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PREFACE

The major event at the Zuse Institute
(ZIB) in 2014 was ZIB’s scientific evaluation on November 23–24 by an international review board (headed by
Prof essor Hans-Joachim Bungartz
of TU Munich). This assessment, requested by the Berlin ministries with
which ZIB is associated, the Senate
Department for Economics, Technology and Research and the Senate
Department for Education, Youth and
Science, was executed along the evaluation guidelines for the institutes of
the Leibniz Association. Based on a
development plan for its future activ
ities (Zukunftskonzept), devised in
close collaboration with ZIB’s Scientific Advisory Board, and approved by
ZIB’s Administrative Council on May
23, 2014, the ZIB members spent the
summer and fall preparing a comprehensive report of ZIB’s research and
scientific service activities in the
past and an outline of its prospects
for future developments.
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The “evaluation package” delivered consisted of a Report and Development Plan
of 400 pages length plus a significant volume of supplementary material. To keep
the documents comprehensible, only the
160 projects carried out at ZIB during
the report period 2012–2014 were listed;
without going into project specific detail,
the presentation focused on the overall
perspective of ZIB’s work.
This evaluation addressed primarily three major issues: (1) the quality of
ZIB’s services and research, (2) ZIB’s
agenda, both in the past and for the future, against the background of its embedding in the regional, national, and
international research landscape, including the role of the supercomputer
consortium HLRN, and (3) the appropriateness of ZIB’s present internal organization and of its institutional frame.
Here are a few sentences from the evaluation report from January 16, 2015:
“ZIB conducts very successful fundamental research and offers highly demanded consultancy and services in application-driven mathematics and computing. Its three divisions … contribute
significantly to the regional, national, and
international research landscape via both
high level research and high quality services, the latter in particular via the operation of facilities of the North German
Supercomputer Consortium (HLRN) ...
If the budget situation stays stable …, ZIB
seems very well prepared for the future. The
present and the intended future positioning of ZIB are considered to be excellent ...
Dealing with the complete vertical stack
from basic research to industry applications, keeping the balance between service
provision and research, as well as placing algorithmic research directly around a

tier-2 HPC facility (including rich software
activities) altogether form a unique selling
point of ZIB – at a local, regional, national,
and international scale. All future activities
should build upon and further strengthen
this unique selling point ... Overall, it shall
be concluded that the review panel received
an excellent impression of ZIB.”

NEEDLESS TO SAY,
WE ARE VERY HAPPY
WITH THIS APPRAISAL.
Immediately after the approval of ZIB’s
Zukunftskonzept, ZIB began to redesign
its organizational structure (please consult the new organigram) taking the refocussing of several of its research groups
into account, making the orientation toward particular application areas more
visible, and emphasizing intensified
internal cooperation by the creation of
cross-department research focus areas
(see www.zib.de for details).
The kickoff of the main phase of the
Forschungscampus (Research Campus)
MODAL was celebrated on October
13, 2014. MODAL is a joint endeavor of
ZIB and FU Berlin, which in 2012 won
a national competition conducted by
the German Ministry for Research and
Education (BMBF). During 2012–2014,
a preparatory phase established MODAL
in terms of content as well as legal and
organizational aspects. The outcome
passed a detailed evaluation by BMBF
with distinction.
MODAL is an acronym for “Mathematical Optimization and Data Analysis
Laboratories.” Research is conducted by

ZIB, FU, and industry partners from both
large and medium-sized enterprises (on
the FU/ZIB campus) on the data-driven
modelling, simulation, and optimization of
complex processes in logistics and medical engineering. MODAL aims to optimize
networks, systems, and their associated
processes in rail transport, natural gas
supply networks, and medical diagnostic technology, for example. MODAL will
receive funding of one to two million euros
per year by BMBF for a maximum of 15
years. Partners from science and industry provide significant additional financial
contributions.
Jointly with the RRZN Hannover,
the central scientific service activity of
ZIB is the operation of the massive parallel supercomputing system HLRN III
(which is based on Cray XC30 and XC40
systems) that supports computational
scientists in seven states in northern
Germany. A significant upgrade in 2014
pushed the HLRN-III supercomputer at
ZIB to rank 51 in the TOP-500 list of the
fastest computers worldwide, providing
additional computing power for the solution of problems in application areas such
as chemistry, physics, and engineering,
and earth, material and life sciences.
ZIB is tightly linked to the Berlin universities and many of the research institutes in the region. The success stories
of ZIB’s collaborations have continued
in 2014. The 12-year DFG funding of
the extremely successful DFG Research
Center MATHEON, to which ZIB
contributed and from which ZIB profited
significantly, ended in May 2014.
MATHEON continues to live as part of
the platform of the Einstein Center for
Mathematics (briefly ECMath), which
began its full operation on June 1, 2014,

after a 17-month start-up phase during
which the organizational structures were
set up by the participating institutions
FU, HU, TU, WIAS, and ZIB. ECMath is a
platform for the consolidation of the collaborative mathematical excellence projects in Berlin (including MATHEON,
BMS, and DZLM). The Research Campus
MODAL also joined ECMath after its full
approval.
A Berlin-based consortium, led by TU
Berlin and including ZIB, won one of two
competence centers for the intelligent
handling of big data in a national competition launched by BMBF. The Berlin Big
Data Center (BBDC) took off in October
2014 and will contribute highly innovative technologies to the organization of
big data sets and their scientific analysis.
This is just a glimpse of major events at
ZIB in 2014. This year’s annual report,
composed in the style introduced in 2013,
provides a few reports, partly crossing
department boundaries, which combine
brief surveys of very active current research and service topics with outlines of
highlights of our own work – and keeping
global developments in mind. The articles
range from a report about the Research
Campus MODAL, digitization and open
science activities, descriptions of the challenges of parallelization and distributed
storage systems, and the design of nanophotonic devices to image analysis for
biology. We have attempted to paint an
adequate picture of the current situation
at ZIB and hope that ZIB’s friends, supporters, and observers will enjoy looking at it.
Berlin, April 2015
Martin Grötschel
ZIB President

Zuse Institute Berlin
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Executive Summary

MATHEMATICAL
OPTIMIZATION
AND SCIENTIFIC
INFORMATION
The Research Campus MODAL has become fully operational. Its optimization
labs support the long-distance passenger
operations of Deutsche Bahn, and the gas
transport of Open Grid Europe (which
owns Germany’s largest gas pipeline
network) and are developing the opensource solver SCIP for general discretecontinuous optimization problems.
Flight-trajectory optimization, sustainable manufacturing, telecommunicationnetwork and supply-chain management,
and many more projects in infrastructure and logistics are in the focus of the
department Mathematical Optimization
as well.
The department Scientific Information plans and develops information
systems and services for the sciences. It
engages in a variety of projects such as
digitization of cultural heritage, a software-information portal, library services, and digital libraries that support
open access to scientific literature and
data and open science in general.

MATHEMATICS IN
LIFE AND MATERIALS
SCIENCES
In accordance with ZIB's development
plan (Zukunftskonzept), the divisions of
ZIB were restructured. The former division Numerical Mathematics changed
its name to Mathematics for Life and
Materials Sciences in order to emphasize
the shift in priorities toward an integrated
approach encompassing the whole spectrum of competences in Data Analysis,
Visualization, and Modelling, Simulation,
and Optimization (MSO) on hand at ZIB.
The roadmap of the division is to
complement its core strengths by advancement of new groundbreaking
concepts, such as uncertainty quantification and visualization or sparse approximation in high dimensions, while
advancing our application projects toward more complex processes.
These changes are supported by the
next generation of large-scale projects
that were acquired in 2014 and for which
the following four may serve as examples:
the new Einstein Center for Mathematics
has started with six projects in our division; we host the MedLab of the Research
Campus MODAL; we are participating
in the DFG-CRC 1114 Scaling Cascades
in Complex Systems, and we are part of
the new Berlin Big Data Center (BBDC)
in close cooperation with ZIB’s division
Parallel and Distributed Computing.

1
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PARALLEL
AND DISTRIBUTED
COMPUTING
A major system upgrade pushed the
HLRN-III supercomputer at ZIB to
rank 51 in the TOP-500 list of the most
powerful supercomputers in the world.
A total of 1,872 computing nodes with
44,928 cores and 117 terabytes of main
memory are now available at ZIB. The
Cray XC30/XC40 is supplemented by a
test-and-development system with Intel
many-core processors and nonvolatile
memory. It helps to intensify our research on scalable software for exascale
computers. We implemented the active
message library HAM (see our feature
article “Keeping Many Cores Busy”),
which reduces the overhead of code offloading on heterogeneous supercomputers. In the domain of high-performance data analysis, we participated
in two new BMBF-funded research
projects, the Berlin Big Data Center
(BBDC) and the GeoMultiSens project.
Both focus on the analysis of large-scale
data in business and science. Their different access patterns require advanced
mechanisms for fairness and load on
distributed file systems as described in
our corresponding feature article.

1 Zuse Institute Berlin

Zuse Institute Berlin

9

Organization

THE STATUTES

SCIENTIFIC
ADVISORY BOARD
ADMINISTRATIVE
BODIES
The bodies of ZIB are the President
and the Board of Directors
(Verwaltungsrat).

The Scientific Advisory Board advises
ZIB on scientific and technical issues,
supports ZIB’s work, and facilitates
ZIB’s cooperation and partnership with
universities, research institutions, and
industry.
The Board of Directors appointed the
following members to the Scientific
Advisory Board:

President of ZIB is:
PROF. DR. DR. H.C. MULT.
MARTIN GRÖTSCHEL

PROF. DR. JÖRG-RÜDIGER SACK
Carleton University, Ottawa, Canada

Vice President is:
PROF. DR. CHRISTOF SCHÜTTE

PROF. DR. ALFRED K. LOUIS
Universität des Saarlandes,
Saarbrücken

The Board of Directors was composed
in 2013 as follows:
PROF. DR. PETER FRENSCH
Vice President, Humboldt-Universität
zu Berlin (Chairman)
PROF. DR. CHRISTIAN THOMSEN
President, Technische Universität Berlin
(Vice Chairman)
PROF. DR. BRIGITTA SCHÜTT
Vice President, Freie Universität Berlin
BERND LIETZAU
Senatsverwaltung für Wirtschaft,
Technologie und Forschung N.N.,
Senatsverwaltung für Bildung,
Jugend und Wissenschaft
PROF. DR. MANFRED HENNECKE
Bundesanstalt für Materialforschung
und -prüfung (BAM)
PROF. DR. ANKE KAYSSER-PYZALLA
Helmholtz-Zentrum Berlin für
Materialien und Energie (HZB)
PROF. DR. NIKOLAUS RAJEWSKY
Max-Delbrück-Centrum für Molekulare
Medizin (MDC)
The Board of Directors met on May 23,
2014 and on December 4, 2014.
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The Statutes, adopted by the Board of
Directors at its meeting on June 30,
2005, define the functions and procedures of ZIB’s bodies, determine ZIB’s
research and development mission and
its service tasks, and decide upon the
composition of the Scientific Advisory
Board and its role.

PROF. EM. DR. RAINER E. BURKARD
Technische Universität Graz, Austria
PROF. DR. MICHAEL DELLNITZ
Universität Paderborn

ORGANIZATION

DIPL.-MATH. LUDGER D. SAX
Grid Optimization Europe GmbH
DR. ANNA SCHREIECK
BASF SE, Ludwigshafen
DR. HORST D. SIMON
NERSC, Lawrence Berkeley National
Laboratory, USA
DR. REINHARD UPPENKAMP
Berlin Chemie AG, Berlin
DR. KERSTIN WAAS
Deutsche Bahn AG, Frankfurt am Main
The Sientific Advisory Board met on
July 7 and 8, 2014, at ZIB.

SCIENTIFIC
ADVISORY BOARD
Chairman Prof. Dr. Jörg-Rüdiger Sack | Ottawa
Prof. Dr. Rainer E. Burkard | Graz
Prof. Dr. Michael Dellnitz | Paderborn
Prof. Dr. Alfred K. Louis | Saarbrücken
Ludger D. Sax | Essen
Dr. Anna Schreieck | Ludwigshafen
Dr. Horst D. Simon | Berkeley
Dr. Reinhard Uppenkamp | Berlin
Dr. Kerstin Waas | Frankfurt am Main

BOARD OF DIRECTORS

Chairman: Prof. Dr. Peter Frensch | Humboldt-Universität zu Berlin (HUB)

PRESIDENT

Prof. Dr. Dr. h.c. mult. Martin Grötschel

VICE PRESIDENT
Prof. Dr. Christof Schütte

MATHEMATICS FOR LIFE
AND MATERIAL SCIENCES

Prof. Dr. Christof Schütte

MATHEMATICAL OPTIMIZATION
AND SCIENTIFIC INFORMATION
Prof. Dr. Martin Grötschel

PARALLEL AND
DISTRIBUTED COMPUTING

Prof. Dr. Alexander Reinefeld

ADMINISTRATION
AND LIBRARY

Annerose Steinke

Zuse Institute Berlin
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MATHEMATICS FOR LIFE
AND MATERIAL SCIENCES

MATHEMATICAL OPTIMIZATION
AND SCIENTIFIC INFORMATION

PARALLEL AND
DISTRIBUTED COMPUTING

ADMINISTRATION
AND LIBRARY

Schütte

Grötschel

Reinefeld

A. Steinke

NUMERICAL
MATHEMATICS

VISUAL DATA
ANALYSIS

MATHEMATIC
OPTIMIZATION

SCIENTIFIC
INFORMATION

DISTRIBUTED
ALGORITHMS AND
SUPERCOMPUTING

DATACENTER
INFRASTRUCTURE

Weiser

Hege

Grötschel/Borndörfer

Koch/Rusch

Reinefeld/Schintke

Pyszkalski

COMPUTATIONAL
MEDICINE

VISUAL DATA ANALYSIS
IN SCIENCE AND
ENGINEERING

MATHEMATICS OF
TRANSPORTATION
AND LOGISTICS

WEB TECHNOLOGY
AND MULTIMEDIA

DISTRIBUTED DATA
MANAGEMENT

DATA STORAGE
AND ARCHIVES

Weiser, Zachow

Hege

Borndörfer

Dalitz

Schintke

Pyszkalski, Pham

COMPUTATIONAL
MOLECULAR DESIGN

IMAGE ANALYSIS IN
BIOLOGY AND
MATERIAL SCIENCE

MATHEMATICAL
OPTIMIZATION
METHODS

INFORMATIONTECHNOLOGY TOOLS
FOR MUSEUMS

SCALABLE
ALGORITHMS

SERVER AND
LOCAL NETWORKS

Weber

Prohaska

Koch

Saro

Schütt

Krickel, Düring

COMPUTATIONAL
NANO-OPTICS

THERAPY
PLANNING

MATHEMATICS OF
TELECOMMUNICATION

SERVICE CENTER
DIGITALIZATION
BERLIN

SUPERCOMPUTER
ALGORITHMS
AND CONSULTING

BERLIN METROPOLITAN
NETWORK BRAIN

Schmidt

Zachow

Werner

Müller

T. Steinke

Pyszkalski

COMPUTATIONAL
SYSTEMS BIOLOGY

BIOINFORMATICS
IN MEDICINE

ENERGY-NETWORK
OPTIMIZATION

DIGITAL
PRESERVATION

SUPERCOMPUTER
SYSTEMS

Röblitz

Conrad

Koch

Peters-Kottig

Schimmel

KOBV R&D

SOFTWARE
SERVICE

N.N.

Löbel

LEGEND

KOBV OPERATING

SCIENTIFIC DIVISIONS AND DEPARTMENTS
RESEARCH GROUPS
RESEARCH SERVICE GROUPS

Lohrum

FAK

Stanek
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ZIB is structured into four divisions,
three scientific divisions, and ZIB’s
administration. Each of the scientific
divisions is composed of two departments that are further subdivided into
research groups. For further information on the broad spectrum of thematic
and application focuses of the research
groups please visit www.zib.de.

ZIB STRUCTURE
Zuse Institute Berlin
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ZIB IN NUMBERS
PROMOTION OF YOUNG SCIENTISTS:
DISSERTATIONS
DIPLOMA
MASTER

SEMINARS
13

LECTURES
GIVEN BY ZIB SCIENTISTS AT UNIVERSITIES

1,283
VISITORS
LONG NIGHT OF THE SCIENCES

111

PEER-REVIEWED PUBLICATIONS IN
INTERNATIONAL SCIENTIFIC JOURNALS
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11,852

GIVEN BY ZIB SCIENTISTS AT UNIVERSITIES

10

4
37 DISTINGUISHED

SCIP
DOWNLOADS
OF MIP SOLVER SCIP

PROFESSORSHIPS
OFFERED TO ZIB
RESEARCHERS

197

AMIRA
AVIZO

AMIRA
AVIZO

6,000

59

OUTREACH EVENTS FOR
SCHOOL CLASSES AND
THE GENERAL PUBLIC

10

AMIRA
AVIZO

AMIRA
AVIZO

LICENSES OF AMIRA AND AVIZO
INSTALLED WORLDWIDE IN 2014

¤ 7,257,832
¤ 2,919,279

¤ 4,338,553
PUBLIC-PROJECT REVENUES

REVENUES FROM RESEARCH
AND DEVELOPMENT (INDUSTRY)

ZIB ACQUISITION OF
THIRD-PARTY FUNDS

6,200
INTERNATIONAL GUESTS
AT ZIB IN 2013

INDUSTRY FUNDING
INCREASED BY MORE
THAN 55%!

115

CONFERENCES AND
WORKSHOPS AT ZIB

SCIENTIFIC
TALKS

160 INVITED

ON NOVEMBER 22, 2014:
ZIB SUPERCOMPUTER IS
NO. 51 IN TOP-500 LIST
Zuse Institute Berlin
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30 Years Of ZIB Reviewd

30
YEARS

c

DISTRIBUTED
ALGORITHMS AND
SUPERCOMPUTING
b
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demonstration of the achievements
of ZIB and its scientific and organizational potential.
ZIB’s focus on “information technology” in research and development, as
chosen by the Senate of Berlin in 1984,
spanned from hardware design and production, software development and communications engineering to various subfields of mathematics and computer
science. During the hiring phase for
ZIB’s initial leadership (Peter Deuflhard
and later Martin Grötschel), the
Administrative Council – in close coordination with the two universities – took
the decision to concentrate the research
activities in Applied Mathematics and
Computer Science, particularly in the
subfields of these areas that are closely
related to High-Performance Computing.
This way, ZIB itself had the goal of generating mathematical and computerscience knowledge relevant for HighPerformance Computing. This decision

NUMERICAL
MATHEMATICS

MATHEMATICAL
OPTIMIZATION

a

COMPUTING +
DATA SCIENCE

SCIENTIFIC
INFORMATION

1 ZIB’s three scientific divisions ( a Mathematics for Life and Materials Sciences, b
Mathematical Optimization and Scientific
Information, c Parallel and Distributed
Computing) include two departments each.
In each division, one department is focused
on Computing (white letters) and the other
one on Data Science (black letters).

VISUAL DATA
ANALYSIS
DATA CENTER
INFRASTRUCTURE

OF ZIB REVIEWED

The Konrad-Zuse-Zentrum für Informationstechnik (Zuse Institute
for short or just ZIB) was established on July 17, 1984, by the Parliament of the State of Berlin (Berliner
Abgeordnetenhaus) by passing the
law Gesetz über das Zentrum für Informationstechnik, which – subject to a
few amendments – still provides the
formal framework of ZIB’s existence.
The foundation of ZIB was celebrated on November 22, 1984, in a
Gründungsveranstaltung featuring,
among others, speeches by Wilhelm A.
Kewenig, the Berlin Senator of Science
and Research in those days, and by
Konrad Zuse himself. ZIB, proud of
its development since then, was planning to commemorate this event and
review the first thirty years of its existence in November 2014. The intended
celebration became, in fact, an evaluation, which was more formal and less
festive but nevertheless an impressive

1

was linked to the hope that the research
done at ZIB would not only use the computing facilities but that the work could
also guide the development of the architecture of computing machinery, advance the services, and lead to interdisciplinary cross-fertilization in the sense
of Konrad Zuse. The following 30 years of
success as a research institute that provides high-level scientific services show
that this dream was realized indeed.
After Christof Schütte became the
new ZIB Vice President in January
2013, the two Berlin ministries responsible for ZIB, the Senate De partment for Economics, Technology
and Research (Senatsverwaltung für
Wirtschaft, Technologie und Forschung
– SenWTF) and the Senate Department
for Education, Youth and Science
(Senatsverwaltung für Bildung, Jugend
und Wissenschaft) asked ZIB to present
a development plan (Zukunftskonzept)
for its future activities. This was

drafted in 2013 and, after a first review, finalized in close collaboration
with ZIB’s Scientific Advisory Board
in spring 2014. ZIB’s Administrative
Council (Verwaltungsrat) approved the
Zukunftskonzept on May 23, 2014. Soon
after, the SenWTF decided that ZIB
should undergo a major scientific evaluation along the lines of the evaluation of
the institutes of the Leibniz Association
(WGL).
An international review board
(head
ed by Prof. Hans-Joachim
Bungartz of TU Munich) was set up,
and November 23-24, 2014, was chosen as the formal on-site evaluation period. The ZIB members spent the summer and fall preparing a comprehensive
report of ZIB’s research and scientific
service activities in the past and an outline of its prospects for future developments based on ZIB’s Zukunftskonzept,
of course.
The preface of this annual report

contains a few quotes from the evaluation report of the review panel, and there
is no need to repeat the excellent overall
rating of our research and service activities as well as our unique position on the
regional, national, and international research landscape.
According to the Zukunftskonzept
ZIB now presents itself as the Berlin
Competence Center for Computing and
Data Science which seems the logical
next step in the continued development
of ZIB’s original focus in view of the
major global research trends. The illustration shows that the organization of
ZIB reflects this focus.
One of the main new elements of the
Zukunftskonzept is the aggregation of
research activities at ZIB into Research
Focus Areas (RFA). The RFA were selected based on the following criteria:
ZIB shall have attained or shall have the
potential to attain high impact in each of
these areas, they shall cluster activities

at ZIB and shall offer high potential for
fostering in-house cooperation, and
they shall improve visibility and attractiveness of ZIB for potential collaboration partners. Moreover, the RFA may
well overlap to foster cross-fertilization.
The present Research Focus Areas are
as follows:
Molecular and biological processes
Solutions for individualized medicine
Robust solution under uncertainty
Materials and optical processes
Combinatorics and MINLP
Digital humanities
Efficient infrastructure and logistics
Scalable and fault tolerant algorithms
Modeling, simulation, and optimization for multiscale systems
Large-scale data management, curation, and analysis
Highly parallel computing
For further details on the RFA, please
visit our Web site: www.zib.de

Zuse Institute Berlin
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Research Services

1
ZIB provides high-quality research
services in Computing, Data Science,
and Scientific Information. These services are closely linked to our research
activities to their mutual benefit.

One of the cornerstones of ZIB’s research services has always been highperformance computing (HPC). Since
its foundation in 1984, ZIB has operated high-performance computers
that are among the fastest in Germany.
Currently, ZIB operates a Cray XC40 supercomputer as one of the two HPC sites
for the North German Supercomputer
Alliance (HLRN). But the provision of
supercomputer time is just one aspect
of ZIB’s HPC activities; another important research service is the organization
of courses, workshop, and consulting
for the HLRN users. Consultants at ZIB
provide valuable advice for HPC users
throughout Germany in fields such as
computational chemistry, fluid dynamics, structural mechanics, earth and environmental sciences, material sciences,
bioinformatics, and the life sciences.
ZIB’s HPC activities have always been
accompanied by data-archive services:
ZIB operates large-scale data archives
for in-house use and as a service for bitstream preservation to its partners in the
Berlin area. Our high-speed and highcapacity data archive is protected against

various environmental disasters such as
water, fire, smoke, and theft. High standards in data security are necessary because the vast majority of the stored data
is irreplaceable, such as raw measurement data from scientific experiments,
long-term climate data, or digitized
views of archaeological artifacts and documents. Consequently, we always store
two copies of the data, periodically testing the readability by verifying checksums, rewriting the data when necessary,
and migrating them to new storage technology when it becomes available.
Furthermore, our computing and
data services are complemented by the
operation of a high-speed network. As
a service for Berlin’s institutions in science, education, and culture, ZIB runs
the Berlin Research Area Information
Network BRAIN. It connects more than
150 locations of more than 45 institutions with approximately 2,000 km of
state-owned fiber-optic network. The
BRAIN core network, with nine routers distributed across Berlin, runs at a
speed of 10 Gb/s, providing fast, direct
IP data exchange between the sites.

However, ZIB’s research services are
not limited to the more classic aspects of information technology.
Rather, they heavily extend into the
field of Scientific Information. For
example, ZIB hosts the Cooperative
Library Network Berlin-Brandenburg
(KOBV), the common platform for all

1
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HLRN-III complex at ZIB

university libraries and public libraries and numerous research, special,
and government libraries in Berlin and
Brandenburg, and the Service Center
for Digitization Berlin (digiS), a project to coordinate and support digitization efforts of cultural assets in the
city-state of Berlin.

RESEARCH
SERVICES
Zuse Institute Berlin
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Data Science

DATA
SCIENCE
The extraction of knowledge from
data has always been of key relevance
for science, economics, and society. In
the age of the digital revolution, this
process is gaining importance with
dramatic consequences in science:
with the increasing use of high-vol
ume data from, for example, next-generation sequencers in the biosciences,
medical imaging in health care, sensor
data in geo- and environmental sciences, or text, audio, and video streams in
social networks, Data Science became
an newly emerging field.
It encompasses an interdisciplinary
spectrum of aspects ranging from largescale data management, via data curation and quality control to data analysis and visualization. The challenges of
handling big data are often described
by the four Vs, volume, variety, velocity,
and veracity: very large data volumes
are streamed with high velocity from
various heterogeneous and potentially
unreliable data sources and need to be

20
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analyzed for scientific results and economic benefit.
ZIB is active in various aspects of Data
Science: the distributed management
of structured and unstructured highvolume data sets; long-term bitstream
preservation; highly parallel, deep, and
sparse data analysis; data curation and
fusion; and scientific visualization and
visual data analysis. With ZIB’s development plan (Zukunftskonzept), we have
started to reorganize these activities
into one of the main cross-divisional
research pillars of ZIB.
One first important step in this direc
tion was the acquisition of the Berlin
Big Data Center (BBDC). The BBDC is
one of only two competence centers for
big data analysis in Germany. It was cofounded in 2014 by TU Berlin (coordinator), ZIB, DFKI, Beuth Hochschule, and
the Fritz Haber Institute. ZIB participates in BBDC through concerted efforts
of its divisions Parallel and Distributed
Computing and Mathematics in Life

and Materials Sciences. They contribute a scalable, declarative, open-source
system that enables the design, optimization, parallelization, and fault-tolerant execution of advanced data analysis pipelines, and they are responsible
for one of the key application pilot projects at the BBDC – the automated analysis of large-scale medical data. Fast and
reliable access to distributed data is a
necessary precondition for Data Science.
ZIB provides three major open-source
software packages: the distributed
cloud file system XtreemFS, the fast inmemory database BabuDB, and the
transactional key-value store Scalaris.
All three software packages are internationally recognized and are being
adopted by a growing developer community. The focus of these developments
was the design and proof of concept for
novel protocols on scalability and concurrency control in distributed data
management.
Long-term data storage is another

field of expertise at ZIB. We work with
several institutions in the Berlin area on
the secure storage of large data volumes.
Advanced techniques, like predictive
methods for anticipated bit errors on
tapes, have been developed jointly with
our industry partners and implemented
on the SL8500 data robots for more reliable long-term data storage. These activities are complemented by research
in data analysis that combine method,
algorithm, and software development
in visualization, machine learning, uncertainty quantification and visualization, data sparsity as well as modelbased approaches to the extraction of
knowledge from data such as data assimilation or parameter estimation.
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Economic Situation in 2014

ECONOMIC
SITUATION
IN 2014

¤ 1,166,042
BMBF/BMWi

¤ 2,919,279
INDUSTRY

¤ 1,269,374
DFG (incl. MATHEON)

¤ 544,944
EU

¤ 1,358,193

OTHER PUBLIC FUNDS

ZIB THIRDPARTY FUNDS
BY SOURCE
8%

EU

16% BMBF/BMWi
17% DFG (incl. MATHEON)
19% OTHER PUBLIC FUNDS
40% INDUSTRY
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Economic Situation in 2014

ZIB THIRDPARTY FUNDS
IN EUROS
The Zuse Institute Berlin (ZIB) finances its scientific work via three main
sources: the basic financial stock of
the Federal State of Berlin, and thirdparty funds of public sponsors, and
industrial cooperation contracts.
In 2014, ZIB raised third-party funding through a large number of projects.
Unfortunately, project-related public
third party funds declined from k€ 4,999
in 2013 to k€ 4,339 in 2014, but industrial third-party projects more than
compensated the losses, and funding
rose significantly compared to last year
from k€ 1,803 to k€ 2,919. Altogether,
k€ 7,258 in third-party funding marked a
new record in ZIB’s history.
Despite the economically difficult
times, ZIB was once again able to acquire interesting research projects and
remains a very attractive cooperation
partner for medium-sized, innovative
companies. In particular, the Research
Campus MODAL strongly supports the
cooperation with industry, as well as
with small and medium-sized enterprises.
ZIB’s research-and-development collaborations were able to gain new, longterm prospects.
Based on these success stories, ZIB
strengthened its position as an attractive place for innovative mathematicians and computer scientists such that
the number of employees at ZIB stayed
almost constant despite the fact that
many highly qualified scientists were offered careers in academia or industrial
research elsewhere.
The new HLRN-III high-performance
computer at ZIB started operating in
September 2013 and performed well in
2014. Again, the institute’s long-term
data storage was further expanded. As
a consequence, a large number of new
research collaborations with Berlinbased, national, and international institutions in this area could be initiated.
With these developments, ZIB strengthened its position as a competence center
for computing and Data Science.
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Spin-Offs | Number Of Employees

ONSCALE SOLUTIONS GMBH
2006 | www.onscale.de
Software development, consulting,
and services for parallel and distributed
storage and computing systems

QUOBYTE INC.
2013 I www.quobyte.com
Quobyte develops carrier-grade
storage software that runs on offthe-shelf hardware
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49

49
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STUDENTS

64

149

213

63

145

208

TOTAL

TOTAL

JCMWAVE GMBH
2006 | www.jcmwave.com
Simulation software for optical components

TASK – BERTHOLD GLEIXNER
HEINZ KOCH GBR
2010
Distribution, services, and consulting
for ZIB’s optimization suite

SPINOFFS
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1000SHAPES GMBH
2010 | www.1000shapes.com
Statistical shape analysis

Limited

VISAGE IMAGING GMBH
(Originating from a spin-off of Visual
Concepts GmbH)
1999 | www.visageimaging.com
Visualization and data analysis
(Amira etc), especially medical
visualization

LENNÉ3D GMBH
2005 | www.lenne3d.com
3-D landscape visualization,
software development, and services

LAUBWERK GMBH
2009 | www.laubwerk.com
Construction of digital plant models

Permanent

AKTUARDATA GMBH
1998 | www.aktuardata.de
Development and distribution of riskevaluation systems in health insurance

DRES. LÖBEL, BORNDÖRFER &
WEIDER GBR
2000 | www.lbw-berlin.de
Optimization and consulting in
public transport

NUMBER
OF EMPLOYEES

In the year 2014, 208 people
were employed at the ZIB; of
these, 145 positions were financed by third-party funds.

TOTAL

INTRANETZ GMBH
1996 | www.intranetz.de
Software development for logistics,
database publishing and e-Government

BIT-SIDE GMBH
2000 | www.bit-side.com
Telecommunication applications
and visualization

XTREEM STORAGE
SYSTEMS GMBH
2013 | www.quobyte.com
Xtreem Storage Systems develops
software-only storage systems that
run as software on COTS hardware;
it offers carrier-grade storage
software for enterprises that runs
on off-the-shelf hardware; Xtreem
Storage Systems GmbH was founded
in 2013

Limited

RISK-CONSULTING
PROF. DR. WEYER GMBH
1994 | www.risk-consulting.de
Database marketing for insurance
companies

ATESIO GMBH
2000 | www.atesio.de
Development of software and consulting
for planning, configuration, and optimization of telecommunication networks

Permanent

COMPUTING IN
TECHNOLOGY GMBH
(CIT)
1992 | www.cit-wulkow.de
Mathematical modeling and development of numerical software for
technical chemistry

Zuse Institute Berlin
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1 Electron microscope image of three quantum-dot microlenses serving as single-photon emitters in quantum communications. Technology:
AG Reitzenstein, TU Berlin.

Prof. Dr. Frank Schmidt | frank.schmidt@zib.de | +49-30-84185-174

DESIGN OF
NANOPHOTONIC
DEVICES
Photonics is a key
enabling technology

1

The International Year of Light, 2015, established under the auspices of the United Nations, aims to strengthen the global awareness of how light-based technologies enforce
sustainable development and provide solutions to global challenges in energy, information technologies, education, agriculture,
and health. ZIB contributes in particular to
nanophotonics research in areas such as
solar-energy harvesting and advanced quantum devices, which are key to progress with
respect to the global challenges.

Design Of Nanophotonic Devices

1 Participants in the grand opening of
the Berlin Joint Lab for Optical Simulation for Energy Research.

SOLAR
ENERGY
A path with great promise on the road
to a clean and sustainable world energy supply is the use of solar energy.
Our research follows two paths.
The first one is photovoltaic (PV) energy conversion; the second and new one
is artificial photosynthesis. The technology roadmap of the International Energy
Agency predicts an annual market of 105
GW for photovoltaic systems in 2030
and a total installed capacity of 900 GW
that contributes 5% to the total electricity generation. In view of a sustainable
energy supply, these technologies should
also not be limited by the abundance of
the required materials. This research requires the close collaboration of partners
from different fields, and the highlight of
2014’s activities was the opening of the
cross-institutional Berlin Joint Lab for
Optical Simulations for Energy Research
(BerOSE).

BERLIN JOINT
LAB FOR OPTICAL
SIMULATION
FOR ENERGY
RESEARCH (BEROSE)

1

The lab assists in the research and develop
ment of materials and devices for photo
catalysis, photovoltaics, and photo
nics
with structure sizes in the nanometer
range. The main focus will be the 3-D
simulation of both single structures and
entire functional systems. The partners

of the joint lab are the Helmholtz Center
Berlin, the Freie Universität Berlin, and
the Zuse Institute, whose specific experience combines experimental and theo
retical work and scientific computing.
The joint lab is based on a long-term
and very successful collaboration of the

partners in the field of thin-film photo
voltaics. But the lab includes also
new research fields: Nanoplasmonics
in solar-cells, artificial photosynthesis,
and nanophotonic concepts for sensors
and functional optical components.

© Andreas Kubatzki, Helmholtz-Zentrum Berlin
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1

THIN-FILM SOLAR
CELLS: IMPROVING
EFFICIENCY WITH
LIGHT MANAGEMENT
Silicon thin-film technology has the potential to meet all economic and ecological
requirements if the efficiency of solar cells
incorporating silicon thin films (today
about 12%) can be brought into the range
of silicon wafer devices (20-25%). Recent
years saw a dramatic breakdown in the
industrial production of thin-film cells
due to the cheap availability of thicker
wafer-based modules. Apart from current industrial considerations, the optimization of thin-film techniques, which
are gentle on resources, remains a scientific goal as the gained insight is not limited to solar-cell applications, as it can
possibly also be applied, for example, in
sensing applications.

© Fraunhofer ISE Freiburg

Design Of Nanophotonic Devices

Thin-film devices suffer from insufficient absorption of sunlight in the semi-
conductor layer. A promising way of increasing the absorption and thus the
efficiency of thin-film solar cells is the use
of light-management structures. These
textures act as a scattering layer that diffract more of the incident solar irradiation
into the absorber layer than a planar material interface. Through total internal reflection, light is kept for as long as possible
inside the active semiconductor region of
the solar cell, thus enhancing the conversion of photons into electrons. This process is also referred to as “light trapping.“
Figure 2 shows snapshots from different
technological approaches to improve light

1 Hochflexibel und dünn: organische Solarzelle
© Franz Metelec / Fotolia

trapping. All of these different concepts
have been investigated and optimized
with respect to their light-trapping proper
ties through means of optical simulation.
The classic thin-film approach is to use
the naturally occurring random texturing
during crystal growth in the production
process and optimize it with respect to
light scattering (cf. Figure 2a) [1].
Another commonly investigated approach is a periodic arrangement of scattering structures on the metallic back reflector of a solar cell, such as the plasmonic
silver nanopyramids shown in Figure 2b).
For this simulation, the deposition process
of silicon is modeled as well and results in
smoother texture. Novel texturing efforts
such as nanoimprint lithography can be
used to cheaply texture large areas of highquality silicon. The resulting periodic
structures are highly efficient in trapping
light and exciting resonances (Figure 2c).

1 Our aim: Improving the efficiency of

solar cells
2 Solar cell models for three different
types of light scattering elements:
a Random texture in a micromorph tandem solar cell.
b Amorphous silicon thin-film cell on
silver-pyramid back reflector.
c Periodic, conical shaped scatterer in
etched polycrystalline material.

a

ARTIFICIAL
PHOTOSYNTHESIS
BerOSE offers new and exciting research
topic opportunities in addition to solarcell light management. Photovoltaic energy conversion relies on sunlight, and
the produced electricity cannot be efficiently stored in large quantities today.
The most efficient way to store large
amounts of energy is in chemical fuels
such as gasoline or hydrogen. A novel
idea is thus to store solar energy within
solar fuels produced through artificial
photosynthesis. The goal of artificial
photosynthesis is to mimic the green
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plants in using sunlight to make highenergy chemical solar fuels like hydrogen or ethanol. In close collaboration
with our partners Professor van de Krol
and Dr. Abdi from the Institute of Solar
Fuels at the Helmholtz Center Berlin,
we investigate monolithically integrated
water-splitting devices. We intend to
improve optical absorption within the
metal-oxide semiconductor layer with
plasmonic effects that also might enhance the catalytic conversion of water
to hydrogen and oxygen.

c

b

2
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OTHER
NANOPHOTONIC
DEVICES

VERTICAL-CAVITY
SURFACE-EMITTING
LASERS (VCSELS)
single-transverse TEM0,49 mode of the
cylinder symmetric structure is shown
in Figure 2. The field intensity is concentrated along a small circular ring and
vanishes in the center. The designed lasers have been fabricated. The 850 nm
GaAlAs–based VCSELs demonstrated
single-mode lasing and a confirmed operation speed up to 25 Gb/s [3].

VCSELs are key components for optical
interconnects and are widely applied in
high-performance computers and data
centers. Single transverse-mode VCSELs
are used in sensing, illumination, and
display applications. Within this collaboration project, we study designs aiming at large numerical apertures. An example of an excited whispering gallery

1

10

In addition to solar energy, another
focus of our research activities lies
in the development of advanced tools
for the analysis and design of nanophotonic devices.
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OPTICAL METROLOGY:
FINFETS AND VNANDS
Optical metrology makes use of the interaction of light with nanostructured objects to measure unknown quantities –
most importantly, geometric quantities.
Reliable measurements are an essential
precondition for any future lithographic
manufacturing processes and need to be
reliable down to a subnanometer level.
In the semiconductor industry, it is used
in process control and in mask quality
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control. Numerical modeling is an im
portant part of optical metrology setups
in this field: measurement results are
compared to simulation results of a parameterized model in order to quantita
tively determine dimensions of the mea-
sured sample. With increasing complexity
and decreasing feature sizes, the need for
accurate optical metrology methods for
complex 3-D shapes is increasing [2].

1 Tetrahedral mesh of the gate structure of a FinFET.
2 Field intensity of a lasing VCSEL.
Cross section through the cylindrical
structure.

Zuse Institute Berlin
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3

An object is called chiral if it cannot be
identified with its mirror image. Chiral
objects react differently to left or right
circular polarized light. This is called optical activity and is used in many applications. A chiral structure, which can be
dispersed in a liquid to investigate interactions with large chiral molecules, can, for
example, be achieved by etching a surface
that is not symmetric in the sense that it

QUANTUM
DOTS WITH
LENSES
Due to the increasing use of telecommunication in all areas of society, be it political,
industrial, or private, potential threats by
unwarranted access to data by third parties has become a major source of concern
for users as well as providers of communication channels. Great efforts have been
made in guarding communication against
attacks and eavesdropping; however 100%
security cannot be guaranteed in classic
transmission systems as the risk of wiretapping or other attacks is always present.
Quantum communication, on the other
hand, has the potential of achieving that
long-sought-after goal of absolute security, as at its core it relies on the quantum
nature of singular particles, which may
not be copied or altered without being
noticed by the communication partners.
To enable quantum communication,
novel, nonclassic light sources are needed

OPTICAL
CHIRALITY

which are capable of reliably generating
singular quanta of light, a.k.a. photons.
In contrast to classic light sources, which
are designed to emit as many photons as
possible, light sources suitable for quantum communication may only generate
one photon at a time to ensure that only
one copy of the information the photon
carries is in existence.
Our group in collaboration with the
Institute for Solid-State Physics of TU
Berlin is involved in the optimization of
such nonclassic light sources based on
quantum dots in GaAs semiconductors.
Simulating the optical field in a quantumdot-based single-photon emitter is a fast,
inexpensive, and reliable way of optimizing such devices and gives rise to higher
efficiency, better thermal properties, a
smaller footprint, and many more technological and economic properties [4].

has a crystalline structure with nonstandard orientation. The etching causes chiral
cavities in the surface from which negative forms can be extracted and dispersed
(see Figure 4). Recently, there has been
an interest in studying this kind of artificially manufactured chiral nano-objects
to study qualitatively new physical effects on molecules for biological or pharmaceutical applications [5].

4

3 Numerical model of a single-photonemitter device consisting of a Bragg
grating and the quantum source covered
by a Gaussian lens.
4 Artificially created chiral nanostructures and the corresponding geometric
model.
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ADVANCES
IN ADAPTIVE
FINITE ELEMENT
METHODS
The focus of this algorithmic-oriented research is the generalization
and performance improvement of the
adaptive finite-elements framework
for the solution of Maxwell’s equations. In recent years, we have added
a number of new key features.

UNBOUNDED
DOMAINS
A key to a rigorous and efficient solution for optical scattering problems is a
suitable treatment of wave propagation
on unbounded, possibly heterogeneous,
exterior domains. During the entire period of our research, we developed and
continuously improved a new approach
called Pole Condition, and extended a
given approach, the Perfectly Matched
Layer technique, to cope efficiently with
such problem types. Besides Maxwell
equations, we extended the concepts to
the Schrödinger equation, Klein-Gordon
equation, and drift-diffusion equation.
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REDUCED
BASIS METHODS
Based on the finite element package,
adaptive, error-controlled reduced basis
methods for solving parameterized 3-D
optical scattering problems have been
developed and applied in manifold multiquery and real-time contexts. The main
application fields are the optimization of
solar-cell structures as well as inverse problems for parameter reconstructions as they
occur, for example, in optical metrology.

HIERARCHICAL
HIGH-ORDER
FINITE ELEMENTS
We completed our software package with
hierarchical high-order finite elements
for different types of mesh cells (tetrahedrons, hexahedrons, prisms, and pyra
mids) that can be combined in hybrid
meshes. Such hybrid meshes with adap
tively chosen mesh size and order are
superior to traditional meshes of uniform type and uniform in size and order.

HYDRODYNAMIC
MODELS IN
PLASMONICS
The light-matter interaction, even in classic or semiclassic formulations, gives rise
to new physical effects when the structure
sizes approach the subwavelength scale.
In the range of a very few nanometers,
the classic local Drude model has to be
replaced by models closer to quantum
mechanics. We developed a numerically
consistent nonlocal hydrodynamic model
that was able to predict the right resonances in nanoparticles.

PERIODIC
UNBOUNDED
DOMAINS
A very recent result involving unbounded
domains is the optimization of organic
light-emitting diodes (OLED) where we
developed novel numerical techniques allowing fast computation of the light outcoupling efficiency. The special situation
is that the unbounded simulation domain
consists of periodic or quasiperiodic scatters. To account for this horizontal extension of the OLED, we applied a recently
proposed technique based on a Floquet
transform. This allows for a restriction of
the calculations to a unit cell of the periodic structure and results in an enormous
gain in the numerical efficiency.

Zuse Institute Berlin
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Dr. Steffen Prohaska | prohaska@zib.de | +49-30-84185-337

IMAGE
ANALYSIS
FOR BIOLOGY

1

Solutions for advanced
analysis questions
Microscopy techniques are becoming an increasingly important tool for research
in biology. They are key to analyzing biological systems on various scales, from the
structure of biomolecules, using electron microscopy, up to whole organs, using optical microscopy. ZIB helps to create an understanding of biological systems through
image-analysis solutions. We develop analysis methods and software that biologists
apply to answer advanced analysis questions.
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1 Section of the cortex of a mouse brain. Neuron cell bodies in blue green. Blood vessels and
other structures in orange. Image slices in gray.
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RECONSTRUCTION
AND ANALYSIS OF
THE MICROTUBULE
SPINDLE USING
ELECTRON
TOMOGRAPHY
Microtubules are tube-like polymers that
play an important role in cell division.
They form the spindle - a microtubule assembly that segregates the chromosomes.
One important method for investigating
microtubules in cells is electron tomography. Thick (300 nm) serial sections of cells
are prepared for electron microscopy and
imaged on a CCD camera. With the application of image-processing techniques,
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we are able to automatically extract the
centerlines of microtubules within a section [7][8][9]. Furthermore, we have been
developing reconstruction methods for a
quantitative analysis of full mitotic spindles. These methods allow joining electron tomograms and extracted microtubule centerlines across physical sections
to create a geometric model of the entire
spindle [10]. The development started

1

2

in collaboration with the MPI-CBG
Dresden and is now being used in several
biology laboratories worldwide. With the
achieved level of automation, the analysis of microtubule organization for large
parts of the cell from serial-section electron tomography now seems feasible for
the first time. The results will be visually
and quantitatively analyzed.

1 Microtubule traced from electron tomograms. The simulated atomic structure
has been added for illustration.
2 Traced microtubules for a stack of serial section electron tomograms. The simulated atomic structure has been added
for illustration.

Zuse Institute Berlin
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MODELING
SYNAPTIC
CONNECTIVITY
IN ANATOMICALLY
REALISTIC
NEURAL
NETWORKS

Neuroscientists would like to understand
how the brain processes sensory information, and how this ultimately leads to certain behavior. To investigate this, our collaborators (Oberlaender Group, MPI for
Biological Cybernetics, Tübingen) used
the rat somatosensory (barrel) cortex,
which processes information from the
whiskers, as a model system. The brain is
comprised of a large number of interconnected neurons, which have a complex
tree-shaped form, allowing them to communicate with many other nerve cells
over potentially long distances. Together
with our project partners, we developed
methods for the detailed 3-D reconstruction of the individual neuron’s shape from
microscopic images, including its complex and long-ranging axonal arbor [11].
Based on such carefully reconstructed
anatomical data, we created a 3-D digital
model representing the rat barrel cortex [12] consisting of approximately 0.5
million neurons and their synaptic connections. The model is able to reproduce
important network properties that have
been reported in the literature (for
example convergence) and could therefore be used to predict other network
properties that are difficult to access
through laboratory experiments. This
model provides insight into the neural
circuits that process touch information
and can, for example, serve as the
anatomical basis for simulating the flow
of information through parts of the brain.
1 Cell-type-specific synaptic connectivi-ty in the rat barrel cortex. A 3-D model
of the rat barrel cortex was created by
placing a measured number of neuron
reconstructions (left) in a reference frame
defined by the pia (top), and white-matter
(bottom) surfaces and 24 cortical columns
(illustrated by the transparent cylinder
and the contours at the top). From this
dense model, we can estimate synaptic
connectivity between individual neurons
or at the level of cell types. Shown are the
complex dendritic (red) and axonal (black)
trees of a single-layer 5 thick-tufted cell.
Through their long and complex axonal
branches, neurons of this type make many
synaptic contacts in the surrounding
cortical columns, mainly at the top of the
barrel cortex (orange).
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UNDERSTANDING
BIOMATERIALS

1 Integration of information from smallangle X-ray scattering (SAXS) into 3-D
density image acquired using μmicro-CT.
The first row shows the input data: a
Volume rendering of micro-CT image. b
EM image. c SAXS image, which can be
easily superimposed with EM; the quantity T is the mean thickness of the particles
measured using SAXS; the barcode shows
the predominant orientation. The second
row shows the intermediate d and final
results ( e , f ): d Result of the registration displayed using blending. Registration
of SAXS image using EM as methodic link.
e Same as f but without the EM image.

f

REGISTRATION OF 2-D
IMAGE DATA INTO 3-D
VOLUMETRIC DATA
Many biological materials are composites with a hierarchical structure [13].
In order to understand the hierarchical nature of materials, they are investigated on different length scales using a
variety of imaging techniques, including
medical CT, micro-CT, electron microscopy (EM), nanoindentation (NI), and
small-angle X-ray scattering (SAXS). At
ZIB, we develop automated techniques
for image registration, segmentation, and
analysis of data from such imaging techniques. In collaboration with the MPI
of Colloids and Interfaces in PotsdamGolm, we have shown in two projects
how automated image-analysis techniques help in understanding the structure of biological materials.
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The first project, a collaboration with
Wolfgang Wagermaier and Rebecca
Hoerth is aimed at understanding bone
healing after fracturing. For different
fracture gaps of rat bones, the healing
process was studied. Of particular interest here was the orientation of the mineral platelets in the fractured regions
during the healing, which was studied
using SAXS imaging, a 2-D imaging technique with very high resolution. In order
to better understand the results of this
imaging technique, the 2-D SAXS images
were integrated into the 3-D volume of
the bone obtained using micro-CT. We
developed a multistep semiautomatic
registration method using 2-D EM
images as a methodic link [14]. In a first
step, the SAXS images were registered
to the 2-D EM image, which was then
registered to the 3-D micro-CT image.
We developed an approach using a
combination of the generalized Hough
transform and image-based optimization
to register the 2-D EM images into
the 3-D volumes with only minor user
interaction. We could register all data
sets within less than one hour while
spending only 10-15 minutes of manual
labor per slice [14].
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ANALYSIS OF
SKELETAL
ELEMENTS OF
CARTILAGINOUS
FISH
In a second project, we have been developing methods for image segmentation
and shape analysis in collaboration with
Mason Dean and Ronald Seidel. The project focus is the skeletons of cartilaginous fishes (sharks and rays), which
are covered by a mineralized layer composed of a network of tiles, called tesserae.
This mineralized layer is known to
stabilize the skeletal elements. But many
questions concerning the properties,
the distribution, and the growth of these
tesserae remain unanswered [15], in
part because no methods were available
for quantifying the shapes and arrangements of the massive number of tesserae
on each skeletal element. The methods
we have been developing allow us to
investigate the anatomy of the mineralized layer at various levels of structural
hierarchy, working from micro-CT and
synchrotron-CT scans of tessellated
(tiled) cartilage. In his master’s thesis [16], David Knoetel developed an

c

d

automated image-analysis pipeline to segment tesserae at different levels of detail
and then reduce the complex network to
a series of data visualizations to facilitate
analysis. On a different length scale,
bachelor student Merlind Schotte works
on the automatic extraction of shape parameters from entire skeletal elements
based on principal component analysis,
enabling the comparison of shapes across
different species of sharks and rays.
These analyses of structural complexity
on different size scales provide a unique
window into the organization, growth, and
mechanics of this interesting biological
tissue composite and are invaluable
input for bio-inspired modeling projects.

e

2 Work flow for tesserae segmentation.
From top to bottom: a Data set to be
segmented, rendered using volume rendering. b Volume rendering of subregion.
c Isosurface. d Distance map for binary segmentation. e Automatic segmentation of distance map. f Connectivity
graph of segmented region with volume
rendering. g Manually corrected segmentation. h Final segmentation of tesserae.

f

g

2
h
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VISUAL
DATA
ANALYSIS
SOFTWARE
AMIRA
Amira is commercial software for
visualization and data analysis with
approximately 7,000 users worldwide. The initial version of Amira was
developed at Zuse Institute Berlin
(ZIB) in 1994 in response to the lack
of an interactive, simple-to-use, and
extensible software solution for noncomputer scientists that wanted to
apply visualization.
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Today, Amira is commercially developed
and distributed by FEI Visualization
Sciences Group. ZIB still contributes to
the development of Amira through technology transfer, based on a long-term
cooperation with FEI that funds the development of novel algorithms at ZIB.
The transfer allows ZIB to distribute its
methods to a large audience while benefiting from the maintenance and support
of the company. Support for several operating systems, code maintenance, and bug
fixes are provided over the long term, which
helps to ensure that Amira is a reliable
framework for biological image analysis.

Amira is also used as the basis for many
research projects at ZIB and is freely
available to ZIB cooperation partners.
ZIB offers selected image-analysis solutions for download on the Web site, as
extensions to Amira to allow researchers to reproduce and apply methods that
have been developed and published by
ZIB. Sharing our solutions provides direct value to the research community and
helps us to test and verify our algorithms.
Examples are the automated segmentation of actin filament networks, tracing of
microtubules, and the 3-D reconstruction
of neurons.

In recent years, ZIB contributed several improvements for image analysis to
Amira, such as tools for interactive image
segmentation and for deriving quantitative information from reconstructed
geometry. One highlight is a work flow
for automatic and semiautomatic reconstruction of filamentous structures
from electron tomograms. With this new
work flow, Amira provides a unique solution that is used by laboratories worldwide for analyzing microtubule organization during cell division.
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© NC-SA 2.0 Matt

Katzenberger via
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A
CURIOUS
LOOK OVER
THE EDGE

From Open Access
to Open Science
Today, 12 years after the Berlin Declaration, the
characteristic adjective “open” can be found in the
most diverse scientific and social discourses [25]. In
science and research, the subject Open Access increasingly refers to research data and research processes. Mass digitization of cultural artifacts and
the application of information technology not only
technically open up new framework conditions for
knowledge production; they also enable a view beyond the horizon and confront traditional academic
discourse with changed epistemic aspects.
Beate Rusch | rusch@zib.de | +49-30-84185-298
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ON OPEN ACCESS,
OPEN SCIENCE,
OPEN DATA
For the Open Access Movement, 2014
was definitely a good year. Following
decades in which this topic was raised
by committed scientists (among them
numerous mathematicians) again
and again, it has now made its way
into the center of society.
The so-called “Green Road” has become law for a certain area, since in
January 2014 the self-archiving law
(Zweitveröffentlichungsrecht) came into
force [33]. It gives scientists the right to
publish their own articles on the Internet
after a period of one year. However, this
is not an “indispensable” right; the focus
is on results from publicly funded proj
ects, not on publications from university
research itself [34]. Critics also complain
that especially in scientific disciplines an
embargo of six months would have been
advisable. Nevertheless, another step has
been made.
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The resolution of the Scientific Committee
of the Berlin House of Representatives
in May 2014 in favor of an “Open Access
Strategy for Berlin: Making Scientific
Publications Accessible and Usable for
Everyone” was aimed at universities and
scientific institutions in Berlin. They are
requested to develop “their own OpenAccess strategies” comprising publications, research data, and scientific software. Furthermore, the Senate has been
asked to examine to what extent the
Open Access concept may be embedded
in the (future) agreements with Berlin
universities [35].

Before the Open Access concept finally reached the legislator, it required
a large number of scientific-political
statements of intent, most notably the
“Berlin Declaration on Open Access
to Knowledge in the Sciences and
Humanities” published back in 2003. It
has been signed by more than 500 universities, academies, foundations, and
associations worldwide [36]. Already in
its preamble, the Berlin Declaration explicitly includes cultural heritage in its
definition of goals for Open Access: “The
Internet has fundamentally changed the
practical and economic realities of distributing scientific knowledge and cultural heritage. For the first time ever, the
Internet now offers the chance to constitute a global and interactive representation of human knowledge, including
cultural heritage and the guarantee of
worldwide access” [37]. The entire spectrum of potentially available material is
explored: “Open-access contributions include original scientific research results,
raw data and metadata, source materials,
digital representations of pictorial and
graphical materials, and scholarly multimedia material” [38].

One of the latest contributions of ZIB to
the mindset of Open Access stems from
the DFG-funded research project EWIG.
Recently completed, the project looked
at the various obstacles in the work flow
from scientific research data into the
long term archive or the permanent domain [39]. There are undoubtedly a few
technical hindrances but the main problem seems to be the attitude towards
and knowledge on the concept of Open
Access to research data. To lower the
barriers and pave the way for the idea of
the open sharing of knowledge as early
as possible, a brochure was published
targeting junior scientists and teachers
alike. It covers the main components of
research data management and can serve
as a component for developing a curriculum dealing with this topic as well as a
reference guide providing orientation to
young scientists [40].
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1 Winners of the first culture hackathon Coding da Vinci

1
OPENING UP AND
AVAILABILITY OF
BERLIN’S CULTURAL
HERITAGE

© 3.0 Coding da Vinci: Der Kultur-Hackathon Autor: Volker Agueras Gaen

FROM OPEN
ACCESS TO
OPEN SCIENCE
Today, 12 years after the Berlin Declara
tion, the characteristic adjective “open”
can be found in the most diverse scientifi c
and social discourses [25]. In science and
research, the subject Open Access increasingly refers to research data and
research processes. Mass digitization of
cultural artifacts and the application of
information technology not only technically open up new framework conditions
for knowledge production; They also enable a view beyond the horizon and confront traditional academic discourse
with changed epistemic aspects.
For instance, the “Digital Humanities”
see themselves confronted with new
questions in terms of theory and practice
of cognition. “We are (…) in the midst of
a transformation of the institutional and
conceptual conditions of possibility for
the generation, transmission, accessibility, and preservation of knowledge” [26].
The great challenge arises from the
altered quality of the technological
change. Not only large amounts of data,
but also extremely heterogeneous data
such as digital representations of cultural
heritage objects have to be standardized,
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quality-assured and made available [27].
“Research data at your fingertips” [28]
is formulated as a vision by the working
group for research data of the German
science organizations’ priority initiative
“Digital Information”. Here, topics such
as licensing, sustainable digitization, and
long-term availability of data as well as
Open Access are parts of comprehensive
research data management [29], which,
in the spirit of Open Science, must be
more than the sum of all these parts.
Integration of the Open Data concept into the Open Science Movement
should be understood in this spirit, too.
Open Data is based on the fundamental
assumption that only open knowledge in
the form of freely accessible and reusable
data is able to promote innovation in the
development of knowledge. Distribution
and reuse of open knowledge resources
is the explicit objective of Open Data
and desirable without any restrictions.
According to the “open definition” of
the Open Knowledge Foundation, open
knowledge must not be subject to legal,
technical, political, or social restrictions
[30].

CULTURAL
HERITAGE IN
THE DEPARTMENT
FOR SCIENTIFIC
INFORMATION
AT ZIB
Today, ZIB is operating as the Berlin
Competence Center for Computing and
Data Science combining internationally
visible research competencies with firstrate scientific services and appropriate
infrastructure. At present, the multi-
disciplinary subunits in the department
for Scientific Information act as enablers
for memory institutions (libraries, museums, archives) by, supporting their
rapidly growing activities in the digital
humanities.

The task of digiS – Servicestelle Digitali
sierung Berlin (service center for digitization, Berlin) – is to make cultural data
available. Cultural heritage institutions
frequently lack both organizational and
technical prerequisites to make their
digital content permanently accessible.
Data that is to be used in the future, too,
requires high quality in terms of their
representations and descriptions so that
users are able to reconstruct the informational content of an object [31].
Therefore, digiS has been commissioned by the Federal State of Berlin to
develop a forward-looking plan for the
long-term preservation and availability of the digital cultural-heritage. In the
future, cultural heritage institutions
should have transparent access to their
own data via the digital preservation system currently under development as a
joint endeavor of digiS and KOBV. At the
same time, these cultural data resources
should be available to the general public,
as far as this is legally permissible. The
goal is to maintain the reuse and recontextualization of cultural data, for both
today’s and future users [32].
How users’ expectations regarding
(cultural) data have changed, which opportunities open cultural data can make
available, and what multitude of uses are
possible with them have been demonstrated impressively in 2014 by means of
Coding da Vinci [33], the first hackathon
using cultural data in Germany.

CODING DA VINCI –
“LET THEM PLAY
WITH YOUR TOYS!”
(Jo Pugh, National Archives, UK)
Coding da Vinci was organized by digiS in
cooperation with three further partners:
Deutsche Digitale Bibliothek (DDB), Open
Knowledge Foundation Deutschland e. V.,
and Wikimedia Foundation Deutschland
e. V. The goal was to put cultural heritage
institutions and participants (developers,
Web designers, and connoisseurs of culture) in a position to experience the possibilities of open cultural data. Between
April and July of 2014, 26 open data sets
from 16 cultural institutions were used by
the 150 participants for new applications
[34]. The large number of participants
and the vast public interest in Coding da
Vinci have shown that the dialogue between cultural institutions and their
users has become a mutually beneficial
creative process. The user in the traditional sense is replaced by the “prosumer,”
who has programming skills and wants to
work with the available data beyond the
view-only access that was already possible before. Using open data in new applications creates numerous opportunities
to discover and interpret cultural heritage in new contexts. The Stadtmuseum
Berlin, the Zentral- und Landesbibliothek
Berlin (ZLB), and the Berlinische Galerie
have contributed data sets to the hackathon that in part originated from the
digiS-supported Funding Programme
Digitization Berlin.
Besides these activities in open data,
ZIB, namely its department for Scientific
Information, has provided services for
Open Access for many years, including
the online publication system OPUS.

OPEN ACCESS
WITH OPUS
The “Green Road” to self-archiving often
passes through an institutional repository, which usually is organizationally as
signed to a library.
In this context, the Kooperativer
Bibliotheksverbund Berlin-Brandenburg
(KOBV), part of ZIB since 1997, provides support with its repository OPUS
4. Following its initial DFG funding, the
open-source software has been further
developed at ZIB and offered as a nationwide hosting service since 2010 [19].
OPUS 4 supports the relevant technical
open standards (OAI/PMH, OpenAire,
URN, XMetaDissPlus). Hosting also implies quality-tested, trustworthy repositories for which the technical infrastructure was certified at the end of 2014 (Dini
Certificate 2013) [20].
In particular, the combination of development and hosting can be considered
a success. This becomes evident from
mere numbers alone: of the more than 60
known OPUS 4 instances, more than half
are hosted at ZIB. Among these are not
only numerous institutional repositories
but also specialized preprint servers –
for example, that of the research center
MATHEON [21].
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The academic publishing industry for
Science, Technology and Media (STM)
is dominated by a small oligopoly of
international specialist publishers.
Here, a precarious imbalance has developed in which scientists write, are
members of editorial boards conducting elaborate peer reviews, and finally
buy back the publishing products via
their library at a high price. The unmistakable annoyance about this [22]
has also led to the situation that publishing houses now feel compelled to
offer Open Access options – though
seemingly reluctant.
An in-house example is the online
version of the Journal Mathematical
Programming Computation (MPC).
The journal is produced using the Open
Journal System OJS and has been hosted
by ZIB since 2008. Every year about four
issues with three to four articles each are
published. The issues are both available
on the Springer server and on mpc.zib.de.
There also is a printed edition available
for a fee.

OPEN-ACCESS
MPC JOURNAL

MPC publishes original research articles
covering computational issues in mathematical programming. Articles report on
innovative software, comparative tests,
modeling environments, libraries of data,
and/or applications. A main feature of
the journal is the inclusion of accompanying software and data with submitted
manuscripts. The journal’s review process includes the evaluation and testing
of the accompanying software. Where
possible, the review will aim for verification of reported computational results.
MPC supports the creation and distribution of software and data that foster further computational research. The
opinion of the reviewers concerning this
aspect of the provided material is a considerable factor in the editorial decision
process. Another factor is the extent to
which the reviewers are able to verify the
reported computational results. To this
aim, authors are highly encouraged to
provide the source code of their software.
Submitted software is archived with the
corresponding research articles.
Since mathematical software could be
considered research data in mathematics
compared to the publication itself, it is of
great interest to keep that research data
for future reference. To this end, an open
repository for mathematical software has
been established at ZIB – SW-Math.

© 3.0 Jürgen Keiper
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Mathematical software is a new and
emerging component of mathematical
knowledge and a bridge between mathematical research and applications of
mathematics in science, service, and administration. But visibility and accessibility of mathematical software should
be improved. Searching and identifying
mathematical software for a given problem are different for a variety reasons:
ϞϞ Software packages are dynamic
(typically, there are a lot of different
versions).
ϞϞ Software is dependent on hardware,
operating systems, and other software.
ϞϞ There are a lot of different licenses
and usage conditions,
ϞϞ Documentation of software is often
sparse.
ϞϞ There exists no standard for software
citation.
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AN OPEN
PORTAL FOR
OPEN INFORMATION
ON SOFTWARE –
SW-MATH

WORLD DIGITAL
MATHEMATICS
LIBRARY(DML)
The mathematical community has provided some special services for mathematical software, but a comprehensive
portal for mathematical software is still
missing. The portal swMATH (www.
swmath.org) is a new approach for a special search engine and information service for mathematical software. A unique
feature of this approach is its publication-based approach. The concept of
swMATH exploits mathematical publications to get information about software. This is an efficient approach that
can be done semiautomatically. As a relevant source of mathematical literature,
the bibliographic database zbMATH, the
most comprehensive database of mathematical literature, is used.
Currently, the portal swMATH provides free access to information on
more than 9,000 mathematical software
packages. The further quantitative and
qualitative development of information about mathematical software, especially the portal swMATH but also
the development of standards, is a common activity of ZIB and Zentralblatt für
Mathematik/FIZ Karlsruhe within the
Research Campus MODAL, which aim
to strengthen the role of mathematical
software development as a research area
of their own and to improve the visibility
and usability of mathematical software.

For years, mathematics has been
dreaming vibrantly of a World Digital
Mathematics Library [39].
What has to be overcome are the usual
legal hurdles and organizational/financial challenges of long-term operation,
and ZIB forms part of the movement to
realise this vision. In this context, prerequisites are much better than in other
disciplines: the international mathematical community principally agrees
in this matter. Mathematical knowledge
is known and classified, much of it has
already been retrodigitized, and technical specifications are available. In planning, this world library of mathematics
is far more than an ordered collection
of publications. The working group, that
has been entrusted with the planning
recommended in 2014: “The Digital
Mathematical Library should serve as a
nexus for the coordination of research
and research outcomes, including community endorsements, and encourage best
practices to facilitate knowledge management in research” [40]. In this recommendation, considerations in terms of Open
Access and Open Data come together to
form the concept of Open Science. It is a
concept that is dependent on broad exchange and sharing, or, to put it in the
words of Karl Popper: “The game of science is, in principle, without end. He who
decides one day that scientific statements
do not call for any further test, and that
they can be regarded as finally verified, retires from the game” [41].

1 Tape library for long-term storage
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Prof. Dr. Ralf Borndörfer | borndoerfer@zib.de | +49-30-84185-243

RESEARCH
CAMPUS
MODAL
Science and industry
under one roof
The BMBF Research Campus MODAL starts its first main phase. In four
mathematical labs, academia and industry join forces to work on datadriven modeling, simulation, and optimization of complex real-world
processes from transportation, energy, medicine, and the development
of general solver technology.
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DECISION
MAKING 4.0
Imagine a world in the not so distant future where planning and
control are easy. Trains are scheduled punctually and on demand.
The gas-transport network and
other supply networks are shared
in a nondiscriminatory way by
competing suppliers. Cancer and
other diseases are diagnosed
early by routine blood tests. Powerful planning and control tools
make smart use of ubiquitous
data. Making this utopia become a
reality is the vision of the Research
Campus MODAL, whose first fiveyear phase was initiated in a grand
opening ceremony on October 13,
2014, by State Secretary Dr. Georg
Schütte of the Federal Ministry for
Research and Education (BMBF).
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THE LABS@WORK:
RAILWAYS,
GAS NETWORKS,
CANCER DIAGNOSIS,
GENERAL SOLVERS

MATHEMATICAL
OPTIMIZATION
AND DATA ANALYSIS
LABORATORIES
Mathematics Berlin, MODAL provides
the link to industrial mathematics. A
unique feature of the campus is MODAL
AG (MAG), a nonprofit-oriented company
that offers maintenance, support, and
system-integration services for MODAL
partners and other interested parties that
the participating research institutions
cannot provide. MAG ensures the longterm utilization of research results.
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ZIB | MODAL AG | FU BERLIN

The MedLab researches the efficient storage, classification, and pattern recognition
of mass spectrometric omics data for cancer diagnosis. Cooperation partner SAP
provides high-performance in-memory
storage technologies, the SMEs companies
1000shapes and CIT develop professional
software for model-based data analysis,
and the associated partner Inbion helps
improve standard operating procedures.
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The RailLab works on the optimization
of train rotations using algorithmic hypergraph theory. Industry partner DB
Fernverkehr, the long-distance passenger transport division of Deutsche Bahn,
uses the optimization core ROTOR to
schedule the German ICE fleet, while
Berlin companies LBW and IVU Traffic
Technologies market the rotation optimizer VS-OPT-rail in the scheduling system ivu.rail.

OPEN GRI

Currently, twelve companies participate, ranging from small spin-offs to established global players. With its 15-year
horizon and a research budget of more
than two million euros per year, the more
than 40 researchers of the campus will
advance the data-driven development of
pioneering modeling, simulation, and optimization methods. Within the excellence platform of the Einstein Center for

SIEMENS

This is what the acronym MODAL
stands for. MODAL is one out of nine
Research Campuses supported by
the Federal Ministry of Research and
Education as part of the Hightech
Strategy of the German government.
Located at and operated by the Zuse
Institute Berlin in cooperation with
Freie Universität Berlin, MODAL fosters
public-private research partnerships.

The Research Campus MODAL consists of four interdisciplinary labs
whose basic application-oriented research is focused on specific innovation
problems while at the same time concrete industrial problems are tackled.

H

S
O
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The GasLab develops mixed-integer nonlinear constraint programming methods
to control the gas transport network of
Germany. Operator Open Grid Europe,
formerly known as E.ON Gas Transport,
must ensure security of supply, nondiscriminatory access, efficiency, and flexibility to make the energy revolution in
Germany a success.
The SynLab investigates general discretecontinuous-stochastic optimization problems and provides the open-source solver
SCIP as an academic research and development platform. The manufacturers
of the leading industrial solvers CPLEX,
Gurobi, and Xpress; the software integrator GAMS; and SAP and Siemens cooperate within SynLab on the development of
new optimization methods.
In addition to the activities of the labs,
MODAL bundles respective legal competence, international cooperation, and capacity building. For example, MODAL runs
several programs for attracting and educating the next generation of researchers
and practitioners. In this respect, MODAL
runs the Graduate Research in Industrial
Projects for Students (G-RIPS) program
in cooperation with the NSF Institute for
Pure and Applied Mathematics (IPAM) of
the University of California, Los Angeles,
and Freie Universität Berlin. Every year,
G-RIPS provides an opportunity for
high-achieving graduate-level students
to join the labs. Working in international
teams (two students from the US and
two from European universities), an academic mentor, and an industrial sponsor,
a real-world research project is addressed.
Successful participation is rewarded with
ten 10 ECTS credits.
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RAILLAB:
OPTIMAL TRAIN
ROTATIONS
1

The German railway system consists
of 340,000 kilometers of tracks. A
total of 5,300 cargo and 27,000 passenger trains per day transport more
than one million tons of goods and 5.2
million people. The high-speed fleet
alone operates about 1,400 trips per
day with 250 trains of five different
types, conveying about 340,000 people. A single ICE3 train costs about
40 million euros. This rolling stock
should be put to best possible use.

Despite the complexity of the system,
railway scheduling is still largely done by
hand. This is in sharp contrast to the related airline and public-transport sectors,
where mathematical fleet and crew optimizers are today established as an
industry standard [42]. These tools have,
in particular, played an important role
in revolutionizing the way airlines have
operated since the 1990s. Clearly, the
railways want similar tools. The key
problem here is vehicle rotation scheduling, the topic of the MODAL RailLab.

RAILWAY
SYSTEMS ARE
HYPERGRAPHS

THE ROTOR
AND VS-OPT-RAIL
OPTIMIZERS

The main obstacle in railway optimization is the technical constraints of the
wheel-rail system that prevent straightforward attempts to decompose the planning process. In contrast to buses and
aircraft, where individual vehicles are
considered, trains are composed of multiple units that operate in sequence and
orientation, such that classic network
flow methods do not apply. Instead, an algorithmic theory of flows in hypergraphs
is needed to deal with vehicle rotations
and train compositions at the same time
[43]. Such methods are also useful for
scheduling crews in teams.
Vehicle-rotation-planning problems
are large scale, and their solution requires high-performance algorithms. The
RailLab has developed a new coarse-tofine method, which allows them to deal
with most of the problems on a coarse
train or vehicle level and to focus on the
important parts in a finer sequence and
orientation level where necessary, guided
by bounds that control the approximation
error [44]. On this basis, high-quality vehicle rotations can be constructed using
novel Lin-Kernighan-type algorithms.

These methods are at the heart of RailLabs
ROTOR and VS-OPT-rail optimization
cores that are integrated as solvers in the
FEO (Fahr- und Einsatzoptimierung)
and ivu.rail systems of the industry partners DB Fernverkehr AG and LBW GbR
and IVU Traffic Technologies AG, respectively. These tools are already in daily use
at several railways in Germany and elsewhere. Currently, cyclic strategic planning problems for the “standard week”
are solved; this is important for service
design and vehicle procurement. To
achieve a more direct impact on costs and
quality, detailed fully dated problems for
a set calendar period have to be solved.
This leads to acyclic hyperflow problems
with boundary conditions. Ultimately,
RailLab aims at providing mathematical
optimization support for the complete
range of railway planning problems involving rolling stock.

1 Strategic planning of ICE train
rotations: Hypergraph visualization tool
HyDraw of Ricardo Euler and Gerwin
Gamrath based on JavaView of Konrad Polthier. In strategic train rotation
planning rotation cycles for so-called
standard weeks are designed in order to
determine the number of trains needed
for the future timetable.
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In recent years, the development of
high-throughput technologies has enabled the generation of vast amounts of
information from multiple biological
data sources such as genomics, transcriptomics, proteomics, and metabolomics – the “omics” sources.
Using these data sources has increased
our understanding of many molecular and
cellular mechanisms in biological systems like the processes underlying severe
diseases in the human body. In contrast,
this explosive growth of data poses a
challenge in our understanding of medicine: current analysis approaches can
use the huge amount of collected mass
data only minimally; medically important
relationships are lost in this data tsunami.
While the potential opportunities are
not questioned in principle, many high
expectations from the early 2000s have
been disappointing so far. For example,
proteomics-based biomarkers that have
been hyped for quite some time never met
the expectations that were promised, such
as new diagnostic tools for fighting cancer
etc. The main reasons for this were technical difficulties with data analysis and
problems with data acquisition, which led
to studies that could not be reproduced
across laboratories. These problems are
usually not due to principle impossibility
but mainly exist because of a lack in data
quality and analysis methods.

MEDLAB:
DIAGNOSING
CANCER USING
OMICS-DATA

INDIVIDUALIZED
DIAGNOSTICS
The MODAL MedLab is developing new
mathematical methods like sparse classification schemes and network-based
data analysis that allow (1) identification of multivariate disease signatures
that describe changes in multiple data
sources and (2) development of multilevel models that embeds these findings
into the actual biological context. Both
parts combined with efficient data management techniques will eventually lead
to a thorough understanding of the
modeled process and open up the opportunity to use the respective model for diagnostic purposes for individuals, thus
allowing high-throughput classification
of biological samples. These techniques

can then be adjusted to an individual by
using its omics data and thus allow to
derive information about the individual’s
state, for example, as diagnostic tools for
a certain disease that is captured by the
data and the model. Ultimately this will
lead to better treatments for today’s patients and accelerate progress in making medical discoveries. Our main goal
is to transform found biological insight
directly into diagnoses, prognosis, and
therapeutics that improve our ability to
detect and treat human disease. We develop advanced tools in close cooperation
with our industrial partners and in collaboration with several clinical research
groups at hospitals in Berlin and abroad.

100 TRILLION
HUMAN CELLS
Modern omics platforms can measure several types of molecules
and produce very large data sets.

3.2 BILLION

base pairs of DNA

TAMING THE
DATA TSUNAMI

30,000

genes encoding proteins

10 MILLION

total distinct proteins in a person

While it has been known for a long time
that changes in cells while they are undergoing transformation from “normal”
to malignant cells (e.g. during infections)
happen on many biological levels, such as
genome, transcriptome, proteome, and
metabolome, traditional analysis approaches still depend on only one data
source – for example, transcriptomics.
This is in contrast to the central dogma of
molecular biology that states that these
levels are actually highly interconnected
and depend on each other.
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distinct proteins functioning
in a cell

60,000

reactions/cell/minute

100,000’s

of molecular events

50

or so organ systems

© volna bryizgi

66

2,000

Which signals can be used as diagnostic markers for early disease
detection?
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GASLAB:
CHALLENGES OF
GAS-TRANSPORTNETWORK
OPERATION
An important part of the energy consumed in Germany is produced from
natural gas. Therefore, in optimizing
the allocation and usage of the gas grid ,
one could save a sufficient amount of
energy. However, the liberalization of
the German gas market and the associated divestiture of gas companies have
led to new challenges in the planning
and operation of gas-transport grids
over the last few years.
The MODAL GasLab addresses
these challenges and aims to develop
new methods for gas-grid planning and
operation, combining the most modern
mathematic algorithms and up-to-date information technology. The tools developed
in the GasLab will assist gas dispatchers
and planners in their work and put them in
a position to make better decisions based
on foresighted and comprehensive information. The GasLab brings together the
main areas of expertise of the scientific
partners; that is, modeling, simulation, and
optimization to advance the state of the
art in gas-grid management and facilitate
innovations. This is supported by a detailed
understanding of the issues and comprehensive data, which will be ensured by collaboration with and the know-how of the industrial partner Open Grid Europe GmbH.
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A GUIDANCE
SYSTEM FOR
GAS NETWORKS

1

The main task of the project is the scientific research and development of solution procedures to design efficient algorithms and construct a novel software
tool, the Navi, that provides a plan for
managing the gas grid in advance for
a period of at least twenty-four hours.
Similarly to a navigation route guidance
device for cars, the tool should provide
a safe and cost-minimizing sequence of
operating decisions to the gas dispatcher
to assist in actual decision making
with regard to gas-grid management
measures, such as changing the mode of
compressor stations or closing or
opening valves.
There are several aspects that make
the corresponding problem challenging.
For example, due to the compressibility
of gas, the gas grid itself acts as storage.
The appropriate description of the gas behavior involves a set of partial differential
equations for each pipeline, and the
feasible operating ranges of the gas
compressors form a nonconvex set.
The model should be able to handle the
transient case, which allows a dynamic
change of the variables in time. The model
involves both discrete and continuous decisions, like opening a valve or
deciding to run a compressor on a certain
pressure adjustment level, which further
complicates the modeling. In addition
to the challenges in modeling, a good
prediction of transport demands and an
estimate of the associated uncertainty
is crucial for detecting critical future
network situations early to react to
these properly. Finally, the navigation
tool has to operate a real-world gas grid
without interruption.

1 The gas network of the German gas
supplier OpenGridEurope. The network
consists of passive and active components such as pipelines, compressors,
and valves.

ENSURING NONDISCRIMINATORY
ACCESS
In addition to technical measures, the gasgrid operators have regulatory options to
ensure the secure operation of the grid
while satisfying the transport demands
of the customers. One option is to restrict
a gas power station in a critical situation
to obtaining gas from one specific entry
instead of ordering gas from any entry
point of the network.
Given a set of power stations at exit
points with their corresponding fixed restriction entry point as well as the current network situation, the project aim is
the development of a tool, the KWP-Tool,
that calculates a foresighted decision suggestion for the gas-grid operator as to
which power stations this option will
need to be used on the upcoming gas
day. Therefore, the tool has to identify
critical network situations in advance
for the next forty hours and that cannot be balanced by technical measures
only. Moreover, since the product may be
applied for several gas power stations,
the decisions suggested by the KWP-Tool
need to be nondiscriminatory. These
challenges will be addressed by research
on game theory, modeling of gas flow, and
statistical forecasting and evaluation
methods; enhanced by heuristics
derived from expert knowledge from
our industrial partner; facilitating both
scientific progress and practical use of
the novel methods.
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THE POWER
OF COOPERATION

SYNLAB:
ADVANCING
OPTIMIZATION
TECHNOLOGY
70
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The development of state-of-the-art
optimization software at ZIB started
more than 25 years ago. It has been
driven by various industrial applications coupled with a strong academic
focus. The optimization software developed and maintained at ZIB, forming the SCIP Optimization Suite, is
globally recognized and stands as one
of the most versatile and best performing open-source packages for
mixed-integer linear and nonlinear
optimization.

In the SynLab of the Research Campus
MODAL, the world’s leading researchers
and developers from companies like Gurobi [45], FICO Xpress [46], and GAMS
[47] cooperate with ZIB researchers to
develop the mathematical methods behind the next generation of mathematical optimization tools. In addition, long
running collaborations with SAP [48]
and Siemens [49] have also been integrated into the SynLab, supplying challenging industrial problems. As a result
of the Siemens cooperation, the linear
programming (LP) solver SoPlex has become the fastest exact LP solver on the
market. Finally, in 2014 Google started to
use SCIP in their combinatorial optimization library or-tools [50].

1 The SCIP Optimization Suite. SCIP
consists of a core framework, given by
the grey structure, and numerous plugins,
the colored nodes. A strength of SCIP is
the plugin structure that permits the simple extension of the solver.

STRIVING
FOR THE BEST
The most recent release of SCIP, version 3.1.1, is currently the fastest noncommercial mixed-integer programming
solver. SCIP integrates the techniques of
mixed integer programming, constraint
programming, and satisfiability testing to
solve complex problems. In recent years,
parallel extensions of SCIP have been developed as part of the UG [51] framework.
The result of this development has seen
SCIP solving mixed-integer programs on
supercomputers utilizing up to 80,000
cores in parallel. Advancements achieved
with SCIP have led to the successful
completion of numerous outstanding
collaborative research projects and underlines many of the projects within the
Research Campus MODAL.

CONTINUED,
SUCCESSFUL, AND
OPENLY SHARED
DEVELOPMENT
The projects of SynLab successfully promote the further development of
the SCIP Optimization Suite. A focus of
SynLab is the development of software
to meet the growing number of everyday data-intensive processes. A Google Faculty Award was awarded for the
project Mixed Integer Optimization as a
Service, which aims to advance SCIP to
address modern technological requirements. Furthermore, the SynLab strives
to advance mixed-integer programming
techniques by improving the cutting
plane and branching approaches of SCIP.
Keeping with the “shared development”
theme of the SynLab, an extension of
SCIP called SCIP-Jack [52] has recently
been developed. It is a solver, available in
source, for the general Steiner Tree Problem in Graphs – a classic combinatorial
optimization problem – and won in multiple categories at the recent DIMACS
challenge [53]. SCIP-Jack can solve ten
different variants of the Steiner Tree
Problem, including the prize-winning
Steiner Tree, maximum weight connected subgraph, and the group Steiner Tree
Problems. The promotion of the SCIP
Optimization Suite to the wider academic
community is an important focus of the
SynLab. This is achieved through various visits by researchers – including
Domenico Salvagnin, Zonghao Gu, Hans
Mittelmann, Christina Burt, Atsuko Ikegami, and Andrea Lodi – and the successful hosting of an intensive three-day
SCIP workshop at ZIB with more than
50 participants.
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Utilizing shared
heterogeneous
storage resources
efficiently
Data volume, storage capacity, data exchange, and digital collaboration over the
internet have grown rapidly over the last
few years. Distributed storage “in the
cloud” became common day-to-day practice for many end users, and ‘Big Data’ is
the new must-have in business and science.
But what does the corresponding storage
infrastructure look like and what can be
done to provide predictable performance
and efficient use of the costly resources –
a mix of fast, but expensive, flash memory,
spinning, magnetic discs, and classic tape
storage? ZIB addresses these questions
and contributes advanced solutions.
Zuse Institute Berlin
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1

Storage at various levels of scale.

SCALABLE
STORAGE
SYSTEMS
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Scientific applications as well as commercial cloud services generate large
amounts of data that may range in the
area of multiple petabytes or even
beyond. Storing such volumes of data
requires thousands of disks and servers. Managing such infrastructure
effectively, where the failure of storage devices, whole servers, or network
links is the norm rather than the exception, is challenging.

© Travis Wise

Various large-scale distributed storage
systems exist and are accessible through
different interfaces that vary from the
traditional POSIX-compliant file system interface to simplified object-based
access like Amazon’s S3 and databases
that offer ACID semantics, such as
Amazon’s Relational Database Service
(RDS). In the following, we focus on storage systems that can be accessed via the
POSIX file-system interface.
What distributed storage systems
have in common is that they are usually
accessed by multiple users concurrently.
Users may influence the performance of
each other’s applications significantly.
They may share network links, read or
write request queues, and may delay each
other due to limited concurrency abilities
of the underlying storage hardware.

UBC Library © by-nc-nd

DISTRIBUTED
FILE SYSTEMS

OBJECT-BASED
STORAGE

Distributed file systems have been developed for many years. The Network File
System (NFS) was one of the earliest implementations, typically relying on a single server with direct attached storage or
remote disks and connected via a storage
area network (SAN). The storage devices
themselves provide a block interface
where fixed-size data can be accessed at
defined block addresses. Although NFS
supports concurrent access to files over
the network and can be scaled to huge capacities by using a SAN, the single server
remains a potential performance bottleneck and a single point of failure.
Cluster file systems like GFS2,
OCFS2, and SanFS are more scalable
and allow clients to access data directly
on shared block devices, such as a SAN,
while concurrent accesses are coordinated by a lock manager or a central metadata server. This file-system architecture
often requires expensive SAN hardware
and trusted clients due to limited permission management on the block devices.

The next advancement of distributed
file systems is object-based file systems
[54], which separate the handling of the
file content and metadata. File content is
stored on object storage devices (OSDs).
while file metadata is stored and managed by dedicated metadata servers.
In contrast to a block device, object
storage devices can store data chunks
of arbitrary size and are addressed by a
user-given object identifier. Object storage devices themselves use block devices internally – for example, HDDs or
SSDs – while the low-level block allocation is handled locally by the machines
running the OSD servers.
File access in an object-based file system is usually initiated by an open call
sent to a metadata server. The metadata
server checks the access permissions and
returns which OSDs serve the file, typically including a capability object that
allows the client to authenticate to the
OSDs and authorizes it to read or write
the file.

Zuse Institute Berlin
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1
STATUS INFO

DIR Directory Service

1

MRCs Metadata and Replica Catalogs

2

OSDs Object Storage Devices

3

Clients

4

STATUS + VOLUME INFO

3

2

SERVER + VOLUME INFO

FILE CONTENT

METADATA

4

THE DISTRIBUTED
FILE SYSTEM
XTREEMFS
Our distributed and object-based file system XtreemFS [55] was developed at ZIB
since 2006. XtreemFS consists of metadata and replica catalogs (MRCs), object
storage devices (OSDs), and a directory
service (DIR).
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DIRECTORY
SERVICE
The directory service allows clients to
discover the other server components
of an XtreemFS deployment. MRCs and
OSDs register themselves with their addresses in the directory service.

METADATA
AND REPLICA
CATALOG

OBJECT
STORAGE
DEVICES

XtreemFS MRCs store all file metadata;
that is, the names and hierarchy of files
and directories and their attributes like
permissions, file sizes, or time stamps.
The MRC is responsible for permission
checking while opening files. The DIR
and MRC services store their data in the
key-value store BabuDB, which has been
designed with the aim of storing file-system metadata. BabuDB [56] uses a LogStructured Merge-Tree (LSM-Tree) data
structure that holds large amounts of the
database in memory and has support for
asynchronous checkpoints. The DIR and
MRC services can be made fault-tolerant
by utilizing BabuDB’s replication.

File content is stored on XtreemFS
OSDs. The OSD service splits files into
chunks of a configurable size and stores
each chunk in an own file in a local file
system. By utilizing a local file system, a
wide range of storage devices like spinning disks, SSDs, or RAM disks are supported without dealing with low-level
properties of these devices or worrying
about block allocation.

Files can be striped similarly to a RAID 0
over multiple OSDs to utilize the capacity
and throughput of multiple OSDs for one
file. Furthermore, files can be replicated
to multiple OSDs. XtreemFS offers different replication policies to cover multiple use cases. The most common replication policy is a quorum based protocol
that allows concurrent read and write
access to the same files while preserving
POSIX semantics.

2 XtreemFS architecture consisting of
a directory service, metadata and replica
catalogs, and object storage devices.
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ACCESS
PATTERNS AND
STORAGEPERFORMANCE
CHARACTERISTICS
APPLICATION
ACCESS
PATTERNS
Predicting the performance of storage
systems with users concurrently accessing data requires detailed knowledge about the device characteristics
as well as the user’s access pattern.
An object storage device can be
backed by different types of storage
devices with different characteristics. These storage devices may be
spinning disks (HDDs), solid-state
drives (SSDs), an HDD or SSD array
that increases performance and capacity and adds redundancy (RAID),
or hybrid devices like a RAID of HDDs
with an SSD cache. All have different
access-performance characteristics.
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Storage-access patterns vary for different
applications. Many parallel applications
like MapReduce jobs or HPC applications that write checkpoints have purely
sequential data access. Other applications like relational databases access
files at random offsets. Also applications
with a fraction of sequential and random
access are possible – for example, a relational database that also writes a transaction log. We focus on the cases at both
ends of the spectrum. While sequential
throughput is measured in MB/s, random throughput is usually measured in
IO operations per second with a size of 4
kB (IOPS).

1
SPINNING
DISKS
The mechanics of spinning disks require
disk head movements while accessing
blocks in random order. A disk loses much
of its peak performance in this phase.
Spinning disks reach their peak performance for sequential access; that is,
blocks are read or written according to the
order of their block addresses. If multiple
sequential streams are served by a single
disk, the disk has to perform head movements to switch between these streams
and the total throughput drops. This results in a near-random-access pattern for
a large number of concurrent streams.

© William Warby

SSDS
The behavior of SSDs or RAM disks
differs from spinning disks. SSDs and
ramdisks do not have mechanical components and are not slowed down by concurrent access. As applications usually
perform I/O requests synchronously –
that is, the application is blocked until a
request returns – multiple I/O streams
are useful for fully utilizing such a fast
storage device.

1

MIXEDACCESS
PATTERNS

MODELING
PERFORMANCE
PROFILES

Our evaluation has shown that mixing
sequential and random-access patterns
on a single device results in a nonoptimal
resource utilization [57]. Adding a single
random-access stream to an HDD that
serves sequential-access streams results
in a significant drop of total throughput.
To simplify the device models and keep
the reservation scheduler device agnostic, we also do not mix workloads on other
device types.

Due to the complex behavior of many uncertainties – for example, caused by different cache layers or unknown software
components like the local file system on
a storage device – we built an empirical
performance profile for each OSD that
enters an XtreemFS cluster by running a
benchmark that measures sequential and
random throughput at different levels of
concurrent access.

Moving head of a spinning disk.
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1

QUALITY
OF SERVICE
AND STORAGE
VIRTUALIZATION

To provide users with a predictable
environment that behaves similarly
to a single-user system and provides
constant performance on shared virtualized resources, we use reservations in terms of capacity, IO bandwidth, and desired access pattern.
Using logical file-system volumes
per reservation allows us to separate
users into isolated file system namespaces and protect their data in the
multitenant infrastructure.

OSD 1
R1

Storage
Devices

R2

OSD 2
R5

R3

HDD

RESERVATION
SCHEDULING
The most critical part in a shared storage
environment is the performance isolation that consists of appropriate reservation scheduling to find proper XtreemFS
OSDs and reservation enforcement to
ensure the promised performance for
each reservation [58].
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The capacity and performance in terms
of sequential or random throughput, can
be controlled by either selecting an OSD
that can serve a reservation or striping a
reservation over multiple OSDs that provide the necessary resources in sum.
Each OSD provides a set of resources
like capacity, sequential throughput or
random throughput. The available resources of an OSD depend on the already
allocated resources and the number of reservations that are currently mapped to it.
Our reservation scheduler receives a
stream of incoming requests that have
to be scheduled to OSDs immediately (or
rejected) while the lifetime of a reservation is unknown. Our scheduling algorithm aims to minimize the number of

RESERVATION
SCHEDULER

R4

R5

HDD

R6

R7

R8

OSD3

OSD 4

SDD

RAID 5

OSDs

R5

RESERVATION
ENFORCEMENT
necessary OSDs while guaranteeing the
requested capacity and performance.
If a reservation does not fit on a single
OSD, we preferably stripe the reservation
over OSDs that are already in use. If that
is not possible, unused OSDs are taken
into consideration. To separate workload
patterns, when scheduling decisions we
only take OSDs into account that either
are unused or have reservations with the
same access pattern.
The selection of individual OSDs
at each of these steps is a multidimensional bin-packing problem where each
OSD and each reservation is represented
by a vector. Each dimension of the vectors represents one of the resources: capacity, sequential throughput random

throughput. The sum of all reservation
vectors that are scheduled to an OSD
must not exceed its resource vector.
We make use of the heuristic Toyoda’s
Algorithm [59] to find a sufficient OSD
for each reservation vector. Toyoda’s
Algorithm minimizes the angle between
the OSD vector and the sum of all reservation vectors that are scheduled to the
OSD. Thereby reservations are scheduled
to OSDs that have a similar ratio between
different resources – for instance, a similar ratio between sequential throughput
and capacity. This strategy should eventually result in a schedule in which as few
resources as possible remain free.

We implemented two mechanisms to enforce reservations per OSD:
ϞϞ A request scheduler on each OSD that
prioritizes users according to their
reserved throughput.
ϞϞ Quotas per reservation that ensure
globally that no user can occupy more
space on a volume than reserved.

The request scheduler has to ensure that
the fraction of the total performance,
which each reservation gets, is identical
to its fraction of all throughput reservations. We implement this property by adding a weighted fair-queueing scheduler
that replaces the existing request queue
of the OSD.

1 An OSD is selected by finding the minimal angle between an OSD vector o and a
reservation vector rsum that equals the sum
of all existing reservation vectors on the
OSD and the new reservation vector rnew.
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2

HETEROGENEOUS
CLOUDS

1 Implementing Quality of Service
Guarantees in Heterogeneous Clouds.
2 Heterogenous Computing Resources
CPU, GPU, and FPGA.

1
APPLICATION 1

APPLICATION 2

PROGRAMMING
MODEL

APPLICATION 3

application logic
and requirements

PLATFORM
task
graphs

provider policies

resource
availability

COMPUTATION

COMMUNICATION

THE EU
PROJECT
“HARNESS”

STORAGE

intra-resource allocation
and optimization

intra-resource allocation
and optimization

intra-resource allocation
and optimization

resource policies

resource policies

resource policies

task
deployment

To provide performance guarantees on
the application level, guaranteed performance is also required for other resources like computing resources and
communication. We developed our solutions in the context of the EU project
HARNESS, which has the aim of building a prototype of a platform-as-a-service (PaaS) cloud that provides performance guarantees for heterogeneous
infrastructures.

resource
monitoring

CPUs, GPGPUs, FPGAs,
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intra-resource allocation
and optimization

OPEN-FLOW SWITCHES,
SOFTWARE ROUTERS,
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We have seen how to use a heterogeneous storage cluster, consisting of
HDDs, SSDs, or other devices, efficiently.
Heterogeneous computing resources may
be CPUs, GPUs, and FPGAs, for instance.
Writing applications that can run on all of
these architectures requires a programming model with abstractions that can be
compiled to all of these target architectures. All resources that are used by an application are connected by virtual network
links that can be provided by an Open
Virtual Switch (Open vSwitch).
A user submits an application containing a manifest that describes possible configurations and cross-resource
constraints to the HARNESS platform.
The platform itself is resource agnostic and delegates the discovery and allocation of particular resources to different infrastructure resource managers. A
cross-resource scheduler ensures that
resource constraints like distance limits
or throughput requirements between allocated resources are fulfilled. The platform layer builds application models by
running a submitted application with different configurations.

tel
© In

EFFICIENT
RESOURCE
USAGE
Our prototype of a PaaS cloud stack provides quality of service guarantees for arbitrary applications on heterogeneous infrastructure with automatic application
profiling. Running applications on the
best-fitting devices saves resources and
helps to reduce the energy consumption
of a data center.
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Getting the best
out of tomorrow’s
HPC processors
Right now, High-Performance Computing (HPC) is
going through the transition from the multi-core to
the many-core era. This development comes with
new challenges for application and system software developers - from modernizing legacy codes
to making efficient use of the changing hardware
toward developing new programming models for
future applications. At ZIB, we are searching for
solutions to these problems in close collaboration
with leading industry partners.
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THE TREND

1

orp

FROM MULTI- …
The multi-core era started when physical and technical limitations prevented
further increases of the clock frequencies
of single core CPUs. Instead, multiple
cores where put into a single chip, which
led to exponential growth in computing
power. Current HPC multi-core processors have around one dozen cores.
Leveraging their performance in an application requires software developers to
assign tasks, which can be processed in
parallel, to each core. Multi-cores are designed to perform well for wide variety of
tasks, such as running desktop operating
systems, office programs, multimedia
applications, web services, data-bases,
games, and scientific simulations.

1 Intel(R) Xeon Phi(TM) (Knights Corner)
coprocessor.
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… TO MANY-CORES
High-performance computing for science
and engineering deals with very specific
applications exposing common characteristics. Many-core processors are designed specifically for such workloads. This
allows for the further improvement of
computing power within the current
limitations like chip area and power
consumption. Many-cores have multiple dozens of rather simple compute
cores that are optimized for numerical
computations. The increased chip area
is spent on arithmetical units for
floating-point computations instead
of processor logic and general-purpose
optimizations.
The development of many-cores started
when graphics processors (GPUs) became
freely
programmable.
Similarities
between computer games and scientific
simulations allowed scientists to exploit
the processing power of the graphics hardware to compute scientific problems. GPU
manufactures quickly recognized the
new market and created general-purpose

GPUs (GPGPUs) specifically for accelerating HPC systems. Today, GPGPUs are
an integral part of many of the fastest systems on the planet. However, GPGPUs
are mere accelerators that reside in a host
system, just like a graphics card in a PC.
Only compute-intensive program parts
called kernels are offloaded from the host
CPU to the GPGPU for faster processing. To utilize a modern GPGPU, a problem must be partitioned into thousands of
small tasks that are computed in parallel.
Alongside the GPGPU trend, Intel defined a Many Integrated Cores (MIC) architecture, which is more similar to x86
multi-cores. The first MIC implementation, the Xeon Phi coprocessor (Knights
Corner), has around 60 cores that draw
their computing power from vector processing units. Enabling vectorization in a
program, especially for legacy codes, is a
major problem we face and is closely connected to memory access optimization.
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VECTOR
PROCESSING
IN THE PAST,
TODAY, AND
TOMORROW
1970s

1980s

From the early 1970s to the 1990s, vector processors were rated the quasi architectural standard for the design of
supercomputers.
Representatives like the legendary
Cray 1M, the Cray X-MP, and later the
Y-MP have been installed at Zuse Institute
Berlin. The latter was operated until 1995.
However, the increasing performance and
the decreasing prices of conventional processors triggered (with a few exceptions)
the end of the vector processor era in the
mid-1990s. Around the year 2000, vector processing re-emerged in the form of
short vector SIMD units, starting with
SSE and AltiVec. Current multi-core
CPUs can perform four double-precision
operations at once using AVX or AVX2.
The Intel Xeon Phi many-core coprocessor can do eight per vector unit of which
it has one per core.

1990s

2000

1 Development of vector processing:
transition from vector to multi-core to manycore processors and GPGPUs. Around the
year 2000, short vector SIMD units were integrated into the standard CPUs.

2008

TODAY

GPGPU
VECTOR PROCESSORS

MMX
CONVENTIONAL PROCESSORS
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AUTOVECTORIZING
COMPILERS
Modern optimizing compilers are not
only capable of inserting SIMD vector instructions when explicitly told
to by the programmer but manage to
introduce SIMD execution even into
larger code segments on their own.

Auto-vectorization by the compiler turns
out to be satisfactory for (highly) regular
data processing – for example, in dense
linear algebra operations with its regular
loop structures. Many other cases – that is,
with more complex loops - require explicit
vectorization, meaning the introduction
of compiler directives into the code in
order to give additional information to the
compiler or manual vectorization. While
the latter is notably intrusive to the code,
the directive based approach is not so at
first sight. However, for codes that are not
prepared for SIMD at all, heavy code rewriting together with a careful selection
of the most appropriate compiler directives is required. Additionally, deficiencies
to present specific optimization strategies to the compiler may render the directive based approach impractical in certain
situations. In these cases, manual vector
coding can be considered as the a resort.

As the compiler vendors are aware of
these issues, auto-vectorization capabilities are pushed strongly. Besides loop
transformations and code reorganization,
the current research has its focus on managing irregularities within loops to approach SIMD execution. Emerging SIMD
instruction sets therefore will cover
masked SIMD operations – for example,
to enable the separation of divergent execution paths. A further feature programmers can draw on when optimizing
their codes for SIMD is SIMD-enabled
functions. By means of specific directives, the compiler can be encouraged
to expand scalar function definitions to
work on vector arguments and, hence, be
callable from within vectorizable loops.
Investigations regarding the usability
of these new features are carried out
within ZIB’s activities at the Intel Parallel
Computing Center (IPCC).

IMPACT ON SIMD
OPTIMIZATION
OF APPLICATION
PERFORMANCE
REFERENCES

8

SIMD OPTIMIZED

REFERENCES

16

SIMD OPTIMIZED

REFERENCES

32

SIMD OPTIMIZED
REFERENCES

64

SIMD OPTIMIZED

0
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1

MPI Processes Total

1 Application performance gain due to
SIMD vectorization. The application has
been executed on a Xeon Phi cluster using up to eight compute nodes. Only some
hotspots were optimized for SIMD; that
is, there is further potential for additional
speedups over the reference execution.
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MANUAL
VECTORIZATION
AND MEMORY
LAYOUT
1

Besides automatic vectorization by
the compiler, there are also means to
manually vectorize application code.
For instance, the OpenCL C programming language provides vector types.

1st matrix: A
A’s 1st row

2nd matrix: B

A’s 2nd row

B’s 1st row

a11 a12 a13 ... a1n a21 ... a2n ... ann b11 b12 ...
VECTOR ELEMENT1 VECTOR ELEMENT2
a11 b11 c11

These types allow for operation with vectors of multiple - for instance eight - floating point numbers in parallel. Arithmetic
operations with such vectors can then be
directly mapped to the corresponding instructions of the hardware. For conventional languages like C, most compilers
offer intrinsics, which are low-level operations that allow directly programming of
the hardware’s vector units. For the C++
language, there are libraries that encapsulate those intrinsics for different hardware platforms behind a common interface. This approach leads to more portable
code. The advantage of manual vectorization is control over the applied vectorization strategy by the programmer. This allows for the opitmization of the memory
layout for contiguous load and store
operations to and from the processor’s
vector registers.

We used the GPU-HEOM code to conduct a case study with different vectorization approaches. GPU-HEOM uses the
Hierarchical Equations of Motion (HEOM)
method to simulate the energy transfer in
natural and artificial photoactive systems.
We found the memory layout to be the most
important factor for efficient vectorization
on both multi- and many-cores.

Together with other optimizations, we
could improve the performance of the
Hexciton computation of HEOM by up
to 6.3 times on the Xeon Phi coprocessor.
The continuation of this work was successfully proposed as an interdisciplinary
DFG (German Research Foundation)
project that starts in early 2015.

1

Transition toward a vectorizationfriendly memory layout.

3rd matrix:C

8th matrix: H

C’s 1st row

b1n b21 ... bnn c11 ... c1n c21 ... cnn ... h11 ... hnn ...
VECTOR ELEMENT3 ... VECTOR ELEMENT8

8 SIMD lanes

... h11 a12 b12 c12 ... h12 ... a1n b1n c1n ... h1n a21 b21 c21 ... h21 ... ann bnn cnn ... hnn ...

8 elements
8 rows
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RESEARCH CENTER
FOR MANY-CORE
HIGH-PERFORMANCE
COMPUTING
1

Since 2013, ZIB has been operating the
Research Center for Many-Core HighPerfor-mance Computing, which was
established together with Intel as one
of the first Intel Parallel Computing
Centers (IPPC) in Europe. The goal is
to modernize existing HPC codes, especially those relevant for the HLRN
user community, and to develop novel
algorithms and programming models
for the many-core era. The IPCC program provides ZIB researchers with
early access to upcoming hardware
products and allows for close collaboration with Intel engineers.

© Intel Corp.

INTEL® XEON PHI
COPROCESSOR

INTEL® XEON PHI
COPROCESSOR

VECTORIZATION

VECTORIZATION

Besides modern codes that can be designed
with fine-grained parallelism and vectorization in mind directly from the beginning, legacy codes often do not fit the new
multi- and many-core processors without adaptations. Particularly, many of the
complex community codes from the different fields of science have their origins
some decades ago, and their design originates from the very different architectural
features found in processors up to now.
For instance, codes that once were written
for vector processors have been extended
with new functionalities, but not necessarily with vector processors as the target
platform in mind. As SIMD vectorization
has already experienced a revival on the
current multi-cores. For many-cores it is
an absolute necessity, among other adaptations, to redesign certain codes so as to
exploit SIMD execution.
Optimizing an application for vector
processing may cover the whole range
from redesigning algorithmic elements
to meet SIMD requirements, to choosing
appropriate data layouts, to finally writing
down the code in a SIMD-friendly way.
For the latter, we focus on generic vector
programming so that codes are portable
across different platforms. The latter is
mainly achieved by using compiler directives and vector libraries that encapsulate
assembly or SIMD intrinsic functions in
the C/C++ programming language.

We adapt both legacy and modern codes
to exploit the vector capabilities of today’s
and tomorrow’s many-cores. Our focus is
on generic but close-to-hardware vector
coding to get sustainable performance
out of upcoming processor generations.
For that, we draw on auto-vectorizer capabilities where possible and switch to SIMD
libraries if the compiler hits the wall.

1 Concurrent kernel offloading from
within a multi-threaded or multi-process
host application. The two Xeon Phi coprocessors are partitioned so that offloads from different host threads or processes do not interfere.

CONCURRENT
KERNEL OFFLOADING
We not only have large-scale computations on the screen, butwe also aim to
have small-scale workloads benefit from
multi- and many-core performance. If a
single problem instance cannot utilize all
computing resources, why not runing multiples of them simultaneously? Concurrent
kernel offloading approaches share multi- and many-cores to increase the overall
application throughput.

EFFICIENT INTRAAND INTER-NODE
OFFLOADING
We developed an offloading framework
that focuses on efficiency and on unifying
local (intra-node) offloading and remote
(inter-node) offloading within a single programming interface. This allows for finegrained offloading and scaling applications beyond the many-core coprocessors
installed in a single node.

HOST PROGRAM EXECUTION
(MULTI-THREADED)
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MPI + LEO
main(){

main(){

MPI::*send;
MPI::*recv;

Offload::sync(mic,
		f2f(&kernel,...));

main(){
MPI::*recv;
#pragma offload
		target(mic)
		{kernel();}
MPI::*send;

}

MIC

}

kernel(...)

}

CONCURRENT
KERNEL OFFLOADING

EFFICIENT INTRAAND INTER-NODE
OFFLOADING

The concurrent kernel offload (CKO)
mode approaches the inherent underutilization of modern many-core processors
when workloads are too small to exploit
the available computing resources on
their own. Instead of processing only a
single problem instance, multiples of
them are handled concurrently, thereby
sharing the many-core processor for an
increased overall load. Within the IPCC
activities at ZIB, the CKO feature has
been integrated into the GLAT program
so as to leverage the immense computing
power of the Intel Xeon Phi coprocessor for the simulation of small drug-like
molecules. One of the key insights in
that respect is the necessity to partition
the many-core processor appropriately
so that concurrent computations do not
interfere with each other. Results of extensive studies regarding CKO on the Xeon
Phi coprocessor have found their way into
the book High Performance Parallelism
Pearls by J. Jeffers and J. Reinders.

Current many-core solutions – that is,
GPGPUs and the Intel Xeon Phi – are accelerators that run inside a host system
that uses one or more multi-core CPUs.
The standard programming model for this
heterogeneous system architecture is offloading, where only compute-intensive
portions of the program are computed on
the accelerator. These compute kernels
can be computed faster on the accelerator,
but the process of offloading takes time
and resources by itself, which adds
additional costs to the program execution. For instance, input data must be
transferred to the accelerator’s memory,
the code for the computation must be
transferred and executed in coordination
with the host, and finally the results must
be transferred back to the host. Only
program parts where the gain overcompensates the costs are suitable for
offloading. Less overhead means more
potential for offloading even fine-grained
tasks. We developed the HAM-Offload
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MIC

1 Remote offloading using a hybrid approach combining MPI and Intel LEO (Language Extension for Offload) vs. HAM-Offload. The box labeled MIC is the remote
Xeon Phi™ accelerator.

HAM-Offload

kernel(...)

1
COLLABORATIONS

framework with the goal to minimize the
offloading costs and thus make manycores accessible for a wider class of applications. By utilizing modern C++ metaprogramming techniques, HAM-Offload
can reduce the cost per offload by a factor
of 28 compared with Intel’s Language
Extensions for Offload (LEO). For a small
problem instance of GLAT that causes
fine-grained offloads, this translates into
an application speedup factor of two.
Existing solutions are also limited to
intra-node, or local, offloading within a
single node. Offloading tasks to remote
accelerators over a network requires the
usage of another programming model,
like the Message Passing Interface
(MPI). HAM-Offload unifies local and
remote offloading and even allows reverse offloading from a many-core coprocessor towards a multi-core host system. This is completely transparent for

the programmer, who uses a single API
(Application Programming Interface)
to put work on local and remote targets.
Behind the scenes, HAM-Offload uses
MPI for network communication, which
ensures compatibility with most system installations. For existing offload
applications, this allows for scaling
beyond the limited number of local coprocessors without introducing explicit
inter-node communication into the application code. We were able to demonstrate this for the GLAT application using
the coprocessors of 16 nodes instead
of just one. Inter-node, or remote,
offloading with HAM-Offload results in
only half as much offloading costs as Intel
LEO does for local offloads.

ZIB researchers collaborate with leading
industrial partners in tackling challenges
associated with the transition to nextgeneration, highly parallel computer
architectures.
In addition to the IPCC activities, we
are working with Cray on the adoption of
new technologies including many-core
processor nodes with state-of-the-art interconnects and nonvolatile memory in
HPC and Big Data analytics workloads.
For the evaluation and optimization of
different workloads, we operate a Cray
XC40 Test and Development System
(TDS) currently comprising 16 nodes
with Xeon Phi coprocessors (KNC)
and eight Cray DataWarp (SSD) nodes.
This TDS will be upgraded to 80 nodes
with the Intel Knights Landing (KNL)
processor in 2016.

ZIB continues to support training activities to help developers in the HLRN
community in their migration and optimization efforts. As a member of the Intel
Xeon Phi User’s Group (IXPUG) Steering
Committee, ZIB is supporting worldwide dissemination activities in the area
many-core computing.

Zuse Institute Berlin

97

ZIB Publications

ZIB PUBLICATIONS
PEER
REVIEWED
Animesh Agarwal, Han Wang, Christof Schütte,
Luigi Delle Site (2014). Chemical potential of
liquids and mixtures via Adaptive Resolution
Simulation. The Journal of Chemical Physics,
141:034102.
Karsten Andrae, Stefan Merkel, Vedat Durmaz,
Konstantin Fackeldey, Robert Köppen, Marcus
Weber, Matthias Koch (2014). Investigation of
the Ergopeptide Epimerization Process. Computation, 2(3):102-111.
Thomas Bauschert, Christina Büsing, Fabio
D’Andreagiovanni, Arie M.C.A. Koster, Manuel
Kutschka, Uwe Steglich (2014). Network planning under demand uncertainty with robust
optimization. IEEE Communications Magazine,
52(2):178-185.
Christiane Becker, Philippe Wyss, David Eisenhauer, Jürgen Probst, Veit Preidel, Martin Hammerschmidt, Sven Burger (2014). 5 × 5 cm2 silicon photonic crystal slabs on glass and plastic
foil exhibiting broadband absorption and highintensity near-fields. Sci. Rep., 4:5886.
Timo Berthold, Ambros M. Gleixner (2014).
Undercover: a primal MINLP heuristic exploring a largest sub-MIP. Mathematical Programming, 144(1-2):315-346.
Andreas Betker, Dirk Kosiankowski, Christoph
Lange, Frank Pfeuffer, Christian Raack, Axel
Werner (2014). Energy efficiency in extensive
IP-over-WDM networks with protection. Operations Research Proceedings 2014, 93-99.
Andreas Betker, Inken Gamrath, Dirk
Kosiankowski, Christoph Lange, Heiko
Lehmann, Frank Pfeuffer, Felix Simon, Axel
Werner (2014). Comprehensive Topology and
Traffic Model of a Nationwide Telecommunication Network. Journal of Optical Communications and Networking, 6(11):1038-1047.

98

Annual Report 2014

Marco Blanco, Thomas Schlechte (2014). Analysis of Micro–Macro Transformations of Railway
Networks. Operations Research Proceedings
2014, pages 37-42.
Mark Blome, Kevin McPeak, Sven Burger, Frank
Schmidt, David Norris (2014). Back-reflector
design in thin-film silicon solar cells by rigorous 3D light propagation modeling. COMPEL:
Int. J. Comput. Mathem. Electr. Electron. Eng.,
33(4):1282-1295.
Georges-Pierre Bonneau, Hans-Christian Hege,
Chris R. Johnson, Manuel M. Oliveira, Kristin Potter, Penny Rheingans, Thomas Schultz
(2014). Overview and State-of-the-Art of Uncertainty Visualization. Scientific Visualization
– Uncertainty, Multifield, Biomedical, and Scalable Visualization, Mathematics and Visualization, pages 3-27, Springer.
Ralf Borndörfer, Julika Mehrgardt, Markus
Reuther, Thomas Schlechte, Kerstin Waas
(2014). Re-Optimization of Rolling Stock Rotations. Operations Research Proceedings 2014,
pages 49-55.
Ralf Borndörfer, Markus Reuther, Thomas
Schlechte (2014). A Coarse-To-Fine Approach
to the Railway Rolling Stock Rotation Problem.
14th Workshop on Algorithmic Approaches for
Transportation Modelling, Optimization, and
Systems, volume 42, OpenAccess Series in Informatics (OASIcs); pages 79-91.
Ralf Borndörfer, Bastian Dittbrenner, Andreas
Langenhan, Stephan Seidl, Steffen Weider
(2014). Integrierte Dienst- und Dienstreihenfolgeplanung zur Erhöhung der Fahrerzufriedenheit. Straßenverkehrstechnik, 583-591.
Alexander Bujotzek, Ole Schütt, Adam Nielsen,
Konstantin Fackeldey, Marcus Weber (2014).
ZIBgridfree: Efficient Conformational Analysis
by Partition-of-Unity Coupling. Journal of Mathematical Chemistry, 52(3):781-804.

Christina Büsing, Fabio D’Andreagiovanni
(2014). A New Theoretical Framework for
Robust Optimization Under Multi-Band Uncertainty. Operations Research Proceedings 2014,
115-121.
Gianni Campoli, Nora Baka, Bart Kaptein, Edward
Valstar, Stefan Zachow, Harrie Weinans, Amir
Abbas Zadpoor (2014). Relationship between
the shape and density distribution of the femur
and its natural frequencies of vibration. Journal of
Biomechanics. (epub ahead of print)
Fabio D’Andreagiovanni, Annie Raymond
(2014). Multiband Robust Optimization and its
Adoption in Harvest Scheduling. In Proc. of
FORMATH 2013.
Fabio D’Andreagiovanni, Jonatan Krolikowski,
Jonad Pulaj (2014). A hybrid primal heuristic for
Robust Multiperiod Network Design. EvoApplications 2014, Lecture Notes in Computer
Science.
Fabio D’Andreagiovanni, Jonatan Krolikowski,
Jonad Pulaj (2014). A fast hybrid primal heuristic for multiband robust capacitated network
design with multiple time periods. Applied Soft
Computing, 26:497-507.
Fabio D‘Andreagiovanni, Michela Di Lullo, Giovanni Felici, Fabrizio Lacalandra (2014). A Unified View on Tight Formulations for the Unit
Commitment Problem with Optimal Transmission Switching. Gaspard Monge Program for
Optimization – Conference on Optimization &
Practices in Industry: PGMO-COPI ‘14.
Vincent J. Dercksen, Hans-Christian Hege, Marcel Oberlaender (2014). The Filament Editor: An
Interactive Software Environment for Visualization, Proof-Editing and Analysis of 3D Neuron
Morphology. NeuroInformatics, 12(2):325-339.

Sebastian Dreßler, Thomas Steinke (2014). An
Automated Approach for Estimating the Memory Footprint of Non-linear Data Objects. EuroPar 2013: Parallel Processing Workshops, volume
8374, Lecture Notes in Computer Science, pages
249-258.
Robert Egger, Vincent J. Dercksen, Christiaan
P.J. Kock, Marcel Oberlaender (2014). Reverse
Engineering the 3D Structure and SensoryEvoked Signal Flow of Rat Vibrissal Cortex. The
Computing Dendrite, volume 11, Springer Series in
Computational Neuroscience, pages 127-145.
Robert Egger, Vincent J. Dercksen, Daniel
Udvary, Hans-Christian Hege, Marcel Oberlaender (2014). Generation of dense statistical
connectomes from sparse morphological data.
Frontiers in Neuroanatomy, 8(129).
H. Ehrig, U. Golas, A. Habel, L. Lambers, F. Orejas (2014). M-Adhesive Transformation Systems
with Nested Application Conditions. Part 1:
Parallelism, Concurrency and Amalgamation.
Mathematical Structures in Computer Science,
24(4):1-48.
Gary Froyland, Stephen J. Maher, ChengLung Wu (2014). The recoverable robust tail
assignment problem. Transportation Science,
48(3):351-372.
K. Gabriel, B. Braatz, H. Ehrig, U. Golas (2014).
Finitary M-Adhesive Categories. Mathematical
Structures in Computer Science, 24(4):1-40.
Gerald Gamrath (2014). Improving strong
branching by domain propagation. EURO Journal on Computational Optimization, 2(3):99-122.
U. Golas, A. Habel, H. Ehrig (2014). Multi-Amalgamation of Rules with Application Conditions
in M-Adhesive Categories. Mathematical Structures in Computer Science, 24(4):1-68.

Leonid Goubergrits, Andreas Spuler, Jens
Schaller, Nils Wiegmann, Andre Berthe, HansChristian Hege, Klaus Affeld, Ulrich Kertzscher
(2014). In vitro study of hemodynamic treatment
improvement: Hunterian ligation of a fenestrated basilar artery aneurysm after coiling.
The International Journal of Artificial Organs,
37(4):325-335.
Martin Grötschel, Rüdiger Stephan (2014). Characterization of Facets of the Hop Constrained
Chain Polytope via Dynamic Programming. Discrete Applied Mathematics, 162:229-246.
Manuel Gschrey, Marc Seifried, Luzy Krüger,
Ronny Schmidt, Jan-Hindrick Schulze, Tobias
Heindel, Sven Burger, Sven Rodt, Frank
Schmidt, Andre Strittmatter, Stephan Reitzenstein (2014). Boosting the photon-extraction
efficiency of nanophotonic structures by deterministic microlenses. CLEO: 2014, FF2K.2.
Manuel Gschrey, Marc Seifried, Luzy Krüger,
Ronny Schmidt, Jan-Hindrik Schulze, Tobias
Heindel, Sven Burger, Sven Rodt, Frank
Schmidt, Andre Strittmatter, Stephan Reitzenstein (2014). Advanced Quantum Light Sources:
Modelling and Realization by Deterministic
Nanofabrication Technologies. Integrated Photonics Research, Silicon and Nanophotonics,
IPRSN:IW1A.3.
Sebastian Götschel, Christoph von Tycowicz,
Konrad Polthier, Martin Weiser (2014). Reducing
Memory Requirements in Scientific Computing
and Optimal Control. Multiple Shooting and
Time Domain Decomposition Methods, Springer.
(accepted for publication on 2014-09-18)
Sebastian Götschel, Chamakuri Nagaiah, Karl
Kunisch, Martin Weiser (2014). Lossy Compression in Optimal Control of Cardiac Defibrillation. J. Sci. Comput., 60(1):35-59.
Sebastian Götschel, Martin Weiser (2014). Lossy
Compression for PDE-constrained Optimization: Adaptive Error Control. Comput. Optim.
Appl. (epub ahead of print)

Martin Hammerschmidt, Jan Pomplun, Sven
Burger, Frank Schmidt (2014). Adaptive sampling strategies for effcient parameter scans in
nano-photonic device simulations. Proc. SPIE,
8980:89801O.
Martin Hammerschmidt, Daniel Lockau, Lin
Zschiedrich, Frank Schmidt (2014). Optical
modelling of incoherent substrate light-trapping in silicon thin film multi-junction solar cells
with finite elements and domain decomposition. In Proc. SPIE: Physics and Simulation of
Optoelectronic Devices XXII, 8980:898007.
Olga Heismann, Ralf Borndörfer (2014). A
Generalization of Odd Set Inequalities for the
Set Packing Problem. In Operations Research
Proceedings 2013, 193-199.
F. Hermann, H. Ehrig, U. Golas, F. Orejas (2014).
Formal Analysis of Model Transformations
Based on Triple Graph Grammars. Mathematical Structures in Computer Science, 24(4):1-57.
Mario Hlawitschka, Ingrid Hotz, Andrea Kratz,
G. Elisabeta Marai, Rodrigo Moreno, Gerik
Scheuermann, Markus Stommel, Alexander
Wiebel, Eugene Zhang (2014). Top Challenges
in the Visualization of Engineering Tensor
Fields. Visualization and Processing of Tensors
and Higher-Order Descriptors for Multi-Field
Data, 3-15, Springer.
Hannelore Hoch, Andreas Wessel, Manfred
Asche, Daniel Baum, Felix Beckmann, Peter
Bräunig, Karsten Ehrig, Roland Mühlethaler,
Heinrich Riesemeier, Andreas Staude, Björn
Stelbrink, Ekkehard Wachmann, Phyllis Weintraub, Benjamin Wipfler, Carsten Wolff, Mathias
Zilch (2014). Non-Sexual Abdominal Appendages in Adult Insects Challenge a 300 Million
Year Old Bauplan. Current Biology, 24(1):R16R17.
Mascha Hochfeld, Hans Lamecker, Ulrich W.
Thomale, Matthias Schulz, Stefan Zachow,
Hannes Haberl (2014). Frame-based cranial
reconstruction. Journal of Neurosurgery: Pediatrics, 13(3):319-323.

Zuse Institute Berlin

99

ZIB Publications

ZIB PUBLICATIONS
Ulrike Homberg, Daniel Baum, Alexander Wiebel, Steffen Prohaska, Hans-Christian Hege
(2014). Definition, Extraction, and Validation of
Pore Structures in Porous Materials. Topological Methods in Data Analysis and Visualization
III, 235-248.
Jesco Humpola, Thomas Lehmann, Armin
Fügenschuh (2014). A primal heuristic for optimizing the topology of gas networks based on
dual information. EURO Journal on Computational Optimization.
Johannes Kaschke, Mark Blome, Sven Burger,
Martin Wegener (2014). Tapered N-helical
metamaterials with three-fold rotational symmetry as improved circular polarizers. Opt.
Expr., 22(17):19936-19946.
Simon Kirner, Martin Hammerschmidt, Christoph
Schwanke, Daniel Lockau, Sonya Calnan, Tim
Frijnts, Sebastian Neubert, Andreas Schöpke,
Frank Schmidt, Jens-Hendrik Zollondz, Andreas
Heidelberg, Bernd Stannowski, Bernd Rech,
Rutger Schlatmann (2014). Implications of TCO
Topography on Intermediate Reflector Design
for a-Si/μc-Si Tandem Solar Cells — Experiments
and Rigorous Optical Simulations. IEEE Journal
of Photovoltaics, 4(1):10-15.
Christoph Kleineweber, Alexander Reinefeld,
Thorsten Schütt (2014). QoS-aware Storage Virtualization for Cloud File Systems. Proceedings
of the 1st ACM International Workshop on Programmable File Systems, PFSW ‘14, pages 19-26.
Andrea Kratz, Marc Schöneich, Valentin Zobel,
Bernhard Burgeth, Gerik Scheuermann, Ingrid
Hotz, Markus Stommel (2014). Tensor Visualization Driven Mechanical Component Design.
Proc. IEEE Pacific Visualization Symposium
2014, 145-152.

100 Annual Report 2014

Nico Kruber, Florian Schintke, Michael Berlin
(2014). A Relational Database Schema on the
Transactional Key-Value Store Scalaris. Proceedings of 2nd Workshop on Scalable Cloud Data
Management.
Jens Krüger, Richard Grunzke, Sandra Gesing,
Sebastian Breuers, André Brinkmann, Luis de la
Garza, Oliver Kohlbacher, Martin Kruse, Wolfgang E. Nagel, Lars Packschies, Ralph MüllerPfefferkorn, Patrick Schäfer, Charlotta Schärfe,
Thomas Steinke, Tobias Schlemmer, Klaus Dieter
Warzecha, Andreas Zink, Sonja Herres-Pawlis
(2014). The MoSGrid Science Gateway – A
Complete Solution for Molecular Simulations.
Journal of Chemical Theory and Computation,
10(6):2232-2245.
Alexander Kuhn, Wito Engelke, Christian Rössl,
Markus Hadwiger, Holger Theisel (2014). Time
Line Cell Tracking for the Approximation of
Lagrangian Coherent Structures with Subgrid
Accuracy. Computer Graphics Forum, 33:222-234.
Norbert Lindow, Daniel Baum, Hans-Christian
Hege (2014). Ligand Excluded Surface: A New
Type of Molecular Surface. IEEE Transactions
on Visualization and Computer Graphics,
20(12):2486-2495.
Daniel Lockau, Martin Hammerschmidt, Jan
Haschke, Mark Blome, Florian Ruske, Frank
Schmidt, Bernd Rech (2014). A comparison of
scattering and non-scattering anti-reflection
designs for back contacted polycrystalline thin
film silicon solar cells in superstrate configuration. Proc. SPIE, volume 9140, Photonics for
Solar Energy Systems, page 914006.
Daniel Lockau, Tobias Sontheimer, Veit Preidel,
Florian Ruske, Martin Hammerschmidt, Christiane Becker, Frank Schmidt, Bernd Rech (2014).
Advanced microhole arrays for light trapping
in thin film silicon solar cells. Solar Energy
Materials and Solar Cells, 125:298-304. 

Lars Lubkoll, Anton Schiela, Martin Weiser
(2014). An optimal control problem in polyconvex hyperelasticity. SIAM J. Control Opt.,
52(3):1403-1422.
Stephen J. Maher, Guy Desaulniers, Francois
Soumis (2014). Recoverable robust single day
aircraft maintenance routing problem. Computers & Operations Research, 51:130-145.
Stephen J. Maher (2014). Solving the integrated
airline recovery problem using column-and-row
generation. Transportation Science. (accepted
for publication on 2014-05-05)
Toni Mancini, Ivano Salvo, Federico Mari, Igor
Melatti, Annalisa Massini, Stefano Sinisi, Enrico
Tronci, Francesco Davi, Thomas Dierkes, Rainald Ehrig, Susanna Röblitz, Brigitte Leeners,
Tillmann Krüger, Marcel Egli, Fabian Ille (2014).
Patient-Specific Models from Inter-Patient Biological Models and Clinical Records. Proceedings of the 14th Conference on Formal Methods in
Computer-Aided Design (FMCAD 2014), 207-214.
Kevin M. McPeak, Christian D. van Engers, Mark
Blome, Jong Hyuk Park, Sven Burger, Miguel A.
Gosalvez, Ava Faridi, Yasmina Ries, Ayaskanta
Sahu, David J. Norris (2014). Complex Chiral
Colloids and Surfaces via High-Index Off-Cut
Silicon. Nano Lett., 14(5):2934-2940.
Christoph Menzel, Erik Hebestreit, Rasoul Alaee,
Mohammad Albooyeh, Stefan Mühlig, Sven
Burger, Carsten Rockstuhl, Constantin Simovski,
Sergei Tretyakov, Falk Lederer, Thomas Pertsch
(2014). Extreme coupling: a route towards local
magnetic metamaterials. Phys. Rev. B, 89:155125.
Christoph Menzel, Erik Hebestreit, Stefan Mühlig, Carsten Rockstuhl, Sven Burger, Falk Lederer,
Thomas Pertsch (2014). The spectral shift
between near- and far-field resonances of optical
nano-antennas. Opt. Expr., 22(8):9971-9982.

Philippe Moewis, Heide Boeth, Markus O. Heller, Caroline Yntema, Tobias Jung, Ralf Doyscher, Rainald M. Ehrig, Yanlin Zhong, William R.
Taylor (2014). Towards understanding knee joint
laxity: Errors in non-invasive assessment of joint
rotation can be corrected. Medical Engineering
and Physics, 36(7):889-895.
Dany Pascal Moualeu, Samuel Bowong, Jürgen
Kurths (2014). Parameter Estimation of a Tuberculosis Model in a Patchy Environment: Case of
Cameroon. BIOMAT – Proceedings of the 12th
International Symposium on Mathematical and
Computational Biology.
Dany Pascal Moualeu-Ngangue, Martin Weiser,
Rainald Ehrig, Peter Deuflhard (2014). Optimal
control for a tuberculosis model with undetected cases in Cameroon. Communications in
Nonlinear Science and Numerical Simulation,
20(3):986-1003.
Adam Nielsen, Marcus Weber (2014). Computing the nearest reversible Markov chain.
Numerical Linear Algebra with Applications
(accepted on Dec. 7, 2014)
Matthias Noack, Florian Wende, Thomas
Steinke, Frank Cordes (2014). A Unified Programming Model for Intra- and Inter-Node Offloading on Xeon Phi Clusters. SC ’14: Proceedings of the International Conference on High
Performance Computing, Networking, Storage
and Analysis. SC14, November 16-21, 2014, New
Orleans, Louisiana, USA.
Steffen Oeltze, Dirk J. Lehmann, Alexander
Kuhn, Gábor Janiga, Holger Theisel, Bernhard
Preim (2014). Blood Flow Clustering and Applications in Virtual Stenting of Intracranial Aneurysms. IEEE Transactions on Visualization and
Computer Graphics, 2014, TVCG.
Olaf Paetsch, Daniel Baum, Steffen Prohaska,
Karsten Ehrig, Gino Ebell, Dietmar Meinel,
Andreas Heyn (2014). Korrosionsverfolgung in
3D-computertomographischen Aufnahmen von
Stahlbetonproben. DGZfP-Jahrestagung 2014
Konferenzband.

Marc E. Pfetsch, Armin Fügenschuh, Björn
Geißler, Nina Geißler, Ralf Gollmer, Benjamin
Hiller, Jesco Humpola, Thorsten Koch, Thomas
Lehmann, Alexander Martin, Antonio Morsi, Jessica Rövekamp, Lars Schewe, Martin Schmidt,
Rüdiger Schultz, Robert Schwarz, Jonas Schweiger, Claudia Stangl, Marc C. Steinbach,
Stefan Vigerske, Bernhard M. Willert (2014).
Validation of Nominations in Gas Network Optimization: Models, Methods, and Solutions. Optimization Methods and Software. 30(1).
Hanspeter Pfister, Verena Kaynig, Charl P.
Botha, Stefan Bruckner, Vincent J. Dercksen,
Hans-Christian Hege, Jos B.T.M. Roerdink
(2014). Visualization in Connectomics. Scientific
Visualization – Uncertainty, Multifield, Biomedical, and Scalable Visualization, Mathematics
and Visualization, pages 221-245, Springer.
Ilyas Potamitis, Patrick Schäfer (2014). On Classifying Insects from their Wing-Beat: New Results.
Ecology and acoustics: emergent properties from
community to landscape, Paris, France.
Markus Reuther (2014). Local Search for the
Resource Constrained Assignment Problem.
14th Workshop on Algorithmic Approaches for
Transportation Modelling, Optimization, and
Systems, volume 42, OpenAccess Series in Informatics (OASIcs), pages 62-78.
Guillaume Sagnol, Ralf Borndörfer, Thomas
Schlechte, Elmar Swarat (2014). The Price of
Spite in Spot-checking games. 7th International
Symposium on Algorithmic Game Theory (SAGT
2014), volume 8768, Lecture Notes in Computer
Science, page 293.
Marco Sarich, Natasa Djurdjevac, Sharon
Bruckner, Tim Conrad, Christof Schütte (2014).
Modularity revisited: A novel dynamics-based
concept for decomposing complex networks.
Journal of Computational Dynamics, 1(1):191-212.

Marco Sarich, Christof Schütte (2014). Markov
Model Theory. An Introduction to Markov
State Models and Their Application to Long
Timescale Molecular Simulation, Volume 797 of
Advances in Experimental Medicine and Biology, pages 23-44.
Olga Scharkoi, Susanne Esslinger, Roland
Becker, Marcus Weber, Irene Nehls (2014).
Predicting sites of cytochrome P450-mediated
hydroxylation applied to CYP3A4 and hexabromocyclododecane. Molecular Simulation.
Martina Schmid, Patrick Andrae, Phillip Manley (2014). Plasmonic and photonic scattering
and near fields of nanoparticles. Nanoscale
Research Letters, 9:50.
Martina Schmid, Phillip Manley (2014). Nanoand microlenses as concepts for enhanced
performance of solar cells. J. Photon. Energy,
5:057003.
Frank Scholze, Bernd Bodermann, Sven Burger,
Johannes Endres, Anton Haase, Michael Krumrey, Christian Laubis, Victor Soltwisch, Albrecht
Ullrich, Jan Wernecke (2014). Determination of
line profiles on photomasks using DUV, EUV
and X-ray scattering. Proc. SPIE, 9231:92310M.
Christian Schulz, Christoph von Tycowicz,
Hans-Peter Seidel, Klaus Hildebrandt (2014).
Animating Deformable Objects Using Sparse
Spacetime Constraints. ACM Transactions on
Graphics, 33(4):109:1-109:10.
Patrick Schäfer (2014). Towards Time Series
Classification without Human Preprocessing.
MLDM 2014, volume 8556, LNAI, pages 228-242.
Patrick Schäfer (2014). The BOSS is concerned
with time series classification in the presence of
noise. Data Mining and Knowledge Discovery. p.
1-26. DOI 10.1007/s10618-014-0377-7
Patrick Schäfer (2014). Experiencing the Shotgun
Distance for Time Series Analysis. Transactions
on Machine Learning and Data Mining, 7(1):3-25.

Zuse Institute Berlin

101

ZIB Publications

ZIB PUBLICATIONS
NOT
PEER-REVIEWED
Marc Schöneich, Markus Stommel, Andrea
Kratz, Valentin Zobel, Gerik Scheuermann,
Ingrid Hotz, Bernhard Burgeth (2014). Optimization strategy for the design of ribbed plastic
components. International Journal of Plastics
Technology, 160-175.
Christof Schütte, Adam Nielsen, Marcus Weber
(2014). Markov State Models and Molecular
Alchemy. Molecular Physics. (accepted for publication on 2014-07-11).
Vitaly A. Shchukin, Nikolay N. Ledentsov, JörgR. Kropp, Gunther Steinle, Nikolay N. Ledentsov, Jr., Sven Burger, Frank Schmidt (2014).
Single-Mode Vertical Cavity Surface Emitting
Laser via Oxide-Aperture-Engineering of Leakage of High Order Transverse Modes. IEEE J.
Quant. Electron., 50(12):990-995.
Victor Soltwisch, Jan Wernecke, Anton Haase,
Jürgen Probst, Max Schoengen, Frank Scholze,
Jan Pomplun, Sven Burger (2014). Determination of line profile on nanostructured surfaces
using EUV and x-ray scattering. Proc. SPIE,
9235:92351D.
Sergej Stoppel, Hans-Christian Hege, Alexander Wiebel (2014). Visibility-driven depth determination of surface patches in direct volume
rendering. EuroVis – Short Papers 2014, 97-101.
Ingo Todt, Hans Lamecker, Heiko Ramm, Henning Frenzel, Barbara Wollenberg, Thomas
Beleites, Thomas Zahnert, Jan Peter Thomas,
Stefan Dazert, Arneborg Ernst (2014). Entwicklung eines CT-Daten-basierten Vibrant-Bonebridge-Viewers. HNO, 62:439-442.
Ingo Todt, Hans Lamecker, Heiko Ramm,
Arneborg Ernst (2014). A computed tomographic data-based vibrant bonebridge visualization tool. Cochlear Implants International,
15(S1):72-74.

102 Annual Report 2014

Jacek K. Tyminski, Jan Pomplun, Stephen P. Renwick (2014). Impact of topographic mask models on scanner matching solutions. Proc. SPIE:
Optical Microlithography XXVII, 9052:905218.

Martin Weiser (2014). Faster SDC convergence
on non-equidistant grids by DIRK sweeps. BIT
Numerical Mathematics. (accepted for publication on 2014-09-11)

Ingmar Vierhaus, Armin Fügenschuh, Robert
Gottwald, Stefan Grösser (2014). Modern Nonlinear Optimization Techniques for an Optimal
Control of System Dynamics Models. Proceedings of the 32nd International Conference of the
System Dynamics Society.

Martin Weiser, Simone Scacchi (2014). Spectral
Deferred Correction methods for adaptive
electro-mechanical coupling in cardiac simulation. G. Russo et al.(eds.) Proceedings of the
ECMI 2014. (accepted for publication on 201504-11)

Eric Vincens, Karl Josef Witt, Ulrike Homberg
(2014). Approaches to Determine the Constriction Size Distribution for Understanding Filtration Phenomena in Granular Materials. Acta
Geotechnica.

Florian Wende, Thomas Steinke, Michael
Klemm, Alexander Reinefeld (2014). Concurrent Kernel Offloading. High Performance
Parallelism Pearls. (accepted for publication on
2014-06-08)

Han Wang, Christof Schütte, Giovanni Ciccotti,
Luigi Delle Site (2014). Exploring the conformational dynamics of alanine dipeptide in solution subjected to an external electric field: A
nonequilibrium molecular dynamics simulation.
Journal of Chemical Theory and Computation,
10(4):1376-1386.

Florian Wende, Guido Laubender, Thomas
Steinke (2014). Integration of Intel Xeon Phi
Servers into the HLRN-III Complex: Experiences, Performance and Lessons Learned.
CUG2014 Proceedings.

Marcus Weber, Konstantin Fackeldey (2014).
Local Refinements in Classical Molecular
Dynamics Simulations. J. Phys. Conf. Ser.,
490:012016.
Marcus Weber, Konstantin Fackeldey (2014).
Computing the Minimal Rebinding Effect
Included in a Given Kinetics. Multiscale Model.
Simul., 12(1):318-334.
Britta Weber, Erin M. Tranfield, Johanna L.
Höög, Daniel Baum, Claude Antony, Tony
Hyman, Jean-Marc Verbavatz, Steffen Prohaska
(2014). Automated stitching of microtubule centerlines across serial electron tomograms. PLoS
ONE, e113222.

Florian Wende, Frank Cordes, Thomas Steinke
(2014). Concurrent Kernel Execution on Xeon
Phi within Parallel Heterogeneous Workloads.
Euro-Par 2014: Parallel Processing. 20th International Conference, Porto, Portugal, August 25-29,
2014, Proceedings , volume 8632, Lecture Notes in
Computer Science, pages 788-799.
Alexander Wiebel, Cornelius Müller, Christoph
Garth, Thomas Knösche (2014). A System for
Combined Visualization of EEG and Diffusion
Tensor Imaging Tractography Data. Visualization and Processing of Tensors and HigherOrder Descriptors for Multi-field Data, 325-337.
Samuel Wiesendanger, Thomas Bischoff,
Vladislav Jovanov, Dietmar Knipp, Sven Burger,
Falk Lederer, Carsten Rockstuhl (2014). Effects
of film growth modes on light trapping in
silicon thin film solar cells. Appl. Phys. Lett.,
104(23):231103.

Samuel Wiesendanger, Thomas Bischoff,
Vladislav Jovanov, Dietmar Knipp, Sven Burger,
Falk Lederer, Carsten Rockstuhl (2014). Numerical investigations on the effects of film growth
modes on light trapping in silicon thin film solar
cells. In Light, Energy and the Environment,
PF4C.4.

Shalva Amiranashvili, Uwe Bandelow, Mark Blome,
Sven Burger, Frank Schmidt, Kersten Schmidt, Lin
Zschiedrich (2014). Nanophotonics and nonlinear
fiber optics. MATHEON-Mathematics for Key
Technologies, volume 1, Series in Industrial and
Applied Mathematics, pages 257-275.

Stefanie Winkelmann, Christof Schütte, Max
von Kleist (2014). Markov Control Processes
with Rare State Observation: Theory and
Application to Treatment Scheduling in HIV-1.
Communications in Mathematical Sciences,
12(5):859-877.

Thomas Arnold, Timo Berthold, Stefan Heinz,
Stefan Vigerske, René Henrion, Martin Grötschel,
Thorsten Koch, Caren Tischendorf, Werner
Römisch (2014). A Jack of all Trades? Solving
stochastic mixed-integer nonlinear constraint
programs. MATHEON – Mathematics for Key
Technologies, volume 1, EMS Series in Industrial
and Applied Mathematics, pages 135-146.

Benjamin Wohlfeil, Christos Stamatiadis, Matthias Jäger, Lars Zimmermann, Sven Burger,
Klaus Petermann (2014). Integrated optical
fiber grating coupler on SOI for the excitation
of several higher order fiber modes. Optical
Communication (ECOC), 2014 European Conference on, 1-3.

Roland Bertelmann, Petra Gebauer, Tim Hasler,
Ingo Kirchner, Wolfgang Peters-Kottig, Matthias
Razum, Astrid Recker, Damian Ulbricht, Stephan
van Gasselt (2014). Einstieg ins Forschungsdatenmanagement in den Geowissenschaften.

Benjamin Wohlfeil, Sven Burger, Christos
Stamatiadis, Jan Pomplun, Frank Schmidt, Lars
Zimmermann, Klaus Petermann (2014). Numerical Simulation of Grating Couplers for Mode
Multiplexed Systems. Proc. SPIE, 8988:89880K.
Wei Zhang, Han Wang, Carsten Hartmann,
Marcus Weber, Christof Schütte (2014). Applications of the cross-entropy method to importance sampling and optimal control of diffusions. Siam Journal on Scientific Computing.
36(6), pp. A2654-2672
Lin Zschiedrich, Therese Blome, Horst Greiner
(2014). Simulation of advanced OLED light
extraction structures with novel FEM methods.
Organic Photonics VI, volume 9137, Proc. SPIE,
page 91370O.

Alexander Bockmayr, Heike Siebert, Susanna
Röblitz, Christof Schütte, Peter Deuflhard
(2014). Advanced mathematical modeling in systems biology. MATHEON-Mathematics for Key
Technologies, volume 1, Series in Industrial and
Applied Mathematics, pages 29-44.
Peter Deuflhard, Christof Schütte (2014). Life
Sciences. MATHEON-Mathematics for Key
Technologies, volume 1, Series in Industrial and
Applied Mathematics, pages 1-5.
Peter Deuflhard, Ralf Kornhuber, Oliver Sander,
Anton Schiela, Martin Weiser (2014). Mathematics cures virtual patients. MATHEON-Mathematics for Key Technologies, volume 1, Series in
Industrial and Applied Mathematics, pages 7-25.

Peter Deuflhard, Marcus Weber (2014). Mathematics without pain. MATHEON-Mathematics
for Key Technologies, volume 1, Series in Industrial and Applied Mathematics, pages 26-28.
Hans-Christian Hege (2014). Visual analysis of
molecular dynamics data using geometric and
topological methods. Forum “Math for Industry”
2014, volume 57, MI Lecture Notes, Kyushu University, pages 45-46.
Dorian Krause, Konstantin Fackeldey, Rolf
Krause (2014). A Parallel Multiscale Simulation
Toolbox for Coupling Molecular Dynamics and
Finite Elements. Singular Phenomena and Scaling in Mathematical Models, 327-346.
Hans Lamecker, Hans-Christian Hege, Karsten
Tabelow, Jörg Polzehl (2014). Image Processing.
In MATHEON - Mathematics for Key Technologies, EMS Series in Industrial and Applied Mathematics, pages 359-376.
Daniel Lockau, Martin Hammerschmidt, Mark
Blome, Frank Schmidt (2014). Optics of thin film
solar cells. MATHEON-Mathematics for Key
Technologies, volume 1, Series in Industrial and
Applied Mathematics, pages 278-279.
Frank Mücklich, Johannes Webel, Hisham
Aboulfadl, Norbert Lindow, Hans-Christian
Hege (2014). Correlative Tomography – Extraction of Reliable Information with Adequate
Resolution from mm Scale Down to Sub-nm
Scale. Microsc. Microanal., 20(Suppl 3):838-839.
Konrad Polthier, John Sullivan, Günter M. Ziegler, Hans-Christian Hege (2014). Visualization.
MATHEON - Mathematics for Key Technologies, EMS Series in Industrial and Applied Mathematics, pages 335-339.

Zuse Institute Berlin 103

ZIB Publications

ZIB PUBLICATIONS
Stefanie Redemann, Britta Weber, Marit Möller,
Jean-Marc Verbavatz, Anthony A. Hyman,
Daniel Baum, Steffen Prohaska, Thomas MüllerReichert (2014). The Segmentation of Microtubules in Electron Tomograms Using Amira.
Mitosis, Methods in Molecular Biology.
Michael Schlosser, Axel Werner, Ralph Schlenk,
Tobias Jungel, Christoph Lange (2014). Demonstrating energy-efficiency improvements in
load-adaptive dynamic multilayer optical networks. Tagungsband Photonische Netze, volume 248, ITG-Fachbericht, pages 42-46.
Christof Schütte, Peter Deuflhard, Frank Noé,
Marcus Weber (2014). Design of functional
molecules. MATHEON-Mathematics for Key
Technologies, volume 1, Series in Industrial and
Applied Mathematics, pages 49-65.
Christof Schütte, Tim Conrad (2014). Showcase
3: Information-based medicine. MATHEONMathematics for Key Technologies, EMS Series
in Industrial and Applied Mathematics, pages
66-67. (Joint publication: Dept. Numerical
Analysis and Modelling, Dept. Visualization
and Data Analysis)
Axel Werner, Frank Aurzada, Andreas Bley,
Andreas Eisenblätter, Hans-Florian Geerdes,
Mijail Guillemard, Gitta Kutyniok, Friedrich
Philipp, Christian Raack, Michael Scheutzow
(2014). Mathematics for telecommunications.
MATHEON – Mathematics for Key Technologies, EMS Series in Industrial and Applied Mathematics, 1:75-89.

BOOKS

ZIB
REPORTS

Andrei V. Lavrinenko, Jesper Laegsgaard, Niels
Gregersen, Frank Schmidt, Thomas Soendergaard (2014). Numerical Methods in Photonics.
CRC Press.

Animesh Agarwal, Han Wang, Christof Schütte,
Luigi Delle Site (2014). Chemical potential of
liquids and mixtures via Adaptive Resolution
Simulation. ZIB-Report 14-25.

Peter Deuflhard, Martin Grötschel, Dietmar Hömberg, Ulrich Horst, Jürg Kramer,
Volker Mehrmann, Konrad Polthier, Frank
Schmidt, Christof Schütte, Martin Skutella
Jürgen Sprekels (2014). MATHEON – Mathematics for Key Technologies. European Mathematical
Society. (Joint publication: Dept. Optimization,
Dept. Numerical Analysis and Modelling)

Thomas Arnold, Timo Berthold, Stefan Heinz,
Stefan Vigerske, René Henrion, Martin
Grötschel, Thorsten Koch, Caren Tischendorf,
Werner Römisch (2014). A Jack of all Trades?
Solving stochastic mixed-integer nonlinear constraint programs. ZIB-Report 14-14.

Giovanni Ciccotti, Mauro Ferrario, Christof
Schütte (2014). Molecular Dynamics Simulation.
Multidisciplinary Digital Publishing Institute
(MDPI).
T. Ternes, K.-H. Bauer, H. Dieter, U. Dünnbier,
T. Grummt, A. Joss, H. Mückter, C. Prasse, M.
Radke, C. Schmidt, U. Schulte-Oehlmann, T.
Schwartz, P. Seel, H. Siegrit, B. Teiser, L. Weber,
M. Weber (2014) Bedeutung von Transformationsprodukten für den Wasserkreislauf. DWAThemen KA 8.1 – T 4/2014.

Ralf Banisch, Christof Schütte, Natasa Djurdjevac Conrad (2014). Module Detection in
Directed Real-World Networks. ZIB-Report
14-13.
Isabel Beckenbach, Ralf Borndörfer (2014). An
Approximation Result for Matchings in Partitioned Hypergraphs. ZIB-Report 14-30.
Andreas Betker, Inken Gamrath, Dirk
Kosiankowski, Christoph Lange, Heiko
Lehmann, Frank Pfeuffer, Felix Simon, Axel
Werner (2014). Comprehensive Topology and
Traffic Model of a Nation-wide Telecommunication Network. ZIB-Report 14-36.
Ralf Borndörfer, Marika Karbstein, Julika Mehrgardt, Markus Reuther, Thomas Schlechte
(2014). The Cycle Embedding Problem. ZIBReport 14-37.
Ralf Borndörfer, Markus Reuther, Thomas
Schlechte (2014). A Coarse-To-Fine Approach
to the Railway Rolling Stock Rotation Problem.
ZIB-Report 14-26.
Ralf Borndörfer, Bastian Dittbrenner, Andreas
Langenhan, Stephan Seidl, Steffen Weider
(2014). Integrierte Dienst- und Dienstreihenfolgeplanung zur Erhöhung der Fahrerzufriedenheit. ZIB-Report 14-02.
Ralf Borndörfer, Marika Karbstein (2014). Metric Inequalities for Routings on Direct Connections. ZIB-Report 14-04.

104 Annual Report 2014

Ralf Borndörfer, Julia Buwaya, Guillaume
Sagnol, Elmar Swarat (2014). Network Spot
Checking Games: Theory and Application to
Toll Enforcing in Transportation Networks.
ZIB-Report 14-07.

Martin Hammerschmidt, Daniel Lockau, Lin
Zschiedrich, Frank Schmidt (2014). Optical
modelling of incoherent substrate light-trapping
in silicon thin film multi-junction solar cells with
finite elements and domain decomposition. ZIBReport 14-21.

Guillaume Sagnol, Radoslav Harman (2014).
Optimal Designs for Steady-state Kalman
filters. ZIB-Report 14-39.
Marco Sarich, Christof Schütte (2014). Utilizing
hitting times for ﬁnding metastable sets in nonreversible Markov chains . ZIB-Report 14-32.

Natasa Djurdjevac Conrad, Ralf Banisch,
Christof Schütte (2014). Modularity of Directed
Networks: Cycle Decomposition Approach.
ZIB-Report 14-31.

Olga Heismann, Ralf Borndörfer (2014). A Generalization of Odd Set Inequalities for the Set
Packing Problem. ZIB-Report 14-28.

Fabio D’Andreagiovanni, Jonatan Krolikowski,
Jonad Pulaj (2014). A Fast Hybrid Primal
Heuristic for Multiband Robust Capacitated
Network Design with Multiple Time Periods.
ZIB-Report 14-40.

René Hoffmann, Julia A. Schultz, Rico Schellhorn
, Erik Rybacki, Helmut Keupp, Robert Lemanis,
Stefan Zachow (2013). Non-invasive imaging
methods applied to neo- and paleo-ontological
cephalopod research. ZIB-Report 14-18.

Christof Schütte, Adam Nielsen, Marcus Weber
(2014). Markov State Models and Molecular
Alchemy. ZIB-Report 14-05.

Robert Egger, Vincent J. Dercksen, Daniel
Udvary, Hans-Christian Hege, Marcel Oberlaender (2014). Generation of dense statistical
connectomes from sparse morphological data.
ZIB-Report 14-43.

Marika Karbstein (2014). Integrated Line Planning and Passenger Routing: Connectivity and
Transfers. ZIB-Report 14-42.

Sergej Stoppel, Hans-Christian Hege, Alexander
Wiebel (2014). Visibility-Driven Depth Determination of Surface Patches in Direct Volume Rendering. ZIB-Report 14-11.

Norbert Lindow, Daniel Baum, Hans-Christian
Hege (2014). Ligand Excluded Surface: A New
Type of Molecular Surface. ZIB-Report 14-27.

Claudia Stötzel, Mochamad Apri, Susanna
Röblitz (2014). A reduced ODE model of the
bovine estrous cycle. ZIB-Report 14-33.

Anja Müller, Stephan Bartholmei, Barbara Fischer, Helene Hahn (2014). Der GLAM-Hackathon „Coding da Vinci“. ZIB-Report 15-23.

I. Vega, Christof Schütte, Tim Conrad (2014).
SAIMeR: Self-adapted method for the identification of metastable states in real-world time
series . ZIB-Report 14-16.

Moritz Ehlke, Thomas Frenzel, Heiko Ramm,
Hans Lamecker, Mohsen Akbari Shandiz,
Carolyn Anglin, Stefan Zachow (2014). Robust
Measurement of Natural Acetabular Orientation from AP Radiographs using Articulated 3D
Shape and Intensity Models. ZIB-Report 14-12.
Gerald Gamrath, Thorsten Koch, Daniel
Rehfeldt, Yuji Shinano (2014). SCIP-Jack – A
massively parallel STP solver. ZIB-Report 14-35.
Julia Alexandra Goltz (2014). Mobile Applikationen für Bibliotheken im deutschsprachigen
Raum. ZIB-Report 14-06.
Martin Grötschel, Ralf Borndörfer (2014).
Mathematik im Verkehr. ZIB-Report 14-03.
Martin Hammerschmidt, Jan Pomplun, Sven
Burger, Frank Schmidt (2014). Adaptive
sampling strategies for efficient parameter
scans in nano-photonic device simulations.
ZIB-Report 14-20.

Adam Nielsen, Marcus Weber (2014). Computing the nearest reversible Markov chain. ZIBReport 14-48.
Matthias Noack (2014). HAM – Heterogneous
Active Messages for Efficient Offloading on
the Intel Xeon Phi. ZIB-Report 14-23.
Olaf Paetsch, Daniel Baum, Gino Ebell, Karsten
Ehrig, Andreas Heyn, Dietmar Meinel, Steffen Prohaska (2014). Korrosionsverfolgung in
3D-computertomographischen Aufnahmen von
Stahlbetonproben. ZIB-Report 14-24.
Guillaume Sagnol, Ralf Borndörfer, Thomas
Schlechte, Elmar Swarat (2014). The Price of
Spite in Spot-checking games. ZIB-Report 14-38.

Jonas Schweiger (2014). Gas network extension
planning for multiple demand scenarios. ZIBReport 14-29.

Ingmar Vierhaus, Armin Fügenschuh, Robert
Lion Gottwald, Stefan N. Grösser (2014). Modern Nonlinear Optimization Techniques for an
Optimal Control of System Dynamics Models.
ZIB-Report 14-08.
Eric Vincens, Karl Josef Witt, Ulrike Homberg
(2014). Approaches to Determine the Constriction Size Distribution for Understanding
Filtration Phenomena in Granular Materials.
ZIB-Report 14-01.
Han Wang, Christof Schütte (2014). Building
Markov State Models for Periodically Driven
Non-Equilibrium Systems. ZIB-Report 14-46.

Zuse Institute Berlin 105

ZIB Publications

ZIB PUBLICATIONS
DISSERTATIONS
Britta Weber, Erin M. Tranfield, Johanna L.
Höög, Daniel Baum, Claude Antony, Tony
Hyman, Jean-Marc Verbavatz, Steffen Prohaska
(2014). Automated stitching of microtubule
centerlines across serial electron tomograms.
ZIB-Report 14-41.
Martin Weiser, Simone Scacchi (2014). Spectral
Deferred Correction methods for adaptive
electro-mechanical coupling in cardiac simulation. ZIB-Report 14-22.
Florian Wende, Thomas Steinke, Frank Cordes
(2014). Multi-threaded Kernel Offloading to
GPGPU Using Hyper-Q on Kepler Architecture. ZIB-Report 14-19.
Florian Wende, Guido Laubender, Thomas
Steinke (2014). Integration of Intel Xeon Phi
Servers into the HLRN-III Complex: Experiences, Performance and Lessons Learned. ZIBReport 14-15.
Ryohei Yokoyama, Yuji Shinano, Syusuke Taniguchi, Masashi Ohkura, Tetsuya Wakui (2014).
Optimization of energy supply systems by
MILP branch and bound method in consideration of hierarchical relationship between design
and operation. ZIB-Report 14-09.
Wei Zhang, Han Wang, Carsten Hartmann,
Marcus Weber, Christof Schütte (2014). Applications of the cross-entropy method to importance sampling and optimal control of diffusions. ZIB-Report 14-10.

106 Annual Report 2014

Annie Raymond (2014), TUB, Polyhedral Methods Applied to Extremal Combinatorial Problems.
Ivan Dovica (2014), TUB, Robust Tail Assignment.
Jesco Humpola (2014), TUB, Gas Network Optimization by MINLP.
Olga Heismann (2014), TUB, The Hyperassignment Problem.
Timo Berthold (2014), TUB, Heuristic algorithms
in global MINLP solvers.
Claudia Stötzel (2014), FUB, Numerical and
Discrete Modeling of Reproductive Endocrinological Networks.
Sharon Hüffner (2014), FUB, Modularity in Biological Networks.
Alexey Shadrin (2014), FUB, Positional Information Storage in Sequence Patterns.
Christoph von Tycowicz (2014), FUB, Concepts
and Algorithms for the Deformation, Analysis,
and Compression of Digital Shapes.

REFERENCES
DESIGN OF
NANOPHOTONIC
DEVICES
[1] Simon Kirner, Martin Hammerschmidt, Christoph Schwanke, Daniel Lockau, Sonya Calnan,
Tim Frijnts, Sebastian Neubert, Andreas Schöpke,
Frank Schmidt, Jens-Hendrik Zollondz, Andreas
Heidelberg, Bernd Stannowski, Bernd Rech,
Rutger Schlatmann {2014}. Implications of TCO
Topography on Intermediate Reflector Design
for a-Si/μc-Si Tandem Solar Cells – Experiments
and Rigorous Optical Simulations. IEEE Journal
of Photovoltaics, 4, pp. 10-15.
[2] Sven Burger, Lin Zschiedrich, Jan Pomplun,
Sven Herrmann, Frank Schmidt {2015}. Hp-finite
element method for simulating light scattering
from complex 3D structures. Proc. SPIE, p.
94240Z, Vol.9424.
[3] Nikolay N. Ledentsov, Jörg-R. Kropp,
Vitaly A. Shchukin, Gunther Steinle, Nikolay
N. Ledentsov, Jarek P. Turkiewicz, Bo Wu,
Qiu Shaofeng, Yanan Ma, Feng Zhiyong, Sven
Burger, Frank Schmidt, Christoph Caspar, Ronald Freund, Kent D. Choquette {2015}. Highspeed modulation, wavelength, and mode control in vertical-cavity surface-emitting lasers.
SPIE OPTO 93810F.

IMAGE
ANALYSIS
FOR BIOLOGY
[4] M. Gschrey, M. Seifried, L. Krüger, R.
Schmidt, J. Schluze, T. Heindel, S. Burger, S.
Rodt, F. Schmidt, A. Strittmatter, and S. Reitzenstein {2014}. Advanced Quantum Light Sources:
Modelling and Realization by Deterministic
Nanofabrication Technologies. Advanced Photonics for Communications; OSA Technical
Digest; IW1A.
[5] Kevin M. McPeak, Christian D. van Engers,
Mark Blome, Jong Hyuk Park, Sven Burger,
Miguel A. Gosálvez, Ava Faridi, Yasmina R. Ries,
Ayaskanta Sahu, and David J. NorrisNamen
{2014}. Complex Chiral Colloids and Surfaces
via High-Index Off-Cut Silicon. Nano Letters
2014 14, 2934-2940.
[6] Lin Zschiedrich, Therese Blome, Horst
Greiner {2014}. Simulation of advanced OLED
light extraction structures with novel FEM
methods. Proc. SPIE 9137, Organic Photonics
VI, 91370O.

[7] B. Weber, E.M. Tranfield, J.L. Höög, D.
Baum, C. Antony, T. Hyman, J.-M. Verbavatz,
S. Prohaska (2014): Automated stitching of
microtubule centerlines across serial section
tomograms. PLoS ONE; p. e113222, DOI: 10.1371/
journal.pone.0113222.
[8] S. Redemann, B. Weber, M. Möller, J.-M.
Verbavatz, A. A. Hyman, D. Baum, S. Prohaska,
T. Müller-Reichert (2014): The Segmentation
of Microtubules in Electron Tomograms Using
Amira. Mitosis; Springer; 2014, doi: 10.1007/9781-4939-0329-0_12.
[9] B. Weber, G. Greenan, S. Prohaska, D.
Baum, H.-C. Hege, T. Müller-Reichert, A. Hyman,
J.-M. Verbavatz (2012): Automated tracing of
microtubules in electron tomograms of plastic
embedded samples of Caerhabditis elegans
embryos. Journal of Structural Biology, 178(2),
pp.129-138; DOI: 10.1016/j.jsb.2011.12.004.
[10] Britta Weber, Marit Möller, Jean-Marc
Verbavatz, Daniel Baum, Hans-Christian Hege,
Steffen Prohaska (2011): Fast Tracing of Microtubule Centerlines in Electron Tomograms.
BioVis 2011 Abstracts, 1st IEEE Symposium on
Biological Data Visualization.
[11] V. J. Dercksen, H.-C. Hege, M. Oberlaender
(2014): The Filament Editor: An Interactive
Software Environment for Visualization, ProofEditing and Analysis of 3D Neuron Morphology.
Neuroinformatics, 12(2), pp. 325-339.

Zuse Institute Berlin 107

References

REFERENCES
A CURIOUS
LOOK OVER
THE EDGE
[12] R. Egger, V.J. Dercksen, D. Udvary, H.-C.
Hege, M. Oberlaender (2014). Generation of
dense statistical connectomes from sparse
morphological data. Frontiers in Neuroanatomy, 8(129), DOI: 10.3389/fnana.2014.00129.
[13] Fratzl, Peter, and Richard Weinkamer
(2007). Nature’s hierarchical materials. Progress
in Materials Science 52.8: 1263-1334.
[14] Rebecca M. Hoerth, Daniel Baum, David
Knoetel, Steffen Prohaska, Bettina M. Willie,
Georg N. Duda, Hans-Christian Hege, Peter
Fratzl, Wolfgang Wagermaier (2015). Registering 2D and 3D Imaging Data of Bone during Healing, to appear in Connective Tissue
Research.
[15] Mason N. Dean, et al. (2009). Ontogeny
of the tessellated skeleton: insight from the
skeletal growth of the round stingray Urobatis
halleri. Journal of Anatomy 215.3: 227-239.
[16] David Knoetel (2014). Segmentation of ray
and shark tesserae, Master’s thesis at FU Berlin.

[17] Christoph Bruch, Thomas Pflüger. Das
Zweitveröffentlichungsrecht des § 38 Absatz
4 UrhG – Möglichkeiten und Grenzen bei der
Anwendung in der Praxis. Zeitschrift für Urheber- und Medienrecht, Vol 58, Heft 5, Page 389394. http://epic.awi.de/35491/1/ZUM.pdf.
[18] Priority Initiative “Digital Information” of
the Alliance of German Research Organisations: FAQ about self-archiving. http://www.allianzinitiative.de/de/handlungsfelder/rechtlicherahmenbedingungen/faq-zvr.html.
[19] Abgeordnetenhaus Berlin, Beschlussempfehlung des Ausschusses für Wissenschaft vom
14. Mai 2014, Drucksache17/1655. http://www.
parlament-berlin.de/ados/17/IIIPlen/vorgang/
d17-1655.pdf
[20] Berlin Declaration on Open Access to
Knowledge in the Sciences and Humanities
2003.
http://openaccess.mpg.de/BerlinerErklaerung
[21] ibid.
[22] ibid.
[23] A. Treloar (2007). The Data Curation Continuum.
[24] EWIG (2014). Einstieg ins Forschungsdatenmanagement DOI: 10.2312/lis.14.01 (available in German only).
[25] See also Deutsche UNESCO-Kommission:
http://www.unesco.de/infothek/dokumente/
unesco-erklaerungen/charta-zur-bewahrungdes-digitalen-kulturerbes.html. In 2009 Elinor
Ostrom, US-American economist and one of the
leading thinkers of the Commons, receives the
Nobel Memorial Prize in Economic Sciences.

108 Annual Report 2014

RESEARCH
CAMPUS
MODAL
[26] See also David M. Berry. The computational
turn. Thinking about the Digital Humanities.
culturemachine.net, Vol 12, (2011). http://www.culturemachine.net/index.php/cm/issue/view/23.
[27] E-Science – Wissenschaft unter neuen
Rahmenbedingen. Fachkonzept zur Weiterentwicklung der wissenschaftlichen Infrastruktur
in Baden-Württemberg, (2014). Page 16.
[28] See also Priority Initiatvie “Digital Information” of the Alliance of German Research
Organisations Ed: WG Research Data
“Research Data at your fingertips”, Position
paper, February 2015.
[29] See also E-Science – Wissenschaft unter
neuen Rahmenbedingen. Fachkonzept zur
Weiterentwicklung der wissenschaftlichen
Infrastruktur in Baden-Württemberg, 2014.
[30] As per definition of the Open Knowledge Foundation: http://opendefinition.org/
od/. For convergence of Open Data and Open
Access Movement, See also http://access.okfn.
org/2015/04/01/the-future-for-open-accessand-the-move-towards-open-data/.
[31] Klindt et al. (2013). Dealing with all the data:
Participating in workflows to transform digital
data about cultural heritage objects within a
digital long-term preservation infrastructure,
Berlin; http://nbn-resolving.de/urn:nbn:de:0297zib-43020.

[35] Find more about OPUS4 and the hosting offer of the KOBV at http://www.kobv.de/
opus4.
[36] Explanations on the DINI Certificate and
certification process can be found at http://dini.
de/dini-zertifikat/.
[37] https://opus4.kobv.de/opus4-matheon/
home.
[38] Just think of the boycott initiated in 2012
by mathematician William Timothy Gowers
against Elsevier under the title “Cost of Knowlege” http://thecostofknowledge.com/.
[39] http://www.mathunion.org/ceic/wdml/.
[40] http://www.mathunion.org/fileadmin/
CEIC/planning_wdml.pdf.
[41] Karl Popper (1934). The Logic of Scientific
Discovery.

[42] R. Borndörfer, M. Grötschel, U. Jaeger
{2010}. Planning Problems in Public Transit.
Production Factor Mathematics, pp. 95-122,
2010, ISBN: 978-3-642-11247-8. Preprint available
as ZIB-Report 09-13.

[47] GAMS, www.gams.com.

[43] R. Borndörfer, M. Reuther, T. Schlechte,
S. Weider {2011}. A Hypergraph Model for Railway Vehicle Rotation Planning. 11th Workshop
on Algorithmic Approaches for Transportation Modelling, Optimization, and Systems,
OpenAccess Series in Informatics (OASIcs)
(20), pp. 146-155. Preprint available as ZIBReport 11-36.

[50] Google Optimization Tools - Optimization, developers.google.com/optimization.

[44] R. Borndörfer, M. Reuther, T. Schlechte
{2014}. A Coarse-To-Fine Approach to the
Railway Rolling Stock Rotation Problem. 14th
Workshop on Algorithmic Approaches for
Transportation Modelling, Optimization, and
Systems, pp. 79-91, Vol.42, OpenAccess Series
in Informatics (OASIcs). Preprint available as
ZIB-Report 14-26.

[52] G. Gamrath, T. Koch, D. Rehfeldt, Y. Shinano {2014}. SCIP-Jack – A massively parallel
STP solver. ZIB-Report 14-35, Zuse Institute
Berlin, Takustr. 7, 14195 Berlin.

[48] SAP Software & Solutions, www.sap.com.
[49] Siemens, www.siemens.com.

[51] Y. Shinano, S. Heinz, S, Vigerske, M. Winkler {2013}. FiberSCIP – A shared memory
parallelization of SCIP. ZIB-Report 13-55, Zuse
Institute Berlin, Takustr. 7, 14195 Berlin.

[53] 11th DIMACS Implementation Challenge,
dimacs11.cs.princeton.edu.

[45] Gurobi Optimization, Inc., www.gurobi.com.
[46] FICO Xpress Optimization, www.fico.
com/en/products/fico-xpress-optimizationsuite.

[32] See also ZIB Annual Report 2013, Shepherding the bits! pp. 64.
[33] See also http://www.codingdavinci.de/.
[34] See also http://codingdavinci.de/projekte-2014/.
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