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Outline

* Al, Machine Learning and
Deep Learning

* Visual Recognition
— Image Classification

* Deep Learning for Visual Recognition
with TensorFlow and Keras
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Deep Learning
Foundations:
Neural Networks




Keras:
High-level API
for TensorFlow



Artificial Intelligence

Machine Learning & Deep Learning

ARTIFICIAL

INJELIGIEINGE

MACHINE
LEARNING

DEEP
LEARNING

N NAK
MMM

1950’s 1960’s 1970’s 1980’s 1990’s 2000’s 2010’s

Since an early flush of optimism in the 1950s, smaller subsets of artificial intelligence - first machine learning, then
deep learning, a subset of machine learning - have created ever larger disruptions.

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



Artificial Intelligence (Al)
is many things
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Artificial Intelligence (Al)
Intelligent Document Recognition algorithms
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Subjective Popularity

Deep Learning Evolution
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Machine Learning Models

Deep Learning Kernel

Ensemble

Association rules

Decision tree Dimensionality reduction

Regression Analysis

Clustering

Bayesian Instance based
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3 Machine Learning Algorithms
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Machine Learning (ML) / Deep Learning (DL)

-

Machine
Learning
(ML)

~

Supervised
Learning

1

Unsupervised
Learning

|

1

Reinforcement
Learning

|

Decision Tree
~ Classifiers

Linear
] Classifiers ]

Rule-based
~ Classifiers |

" Probabilistic |

~ Classifiers |
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Deep Learning
and
Deep Neural Networks



LeCun, Yann,
Yoshua Bengio,
and Geoffrey Hinton.

-‘Deep learning:

Nature 521, no. 7553 (2015): 436-
444.



REVIEW

doi:10.1038/naturel4539

Deep learning

Yann LeCun'?, Yoshua Bengio® & Geoffrey Hinton**

Deep learning allows computational models that are composed of multiple processing layers to learn representations of
data with multiple levels of abstraction. These methods have dramatically improved the state-of-the-art in speech rec-
ognition, visual object recognition, object detection and many other domains such as drug discovery and genomics. Deep
learning discovers intricate structure in large data sets by using the backpropagation algorithm to indicate how a machine
should change its internal parameters that are used to compute the representation in each layer from the representation in
the previous layer. Deep convolutional nets have brought about breakthroughs in processing images, video, speech and
audio, whereas recurrent nets have shone light on sequential data such as text and speech.

society: from web searches to content filtering on social net-

works to recommendations on e-commerce websites, and

it is increasingly present in consumer products such as cameras and

smartphones. Machine-learning systems are used to identify objects

in images, transcribe speech into text, match news items, posts or

products with users’ interests, and select relevant results of search.

Increasingly, these applications make use of a class of techniques called
deep learning.

Conventional machine-learning techniques were limited in their

ability to process natural data in their raw form. For decades, con-

M achine-learning technology powers many aspects of modern

intricate structures in high-dimensional data and is therefore applica-
ble to many domains of science, business and government. In addition
to beating records in image recognition' " and speech recognition®”, it
has beaten other machine-learning techniques at predicting the activ-
ity of potential drug molecules®, analysing particle accelerator data™"’,
reconstructing brain circuits*’, and predicting the effects of mutations
in non-coding DNA on gene expression and disease’*"’. Perhaps more
surprisingly, deep learning has produced extremely promising results
for various tasks in natural language understanding'’, particularly
topic classification, sentiment analysis, question answering'* and lan-

guage translation'*".
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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
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What is Deep Learning?

e Loosely based on
(what little) we know
about the brain
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Neural
Networks
(NN)

A mostly complete chart of
wamsce NEUral Networks ...
Input Cell ©2016 Fjodor van Veen - asimovinstitute.org

Noisy Input Cell Perceptron (P) Feed Forward (FF)  Radial Basis Network (RBF)
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@ spiking Hidden Cell
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Generative Adversarial Network (GAN) Liquid State Machine (LSM) Extreme Learning Machine (ELM)
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Deep Residual Network (DRN) Kohonen Network (KN)  Support Vector Machine (SVM)  Neural Turing Machine (NTM)

Source: http://www.asimovinstitute.org/neural-network-zoo/
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@ Backfed Input Cell
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§ Noisy Input Cell
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Deep Convolutional Network (DCN) Deconvolutional Network (DN) Deep Convolutional Inverse Graphics Network (DCIGN)
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Convolutional Neural Networks
(CNN or Deep Convolutional Neural Networks, DCNN)
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Recurrent Neural Networks
(RNN)
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Long / Short Term Memory
(LSTM)
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Gated Recurrent Units
(GRU)
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Generative Adversarial Networks
(GAN)
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Support Vector Machines
(SVM)

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

Source: http://www.asimovinstitute.org/neural-network-zoo/
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Neural networks
(NN)
1960



X1

X2

Neural Networks

Input Layer
(X)

Hidden Layer
(H)

Output Layer
(Y)
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Multilayer Perceptrons
(MLP)
1985



Support Vector Machine
(SVM)

1995



Hinton presents the
Deep Belief Network

(DBN)

New interests in deep learning
and RBM
State of the art MNIST

2005



Deep

Recurrent Neural Network

(RNN)
2009



Convolutional DBN
2010



Max-Pooling CDBN
2011



Deep Learning

Geoffrey Hinton
Yann LeCun
Yoshua Bengio
Andrew Y. Ng



Vision
Deep CNN

A little girl sitting on a bed with a teddy bear.

A dog is standing cn a hardwoed floor.

A group of people sitting on a beat in the water.

From image to text

Language
Generating RNN

N\ A group of people
4 shopping at an cutdoor

‘

market.

There are many
vegetables at the
fruit stand.

S

A stop sign is on a road with a
mountain in the background

A giraffe standing in a forest with
trees in the background.
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From image to text

Image: deep convolution neural network (CNN)
Text: recurrent neural network (RNN)

A group of people sitting on a boat in the water.
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Recurrent Neural Network (RNN)
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CS224d: Deep Learning for
Natural Language Processing

CS224d: Deep Learning for Natural Language Processing

9 ! reall
were dry enjoyed

fifteen minutes

Course Description

Natural language processing (NLP) is one of the most important technologies of the information age. Understanding complex language utterances is also a crucial
part of artificial intelligence. Applications of NLP are everywhere because people communicate most everything in language: web search, advertisement, emails,
customer service, language translation, radiology reports, etc. There are a large variety of underlying tasks and machine learning models powering NLP applications.
Recently, deep learning approaches have obtained very high performance across many different NLP tasks. These models can often be trained with a single end-to-
end model and do not require traditional, task-specific feature engineering. In this spring quarter course students will learn to implement, train, debug, visualize and
invent their own neural network models. The course provides a deep excursion into cutting-edge research in deep learning applied to NLP. The final project will
involve training a complex recurrent neural network and applying it to a large scale NLP problem. On the model side we will cover word vector representations,

http://cs224d.stanford.edu/ a1




Recurrent Neural Networks
(RNNs)
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RNN long-term dependencies
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Long Short Term Memory

(LSTM)
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Neural Network
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Operation

Vector
Transfer

Concatenate

Copy
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Gated Recurrent Unit

(GRU)
hi
X C
0] (0] tanh




LSTM vs GRU

T

f a3
é«— IN
> ——>0UT

LSTM

i, fand o are the input, forget and output

gates, respectively.
c and c” denote the memory cell and the

new memory cell content.

)
A

4@*/—) — IN
r
>QOUT

GRU

r and z are the reset and update gates,
and h and h™ are the activation and the

candidate activation.
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LSTM Recurrent Neural Network

one to one one to many many to one many to many many to many

49



The Sequence to Sequence model
(seq2seq)

ENCODER Reply

a Yes, what's _— up? — <END>
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X1

X2

Neural Networks

Input Layer
(X)

Hidden Layer
(H)

Output Layer
(Y)
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The Neuron

52



Neuron and Synapse

% Dendrites ° Microtubule

Neurofibrils
Neurotransmitte

Synaptic vesicles
Synapse (Axoaxonich -
4 —
Synaptic cleft -
Axonal terminal /7

Rough ER
{Niss! body)

Polyribosomes Node of Ranvier

Ribosomes

Golgi apparatus

Myelin Sheath
{Schwann cell)

Nucleus
Nucleolus
Membrane
Microtubule /-

ondrion

Smooth ER Microfilament

Microtubule

I Synapse £_J# ~ Axon
(Axodendritic
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The Neuron

>

y=F

F(x)=max(0,x)
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y=max (0, -0.27T *x,;,+0.3 *x,+ 0.7 * X3)

Weights

-0.21

Inputs X2 O 0.3 >V

55



Neural Networks




X1

X2

Neural Networks

Input Layer
(X)

Hidden Layer
(H)

Output Layer
(Y)
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Input Layer
(X)

Neural Networks

Hidden Layers
(H)

Deep Neural Networks
Deep Learning

0000
0000
0000

Output Layer
(Y)
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Neural Networks

Input Layer Hidden Layer Output Layer
(X) (H) (Y)

Neuron

Synapse

» Neuron

X2

59



Hours
Sleep

Hours
Study

Neural Networks

Input Layer
(X)

Hidden Layer
(H)

Output Layer
(Y)

Score
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Neural Networks

Input Layer Hidden Layer Output Layer
(X) (H) (Y)




X1

X2

Neural Networks

Input Layer
(X)

Hidden Layer
(H)

Output Layer
(Y)
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X Y

Hours Hours
Sleep Study| Score

3 5 |75
5 1 |82
10 2 |93
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X Y
Hours Hours
Sleep Study| Score
3 95 |75
Training 5 1 82
10 2 |93
Testing; _____ 83 ?




Y=WX+b



Ou’ltput inplljt
Y=WX+b
I I

Weights bias
~— /7

Trained



WX+b=Y

2.0

1.0

0.1

Scores

=1 0.7

. —p 0.2

- 0.1

> Probabilities
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SoftMAX

WX+b=Y

Logits

2.0

1.0

0.1

Scores

S;) =

eyi

Zjeyj

0.7

0.2

0.1

> Probabilities
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S(y,) = e¥i e20 _ 2.718220 — 0.7
Yi Zj eVi 20410401 2.71822:042.71821.04+2,71820-1 '
S(y;) = eVi el0 _ 2.71821.0 — 0.2
Vi 2]- e?i  e204e1.0401 2.71822.042,71821.042,71820-1 '
S(y:) = edi e0-1 _ 2.718291 — 01
i Zj e?i  e204e1.0401 2.71822:042.71821.042,71820-1 '
2.0 |-- =1 0.7

WX+b=Y |10l soy=2 0.2

Z.eyf -

0.1 |-- - 0.1

Logits Scores > Probabilities
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Training a Network

Minimize the Cost Function



Training a Network

Minimize the Cost Function
Minimize the Loss Function



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

100

75

50

25

Test1 Test2 Test3

< 2
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Error = Predict Y - Actual Y
Error : Cost : Loss

100

75

50

25

Test1 Test2 Test3

< 2
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Error = Predict Y - Actual Y
Error : Cost : Loss

100

75

50

25

Test1 Test2 Test3

< 2
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Activation
Functions



Activation Functions

Sigmoid TanH RelLU

(Rectified Linear Unit)

[0, 1] [-1, 1] fx) = max(0, x)
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Activation Functions

Sigmoid TanH RelLU
0 for z<0
f(=) = {z for z>0
-0.2 -15 -2
) -4 -2 0 2 4 6 -6 -4 -2 0 2 4 6 6 -4 -2 0 2 < 6
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LossS
Function



Binary Classification: 2 Class

Activation Function:
Sigmoid

Loss Function:
Binary Cross-Entropy



Multiple Classification: 10 Class

Activation Function:
SoftMAX

Loss Function:
Categorical Cross-Entropy



Dropout

Dropout: a simple way to prevent neural networks from overfitting

Ve VI
N7AYY,

0.\ @:\

@cla@c i
lw& X TIX
AN

81

(b) After applying dropout.

a) Standard Neural Net



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”

82



y=max (0, -0.27T *x,;,+0.3 *x,+ 0.7 * X3)

Weights

-0.21

Inputs X2 O 0.3 >V
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Next time:
y=max (0, -0.23 *x,+0.31T *x,+ 0.65 * x3)

A .V WA W4 / n n 04 * A\ W4 | n 0 * \ W4 1 n 7 * A\ W 4 \
y = I1IAdA ( v, “U.4 | A1 rU.J /\2 .7 /\3/
Weights

-0.23

Inputs X2 O ' > VY
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Optimizer:
Stochastic Gradient Descent
(SGD)

J(w) Initial

Global cost
minimum




This shows a function of 2 variables: real neural nets
are functions of hundreds of millions of variables!
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Visual Recognition
Image Classification
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Convolutional Neural Networks

(CNNs / ConvNets)

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




A regular 3-layer Neural Network

Input layer
hidden layer 1 hidden layer 2

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




A ConvNet arranges its neurons in

three dimensions
(width, height, depth)

depth

ST HA) height

QOOQOM
0/0/0/0/0' Ingl f
QOLLOY width

http://cs231n.github.io/convolutional-networks/ 91
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The activations of an

example ConvNet architecture.
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ConvNets

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

L wy

*@® synapse
axon from a neuron \

woL(
dendn;;\\\

cell body

w11

W9

f

f (Z: Ww;T; + b)

o
output axon

activation
function

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




ConvNets
224x224x64

112x112x64

|

> o 112
aat —~— downsampling
112

224

http://cs231n.github.io/convolutional-networks/
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ConvNets
max pooling
Single depth slice

11112 4
oo /7 | 8
3 | 2 [N
1 | 2 |SE—

y

max pool with 2x2 filters
and stride 2

>

http://cs231n.github.io/convolutional-networks/
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Convolutional Neural Networks

(CNN) (LeNet)
Sparse Connectivity

layer m+ | Qi

layer m

layer m-|

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




Convolutional Neural Networks
(CNN) (LeNet)

Shared Weights
feature m

layer m

layer m- |

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




Convolutional Neural Networks
(CNN) (LeNet)

example of a convolutional layer

layer m-| hidden layer m

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




Convolutional Neural Networks
(CNN) (LeNet)

Input layer (S1) 4 feature maps

(C1) 4 feature maps (S2) 6 feature maps (C2) 6 feature maps

convolution layer l sub-sampling layer | convolution layer | sub-sampling layer | fully connected MLPI

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




Neural Network and Deep Learning

28 X 28 = T78&4

>4 “Activation”
“0009@@00@0
POPOOC ’.OC

Full screen

) 332/1913 . (cc K S

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



Gradient Descent
how neural networks learn

Average cost of What’s the “cos©®
all training data... 18 — 0.00) of this difference?

Q0 Q0
@1 O1
@:> O2
@ O3
Cost of o 8; — 8;1
[ J§ O6
@ o7
@3 @3
O9 O9

Utter trash g J

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



Backpropagation

11 » 4177 73:53

https://www.youtube.com/watch?v=1Ig3gGewQ5U



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”

104



Deep Learning
with
TensorFlow



Deep Learning Libraries: Tensorflow and Keras

Deep learning libraries: GitHub activity
from February 11 to April 12, 2017

#1: 131 1 tcnsorflow/tensorflow #1: 4192 I tcnsorflow/tensorflow
#2: 63 1N fchollet/keras #2: 991 1IN fchollet/keras

#3: 51 R pytorch/pytorch #3: 810 IR BVLC/caffe

#: 49 1R dmlc/mxnet #: 517 R deeplearning4j/deeplearning4j
#: 18 N Theano/Theano #: 414 R dmlc/mxnet

#: 11 BVLC/caffe #6: 307 pytorch/pytorch

#7: 11 R Microsoft/CNTK #7: 244 § Microsoft/CNTK

#8: 90 tflearn/tflearn #8: 211 | tflearn/tflearn

#9: 9 pfnet/chainer #9: 134 | torch/torch7

#10: 81 torch/torch7 #10: 131 | Theano/Theano

#11: 5| deeplearning4j/deeplearning4j #11: 116 | baidu/paddle

#12: 4| NVIDIA/DIGITS #12: 88| NVIDIA/DIGITS

¥13: 31 baidu/paddle #13: 55| pfnet/chainer

#1: 1175 1 tcnsorflow/tensorflow #1: 36.64 | tcnsorflow/tensorflow
#2: 568 I fchollet/keras #2: 12.52 IR fchollet/keras

#3: 499 D dmlc/mxnet #3: 8.53 R dmlc/mxnet

#4: 286 R pytorch/pytorch #: 6.09 1R BVLC/caffe

#5: 257 1R Microsoft/CNTK #5: 5.92 pytorch/pytorch

#: 239 1R deeplearning4j/deeplearning4j #6: 5.12 |} deeplearning4j/deeplearning4j
#7: 219 IR baidu/paddle #7: 4.12 § Microsoft/CNTK

#: 173 R Theano/Theano #8: 2.93 0 Theano/Theano

#: 171 R BVLC/caffe #: 2.86 B baidu/paddle

#10: 112 R NVIDIA/DIGITS #10: 2.17 tflearn/tflearn

#11: 84 tflearn/tflearn #11: 1.68 | NVIDIA/DIGITS

#12: 57| pfnet/chainer #12: 1.38| torch/torch7

#13: 47 | torch/torch7 #13: 1.12 | pfnet/chainer
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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
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Keras

< C' @ Secure | https://keras.io

© Edit on GitHub

Keras Documentation Docs » Home

Home

Keras: The Python Deep Learning
library

You have just found Keras.

Guiding principles

Getting started: 30 seconds to Keras
Installation

Switching from TensorFlow to CNTK or
Theano

Support
Why this name, Keras?

Why use Keras

Guide to the Sequential model

Guide to the Functional API

FAQ

About Keras models

Sequential

Model (functional API)

© GitHub

Keras: The Python Deep Learning library

. Keras

You have just found 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.
Use Keras if you need a deep learning library that:

o Allows for easy and fast prototyping (through user friendliness, modularity, and extensibility).

e Supports both convolutional networks and recurrent networks, as well as combinations of the two.
e Runs seamlessly on CPU and GPU.

Read the documentation at Keras.io.

Keras is compatible with: Python 2.7-3.6.

http://keras.io/ 108




Tensorflow

TensorFIow U Develop Deploy Community Versions > GITHUB

An open-source software library
for Machine Intelligence

GET STARTED

2

Eager Execution TensorFlow 1.4 has arrived! Announcing TensorFlow Lite
We're announcing eager execution, an We're excited to announce the release of Learn more about TensorFlow's lightweight
imperative, define-by-run interface to TensorFlow 1.4! Check out the release notes solution for mobile and embedded devices.
TensorFlow. Check out the README to get for all the latest.

started today.

https://www.tensorflow.org/ 109




PyTorch

PYTORCH Get Started

Tensors and Dynamic neural networks in Python
with strong GPU acceleration.

PyTorch is a deep learning framework that puts Python first.

We are in an early-release Beta. Expect some adventures.

C Learn More )

http://pytorch.org/
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m 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.
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Install Keras

e Step 1. Install backend engines: Tensorflow
— Installing TensorFlow on Ubuntu
— Installing TensorFlow on macOS

— Installing TensorFlow on Windows

e Step 2. Install Keras
— sudo pip install keras
— pip install keras

https://keras.io/#installation 113




TensorFlow Installation

© ‘ & Secure | https://www.tensorflow.org/install/ ‘:?x"

TensorFIow i Install Develop API 1.4 Deploy Extend Community Versions > Q Search GITHUB

Install

Installing TensorFlow I nSta | | I ng TensorF|OW

Installing TensorFlow on Ubuntu

Installing TensorFlow on macOS We've built and tested TensorFlow on the following 64-bit laptop/desktop operating systems:
Installing TensorFlow on Windows

e MacOS X 10.11 (El Capitan) or later.

Installing TensorFlow from Sources

e Ubuntu 14.04 or later
Transitioning to TensorFlow 1.0
¢ Windows 7 or later.

Installing TensorFlow for Java
Although you might be able to install TensorFlow on other laptop or desktop systems, we only support

Installing TensorFlow for Go ) ) ) )
(and only fix issues in) the preceding configurations.

Installing TensorFlow for C
The following guides explain how to install a version of TensorFlow that enables you to write
applications in Python:

e Installing TensorFlow on Ubuntu

e Installing TensorFlow on macOS

¢ Installing TensorFlow on Windows
¢ Installing TensorFlow from Sources

Many aspects of the Python TensorFlow API changed from version 0.n to 1.0. The following guide
explains how to migrate older TensorFlow applications to Version 1.0:

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




Keras Installation
Keras Documentation

Installation

Keras uses the following dependencies:

Home

e numpy, scipy

yaml|
HDF5 and h5py (optional, required if you use model saving/loading functions)

Keras: Deep Learning library for
Theano and TensorFlow

Optional but recommended if you use CNNs: cuDNN.

You have just found Keras.

S When using the TensorFlow backend:
Guiding principles

Getting started: 30 seconds to Keras e TensorFlow

Installation o Seeinstallation instructions.

Switching from TensorFlow to Theano

Support When using the Theano backend:

Why this name, Keras?
e Theano

o See installation instructions.
Guide to the Sequential model

Guide to the Functional API Toinstall Keras, cd tothe Keras folder and run the install command:

FAQ
sudo python setup.py install

About K del .
OuEiReras modess You can also install Keras from PyPI:

Sequential

Model (functional API) sudo pip install keras

https://keras.io/#installation 115




TensorFlow

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



Google TensorFlow

TenSOl'Flow = GET STARTED TUTORIALS HOWTO APl RESOURCES ABOUT

TensorFlow is an Open Source Software

Library for Machine Intelligence

About TensorFlow

TensorFlow™ is an open source software library for numerical

[ensorFlow: Open source machine learning o »

computation using data flow graphs. Nodes in the graph
represent mathematical operations, while the graph edges
represent the multidimensional data arrays (tensors)
communicated between them. The flexible architecture allows
you to deploy computation to one or more CPUs or GPUs ina

desktop, server, or mobile device with a single AP!.
——

https://www.tensorflow.org/ 117




C I.\

Tensor!

TensorFlow Playground

Tinker With a Neural Network Right Here in Your Browser.

Don't Worry, You Can't Break It. We Promise.

O Iterations Learning rate Activation Regularization Regularization rate Problem type
4
000,582 0.03 v Tanh v None v 0 v Classification v

DATA INPUT + — 3 HIDDEN LAYERS OUTPUT
Which dataset do Which properties lest loss 0.000
you want to use? do you want to Training loss 0.000
feed in? - A= - A= - A=
. 4 neurons 2 neurons 2 neurons
%
X8 J 4 ,—: P . 4 -
\ o L ~ ‘0
e \\ &
” ~.
| e T &
X, T W — 3 : > . - ',‘
Ratio of training to -
test data: 50% 4 .
e g 4
Noise: 0
®

Batch size: 10

—

httﬁ;://playground.tensorﬂow.org/ 118




TensorFlow

IS an

Open Source
Software Library

for

Machine Intelligence

https://www.tensorflow.org/




numerical computation
using data flow graphs

https://www.tensorflow.org/




L.

Tensor

Tensor

e 3

— # a rank O tensor; this is a scalar with shape []
 [1.,2., 3.]

— # arank 1 tensor; this is a vector with shape [3]
* [[1., 2., 3.], [4., 5., 6.]]

— # arank 2 tensor; a matrix with shape [2, 3]

- [ll1., 2., 3.]], [[7., 8., 9.]]]
— # a rank 3 tensor with shape [2, 1, 3]

https://www.tensorflow.org/ 121




Nodes:

mathematical operations

edges:
multidimensional data arrays

(tensors)
communicated between nodes



Computation is a Dataflow Graph

Graph of Nodes,
also called Operations or ops.

| bias I

| weights m @
(Vatmu C_xent

|examp|es

| labels I
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Computation is a Dataflow Graph

Edges are N-dimensional arrays: TenSOrS

| bias I

| weights m @
(Mt C_Xent

| inputs

| targets |
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Logistic Regression as Dataflow Graph

@perationD

bl bias I

W | weights @ @
(Mt C_ et

X | inputs

Yl targets I

Edges are N-dimensional arrays: TenSOrS
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Computation is a Dataflow Graph

with state

‘Biases’ is a variable

Some ops compute gradients

| biases -= updates biases

learning
rate
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TensorFlow

Data Flow Graph

SGD Trainer

u e i

Updated,, uumb,.

‘\’&'\T

. >
bmmnn
o “ha

- J haoe = (7841

Source: https://lwww.tensorflow.org/
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TensorFlow Casses » [10) .

Data Flow
Graph

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




f

TensorFlow

SGD Trainer

—
———

Data Flow l
Graph i ——+{  Gradients |
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Download Anaconda

:.) ANACONDA PRODUCTS COMMUNITY CONSULTING TRAINING ABOUT RESOURCES

Powered by Continuum Analytics

DOWNLOAD
ANACONDA NOW

:II’II.
Download for -- = . A
oW :': 3L

GET SUPERPOWERS
WITH ANACONDA

Anaconda is the leading open data science platform powered by Python. The
open source version of Anaconda is a high performance distribution of Python
and R and includes over 100 of the most popular Python, R and Scala packages
for data science.

LogIn GetSupport Search Contact

Which version should | download and install?

With Anaconda you can run multiple versions of
Python in isolated environments, so choose the
download with the Python version that you use
more often, as that will be your default Python

version.

https://www.continuum.io/downloads
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Download Anaconda Python 3.6

Download for Windows Download for macOS

Anaconda 4.3.1

For macOS

macOS 10.12.2 users: To prevent permissions problems, we
recommend that you upgrade to macOS 10.12.3 or later before
installing Anaconda.

Anaconda is BSD licensed which gives you permission to use Anaconda

commercially and for redistribution.
Changelog
Graphical Installer

1. Download the graphical installer

2. Double-click the downloaded .pkg file and follow the
instructions

Command Line Installer

1. Download the command-line installer

2. _O;FJtional: Verify data integrity with MD5 or SHA-256 More
info

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

Python 3.6 version

T T mFmEmEmEmE_m_E_EE_EAS

\____________J

Download for Linux

Python 3.6 version

GRAPHICAL INSTALLER (424m)

COMMAND-LINE INSTALLER (363M)

64-Bit

Python 2.7 version

GRAPHICAL INSTALLER (419M)

COMMAND-LINE INSTALLER (358M)

64-Bit

GET ANACONDA SUPPORT

https://www.continuum.io/downloads

W
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OS X Anaconda Python 3.6

Installation
Command Line Installer

Download the command-line installer

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

Ibash Anaconda3 4.3.1-MacOSX-x86 64.sh :

Python 2.7 version
bash Anaconda2-4.3.1-MacOSX-x86 64.sh

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




OS X Anaconda 3-4.3.1

Python 3.6 Installation
Anaconda3-4.3.1-MacOSX-x86_64.pkg

_—_—_—_—_—_——~
_—_—_—_—_—__'

Anaconda3-4.3.1-MacOSX-x86_64.pkg L

Installer package 134



Install Anaconda 3

® OO & Install Anaconda3 |

Welcome to the Anaconda3 Installer

You will be guided through the steps necessary to install this

® Introduction
software.

Read Me

License
Destination Select
Installation Type
Installation

Summary

ANACONDA

r—_—_

I Continue |

_—__J

4
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Install Anaconda 3

Introduction

Read Me

License
Destination Select
Installation Type
Installation

Summary

ANACONDA

‘e Install Anaconda3 &

Important Information

Anaconda is a modern open source analytics platform
powered by Python. See https://www.continuum.io/
downloads/.

By default, this installer modifies your bash profile to put
Anaconda in your PATH. To disable this, choose "Customize"
at the "Installation Type" phase, and disable the "Modify
PATH" option. If you do not do this, you will need to add ~/
anaconda/bin to your PATH manually to run the commands, or
run all anaconda commands explicitly from that path.

To install to a different location, select "Change Install
Location..." at the "Installation Type" phase, the choose
"Install on a specific disk...", choose the disk you wish to
install on, and click "Choose Folder...". The "Install for me
only" option will install anaconda to the default location, ~/
anaconda.

The packages included in this installation are:
- alabaster 0.7.9

r—_—_

Print... Save... Go Back I Continue |

_—__J
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Install Anaconda 3

Introduction

Read Me

License
Destination Select
Installation Type
Installation

Summary

ANACONDA

‘e Install Anaconda3 &

Software License Agreement

Anaconda License

Copyright 2016, Continuum Analytics, Inc.
All rights reserved under the 3-clause BSD License:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are
met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of Continuum Analytics, Inc. nor the names of its
contributors may be used to endorse or promote products derived from
this software without specific prior written permission.

TUIC CNCTWADLC IC DDNV/INEN DV TUEC MNDVDICWT LN NEDC

r—_—_

Print... Save... Go Back I Continue |

_—__J
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Install Anaconda 3

O ‘& Install Anaconda3 o)

Software License Agreement

. Anaconda License
Introduction

Read Me Copyright 2016, Continuum Analytics, Inc.
o License

Destination ! To continue installing the software you must agree to the terms of

_ the software license agreement.
Installation 1

: Click Agree to continue or click Disagree to cancel the installation and
Installation .

quit the Installer.
Summary
Read License Disagree L Agree |
N * Neither the name of Continuum Analytics, Inc. nor the names of its

: contributors may be used to endorse or promote products derived from
A N ACO N DA this software without specific prior written permission.

TUIC CNCTWADLC IC DDNV/INEN DV TUEC MNDVDICWT LN NEDC

Print... Save... Go Back Continue
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Install Anaconda 3

® O ‘& Install Anaconda3 o)
Standard Install on “Macintosh HD”

e Introduction This will take 1.4 GB of space on your computer.

© Read Me Click Install to perform a standard installation of this software
in your home folder. Only the current user of this computer will

© License be able to use this software.

» Destination Select
o Installation Type
Installation

Summary

ANACO N DA :- C_har;]e:\s;" :Jc:tio:..._l

_—_—_—__J

Customize Go Back Install
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Install Anaconda 3

® ® O ‘& Install Anaconda3 s
Select a Destination
@ Introduction How do you want to install this software?
@ Read Me
@ License :
B Install for all users of this computer
o Destination Select
¢ Installation Type ) Install for me only
Installation
[ —
Summary ! Install on a specific disk...

ANACONDA

Installing this software requires 1.4 GB of space.

You have chosen to install this software in your home folder.
Only the current user will be able to use this software.

_—_\

Continue

D
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Install Anaconda 3

® O & Install Anaconda3 |
Standard Install on “Macintosh HD”

e Introduction This will take 1.4 GB of space on your computer.

o Read Me Click Install to perform a standard installation of this software
in your home folder. Only the current user of this computer will

@ License be able to use this software.

» Destination Select
o Installation Type
Installation

Summary

ANACO N DA Change Install Location...

Customize Go Back . Install I
| L ___| | J
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Install Anaconda 3

Introduction

Read Me

License
Destination Select

Installation Type

Installation

Summary

it
\4
4\
a
N

ANACONDA

N
2L 1N

.

‘e Install Anaconda3

Installing Anaconda3

Registering updated applications...

Install time remaining: About a minute
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Install Anaconda 3

® O & Install Anaconda3 o)

The installation was completed successfully.

Anaconda is the leading open data science platform powered by

@ Introduction Python.

el Share your notebooks and packages on Anaconda Cloud!
o License Sign up for free

o Destination Select

e Installation Type 178 pythOn paCkageS

o Installation

) included.
® Supported packages:

J
Ya,
N

ANACONDA 453

r Close I

_—_J
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Install Anaconda 3

_license 1.1 51 heapdict 1.0.0 101 partd 9.3.7 151 sip 4,18 py36_0
alabaster 0.7.9 52 icu 54.1 102 path.py 10.0 152 six 1.10.0 py36_0
anaconda 4.3.1 53 idna 2.2 103 pathlib2 2.2.0 153 snowballstemmer 1.2.1 py36_0
anaconda-client 1.6.0 54 imagesize 0.7.1 104 patsy 0.4.1 154 sockjs—-tornado 1.0.3 py36_0
anaconda-navigator 1.5.0 55 ipykernel 4.5.2 105 pep8 1.7.0 155 sphinx 1.5.1 py36_0
anaconda-project 0.4.1 56 ipython 5.1.0 106 pexpect 4,2.1 156 spyder 3.1.2 py36_0
appnope e.1.0 57  ipython_genutils 0.1.0 107  pickleshare 0.7.4 157  sqlalchemy 1.1.5 Py36_0
appscript 1.0.1 58 ipywidgets 5.2.2 108 pillow 4.0.0 158 sqlite 3.13.0 0
astroid 1.4.9 59 isort 4.2.5 109 pip 9.0.1 159 statsmodels 0.6.1 np1l1llpy36_1
astropy 1.3 60 itsdangerous 0.24 110 ply 3.9 160 sympy 1.0 py36_0
babel 2.3.4 61 jbig 2.1 111 prompt_toolkit 1.0.9 161 terminado 0.6 py36_0
backports 1.0 62 jdcal 1.3 112 psutil 5.0.1 162 tk 8.5.18 0
beautifulsoup4 4.5.3 63 jedi 0.9.0 113 ptyprocess 0.5.1 163 toolz 0.8.2 py36_0
bitarray 0.8.1 64 jinja2 2.9.4 114 py 1.4.32 164 tornado 4.4.2 py36_0
blaze 0.10.1 65 jpeg 9b 115 pyasnl 0.1.9 165 traitlets 4.3.1 py36_0
bokeh 0.12.4 66 jsonschema 2.5.1 116 pycosat 0.6.1 166 unicodecsv 0.14.1 py36_0
boto 2.45.0 67 jupyter 1.0.0 117 pycparser 2.17 167 wewidth 0.1. py36_0
bottleneck 1.2.0 68 jupyter_client 4.4.0 118 pycrypto 2.6.1 168 werkzeug 0.11.15 py36_0
cffi 1.9.1 69 jupyter_console 5.0.0 119 pycurl 7.43.0 169  wheel 0.29.0 py36_0
chardet 2.3.0 70 jupyter_core 4.2.1 120 pyflakes 1.5.0 170 widgetsnbextension 1.2.6 py36_0
chest 0.2.3 71 lazy-object-proxy 1.2.2 121 pygments 2.1.3 171 wrapt 1.10.8 py36_0
click 6.7 72 libiconv 1.14 122 pylint 1.6.4 172 xlrd 1.0.0 py36_0
cloudpickle 0.2.2 73 libpng 1.6.27 123 pyopenssl 16.2.0 173 xlsxwriter 0.9.6 py36_0
clyent 1.2.2 74 libtiff 4.0.6 124 pyparsing 2.1.4 174 xlwings 0.10.2 py36_0
colorama 0.3.7 75 libxm12 2.9.4 125 pyqt 5.6.0 175 xlwt 1.2.0 py36_0
conda 4.3.14 76 libxslt 1.1.29 126 pytables 3.3.0 176 Xz 5.2.2 1
conda-env 2.6.0 77 1lvmlite 0.15.0 127 pytest 3.0.5 177 yaml 0.1.6 0
configobj 5.0.6 78 locket 0.2.0 128 python 3.6.0 178  zlib 1.2.8 3
contextlib2 0.5.4 79 xml 3.7.2 129  python-dateutil 2.6.0 py36_0
cryptography 1.7.1 80 markupsafe 0.23 130 python.app 1.2 py36_4
curl 7.52.1 81  matplotlib 2.0.0 131 pytz 2016.10 py36_0
cycler 0.10.6 g2  mistune 0.7.3 132 pyyaml 3.12 py36_0
cython 0.25.2 g3 mkl 2017.0.1 133 pyzmq 16.0.2 py36_0
cytoolz 0.8.2 84  mkl-service 1.1.2 134 qt 5.6.2 [}
dask 0.13.0 g5  mpmath 0.19 135  qtawesome 0.4.3 py36_0
datashape 0.5.4 g6  multipledispatch 0.4.9 136 qtconsole 4.2.1 py36_1
decorator 4.0.11 g7 nbconvert 4.2.0 137 qtpy 1.2.1 py36_0 O n
ditt 0.2.5 88 nbformat 4.2.0 138 readline 6.2 2
docutils 0.13.1 g9 networkx 1.1 139 redis 3.2.0 )
entrypoints 0.2.2 95 itk 3.2.2 140 redis-py 2.10.5 py36_0
et_xmifile 1.0.1 91 nose 1.3.7 141 requests 2.12.4 py36_0
fastcache 1.0.2 92 notebook 4.3.1 142 rope 0.9.4 py36_1 p a C a g e S
fRasi 912 93 numba 0.30.1 143 ruamel_yaml 0.11.14 py36_1
flask-cors 3.0.2 94 numexpr 2.6.1 144 scikit-image 0.12.3 npl1lpy36_1
freetype ) ) 2.5.5 95 numpy 1.11.3 145 scikit-learn 0.18.1 nplllpy36_1 e
get_terminal_size 1.0.0 96  numpydoc 0.6.0 146 scipy 0.18.1 nplllpy36_1
geven: ;iil 97 odo 0.5.0 147 seaborn 0.7.1 py36_0 I n C u e °
gggsn et 2' 6. ° 98 openpyxl 2.4.1 148 setuptools 27.2.0 py36_0
hdf5 1.8.17 99 openssl 1.0.2k 149 simplegeneric 0.8.1 py36_1

e 100 pandas 0.19.2 150 singledispatch 3.4.0.3 py36_0
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Anaconda-Navigator

Proct

ﬁ Home

ﬁ Environments
] Projects (beta)
* Learning

an Community

Documentation
Developer Blog

Feedback

Yy o ?

) ANACONDA NAVIGATOR

i) Anaconda Navigator

Applicationson| root

| v | Channels

o Upgrade Now

-
Jupyter
;\/
notebook

A 431

Web-based, interactive computin
environment. Edit and run humg
docs while describing the datg

Launch

anaconda-fusion

1.0.2

Integration between Excel ® and Anaconda
via Notebooks. Run data science functions,
interact with results and create advanced

ST

{D ANACONDA NAVIGATOR

Thanks for installing Anaconda!

Anaconda Navigator helps you easily start important Python applications
and manage the packages in your local Anaconda installation. It also
connects you to online resources for learning and engaging with the
Python, SciPy, and PyData community.

To help us improve Anaconda Navigator, fix bugs, and make it even
easier for everyone to use Python, we gather anonymized usage
information, just like most web browsers and mobile apps.

To opt out of this, please uncheck below (You can always change this
setting in the Preferences menu).

Yes, I'd like to help improve Anaconda.

o=

Ok I Ok, and don't show again J

»

spyder

A 312

Ython Development
owerful Python IDE with
ng, interactive testing,
introspection features

Launch

glueviz

0.9.1

Multidimensional data visualization across
files. Explore relationships within and among
related datasets.

visualizations in a code-free app inside Excel

Install

Install

rstudio

1.0.136

A set of integrated tools designed to help
you be more productive with R. Includes R
essentials and notebooks.

Install

Sign in to Anaconda Cloud

Refresh
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(

Jupyter Notebook

“—
Jupyter
}-’
notebook

A 4341

Web-based, interactive computing notebook
environment. Edit and run human-readable
docs while describing the data analysis.

Launch

amm - S - - - .

e

anaconda-fusion

1.0.2

Integration between Excel ® and Anaconda
via Notebooks. Run data science functions,
interact with results and create advanced
visualizations in a code-free app inside Excel

Install

e

gtconsole

421

PyQt GUI that supports inline figures, proper
multiline editing with syntax highlighting,
graphical calltips, and more.

Launch

glueviz

0.9.1

Multidimensional data visualization across
files. Explore relationships within and among
related datasets.

Install

»

spyder

A 312

Scientific PYthon Development
EnviRonment. Powerful Python IDE with
advanced editing, interactive testing,
debugging and introspection features

Launch

rstudio

1.0.136

A set of integrated tools designed to help
you be more productive with R. Includes R
essentials and notebooks.

Install

147



Jupyter Notebook
New Python 3

| NON __ Documents/Data/SCDBA/ X \E

= C' | @ localhost:8888/tree/Documents/Data/SCDBA Q W
: Jupyter Logout
Files Running Clusters
Select items to perform actions on them. Upload o
O ~ @ / Documents / Data / SCDBA Text File ’
Folder
O ..
Terminal
Notebooks
Python 3 !

- e - e e
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_ Helloworld X

< > C [(D localhost:8888/notebooks/Documents/Data/SCDBA/HelloWorld.ipynb

Q %

— Jupyter HelloWorld uossves

@ Logout

File Edit View Insert Cell Kernel Widgets Help v |Python 30
+ < @ B 4 v:M:iE C Code CellToolbar
In [1]: print("hello, world")

hello, world
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from platform import python version

print ("Python Version:", python version())

e0e /~ Documents/Data/SCDBA/ x) " Helloworld x \\
e’ N’

C | ® localhost:8888/notebooks/Documents/Data/SCDBA/HelloWorld.ipynb

: Ju pyter HelloWorId (autosaved)

File Edit View Insert Cell Kernel Widgets Help
+ < @ B 4 ¥ :M:EM C Code : CellToolbar
In [1]: print("hello, world")
hello, world
In [2]: from platform import python version

print ("Python Version:", python version())

Python Version: 3.6.0

@ 3¢

ﬁ Logout

4 | Python 3 O
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Create Python Environments
with Anaconda

* Python 3.6

* Python 3.5
—Python 3.5.3
—Python 3.5.2

* Python 2.7

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




Anaconda Create New Python 3.5
Environment (py35)

J Anaconda Navigator

{2 ANACONDA NAVIGATOR

PrRos

A Home

‘ Search Environments Q I ‘ Installed ‘v‘ Channels Update index... Search Packages Q ‘
— _— —_— _— —_—
I ﬁEnvironments I root > Name v T Description Version
e - - = = I _license _) 1.1
s projects (beta)
mmm  =em [Vesslobosees =mm  mmm ) sGenfigeseble myhon 2+3 compatible sphinx theme A 079

O Create new environment
N Learning py 4.3.1

Environment name ‘ py35

. gand line client library A 160
2% Communiy Python 3.5 Geyen O

able project directories 0.4.1
Python version I 3.5

0.1.0
1.0.1
1 astroid SAbstract syntax tree for python with inference support 1.4.9

astropy _) Community-developed python library for astronomy 1.3
Documentation babel ‘) 234

Developer Blog backports ‘) 10

Feedback backports.shutil-get- a
terminal-size 1.0.0
You am= == _ beautifulsoup4 ) Python library designed for screen-scraping 453 o
Y 2 | E | = ] ]
Create Clone Import Remove 186 packages available (root)
h | '
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Anaconda Create New Python 2.7
Environment (py27)

) Anaconda Navigator

{0 ANACONDA NAVIGATOR

ov

A Home

I Search Environments Q l ‘ Installed ‘vl Channels Update index... Search Packages Q I
- —_— _— —_— | 1
I .” Environments root Name v T Description Version
= = == —— ' 2 > openssl {2) Opensslis an open-source implementation of the ssl and tls protocols 1.0.2k
py.
8 projects (beta)
pip ‘) Pypa recommended tool for installing python packages 9.0.1
o . .
N Learning py3 5 python ) General purpose programming language A 353
readline _) Line-editing for programs with a command-line interface 6.2
semas — Python 3.5
y [ ] setuptools ‘) Download, build, install, upgrade, and uninstall python packages 27.2.0
sqlite ‘) Self-contained, zero-configuration, sql database engine 3.13.0
< . ) ) L
tk ) Dynamic programming language with gui elements 8.5.18
py27 wheel _) Built-package format for python 0.29.0
. Create new environment
P h 2 7 Xz _) Data compressio 5.2.2
yt on <. | |
zlib D Unobtrusive co Environmentname | py27 1.2.8
Documentation Python CJR
Developer Blog Python version ’ 2.7
Feedback
A _—
Yoi —
Create ' Clone Import Remove 10 packages available (/Users/imyday/anaconda/envs/py35)
h _—
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Verify that conda is installed,
check current conda version

e conda --version

 Update conda to the current version

— conda update conda

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




Check current conda version
Check current python version
Check conda environments

e conda --version
*python --version

e conda info --envs

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

1 Arm ~ -~
1l '71‘_7_‘,

Q. terminal

terminal
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conda list

75y imyday — -bash — 80x24

#

_license
alabaster
anaconda
anaconda-client
anaconda-navigator
anaconda-project
appnope
appscript
astroid

astropy

babel

backports
beautifulsoup4
bitarray

blaze

bokeh

boto

bottleneck

cffi

chardet

chest

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

S NPFPFPNOOCOPMAFEPDNPFPPRPPOORPRPMPPOPR
NWONPMPPRPPOUOOWWPHPARORL,PPOUOIONWNPRL

iMyday-MacBook-Pro:~ imyday$: gonda 1

# packages in environment at /Users/lmyday/anaconda

aoON® -

Woeoro-

OoOFRPOFRPOO®OF O

S~

py36_1
py36_0

nplllpy36_0

py36_0
py36_0
py36_0
py36_0
py36_60
py36_0

nplllpy36_60

py36_0
py36_0
py36_0
py36_0
py36_0
py36_0
py36_0

nplllpy36_60

py36_0
py36_0
py36_0
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python --version

® O A imyday — -bash — 80x24

iMyday-MacBook-Pro:~ imyday$|python ——versionl L]
Python 3.6.0 :: Anaconda 4.3.17(XB6— 64T — —
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conda --version

| NON | 73 imyday — -bash — 80x24

iMyday-MacBook-Pro:~ inyday$ipython ——version: — '
Python 3.6.0 :: Anaconda 4.3.,1 g2<_§§“q9)_________ python version
iMyday-MacBook-Pro:~ 1myday$ conda —-version conda --version
conda 4.3.14 PassmsEEEEEEEEEEEEEEEEEP

iMyday-MacBook-Pro:~ imyday$:conda info —-envs - conda info --envs

IIIIIIIIIIIIIIIIIIIIIIII'
# conda environments:

#

py27 /Users/imyday/anaconda/envs/py27
py35 /Users/imyday/anaconda/envs/py35
root * /Users/imyday/anaconda

4 IS EEESESEEEEEESEREESEEEEEEEENESR

iMyday-MacBook-Pro:~ imyday$ §qg;q¢__qgt_3,y_a_‘;g__gy3_5'h source activate py35
(py35) iMyday-MacBook-Pro:~ imyday$ python —--version
Python 3.5.3 :: Continuum Analytics, Inc.

(py35) iMyday-MacBook-Pro:~ imyday$ conda —--version
conda 4.3.14

(py35) iMyday-MacBook-Pro:~ imydays I35iF¥s HEREIVARE VAL

iMyday-MacBook-Pro:~ imyday$ conda 1nfo —-—envs

# conda environments: source deactivate py35

#

py27 /Users/imyday/anaconda/envs/py27
py35 /Users/imyday/anaconda/envs/py35
root * /Users/imyday/anaconda
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conda create -n py352 python=3.5.2 anaconda

® O 7 imyday — -bash — 80x24
'iMyday-MacBook-Pro:~ imyday$: conda create -n py352 python=3.5.2 anaconda

Fetching package metadata ... .0 W0t
Solving package specifications:

L]

Package plan for installation in environment /Users/imyday/anaconda/envs/py352:

The following NEW packages will be INSTALLED:

_license: 1.1-py35_1

alabaster: 0.7.9-py35_0

anaconda: 4.3.1-nplllpy35_0

anaconda-client: 1.6.0-py35_0

anaconda-navigator: 1.5.0-py35_0 C t

anaconda-project: 9.4.1-py35_0 rea e a

appnope: 0.1.0-py35_0

appscript: 1.0.1-py35_0 P th 3 5 2
argcorpplete: 1.0.0-py35_1 y on ° °
astroid: 1.4.9-py35_0

astropy: 1.3-nplllpy35_0 °

babel: 2.3.4-py35_0 t
backports: 1.0-py35_90 enVIron men
beautifulsoupé4: 4.5.3-py35_0

bitarray: 9.8.1-py35_0

blaze: 0.10.1-py35_0
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conda create -n py352 python=3.5.2

®@ 0

75y imyday — -bash — 80x24

anaconda

pyopenssl-16.2
scikit-image-0
seaborn-0.7.1-
statsmodels-0.
anaconda-navig
blaze-0.10.1-p
ipykernel-4.5.
nbconvert-4.2.
jupyter_consol
notebook-4.3.1
gtconsole-4.2.
spyder-3.1.2-p
widgetsnbexten
ipywidgets-5.2
jupyter-1.0.0-
anaconda-4.3.1

HOH H R B W R

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

| ###BHH AR HA R HARHAR SRR HA R |
| ###HHBH R H B H B HBHH R H RS H RS |
| #H#HHHBHBHHBHHBHHBHHRH R R RS HR SR |
| ####HH AR HA R HA R HA R HA R HA RS |
| ##BHHBHRRH B H B R R H R H RS H RS |
| ##HHHBHBHHBHH B HBHHBH R AR RS H RS |
| #HHHHBHBHHBHHBHHBHHRH R R R H RS |
| sonndaneieaipi iy gdangodnoninng
| #H#BHHBHBHHBHHBHHBHHRH R H RS HR SR |
| #HHHHBHBHHBHHBHHBHHRH R R AR HRR R |
| snndasedaiaiisaiidangodagninni
| ###HHBH R HBHH R R H R H RS HR SR |
| #HBHHBHBHHBHHBHHBHHRH R HRRH RS HRY |
| ###HHBHARHBHH B HBHHBH R H RS H RS |
| ##BHHBH B HBHH B HBHHRH R H RS HRR R |
| #H#BHHBHBHHBHHBHHBHHRH R R RS H RS |

To activate this environment, use:
> source activate py352

To deactivate this environment, use:
> source deactivate py352

Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:

OO OO0 ®

:00:
:00:
:00:
:00:
:00:
:00:
:00:
:00:
:00:
:00:
:00:
:00:
:00:
:00:
:00:
:00:

00
17
00
04
04
00
00
00
00
05
00
03
01
00
00
00

EBNPRPRPRRPRPRPNRPRPRPRPRRRPR

.40
.05
.05
.06
.05
.05
.21
.22
74
.05
.03
.06
.05
.08
.53
.49

MB/s B

MB/s
MB/s
MB/s
MB/s
MB/s
MB/s
MB/s
MB/s
MB/s
MB/s
MB/s
MB/s
MB/s
MB/s
MB/s

source activate py352
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conda info --envs

[ NON ) 72 imyday — -bash — 80x24

iMyday-MacBook-Pro:~ imyday$:con

conda_info_ ——-envs.:
# conda environments:

#

py27 /Users/imyday/anaconda/envs/py27
py35 /Users/imyday/anaconda/envs/py35
py352 /Users/imyday/anaconda/envs/py352
root *x /Users/imyday/anaconda

iMyday-MacBook-Pro:~ imyday$ python —--version

Python 3.6.0 :: Anaconda 4.3.1 (x86_64)
iMyday-MacBook-Pro:~ imyday$ source activate py352
(py352) iMyday-MacBook-Pro:~ imyday$ conda info --envs
# conda environments:

#

py27 /Users/imyday/anaconda/envs/py27
py35 /Users/imyday/anaconda/envs/py35
py352 * /Users/imyday/anaconda/envs/py352
root /Users/imyday/anaconda

(py352) iMyday-MacBook-Pro:~ imyday$ python —--version
Python 3.5.2 :: Anaconda 4.3.1 (x86_64)
(py352) iMyday-MacBook-Pro:~ imyday$ ||
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TensorFlow



conda info --envs

conda --version
python --version

conda list

conda create -n tensorflow python=3.5

source activate tensorflow

activate tensorflow



sudo pip install tensorflow

pip install tensorflow
sudo pip install keras
pip install keras
pip install ipython[all]}
jupyter notebook

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




pip install tensorflow

bash-3.2$ pip install tensorflow
Collecting tensorflow

Downloading tensorflow-1.1.0-cp36-cp36m-macosx_10_11 x86_64.whl (31.3MB)
100% || 31.3MB 23kB/s

Requirement already satisfied: wheel>=0.26 in ./anaconda/lib/python3.6/site-packages (from tensorflow)
Requirement already satisfied: six>=1.10.0 in ./anaconda/lib/python3.6/site-packages (from tensorflow)
Collecting protobuf>=3.2.0 (from tensorflow)

Downloadin rotobuf-3.2.0-py2.py3-none-any.whl (360kB)

100% | 368kB 453kB/s

Requirement already satisfied: werkzeug>=0.11.10 in ./anaconda/lib/python3.6/site-packages (from tensorflow)
Requirement already satisfied: numpy>=1.11.0 in ./anaconda/lib/python3.6/site-packages (from tensorflow)
Requirement already satisfied: setuptools in ./anaconda/lib/python3.6/site-packages/setuptools-27.2.0-py3.6.
egg (from protobuf>=3.2.0->tensorflow)
Installing collected packages: protobuf, tensorflow
Successfully installed protobuf-3.2.0 tensorflow-1.1.0
bash-3.2§ Dy




C I.\

Tensor!

TensorFlow Playground

Tinker With a Neural Network Right Here in Your Browser.

Don't Worry, You Can't Break It. We Promise.

O Iterations Learning rate Activation Regularization Regularization rate Problem type
4
000,582 0.03 v Tanh v None v 0 v Classification v

DATA INPUT + — 3 HIDDEN LAYERS OUTPUT
Which dataset do Which properties lest loss 0.000
you want to use? do you want to Training loss 0.000
feed in? - A= - A= - A=
. 4 neurons 2 neurons 2 neurons
%
X8 J 4 ,—: P . 4 -
\ o L ~ ‘0
e \\ &
” ~.
| e T &
X, T W — 3 : > . - ',‘
Ratio of training to -
test data: 50% 4 .
e g 4
Noise: 0
®

Batch size: 10

—

httﬁ;://playground.tensorﬂow.org/ 167




L
TensorFlow Te n S O r B O a rd

TensorBoard EVENTS IMAGES GRAPHS HISTOGRAMS

73]  Fittoscreen Main Graph Auxiliary nodes
i Download PNG

Run train -

Session -

runs (0)

Upload ChooseFile |

Color @ structure

QO Device layer2 S
color: same substructure ‘ -
gray: unique substructure

™10

Graph  (*= expandable)

Namespace*
OpNode
Unconnected series* 0 train
Connected series*

Constant

Summary

= K€

Dataflow edge
Control dependency edge
< Reference edge

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




Getting Started with TensorFlow

TensorFIow i Install Develop API 1.4 Deploy Extend Community VES S Q Search GITHUB

Develop

GET STARTED PROGRAMMER'S GUIDE TUTORIALS PERFORMANCE MOBILE

Gettng Started Getting Started With TensorFlow S~

TensorFlow Core tutorial
Getting Started With TensorFlow :
Importing TensorFlow

MNIST For ML Beginners This guide gets you started programming in TensorFlow. Before using this guide, install TensorFlow. The Computational
Deep MNIST for Experts To get the most out of this guide, you should know the following: Graph
TensorFlow Mechanics 101 tf.train API

e How to program in Python.

tf.estimator Quickstart Complete program

Building Input Functions with tf. e At least a little bit about arrays. tf.estimator
estimator

¢ |deally, something about machine learning. However, if you know little or nothing about machine Basicinsags

learning, then this is still the first guide you should read.

TensorBoard: Visualizing Learning A custom model

TensorBoard: Graph Visualization Next steps

Lensomoard kistegramibashtoard TensorFlow provides multiple APIs. The lowest level API-TensorFlow Core- provides you with
complete programming control. We recommend TensorFlow Core for machine learning researchers
and others who require fine levels of control over their models. The higher level APls are built on top
of TensorFlow Core. These higher level APIs are typically easier to learn and use than TensorFlow
Core. In addition, the higher level APls make repetitive tasks easier and more consistent between
different users. A high-level API like tf.estimator helps you manage data sets, estimators, training and

inference.

TensorFlow Versions

This guide begins with a tutorial on TensorFlow Core. Later, we demonstrate how to implement the
same model in tf.estimator. Knowing TensorFlow Core principles will give you a great mental model of
how things are working internally when you use the more compact higher level API.

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




Try your first TensorFlow

s python

>>>
>>>

>>>

>>>

import tensorflow as tf

hello = tf.constant('Hello, TensorFlow!'"')
sess = tf.Session()

sess.run(hello)

'Hello, TensorFlow!'

>>>
>>>
>>>

42

>>>

a = tf.constant(10)
b = tf.constant(32)
sess.run(a+b)

https://github.com/tensorflow/tensorflow
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Hello TensorFlow

import tensorflow as tf

hello = tf.constant('Hello, TensorFlow! ')
sess = tf.Session()

sess.run(hello)

b'Hello, TensorFlow!'

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




tf.Session()
sess.run()

import tensorflow as tf
sess = tf.Session()

a = tf.constant(10)

b = tE.constant(32)
sess.run(a+b)

42

https://github.com/tensorflow/tensorflow
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Linear Regression Model

import tensorflow as tf

# Model parameters

W = tf.vVariable([.3], dtype=tf.float32)
b = tf.variable([-.3], dtype=tf.float32)
# Model input and output

x = tf.placeholder(tf.float32)

linear model = W*x + b

y = tf.placeholder(tf.float32)

# loss

loss = tf.reduce sum(tf.square(linear model - y)) # sum of the squares
# optimizer

optimizer = tf.train.GradientDescentOptimizer(0.01)

train = optimizer.minimize(loss)

# training data
x train = J1, 2,3, 4]
y_train = [0, -1, -2, -3]
# training loop
init = tf.global variables initializer()
sess = tf.Session()
sess.run(init) # reset values to wrong
for i in range(1000):
sess.run(train, {x: x train, y: y_train})

# evaluate training accuracy
curr W, curr b, curr loss = sess.run([W, b, loss], {x: x _train, y: y train})
print("W: %s b: %s loss: %s"%(curr_W, curr b, curr_loss))

W: [-0.9999969] b: [ 0.99999082] loss: 5.69997e-11

https://www.tensorflow.org/get_started/get started
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tf.estimator

import numpy as np
import tensorflow as tf

feature columns = [tf.feature column.numeric column("x", shape=[1])]
estimator = tf.estimator.LinearRegressor(feature columns=feature columns)

X train = np.array([l., 2., 3., 4.])
y_train = np.array([0., -1., -2., =3.])
X eval = np.array([2., 5., 8., 1.])
y eval = np.array([-1.01], -4.1, -7, 0.])
input fn = tf.estimator.inputs.numpy input fn(
"x": x_train}, y train, batch_size=4, num epochs=None, shuffle=True)

train input fn = tf.estimator.inputs.numpy input fn(

{"x": x train}, y train, batch size=4, num epochs=1000, shuffle=False)
eval input fn = tf.estimator.inputs.numpy input fn(

{"x": x_eval}, y eval, batch _size=4, num _epochs=1000, shuffle=False)

estimator.train(input fn=input fn, steps=1000)

train metrics = estimator.evaluate(input fn=train input fn)
eval metrics = estimator.evaluate(input fn=eval input fn)
print("train metrics: %r"% train metrics)

print("eval metrics: %r"% eval metrics)

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}

https://www.tensorflow.org/get_started/get started
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TensorFlow
and
Deep Learning




TensorFlow and Deep Learning

. < TensorFlow and deep learning, without a PhD
@ Overview

Preparation: Install

2 ) TensorFlow, get the

sample code 1 . OverVieW

Theory: train a neural

3
network
p Theory: a 1-layer neural
network
5 Theory: gradient deep
descent Science |
5 Lab: let's jump into the

code

7 ) Lab: adding layers

Lab: special care for

8 > 2
deep networks
: #Tensorflow ) Google Cloud Platform @martin_gorner
Lab: learning rate
9 decay In this codelab, you will learn how to build and train a neural network that recognises handwritten digits. Along the way, as
you enhance your neural network to achieve 99% accuracy, you will also discover the tools of the trade that deep learning
10 Lab: dropout, professionals use to train their models efficiently.
overfitting
This codelab uses the MNIST dataset, a collection of 60,000 labeled digits that has kept generations of PhDs busy for
11 lschassizaiutond almost two decades. You will solve the problem with less than 100 lines of Python / TensorFlow code.

networks

Did you find a mistake? Please file a bug.
’ e 1S 8.3 What you'll learn

Lau. a vulivuiuuviial

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




TensorFlow MNIST Tutorial

O Features Business Explore Pricing This repository ~ Search Sign in or Sign up
martin-gorner / tensorflow-mnist-tutorial @Watch 50 s Star 489 Y Fork 204
<> Code Issues 6 Pull requests 2 1" Projects 0 Pulse li Graphs

Sample code for "Tensorflow and deep learning, without a PhD" presentation and code lab.

D 102 commits ¥ 1 branch © O releases 22 4 contributors sfs Apache-2.0
Branch: master v New pull request Find file
n martin-gorner committed on GitHub Update INSTALL.txt .. Latest commit ed331aa 25 days ago
B mlengine added example using the Tensorflow high level layers API 26 days ago
[ .gitignore small bug fix in batch norm 6 months ago
[E) CONTRIBUTING.md initial commit 2 4 months ago
[E) INSTALL.txt Update INSTALL.txt 25 days ago
[E) LICENSE Initial commit a year ago
E) README.md better image URL 3 months ago
) mnist_1.0_softmax.py global_variables_initializer used everywhere instead of inirialize_al... 2 months ago
E) mnist_2.0_five_layers_sigmoid.py Fix spacing in the network structure comment a month ago
E) mnist_2.1_five_layers_relu_Irdecay... Fix spacing in the network structure comment a month ago

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




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,
earning rate decay ...

How to troubleshoot deep neural networks

How to build convolutional networks

178



TensorFlow MNIST Tutorial

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

cd tensorflow—-mnist—-tutorial

python3 mnist_1.0_softmax.py

python mnist 1.0 _softmax.py
pythonw mnist 1.0 _softmax.py

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




IVINIST dataset
60,000 labeled d

Igits

Training dlgits
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cd tensorflow—mnist-tutorial
python3 mnist_1.0_softmax.py

=

o Accuracy 100 Cross entropy loss Training digits
| T training IOSS 4*s‘q!sysu-onqu‘tn ¢955§nc—)-11a
o . - test loss 55_7 é# % 0 g é a
©q3357¢ 677/
0.6 ROEb46EITG
08a66851 15>
o /V 75586177
79383056034 Q¢8¢6
. 1100249501
— training accuracy ‘ 07 5 O b 5/ SO
- test accuracy
0.0 774 /227913
0 200 400 600 800 1000 0 200 400 600 800 1000
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Train a Neural Network

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



Training digits

Training digits

WA~ A2 ~0M
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Test digits
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7411352!7kthzlﬁ&ﬁitvlvii:!\&il?rIOivi'xz
2.4.53.9.0.88.£.98.,0,.2573.304. 0. L0450 A LAV A0 45500
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TLLSEALCARAIE (RN SEF 2070008 QUBL2A0L5 708
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6,,..5.-.5. 37 T4 T 03 TANE B 4088227574144 3.6007
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Cross entropy loss

Cross entropy loss
100

— training loss
- test loss
80

0 200 400 600 800 1000
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Accuracy

Accuracy

| ‘-..I

0.4
0.2
— training accuracy
- test accuracy
0.0

0 200 400 600 800 1000

188



Weights

Weights

0 200 400 600 800 1000

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



Biases

Biases
1.5

1.0
0.5
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‘-

0 200 400 600 800 1000

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

- Accuracy . Cross entropy loss Training digits
— training loss ‘4'“(-}'“?“0“ ‘-' "L‘ . ¢ ;EHC)“a‘
- . — test loss 557 é 5/ % 0 S é a
©qd35F¢ 677/
0.6 ROELH4BEIT G
08a6ES51 1S3
0.4 / V75536117
78060345Q¢8¢6
0.2 1100249501
A — training accuracy ‘ o 7 5 O 6 5/ fo
. — test accuracy ) 7 7 l’{ / 2 z 7 q t 3

Weights Biases Test dIgItS
1.5 100% .,

98%

96% Fusiessstanty
s, 95,545,995 2999”;'.01
o 93,8, XK3 3322
94% 34, _5.. !‘Af,[.f’ﬂ?f]/-ff"
IVA /-:a
- 55093253
92% ¢ 57y /01313727
i\ 0271337
N6ATEYr3Li3iy !l“} 3t S‘l‘%")"l IREAREAEEY]
SUVBI0SE566SIFI0IbYiT07 1720435815003 4¢4
00% SH¥SEFINE22521 1 B1E1550242501 11601642301

200 400 600 800 1000 ~o 200 400 600 800 1000

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



Cookbook

Softmax

Cross—en’rropy
Mini-batch
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Very Simple Model:
Softmax Classification

. — 784 P/Xdﬁ —_—
- 28x28

pixels
ESmm—

u/e{jA/‘ea( sumt of odl
pix xels + bios

“neurons” /
softmaa: (L,) = || L

na{ on ou %/90(7‘5
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Very Simple Model:
Softmax Classification

784 pixels —
28x28 Fr

pixels
—_—

“neurons” Q Q Q Q
0 1 2 9
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Very Simple Model:
Softmax Classification

we@Av‘e‘d sumr of adl
p/xezs + bios

) .

softmax(L,) =

\ e

NIENY OF aufpocfs

“|

195



In Matrix notation,
100 images at a time

10 colun/ms\ —
Wo,0 Wo,1 Wo o Wo 5 --- Wo g
Wio Wig Wyp Wy g oo Wy
Woo Wo g Wy Wy s oo Wy
Wio Wy g Wy, Wyg oo Wiy 9
W4,0 W4,1 W4,2 W4,3 ) W4,9 3
Ws o Ws 1 Ws W5,3 - Wy g 3
We o We,0 W o We 3 oo W g R
X100 inmages, Wye W70 Wy Wy3 or Wy
W W W W . W
oré /Oe/ line, 8,6 8,1 82 8,3 8,9/
Flottened Wss,o Wrss,1 Woss,o oo Wigs o
\ L H BER
H B B Bl
il HEN B

HN BEEE N
| T 784 P/Xé[ s ]

W Long~LR
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X100 images,
one per (ine,
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X100 images, wr
one per line, ??
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What are "weights" and "biases" ?

How is the "cross-entropy"
computed ?

How exactly does the
training algorithm work ?



Y =f(X)

Fredjctions Imoges Wejghts  Biases
Y100, 10] x(/100, 7841  W[784/10]1  b[10]

. N

Y = softmax(X. W + b)
/ )

wppz/'ed line moArix mulﬁpl/
b)/ line

broodcost
on1 adl lines

tensor shopes in [ ]

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

Predictions:
Y[100, 10] tensor shapes: X[100, 784] W][784, 10] b[10]
Y = tf.nn.softmax(tf.matmul(X, W) + b)

matrix multiply

broadcast
on all lines
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Cross Entropy

0 /2 %> 4 5 ¢ 7 & 9

%) 0 (9 %) %) 0 1 0 %) %)

actuad probobilities, "one-hot' encoded

/

Cross entropy: — Z Y!. log(V;)

/ this js a6
aompo(fed pr obabilities )
7N\

0.1/|10.2/|0.1||0.3||0.2 .2//0.1/|0.1

e.1e.9\9
0o 1 z 3» Y4 5@7 g 9
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Minimizing Cross Entropy
(Minimizing Loss)

cross-entropy . LT e

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



Training Loop

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



"mini-batches":
100 images and labels



import tensorflow as tf



mnist_1.0 softmax.py

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

init = tf.initialize_all_variables()




mnist_1.0 softmax.py

# model

Y = tf.nn.softmax(tf.matmul(tf.reshape(X, [-1, 1), W) + b)
# placeholder for correct labels

Y_ = tf.placeholder(tf.float32, [None, 1)

# loss function

cross_entropy = —tf.reduce_sum(Y_ x 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

sess = tf.Session()

sess.run(init)

for 1 in range( ) :
# load batch of images and correct answers

batch_X, batch_Y = mnist.train.next_batch(
train_data={X: batch X, Y _: batch_Y}

# train

sess.run(train_step, feed_dict=train_data)




mnist_1.0 softmax.py

# success ?
a,c = sess.run([accuracy, cross_entropyl,
feed dict=train_data)

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




mnist_1.0 softmax.py

Accuracy

0.6

0.4

0.2
— training accuracy
- test accuracy

0.0

0 200 400 600 800 1000

Weights

0.8

100

Cross entropy loss

training loss
- test loss

1.5

200

400 600

Biases

800

1000

0 200 400 600 800 1000

-1.5

200

400 600

800

1000

Training digits
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NextoNd NP
D N

LN O Ol
~WwomU e
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WO~aodve~w

Test digits

‘-’.‘_UJ'J.YM.\(.!.".\‘ni.b.q.f.'a.a_.|.1)A1.‘l:!.!.1.v.lu.w.i.l
EXRAFARAL AR R LN \J.?.'Lﬁ.g.\.\.m.&?.z,i.l.'..iSl.b}.u
PERTTLTL DAY RN CEXEPERE XATVR PAVERY SRR
24330 580 882,0.205) 387 WALESB LAV AD LSS0
98% PR N O XL N EL L ARERE R PEREARE EA kAL IS
R IR LY R X AR R RN PARA S X AR TR AT st
LBTUZIASALQ YL ASLAS BV LIS 12403 855880057 5.0
ﬁ.zu;.us:-.u.uxww.muuw.x.u RERALE)
5948.55 )24 870IRANIZNAAS02 275N\ AB50b7
96% PYAIRY Y FARRRRN RN P EF S OA AR AL URR RS 2835004
ALK SRR RN X Z AR KT NV AR AT SRR TSR]
(318205007055 SAAS 7080242 61T AR 704
PPESTY LENNA FXY RN AT ENT PP LASREL AR 2358434
JAAGEASLIRRIINBINLIS AR DS NIR5.560355550¢
94% s,w.u.u;un.sm.w,m.w,mul.t.wm.os)-.l
343D345,190893%! CAASLSIQIF 7Y TGID NIV NLT
QIID AN SIS R3830832982135 lel28)2rsd
e Y AR S A ISR L L AT L RN E L
120223732\ NNAIAI98S 0SSN0 1823202102 X2
020 SAETIALNIEAAEAIINIINIOILNGLIINITIITES
CASATLi06 G 00901567 956054079013137275
VI aYAYENAqeEdgolt 9P 7443070202517
P L R R T L A I LR TR R R R A R A L AL
S(YIL0SRS6ESAIINITiq2 i 17R0G26815L0I4NE
90% CUESESINL )22 IR IEIE503625001\00161023011

100%
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Deep Learning
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5 fully-connected layers

784
A E EE ©HBEE llll M

200 OOOOOO@@OOOOQ
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/0 O O O — softmiox
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5 fully-connected layers
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TensorFlow MNIST Tutorial

Accuracy
1.00
0.95
0.90
0.85
— training accuracy
0.80 - test accuracy
0 500 1000 1500 2000
Weights
1.5
1.0
0.5
-0.5
-1.0
-1.5
0 500 1000 1500 2000

Cross entropy loss

20 |

15

10

0 500

0.3

0.2

0 500

U

h: ‘

"

1000

1000

Biases

training loss

test loss

1500

1500

)

2000

2000

100%

98%

96%

94%

92%

90%

Training digits

&

SRRV 9 O L
New— NaQ R

NSNS VNN =D

QENLRQLNnNLDOn
NY =NOaxPi—W
O DEAY N~ OvD
N s OC~s~Q &
toNPNWETNQ XN
@ PO L~ =
O~ GO Al N

Test digits

CAENISILBIALS BARIIIANL LI $DL SN 2INIIL
SN ZATAS02TBAMRES LITANEL L AL L 8BIURA5) B
PRV IO IXC RS KBRS VE-2 KT AN FALV IRV S
LhtktﬁzﬂlAJhAlﬁAS&AJfUJDﬂ:SJJJAAJEJJA)AJ
PR GE0K 20 203,08 38305 1 8301.0| 45 2925008585
S8 VARSI 00GDT A1 i DR8N IHIDID ABNENR FZE
SANA2P2I2EENDIFLLILISNISIEDINTASTLIOY 1A
9069015573196 05307401 313472712113 4438124
1636560y IR IFIEY30N027133247162714756
13E7YLE FCOL054542/90873374Y3aS¥ 163068
S66SLICIbYLTIIF 2004365 15LOYELESYWSESL
4922227 1618185024250 414505165236/ 13452
ayea 03455987283/ 1338773229153P233042

§145771213257711815030199¢1121297593(4152
010W0025f¥lﬂvol?vléoosl91r35!13§9101lIzl
$31498L- (381061315507 F511446205005027208
35911403761 63772840175254d213924605(715712
7lv;lvﬁﬂ20b!l!iiE\flViS?f00}5764!53323?l
16?C5566735178330|6MI2§5!‘7r¥0¥97105237‘
10§3952123/3657r 220265 711/A0383 1439164
:1351&3&902!;?Il&?VH1!°?O¢$C?€3t85413313
377900217085 -330743509952655786320%737935

NORWE24763259349273591202085137471262034
S4q1PLT43YGI951734765 N4 25 811 1930
0?101’1!‘!!554\:32“‘(040';1132“;;0‘&3”925120
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Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/ 219



TensorFlow MNIST Tutorial

Accuracy
1.0
0.8
0.6
0.4
— training accuracy
- test accuracy
0.2
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0 100 200 300 400 500 600
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TensorFlow MNIST Tutorial

Accuracy

1.0

0.8
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0.4

0.2

— training accuracy
- test accuracy

0.0 {.‘n

0 500 1000 1500 2000
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Learning Rate

Slow down . ..

223



LR =

0.003%

TensorFlow MNIST Tutorial

Accuracy Cross entropy loss
M 20

a 10
| \'
0.96 ’
5
0.95
— training accuracy
- test accuracy
0.94 .
0 2000 4000 6000 8000 10000 2000/ 4000

/vo(a/(’ .’
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— training loss
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0.98

0.97

8000 10000

6000
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TensorFlow MNIST Tutorial

Accuracy

1.00

0.99
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0.96
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— training accuracy
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0.94 -
0 1000 2000
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3000 4000 5000 6000
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100%
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\aquénsHbOY I 9rIPTIFIEU307022 07521706278y
13Ei367)16\FCALOSHGID 14481383 ¥4ia5VIEYA0
SES6eSITINIbYET3!10A045515L04EEsYMEES1
4922321 1618185024250 116501652307 (3482
s¥§\)193(f5q6D7;2l#!133817?121|S9??)5041
(14:7728362777418180301Q419212475¢30u0SY
Z!lCioOZJGI|29011v53005I?ffa$r13n?10iIlz
lS33§76€51ls‘ls{ls\Sbt/f5:11k67156-5$311
LIS Iq03376162/y3§6)2S2SUdDI3GI4603171
§947092 17592043 148 1RYs110376003026495331
30)1690ckbbzyea7sizlenI250( 3001052
274405395213/ 34657 r2003USYI11/20383 14334
LuL)7SYiIN002322 0¥ HITLCTINTS0ERE4E3
3433779071708543207435094426557860240R7)
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225






Overfitting

Accuracy Cross entropy loss
1.00 20
| I( ‘ M ‘ — training loss
0.99 - test loss
I 15
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0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
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Dropout
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TensorFlow MNIST Tutorial

Accuracy Cross entropy loss
1.00 20
M — training loss
0.99 | | - test loss
m |\ | ” | | =
0.98 | fu | H N
0.97 }‘ “ 10

0.96

0.95

— training accuracy
- test accuracy

0 2000 4000 6000 8000 10000 2000 4000 6000 8000 10000

0.94 |
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5 \ayers
Sig\mo'\d

TensorFlow MNIST Tutorial

1.00
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Accuracy Cross entropy loss
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e 10
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0 2000 4000 6000 8000 10000 0 2000 4000 6000 8000 10000
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Overfitting

Zan
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neurons
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Convolutional Layer

W[4, 4, 3]

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



Convolutional Layer

W[4, 4, 2]
WL[% 4 3] W[Af) Lf) 5) Lj

ayas

Filter input output
/28 chonnels chonnels
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Convolutional Max-Pool

convolutionod
Ma/x-/ﬁool
convolutionod
Ma/x—-paal
convolutionod
Ma/x—pool

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



All Convolutional

Haocker's tip

AL L
C onvolu-



Bigger Convolutional Neural Network

+ bioses on

odl Zayers
28x2.8 x/
convolutionod layer, 4 channels
WIL5, 5, I, 4] stride /
28 Xx28 x4
convolutionad loyer, & chonnels
14 xI4 X8 W24, 4, 4, 8] stride 2
convolutionad loyer, Iz chonnels
T X7 xl 2 ,
W2(4, 4, & 2] stride 2
/ull)/ connected loyer
200 WS 7x7xl2, 200]
/0 softmox readout loyer

Ws( 200, 10]

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



Bigger Convolutional Neural Network

Accuracy Cross entropy loss Training digits
1.00 10
— 4rahﬁnglojs
- test loss
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Bigger Convolutional Neural Network

+ biases on
e ML layers
28x28 X1 e
y L £ L J4

L &

convolutional layer, 6 chonnels
Wile, 6, 1, ¢]1 stride |

28Xx28x6
convolutionod layer, 12 charnnels

[9xI9x12 W2(5, 5, ¢, 12] stride 2

S convolutionod Zﬂye/ . 24 channels
W2(4, 4, 12, 24] stride 2
/odl/ connected (ayer

200 WA 7x7x24, 200]
/0 softmiox readout 16176/

W5( 200, 10]

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



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



1.0

0.8

0.6

0.4

0.2

0.0

60

40

20

0

=20

—60

—80

TensorFlow MNIST Tutorial
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TensorFlow MNIST Tutorial
python3 mnist_1.0_softmax.py

python mnist 1.0 _softmax.py

pythonw mnist_1.0_softmax.py

python3
python3
python3
python3
python3
python3
python3

mnist_2.
mnist_ 2.
mnist_3.
mnist_ 3.
mnist_ 4.
mnist_4.

mnist 4.

@_five_layers_sigmoid.py
2_five_layers_relu_lrdecay_dropout.py
@_convolutional.py

1 _convolutional_bigger_dropout.py

@ _batchnorm_five_layers_sigmoid.py

1 batchnorm_five_layers_relu.py

2_batchnorm_convolutional.py

https://github.com/martin-gorner/tensorflow-mnist-tutorial/
https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/
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