Curriculum Data Engineering

Module Current Topics in Data Engineering
Lecture Hall Research I
Tu 4. 9. 2018 8:15 Stefan Kettemann, Introduction
Fr 7. 9.
9:45 Agostino Merico,
Analysis of Complex Ecological and Social Systems
Fr 14. 9.
9:45 n.n.
Fr 21. 9.
9:45 Blackout Technologies, Marc Fiedler with JU Graduates,
Data engineering for social robots and digital assistants
Fr 28. 9.
9:45 Marc-Thorsten Hütt,
Bio-Information and Systems Biology
Fr 5.10.
9:45
n.n.
Fr 12. 10.
9:45 Angelo Rossi, Vikram Unnithan, Joachim Voigt
Earth and Planetary Data Science
Fr 19.10.
9:45 Stefan Kettemann,
Data Engineering for Energy Systems
Fr 26.10.
9:45 Herbert Jaeger,
What is (the future of) computing? Introduction to
unconventional computing
Fr 2.11.
9:45 n.n.
Fr 9.11.
9:45 Giuseppe Abreu,
Communication Theory
Dimitar Mišev/Peter Baumann,
Big Databases
tbd
Adalbert Wilhelm,
Classification of imbalanced data
Fr 7.12.
9:45-11:00
Poster presentation by Data Engineering students

Module Current Topics in Data Engineering
Content and Educational Aims:
•
•
•
•
•

The module introduces current topics and challenges of data engineering.
Lectures are taught by faculty members presenting selected fields of their research
activities and interest.
For each field an overview of the scientific background, motivation and major challenges
is provided together with a list of references.
This is complemented by an in-depth discussion of the specific research topics.
Each student will then select one field of the faculty presentations
and will prepare a term paper in the form of a master thesis proposal
which will be presented as a poster at the end of the course.

Intended Learning Outcomes:
By the end of this module, students will be able to:
• describe a current research topic in Data Engineering;
• research and read scientific literature;
• communicate in scientific language using field- specific technical terms
Please Find Updates of the Program and Lecture Materials on Teamwork at
https://teamwork.jacobs-university.de/display/CTIDE/Current+Topics+in+Data+Engineering

Core Data Engineering
Herbert Jäger,
Professor of Computational Science
Computer Science & Electrical Engineering
Research Interests:
Machine learning;
mathematical and algorithmical modelling of nonlinear, stochastic systems;
nonlinear signal processing and control.

Peter Baumann
Professor of Computer Science
Computer Science & Electrical Engineering
Research Interests:
Large-Scale Scientific Information Systems
scientific data services, large multi-dimensional array databases.
His open-source rasdaman ("raster data manager")
is the leading Array Database system, company Rasdaman GmbH

Adalbert F.X. Wilhelm
Professor of Statistics
Commerzbank Chair of Information Management
Research Interests:
Information and Knowledge Management
Statistical Visualization
Data Mining
Exploratory Data Analysis
Computational Statistics

Stefan Kettemann
Professor of Complex Systems
Chairman of Data Engineering Graduate Program
Research Interests:
Network Theory, Stability of Power Networks, Stochastic Time Series
Nonlinear Dynamics, Quantum Phase Transitions, Quantum transport

Professor of Electrical Engineering
Computer Science & Electrical Engineering
Research Interests:
Data Compression, Data Transmission

Professor of Electrical Engineering
Computer Science & Electrical Engineering
Research Interests:
Communication Theory, Statistical Modeling of Wireless Channels,
Random Networks and Stochastic Geometry

Geo-Informatics
Professor of Geosciences
Physics & Earth Sciences
Research Interests:
Process-oriented geological studies and applied geophysics,
GIS data visualisation and analysis.

Dr. Angelo Pio Rossi
Professor of Earth and Planetary Science
Research Interests:
Planetary Science and Exploration, Earth Analogues to Mars,
Remote Sensing, Impact Cratering

Bio-Informatics
Marc-Thorsten Hütt
Professor of Computational Systems Biology
Life Sciences & Chemistry
Research Interests:
Networks in Biology and Medicine, Data Analysis of Biological and Medical Data

Agostino Merico
Professor of Ecological Modelling
Physics & Earth Sciences
Leibniz-Zentrum für Marine Tropenökologie
Research Interests:
Modelling and analysis of complex biological, ecological and socioeconomic systems

Frank Oliver Glöckner
Professor of Bioinformatics
Microbial Genomics and Bioinformatics Research Group
at Max Planck Institute for Marine Microbiology
Research Interests:
ecosystem-level statistical analysis and modelling of microbial communities
and metabolisms

Companies
Blackout Technologies an A.I. and Robotics company from Bremen (Germany).
They are specialised in creating intelligent Digital Assistants and to enable their
customers to train them to be specialists in their field.
Won the prize of the best Bremen startup company 2018.

https://www.softbankrobotics.com/emea/en/blackout-technologies

HRForecast Bremen

Big Data for Big Questions, future-oriented and sustainably effective HR Management.
Modern Big Data technologies and innovative HR analytics,
Intelligently connected data. https://www.hrforecast.de/hrforecast/

Guidelines to Write your Term Paper
and Prepare your Poster Presentation
1. Choose a Topic from the Lectures on Current Topics in Data Engineering
as early as possible not later than November 9th 2018.
2. Read and study the Literature recommended by the Lecturer.
You can consult additional literature.
You can find additional literature either in the library or in the internet
(Recommended are the Science Citation Index: http://www.webofknowledge.com/
or Scopus and Google Scholar http://scholar.google.de/ )
3. The term paper should have 6 pages, with 1 page Title and abstract, 4 pages
text (structured with Introduction, main topic, conclusions and and
outlook on an aspect you find most interesting to pursue further, 1 page references.
4. Submission of Your term paper.
Please send me a pdf of Your term paper and poster not later than Dec 10th 2018.

Guidelines to Write your Term Paper
Structure of Term Paper:
- Title
- Abstract= short summary not more than 15 lines
- Use DinA4 with about 40 lines per page. In total 6 pages.
- Include a reference section with a complete list of the literature and webpages You consulted.
I will check this particularly. Proper citations are more important than ever, and the basis of any scientific work.
Prefered Reference format:
[AB20xx] A. Alpha, B. Beta, Title , Journal, Vol. , Page (Year).
Cite then with [AB20xx] at the end of the sentence where you used that reference.
Best, formulate the content of the reference in your own words.
If you need to cite a sentence literally, then put it in quotation marks. “Alea Iacta est”.
You may use your prefered editor Word, Pages, Latex etc.

Guidelines to Prepare your Poster Presentation
Fr 7.12.

9:45-11:00

Poster presentation by Data Engineering students

You can Prepare Your Poster f.e. with PowerPoint or Keynote, there JU templates available
You can then print it out as A0, see the IRC-instructions:
https://www.jacobs-university.de/irc-multimedia/lecture_rooms_and_poster_printing
Some hints how to Prepare your Poster:
1. Don’t write whole sentences, key words are sufficient.
2. Be sure that everything is readable, especially in diagrams
all label must be large enough. If You import a diagram,
You may have to add larger labels.
3. Be Sure that all symbols are defined in Your Poster.
4. It is highly recommended to present Your poster once
at to friends.
5. If You use diagrams or figures, include the references to the articles
or web pages from where You got it below the figure.
6. There are many ways to structure Your Poster, a typical structure is
1. Title, Author, Affiliation and Abstract (Not longer than 5 lines)
2. Introduction 3. main part with explanation and examples.
4. Conclusions and outlook.

Exponential Orthogonality Catastrophe
at the Anderson Metal-Insulator Transition
Stefan Kettemanna,b
a

Division of Advanced Materials Science POSTECH Pohang 790-784, South Korea
bDepartment of Physics and Earth Science, Jacobs University, Campus Ring 1, 28759 Bremen, Germany

The typical overlap F between the ground state of a Fermi liquid and the one of the same system with an added potential impurity is found to decay at the AMIT
η
exponentially with system size L as F ∼ exp(−⟨IA⟩/2) = exp(−cL ), where IA is the so called Anderson integral, η the power of multifractal intensity correlations
and ⟨...⟩ denotes the ensemble average [7]. Thus, strong disorder typically increases the sensitivity of a system to an additional impurity exponentially. We
−q(EF )
recover on the metallic side of the transition Anderson’s result that fidelity F decays with a power law F ∼ L
with system size L. This power increases as
EF −EM −νη
Fermi energy EF approaches mobility edge EM as q(EF ) ∼ (
)
, where ν is the critical exponent of correlation length ξc. On the insulating side of the
transition F is constant for system sizes exceeding localization length ξ. While these results are obtained from the mean value of IA, giving typical fidelity F, we
find that IA has a wide log normal tail at large values, but has a Gaussian tail at small values of IA.

Anderson Orthogonality Catastrophe
Anderson showed in Ref. [1] that the addition of a static potential impurity to a system of N
fermions changes its ground- state such that the overlap between the original ⟨ψ | and the
new ground state ⟨ψ | has an upper bound,

Typical Fidelity
The average value of Anderson integral is thus given by
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where the Anderson integral IA is for noninteracting electrons given in terms of the single
particle eigenstates of the original system |n⟩ and the new system |m ⟩ by
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with level spacing ∆= 1/(ρL), diverging with a power of the system size L.
As the Fermi energy is moved into the insulating regime E < EM , there remain multifractal
correlations, but the integral is now cut off at
F

For a short range impurity of strength λ, located at position x, it can be expressed [2] in
terms of local intensities of the unperturbed Eigenstates |n > with Eigenenergies En
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local level spacing ∆ξ = 1/(ρξ ), since there is local level repulsion. This yields
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In the metallic regime E > EM all wave functions are extended. On length scales smaller than
correlation length ξ multifractal fluctuations still occur and there are power-law correlations
in energy. The energy difference |ωnm| is for En < Em substituted by
Max[|ωnm |, ∆ξcn ]. For ωnm < Ec, correlations are enhanced in comparison to plane- wave
✓
◆ ✓
◆
limit C = 1, yielding
F

c

Multifractality and Power Law Correlations
The q-th Moment of intensity scales at the Anderson metal insulator transition with
system size L like [3]
d
2q
dq (q 1)
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Fractal dimension dq< dimension d. dq depends on moment q ➪ multifractal
dimension. Weak Multifractality: Log-Normal distribution of intensity:
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Critical States are power law correlated in energy and space [4,5]:
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<IA> as function of Fermi energy for d=3

level spacing ∆= 1/(ρL), correlation energy
Ec ∼ elastic scattering rate 1/τ .
η = 2(α − d). This results in local pseudo gaps
when intensity at position r and Energy En is low, α >α0
and local power law divergencies when the intensity is high, α <α0 [6]:
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Distribution Function and mean value of F
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The distribution function of IA as obtained by placing the impurity at position x in different
ensembles with same disorder strength is
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The small IA tail of the distribution arises from positions with local pseudogaps. There,
the flucuations of offcritical intensities become dominant. In saddle point
approximation we find then a Gaussian tail. To obtain the full distribution
function and the mean value of the fidelity F, we are comparing this derivation
with numerical calculations by Keith Slevin.
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