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Welcome to the HGS MathComp 8th Annual
Colloquium

In this world there is more to see than can ever be seen. With such
a huge diversity of phenomena, some unifying rules are necessary that
allow us to describe them. As scientists, we use the scientific process
as our tool to understand nature; we break down our observations into
logical and manageable pieces in order to tease out their true mean-
ing. However, nothing in nature can be described fully by one single
branch of science; everything has a physical aspect, a biological as-
pect, a chemical aspect, a psychological and social aspects. As with
individual letters, each individual discipline does not give a complete
description of the natural world. Each science alone is neither as inter-
esting nor as insightful as when they are combined. With each branch
of science building upon another, we have slowly gained more and more
insight into how the universe has evolved and continues to evolve. In
the way that the alphabet and written language helps us to better com-
municate and understand each other, science and the scientific process
is a necessary part of our understanding of the universe. Therefore,
with this year’s theme ”Science - the Alphabet of Nature” we would
like to highlight the importance of combining sciences in order to truly
understand the natural world.

This year we have invited four speakers who have varying degrees of
experience in industry and academic research. We would like to ex-
tend a very warm welcome to all our external speakers and especially
to our keynote speaker, Dr Kathrin Hatz. Dr Hatz is a former fellow of
the HGS MathComp who, after a post-doctoral position at Heidelberg
University, is now working at Bayer Technology Services. The remain-
ing three speakers will present on the second day and come from SAP,
Robert Bosch and d-fine. Although all four speakers are currently work-
ing in industry, not all of them left academia directly after completing
their doctoral studies. Please take this opportunity to interact with
the speakers, gain insight from their experiences, and consider where
you yourself are heading.



An essential part of success in research is science communication. As
fellows of the HGS MathComp, we not only have the unique opportu-
nity to interact with, but also to present to people from a whole range
of fields. Making our research accessible to other disciplines is the only
way by which interdisciplinary collaborations can occur and, in many
cases, the only way by which our research can progress. By seeing
things from a different perspective we can gain a better picture and
better understanding of the problems at hand; hurdles can be over-
come and even new discoveries can be made. Therefore, we encourage
you to use the colloquium to your benefit. Discuss your research, dis-
cuss its challenges, disagree and argue your point, listen and learn, and
leave feeling that you have expanded your knowledge of the world just
a little. It goes without saying that all work and no play does not pro-
duce good science. Unfortunately (or fortunately), we are not robots
who can work, work, work, work, work (although we have probably all
tried?). Therefore, we invite you to use the evening to relax and take
part in the social activities that are on offer. Who knows, it might even
prove scientifically fruitful.

Welcome to the HGS MathComp Annual Colloquium 2016 and thank
you all for making the event such a success.

The Organizing Committee
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1 HGS MathComp

The HGS MathComp is located at Heidelberg University. Founded in
1386, it is Germany’s oldest university, situated in one of the coun-
try’s most beautiful cities. Ranked among Europe’s top universities,
Heidelberg offers a diverse and broad spectrum of subject combinations
thus creating an optimal setting for individualized and interdisciplinary
studies.

The Heidelberg Graduate School of Mathematical and Computational
Methods for the Sciences is the only graduate school in Germany to
focus its research on scientific computing. The school is funded by the
German Excellence Initiative and is an integral part of the Interdisci-
plinary Center for Scientific Computing (IWR), which has shaped the
discipline and achieved a high international visibility. Besides offer-
ing high quality education, HGS MathComp aims towards establishing
scientific computing as a modern method in all fields of research. By
launching pioneering projects the school is continuously exploring new
fields of application for mathematical methods. All activities of the
HGS MathComp follow the school’s three guiding principles:

Scientific Excellence - Interdisciplinarity - Internationality

Scientific Methods

Students at the HGS MathComp become experts in a wide range of
mathematical and computational methods:

• Simulation and Optimization • Statistics and Data Analysis
• Mathematical Modeling • High Performance Computing
• Image Processing • Scientific Software

Engineering
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1 HGS MathComp

Application Fields

At the HGS MathComp students conduct research projects with a
strong interdisciplinary and application oriented focus:

• Physics and Astronomy • Humanities and Cultural
Heritage

• Quantitative Methods in
Biology

• Economics

• Theoretical Chemistry • And many more...
• Environmental Sciences
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2 Conference location

Conference Location

This year’s HGS annual colloquium will take place in one of the oldest
cities in Germany, Speyer. Once founded by the Romans and now
famous for its cathedral, its medieval west city gate (Altpörtel), its
medieval jewish courtyard and much more.

It is the ideal location for the annual colloquium, because it offers nice
possibilities for people interested in science. Have a look at the widely
known Technikmuseum Speyer (technical museum), the big aquarium
Sea Life Speyer or the IMAX 3D cinema.

The event itself will be held in the DJH youth hostel Kurpfalz-Jugendherberge,
which is approximately 10 minutes outside of the old town. One option
of the social program will be a small city tour with an extended stop
at the local christmas market, which will be already open during our
stay.

Youth Hostel Speyer

Geibstraße 5 speyer@diejugendherbergen.de
67346 Speyer www.DieJugendherbergen.de
Telefon 06232/61597 Telefax 06232/61596
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2 Conference location

Youth Hostel Overview

Youth Hostel First Floor

Youth Hostel Second Floor

6



3 Registration and checkout

You will register at the registration desk where some of the organizers
will welcome you. There you will get:

• The number of your room and a key for your room.

• Your official HGS annual colloquium name badge.

• A printed version of the book of abstracts.

• Your own hoodie.

• Answers to (nearly) all of your questions.

• Coffee, pretzels and the first possibility for socializing.

Due to the huge amount of fellows and limited resources of the youth
hostel, please keep in mind that:

• The rooms are available first at 2:00 PM on the first day.

• The rooms have to be left by 9:00 AM on the second day.

• There are only 2 keys available per room.

• Please return the key if you are responsible for it.

• Your luggage will be stored in a separate room.

• W-LAN is offered by the youth hostel. This year, a coupon is
included in your welcome bag (one per participant). It is valid for
24 hours.
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4 Timetable

08:00

09:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

18:00

19:00

20:00

Thursday, 1st December

Meeting Point - Bus Stop Hbf
Departure from Heidelberg Hbf

Registration & Coffee Break

Opening Ceremony

Keynote Talk -
Dr. Kathrin Hatz

Bayer
Lunch Break

Fellow Talks Session 1

Coffee Break

Fellow Talks Session 2

Coffee Break

Fellow Talks Session 3

Poster Session 1

Dinner

Poster Session 2

Evening Activities

Friday, 2nd December

Breakfast

Checkout

Invited Talk - Dr.
Daniel Gerecht

SAPCoffee Break
Invited Talk - Dr.

Michael Schick
Robert Bosch
Lunch Break

Invited Talk - Dr.
Michael Geiger

d-fineClosing Ceremony
Departure from Speyer

Arrival in Heidelberg
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5 Invited talks

NOTE: All invited talks will take place in Kaisertafel

I1 Applications of computational mathematics in the Life Science

industry

Dr. Kathrin Hatz DAY 1, 11h30-12h30

The evolution of computational applied mathematics in combi-
nation with the era of data allows tackling increasingly complex
problems in the Life Science Industry. The same holds true within
Bayer, where the number of successfully supported projects lead-
ing to improved business factors is continuously increasing.

Here, we show lighthouse examples of how advanced mechanistic
modeling supports decision making in research and development,
how data-driven predictive analytics enhance marketing strate-
gies, as well as how computational applied mathematics enables
increased efficiency in breeding and trait development. These
examples demonstrate that the systematic use and strategic
development of mathematical competencies in a highly interdisci-
plinary fashion allows opening up new alleys.

About the Speaker

Dr. Kathrin Hatz works as Scientist for Bayer. Currently, she is
operating in Bayer’s Crop Science Division. During her time for
Bayer she developed and realized tailored methodologies from the
field of complex systems modeling, optimization, machine learn-
ing, predictive analytics, and statistics. She coordinated and led
interdisciplinary project teams and was engaged in stakeholder
management.

Kathrin studied mathematics at Heidelberg University and also
holds a PhD in mathematics from Heidelberg University.
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5 Invited talks

About Bayer

Bayer is a Life Science company with a more than 150 year history
and core competencies in the areas of health care and agriculture.
With innovative products, Bayer is contributing to finding solutions
to some of the major challenges of our time. For instance the com-
pany is improving people’s quality of life by preventing, alleviating
and treating diseases. Furthermore, it is working on ways to satisfy
the increasing food requirement of a growing population. Therefore,
Bayer’s Crop Science Division aim is to be able to produce enough
food, feed, fiber and renewable raw materials for a growing world
population on the limited land available. The division has businesses
in crop protection, seeds and nonagricultural applications.
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I2 Career Opportunities and Working Life at SAP

Dr. Daniel Gerecht DAY 2, 10h00 - 11h00

SAP is a German software corporation that makes enterprise
software to manage business operations and customer relations
for its 300.000 customers. The world’s third largest software
company is headquartered in Walldorf and has more than 78.000
employees. One year ago I finished my PhD at the HGS Math-
Comp and started working for SAP. The aim of this talk is to
offer an insights into the products and new technology trends of
SAP. I will take you on a tour through my daily work life as well
about careeer opportunities at SAP.

About the Speaker

Dr. Daniel Gerecht has been a developer at SAP since August
2015. He studied mathematics at Heidelberg University and did
his graduate studies at the Heidelberg Numerical Analysis Group.

About SAP

SAP is a German software corporation that makes enterprise soft-
ware to manage business operations and customer relations for
its 300.000 customers. The world third largest software company
is headquartered in Walldorf and has more than 78.000 employ-
ees. One year ago I finished my PhD at the HGS MathComp and
started working for SAP. The aim of my talk is to offer an insight
into the products and new technology trends of SAP. I will take
you on a tour through my daily work life and talk as well about
career opportunities at SAP.
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5 Invited talks

I3 Uncertainty Quantification for Mechatronic Systems

Dr. Michael Schick DAY 2, 11h30 - 12h30

Many industrial applications are based on simulation models
which require knowledge on parameter values. In practice, how-
ever, such information is rarely available. For example, variations
in component tolerances due to manufacturing processes may
translate to parameter uncertainties influencing the outcome
of simulation models. The quantification of such uncertainties
therefore becomes a crucial task in establishing the reliability of
simulation results. The interdisciplinary field “Uncertainty Quan-
tification (UQ)” combines expertise from applied mathematics,
engineering and natural sciences to tackle such problems.

In this talk some UQ activities are presented which are carried
out at the Corporate Research division of Bosch with focus
on mechatronic systems. The applications have in common
that simulation model parameters are assumed to follow some
probability distribution to model uncertainty.

About the Bosch Group

The Bosch Group comprises Robert Bosch GmbH and its roughly
440 subsidiaries and regional companies in some 60 countries. It
employs roughly 375,000 associates worldwide (as of December
31, 2015) and generated sales of 70.6 billion euros in 2015. The
Bosch Group’s strategic objective is to deliver innovations for a
connected life.

The company was set up in Stuttgart in 1886 by Robert Bosch
(1861-1942) as “Workshop for Precision Mechanics and Elec-
trical Engineering.” The special ownership structure of Robert
Bosch GmbH guarantees the entrepreneurial freedom of the Bosch
Group, making it possible for the company to plan over the long
term and to undertake significant up-front investments in the safe-
guarding of its future. Today the Bosch Group is divided into four
business sectors: Mobility Solutions, Industrial Technology, Con-
sumer Goods and Energy and Building Technology.
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I4 Physicists and mathematicians in financial risk management

Dr. Michael Geiger DAY 2, 13h30 - 14h30

This talk shows why working in the financial sector is such
a promising perspective for physicists and mathematicians by
introducing one of Germany’s leading consulting firms in the area:
d-fine GmbH. Beside an insight into d-fine’s various tasks and a
brief excursion into concrete project work, the talk focuses on
interesting challenges and diversified features that attract many
young physicists and mathematicians to working in financial risk
management.

About the Speaker

Dr. Michael Geiger completed his studies in mathematics at the
Rurecht-Karls-University in Heidelberg, where he went on to
complete his PhD in numerical mathematics. Since 2015 he has
been a consultant at d-fine GmbH.

About d-fine

With over 500 specialists in financial and risk management for
banks, insurers, corporates and asset managers, d-fine is one of
Europe’s leading consulting firms. As an international company
with offices in Frankfurt, Munich, Zurich, Vienna and London, we
are equally at home advising major global banks, medium-sized
corporates, international insurance groups and small hedge funds.

d-fine has amassed tremendous experience over the course of hun-
dreds of projects ranging from strategic consulting and methodol-
ogy development through to process design and the implementa-
tion of solutions on the IT side. As such, we cover the entire range
of services expected of a modern consulting firm. d-fine’s success
is of course rooted in the expertise of its people.

Our consultants have a strong scientific background on which to
base the analytical, mathematical and technical skills they need:
50% of our consultants graduated in physics, with 35% in maths
and 15% in IT or economics.
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6 Fellow talks

NOTE: All talks will take place in Kaisertafel

Session 1

T1 Towards a consistent aggregation of information in soil hydrol-
ogy
Hannes Bauser 13h30-13h45

The representation of soil water movement in the vadose zone with a
mathematical model requires knowledge about material properties (typ-
ically characterized by soil hydraulic parameters), initial conditions, and
boundary conditions. All components exhibit large uncertainties, but es-
pecially the material properties are difficult to determine, since they can
neither be measured directly nor transferred directly from the laboratory
to the field.

Soil hydraulic parameters can be estimated inversely based on water con-
tent measurements, but inversions assume a perfect model and incorpo-
rate all errors and uncertainties into the estimated parameters, leading
to a suboptimal estimation. In contrast, data assimilation methods are
capable to combine information from measurements and models into an
optimal state estimation. They can be extended to additionally estimate
parameters, but require a proper uncertainty description.

We demonstrate the application of a data assimilation method, the En-
semble Kalman Filter (EnKF), on a small hydrologic situation: a one-
dimensional soil profile with measured water contents. We assess the key
uncertainties for the specific situation, then reduce the parametrizable
key uncertainties with the EnKF. For intermittent phases where model
assumptions are violated, we introduce a ”closed-eye period” to bridge
the gap.
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6 Fellow talks

T2 Particle Filter with Nudging in Soil Hydrology
Daniel Berg 13h45-14h00

Data assimilation methods typically employed in soil hydrology assume
Gaussian probability density functions (pdf). However, they are chal-
lenged by the characteristics of the processes there. These are highly
nonlinear and state variables occasionally show sharp fronts and discon-
tinuities across layer boundaries, which lead to strongly non-Gaussian
pdfs. Standard particle filters with resampling can handle such situa-
tions but suffer from the curse of dimensionality [Snyder et al., 2008].
A particle filter that may be able to lift this curse was proposed by van
Leeuwen [2010]. He introduced a nudging term based on the freedom of
the proposal density. This term can be used to make the model depen-
dent on the future observation, the so call proposed model. This particle
filter has been applied in oceanography and showed promising results.

While oceanography focuses on state estimation, soil hydrology in addi-
tion aims at parameter estimation. Therefore, we test the applicability
of this filter for a test case with synthetic data, where we estimate states
and parameters simultaneously. The results are compared with the true
parameters and states.
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T3 Ethanol-O2 Spray Counterflow Flames under Oxidizer Dilution
with CO2 within the MILD Combustion Regime
Oscar Alberto Noreña Trigos 14h00-14h15

Both oxy-fuel and moderate or intense low-oxygen dilution (MILD)
combustion appear to be promising approaches for future combustion
devices. Their combination seems of particular interest since MILD
combustion reduces the temperature peaks of oxy-fuel combustion that
causes high NOx emissions. The present study concerns structures of
both gaseous and liquid ethanol flames in different gas environments
in the axisymmetric counterflow configuration at atmospheric pressure.
First, ethanol/air gas flames are simulated where pure ethanol is directed
against air at initial temperatures of 400 K. Then, N2 is successively
removed to obtain structures of ethanol/O2 gas flames. Furthermore,
the oxygen is replaced by CO2 on the oxidizer side of the configuration
to achieve MILD conditions. Moreover, mono-disperse ethanol spray
flames at standard conditions are considered and the same procedure is
performed as described for the gas flames. The gas strain rate at the fuel
side of the configuration is increased from 55/s up to extinction, and the
initial droplet diameter is varied for the mono-disperse spray flame. For
the combustion of gaseous ethanol in air and in pure oxygen, the nitrogen
removal results in an increase in the maximum flame temperature from
2,010 K to 2,920 K at a the lowest gas strain, and the extinction strain
rates are 630/s and 26,000/s, respectively. It is confirmed that ethanol
spray flames in air show two reaction zones at low strain whereas the
lean ethanol spray flames in pure oxygen exhibit a single reaction zone
in all situations studied. For an increased liquid fuel mass flow rate to
a global equivalence ratio of unity, the two reaction zones are retrieved.
An analysis regarding the addition of CO2 in both the ethanol/oxygen
gas and spray flames is also presented and discussed.
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6 Fellow talks

T4 High-performance computing in models of incompressible flow
Marian Piatkowski 14h15-14h30

An efficient Navier-Stokes solver holds the key to solving general mul-
tiphysics problems that have an incompressible fluid model as a com-
ponent. In this talk we give an overview on the state of work devel-
oping a high-performance Navier-Stokes solver. The solver is based on
a discontinuous Galerkin discretization and thus requires efficient lin-
ear and nonlinear solvers and fast assembly of the underlying systems.
The implementation exploits tensor product structure, uses the sum-
factorization technique and hybrid matrix-free / matrix-based methods.
Results on the performance of the implementation and simulation results
are presented.
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Session 2

T5 Modelling of the fast brassinosteroid-regulated response path-
way in the plasma membrane of Arabidopsis thaliana including
cell wall expansion
Ruth Großeholz 15h00-15h15

Brassinosteroids (BRs) are plant hormones involved in various growth
and developmental processes. Besides the signalling-cascade leading to
BR-controlled gene expression, BRs also induce a fast response pathway
in the plasma membrane of Arabidopsis thaliana, which results in the
receptor-dependent activation of the P-type ATPases. The increased
ATPase activity causes an acidification of the apoplast and a hyperpo-
larization of the plasma membrane leading to cell wall expansion and
eventually cell elongation.

Here, we constructed a computational model of the fast BR response to
gain more insight into the signalling pathway. The current model com-
prises the ligand brassinolide (BL), the receptor BRI1, the co-receptor
BAK1, the inhibiting pseudo-kinase BIR3, the inhibitors BKI1 and
BIK1, as well as the P-type ATPase AHA1 and AHA2. Based on
molecule numbers of BRI1, BAK1, BIR3 and AHA2 as well as the affini-
ties of the receptor to brassinolide, we fitted the remaining parameters to
existing dose-response data of the membrane potential creating several
distinct parameter sets. With the resulting ensemble of models, we can
describe the dose-response data. Furthermore, all models consistently
represent the overexpression behaviour of BIR3 and BRI1 with respect
to qualitative signalling.

Experiments indicate a decreased ATPase to receptor ratio in the root
meristematic zone compared to the elongation zone. In the computa-
tional model this corresponds to a reduced response to BL stimulation
with little change in the membrane potential. Therefore, we suggest that
the ATPase to receptor ratio is fundamental to the response of differ-
ent root zones, which we continue to investigate using experimental and
computational approaches.
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6 Fellow talks

T6 Towards Modeling Self-Assembly of Silk Proteins under Flow
Ana Maria Herrera Rodriguez 15h15-15h30

Spider silk proteins show an increased tendency for aggregation when
subjected to flow. The protein structure and mechanical performance of
the fibers composed by spider silk proteins depend on the arrangement
of the proteins subunits which is divided into two phases: crystalline and
amorphous. It is thought that flow is needed for the fiber assembly, since
the stretching and alignment of the protein chains would enhance the
formation of the crystalline regions. However, molecular mechanisms of
flow-induced protein aggregation have remained unknown.

To study the effect of the flow on spider silk assembly we combined Multi-
Particle-Collision-Dynamics (MPCD), a mesoscale simulation method,
and atomistic Molecular Dynamics (MD) simulations. The description
of the interaction potentials for the coarse-grained silk peptides is based
on the Self Organized Polymer Model with Side-Chains (SOP-SC). Un-
der the assumption that crystal formation drives assembly, we defined
attractive native interactions exclusively within the poly-alanine repeats
of the sequence, which form the beta-sheet crystalline phases.

We simulated the fragments of the repetitive region of silk peptides under
elongational and shear flow conditions using MPCD to study assembly.
First we validated our computational model by confirming that the de-
pendence of the extension of a single peptide on the drag force closely
follows a worm-like chain behavior. Next we analysed the first steps of
the assembly pathway by looking into the ala-ala interactions. Our re-
sults will give insight into the role of flow on crystallization and assembly
and will serve as a guide for biological and synthetic material design.
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T7 Situational and personal factors that contribute to better pre-
dictions of changes in trajectories
Nadia Said 15h30-15h45

Being able to predict the development of dynamic processes is essential
in many areas of life, such as judging whether or not the food is done
while cooking or monitoring a patient in critical care. However, predict-
ing non-linear processes has shown to be a difficult task a with large
variations in prediction accuracy. Following on from previous studies b,
which are concerned with the contribution of working memory capacity
(WMC) for explaining those variations, our aim is to systematically ex-
amine factors which influence the accuracy of predictions.

We implemented a function learning task in which participants are pre-
sented with different nonlinear processes based on logistic functions. Us-
ing the operation span task – a widely used measure of working memory
capacity – we assessed the WMC for each participant. Currently we
are working at the implementation of two learning strategies common
in those types of tasks in the cognitive architecture ACT-R: exemplar-
based (adapted version of EXAM c) and rule-based. In a next step we
want to run simulations for different cognitive parameter combinations
(τ , W , s, P ) as well as input parameters (L, k) in order to assess the
influence on performance.

aWagenaar, W. A., & Sagaria, S. D. (1975).

Misperception of exponential growth. Perception & Psychophysics, 18(6), 416–422.
bFischer, H., & Holt, D.V. (2016). When high working memory is and is not beneficial

for making non-linear predictions. Memory & Cognition.
cDeLosh, E. L., Busemeyer, J. R., & McDaniel, M. A. (1997). Extrapolation: The sine

qua non for abstraction in function learning. Journal of Experimental Psychology:
Learning, Memory, and Cognition.
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6 Fellow talks

T8 Stochastic switching between multistable oscillation patterns
of the Min-system
Nikolas Schnellbächer 15h45-16h00

The spatiotemporal oscillation patterns of the proteins MinD and MinE
are used by the bacterium E. coli to sense its own geometry and are
a prime example of a self-organizing protein system. Strikingly, both
computer simulations and experiments have recently shown that for the
same geometry of the reaction volume, different oscillation patterns can
be stable, with stochastic switching between them. Here we use particle-
based Brownian dynamics simulations to predict the relative frequency
of different oscillation patterns over a large range of three-dimensional
compartment geometries, in excellent agreement with experimental re-
sults. We also identify novel oscillation patterns in three-dimensional
compartments with membrane-covered walls and identify a linear rela-
tion between the bound Min-protein densities and the volume-to-surface
ratio. Looking at the protein densities of stable oscillation modes we
additionally observe that the activator protein MinE is almost entirely
depleted from the bulk volume. We analyze the geometrical determi-
nants of theses processes and assess their physiological relevance for liv-
ing bacteria. In general, our work shows how geometry-sensing is limited
by multistability and stochastic fluctuations.
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Session 3

T9 A Decision Support Framework for Effective Collection Selec-
tion
Diego Costa 16h30-16h45

Collection data structures have a major impact on the performance of
applications, especially in languages such as Java, C# and C++. The
selection and tuning of this data structures is a crucial aspect of devel-
oping efficient applications. In fact, numerous studies have identified
the inappropriate use of collections as the main cause of runtime and
memory bloat. Our recent study have shown that in Java, only selecting
an appropriate implementation from third-party libraries can save up to
88% of the collection overhead and execute operations up to 50 times
faster.

In this work we propose an automated framework that optimizes time
and memory of applications through selecting the optimal set of col-
lection implementations. Our framework interpolates and extrapolates
the collection performance profile obtained from benchmarks to predict,
given a variety of workloads, which set of implementations can improve
time and/or memory of applications. By using the performance profile,
our framework is able to suggest and automatically apply alternative
libraries, implementations and cross-abstraction transformations.
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6 Fellow talks

T10 Machine Learning for Connectomics
Constantin Pape 16h45-17h00

Connectomics aims at reconstructing the complete neural wiring dia-
gram of an organism from volumes of electron microscopy images. For
this task high quality segmentation of neurites is incessant and to date
only available through tedious manual annotation. We aim at automat-
ing this problem with a pipeline of processing steps, combining state-of-
the-art methods from Machine Learning and Computer Vision. In the
last step of this pipeline, we obtain a tentative segmentation into neu-
rites with a graph-based optimization problem, the Multicut.

To solve this NP-hard problem efficiently for tera-byte scale data, effi-
cient solution schemes are necessary. Further the integration with man-
ual reconstruction efforts and improvement of results by including prior
biological information pose open problems in the context of our research.
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T11 Topological Analysis of Inertial Dynamics
Toni Sagristà Sellés 17h00-17h15

Traditional vector field visualization has a close focus on velocity, and
is typically constrained to the dynamics of massless particles. In this
talk, we present a novel approach to the analysis of the force-induced
dynamics of inertial particles. These forces can arise from acceleration
fields such as gravitation, but also be dependent on the particle dynam-
ics itself, as in the case of magnetism. Compared to massless particles,
the velocity of an inertial particle is not determined solely by its position
and time in a vector field. In contrast, its initial velocity can be arbi-
trary and impacts the dynamics over its entire lifetime. This leads to a
four-dimensional problem for 2D setups, and a six-dimensional problem
for the 3D case. Our approach avoids this increase in dimensionality
and tackles the visualization by an integrated topological analysis ap-
proach. We demonstrate the utility of our approach using a synthetic
time-dependent acceleration field, a system of magnetic dipoles, and N -
body systems both in 2D and 3D.
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6 Fellow talks

T12 An adaptive finite element method for the solution of the
Newman-type battery model
Sven Wetterauer 17h15-17h30

The Newman model is a well established partially homogenized model
for the charge and discharge behavior of Lithium ion batteries. Due to
the coupling of one dimensional model equations for the electrolyte and
spherical symmetric three dimensional model equations for the particles,
this model becomes a pseudo two dimensional model. In this talk, we
describe a variation of the Newman model, in which the particles are
not described by a sphere of a single radius, but by spheres of several
radii [1]. We will show the behavior of this model for different charge
and discharge rates. Additionally, to understand the dependency of
charge and discharge processes on the open circuit voltage (OCV), we
will show a comparison of the results for a real and an artificial OCV
curve.

Furthermore, we will show numerical results of goal oriented a posteriori
error estimations for the finite element space discretization. With the
help of the dual weighted residual method [2], cell-wise error estimators
are derived and calculated. The error estimators can be used to refine
the meshes locally such that the errors are equally distributed over the
cells of each mesh. The error balancing produces the lowest possible
number of degrees of freedom to compute the quantity of interest with
a given tolerance.

[1] M. Ender. An extended homogenized porous electrode model for
lithium-ion cell electrodes. Journal of Power Sources, 282: 572-580,
2015.
[2] R. Becker, R. Rannacher. An optimal control approach to a posteriori
error estimation in finite element methods. Acta Numerica 2000, pp.1-
102, 2001.
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7 Posters

P1 Numerical Analysis of the Flow and Particle Pattern in a Re-
alistic Human Nasal Cavity

Ali Farnoud

A numerical study of the dispersion and deposition of liquid drugs
sprayed into the nasal airway is presented. An unsteady Eulerian-
Lagrangian model is used to simulate the airflow and the particle disper-
sion and deposition in a realistic human nasal airway using the modified
software package OpenFOAM 4.0. Large eddy Simulations (LES) with
the Smagorinsky sub-grid scale model are performed to study the repre-
sentative inhalation rates of 7.5 L/min and 4 L/min. Lagrangian particle
tracking method is used for micro-particle motion simulations.

A realistic three-dimensional model of the nasal airway of a male pa-
tient is constructed from computed tomography (CT) scans provided by
the Heidelberg Medical School. The surface and volume grids for the
numerical simulation are generated using the software packages ImageJ,
NeuRA2, meshLab, and Ansys ICEM-CFD 11.0. Due to the complexity
of the geometry, an unstructured computational grid with approximately
15 million tetrahedral elements is generated.

The results depict that the pressure on the surface of the nostril is max-
imum since the air is impinged on this region. It is found that the gas
flow velocity has its maximum and minimum values in the nasal valve
and at the tips of the meatuses, respectively. Most of the particles de-
posit in the anterior and posterior regions of the nasal cavity due to the
changes in flow direction in this area. A pair of counter-rotating vor-
tices is observed in the nasopharynx region, which may directly affect
the dispersion and deposition pattern of the particles.
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P2 Multiscale model of cancer invasion and extracellular matrix
interaction

Ana Victoria Ponce Bobadilla

A key factor in cancer invasion is the secretion of matrix degrading en-
zymes (MDEs) that destroy the surrounding extracellular matrix (ECM)
and therefore allowing the cancer mass to invade further. We developed
a new multiscale model that links the dynamics of the cancer population
and the ECM at the macroscopic scale, with the MDEs production near
the interface of the tumour mass occuring at the cell scale. The evolu-
tion of the tumor is formulated as a moving boundary problem where
the velocity is determined by the microscopic process. We present the
model and numerical simulations using the finite element method.
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P3 Analyzing DNA Double-Strand Break Repair Processes
with High-Resolution Localization Microscopy and Persistent
Topology

Andreas Hofmann

In the past years, research in the field of genome dynamics has revealed
that the genome and its underlying constituents are not randomly struc-
tured. Novel fluorescence light microscopic techniques enable optical res-
olutions down to the order of 10nm and open new insights into genome
structure and organization. We irradiated cells of breast cancer cell lines
with different doses. Specific fluorescently labeled antibodies were used
to target histone modifications which are indicators for heterochromatin
(H3K9me3). In addition γH2AX was tagged by antibodies. Localiza-
tion microscopy uses two different spectral states of dye molecules to
achieve optical separation and thus spatial isolation of single molecule
positions. Spectral Position Determination Microscopy (SPDM) applied
here works with conventional fluorophores in 3D conserved cell nuclei and
does not require any additional staining or cumbersome sample prepara-
tion. With this super-resolution microscopy, we are able to determine the
positions of specifically labeled molecules and to calculate density and
distance distributions thereof. This data allows to quantify the complex
changes of the chromatin which we find after irradiation caused by the
damage and the arising repair mechanism. Our aim is to firstly identify
regions of active repair processes and subsequently, to analyze both the
heterochromatin density and its morphology around these clusters in or-
der to gain new insights on the interplay of the repair mechanism and
heterochromatin. To this end, we developed a new analytical method-
ology to also characterize the morphology of heterochromatin by means
of persistence topology. The advantage of looking at topological prop-
erties of the heterochromatin structure is the intrinsic scale invariance
that allows to compare structures without being restricted to a certain
length scale.
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P4 On the fetch dependency of air-water gas exchange

Angelika Klein

The gas transfer between air and water not only depends on the wind
speed but also on the fetch. It is hard to study this effect both in the
lab and field. We show first results from lab experiments with a unique
combination of techniques to investigate the fetch dependency of air-
water gas transfer. The Aeolotron, a large annular Air-Sea Interaction
Facility in Heidelberg, allows for measurements with infinite fetch and
– by parting the water channel with a beach – in a fetch range from
0 to 25 m. Imaging techniques are then used to measure gas exchange
and the parameters controlling it, locally at the same footprint: active
thermography, wave slope imaging, and imaging of the thickness of the
mass boundary layer. First results on the fetch dependent gas transfer
in combination with the development of the waves and the occurrence
of micro-scale breaking are presented.
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P5 Hydrolase activities of dinuclear copper(II)patellamide com-
plexes

Annika Eisenschmidt

The blue-green algae Prochloron, a symbiont of Lissoclinum patella, pro-
duces and exports cyclic peptides, also called patellamides (see Figure).
However, the metabolic role of these metabolites is to date not fully un-
derstood. Due to the elevated copper(II) concentration in the ascidians,
the formation of mono- and dinuclear complexes was studied in-depth
in recent decades and the formation of stable dinuclear copper(II) com-
plexes with cyclic pseudo-peptides was observed [1]. Nevertheless, it
remains unclear whether the role of these complexes is the mere storage
and transport of copper(II) or whether the dinuclear complexes exhibit
catalytic activity in vivo.

So far, the synthetic analogues [Cu2(H2pat1)(µ-OH)(OH2)2] of the nat-
urally occurring ascidiacyclamide were not only shown to function as
carboanhydrase mimics [1] but also to exhibit phosphatase [2] as well as
α-, β-glycosidase and β-lactamase activity [3] (see Figure).
With this study we try to understand the concise phosphatase mech-
anism including the substrate binding to the catalyst as well as the
subsequent product release.

[1] Comba, P; Gahan L. R., Hanson G. R., Maeder M., Westphal, M.,
Dalton Trans., 2014, 43, 3144 [2] Comba, P.; Gahan, L. R.; Hanson, G.
R.; Westphal, M., Chem. Commun. 2012, 48, 9364. [3] Comba, P.,
Eisenschmidt, A., Kipper, N., Schießl J., J. Inorg. Biochem., 2016, 159,
70-75.

Structure of the natural cyclic pseudo-peptide ulicyclamid (left) and ascidiacyclamide
(middle) photography of Lissoclinum patella (right)
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P6 Computational Methods to Describe Magnetic and Electronic
Properties of Mononuclear Lanthanide Complexes

Asha Roberts

Single molecule magnets (SMMs) are a class of compounds that contain
one or more magnetic centres (d- or f-block metals). The unique mag-
netic behaviour of such compounds, simply put, is the ability of each
individual molecule to retain its own magnetic field. The key for such
a phenomenon is the presence of a bistable electronic ground state, i.e.
the spin-up and -down states are degenerate. Upon application of a
magnetic field, one state is destabilised causing occupation of the more
stable spin state. Once the magnetic field is removed, the states regain
their degeneracy, however, an energy barrier exists which prevents spin
reversal and the compound remains magnetised. In contrast to the bulk
magnetisation in household magnets (and as the name would suggest)
the magnetic centres in SMMs are isolated from one another, meaning
that magnetisation occurs on a purely molecular level. Consequently,
if sufficiently large spin reversal barriers could be achieved (and in the
absence of other relaxation pathways) such compounds could have great
application in high-density storage devices and quantum computing.

It has already been established that the geometry about the metal ion
has a great influence on its magnetic properties. By combining theoret-
ical and experimental methods, this study investigates the subtle effects
of small changes in geometry about the metal centre in order to bet-
ter understand and improve the performance of SMMs. Using ab initio
quatum chemical calculations, the magnetic properties of real and ideal
systems have been calculated. The electronic structures of the magnetic
centres are calculated using the restricted active space self-consistent
field (RASSCF) method provided by the MOLCAS 8.0 package. This
method accurately calculates ground and excited states of each com-
plex. Because the magnetic properties are determined by lower lying
excitations, they can be calculated by considering only the excitations
of the valence 4f electrons within the 4f orbitals. Spin-orbit coupling is
introduced using the state interaction program RASSI (restricted active
space state interaction). The spin-orbit multiplets are then used by the
SINGLE ANISO program to calculate the relevant magnetic properties.
The results indicate that even slight changes in symmetry greatly effect
the magnetic properties of a potential SMM.
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P7 CFD Study of the Flow in Patient-Specific Cerebral Aneurysms
Including a Flow Diverter Stent

Augusto Sanches

Cerebral aneurysm is a vascular disease characterized by weakening and
bulging of a portion of an artery. Rupture of an aneurysm can cause
subarachnoid hemorrhage, associated with a high risk of mortality and
morbidity. To treat detected cerebral aneurysm, there are two effective
approaches. The first one is via clipping the aneurysmal neck, and the
other is via endovascular intervention. Endovascular intervention is one
of the treatments of choice for cerebral aneurysms because of both its
safety and efficacy. The advantage of this treatment is the fact that
there is no need to do a craniotomy, exposing the surface of the brain
vessel. The flow diverter stent (FDS) is a successful method of endovas-
cular reconstruction for large and complex intracranial aneurysms, with
an overall porosity metallic mesh placed in the parent artery to reduce
blood flow in the aneurysm to the point of stagnation and gradual throm-
bosis. Despite the high success rates of aneurysm treatment with FDS,
concern remain regarding post-procedural complications such as suba-
cute aneurysm rupture, parent artery occlusion, and flow persistence.

Currently, there is no method for measuring flow modification reliably
and predicting safe and effective aneurysm occlusion after the treat-
ment with a FDS. Although many hypotheses have been proposed to
explain some possible complications, most of the mechanisms of action
of FDS remain unanswered. Computational techniques offer new ca-
pabilities in the healthcare provision for intracranial aneurysms and its
endovascular treatment. The availability of a simulation tool to predict
the patient-specific hemodynamic is extremely useful to support the de-
cisions of treatment options by medical doctors, and to develop and
optimize new implant designs. In the present study, the development of
a computational tool for the modeling and simulation of the hemody-
namics before and after the flow diverter stent implant is performed in
order to reduce the risk of rupture and hemorrhage in patient-specific
cerebral aneurysms. A workflow able to connect the clinical data and
a numerical software package to carry out computational fluid dynam-
ics (CFD) simulations based on patient-specific computational tomog-
raphy (CT) medical images, and patient-specific boundary conditions
is demonstrated. The CFD simulations show the cerebral aneurysm
patient-specific hemodynamics such as blood flow rate, wall pressure,
wall shear stress, vorticity, average aneurysmal flow and turnover time,
for both peak systole and late diastole cardiac cycle, providing realistic
insight into the pathological vessel parameters and better evaluation to
predict the risk of rupture and the efficiency of the FDS for a specific
patient.

35



7 Posters

P8 Analysis of Scientific Software During Operation

Boyan Zheng

Scientific computing employs a wide range of numerical techniques, with
special focus on simulation and the results it provides. In this project, we
develop novel visualization techniques for their integrated analysis. In
contrast to traditional approaches, we do not focus solely on the analysis
of the simulation outcome but also take the simulation techniques as
well as the underlying models into account. By doing so, we expect
more powerful and more expressive analysis of simulation results, but
also valuable insight into the interrelation of models, solvers, and the
resulting data. This can possibly support the development of simulation
techniques, help advance and validate respective models, and ease their
mutual application.
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P9 Theoretical investigation of iron(IV)-oxo complexes

Dieter Faltermeier

Mononuclear non-heme iron compounds play an important role in na-
ture. They occur in many organisms and are indispensable. The chem-
ical versatility of these enzymes is remarkable. Some examples of reac-
tions with non-heme iron compounds include hydroxylation, halogena-
tion and epoxidation. To understand enzymatic non-heme iron reactions,
the study of biomimetic iron-oxo complexes is important. Appropriate
ligand systems construct a rigid ligand field around the iron center and
help to achieve a deeper understanding of these reactions.[1−6] Suitable
ligands for ironoxo complexes are bispidines. These ligands are useful
to examine certain properties of metal ions and can be used to investi-
gate reaction mechanisms. Generally, reactions can be investigated by a
variety of methods. The simplest way is to detect all intermediates and
products via spectroscopy methods. However, this is often not possible,
since the life time of some intermediates are too short. Therefore, one
uses quantum chemical methods by which it is possible to make state-
ments about pathways and energy barriers.

Over the years, many quantum chemical methods have been established
for studying chemical reactions. One of the most popular ones is the
DFT (density functional theory) method. Due to energetically close
spin states, it is not possible to describe ironoxo complexes properly
with DFT calculations. To attain more accurate results, multi reference
methods, such as CASSCF (complete active space self-consistent field),
are used to calculate excited states, and the inclusion of perturbation
theories, such as CASPT2 (complete active space perturbation theory)
and NEVPT2 (n-electron valence state perturbation theory), account
for more accurate correlation energies. Literature data is used in which
the ab initio Hamiltonian retrieved from the CASSCF calculations is
transformed into the parametrized zero field splitting Hamiltonian. This
method gives results in acceptable accuracy for the tensors D and E as
well as g values.[7,8] The calculation of the g- and D-values, which is then
compared with published values of experimentally measured compounds,
is very important. The comparison between the calculated values and
the measured values is used as a benchmark for the method and pre-
sented here.

[1] W. Nam; Acc. Chem. Res., 2015, 48, 2415-2423.
[2] W. Nam; Y-M. Lee; S. Fukuzumi; Acc. Chem. Res., 2014, 47, 1146-1154.

[3] E. I. Solomon; TĊḂrunold; M. I. Davis; J. N. Kemsley; S. K. Lee; N. Lehnert; F.
Neese; A. J. Skulan; Y. S. Yang; J. Zhou; Chem. Rev., 2000, 100, 235-349.
[4] M. M. Abu-Omar; A. Loaiza; N. Hontzeas; Chem. Rev., 2005, 105.
[5] C. Krebs; D. G. Fujimori; C. T. Walsh; J. M. Jr. Bollinger; Acc. Chem. Res.,
2007, 40, 484-492.
[6] C. A. Grapperhaus; B. Mienert; E. Bill; T. Weyhermüller; K. Wieghardt; Inorg.
Chem.; 2000, 39, 5306-5317.
[7] F. Neese, D. A. Pantazis. Faraday Discuss., 2011, 148, 229.

[8] M. Atanasov, D. Ganyushin, D. A. Pantazis, K. Sivalingam, F. Neese. In-

org.Chem., 2011, 50, 16, 7460.
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P10 Trust-Region Krylov Subspace Methods for Control

Felix Lenders

Large Scale Optimization Problems as arising in the Discretization of
Control Problems are compuationally infeasible to be handled using
methods relying on direct linear algebra. A Krylov subspace method
that can be formulated in functionspace and a vector-free implementa-
tion making very little assumptions on the type of discretization will be
shown.
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P11 Intracellular diffusion studied by light sheet fluorescence mi-
croscopy (LSFM)

Fereydoon Taheri

Molecules in living cells are primarily transported by random diffusion.
Within individual compartments, such as the cell nucleus, mitochondria
or the cytosol, biological macromolecules find their targets mostly by
this thermally driven random motion which is fundamental to many
intracellular processes such as proteins interaction, enzymatic reaction
and signaling as well as pattern and domain formation. In the cellular
interior, diffusion is obstructed by crowding and the dense packing
of all cellular constituents (see Figure); this viscoelastic environment
has been shown to influence the type of transport observed in the
cell significantly. Here we investigated viscoelasticity in the dynamic
polymer network of the cell nucleus to gain a better understanding of
the underlying physics by recording fast image series of two-dimensional
sections of live cells and monitoring diffusion processes in real time. To
this purpose we used light sheet fluorescence microscopy, which allows
fluorescence (cross-) correlation spectroscopy on all pixels of the entire
illuminated plane simultaneously, as well as spatial cross correlation
analysis between distant pixels. We studied the mobility of fluorescently
labeled histones inside the nucleus of mouse adult fibroblasts in the
presence and absence of lamin A, an intermediate filament protein,
which provides stability to the nuclear envelope and to the chromatin
network. Furthermore, we have applied the same method to artificial
model systems of fluorescent nanoparticles embedded in low melting
agarose gels of various concentrations, to analyze spatio- temporal
dynamics of simple polymer networks. Our data clearly shows the
existence of correlated movement both in cells and model systems.
Our approach constitutes a framework to systematic and quantitative
analysis of diffusion of macromolecules based on the viscoelastic
properties of their surrounding environment.

Different types of transport inside the cell.
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P12 Computational methods to predict drug-binding kinetics

Gaurav Kumar Ganotra

Binding kinetics determine the rates at which a drug associates with
and dissociates from its binding site on a macromolecular receptor. The
kinetic characteristics of a drug constitute an important early-stage pa-
rameter to predict in vivo efficacy of a drug. The use of all-atom un-
biased Molecular Dynamics (MD) simulations can allow sampling on
the millisecond timescale and investigation of the kinetic profile of drug
binding and unbinding to a receptor. However, the residence times of
drug-receptor complexes are usually longer than the timescales that can
be simulated by conventional molecular dynamics techniques. Therefore,
enhanced sampling methods are required to bridge this spatiotemporal
gap and to allow the application of MD techniques to longer timescales.
Using a set of inhibitors that bind to the kinase haspin, we adapt and
evaluate an enhanced sampling method, Random Acceleration Molecu-
lar Dynamics (RAMD), for estimation of relative dissociation rates and
for exploring the mechanisms and dynamics of drug unbinding. An-
other approach to predict drug dissociation rates is to develop machine
learning based predictive regression models, also known as Quantitative
Structure-Kinetics Relationship (QSKR) models, which give a linear re-
lationship between different structural and physiochemical features of
inhibitors (in the training dataset) and their known kinetic properties.
We developed a QSKR model for a set of inhibitors of HIV-1 protease
to predict dissociation rates by adapting Comparative Binding Energy
(COMBINE) analysis. In this approach, drug-receptor interaction ener-
gies are computed using a molecular mechanics model. These energies
are then partitioned and subjected to regression based methods such
as Partial Least Squares (PLS) regression, to derive a statistical model
which relates dissociation rates to weighted selected components of the
drug-receptor interaction energy. We obtain good prediction of dissoci-
ation rates and insights into structural features that contribute to the
variance in binding kinetics.
Acknowledgement: Klaus Tschira Stiftung (KTS) for the financial sup-
port.
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P13 Fe(IV)-oxo bispidines: QM study of HAT reactions

Johannes Straub

The complexes of Fe(II) and pentadentate 5N bispidine ligands act as
catalysts for oxidation reactions (e.g. sulfoxidations, hydroxylations)
in presence of oxidant. High-valent Fe(IV)-oxo species are supposed to
be the reactive metal intermediate and are generated by oxidation of
the Fe(II) complexes with CAN (cerium(IV) ammonium nitrate) or io-
dosobenzene. It has been shown that there is a significant difference in
reactivity depending on the used bispidine ligand. There are two iso-
meric complexes 1 and 2 of the bispidine ligands L1 and L2 which differ
in the position of the free coordination site at the metal center (1 equa-
torial, 2 axial). Both complexes 1 and 2 have a similar Fe(III/IV) redox
potential, but 1 is far less reactive than system 2. [1]

In order to get further insight to this phenomenon, density functional
theory (DFT) studies are carried out to investigate the C-H abstraction
step with cyclohexane as a model substrate. This includes geometry op-
timizations, transition state scans, natural bond orbital (NBO) analysis
and the comparison of the electronic structures regarding different spin
states of the systems at B3LYP/def2-TZVP (Gaussian software package)
level of theory.

As result, a major difference in the spin states of 1 and 2 is the destabi-
lization of the intermediate spin state (S = 2) of 2 leading to a decreased
reaction barrier to the transition state (spin cross-over to high spin sur-
face). [2] Thus, a detailed understanding of the electronic structure is
the major objective of this project.

[1] D. Wang, K. Ray, M.J. Collins, E.R. Farquhar, J.R. Frisch, L. Gomez,
T.A. Jackson, M. Kerscher, A. Waleska, P. Comba, M. Costas, L. Que,
Chem. Sci. 2013, 4, 282-291.
[2] P. Comba, S. Fukuzumi, C. Koke, B. Martin, A.-M. Löhr, J. Straub,
Angew. Chem. Int. Ed. 2016, 55, 11129.
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P14 Benchmarking a Fluid-Structure Interaction Simulation with
Uncertain Parameters

Jonas Kratzke

Numerical simulations have shown a considerable potential in computa-
tional assistance systems for cardiovascular surgery. However, unknown
parameters and measurement inaccuracies imply uncertainties, which are
to be incorporated in the simulation model. This enables an assessment
of the reliability of the simulation results.

The present work considers a finite element (FEM) simulation of the
biomechanical dynamics of the thoracic aorta. The aortic blood flow
coupled with the vessel wall movement is modelled by means of Fluid-
Structure Interaction (FSI). Exemplarily, as a parameter being hard to
measure in clinical practice, the stiffness of the vessel wall material is
considered to be uncertain. The uncertainty propagation is modelled
by methods of Uncertainty Quantification (UQ) and the FSI is treated
in a monolithic approach. While non-intrusive methods for complex
UQ problems have been established in recent years, the work aims at
showing the feasibility of an intrusive UQ approach for the given FSI
problem. This way, the governing equations are Galerkin projected on
the stochastic space spanned by a Polynomial Chaos (PC) basis.

Only few benchmarks are known to test numerical frameworks for FSI
simulations. This work presents a complex two-dimensional FSI-UQ
problem with an analytical solution. It is motivated by the Taylor-
Couette model for laminar flow. Experimental convergence rates of the
implementation are shown with respect to this test-case for both the
deterministic and the stochastic case.
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P15 A multigrid Schwarz solver for radiative transport

Jose Pablo Lucero Lorca

We implement a multigrid preconditioned, asymptotic preserving,
weakly penalized discontinuous Galerkin method using non-overlapping
Schwarz smoothers to solve a non-linear, frequency and angle dependent
radiative transfer equation in local thermodynamic equilibrium with ap-
plications in particle transport through diffusive media.

Our methodology pursues a scalable implementation in order to address
large scale calculations arising from applications such as astrophysics,
atmospheric radiation calculations and nuclear applications.

Frequencies are addressed by a multi-group approach and angles by dis-
crete ordinates, non-overlapping Schwarz smoothers are based on solv-
ing full local radiative transfer problems for each grid cell which are
performed in parallel on a matrix-free implementation. In several tests
we show the robustness of the approach for different mesh sizes, cross
sections, frequency distributions and anisotropic regimes.
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P16 Marrying Algebraic-Diagrammatic Construction with a
Coupled-Cluster Ground State

Manuel Hodecker

The interaction of light and matter plays a crucial role in many chemical
and biochemical processes. Understanding these processes is important
for plenty of applications in all areas of science.

For a theoretical description of these phenomena quantum-chemical
methods are required. These methods can be divided into methods
describing the electronic ground state of a molecular system, and the
ones describing excited electronic states. One of the latter methods is
the algebraic-diagrammatic construction (ADC) scheme, that has gained
more popularity in recent years due to some of its advantageous features
which include its reliability, accuracy and reasonable computational de-
mand. A drawback of the method, however, is the description of the
ground state which is based on Møller-Plesset (MP) perturbation theory.
MP fails to describe the ground state correctly for example whenever a
bond in a molecule is broken, as it happens in almost all chemical re-
actions. A method that is known to be more reliable in such and other
cases is the so-called coupled-cluster (CC) model. In this work, a CC
ground state is used within the ADC scheme of second order instead of
an MP one and its influence on excitation energies is investigated.

It is shown that the mean absolute error of electronic excitation energies
can decrease by up to 0.1 eV for small atomic and molecular systems,
but increases whenever multiple π-bonds are encountered.
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P17 Dynamics of cell-to-cell communication in plant roots: tracking
of calcium waves and cellular automaton modeling

Martin Zauser

Plants respond to a sudden change of environmental conditions and bac-
terial challenges by increased activity of intracellular signaling by cal-
cium ions (Ca2+). For the model plant Arabidopsis thaliana it could be
shown that Ca2+ signals propagate in waves through the root and show
stimulus-specific signatures, if the plant is stimulated by salt or bacterial
peptides.

We investigate the propagation of Ca2+ signaling waves through the
root by quantifying intracellular Ca2+ signaling. We use plant lines of
Arabidopsis thaliana, which stably express a genetically encoded sensor
for Ca2+. Based on time-lapse movies of the root tips after stimulation
with an external stimulus we determine start time, duration and inten-
sity of the intracellular Ca2+ signaling along the axis of the root. We
generate signaling profiles for different zones and map these profiles to
the tissue type according to the root morphology. From these profiles we
derive the stimulus-specific pattern of the signaling response comprising
activation delay, propagation speed, directionality, regularity and mor-
phological classification.

We use our data to create and parameterize a stochastic model based on
a cellular automaton for simulating the Ca2+ dynamics in plant roots.
The model is able to reproduce the spatio-temporal dynamics of Ca2+
signatures in plants and can build the basis for a more detailed analysis
of the stress response in plants.

P18 Multigrid methods for Hdiv-conforming Discontinuous
Galerkin Method for problems of incompressible fluid flow

Noman Shakir

In this poster we present the numerical solution of the Oseen equa-
tions of incompressible fluid flow. The solution is obtained by using
the finite element methods, in particular, Hdiv, conforming discontinu-
ous Galerkin method. The resulting linear problem is solved by using
multigrid preconditioner with overlapping Schwarz smoother. The con-
vergence anaylsis of preconditioner is presented with numerical results
verfying the theory. We observe that the convergence rates are indepen-
dent of mesh parameters.
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P19 Mathematical Modelling of the pH-Homeostasis in Plant Cell
Organelles

Pascal Holzheu

The pH homeostasis in plant cells is crucially dependent on ion pumps
and channels both in the vacuole and the trans-golgi-network (TGN).
However, a system with a complete inhibition of proton translocation
through the tonoplast by pumps does still show an acidification of the
vacuole, pointing to other mechanisms important for the system. By
building an ODE model of the involved ionic species and using experi-
mental data for parameter estimation, the exact role of TGN-to-vacuole
vesicles for the vacuolar pH can be investigated.
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P20 Optimality based analysis of human push recovery motions

R. Malin Schemschat

As unperturbed motion barely exists in real world, it is extremely impor-
tant for humans to be able to react on perturbation during their daily life
tasks. In the presented work a dynamical two dimensional (2D) human
model in sagittal plane is used to analyze perturbed human walking mo-
tions. Perturbation in form of pushes from the back at different height
at the spine of varying strength during walking motions is regarded.
Two kinds of objective functions for an optimal control problem are
formulated: First, a least-squares objective function is used to fit the
dynamical model to reference data gained from motion capture experi-
ments. With this approach it is possible to analyze the resulting torques
in the joints. Optimization allows to calculate physical quantities which
cannot be measured. Adding these quantities to a list of different criteria
that lead to a similar motion as the reference data, it is possible to gain a
better understanding of human push recovery motions. To this end, sec-
ondly, objective functions consisting of linear combinations of different
criteria (as minimal end time, minimal energy, maximal step length, ...)
are formulated to generate motions of the human model from a given
start posture and to analyze which weight results in a motion similar
to the reference data. To solve the infinite dimensional optimal control
problem, a direct multiple shooting approach is used. It is coupled with
an efficient sequential quadratic programming (SQP) method to solve
the resulting nonlinear program (NLP). The field of application of the
results is broad: In sport sciences or medicine the better understand-
ing of human push recovery motions can be used to improve training
or therapies for athletes, injured, or elderly people. Control strategies
and the design of prostheses, exoskeletons or humanoid robots can be
improved.

This image shows generated step sequences applying pushes of dif-
fering strength.
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P21 MIP Formulations of Second Order Total Variation Model for
Image Segmentation using L0 norm

Ruobing Shen

We consider an optimization problem arising in Image Segmentation ap-
plications, where a depth map containing finite grid of points X ⊆ Z2

and a function f : X → R are given, and the problem consists of finding
a piecewise linear function f? : X → R that approximates f , while min-
imizing the absolute error

∑
x∈X |f(x)−f?(x)|. We investigate a Mixed

Integer Programming (MIP) formulation of the Second Order Total Vari-
ation model, which uses the L0 norm and deals with the boundary pixels
of each segment. Our model assign segment labels to every pixel, more-
over, it learns affine function within each segment. To the best of our
knowledge, this is the first global model to achieve this goal, and does
not restrict on the shape of each segment, which extends multicut to
depth image. Although NP-hard, we report on computational experi-
ments on different classes of randomly generated instances, as well as on
instances arising from a practical application.
Given an 2-D image with n ×m pixels and their scalar value Y as an
n×m matrix, our model is to find the best fitting values W ∈ Rn×m:

min
W∈Rm×n

‖W − Y ‖1

s.t. ‖∇2
xW‖0 ≤ kr, ∀r = 1, . . . ,m

‖∇2
yW‖0 ≤ kc, ∀c = 1, . . . , n.

where ∇2
x denotes the second order derivative along the rows and ∇2

y

along the columns, kr and kc are the number of jumps allowed in each
row and column. We build different MIP models based on this, where
pre-processing and post-processing are needed.
Figures below show a sample output using our model.

Random generated 2-D image with
noise.

Fitted data with our model.
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P22 Signal integration or multiplexing in B. subtilis quorum sensing

Sarah Kaspar

In bacterial quorum sensing, the signals of various autoinducers (AIs)
are often fed into the same gene activation process. For example, in B.
subtilis the species-specific and the strain-specific signals converge to reg-
ulate the master regulator ComA by independently regulating the overall
abundance and the phosphorylation status of the transcription factor.
Whether and how different AIs are integrated and/or demultiplexed at
the level of gene expression is not well understood.

Here we provide experimental evidence based on DNA-binding and gene
expression studies that suggest that promoter architecture is a key fac-
tor for signal integration and the decoding of information encoded by
different AIs. We furthermore developed a mathematical model for AI-
dependent gene expression composed out of three modules: (1) A TF-
activation module which describes the independent encoding of AI in-
formation, (2) a DNA-binding and (3) a gene expression module. The
model suggests that information encoded by different AIs might be de-
duced from the gene expression of two genes controlled by differential
promoter architectures. Such a network design could thus serve as a
biological demultiplexing device in natural or synthetic systems.
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P23 Estimation of effective soil hydraulic material properties in an
heterogeneous architecture

Stefan Jaumann

Soil hydraulic material properties are needed to optimize irrigation and
fertilization for food production in semi arid regions. However, they
are (i) unknown a priori, (ii) nearly impossible to measure directly, (iii)
varying in space and in time, (iv) highly non-linear. Hence, methods
have to be developed that allow for cheap and reliable identification of
these properties.

Time Domain Reflectometry (TDR) is a standard measurement method
that facilitates precise but invasive water content measurements in high
temporal but low spatial resolution. It complements the perspective on
soil water dynamics of (non-invasive) methods such as Ground Penetrat-
ing Radar (GPR) which typically exhibit high spatial but low temporal
resolution.

Both measurement methods were applied during an experiment where
an artificial and heterogeneous architecture based on three distinct sands
was forced with a fluctuating water table. This uncommon experiment
type introduces a high level of water content variation up to and beyond
the validity limits of the Richards equation. In this work, we estimate
hydraulic material properties with inversion methods on the basis of
the recorded TDR measurements and investigate to what degree these
properties describe the behavior of the test site.
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8 Evening activities

Powerpoint Karaoke
Using a set of slides they have never seen before, covering a topic
about which they know nothing, participants must share with their
peers their “expert knowledge” on a “cutting-edge area of research”
(or cats). Completely improvised, this activity is sure to cause embar-
rassment to all. Sounds like fun, right?
Location: Kaisertafel

Karaoke
Once all the highly informative presentations have been given, the stage
will be set up for regular karaoke and (hopefully) more embarrassment.
emphLocation: Kaisertafel

HGS Dance Party
Just like a normal dance party except the drinks are free, the music is
good and you like all (or at least most) of the people.
Warning: There may be a dance-off.
Location: Kaisertafel

Christmas Market
Whoever would like some fresh air after the hot discussions of the first
day is welcome to join us for a walk to the joyful Speyer Christmas
Market.
Location: The time and meeting place will be announced at the open-
ing ceremony.

Board Games
Board games will be provided for use at your own leisure, including
but not limited to Carcassone, Isle of Skye and the party game The
Werewolves of Millers Hollow.
Location: Altpörtel
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9 List of presenters

Invited Speakers
I2 Dr. Daniel Gerecht
I1 Dr. Kathrin Hatz
I4 Dr. Michael Geiger
I3 Dr. Michael Schick

Fellow Speakers
T6 Ana Maria Rodriguez T7 Nadia Said
T10 Constantin Pape T8 Nikolas Schnellbächer
T2 Daniel Berg T3 Oscar Alberto Trigos
T9 Diego Costa T5 Ruth Großeholz
T1 Hannes Bauser T12 Sven Wetterauer
T4 Marian Piatkowski T11 Toni Sagristà Sellés

53



9 List of presenters

Fellow Poster Presenters
P1 Ali Farnoud P13 Johannes Straub
P2 Ana Victoria Ponce P14 Jonas Kratzke
P3 Andreas Hofmann P15 Jose Pablo Lucero Lorca
P4 Angelika Klein P16 Manuel Hodecker
P5 Annika Eisenschmidt P17 Martin Zauser
P6 Asha Roberts P18 Noman Shakir
P7 Augusto Sanches P19 Pascal Holzheu
P8 Boyan Zheng P20 R. Malin Schemschat
P9 Dieter Faltermeier P21 Ruobing Shen
P10 Felix Lenders P22 Sarah Kaspar
P11 Fereydoon Taher P23 Stefan Jaumann
P12 Gaurav Kumar Ganotra
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10 Judging a scientific talk and poster

If this is your first time at judging a scientific task/poster and you are
unsure what to look for, here is a list of criteria that we hope may be
of assistance to you. Judging a presentation in either a talk or a poster
is not an easy task given the interdisciplinary nature of our graduate
school. That is why we decided to propose some criteria that might
be of assistance to you. This list is not exhaustive and is by no means
intended as a set of prescriptive criteria. You are most welcome to
ignore the content of this section entirely.

Talk

Delivery:
• Did the talk have a clear and concise introduction and smooth

transition into presentation?
• Was the talk well organized?
• Did the presenter manage to use the appropriate vocabulary for

his talk which is clear and precise?
• Did the presenter make a effective use of time in proportion to

subject matter?
• Did the presenter exhibit an excellent grasp of information during

the presentation and questioning?
• Are the facts fully backed up by reference to sources?
• Did the presenter stick to the main theme and deliver a smooth

progression throughout the talk?
• Did the talk have a logical and coherent closure?

Presenter
• Did the presenter establish eye contact with the audience?
• Was the presenter relaxed, confident and comfortable?
• Did the presenter show clear enthusiasm as displayed in attitude

and inflection?
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10 Judging a scientific talk and poster

Poster

Content:
• Is the title suitable for the content and vice-versa?
• Are the goals well defined?
• Are the results well presented?
• Are the procedures used to achieve the results well explained?
• Is the poster self-standing (i.e. can you understand the poster

without the presenter)?
• Is the poster understandable by non-specialists? Given the inter-

disciplinary nature of HGS, posters should be understandable by
everyone.

Presentation:
• Did the presenter present the poster well and with confidence?
• Did the presenter answer to questions clearly?

Structure:
• Does the poster have a clear beginning and end?
• Does the poster have a logical flow that is easy to follow?
• Is there an appropriate balance between text, figures and data?

Text and figures:
• Is the text understandable?
• Are the figures properly labeled?
• Are the figures understandable? (e.g. many colored curves with-

out legend might not be understandable)
• Are there redundant sections of text or figures? Is the content

correct?
• Is the poster visually appealing (e.g. color balance, text fonts and

size)?
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