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Organization

A Lecturer
« Prof. Bastian Leibe ( leibe@vision.rwth -aachen.de)

A Teaching Assistants
« Umer Rafi (rafi@vision.rwth -aachen.de)
s Lucas Beyer (beyer@vision.rwth -aachen.de)

A Course webpage
o http://_www.vision.rwth -aachen.de/courses/
. Slides will be made available on the webpage
« There is also an L2P electronic repository

A Please subscribe to the lecture on the Campus system!
« Important to get email announcements and L2P access!
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Language

A Official course language will be English
« If at least one English -speaking student is present.
« ' f noté you can choose.

AHowever é

« Pl ease tell me when | O0m tal king
something in German for better understanding!

s You may at any time ask questions in German!
a YOu may turn in your exercises in German.
a You may take the oral exam in German.
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RWTH
Relationship to Previous Courses

A Lecture Machine Learning (past summer semester)
« Introduction to ML
s Classification
« Graphical models

A This course: Advanced Machine Learning
s Natural continuation of ML course
s Deeper look at the underlying concepts
o But: will try to make it accessible also to newcomers
« Qui ck poll: Who hasnot heard th

A This year: Lots of new material
s Large lecture block on Deep Learning
s Updated with some exciting new topics
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Focus of This Lecture

Deep Learning

Advanced Machine Learning Wi nt er 6 16
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Organization

A Structure: 3V (lecture) + 1 U (exercises)
« 6 EECS credits
« Part of the area OApplied Compu

A Place & Time

o Lecture/Exercises: Mon 14:15 015:45 room UMIC 025
o Lecture/Exercises: Thu 14:15 9615:45 room UMIC 025
A Exam

« Oral or written exam, depending on number of participants
« Towards the end of the semester, there will be a proposed date
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RWTHAACHEN
UNIVERSITY

Course Webpage

Course Schedule

http:// www.vision.rwth -aachen.de/courses/

Date Title Content Material
© Thu, 2016-10-20 (Introduction Introduction, Polynomial Fitting, Least-
— Squares Regression, Overfitting,
«© Regularization, Ridge Regression
— Mon, 2016-10-24 |Exercise 0 Intro Matlab
@ Thu, 2016-10-27 |[Linear Probabilistic View of Regression, Maximum
‘;’ Regression | Likelihood, MAP, Bayesian Curve Fitting MOnday:
o Mon, 2016-10-31 |Linear Basis Functions, Sequential Learning, Matlab tutorial
= Regression I Multiple Outputs, Regularization, Lasso,
o Bias-Variance Decomposition
g Thu, 2016-11-03 |Gaussian Kernels, Kernel Ridge Regression, Gaussian
< Processes | Processes, Predictions with noisy
3 observations
g Mon, 2016-11-07 |[Gaussian Influence of hyperparameters, Bayesian
= Processes I Model Selection
< Thu, 2016-11-10 |Probability Bayesian Estimation Revisited, Conjugate
= Distributions Priors, Bernoulli, Binomial, Beta,
8 Multinomial, Dirichlet, Gaussian, Gamma,
:c; Student's t
=
<
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RWNTH
Exercises and Supplementary Material

A Exercises
o Typically 1 exercise sheet every 2 weeks.

« Pen & paper and programming exercises
d Matlab for early topics
0 Theano for Deep Learning topics

« Hands-on experience with the algorithms from the lecture.
s Send your solutions the night before the exercise class.

A Supplementary material
s Research papers and book chapters
«  Will be provided on the webpage.
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Textbooks

AManercture topics will be covere
A Some additional topics can be found in Rasmussen &

Christopher M. Bishop
Pattern Recognition and Machine Learning
Springer, 2006

(avail able in the |

Carl E. Rasmussen, Christopher K.I. Williams
Gaussian Processes for Machine Learning
MIT Press, 2006 s e L
(also available online: http://www.gaussianprocess.org/gomi/ )

A Research papers will be given out for some topics.
« Tutorials and deeper introductions.
« Application papers
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http://www.gaussianprocess.org/gpml/

RWTHAACHEN
UNIVERSITY

How to Find Us

A Office:
« UMIC Research Centre
o Mies-van-der-Rohe-Strasse 15, room 124

A Office hours

« If you have questions to the lecture, come see us.
« My regular office hours will be announced.
« Send us an email before to confirm a time slot.

Questions are welcome!
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Machine Learning

A Statistical Machine Learning

« Principles, methods, and algorithms for learning and prediction
on the basis of past evidence

A Already everywhere
s Speech recognition (e.g. speed -dialing)
s Computer vision (e.g. face detection)
« Hand-written character recognition (e.g. letter delivery)
« Information retrieval (e.g. image & video indexing)
s Operation systems (e.g. caching)
« Fraud detection (e.g. credit cards)
a Textfiltering (e.g. email spam filters)
« Game playing (e.g. strategy prediction)
s Robotics
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Siri. =2
Your wish is
its command.

Automatic Speech Recognition
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RWNTH
What Is Machine Learning Useful For?

Computer Vision
(Object Recognition, Segmentation, Scene Understanding)
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RWTHAACHEN
. . UNIVERSITY
What Is Machine Learning Useful For?

Google Seach: Unsupervized Leamning It o ke hilg= Urcups L
Web |mages Groups News Frooge mors s
( :Ot)gle Wmapemvied Terming e | RS
Web Rasults 1 - 10 of about 150,000 for Unsyparvised Lagrning (0.27 seconds)

Mixture modelling, Clustering, Intrinsic classification ..

o T o P e e e g pege. Welcome. owe S chasTenng, mixiure modeling
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Information Retrieval
(Retrieval, Categorization, Clustering, ...

(o)
—i
«©
| -
o
+—
c
(@)
=
c
S
©
]
—l
&)
=
e
&)
©
=
©
]
&)
c
®©
>
©
<

_ 14
B. Leibe

Slide adapted from Zoubin Gharamani



RWTHAACHEN
. . UNIVERSITY
What Is Machine Learning Useful For?

10-Year US Treasury Note Price (EOD) (8UST) o Stockonaris com
$UST Daily 5-Oct-2004 0:112.15 H:112.30 L:112.05 C:112.23 Chg:+0.06
MA(50) 112, NA 1175
MA(150) 11].65

1150

| 107 5
RSI(14) 450 Price / Momentum
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-~ = 70
M \,-, Z.V\ WF\/\/\‘([}WO
RPN WN/ 30
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Slow STO %K(14) %D(3) 18.30 1923 I
20
—_ —_— ——$-50

X AV G
L e v

ROG(1Z) 045 Price s Momentum Divergence
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! | . 0
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Financial Prediction
(Time series analysis, ...)

(o)
—i
«©
| -
o
+—
c
(@))
=
c
S
©
]
—l
&)
=
e
&)
©
=
©
]
&)
c
®©
>
©
<

15

Slide adapted from Zoubin Gharamani B. Leibe



RWTHAACHEN
UNIVERSITY

What Is Machine Learning Useful For?

600

4
¥

Diseases

b
¥

Medical Diagnosis
(Inference from partial observations)
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RWTH
What Is Machine Learning Useful For?
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Bioinformatics
(Modelling gene microarray data,...)

Slide adapted from Zoubin Gharamani B. Leibe
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RWNTH
What Is Machine Learning Useful For?

Robotics
(DARPA Grand Challenge,...)
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RWNTH
Machine Learning: Core Questions

A Learning to perform a task from experience

A Task

s Can often be expressed through a mathematical function
y = f(x;w)

o X: Input
a Y. Output
i W: Parameters (this is what

A Classification vs. Regression
s Regression: continuous y

. Classification: discrete vy
0 E.g. class membership, sometimes also posterior probability
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_ _ _ UN i Y
Machine Learning: Core Questions

Ay = f(X;w)

a W: characterizes the family of functions
«  W: Indexes the space of hypotheses
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RWNTH
A Look Back: Lecture Machine Learning

A Fundamentals
. Bayes Decision Theory
« Probability Density Estimation

A Classification Approaches
« Linear Discriminant Functions
« Support Vector Machines
« Ensemble Methods & Boosting
s Randomized Trees, Forests & Ferns

A Generative Models
s Bayesian Networks
«  Markov Random Fields
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RWNTH
This Lecture: Advanced Machine Learning

Extending lecture Machine Learning fromlast s e me s t

A Regression Approaches
« Linear Regression
s Regularization (Ridge, Lasso)
« Gaussian Processes

A Learning with Latent Variables
s EM and Generalizations
« Approximate Inference

A Deep Learning
o  Neural Networks
s CNNs, RNNs.etc.

(o)
—
«©
| -
o
)
c
(@))
=
c
S
©
(¢b)
—l
(b)
=
e
&)
]
=
©
(<D}
(&)
c
@©
>
©
<

B. Leibe



