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Outline
• AI,	Machine	Learning	and	
Deep	Learning

• Visual	Recognition
– Image	Classification

• Deep	Learning	for	Visual	Recognition	
with	TensorFlow and	Keras
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MNIST

4Source: https://en.wikipedia.org/wiki/MNIST_database



CIFAR-10	dataset

5Source: https://www.cs.toronto.edu/~kriz/cifar.html



Deep	Learning	
Foundations:	

Neural	Networks
6



Keras:	
High-level	API	
for	TensorFlow
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Artificial	Intelligence
Machine	Learning	&	Deep	Learning

8Source: https://blogs.nvidia.com/blog/2016/07/29/whats-difference-artificial-intelligence-machine-learning-deep-learning-ai/



9Source: https://www.i-scoop.eu/artificial-intelligence-cognitive-computing/
Ecosystem of AI

Artificial	Intelligence	(AI)	
is	many	things



Artificial	Intelligence	(AI)
Intelligent	Document	Recognition	algorithms

10Source: https://www.i-scoop.eu/artificial-intelligence-cognitive-computing/



Deep	Learning	Evolution

11Source: http://www.erogol.com/brief-history-machine-learning/



Machine	Learning	Models

12

Deep	Learning

Ensemble	

Clustering Regression	Analysis

Kernel	

Dimensionality	reductionDecision	tree

Instance	basedBayesian

Association	rules

Source: Sunila Gollapudi (2016),	Practical	Machine	Learning,	Packt Publishing



3	Machine	Learning	Algorithms

13Source: Enrico Galimberti, http://blogs.teradata.com/data-points/tree-machine-learning-algorithms/



Machine	Learning	(ML)	/	Deep	Learning	(DL)

14
Source: Jesus Serrano-Guerrero, Jose A. Olivas, Francisco P. Romero, and Enrique Herrera-Viedma (2015), 

"Sentiment analysis: A review and comparative analysis of web services," Information Sciences, 311, pp. 18-38.

Machine	
Learning
(ML)

Supervised	
Learning

Unsupervised	
Learning

Decision	Tree	
Classifiers

Linear	
Classifiers

Rule-based	
Classifiers

Probabilistic	
Classifiers

Support	Vector	
Machine	(SVM)

Deep	Learning	
(DL)

Neural	Network	
(NN)

Bayesian	
Network	(BN)

Maximum	
Entropy	(ME)

Naïve	Bayes	
(NB)

Reinforcement		
Learning



Deep	Learning	
and	

Deep	Neural	Networks
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LeCun,	Yann,	
Yoshua	Bengio,	

and	Geoffrey	Hinton.	

"Deep	learning."	
Nature	521,	no.	7553	(2015):	436-

444.
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17Source: LeCun, Yann, Yoshua Bengio, and Geoffrey Hinton. "Deep learning." Nature 521, no. 7553 (2015): 436-444.



Deep	Learning

• A	powerful	class	of	machine	learning	model
• Modern	reincarnation	of	artificial	neural	networks
• Collection	of	simple,	
trainable	mathematical	functions

• Compatible	with	many	variants	of	machine	learning

18Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016



19Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016

What	is	Deep	Learning?



20Source: http://www.asimovinstitute.org/neural-network-zoo/

Neural	
Networks

(NN)



21Source: http://www.asimovinstitute.org/neural-network-zoo/



22Source: http://www.asimovinstitute.org/neural-network-zoo/



Convolutional	Neural	Networks	
(CNN	or	Deep	Convolutional	Neural	Networks,	DCNN)

23Source: http://www.asimovinstitute.org/neural-network-zoo/
LeCun, Yann, et al. “Gradient-based learning applied to document recognition.” Proceedings of the IEEE 86.11 (1998): 2278-2324.
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Recurrent	Neural	Networks	
(RNN)

Source: http://www.asimovinstitute.org/neural-network-zoo/
Elman, Jeffrey L. “Finding structure in time.” Cognitive science 14.2 (1990): 179-211



Long	/	Short	Term	Memory	
(LSTM)

25
Hochreiter, Sepp, and Jürgen Schmidhuber. “Long short-term memory.” Neural computation 9.8 (1997): 1735-1780.

Source: http://www.asimovinstitute.org/neural-network-zoo/



Gated	Recurrent	Units	
(GRU)

26Source: http://www.asimovinstitute.org/neural-network-zoo/
Chung, Junyoung, et al. “Empirical evaluation of gated recurrent neural networks on sequence modeling.” arXiv preprint arXiv:1412.3555 (2014).



Generative	Adversarial	Networks	
(GAN)

27Source: http://www.asimovinstitute.org/neural-network-zoo/
Goodfellow, Ian, et al. “Generative adversarial nets.” Advances in Neural Information Processing Systems. 2014.



Support	Vector	Machines	
(SVM)

28
Cortes, Corinna, and Vladimir Vapnik. “Support-vector networks.” Machine learning 20.3 (1995): 273-297.

Source: http://www.asimovinstitute.org/neural-network-zoo/



Neural	networks	
(NN)
1960

29Source: Sunila Gollapudi (2016),	Practical	Machine	Learning,	Packt Publishing



Neural	Networks

30

Input Layer
(X)

Output Layer
(Y)

Hidden Layer
(H)

Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU

Y
X1

X2



Multilayer	Perceptrons	
(MLP)
1985

31Source: Sunila Gollapudi (2016),	Practical	Machine	Learning,	Packt Publishing



Support	Vector	Machine
(SVM)
1995

32Source: Sunila Gollapudi (2016),	Practical	Machine	Learning,	Packt Publishing



Hinton presents	the	

Deep	Belief	Network	
(DBN)

New	interests	in	deep	learning	
and	RBM

State	of	the	art	MNIST

2005
33Source: Sunila Gollapudi (2016),	Practical	Machine	Learning,	Packt Publishing



Deep	
Recurrent	Neural	Network	

(RNN)
2009

34Source: Sunila Gollapudi (2016),	Practical	Machine	Learning,	Packt Publishing



Convolutional	DBN	
2010

35Source: Sunila Gollapudi (2016),	Practical	Machine	Learning,	Packt Publishing



Max-Pooling	CDBN	
2011

36Source: Sunila Gollapudi (2016),	Practical	Machine	Learning,	Packt Publishing



Deep	Learning

Geoffrey	Hinton	
Yann	LeCun

Yoshua	Bengio
Andrew	Y.	Ng
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From image to text

Source: LeCun, Yann, Yoshua Bengio, and Geoffrey Hinton. "Deep learning." Nature 521, no. 7553 (2015): 436-444.



From	image	to	text	
Image:	deep	convolution	neural	network	(CNN)

Text:	recurrent	neural	network	(RNN)	

39Source: LeCun, Yann, Yoshua Bengio, and Geoffrey Hinton. "Deep learning." Nature 521, no. 7553 (2015): 436-444.



Recurrent	Neural	Network	(RNN)

40Source: LeCun, Yann, Yoshua Bengio, and Geoffrey Hinton. "Deep learning." Nature 521, no. 7553 (2015): 436-444.



CS224d:	Deep	Learning	for	
Natural	Language	Processing

41http://cs224d.stanford.edu/



Recurrent	Neural	Networks	
(RNNs)

42Source: http://cs224d.stanford.edu/lectures/CS224d-Lecture8.pdf



RNN

43Source: http://colah.github.io/posts/2015-08-Understanding-LSTMs/



RNN	long-term	dependencies
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I grew up in France… I speak fluent French.
Source: http://colah.github.io/posts/2015-08-Understanding-LSTMs/



RNN	LSTM

45Source: http://colah.github.io/posts/2015-08-Understanding-LSTMs/



Long	Short	Term	Memory
(LSTM)

46Source: http://colah.github.io/posts/2015-08-Understanding-LSTMs/



Gated	Recurrent	Unit
(GRU)

47Source: http://colah.github.io/posts/2015-08-Understanding-LSTMs/



LSTM	vs	GRU

48

LSTM
i,	f	and	o	are	the	input,	forget and	output
gates,	respectively.	
c	and	c˜	denote	the	memory	cell	and	the	
new	memory	cell	content.	

r	and	z	are	the	reset and	update gates,	
and	h	and	h˜	are	the	activation	and	the	
candidate	activation.

GRU

Source: Chung, Junyoung, Caglar Gulcehre, KyungHyun Cho, and Yoshua Bengio. "Empirical evaluation of gated recurrent neural 
networks on sequence modeling." arXiv preprint arXiv:1412.3555 (2014).



LSTM	Recurrent	Neural	Network

49Source: https://github.com/Vict0rSch/deep_learning/tree/master/keras/recurrent



The	Sequence	to	Sequence	model	
(seq2seq)	

50Source: http://suriyadeepan.github.io/2016-12-31-practical-seq2seq/



Neural	Networks

51

Input Layer
(X)

Output Layer
(Y)

Hidden Layer
(H)

Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU

Y
X1

X2



52Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016

The	Neuron
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Neuron	and	Synapse

53Source: https://en.wikipedia.org/wiki/Neuron



54Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016

The	Neuron
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55Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016

x1

x2

x3

y

-0.21

0.3

0.7

Weights

Inputs

y = max ( 0, -0.21 * x1 + 0.3 * x2 + 0.7 * x3 )



Neural	Networks

56Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU



Neural	Networks

57

Input Layer
(X)

Output Layer
(Y)

Hidden Layer
(H)

Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU

Y
X1

X2



Neural	Networks

58

Input Layer
(X)

Output Layer
(Y)

Hidden Layers
(H)

Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU

Deep Neural Networks
Deep Learning



Neural	Networks

59

Input Layer
(X)

Output Layer
(Y)

Hidden Layer
(H)

Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU

Y
X1

X2

Synapse

Neuron
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Synapse



Neural	Networks

60

Input Layer
(X)

Output Layer
(Y)

Hidden Layer
(H)

Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU

Score

Hours
Sleep

Hours
Study



Neural	Networks

61Source: https://www.youtube.com/watch?v=P2HPcj8lRJE&list=PLjJh1vlSEYgvGod9wWiydumYl8hOXixNu&index=2

Input Layer
(X)

Output Layer
(Y)

Hidden Layer
(H)



Neural	Networks
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Input Layer
(X)

Output Layer
(Y)

Hidden Layer
(H)

Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU

Y
X1

X2



63Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU
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64Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU
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Y =	W X +	b

65Source: https://www.youtube.com/watch?v=G8eNWzxOgqE



Y =	W X +	b

66

Weights bias

Output input

Trained
Source: https://www.youtube.com/watch?v=G8eNWzxOgqE



W X +	b	= Y

67Source: https://www.youtube.com/watch?v=G8eNWzxOgqE
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W X +	b	= Y

68Source: https://www.youtube.com/watch?v=G8eNWzxOgqE
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W X +	b	= Y

69Source: https://www.youtube.com/watch?v=G8eNWzxOgqE
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Training	a	Network
=

Minimize	the	Cost	Function

70Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU



Training	a	Network
=

Minimize	the	Cost Function
Minimize	the	Loss Function

71Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU



Error = Predict	Y	- Actual	Y
Error	:	Cost	:	Loss

72Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU
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Error = Predict	Y	- Actual	Y
Error	:	Cost	:	Loss

73Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU

25

50

75

100

Test1 Test2 Test3

𝑦
𝑦<

𝑒



Error = Predict	Y	- Actual	Y
Error	:	Cost	:	Loss

74Source: https://www.youtube.com/watch?v=bxe2T-V8XRs&index=1&list=PLiaHhY2iBX9hdHaRr6b7XevZtgZRa1PoU
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Activation
Functions

75



Activation	Functions

76Source: http://cs231n.github.io/neural-networks-1/

ReLU
(Rectified Linear Unit)

Sigmoid TanH

f(x) = max(0, x)[0, 1] [-1, 1]



Activation	Functions

77Source: http://adilmoujahid.com/posts/2016/06/introduction-deep-learning-python-caffe/



Loss	
Function

78



Binary	Classification:	2	Class

Activation	Function:	
Sigmoid

Loss	Function:	
Binary	Cross-Entropy

79



Multiple	Classification:	10	Class

Activation	Function:	
SoftMAX

Loss	Function:	
Categorical	Cross-Entropy

80



Dropout

81
Source: Srivastava, Nitish, Geoffrey E. Hinton, Alex Krizhevsky, Ilya Sutskever, and Ruslan Salakhutdinov. 

"Dropout: a simple way to prevent neural networks from overfitting." Journal of machine learning research 15, no. 1 (2014): 1929-1958.

Dropout: a simple way to prevent neural networks from overfitting



Learning	Algorithm

While	not	done:
Pick	a	random	training	example	“(input,	label)”
Run	neural	network	on	“input”
Adjust	weights	on	edges	to	make	output	closer	to	“label”

82Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016



83Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016

x1
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x3

y
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Weights

Inputs

y = max ( 0, -0.21 * x1 + 0.3 * x2 + 0.7 * x3 )



84Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016

x1

x2

x3

y

-0.21

0.3

0.65

Weights

Inputs

Next time:
y = max ( 0, -0.23 * x1 + 0.31 * x2 + 0.65 * x3 )
y = max ( 0, -0.21 * x1 + 0.3 * x2 + 0.7 * x3 )
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Optimizer:	
Stochastic	Gradient	Descent

(SGD)

85

w

J(w) Initial 
weight Gradient

Global cost 
minimum



86Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016



Visual	Recognition
Image	Classification

87



88Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016



Convolutional	Neural	Networks	

(CNNs	/	ConvNets)

89http://cs231n.github.io/convolutional-networks/



A	regular	3-layer	Neural	Network

90http://cs231n.github.io/convolutional-networks/



A	ConvNet	arranges	its	neurons	in	
three	dimensions	

(width,	height,	depth)

91http://cs231n.github.io/convolutional-networks/



The	activations	of	an	
example	ConvNet	architecture.

92http://cs231n.github.io/convolutional-networks/



ConvNets

93http://cs231n.github.io/convolutional-networks/



ConvNets

94http://cs231n.github.io/convolutional-networks/



ConvNets

95http://cs231n.github.io/convolutional-networks/



ConvNets
max	pooling

96http://cs231n.github.io/convolutional-networks/



Convolutional	Neural	Networks	
(CNN)	(LeNet)

97Source: http://deeplearning.net/tutorial/lenet.html

Sparse Connectivity



Convolutional	Neural	Networks	
(CNN)	(LeNet)

98Source: http://deeplearning.net/tutorial/lenet.html

Shared Weights



Convolutional	Neural	Networks	
(CNN)	(LeNet)

99Source: http://deeplearning.net/tutorial/lenet.html

example of a convolutional layer



Convolutional	Neural	Networks	
(CNN)	(LeNet)

100Source: http://deeplearning.net/tutorial/lenet.html



Neural	Network	and	Deep	Learning

101
Source: 3Blue1Brown (2017), But what *is* a Neural Network? | Chapter 1, deep learning, 

https://www.youtube.com/watch?v=aircAruvnKk



Gradient	Descent	
how	neural	networks	learn	

102
Source: 3Blue1Brown (2017), Gradient descent, how neural networks learn | Chapter 2, deep learning,  

https://www.youtube.com/watch?v=IHZwWFHWa-w



Backpropagation	

103
Source: 3Blue1Brown (2017), What is backpropagation really doing? | Chapter 3, deep learning, 

https://www.youtube.com/watch?v=Ilg3gGewQ5U



Learning	Algorithm

While	not	done:
Pick	a	random	training	example	“(input,	label)”
Run	neural	network	on	“input”
Adjust	weights	on	edges	to	make	output	closer	to	“label”

104Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016



Deep	Learning	
with	

TensorFlow
105



Deep	Learning	Libraries:	Tensorflow and	Keras

106Source: https://twitter.com/fchollet/status/852194634470223873



Deep	Learning	Software
• Keras

– Deep	Learning	library	for	TensorFlow,	CNTK
• Tensorflow

– TensorFlow™	is	an	open	source	software	library	
for	numerical	computation	using	data	flow	graphs.

• CNTK
– Computational	Network	Toolkit	by	Microsoft	Research

• PyTorch
– Tensors	and	Dynamic	neural	networks	in	Python	
with	strong	GPU	acceleration

107Source: http://deeplearning.net/software_links/



Keras

108http://keras.io/



Tensorflow

109https://www.tensorflow.org/



PyTorch

110http://pytorch.org/



Keras
111



Keras

• Keras is	a	high-level	neural	networks	API
• Written	in	Python	and	capable	of	running	on	
top	of	TensorFlow,	CNTK,	or	Theano.	

• It	was	developed	with	a	focus	on	enabling	fast	
experimentation.	

• Being	able	to	go	from	idea	to	result	with	the	
least	possible	delay	is	key	to	doing	good	
research.

112Source: https://keras.io/



Install	Keras

• Step	1.	Install	backend	engines:	Tensorflow
– Installing	TensorFlow on	Ubuntu
– Installing	TensorFlow on	macOS
– Installing	TensorFlow on	Windows

• Step	2.	Install	Keras
– sudo pip	install	keras
– pip	install	keras

113https://keras.io/#installation



TensorFlow Installation

114https://www.tensorflow.org/install/



Keras Installation

115https://keras.io/#installation



116Source: https://github.com/tensorflow/tensorflow



Google	TensorFlow

117https://www.tensorflow.org/



TensorFlow	Playground

118http://playground.tensorflow.org/



TensorFlow
is	an	

Open	Source	
Software	Library	

for	

Machine	Intelligence
119https://www.tensorflow.org/



numerical	computation	
using	data	flow	graphs

120https://www.tensorflow.org/



Tensor
• 3

– #	a	rank	0	tensor;	this	is	a	scalar with	shape	[]

• [1.	,2.,	3.]	
– #	a	rank	1	tensor;	this	is	a	vector with	shape	[3]

• [[1.,	2.,	3.],	[4.,	5.,	6.]]	
– #	a	rank	2	tensor;	a	matrix with	shape	[2,	3]

• [[[1.,	2.,	3.]],	[[7.,	8.,	9.]]]	
– #	a	rank	3	tensor with	shape	[2,	1,	3]

121https://www.tensorflow.org/



Nodes:	
mathematical	operations

edges:	
multidimensional	data	arrays	

(tensors)	
communicated	between	nodes

122



Computation	is	a	Dataflow	Graph

123

Graph of Nodes, 
also called Operations or ops.

weights

MatMul

bias

examples

labels

Add Relu

Xent

Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016



Computation	is	a	Dataflow	Graph

124

Edges are N-dimensional arrays: Tensors

weights

MatMul

bias

inputs

targets

Add Relu

Xent

Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016



Logistic	Regression	as	Dataflow	Graph

125

weights

MatMul

bias

inputs

targets

Add Softmax

Xent

opsOperationsNodes

Edges are N-dimensional arrays: Tensors

b

W

X

Y

Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016



Computation	is	a	Dataflow	Graph
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Add

biases

…

learning	
rate

… Mul -=

‘Biases’ is a variable
Some ops compute gradients

-= updates biases

with state

Source: Jeff Dean (2016), Large-Scale Deep Learning For Building Intelligent Computer Systems, WSDM 2016



Data	Flow	Graph

127Source: https://www.tensorflow.org/



Data	Flow	Graph

128Source: https://www.tensorflow.org/

Data	Flow	
Graph



Data	Flow	Graph

129Source: https://www.tensorflow.org/

Data	Flow	
Graph



Python
130



Download	Anaconda

131https://www.continuum.io/downloads



Download	Anaconda	Python	3.6

132https://www.continuum.io/downloads



OS	X	Anaconda	Python	3.6	
Installation

133https://www.continuum.io/downloads

Command	Line	Installer
Download	the	command-line	installer

In	your	terminal	window	type	one	of	the	below	
and	follow	the	instructions:

Python	3.6	version
bash Anaconda3-4.3.1-MacOSX-x86_64.sh 

Python	2.7	version
bash Anaconda2-4.3.1-MacOSX-x86_64.sh 



Anaconda3-4.3.1-MacOSX-x86_64.pkg

134

OS	X	Anaconda	3	- 4.3.1
Python	3.6	Installation

Installer package
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Install	Anaconda	3
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Install	Anaconda	3
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Install	Anaconda	3
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Install	Anaconda	3
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Install	Anaconda	3
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Install	Anaconda	3
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Install	Anaconda	3
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Install	Anaconda	3
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Install	Anaconda	3

178 python	packages	
included.
Supported	packages:	
453

Source: https://docs.continuum.io/anaconda/pkg-docs
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Install	Anaconda	3

178
python	
packages	
included.



Anaconda-Navigator

145

Launchpad



146

Anaconda-Navigator



Jupyter Notebook

147
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Jupyter Notebook
New	Python	3
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print(“hello, world”)
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from platform import python_version
print("Python Version:", python_version())



Create	Python	Environments	
with	Anaconda

• Python	3.6
• Python	3.5

–Python	3.5.3
–Python	3.5.2

• Python	2.7

151https://conda.io/docs/py2or3.html



Anaconda	Create	New	Python	3.5	
Environment	(py35)

152

py35
Python	3.5

Source: http://conda.pydata.org/docs/py2or3.html
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Anaconda	Create	New	Python	2.7	
Environment	(py27)

py35
Python	3.5

py27
Python	2.7

Source: http://conda.pydata.org/docs/py2or3.html



Verify	that	conda is	installed,	
check	current	conda version

• conda --version

• Update	conda to	the	current	version

– conda update conda

154http://conda.pydata.org/docs/using/using.html#verify-that-conda-is-installed-check-current-conda-version



Check	current	conda version
Check	current	python	version	
Check	conda environments

• conda --version
• python --version
• conda info --envs

155http://conda.pydata.org/docs/using/using.html#verify-that-conda-is-installed-check-current-conda-version
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terminal

Terminal
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conda list

http://conda.pydata.org/docs/using/using.html#verify-that-conda-is-installed-check-current-conda-version
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python --version
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conda --version

python --version
conda --version
conda info --envs

source activate py35

source deactivate py35
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conda create -n py352 python=3.5.2 anaconda

Source: http://conda.pydata.org/docs/py2or3.html

Create	a	
Python	3.5.2	
environment
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conda create -n py352 python=3.5.2 anaconda

Source: http://conda.pydata.org/docs/py2or3.html

source activate py352
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conda info --envs



TensorFlow

163



164Source: http://deeplearning.net/software/theano/install.html#anaconda

source activate tensorflow

conda info --envs

conda --version
python --version

conda list

conda create -n tensorflow python=3.5

activate tensorflow



165Source: http://deeplearning.net/software/theano/install.html#anaconda

sudo pip install keras

pip install keras

pip install ipython[all]

sudo pip install tensorflow

Source: https://github.com/martin-gorner/tensorflow-mnist-tutorial/blob/master/INSTALL.txt

jupyter notebook

pip install tensorflow
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pip install tensorflow



TensorFlow	Playground

167http://playground.tensorflow.org/



TensorBoard

168https://www.tensorflow.org/tensorboard/index.html#graphs



Getting	Started	with	TensorFlow

169Source: https://www.tensorflow.org/get_started/get_started



Try	your	first	TensorFlow

170

>>> import tensorflow as tf
>>> hello = tf.constant('Hello, TensorFlow!') 
>>> sess = tf.Session() 
>>> sess.run(hello) 
'Hello, TensorFlow!'
>>> a = tf.constant(10) 
>>> b = tf.constant(32) 
>>> sess.run(a+b)
42

>>>

$ python

https://github.com/tensorflow/tensorflow



Hello	TensorFlow

171https://github.com/tensorflow/tensorflow



tf.Session()
sess.run()

172https://github.com/tensorflow/tensorflow



Linear	Regression	Model

173Source: https://www.tensorflow.org/get_started/get_started



tf.estimator

174Source: https://www.tensorflow.org/get_started/get_started

train metrics: {'average_loss': 2.7210228e-07, 'loss': 1.0884091e-06, 'global_step': 1000}
eval metrics: {'average_loss': 0.0025725411, 'loss': 0.010290165, 'global_step': 1000}
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TensorFlow
and	

Deep	Learning



TensorFlow and	Deep	Learning

176Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#0



TensorFlow MNIST	Tutorial

177https://github.com/martin-gorner/tensorflow-mnist-tutorial/



TensorFlow and	Deep	Learning

• What	is	a	neural	network	and	how	to	train	it
• How	to	build	a	basic	1-layer	neural	network	
using	TensorFlow

• How	to	add	more	layers
• Training	tips	and	tricks:	overfitting,	dropout,	
learning	rate	decay	...

• How	to	troubleshoot	deep	neural	networks
• How	to	build	convolutional	networks

178Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#0



TensorFlow MNIST	Tutorial

179Source: https://github.com/martin-gorner/tensorflow-mnist-tutorial/blob/master/INSTALL.txt

cd tensorflow-mnist-tutorial

python mnist_1.0_softmax.py

git clone https://github.com/martin-
gorner/tensorflow-mnist-tutorial.git

python3 mnist_1.0_softmax.py

pythonw mnist_1.0_softmax.py



MNIST dataset:	
60,000	labeled	digits

180Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#0



181Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#1

cd tensorflow-mnist-tutorial
python3 mnist_1.0_softmax.py



Train	a	Neural	Network

182

Training digits
updates to weights and biases => 
better recognition (loop)

Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#2



Training	digits

183Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#2



184Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#2

Training	digits



185Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#2



186Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#2

Test	digits



Cross	entropy	loss

187Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#2



Accuracy

188Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#2



Weights

189Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#2



Biases

190Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#2



Weights	and	Biases

191Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#2



192Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



Very	Simple	Model:	
Softmax Classification

193Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/
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Very	Simple	Model:	
Softmax Classification

Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/
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Very	Simple	Model:	
Softmax Classification

Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



In	Matrix	notation,	
100	images	at	a	time

196Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



197Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



198Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



199Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



200Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



What	are	"weights"	and	"biases"	?	

How	is	the	"cross-entropy"	
computed	?	

How	exactly	does	the	
training	algorithm work	?

201Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



Y	=	f(X)

202Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

Y = tf.nn.softmax(tf.matmul(X, W) + b)



Y = tf.nn.softmax(tf.matmul(X, W) + b)

203Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

tensor	shapes:	X[100,	784]				W[784,	10]			b[10]	

TensorFlow (Python)	Softmax

matrix	multiply
broadcast	
on	all	lines

Predictions:
Y[100,	10]



Cross	Entropy

204Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



Minimizing	Cross	Entropy	
(Minimizing	Loss)

205Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



Training	digits	and	labels	
=>	loss	function	

=>	gradient	(partial	derivatives)	
=>	steepest	descent	

=>	update	weights	and	biases	
=>	repeat	with	next	mini-batch	of	

training	images	and	labels
206

Training	Loop

Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



"mini-batches":
100	images	and	labels	

207Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



import tensorflow as tf

208Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#5



mnist_1.0_softmax.py

209

import tensorflow as tf
X = tf.placeholder(tf.float32, [None, 28, 28, 1]) 
W = tf.Variable(tf.zeros([784, 10])) 
b = tf.Variable(tf.zeros([10]))

init = tf.initialize_all_variables()

Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#5



mnist_1.0_softmax.py

210Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#5

# model
Y = tf.nn.softmax(tf.matmul(tf.reshape(X, [-1, 784]), W) + b) 
# placeholder for correct labels
Y_ = tf.placeholder(tf.float32, [None, 10]) 

# loss function
cross_entropy = -tf.reduce_sum(Y_ * tf.log(Y)) 
# % of correct answers found in batch
is_correct = tf.equal(tf.argmax(Y,1), tf.argmax(Y_,1)) 
accuracy = tf.reduce_mean(tf.cast(is_correct, tf.float32))



mnist_1.0_softmax.py

211Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#5

sess = tf.Session()

sess.run(init)

for i in range(1000):

# load batch of images and correct answers

batch_X, batch_Y = mnist.train.next_batch(100)

train_data={X: batch_X, Y_: batch_Y}

# train

sess.run(train_step, feed_dict=train_data)



mnist_1.0_softmax.py

212Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#5

# success ?
a,c = sess.run([accuracy, cross_entropy], 
feed_dict=train_data)

# success on test data ?
test_data={X: mnist.test.images, Y_: mnist.test.labels} 
a,c = sess.run([accuracy, cross_entropy], feed=test_data)
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mnist_1.0_softmax.py

Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#5



Deep	Learning

214Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



5	fully-connected	layers

215Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



Sigmoid

216Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



217Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

5	fully-connected	layers



218Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

TensorFlow MNIST	Tutorial



ReLU

219Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



220Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

TensorFlow MNIST	Tutorial



ReLU

221Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



222Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

TensorFlow MNIST	Tutorial



Learning	Rate

223Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



224Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

TensorFlow MNIST	Tutorial



225Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

TensorFlow MNIST	Tutorial



Dropout

226Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



Overfitting

227Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



Dropout

228Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



229Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

TensorFlow MNIST	Tutorial



230Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

TensorFlow MNIST	Tutorial



231Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

Overfitting



232Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

Convolutional	Layer



233Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

Convolutional	Layer



Convolutional	Max-Pool

234Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



All	Convolutional

235Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/



236Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

Bigger	Convolutional	Neural	Network



237Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

Bigger	Convolutional	Neural	Network



238Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

Bigger	Convolutional	Neural	Network	
+	Dropout



239Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

TensorFlow MNIST	Tutorial



240Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

TensorFlow MNIST	Tutorial



241Source: https://github.com/martin-gorner/tensorflow-mnist-tutorial/

TensorFlow MNIST	Tutorial
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python3 mnist_2.0_five_layers_sigmoid.py

python3 mnist_1.0_softmax.py
python mnist_1.0_softmax.py
pythonw mnist_1.0_softmax.py

Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/

TensorFlow MNIST	Tutorial

python3 mnist_4.2_batchnorm_convolutional.py

python3 mnist_3.0_convolutional.py

python3 mnist_2.2_five_layers_relu_lrdecay_dropout.py

python3 mnist_4.0_batchnorm_five_layers_sigmoid.py

python3 mnist_4.1_batchnorm_five_layers_relu.py

python3 mnist_3.1_convolutional_bigger_dropout.py

Source: https://github.com/martin-gorner/tensorflow-mnist-tutorial/
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