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MR (Week) B Hj (Date) M % (Subject/Topics)

1 2017/09/21 B4#5 4k K IR 0 # R 2N &
(Course Orientation for Big Data Analytics in Finance)

2 2017/09/28 4 FkFHH ™ %4 =\ (Business Models of Fintech)

3 2017/10/05 AT% B4%F 57 Sk 5 ATE AR B
(Artificial Intelligence for Investment Analysis and
Robo-Advisors)

4 2017/10/12 2@FHEHZXAHAFTERIFEEA
(Conversational Commerce and
Intelligent Chatbots for Fintech)

5 2017/10/19 = 4#t % 7% (Event Study)
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MR (Week) B Hj (Date) M % (Subject/Topics)
7 2017/11/02 Python Bt % K EIE o #7 i
(Foundations of Finance Big Data Analytics in Python)

8 2017/11/09 Python Numpy X E35 047
(Big Data Analytics with Numpy in Python)

9 2017/11/16 Python Pandas &1 % X B35 5 #7
(Finance Big Data Analytics with Pandas in Python)

10 2017/11/23 #3 % 3R 4% (Midterm Project Report)

11 2017/11/30 Python Keras:® & 4 %
(Deep Learning with Keras in Python)
12 2017/12/07 X FE 5 #7478 8 AR5 T Rk IE
(Text Mining Techniques and
Natural Language Processing)
[Invited Speaker: Irene Chen, Consultant, Teradata]
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13 2017/12/14 BA#5 4 @b KR EARE 4T ZAF R |
(Case Study on Big Data Analytics in Finance 1)

14 2017/12/21 TensorFlow’R & % 5
(Deep Learning with TensorFlow)

15 2017/12/28 ##5 ek K EBIFRE 28
(Deep Learning for Finance Big Data)

16 2018/01/04 #t& #8944 5#7 (Social Network Analysis)
17 2018/01/11 #AK3#k%4 | (Final Project Presentation )
18 2018/01/18 #A K3k Il (Final Project Presentation Il)



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



TensorFlow

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



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/ 8




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

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]

(1., 2., 3.1}, ([7., 8., 9.111
— # a rank 3 tensor with shape [2, 1, 3]

https://www.tensorflow.org/
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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

13



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

16



Deep Learning
and
Deep Neural Networks



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/ 18




X1

X2

Neural Networks

Input Layer
(X)

Hidden Layer
(H)

Output Layer
(Y)
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The Neuron

20



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

23



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
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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)

30



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 ?
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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

37



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)

44



Activation Functions

Sigmoid TanH RelLU
0 for z<0
f(=) = {z for z>0
-0'2—6 -4 -2 0 2 4 6 - 5—6 -4 -2 0 2 4 6 _2-6 -4 -2 0 2 < 6

45



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

49

(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”

50



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

52



Optimizer:
Stochastic Gradient Descent
(SGD)

J(w)

Global cost
minimum




This shows a function of 2 variables: real neural nets
are functions of hundreds of millions of variables!

54



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
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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

Data Flow
Graph

/

.....,..

Source: https://www.tensorflow.org/ 59




f

TensorFlow

Data Flow
Graph

SGD Trainer

—
———
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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

64



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

65



Install Anaconda 3

‘e Install Anaconda3

¢ Introduction
Read Me
License
Destination Select
Installation Type
Installation

Summary

ANACONDA

Welcome to the Anaconda3 Installer

You will be guided through the steps necessary to install this

software.

r—_—_

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
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



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

Launchpad
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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

78



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




_ 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
r___| —_— _— —_— | 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
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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

-] iHila

Q_ terminal

terminal



conda list

® 0 7 imyday — -bash — 80x24

iMyday-MacBook-Pro:~ imyday$: gonda list =

# packages in environment at /Users/imyday/anaconda:

#

_license 1.1 py36_1
alabaster 0.7.9 py36_60
anaconda 4.3.1 nplllpy36_0
anaconda-client 1.6.0 py36_0
anaconda-navigator 1.5.0 py36_0
anaconda-project 9.4.1 py36_0
appnope 0.1.0 py36_0
appscript 1.0.1 py36_0
astroid 1.4.9 py36_0
astropy 1.3 nplllpy36_60
babel 2.3.4 py36_0
backports 1.0 py36_0
beautifulsoup4 4.5.3 py36_0
bitarray 9.8.1 py36_0
blaze 0.10.1 py36_0
bokeh 0.12.4 py36_0
boto 2.45.0 py36_0
bottleneck 1.2.90 nplllpy36_0
cffi 1.9.1 py36_0
chardet 2.3.0 py36_0
chest 0.2.3 py36_0

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




python --version

® O A imyday — -bash — 80x24

iMyday-MacBook-Pro:~ imyday$|python ——versionl
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
# 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" 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

7 imyday — -bash — 80x24

'iMyday-MacBook-Pro:~ imyday$: conda create -n py352 python=3.5.2 anaconda

Fetching package metadata
Solving package specifications:

L]

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

The following NEW packages will be INSTALLED:

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

astropy:

babel:

backports:
beautifulsoupé4:
bitarray:

blaze:

OCOPRPNRPRPRPRPOORRL HMNOR

py35_1
.9-py35_0
.1-nplllpy35_0
.0-py35_0

.0-py35_0

s Python 3.5.2

.9-py35_0

1-
7
3
6
tias  Create a
;
0
4

.3-nplllpy35_0 °
0-py35.0 environment
.5.3-py35_0

.8.1-py35_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/ 98




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 99




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 100




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 102




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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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/#0 107




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/ 108




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
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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
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Training dlgits
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cd tensorflow—mnist-tutorial
python3 mnist_1.0_softmax.py
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Train a Neural Network

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

Training digits
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Cross entropy loss

Cross entropy loss
100

— training loss
- test loss
80
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Accuracy

Accuracy
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Weights

Weights
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Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/#2 120



Biases

Biases
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Weights and Biases
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Cookbook

Softmax

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

. — 784 P/Xdﬁ —_—
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pixels
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u/e{jA/‘ea( sumt of odl
pix xels + bios
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softmaa: (L,) = || L

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

784 pixels —
28x28 Fr
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0 1 2 9
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Very Simple Model:
Softmax Classification
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In Matrix notation,
100 images at a time
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X100 images,
one per (ine,
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X100 images, wr
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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
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Minimizing Cross Entropy
(Minimizing Loss)

cross-entropy . LT e

Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/ 136



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
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Deep Learning
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5 fully-connected layers
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TensorFlow MNIST Tutorial

Accuracy
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Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/ 150



TensorFlow MNIST Tutorial

Accuracy
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TensorFlow MNIST Tutorial

Accuracy
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Learning Rate

Slow down . ..
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LR =

0.003%

TensorFlow MNIST Tutorial

Accuracy Cross entropy loss
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TensorFlow MNIST Tutorial

Accuracy

1.00

0.99

0.98

0.97

0.96

0.95 =
— training accuracy

- test accuracy

0.94 -
0 1000 2000

Weights

3000 4000 5000 6000

0.8

0.6

0.4

0.2

0 1000 2000 3000 4000 5000 6000

15

10

0
0

0.3

0.0

0

Cross entropy loss

— training loss
- test loss

1000 2000 3000 4000 5000 6600

Biases
100%

98%

96%

94%

92%

90%
1000 2000 3000 4000 5000 6000

Training digits

e T Lo N R
N eIV o8O
W ONY QU NN
SPPWFARALAN X
NH AT QYIS N
NN N > —0 %
B[LENNCW 0L
VO ea—=>=9~v Ot

e O~ AW DRN
NN % w0 4N\ ™

Test digits

§ASAATEA L ASASRALIAS8L TR ZRIDINT
TAINT L 760054 1 SIS AL UL AREANLLE LIRS
(010 08.88) IANCAID2 58S ALLINS SRSDIAN) 2SS
SRS ANANE £e 800l LIANTFIRSIASANANASTAD
SIB s SAB Ll r NG 3235321 EFB854TERTLIOYL
GNGP0L015970466S07801313L72712117Y4)3
\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)
743500806 26723263239273041602085137147125

25091507 1%3791912342691323343278K1 149

130798495S40821004040519326030633 14025

2113450543017 9957€402¥S/ 1649123341682

Y6294 16380 RE3NUOPE3S 23504320136

156






Overfitting
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TensorFlow MNIST Tutorial

Accuracy Cross entropy loss
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TensorFlow MNIST Tutorial
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Convolutional Layer

W[4, 4, 3]

Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/ 163



Convolutional Layer

W[4, 4, 2]
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Convolutional Max-Pool
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Source: https://codelabs.developers.google.com/codelabs/cloud-tensorflow-mnist/ 165
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Bigger Convolutional Neural Network
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Bigger Convolutional Neural Network
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Bigger Convolutional Neural Network
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TensorFlow MNIST Tutorial

Accuracy

1.000

0.995

0.990

0.985

0.980

training accuracy
- test accuracy

0.975

0 2000 4000

Weights

6000 8000 10000

0.8

0.6

0.4

0.2

0.0

0 2000 4000 6000 8000 10000

Cross entropy loss

— training loss
- test loss

0
0 2000

4000

6000 8000 10000

Biases
0.25
0.20

0.15

0.10

0.05

0.00

05
0 2000

4000

6000 8000 10000

Training digits

=~ Vd a9~ QYo
o W (:) SN o~ JQ
AOINJ ERNR &~
) e~ D D
NOONANNPN YR
RODELONDWQRAN~
"y W~00O—===>¢€
AN N GFTO -6~
NN QN0 R
QNRANLTORY WD

Test digits

PYRTATERLXY SENR O PINT AT FTLARE LY NRE SRR
B/AASARS (A OUI218SRART IO PI P LTI LICT I
C90090015975946954014013 13472915103 ¥A350
WUSREEEOY 97737 19¢30703 17820706 20EYYY
98% CIa62INE1PCA0OSHGIR/AG01323Y9E2SVIEYINST
S66SITN0IbeT2) 710023355 15LOILRESYHSESL
W23 E1E1E50F42808 116901672367 (3442
AYINIROIETSN087/2¥3 /133883324 183P33>00)
§14:77283962777118180301999 147 2417934418
96% (lil910528!$l79021133°0$l91135'13h7101ll
20533828480 12516121550/ FS 1140225685437
L0CECEI1a07376182/1396 1982554 233520860517
TE947198 7292081 [45154501032500312648331
3ol1‘:01«667:?17s{rﬁ'eu:2:%f\)ri&ch:o;?
94% 298316739521273¢57722i4pS0112/730382 1430
BOHLIZOSVINND023D 1687741 TLe0q 0 il ET4d
3393377001708593209435049426557860240R7
742500846 247232¢329273501§02080137147120
0345021501 %3 /alg173906913073364250 0811
92% nﬁ;ld)}0ﬁ10i:sslf§z'514504ti!ssztpiea!lu
025420637134 054311)19254€UO3YS  164019¢3%
165383 (45820u 33403AT126344OPR3Y133S7432
bl36C7’:1l4212rl1(::146!?;“507!1310770!!
£2165928352284092758038)473CH0L215233000
90% £i!l1<6021l~WV73€35u1l;'3237!3101$‘35§fi

100%

170



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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