(x (i))− y (i)

)
x (i) (12)

∇J =
1
m
(Ŷ(x)− Y)tX (13)

• Gradient Descent Algorithm

W := W − α∇J (14)
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Linear Regression with Multiple Variables and Neural
network
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Regression versus Classification
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Regression versus Classification
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Logistic Regression

• Linear Regression

Ŷ(X) = XW (15)

• Logistic Regression


Z = XW
Ŷ = g(Z)

g(z) = 1
1+e−z

(16)
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Logistic Regression
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Logistic Regression
• Cost function

J(w0,w1, ...,wn) =
1
m

m∑
i=1

[− y (i)log(ŷ(x (i)))

− (1− y (i))log(1− ŷ(x (i)))]

• Gradient J(w0,w1, ...,wn)

∇J =
1
m
(Ŷ(x)− Y)tX

d
dx
σ(x) = σ(x)(1− σ(x))
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Logistic Regression and Machine Learning
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Logistic Regression and Neural network
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Linear versus non-linear
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Linear versus non-linear
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Linear versus non-linear
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Neural Network
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Neural Network
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Neural Network

• Forward Propagation


z
(2)
1 = w

(2)
10 x0 + w

(2)
11 x1 + w

(2)
12 x2 + w

(2)
13 x3

z
(2)
2 = w

(2)
20 x0 + w

(2)
21 x1 + w

(2)
22 x2 + w

(2)
23 x3

z
(2)
3 = w

(2)
30 x0 + w

(2)
31 x1 + w

(2)
32 x2 + w

(2)
33 x3

(17)


a
(2)
1 = g(z

(2)
1 )

a
(2)
2 = g(z

(2)
2 )

a
(2)
3 = g(z

(2)
3 )

(18)

z
(3)
1 = w

(3))
10 a

(2)
0 + w

(3))
11 a

(2)
1 + w

(3))
12 a

(2)
2 + w

(3))
13 a

(2)
3 (19)

ŷ(x0, x1, x2, x3) = a
(3)
1 = g(z

(3)
1 ) (20)
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Neural Network

• Forward Propagation (Vectors)

X = A(1) (21)

{
Z(2) = W(2)A(1)

A(2) = g(Z(2))
(22)

{
Z(3) = W(3)A(2)

Ŷ(X) = g(Z(3))
(23)
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Neural Network and Machine Learning

Deep Learning: Technical Introduction Renaud Florquin



Neural Network

• Activation functions : g()
• Gradient
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Neural Network : Activation functions
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Neural Network : Gradient evaluation

• Analytical way
• Numerical way
• Gradient backward Propagation
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Neural Network : Backward Propagation

f (...) = (ax1 + bx2)
2 − c (24)

{
f (...) = g2 − c

g(...) = ax1 + bx2
(25)

{
∂f
∂a = ∂f

∂g
∂g
∂a = 2(ax1 + bx2)x1

∂f
∂b = ∂f

∂g
∂g
∂b = 2(ax1 + bx2)x2

(26)

x1 = 2, x2 = −1, a = 2, b = 1, c = 2{
∂f
∂a = 12
∂f
∂b = −6 (27)
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Neural Network : Backward Propagation
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Neural Network : Backward Propagation
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Neural Network : Backward Propagation
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Neural Network : Backward Propagation
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Neural Network : Backward Propagation
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Neural Network (Example)
• MNIST : DATABASE of handwritten digits
• 28x28 pixels image
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Neural Network (Example)

Deep Learning: Technical Introduction Renaud Florquin



Neural Network (Example)

• Data :
• Input : 28x28 gray pixels = vector<784> : 0..255
• Training set : 60000 images
• Test set : 10000 images

• Topology :
• Input : 28x28=784 nodes
• Output : 10 nodes (sofmax)

σ(z)j =
ezj∑N
k=1 e

zk
(28)

• 2 hidden layers (16 nodes)
• Number of parameters : 13002
• Loss function : cross-entropy
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Neural Network (Example)
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Neural Network (Example) using Keras
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Neural Network (Example) using Keras
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Convolutional Neural Network

• Motivations :
• Reduce number of parameters
• Feature extractor

• ConvNet (CNN) :
• Convolution filter
• Pooling
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ConvNet : Convolution
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ConvNet : Convolution
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ConvNet : Convolution
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ConvNet : Convolution
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ConvNet : Convolution examples
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ConvNet : Convolution
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ConvNet : Convolution
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ConvNet : Convolution
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ConvNet : Convolution
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ConvNet : Convolution
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ConvNet : Pooling
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ConvNet : Pooling
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ConvNet : Pooling
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ConvNet : overview

Deep Learning: Technical Introduction Renaud Florquin



ConvNet : Example

• CIFAR-10 : DATABASE of 60000 tiny images
• 32x32x3 colored images based on 10 classes (label)
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ConvNet : Example using Keras
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ConvNet : Example using Keras
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ConvNet : Example

Deep Learning: Technical Introduction Renaud Florquin



ConvNet : LeNet5 (1998)

• 32x32 B&W images (MNIST : handwritten digits)
• 7 layers
• +/- 60K parameters
• Key contributions : Convolution, Average-sampling

[From : Gradient-Based Learning Applied to Document Recognition ; Y. LeCun, L. Bottou, Y. Bengio,
P. Haffner]
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ConvNet : AlexNet (2012)

• 227x227x3 images (ImageNet / 1000 classes)
• +/- 60M parameters (8 layers)
• Train on 2 GPUs for 6 days
• Key contributions : GPU, ReLU activation, Dropout, Image

augmentation

[From : ImageNet Classification with Deep Convolutional Neural Networks ; Alex Krizhevsky, Ilya
Sutskever, Geoffrey E. Hinton]
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ConvNet : VGG-16 (2014)

• +/- 138M parameters (19 layers)
• Train on 4 GPUs for 2-3 weeks
• Key contributions : Uniformity

[From : Very Deep Convolutional Networks for Large-scale Image Recognition ; K. Simonyan, A.
Zisserman]
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ConvNet : Inception Network / GooLeNet (2014)
• +/- 25M parameters (22 layers)
• Train on 8 GPUs for 2 weeks
• Key contributions : Network in Network

[From : Going Deeper with Convolutions ; C. Szegedy]
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ConvNet : ResNet (2015)

• +/- 60M parameters (152 layers)
• Train on 8 GPUs for 2-3 weeks
• Key contributions : Deep learning, Shortcut connections

[From : Deep Residual Learning for Image Recognition ; K. He, X. Zhang, S. Ren, J. Sun]
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RNN - Recurrent Neural Network
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RNN - Recurrent Neural Network

Deep Learning: Technical Introduction Renaud Florquin



RNN - Recurrent Neural Network
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RNN - Recurrent Neural Network
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RNN - Recurrent Neural Network
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RNN - Recurrent Neural Network
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RNN - Recurrent Neural Network

Deep Learning: Technical Introduction Renaud Florquin



RNN - Recurrent Neural Network

• Vanishing gradient
• LSTM (Long Short Term Memory)
• GRU (Gated Recurent Unit)
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Outline

• Part I
• Linear Regression
• Logistic Regression
• Neural Network
• Convolutional Neural Network (CNN or ConvNet)
• Recurrent Neural Network (RNN)

• Part II : Other aspects
• Evaluation
• Regularization
• Transfer learning
• Gradient-Descent optimizations
• Software and hardware infrastructure

• Conclusion
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Evaluation
Training Error
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Evaluation
Training Error
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Evaluation
Training Error
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Evaluation
Training Error
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Evaluation
Forming a Test set
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Evaluation
Forming a Test set
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Evaluation
Training error versus Test error
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Evaluation
Training error versus Test error
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Evaluation
Training error versus Test error
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Evaluation
Training error versus Test error
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Evaluation
Training error versus Test error
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Evaluation
Learning Curves
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Evaluation
Learning Curves
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Regularization

• Parameter Norm Penalties
• Dataset Augmentation
• Dropout
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Regularization : Parameter Norm Penalties
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Regularization : Parameter Norm Penalties

P2(x) = 0.86x2 + 3.4x + 3

P10(x) = 0.024x10 − 0.65x9 + 7.3x8 − 46x7 + 174x6 − 412x5

+598x4 − 502x3 + 209x2 − 24x1 + 3.8

P20(x) = −0.002x20 + 0.14x19 − 3.5x18 + 53.7x17

−567x16 + 4386x15 − 25682x14 + 116260x13

−411550x12 + 1145000x11 − 2503000x10 + 4277200x9

−5655400x8 + 5693000x7 − 4260400x6 + 2290200x5

−840530x4 + 194470x3 − 24642x2 + 1244.8x1 + 3.6973
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Regularization : Parameter Norm Penalties

J(W) =
1
2m

m∑
i=1

(
ŷ(x (i))− y (i)

)2
+

λ

2m
∗ ‖W‖ (29)

Ridge ⇒ ‖W‖2 (30)

Lasso ⇒ ‖W‖1 (31)
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Regularization : Dropout
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Regularization : Dropout
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Regularization : Dropout
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Regularization : Dropout
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Regularization : Dataset Augmentation

Label : Cat
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Regularization : Dataset Augmentation

Label : Cat
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Regularization : Dataset Augmentation

Label : Cat
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Regularization : Dataset Augmentation

Label : Cat
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Regularization : Dataset Augmentation

But ...
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Gradient-Descent Optimizations

• No convex (local minima)
• Loss and Gradient

J(W) =
1
N

N∑
i=1

j(ŷ(i), y(i)) (32)

∇J(W) =
1
N

N∑
i=1

∂j(ŷ(i), y(i))
∂W

(33)

• Gradient approximation
• N=m ⇒ Full gradient
• N=1 ⇒ Stochastic Gradient Descent (SGD)
• m>N>1 ⇒ mini-batch
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Gradient-Descent Optimizations
• Decrease Learning Rate (α) during training

W := W − α∇J (34)

• Gradient Descent Optimization Algorithms : Momentum,
Adagrad, RMSProp, Adam, ...

[see http ://ruder.io/optimizing-gradient-descent/]
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Transfer Learning
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Transfer Learning
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Software and Hardware Infrastructure

• GPU-based : NVIDIA + CUDA

• Solutions :
• Local solutions with or without GPU
• Cloud solutions : Google, Amazon, Azure, ... Paperspace,

Crestle
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Software and Hardware Infrastructure

Software libraries

• TensorFlow

• Keras
• Theano

• Caffe

• Torch
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TensorFlow

[From : https ://developers.googleblog.com/2017/09/introducing-tensorflow-datasets.html]
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TensorFlow
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TensorFlow
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TensorFlow

[From : https ://developers.googleblog.com/2017/11/introducing-tensorflow-feature-columns.html]
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TensorFlow

[From : https ://towardsdatascience.com/visualizing-your-model-using-tensorboard-796ebb73e98d]
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Outline

• Part I
• Linear Regression
• Logistic Regression
• Neural Network
• Convolutional Neural Network (CNN or ConvNet)
• Recurrent Neural Network (RNN)

• Part II : Other aspects
• Evaluation
• Regularization
• Transfer learning
• Gradient-Descent optimizations
• Software and hardware infrastructure

• Conclusion
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Image classification

[From : Dermatologist-level classification of skin cancer with deep neural networks ; A. Esteva et Al.]
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Image detection and localisation

[From :
https ://www.pyimagesearch.com/2017/09/11/object-detection-with-deep-learning-and-opencv/]
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Image Semantic Segmentation

[From : SegNet : A Deep Convolutional Encoder-Decoder Architecture for Image Segmentation ; Vijay
Badrinarayanan, Alex Kendall, Roberto Cipolla]
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Generating Image Descriptions

[From : Deep Visual-Semantic Alignments for Generating Image Descriptions ; Andrej Karpathy, Li
Fei-Fei]
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Generating Image Descriptions

[From : Deep Visual-Semantic Alignments for Generating Image Descriptions ; Andrej Karpathy, Li
Fei-Fei]
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Style transfer

[From : A Neural Algorithm of Artistic Style ; Leon A. Gatys, Alexander S. Ecker, Matthias Bethge]
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Adversarial Examples

[From : Explaining and Harnessing Adversarial Examples ; I. Goodfellow, J. Shlens, C. Szegedy]

[From : https ://www.labsix.org/physical-objects-that-fool-neural-nets/]
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Auto-encoder
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Generative Adversarial Network : GAN

[From : Learning to Discover Cross-Domain Relations with Generative Adversarial Networks ; Taeksoo
Kim, Moonsu Cha, Hyunsoo Kim, Jung Kwon Lee, Jiwon Kim]
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Generative Adversarial Network : GAN

[From : Learning to Discover Cross-Domain Relations with Generative Adversarial Networks ; Taeksoo
Kim, Moonsu Cha, Hyunsoo Kim, Jung Kwon Lee, Jiwon Kim]
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Deep Reinforcement learning

[From : Human-level control through deep reinforcement learning ; Volodymyr Mnih, ...]
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Deep Learning
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Conclusion
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