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«So what?
IBM’s chess system did
| this 20 years ago?»

B NohaGo  \Lee Sedol
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Deep Reinforcement Learning

Markov Decision Process

= Environment (Atari Breakout)

= Agent performing Actions (Left, Right, Release Ball)
= State (Bricks, location / direction of ball, ...)

= Rewards (A Brick is hit)

Environment

State Action

Reward @



Deep Reinforcement Learning

Q-Learning (simplified)

= Markov Decision Process
= Q(s, a) Highest sum of future Rewards for action a in state s

initialize Q randomly

set initial state s,

repeat
execute a to maximize Q(s;, a)
observe r and new state s,
set Q = update(Q, r, a, s;,;)
set s, = s;,,4

until terminated



Deep Reinforcement Learning

Deep Q Learning (DQN)

= (QLearning

= Q(s, a) = Deep Neural Network (DNN)
= Retrain DNN regularly (using it’s own experience)

State s

[

DNN

Q(s, a)

Left, Right, Release
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Machine Learning Concepts



Models
Training and Evaluation
ML Topics



Getting the Data

Challenges

= Getting the RIGHT data for the task
= And LOTs of it

= There is never enough data ...

Real World Lessons

= Data is crucial for successful ML projects
= Most boring and timeconsuming task

= Most underestimated task
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Training and Evaluation
ML Topics
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ML Topics
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Training Data
Test Data

‘ too much training

«Underfitting» \
more training needed
Training Iterationen




Data
Models

Training and Evaluation
ML Topics



= CS 229

-' Machine Learning
-

Handout #2: Course Schedule

Syllabus

Introduction (1 class)
Basic concepts.

e Supervised Learning
Supervised learning. (7

iggsﬁsigglrzmg ;Zﬂgbiﬁ?ﬁxponenﬁal family. . Lea rni ng fro m Exa m p I €s
Right Answers are known

Generative learning algorithms. Gaussian discriminant analysis. Naive Bay °
Support vector machines.

Model selection and feature selection.
Ensemble methods: Bagging. boosting.
Evaluating and debugging learning algorithms.

Unsupervised Learning
* Discover Structure in Data
* Anomaly Detection/Data Compression

Learning theory. (3 classes)
Bias/variance tradeoff. Union and Chernoff/Hoeffdin,
VC dimension. Worst case (online) learning.
Practical advice on how to use learnin

Unsupervised learning. (5 Classes)
Clustering. K-means.
EM. Mixture of Gaussians.

i?:iozﬁﬂg;; components analysis). REi nfo rceme nt Lea rn i ng
ICA (Independent components analysis). . . . .
- e e Interaction with Dynamic Environment

Reinforcement learning and control. (4 class
MDPs. Bellman equations.

Value iteration and policy iteration.

Linear quadratic regulation (LQR). LQG.
Q-learning. Value function approximation.
Policy search. Reinforce. POMDPs.



Demo Time



Demos

Demo 1

= Anomaly Detection
= Breast Cancer Data
= Auto-encoder

Demo 2

= Pattern recognition

= Handwritten character recognition
= Convolutional neural network

Demo 3 Natual Language Processing
Happy to show at #EclipseScout Booth



Anomaly Detection
WDBC Wisconsin Diagnostic Breast Cancer Data

Data 86211,B8,12.18,17.84,77.79, ...
= Breast Tissue Features (floats) 862261 B9.787.19.94 62.11 ...
> «12.86,18,83.19,506.3,0.09934, ... » 862485.5,11.6,12.84.74.34, ..

862548,M,14.42,19.77,94.48, ...

Model 862009,B,13.45,18.3,86.6, ...
= Auto-encoder Network L A A )

= Only train on healthy data
= Use reconstruction error

Deep Learning for Java

Deeplearning4j

> Deep Learning Library
- Open Source (Apache) [ |
2> Java

pen-Source, Distributed, Deep Learning Library for the JVM




Auto-Encoder Network

Reconstruction Error

Core Layer

Compression Layer Expansion Layer

Input Features Reconstructed Features



File Edit Source

Refactor

Navigate Search Project Scout Run  Window Help

N-HRit-0-A-® G- Oc Vi P @

@J@"\‘{H'{H'QJCDVCD' QuickAccessiJE”@

=

a B > sre/mainfjava

[# Package Explorer i3 = 8
BBl e ~
a Ef& = dldj-demo [ml_demo master]

B > org.ecelf.did)

[J] WDBCAutoencoderjava 23] [ma| ddj-deme/pom.axml

]

/f input -> intermediate layer (compression)

.layer(@, new Denselayer.Builder()
.nIn(inputDimensions)
.nout({intermediateDimensions)

Lbuild()) & featuresTrain : List<INDArray=
1 i org.ecel6.djmnist // intermediate -» core layer (compression) & featuresTest: List<INDArray=
4 f} > org.ecelf.didjwdbc -layer(1l, new Denselayer.Builder() & labelsTest: List<INDArray>
i [4) » WDBCAutoencoderjava ::;EEE:;:ZS::::::Eﬂ?HSlOHS) 4 scoredTest: List<Triple<Doublg _
i [4) WDBCDataFetcherjava .build(}) © © WDBCAutoencoder(String, dou|
I [§) WDBCDatasetlterator,java /{ core -> intermediate layer (expansion) A @ ° main(String[]) : void
I+ (% src/main/resources .layer(2, new Denselayer.Builder() @ train(int, int, int) : void
[+ [ srcftest/java ‘”I”(C?PED].""E”?].'OHSE . m prepareData(String, double) : v
[> = JRE System Library [JavaSE-1.8] :;ﬂ;igz_r;;:emedlateDmens1ons) m  parameterGridSearch() : void
> B Maven Dependencies // intemrediate -> output layer (expansion) @ train(int, boolean) : MultiLayer!
[ [ logs .layer(3, new Outputlayer.Builder() m createEnceder(int, int) : MultiLa
b G > src .nIn(intermediateDimensions) - 4 @ evaluate(): void -
[ (= target < . ] - - 3 o oom ] 3
[} pomaxml

I®*! Problems @ Javadoc |_{=4 Declaration [E Console 52

5= Outline 53

= O

s

Cd LR e W
4 Ga = WDBCAutoencoder

-

-

a  net: MultiLayerMetwork

EXR BEREE E-8-=0

<terminated> WDBCAutoencoder [Java Application] Ci\java'jdkl.5.0_92\bin\javaw.exe (05.07.2017, 10:24:53)
auto-encoder topology: -
org.deeplearning4j.nn.layers.feedforward.dense.DenselLayer{conf=NeuralNetConfiguration(layer=Denselayer(super=Feet
org.deeplearning4j.nn.layers.feedforward.dense.Denselayer{conf=NeuralNetConfiguration(layer=Denselayer(super=Fee:
org.deeplearning4j.nn.layers.feedforward.dense.Denselayer{conf=NeuralNetConfiguration(layer=Denselayer(super=Fee( |
org.deeplearning4j.nn. layers.Outputlayer{conf=NeuralNetConfiguration(layer=0Outputlayer(super=Baselutputlayer(sups

results for reconstruction error threshold 20868.8

diagnosis | cancer | healthy |
—————————— T SRR,
positive
negative

precision: 87.2% (probability for cancer given a positive diagnosis)
recall: 93.8% (probability for positive diagnosis given cancer)
f-measure: 98.4%

https://github.com/matthiaszimmermann/ml_demo




Pattern Recognition
Handwritten Digits

Data
= Which digit is this?
= Collect our own data

Model
= Deep Neural Network (LeNet-5)

Deeplearningdj

= Deep Learning Library
= Open Source (Apache)
= Java

10

15}

20

25

true label: 9

0 9 ¢ n 4

Deep Learning for Java

1-Source, Distributed, Deep Learning Library for the JVM

"'m@
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Recognition Results

Deep Neural Network

Input Image
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o BSI-Business-Systems-In. X

&« (&} | & GitHub, Inc. [US] | https://github.com/BSI-Business-Systems-Integration-AG/anagnostes Q 1}| A

¥ BSI-Business-Systems-Integration-AG / anagnost{ [a]l=]E] =
forked from brasuniich/anagnestes A7 Machine Learning With [ X
&y Code Pull requests 0 Projects 0 Wik & & | & Secure | https://dzone.com/articles/machine-learning-with-deeplearning4j-and-eclipse-s [} 1}‘ A
' -
. G
Identifying handwritten digits Ty Dzone J" Al Zone Over a million developers have joined DZone. Log In / Sign Up &
Add tepics REFCARDZ GUIDES ZONES JOBS | AGILE Al BIGDATA CLOUD DATABASE DEVOPS INTEGRATION I[OT JAVA MOBILE PERFORMANCE SECURITY WEBDEV

D 29 commits ¥ 1 branch

Branch: master = | | Mew pull request

Machine Learning With Deeplearning4j Lets be rends ) O QOO

and Eclipse Scout

This branch is 29 commits ahead, 13 commits behind braeunlich:

@ matthiaszimmermann committed on GitHub rearrange sub secti

) Look at a simple system to recognize monetary amounts on Swiss payment slips and see
I anagnostes.client al N B . ; N
how to build, train, and run the deep neural net using Deeplearning4j.
W znagnostes.server.app.dev a
W anagnostes.server.app.war of e M I LLI n Ns
I anagnostes.server (I
I znagnostes.shared El i Like (6) @ Comment(0} <©rSave ¥ Tweet @ 3,076 Views of smart dcvelopcrs like
I znagnostes.ui.html.app.dev El| you by pOStll’lg an al‘l’lCle
Join the DZone community and get the full member experience. JS[sIR el 3213 on DZone.com.

Machine learning and deep learning, in particular, are developing at amazing speeds. Today, machine
learning can be used to solve ever more complex tasks that have been considered impractical just a
few years ago. Examples include autonomous cars, AlphaGo’s win against the world’s Go champion,
the photo-realistic transformation of pictures, and neural machine translation systems.

In this blog post, we describe a simple system to recognize monetary amounts on Swiss payment N
slips. The user interface is implemented using Eclipse Scout and we build, train, and run the deep
neural net using Deeplearning4j.

https://github.com/BSI-Business-Systems-Integration-AG/anagnostes




Recent Advances



Deep Visual-Semantic Alignments for Generating Image Descriptions

construction worker in orange safety two young girls are playing with lego boy is doing backflip on wakeboard.
vest is working on road. toy.

nificantly outpe,
and on a new di



Deep Photo Style Transfer

2017 Cornell + Adobe

11 Apr 2017

(d) Our result

(e) Reference style image

arXiv:1703.07511v3 [cs.CV

http_s://arxiv.org/abs/1703.07511

that separates style from the content of an image by consid- retouched with a u



Google’s Neural Machine Translation System: Bridging the Gap
between Human and Machine Translation 2016. Goo gle
’

human
= neural (GNMT)

phrase-based (PBMT)

Translation quality
L]

English  English  English  Spanish  French  Chinese
> > > > > >

Spanish  French  Chinese  English  English  English
Translation model

Data from side-by-side evaluations, where human raters compare the quality of translations for a given source sentence.
Scores range from 0 1o 6, with 0 meaning “completely nonsense translation”, and 6 meaning “perfect translation.”

5 we consider refining the models by using reinforcement learning, but we found that the improvement
" - in the BLEU scores did not reflect in the human evaluation. On the WMT 14 English-to-French and

https://research.googleblog.com/2016/09/a-neural-network-for-machine.html




Face2Face: Real-time Face Capt
and Reenactment of RGB Videos

Justus Thies!, Michael Zollhbfer2,
Marc Stammingerl, Christian Theobalt?,

Matthias Nfeﬁner3

IUniversity of Erlangen-Nuremberg
>Max-Planck-Institute for Informatics
3Stanford University

CVPR 2016 (Oral)

eenactment s th
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Modern Art «Turing Test» b, b J S 2017, Rreutgers,

P LB . | Facebook, ...

3 i, |
)

https://www.technologyreview.com/s/608195/machine-creativity-beats-some-modern-art/




ML Libraries

2016

[ Welcome —Theano 08, X

|«

& C | ® www.deeplearning.net/s

Home

Installation

Support

© GitHub

TensorFlow 1.2rc0
has arrived!

We're excited to announce the
release of TensorFlow 1.2rc0!
Check out the release notes for
all the latest.

C | & Secure

Keras Documentation

Why this name, Keras?

/ Keras Documentation X W

[all=[E] =

https://keras.io

Keras: Deep Learning library for
Theano and TensorFlow

You have just found Keras.
Guiding principles

Getting started: 30 seconds ta Keras

Switching from TensorFlow to Theano

Introducing
TensorFlow
Research Cloud

We're making 1,000 Cloud TPUs
available for free to accelerate
open machine learning
research

2017

/ [ PyTorch

| «

Thousands of people from the
TensorFlow community
participated in the first flagship
event. Watch the keynote and
talks.

C | ® pytorch.org

[afle[®] % J

x

s;//deeplearningdj.org

Download the first chapter of our practical guide to deep learning for free.
DEEPLEARNING4J

QUICKSTART  DOGUMENTATION  GPUS ABOUT
FAQ

Deep Learning for Java

Open-Source, Distributed, Deep Learning Library for the JVM

GET STARTED ‘

2015



Food for Thought



ML performance >= Human Levels (2017)

Games Backgammon 1979, chess 1997, Jeopardy! 2011,
Atari games 2014, Go 2016, Poker (Texas Hold’em) 2017

Visual CAPTCHAs 2005, face recognition 2007,
traffic sign reading 2011, ImageNet 2015,
lip-reading 2016

Other Age estimation from pictures 2013, personality judgement from
Facebook «likes» 2014, conversational speech recognition 2016,
contemporary art, 2017/



= FINANCIAL TIMES ol
MENU SEARCH s
HOME WORLD US COMPANIES MARKETS OPINION WORK & CAREERS LIFE & ARTS Sign In
Artificial Intelligence and Robotics -+ Add tomyFT Read latest:

Market grows for regtech,
or Al for regulation

Al and robots threaten to unleash mass
unemployment, scientists warn

Intelligent machines will soon replace human workers in all
sectors of economy

d

Julius Bar

YOUR PRIVATE BANK




Positive Outcomes
Statement by Lee Sedol

Lee replied that playing against the machine had rekindled his passion
for Go. As with Fan Hui, AlphaGo had opened his eyes to a new side of
the game. “I have improved already,” Lee said. “It has given me new

ideas.” He has not lost a match since.



Learn more?

Socalizing
= Go to talks, conferences, Meetups

Increase Context
= Twitter, Blogs, ...
= arxiv.org (state of the art ML publications)

Doing

> GitHub (deeplearning4j/deeplearning4j,
BSI-Business-Systems-Integration-AG/anagnostes, ...)

= For the latest frameworks: learn Python ;-)



Thanks!

@ZimMatthias



